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effects of flaxseed, finger millet and pearl millet 
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Abstract 
Millet is an important cereal grain that is consumed by more than one-third of the world's population and 

stands in sixth position as a cultivated cereal crop in terms of world agricultural production. It is a highly 

nutritious food that comprises 60-70% carbohydrates, 12-20% dietary fiber, 6-19% protein, 2-4% 

minerals, 1.5-5% fat, and other beneficial phytochemicals such as phenolic acids and flavonoids. Millets 

are also a potential source of essential amino acids, making them a valuable addition to a healthy diet. 

Phenolic acids such as chlorogenic acid, ferulic acid, gallic acid, protocatechuic acid, and flavonoids such 

as kaempferol and quercetin are present in millet in significant amounts. These compounds are known for 

their anti-cancer, anti-diabetic, anti-inflammatory, antioxidant, and anti-oxidative properties, which make 

millet an ideal food for promoting health and wellbeing. Flaxseed, on the other hand, is considered a 

"superfood" due to its high concentration of essential nutrients such as lignans, omega-3 fatty acids, 

dietary fiber, vitamins, and minerals. It is an excellent source of plant-based protein and healthy fats, 

making it a popular choice among health-conscious individuals. Flaxseeds have three types of phenolic 

compounds, including phenolic acids, flavonoids, and lignan, which provide numerous health benefits. 

Additionally, finger millet and pearl millet have various industrial applications, making them valuable 

crops for economic development. However, antinutrients such as phytic acid, polyphenols, and tannins 

hinder the biofortification of millet, and strategies to reduce their levels need to be developed to increase 

the nutritional value of millet. 

 

Keywords: Millets, finger millet, pearl millet, flaxseed, nutritional value, phytochemicals 

 

1. Introduction 

Nutritional value of food is an important factor for the overall health and well-being of a 

consumer striving for a healthy lifestyle. Millet is considered as one of the most important 

cereal grains and is consumed by more than one-third of the world's population. It stands in 

sixth position as a cultivated cereal crop in terms of world agricultural production 

(Kimbonguila et al., 2019) [46]. Millets are said to be the “future crops” because of their ability 

to endure most pests and diseases and thrive in the tough conditions found in Asia and Africa's 

arid and semi-arid regions (Nanje Gowda et al., 2022) [60]. The diverse range of millet varieties 

grown forms an important part of the ecological succession for many small-scale and 

traditional farmers, serving a crucial function in their agricultural practices, nourishment, 

lifestyle and cultural heritage (Annor et al., 2014) [9]. Millet is small, seeded grains and 

belongs to the poaceae family thus it is categorized into major and minor millets. Major millet 

includes finger millet (Eleusine coracana), pearl millet (Pennisetum glaucum), Porso millet 

(Panicum miliaceum) and minor millet includes little (Panicum sumatrense), barnyard 

(Echinochloa esculenta) and kodo (Paspalum Scrobiculatum) that could be utilized as a source 

of food, feed, and fodder in many countries (Kimbonguila et al., 2019) [46]. These are nutritious 

and superior to several other major cereal grains. They contain abundant dietary fiber, 

antioxidants, gluten-free proteins, biologically active compounds and have a low glycemic 

index (Joshi et al., 2021) [42]. Millet-derived foods have the potential to function as prebiotics 

and probiotics, providing health benefits, and are commonly used as traditional medicines. 

They are also an essential component of a healthy diet (Nithiyanantham et al., 2019) [63]. Since 

millets are free of gluten, they can alleviate the symptoms of gluten related disorders (GRD) 

such as Celiac disease (CD), wheat allergy (WA) and non-celiac gluten sensitivity (NCGS) or 

wheat intolerance syndrome (WIS) (Valenti et al., 2017) [91]. According to the estimation 

global prevalence of gluten-related disorder is approximately about 5% (Taraghikhah et al., 

2020) [88]. Finger millet (Eleusine coracana) ranks fourth globally in terms of production 

(Mbindha et al., 2021) [55]. 
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Pearl millet (Pennisetum glaucum) is ranked sixth among the 

world's major cereal crops and is extensively grown 

(Srivastava et al., 2020) [87]. These are highly nutritious foods 

that are non-acidic, non-glutinous, and contain numerous 

nutraceuticals, high fiber content as well as health-promoting 

properties (Satyavathi et al., 2021) [77]. Finger millet is 

considered the richest source of calcium, containing 10 times 

more calcium than wheat, maize, and rice, and three times 

greater calcium than milk (Jagati et al., 2021) [39].  

Pearl millet is a highly nutritious grain, apart from that it also 

contains 74% polyunsaturated fatty acids (PUFAs) and is 

particularly rich in sought-after omega-3 fatty acids such as 

oleic acid (25%), linoleic acid (45%), and linolenic acid (4%). 

These fatty acids are known to be beneficial for health, 

Moreover, they can also serve as a superior alternative to 

commercially used starch sources, such as corn, wheat, rice, 

and potato (Punia et al., 2021) [68]. consumption of a variety 

of millet protects against some cancers, cardiovascular 

diseases, hypertension, diabetes, and age-related disorders 

(Rao et al., 2017) [23] 

Flaxseed (Linum usitatissimum) is also known as Linseed that 

belongs to the Liliaceae family. It is cultivated in various 

regions of the world; Canada is the topmost country in the 

production of flaxseed (Parikh et al., 2018) [66]. This is an 

annual crop grown for oil, fibre, food, and feed purposes. 

Flaxseed is considered a "superfood" due to its high 

concentration of essential nutrients like lignans, omega-3 fatty 

acids, dietary fiber, vitamins, and minerals (Nowak et al., 

2023) [64]. The significance of this crop has greatly improved 

in the modern world because of its exceptional nutritive 

content with a strong biological activity that has made its use 

possible in various applications such as functional foods, 

health supplements, and skincare products (Deng, 2022) [27]. 

In addition to having a rich concentration of micronutrients, 

millet grains also contain significant levels of other beneficial 

Table 2: Nutritional composition of millets and flaxseed per 

100g substances such as bound phenolic acids, free phenolic 

acids, flavonoids, lignin, insulin-resistant starch, and β-glucan 

(Rasouli et al., 2017) [72]. The aim of this article is to give an 

overview of the nutritional composition, phytochemical 

constituents, millet and flaxseed-based food products studies. 

in the given table 1 shows the scientific name and common 

name and region of origin of different millets. 

 
Table 1: Scientific name of different millets and with their region of origin 

 

Common name Scientific name Region of origin Reference 

Finger millet, Ragi, Tamba Eleusine coracana Nepal, Sri Lanka, Bhutan, Himalayan regions of India, Africa (Ramashia et al., 2019) [70] 

Pearl millet, Bajra Pennisetum glaucum (L.) Asia, Africa (Punia et al., 2021) [68] 

Foxtail millet, Bhavaja, 

Priyaguka, Rajika 
Setaria italica China, southern Europe, India (Sachdev et al., 2021) [76] 

Proso millet Panicum miliaceum L Asia, Australia, Europe (W. Li et al., 2021) [50] 

Kodo millet, Araka, Cow 

grass, Ditch millet 

Paspalum scrobiculatum 

L. 
India, China, Russia, Japan, Africa (Bunkar, 2021) [16] 

Little milletsl Saamai, Kutki Panicum sumatrense tropical Africa, Eastern and Southern Europe, India (Dey et al., 2022) [28] 

 

2. Nutritional composition 

Millet 

Millets are potential source of both macronutrients and micro 

nutrients and essential amino acid (Sharma et al., 2021) [81]. 

