


Proximate and Mineral Composition of Raw and Boiled Tympanotonus fuscatus var. radula Sold in Markets in Nasarawa State, Nigeria

ABSTRACT
Tympanotonus fuscatus var. radula are invertebrates commonly consumed in Nigeria and valued for their medicinal, nutritional and economic importance. This study investigated the proximate and mineral constituents of raw and boiled T. fuscatus var. radula marketed in selected markets in Nasarawa State, Nigeria, to assess the effects of processing and market source on nutritional quality. Standard analytical methods were used to analyze samples obtained from Keffi, Masaka, and Orange markets. Proximate evaluation included crude fiber moisture, crude protein, crude ash, lipid, and carbohydrate contents, while mineral constituents analyzed were calcium, potassium, manganese, magnesium, zinc, and iron. Raw periwinkle meat had a high moisture content of (68.76–70.31%) and protein contents (48.10–49.60%), with low lipid values (0.33–1.62%). Boiling the periwinkles in the laboratory gave moderate reductions in protein content (44.10–46.00%) and mineral concentrations, as well as variable changes in moisture level (59.42–69.00%). The raw periwinkles contained appreciable levels of calcium (43.22–49.51 mg/100 g), magnesium (141.62–169.78 mg/100 g), potassium (22.22–39.64 mg/100 g), and iron (6.25–14.51 mg/100 g), insignificant reduction in value after boiling, especially for calcium and potassium. The varying values obtained from the different markets could be attributed to the effect of environmental conditions, such as harvesting methods and post-harvest handling. The periwinkle T. fuscatus var. radula is nutrient packed, low-fat food with the ability to improve dietary protein and micronutrient intake. The result of Investigation showcases the importance of processing  in determining nutritional quality. Tympanotonus fuscatus var radula is especially recommended for consumption by diabetics and people with fat related issues
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1 INTRODUCTION
Tympanotonus fuscatus var radula are invertebrates belonging to the kingdom animalia, phylum Mollusca, class Gastropoda, subclass Prosobranchia, family Potamididae and genus Tympanotonus Tympanotonus fuscatus var. radula is a brackish water gastropod that plays an important ecological role in West African mangrove ecosystems, particularly within lagoonal environments such as the Lagos Lagoon. The organism is capable of surviving both in water and on land. Its level of activity is highest during the wet season, whereas in the dry period it reduces surface movement by sheltering beneath available materials or by digging into the surrounding sediment. In addition, its distribution is limited to the marginal zones of the lagoon, as it does not occur within the central, open-water areas (Egonmwan, 2008; Adebayo-Tayo et al, 2006). Globally, gastropod molluscs play a notable part in aquatic food systems serving as cheap sources of high-quality animal protein, essential minerals, and micronutrients. They contain low levels of fat and carbohydrates, making them suitable for the management of diabetes. Tympanotonus fuscatus var radula thrive very well in brackish water swamps and mangrove ecosystems and these nutritional qualities contribute to both food security and income generation among small-scale harvesters who rely on periwinkle collection and sale as a livelihood activity in these areas (Moruf, 2024; Nwaka & Udoh, 2022; Gbasinghan et al., 2024). 
The edible flesh and shell of T. fuscatus comprise of macronutrients and minerals; however, reported values for proximate and mineral composition differ. These differences are attributed to differences in geographic location, environmental quality, seasonal factors, feeding ecology, post-harvest handling, as well as processing methods. Proximate composition which Includes moisture content, crude protein, ash, lipid, fiber, and carbohydrate contents, remains a basic platform and criteria for examining the nutritional quality and dietary importance  of aquatic foods (AOAC International, 2016).
Earlier studies carried out in the coastal and riverine regions of Nigeria, consistently report high protein values (40–50%) and low lipid contents in periwinkle flesh, emphasizing  its suitability as a protein-rich, low-fat food choice. Periwinkle is usually consumed boiled, smoked, or roasted. Heating can Change the nutrient content as a result of moisture loss or gain, protein denaturation, and leaching of water-soluble minerals, thereby affecting the overall nutrient content of the food. In a study comparing fresh and roasted periwinkle from Bundu Creek, roasting significantly altered proximate composition by reducing moisture and increasing apparent protein and lipid proportions, demonstrating how common cooking methods can change nutrient profiles through moisture loss, protein denaturation, and changes in carbohydrate and fat fractions (Ibiama et al., 2024). This highlights that typical preparation methods such as boiling, roasting, or smoking not only make periwinkle palatable but also influence its nutrient content and dietary value.
