
Antioxidants And Vitamin Composition Of Ginger And Tumeric Fortified Cassava-Groundnut Snack Bars
ABSTRACT 

	This study evaluated the antioxidant and vitamin composition of cassava-groundnut snack bars fortified with ginger and turmeric. Nine formulations were developed using a 70:30 cassava-groundnut flour blend, supplemented with ginger, turmeric, or a 50:50 ginger-turmeric blend at 3%, 5%, and 7% concentrations. A control sample without spices was also prepared. Antioxidant analysis showed significant improvements in fortified samples, with the 7% ginger sample having the highest gingerol (3.89 mg/100g) and shogaol (2.16 mg/100g) levels, and the 7% turmeric sample exhibiting the highest curcumin content (8.73 mg/100g). The 7% ginger-turmeric blend demonstrated a balanced antioxidant profile with 2.96 mg/100g gingerol, 1.72 mg/100g shogaol, and 6.62 mg/100g curcumin. Vitamin analysis revealed significant improvements, with the 7% ginger-turmeric blend showing the highest retention of vitamins A (16.05 μg/100g), B3 (4.43 mg/100g), C (6.93 mg/100g), D (0.75 mg/100g), and E (1.98 mg/100g). The findings demonstrate the potential of ginger and turmeric as functional ingredients in combating malnutrition, especially among rural dwellers relying on stable crops.
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1. INTRODUCTION 

The growing demand for nutrient-enriched functional foods has sparked interest in fortifying traditional snacks with bioactive compounds to address global micronutrient gaps, particularly in regions reliant on staple crops like cassava (Manihot esculenta) and groundnuts (Arachis hypogaea) (Ajanaku et al., 2022; Vicentini et al., 2016). Cassava-groundnut snack bars are energy-dense but lack antioxidants and vitamins, limiting their health-promoting potential (Namtala, 2017). Ginger (Zingiber officinale) and turmeric (Curcuma longa) are promising fortificants due to their rich profiles of phenolic compounds and vitamins, including ginger's gingerols, shogaols, and vitamin C (Ajanaku et al., 2022; Abara et al., 2021; Saribaeva et al., 2024), and turmeric's curcuminoids and vitamins B6 and E (Gupta et al., 2021; de Oliveira Filho et al., 2021).
Studies have shown that incorporating ginger and turmeric into food systems can boost antioxidant composition and dietary quality (Saddique et al., 2021; Shaukat et al., 2023; Robinson and Tas, 2025). However, interactions between cassava-groundnut nutritional profile and spice-derived antioxidants during processing remain understudied (Rivero-Pino, 2023). This study investigates the synergistic effects of co-fortifying cassava-groundnut bars with ginger and turmeric, aiming to enhance the retention of curcuminoids and gingerols and provide actionable insights for developing nutrient-enriched snacks for populations in resource-limited regions

2.0 Materials and Methods
2.1 Materials
The primary ingredients used include cassava (TME419), groundnut, turmeric and ginger. These materials were carefully sourced from Relief market, a local market in Owerri in Imo state, and the National Root Crops Research Institute, Umudike, Abia state. The bench work was carried out in the laboratories of the Food Science and Technology department, Federal University of Technology Owerri, and the National Root Crops Research Institute, Umudike. All the chemicals were of analytical grade. 
2.2 Methods
2.2.1 Processing of Raw Materials
The cassava was processed following the methods of Shittu et al. (2016), where the tubers were cleaned, peeled, washed, milled, dewatered, dried, and pulverized to obtain High Quality Cassava Flour (HQCF). Similarly, the peanuts were processed according to Wang et al. (2018), involving cleaning, roasting at 120°C for 30 minutes, cooling, dehulling, and milling. The turmeric rhizomes were processed as described by Jayashree and Zachariah (2016), which included washing, soaking, boiling for 90 minutes, sun-drying for 15 days, polishing, and grinding into fine powder. Finally, the ginger was processed following Bag (2018), where it was washed, peeled, sliced, soaked in lime water, sun-dried for one week, and pulverized into powder.
2.2.2 Ingredient Preparation (Mixing)
Cassava-groundnut snack bar was be produced using the process as described by Ezike (2013) and Chilkawar (2017) with slight modifications. The general ingredients include of the cassava-groundnut flour blend, baking soda, salt, sugar, vanilla flavour, cocoa powde, water, and ginger, turmeric, or ginger/turmeric (3,5 and 7% based on the final weight). The general recipe for the cassava-groundnut snack bar is as represented in Table 1.
Table 1: Recipe for cassava-ground snack bar production
	Ingredient (%)
	T33
	T55
	T77
	G33
	G55
	G77
	GT33
	GT55
	GT77
	CON

