


 Nutritional and Sensory Evaluation of Ginger and Turmeric Fortified Cassava -Groundnut Snack Bar


Abstract 
This research evaluated the nutritional and sensory properties of cassava-groundnut snack bars fortified with ginger and turmeric. The study is based on a 3 x 3 design, with three fortification sources (ginger, turmeric, and a 50:50 ginger‑turmeric blend). Ten samples were formulated: three per fortification source plus an unfortified control. All bars used a 70:30 cassava‑groundnut blend. Proximate composition was determined by AOAC methods, and sensory evaluation used a 9‑point Hedonic scale. Proximate results showed moisture content ranged from 7.06% to 9.05%, crude protein 2.87-9.23%, crude fibre 1.97-3.89%, fat 3.86-8.98%, ash 1.61-3.43%, carbohydrate 65.43-81.28%, and energy value 371.28-386.12%. Significant differences (P < 0.05) were observed among all samples. Sample GT7 (7% ginger‑turmeric blend) had the highest crude protein (9.24%), ash (3.34%), crude fibre (3.89%), fat (3.43%), and energy value (386.12%). Sensory evaluation also revealed significant differences (P < 0.05) in appearance, flavour, taste, and general acceptability. Sample G77 (7% ginger) received the highest flavour score (5.87), while both T33 (3% turmeric) and G77 were most preferred for general acceptability. These findings demonstrate that ginger and turmeric are effective fortificants for enhancing the nutritional composition and sensory appeal of cassava‑groundnut snack bars.	Comment by Bertin Mikolo: This study…	Comment by Bertin Mikolo: The study employed a 3 × 3 experimental design…	Comment by Bertin Mikolo: A total of ten samples were formulated: three samples for each fortification treatment and one unfortified control
	Comment by Bertin Mikolo: The proximate analysis revealed that fortification of the snack bars with ginger and turmeric enhanced their nutritional composition, especially in terms of protein, fibre, mineral content, and energy value.	Comment by Bertin Mikolo: Table 1 reports 20.17%–30.07%.	Comment by Bertin Mikolo: Table 1 shows 4.50%–19.69%.	Comment by Bertin Mikolo: kJ/100 g in Table 1. Harmonize.	Comment by Bertin Mikolo: Split into two sentences.
Suggestion: Sample GT7 (7% ginger–turmeric blend) had the highest crude protein (9.24%), ash (3.34%), and crude fibre (3.89%) contents. It also recorded high fat content (3.43%) and the highest energy value (386.12%).	Comment by Bertin Mikolo: Add a last sentence highlighting the practical use of the findings e.g. “The study demonstrates the potential of ginger and turmeric fortified cassava-groundnut snack bars as affordable, nutritious and functional snack products that could support healthier diets and promote the utilisation of local agricultural resources.”	Comment by Bertin Mikolo: Could be strengthened by specifying: … effective natural fortificants…
Keywords: Cassava, groundnut, ginger, turmeric, proximate, sensory evaluation.
1. INTRODUCTION	Comment by Bertin Mikolo: Combine the first two paragraphs that separately discuss snack consumption trends, healthy snack demand, and functional foods.
Suggestion : Urbanisation and changing lifestyles have led to a significant rise in the global demand for convenient snack products. “Consumer awareness of diet-related health concerns has also shifted preferences towards healthier and functional snacks delivering nutritional and physiological benefits beyond basic energy supply.”

