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Background: Hypertension is the third leading risk factor 

for cardiovascular diseases. Nearly 9.4 million deaths per 

year are due to hypertension. It increases the risk of other 

major health issues like heart diseases, renal failure, stroke, 

and organ failure. Hypertension is caused mainly due to 

unhealthy dietary habits. High salt intake, excess body fat, 

and physical inactivity, obesity, low fruit and vegetable 

consumption are all reasons of increased hypertension risk. 

Chronic hypertension can cause serious problems such as 

stroke, heart attack, kidney damage, and blindness if not 

managed appropriately. Hypertension management relies 

heavily on dietary modifications, with snacking playing a 

vital role in maintaining normal blood pressure. Healthy 

snacking options are important for individuals with 

hypertension to prevent complications and improve quality 

of life. Traditional snacks option falls short in providing 

nutritional benefits and less sodium content, leading to the 

need for innovative and nutrient dense alternatives. Polyphenols and flavonoids have 

been shown to possess anti-inflammatory and cardiovascular-protective effects. 

Materials and Methods: Flaxseeds enriched crackers are made from different 
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percent of flaxseed powder in it. All of our components for the crackers are locally 

sourced. The crackers were prepared in the culinary lab of Superior University, 

Lahore. The chemical analysis of crackers included phenolic compounds, ash, fiber, 

protein, fat, and carbohydrates. A 9-point hedonic scale was used for sensory 

evaluation, which included color, flavor, texture, aroma, and overall acceptability. 

Results: The results of flaxseeds enriched crackers show that the treatments had 

varying impacts on the nutritional and compositional parameters. Total carbohydrates 

exhibited a slight decrease over time, with T0 and T1 maintaining the highest values. 

Moisture content fluctuated through T0 to T3. Total ash content increased 

significantly through T3. Fiber content progressively increased, particularly in T3. 

Protein content also increased from T1 to T3, with the least value observed in T0. Fat 

content fluctuated, increasing from T1 to T3. Conclusion: Overall, the data suggest 

that the treatments positively influence fiber, protein and phenolic content. Among all 

the treatments evaluated, T3 emerged as a clear standout in laboratory tests, while T2 

stood out the most in sensory evaluation. 

 

Introduction 

Hypertension is one of the leading risk factors for cardiovascular diseases worldwide 

and contributes significantly to global mortality and morbidity. It is associated with 

serious health complications, including stroke, heart attack, kidney failure, and organ 

damage [1]. Unhealthy dietary habits such as excessive salt consumption, low fruit 

and vegetable intake, obesity, and physical inactivity are major contributors to the 

increasing prevalence of hypertension. Although pharmacological treatments are 

available, long-term medication use may lead to side effects, highlighting the 

importance of dietary and lifestyle modifications for effective blood pressure 

management [2,3]. 

Functional foods have gained considerable attention as natural approaches for 

preventing and managing hypertension. Flaxseeds, oats, and nutritional yeast are rich 

sources of dietary fiber, omega-3 fatty acids, antioxidants, and bioactive compounds 

that have been shown to support cardiovascular health and blood pressure regulation 

[4]. The development of nutrient-dense snack products incorporating these ingredients 

may provide healthier alternatives to conventional snacks, which are often high in 

sodium, sugar, and unhealthy fats. Therefore, this study aimed to formulate flaxseed-

enriched crackers with oat flour and nutritional yeast and evaluate their nutritional and 

sensory qualities as a potential functional food for individuals with hypertension [5,6]. 

Previous studies have demonstrated a strong relationship between dietary habits and 

hypertension risk. Research indicates that high sodium intake, obesity, and low 

consumption of fruits, vegetables, and dietary fiber contribute significantly to elevated 

blood pressure [7]. Dietary approaches such as the DASH diet and increased intake of 

whole grains have been shown to improve cardiovascular health and reduce 

hypertension. Oats, in particular, contain β-glucan, a soluble fiber that helps lower 

cholesterol levels, improve lipid profiles, enhance insulin sensitivity, and contribute to 

blood pressure regulation. Regular consumption of oat-based products has therefore 

been recommended as part of a heart-healthy diet [8,9]. 