Minerals such as calcium, magnesium, potassium, iron, zinc, and manganese are beneficial for the health, aiding bone development, enzymatic activity, oxygen transport, and electrolyte balance. Many researchers have shown that T. fuscatus var radula can complement dietary mineral intake, particularly iron and magnesium, nutrients that are commonly deficient among Sub-Saharan Africans. Existing documented information on periwinkles has focused majorly on the microorganisms contaminating them (Etukudo et al., 2024). 
This present study is therefore aimed at analyzing the proximate and mineral composition of raw and boiled Tympanotonus fuscatus var. radula obtained from Keffi, Masaka, and Orange markets in Nasarawa State, Nigeria. The study has successfully highlighted the effects of boiling and market source on nutrient composition. The result of this investigation also  provides important information on dietary planning, food security initiatives, as well as encouraging the use of locally available aquatic resources.
2 MATERIALS AND METHOD
2.1 Collection of Samples
Tympanotonus fuscatus var. radula fresh samples were bought from Keffi, Masaka, and Orange markets in Nasarawa State; the markets were randomly selected. The raw and boiled specimens were bought to evaluate the effect of processing on the nutrient composition of the periwinkles. Ten (10) samples were bought from market and processing state was randomly selected, in accordance established protocols used in similar studies on sea food 
The boiled samples were prepared by immersing whole periwinkles in boiling water (100⁰C for 10 minutes, reflecting typical cooking practices in Nigeria. All the samples were placed labeled polyethylene containers, and transported on ice to the laboratory, and analyzed immediately to minimize nutrient loss through degradation (Ibiama et al., 2024; Udiba et al., 2020). 
2.2 Determination OF Proximate Composition 
The moisture content, crude protein, crude ash, crude fiber, lipid, and carbohydrate contents determined according to standard procedures outlined by AOAC (2016). Moisture content was measured by drying samples at 105 °C in an oven to constant weight. Crude protein was evaluated using the Kjeldahl method, with nitrogen values multiplied by a conversion factor of 6.25. Lipid content was quantified using Soxhlet extraction with petroleum ether, while ash content was by incineration at 550 °C in a muffle furnace. Sequential acid and alkali digestion was used for to measure crude fiber.
The carbohydrate content was calculated by difference using the formula:
Carbohydrate (%) = 100 − (Moisture + Crude Protein + Crude Fat + Ash + Crude Fiber)
This method is extensively employed in food Science where direct carbohydrate measurement cannot be used (Elegbede et al., 2023).
2.3 Determination of Mineral Constituents
Calcium (Ca), potassium (K), manganese (Mn), magnesium (Mg), zinc (Zn), and iron (Fe) were determined using atomic absorption spectrophotometry (AAS) following wet acid digestion with nitric and perchloric acids in a 3:1 ratio as described by AOAC International, (2016). Calibration was performed using analytical-grade standard solutions. All measurements were conducted in triplicate to ensure analytical precision and reproducibility.
2.4 Statistical Analysis
All the results were expressed as mean ± standard deviation (SD). One-way analysis of variance (ANOVA) was used to determine significant differences between raw and boiled samples across markets, followed by Tukey’s Honestly Significant Difference (HSD) test at a significance level of p < 0.05.  SPSS version 25 was used to perform statistical analysis.
3 RESULTS
3.1 Proximate Composition
Tables 1 and 2 depicts the proximate composition of the raw and boiled T. fuscatus var. radula from the three markets. Raw periwinkle flesh had high moisture content (68.76–70.31%), while boiled flesh exhibited variable moisture values (59.42–69.00%). The shells had lower moisture values than flesh from all the markets.
Protein value was high in both raw (40.44–49.60%) and boiled periwinkles (36.10–46.00%), with slight reductions occurring after boiling, mostly in shells. Lipid content remained low in both raw and boiled periwinkles (0.33–1.62%), while carbohydrate content varied from 21.10% to 38.87%, the difference in values could be due to the market source and type of processing Crude ash content varied from 1.90% to 3.74%, and crude fiber levels were generally low (0.00–0.65%), showing high digestibility.
Table 1. Mean Proximate Composition of Raw Tympanotonus fuscatus var. radula Sold in Markets in Nasarawa State, Nigeria (% ± SD)
	Source
	Moisture
	Protein
	Ash
	Fiber
	Lipid
	Carbohydrate

