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Abstract 
Increasing access to locally produced, safe, nutritious and affordable comple-
mentary foods is essential to combat micronutrient deficiencies in young chil-
dren in low- and middle-income countries. Two formulations of sweets based 
on jujube, baobab fruit powder and sweet potato puree were produced, and 
their nutritional values and sensory properties such as taste, smell, color and 
acceptability were assessed. The formulation containing the most jujube pow-
der, baobab fruit and sweet potato puree gave the best nutritional value. The 
sweets are rich in calcium (259.80 mg/100 g), magnesium (67.98 mg/100 g), 
potassium (782.04 mg/100 g), vitamin C (32.37 mg/100 g), iron (6.45 g mg/100 
g) and zinc (0.97 mg/100 g). Sensory tests on the two formulations showed 
acceptability scores ranging from 81.26% to 84.58%, well above the minimum 
acceptable threshold. Candies with jujube, baobab fruit powder and sweet po-
tato puree could be an alternative for preventing micronutrient deficiencies. 
 

Keywords 
Sweets, Jujube, Baobab Fruit, Sweet Potato 

 

1. Introduction 

Micronutrient deficiency, also known as “hidden hunger” [1]-[3], is a widespread 
form of malnutrition [4], affecting nearly 821 million people, or one in nine people 
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worldwide [5]. Some nutritional deficiencies bring high risks for individual health, 
particularly for children under the age of five and pregnant or breast-feeding 
women [6]. In Senegal, 18% of children under the age of 5 are stunted or chroni-
cally malnourished, and the prevalence of wasting increased slightly from 8% to 
10% in 2015 [7].  

Faced with this growing increase in these forms of malnutrition, it is important 
to find low-cost, accessible alternatives to help the population combat these defi-
ciencies. The design of new products such as sweets, which are rich in micronu-
trients, deserves particular attention. Sweets, like biscuits, are widely consumed, 
so they can be used as a suitable vehicle for incorporating nutrients and as a matrix 
for fortifying foods [8]. The identification of one or more foods potentially rich in 
macronutrients and micronutrients with a view to improving the nutritional qual-
ity of the whole is suggested as an interesting, accessible and low-cost approach to 
combating malnutrition in developing countries [9]-[11]. Jujube is a highly nutri-
tious fruit species, it is one of the richest sources of vitamin C after amla (Phyl-
lanthus emblica) and guava (Psidium guajava), it is better than citrus fruits and 
apples [12]. The results of research carried out by Makalao et al. (2015) [13], even 
showed that jujube is richer in vitamin C and calcium than the pulp of the baobab 
fruit (Andasonia digitata). In the past, jujube played an important role in the diet 
of certain populations, particularly those who inhabited Libya in ancient times 
[14]. Whatever their origin, jujubes are rich in sugars, vitamin C, calcium and 
iron, equivalent to the iron content of bananas, dates and figs [15]. The fruit of 
the African baobab (Andansonia digitata L) is eaten in a variety of preparations, 
and is rich in dietary fiber, carbohydrates and potassium, with exceptionally high 
levels of calcium, magnesium and phosphorus. The pulp also contains copper, 
iron, manganese and zinc. The pulp has an interesting vitamin content, making it 
one of the fruits rich in vitamin C [16]-[21]. According to Silvia et al. (2002) [22], 
the pulp has very interesting antioxidant properties. The sweet potato (Ipomea 
batatas) is one of the most widely cultivated tuberous food plants in the world and 
is an energy-giving food. It is rich in vitamin A and is also a source of vitamin B6 
and vitamin C. Sweet potatoes are also a source of manganese and potassium [23]. 
The high content of certain minerals and vitamins, as well as various antioxidant 
molecules, makes sweet potatoes an ideal food for combating malnutrition [24].  

The high nutritional value of baobab pulp, jujube and sweet potato is the reason 
why they were chosen as a basic raw material to produce sweets. The aim of this 
work is to develop a new product based on jujube, sweet potato and baobab fruit 
with good nutritional quality. 