	Flour blend
	62.11
	61.35
	60.61
	62.11
	61.35
	60.61
	62.11
	61.35
	60.61
	63.29

	Sugar
	3.11
	3.07
	3.03
	3.11
	3.07
	3.03
	3.11
	3.07
	3.03
	3.16

	Salt
	1.24
	1.23
	1.21
	1.24
	1.23
	1.21
	1.24
	1.23
	1.21
	1.27

	Baking soda
	0.62
	0.61
	0.61
	0.62
	0.61
	0.61
	0.62
	0.61
	0.61
	0.63

	Cocoa powder
	6.21
	6.13
	6.06
	6.21
	6.13
	6.06
	6.21
	6.13
	6.06
	6.33

	Water
	24.84
	24.54
	24.24
	24.84
	24.54
	24.24
	24.84
	24.54
	24.24
	25.32

	Ginger
	0.00
	0.00
	0.00
	1.86
	3.07
	4.24
	0.00
	0.00
	0.00
	0.00

	Turmeric
	1.86
	3.07
	4.24
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Ginger/Turmeric (50:50)
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	1.86
	3.07
	4.24
	0.00

	Total (g)
	100
	100
	100
	100
	100
	100
	100
	100
	100
	100


CON (Control: Bar with no spice), G33 (3% ginger concentration), G55 (5% ginger concentration), G77 (7% ginger concentration), T33 (3% turmeric concentration), T55 (5% turmeric concentration), T77 (7% turmeric concentration), GT3 (3% ginger/turmeric concentration), GT5 (5% ginger/turmeric concentration), GT7 (7% ginger/turmeric concentration)
2.2.2 Production of the Ginger and Turmeric spiced cassava-groundnut Snack Bars
The ingredients were prepared following the method described by Alla and Jithendran (2018) with slight modifications (Fig 1, a). The composite flour was prepared by blending cassava and groundnut in ratio of 70:30, and then supplemented with 3%, 5%, and 7% proportional ratios of ginger, turmeric and 50:50 ginger-turmeric flour blend. A control sample was also prepared using 70:30 cassava-groundnut flour without any spice. The corresponding doughs were formed, rolled, and molded to form bars. Finally, the bars were baked in an oven () for 15-20 minutes at 165°C-190°C, cooled, and packaged in polyethylene bags for subsequent analysis. Fig 1, b shows pictures of the ginger and turmeric spiced cassava-groundnut snack bar samples.

2.3 Statistical Analysis
Data obtained in all the analysis will be subjected to 2-Way Analysis of Variance (ANOVA) using SPSS statistical package (version 23.0,2016). The mean values will be evaluated for significant variations using Fisher least significant difference (LSD). 
2.4 Experimental Design
This research will be based on a 2 x 3 factorial design comprising of three sources of fortification (ginger, turmeric and ginger/turmeric) and three concentrations of concentrations (3,5 and 7%). Three samples will be processed from each of ginger, turmeric and a blend of 
ginger and turmeric at concentrations of 3,5 and 7% while the control will have no fortification making a total of ten samples. The 70:30 cassava groundnut blend is kept constant as a ratio that provides a good balance of carbohydrate and protein while maintaining palatability 