Snacks are food products consumed between main meals and are typically designed for convenience, portability, and extended shelf life. In recent years, the global snack food industry has experienced significant growth, driven by rapid urbanization, changing lifestyles, and increasing demand for ready-to-eat foods (Cheong et al., 2022; Kumar et al., 2023; Singh et al., 2024). Beyond convenience, snacks now play an important role in meeting daily nutritional requirements across different population groups. Consequently, consumer preferences have shifted from traditional energy-dense, nutrient-poor snack products toward healthier alternatives that provide functional and physiological benefits.	Comment by Bertin Mikolo: Add a linking sentence between snack consumption trends and functional foods.
Suggestion: As consumers become more aware of the health issues caused by diet, focus has turned to snacks with added nutritional and functional benefits.
This has led to increased interest in functional foods, defined as foods that offer health benefits beyond basic nutrition due to the presence of bioactive compounds (Shahidi, 2022). Modern consumers increasingly seek snack products enriched with protein, dietary fibre, and natural ingredients, particularly plant-based additives such as herbs and spices (Martínez et al., 2020; Granato et al., 2022). Among such ingredients, ginger (Zingiber officinale) and turmeric (Curcuma longa) have gained considerable attention due to their well-documented health-promoting properties. These spices contain bioactive compounds such as gingerol and curcumin, which exhibit strong antioxidant, anti-inflammatory, and antimicrobial activities (Ali et al., 2018; Kunnumakkara et al., 2019; Hewlings & Kalman, 2023). Their incorporation into food systems has been associated with reduced risk of chronic diseases, including cardiovascular disorders, diabetes, and certain cancers.	Comment by Bertin Mikolo: In place of the current second paragraph of the Introduction, briefly define functional foods once, then directly relate the concept to ginger and turmeric without repeating general health claims.
Suggestion: Functional foods are foods that contain bioactive compounds that provide health benefits beyond basic nutrition. Ginger (Zingiber officinale) and turmeric (Curcuma longa) are natural functional ingredients commonly used in food fortification. They are valued for their bioactive components, such as gingerol and curcumin, which give them nutritional and functional properties.
	Comment by Bertin Mikolo: Improve the transition to ginger and turmeric.
Suggestion: "Ginger (Zingiber officinale) and turmeric (Curcuma longa) are some of the most interesting natural functional ingredients that are widely used for food fortification due to their nutritional and health-promoting properties."
Despite the growing demand for functional snack products, the global snack industry remains heavily dependent on wheat-based formulations. This reliance contributes to limited dietary diversity and raises concerns related to gluten intolerance and allergies. Furthermore, many conventional snack products are characterized by high levels of sugar, salt, and unhealthy fats, which are linked to adverse health outcomes. In developing countries such as Nigeria, dependence on imported wheat also poses economic challenges and limits the utilization of locally available crops with high nutritional potential. Promoting indigenous crops is therefore essential for enhancing food security, supporting local agriculture, and improving dietary quality (Olatunde et al., 2023).
Cassava (Manihot esculenta) and groundnut (Arachis hypogaea) are widely cultivated and consumed in Nigeria and other tropical regions. Cassava is an excellent source of carbohydrates and is highly versatile in food processing, while groundnut provides substantial amounts of plant-based protein, healthy fats, and essential micronutrients (Opara et al., 2022; Edet et al., 2023). The combination of cassava and groundnut offers a promising basis for developing gluten-free, nutrient-dense snack products. However, such formulations may benefit further from fortification with functional ingredients to enhance both nutritional value and sensory quality.	Comment by Bertin Mikolo: Introduce cassava and groundnut with a clearer rationale, highlighting their availability,
Suggestion: “Cassava and groundnut were selected for this study because they are widely available, affordable, and nutritionally complementary. Cassava provides a rich source of carbohydrates, while groundnut contributes protein, healthy fats, and essential micronutrients, making their combination suitable for the development of nutrient-dense snack products.”
The incorporation of ginger and turmeric into cassava-groundnut snack bars present a viable strategy for improving their functional properties, including antioxidant capacity, flavour profile, and overall consumer acceptability. Additionally, the use of these spices may contribute to value addition and increased utilization of indigenous raw materials. Therefore, this study aimed to evaluate the proximate composition and sensory properties of cassava–groundnut snack bars fortified with ginger and turmeric flours, with a view to developing a nutritionally enhanced, functional snack that meets current consumer demands for health-promoting and convenient foods.	Comment by Bertin Mikolo: should be “presents”	Comment by Bertin Mikolo: Sugestion: “The objective of this research was to assess the nutritional and sensory qualities of ginger and turmeric fortified cassava-groundnut snack bars.”	Comment by Bertin Mikolo: The introduction should end with a clear transition statement that shows how the identified research gap relates to the objective of developing fortified cassava-groundnut snack bars.
Suggestion: “Although the interest in functional snack products is increasing, little is known about the nutritional and sensory properties of cassava-groundnut snack bars fortified with ginger and turmeric. Hence, the aim of this study was to develop and evaluate fortified cassava-groundnut snack bars with improved nutritional and sensory attributes.”
2. MATERIALS AND METHOD
2.1 Materials Procurement
Cassava tuber was sourced from the Agricultural Development Programme, Owerri, Imo State, Nigeria. Both ginger, turmeric, groundnut, baking soda, salt, sugar and cocoa powder were purchased from Ihiagwa daily market, Owerri West Local Government Area, Imo State, Nigeria All reagents were of analytical grades. They were purchased from local suppliers and were used without further purification. 
2.2 Production of cassava-groundnut snack bar.	Comment by Bertin Mikolo: Remove the point.
Cassava-groundnut snack bar was produced using the process as described by Ezike (2013) and Chilkawar (2017) with slight modifications. The general ingredients include 100g of the cassava-groundnut flour blend in a ratio of 70:30, baking soda (1g), salt (2g), sugar (5g), vanilla flavour (3g), ginger, turmeric and ginger/turmeric (3,5 and 7%). The dry ingredients (flour blend, baking soda, salt, sugar and cocoa powder) were weighed as standardized recipe and mixed with warn water. The mixture was continuously stirred to obtain a homogenous mixture. The mixture was immediately scooped into greased moulds pans to form uniform shape. The moulds pans were placed in preheated baking oven (Gallen kamp, BS model made in United Kongdom) at 1100C for 15 minutes. The bars were cooled for 20 minutes and removed from the moulds. The product was packaged in air-tight packaging material and stored for further analysis. The process flow diagram is as shown in Figure 1.0.	Comment by Bertin Mikolo: 5 g intead of 5g (check in all the manuscript)	Comment by Bertin Mikolo: 3, 5(missing space)	Comment by Bertin Mikolo: should be “warm”	Comment by Bertin Mikolo: Kingdom
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	Comment by Bertin Mikolo: 110 °C