Millets are a highly nutritious food and comprises of 60-70% 

carbohydrates, 12-20% dietary fiber, 6-19% protein, 2-4% 

minerals, 1.5-5% fat, and other beneficial phytochemicals. 

 

Flaxseed 

Flaxseed also contains several bioactive plant substances 

including oil, protein, dietary fiber, soluble polysaccharides, 

lignans, phenolic compounds, and vitamins, making it a 

complex mixture of components. It also has the potential to 

extend health benefits for three primary reasons. Firstly, it is 

an excellent source of omega-3 alpha-linolenic acid. 

Secondly, it is rich in both soluble and insoluble dietary 

fibers. Thirdly, it contains a high level of lignans, which act as 

antioxidants and phytoestrogen (Morris 2007) [98] 

In the given table 2 depicited the nutritional value of finger 

millet, pearl millet and flaxseed per 100 g. 

 
Table 2: Nutritional composition of millets and flaxseed per 100 g 

 

Millets 
Energy 

(kcal) 

Fat 

(g) 

Ash 

(g) 

Crude 

fibre (g) 

Carbohydrate 

(g) 

Protein 

(g) 

Calcium 

(mg) 

Iron 

(mg) 

Riboflavin 

(mg) 

Thiamin 

(mg) 

Niacin 

(mg) 
Reference 

Flaxseed 450 37.1 3.67 10.77 28.9 20.3 230.88 5.13 0.07 0.23 1.0 
(Kajla et al., 2014; Noreen et al., 

2023) [4, 101] 

Finger 

millet 
336 1.20 3.10 3.73 71.23 9.10 350 4.56 0.19 0.42 1.1 

(Arachchige & Jayawardana, 2019; 

Jan et al., 2022) [10, 40] 

Pearl millet 361-363 4.8-5 2.3 11.3 67-67.5 11.6-11.8 42 8 0.25 0.33 2.3 Ramashia et al., 2019) [70] 

 

3. Phytochemical constituents 

Millet is rich in phytochemicals, which are natural, plant-

based, active organic compounds that play a significant role in 

fighting against diseases and promoting health. By analyzing 

these phytochemicals, we can identify bioactive substances 

that influence disease by prevention due to their antioxidant, 

antidiabetic, cardiovascular disease, anti-cancer, anti-

microbial, anti-tumor and antibacterial properties (Mounika et 

al., 2022) [57]. Around 60% of the phenolic acids in millet are 

in the form of conjugated compounds, while the remaining are 

either free or extractable form. These millets include 

phytochemical compounds such as phenolic acids -

chlorogenic acid, ferulic acid, gallic acid, protocatechuic acid 

and flavonoids include kaempferol, quercetin. (Sharma et al., 

2021) [81]. 

Flaxseed is a significant seed crop grown globally (Yasmeen 

et al., 2018) [94]. It is a major source of functional food or 

components. Alpha-linolenic acid (ALA) is one of the 
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primary bioactive components (Parikh et al., 2019). Flaxseed 

is effective in reducing the risk of cardiovascular diseases 

such as atherosclerosis or ischemic heart disease because of 

its high content of these compounds. There are a substantial 

number of phenolic compounds, which are well-known for 

their anti-cancer, anti-diabetic, anti-inflammatory, 

antioxidant, and anti-oxidative properties. Flaxseeds have 

three types of phenolic compounds, including phenolic acids, 

flavonoids, and lignan. 

 

Phenols 

The main phenoic acids in this two millet and flaxseed 

include chlorogenic acid, ferulic acid, gallic acid, 

protocatechuic acid (Xiang et al., 2019) [99]. According to 

(Leitzmann et al., 2016) [49] this phenolic acid contains 

antidiabetic, anti-obesity, antioxidant, anti-inflammatory, 

antihypertension, antimicrobial, neuroprotection, and 

anticancer properties.  

Chlorogenic acid has been shown to possess anti-

inflammatory, anti-diabetic, anti-cancer and anti-virus 

supported by considerable evidence (Naveed et al., 2018) [61]. 

It exhibits anti diabetic properties studies shown that 

Chlorogenic acid administered by gavage reduces fasting 

blood glucose and increases muscle glycogen levels. CGA 

inhibits α-glucosidase and α-amylase in a dose-dependent 

manner, potentially reducing postprandial hyperglycemia by 

limiting the activity of salivary and pancreatic α-amylase and 

delaying glucose absorption through inhibition of intestinal 

brush borderline enzyme α-glucosidase. (Liang & Kitts, 2015) 
[51] a study conducted on murine RAW 264.7 macrophages 

revealed that CGA has anti-inflammatory properties. This is 

carried out by reducing the production of COX-2 that is 

triggered by LPS and the activation of the NF-B and JNK/AP-

1 signaling pathways. It also has a potential to exhibit anti-

cancer studies show that chlorogenic acid can induce the 

expression of caspases and mitochondria-dependent signaling 

pathways, resulting in promotion of apoptotic cell death and 

inhibition of cell proliferation in human U937- leukemia cells. 

CGA has certain therapeutic effects on influenza virus, 

respiratory syncytial virus, viral myocarditis, herpes virus, 

and adenovirus. CGA's mechanism of action may effectively 

act as an antiviral by downregulating interferon (IFN)-β and 

regulating the TLR3 signaling pathway through key signaling 

molecules such as TLR3, TBK1, and IRF3 (Miao & Xiang, 

2020) [56]. 

Ferulic acid has been known to possess anticancer, 

antiplatelet, antimicrobial and anti-diabetic properties. (Gao et 

al., 2018) [3] investigated that ferulic acid suppressed the 

invasion of cells by inhibiting the expression of MMp-9 m-

RNA. Hela and caski cells also induced apoptosis and caused 

to stop in the G0/G1 phase due to induction of specific protein 

related to cell cycle such as p53 and p21 and reduced the 

levels of cyclin D1 and cyclin E. Additionally it also suppress 

breast cancer cell line MDA-MB-231 cell growth in a dose -

dependent way and result in apoptosis (Zhang et al., 2016). A 

study investigated the protective effects of ferulic acid (FA) 

and ethyl ferulate (EF) on TNF-induced HIV activation in a 

chronically infected cell line. Results showed that at 5 µM, 

both Ferulic acid and ethyl ferulate significantly decreased 

HIV p24 release, with Eethyl ferulate demonstrating greater 

inhibition of HIV than Ferulic acid after pretreatment 

(Oliveira et al., 2017) [24].  

Ferulic acid can reduce platelet activation, aggregation, and 

contractile activity of blood clots. It inhibits the secretion of 

serotonin and reduces the expression of P-selectin, resulting 

in the inhibition of collagen-induced platelet aggregation. 

According to (M. A. Alam, 2019) [5] ferulic acid has been 

shown to potentially increase insulin secretion from cultured 

beta cells and adiponectin secretion from adipocytes. This 

improvement in glucose metabolism may contribute to better 

vascular function. 

Gallic acid It possesses Anti-inflammatory, anti-microbial, 

anti-diabetic and many other potential health properties (Bai 

et al., 2021) [14] study revealed that GA has the potential to 

inhibit p38 MAPK, JNK, and NF-κB in IL-33-induced 

KU812 cells, leading to a reduction in the release of 

inflammatory factors, chemokines, and intercellular adhesion 

molecule (ICAM-1). This indicates that GA may effectively 

alleviate the symptoms of atopic dermatitis, and this effect 

could be partly attributed to its regulation of the MAPK and 

NF-κB pathways. 

Gallic acid has been shown to inhibit the motility, adherence, 

and biofilm formation of various bacteria, including 

Pseudomonas aeruginosa, Staphylococcus aureus, 

Streptococcus mutans, Chromobacterium violaceum, and 

Listeria monocytogenes (Kahkeshani et al., 2019) [43]. 

