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Abstract—

Background: The use of indigenous foods in the formulation of complementary food is advocated for sustainability and
improved food security.

Obijectives: The study investigated the chemical composition and sensory properties of complementary foods made from maize,
African yam bean (AYB), groundnut, and crayfish flour blends.

Methodology: Whole maize, AYB, groundnuts, and crayfish were made into flour using standard procedures. The blends were
formulated in ratios of maize: African yam bean: groundnut: crayfish flour (80:10:5:5; 70:15:10:5; 60:20:15:5; 50:25:20:5)
and made as complementary foods. A commercial maize-based complementary food served as the control. The samples were
evaluated for chemical and sensory properties using standard methods. Data collected were analyzed with IBM Statistical
Product for Service Solutions software (version 21) and presented as descriptive statistics (frequencies, percentages, means,
standard deviation). The means were compared and separated using analysis of variance and Duncan’s multiple range test.

Results: The complementary food contained 55.75% to 65.32% moisture, 1.43% to 2.05% fat, 0.23% to 1.84% crude fiber,
1.43% to 2.05% ash, 12.97% to 18.48% protein, 11.77% to 28.33% carbohydrate, and 127.9 Kcal to 178.07 Kcal energy.
There was also calcium (25.95 mg to 28.30 mg), iron (1.81 mg to 1.96 mg), potassium (2.68 mg to 5.4 mg), sodium (0.71 mg
to 1.24 mg), and magnesium (1.35 mg to 1.94 mg). Beta-carotene (4.22 to 11.60 mg), thiamin (0.42 mg to 1.05 mg), riboflavin
(1.80 mg to 2.85 mg), niacin (0.73 mg to 1.01 mg), vitamin C (3.10 to 30.17 mg), tannin (0.01 to 0.39 mg), phytate (0.01 to
1.43 mg), saponin (0.12 to 1.18 mg), flavonoids (0.09 to 1.13 mg), and phenol (0.01 to 0.14 mg) were also present. Samples
60:20:15:5, 70:15:10:5, 50:25:20:5, and 80:10:5:5 were superior in taste (6.80), appearance (6.25), mouthfeel (6.10), and
color (6.70), respectively.

Conclusion: The complementary foods had improved protein, fat, fiber, and ash contents and comparable mineral and vitamin
contents with the control. The general acceptability scores ranged from 6.13 to 6.23 on a nine-point scale.

Keywords: Chemical; sensory; complementary foods; indigenous flour blends; crayfish.
l. INTRODUCTION

Undernutrition constitutes a significant nutritional challenge in impoverished communities with limited access to affordable
and diverse food sources. These communities rely primarily on staple foods with little or no protein sources due to economic
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constraints. As a result, malnutrition particularly protein-energy malnutrition and micronutrient deficiencies—not only affects
growth and development but also leads to nutritional vulnerability, significantly impacting learning outcomes. Nutrient
deficiencies can hinder cognitive development and academic performance [1]. When growth failure, increased morbidity and
mortality, and impaired learning occur, the overall well-being and future prospects of the community are severely
compromised. The root causes of malnutrition are poverty, ignorance, and inadequate care. Many impoverished communities
have access to indigenous food sources, but due to a lack of nutritional knowledge, they fail to utilize these natural resources
efficiently. The situation is further aggravated by market globalization, which introduces foreign, expensive foods that are
neither accessible nor affordable. The desire for these costly imported foods often results in inappropriate dietary choices,
leading to undernutrition, poor development, stunted growth, and increased mortality.

