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Abstract: The objective of this study was to investigate the optimal ratio of a mixture of Thai rice-
berry rice flour, Job’s tears flour, and black sesame seeds in developing a healthy cereal granola bar.
Based on the experimental mixture design of 10 formulations of a granola bar, the mixture ratio of
riceberry rice flour, Job’s tears flour, and black sesame seeds affected the quality of the cereal
granola bar in terms of physicochemical and sensory properties, and the differences were statisti-
cally significant (p < 0.05). The main ingredients of the granola bar formulation that was
well-accepted were riceberry rice flour (5%), Job’s tears flour (35%), and black sesame seeds (5%).
The peak viscosity of Rapid Visco Analyzer (RVA) of riceberry rice flour and Job’s tears flour was
943.67 +49.60 cP and 1329.00 + 10.71 cP, respectively. This product showed the highest overall lik-
ing score of 7.27 + 0.64 with a water activity of 0.53 and moisture content of 11.54%. These results
suggest that the prepared local cereal granola bar can be a promising food product with nutritional
value and antioxidant content. The addition of Job's tears flour and riceberry rice flour improved
the texture of the granola bars.

Keywords: healthy granola bar; cereal bar; mixture design method

1. Introduction

The consumption of healthy and functional foods has increased in recent years.
Globally, there is a high demand for healthy cereal bar products due to the increasing
popularity of healthy and natural products, coupled with the growing consumption of
cereals in various countries. Cereal granola bar consumption is increasing because of its
ability to meet requirements, such as high content of nutrients, nutraceutical compounds,
and antioxidants, of health-conscious consumers. They also offer several health benefits
such as lowering cholesterol levels, aiding in weight-loss attempts, increasing energy
levels, regulating digestion, and improving heart health [1]. The granola bar or cereal bar
is a healthy food consumed as a meal. Granola bars usually contain small pieces of many
ingredients glued together using a binder and then pressed into a block, some of which
are coated with a binder [2]. In Thailand, a granola bar is a local-style snack called
krayasart, khoa tan, thua tat, and thua krajok, which contains a few types of Thai local
raw materials, such as peanut and sesame seeds bound with high contents of sugar syrup
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[3]. However, these Thai granola bars are very sweet owing to the high volume of bind-
ers. The development of new granola bars by mixing many types of nutritional local raw
materials, such as Thai rice, Job’s tears, and black sesame, in Thailand is still limited. This
was the first study to use high-nutritional-value Thai local raw materials such as rice-
berry rice flour, Job's tears flour, and black sesame, as described below.

Thai coloured indica rice (Oryza sativa cv. Riceberry) is a modified rice variety that is a
cross-species between Hom Nil rice and Khoa Dok Mali rice 105. Riceberry rice has a
dark purple colour, high content of antioxidants, such as beta-carotene, gamma-oryzanol,
vitamin E, omega-3, tannin, iron, zinc, and folate, and low-to-medium glycaemic index
values) [4,5,6]. Job's tears are nutrition-rich grains with a high content of carbohydrates,
vitamins, and minerals such as vitamin B, calcium, and phosphorus and belong to the
same family of rice (Tanimura, 1961) [5]. Job's tears are harvested in many areas of India,
China, and Southeast Asia and processed into various types of foods such as nutraceu-
tical foods because of their therapeutic effects against cancer, high cholesterol levels, and
obesity. Several studies have reported that coixenolide Job’s tears inhibit tumour growth
[7,8,9] and lower blood cholesterol levels [8]. Black sesame seeds (Sesamum indicum L.)
have valuable nutritional components, including vitamin E (y-tocopherol and
a-tocopherol), vitamin B6, iron, iodine, zinc, copper, phosphorus, potassium, calcium,
fibre, and amino acids (methionine and tryptophan). They are rich in lignans such as
sesamin and sesamolin, which inhibit and reduce the absorption and formation of cho-
lesterol and increase the efficiency of the liver [10]. Developing healthy cereal bar for-
mulations from local raw materials not only assists consumers in meeting dietary nutri-
tional requirements but also helps local producers with their product management. This
study aimed to investigate the optimal ratio of a mixture of Thai coloured indica rice
flour or riceberry rice flour, Job’s tears flour, and black sesame seeds for developing a
healthy granola bar that relied on Thai food safety law.

