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ABSTRACT 

Colored wheat, known for its dynamic red, blue, 

purple, and black tones, is wealthy in bioactive 

compounds like anthocyanins, phenolic acids, and 

flavonoids, which offer critical wellbeing benefits. 

These compounds give powerful antioxidant, anti-

inflammatory, and anti-carcinogenic properties, 

situating colored wheat as a promising useful 

nourishment with pharmaceutical potential.The 

enhanced nutritional profile of colored wheat, 

which incorporates tall levels of dietary fiber, basic 

minerals, and vitamins. These nutrients contribute 

to progressed cardiovascular health, superior 

glycemic control, and improved intestine health, 

making colored wheat especially useful in avoiding 

and overseeing incessant maladies like 

cardiovascular disorders, diabetes, and certain 

cancers.Despite these benefits, challenges remain 

in completely realizing colored wheat’s 

pharmaceutical applications, such as optimizing 

bioactive compound extraction and conducting 

large-scale clinical trials. All things considered, 

colored wheat holds extraordinary guarantee as a 

nutraceutical, offering unused roads for health 

advancement and disease avoidance.  

 

I. INTRODUCTION 
Wheat is a cornerstone of the worldwide 

diet, serving as a crucial source of calories and 

nutrients for millions of individuals around the 

world. Historically, wheat breeding has prioritized 

characteristics such as yield, disease resistance, and 

adaptability to diverse environments, often at the 

expense of nutritional quality (Shewry& Hey, 

2015). However, in recent years, there has been a 

growing recognition of the need to develop wheat 

varieties that not only excel in agronomic 

performance but also offer enhanced health benefits 

(Wang et al., 2017). This shift in focus has led to 

the emergence of colored wheat varieties, which 

are gaining significant attention due to their unique 

nutritional profiles and potential to contribute to the 

prevention and management of chronic diseases 

(Liu et al., 2020). 

Based on the identified characteristics of 

colored wheat, one must acknowledge that, in 

terms of bioactive compounds, this product 

contains red, blue, purple, and black parts. Owing 

to the content of anthocyanins, phenolic acids, 

flavonoids, and carotenoids, it can be considered a 

value-added product (Zhang et al., 2018). These 

pigments give the colors to the wheat and are 

believed to have numerous health benefits. Normal 

wheat is primarily used for its carbohydrate 

content, while colored wheat contains 

compoundsthat are more than nutrients, such as 

agents that prevent cancer and anti-inflammatory 

agents (Li et al., 2019). Apart from enhancing the 

aesthetic value of colored wheat, these bioactive 

compounds can add value by providing it with 

other useful properties, making it potential 

nutraceuticals and functional foods (Sosulski et al., 

2020). 

Anthocyanins, which are the colors in 

colored wheat, have a very powerful antioxidant 

flow. It has been revealed that they are essential in 

fighting oxidative stress, a state when the 

concentration of free radicals exceeds the body’s 

capability to counteract them, causing harm to cells 

and tissues, contributing to aging and various 

pathological processes, including cardiovascular 

diseases, cancer, and neurodegenerative diseases 

(Kähkönen&Heinonen, 2021). As a result, colored 

wheat contains high levels of anthocyanins that are 

said to counter these free radicals, bringing 

protective qualities against these diseases (Zhou et 

al., 2016). This antioxidant capacity gives colored 

wheat benefits in the diet that help in the 

prevention of oxidative stress diseases (Zhou et al., 

2016). 

Besides anthocyanin, colored wheat is a 

rich source of phenolic acid. These compounds 

have been reported to possess anti-inflammatory, 

anti-cancerous, and anti-diabetic activities (Gong et 

al., 2022). These compounds act in a way that 

modifies molecular targets associated principally 

with inflammation and the progression of cancer, 

additionally enhancing insulin sensitivity and 

glucose homeostasis (Zhou et al., 2016). The 
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presence of such bioactive compounds in colored 

wheat makes it not only a food item that addresses 

the basic human need for nutrition but also a 

therapeutic food product (Gong et al., 2022). 

