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Abstract

The goal of this research was to develop and assess the consumer acceptability of sesame ball (butchi) enriched with purple yam, purple
sweet potato and moringa, focusing on their organoleptic properties, nutrient content and cost-benefit analysis. The nutritious content of the
sesame ball was increased by adding purple yam, purple sweet potato and moringa. Additionally, an organoleptic evaluation was conducted
to assess the sensory attributes, including appearance, aroma, color, taste, texture and overall sensory quality; a 9 point hedonic scale was
used in determining the level of acceptability. The study included three treatments and used varying amount of purple yam, purple sweet
potato and moringa. Treatment 3 (75 % purple yam, purple sweet potato and moringa) has the highest overall acceptability followed by
Treatment 2 (50 % purple yam purple sweet potato and moringa) and the least is Treatment 1 (25 % purple yam, purple sweet potato and
moringa). Based on the findings, Treatment 3 is the most acceptable food product which proceeded to the nutrient content and proximate
analysis. As the result, innovative food product is nutritious, making them a promising alternative for health-conscious individuals. The cost
and return analysis of sesame balls provides high economic value when added with purple yam, purple sweet potato and moringa. The data
revealed no significant variation in the level of acceptability of food products categorized by profile. Furthermore, the study discovered that
sesame ball in the experimental treatments were both acceptable and healthy. Future research should look into the shelf life, market
potential and health implications of these enriched sesame ball, as well as nutritional content optimization and product variety growth.
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Additionally, starchy roots and tuber crops give variety to
the modern diet, it also provide a wealth of nutritional and health
advantages (8, 9). In the Philippines, one of the most important
high value crops include potatoes and purple yam which
contributes to food self sufficiency, economic growth and
consumer health and welfare. Purple yam is a healthy alternative
to other carbohydrate containing foods because it contains
antioxidant compounds to maintain human health (10, 11).
Purple yam is one of the most widely farmed yam species (12);
and a very good source of dietary fiber (13, 14); potential to be a
valuable source of anthocyanins, starch and is high in dietary fiber
(15, 16). Based on research, purple yam originated in Southeast

Introduction

Food is an essential aspect of life, making its safety a key societal
concern. Food manufacturing is an important value adding sector
of both local and the global economy in terms of job creation,
food security and participatory community development (1).
More so, the researcher developed a variation to provide a safe
and healthy snack through additional option from the existing
flavors of sesame ball. This product is commonly known as
Butchi, are shaped into balls and rolled into sesame seeds before
frying (2); it is a Chinese sweet delicacy prepared from glutinous
rice flour, sugar and sesame seeds frequently described as sweet,

golden in color, crispy outside and chewy on the inside.

Asia and Africa produce the most sesame seeds, followed
by North America and Europe (3). Sesame seed is a valued crop
acknowledged for its rich improving food quality, nutritional value
and health benefits; a great source of nutrients, high in dietary
fiber, supports digestive health and guards against chronic
illnesses when added to food products (4, 5). According to their
studies (6, 7); adding sesame seeds can produce variety of food
products such as bread, bars, cookies, pasta, cereals and snacks.

Asia is a well-known species cultivated in the Philippines, similarly
enjoyed worldwide (17, 18). The purple yam gained increasing
value and popularity in food industry due to its aesthetically
pleasing purple color in baked goods and food products (19).
Purple yam consumption is encouraged because of its high levels
of antioxidants, vitamins, potassium, fiber and healthy for
digestion. Purple yam as a common staple food has vital role in
ensuring food security in low income households (20). It is
important that purple yams are cooked, boiled, steamed and
fried to provide necessary nutrition such as carbohydrate (21, 22).
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Likewise, the inclusion of purple sweet potato added a
distinctive flavor and color to the characteristics of the sesame
ball (butchi). Anthocyanin content in purple sweet potatoes is
regarded as a nutritious food; it also boost human health and
protecting vital organs, cardiovascular system, gastrointestinal
tract, reducing obesity and improving bone health (23).
Additionally, high anthocyanin content in purple sweet potatoes
has high stability compared to anthocyanins from other sources
(24); especially when taken from the root or stem of purple sweet
potatoes (25, 26). Purple sweet potato can be made as an ice
cream to become more nutritious (27, 28); thus, purple sweet
potato provides strong, distinct, diverse flavors and more
appealing aroma to the consumers. Therefore, sesame ball
(butchi) added with tubers or root crops add variety as well as
nutrients.

Moringa leaves are a good source of protein, vitamins,
minerals and omega 3 and fatty acids which addressed nutritional
issues (29, 30). Moringa leaves used to boost the nutritious value
of food products and functional ingredient in various dishes
(31-33). Additionally, it has medical benefits that fights
malnutrition, particularly among infants and nursing mothers
(34). Moringa leaves are also used to formulate jelly candies,
bakery products and crackers (35-37); this promotes a healthy
food products, promising balance of dietary ingredients and
nutritional benefits for consumers.

Nowadays, the infusion of sesame ball (butchi) is already a
more attractive and provides nutritious quality of the food
product. This additional variety of food product appeals to a
healthier diet and nutrients for everyone's consumption, hence,
provide a better quality of food to the consumers from this
delicious sweet treat. The purpose of the study is to evaluate the
consumer acceptability of sesame ball (butchi), determine its
nutrient content and proximate analysis and to determine each
economic value of enriched sesame balll.