2. Material and Methods 
2.1. Preparation of the Raw Material 

Production of jujube flour, baobab pulp and sweet potato puree  
- The sweet potato is processed into a puree. After washing, the tubers are peeled, 

boiled and then pureed.  
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- Baobab powder: the seeds and fibers are separated from the pulp using a dry 
process. A mortar is used for crushing, followed by sieving with a 0.5 mm mesh 
sieve (chopin) to obtain a powder.  

- Jujube powder is obtained by crushing ripe, dried fruit, followed by sieving with 
a 0.5 mm mesh sieve to obtain a powder.  

2.2. Preparation of Blends 

The baobab and jujube pulp powders were mixed with the sweet potato puree us-
ing a blender. 

Two blends at different percentages were studied, a first blend with 18% Baobab 
fruit powder, 18% Jujube powder and 18% sweet potato puree (BBJP18) and a 
second blend with 20% Baobab fruit powder, 20% Jujube powder and 20% sweet 
potato puree (BBJP20).  

2.3. Production of Sweets 

The different mixtures of sweet potato puree and jujube and baobab fruit powders 
were laminated and die-cut. These operations were followed by baking (Logidiuce 
Forni) and packaging. 

2.4. Physico-Chemical Analysis 

Moisture 
The moisture content is determined using the method described in AOAC 

(2018). The sample is oven dried (105˚C ± 2˚C) for four hours to constant weight. 
The weight loss is calculated as the moisture content of the sample.  

Proteins 
Protein content is determined using the Kjeldahl method described in AOAC 

(2018), the technique of which consists of measuring the nitrogen in the sweets. 
The finely ground candy sample is mineralized under heat using concentrated 
sulphuric acid in the presence of a catalyst. After several transformation processes, 
the nitrogen yields ammonia, which is distilled, covered in a boric acid solution 
and titrated with a sulphuric acid solution. The nitrogen content multiplied by a 
coefficient (6.25) gives the protein content.  

Ash content 
Ash is defined as the inorganic residue obtained after removal of moisture and 

organic matter by heat treatment. The mineral matter or crude ash content is de-
termined using the method described in AOAC (2018). This involves calcining 
the finely ground candy sample contained in a porcelain crucible on a hot plate. 
The sample is then incinerated in an oven at 550˚C for four hours until ash is 
obtained.  

Fat content 
The fat content is determined by extracting the lipids with an organic solvent 

(N hexane), evaporating the solvent and weighing the lipid extract after oven dry-
ing at 105˚C for (30 mn) (AOAC, 2018). 
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Crude fiber 
Crude fiber content is determined according to the method described in AOAC 

(2018). The finely ground sample is subjected to two acid and base hydrolyses, 
followed by complexation with EDTA. The residue obtained is then filtered, dried 
in an oven at 130˚C and then calcined in an oven at 400˚C for (two hours). The 
difference in weight between the two stages gives the crude fiber content.  

Carbohydrates 
The carbohydrate content of sweets is obtained by calculating the difference 

between the dry extract and the sum (protein + fat + crude fiber and mineral mat-
ter). 

Mineral elements 
Calcium, potassium, iron and zinc are measured by Atomic Absorption Spec-

trophotometry using the method described in AOAC (2018). After incinerating 
the samples and dissolving the ash in hydrochloric acid, the concentrations of the 
various minerals in the samples are determined from calibration curves estab-
lished with a range of standard solutions characteristic of each element.  

Phosphorus content 
Phosphorus is determined in the form of phosphate by the UV-visible spectro-

photometric method using the vanadate-molybdate reagent. Phosphorus is com-
bined with ammonium molybdate to form a phosphomolybdic complex which, in 
the presence of ammonium metavanadate, gives an orange yellow color. The ab-
sorbance of the latter is measured at a wavelength of 470 nm.  