2. Materials and Methods
2.1. Materials

The dry-soak-steam (DSS) method was used to prepare riceberry rice flour [11].
Riceberry rice (1 kg) was heated in a hot air oven at 100 °C for 10 min and soaked in water
at 60 °C for 30 min with a rice: water ratio of 1:1.5. Next, it was washed immediately with
cold water (5 °C); the excess water was removed, and the sample was dried in a hot air
oven at 90 °C for 4-5 h or until the water activity of rice was less than 10% [12]. The
riceberry rice from the DSS method was cooled down and milled with a grinder to pro-
duce riceberry rice flour. This flour was then packed in an aluminium foil bag and re-
frigerated at 4 °C for quality analysis and use as a raw material. Job’s tears flour was
prepared by soaking 1 kg of Job's tears grains in water at room temperature (25 °C) at a
ratio of 1:3 for a period of up to 7 h. The soaked grains were drained and steamed at 100
°C for 30 min, washed immediately with cold water (5 °C). Then, the excess water was
removed, and the grains were dried in a hot air oven at a temperature of 80 °C for 6 h or
until the final moisture content of these grains was less than 10%-14% [13]. The Job's
tears were cooled down, ground with a blender to make flour, packed in an aluminium
foil bag, and kept refrigerated at 4 °C until further use as materials and samples for
quality analysis. Black sesame seeds (1 kg) were washed with water, drained, air-dried,
roasted in a pan at 80-85 °C, stirred until cooked, cooled down, packed in an aluminium
foil bag, and stored at 4 °C for quality analysis and use as materials for product devel-
opment. All samples were analysed for their proximate composition (water activity
(a.w.), moisture content, ash, fat, protein, fibre, and carbohydrates) by following the
standard Association of Official Agricultural Chemists (AOAC, 2005) [14] procedures.

2.2. Pasting Properties Analysis
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Pasting properties of all flour samples were analyzed using a Rapid Visco Analyzer
(RVA) (RVA-4 D, Newport Scientific, New South Wales, Australia) according to AACC
method No. 61-2 (AAAC, 2000) [15] and characterized using RVA model 4D (Newport
Scientific). The sample with a moisture content of 14% was passed through a 120-mm
mesh sieve. The sieved sample (3.000 + 0.005 g) was treated with aluminum solution (25 +
0.005 g of aluminum, 11% concentration), mixed using a plastic mixing blade, and ana-
lyzed using Rapid Visco Analyzer standard program no. 1. The starting temperature was
set at 50 °C for (0-1 min), which was then increased (12.2 °C/min) to 95 °C within 2.5 min,
decreased to 50 °C (12.2 °C/min), and maintained at 50 °C for 2.1 min. The agitation speed
of the RVA paddle was kept constant at 160 rpm throughout the experiment.

2.3. Product Development

The materials used for granola bar product development were separated into two
groups: Group A included major ingredients, and Group B contained minor ingredients.
The ingredients in Group A were riceberry rice flour, Job’s tears flour, and black sesame
seeds, while those in Group B were from our preliminary product development and in-
cluded a fixed proportion of jujube, raisin, ground cashew nut, peanut butter, cocoa
powder, honey, and salt in the weight percentages of 20, 20, 10, 10, 2, 5, and 0.5, respec-
tively. The simplex-lattice design mixture method was used to calculate the granola bar
formulae using the software package Design-Expert version 6.0 Software (Stat Ease, Inc.,
Minnesota, MN, USA) [16]. Group A contained a fixed mixture ratio of main ingredients
at a range of 5%-30% for riceberry flour, 10%-35% for Job’s tears flour, and 5%-30% for
black sesame seeds.