[bookmark: _Toc189671499]Figure 1.0: Production of the cassava-groundnut snack bar
2.3 Determination of Moisture Content
 Ten (2) grams of each processed samples were placed in a crucible and heated at 105 0C until a constant weight was attained. The moisture content of the sample was calculated as loss in weight of the original sample and expressed as percentage moisture content (Adeyemi et al., 2018).
% Moisture content was calculated as;
   ……………..1
Where;
W1 - weight of dried crucible
W2 - weight of crucible + sample before drying
W3 - weight of crucible + sample after drying to a constant weight

2.4 Determination of Ash Content 
Two (2) grams of each sample were placed in a crucible ignited in a muffle furnace at 550 0C for 6 hours after which it was cooled in a desiccator (A.O.A.C., 2019). It was weighed at room temperature to get the weight of the ash, using the formula: 

…………2
Where; W1 = weight of empty crucible
 W2 = weight of crucible + ashes            
 W3 = weight of sample
 
2.5 Determination of Crude Fibre
Crude fibre content was determined using the method of A.O.A.C. (2019). Five (5) grams of each of the sample and 200 ml of 1.25% H2SO4 were heated for thirty (30) minutes and filtered with a funnel. The residue was washed with distilled water until it was acid-free. Two hundred (200) mls of 1.25% NaOH were used to boil the residue for thirty (30) minutes. It was filtered and washed several times with distilled water until it was perceived alkaline-free. It was then rinsed once with 10% HCl and twice with ethanol. Finally, it was rinsed with petroleum ether three times. The residue was put in a crucible and dried at 1050C in an oven overnight. After cooling in a desiccator, it was ignited in a muffle furnace at 550 0C for 90 minutes to obtain the weight of the ash. The percentage of crude fibre was obtained using this formula:
………………..33.3

Where;							
W1 - Weight of sample
W2 - Weight of crucible + sample before ashing 
W3 - Weight of crucible + sample after ashing 

2.6 Determination of Crude Fat 
The estimation was performed using the Soxhlet extraction method. Ten (10) grams of each of the samples were weighed and wrapped with a filter paper and placed in a thimble. The thimble was covered with cotton wool and placed in the extraction column that was connected to a condenser. Two hundred (200 ml) of n-Hexane was used to extract the lipid (A.O.A.C., 2019). The fat content was calculated using the formula below
……………………….4
Where: 3.2

W1 - weight of empty flask 
W2 - weight of empty flask + oil
W3 - weight of sample used.
 
2.7 Determination of Protein 
Two (2) grams of each sample was weighed along with 20 cm3 of distilled water into a micro-Kjeldahl digestion flask. It was shaken and allowed to stand for some time. One tablet of selenium catalyst was added followed by the addition of 20 cm3 concentrated hydrogen tetraoxosulphate. The flask was heated on the digestion block at 100 0C for 4 hours, until the digest became clear. The flask was removed from the block and allowed to cool. The content was transferred into 50 cm3 volumetric flask and diluted to the mark with water. An aliquot of the digest (10 cm3) was transferred into another micro Kjeldahl flask and placed in the distilling outlet of the micro-Kjeldahl distillation unit. A conical flask containing 5 cm3 of boric acid indicator was placed under the condenser outlet. Sodium hydroxide solution (10 cm3, 40%) was added to the content in the Kjeldahl flask by opening the funnel stopcock. The distillation was carried out and the heat supplied was regulated to avoid sucking back. When all the available distillate was collected in 5 cm3 of Boric acid, the distillation was stopped. The nitrogen in the distillate was determined by titrating with 0.01M of H2S04; the end point was obtained when the colour of the distillate changed from green to pink. The percentage nitrogen was calculated and multiplied by 6.25 to obtain the value of the crude protein (A.O.A.C, 2019). 