Vitamin C 
Vitamin C is determined according to the Chemicals Analysis of Food method 

(1st edition), the oxidation of vitamin C by dichlorophenol indophenol (DCPIP) 
which has several characteristics (Blue in basic medium, red in acid medium) and 
color less in its reduced form. 

Add 3% metaphosphoric acid solution to 40 ml, homogenize and filter. Take 1 
to 5 ml of this solution in a small beaker, add 2.5 ml of acetone if Sulphur dioxide 
is present and titrate with the DCPIP solution until pink coloration persists for at 
least 15 seconds. To standardize, dissolve 0.1 g of pure ascorbic acid in a 100 ml 
flask with 3% metaphosphoric acid. Take 1 ml of this solution and titrate with 
DCPIP until the pink coloration persists for at least 15 seconds.  

2.5. Determining the Energy Value 

The energy value of the various foods is calculated using the At Water method as 
described in the US Department of Agriculture’s Manual No. 74 entitled “Energy 
Value of Foods - Basics and Derivation”. 

The At water coefficients are 9 kcal/g for lipids, 4 kcal/g for proteins and 4 
kcal/g for carbohydrates. The energy value is obtained by summing the three con-
tents with their respective coefficients. EV = 4G + 9L + 4P in Kcal.  

2.6. Sensory Test 

A 9-point hedonic scale, conforming to the NF V09-500 standard, was used as the 
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basis for the sensory analysis. The panelists were asked to rate their appreciation 
on a scale of 1 to 9, ranging from “don’t like at all” to “like a lot”, with each point 
representing a different level of satisfaction. Sixty (60) panelists aged between 21 
and 50, including 28 students, 8 researchers and 24 food industry specialists, eval-
uated organoleptic characteristics such as appearance, freshness, flavor, texture 
and general acceptability of the sweets. The scores obtained were used to calculate 
the acceptability index (AI) using the equation of Fernandes & Mellado, (2017)  

[25]: 
Score 100IA

Hedonic scale
∗

= . 

Foods will be considered acceptable if they have an acceptability index ≥ 70% 
[26].  

2.7. Statistical Analysis 

For statistical processing of the data, a data analysis package Minitab Statical Soft-
ware was used. A statistical evaluation of the differences observed with analysis of 
variance (ANOVA) at significance level p ≤ 0.05. For the sensory tests, the varia-
bles were expressed as percentages.  

For all these statistical analyses, a significance level of 0.05% was used. 

3. Results and Discussion 
3.1. Nutritional Composition of Sweets 

The results of the nutritional analyses carried out on the sweets are presented in 
Table 1 below: 
 
Table 1. Characterization of sweets. 

Sweets 
Parameters 

BBJP18 BBJP20 

Ash% 1.71 ± 0.01b 2.26 ± 0.02a 

Protein% 4.43 ± 0.13a 3.02 ± 0.22b 

Carbohydrate% 75.91 ± 0.15a 73.93 ± 0.07b 

Crude fiber% 2.71 ± 0.88b 3.46 ± 0.02b 

V.E (kcal/100 g) 323.16 ± 0.38a 315.36 ± 0.43b 

Zn (mg/100 g) 0.7 ± 0.01c 0.97 ± 0.04d 

Fe (mg/100 g) 5.47 ± 0.08b 6.77 ± 0.02a 

Ca (mg/100 g) 216.09 ± 1.13b 259.80 ± 0.35a 

P (mg/100 g) 22.24 ± 0.12c 47.82 ± 0.25d 

K (mg/100 g) 585.40 ± 0.25b 782.04 ± 0.24a 

Fat% 0.20 ± 0.11b 0.84 ± 0.25a 

Magnésium (mg/100 g) 57.70 ± 0.34b 67.98 ± 0.45a 

Vitamin C (mg/100 g) 25.95 ± 0.05b 32.37 ± 0.02a 

Sodium (mg/100 g) 67.42 ± 0.15b 61.11 ± 0.26b 
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According to the confectionery sector study of 1255 references, collected in 
2017 and covering at least 78% of the confectionery market [27], the protein con-
tent of sweets made with sweet potato, baobab fruit and jujube exceeds the average 
(2.1%/100 g) recorded for the confectionery sector. Part (27%) of the daily nutri-
tional recommendations for children aged 6 to 59 months could be met by con-
suming 100 g of sweet potato, jujube and baobab fruit-based sweets. 

