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1. Introduction 

Diet plans in subcontinent countries are mostly concentrated 

on cereal-based products. They are deficient in 

micronutrients and merely fulfill the daily requirement of 

many essential nutrients (Migliozzi et al., 2015). Thus, 

deficient individuals suffer from several public health 

problems related to nutrient or combined nutrient 

deficiencies (Neufeld et al., 2017). Rice is a cereal 

popularly consumed across the globe, with the total 

domestic consumption of around 48,67,15,000 MT for the 

calendar and market year 2018. Around the world today, 

103 countries consume rice (Shantini et al., 2021). Apart 

from this, rice has a constant consumption pattern in most of 

the countries, that offer a low risk of excess consumption. 

Micronutrient fortification through staple foods like rice is 

directly linked to energy intake (Saha & Roy, 2020). 

Rice fortification is an effective and economical strategy to 

increase micronutrient intake in countries where rice is a 

Rice is a staple food for more than half of the global population. Despite its 

widespread use as a main source of energy, it can serve as an efficient matrix for 

adding plant materials with proven health effects. The study assessed nutritional, 

physical, instrumental color, and sensory properties of rice composite snacks with the 

addition of 0%, 1%, 2%, 3%, 4%, 5%, 6%, and 7% (Foeniculum vulgare and 

Amaranthus spp.) during 0, 30, 60, and 90 days of storage. The nutritional composition 

was determined according to the standard AOAC methods, the color parameters by 

HunterLab ColorFlex colorimeter, physical parameters by using standard calipers and 

spread ratio, while sensory evaluation was done on a 9-point hedonic scale. The 

results revealed that ice snacks with the addition of Foeniculum vulgare and 

Amaranthus spp. have statistically significantly higher levels of crude protein, crude 

fiber, ash, and fat contents than the control (p < 0.05). The addition of powders 

increased thickness and weight of snacks but decreased the diameter and spread ratio 

due to their water binding properties. The instrumental color measurement showed that 

there was a gradual reduction in the L* and b* values of the samples, meaning that 

color became darker. There were some notable differences among the sensory 

parameters of the snack in terms of color, texture, and flavor intensity, in which the 7% 

enrichment of Foeniculum vulgare and Amaranthus spp received lower ratings, but the 

4% enrichment of Foeniculum vulgare and Amaranthus spp (T4) showed the highest 

acceptability (8.18 on day 0 and 7.71 after 90 days). 
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staple food (Liu et al., 2025). A successful fortification 

technology should deliver substantial micronutrient content, 

high bioavailability, stability during storage, and retention 

of sensory attributes (Saha et al., 2020). As a staple food, 

rice serves as the primary energy source for approximately 

2/3 of the global population. Unprocessed rice is rich in 

dietary fiber, vitamins, minerals, sterols, phenols, oryzanols, 

and other nutrients, most of which are removed during the 

polishing process, resulting in low protein content, an 

imbalanced amino acid profile, and substantial nutrient loss 

(Steiger et al., 2014; Iqbal et al., 2026). The transformation 

from whole rice grains to polished white rice results in 

considerable nutrient loss due to processing and washing 

steps. 

Populations that rely heavily on polished rice are more 

susceptible to malnutrition and micronutrient deficiencies, 

particularly in regions where alternative staple foods are 

limited (Ganachari et al., 2022). With improvements in 

living standards, consumer preferences have shifted from 

meeting basic dietary needs toward healthier and more 

nutritious staple foods (Akbar & Ayub, 2018). Compared 

with brown rice, white rice contains 33% less dietary fiber, 

11.76% less protein, 72.23% less folic acid, 41.60% less 

ash, and 65.23% less fat when the milling degree reaches 

8% (Monks et al., 2013). During polishing, approximately 

75-90% of vitamins, particularly vitamins B1, B6, E, and B3, 

are removed (Steiger et al., 2014). Approximately 64% of 

nutrients and numerous bioactive compounds are 

concentrated in the rice germ and bran layers, which are 

largely removed during milling (Ma et al., 2020). 

Rice is commonly washed several times before cooking; 

however, washing causes considerable losses of water-

soluble vitamins and minerals, thereby reducing its 

nutritional value. Repeated washing, prolonged soaking, and 

higher water temperatures further increase nutrient losses 

(Susan et al., 2017). Cooking also contributes to nutrient 

depletion. Vitamin B1 losses reached 52.5% during 

processing and 62.5% during cooking, while vitamin B2 

losses were 33.3% and 66.7%, respectively.  

To overcome the nutritional limitations of conventional rice 

and satisfy the increasing demand for healthier foods, 

nutrient fortification has emerged as an effective strategy 

(Thivani et al., 2016). Rice fortification involves the 

intentional addition of essential micronutrients to improve 

the nutritional quality of rice (Uchechukwu-Agua et al., 

2015). Fortification is considered a practical and cost-

effective approach for reducing micronutrient deficiencies 

without requiring major changes in dietary habits (Urooj et 

al., 2026a; Urooj et al., 2026b). The increasing consumption 

of high-moisture rice-based products such as instant rice, 

rice noodles, and rice cakes has attracted widespread 

attention (Perignon et al., 2016). Microbial spoilage, starch 

retrogradation, and the absence of robust quality control 

systems shorten shelf life and impair quality consistency, 

constituting a major bottleneck for the market expansion of 

high-moisture rice-based products (Shen et al., 2014). Many 

countries have taken the required measures to ensure rice 

food security by appropriately controlling distribution and 

storage all year round (Ahmad et al., 2017).  

Rice storability is the ability to maintain the quality 

properties of rice during its storage and distribution (Kim et 

al., 2017). This is required to maintain a consistent supply 

of rice, especially in the case of natural disasters that might 

lead to a dramatic reduction in rice yields. Many factors 

such as the temperature and duration of storage, moisture 

content, and relative humidity play key roles in the 

storability of rice (Kim et al., 2022). Good temperature 

management is the most essential and yet the most easily 

regulated factor that can retard deterioration of rice quality. 

Globally, snack foods are conveniently prepared and tasty; 

they make an important component of the diet in most 

cultures (Arif et al., 2026). However, snack foods, 

particularly those based on starches, do not contain 

necessary nutrients and thus may cause obesity, stunted 

growth, decreased work ability, and impaired mental and 

social development. It is important to increase the amount of 

protein and improve its quality in snack food diets to reduce 

protein malnutrition in developing countries. Some snacks’ 

high energy and low nutritional density may lead to 

overeating and obesity, as well as increased risk of 

developing metabolic diseases (Urooj et al., 2026c). Snacks 

mean a small meal or food eaten between regular meals. 

Snacks are consumed because of pleasure and taste rather 

than any nutrient content. Snacks have a crispy texture and 

are easily edible, hence gaining popularity among different 

cultures. Ready-to-eat snacks are accepted by many people 

because of their convenience, no preparation time, appeal, 

packaging, and distribution. Since snacks are liked by all 

age groups, especially children and adolescents, there is an 

interest in improving the nutritional profile of this product 

(Trilokia, 2022). It is difficult to maintain a balance between 

enhancing the nutritional profile of snacks and sensory 
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attributes. Therefore, the main objective of the current 

research was to formulate rice-based composite snacks 

enriched with different levels (0-7%) of leaf powders of 

Foeniculum vulgare and Amaranthus spp. and to evaluate 

the nutritional, physical, instrumental color, and sensory 

characteristics of these snacks. The objectives of the study 

were to study the effect of storage for 90 days on the 

nutritional, physicochemical, color, and sensory properties 

of the formulated snacks and identify the formulation 

providing the best balance of nutritional enrichment, quality 

of the product, storage stability, and consumer acceptance. 

2. Materials and Methods 

2.1 Raw materials 

Rice was procured from the local market of Metro Mart, 

Multan, Pakistan. The rice was manually cleaned to remove 

extraneous materials and subsequently milled into fine flour. 

The prepared rice flour was stored in airtight containers 

until further processing. Fresh fennel (Foeniculum vulgare) 

and amaranthus (Amaranthus spp.) leaves were procured 

from the local vegetable market and processed at the Food 

Processing Centre. The two leafy vegetables were used in 

equal proportions for preparation; other ingredients required 

for snack preparation, including butter, sesame seeds, salt, 

sugar, baking powder, baking soda, and water, were 

obtained from the local market. 

2.2 Preparation of Foeniculum vulgare and Amaranthus 

spp. leaf powders 

Fresh fennel and amaranthus leaves were sorted, graded, 

and washed thoroughly under running tap water to eliminate 

adhering dirt. To remove potential agricultural 

contaminants, the leaves were soaked and washed in a saline 

solution (2 teaspoons of salt dissolved in 2 L of tap water) 

and rinsed thrice with clean water. Excess water was 

drained using a strainer, after which the leaves were dried 

separately in a combi-master oven fan dryer at 70 °C for 2 

h. The dried leaves were milled using an electric blender 

and passed through a 0.05 mm sieve to obtain a uniform fine 

powder. The resulting powders were stored in airtight, 

labeled zip-lock plastic bags at ambient conditions until 

incorporation into the snack’s formulations (Olusanya et al., 

2023). 

2.3 Formulation of rice composite snacks 

Rice composite snacks were formulated by incorporating 

powders at different levels into a standardized rice flour-

based formulation, with detailed treatment formulations as 

presented in Table 1. 

