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available ingredients to promote balanced nutrition among children. Several
biscuit formulations were prepared using composite flour mixtures of chickpea,
mung bean, soybean, corn, and red rice, in order to balance the caloric
requirement of toddlers (aged 1 to 3 years) and with date palm incorporated as
a natural sweetener, while eliminating refined sugar. Dehydrated banana (Musa
paradisiaca, ABB) was blended into a cream layer to enhance the flavor, texture,
and nutritional value of the prepared biscuit. The addition of dates increased
mineral and fiber content while providing natural sweetness, and the banana
cream layer improved both the sensory appeal and micronutrient quality. Finally,
three formulas were prepared, the best formula was selected by using sensory
evaluation, and proximate analysis was done for the sensory-approved biscuit
sample. The results revealed that the moisture, ash, crude fiber, fat, and protein
contents of the developed biscuit as 7.73% 1.70%, 1.55%, 18.04%, and 8.45%,
respectively, and 75 g of the sandwich biscuit can deliver the caloric amount
required of toddlers, which can demonstrate a balanced macronutrient profile
suitable for children’s breakfast consumption. Shelf-life evaluation exhibited that
the biscuit remained stable at room temperature (27+2° C, RH=74%) for up to
three months in double-laminated (LLDPE: PET) packaging. This concludes that
Keywords: the developed banana cream biscuit offers a nutritious, child-friendly breakfast
made from locally available grains, which will address the need for healthy,
affordable, and appealing snacks while reducing dependence on imported and
refined products.
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1. Introduction

Malnutrition is a major concern among children, particularly in developing countries. Biscuits are
a widely consumed snack among children due to their taste, convenience, and affordability. However,
most commercially available biscuits are made from refined wheat flour and sugar, which provide
energy but lack essential nutrients needed for proper growth and development. Therefore, there is
a need to develop biscuits for breakfast that fulfil both the caloric and nutritional requirements using
locally available ingredients, providing a healthy and appealing snack.

In this study, biscuits were formulated using chickpea flour, soybean flour, mung bean flour, corn
flour, and red rice flour as substitutes for wheat flour. These grains are rich in proteins, dietary fiber,
essential amino acids, vitamins, and minerals, making them suitable for enhancing the nutritional
value of biscuits. Instead of refined sugar, date palm and jaggery were used as natural sweeteners to
improve taste and nutritional quality. A banana-based cream filling was prepared to enhance sensory
quality and provide additional natural flavor, moisture, and potassium content.

Despite the popularity of biscuits as a snack, most commercially available biscuits are high in sugar
and fat but low in essential nutrients, which makes them inadequate for meeting children’s daily
nutritional and caloric needs. There is a lack of nutrient-rich biscuits made from local grains and
natural sweeteners that are specifically designed for children’s breakfast. The significance of this
research lies in its potential to develop a healthy, nutritious, and palatable biscuit using locally
available ingredients, which can contribute to improved child nutrition. Therefore, the main
objectives of this study are to develop a nutrient-enriched biscuit using chickpea, soybean, mung
bean, maize, and red rice flour as substitutes for wheat flour, and replace refined sugar with natural
sweeteners such as date palm and jaggery, and prepare a banana-based cream filling suitable for
children’s taste preferences.

2. Methodology
2.1 Row Materials

Dried seeds of the chickpea (Cicer arietinum), mung bean (Vigna radiata), soya bean (Glycine
max), Maize (Zea mays), red rice (Oryza sativa), banana (Musa paradisiaca, ABB), vegetable fat, egg,
salt, and baking powder (INS 500(ii)) were purchased from local stores, Matara, Sri Lanka. Dried date
palm (Phoenix dactylifera) and Jaggery were used as the natural sweeteners.

2.2 Preparation of Raw Materials

All the dried seeds were directly converted into flour except for the soya bean seeds. Therein,
seeds were cleaned, washed with potable water, and dried in a dehydrator at 60 °C until the moisture
content reached 10%. Then, the seeds were ground using an industrial-scale grinder and sieved
through a 0.05 mm sieve. For the preparation of soya bean seed flour, cleaned soya bean seeds were
soaked in water for 6 hours. Then the seeds were drained off and roasted in a pan for 30 min. on a
low flame until the seeds were partially cooked. Then the seeds were removed from the pan and sent
through the flaking machine. The distance between the two rollers was adjusted according to the
seed size. Then the flakes were dried in a dehydrator at 60 °C until the moisture content reached 10%
and ground into 0.05 mm powder.

Fully ripe bananas (Musa paradisiaca, ABB) were peeled and cut into small slices (approximately
2-3 mm). The slices were immersed in a 1% citric acid solution for 5 min. to prevent enzymatic
browning. Banana slices, then steam-blanched for 3 min., transferred to an ice bath and air-dried (25
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°C, RH 65-75%). Finally, dried banana powder was obtained by drying banana pieces at 60 °C until the
moisture content reached up to 10%, and ground into 0.05 mm powder. Thereafter, all the flours
were separately packed in double-laminated (LLDPE: PET) pouches and stored at ambient conditions
(27 £ 2 °C, RH: 74%) for the subsequent use of the study.