Fiber levels exceed the average amount of fiber in sweets, at 1.7 g/100 g [27]. 
Fiber is essential for a healthy digestive tract, and helps prevent colorectal cancer, 
type II diabetes and cardiovascular disease [28]. The fiber content of BBJP18 and 
BBJP20 covers 18% and 23% respectively of the daily fiber requirements of chil-
dren aged 2 to 5. The fiber content of sweets is higher than that of wheat-based 
biscuits in the study by Yadav et al. (2016) [29], biscuits made with composite 
flours (wheat/rice) [30] and biscuits enriched with shea fruit pulp [31], but lower 
than that of rice biscuits enriched with baobab fruit in the study by Pauline et al. 
2018 [8]. Mineral elements changed with increasing incorporation rates of sweet 
potato, baobab fruit and jujube. Similar results were obtained by Vitali et al. (2007) 
[32] who showed that fortified biscuits as additional sources of calcium, magne-
sium, copper and manganese significantly altered the amounts of total minerals 
in the final product.  

Sweets have a potassium content representing 73% to 97% of the daily intake of 
children aged 1 to 4 [33]. The potassium content could be attributed to the sweet 
potato (288 mg/100 g) [33] and the baobab fruit (231 mg/100 g) [8]. For adults, 
jujube, baobab fruit and sweet potato sweets cover almost 25% of the daily intake, 
which could be in line with a potassium-rich diet recommended by the WHO [34] 
to reduce blood pressure and lower the risk of cardiovascular disease, stroke and 
coronary heart disease.  

The results of the calcium content cover 61 to 74% of the daily calcium intake 
for children aged 1 to 3 years [35]. Sweets have a higher calcium content than the 
rice and baobab biscuits presented in the study by Pauline et al. and the biscuits 
enriched as additional sources of calcium in the work by Vitali et al. (2007) [32]. 
These calcium levels could be explained by the presence of baobab fruit and ju-
jube, which are very rich in calcium. Calcium is necessary for numerous biological 
functions such as neuromuscular excitability, blood coagulation, membrane per-
meability, hormone release, enzyme activation and cell signaling [35]. Sweets con-
tribute up to 35% of daily requirements for pregnant and breastfeeding women. 
According to the author Hofmey Gj et al. (2010) [36], the impact of calcium sup-
plementation could reduce the incidence of premature births. 

Iron content increased from 5.47 mg/100 g for BBJP18 to 6.45 mg/100 g with 
BBJP20. Consumption of 100 g of sweet potato, baobab and jujube-based sweets 
covers 93% of iron requirements in children aged 1 - 3 years (RDA/6.9 mg) [35]. 
Iron is an essential trace element that performs numerous functions in the body. 
The most well-established consequence of iron deficiency is anaemia, and the 
populations most at risk are those with high iron requirements due to their growth 
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and physiological state (infants, children, pregnant women) [37]. 
The vitamin C contained in BBJP20, which is known to promote the absorption 

of non-haem iron from plant-based foods, is very high and covers 100% of the 
daily requirements of children aged 1 to 3 [35]. Vitamin C is a reducing agent 
involved in antioxidant defences as a scavenger of reactive oxygen and nitrogen 
species [28]. The high vitamin C content could be explained by the high levels of 
vitamin C found in jujube, baobab fruit and sweet potatoes [33]. In fact, the vita-
min C content of jujube is higher than that of oranges and lemons [15]. According 
to studies by Chadare (2008) [38], 40 g of baobab fruit covers the daily needs of 
pregnant women (aged 19 - 30). 