2.4. Physical and Chemical Analysis

The colour of granola bars was expressed as the L* (light), a* (red), and b*(blue)
values according to the Hunter system using Konica Minolta CR-300 Chroma Meter
(Minolta, CR-300, Osaka, Japan). The a* is the opposition between red and green, and b*
between yellow and blue. The colour values of all samples were determined in triplicates.
Texture profile analysis (TPA) was performed using a texture analyser (Model TA-XT
plus, Stable Micro System, Ltd., London, England) to measure hardness (kg) and shear
for obtaining firmness of granola bar by cutting test using a blade set with a knife having
a length, thickness, and width of 90 0.01 x 0.5 0.01 x 70 + 0.01 mm, pre-test speed of 2
mm/s, and post-test speed of 10 mm/s with five analyses per sampling. Hardness tests
were performed on granola bars measuring 30 0.5x30 0.5x15 0.5 mm. The chemical
analyses were performed to estimate the proximate composition (a.w., ash, fat, protein,
and available carbohydrate contents) of all samples according to the methods of AOAC
[14].

2.5. Sensory Analysis

Fifty panelists who were familiar with the granola bar association of food choice and
eating practice with health performed sensory analysis using a 9-point hedonic scale. All
samples were coded with three-digit numbers randomly assigned and served at room
temperature (25 °C). The granola bars were evaluated on the attributes of appearance,
colour, flavour, taste, texture, and overall liking. The granola bar that was sensorially
accepted as the best formula was assessed again at room temperature by semi-trained
panelists aged 20 to over 40 years old (20-25 = 50%, 26-30 = 2%, 31-35 = 18; 36-40 = 16%;
>40 = 14%). The ratio of males to females was about 22:78.The scores of the 9-point he-
donic scale represented the overall liking of each product and the decision to buy these
products. The study was conducted in individual booths with white lighting. The granola
bar was served in pieces of 5 x 3 cm.

2.6. Statistical Analyses
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The Kolmogorov-Smirnov test was used to test the normality of the data. Data were
analysed using one-way analysis of variance (ANOVA) and compared using Duncan's
New Multiple Range Test (DMRT) at a 95% confidence interval with a two-tailed p-value.
The experimental design for sensory evaluation followed a randomized complete block
design (RCBD), and samples were analysed in triplicates. Sensory data were analysed
using ANOVA and compared using DMRT at a statistical confidence level of 95% to se-
lect the best formula from the highest score of products liked by the consumers. The best
formulation was selected for further studies.All statistical analyses were performed using
SPSS 15.0 for Windows (SPSS Inc., Chicago, IL, USA) [17].

3. Results

All materials used in the mixture design study were prepared as described in Sec-
tion 2.1. The riceberry rice flour, Job’s tears flour, and black sesame seeds were processed
and analysed using proximate analysis. The limitation of this study was the natural
chemical structure of the raw materials. The nutritional formulation could change de-
pending on the area of production of the raw materials.

3.1. Materials

The results showed that the moisture content of riceberry rice flour, Job’s tears flour,
and black sesame seeds were 6.32, 5.86, and 2.52%, whereas the a.w. values were 0.19,
0.26, and 0.38, respectively (Table 1).

Table 1. Chemical and nutritional properties of riceberry rice flour, Job’s tears flour, and black
sesame seeds.

Ingredients

Chemical compositions
P Riceberry rice flour Job’s tears flour Black sesame seeds

Aw. 0.19¢ £ 0.00 0.26b + 0.00 0.38a + 0.00
Moisture (%) 6.32a +0.02 5.86b + 0.01 2.52¢ +0.03
Protein (%) 10.60b + 0.06 7.86b + 0.35 15.43a +1.01
Fat (%) 4.74b + 0.48 3.92b +0.22 57.78a + 0.43
Fiber (%) 0.53b £ 0.17 0.92a +0.17 0.54b + 0.06
Ash (%) ns 9.88 + 0.54 10.87 + 1.35 11.17 £ 0.20
Carbohydrate (%) 66.25b + 0.19 71.57a +0.62 12.56c +1.16

a,b,c Values with different superscript letters in a column are significantly different (p <0.05); ns No
significant differences between treatments (p > 0.05); A.w. = Water activity.

The mixture design method was used to calculate the formulae for creating the
range of optimal mixture of ingredients (10 formulations of a granola bar), as shown in
Table 2. The positioning of all experimental formulations produced using a mixture de-
sign with the three main components of a granola bar, which are Thai coloured indica
rice flour, Job’s tears flour, and black sesame seeds.