Flaxseeds have been extensively studied for their nutritional and therapeutic 

properties. They are rich in alpha-linolenic acid (ALA), lignans, dietary fiber, and 

high-quality protein, all of which contribute to cardiovascular protection [10]. Studies 

have reported that regular flaxseed consumption can reduce blood pressure, improve 

lipid metabolism, decrease inflammation, and lower the risk of cardiovascular 

diseases. Nutritional yeast also provides valuable nutrients, including essential amino 

acids, β-glucans, and B vitamins, which support heart health and immune function. 

The combination of flaxseeds, oats, and nutritional yeast in functional food products 

offers a promising strategy for developing nutritious snacks that may aid in 

hypertension management [11,12]. 
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This study contributes to the development of healthier snack alternatives for 

individuals at risk of hypertension by utilizing locally available ingredients such as 

flaxseeds, oats, and nutritional yeast. The findings provide evidence regarding the 

nutritional composition and sensory acceptability of flaxseed-enriched crackers, 

supporting their potential use as functional foods. The study may help food 

manufacturers formulate nutrient-dense products with improved health benefits while 

also increasing consumer awareness about dietary approaches for hypertension 

prevention and management. Additionally, it promotes the incorporation of natural, 

affordable, and heart-friendly ingredients into daily diets [13,14]. 

The development of flaxseed-enriched crackers demonstrated the potential of 

functional foods in supporting hypertension management through improved nutrition. 

The study showed that incorporating flaxseeds, oat flour, and nutritional yeast 

enhanced the nutritional quality of crackers by increasing fiber, protein, and phenolic 

contents while maintaining acceptable sensory characteristics. Among the treatments 

evaluated, T3 exhibited the most favorable nutritional profile, whereas T2 achieved 

the highest sensory acceptability. These findings suggest that flaxseed-enriched 

crackers can serve as a nutritious and acceptable snack option that may contribute to 

cardiovascular health and support dietary strategies aimed at controlling hypertension 

[15,16]. 

 

MATERIALS AND METHODOLOGY 

This study was conducted over a period of four months to develop and evaluate 

flaxseed-enriched crackers as a healthier snack option for individuals with 

hypertension. Crackers were formulated using varying proportions of oat flour, 

flaxseed powder, and nutritional yeast, while a control treatment was prepared 

without these functional ingredients. All formulations were prepared and analyzed in 

the culinary laboratory of Superior University, Lahore, using standardized procedures. 

The developed crackers were subjected to proximate analysis, including moisture, 

protein, fat, fiber, ash, and total polyphenolic content, as well as sensory evaluation 

using a nine-point hedonic scale. Data were analyzed using SPSS version 26.0, and 

statistical significance was determined at p < 0.05. The study demonstrated that the 

incorporation of flaxseed powder, oat flour, and nutritional yeast successfully 

enhanced the nutritional quality of crackers while maintaining acceptable sensory 

characteristics. The findings suggested that flaxseed-enriched crackers have the 

potential to serve as a functional food product that may contribute to improved dietary 

management of hypertension through increased intake of dietary fiber, antioxidants, 

and other beneficial nutrients [17,18]. 

 

RESULTS:  

Proximate analysis interpretation: 

The proximate analysis results are shown in two extensive matrices that systematize 

the research outcomes. In Table 4, the ANOVA results for the proximate analysis of 

flaxseed crackers, provides crucial statistical indicators comprising sum of squares 

(SS), degrees of freedom (df), mean square (MS), F-values, and p-values for each 

nutritional component. This table demonstrates that all measured parameters-moisture, 

lipid, crude protein, crude fiber, crude ash and polyphenols-show statistically 

significant differences (p<0.05) among the various formulations, with fiber exhibiting 

the most substantial variation, as evidenced by its exceptionally high F-value of 

1876.667. 