2.4 Preparation of rice composite snacks 

Formulation and preparation of rice composite snack foods 

were carried out following the formulation method as 

proposed by Ren et al. (2021) with suitable modifications. 

Dry ingredients consisting of fixed proportions of rice flour, 

FLP, ALP, sesame seeds (SS), baking powder, baking soda, 

sugar, and salt were accurately weighed for each experiment 

and kept in airtight high-density polyethylene containers. 

Cold butter, which did not contain any added salt and was 

kept at 10 °C, was chopped up and mixed well to achieve a 

consistent crumb-like texture of the dry mixture. Deionized 

water was then slowly added and mixed well to form a 

homogeneous dough mass, then wrapped up and allowed to 

rest at 5 °C for 10 min in order to relax the starch structure, 

and sheeted to a thickness of 2.0 mm and cut into pieces of 

standard size 36 × 36 mm. These dough pieces were 

arranged in non-stick baking trays and baked at 250 °C in a 

deck oven for 6 min. After baking, the products were cooled 

on racks made of elevated wire mesh at room temperature 

(25 ± 2°C) for 1 hour to allow the steam to evaporate 

internally without causing sogginess due to condensation, 

after which they were sealed in laminated aluminum foil 

pouches. 

2.5 Storage of rice composite snacks 

The prepared snacks from each treatment were packed in 

aluminum laminate pouches and stored under ambient 

conditions for 90 days. Samples were collected at 

predetermined storage intervals of 0, 30, 60, and 90 days to 

evaluate changes in their physicochemical, functional, 

bioactive, sensory, and microbiological characteristics. 

Samples were analyzed according to the respective 

analytical procedures at each storage interval. 

Table 1. Formulation of rice snacks with different levels 

of Foeniculum vulgare and Amaranthus spp. leaf 

powders 

Treatments RF 

(%) 

SS 

(%) 

FLP 

(%) 

ALP  

(%) 

T0 100 0 0 0 

T1 89 10 0.5 0.5 

T2 88 10 1.0 1.0 

T3 87 10 1.5 1.5 

T4 86 10 2.0 2.0 

T5 85 10 2.5 2.5 

T6 84 10 3.0 3.0 

T7 83 10 3.5 3.5 

RF = Rice Flour; SS = Sesame seeds ; FLP = Fennel 

leaf powder ; ALP = Amaranthus leaf powder  
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2.6 Nutritional analysis 

Composition of rice-based snacks was analyzed using 

standard procedures of AOAC (2019), as followed by Urooj 

and Asif (2026). Moisture content was analyzed using the 

air oven drying method at 105 ± 1 °C until the attainment of 

constant weight (AOAC Method 925.10). Ash content was 

measured by incinerating the samples in the muffle furnace 

at 550 °C until constant ash weight was attained (AOAC 

Method 923.03). Crude protein content was analyzed using 

the micro Kjeldahl method (AOAC Method 979.09), and the 

total nitrogen was multiplied by 6.25 (conversion factors for 

rice to estimate crude protein content). Crude fat content 

was analyzed using the Soxhlet extraction method with 

petroleum ether (AOAC Method 920.39), whereas crude 

fiber content was analyzed using the acid-alkali digestion 

method (AOAC Method 962.09). Available carbohydrates 

were estimated by difference: 

Carbohydrate (%) = 100 − [Moisture (%) + Ash (%) + 

Crude protein (%) + Crude fat (%) + Crude fiber (%)] 

Total energy was calculated using the Atwater conversion 

factors (4 kcal g⁻¹ for protein, 4 kcal g⁻¹ for carbohydrates, 

and 9 kcal g⁻¹ for fat) as described by Roberts & Flaherman 

(2022). 

Energy (kcal/100 g) = [(% carbohydrate × 4) + (% crude 

protein × 4) + (% crude fat × 9)] 

2.7 Physical characteristics 

Evaluation of physical properties was done based on 

thickness, diameter, weight, and spread ratio using standard 

procedures (Asif et al., 2023, 2024b) with slight alterations. 

Snack thickness was determined by piling three units of 

snacks vertically, recording their overall heights by means 

of a digital Vernier caliper (Mitutoyo 500-196-30, Mitutoyo 

Corp., Kawasaki, Japan; precision: ±0.02 mm), and dividing 

their overall values by three. The diameter of the snack was 

measured by arranging three units next to one another and 

measuring their overall length with a digital caliper; they 

were then turned 90° to obtain the second diameter 

measurement, which resulted in an average diameter of each 

unit. Both thickness and diameter of the sample were 

measured in triplicate in mm. The weight of each snack was 

measured with a top pan digital balance that was calibrated 

(±0.001g accuracy) and expressed in grams (g) for three 

replicates. The spread ratio was determined through the 

formula: 

 

2.8 Color 

Color characteristics of composite snacks were determined 

instrumentally using a HunterLab ColorFlex colorimeter 

following established instrumental colorimetry procedures 

(Fatima et al., 2025)  

2.9 Sensory evaluation  

Sensory analysis of rice composite snacks was performed 

using the standardized sensory analysis procedure (Asif et 

al., 2024a; Asif et al., 2025b). The sensory panel was 

composed of 20 semi-trained testers (10 males and 10 

females, aged 20-35 years) having no allergies to the 

ingredients used in the experiment, selected from the 

institute. The samples of the snacks coded with three digits 

were served to them on white, odorless disposable plates 

under uniform fluorescent lights. The sensory analysis was 

done in individual sensory booths at room temperature (25 ± 

2 °C). Appearance, aroma, taste, and acceptability were 

rated on a standardized 9-point hedonic scale (1 -dislike 

extremely to 9 - like extremely). 

2.10 Statistical analysis  

All the experimental trials were conducted in triplicate, and 

results were reported as mean ± standard deviation (SD) 

(Butt et al., 2026). The statistical analysis was conducted in 

Statistical Software Statistix 8.1 (Analytical Software, 

Tallahassee, FL, USA) to evaluate the main effects of the 

formulation of treatments and storage period, and their 

interaction. The statistically significant differences between 

treatment means were distinguished through Tukey’s 

Honestly Significant Difference (HSD) test at the p < 0.05 

level (Zahid et al., 2025). 

3. Results and Discussions 

3.1 Proximate composition 

Moisture content of the rice snacks varied considerably 

among treatments and showed a general increase during the 

storage period (Table 2). At 0 days, the moisture content 

was varied from 3.51% in T0 and T4 to 4.34% in T3 and T7. 

After 90 days of storage, the moisture content varied 

between 4.10% in T7 and 4.42% in T0, with all the 

treatments being within the acceptable range of moisture 

content of less than 5% as required for crispiness of cereal 

snacks. From the results of the study, there was an increase 

in moisture content of all the treatments after storage, which 

can be attributed to the hygroscopicity of the snacks, as well 

as absorption of moisture in the storage environment. 

Besides, the variability among different treatments was 

attributed to differences in the water-holding ability of the 
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dietary fiber in the snacks from the incorporation of 

Amaranthus leaf powder (ALP), fennel leaf powder (FLP), 

and sesame seeds (SS). The above results concur with the 

findings by Thakur (2022) and Sharma (2014). 

The inclusion of ALP, FLP, and SS in the rice snack 

formulations caused an increase in the ash content, as 

illustrated in Table 2. On day 0, the ash content increased 

steadily from 0.94% in the control (T0) to 2.06% in T7. In 

90-day, storage, T7 possessed the highest ash content 

(1.80%), while the lowest was found in T0 (0.63%). 

Although a slight decrease occurred after storage in all the 

treatments, a significantly high ash content was obtained in 

the fortified snacks due to the high mineral content of the 

amaranth leaves, fennel leaves, and sesame seeds compared 

to that of rice flour. This result is in agreement with the 

studies of Choton (2021) and Asadi and Khan (2021) that 

revealed increases in the ash content in snacks formulated 

using mineral-rich leafy vegetables and other plants. 

Crude protein content in the snack formulations varied 

significantly between formulations, ranging from 9.76% to 

11.34% on day 0 (Table 2). The highest crude protein 

content occurred in T7 (11.34%), whereas T0 recorded the 

least (9.76%). This trend in crude protein content occurred 

in a proportional relationship to the increasing 

concentrations of ALP, FLP, and sesame seeds due to their 

high contribution of amino acids and proteins in comparison 

to base rice flour. Similar trends in increasing amounts of 

crude protein content were noted by Dachana et al. (2010) 

and Nurhanan et al. (2021) in moringa-enriched cookies and 

spinach crackers. Results of the storage study demonstrated 

Table 2. Effect of leaf powders (Amaranthus spp. and Foeniculum vulgare) and storage duration on the proximate 

composition and energy value of rice snacks 

T S Moisture 

(%) 

Ash  

(%) 

Crude fat 

(%) 

Crude protein 

(%) 

Crude fiber 

(%) 

Carbohydrates 

(%) 

Energy 

(kcal/100 g) 

T0 0 3.51±0.04ᵍ 0.94±0.02ʰ 9.27±0.05ᶜ 9.76±0.04ᵍ 1.58±0.03ᵍ 74.72±0.16ᵃᵇ 421.86±1.15ᵃ 

 30 3.84±0.05ᵉᶠ 0.82 ± 0.03ⁱ 9.16±0.06ᵈᵉ 9.64±0.05ᵍʰ 1.55±0.03ᵍʰ 74.85±0.19ᵃᵇ 420.83±1.10ᵃᵇ 