Additionally, gallic acid can alter the charge, hydrophobicity, 

and permeability of both Gram-positive and Gram-negative 

bacterial cell membranes, ultimately disrupting their integrity 

(Teodoro et al., 2015) [89].  

 Protocatechuic acid is inhibition of free radical generation 

and the influence on phases 1 and 2 metabolism of specific 

carcinogens result in the direct blocking of carcinogen 

binding sites with DNA molecules (Muthukumaran et al., 

2013) [58]. protocatechuic acid also possess anti 

hyperglycemic activity where it lowers blood glucose levels 

in diabetes-induced by Streptozotocin (STZ) through 

restoration of carbohydrate metabolic enzyme activity, 

increased plasma insulin level, and normalization of 

pancreatic islet activity (Semaming et al., 2015) [79]. 

(Song et al., 2020) [86] demonstrated that it reduces the 

production of inflammatory mediators in BV2 microglia and 

keratinocytes induced by lipopolysaccharide (LPS) as well as 

inflammatory cytokines produced by THP-1 monocytes and 

macrophages. The mechanism of such effects could be the 

reduction of toll-like receptor 4-dependent activation of Akt, 

mTOR, and NF-κB pathways, as well as the activation of JNK 

and p38 MAPK. It also has Anti-osteoporotic property, 

studies showed that protocatechuic acid resulted in a decrease 

in the serum RANKL level and an increase in OPG content, 

and the expression of TNF receptor-associated factor 6 

(TRAF6) and nuclear factor of activated T cells c1 (NFATc1) 

was inhibited. 

 

Flavonoids 

Kaempferol and quercetin are the major flavonoid compounds 

present in finger millet, pearl millet and flaxseed (Hassan et 

al., 2020; Ruiz et al., 2021) [36, 75]. These two compound 

possses potential health properties such as Anti-inflammatory, 

anti-diabetic. The study conducted by (Alam et al., 2020) [6] 

demonstrated that In vivo effectiveness of reduction in the 

levels of cholesterol and arteriolar lesions. kaempferol has the 

potential to prevent vascular inflammation and was identified 

as a possible anti-atherogenic agent. Another study done by 

(Imran et al., 2019) [36] conducted In vivo on diabetic rat 

improved insulin and blood lipid levels and decreased insulin 
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receptor substrate 1 (IRS1), IkB kinase (IKK), and IkB kinase 

(IKK) activation by stimulating the hepatic IKK/NF-B 

signalling pathway. (Rauf et al., 2018) [73] demonstrated that 

Quercetin causes cells to terminate in the G1 phase, induces 

apoptosis, lowers Bax expression, and increases Caspase-3 

and Bcl-2 expression. It can also reverse multidrug resistance 

(MDR), which is caused by the gene-encoded P-glycoprotein. 

Another experimental study was conducted by (Azeem et al., 

2023) [12]. Found that the growth of Staphylococcus aureus 

was completely inhibited by the activity of a methanolic 

extract containing 20 mg/ml of quercetin. Additionally, in 

silico analysis suggested that quercetin acted as an auxiliary 

metabolite that blocked three proteins in S. aureus. 

Flaxseed lipids and lignans have been discovered to have anti-

inflammatory, anti-cholesterolemic, hypolipidemic effects, 

anti-atherogenic, anti-postprandial glycaemic and insulinemic 

responses (Dzuvor et al., 2018) [29]. Recent research has 

indicated that omega-3 fatty acids may possess anti-

inflammatory properties that can benefit individuals with 

chronic metabolic disorders. Studies have shown that flaxseed 

oil (FO), which is a plant-based source of -3 polyunsaturated 

fatty acids (PUFAs) high in alpha-linolenic acid (ALA), also 

has anti-inflammatory effects (Zhu et al., 2020) [97]. Studies 

show that chronic exercise and ω3 enhance metabolic and 

molecular characteristics in obese mice by interfering with the 

recently deorphanized GPR120 (G Protein Coupled Receptor 

120) liver levels and anti-inflammatory signals. Study 

conducted by Ghaseminasab-Parizi et al, (2022) [33] revealed 

encouraging outcomes when flaxseed was used as an adjuvant 

treatment for rheumatoid arthritis patients. Clinically, pain 

reduction is crucial since it can reduce the need for non-

steroidal anti-inflammatory drug use. The anti-inflammatory 

drugs work by inhibiting the inflammatory mediators are 

produced (including NO, iNOS, PGE2, COX-2, TNF-, and 

IL-6) at the cellular level, systemic mediators at levels of 

systemic mediators, and transcription factors at the molecular 

level (like NF-B) (Chera et al., 2022) [19]. 

(El Tanbouly et al. 2017) [30] conducted a study which showed 

that the G9 and G10 varieties of flaxseed oil from Egypt were 

effective in reducing symptoms of anxiety and depression, as 

well as biochemical changes, in female rats induced with 

postpartum depression. 

The presence of reactive oxygen species (ROS) can cause 

oxidative stress, which is linked to the onset of diabetes. 

Flaxseeds contain Secoisolariciresinol diglucoside (SDG), 

which can scavenge ROS and prevent liver damage, thus 

slowing down the progression of diabetes and its 

complications. Flaxseeds are also rich in soluble fiber and 

other bioactive components that can help regulate plasma 

glucose levels and reduce the risk of diabetes by affecting 

insulin secretion and action, according to (Rehman et al., 

2021) [74]. In the figure 3 shows that chemical structure of the 

phytochemical compounds mentioned below. 

 

 
 

 
 

Fig 1: Chemical structure of the bioactive compounds 
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4. Utilization of flaxseed, finger millet and pearl millet in 

Industry  

There are many applications of finger millet, pearl millet and 

flaxseed both nutritionally and industrially. Each form of 

these has its own properties, Various industrial applications 

are known so far.  

 

Flaxseed 

Paper production is one of the most important industrial uses 

of flaxseed. Due to their strength, durability, and absorbency, 

flax fibers make an excellent choice for producing high-

quality paper. According to (Crini et al., 2020) [21], flax fibers 

are commonly utilized in the paper industry for producing 

specialty papers like cigarette papers and tea bag papers. Flax 

fibers are commonly used to manufacture currency because of 

their durability, strength, and high-density, which also give 

them superior anti-counterfeiting capabilities, as per Mbakop 

et al. (2018) [54]. Additionally, flax fibers are biodegradable, 

which means that they can be disposed of without harming the 

environment, according to (Elgat et al., 2020) [102]. 

The transesterification process of 50 g of flaxseed oil using a 

methanol-to-oil ratio of 5.9:1, a reaction temperature of 59.2 

°C, a reaction time of 33 minutes, and a catalyst of potassium 

hydroxide with a weight of 0.51% resulted in a high biodiesel 

yield of 98.6% (Danish et al., 2020) [22]. According to Azhar 

et al., (2020) [13], flaxseed oil undergoes a process called 

polymerization upon exposure to air, leading to the formation 

of a tough, protective layer that provides endurance and 

protection to the painted surface. One of the advantages of 

using flaxseed oil for making paint is its low toxicity, as 

highlighted by Gupta et al., (2022) [34]. The exceptional 

penetration capabilities of flaxseed oil-based varnishes allow 

them to offer great protection by penetrating deeply into the 

wood grain (Qamar et al., 2019) [69]. Finishes made with 

flaxseed oil are renowned for their longevity and ability to 

endure adverse weather conditions (Debnath, 2021) [26]. 

Millet grains possess favorable qualities for processing, and 

there are several ways to process them for various purposes. 