%Nitrogen = Vs− Vb x Nacid x 0.01401 X 100……………………….5	Comment by Bertin Mikolo: Nitrogen = (Vs − Vb) × Nacid × 0.01401 × 100 / W(irregular spacing around the minus sign).
                                      W 
Where: 
Vs = Titre value of the sample; 
Vb = Volume of acid required to titrate; 
Nacid = Normality of acid; 
W = Weight of sample in grams
2.8 Determination of Carbohydrate Content 
The carbohydrate content was determined by subtracting the summed-up percentage compositions of moisture, protein, lipid, fibre, and ash contents from 100 (Igene and Abu 2022). The percentage carbohydrate was obtained using the formula: 
% Carbohydrate = 100 - (%Protein + %Moisture + %Ash + %Fiber + % Fat) ……………6	Comment by Bertin Mikolo: % Carbohydrate = 100 − (% Protein + % Moisture + % Ash + % Fibre + % Fat) (inconsistent spacing after percentage symbols and around operators).
2.9 Determination of energy value (the caloric value).

This was determined using the Atwater factor described by (FAO, 2003)
Energy value in kcal/g = (% Protein x 4 + % Fat x 9 + % Carbohydrate x 4) ……………7	Comment by Bertin Mikolo: The fibres are ignored.	Comment by Bertin Mikolo: The multiplication sign is written as “x” instead of the standard mathematical symbol “×”	Comment by Bertin Mikolo: (% Protein × 4) + (% Fat x 9) + (% Carbohydrate × 4)Parentheses are not optimally arranged)

2.10 Sensory evaluation of the ginger and turmeric fortified cassava -groundnut snack bar
After production, the sensory attributes: appearance, taste, flavor, aroma and overall acceptability, was evaluated at room temperature by a panel of thirty semi-trained panelist comprising of postgraduate students and staff of the department of Food Science and Technology, Federal University of Technology, Owerri, Imo State, Nigeria. The panelist was served with the cassava-groundnut snack bar samples and questionnaires. The samples were identified with three-digit code numbers and presented in a random sequence to the panelists. The sensory acceptability was evaluated based on a 9-Point Hedomic scale, 1 representing disliked extremely,9 representing liked extremely and 5 representing neither liked nor disliked.	Comment by Bertin Mikolo: Hedonic scale
2.11	Statistical Analysis 
Data obtained in all the analysis was subjected to 2-Way Analysis of Variance (ANOVA) using SPSS statistical package (version 23.0, 2016). The mean values were evaluated for significant variations using Fisher least significant difference (LSD)
3. RESULTS 
The results of proximate compositions of the formulated snack bars spiced with ginger and turmeric showed significant differences (P < 0.05) across moisture, protein, lipid, ash, fibre, carbohydrate, and energy values (Table 1.0). It revealed that moisture content ranged from 20.17% for sample G77 (Cassava-groundnut snack bar with 7% concentration of ginger), to 30.07 for sample G55 (Cassava-groundnut snack bar with 5% concentration of ginger).
 The turmeric-only snack bars recorded significantly (P<0.05) higher moisture than most ginger-based samples, whereas the lowest was observed in sanple G77 (Cassava-groundnut snack bar fortified with 7% ginger). Protein content varied widely, from 4.50% for control samples-CON (Cassava-groundnut snack bar without fortification) to 19.69%  for sample T55 (Cassava-groundnut snack bar with 5% concentration of turmeric, Notably, the turmeric-only formulation (T55) had the highest protein, while the control sample-CON and GT3 samples (Cassava-groundnut snack bar with 3% concentration of ginger/turmeric) recorded the lowest (4.50% and 5.50%, respectively). Ginger-based bars such as G77 (Cassava-groundnut snack bar with 7% concentration of ginger) had 12.31% protein and G33 (Cassava-groundnut snack bar with 3% concentration of ginger) also contained appreciable protein levels (11.31%), significantly (P<0.05) higher than the control. Fat content ranged from 3.00% for sample GT7 (Cassava-groundnut snack bar fortified with 7% ginger/turmeric) to 7.29% for control sample-CON (Cassava-groundnut snack bar without fortification), with the control sample being significantly (P<0.05) higher. Ash content was highest in the control (3.18%) and lowest in G55 (Cassava-groundnut snack bar fortified with 5% ginger) with a value of 1.52%. Among the spiced bars, T55 showed significantly (P<0.05) higher ash with a value of 2.90%. Turmeric-based formulations, especially T77, showed significantly (P<0.05) higher fibre compared to the control (2.56%). Carbohydrate content was highest in GT3 (65.59%) and lowest in T33 Cassava-groundnut snack bar with 3% concentration of turmeric with a value of 44.33%. Energy values ranged from 1144.31 kJ/100 g (T33) to 1339.54 kJ/100 g for the control sample, with most spiced samples showing comparable energy density to the control. The mean sensory scores of the appearance, texture, flavour, taste and general acceptability of the formulated samples are presented in Table 2. The mean scores for appearance ranged from 5.20 to 6.71. Sample T55 had the least score for the appearance while sample G77 had the highest score for appearance. The mean scores for flavour ranged from 4.43 to 5.87. Sample T55 had the least score (4.43) for flavour while sample G77 had the highest score (5.87) for flavour. The mean scores for taste ranged from 3.47 to 4.93. Sample T55 had the least score (3.73) for taste while sample T33 had the highest score (4.93) for taste. The mean scores for general acceptability ranged from 3.93 to 5.23. Sample CON had the least score (3.93) for general acceptability while sample G77 had the highest score (5.23) for general acceptability.	Comment by Bertin Mikolo: Table 1.0 or Table 1? Harmonize.	Comment by Bertin Mikolo: Sample G77	Comment by Bertin Mikolo: This sentence combines several ideas and sample descriptions, making it difficult to follow. Split.	Comment by Bertin Mikolo: The sentence is overloaded with explanations and sample details.
Suggestion : « Fat content ranged from 3.00% in sample GT7 to 7.29% in the control sample (CON). The control sample showed a significantly (P < 0.05) higher fat content than the fortified samples.