 60 4.23±0.04ᵇᶜ 0.71±0.01ʲ 9.07±0.04ᵉ 9.51±0.04ʰ 1.48±0.03ʰⁱ 74.96±0.20ᵃᵇ 419.79±1.35ᵇᶜ 

 90 4.42±0.06ᵃ 0.63±0.03ᵏ 8.66±0.07ᵍ 9.24±0.07ⁱ 1.39 ± 0.02ⁱ 75.57 ± 0.22ᵃ 417.44±1.15ᵈᵉ 

T1 0 3.78±0.03ᶠ 1.42± 0.03ᶠ 9.32±0.05ᵇᶜ 10.05±0.05ᶠ 1.76± 0.03ᶠ 73.91 ± 0.16ᶜ 419.94±1.20ᵇᶜ 

 30 3.81±0.04ᵉᶠ 1.31± 0.02ᵍ 9.22±0.05ᶜᵈ 9.93±0.06ᶠᵍ 1.72± 0.03ᶠ 74.00± 0.13ᶜ 418.92± 1.05ᶜ 

 60 4.15 ± 0.05ᶜᵈ 1.20 ± 0.03ʰ 9.08 ± 0.04ᵉ 9.68 ± 0.04ᵍʰ 1.64 ± 0.03ᶠᵍ 74.29 ± 0.19ᵇᶜ 417.57±1.40ᵈᵉ 

 90 4.37±0.04ᵃᵇ 1.12± 0.02ʰ 8.81± 0.06ᶠ 9.54± 0.05ʰ 1.53±0.04ᵍʰ 74.67± 0.22ᵃᵇ 416.37± 1.11ᵉᶠ 

T2 0 4.09±0.04ᶜᵈ 1.52± 0.03ᵉ 9.38± 0.05ᵇ 10.31±0.06ᵉ 1.88± 0.05ᵉ 73.48± 0.15ᶜᵈ 419.57±1.15ᵇᶜ 

 30 3.76 ±0.03ᶠ 1.44±0.02ᵉᶠ 9.27±0.04ᶜ 10.20±0.05ᵉᶠ 1.83± 0.03ᵉ 73.55± 0.18ᶜᵈ 418.47±1.30ᶜᵈ 

 60 4.07±0.05ᶜᵈ 1.35±0.03ᶠᵍ 9.13±0.05ᵈᵉ 10.06±0.07ᶠ 1.67± 0.02ᶠ 73.7 ± 0.20ᶜᵈ 417.54±1.04ᵈᵉ 

 90 4.33 ± 0.04ᵃᵇ 1.27 ± 0.02ᵍ 8.87 ± 0.06ᶠ 9.91 ± 0.04ᶠᵍ 1.56 ± 0.03ᵍ 73.96 ± 0.17ᶜ 416.19 ± 1.25ᵉᶠ 

T3 0 4.34 ± 0.05ᵃᵇ 1.65 ± 0.03ᵈ 9.43 ± 0.04ᵇ 10.55 ± 0.05ᵈ 2.01 ± 0.03ᵈ 72.98 ± 0.16ᵈᵉ 418.99 ± 1.20ᶜ 

 30 3.71 ± 0.03ᶠᵍ 1.57 ± 0.02ᵈᵉ 9.32 ± 0.05ᵇᶜ 10.40 ± 0.07ᵈᵉ 1.97 ± 0.04ᵈ 73.09 ± 0.15ᵈᵉ 417.72 ± 1.10ᵈᵉ 

 60 4.02 ± 0.04ᵈ 1.45 ± 0.03ᵉᶠ 9.18 ± 0.04ᵈ 10.27 ± 0.05ᵉ 1.92 ± 0.02ᵈᵉ 73.21 ± 0.19ᵈ 416.43 ± 1.20ᵉᶠ 

 90 4.28 ± 0.05ᵇ 1.36 ± 0.02ᶠᵍ 8.92 ± 0.05ᵉᶠ 10.14 ± 0.07ᵉᶠ 1.74 ± 0.03ᶠ 73.61 ± 0.22ᶜᵈ 415.43 ± 1.15ᶠᵍ 

T4 0 3.51 ± 0.04ᵍ 1.76 ± 0.04ᶜ 9.48 ± 0.04ᵃᵇ 10.75 ± 0.05ᶜ 2.12 ± 0.04ᶜ 72.61 ± 0.18ᵉ 418.61 ± 1.24ᶜᵈ 

 30 3.68 ± 0.03ᶠᵍ 1.67 ± 0.02ᶜᵈ 9.36 ± 0.04ᵇ 10.63 ± 0.05ᶜᵈ 2.08 ± 0.03ᶜ 72.68 ± 0.16ᵉ 417.24 ± 1.16ᵈᵉ 

 60 3.99 ± 0.04ᵈᵉ 1.59 ± 0.03ᵈ 9.23 ± 0.05ᶜᵈ 10.44 ± 0.06ᵈ 2.02 ± 0.02ᶜᵈ 72.79 ± 0.17ᵈᵉ 415.87 ± 1.40ᵉᶠ 

 90 4.22 ± 0.05ᵇᶜ 1.51 ± 0.02ᵉ 8.97 ± 0.06ᵉᶠ 10.27 ± 0.05ᵉ 1.85 ± 0.03ᵉ 73.24 ± 0.20ᵈ 414.83 ± 1.05ᶠᵍ 

T5 0 3.78 ± 0.03ᶠ 1.87 ± 0.03ᵇ 9.54 ± 0.04ᵃᵇ 10.97 ± 0.06ᵇ 2.21 ± 0.03ᵇ 72.09 ± 0.14ᶠᵍ 417.31 ± 1.21ᵈᵉ 

 30 3.60 ± 0.04ᵍ 1.78 ± 0.02ᵇᶜ 9.44 ± 0.05ᵇ 10.81 ± 0.07ᵇᶜ 2.15 ± 0.03ᵇᶜ 72.27 ± 0.17ᶠ 417.30 ± 1.10ᵈᵉ 

 60 3.94 ± 0.05ᵈᵉ 1.69 ± 0.02ᶜᵈ 9.28 ± 0.04ᶜ 10.66 ± 0.05ᶜ 2.09 ± 0.04ᶜ 72.40 ± 0.18ᵉᶠ 415.69 ± 1.30ᶠ 

 90 4.17 ± 0.04ᶜᵈ 1.61 ± 0.02ᵈ 9.08 ± 0.05ᵉ 10.51 ± 0.06ᶜᵈ 1.93 ± 0.02ᵈ 72.76 ± 0.21ᵉ 414.96 ± 1.15ᶠᵍ 

T6 0 4.09 ± 0.04ᶜᵈ 1.95 ± 0.03ᵃᵇ 9.60 ± 0.05ᵃ 11.15 ± 0.07ᵃ 2.35 ± 0.04ᵃ 71.84 ± 0.16ᵍ 418.29 ± 1.25ᶜᵈ 

 30 3.53 ± 0.03ᵍ 1.86 ± 0.02ᵇ 9.48 ± 0.04ᵃᵇ 11.01 ± 0.05ᵃᵇ 2.25 ± 0.03ᵃᵇ 72.03 ± 0.15ᶠᵍ 416.60 ± 1.12ᵉ 

 60 3.87 ± 0.05ᵉ 1.78 ± 0.03ᵇᶜ 9.34 ± 0.05ᵇᶜ 10.86 ± 0.05ᵇ 2.18 ± 0.02ᵇ 72.14 ± 0.19ᶠ 414.78 ± 1.35ᶠᵍ 

 90 4.13 ± 0.04ᶜᵈ 1.70 ± 0.02ᶜᵈ 9.19 ± 0.04ᵈ 10.72 ± 0.06ᶜ 2.11 ± 0.03ᵇᶜ 72.20 ± 0.18ᶠ 414.55 ± 1.23ᵍ 

T7 0 4.34 ± 0.05ᵃᵇ 2.06 ± 0.05ᵃ 9.67 ± 0.05ᵃ 11.34 ± 0.08ᵃ 2.48 ± 0.04ᵃ 71.46 ± 0.14ʰ 418.16 ± 1.30ᶜᵈ 

 30 3.46 ± 0.03ᵍ 1.97 ± 0.03ᵃ 9.57 ± 0.04ᵃ 11.20 ± 0.06ᵃ 2.39 ± 0.03ᵃ 71.48 ± 0.17ʰ 416.84 ± 1.15ᵈᵉ 

 60 3.80 ± 0.04ᵉᶠ 1.88 ± 0.02ᵇ 9.43 ± 0.05ᵇ 11.06 ± 0.08ᵃᵇ 2.33 ± 0.03ᵃᵇ 71.57 ± 0.19ʰ 415.35 ± 1.25ᶠᵍ 

 90 4.10±0.05ᶜᵈ 1.80±0.03ᵇᶜ 9.26±0.06ᶜ 10.92 ± 0.05ᵇ 2.20 ± 0.04ᵇ 71.80 ± 0.20ᵍ 414.21 ± 1.13ᵍ 

T = Treatments; S = Storage (days)  
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that the crude protein content remained stable after 90 days 

of storage, showing reduced values to 9.24% in T0 and 

10.92% in T7, representing good nutrient retention and 

protein stability. 