The primary methods include wetting, dehulling, and milling, 

while the secondary methods consist of fermentation, malting, 

extrusion, flaking, popping, and roasting (Trotter & Belton, 

2002) [90]. In Africa, making malt from millet is a customary 

activity, which involves using the malt to make fermented 

drinks containing lactic acid or alcohol, as well as in 

producing infant food (Adekunle et al., 2012) [4].  

Although there is vast potential in the weaning food industry, 

advancements have been sluggish due to the restricted 

capacity for industrial malting (Amadou et al., 2013) [7]. The 

growing desire for gluten-free products that are high in fiber 

has prompted many interested groups to prioritize food 

commodities based on millet. Resistant starch has become 

more popular than dietary fiber because it offers sensory 

benefits when creating high-fiber formulations (Ashwar et al., 

2016) [11] 

Waffles are a type of baked goods that are made by cooking 

raised wheat batter between two heated plates. However, 

because they lack fiber and polyphenols, some researchers 

have looked into adding millets to the batter in order to create 

a waffle that is more nutritious (Chaitra et al., 2020) [17]. 

studied that how the quality and nutritional properties of 

Belgium waffles were affected by the addition of finger and 

pearl millet to the batter. They examined three different flour 

mixtures that contained varying amounts of wheat, finger 

millet, and pearl millet. 

In the innovation of edible films, pearl millet starch (PMS) 

was used in its original form as well as in modified forms that 

had been acetylated or hydroxy propylated Consequently, 

hydroxy propylated starch-based films could be utilized for 

packaging freshly prepared, ready-to-eat vegetables. 

Additionally, the inclusion of acetylated Pearl millet starch 

(PMS) in the recipe resulted in films that possess outstanding 

moisture-barrier characteristics (Shaikh et al., 2019) [80]. 

Millets in India are mainly consumed as a staple food and not 

commonly used in convenient and ready-to-use food products 

due to the lack of appropriate milling technology. The 

challenges hindering the extensive use of millet are their 

tough fibrous seed coat, pigments that give them color, their 

astringent taste, and the limited shelf life of processed 

products (Jaybhaye et al., 2014) [41] 

Research studies have indicated that the incorporation of 

flaxseed in foods can enhance their nutritional value, 

potentially reducing the risk of chronic diseases. Flaxseed is a 

rich source of ω-3 fatty acids, fiber, lignans, and other 

bioactive compounds. These constituents are associated with 

reducing inflammation, lowering blood pressure, improving 

cholesterol levels, and promoting gut health. Furthermore, 

flaxseed can be used as a substitute for unhealthy ingredients 

in processed foods, such as salt, sugar, and saturated fat 

(Raghuwanshi et al., 2019) [100]. Table 4 shows that finger 

millet, pearl millet and flaxseed-based food products 

 
Table 4: Finger millet, Pearl millet and Flaxseed Based Food Products 

 

Crop Inclusion level Study outcome Reference 

Bread 

Finger 

millet 

10g, 20g, 30g 

per 100g 

Bhol and Bosco investigated that bread incorporated with malted finger millet showed better sensory 

attributes textural properties in comparison with red kidney bean flour. 

Bhol & John Don 

Bosco (2014) [1] 

10g, 20g, 30g 

per 100g 

Patil showed that Breads made with extruded finger millet (BEF) have higher specific volume, loaf 

height exhibit favorable texture quality, high resilience, lower hardness, and chewiness. 

(Patil et al., 2016) 
[67] 

 

Mythrayee and Pavithra studied that blend of Finger millet and whole wheat flour fermented with 

lactic acid bacteria (LAB), results in a product with superior shelf-life due to lower gluten and 

moisture content. Fermented with Baker’s yeast, exhibited a higher level of Vitamin B group (1.09% 

mg). 

Mythrayee & 

Pavithra, (2017) 
[59] 

Pearl 

millet 
10%,15%, 20% 

Ranasalva and Visvanathan showed that bread incorporated with 10,15 and 20% of cooked 

fermented pearl millet exhibited better physical and textural attributes with good quality. 

Ranasalva & 

Visvanathan, 

(2014) [71] 

  
Maktouf investigated that incorporation of 5% pearl millet flour with a mix of wheat flour better 

rheologic properties of the dough also specific volume and texture of the bread. 

Maktouf et al., 

(2016) [52] 

Flaxseed 
5g,10g, 15g per 

100g 

Marpalle showed that addition of raw and roasted ground flaxseed flour to standardized bread 

resulted in an increase in water absorption, dough stickiness, crumb softness, and darkness of bread 

(Marpalle et al., 

2014) [53] 
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crust, which was positively correlated with the level of flaxseed addition. 

 5%, 10%, 15% 

Wirkijowska study revealed that enriching wheat bread with flaxseed by-products, such as flaxseed 

flour and flaxseed marc resulted in an increase in crumb moisture content, decrease in the specific 

volume and porosity of the bread but nutritional value of the bread was enhanced. 

Wirkijowska et 

al., (2020) [92] 

 1-5% 

Sęczyk studies investigated that flaxseed hulls to wheat bread increased its phenolics content and 

antioxidant potential. sensory evaluation showed a slight negative impact on the bread but was still 

accepted by consumers. Thus, flaxseed hulls can be a beneficial food additive. 

Sęczyk et al., 

(2017) [78] 

Cookies 

Finger 

millet 
30%, 50% 

Sinha and sharma investigated that Incorporation of 50% of finger millet flour increased total 

mineral, fiber, calcium, iron, phosphorous, copper, and zinc content of cookies. 

Sinha & Sharma, 

(2017) [84] 

  

Abioye studies found that incorporating additional roasted African yam beans and germinated finger 

millet to a diet increased the nutritional value and decreased the antinutrients, which originally 

limited the utilization of these crops. 
Abioye, (2019) [3] 

earl 

millet 
50: 50 

Asna urooj Studies found that cookies prepared from pearl millet revealed that contains high protein, 

iron, calcium and phosphorous compared to control and has better sensory attributes in addition 

crispy and crumby texture. 

Asna Urooj, 

(2014) [103] 

 40:60 
Kulthe studies found that Cookies made by blending wheat flour and PMF in a 40:60 ratio were 

found to be economically feasible and acceptable in terms of sensory parameters. 

Kuthe et al., 

(2017) [104] 

Flaxseed 6%, 12% 18% 

Khouryieh stuides investigated that Flaxseed flour can substitute wheat flour in cookies up to 12% 

without compromising their texture or taste, according to the study. The flavor attributes of flaxseed 

have the greatest impact on overall acceptability, but color and texture are also important factors for 

consumers. Therefore, adding flaxseed flour to cookies can be a viable option for increasing their 

nutritional value. 

Khouryieh & 

Aramouni, (2012) 
[45] 

 
5%, 10% 20%, 

25%, 30% 

Ganorkar & Jain found that Flaxseed fortification in cookies improved the P/S ratio and reduced the 

ω-6/ω-3 PUFA ratio below the recommended maximum level. 

 

Ganorkar & Jain 

(2014) [31] 

Noodles 

Finger 

millet 
30% to 50% 

Noodles with 30% finger millet incorporation were rated highest in sensory evaluation. nutrient 

analysis of the noodles revealed that the 50% finger millet incorporated noodles had the highest 

quantity of nutrients. 

Shukla & 

Srivastava, (2014) 
[83] 

Pearl 

millet 

85:15, 75:25 

and65:35 

Noodles with a 65:35 ratio of ingredients (presumably the specific ingredients were mentioned 

earlier in the text) were found to be the most acceptable based on sensory evaluation. Additionally, 

the iron, calcium, and carbohydrate content of the noodles increased significantly. 