4.  DISCUSSION
The proximate composition of the formulated snack bars spiced with ginger and turmeric showed significant differencs (P < 0.05) with respect to moisture content (Table 1). Moisture content ranged from 20.17% (G77) to 30.07% (G55). The turmeric-only bars recorded significantly (P<0.05) higher moisture than most ginger-based samples, whereas the lowest moisture content was observed in G77. High moisture values are generally associated with reduced shelf stability and increased susceptibility to microbial spoilage (Abara et al., 2021). This finding aligns with reports that turmeric has higher inherent water-retaining ability than ginger (Abara et al., 2021). Ginger-enriched bars therefore demonstrated greater potential for longer shelf life. Protein content varied widely, from 4.50% (CON) to 19.69% (T55). Notably, the turmeric-only formulation (T55) had the highest protein (19.69%) while the control samples (CON) recorded the lowest (4.50%). Ginger-based bars such as G77 (12.31%) and G33 (11.31%) also contained appreciable protein levels, significantly (P<0.05) higher than the control. These results suggest that spice inclusion, particularly turmeric, improved the protein quality of the bars. Previous studies similarly reported that both ginger and turmeric contribute appreciable protein levels, enhancing nutritional density in food products (Ajanaku, 2022). Fat content ranged from 3.00% (GT7) to 7.29% (CON), with the control sample being significantly higher (P < 0.05). The incorporation of ginger and turmeric generally reduced fat content, which could be beneficial for producing healthier low-fat snack alternatives. This is consistent with observations that spice-enriched formulations often dilute overall fat proportion while enhancing bioactive value (Zhou et al., 2022). Ash content, an indicator of mineral composition, was highest in the control sample (CON) (3.18%) and lowest in G55 (1.52%). Among the spiced bars, T55 (2.90%) showed significantly (P<0.05) higher ash, consistent with reports that turmeric contains higher mineral fractions than ginger (Abara et al.,2021). This suggests that turmeric-fortified snack bars may provide enhanced mineral nutrition. Fibre content ranged between 2.01% (GT7) and 3.87% (T77). Turmeric-based formulations, especially T77, showed significantly (P<0.05) higher fibre compared to the control sample (2.56%). Fibre enrichment is nutritionally relevant, as it improves satiety and aids gastrointestinal health. Previous studies have confirmed that ginger and turmeric contribute dietary fibre and enhance the functional attributes of snacks (Edo, 2025). Carbohydrate content was highest in GT3 (65.59%) and lowest in T33 (44.33%). The significantly (P<0.05) higher carbohydrate content in GT3 could be attributed to the dilution effect of lower protein and lipid fractions. This trend reflects earlier reports that ginger contributes a higher carbohydrate proportion compared with turmeric (Abara et al.,2021). Energy values ranged from 1144.31 kJ/100 g (T33) to 1339.54 kJ/100 g (CON), with most spiced samples showing comparable energy density to the control. Although the control was marginally higher, ginger and turmeric inclusion did not compromise caloric contribution, while enhancing protein, fibre, and mineral fractions.	Comment by Bertin Mikolo: Could be shortened and merged more concisely. 
Suggestion: “The formulated snack bars showed significant differences (P < 0.05) in moisture content (Table 1). Moisture values ranged from 20.17% in G77 to 30.07% in G55, with turmeric-fortified samples generally showing higher moisture content than ginger-based samples.”