% of crude fat showed a significant increase from 9.27% in 

T0 to 9.67% in T7 at day 0, reflecting the contribution of 

lipids from the sesame seeds and leaf powder fractions. The 

outcomes observed agree with results from studies 

conducted by Yadav et al. (2022) and Thakur (2022), which 

showed a high amount of fat in bakery products with 

moringa leaf powder and pumpkin seeds. During the storage 

period, a continuous decrease in crude fat was noted in all 

samples over 90 days, with an increase to 8.66% in T0 and 

9.26% in T7 on day 90. These changes can be attributed to 

autoxidation, hydrolysis of lipids, and the formation of 

oxidation products. However, T7 remained the highest level 

of fats over the 90 days. 

The results clearly show a noticeable increase in the amount 

of crude fiber as the level of supplementation of ALP, FLP, 

and SS increased (Table 2). On Day 0, crude fiber was 

recorded to be between 1.58% for T0 and 2.48% for T7. The 

high levels of fiber content in the snack formulations are 

due to structural polysaccharides in plant cells such as 

cellulose, hemicellulose, and lignin found in the cell walls 

of the green leaves and sesame coat. These results are 

consistent with those by Thakur (2022) where increased 

levels of fiber were observed in bakery products made with 

amaranth leaves. At Day 90 of storage, T7 had higher levels 

of crude fiber (2.20%) than T0 (1.39%). 

As shown in Table 2, there was an observed reduction in the 

total available carbohydrate content of the snacks as the 

Table 3. Effect of leaf powders (Amaranthus spp. and Foeniculum vulgare) and sesame seed supplementation on the 

physical properties and storage stability of rice snacks 

Treatments Storage (days) Thickness (mm) Diameter  

(mm) 

Weight  

(g) 

Spread ratio 

T0 0 3.48 ± 0.03ᵍ 54.68 ± 0.15ᵃ 3.48 ± 0.02ᶠ 15.71 ± 0.12ᵃ 

 30 3.51 ± 0.02ᶠᵍ 54.57 ± 0.12ᵃᵇ 3.46 ± 0.03ᶠᵍ 15.55± 0.10ᵃᵇ 

 60 3.55 ± 0.03ᵉᶠ 54.45 ± 0.14ᵇᶜ 3.43 ± 0.02ᵍʰ 15.34± 0.12ᵇᶜ 

 90 3.59 ± 0.02ᵈᵉ 54.32 ± 0.11ᶜᵈ 3.40 ± 0.03ʰ 15.13± 0.08ᶜᵈ 

T1 0 3.53 ± 0.02ᶠᵍ 54.59 ± 0.16ᵃᵇ 3.51 ± 0.02ᵉ 15.47± 0.12ᵃᵇ 

 30 3.56 ± 0.04ᵉᶠ 54.48 ± 0.13ᵇ 3.49 ± 0.03ᵉᶠ 15.30± 0.13ᵇᶜ 

 60 3.60 ± 0.02ᵈᵉ 54.36 ± 0.15ᶜ 3.46 ± 0.02ᶠᵍ 15.10± 0.13ᶜᵈ 

 90 3.64 ± 0.03ᶜᵈ 54.23 ± 0.12ᵈ 3.43 ± 0.03ᵍʰ 14.90± 0.11ᵈᵉ 

T2 0 3.59 ± 0.03ᵈᵉ 54.53 ± 0.14ᵃᵇ 3.54 ± 0.02ᵈ 15.19± 0.15ᵇᶜ 

 30 3.62 ± 0.03ᶜᵈ 54.42 ± 0.11ᵇᶜ 3.52 ± 0.03ᵈᵉ 15.03± 0.09ᶜᵈ 

 60 3.66 ± 0.03ᶜ 54.30 ± 0.13ᶜᵈ 3.49 ± 0.02ᵉᶠ 14.84± 0.11ᵈᵉ 

 90 3.70 ± 0.02ᵇᶜ 54.17 ± 0.15ᵈᵉ 3.46 ± 0.02ᶠᵍ 14.64± 0.10ᵉᶠ 

T3 0 3.63 ± 0.03ᶜᵈ 54.45 ± 0.12ᵇᶜ 3.56 ± 0.04ᶜᵈ 15.00± 0.11ᶜᵈ 

 30 3.66 ± 0.03ᶜ 54.34 ± 0.17ᶜ 3.54 ± 0.02ᵈ 14.85± 0.13ᵈᵉ 

 60 3.70 ± 0.02ᵇᶜ 54.22 ± 0.13ᵈ 3.51 ± 0.03ᵉ 14.65± 0.10ᵉᶠ 

 90 3.74 ± 0.03ᵇ 54.09 ± 0.14ᵉ 3.48 ± 0.03ᶠ 14.46 ± 0.12ᶠᵍ 

T4 0 3.69 ± 0.03ᵇᶜ 54.34 ± 0.15ᶜ 3.60 ± 0.02ᵇᶜ 14.73 ± 0.12ᵉᶠ 

 30 3.72 ± 0.02ᵇ 54.23 ± 0.14ᵈ 3.58 ± 0.03ᶜ 14.58 ± 0.10ᶠ 

 60 3.76 ± 0.03ᵃᵇ 54.11 ± 0.16ᵈᵉ 3.55 ± 0.02ᵈ 14.39 ± 0.11ᶠᵍ 

 90 3.80 ± 0.02ᵃ 53.98 ± 0.12ᵉᶠ 3.52 ± 0.03ᵈᵉ 14.21± 0.09ᵍʰ 

T5 0 3.75 ± 0.03ᵇ 54.27 ± 0.13ᶜᵈ 3.62 ± 0.02ᵇ 14.47± 0.10ᶠᵍ 

 30 3.78 ± 0.02ᵃᵇ 54.16 ± 0.15ᵈᵉ 3.60 ± 0.02ᵇᶜ 14.33 ± 0.11ᵍ 

 60 3.82 ± 0.03ᵃ 54.04 ± 0.17ᵉᶠ 3.57 ± 0.03ᶜ 14.15± 0.11ᵍʰ 

 90 3.86 ± 0.02ᵃ 53.91 ± 0.14ᶠ 3.54 ± 0.02ᵈ 13.97 ± 0.13ʰ 

T6 0 3.81 ± 0.03ᵃᵇ 54.19 ± 0.12ᵈ 3.64 ± 0.02ᵃᵇ 14.22± 0.11ᵍʰ 

 30 3.84 ± 0.02ᵃ 54.08 ± 0.14ᵉ 3.62 ± 0.03ᵇ 14.08 ± 0.10ʰ 

 60 3.88 ± 0.03ᵃ 53.96 ± 0.13ᵉᶠ 3.59 ± 0.02ᶜ 13.91 ± 0.12ʰ 

 90 3.92 ± 0.02ᵃ 53.83 ± 0.11ᶠᵍ 3.56 ± 0.05ᶜᵈ 13.73 ± 0.12ⁱ 

T7 0 3.88 ± 0.03ᵃ 54.11 ± 0.17ᵈᵉ 3.67 ± 0.03ᵃ 13.95 ± 0.13ʰ 

 30 3.91 ± 0.02ᵃ 54.00 ± 0.12ᵉᶠ 3.65 ± 0.02ᵃ 13.81 ± 0.11ʰⁱ 

 60 3.95 ± 0.03ᵃ 53.88 ± 0.14ᶠᵍ 3.62 ± 0.03ᵇ 13.64 ± 0.11ⁱʲ 

 90 3.99 ± 0.02ᵃ 53.75 ± 0.13ᵍ 3.59 ± 0.02ᶜ 13.47 ± 0.14ʲ 
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level of supplementation was increased, decreasing from 

74.72% in T0 to 71.46% in T7 on day 0. The above reduction 

in available carbohydrate content is due to the replacement 

of carbohydrate rich rice flour with protein, fiber, fat and 

minerals rich food sources (ALP, FLP, and SS). This trend 

is like that recorded by Ikuomola et al. (2017) and Martinez-

Saez et al. (2017) on the reduction in available 

carbohydrates in fiber fortified composite bakery products. 

On day 90, the calculated carbohydrate values increased 

proportionally to some extent (75.57% in T0 and 71.80% in 

T7). Similarly, there was a moderate reduction in the 

calculated energy content with increasing levels of 

supplementation. Energy values decreased from 421.86 

kcal/100g in T0 to 418.16 kcal/100g in T7 on day 0 and then 

decreased further to 417.44 kcal/100g in T0 and 414.21 

kcal/100g in T7 on day 90. The low caloric value of snacks 

is consistent with their high dietary fiber and low 

carbohydrate content. 

3.2 Physical properties  

Significant changes (p < 0.05) in the dimensions of the rice 

snacks were observed across different formulation 

treatments and throughout the storage duration (Table 3). 