Kumari et al., 

(2018) [48] 

Flaxseed 
10g, 15g, 20, 

100g 

Increasing the level of flaxseed in noodle samples led to a significant increase in total dietary fibre 

and total mineral matter content (P<0.05). Good source of minerals such as Na, K, P, and Mg. 
(Yuksel, 2019) [95] 

 

5. Side effects of millets and flaxseed 

Flaxseed: 

Based on the data that is currently available, it appears that 

flaxseed is safe for consumption through oral administration 

and in the prescribed amount for a duration of less than 4 

months in healthy individuals. However, prolonged use of 

flaxseed may result in minor adverse effects (Issn et al., 2020) 
[38]. 

Flaxseed is not recommended as a primary source of human 

nutrition due to the presence of potentially harmful 

substances. This includes toxic cyanoglycosides, such as 

limarin, as well as compounds that can inhibit the absorption 

of vitamin B6 and other anti-nutritional factors like trypsin 

inhibitors, phytic acid, allergens, and goitrogens. These 

elements can limit the safe and beneficial consumption of 

flaxseed as a food source (Hall et al., 2006) [35].  

(Amin et al., 2014) [8] reported that individuals who consumed 

flaxseeds in excessive amounts experienced minor yet 

bothersome side effects like stomach discomfort, flatulence, 

and diarrhea. These side effects are a result of flaxseeds' 

laxative properties. 

 

Finger millet and pearl millet 

Although biofortification of millet is possible, antinutrients 

such as phytic acid, polyphenols, and tannins still hinder its 

progress. Phytic acid, also known as phytate, is a major form 

of stored phosphorus and minerals in plants, and it can 

constitute up to 75% of the total phosphorus in the millet 

kernel (Boncompagni et al., 2018) [15]. Nutritional factors 

were found to contribute to the excessive incidence of goiter, 

along with iodine deficiency. (de Souza dos Santos et al., 

2011) [25] conducted an In vitro experiment indicated that 

pearl millet, a commonly consumed staple food, has 

significant levels of apigenin and luteolin, which are potent 

inhibitors of thyroid follicle iodine organification. (Soetan et 

al., 2010) [85] showed one of the effects of flavonoids in vitro 

is inhibition of iodide organification. This was thought to 

occur because of an inhibition of thyroid peroxidase. 

 

6. Conclusion 

The nutritional value of food is crucial for maintaining good 

health and wellbeing, and millet is an important cereal crop 

that offers various benefits. Millets are highly nutritious and 

contain macronutrients, micronutrients, and essential amino 

acids. They are also rich in phytochemicals, which have 

numerous health benefits. On the other hand, while flaxseed 

contains several bioactive plant substances that offer health 

benefits, it also has potentially harmful substances that can 

limit its safe and beneficial consumption. Therefore, it is 

important to be cautious while consuming flaxseed and 

consume it in moderate amounts. Overall, the inclusion of 

millets in our diet can have positive impacts on our health, 

and it is important to be mindful of the potential risks 

associated with other food sources. 

 

7. References 

1. Bhol S, John Don Bosco S. Influence of malted finger 

millet and red kidney bean flour on quality characteristics 

of developed bread. Lwt. 2014;55(1):294-300. 

https://doi.org/10.1016/j.lwt.2013.08.012 

https://www.thepharmajournal.com/


 
 

~ 20 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
2. Li Wei, et al. Study on Metabolic Variation in Whole 

Grains of Four Proso Millet Varieties Reveals 

Metabolites Important for Antioxidant Properties and 

Quality Traits. Food Chemistry. 2021;357:129791. 

3. Abioye VF. Quality attributes of cookies produced from 

composite flours of wheat, germinated finger millet. 

February; c2019. https://doi.org/10.5281/zenodo.1845427 

4. Adekunle AA, Ellis-Jones J, Ajibefun I, Nyikal RA, 

Bangali SFO, AA. Agricultural Innovation in Sub-

Saharan Africa: Experiences from Multiple Stakeholder 

Approaches. Forum for Agriculural Research in Africa 

(FARA); c2012. p. 1-160. 

5. Alam MA. Anti-hypertensive Effect of Cereal 

Antioxidant Ferulic Acid and Its Mechanism of Action. 

Frontiers in Nutrition. 2019;6:1-7. 

https://doi.org/10.3389/fnut.2019.00121 

6. Alam W, Khan H, Shah MA, Cauli O, Saso L. 

Kaempferol as a Dietary Anti-Inflammatory Agent: 

Current Therapeutic Standing. Molecules. 2020;25(18):1-

12. https://doi.org/10.3390/molecules25184073 

7. Amadou I, Gounga ME, Le GW. Millets: Nutritional 

composition, some health benefits and processing - A 

review. Emirates Journal of Food and Agriculture. 

2013;25(7):501-508. 

https://doi.org/10.9755/ejfa.v25i7.12045 

8. Amin T, Thakur M, Amin T. Linum usitatissimum L. 

(Flaxseed)-A Multifarious Functional Food. 2014;1:220-

238. 

9. Annor George Amponsah, Massimo Marcone, Eric 

Bertoft, Koushik Seetharaman. Physical and Molecular 

Characterization of Millet Starches. Cereal Chemistry. 

2014;91(3):286-92. 

10. Arachchige S, Jayawardana S. Journal of Food 

Composition and Analysis Dietary fibers, starch fractions 

and nutritional composition of finger millet varieties 

cultivated in Sri Lanka. Journal of Food Composition and 

Analysis. 2019;82(363):103249. 

https://doi.org/10.1016/j.jfca.2019.103249 

11. Ashwar BA, Gani A, Shah A, Wani IA, Masoodi FA. 

Preparation, health benefits and applications of resistant 

starch - A review. Starch/Staerke. 2016;68(3-4):287-301. 

https://doi.org/10.1002/star.201500064 

12. Azeem M, Hanif M, Mahmood K, Ameer N, Chughtai 

FRS, Abid U. An insight into anticancer, antioxidant, 

antimicrobial, antidiabetic and anti-inflammatory effects 

of quercetin: a review. Polymer Bulletin. 2023;80(1):241-

262. https://doi.org/10.1007/s00289-022-04091-8 

13. Azhar SW, Xu F, Zhang Y, Qiu Y. Fabrication and 

mechanical properties of flaxseed fiber bundle-reinforced 

polybutylene succinate composites. Journal of Industrial 

Textiles. 2020;50(1):98-113. 

14. Bai J, Zhang Y, Tang C, Hou Y, Ai X, Chen X, et al. 

Gallic acid: Pharmacological activities and molecular 

mechanisms involved in inflammation-related diseases. 

Biomedicine and Pharmacotherapy. 2021 

Nov;1330:110985. 

https://doi.org/10.1016/j.biopha.2020.110985 

15. Boncompagni E, Orozco-Arroyo G, Cominelli E, 

Gangashetty PI, Grando S, Tenutse Kwaku Zu T, et al. 

Antinutritional factors in pearl millet grains: Phytate and 

goitrogens content variability and molecular 

characterization of genes involved in their pathways. 

PLoS ONE. 2018;13(6):1-30. 

16. Bunkar Durga Shankar. Nutritional, Functional Role of 

Kodo Millet and Its Processing: A Review. International 

Journal of Current Microbiology and Applied Sciences. 

2021;10(01):1972-85. 

17. Chaitra U, Abhishek P, Sudha ML, Vanitha T, Crassina 

K. Impact of millets on wheat based Belgian waffles: 

Quality characteristics and nutritional composition. Lwt. 