Materials and Methods

The product preparation of sesame ball (butchi) consider the
factors such as adding rootcrops, cooking techniques and
packaging methods to ensure the successful creation of a
marketable and appealing product. The primary source of raw
ingredients composting of powdered purple yam, purple sweet
potato and moringa were all available from the local market
produced by the farmers in the province of Quirino. The food
product was prepared at the QSU food laboratory facility as a venue
for the preparation and production of the sesame ball (butchi).
Additionally, after determining the most preferred and acceptable
sesame ball (butchi) which is treatment 3 using more amount of
purple yam, purple sweet potato and moringa, it was also analyzed
for its nutrient content to ensure that the food product provides
nutritional value and health benefits to all types of consumers. The
conduct of a comprehensive proximate analysis of the nutritional
composition of the preferred sesame ball (butchi) was held at the
Chemistry Laboratory, College of Health Sciences in QSU-Diffun
Campus andres Bonifacio, Diffun, Quirino. The processing
techniques of the raw ingredients is shown in Fig. 1.

The sesame ball (butchi) enriched with purple yam, purple
sweet potato and moringa used three (3) treatments: Treatment 1
(25 % purple yam, purple sweet potato and moringa), Treatment 2

Peeled and boiled purple yam and purple sweet
potato

-

Grated purple yam

~ -

Mashed purple sweet potato

~_~

Chopped moringa leaves

Fig. 1. Processing techniques of the raw ingredients.

(50 % purple yam, purple sweet potato and moringa) and
Treatment 3 (75 % purple yam, purple sweet potato and moringa).
The procedures in making sesame ball (butchi) composed of the
preparation of the materials, tools and utensils that are thoroughly
clean and sanitize, the procedures were made as follows (Fig. 2):

(a) Prepare and measure all the ingredients using the weighing
scale.

(b) Combine all the dry ingredients then add the grated purple
yam, mashed purple sweet potato, chopped moringa leaves and

egg.
(c) Mix well the ingredients until it forms a dough ball.

(d) Scoop a small amount of dough and fill with cubed-cheese
inside then mold the dough one-by-one.

(e) Roll the dough in the sesame seed until well coated.
() Deep fry the formed sesame balll, cool and set-aside.
(g) Wrap and label the sesame balll.

Research design

This study used experimental research design to determine the
acceptability level of sesame ball (butchi) enriched with purple
yam, purple sweet potato and moringa among respondents. The
quality attribtutes of the newly developed food product was
assessed as to the appearance, aroma, color, taste, texture and
overall sensory quality (38).

In addition, a nine-point hedonic was used to determine
the Hedonic characteristics of the sesame balll (39). The nine-point
hedonic scale will ensure quality and consumption preferences to
produce new items that better suit consumer preferences and
expectations (40). The mean scores of the nine-point hedonic
scale were verbally interpreted using the range of scores (Table 1).

Data analysis

The study employed both descriptive and inferential statistics to
attain the main objective of the study. The frequency and
percentage were used to describe the distribution and profile of
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(a) Prepare and measure all the ingredients u
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(b) Combine all the dry ingredients then add the grated purple yam, mashed
leaves and egg.

&

u‘rple sweet potato, chopped moringa

i S

(c) Mix well the ingredients until it forms a dough ball.

S
(d) Scoop a small amount of dough and fill

[

Fig. 2. Procedures in making sesame ball (butchi).
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Table 1. Hedonic scale

Scale Descriptive interpretation
1.00-1.49 Dislike extremely
1.50-2.49 Dislike very much
2.50-3.49 Dislike moderately
3.50-4.49 Dislike slightly
4.50-5.49 Neither like nor dislike
5.50-6.49 Like slightly
6.50-7.49 Like moderately
7.50-8.49 Like very much
8.50-9.00 Like extremely

the selected respondents of the study. Mean and standard
deviation were used in describing the evaluated treatments in
terms of the criteria set and the overall acceptability of the
prepared treatments. The ANOVA (Analysis of Variance) were used
to compare and contrast between and among three treatments
based on the acceptability criterion. This statistical approach was
employed to assess variations both within and between the
treatments, providing a robust analysis of the impact on
acceptability. Percentage (Return on Investment or ROI) was used to
determine and describe the economic profitability of sesame ballls.

ROI=Net profit/Expenses*100 % (Egn.1)
Product tasting procedures

The research study involved a total of 50 respondents composed
of faculty and students of Quirino State University-Diffun Campus,
who served as evaluators for the sensory taste of the food product
for more convenient distribution and retrieval of questionnaires.
The respondents were briefed and evaluated prior to the product
tasting of the sesame ball (butchi) enriched with purple yam,
purple sweet potato and moringa to ensure that they could
properly evaluate the sensory characteristics of the food product.
The researcher distributed the survey questionnaires to the
respondents together with the food product for the tasting
evaluation. A total of 2 days was spent in the distribution and
retrieval of the survey form. Informal interviews were also done to
verify and clarify the responses of respondents. The respondents
were also subjected to evaluation prior to the conduct of product
tasting. The conduct of sensory evaluation was done up close
with the chosen panelist to optimize sensory testing efficiently.

Results and Discussion

This section presents the data gathered which are systematically
displayed in table form. The data were analyzed and interpreted
through appropriate statistical procedures. The results and
discussion of the study are presented in the following order:
organoleptic properties of the three prepared treatments, sensory

Table 2. Sensory evaluation of T1

4

evaluation, level of acceptability, nutritional value of the selected
best treatment and the economic value of sesame ball.

Organoleptic properties/sensory characteristics of the three
prepared treatments of sesame ball (butchi)

The organoleptic properties of the three prepared treatments of
the enriched sesame ball in terms of appearance, aroma, color,
taste, texture and overall sensory quality using a nine-point
Hedonic scale.