ANOVA disclosed noteworthy differences (p<0.05) amid all the treatment groups (To, 

T1, T2, and T3) for carbohydrates, ash, moisture, lipid, protein, polyphenols and fiber 

contents. The extremely low values, suggests that the noted modifications are because 

of the integration of flaxseed contrary to random variation. The highest F-values were 

noted for fiber (F=1876.667), carbohydrates (F=982.245), and polyphenols 
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(F=595.316), explaining a strong impact of flaxseed enhancement on these nutritional 

boundaries. For that reason, null hypothesis that all of the treatments have same means 

was denied, that proved that flaxseed incorporation in the crackers changes the 

nutritional constitution of the crackers. 

Table 5 presents the mean value with standard deviation for each proximate parameter 

across the four different treatment formulation (To-T3). The table 5 reveals the 

distinct patterns in nutritional composition: T3 containing the highest number of 

polyphenols in it (52.30±0.54), while T0 showed the least number of polyphenols in it 

(35.42±0.45). Both tables work synergistically, with the statistical significance of 

differences in terms of actual compositional values, together providing a complete 

picture of how formulation variations affect the nutritional profile of flaxseed 

enriched crackers. 

 

Table 4 ANOVA for proximate analysis of flaxseed enriched crackers. 

 

Parameters SS df MS F-value P-value 

Carbohydrates (%) 1631.827 3 543.942 982.245 0.000 

Moisture (%) 4.689 3 1.563 15.575 0.001 

Ash (%) 4.488 3 1.496 7.019 0.012 

Lipids (%) 22.954 3 7.651 26.282 0.000 

Protein (%) 167.608 3 55.869 349.021 0.000 

Polyphenols (%) 466.758 3 155.586 595.316 0.000 

Fiber 347.653 3 115.884 1876.667 0.000 

 

Table 5 Impact of different treatment on mean of proximate analysis of the 

flaxseed enriched crackers. 

 

 T0 T1 T2 T3 

Carbohydrates 

(%) 

68.01±0.82 47.93±0.75 42.15±0.71 37.4±0.69 

Ash (%) 1.23±0.23 1.78±0.40 2.33±0.54 2.87±0.59 

Moisture (%) 2.1±0.36 2.76±0.27 3.27±0.30 3.79±0.33 

Lipids (%) 14.50±0.68 16.85±0.46 17.5±0.48 18.17±0.51 

Protein (%) 9.2±0.25 15.82±0.21 17.42±0.24 19.03±0.69 

Polyphenols 

(%) 

35.42±0.45 43.63±0.52 47.96±0.53 52.30±0.54 

Fiber (%) 4.8±0.18 14.86±0.24 16.81±0.27 18.77±0.29 

 

Sensory Evaluation of Flaxseed Enriched Crackers: 

A semi-trained panel evaluated the sensory attributes of flaxseed enriched crackers 

and the results of the crackers are analyzed in the table 6. The table 6 shows T2 

(8.13±0.96) with the highest scoring for crispiness. Taste wise T0 (8.46±0.32) got the 

highest scoring while in treated batches T2 (7.65±1.01) was more likely to be 

accepted by the participants. T2 (8.35±1.01) batch is the most liked batch with the 

highest overall acceptability in treated batches. T2 (8.21±1.01) batch scored the 

highest for texture or mouth-feel of the cracker in the treated batches. In terms of 

aroma in treated batches T2 (7.62±1.32) scored the highest as compared to T1 and T3. 
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Table 6 Mean and sensory analysis of flaxseed enriched crackers 

 

 T0 (control) T1 T2 T3 

Crispiness 7.90±0.49 7.35±1.26 8.13±0.96 7.56±1.09 

Taste 8.46±0.32 5.96±1.29 7.65±1.01 7.01±1.05 

Texture 7.91±0.71 7.33±0.98 8.21±1.01 7.41±0.97 

Aroma 7.91±0.62 7.01±1.10 7.62±1.32 7.41±1.05 

Overall 

Acceptability 

7.56±0.52 7.64±1.03 8.35±1.01 7.23±0.98 

 

Figure 1: Sensory evaluation chart 

 

DISCUSSION  

The present study formulated flaxseed-enriched crackers with oat flour and nutritional 

yeast as a functional food option for hypertensive individuals. Proximate analysis 

revealed significant differences (p<0.05) across all treatment groups (T0–T3) for all 

nutritional parameters, confirming that flaxseed incorporation substantially alters the 

nutritional profile of crackers [19]. 