	Comment by Bertin Mikolo: differences
The mean sensory scores of the appearance, texture, flavour, taste and general acceptability of the formulated samples were presented in Table.2. The mean scores for appearance ranged from 5.20 to 6.71. Sample T55 had the least score for the appearance while sample G77 had the highest score for appearance. Appearance is the first attribute that attracts consumers to a product. Sample G77 was most preferred of all samples; this could be as a result of high level of ginger used in the recipe which enabled colour enrichment as well as browning reaction on the energy bar. Sample T55 was the least preferred of all samples; this could be as a result of the turmeric which contains a yellow pigment (curcumin) and also has the ability to cause uneven colour distribution. The mean scores for texture ranged from 5.23 to 6.00. Sample T77 had the least score for texture (5.23) while sample G33 had the highest score (6.00) for texture. Texture refers to the physical sensation of feeling of a food product when it comes in contact with the skin, hand or other senses. Sample G33(6.00) was the most preferred of all samples with respect to texture. This could be as a result of the moderate level of ginger which helps to retain moisture and makes it tenderer. Sample T77 (5.23) is least preferred as a result of high level of turmeric which can absorb moisture, resulting to a denser, drier or more crumbly texture of the energy bar. The mean scores for flavour ranged from 4.43 to 5.87. Sample T55 had the least score (4.43) for flavour while sample G77 had the highest score (5.87) for flavour. The control sample (CON) and T55 are not significantly different at (P<0.05) with respect to flavor. Flavour of a baked product is the combination of tastes, aromas and sensations that are experienced when consuming it. The preference of sample G77 over all other samples with respect to flavour might be a result of the high level of ginger that influences the aroma and flavour which enhances the appeal of the energy bar, making it more inviting and appetizing. Sample T55 is least preferred because of turmeric’s strong, earthly flavour that can overpower other ingredients in the recipe, affecting the overall taste and aroma of the energy bar. The mean scores for taste ranged from 3.47 to 4.93. Sample T55 had the least score (3.73) for taste while sample T33 had the highest score (4.93) for taste. Taste refers to the sensations detected by the taste buds on the tongue and elsewhere in the mouth. Sample T33 is most preferred because of the moderate level of turmeric used which helps to balance the sweetness, creating a more subtly sweet, complexly spiced and richly textured. Sample T55 is least preferred because the turmeric content is more than required.	Comment by Bertin Mikolo: resulting in	Comment by Bertin Mikolo: The sentence is too long and contains repetitive explanations about flavour and consumer appeal.
Suggestion: The preference for sample G77 may be attributed to its higher ginger content, which likely enhanced the aroma and flavour of the snack bar, making it more appealing to consumers.	Comment by Bertin Mikolo: earthy flavour
The mean scores for general acceptability ranged from 3.93 to 5.23. Control sample (CON) had the least score (3.93) for general acceptability while sample G77 had the highest score (5.23) for general acceptability. General acceptability refers to the overall appeal and satisfaction the product provides to consumers after consumption. Sample G77 is the most preferred with respect to general acceptability and sample T33 with respect to taste. Thus sample G77 and T33 maybe better options for the future commercialization of the product.	Comment by Bertin Mikolo: 
[image: ][image: ][image: ]



[image: ][image: ][image: ]






[image: ][image: ][image: ]






[image: ]








Plate 1: Cassava-groundnut snack bars fortified with ginger and turmeric
[bookmark: _Toc189668736][bookmark: _Toc189671560]