Complementary foods are introduced to children from six months onward to supplement breast milk and support growth. These
transitional foods help infants adapt to family meals. The recommended period for complementary feeding is between 6 and
23 months, alongside continued breastfeeding, to ease the transition from liquid to solid foods. However, this phase is highly
vulnerable to malnutrition as the infant's diet shifts from sterile breast milk with immune factors to foods that may be prepared,
stored, and served in unhygienic conditions. Additionally, the introduction of insufficient or inappropriate complementary
foods, either too early or too frequently, exacerbates the risk of malnutrition. Proper nutrition during early childhood is crucial
for optimal growth and development. The first 1,000 days of life are critical for ensuring long-term health, cognitive
development, and disease prevention. Prolonged malnutrition can lead to impaired intellectual performance, reduced work
capacity, diminished reproductive potential, and an increased risk of chronic diseases [2]. The primary causes of malnutrition
in children include inadequate breastfeeding and complementary feeding practices, combined with high rates of diarrhea and
acute respiratory infections. Historically, food choices were location-specific, but with advancements in science, technology,
and globalization, a variety of food options from different origins have become available. However, the selection of these foods
depends on economic capacity, nutritional awareness, and food trends influenced by advertising and marketing. Caregivers
with financial means and adequate nutritional knowledge can provide diverse and nutrient-rich foods to their infants.
Conversely, low-income caregivers, swayed by advertising, may insist on purchasing expensive foods, leading to inadequate
feeding practices that heighten the risk of malnutrition and infections.

Ensuring the availability of affordable, nutrient-dense local foods is essential to combating malnutrition. Many indigenous food
sources are rich in nutrients, but since they primarily consist of staples, combining different food groups can enhance their
nutritional value and sustainability. Maize is a widely cultivated cereal, accessible in both rural and urban communities. It is
rich in carbohydrates and serves various purposes, including meal preparation, oil production, fermentation, alcohol distillation,
animal feeds, and biofuel production [3]. Groundnuts, a widely grown legume in the tropics, are an excellent protein source.
Due to their high oil content, they are sometimes classified as oil seeds. They contain a variety of essential nutrients that can
complement maize-based diets. To further diversify and improve nutrient intake, the addition of African yam bean (AYB), a
legume that grows naturally but is at risk of extinction due to underutilization, is recommended for complementary food
formulation. AYB is highly nutritious, containing substantial amounts of protein, starch, and calcium [4]. Its amino acid profile
will support early childhood development. Additionally, crayfish, a readily available animal protein source, is widely consumed
globally for its rich nutrient content [3]. The combination of these indigenous foods in complementary feeding could enhance
nutrient intake, promote food sustainability, and improve overall child health.

Il.  MATERIALS AND METHODS
2.1 Study Design:
An experimental research design was adopted for this study.
2.2 Study Area:

The study was conducted at Michael Okpara University of Agriculture, Umudike, Abia State, Nigeria. The institution houses
the Department of Human Nutrition and Dietetics, and the research was carried out in the Food and Analytical Laboratory of
the College of Applied Food Sciences and Tourism.
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2.3 Source, Identification, and Processing of Samples:
2.3.1  Source of Crops:

Maize, AYB, groundnuts, and crayfish were purchased from different stalls at Ubani Main Market, Umuahia, Abia State,
Nigeria.

2.3.2  Sample Identification:

The maize, African yam bean, and groundnuts were identified as Zea mays, Sphenostylis stenocarpa, and Arachis hypogaea,
respectively, by Dr. Onyeonagu Chike C., a Crop Scientist in the Department of Agronomy (CCSS). Crayfish was identified
as Procambarus crarkii by Dr. Reginald Nosike in the College of Animal Science and Animal Production, Michael Okpara
University of Agriculture, Umudike.

2.3.3  Processing of Maize, AYB, Groundnuts, and Crayfish into Flours:

The maize grains were sorted to remove foreign materials, washed, and soaked in tap water for 24 hours. The soaked maize
was rinsed, drained using a colander, sun-dried for 12 hours, and further dried to a constant weight in a digital food dehydrator
(Excalibur® 3926 TCDB) for 36 hours at 150°F. The dried maize seeds were milled into fine flour using a mechanical grinder
(St Donkey powder crusher - Leshan Dongchaun) with a 5mm sieve as described by [5].