Zinc, an essential trace element involved in many cellular functions, contains 
32% of the recommended dietary allowance for children aged 1 to 4 [39] [40]. 
Young children are at greater risk of zinc deficiency because of the increased need 
for zinc during growth. Zinc acts as a cofactor in more than 300 enzymes while 
modulating enzyme activity, and therefore plays a crucial role in many physiolog-
ical and pathological processes [41] [42]. 

The magnesium content of BBJP18 and BBJP20 sweets covers 67% to 80% of 
the daily intake of a child aged between 1 and 3 years. Sweets are richer in mag-
nesium than the baobab fruit and rice-based biscuits in the study by Pauline et al. 
[8] and the mixed-flour, green banana, pigeon pea and sweet potato-based biscuits 
by Adeola et al. [43]. Magnesium is one of the most abundant minerals in the 
body, regulating carbohydrate and lipid metabolism in muscle, heart and nerve 
tissue.  

3.2. Sensory Analysis of Sweets  

The results of the sensory analysis of the sweets are shown in Figure 1. 
 

 

Figure 1. Sensory analysis of sweets. 
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Sensory analysis is an important criterion for assessing quality in the develop-
ment of new products and for meeting consumer expectations. The results of the 
sensory analyses showed significant differences across all parameters (taste, color, 
smell, texture and acceptability). Overall, the blends were well rated, with an ac-
ceptability of 7.31 for BBJP18 and 7.61 for BBJP20, exceeding the threshold index 
of 5 and placing these new sweets in the good quality food category [44]. On the 
other hand, the BBJP20 sample was the most appreciated. The general acceptabil-
ity indices for the two mixtures BBJP18 (81.26%) and BBJP20 (84.58%) were well 
above the minimum score of 70% for food to be acceptable [26] and marketable 
[45]. 

4. Conclusion 

This study allowed us to know that the incorporation of these local products with 
high nutritional value such as jujube, baobab fruit powder and sweet potato puree 
in confectionery constitute a promising alternative to combat micronutrient defi-
ciencies. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

References 
[1] Sawicka, B., Barbas, P., Bernadetta, B. and Noaema, A.H. (2019) Biofortification of 

Potato with Micronutrients. Science for Sustainable Development and Bioeconomy 
2019, Lublin, 12-13 June 2019, p. 1. 

[2] Fan, S.G., Yosef, S. and Pandya-Lorch, R. (2019) Agriculture for Improved Nutrition: 
Seizing the Momentum. CABI. 

[3] FAO (2012) State of Food and Agriculture. 

[4] FAO (2017) Nutrition Sensitive Agriculture and Foods Systems in Practice. 

[5] FAO, IFAD, WHO, WFP and UNICEF (2017) The State of Food Security and Nutri-
tion in the World. Building Resilience for Peace and Food Security. FAO. 

[6] ENSAN (2016) Nutritional Survey Using SMART Methodology Final Report. 

[7] ANSD and ICF (2023) Senegal Demographic and Health Survey: Key Indicator Re-
port. ANSD and ICF. 

[8] Mounjouenpou, P., Ngono Eyenga, S.N.N., Kamsu, E.J., Bongseh Kari, P., Ehabe, E.E. 
and Ndjouenkeu, R. (2018) Effect of Enrichment with Baobab Pulp Flour (Adansonia 
digitata L.) on the Sensory Acceptability and Nutritional Composition of Rice Bis-
cuits. https://doi.org/10.1016/j.sciaf.2018.e00002  

[9] Mensah, P. and Tomkins, A. (2003) Household-Level Technologies to Improve the 
Availability and Preparation of Adequate and Safe Complementary Foods. Food and 
Nutrition Bulletin, 24, 104-125. https://doi.org/10.1177/156482650302400106 