The progressive increment in the proportion of the use of 

ALP, FLP, and SS from T0 to T7 was associated with the 

increase in thickness and unit weight, accompanied by a 

decrease in diameter and spread ratio. At day 0, thickness 

for snacks increased from 3.48 mm for T0 to 3.88 mm for 

T7, while diameter for snacks was reduced from 54.68 mm 

for T0 to 54.11 mm for T7. Such dimensions are mainly 

caused by the high dietary fiber content of leaf powder and 

sesame seeds and the ability to retain moisture, which 

enhanced the viscosity of the dough, making it impossible 

Table 4. Effect of leaf powders (Amaranthus spp. and Foeniculum vulgare) and sesame seed supplementation on the 

color coordinates and storage stability of rice snacks 

Treatments Storage  

(days) 

L* value  

(Lightness) 

a* value  

(Redness/Greenness) 

b* value  

(Yellowness/Blueness) 

T0 0 61.42 ± 0.05ᵃ 2.04 ± 0.06ᵃ 9.05 ± 0.06ᵃ 

 30 60.97 ± 0.06ᵃ 2.21 ± 0.03ᵃ 8.96 ± 0.04ᵃ 

 60 60.49 ± 0.04ᵃ 2.38 ± 0.06ᵃ 8.74 ± 0.05b 

 90 60.17 ± 0.07ᵃ 2.51 ± 0.02ᵃ 8.46 ± 0.07ᵃ 

T1 0 60.94 ± 0.08ᵇ 1.31 ± 0.03ᵇ 8.91 ± 0.04ᵇ 

 30 60.31 ± 0.05ᵇ 1.84 ± 0.03ᵇ 8.78 ± 0.05ᵇ 

 60 59.96 ± 0.06ᵇ 2.05 ± 0.02a 8.55 ± 0.05ᵇ 

 90 59.65 ± 0.05ᵇ 2.18 ± 0.03ᵇ 8.40 ± 0.04ᵃ 

T2 0 60.48 ± 0.06ᶜ 0.69 ± 0.05ᵈ 8.77 ± 0.06ᶜ 

 30 60.16 ± 0.06ᵇ 1.47 ± 0.04ᶜ 8.64 ± 0.03ᶜ 

 60 59.75 ± 0.06ᵇ 1.59 ± 0.03ᵈ 8.49 ± 0.03ᵇ 

 90 59.52 ± 0.09ᵇ 1.70 ± 0.06ᵈ 8.33 ± 0.06ᵃ 

T3 0 60.03 ± 0.05ᵈ 0.24 ± 0.02ᵉ 8.63 ± 0.06ᵈ 

 30 59.71 ± 0.06ᶜ 1.15 ± 0.02ᶜ 8.55 ± 0.05ᶜ 

 60 59.27 ± 0.04ᶜ 1.21 ± 0.06ᵉ 8.40 ± 0.04ᵇ 

 90 58.92 ± 0.06ᶜ 1.36 ± 0.03ᵉ 8.27 ± 0.05ᵃ 

T4 0 59.56 ± 0.06ᵉ 0.55 ± 0.03ᵈ 8.49 ± 0.07ᵉ 

 30 59.23 ± 0.07ᵈ 0.67 ± 0.06ᵈ 8.37 ± 0.07ᵈ 

 60 58.91 ± 0.06ᵈ 0.77 ± 0.06ᶠ 8.18 ± 0.03ᶜ 

 90 58.63 ± 0.05ᶜ 0.90 ± 0.02ᶠ 8.17 ± 0.04ᵃ 

T5 0 59.08 ± 0.06ᶠ 0.99 ± 0.03ᶜ 8.35 ± 0.06ᶠ 

 30 58.76 ± 0.05ᵉ 1.06 ± 0.03ᶜ 8.28 ± 0.05ᵈ 

 60 58.45 ± 0.05ᵉ 1.19 ± 0.05ᵉ 8.14 ± 0.03ᶜ 

 90 58.17 ± 0.08ᵈ 1.31 ± 0.05ᵉ 8.05 ± 0.04ᵃ 

T6 0 58.64 ± 0.04ᵍ 1.20 ± 0.05ᵇ 8.20 ± 0.06ᵍ 

 30 58.32 ± 0.07ᶠ 1.31 ± 0.05ᶜ 8.11 ± 0.03ᵉ 

 60 57.93 ± 0.05ᶠ 1.45 ± 0.02ᵈ 7.89 ± 0.06ᵈ 

 90 57.65 ± 0.06ᵉ 1.60 ± 0.03ᵈ 7.65 ± 0.03ᵇ 

T7 0 58.18 ± 0.05ʰ 1.39 ± 0.03ᵇ 8.06 ± 0.06ʰ 

 30 57.86 ± 0.07ᵍ 1.70 ± 0.06ᵇ 7.94 ± 0.05ᶠ 

 60 57.54 ± 0.04ᵍ 1.84 ± 0.05ᶜ 7.76 ± 0.06ᵉ 

 90 57.28 ± 0.06ᶠ 1.97 ± 0.05ᶜ 7.57 ± 0.05ᵇ 
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for the dough to expand laterally during the baking process. 

Snack thickness showed an increasing trend through 90 days 

of storage for all the treatments, reaching 3.59 mm for T0 

and 3.99 mm for T7, while diameter had been slightly 

reduced to 54.32 mm for T0 and 53.75 mm for T7, showing 

that the compact structure provided by ALP and FLP was 

retained during the storage period. Such results agree with 

those observed by Korese et al. (2021) and Hussien (2016) 

in functional baked products with alternative flour. 

Spread ratio showed a significant inverse relationship with 

the level of ALP, FLP, and SS fortification, declining from 

15.71 in T0 to 13.95 in T7 at day 0 (Table 3). The reduced 

spread ratio in the composite snacks is closely related to the 

quick rate of water absorption by plant fibers and proteins, 

which makes the spread of dough during the process 

difficult. Over 90 days of storage, the spread ratio declined 

further to 15.13 in T0 and 13.47 in T7. Reductions in spread 

ratios in similar amounts have been observed in baked foods 

supplemented with moringa leaf powder and plant 

composite flour mixes (Chopra et al., 2018). Individual 

snack weight was found to be increasing steadily with an 

increase in the concentration of leaf powder and sesame 

seeds, from 3.48 g in T0 to 3.67 g in T7 on day 0. It was 

made possible because of the high bulk density and water 

retention ability of the high fiber-containing foods. During 

storage, there were some reductions in weight due to mass 

Table 5. Effect of leaf powders (Amaranthus spp. and Foeniculum vulgare) and sesame seed supplementation on the 

sensory attributes and storage stability of rice snacks 

Treatments Storage (days) Appearance Aroma Taste Overall 

acceptability 

T0 0 7.82 ± 0.05ᵇ 7.76± 0.08ᶜ 7.80± 0.07ᶜ 7.80 ± 0.06ᵇ  
30 7.70 ± 0.05ᵇ 7.65± 0.05ᶜ 7.68± 0.04ᶜ 7.66 ± 0.07ᶜ  
60 7.58 ± 0.06ᵇ 7.52± 0.07ᶜ 7.55± 0.04ᶜ 7.54 ± 0.08ᶜ  
90 7.46 ± 0.07ᵇ 7.40±0.05ᵇ 7.42± 0.04ᶜ 7.42 ± 0.05ᵇ 

T1 0 7.94 ± 0.05ᵇ 7.84±0.06ᵇ 7.91±0.05a 7.88 ± 0.03ᵇ  
30 7.81 ± 0.06ᵇ 7.73±0.05ᵇ 7.79±0.05ᵇ 7.75 ± 0.05ᵇ  
60 7.69 ± 0.06ᵇ 7.61±0.07ᵇ 7.66±0.05ᵇ 7.63 ± 0.06ᵇ  
90 7.53 ± 0.06ᵇ 7.47±0.04ᵇ 7.51±0.06ᵇ 7.50 ± 0.05ᵇ 

T2 0 7.88 ± 0.04ᵇ 7.90±0.08ᵇ 7.95±0.08ᵇ 7.91 ± 0.07ᵇ  
30 7.76 ± 0.05ᵇ 7.78±0.04ᵇ 7.83±0.06ᵇ 7.78 ± 0.06ᵇ  
60 7.63 ± 0.04ᵇ 7.64±0.06ᵇ 7.70±0.04ᵇ 7.64 ± 0.08ᵇ  
90 7.49 ± 0.05ᵇ 7.50±0.07ᵇ 7.56±0.04ᵇ 7.49 ± 0.06ᵇ 

T3 0 7.91 ± 0.06ᵇ 7.87±0.05ᵇ 7.88±0.08ᵇ 7.83 ± 0.07ᵇ  
30 7.80 ± 0.08ᵇ 7.76±0.07ᵇ 7.77±0.06ᵇ 7.81 ± 0.08ᵇ  
60 7.66 ± 0.04ᵇ 7.62±0.05ᵇ 7.63±0.04ᵇ 7.67 ± 0.05ᵇ  
90 7.51 ± 0.06ᵇ 7.48±0.05ᵇ 7.49±0.07ᵇ 7.51 ± 0.05ᵇ 

T4 0 8.20 ± 0.05ᵃ 8.14±0.06ᵃ 8.22±0.05ᵃ 8.18 ± 0.07ᵃ  
30 8.06 ± 0.04ᵃ 8.00±0.08ᵃ 8.08±0.07ᵃ 8.04 ± 0.05ᵃ  
60 7.91 ± 0.04ᵃ 7.86±0.07ᵃ 7.94±0.07ᵃ 7.92 ± 0.07ᵃ  
90 7.73 ± 0.07ᵃ 7.70±0.04ᵃ 7.75± 0.05ᵃ 7.71 ± 0.04ᵃ 