Table 1.0 Proximate Composition of the Cassava-groundnut Snack Bar	Comment by Bertin Mikolo: inconsistent spacing across the table columns.
Suggestion: 25.54ᵇᵉ ± 0.25 instead of 25.54be±0.25
	Sample
	Moisture (%)
	Protein (%)
	Lipid (%)
	Ash (%)
	Fibre (%)
	Carboyhdrate (%)	Comment by Bertin Mikolo: Carbohydrate
	Energy Values (KJ/100g)

	G33
	25.54be±0.25
	11.31f±0.00
	5.66b±0.69
	1.60d±0.08
	2.51cd±0.35
	53.39bcde±0.01
	1296.49ab±25.99

	G55
	30.07a±3.32
	10.50h±0.00
	4.99c±0.04
	1.52d±0.08
	2.04d±0.16
	50.89cde±3.37
	1215.72ab±57.69

	G77
	20.17e±0.13
	12.31d±0.00
	4.98c±0.25
	2.46bc±0.25
	3.68ab±0.21
	56.41abcd±0.35
	1338.00ab±15.13

	T33
	21.67cd±0.51
	14.19b±0.00
	4.37cd±0.16
	2.07cd±0.39
	2.97bc±0.11
	44.33e±13.77
	1144.31b±236.76

	T55
	23.10bcd±0.16
	19.69a±0.00
	4.08de±0.35
	2.90ab±0.11
	2.72cd±0.59
	47.51de±0.51
	1278.91ab±21.84

	T77
	21.85cde±0.57
	9.44i±0.00
	4.14de±0.04
	1.90cd±0.25
	3.87a±0.18
	58.67abc±0.11
	1298.65ab±3.10

	GT3
	20.53de±0.19
	5.50j±0.00
	3.65ef±0.04
	2.02cd±0.35
	2.72cd±0.21
	65.59a±0.01
	1327.84ab±1.84

	GT5
	21.29cde±0.14
	11.81e±0.00
	3.67def±0.07
	2.37bc±0.08
	2.42cd±0.53
	57.93abcd±0.08
	1305.91ab±1.36

	GT7
	23.30bc±0.12
	12.88c±0.00
	3.00f±0.40
	1.98cd±0.29
	2.01d±0.35
	57.14abcd±0.55
	1285.44ab±24.15

	CON
	23.37bc±0.18
	4.50j±0.00
	7.29a±0.06
	3.18a±0.16
	2.56cd±0.06
	59.11ab±0.14
	1339.54a±0.03

	LSD
	2.424
	0.059
	0.655
	0.518
	0.722
	10.009
	174.540


Means in the same column with similar superscript are not significantly different at (P>0.05). 
KEY:
G33:-Cassava-groundnut snack bar with 3% concentration of ginger,
 G55:-Cassava-groundnut snack bar with 5% concentration of ginger,
 G77- Cassava-groundnut snack bar 7% concentration of ginger, 	Comment by Bertin Mikolo: G77: Cassava-groundnut snack bar with 7% ginger concentration
T33:-Cassava-groundnut snack bar with 3% concentration of turmeric, 
T55:-Cassava-groundnut snack bar with 5% concentration of turmeric, 
T77:-Cassava-groundnut snack bar with 7% concentration of turmeric, 
GT3:-Cassava-groundnut snack bar with 3% concentration of ginger/turmeric blend, 	Comment by Bertin Mikolo: Some times “ …..fortified with 7% ginger/turmeric.”
GT5:-Cassava-groundnut snack bar with 5% concentration of ginger/turmeric blend, 
GT7- Cassava-groundnut snack bar with 7% concentration of ginger/turmeric blend, 
CON:-Cassava-groundnut snack bar without fortification (Control)	Comment by Bertin Mikolo: Control intead of Control.