The AYB flour was prepared as described by [6]. The seeds were sorted to remove foreign materials, washed, and drained in
a colander. They were toasted in a saucepan for 45 minutes over a gas burner at 191°C, then milled into fine flour using a
mechanical grinder with a 5mm sieve.

Groundnuts were sorted, washed, drained, and sun-dried for 24 hours. The dried nuts were toasted at 191°C, dehulled, milled
using a hand milling machine (Corona), and defatted with hot water. The defatted cake was oven-dried at 50°C for 24 hours in
a Surgifield laboratory oven, then milled and sieved through a 2.5mm sieve to obtain fine flour.

Crayfish flour was prepared as described by [7]. A kilogram of crayfish was sorted to remove foreign materials, dried for 12
hours in a laboratory oven at 70°C with occasional stirring at 30-minute intervals to ensure uniform drying. The dried crayfish
was winnowed and milled using a hammer mill with a 500-micron mesh sieve.

2.4 Formulation of Flour Blends:
To enhance protein content and improve amino acid balance, the flours were blended in the following ratios:

e 80:10:5:5 (Maize:AYB:Groundnut:Crayfish)

e 70:15:10:5
e 60:20:15:5
e 50:25:20:5

A commercially available maize-based complementary food (Cerealac, 100%) was used as a control.
2.5 Preparation of Complementary Foods (Gruels):

Each blend (200g) was mixed with 200ml of clean water to achieve a smooth consistency. The mixture was placed in a saucepan
over a gas burner, and 300ml of boiled hot water was added with continuous stirring. An additional 100ml of hot water was
sprinkled over the gruel and allowed to cook for 2 minutes before chemical evaluation.

2.6 Chemical Evaluation and Sensory Analysis:

Proximate composition (moisture, ash, protein, fat, fiber) was analyzed using AOAC [8] methods. Carbohydrate content was
determined by difference. Mineral composition, vitamins, and antinutrients were also analyzed using AOAC methods.

2.7 Statistical Analysis:

Data were analyzed using IBM SPSS version 21. Results were presented as means and standard deviation, with statistical
comparisons made using ANOVA and Duncan's multiple range test at a 5% significance level (p < 0.05).
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I11. RESULTS

The proximate composition of the complementary gruel ranged as follows: moisture content (55.75% to 65.32%), crude protein
(12.97% to 18.48%), fat (1.43% to 2.05%), crude fiber (0.23% to 1.84%), ash (1.29% to 3.02%), carbohydrate (11.77% to

28.33%), energy content (127.91Kcal to 178.07Kcal), and dry matter (34.68% to 44.25%) (Table 1).

TABLE 1
DRY MATTER, PROXIMATE, AND ENERGY COMPOSITION OF COMPLEMENTARY FOODS
sample Dl’y((r;la)ltter coMn;:rs]ttu(zz ) or g;iund((e%) Fat (%) Cru?oi l;lber Ash (%) Carb?o%drate Energy (Kcal)
MAGCL | 34.68°+0.27 | 65.322+0.27 | 16.61°+0.01 | 1.719+0.01 | 1.72°+0.02 | 2.88°+0.01 11.779+0.27 127.91°+ 0.41
MAGC2 | 44.66°+0.11 57.35¢+0.11 | 17.40°+0.01 | 1.77°+0.01 1.76° +0.01 2.92% +0.01 18.81° +0.08 160.75° + 0.24
MAGC3 | 39.68Y+0.13 60.32°+0.13 | 17.84°+0.01 | 1.98°+0.01 1.812+0.01 2.96°+0.02 15.10% + 0.09 149.56% + 0.44
MAGC4 | 40.33*+0.11 | 59.68™+0.11 | 18.48*+0.01 | 2.05°+0.03 1.84°+0.01 3.022+0.01 14.94°+0.18 152.11% + 0.40
CcC 44.25* + 0.03 55.7°+0.13 12.97¢+0.01 | 1.43°+0.01 0.23°+0.03 1.29¢+0.01 28.332+0.17 1.78°+0.61