[10] Anwar, F., Latif, S., Ashraf, M. and Gilani, A.H. (2006) moringa Oleifera: A Food 
Plant with Multiple Medicinal Uses. Phytotherapy Research, 21, 17-25.  
https://doi.org/10.1002/ptr.2023 

[11] Ndong, M., Wade, S., Dossou, N., Guiro, A.T. and Gning, R.D. (2007) Nutritional 
Value of Moringa oleifera, Study of Iron Bioavailability, Effect of Enriching Various 

https://doi.org/10.4236/fns.2025.162009
https://doi.org/10.1016/j.sciaf.2018.e00002
https://doi.org/10.1177/156482650302400106
https://doi.org/10.1002/ptr.2023


N. F. Ndiaye et al. 
 

 

DOI: 10.4236/fns.2025.162009 161 Food and Nutrition Sciences 
 

Traditional Senegalese Dishes with Leaf Powder. African Journal of Food, Agricul-
ture, Nutrition and Development, 7, 17. 

[12] Sharma, G. and Rastogi, S. (2018) Green Synthesis of Silver Nanoparticles Using 
Ziziphus Mauritiana Leaf Extract, Theiruvvis Characterization, Colorimetric Biosens-
ing Application and Frap Test of Ziziphus Mauritiana.  
https://www.researchgate.net/publication/328332994_GREEN_SYNTHESIS_OF_SI
LVER_NANOPARTICLES_USING_ZIZYPHUS_MAURITIANA  

[13] Makalao, M.M., Savadogo, A., Zongo, C. and Traore, A.S. (2015) Nutritional Com-
position of 10 Wild Fruits Consumed in Three Departments of Chad. International 
Journal of Recent Advances in Multidisciplinary Research, 3, 1713-1719.  

[14] Munier, P. (1973) The Jujube Tree and Its Cultivation. Fruits, 5, 377-388. 

[15] Danthu, P., Soloviev, P., Totté, A., Tine, E., Ayessou, N., Gaye, A., et al. (2002) 
Caractères physico-chimiques et organoleptiques comparés de jujubes sauvages et 
des fruits de la variété Gola introduite au Sénégal. Fruits, 57, 173-182.  
https://doi.org/10.1051/fruits:2002016 

[16] Becker, B. (1983) The Contribution of Wild Plants to Human Nutrition in the Ferlo 
(Northern Senegal). Agroforestry Systems, 1, 257-267.  
https://doi.org/10.1007/bf00130611 

[17] Cisse, M., Sakho, M., Dornier, M., Diop, C.M., Reynes, M. and Sock, O. (2009) Ca-
ractérisation du fruit du baobab et étude de sa transformation en nectar. Fruits, 64, 
19-34. https://doi.org/10.1051/fruits/2008052 

[18] Kerharo, J. (1975) Medicinal and Toxic Plants Traditional Senegalese Pharmacopoeia: 
Medicinal and Toxic Plants. Vigot Frères Editions, 1011. 

[19] Diop, A.G., Sakho, M., Dornier, M., Cisse, M. and Reynes, M. (2006) Le Baobab afri-
cain (Adansonia digitata L.): Principales caractéristiques et utilisations. Fruits, 61, 55-
69. https://doi.org/10.1051/fruits:2006005 

[20] Nour, A., Magboul, B.I. and Kheiri, N.H. (1980) Chemical Composition of Baobab 
Fruit (Adansonia digitata L.). Tropical Science, 22, 383-388. 

[21] Sidibe, M. and Williams, J.T. (2002) Baobab, Adansonia digitata L. Fruits for the Fu-
ture 4. International Center for Underutilized Crops (ICUC): University of South-
ampton, Southampton. 

[22] Silvia, V., Elena, B., Valentina, B. and Stefano, M. (2002) Antioxidant Capacity of the 
Pulp and Leaves of the Digitate Fruit of Adansonia. ACTA Phytotherapeutica, 2, 2-7. 