Sensory evaluation of Treatment 1 (T1) (25 % purple yam,
purple sweet potato and moringa) illustrates the mean ratings
obtained: In terms of appearance, it garnered the highest mean
rating of 8.34, followed by aroma and texture with a mean of 8.24.
while taste parameters obtained a mean rating of 8.18 and the
least is 8.12 which all interpreted as “Like very much”. Overall, the
sensory evaluation of enriched sesame ball for T1 garnered 8.22
which has a verbal interpretation of “Like very much”. This implies
that T1 appears to be well-accepted by consumers, as it received
positive ratings across all evaluated organoleptic properties. The
overall mean rating of 8.22 indicates a strong preference for the
enriched sesame ball utilizing the purple yam, purple sweet
potato and moringa, reinforcing the idea that the product is
acceptable to consumers (41,42) (Table 2).

Sensory evaluation of Treatment 2 (T2) (50 % purple yam,
purple sweet potato and moringa) reveals the mean ratings
gathered: With respect to appearance, it obtained the highest
mean of 8.38, next is color with 8.30, followed by the taste and
texture with 8.28 and the least is in terms of aroma with 8.26 and
are all verbally interpreted as “Like very much”. The overall
sensory evaluation for T2 of enriched sesame ballls is 8.30 which is
interpreted as “Like very much”. The results imply that T2 seems
to be well-received and acceptable to consumers, with positive
ratings across all organoleptic properties that also ensures food
security (43,44) (Table 3).

Sensory evaluation of Treatment 3 (T3) (75 % purple yam,
purple sweet potato and moringa) shows the garnered mean
ratings of this product: It is obtained by the texture as the highest
mean rating of 8.54 verbally interpreted as “Like extremely”. This
is followed by taste with 8.50, the appearance and color garnered
8.40, while the least is aroma with a mean rating of 8.30 and all are
verbally interpreted as “Like very much”. The overall sensory
evaluation for T3 of enriched sesame balls is 8.43 which is
interpreted as “Like very much”. Based on the results, this implies
that sesame ball enriched with purple yam, purple sweet potato
and moringa in T3 are acceptable and well-liked by consumers
based on their organoleptic properties. These findings can be
valuable for product development and marketing, consumer
acceptance of organic products and making purchasing decisions

Sensory evaluation items N Mean SD Verbal interpretation
Appearance 50 8.34 1.099 Like very much
Aroma 50 8.24 1.188 Like very much
Color 50 8.12 1.100 Like very much
Taste 50 8.18 1.240 Like very much
Texture 50 8.24 1.188 Like very much
Overall sensory quality 50 8.22 0.87937 Like very much

1.00-1.49 Dislike extremely; 1.50-2.49 Dislike very much; 2.50-3.49 Dislike moderately;
3.50-4.49 Dislike slightly; 4.50-5.49 Neither like nor dislike; 5.50-6.49 Like slightly;
6.50-7.49 Like moderately; 7.50-8.49 Like very much; 8.50-9.00 Like extremely
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Table 3. Sensory evaluation of T2

Sensory evaluation items N Mean SD Verbal interpretation
Appearance 50 8.38 0.923 Like very much
Aroma 50 8.26 0.986 Like very much
Color 50 8.30 1.035 Like very much
Taste 50 8.28 1.213 Like very much
Texture 50 8.28 1.196 Like very much
Overall sensory quality 50 8.30 0.86496 Like very much

1.00-1.49 Dislike extremely; 1.50-2.49 Dislike very much; 2.50-3.49 Dislike moderately;
3.50-4.49 Dislike slightly; 4.50-5.49 Neither like nor dislike; 5.50-6.49 Like slightly;
6.50-7.49 Like moderately; 7.50-8.49 Like very much; 8.50-9.00 Like extremely

Table 4. Sensory evaluation of T3

Sensory evaluation items N Mean SD Verbal interpretation
Appearance 50 8.40 0.857 Like very much
Aroma 50 8.30 1.147 Like very much
Color 50 8.40 0.833 Like very much
Taste 50 8.50 0.789 Like very much
Texture 50 8.54 0.813 Like extremely
Overall sensory quality 50 8.43 0.54362 Like very much

1.00-1.49 Dislike extremely; 1.50-2.49 Dislike very much; 2.50-3.49 Dislike moderately;
3.50-4.49 Dislike slightly; 4.50-5.49 Neither like nor dislike; 5.50-6.49 Like slightly;
6.50-7.49 Like moderately; 7.50-8.49 Like very much; 8.50-9.00 Like extremely

emphasizing the strengths of T3 in order to meet consumer
preferences and expectations (45,46) Table 4).

Compare the sensory evaluation of the three treatments of
the enriched sesame ball (butchi) in terms of appearance,
aroma, color, taste, texture and their overall mean sensory
quality

The three prepared treatments were compared statistically via
repeated measures ANOVA.

This highlights the result of comparison of the sensory
evaluation of the three treatments of the enriched sesame balls in
terms of appearance, aroma, color, taste, texture and their overall
mean sensory quality. Results reveal that there is no significant
difference was exhibited in all criterion between and among the
three treatments (Table 5).

Determine if significant difference exist in the level of
acceptability of the three treatments of sesame ball in terms
of profile

Comparative statistical result for two selected variables on the
criterion for organoleptic properties and overall sensory
evaluation.

This presents the significant difference in the level of
acceptability of the three treatments when grouped by profile.

The p-values provided in the table were 0.793, 0.861,0.921,
0.438, 0.363 and 0.991 respectively in terms of sex. While 0.97,

Table 5. Result of repeated measures ANOVA

0.334, 0.542, 0.219, 0.373 and 0.306 respectively with respect to
age for the three treatments. Since the p-values were greater than
0.05, there isn't enough statistical evidence to reject the null
hypothesis for all of the treatments.

Thus, based on the p-values provided, the analysis
concludes that there are no statistically significant differences in
the acceptability of sesame ball among the three treatments
when participants are grouped by their sex and age. This suggests
that in terms of acceptability, the different proportions of sesame
ball in the treatments do not have a significant impact based on
the profile of the respondents. This implies that respondents
evaluated the sesame ball have the same perception and
acceptability on the new food product (47, 48) (Table 6).