Another important feature of colored 

wheat is its high dietary fiber content, which 

includes both soluble and insoluble fibers. 

According to Swami and Mason (2018), these 

fibers are instrumental in regulating bowel 

movements while also bolstering positive bacteria 

in the intestinal tract. Furthermore, the dietary fiber 

found in colored wheat reduces blood cholesterol 

levels and helps control blood sugar levels, making 

colored wheat ideal for diabetic patients (Li et al., 

2019). Due to its low glycemic index, colored 

wheat is particularly suitable for patients with 

diabetes, as it helps minimize blood sugar levels 

(Li et al., 2019). 

Colored wheat is also a potent source of 

iron, zinc, magnesium, and B-group vitamins, with 

special importance given to vitamin E (Liu et al., 

2020). An important aspect of micronutrients is that 

they form the foundation for a wide variety of 

physiological outcomes, ranging from immune 

responses to energy metabolism to neurological 

activities (Shewry& Hey, 2015). The bioactive 

compounds in colored wheat, when supplemented 

with other nutrients, make it a complete diet with 

the potential to meet the body’s health needs 

(Zhang et al., 2018). 

The pharmaceutical prospect of colored 

wheat is substantial, especially for those who wish 

to avoid contracting illnesses more often than 

necessary. The minimization of established risk 

factors such as hypertension and dyslipidemia is 

made possible by the antioxidant and anti-

inflammatory properties found in colored wheat 

(Kähkönen&Heinonen, 2021). Furthermore, 

colored wheat also has properties that act as anti-

carcinogenic substances, a fact proven by 

experiments conducted on colon and breast cancer 

(Gong et al., 2022). Colored wheat’s capacity to 

moderate glycemic flux and enhance gut fiber 

microbiota characteristics is another indication of 

its utility as an intervention food item with 

extensive therapeutic possibilities (Li et al., 2019). 

While these factors indicate the possibility 

of developing significant pharmaceutical products 

from colored wheat for the purpose of improving 

human health, several challenges need to be 

addressed to transform colored wheat into an ideal 

pharmaceutical resource. Doctors and scientists 

should engage in further studies aimed at 

enhancing the extraction and stabilization of 

bioactive compounds from colored wheat to 

improve their effectiveness when used in 

nourishment products and supplements (Zhang et 

al., 2018). Additionally, understanding the 

bioavailability and metabolic pathways of these 

compounds within the human body is vital for 

creating effective dietary interventions (Liu et al., 

2020). Large-scale clinical trials are needed to 

validate the health claims associated with colored 

wheat and to explore its role in personalized 

nutrition and disease prevention (Wang et al., 

2017). Moreover, exploring the synergistic effects 

of colored wheat’s bioactive compounds with other 

dietary components could open new avenues for 

functional nourishment development and 

innovative therapeutic techniques (Sosulski et al., 

2020). As research continues to advance, colored 

wheat is poised to become a key player within the 

nexus of nutrition, health, and disease prevention, 

offering a unique and valuable addition to the 

global food supply (Liu et al., 2020). 

 

Nutritional Profile of Colored Wheat 

Colored wheat comprises a balanced 

nutrient profile, providing sufficient nourishment 

when consumed. The distinctive tints of colored 

wheat not only make it visually appealing but also 

signify its nutritional superiority over ordinary 

wheat varieties. This improvement in nutritional 

composition is largely attributed to the bioactive 

compounds, essential minerals, and dietary fiber 

present in colored wheat, making it a potential 

functional food with significant roles in enhancing 

general well-being and long-term disease 

prevention (Zhao et al., 2020; Gupta et al., 2021). 

 

Bioactive Compounds: Anthocyanins and Phenolic 

Acids 

The most notable characteristic of colored 

wheat is its high accumulation of anthocyanins—

pigments that give the grains their red, blue, purple, 

or black hues. Anthocyanins, which belong to the 

flavonoid group, exhibit strong antioxidant 

properties crucial in combating oxidative stress. 