[23] Degras, L. (1998) The Tropical Agriculture Technician: The Sweet Potato. ACCT & 
CTA, 99-127. 

[24] Adabe, K.E., Maiga, A. and Diendere, J. (2019) Sweet Potato Production and Pro-
cessing. https://hdl.handle.net/10568/102332  

[25] Fernandes, S.S. and Salas-Mellado, M.D.L.M. (2017) Addition of Chia Seed Mucilage 
for Reduction of Fat Content in Bread and Cakes. Food Chemistry, 227, 237-244.  
https://doi.org/10.1016/j.foodchem.2017.01.075 

[26] Spehar, C.R. and Santos, R.L.D.B. (2002) Quinoa BRS Piabiru: Alternativa para di-
versificar os sistemas de produção de grãos. Pesquisa Agropecuária Brasileira, 37, 
809-893. https://doi.org/10.1590/s0100-204x2002000600020 

[27] OQALI (2020) Summary of the Study of the Confectionery Sector. 

[28] ANSES (2016) Report Which Contains in Its Last Part, the Summary concerning Fi-
bers. https://www.anses.fr/fr/system/files/NUT2012SA0103Ra-2.pdf  

[29] Yadav, B.S., Yadav, R.B. and Yadav, R. (2010) Studies on Functional Properties and 

https://doi.org/10.4236/fns.2025.162009
https://www.researchgate.net/publication/328332994_GREEN_SYNTHESIS_OF_SILVER_NANOPARTICLES_USING_ZIZYPHUS_MAURITIANA
https://www.researchgate.net/publication/328332994_GREEN_SYNTHESIS_OF_SILVER_NANOPARTICLES_USING_ZIZYPHUS_MAURITIANA
https://doi.org/10.1051/fruits:2002016
https://doi.org/10.1007/bf00130611
https://doi.org/10.1051/fruits/2008052
https://doi.org/10.1051/fruits:2006005
https://hdl.handle.net/10568/102332
https://doi.org/10.1016/j.foodchem.2017.01.075
https://doi.org/10.1590/s0100-204x2002000600020
https://www.anses.fr/fr/system/files/NUT2012SA0103Ra-2.pdf


N. F. Ndiaye et al. 
 

 

DOI: 10.4236/fns.2025.162009 162 Food and Nutrition Sciences 
 

Incorporation of Buckwheat Flour for Biscuit Making. International Food Research 
Journal, 17, 1067-1076. 

[30] Islam, M., Taneya, M., Shams-Ud-Din, M., Syduzzaman, M. and Hoque, M. (2012) 
Physicochemical and Functional Properties of Brown Rice (Oryza sativa) and Wheat 
(Triticum aestivum) Flour and Quality of Composite Biscuit Made Thereof. The Ag-
riculturists, 10, 20-28. https://doi.org/10.3329/agric.v10i2.13135 

[31] Chikpah, S.K., Korese, J.K. and Osman, S. (2023) Characterization of Physicochemi-
cal, Antioxidants and Sensory Properties of Cookies Enriched with Shea (Vitellaria 
paradoxa) Fruit Pulp as a Functional Ingredient. Food Production, Processing and 
Nutrition, 5, Article No. 44. https://doi.org/10.1186/s43014-023-00152-1 

[32] Vitali, D., Vedrina Dragojević, I. and Šebečić, B. (2008) Bioaccessibility of Ca, Mg, 
Mn and Cu from Whole Grain Tea-Biscuits: Impact of Proteins, Phytic Acid and Pol-
yphenols. Food Chemistry, 110, 62-68.  
https://doi.org/10.1016/j.foodchem.2008.01.056 

[33] FAO/INFOODS (2019) Food Composition Table for Western Africa. User Guide & 
Condensed Food Composition Table 31. 

[34] World Health Statistics (2013) On Potassium Intake in Adults and Children. 