The nutritional value of the selected best treatment of the
enriched sesame ball (butchi)

In the context of this study, T3 has been chosen for future product
development. This selection is grounded in its superior overall
acceptability and the favorable outcomes observed in its
organoleptic properties as per the defined criteria.

The result of nutrient analysis of sesame balls enriched
with purple yam, purple sweet potato and moringa explains that
the food product has a moisture content of 18.63 %. Moreover, the
enriched sesame balls have 8.87 g total protein, 18.2 g lipid, 5 g ash,
2.2 gfiber, 55.97 g carbohydrate and 661 Kcal metabolized energy
were all analyzed in every 100 g of the product sample (Table 7).

Criterion T1-T2-T3
T1/T2 T1/T3 T2/T3
Appearance 0.830 0.714 0.906
Aroma 0.194 0.791 0.828
Color 0.303 0.204 0.569
Taste 0.605 0.118 0.219
Texture 0.780 0.153 0.203
Overall sensory quality 0.494 0.162 0.301

*p<0.05,n=50
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Table 6. Comparative statistical result for two selected variables on the criterion for organoleptic properties and overall sensory evaluation

- Profile
Criterion
Sex Age
Appearance 0.793 0.957
Aroma 0.861 0.334
Color 0.921 0.542
Taste 0.438 0.219
Texture 0.363 0.373
Overall sensory quality 0.991 0.306

*p<0.05,n=50

Based on study, moisture content has a significant impact
on the physical, chemical and textural properties of any food
product. It is a metric used to determine how long food products
should last and fluctuations in moisture significantly affect this
metric (49). On the other hand, it was clarified on the assessment
of the finished products prior to the approval for storage (50).

It was identified that sesame is a rich source of lipids
(51, 52); it was also claimed that lipids also have a significant
impact on food texture, or mouthfeel, which influences how
appealing food is to consumers (53).

The findings reveal that the sesame ball (butchi) enriched
with purple yam, purple sweet potato and moringa are nutritious
and safe when consumed based on the results presented on the
nutrient contents of the food product. Purple sweet potatoes,
yams and other tuber crops, as well as moringa produces snack
foods have high nutritional content such as protein,
carbohydrate, ash, water, total energy and energy from fat (54).

Economic value of sesame ball (butchi) enriched with purple
yam, purple sweet potato and moringa

Result of the economic value of sesame seed ball using the three
treatments

This shows the economic assessment revolves around the
production of enriched sesame ball using three different
treatments: Treatment 1 (T1: 25 % purple yam, purple sweet
potato and moringa), Treatment 2 (T2: 50 % purple yam, purple
sweet potato and moringa) and Treatment 3 (T3: 75 % purple
yam, purple sweet potato and moringa) incurs varying total costs,
with the T3 costing being the highest at Php 111.00, followed by
T2 of Php 105.50 and T1 for Php 100.00 (Table 8).

The yield or the quantity of enriched sesame balls
produced per preparation varies across the treatments. The T3
yields the highest at 55 pieces, followed by the T2 with 52 pieces
and the T1 with 50 pieces.

Irrespective of the treatment, the price per piece remains
constant at Php 4.00. Consequently, this leads to gross profits of
Php 200.00, Php 208.00 and Php 220.00, respectively.

After deducting the respective total costs, the net profit for
each treatment is calculated. The T1 yields a net profit of Php
100.00, the T2 results in a net profit of Php 102.50 and the T3 leads
to the highest net profit at Php 109.00.

The Return on Investment (ROI) is a crucial metric for
assessing the efficiency of the investment made in the production
process. In this context, the T1 boasts the highest with respect to
ROI of 100 % but the lowest in net profit due to the number of
yields of production compared to T3 with the highest net profit
due to greater yield. Hence, these percentages signify the returns
gained relative to the initial investment. Conversely, the T3
treatment, incurring the highest total cost and yields the
economic value. Engaging in this kind of business will surely give
back the profit and benefit to the entrepreneurs.

In addition to quality and taste, it was found that one of
the most crucial considerations when buying food brands or
packages was followed by cost and healthful/nutritious qualities
(55). According to research, food products aim to add economic
value (56); and have the most significant potential to yield
economic value (57).

Table 7. Result of nutrient analysis of sesame ball (butchi) enriched with purple yam, purple sweet potato and moringa

Sample description Method employed

Result

Moisture content Moisture analyzer

Total protein Biuret method

Total lipid Folch
Total ash Raghuramalu
Total fiber Raghuramalu

Total carbohydrate Raghuramalu

Metabolized energy (ME) Randive

18.63 %

8.87 giin every 100 g of the sample
18.2 gin every 100 g of the sample
5gin every 100 g of sample
2.2 gin every 100 g of the sample
55.97 g in every 100 g of the sample
661 Kcal/100 g of the sample

Table 8. Result of the economic value of sesame ball (butchi) using the three treatments

T1(25 % purple yam, T2 (50 % purple yam, purple T3 (75 % purple yam, purple
purple sweet potato and sweet potato and moringa) sweet potato and moringa)
moringa)
Per preparation 100.00 105.50 111.00
(Total cost)
Yield 50.00 52.00 55.00
Price per piece 4.00 4.00 4.00
Gross profit 200.00 208.00 220.00
Net profit 100.00 102.50 109.00
Return of investment 100 % 97.16 % 98.20 %
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Conclusion

This study was conducted to evaluate the consumers’
acceptability of sesame ball (butchi), including the nutrient
content and return on investment. The addition of purple yam,
purple sweet potato and moringa was highly accepted by the
consumers due to its delicate sweetness and brilliant color, while
moringa provided an earthy flavor. Subsequently, there is no
significant difference in the sensory evaluation of the three
treatments using the different parameters when grouped by
profile. The return on investment is favorable for the treatment 1
due to low ingredient costs while T3 has the highest yield and net
profit. Meanwhile, further research and development can be
pursued, such as examining the shelf life and storage stability that
impacts longevity under various storage environments;
conducting broader market testing to identify customer demands
and taste preferences; and adjusting the amounts of purple yam,
purple sweet potato and moringa to meet a healthier eating
choices.