Oxidative stress occurs when the production of free 

radicals exceeds the body’s ability to detoxify 

them, leading to cellular damage, aging, and 

chronic diseases such as cardiovascular diseases, 

diabetes, and cancer (Khoo et al., 2017; Tang et al., 

2022). 

Besides anthocyanins, colored wheat is 

rich in phenolic acids, well-known antioxidants 

including ferulic acid, caffeic acid, and p-coumaric 

acid. These compounds have been used in 

managing inflammation, cancer, and diabetes. 

Acting synergistically with anthocyanins, they 
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enhance the antioxidant potential of colored wheat, 

preventing the formation of free radicals, which 

lead to oxidative stress and inflammation—two 

primary factors underlying many chronic diseases. 

The presence of these bioactive compounds not 

only enhances the nutraceutical properties of 

colored wheat but also opens opportunities for 

developing therapeutic food products (Liang et al., 

2020; Sharma et al., 2023). 

 

Dietary Fiber: Soluble and Insoluble 

Another critical nutritional aspect of 

colored wheat is its dietary fiber content. Colored 

wheat contains both soluble and insoluble fiber, 

each playing essential roles in maintaining 

digestive health and overall well-being. Soluble 

fiber forms a thick gel in the colon, which 

positively affects blood cholesterol levels and helps 

maintain blood glucose levels. This makes colored 

wheat particularly suitable for individuals with 

hypercholesterolemia, diabetes, and other 

metabolic diseases (Anderson et al., 2009; Slavin, 

2013). 

Soluble fiber, by absorbing water, 

promotes bowel movements and prevents 

constipation, while insoluble fiber adds bulk to the 

stool, facilitating easier passage. Additionally, the 

dietary fibers in colored wheat exhibit prebiotic 

effects, supporting the growth of beneficial gut 

bacteria. A balanced microbiota in the gut is closely 

associated with immune function and has beneficial 

effects in reducing the susceptibility to chronic 

conditions such as inflammatory bowel diseases, 

obesity, and metabolic syndrome (Makki et al., 

2018; Holscher, 2017). 

 

Essential Minerals and Vitamins 

Colored wheat is also a rich source of 

essential minerals and vitamins, often lacking in 

regular wheat varieties. It is notably high in iron, 

zinc, magnesium, and selenium, which play critical 

roles in various metabolic processes. Iron is 

essential for hemoglobin production and white 

blood cell function, while zinc is vital for immunity 

and brain function. Magnesium is crucial for 

muscle and bone activity and overall metabolism, 

and selenium, along with anthocyanins and 

phenolic acids, enhances the body’s oxidative 

defense system (Miller et al., 2016; Ekholm et al., 

2021). 

Moreover, colored wheat contains 

vitamins, including B-complex vitamins and 

vitamin E. The B vitamins are necessary for energy 

production, DNA synthesis, and as anti-aging 

nutrients for nerves. Vitamin E, recognized as an 

antioxidant nutrient, helps prevent oxidative stress 

and provides skin benefits, further reducing the risk 

of long-term diseases such as cardiovascular 

diseases and cancer (Traber& Atkinson, 2007; 

Bailey et al., 2015) 

 

Low Glycemic index and Protein information 

Another nutritional value of the colored 

wheat is the low glycemic index (GI), making it 

perfect for persons facing challenges in controlling 

their sugar levels. Low GI foods are metabolized in 

a slower manner, resulting in a slow increase in 

blood glucose and insulin levels. This slow release 

of glucose is also useful in ensuring a sustained 

supply of energy, apart from ensuring that the 

chances of contracting type 2 diabetes are 

minimized by preventing insulin resistance (Liu et 

al., 2017).  

In addition, colored wheat provides a 

moderate level of protein which plays a role in 

muscle building, the immune system, and 

development. While not very rich in protein as 

compared to other grains, colored wheat contains a 

good proportion of essential amino acids, making it 

a useful grain for people’s diets (Shewry& Hey, 

2015).  