	Keffi market shells
	50.40 ± 0.14
	40.44 ± 2.00
	3.52 ± 0.42
	0.62 ± 0.12
	1.62 ± 0.18
	35.62 ± 2.80

	Keffi market flesh
	68.76 ± 0.17
	49.00 ± 2.10
	3.11 ± 0.53
	0.48 ± 0.06
	0.33 ± 0.30
	28.60 ± 3.10

	Masaka market shells
	50.65 ± 0.15
	45.49 ± 2.50
	3.74 ± 0.12
	0.65 ± 0.46
	1.12 ± 1.41
	38.12 ± 2.20

	Masaka market flesh
	69.00 ± 0.14
	48.10 ± 2.72
	3.42 ± 0.13
	0.30 ± 0.11
	1.45 ± 0.97
	28.19 ± 2.80

	Orange market shells
	51.60 ± 0.27
	41.20 ± 2.21
	3.74 ± 0.12
	0.60 ± 0.11
	1.01 ± 0.82
	38.13 ± 2.80

	Orange market flesh
	70.31 ± 4.11
	49.60 ± 1.92
	3.09 ± 0.77
	0.35 ± 0.07
	1.11 ± 0.82
	21.10 ± 1.99


Values are mean of triplicate determinations ± SD. Different superscripts in the same column indicate significant differences (p < 0.05).

3.2 Mineral Composition
The mineral composition of raw and boiled samples is presented in Tables 3 and 4. Raw samples had adequate levels of calcium (43.22–49.51 mg/100 g), magnesium (141.62–169.78 mg/100 g), potassium (22.22–39.64 mg/100 g), and iron (6.25–14.51 mg/100 g). After boiling, there was a moderate reduction in calcium and potassium concentrations, consistent with mineral leaching during cooking, while magnesium and iron were relatively constant. 
Table 2. Mean Proximate Composition of Boiled Tympanotonus fuscatus var. radula Sold in Markets in Nasarawa State, Nigeria (% ± SD)
	Source
	Moisture
	Protein
	Ash
	Fiber
	Lipid
	Carbohydrate

	Keffi market shells
	48.40 ± 3.67
	36.10 ± 1.52
	2.47 ± 0.12
	0.11 ± 0.05
	0.72 ± 0.07
	36.21 ± 0.58

	Keffi market flesh
	59.42 ± 1.27
	45.12 ± 1.40
	1.98 ± 0.08
	0.31 ± 0.05
	0.41 ± 0.10
	30.10 ± 0.24

	Masaka market shells
	48.60 ± 3.24
	40.73 ± 1.02
	2.44 ± 0.02
	0.12 ± 0.06
	0.75 ± 0.08
	38.20 ± 0.51

	Masaka market flesh
	63.00 ± 2.53
	46.00 ± 1.42
	1.90 ± 0.72
	0.00
	0.41 ± 0.10
	30.80 ± 0.55

	Orange market shells
	48.10 ± 3.17
	40.32 ± 1.56
	2.47 ± 0.12
	0.20 ± 0.05
	0.71 ± 0.07
	38.87 ± 1.58

	Orange market flesh
	69.00 ± 2.62
	44.10 ± 1.22
	2.41 ± 0.17
	0.43 ± 0.07
	0.44 ± 0.07
	31.92 ± 1.58


Values are mean of triplicate determinations ± SD. Different superscripts in the same column indicate significant differences (p < 0.05)


Table 3. Mean Mineral Composition of Raw Tympanotonus fuscatus var. radula (mg/100 g ± SD)
	Source
	Ca
	K
	Mn
	Mg
	Zn
	Fe

	Keffi shells
	46.32 ± 0.91
	24.77 ± 2.54
	0.65 ± 0.06
	146.60 ± 4.88
	0.16 ± 0.09
	6.92 ± 1.45

	Keffi flesh
	43.22 ± 0.52
	29.64 ± 1.29
	0.46 ± 0.17
	168.54 ± 5.67
	0.72 ± 0.12
	11.88 ± 2.41

	Masaka shells
	46.12 ± 0.77
	24.63 ± 1.44
	0.62 ± 0.26
	149.66 ± 4.12
	0.25 ± 0.10
	6.44 ± 1.62

	Masaka flesh
	44.61 ± 0.08
	28.07 ± 2.71
	0.21 ± 1.06
	169.78 ± 4.38
	0.44 ± 0.07
	12.04 ± 3.45