Table 2. Different granola bar formulations were produced using the mixture design method.

Formulation Riceberry rice flour (%) Job’s tears flour (%) Black sesame seeds (%)

1 5 35 5
2 5 10 30
3 30 10 5
4 5 22 18
5 18 22 5
6 18 10 18
7 14 18 13
8 9 27 9
9 9 14 22
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10 22 14 9

3.2. Pasting properties of various flours

The peak viscosity of riceberry rice flour and Job’s tears flour was 943.67 + 49.60 cP
and 1329.00 + 10.71 cP, respectively (Table 3).

Table 3. Pasting properties of riceberry rice flour and Job’s tears flour.

Flours

Pasting properties

Riceberry rice flour Job’s tears flour

Peak viscosity (cP) 943.67 +49.60 1329.00 + 10.71
Final viscosity (cP) 1017.33 £ 31.96 2524.33 +4.50
Setback (cP) 162.67 +15.84 1389.00 £ 5.10
Breakdown (cP) 89.00 + 19.30 193.67 +5.91

The breakdown values of riceberry rice flour and Job’s tears flour were 89.00 +
19.30cP and 193.67 + 5.91 cP, respectively. The final viscosity of riceberry rice flour and
job’s tears flour was 1017.33 + 31.96 cP and 2524.33 + 4.50 cP, respectively. The breakdown
values indicate the ease of breaking starch granules when heated after reaching maxi-
mum swelling at peak viscosity.

3.3. Physical and Chemical Analyses of Granola Bars

Table 4 shows the results of the physical analysis of the 10 formulations of the
granola bar. It was observed that the colour values of each formulation were significantly
different (p < 0.05). Adding black sesame seeds and riceberry rice flour decreased light-
ness (L*) and increased redness (a*), whereas the b* value was negative. The b* value
represents the blueness; the higher the negative b* value, the more intense the blue-
ness.The results showed that the products containing a higher riceberry rice flour content
exhibited an increase in b* values. Furthermore, it was found that the content of Job’s
tears flour affected the texture in terms of the hardness of the final product. The higher
the Job’s tears flour content, the harder were the final products prepared with the 10
formulations.

Table 4. Physical characteristics of 10 formulations of granola bar.

Color values

Formulation I " be Hardness (N)
1 33.91*1 + .36 3.863c + (.11 -1.773 +1.29 89.363 + 0.62
2 33.56° +1.03 3.05¢+0.04 -2.72bc + 0.49 38.86f £ 1.03
3 33.440 +0.22 3.98 +0.11 -2.49b¢ + 0.00 47.09<+1.96
4 34.132 + b1.46 3.54b< + (.20 -2.03abe + (.82 59.80bc + 0.32
5 36.462 + 2.57 3.47bc + 0.54 -1.162+ 0.57 62.19<+ 0.54
6 34.102> + 0.66 3.13<+0.10 -2.53bc + 0.40 59.49 + 0.50
7 33.550 +0.20 3.62abc + 0.02 -2.58>+0.13 56.484 +1.90
8 31.80° +1.29 4.362+0.92 -2.463 +0.30 55.72¢ +0.19
9 32.06 +0.70 3.673¢ + (0.36 -2.29abc + (.12 35.82¢ +1.03
10 32.09» +1.39 3.673bc + (.43 -3.12¢+0.20 40.93t+1.32

a,b,c Values with different superscript letters in a column are significantly different (p < 0.05).