(Nwokolo, Okwu, and Akubuo, 2018).
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Fig 1. (a) Flow chart for the production of the cassava-groundnut snack bar. (b) Cassava-groundnut snack bar samples fortified with ginger and turmeric
2.2.3. Antioxidant Composition
The bioactive compounds gingerol and shogaol were analyzed using HPLC methods described by Makanjuola et al. (2015). Gingerol was extracted with organic solvents and detected at 280 nm using a C18 column, while shogaol was extracted with ethanol and detected at 270 nm using a C18 column. Curcumin content was determined via spectrophotometry at around 420 nm, as described by Hazra et al. (2015). Eugenol was analyzed using HPLC with a C18 column and detection at around 280 nm, following extraction with organic solvents (Mota et al., 2022). 
2.2.4 Determination of Vitamin Composition
The study analyzed vitamins A, B1, B2, B3, C, D, and E using various established methods, including colorimetric reaction for Vitamin A (AOAC, 2010), spectrophotometry for Vitamin E (Vorobyeva et al., 2022), and specific methods for thiamine (B1) and riboflavin (B2) following AOAC (2010). Niacin (B3) was quantified using HPLC with UV detection (Lawrance, 2015), while Vitamin C was assessed via titration and HPLC with UV detection (Najwa et al., 2017). Vitamin D was determined using liquid chromatography-tandem mass spectrometry (LC-MS/MS) (Cashman et al., 2016). 
1. RESULTS
The results of the antioxidant composition of the ginger and turmeric fortified snack bars are presented in table 2. From the result obtained, it showed that the gingerol content ranged from 0.12-3.89 mg/100g, shogaol ranged from 0.06 -2.16mg/100g, curcumin ranged from 0.02 – 8.73mg/100g and Eugenol ranged from 0.02 - 0.85mg/100g. The results also showed that the control sample, CON (Bar with no spice) had the lowest value of Gingerol (0.12mg/100g), Shagaol (0.06mg/100g), Curcumin (0.02mg/100g) and Eugenol(0.02mg/100g) compared to others. Highest value of Gingerol (3.89 mg/100g), shogaol (2.16 mg/100g) and Eugenol (0.85mg/100g) was recorded in sample G77 (with 7% ginger concentration) compared to other sample while sample T77 (7% turmeric concentration) had the highest curcumin value (8.73mg/100g). values obtained were significantly different (P<0.05) among the samples.
Fig 2 shows that all measured vitamins (A, B1, B2, B3, C, D, E) differed significantly (p<0.05) among formulations. Vitamin A ranged 8.16-16.05mg/100g, vitamin B3 - 2.93-4.43mg/100g, vitamin C- 2.86-6.93mg/100g, vitamin D - 0.17-0.75mg/100g. vitamin E - 0.5-1.98mg/100g, vitamin B1 - 0.13-0.62mg/100g and vitamin B2 ranged from 0.11-0.32mg/100g. the results also showed that sample GT7 (7% ginger/turmeric concentration) had highest value for vitamin A,B3,C,D and E. Control sample had highest value of Vitamin B1 (0.62mg/100g) while sample GT5 (5% ginger/turmeric concentration) had highest value in vitamin B2 (0.32mg/100g)
3. DISCUSSION 

3.1 Antioxidant Composition of the Ginger and Turmeric Fortified Snack Bars
The fortified snack bars showed a significant increase (p>0.05) in antioxidant content with higher concentrations of ginger and turmeric (Table 2). Gingerol and shogaol levels rose significantly in ginger-fortified bars, reaching 3.89 mg/100g and 2.16 mg/100g, respectively, in the 7% ginger sample and consistent with the high ginger and shogaol contents in ginger (Semwal et al., 2015). Conversely, turmeric‐fortified bars showed minimal gingerol/shogaol but a significant increase in curcumin. Curcumin increased from 0.02 mg/100g in the control to 8.73 mg/100g in the 7% turmeric bar, consistent with turmeric's curcuminoid richness (Evans et al., 2022). Eugenol remained low in all samples (0.02–0.85 mg/100g), peaking in the 7% ginger bar. The ginger-turmeric blends (GT series) exhibited intermediate antioxidant levels, potentially due to synergistic interactions. These bioactive compounds can help attenuate oxidative stress, a key driver of aging and metabolic syndromes (Semwal et al., 2015). Similar findings have been reported in corn snacks fortified with ginger, bay leaves, and turmeric powder (Amer and Rizk, 2022). The antioxidants present, such as gingerol and curcumin, have been shown to have potential health benefits, including reducing oxidative DNA damage, suppressing pro-inflammatory cytokines, and exhibiting neuroprotective and anti-cancer properties (Semwal et al., 2015; Roudsari et al., 2021; Aminnezhad et al., 2023).