2020 Feb;24:109136. 

https://doi.org/10.1016/j.lwt.2020.109136 

18. Cheng C, Yu X, McClements DJ, Huang Q, Tang H, Yu 

K, et al. Effect of flaxseed polyphenols on physical 

stability and oxidative stability of flaxseed oil-in-water 

Nano emulsions. Food Chemistry. 2019;301:125207. 

19. Chera EI, Pop TI, Pop RM, Pârvu M, Uifălean A, Cătoi 

FA, et al. Flaxseed Ethanol Extract Effect in Acute 

Experimental Inflammation. Medicina (Lithuania). 

2022;58(5):1-9. 

20. Chursina L, Tikhosova H, Holovenko T, Shovkomud O, 

Kniaziev O, Yanyuk T. Innovative technologies of 

oilseed flax straw mechanical processing and quality of 

obtained fibers. INMATEH-Agricultural engineering, 

2019, 57(1). 

21. Crini G, Lichtfouse E, Chanet G, Morin-Crini N. 

Applications of hemp in textiles, paper industry, 

insulation and building materials, horticulture, animal 

nutrition, food and beverages, nutraceuticals, cosmetics 

and hygiene, medicine, agrochemistry, energy production 

and environment: A review. Environmental Chemistry 

Letters. 2020;18(5):1451-1476. 

22. Danish M, Kale P, Ahmad T, Ayoub M, Geremew B, 

Adeloju S. Conversion of flaxseed oil into biodiesel using 

KOH catalyst: Optimization and characterization dataset. 

Data in Brief. 2020 Feb;29:105225. 

https://doi.org/10.1016/j.dib.2020.105225 

23. Dayakar Rao B, Bhaskarachary K, Arlene Christina GD, 

Sudha Devi G, Vilas AT, Tonapi A. Nutritional and 

health benefits of millets. ICAR Indian Institute of 

Millets Research (IIMR), Rajendra Nagar, Hyderabad. 

2017;112:33. 

24. De Oliveira Silva E, Batista R. Ferulic Acid and 

Naturally Occurring Compounds Bearing a Feruloyl 

Moiety: A Review on Their Structures, Occurrence, and 

Potential Health Benefits. Comprehensive Reviews in 

Food Science and Food Safety. 2017;16(4):580-616. 

https://doi.org/10.1111/1541-4337.12266 

25. De Souza dos Santos MC, Gonçalves CFL, Vaisman M, 

Ferreira ACF, De Carvalho DP. Impact of flavonoids on 

thyroid function. Food and Chemical Toxicology. 

2011;49(10):2495-2502. 

https://doi.org/10.1016/j.fct.2011.06.074 

26. Debnath S. Flax Fibre Extraction to Textiles and 

Sustainability: A Holistic Approach. In Sustainable 

Fashion and Textiles in Latin America. Singapore: 

Springer Singapore; c2021. p. 73-85. 

27. Deng Zeyuan. Benefits-Related Gut Microbes; c2022. 

28. Dey Swarnima, et al. Understanding the Antinutritional 

Factors and Bioactive Compounds of Kodo Millet 

(Paspalum scrobiculatum) and Little Millet (Panicum 

sumatrense). Journal of Food Quality; c2022. 

29. Dzuvor CKO, Taylor JT, Acquah C, Pan S, Agyei D. 

Bioprocessing of functional ingredients from 

flaxseed. Molecules. 2018;23(10):2444. 

30. El Tanbouly N, El Sayed AM, Ali ZY, Abdel Wahab S, 

https://www.thepharmajournal.com/


 
 

~ 21 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
El Gayed SH, Ezzat SM, et al. Antidepressant-Like 

Effect of Selected Egyptian Cultivars of Flaxseed Oil on 

a Rodent Model of Postpartum Depression. Evidence-

Based Complementary and Alternative Medicine; c2017. 

31. Ganorkar PM, Jain RK. Effect of flaxseed incorporation 

on physical, sensorial, textural and chemical attributes of 

cookies. International Food Research Journal. 

2014;21(4):1515-1521. 

32. Gao J, Yu H, Guo W, Kong Y, Gu lina, Li Q, et al. The 

anticancer effects of ferulic acid is associated with 

induction of cell cycle arrest and autophagy in cervical 

cancer cells. Cancer Cell International. 2018;18(1):1-9. 

33. Ghaseminasab-Parizi M, Nazarinia MA, Akhlaghi M. 

The effect of flaxseed with or without anti-inflammatory 

diet in patients with rheumatoid arthritis, arandomized 

controlled trial. European Journal of Nutrition. 

2022;61:1377-1389. 

34. Gupta HS, Sehgal R, Wani MF. Tribological 

characterization of eco-friendly bio-based mahua and 

flaxseed oil through nanoparticles. Biomass Conversion 

and Biorefinery; c2022. p. 1-13. 

35. Hall C, Tulbek MC, Xu Y. Flaxseed. Advances in Food 

and Nutrition Research. 2006;51(06):1-97. 

https://doi.org/10.1016/S1043-4526(06)51001-0 

36. Hassan ZM, Sebola NA, Mabelebele M. Assessment of 

the phenolic compounds of pearl and finger millets 

obtained from South Africa and Zimbabwe. Food Science 

and Nutrition. 2020;8(9):4888-4896. 

https://doi.org/10.1002/fsn3.1778 

37. Imran M, Salehi B, Sharifi-Rad J, Aslam Gondal T, 

Saeed F, Imran A, et al. Kaempferol: A key emphasis to 

its anticancer potential. Molecules. 2019;24(12):2277. 

38. Issn OP, Duran D, Ali MMA. J ournal of Current 

Medical Research and Opinion The Pharmacological 

Evaluation of Flax Seed Oil Reviewed By. 

2020;03(05):459–464. 

39. Jagati P, Mahapatra I, Dash D. Finger millet (Ragi) as an 

essential dietary supplement with key health benefits: a 

review. International Journal of Home Science. 

2021;7(2):94-100. 

40. Jan S, Kumar K, Yadav AN, Ahmed N, Thakur P, 

Chauhan D, et la. Effect of diverse fermentation 

treatments on nutritional composition, bioactive 

components, and anti-nutritional factors of finger millet 

(Eleusine coracana L.). 2022;10(1):46-52. 

https://doi.org/10.7324/JABB.2022.10s107 

41. Jaybhaye RV, Pardeshi IL, Vengaiah PC, Srivastav PP. 

Processing and technology for millet-based food 

products: a review. Journal of ready to eat food. 

2014;1(2):32-48. 

42. Joshi Dinesh Chandra, Krishna Kant Mishra, Lakshmi 

Kant. Millets and Millet Technology; c2021. 

43. Kahkeshani N, Farzaei F, Fotouhi M, Alavi SS, 

Bahramsoltani R, Naseri R, et al. Pharmacological effects 

of gallic acid in health and disease: A mechanistic 

review. Iranian Journal of Basic Medical Sciences. 

2019;22(3):225-237. 

44. Kajla P, Sharma A, Sood DR. Flaxseed- a potential 

functional food source; c2014. 

https://doi.org/10.1007/s13197-014-1293-y 

45. Khouryieh H, Aramouni F. Physical and sensory 

characteristics of cookies prepared with flaxseed flour. 

Journal of the Science of Food and Agriculture. 

2012;92(11):2366-2372. https://doi.org/10.1002/jsfa.5642 

46. Kimbonguila André, et al. Effect of Physical Treatment 

on the Physicochemical, Rheological and Functional 

Properties of Yam Meal of the Cultivar ‘Ngumvu’ From 

Dioscorea Alata L. of Congo. International Journal of 

Recent Scientific Research. 2019;10(I):30693–30695. 