T5 0 7.98 ± 0.07ᵇ 7.95±0.06ᵇ 7.99±0.05ᵇ 7.96 ± 0.04ᵇ  
30 7.84 ± 0.05ᵇ 7.82±0.05ᵇ 7.85±0.07ᵇ 7.82 ± 0.07ᵇ  
60 7.68 ± 0.08ᵇ 7.67±0.06ᵇ 7.70±0.04ᵇ 7.62 ± 0.07ᵇ  
90 7.54 ± 0.07ᵇ 7.53±0.06ᵇ 7.55±0.07ᵇ 7.53 ± 0.06ᵇ 

T6 0 7.89 ± 0.06ᵇ 7.86±0.06ᵇ 7.91±0.04ᵇ 7.88 ± 0.04ᵇ  
30 7.76 ± 0.04ᵇ 7.74±0.07ᵇ 7.78±0.05ᵇ 7.75 ± 0.06ᵇ  
60 7.62 ±0.08ᵇ 7.60±0.05ᵇ 7.64±0.06ᵇ 7.61 ± 0.07ᵇ  
90 7.48 ± 0.05ᵇ 7.46±0.04ᵇ 7.49±0.05ᵇ 7.46 ± 0.05ᵇ 

T7 0 7.70 ± 0.08ᶜ 7.72±0.07ᶜ 7.66±0.07ᵈ 7.68 ± 0.07ᶜ  
30 7.62 ± 0.07ᶜ 7.59±0.05ᶜ 7.54±0.08ᵈ 7.66 ± 0.06ᶜ  
60 7.49 ± 0.07ᶜ 7.46±0.08ᶜ 7.41±0.05ᵈ 7.50 ± 0.04ᶜ  
90 7.36 ± 0.05ᶜ 7.33±0.06ᶜ 7.28±0.07ᵈ 7.37 ± 0.07ᵇ 
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losses (reducing to 3.40 g in T0 and 3.59 g in T7 on day 90); 

however, the fortified snacks were always having higher 

weights than the control, indicating the presence of the 

functional ingredients (Adeola & Ohizua, 2018; Yadav et 

al., 2022). 

3.3 Color characteristics  

The significant difference (p < 0.05) between the two 

samples in respect of lightness (L*), redness (a*), and 

yellowness (b*) showed that the maximum lightness (L*), 

redness (a*), and yellowness (b*) values appeared in control 

sample (T0) while minimum values in terms of these 

parameters were recorded in the highest supplemented 

formulation (T7) on day 0 (Table 4). Lightness (L*) reduced 

from 61.42 in T0 to 58.18 in T7, redness (a*) reduced from 

2.04 to 1.39, and yellowness (b*) reduced from 9.05 to 8.06. 

The gradual reduction in lightness (L*), redness (a*), and 

yellowness (b*) can be justified by the replacement of light-

colored rice flour with green leaf powders (ALP and FLP) 

which contain various pigments and phytochemicals like 

natural chlorophyll pigments, polyphenols, as finding is in 

line with Galla et al. (2017) and Nurhanan et al. (2021). 

The lightness (L*) of all formulations was observed to drop 

across the 90-day storage period to 60.17 in T0 and 57.28 in 

T7, while the yellowness (b*) reduced to 8.46 in T0 and 7.57 

in T7. These observations could be explained by the 

degradation of the pigments and oxidative non-enzymatic 

browning reaction in the matrix of the cereal leaves (Li et 

al., 2017). a* of the snacks increased across the storage 

period in all formulations from 2.04 to 2.51 in T0 and from 

1.39 to 1.97 in T7 after 90 days. This increment of a* was 

because of degradation of chlorophyll pigments and 

formation of brown melanoidin compounds through 

Maillard reactions and lipids-protein oxidations reactions 

(Shen et al., 2018; Choton, 2021). However, the snacks with 

added nutrients remained relatively darker with greenish 

olive color compared to the control, indicating that the 

influence of color of ALP and FLP was constant during 

storage periods (Paciulli et al., 2020). 

3.4 Sensory acceptability  

The sensory properties of the rice snacks fortified with ALP, 

FLP, and SS for 90 days of ambient storage are shown in 

Table 5. In the initial assessment of appearance (day 0), the 

ratings varied between 7.70 and 8.20. The highest 

acceptability rating was obtained for formulation T4 (8.20 ± 

0.05) and was significantly (p < 0.05) higher than other 

formulations, including the control sample (T0, 7.82 ± 0.05), 

whereas the highest amount of fortification resulted in the 

lowest rating (T7, 7.70 ± 0.08). High appearance rating of 

formulation T4 revealed that addition of moderate amounts 

of ALP and FLP contributed to the appearance of green 

color; on the contrary, the excessive amount of powders led 

to dark green color. These tendencies have been confirmed 

in earlier studies by Galla et al. (2017) and Nurhanan et al. 

(2021). Appearance ratings steadily decreased during 90 

days of storage, decreasing to 7.73 ± 0.07 for T4, 7.46 ± 

0.07 for T0, and 7.36 ± 0.05 for T7, owing mainly to non-

enzymatic browning, surface moisture equilibrium, and 

pigment oxidation. The aroma acceptability ratings varied 

between 7.72 and 8.14 on day 0 (Table 5). The highest 

aroma score (8.14 ± 0.06, p < 0.05) was measured for 

treatment T4 compared with the rest treatments, including 

the control (T0, 7.76 ± 0.08) and T7 (7.72 ± 0.07). This high 

score for T4 treatment revealed that there is a harmonious, 

nutty-herbal aroma provided by FLP and sesame seeds, 

which was pleasant to complement cereals. On the contrary, 

treatment T7 has a strong grassy, vegetable-like off-odor, 

which can be explained by an excessive amount of leaf 

powder added. Over the course of 90 days of storage, aroma 

scores were reduced to 7.70 ± 0.04 for T4, 7.40 ± 0.05 for 

T0, and 7.33 ± 0.06 for T7, showing the gradual 

volatilization of low molecular weight aroma compounds 

and minor lipid oxidation of unsaturated fatty acids from 

seeds and leaf lipids (Horgue et al., 2022). 

The results of significance (p < 0.05) were seen in taste 

acceptability on day 0 at 7.66-8.22 (Table 5). T4 showed the 

best taste acceptability (8.22 ± 0.05), which was superior (p 

< 0.05) to treatment T5 (7.99 ± 0.05), T2 (7.95 ± 0.08), the 

control (T0; 7.80 ± 0.07), and T7 (7.66 ± 0.07). This shows 

that an intermediate level of incorporation of ALP, FLP, and 

SS achieved an optimal combination of herbal-savory taste 

and mildly rice taste. Conversely, higher supplementation 

level (T7) caused bitterness and astringency, due to 

polyphenols, tannins, and saponins. The above results agree 

with results found by Kaur et al. (2021) and Fjaeldstad and 

Fernandes (2020), who found that taste acceptability would 

be negatively affected by exceeding threshold levels of 

botanicals. By day 90, taste acceptability had dropped to 

7.75 ± 0.05 for T4 and 7.28 ± 0.07 for T7. 

The overall acceptability was consistent with the individual 

sensory attributes with the initial values ranging between 

7.68 and 8.18 on day 0 (Table 5). The treatment T4 had the 

highest value (8.18 ± 0.07) which was statistically higher (p 
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< 0.05) compared to the control treatment (T0, 7.80 ± 0.06) 

and all other treatments that included T5 (7.96 ± 0.04), T2 

(7.91 ± 0.07) and T7 (7.68 ± 0.07). This finding suggests 

that the proper utilization of ALP, FLP and sesame seeds 

significantly increased the panelist acceptability compared 

to the control sample without affecting product 

acceptability, just like what was observed by Aljobair 

(2022) and Galla et al. (2017). During the 90-day storage 

period, the overall acceptability of all treatments decreased. 

However, treatment T4 still possessed significantly higher 

value (7.71 ± 0.04, p < 0.05) compared to all other 

treatments (7.37 ± 0.07 to 7.53 ± 0.06). 

Conclusion 

In this study, the influence of leaf powder enrichment 

(Amaranthus spp. and Foeniculum vulgare) and sesame 

seed enrichment on the nutritional quality, physicochemical 

characteristics, color, and sensory qualities of composite 

rice snacks during 90-day storage period has been 

evaluated. The addition of ALP and FLP increased the 

nutritional quality of composite snacks significantly by 

gradually improving crude protein content (11.34%), crude 

fiber content (2.48%), crude fat, and ash content in 

comparison to unenriched snack (T₀), where maximal 

nutrient levels were reached in 7% enrichment level (T₇). 

Enrichment also affected physicochemical parameters by 

increasing unit thickness and weight but reducing diameter 

and spread ratio of the snacks due to higher water binding 

capacity of the dietary fiber matrix. Sensory evaluation 

showed that even though 7% enrichment level had low 

scores because of the high dark color and herbal flavor, the 

4% enrichment level (T₄) had the best scores regarding 

appearance, aroma, taste, and overall acceptance (8.18 ± 

0.07 on day 0 and 7.71 ± 0.04 on day 90). Importantly, all 

formulations were physically and sensorily stable over the 

period of 90 days of ambient storage. Leaf powder is indeed 

a promising functional ingredient that can improve the 

nutrient content of cereal snacks, and the formulation of 4% 

composite enrichment is the ideal formulation. 