Values are mean = standard deviation of duplicate samples determinations. #®Means with similar superscripts within the same column
are not significantly different (p>0.05).MAGC1= 80% maize: 10% African yam bean:5% groundnut:5% crayfish, MAGC2 = 70%
maize:15% African yam bean:10% groundnut:5% crayfish, MAGC3 = 60% maize:20% African yam bean:15% groundnut:5% crayfish,
MAGC4 = 50% maize:25% African yam bean:20% groundnut:5% crayfish,CC = control cerealac.

MAGC4 had the highest calcium (28.30 mg), iron (1.96 mg), potassium (5.40 mg), and sodium (1.24 mg), while MAGC1 had
the lowest calcium (25.95 mg), iron (1.81 mg), and magnesium (1.35 mg). The commercial control sample had the lowest
sodium content (Table 2).

TABLE 2
MINERAL COMPOSITION OF COMPLEMENTARY FOODS
sample Calcium Iron Potassium Sodium Magnesium
(mg/100g) (mg/100g) (mg/100g) (mg/100g) (mg/100g)
MAGC1 25.95%+ 0.02 1.819+0.01 3.59%+ 0.03 0.73% 0.03 1.35%+ 0.03
MAGC?2 27.31°+ 0.01 1.87°+0.03 4.09°+ 0.03 0.86°+ 0.03 1.49% 0.01
MAGC3 27.93+ 0.02 1.92%+ 0.02 4.82°+0.03 0.97°+0.03 1.72°+ 0.03
MAGC4 28.30%+0.01 1.96°+ 0.01 5.40°+ 0.01 1.24%+ 0.01 1.87°+0.01
cC 26.729+0.01 1.85°+ 0.02 2.68°+0.01 0.71% 0.03 1.94%10.03

Values are mean + standard deviation of duplicate samples determinations. ¢ Means with similar superscripts within the same column
are not significantly different (p>0.05).MAGC1 = 80% maize: 10% African yam bean: 5% groundnut: 5% crayfish, MAGC2 = 70%
maize:15% African yam bean: 10% groundnut: 5% crayfish, MAGC3 = 60% maize: 20% African yam bean:15% groundnut: 5%

crayfish, MAGC4 = 50% maize: 25% African yam bean: 20% groundnut: 5% crayfish, CC = control Cerealac.

The vitamin content of the complementary foods compared favorably with the commercial control sample (Table 3). The
formulated samples contained more beta-carotene (4.09 mg — 11.61 mg), riboflavin (2.66 mg to 2.85 mg), and vitamin C (14.52
mg to 30.19 mg) than the control, which was higher in thiamin (1.05 mg) and niacin (1.01 mg).

TABLE 3

VITAMIN COMPOSITION OF COMPLEMENTARY FOODS

sample Beta-carotene Thiamin Riboflavin Niacin Vitamin C
(mg/100g) (mg/100g) (mg/100g) (mg/100g) (mg/100g)
MAGC1 4.90% 0.01 0.429+0.01 2.85%+ 0.01 0.73°+0.02 14.52% 0.01
MAGC?2 7.43°+0.03 0.469 + 0.02 2.812+ 0.01 0.77°+0.01 25.98°+ 0.01
MAGC3 9.31°+ 0.01 0.51°+ 0.01 2.72°+0.02 0.87°+0.03 27.65°+ 0.01
MAGC4 11.61%+ 0.01 0.62°+0.01 2.66° 0.01 0.91+0.01 30.19% 0.02
ccC 4.22°+0.01 1.052+0.01 1.80% 0.02 1.01%+0.01 3.10%+0.01