Acknowledgements

The author wishes to express her gratitude to Quirino State
University for all the support-morally and financially and for
allowing the researcher to accomplish this research endeavor and
share the results and benefits of this product with the people in
the province of Quirino. Above all, to our Almighty God, for the gift
of life and wisdom.

Compliance with ethical standards

Conflict of interest: The author does not have any conflict of
interest to declare.

Ethicalissues: None

References

1. Ocampo LA. Applying fuzzy AHP-TOPSIS technique in identifying
the content strategy of sustainable manufacturing for food
production. Environment, Development and Sustainability. 2019;21
(5):2225-51. https://doi.org/10.1007/510668-018-0129-8

2. De Villa BD, Domingo TM, Ramirez RJ, Mercado JM. Explicating the
culinary heritage significance of Filipino kakanin using bibliometrics
(1934-2018). Int J Gastron Food Sci. 2022;28:100522. https://
doi.org/10.1016/j.ijgfs.2022.100522

3. Yadav R, Kalia S, Rangan P, Pradheep K, Rao GP, Kaur V, et al.
Current research trends and prospects for yield and quality
improvement in sesame, an important oilseed crop. Front Plant Sci.
2022;13:863521. https://doi.org/10.3389/fpls.2022.863521

4. Abib B, Afifi SM, El-Din MG, Farag MA. How do cultivar origin and
stepwise industrial processing impact Sesamum indicum seeds’
metabolome and its paste and in relation to their antioxidant
effects? A case study from the sesame industry. Food Chem.
2023;420:136134. https://doi.org/10.1016/j.foodchem.2023.136134

5. Irshad Z, Aamir M, Akram N, Asghar A, Saeed F, Ahmed A, et al.
Nutritional profiling and sensory attributes of sesame seed-
enriched bars. Int J Food Prop. 2023;26(2):2978-94. https://
doi.org/10.1080/10942912.2023.2264525

6.  Ghosh N, Singha S, Ghosh M. Formulation and characterization of
chia (Salvia hispanica) seed spread with incorporation of sesame
(Sesamum indicum) seed, watermelon (Citrullus lanatus) seed and
pumpkin (Cucurbita pepo) seed. Appl Biochem Biotechnol.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

2021;193:1898-908. https://doi.org/10.1007/s12010-021-03499-8

Matecki J, Tomasevic |, Djekic I, Sotowiej BG. The effect of protein
source on the physicochemical, nutritional properties and
microstructure of high-protein bars intended for physically active
people. Foods. 2020;9(10):1467. https://doi.org/10.3390/
foods9101467

Chandrasekara A. Roots and tubers as functional foods. Bioactive
Molecules in Food. Reference Series in Phytochemistry. Springer,
Cham. 2018;10:978-3. https://doi.org/10.1007/978-3

Larbey C, Mentzer SM, Ligouis B, Wurz S, Jones MK. Cooked starchy
food in hearths ca. 120 kya and 65 kya (MIS 5e and MIS 4) from
Klasies River Cave, South Africa. J Hum Evol. 2019;131:210-27.
https://doi.org/10.1016/j.jhevol.2019.03.015

Witono Y, Saragih B, Arung ET. Phytochemical and antioxidant
analysis of fermented ‘Dayak’ wild yam (Dioscorea hispida Dennst),
purple yam (Dioscorea alata) and air potato (Dioscorea bulbifera L.)
tuber flour. IOP Conf Ser Earth Environ Sci. 2021;810(1):012005.
https://doi.org/10.1088/1755-1315/810/1/012005

Wijaya H, Slay A, Abdullah N. Ice cream products made from
processed purple sweet potatoes: a product organoleptic study.
IOP Conf Ser Earth Environ Sci. 2021;807(4):042074. https://
doi.org/10.1088/1755-1315/807/4/042074

Nabeshima EH, Moro TM, Campelo PH, Sant'Ana AS, Clerici MT.
Tubers and roots as a source of prebiotic fibers. Adv Food Nutr Res.
2020;94:267-93. https://doi.org/10.1016/bs.afnr.2020.06.005

Amalia EE, Djajati S. Characterization of soyghurt synbiotic drink
from soymilk and purple yam extract. J Phys Conf Ser. 2020;1569
(3):032014. https://doi.org/10.1088/1742-6596/1569/3/032014

Gunasekara D, Bulathgama A, Wickramasinghe I. Comparison of
different hydrocolloids on the novel development of muffins from
“Purple Yam” (Dioscorea alata) flour in sensory, textural and
nutritional aspects. Int J Food Sci. 2021;2021(1):9970291. https://
doi.org/10.1155/2021/9970291

Ochoa S, Durango-Zuleta MM, Osorio-Tobdn JF. Techno-economic
evaluation of the extraction of anthocyanins from purple yam
(Dioscorea alata) using ultrasound-assisted extraction and
conventional extraction processes. Food Bioprod Process.
2020;122:111-23. https://doi.org/10.1016/j.fbp.2020.04.007

Panchal SK, John OD, Mathai ML, Brown L. Anthocyanins in chronic
diseases: The power of purple. Nutr. 2022;14(10):2161. https://
doi.org/10.3390/nu14102161