Author Contributions 

Faisal Fayyaz: Conceptualization, methodology, formal 

analysis, investigation, writing – original draft, Sharafat Ali: 

Supervision, project administration, validation, Aneeza 

Fatima: Conceptualization, validation, writing – review & 

editing, Hafiza Ammara Shabbir: Investigation, 

methodology, validation, Mamoona Arshad: Formal 

analysis, software, writing – review & editing, Qurat Ulain: 

 

Figure 1. Overall acceptability of rice snacks enriched with Amaranthus leaf powder fennel leaf powder and 

sesame seeds during varying storage periods 

 



 

  
Fayyaz et al. | DECEMBER 2026 | VOLUME 04 | ISSUE 02       https://journals.pagepal.org/index.php/fni 

REVIEWS 
 

©PagePal. All Rights Reserved. 

36 

 

Storage Effects on Nutritional and Sensory Quality of Fortified Rice Snacks 

Validation, material acquisition, investigation, Iraj Fatima 

Formal analysis, visualization, writing – review & editing,  

Conflict of Interest 

The authors declare that they have no known competing 

financial or personal interests  

Funding 

This research did not receive any specific grant from 

funding agencies in the public, commercial, or not for profit 

sectors.  

Acknowledgments 

The authors would like to thank the National Institute of 

Food Science and Technology (NIFSAT), University of 

Agriculture Faisalabad, and the Department of Nutritional 

Sciences, Government College Women University 

Faisalabad, for providing the laboratory facility and 

technical help to conduct this research study. 

References  

Abdalla, M. S., Babiker, I. A., Al-Abrahim, J. S., 

Mohammed, A. E., Elobeid, M. M., & Elkhalifa, K. 

F. (2014). Fodder potential and chemical composition 

of Acacia nilotica fruits for livestock in the dry lands 

of Sudan. International Journal of Plant, Animal and 

Environmental Sciences, 4(1), 366–369.  

Adeola, A. A., & Ohizua, E. R. (2018). Physical, chemical 

and sensory properties of biscuits prepared from flour 

blends of unripe cooking banana, pigeon pea and 

sweet potato. Food Science & Nutrition, 6(3), 532–

540.  

Ahmad, U., Alfaro, L., Yeboah-Awudzi, M., Kyereh, E., 

Dzandu, B., Bonilla, F., & Sathivel, S. (2017). 

Influence of milling intensity and storage temperature 

on the quality of Catahoula rice (Oryza sativa L.). 

LWT - Food Science and Technology, 75, 386–392.  

Akbar, K., & Ayub, M. (2018). Effect of storage on the 

quality of wheat and maize based cookies. Sarhad 

Journal of Agriculture, 34(3), 606–615.  

AOAC International. (2019). Official methods of analysis of 

AOAC International (21st ed.). AOAC International. 

Arif, M. R., Hafeez, R., Shabbir, H. A., Fatima, K., Yousaf, 

S., Usman, A., Fatima, A., Urooj, A., & Asif, M. 

(2026). Formulations and optimization of snacks 

enriched with mango seed kernel and egg shell 

powders to modulate satiety for obesity management. 

Food and Nutrition Insights, 4(1), 37–52.  

Asadi, S. Z., & Khan, M. A. (2021). The effect of beetroot 

(Beta vulgaris L.) leaves powder on nutritional, 

textural, sensorial and antioxidant properties of 

cookies. Journal of Culinary Science & Technology, 

19(5), 424–438.  

Asif, M., Khan, M. K. I., Khan, M. I., Maan, A. A., 

Helmick, H., & Kokini, J. L. (2023). Effects of citrus 

pomace on mechanical, sensory, phenolic, 

antioxidant, and gastrointestinal index properties of 

corn extrudates. Food Bioscience, 55, 103012. 

Asif, M., Khan, M. K. I., Khan, M. I., & Maan, A. A. 

(2024a). Effect of citrus pomace and chickpea on 

physicochemical, biofunctional and organoleptic 

properties of corn extrudates. J. Tianjin Univ. Sci. 

Technol, 57, 49-65.  

Asif, M., Khan, M. K. I., Khan, M. I., & Maan, A. A. 

(2024b). Effect of citrus pomace and chickpea on 

physicochemical, biofunctional and organoleptic 

properties of corn extrudates. Journal of Tianjin 

University Science and Technology, 57, 49-65. 

Asif, M., Maan, A. A., Nazir, A., Khan, M. I. M., & Khan, 

M. K. I. (2025b). Effect of chickpea on the 

physicochemical, nutritional, antioxidant, and 

organoleptic characterization of corn extrudates. 

Journal of the Science of Food and Agriculture, 

105(3), 2059–2067. 

Butt, H. D., Gill, P., Kubra, K. T., Ahmad, B., Urooj, A., & 

Arif, M. R. (2026). Development and 

characterization of nutrient-dense oat-based energy 

crackers for combating malnutrition. Policy Research 

Journal, 4(4), 530–546.  

Chopra, N., Rani, R., & Singh, A. (2018). Physico-

nutritional and sensory properties of cookies 

formulated with quinoa, sweet potato and wheat flour 

blends. Current Research in Nutrition and Food 

Science Journal, 6(3), 798–806.  

Choton, S., Bandral, J. D., Sood, M., Gupta, N., & Shams, 

R. (2021). Effect of green leaf powder incorporation 

on bioactive components and overall acceptability of 

chickpea nuggets. Indian Journal of Agricultural 

Biochemistry, 34(1), 68–75.  

Fatima, K., Asif, M., Hassan, S. A., Naveed, M., Alvi, T., & 

Abbas, M. (2025). Fabrication and characterization of 

protein fortified corn extrudates for nutritional, bio-

functional, structural and organoleptic properties. 

Food Biophysics, 20, 85.  

Galla, N. R., Pamidighantam, P. R., Karakala, B., 

Gurusiddaiah, M. R., & Akula, S. (2017). Nutritional, 

textural and sensory quality of biscuits supplemented 

with spinach (Spinacia oleracea L.). International 

Journal of Gastronomy and Food Science, 7, 20–26.  

Ganachari, A., Nidoni, U., Hiregoudar, S., Ramappa, K. T., 

Nagaraj, N., Vanishree, S., & Mathad, P. F. (2022). 

Development of rice analogues fortified with iron, 

folic acid and vitamin A. Journal of Food Science 

and Technology, 59(9), 3474–3481.  

Hussain, A. (2016). Development and evaluation of 

porridge and biscuits using multigrain flour 



 

 
 
Food and Nutrition Insights       Fayyaz et al. | DECEMBER 2026 | VOLUME 04 | ISSUE 02 

 
 

©PagePal. All Rights Reserved. 

37 

 
Food and Nutrition Insights           Research Article 

 

[Doctoral dissertation, Sher-e-Kashmir University of 

Agricultural Sciences and Technology of Jammu]. 

Hussien, H. A., & Salem, E. M. (2016). Development of 

gluten free snacks fortified with purslane (Portulaca 

oleracea) powder. Journal of Food and Nutrition 

Sciences, 4(6), 136–144.  

Ikuomola, D. S., Otutu, O. L., & Oluniran, D. D. (2017). 

Quality assessment of cookies produced from wheat 

flour supplemented with malted barley bran. Journal 

of Food Processing and Preservation, 41(6), 13128.  

Iqbal, S., Urooj, A., Afzal, M., Bashir, A., Rasheed, M. M., 

Khan, M., Asif, M., Arshad, N., & Fatima, A. (2026). 

Nutritional, phytochemical, and sensory 

characterization of gluten-free cookies developed 

from rice, chickpea, and banana peel composite flour. 

Policy Research Journal, 4(3), 502–516.  

Kaminski, T. A., Brackmann, A., da Silva, L. P., Nicoletti, 

A. M., & Roberto, B. S. (2013). Changes in culinary, 

viscoamylographic and sensory characteristics during 

rice storage at different temperatures. Journal of 

Stored Products Research, 53, 37–42.  

Kim, A.-N., Kim, O. W., & Kim, H. (2022). Degradation 

kinetics of physicochemical and sensory properties of 

rice during storage at different temperatures. LWT, 

164, Article 113688.  

Kim, H., Kim, O. W., Kwak, H. S., Kim, S. S., & Lee, H. J. 

(2017). Prediction model of rice eating quality using 

physicochemical properties and sensory quality 

evaluation. Journal of Sensory Studies, 32(4), Article 

e12273.  

Li, H., Zhang, Z., Li, M., Li, X., & Sun, Z. (2017). Yield, 

size, nutritional value and antioxidant activity of 

oyster mushrooms grown on perilla stalks. Saudi 

Journal of Biological Sciences, 24(2), 347–354.  

Liu, J., Zheng, X., Khattak, S., Huo, Y., Qv, Y., Liu, Z., 

Wang, Y., Cui, Y., Uyanga, V. A., Chen, Y., & Liu, 

Y. (2025). A systematic review of post-harvest rice 

fortification: Technologies, sensory characteristics, 

consumer acceptance, and bioavailability. Food 

Chemistry, 485, 144491.  

Ma, Z. Q., Yi, C. P., Wu, N. N., & Tan, B. (2020). 

Reduction of phenolic profiles, dietary fiber and 

antioxidant activities of rice after treatment with 

different milling processes. Cereal Chemistry, 97(6), 

1158–1171.  

Manaois, R. V., Morales, A. V., & Abilgos-Ramos, R. G. 