Table 2. Antioxidants of the turmeric and ginger fortified cassava-groundnut snack bars
	Sample
	Gingerol mg/100g
	Shogaol mg/100g
	Curcumin mg/100g
	Eugenol mg/100g

	CON
	0.12j±0.01
	0.06j±0.00
	0.02i±0.00
	0.02h±0.00

	G33
	0.62e±0.01
	0.33f±0.02
	0.04hi±0.00
	0.15f±0.01

	G55
	1.73c±0.03
	1.05c±0.01
	0.07gh±0.01
	0.36c±0.02

	G77
	3.89a±0.01
	2.16a±0.01
	0.09g±0.01
	0.85a±0.02

	T33
	0.21i±0.01
	0.12i±0.01
	3.47d±0.01
	0.11g±0.01

	T55
	0.27 h±0.01
	0.21h±0.01
	5.62c±0.01
	0.15f±0.02

	T77
	0.33g±0.01
	0.46e±0.01
	8.73a±0.02
	0.22e±0.01

	GT3
	0.52f±0.01
	0.29g±0.01
	2.85f±0.02
	0.09g±0.01

	GT5
	1.47d±0.01
	0.87d±0.01
	4.03e±0.02
	0.27d±0.01

	GT7
	2.96b±0.01
	1.72b±0.21
	6.62b±0.01
	0.51b±0.01

	LSD
	0.03
	0.03
	0.03
	0.03


Values are means ± standard deviation of duplicate determination. Mean values on the same column with different superscripts (a, b, c…) are significantly different at p<0.05
CON (Control: Bar with no spice), G33 (3% ginger concentration), G55 (5% ginger concentration), G77 (7% ginger concentration), T33 (3% turmeric concentration), T55 (5% turmeric concentration), T77 (7% turmeric concentration), GT3 (3% ginger/turmeric concentration), GT5 (5% ginger/turmeric concentration), GT7 (7% ginger/turmeric concentration)

3.2 Vitamin Composition of the cassava-groundnut snack bars fortified with ginger and turmeric
The control bar was very low in vitamin A (8.16 µg/100g) and contained moderate B1 (0.62 mg), B2 (0.11 mg), B3 (2.98 mg), C (2.86 mg), D (0.17 mg) and E (0.50 mg) per 100g as shown in figure 2. Adding ginger, turmeric, or their blend increased vitamins A, B2, B3, C, D, and E, but slightly decreased thiamine (B1), reflecting the spice composition. According to Ayoade et al. (2023), turmeric is richer in provitamin A (152 µg/100g) than ginger (56 µg/100g), while groundnut flour supplies most B-vitamins. Arya et al., (2016) reported the composition of raw peanuts to contain 0.64 mg thiamine, 0.135 mg riboflavin, 12.1 mg niacin, and 8.33 mg vitamin E per 100g). Although absolute vitamin levels remained below dietary recommendations (e.g., 800 µg vitamin A or 75-90 mg vitamin C per day) (WHO, 2004), the fortified bars showed potential in addressing micronutrient gaps, particularly in regions reliant on cassava-based staples. The increased vitamins A, C, and E support immune function (Wiseman et al., 2017), collagen synthesis, and iron absorption (Carr and Maggini, 2017), and cellular protection (Dubois-Deruy et al., 2020), particularly in regions with cassava-based diets lacking fat-soluble vitamins (Boukid, et al., 2024). The combination of ginger and turmeric in the snack bars may amplify health benefits due to synergistic effects, such as enhanced curcumin bioavailability (Kocaadam and Şanlier, 2017). Thus, regular consumption as part of a balanced diet could contribute to micronutrient intake, particularly in vulnerable populations.