Carbohydrate content declined progressively from T0 (68.01±0.82%) to T3 

(37.4±0.69%), while protein increased from 9.2±0.25% in T0 to 19.03±0.69% in T3, 

reflecting the high protein content of flaxseed. Fiber content showed the most 

significant increase, rising from 4.8±0.18% in T0 to 18.77±0.29% in T3, consistent 

with the known fiber-rich composition of flaxseed (Pramanik et al., 2023) [20]. 

Polyphenol content also increased progressively from T0 (35.42±0.45 g/100g) to T3 

(52.30±0.54 g/100g), supporting the antioxidant potential of flaxseed-enriched 

products. These findings align with Xi et al. (2023), who demonstrated that oat-based 

diets improve sodium control in hypertensive patients, and with Watanabe et al. 

(2020), who reported anti-hypertensive properties of flaxseed attributed to alpha-

linolenic acid (ALA), lignans, and dietary fiber [21,22]. 
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Sensory evaluation indicated that T2 achieved the highest overall acceptability 

(8.35±1.01) among treated formulations, while T3 demonstrated superior nutritional 

composition [23]. This suggests that T2 offers the best balance between palatability 

and health benefit, whereas T3 is most suitable for targeted hypertension management 

due to its highest fiber, protein, and polyphenol content. Consumer acceptability is a 

critical factor in long-term dietary adherence, as emphasized by Bakhetia et al. (2024) 

[24,25]. 

For hypertensive patients looking for wholesome and appetizing meal alternatives, the 

creation of flaxseed crackers enhanced with oat flour and nutritional yeast presents a 

potential answer. In order to avoid complications, hypertension, a non-communicable 

chronic disease, needs to be carefully managed in terms of nutrition and lifestyle. 

Blood pressure control mostly depends on dietary interventions and foods with anti-

hypertensive qualities [26].  

Numerous researches have demonstrated the anti-hypertensive benefits of Linum 

Usitatissimun, a seed well known for its nutritional and therapeutic properties. 

Bioactive substances found within the seeds have a chance to enhance sodium 

sensitivity and control blood pressure. In order to produce a functional food product 

that may meet the dietary requirements of hypertensive patients, we used flaxseed 

powder in our study to make crackers enhanced with oat flour and nutritional yeast 

[27,28]. 

By our research, flaxseed crackers may be a better choice for those hypertensive 

individuals who are looking for yummy and wholesome foods. There are several 

limitations to take into account; our research shows the potential advantages of 

flaxseed crackers enhanced with oat flour and nutritional yeast for hypertensive 

individuals. To prove the effectiveness of these crackers in treating hypertension and 

to establish the ideal dosage and duration of intake, more study is required. To learn 

more about the mechanisms of action of the bioactive components in flaxseed 

crackers, more research is also required to determine their bio-availability and 

bioactivity [29,30]. 

 

CONCLUSION: 

The incorporation of flaxseed in cracker offers a promising approach for developing 

functional food for hypertension management which includes alpha linolenic acid, 

omega 3 fatty acid, lignans, dietary fiber, moisture content, protein, lipids, 

polyphenols, and glucose. These crackers demonstrated improved blood pressure 

regulation and nutritional profile. The different formulation (T1, T2, T3), showed 

variations in nutritional characteristics. T1 is better for glycemic control due to high 

oats but only modest for BP. T3 is the best for hypertension due to the highest 

flaxseed content, fiber content and also lignans. Making T3 is more favorable for 

hypertensive patient. Sensory evaluation show that cracker was acceptable and 

palatable. This innovative food product has the potential to support hypertension 

management and provide essential nutrients while serving as a healthy low sodium 

snack options. 
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