47. Kulthe AA, Thorat SS, Lande SB. Evaluation of physical 

and textural properties of cookies prepared from pearl 

millet flour. International Journal of Current 

Microbiology and Applied Sciences. 2017;6(4):692-701. 

48. Kumari S, Prasad R, Gupta A. Processing and utilization 

of jackfruit seeds, pearl millet and soybean flour for value 

addition. Journal of Pharmacognosy and Phytochemistry. 

2018;7(6):569-572. 

https://www.phytojournal.com/archives/2018.v7.i6.6231/

processing-and-utilization-of-jackfruit-seeds-pearl-millet-

and-soybean-flour-for-value-addition 

49. Leitzmann C. Characteristics and health benefits of 

phytochemicals. Complementary Medicine Research. 

2016;23(2):69-74 

50. Li D, Rui Y Xin, Guo S duo, Luan F, Liu R, Zeng N. 

Ferulic acid: A review of its pharmacology, 

pharmacokinetics and derivatives. Life Sciences. 2021 

July;284:119921. 

https://doi.org/10.1016/j.lfs.2021.119921 

51. Liang N, Kitts DD. Role of chlorogenic acids in 

controlling oxidative and inflammatory stress conditions. 

Nutrients. 2015;8(1):1-20. 

https://doi.org/10.3390/nu8010016 

52. Maktouf S, Jeddou K Ben, Moulis C, Hajji H, Remaud-

Simeon M, Ellouz-Ghorbel R. Evaluation of dough 

rheological properties and bread texture of pearl millet-

wheat flour mix. Journal of Food Science and 

Technology. 2016;53(4):2061-2066. 

https://doi.org/10.1007/s13197-015-2065-z 

53. Marpalle P, Sonawane SK, Arya SS. Effect of flaxseed 

flour addition on physicochemical and sensory properties 

of functional bread. Lwt. 2014;58(2):614-619. 

https://doi.org/10.1016/j.lwt.2014.04.003 

54. Mbakop RS, Lebrun G, Brouillette F. Experimental 

analysis of the planar compaction and preforming of 

unidirectional flax reinforcements using a thin paper or 

flax mat as binder for the UD fibers. Composites Part A: 

Applied Science and Manufacturing. 2018;109;604-614. 

55. Mbinda W, Masaki H. Breeding strategies and challenges 

in the improvement of blast disease resistance in finger 

millet. A current review. Frontiers in Plant Science. 

2021;11:602882. 

56. Miao M, Xiang L. Pharmacological action and potential 

targets of chlorogenic acid. In Advances in Pharmacology 

(1st ed., Vol. 87). Elsevier Inc; c2020. 

https://doi.org/10.1016/bs.apha.2019.12.002 

57. Mounika D, Sangeetha U, Sireesha G. Estimation of 

phytochemicals in Millets and selected Millet 

products. Indian J. Applied & Pure Bio. 2022;37(3):810-

820. 

58. Muthukumaran J, Srinivasan S, Venkatesan RS, 

Ramachandran V, Muruganathan U. Syringic acid, a 

novel natural phenolic acid, normalizes hyperglycemia 

with special reference to glycoprotein components in 

experimental diabetic rats. Journal of Acute Disease. 

2013;2(4):304-309. https://doi.org/10.1016/s2221-

6189(13)60149-3 

https://www.thepharmajournal.com/


 
 

~ 22 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
59. Mythrayee R, Pavithra A. Comparative Study on 

Nutritive Content of Finger Millet-Wheat Composite 

Bread Fermented With Lactic Acid Bacilli and Yeast. 

IOSR Journal of Biotechnology and Biochemistry. 

2017;03(03):15-21. https://doi.org/10.9790/264x-

03031521 

60. Nanje Gowda NA, et al. Modern Processing of Indian 

Millets: A Perspective on Changes in Nutritional 

Properties. Foods. 2022;11(4):1-18. 

61. Naveed M, Hejazi V, Abbas M, Kamboh AA, Khan GJ, 

Shumzaid M, et al. Chlorogenic acid (CGA): A 

pharmacological review and call for further 

research. Biomedicine & Pharmacotherapy. 2018;97:67-

74. 

62. Ndou SP, Tun HM, Kiarie E, Walsh MC, Khafipour E, 

Nyachoti CM. Dietary supplementation with flaxseed 

meal and oat hulls modulates intestinal 

histomorphometry characteristics, digesta-and mucosa-

associated microbiota in pigs. Scientific Reports. 

2018;8(1):5880 

63. Nithiyanantham Srinivasan, et al. Nutritional and 

Functional Roles of Millets-A Review. Journal of Food 

Biochemistry. 2019;43(7):1-10. 

64. Nowak Wioletta, Małgorzata Jeziorek. The Role of 

Flaxseed in Improving Human Health. Healthcare 

(Switzerland). 2023;11(3):1-20. 

65. Parikh M, Maddaford TG, Austria JA, Aliani M, 

Netticadan T, Pierce GN. Dietary flaxseed as a strategy 

for improving human health. Nutrients. 2019;11(5):1171. 

66. Parikh Mihir, Thomas Netticadan, Grant N Pierce. 

“Flaxseed: Its Bioactive Components and Their 

Cardiovascular Benefits.” American Journal of 

Physiology - Heart and Circulatory Physiology. 

2018;314(2):H146–59. 

67. Patil SS, Rudra SG, Varghese E, Kaur C. of extruded 

finger millet (Eleusine coracan L.) on textural properties 

and sensory acceptability of composite bread. Food 

Bioscience. 2016;14:62-69. 

https://doi.org/10.1016/j.fbio.2016.04.001 

68. Punia S, Kumar M, Siroha AK, Kennedy JF, Dhull SB, 

Whiteside WS. Pearl millet grain as an emerging source 

of starch: A review on its structure, physicochemical 

properties, functionalization, and industrial applications. 

Carbohydrate polymer. 2021;260:117776. 

69. Qamar H, Ilyas M, Shabbir G, Irshad G, Nisar F, Abbas 

SM, et al. 1. Flax: Ancient to modern food. Pure and 

Applied Biology (PAB). 2019;8(4):2269-2276. 

70. Ramashia Shonisani Eugenia, et al. Processing, 

Nutritional Composition and Health Benefits of Finger 

Millet in Sub-Saharan Africa. 2019;2061:1-14. 

71. Ranasalva N, Visvanathan R. Development of cookies 

and bread from cooked and fermented pearl millet flour. 

African Journal of Food Science. 2014;8(6):330-336. 

https://doi.org/10.5897/ajfs2013.1113 

72. Rasouli Hassan, Mohammad Hosein Farzaei, Reza 

Khodarahmi. Polyphenols and Their Benefits: A Review. 

International Journal of Food Properties. 

2017;20(2):1700-1741. 

73. Rauf A, Imran M, Khan IA, Ur‐Rehman M, Gilani SA, 

Mehmood Z, et al. Anticancer potential of quercetin: A 

comprehensive review. Phytotherapy Research. 

2018;32(11):2109-2130. 

74. Rehman A, Saeed A, Kanwal R, Ahmad S, Changazi SH. 

Therapeutic Effect of Sunflower Seeds and Flax Seeds on 

Diabetes. Cureus. 2021;13(8):10-13. 

75. Ruiz de la Bastida A, Peirotén Á, Langa S, Álvarez I, 

Arqués JL, Landete JM. Metabolism of flavonoids and 

lignans by lactobacilli and bifidobacteria strains improves 

the nutritional properties of flaxseed-enriched beverages. 