Values are mean + standard deviation of duplicate samples determinations. ¢ Means with similar superscripts within the same column
are not significantly different (p>0.05).MAGC1 = 80% maize: 10% African yam bean: 5% groundnut: 5% crayfish, MAGC2 = 70%
maize:15% African yam bean: 10% groundnut: 5% crayfish, MAGC3 = 60% maize: 20% African yam bean:15% groundnut: 5%

crayfish, MAGC4 = 50% maize: 25% African yam bean: 20% groundnut: 5% crayfish, CC = control Cerealac
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The complementary foods had higher levels of antinutrients (Table 4). MAGC4 had the highest tannin (0.39 mg), phytate (1.43
mg), flavonoids (1.13 mg), and phenol (0.14 mg), while MAGC1 contained the highest saponin levels. The commercial control
had the lowest antinutrient content.

TABLE4
ANTINUTRIENT COMPOSITION OF COMPLEMENTARY FOODS

Sample | Tannin (mg/100g) | Phytate (mg/100g) | Saponin (mg/100g) | Flavonoids (mg/100g) | Phenol (mg/100g)
MAGC1 0.32°+0.01 1.33°+0.03 0.18%+0.01 1.03%+ 0.01 0.11°+0.02
MAGC2 0.22% 0.03 1.40°+ 0.01 0.15°+0.01 1.07°+ 0.01 0.12°+0.01
MAGC3 0.35°+ 0.01 1.41°+0.01 0.14°+ 0.01 1.11%+0.01 0.12°+0.01
MAGC4 0.39°+ 0.01 1.43%+0.01 0.12°£0.01 1.13%+0.02 0.14°+ 0.01
cC 0.01°40.01 0.01% 0.00 0.00% 0.00 0.09% 0.01 0.01%0.01

Values are mean + standard deviation of duplicate samples determinations. ¢ Means with similar superscripts within the same column
are not significantly different (p>0.05).MAGC1 = 80% maize: 10% African yam bean: 5% groundnut: 5% crayfish, MAGC2 = 70%
maize:15% African yam bean: 10% groundnut: 5% crayfish, MAGC3 = 60% maize: 20% African yam bean:15% groundnut: 5%
crayfish, MAGC4 = 50% maize: 25% African yam bean: 20% groundnut: 5% crayfish, CC = control Cerealac.

TABLE 5
SENSORY PROPERTIES OF COMPLEMENTARY FOODS

Sample Taste Appearance Mouthfeel Color General acceptability
MAGC1 6.25% 1.48 5.85°41.95 5.85%+1.84 6.70°+1.30 6.16° 1.37
MAGC2 6.25% 1.86 6.25"+ 1.65 5.90°+ 1.77 6.10°+ 1.48 6.13% 1.27
MAGC3 6.80°+ 1.70 5.709+1.72 5.85% 1.79 6.55°+1.28 6.23°+ 1.19
MAGC4 6.55% 1.90 5.80%+ 1.82 6.10°+ 1.37 6.25% 1.83 6.23°+1.19

CcC 8.55%+ 0.51 8.00%+1.08 8.00%+ 1.21 8.15%+ 0.88 8.18°+ 0.66

Values are mean + standard deviation of duplicate samples determinations. ¢ Means with similar superscripts within the same column
are not significantly different (p>0.05).MAGC1 = 80% maize: 10% African yam bean: 5% groundnut: 5% crayfish, MAGC2 = 70%
maize:15% African yam bean: 10% groundnut: 5% crayfish, MAGC3 = 60% maize: 20% African yam bean:15% groundnut: 5%
crayfish, MAGC4 = 50% maize: 25% African yam bean: 20% groundnut: 5% crayfish, CC = control Cerealac.

V. DISCUSSION

The complementary foods were analyzed on a wet basis. The moisture content (55.75% to 65.32%) was significantly different
(P<0.05) and higher than the control. However, both the formulated blends and the control had superior moisture levels
compared to malted rice, soybean, and pumpkin pulp complementary foods (8%-10.3%) [9], yet lower than values (64.32% to
83.70%) reported in complementary foods given in Giginyu, Kano, Nigeria [10]. High moisture content can lower nutrient
density and shorten shelf life.