 

Future Nutritional Exploration 

Perceiving these facts, colored wheat has 

positioned itself as a fundamental player in the 

creation of new strategies for functional foods. 

Nonetheless, it is imperative to undertake more 

research to fully appreciate the bioavailability and 

interaction of the bioactive compounds and the 

breeding strategies for the improvement of such 

positive characteristics (Liu et al., 2017). The 

advancement of colored wheat opens new 

approaches to enhancing overall well-being and 

introduces various nutraceuticals into ordinary diets 

(Shewry& Hey, 2015). 

 

Pharmaceutical Applications of Colored Wheat 

Beyond its gastronomic allure and 

nutritional value, colorful wheat variants are 

attracting increasing interest due to their substantial 

potential in pharmacological applications. 

Anthocyanins, phenolic acids, flavonoids, and 

carotenoids—the bioactive compounds present in 

colored wheat—offer a special set of health-

promoting qualities that can be used to prevent and 

cure a variety of chronic conditions (Zhao et al., 

2019). Because of these chemicals, colored wheat 

has anti-inflammatory, anti-carcinogenic, anti-

diabetic, and antioxidant properties, making it an 

attractive option for nutritional supplements, 
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functional nourishments, and even pharmaceutical 

formulations that aim to improve human health 

(Liu et al., 2017). 

 

Antioxidant Activity and Cardiovascular Health 

One of colored wheat’s most well-

researched medicinal uses is to promote 

cardiovascular health due to its strong antioxidant 

properties. Cardiovascular diseases (CVDs) are 

largely caused by oxidative stress, which arises 

from an imbalance between the body’s generation 

of free radicals and its capacity to neutralize them 

using antioxidants (Zhao et al., 2019). Free radicals 

can harm blood vessels, cause inflammation, and 

trigger the onset of atherosclerosis, which narrows 

the arteries and raises the risk of heart attacks and 

strokes. The large amounts of anthocyanins and 

phenolic acids in colored wheat help reduce 

oxidative stress, scavenge free radicals, and 

safeguard the cardiovascular system (Liu et al., 

2017). Research indicates that these antioxidants 

can lower blood pressure, improve lipid profiles by 

elevating HDL and decreasing LDL cholesterol, 

and boost endothelial function, which is vital for 

preserving blood vessel elasticity (Zhao et al., 

2019). Regular consumption of colored wheat may, 

therefore, be a useful dietary approach to lower the 

risk of CVDs and support heart health (Shewry& 

Hey, 2015). 

 

Anti-inflammatory and Anti-carcinogenic 

Effects 

Chronic inflammation is a fundamental 

component of many diseases, including cancer, 

diabetes, and immune system disorders. The 

bioactive components of colored wheat, especially 

phenolic acids and flavonoids, exhibit strong anti-

inflammatory characteristics that can help regulate 

inflammatory pathways in the body (Zhao et al., 

2019). These substances reduce the risk of chronic 

inflammation by blocking the action of cytokines 

and enzymes that stimulate inflammation (Liu et 

al., 2017). The anti-carcinogenic properties of 

colored wheat are particularly intriguing in relation 

to cancer. It has been demonstrated that phenolic 

acids and flavonoids stop the growth of cancer 

cells, cause apoptosis or programmed cell death, 

and stop angiogenesis—the process of forming new 

blood vessels that cancers require in order to spread 

(Shewry& Hey, 2015). Colored wheat may be 

included in dietary plans for cancer prevention and 

treatment, as these effects have been noted in a 

variety of cancer types, such as prostate, breast, and 

colon cancers (Zhao et al., 2019). Furthermore, 

colored wheat has anti-carcinogenic qualities since 

it can lessen DNA damage, which is a major cause 

of cancer. The antioxidants in colored wheat aid in 

preventing oxidative stress and free radical 

damage, shielding cellular DNA from mutations 

(Liu et al., 2017). This protective property makes 

colored wheat a valuable addition to diets aimed at 

cancer prevention and as an ingredient in 

nutraceuticals and functional foods that reduce 

cancer risk (Shewry& Hey, 2015). 