Srivichai S, Hongsprabhas P. Profiling anthocyanins in Thai purple
yams (Dioscorea alata L.). Int J Food Sci. 2020;2020(1):1594291.
https://doi.org/10.1155/2020/1594291

Hardon A, Lim Tan M. Packaged Plants: Seductive supplements and
metabolic  precarity in the Philippines. 2022. https://
doi.org/10.14324/111.9781800087460

Tamaroh S, Sudrajat A. Antioxidative characteristics and sensory
acceptability of bread substituted with purple yam (Dioscorea alata
L). Int J Food Sci. 2021;2021(1):5586316. https://
doi.org/10.1155/2021/5586316

Gamage UG, Kumari DW, Senavirathna RM, Rathish D. In vitro starch
hydrolysis indices of selected Sri Lankan starchy tubers. J Agric Sci
(SriLanka). 2021;16(2). https://doi.org/10.4038/jas.v16i2.9329

Fauziah F, Mas'udah S, Hapsari L, Nurfadilah S. Biochemical
composition and nutritional value of fresh tuber of water yam
(Dioscorea alata L.) local accessions from East Java, Indonesia.
Agrivita J Agric Sci. 2020;42(2):255-71. https://doi.org/10.17503/
agrivita.v0i0.2552

Syarifin AN, Purnomo AS, Fudholi A. The effect of heat moisture
treatment on crystallinity and physicochemical-digestibility
properties of purple yam flour. Food Hydrocoll. 2021;120:106889.
https://doi.org/10.1016/j.foodhyd.2021.106889

Mohammad SS, Santos RO, Barbosa MI, Junior JL. Anthocyanins:

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.1007/s10668-018-0129-8
https://doi.org/10.1016/j.ijgfs.2022.100522
https://doi.org/10.1016/j.ijgfs.2022.100522
https://doi.org/10.3389/fpls.2022.863521
https://doi.org/10.1016/j.foodchem.2023.136134
https://doi.org/10.1080/10942912.2023.2264525
https://doi.org/10.1080/10942912.2023.2264525
https://doi.org/10.1007/s12010-021-03499-8
https://doi.org/10.3390/foods9101467
https://doi.org/10.3390/foods9101467
https://doi.org/10.1007/978-3
https://doi.org/10.1016/j.jhevol.2019.03.015
https://doi.org/10.1088/1755-1315/810/1/012005
https://doi.org/10.1088/1755-1315/807/4/042074
https://doi.org/10.1088/1755-1315/807/4/042074
https://doi.org/10.1016/bs.afnr.2020.06.005
https://doi.org/10.1088/1742-6596/1569/3/032014
https://doi.org/10.1155/2021/9970291
https://doi.org/10.1155/2021/9970291
https://doi.org/10.1016/j.fbp.2020.04.007
https://doi.org/10.3390/nu14102161
https://doi.org/10.3390/nu14102161
https://doi.org/10.1155/2020/1594291
https://doi.org/10.14324/111.9781800087460
https://doi.org/10.14324/111.9781800087460
https://doi.org/10.1155/2021/5586316
https://doi.org/10.1155/2021/5586316
https://doi.org/10.4038/jas.v16i2.9329
https://doi.org/10.17503/agrivita.v0i0.2552
https://doi.org/10.17503/agrivita.v0i0.2552
https://doi.org/10.1016/j.foodhyd.2021.106889

KRISTINE ET AL

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37

38.

39.

chemical properties and health benefits: a review. Curr Nutr Food Sci.
2021;17(7):662-72. https://doi.org/10.2174/1573401317999210101150652

Shalihy W, Dameswary AH, AR NH. The utilization of flour purple
sweet potato in layered cake production to support local food
diversification. BIO Web  Conf.  2024;99:02022.  https://
doi.org/10.1051/bioconf/20249902022

Chen CC, Lin C, Chen MH, Chiang PY. Stability and quality of
anthocyanin in purple sweet potato extracts. Foods. 2019;8(9):393.
https://doi.org/10.3390/foods8090393

Huang Y, Zhou S, Zhao G, Ye F. Destabilisation and stabilisation of
anthocyanins in purple-fleshed sweet potatoes: A review. Trends
Food Sci Technol. 2021;116:1141-54. https://doi.org/10.1016/
j-tifs.2021.09.013

Aryanti Z, Maruddin F, Malaka R. Evaluation of characteristics of
melting power, color and favorite ice cream combination of kefir
with different percentages of purple sweet potato (lpomoea batatas
var. Ayumurasaki). J Pharm Negat Results. 2023:7123-34. https://
doi.org/10.47750/pnr.2022.13.507.860

Tobing NR, Mariana E. Characteristics of ice cream with the addition
of purple sweet potato and porang flour as a stabilizer. J llmu
Teknol Hasil Ternak. 2023;18(3):203-11. https://doi.org/10.21776/
ub.jitek.2023.018.03.5

Tamilselvi NA, Arumugam T. Health benefits, therapeutic and
pharmacological properties of moringa-a review. J Pharm Res Int.
2019;25(1):1-1. https://doi.org/10.9734/JPRI/2018/37179

Hassan MA, Xu T, Tian Y, Zhong Y, Ali FA, Yang X, et al. Health
benefits and phenolic compounds of Moringa oleifera leaves: a
comprehensive review. Phytomedicine. 2021;93:153771. https://
doi.org/10.1016/j.phymed.2021.153771

Giuberti G, Rocchetti G, Montesano D, Lucini L. The potential of Moringa
oleifera in food formulation: a promising source of functional compounds
with health-promoting properties. Curr Opin Food Sci. 2021;42:257-69.
https://doi.org/10.1016/j.cofs.2021.09.001