2.3 Preparation of Grain Biscuit

The exact values of each ingredient of the biscuit were measured according to the calculated
formula. Then the weighted vegetable fat, date palm, and jaggery were beaten by using an electric
beater until the mixture achieved a light and fluffy texture. A dry mixture was prepared by merging
the flour mixture, baking powder, and salt. Subsequently, both the dry and the wet ingredient
mixtures were gradually combined with the egg to form a smooth, uniform dough. The dough was
then flattened evenly (approximately 5 mm thick) and cut into a uniform shape by using a biscuit
cutter. Biscuits were arranged on baking trays and rested for 10 min. while covering with a wet cloth
to ensure even hydration, along with improved texture. Finally, the biscuits were baked at 130 °C for
30 min. in a preheated oven. The baked biscuits were separately packed in double laminate (LLDPE:
PET) pouches and stored at ambient conditions (27 + 2 °C, RH: 74%) for the subsequent use of the
study.

2.4 Preparation of Banana Cream

Exactly weighted vegetable fat, banana powder, and jaggery were mixed (ratio of 1:1:3) by using
an electric beater until a smooth, creamy consistency was achieved. The prepared banana cream was
placed in a clean, airtight container and refrigerated (4 °C) for 30 min. to allow the cream to set
properly and develop flavor.
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Fig. 1. (a) Appearance of dehydrated banana slices (b) Appearance of grain-based banana crem biscuit
2.5 Sensory Evaluation

Sensory evaluation of prepared banana cream biscuits was carried out by recruiting 30 numbers
of semi-trained panelists, and they were properly instructed beforehand. Three types of banana
cream biscuits were developed by varying different flour combinations, and samples were served
separately on the white porcelain plates, which were randomly labeled with three digits, cup of water
and a ballet paper were served to the panelists before the evaluation. Respondents were asked to
evaluate five sensory stimuli, such as colour, flavour, texture, aroma, and overall acceptability,
against a five-point hedonic scale. The lower the score given for a sensory stimulus attributed to the
lower the satisfaction of the respondent.
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2.6 Nutritional Properties of Formulated Rice Flakes

Moisture, ash, fat, fiber, and protein content were determined according to AOAC official method
920.151, 942.05, 923.03, 991.42, 923.04, respectively (AOAC, 2000).

2.7 Shelf-Life Analysis of Formulated Rice Flakes

Shelf-life analysis was conducted using the best banana cream biscuits formulation (B), which was
packed in double-laminated (LLDPE: PET) pouches and was stored in a storage box at room
temperature (27 + 2 °C, RH: 74%). The sample was analysed with respect to the test parameters such
as moisture content, total plate count (TPC, SLS: 516: Part 1: 1991), and viable yeasts and mold count
(Y & M, SLS 516: Part 2: 1991) for a period of 3 months while drawing samples for the analysis
monthly. All the tests were triplicated for each parameter.

2.8 Statistical Analysis

The results were expressed as mean * standard error (SE) by comparing the means using one-
way ANOVA using the IBM SPSS Statistics 22.0 package. Sensory scores were analysed using the
Friedman test, followed by the Nemenyi post hoc test for mean separation when results were
significant (p < 0.05).

3. Result and Discussion

Sri Lanka is a developing country that is severely affected by child malnutrition (approximately
17%, 2024). The major reasons for this malnutrition may be poverty, which affects the purchasing
power of the household level, as well as the consumption pattern of the children. Toddlers (aged 1-
3 years) who are just after weaning are prone to malnutrition because they are very picky eaters.
Therefore, this study was proposed to develop a nutritious, grain—based banana cream biscuit that
could fulfil the breakfast energy and nutrient requirements of toddlers. The formulations were
calculated by using a composite flour mixture of chickpea, mung bean, soya bean, and red rice, which
demonstrated a balanced combination of macronutrients while improving sensory characteristics.
The inclusion of legumes and cereals increased the protein and energy density of the product,
whereas red rice contributed additional dietary fiber and minerals.

3.1 Sensory Evaluation of Grain-Based Banana Cream Biscuits

Sensory analysis was conducted to identify the preference of the prepared three biscuit formulas.
Sensory scores from 30 panellists for three biscuit samples (A—C) across five attributes were analysed
using the Friedman test, followed by the Nemenyi post hoc test, and the sensory profile of each
product is illustrated in Figure 2.
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Fig. 2. Sensory attributes of the different formulations of grain-based banana cream biscuits, A, B, C indicate
the three different formulas

According to Figure 2, all the sensory attributes except aroma were significantly (p<0.05) different
among each biscuit formula. The highest sensory ratings for all sensory stimuli were secured by the
B biscuit formulation, and the lowest ratings were recorded by the C formula. When considering all
the sensory stimuli texture of the biscuits was considerably varied with the different flour
combinations, and that has affected the final flavour, colour, and the overall acceptability of the
panellists.