In Table 5, the analysis of the chemical properties of the 10 formulations showed
statistical differences (p < 0.05) in the mean values of a.w., which ranged between 0.47-
0.57, and moisture contents, which ranged between 10.88%-12.70%. The mean percent-
age contents of protein, fat, fibre, ash and carbohydrate were between 9.51-13.57, 8.26—
15.54, 2.20-6.14, 1.95-2.72, and 51.98-65.23, respectively.
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The results indicated that the chemical qualities of the 10 formulations of granola bar 1
depended on the ratio of riceberry rice flour, Job’s tears flour, and black sesame seeds. 2
The formulation of granola bars with a high ratio of a mixture of Job’s tears flour and 3
riceberry rice flour resulted in high amounts of fibre, ash, and carbohydrate in the final 4
products, whereas those with a high content of black sesame seeds contributed to high 5
amounts of fat, protein, and ash in the final products. Thus, the chemical properties of the 6
final product depend on the natural chemical properties of the raw materials because 7
some of the raw materials are rich in proteins, carbohydrates, fats, vitamins, and miner- 8
als. 9
3.4. Product Development 10
As shown in Table 6, the sensory evaluation of 10 formulations of granola bars using 11
a 9-point hedonic scale by 30 panellists in terms of appearance, colour, flavour, and 12
overall liking was statistically different (p > 0.05). The granola bar formulation no. 1 with 13
the major ingredient mixture ratio of Job’s tears flour (35%), riceberry rice flour (5%), and 14
black sesame seeds (5%) received the highest overall liking score (7.27 + 0.64) from the 15
panellists. In addition, this granola bar formulation had the most appreciated score in 16
appearance (7.37 = 0.89), colour (7.27 + 1.08), flavour (6.87 + 1.33), taste (6.70 £ 1.32), and 17
texture (6.57 + 1.20). Therefore, in this study, formulation no. 1 was selected and pro- 18
cessed as the finished product or prototype for commercial processing. 19
Table 5. Chemical analyses of the 10 formulations of granola bar. 20
Formulation Water activity  Moisture con- Protein (%) Fat (%) Fiber (%)  Ash (%) Carbohydrate
(a.w.) tent (%) (%)
1 0.534£0.00  11.54<de+0.16 12.26°+0.17 9.65d+1.09 3.27b«d+0.64 2.10+0.06  61.15*+2.01
2 0.476+0.01  11.33%+0.31 13.572+0.18 15542+0.27 4.73*+1.03 2.722+0.02  51.98+1.67
3 0.56 + 0.00 12700+ 039  9.514+0.83  8.26°+0.46 2.114+0.02 2.01f+0.05 65.23*+1.07
4 0.49+ 0.00 10.88¢e+0.20  11.79»+0.01 13.83%<+0.94 2.65+0.37 2.45°+0.02  58.45°+0.36
5 0.55¢+0.00  12.542>+0.22 10.79°+0.63 8.664+0.11 2204+0.18 2.03+0.04 63.632+0.39
6 0.572£0.00  11.85«<+0.04 11.99°+0.30 14.73®*+1.65 6.802+1.14 2.324+0.01 52.47¢+0.04
7 0.56+0.01 11.89ab«d+0.41 11.74>+0.09 10.494+0.45 6.142+0.13 2.05:+0.01 57.88« +0.37
8 0.55¢+0.01  12.28<+0.93 11.99°+0.11 12.68<+0.05 3.60b¢+0.49 2.11¢+0.05 57.85 +0.47
9 0.51e£0.00 12.362%<+0.15 11.40<+0.22 9.47de+0.27 4.15>+0.33 1.958+0.01  60.74>+0.06
10 0.56>+0.00  11.79>¢+0.52 13.152+0.26 13.61><+0.76 3.25>«d +0.36 2.38<+0.01  56.104 + 1.08
abcValues with different superscript letters in a column are significantly different (p < 0.05). 21
Table 6. Sensory evaluation of the 10 formulations of granola bar. 22
Formulation Appearance Color Texture Flavor Taste Overall liking
1 7.372+£0.89 7.272+£1.08 6.57m +£1.20 6.872£1.33 6.70m +1.32 7.272+0.64
2 7.002bc +1.02 6.932> +1.23 6.63m+1.16 6.802+1.24 6.70m +1.32 6.73% + 1.57
3 7.27% +1.05 6.932> +1.26 6.777 +1.20 6.672+£1.16 6.53m +1.63 6.67> +1.50
4 6.972b¢ +1.00 6.77>+1.28 6.63m+1.13 6.802+1.27 6.80m +1.45 6.93% +1.29
5 7.002bc + 1.15 6.93 +1.14 6.437 +1.31 6.50% +1.33 6.377+1.52 6.53>+1.28
6 6.33¢+1.10 6.87%0 + 0.94 6.237+7.33 6.30% + 1.51 6.437 +1.38 6.67°>+1.32
7 6.83bc+1.15 6.570 +1.04 6.277 +1.39 593 + 1.66 6.50 +1.70 6.570 +1.52
8 6.73<+1.26 7.002> + 0.00 6.60 +1.35 6.702+£1.15 6.63 +1.30 6.60 + 1.07
9 6.70c<+1.15 6.570+1.20 6.437 +1.57 6.772+1.52 6.90 +1.42 6.93%> +1.46
10 7.03qbc + 1.03 6.77°+1.17 6.63 1 +1.22 6.40% + 1.50 6.63m + 1.47 7.03% +1.15
abeValues with different superscript letters in a column are significantly different (p < 0.05). 23
3.5. Sensory Evaluation of Finished Product 24
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Formulation no. 1 of granola bar received an overall liking score of 7.86 + 1.73 with
the best acceptance in the attributes of appearance (8.16 + 1.41), followed by texture (7.94
+ 1.53), taste (7.83 + 1.66), and odour (7.62 + 1.05) by the 100 panellists. The overall ac-
ceptability of the product was approximately 87%, and the decision to purchase the fin-
ished product (at 25 Thai baht) was approximately 56% (Table 7).