	Orange shells
	49.51 ± 1.11
	22.22 ± 2.52
	0.52 ± 0.07
	141.62 ± 3.81
	0.23 ± 0.07
	6.25 ± 1.63

	Orange flesh
	44.31 ± 0.11
	39.64 ± 2.34
	0.45 ± 0.05
	161.66 ± 4.82
	0.62 ± 0.19
	14.51 ± 3.67




Table 4. Mean Mineral Composition of Boiled Tympanotonus fuscatus var. radula (mg/100 g ± SD)
	Source
	Ca
	K
	Mn
	Mg
	Zn
	Fe

	Keffi shells
	41.00 ± 0.13
	21.89 ± 2.09
	0.63 ± 0.06
	140.45 ± 3.30
	0.11 ± 0.07
	6.80 ± 1.42

	Keffi flesh
	40.61 ± 0.15
	27.22 ± 1.81
	0.40 ± 0.05
	168.06 ± 3.11
	0.51 ± 0.06
	10.05 ± 1.53

	Masaka shells
	40.32 ± 0.26
	24.47 ± 1.45
	0.60 ± 0.06
	145.31 ± 3.31
	0.21 ± 0.06
	5.16 ± 1.48

	Masaka flesh
	40.55 ± 0.13
	26.05 ± 1.08
	0.20 ± 0.05
	163.61 ± 2.98
	0.29 ± 0.06
	11.42 ± 2.22

	Orange shells
	40.03 ± 0.13
	21.18 ± 2.03
	0.50 ± 0.06
	136.08 ± 3.08
	0.21 ± 0.07
	5.88 ± 1.19

	Orange flesh
	40.62 ± 0.14
	36.30 ± 2.13
	0.41 ± 0.05
	153.33 ± 3.01
	0.46 ± 0.05
	13.91 ± 1.26



4. DISCUSSION
The proximate and mineral composition values obtained in the present study shows Tympanotonus fuscatus var. radula is a nutrient packed seafood with great dietary relevance. The high protein content obtained in raw periwinkle flesh (48.10–49.60%) is in consonance with earlier reports from southern Nigeria and other West African regions, supporting its classification as a protein-rich food source.
The study shows that boiling affected nutrient content of the periwinkles, particularly by reducing protein and ash contents in shells and changing moisture content of flesh. Changes in nutrient parameters are consistent with thermal processing, which induces protein denaturation and facilitates the leaching of soluble components into cooking water. Changes in  protein values in boiled samples still remained high, underscoring the resilience of periwinkle protein to been capable of withstanding   household processing methods.
The consistently low lipid content obtained in all the samples supports the suitability of periwinkle for low-fat diets and agrees with recommendations for reducing dietary fat consumption to reduce the risk of cardiovascular disease. Moderate carbohydrate values add to the dietary energy, while low fiber content Improve  digestibility, making periwinkle suitable for children, the elderly, diabetics and individuals with specific dietary needs (Oriolowo et al., 2025).
Mineral composition of T. fuscatus var radula provides sufficient calcium, magnesium, potassium, and iron. The relatively high iron content is significant given the prevalence of iron deficiency anemia in Sub-Saharan Africa. Although boiling led to slight reductions in calcium and potassium, iron and magnesium showed high retention, which concurs with result  from other studies on boiled seafood.
Variations in nutrient composition among Keffi, Masaka, and Orange markets likely reflect differences in environmental conditions, feeding ecology, freshness, and post-harvest handling practices. These findings highlight the importance of standardized handling and storage practices to preserve nutritional quality.
Boiling improves microbial safety; earlier studies have reported bacterial contamination risks associated with market sold periwinkles. Balancing food safety with nutrient retention remains essential, and consumer education on the Best cooking and handling practices.
CONCLUSION
This study shows that Tympanotonus fuscatus var. radula periwinkles sold in markets in Nasarawa State, Nigeria, is nutrient-packed seafood with high protein composition and adequate levels of essential minerals, as well as low lipid and fiber concentrations. Boiling is a processing method that is commonly used. Moderate reductions in certain minerals and minor changes in proximate composition, particularly in shells, while preserving substantial protein levels in the flesh. the differences recorded in the  nutrient composition among the markets shows differences in environmental conditions, harvesting practices, and post-harvest handling.
T. fuscatus var. radula, a culturally relevant, cheap, and nutritionally rich seafood resource with the ability to enhance dietary protein and micronutrient intake. The addition of this seafood in dietary diversification and food security strategies is therefore supported ,as long as appropriate processing and food safety measures are maintained.
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