Fig 2. Vitamin composition of the ginger and turmeric fortified cassava-groundnut snack bars
CON (Control: Bar with no spice), G33 (3% ginger concentration), G55 (5% ginger concentration), G77 (7% ginger concentration), T33 (3% turmeric concentration), T55 (5% turmeric concentration), T77 (7% turmeric concentration), GT3 (3% ginger/turmeric concentration), GT5 (5% ginger/turmeric concentration), GT7 (7% ginger/turmeric concentration)


4. Conclusion

[bookmark: _GoBack]The fortification of cassava-groundnut snack bars with ginger and turmeric significantly enhanced their nutritional value, increasing the content of essential vitamins and antioxidants. The bars showed a notable increase in vitamins A (up to 16.05 µg/100g), C (up to 6.93 mg/100g), and E (up to 1.98 mg/100g), as well as bioactive compounds like gingerol (up to 3.89 mg/100g), shogaol (up to 2.16 mg/100g), and curcumin (up to 8.73 mg/100g). These findings suggest that the snack bars could serve as a functional food option, particularly in regions or groups where micronutrient deficiencies and oxidative stress are prevalent. Regular consumption of these fortified snack bars as part of a balanced diet may contribute to improved nutritional status and potentially mitigate the risk of chronic diseases.
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CON	
Vit D (mg/100g )	Vit E (mg/100g )	Vit B1 (mg/100g)	Vit B2 (mg/100g)	0.17	0.5	0.62	0.11	G33	
Vit D (mg/100g )	Vit E (mg/100g )	Vit B1 (mg/100g)	Vit B2 (mg/100g)	0.27	0.77	0.13	0.17	G55	
Vit D (mg/100g )	Vit E (mg/100g )	Vit B1 (mg/100g)	Vit B2 (mg/100g)	0.32	0.84	0.19	0.19	G77	
Vit D (mg/100g )	Vit E (mg/100g )	Vit B1 (mg/100g)	Vit B2 (mg/100g)	0.36	0.89	0.26	0.25	T33	
Vit D (mg/100g )	Vit E (mg/100g )	Vit B1 (mg/100g)	Vit B2 (mg/100g)	0.63	0.96	0.17	0.17	T55	
Vit D (mg/100g )	Vit E (mg/100g )	Vit B1 (mg/100g)	Vit B2 (mg/100g)	0.64	1.67	0.23	0.2	T77	
Vit D (mg/100g )	Vit E (mg/100g )	Vit B1 (mg/100g)	Vit B2 (mg/100g)	0.69	1.73	0.31	0.23	GT3	
Vit D (mg/100g )	Vit E (mg/100g )	Vit B1 (mg/100g)	Vit B2 (mg/100g)	0.59	1.77	0.23	0.22	GT5	
Vit D (mg/100g )	Vit E (mg/100g )	Vit B1 (mg/100g)	Vit B2 (mg/100g)	0.66	1.93	0.28999999999999998	0.32	GT7	
Vit D (mg/100g )	Vit E (mg/100g )	Vit B1 (mg/100g)	Vit B2 (mg/100g)	0.75	1.98	0.38	0.3	

CON	
Vit A (µg/100g )	Vit B3 (mg/100)	Vit C (mg/100g )	8.16	2.98	2.86	G33	
Vit A (µg/100g )	Vit B3 (mg/100)	Vit C (mg/100g )	12.56	3.76	4.0199999999999996	G55	
Vit A (µg/100g )	Vit B3 (mg/100)	Vit C (mg/100g )	13.13	3.83	4.18	G77	
Vit A (µg/100g )	Vit B3 (mg/100)	Vit C (mg/100g )	13.96	3.98	4.3499999999999996	T33	
Vit A (µg/100g )	Vit B3 (mg/100)	Vit C (mg/100g )	11.38	3.53	5.98	T55	
Vit A (µg/100g )	Vit B3 (mg/100)	Vit C (mg/100g )	12.03	3.61	6.17	T77	
Vit A (µg/100g )	Vit B3 (mg/100)	Vit C (mg/100g )	12.67	3.73	6.38	GT3	
Vit A (µg/100g )	Vit B3 (mg/100)	Vit C (mg/100g )	14.15	3.97	6.52	GT5	
Vit A (µg/100g )	Vit B3 (mg/100)	Vit C (mg/100g )	14.92	4.22	6.73	GT7	
Vit A (µg/100g )	Vit B3 (mg/100)	Vit C (mg/100g )	16.05	4.43	6.93	
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