Table 7. Mean sensory ratings on a 9-point hedonic scale and percentage consumer acceptance of
finished product (granola bar formulation no. 1).

Attribute Mean = S.D.

Appearance 8.16 +1.41

Texture 794 +1.53

Taste 7.83+1.66

Odor 7.62+1.05

Overall liking 7.86+1.73

Consumer acceptance Percentage
Acceptable 87
Not acceptable 13

Consumer decision on purchasing Percentage
Willing to purchase 56
Not willing to purchase 44

The consumer's reason for not purchasing was the lower protein content of the fin-
ished product than the commercial products in the market. Furthermore, the results of
the quality of formulation of no. 1 products in Table 5 and sensory tests in Table 6 agreed
with the criteria of Thai community product standard of Jolly Chewy Peanut (Sweetened
Bean and Rice) (TCPS Number 709/2547): the moisture contents were less than 12% and
the score of sensory tests was equal or more than three points for all attributes [18]

4. Discussion

The final viscosity positively correlated with amylose content that is negatively
correlated with starch granule swelling and setback value. Setback value indicates the
hardness of the cooled gel paste; a high setback value responds to the high retrogradation
of starch [19,20]. The pasting properties results showed that the improvement in granola
bar texture was higher after Job’s tears flour addition than after riceberry rice flour addi-
tion. This could be attributed to Job’s tears originating from non-glutinous grains that
contained a high percentage of amylose ranging between 15.9%-25.8%, as reported by Li
and Corke (1999) [21]. They also found that the food product containing Job's tears was
harder in texture and showed adhesiveness lower than other products with glutinous
Job's tears. Moreover, it was reported that denaturing natural proteins and changing the
main structure of proteins increased the hardness of the product [22]. The semi-trained
panelists from our study, with a gender ratio of 22:78, who were between the ages of 20
and over 40. A comparison with the Dahal et al. (2022) study revealed no discernible
gender differences in food preferences. However, there was a gender difference in the
eating habits observed. There was no correlation found between eating habits and food
preferences and health [23].

5. Conclusions

Out of the 10 formulations of granola bars, formulation no. 1 received the highest
hedonic ratings. It had an overall liking score of 7.27 + 0.64, water activity of 0.53, and
11.54% moisture content. Its nutritional quality and characteristics complied with the
Thai community product standard (TCPS) of Jolly Chewy Peanut (Sweetened Bean and
Rice). From the sensory evaluation questionnaires, the consumer decides to purchase the
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finished product was about 56%. The addition of Job's tears flour and riceberry rice flour
improved the texture of the granola bars. The prepared local cereal granola bar could be a
promising food product with nutritional value and antioxidant content. In the future, this
study can help develop new products for specific consumer groups, such as the fortifica-
tion of the products’ dietary nutrition without changing the formulation.
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