Islam Z, Islam SR, Hossen F, Mahtab-ul-Islam K, Hasan MR, Karim R.
Moringa oleifera is a prominent source of nutrients with potential
health benefits. Int J Food Sci. 2021;2021(1):6627265. https://
doi.org/10.1155/2021/6627265

Hodas F, Zorzenon MR, Milani PG. Moringa oleifera potential as a
functional food and a natural food additive: a biochemical
approach. An Acad Bras Cienc. 2021;93(suppl 4):€20210571. https://
doi.org/10.1590/0001-3765202120210571

Hossain MF, Numan SM, Khan SS, Mahbub S, Akhtar S. Human
consumption, nutritional value and health benefits of moringa
(Moringa oleifera Lam.): a review. Int J Community Med Public
Health. 2022;9(9):3599-604. https://doi.org/10.18203/2394-
6040.ijcmph20222229

Nurjanah N, Hidayati L, Kiranawati TM, Fatimah N, Susanto H. The
characteristics and organoleptic qualities of Moringa oleifera jelly
candy post kelor leave puree supplementation. AIP Conf Proc.
2021;2353(1). https://doi.org/10.1063/5.0052679

Sultana S. Nutritional and functional properties of Moringa oleifera.
Metabolism  Open.  2020;8:100061.  https://doi.org/10.1016/
j.metop.2020.100061

Tapun ML, Sayuti K, Syukri D. The effect of addition moringa leaves
(Moringa oleifera) on the nutritional content and sensory
characteristics of crackers. AJARCDE. 2021;5(2):19. https://
doi.org/10.29165/ajarcde.v5i2.68

Ropelewska E, Konopacka D, Piecko J. The quality assessment of
sour cherries dried using an innovative simultaneous osmotic-
microwave-vacuum approach based on image textures, color
parameters and sensory attributes. Agric. 2023;14(1):54. https://
doi.org/10.3390/agriculture14010054

Wichchukit S, O'Mahony M. The 9-point hedonic and unstructured
line hedonic scales: an alternative analysis with more relevant effect
sizes for preference. Food Qual Prefer. 2022;99:104575. https://

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

doi.org/10.1016/j.foodqual.2022.104575

Du X, Wang X, Muniz A, Kubenka K. Consumer hedonic ratings and
associated sensory characteristics and emotional responses to
fourteen pecan varieties grown in Texas. Plants. 2022;11(14):1814.
https://doi.org/10.3390/plants11141814

Umnat S, Penjumras P, Pokkaew R, Saiphong W, Tongsukngam N,
Wattananapakasem I. Development of purple sweet potato-based
ice cream product. J Tech Educ Sci. 2023;18(Special Issue 01):35-40.
https://doi.org/10.54644/jte.74.2023.1334

Lebot V, Lawac F, Legendre L. The greater yam (Dioscorea alata L.):
a review of its phytochemical content and potential for processed
products and biofortification. J Food Compos Anal.
2023;115:104987. https://doi.org/10.1016/.jfca.2022.104987

Moin A, Zaid M, Moin M, Giuffré AM. Consumer acceptance and
sensory properties of wheat-millet composite biscuits fortified with
Moringa oleifera and Camellia sinensis leaves powder. Curr Res Nutr
Food Sci J. 2024;12(2). https://doi.org/10.12944/CRNFSJ.12.2.16

Nanbol KK, Namo O. The contribution of root and tuber crops to
food security: a review. J Agric Sci Technol B. 2019;9(4):2161-6264.
https://doi.org/10.17265/2161-6264/2019.04.001

Melovic B, Cirovic D, Dudic B, Vulic TB, Gregus M. The analysis of
marketing factors influencing consumers’ preferences and
acceptance of organic food products-recommendations for the
optimization of the offer in a developing market. Foods. 2020;9
(3):259. https://doi.org/10.3390/foods9030259

Lado J, Vicente E, Rodriguez G, Ares G. Consumer perception of
purple-fleshed sweet potatoes: hedonic, sensory and emotional
expectations. Agrocienc Urug. 2022;26(1). https://doi.org/10.31285/
agro.26.990

Albertsen L, Wiedmann KP, Schmidt S. The impact of innovation-
related perception on consumer acceptance of food innovations:
development of an integrated framework of the consumer
acceptance process. Food Qual Prefer. 2020;84:103958. https://
doi.org/10.1016/j.foodqual.2020.103958

Siddiqui SA, Zannou O, Karim |, Kasmiati, Awad NM, Gotaszewski J,
et al. Avoiding food neophobia and increasing consumer
acceptance of new food trends-a decade of research. Sustainability.
2022;14(16):10391. https://doi.org/10.3390/su141610391

Punia S, Sandhu KS, Dhull SB, Siroha AK, Purewal SS, Kaur M, et al.
Oat starch: physico-chemical, morphological, rheological
characteristics and its applications-a review. Int J Biol Macromol.
2020;154:493-8. https://doi.org/10.1016/j.ijbiomac.2020.03.083

Zambrano MV, Dutta B, Mercer DG, MacLean HL, Touchie MF.
Assessment of moisture content measurement methods of dried
food products in small-scale operations in developing countries: a
review. Trends Food Sci Technol. 2019;88:484-96. https://
doi.org/10.1016/j.tifs.2019.04.006

Wei P, Zhao F, Wang Z, Wang Q, Chai X, Hou G, et al. Sesame
(Sesamum indicum L.): a comprehensive review of nutritional value,
phytochemical composition, health benefits, development of food
and industrial applications. Nutrients. 2022;14(19):4079. https://
doi.org/10.3390/nu14194079

Pal D, Chandra P, Sachan N. Sesame seed in controlling human
health and nutrition. In: Nuts and seeds in health and disease
prevention. 2020. p. 183-210. https://doi.org/10.1016/B978-0-12-
818553-7.00015-2