 

Anti-diabetic Properties and Glycemic Control 

Controlling blood sugar levels is essential 

for preventing and treating diabetes, an 

increasingly common health issue worldwide 

(American Diabetes Association, 2021). Because of 

its high dietary fiber content and low glycemic 

index (GI), colored wheat is particularly beneficial 

for those who already have diabetes or are at risk of 

getting the disease (Jin et al., 2019). Low GI foods 

are metabolized and absorbed more slowly, 

resulting in a gradual increase in blood glucose and 

insulin levels. This helps maintain stable energy 

levels and prevents the sudden spikes in blood 

sugar that can exacerbate diabetes (Slavin, 2013). 

Colored wheat’s soluble fibers contribute to its 

anti-diabetic qualities by slowing down the gut’s 

absorption and digestion of carbohydrates, which 

lowers blood glucose levels (Chen et al., 2020). 

Moreover, studies have demonstrated that the 

phenolic compounds in colored wheat enhance 

insulin sensitivity, lower blood glucose, and modify 

glucose metabolism (Zhu et al., 2021). Colored 

wheat is an important part of a diabetic-friendly 

diet because of these benefits, which can help 

control type 2 diabetes and prevent its formation 

(Venn & Green, 2007). 

 

Gut Health and Immune Modulation 

With the gut microbiota being crucial to 

immunological response, metabolism, and even 

mental well-being, digestive tract health is 

becoming increasingly recognized as a foundation 

of general health (Lazar et al., 2017). Because 

colored wheat has a high dietary fiber content, it 

acts as a prebiotic by feeding good gut bacteria 

(Slavin, 2013). The fermentation of dietary fibers 

by these bacteria results in the production of short-

chain fatty acids (SCFAs), which have been 

demonstrated to have anti-inflammatory properties 

and support gut health (Kumar et al., 2017). The 

benefits of colored wheat for the gut microbiota 

may also strengthen the body’s defenses against 

disease. The integrity of the gut barrier is 

maintained by a healthy gut microbiota, which also 

inhibits the entry of harmful pathogens into the 
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circulation and mounts an immune response (Zhang 

et al., 2020). Highlighting colored wheat’s potential 

as a functional food for immune support, it may 

help lower the risk of infections, inflammatory 

bowel illnesses, and even allergies by supporting a 

balanced gut flora (O’Neill et al., 2016). 

 

Future Pharmaceutical Exploration  

Though the existing understanding of 

colored wheat’s therapeutic uses is encouraging, 

more research remains (Gao et al., 2018). To 

maximize the bioactive compounds extracted from 

colored wheat and formulate them for application 

in pharmaceuticals and nutraceuticals, future 

research should concentrate on this area (Bian et 

al., 2021). Clinical investigations are also required 

to determine the most effective dosages and 

delivery methods for these compounds as well as to 

verify the health claims related to colored wheat 

(Lee et al., 2019). The development of functional 

meals and supplements that enhance the health 

advantages of colored wheat by combining it with 

other bioactive substances is another exciting area 

of research (Wang et al., 2022). The bioactive 

components in colored wheat have the potential to 

work in concert with other nutrients or 

phytochemicals to produce novel treatment 

approaches for a variety of diseases (Yang et al., 

2021). 

 

Future Challenges and Perspectives 

While the research on colored wheat as a 

functional food with potential therapeutic uses is 

encouraging, there are a number of obstacles that 

need to be overcome before all of its advantages 

may be fully realized (Haug et al., 2021). Important 

considerations include colored wheat’s breeding 

and agricultural needs, which frequently differ from 

those of conventional types and restrict their 

widespread acceptance (Gao et al., 2018). To 

improve these types’ bioactive components and 

optimize them for a range of situations, more 

research and development is required (Haug et al., 

2021). Preserving the bioactive components of 

colored wheat, such as phenolic acids and 

anthocyanins, which are susceptible to heat and 

other variables, is a challenge when processing it 

into food products (Nabavi et al., 2019). 