[35] (2016) SACN Vitamin D and Health Report. https://www.gov.uk/government/publi-
cations/sacn-vitamin-d-and-health-report   

[36] Hofmeyr, G.J., Lawrie, T.A., Atallah, Á.N. and Torloni, M.R. (2010) Calcium Supple-
mentation during Pregnancy to Prevent Hypertensive Disorders and Associated 
Problems. https://doi.org/10.1002/14651858.cd001059.pub5  

[37] EFSA (European Food Safety Authority) (2016) Summary Report on Nutrient Refer-
ence Values for Nutrients. 

[38] EFSA (2017) Supplementary Publications. 14, p. e15121E.  

[39] Chadare, F.J., Linnemann, A.R., Hounhouigan, J.D., Nout, M.J.R. and Van Boekel, 
M.A.J.S. (2008) Baobab Food Products: A Review on Their Composition and Nutri-
tional Value. Critical Reviews in Food Science and Nutrition, 49, 254-274.  
https://doi.org/10.1080/10408390701856330 

[40] (2021) British Nutrition Foundation. https://www.nutrition.org.uk/  

[41] Chasapis, C.T., Loutsidou, A.C., Spiliopoulou, C.A. and Stefanidou, M.E. (2011) Zinc 
and Human Health: An Update. Archives of Toxicology, 86, 521-534.  
https://doi.org/10.1007/s00204-011-0775-1 

[42] Muller, O. (2001) Effect of Zinc Supplementation on Malaria and Other Causes of 
Morbidity in West African Children: Randomised Double Blind Placebo Controlled. 
BMJ, 322, 1567-1567. https://doi.org/10.1136/bmj.322.7302.1567 

[43] Adeola, A.A. and Ohizua, E.R. (2018) Physical, Chemical, and Sensory Properties of 
Biscuits Prepared from Flour Blends of Unripe Cooking Banana, Pigeon Pea, and 
Sweet Potato. Food Science & Nutrition, 6, 532-540. https://doi.org/10.1002/fsn3.590 

[44] Knuckles, B.E., Hudson, C.A., Chiu, M.M. and Sayre, R.N. (1997) Effects of β-Glu-
cancontaining Barley Fractions in High-Fiber Bread and Pasta. Cereal Food World, 
42, 94-99. 

[45] Dutcosky, S.D. (2007) Sensory Analysis of Foods.  
https://doi.org/10.1016/j.foodchem.2005.06.029  

https://doi.org/10.4236/fns.2025.162009
https://doi.org/10.3329/agric.v10i2.13135
https://doi.org/10.1186/s43014-023-00152-1
https://doi.org/10.1016/j.foodchem.2008.01.056
https://www.gov.uk/government/publications/sacn-vitamin-d-and-health-report
https://www.gov.uk/government/publications/sacn-vitamin-d-and-health-report
https://doi.org/10.1002/14651858.cd001059.pub5
https://doi.org/10.1080/10408390701856330
https://www.nutrition.org.uk/
https://doi.org/10.1007/s00204-011-0775-1
https://doi.org/10.1136/bmj.322.7302.1567
https://doi.org/10.1002/fsn3.590
https://doi.org/10.1016/j.foodchem.2005.06.029

	Development of Enriched Sweets Based on Jujube Powder (Zizyphus mauritiana), Baobab Fruit (Andasonia digitata), and Sweet Potato Puree (Ipomae batatas): Nutritional and Sensory Properties
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods
	2.1. Preparation of the Raw Material
	2.2. Preparation of Blends
	2.3. Production of Sweets
	2.4. Physico-Chemical Analysis
	2.5. Determining the Energy Value
	2.6. Sensory Test
	2.7. Statistical Analysis

	3. Results and Discussion
	3.1. Nutritional Composition of Sweets
	3.2. Sensory Analysis of Sweets 

	4. Conclusion
	Conflicts of Interest
	References