Food Research International, 2021, 147. 

https://doi.org/10.1016/j.foodres.2021.110488 

76. Sachdev Niharika, Sangeeta Goomer, Laishram R Singh. 

Foxtail Millet: A Potential Crop to Meet Future Demand 

Scenario for Alternative Sustainable Protein. Journal of 

the Science of Food and Agriculture. 2021;101(3):831-

42. 

77. Satyavathi CT, Ambawat S, Khandelwal V, Srivastava 

RK. Pearl millet: a climate-resilient nutricereal for 

mitigating hidden hunger and provide nutritional 

security. Frontiers in Plant Science. 2021;12:659938. 

78. Sęczyk Ł, Świeca M, Dziki D, Anders A, Gawlik-Dziki, 

U. Antioxidant, nutritional and functional characteristics 

of wheat bread enriched with ground flaxseed hulls. Food 

Chemistry. 2017;214:3238. 

nhttps://doi.org/10.1016/j.foodchem.2016.07.068 

79. Semaming Y, Pannengpetch P, Chattipakorn SC, 

Chattipakorn N. Pharmacological properties of 

protocatechuic acid and its potential roles as 

complementary medicine. Evidence-Based 

Complementary and Alternative Medicine; c2015. 

https://doi.org/10.1155/2015/593902 

80. Shaikh M, Haider S, Ali TM, Hasnain A. Physical, 

thermal, mechanical and barrier properties of pearl millet 

starch films as affected by levels of acetylation and 

hydroxypropylation. International Journal of Biological 

Macromolecules. 2019;124:209-219. 

https://doi.org/10.1016/j.ijbiomac.2018.11.135 

81. Sharma R, Sharma S, Dar BN, Singh B. Millets as 

potential nutri‐cereals: a review of nutrient composition, 

phytochemical profile and techno‐

functionality. International Journal of Food Science & 

Technology. 2021;56(8):3703-3718. 

82. Shinde EM, Gajmal DB, Pawar VS, Rodge SM. Flaxseed 

properties and its application in food industry: A 

Review. Journal of Current Research in Food Science. 

2021;2(2):87-93. 

83. Shukla K, Srivastava S. Evaluation of finger millet 

incorporated noodles for nutritive value and glycemic 

index. Journal of Food Science and Technology. 

2014;51(3):527-534. https://doi.org/10.1007/s13197-011-

0530-x 

84. Sinha R, Sharma B. Use of finger millet in cookies and 

their sensory and nutritional evaluation. Asian Journal of 

Dairy and Food Research. 2017;36(03):264-266. 

https://doi.org/10.18805/ajdfr.v36i03.8962 

85. Soetan KO, Olaiya CO, Oyewole OE. The importance of 

mineral elements for humans, domestic animals and 

plants: A review. African Journal of Food Science. 

2010;4:200-222. 

86. Song J, He Y, Luo C, Feng B, Ran F, Xu H, et al. New 

progress in the pharmacology of protocatechuic acid: A 

compound ingested in daily foods and herbs frequently 

and heavily. Pharmacological Research. 2020 

July;161:105109. 

https://doi.org/10.1016/j.phrs.2020.105109 

87. Srivastava RK, Singh RB, Pujarula VL, Bollam S, 

https://www.thepharmajournal.com/


 
 

~ 23 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 
Pusuluri M, Chellapilla TS, et al. Genome-wide 

association studies and genomic selection in Pearl Millet: 

Advances and prospects. Frontiers in Genetics. 

2020;10:1389. 

88. Taraghikhah N, Ashtari S, Asri N, Shahbazkhani B, Al-

Dulaimi D, Rostami-Nejad M, et al. An updated 

overview of spectrum of gluten-related disorders: clinical 

and diagnostic aspects. BMC gastroenterology. 

2020;20:1-12. 

89. Teodoro GR, Ellepola K, Seneviratne CJ, Koga-Ito CY. 

Potential use of phenolic acids as anti-Candida agents: A 

review. Frontiers in Microbiology. 2015;6:1-11. 

https://doi.org/10.3389/fmicb.2015.01420 

90. Trotter Z, Belton PS. 6 Millets. Pseudocereals and Less 

Common Cereals; c2002. p. 177-217. 

91. Valenti S, Corica D, Ricciardi L, Romano C. Gluten-

related disorders: certainties, questions and doubts. 

Annals of Medicine. 2017;49(7):569-581. 

92. Wirkijowska A, Zarzycki P, Sobota A, Nawrocka A, 

Blicharz-Kania A, Andrejko D. The possibility of using 

by-products from the flaxseed industry for functional 

bread production. Lwt. 2020;118:108860. 

https://doi.org/10.1016/j.lwt.2019.108860 

93. Yan Y, Zhou X, Guo K, Zhou F, Yang H. Use of 

chlorogenic acid against diabetes mellitus and its 

complications. Journal of Immunology Research; c2020. 

p. 1-6. 

94. Yasmeen M, Nisar S, Tavallali V, Khalid T. A review of 

phytochemicals and uses of flaxseed. Int. J. Chem. 

Biochem. Sci. 2018;13:70-75. 

95. Yuksel F. Investigation of certain nutritional properties of 

noodle enriched with raw flaxseed. Quality Assurance 

and Safety of Crops and Foods. 2019;11(2):183-189. 

https://doi.org/10.3920/QAS2018.1363 

96. Zhang X, Lin D, Jiang R, Li H, Wan J, Li H. Ferulic acid 

exerts antitumor activity and inhibits metastasis in breast 

cancer cells by regulating epithelial to mesenchymal 

transition. Oncology Reports. 2016;36(1):271-278. 

97. Zhu L, Sha L, Li K, Wang Z, Wang T, Li Y, et al. 

Dietary flaxseed oil rich in omega-3 suppresses severity 

of type 2 diabetes mellitus via anti-inflammation and 

modulating gut microbiota in rats. Lipids in Health and 

Disease. 2020;19(1):1-16. 

98. Morris AS, Silk JS, Steinberg L, Myers SS, Robinson 

LR. The role of the family context in the development of 

emotion regulation. Social development. 2007 

May;16(2):361-88. 

99. Xiang Y, Xu Z, Zhou Y, Wei Y, Long X, He Y, et al. A 

sustainable ferromanganese biochar adsorbent for 

effective levofloxacin removal from aqueous medium. 

Chemosphere. 2019 Dec 1;237:124464. 

100. Raghuwanshi VS, Garnier G. Characterisation of 

hydrogels: Linking the Nano to the microscale. Advances 

in colloid and interface science. 2019 Dec 1;274:102044. 

101. Akram M, Noreen U, Deveci M. Enhanced ELECTRE II 

method with 2-tuple linguistic m-polar fuzzy sets for 

multi-criteria group decision making. Expert Systems 

with Applications. 2023 Mar 1;213:119237. 

102. Elgat WA, Kordy AM, Böhm M, Černý R, Abdel-

Megeed A, Salem MZ. Eucalyptus camaldulensis, Citrus 

aurantium, and Citrus sinensis Essential Oils as 

Antifungal Activity against Aspergillus flavus, 

Aspergillus Niger, Aspergillus terreus, and Fusarium 

culmorum. Processes. 2020 Aug 18;8(8):1003. 

103. Suma Pushparaj F, Urooj A. Antioxidant activity in two 

pearl millet (Pennisetum typhoideum) cultivars as 

influenced by processing. Antioxidants. 2014 Feb 

12;3(1):55-66. 

104. Köckerling F, Bittner R, Kuthe A, Hukauf M, Mayer F, 

Fortelny R. TEP or TAPP for recurrent inguinal hernia 

repair—register-based comparison of the outcome. 

Surgical endoscopy. 2017 Oct;31:3872-82. 

 

 

https://www.thepharmajournal.com/