Table 2.0: Sensory Properties of the Ginger and Turmeric Spiced Snack Bar Samples
	Sample Codes
	Appearance
	Texture
	Colour	Comment by Bertin Mikolo: Colour is not consistently discussed in the text.
	Flavour
	Taste
	General Acceptability

	CON
	5.30b±2.78
	5.30a±2.34
	5.73a±2.52
	4.47b±2.26
	3.87ab±2.36
	3.93b±1.84

	G33
	6.33ab±2.26
	6.00a±1.70
	6.80a±1.54
	5.10ab±2.16
	3.73b±2.00
	5.13a±1.72

	G55
	6.43ab±1.74
	5.57a±1.78
	6.17a±1.76
	5.00ab±1.82
	4.20ab±2.02
	4.73ab±1.98

	G77
	6.67a±1.42
	5.90a±1.83
	6.23a±1.72
	5.87a±1.66
	4.47ab±1.53
	5.23a±1.85

	T33
	5.63ab±2.04
	5.73a±1.91
	6.13a±1.76
	5.70a±1.71
	4.93a±2.08
	5.23a±1.96

	T55
	5.20b±2.41
	5.27a±1.70
	5.77a±1.94
	4.43b±1.87
	3.47b±1.68
	4.63ab±1.59

	T77
	5.60ab±1.79
	5.23a±1.81
	5.87a±1.81
	5.27ab±1.91
	4.00ab±1.66
	4.67ab±1.94

	GT3
	5.97ab±1.99
	5.57a±1.83
	6.23a±1.61
	5.40ab±2.14
	3.87ab±1.76
	4.77ab±1.65

	GT5
	6.43ab±2.01
	5.50a±1.82
	6.00a±1.91
	5.17ab±2.23
	4.43ab±1.85
	4.60ab±1.99

	GT7
	5.90ab±2.17
	5.40a±2.11
	5.93a±2.24
	5.50ab±2.03
	4.40ab±2.14
	4.77ab±2.05

	LSD
	1.223
	1.105
	1.111
	1.161
	1.124
	1.088


Means in the same column with similar superscript are not significantly different at (P>0.05). 
KEY:
G33:-Cassava-groundnut snack bar with 3% concentration of ginger,
 G55:-Cassava-groundnut snack bar with 5% concentration of ginger,
 G77- Cassava-groundnut snack bar 7% concentration of ginger, 
T33:-Cassava-groundnut snack bar with 3% concentration of turmeric, 
T55:-Cassava-groundnut snack bar with 5% concentration of turmeric, 
T77:-Cassava-groundnut snack bar with 7% concentration of turmeric, 
GT3:-Cassava-groundnut snack bar with 3% concentration of ginger/turmeric blend, 
GT5:-Cassava-groundnut snack bar with 5% concentration of ginger/turmeric blend, 
GT7- Cassava-groundnut snack bar with 7% concentration of ginger/turmeric blend, 
CON:-Cassava-groundnut snack bar without fortification (Control)






5. CONCLUSION   
The study showed that the inclusion of ginger and turmeric significantly enhanced both the nutritional and sensory properties of cassava-groundnut energy bars. Energy values ranged from 1144.31 kJ/100 g (T33) to 1339.54 kJ/100 g (CON), with most spiced samples showing comparable energy density to the control. Although the control was marginally higher, ginger and turmeric inclusion did not compromise caloric contribution, while enhancing protein, fibre, and mineral fractions. The Sensory evaluations further validated the acceptability of spiced energy bars, with spiced samples receiving higher scores than the control for appearance, colour, flavour, taste, and general acceptability. The results indicated that moderate concentrations of turmeric (e.g., T33) and higher concentrations of ginger (e.g., G77) were particularly favoured, while the combination of ginger and turmeric in balanced ratios (e.g., GT5 and GT7) offered a harmonious sensory experience. The fortification of cassava-groundnut energy bars with ginger and turmeric presents a promising strategy for developing nutritionally enriched snacks with improved health benefits and sensory appeal. 	Comment by Bertin Mikolo: Not all nutritional parameters have been improved uniformly across all formulations.
Suggestion: “The inclusion of ginger and turmeric improved several nutritional and sensory properties of cassava-groundnut energy bars.”	Comment by Bertin Mikolo: The term “validated” may be an overstatement considering the small size of the sensory panel.
Suggestion: “The results of the sensory evaluation showed that the panelists appreciated the spiced energy bars.”	Comment by Bertin Mikolo: “Sensory” should not be unnecessarily capitalized.	Comment by Bertin Mikolo: This should read that the conclusion is based on the sensory panel used in the study.
Suggestion: “Moderate concentrations of turmeric and higher concentrations of ginger were generally preferred by the sensory panelists.”	Comment by Bertin Mikolo: Harmonious sensory experience” is somewhat subjective.
Suggestion: “…“balanced ginger–turmeric formulations (e.g., GT5 and GT7) showed favourable sensory scores for several attributes.”	Comment by Bertin Mikolo: This statement is too broad. The study did not assess direct health outcomes.
Suggestion: “…for developing nutritionally enriched snacks with enhanced sensory qualities.”
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