(2013). Acceptability, shelf life and nutritional 

quality of moringa-supplemented rice crackers. 

Philippine Journal of Crop Science, 38(2), 1–8. 

Michalak-Majewska, M., Teterycz, D., Muszyński, S., 

Radzki, W., & Sykut-Domańska, E. (2020). Influence 

of onion skin powder on nutritional and quality 

attributes of wheat pasta. PLoS ONE, 15(1), Article 

e0227942.  

Migliozzi, M., Thavarajah, D., Thavarajah, P., & Smith, P. 

(2015). Lentil and kale: Complementary nutrient-rich 

whole food sources to combat micronutrient and 

calorie malnutrition. Nutrients, 7(11), 9285–9298.  

Monks, J. L. F., Vanier, N. L., Casaril, J., Berto, R. M., 

Oliveira, M. D., Gomes, C. B., & Elias, M. C. (2013). 

Effects of milling on proximate composition, folic 

acid, fatty acids and technological properties of rice. 

Journal of Food Composition and Analysis, 30(2), 

73–79.  

Neufeld, L. M., Baker, S., Garrett, G. S., & Haddad, L. 

(2017). Coverage and utilization in food fortification 

programs: Critical and neglected areas of evaluation. 

The Journal of Nutrition, 147(5), 1015S–1019S.  

Nurhanan, A. R., Xin, D. T. W., & Tham, L. (2021). 

Physicochemical properties and sensory evaluation of 

green and red spinach crackers. IOP Conference 

Series: Earth and Environmental Science, 756(1), 

Article 012079.  

Olusanya, R. N., Kolanisi, U., & Ngobese, N. Z. (2023). 

Mineral Composition and Consumer Acceptability of 

Amaranthus Leaf Powder Supplemented Ujeqe for 

Improved Nutrition Security. Foods, 12(11), 2182.  

Pathare, P. B., Opara, U. L., & Al-Said, F. A. J. (2013). 

Colour measurement and analysis in fresh and 

processed foods: A review. Food and Bioprocess 

Technology, 6(1), 36–60.  

Perignon, M., Fiorentino, M., Kuong, K., Dijkhuizen, M. A., 

Burja, K., Parker, M., & Wieringa, F. T. (2016). 

Impact of multi-micronutrient fortified rice on 

hemoglobin, iron and vitamin A status of Cambodian 

schoolchildren: A double-blind cluster-randomized 

controlled trial. Nutrients, 8(1), Article 29.  

Ren, Y., Yakubov, G. E., Linter, B. R., & Foster, T. J. 

(2021). Development of a separated-dough method 

and flour/starch replacement in gluten free crackers 

by cellulose and fibrillated cellulose. Food & 

Function, 12(18), 8425–8439.  

Roberts, S. B., & Flaherman, V. (2022). Dietary energy. 

Advances in Nutrition, 13(6), 2681–2685.  

Saha, S., & Roy, A. (2020). Whole grain rice fortification as 

a solution to micronutrient deficiency: Technologies 

and need for more viable alternatives. Food 

Chemistry, 326, 127049.  

Shantini, K., Nurhanan, A. R., & Tham, L. (2021). Influence 

of dark and light colours of Carica papaya leaves on 

physical properties and sensory acceptability in 

crackers. IOP Conference Series: Earth and 

Environmental Science, 756(1), 012068.  

Sharma, R. (2014). Development and evaluation of omega-3 

fatty acids rich functional food [Master's thesis, Sher-



 

  
Fayyaz et al. | DECEMBER 2026 | VOLUME 04 | ISSUE 02       https://journals.pagepal.org/index.php/fni 

REVIEWS 
 

©PagePal. All Rights Reserved. 

38 

 

Storage Effects on Nutritional and Sensory Quality of Fortified Rice Snacks 

e-Kashmir University of Agricultural Sciences and 

Technology of Jammu]. 

Shen, X. J., Han, J. Y., & Ryu, G. H. (2014). Effects of the 

addition of green tea powder on the quality and 

antioxidant properties of vacuum-puffed and deep-

fried Yukwa (rice snacks). LWT - Food Science and 

Technology, 55(1), 362–367.  

Steiger, G. E., Müller-Fischer, N. P., Cori, H., & Conde-

Petit, B. (2014). Fortification of rice: Technologies 

and nutrients. Annals of the New York Academy of 

Sciences, 1324(1), 29–39.  

Susan, O. K., Maryam, S. U., Blessing, O. C., & Josephine, 

R. U. (2017). Effect of nixtamalization on nutritional 

and microbial quality of selected food stuff. 

American Journal of Agricultural Science, 4(5), 94–

98. 

Thakur, N. (2022). Development and evaluation of rice 

crackers incorporated with green leafy vegetables 

[Master's thesis, Sher-e-Kashmir University of 

Agricultural Sciences and Technology of Jammu]. 

Thivani, V., Hettiarachchi, M., & Ekanayake, S. (2016). 

Chemical composition and glycemic index of 

crackers developed from underutilized whole grain 

flour. International Journal of Food Sciences and 

Nutrition, 67(7), 790–796.  

Trilokia, S. (2022). Development and evaluation of 

functional crackers incorporated with cauliflower 

leaf powder [Master's thesis, Sher-e-Kashmir 

University of Agricultural Sciences and Technology 

of Jammu]. 

Uchechukwu-Agua, A. D., Caleb, O. J., & Opara, U. L. 

(2015). Postharvest handling and storage of fresh 

cassava root and products: A review. Food and 

Bioprocess Technology, 8(4), 729–748.  

Umadevi, M., Pushpa, R., Sampathkumar, K. P., & 

Bhowmik, D. (2012). Rice Traditional medicinal 

plant in India. Journal of Pharmacognosy and 

Phytochemistry, 1(1), 6–12. 

Urooj, A., Shabbir, A., Hafeez, R., Rasheed, M. M., Asif, 

M., Aslam, I., Fatima, T., Shakoor, A., Zaman, K., & 

Faryad, A. (2026a). Physicochemical, phytochemical, 

and sensory evaluation of cookies fortified with 

jujube powder. Policy Research Journal, 4(3), 273–

280.  

Urooj, A., Shabbir, A., Shahbaz, A., Ahmed, S., Ul Hassan, 

H. N., Asif, M., Usman, A., Tofique, M., Abbas, S., 

& Safdar, A. (2026b). Synergistic effects of 

Cinnamomum zeylanicum and inositol on metabolic 

and hormonal parameters in women with polycystic 

ovary syndrome. Journal of Physical Education, 

Health and Social Sciences, 4(1), 637–648.  

Urooj, A., Mumtaz, F., Shabbir, A., Sultan, M., Tirmazi, S. 

M. B., Sarwar, M. S., & Asif, M. (2026c). Exploring 

the ameliorative effects of Anethum graveolens and 

Foeniculum vulgare seeds on dyslipidemia: A 

comparative efficacy in high fat diet-induced model. 

Policy Research Journal, 4(2), 506–527.  

Urooj, A., & Asif, M. (2026). Formulation and 

characterization of polyphenol-rich functional 

porridge: A preliminary pilot randomized trial in 

patients with Helicobacter pylori-associated peptic 

ulcer disease. Journal of Food Innovation, Nutrition, 

and Environmental Sciences, 3(3), 304–326. 

Valenzuela-Lagarda, J. L., Pacheco-Aguilar, R., Gutiérrez-

Dorado, R., (2021). Interaction of squid (Dosidicus 

gigas) mantle protein with a mixture of potato and 

corn starch in an extruded snack, as characterized by 

FTIR and DSC. Molecules, 26(7), Article 2103.  

Yadav, P. (2022). Development and evaluation of functional 

crackers enriched with vegetable powders [Master's 

thesis, Sher-e-Kashmir University of Agricultural 

Sciences and Technology of Jammu]. 

Yadav, P., Sood, M., Bandral, J. D., Gupta, N., & Sharma, 

R. (2022). Quality evaluation and storage stability of 

vegetable-enriched functional crackers. Journal of 

Food Processing and Preservation, 46(10), Article 

e16890.  

Zahid, T., Nooreen, S., Asif, M., Maqsood, S., Saddiqa, A., 

Naqvi, S. N. A., Nazar, M., Alvi, T., & Rafiq, M. 

(2025). Development and characterization of protein-

rich cookies fortified with red kidney beans: A 

nutritional approach to combat malnutrition. Journal 

of Pure and Applied Agriculture, 10(1), 21–29. 

Zhou, Z., Yang, X., Su, Z., & Bu, D. (2016). Effect of 

ageing-induced changes in rice physicochemical 

properties on digestion behaviour following storage. 

Journal of Stored Products Research, 67, 13–18.  

 

 

 



 

 
 
Food and Nutrition Insights       Fayyaz et al. | DECEMBER 2026 | VOLUME 04 | ISSUE 02 

 
 

©PagePal. All Rights Reserved. 

39 

 
 
Plant and Environment          Research Article 

 

Disclaimer/Publisher's Note: The views, opinions, and data presented in all publications are exclusively those of the 

respective author(s) and contributor(s) and do not reflect the stance of Pagepal or its editorial team. Pagepal and the 

editor(s) disclaim any responsibility for harm to individuals or damage to property resulting from the use of any ideas, 

techniques, instructions, or products mentioned in the content. 