Diez-Simon C, Mumm R, Hall RD. Mass spectrometry-based
metabolomics of volatiles as a new tool for understanding aroma
and flavour chemistry in processed food products. Metabolomics.
2019;15:1-20. https://doi.org/10.1007/s11306-019-1493-6

Kurnianingsih N, Ratnawati R, Nazwar TA, Ali M, Fatchiyah F. A
comparative study on nutritional value of purple sweet potatoes from
West Java and Central Java, Indonesia. J Phys Conf Ser. 2020;1665
(1):012011. https://doi.org/10.1088/1742-6596/1665/1/012011

Cvijanovic D, Ignjatijevi¢ S, Vapa Tankosi¢ J, Cvijanovi¢ V. Do local

https://plantsciencetoday.online


https://plantsciencetoday.online
https://doi.org/10.2174/1573401317999210101150652
https://doi.org/10.1051/bioconf/20249902022
https://doi.org/10.1051/bioconf/20249902022
https://doi.org/10.3390/foods8090393
https://doi.org/10.1016/j.tifs.2021.09.013
https://doi.org/10.1016/j.tifs.2021.09.013
https://doi.org/10.47750/pnr.2022.13.S07.860
https://doi.org/10.47750/pnr.2022.13.S07.860
https://doi.org/10.21776/ub.jitek.2023.018.03.5
https://doi.org/10.21776/ub.jitek.2023.018.03.5
https://doi.org/10.9734/JPRI/2018/37179
https://doi.org/10.1016/j.phymed.2021.153771
https://doi.org/10.1016/j.phymed.2021.153771
https://doi.org/10.1016/j.cofs.2021.09.001
https://doi.org/10.1155/2021/6627265
https://doi.org/10.1155/2021/6627265
https://doi.org/10.1590/0001-3765202120210571
https://doi.org/10.1590/0001-3765202120210571
https://doi.org/10.18203/2394-6040.ijcmph20222229
https://doi.org/10.18203/2394-6040.ijcmph20222229
https://doi.org/10.1063/5.0052679
https://doi.org/10.1016/j.metop.2020.100061
https://doi.org/10.1016/j.metop.2020.100061
https://doi.org/10.29165/ajarcde.v5i2.68
https://doi.org/10.29165/ajarcde.v5i2.68
https://doi.org/10.3390/agriculture14010054
https://doi.org/10.3390/agriculture14010054
https://doi.org/10.1016/j.foodqual.2022.104575
https://doi.org/10.1016/j.foodqual.2022.104575
https://doi.org/10.3390/plants11141814
https://doi.org/10.54644/jte.74.2023.1334
https://doi.org/10.1016/j.jfca.2022.104987
https://doi.org/10.12944/CRNFSJ.12.2.16
https://doi.org/10.17265/2161-6264/2019.04.001
https://doi.org/10.3390/foods9030259
https://doi.org/10.31285/agro.26.990
https://doi.org/10.31285/agro.26.990
https://doi.org/10.1016/j.foodqual.2020.103958
https://doi.org/10.1016/j.foodqual.2020.103958
https://doi.org/10.3390/su141610391
https://doi.org/10.1016/j.ijbiomac.2020.03.083
https://doi.org/10.1016/j.tifs.2019.04.006
https://doi.org/10.1016/j.tifs.2019.04.006
https://doi.org/10.3390/nu14194079
https://doi.org/10.3390/nu14194079
https://doi.org/10.1016/B978-0-12-818553-7.00015-2
https://doi.org/10.1016/B978-0-12-818553-7.00015-2
https://doi.org/10.1007/s11306-019-1493-6
https://doi.org/10.1088/1742-6596/1665/1/012011

56.

57.

food products contribute to sustainable economic development?
Sustainability. 2020;12(7):2847. https://doi.org/10.3390/su12072847

Campos DA, Gomez-Garcia R, Vilas-Boas AA, Madureira AR, Pintado
MM. Management of fruit industrial by-products-a case study on
circular economy approach. Molecules. 2020;25(2):320. https://
doi.org/10.3390/molecules25020320

Otalora A, Garcia-Quintero A, Mera-Erazo J, Lerma TA, Palencia M,
Mercado T. Sweet potato, batata or camote (l[pomoea batatas): an
overview about its crop, economic aspects and nutritional relevance.
J Sci Technol Appl. 2024;17:1-0. https://doi.org/10.34294/
jjsta.24.17.100

Additional information

Peer review: Publisher thanks Sectional Editor and the other anonymous
reviewers for their contribution to the peer review of this work.

Reprints & permissions information is available at https://
horizonepublishing.com/journals/index.php/PST/open_access_policy

Publisher’s Note: Horizon e-Publishing Group remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Indexing: Plant Science Today, published by Horizon e-Publishing Group, is
covered by Scopus, Web of Science, BIOSIS Previews, Clarivate Analytics,
NAAS, UGC Care, etc

See https://horizonepublishing.com/journals/index.php/PST/
indexing_abstracting

Copyright: © The Author(s). This is an open-access article distributed under
the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution and reproduction in any medium, provided the
original author and source are credited (https://creativecommons.org/
licenses/by/4.0/)

Publisher information: Plant Science Today is published by HORIZON e-
Publishing Group with support from Empirion Publishers Private Limited,
Thiruvananthapuram, India.

Plant Science Today, ISSN 2348-1900 (online)


https://doi.org/10.3390/su12072847
https://doi.org/10.3390/molecules25020320
https://doi.org/10.3390/molecules25020320
https://doi.org/10.34294/j.jsta.24.17.100
https://doi.org/10.34294/j.jsta.24.17.100
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/open_access_policy
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://horizonepublishing.com/journals/index.php/PST/indexing_abstracting
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