Sensory evaluation results of Adebayo et al., [17] also showed that texture had a direct influence
on acceptance and flavour, when the biscuits were made with composite grain flour mixtures.
Banana cream was added not only for the sensory improvement, but also it was a natural source of
potassium and vitamin E [18].

The Friedman test showed a significant overall difference among the samples (x> = 8.4, p <0.05),
indicating variation in sensory acceptability. Although the Nemenyi test did not find significant
differences between specific pairs (critical difference = 1.48), the average ranks revealed a clear
preference order among the samples.

3.2 Proximate Analysis of Grain-Based Banana Cream Biscuits

Proximate analysis of the sensory approved sample B grain-based banana cream biscuit formula
was evaluated in terms of nutritional values, and the results are tabulated in Table 1. According to
the results given in Table 1, the protein and fat content of grain-based banana cream biscuit were
8.45% and 18.04% respectively, which aligns with findings of Karuna et al., [19], who observed that
legume incorporation significantly boosts protein in composite flour-based snacks. Similarly, Ezeocha
and Ojimelukwe [20] reported improved energy density in weaning foods formulated with soy and
cereals, supporting the suitability of this formulation for toddler nutrition.

The crude fiber content (1.55%) was comparable to the biscuit formulations studied by Okoye et
al., [21], indicating beneficial dietary fiber levels for promoting digestive health in children.
Moreover, replacing refined sugar with date palm enhanced the nutritional profile and reduced
added sugar, a strategy supported by Toma et al., [22], who highlighted dates as a natural sweetener
rich in iron and antioxidants.
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Table 1

Proximate analysis of grain-based banana cream biscuits
Parameters (%) Sample

Moisture 7.72 £0.35%

Ash 1.69+0.02%

Fat 18.04 £ 0.64%

Fiber 1.55+0.11%

Protein 8.45+ 0.32%

Data represented as mean # standard deviation (n = 3).

The relatively high fat content (18.04%) in the current formulation contributed significantly to the
total caloric value, as fat provides 9 kcal/g. This is consistent with Okoye et al., [21], who emphasized
that increased lipid content in biscuits enhances energy density, which is particularly valuable for
young children with smaller stomach capacity. In addition, the use of date palms instead of refined
sugar has added natural energy, fiber, and micronutrients, while reducing added sugar intake, which
is a recommendation of the WHO guidelines (2015) to minimize sugar consumption in early
childhood.

The banana cream biscuit is formulated to fulfill toddlers’ breakfast energy requirement, which
is typically estimated at 300—350 kcal (FAO/WHO, 2004, approximately 350 Kcal). In this study, the
total energy content of 100 g of prepared banana cream biscuit was approximately 450 kcal, which
yielded 5 five cream-filled sandwich biscuits. Accordingly, each biscuit provided around 90 kcal.
Consuming 3 to 4 cream-filled sandwich biscuits would meet the average breakfast energy
requirement for children aged 1-3 years.

This aligns with the findings of Akinola et al., [23], who reported that energy-dense weaning
snacks made from legumes and cereals can deliver 30—45 kcal per unit (biscuit/pellet), suitable for
portion-controlled feeding in toddlers. Similarly, Adebayo et al., [24] formulated soy-maize biscuits
that provided approximately 36 kcal per piece, confirming the suitability of such products in
complementary feeding.

3.3 Shelf-Life Analysis of Grain-Based Banana Cream Biscuits

The shelf life of the best-performed biscuit formula at sensory evaluation (sample B) was
measured in LLDPE: PET double laminated packaging for a period of three months at ambient
conditions (27 + 2 °C, RH: 74%). Moisture content of the biscuits was slightly changed during the
period of three months of storage (7.72 - 8.15%), but the increment was not significant (p>0.05).
According to the microbial analysis, total plate content and viable yeast and mold count were much
lower values than the standard values (TPC; <1*10% Y&M; <1*102); therefore, grain-based banana
cream biscuits were microbiologically safe during the period of three months storage. Shelf-life
evaluation showed 3 months of stability in LLDPE: PET laminated packaging, compatible with Singh
and Kumar (2014), who found similar packaging effective for moisture control and product freshness.
These findings suggest that the developed biscuit can serve as a practical breakfast or snack item that
meets a considerable proportion of toddlers’ daily energy needs in a small, acceptable portion size.
Furthermore, the product's local grain and fruit base promotes affordability and accessibility,
addressing both nutritional and economic aspects of child malnutrition in developing countries.
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4. Conclusion

The developed grain-based banana cream biscuit provides a balanced nutritional composition
suitable for fulfilling toddlers' breakfast energy requirements with an appropriate level of protein,
fat, and fiber. Consumption of 75 g of prepared cream-filled sandwich biscuits would meet the
average breakfast energy requirement (300 kcal) for children aged 1-3 years. The use of locally
available grains, date palm, and banana cream improved both nutritional value and sensory quality,
making it an appealing and healthy alternative to sugar-rich commercial snacks. Therefore, this
product can serve as a nutritious, child-friendly breakfast option that promotes better nutrition and
supports sustainable food production.
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