The protein content (16.31% to 18.48%) was significantly higher (P<0.05) than in the commercial maize-based complementary
food (12.97%) but lower than the 20.49% to 41.07% reported in malted rice, soybean, and pumpkin pulp flour [9]. Protein is
essential for growth and development, particularly in catch-up growth [11].

The fat content (1.71% to 2.05%) was higher than the control (1.43%) and comparable to nutrient-rich complementary foods
(1.88% to 9.0%) from local sources [12]. Higher fat content enhances energy density. The ash content (2.88% to 3.02%) was
significantly higher than the control (1.29%) and similar to nutrient-rich complementary foods (2.30% to 4.32%) [12]. Ash
content is associated with mineral composition.

Crude fiber content was lower than the 1.85% reported by Onwuchekwa [9]. Carbohydrate levels were lower than the control
and prior reports [9,12]. Carbohydrates are essential for energy, and complementary foods should be formulated with adequate
levels. The dry matter content of the formulated complementary foods was comparable to the commercial product. Dry matter
content is important in regulating metabolic function and preventing weight loss [13,14].

The calcium content (25.95 mg to 28.30 mg) was comparable to the control (26.72 mg) but higher than malted rice, soybean,
and pumpkin pulp complementary food (0.50 mg to 1.02 mg) [9]. However, it was lower than locally sourced nutrient-dense
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complementary foods (156.50 mg to 500.00 mg) [12]. Iron levels (1.81 mg to 1.96 mg/100g) were low compared to Kilimanjaro
complementary foods (2.48 mg to 22.86 mg) [15] but comparable to the control (1.82 mg). Iron deficiency in infancy is linked
to developmental challenges, emphasizing the need for iron-rich complementary foods [16].

The potassium content was higher than the control but significantly lower than the recommended daily intake (600 mg to 1100
mg/day) for children [17]. This suggests the necessity of additional dietary sources. Sodium content was within safe limits,
aligning with the American Heart Association's recommendation of no more than 2,300 mg/day [18] and lower than reported
sodium levels (>210 mg/170 g) in some infant foods [19]. Magnesium content was within acceptable ranges and is vital for
physiological functions [20].

The antinutrient composition of the study maize was within the permissible level and lower than 10.41 to 11.77 tannin, and
64.74 to 69.98 phytate reported for maize-pea-anchote-made complementary foods [23]. This could be attributed to the
differences in crops used. The health benefits of antinutrients at lower levels have been underscored [24, 25].

The sensory scores of the complementary foods, although lower than the commercial maize-based control, are understandable
and acceptable as time, market orientation, and information are required for introduction and acceptance of new products.
Factors such as cross-functional teams, solid upfront homework prior to product development, enhanced market orientation,
quality of execution, and early product definition were listed as ingredients of projects that were both on time and fast to market
[26].

V. CONCLUSION

The chemical composition of the maize-AY B-groundnut-crayfish blended complementary foods compared favorably with the
commercial maize-based control. Its nutrient profile varied and is expected to contribute to growth and development. The
maize-AY B-groundnut-crayfish blended complementary foods will enhance nutrient intake, provide a locally available and
affordable option, and support sustainable food security, as the base ingredients were locally sourced.

The crude protein, fat, fiber, ash, potassium, sodium, beta-carotene, riboflavin, and vitamin C contents of the study samples
were superior to those of the commercial maize-based control. Additionally, calcium and iron levels in samples MAGC?2,
MAGC3, and MAGC4 were higher than in the maize-based control, although the latter had greater energy and dry matter
content. Overall, the formulated products compared favorably in several key nutrients and have the potential to improve nutrient
intake, diversify local food options, and enhance food security.
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