Maintaining the final products’ health advantages 

requires developing processing methods that retain 

these nutrients during the processing process (Wu 

et al., 2020). 

Understanding how the bioactive 

chemicals in colored wheat are absorbed, digested, 

and used in humans is important for determining 

their bioavailability and efficacy (Bian et al., 2021). 

To verify health claims and identify efficient 

consumption strategies for illness management and 

prevention, clinical trials are required (Lee et al., 

2019). Another crucial element is the acceptability 

of colored wheat by consumers. Adoption may be 

hampered by its unusual texture, flavor, and 

appearance; therefore, marketing and education 

initiatives emphasizing its health advantages are 

required (Rudnicki et al., 2021). Coordinating 

colored wheat into diets and creating a variety of 

appealing products while taking ethnic preferences 

into account is essential (Chen et al., 2020). 

Ultimately, the advancement of colored wheat 

production, labeling, and marketing depends on the 

establishment of clear regulatory rules and policies 

that support them (Gao et al., 2018). Governments, 

academics, and industry partners must work 

together to advance colored wheat’s integration into 

the global food system and public health (Haug et 

al., 2021). 

 

II. CONCLUSION 
Colored wheat offers a unique joining of 

nutrition and pharmaceutical science, presenting 

itself as a powerful functional food with significant 

health-promoting properties. The particular 

pigmentation of colored wheat, driven by its rich 

anthocyanin and phenolic content, not only adds to 

its aesthetic appeal but also imbues it with potent 

antioxidant, anti-inflammatory, and anti-

carcinogenic properties (Bian et al., 2021; Lee et 

al., 2019). These bioactive compounds, coupled 

with a robust dietary profile that includes high 

levels of dietary fiber, fundamental vitamins, and 

minerals, position colored wheat as a promising 

candidate in the fight against chronic diseases such 

as cardiovascular disorders, diabetes, and cancer 

(Chen et al., 2020; Gao et al., 2018). 

The therapeutic potential of colored wheat 

extends beyond its immediate nutritional benefits. 

By incorporating colored wheat into the diet, we 

are able to use its low glycemic index for better 

glycemic control, enhance cardiovascular health 

through its antioxidant effects, and support immune 

function via its fiber content and prebiotic 

properties (Haug et al., 2021; Wu et al., 2020). 

These attributes collectively highlight the 

multifaceted role colored wheat can play in 

promoting overall health and preventing disease. 

However, to fully realize the 

pharmaceutical potential of colored wheat, several 

challenges must be addressed. The bioavailability 

and stability of its bioactive compounds during 
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processing and storage are critical factors that 

require further investigation (Nabavi et al., 2019). 

Additionally, while preclinical studies provide 

compelling evidence of its health benefits, large-

scale clinical trials are fundamental to substantiate 

these findings and translate them into actionable 

dietary recommendations and therapeutic 

applications (Bian et al., 2021). 

The future of colored wheat in the 

pharmaceutical scene is promising, with potential 

applications ranging from dietary supplements to 

functional foods and therapeutic formulations 

(Rudnicki et al., 2021). By continuing to explore 

the synergistic effects of colored wheat’s bioactive 

compounds with other dietary ingredients, 

researchers can unlock new strategies for 

enhancing its efficacy in disease prevention and 

health promotion. 

Furthermore, colored wheat represents a 

significant advancement in the field of 

nutraceuticals, bridging the gap between traditional 

nutrition and modern pharmaceutical science (Gao 

et al., 2018). Its incorporation into daily diets and 

therapeutic regimens could pave the way for 

innovative approaches to managing chronic 

diseases, ultimately contributing to improved 

public wellbeing. As research progresses, colored 

wheat may become a cornerstone of functional 

nourishment development, offering a common, 

accessible, and effective means of enhancing 

human health (Haug et al., 2021). 
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