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Abstracts 

With snowballing interest in eating healthily in the present century, as well as the 

endemic prevalence of obesity, great focus is being placed on providing consumers 

solubilized fibers through food. Cereals compensate 73% of all farmed land worldwide, 

making them clear and significant sources of beneficial insoluble and soluble fiber. Oat 

(Avena sativa) β-glucan is a soluble dietary fiber, useful functional component with a 

variety of industrial, nutritional, and health advantages. Oats are claimed to stand out 

among cereals because they are more efficacious than other grains, like wheat or rice, 

which are primarily insoluble, against conditions including hyperglycemia, 

dyslipidemia, high blood pressure, inflammation, and vasculitis. There are a plethora 

of sources for this vital component. β-Glucan can be derived from various sources to 

meet the ever-increasing need for nutraceutical products.  The focus of this research 

was to assess the efficiency of several extraction processes in terms of β-glucan yield 

and recovery. The extraction of β-glucan from oats was studied using three different 

methods. The highest yield (6.94%) and recovery were obtained in alkaline-extracted 

oat samples followed by 4.54% when hot water extraction procedure was used, whereas 

lowest yield (3.70%) was obtained in acidic extraction. Alkaline and acidic approach 

yielded the most soluble fiber, while the hot water extracted sample yielded the least 

amount of insoluble fiber (0.76%). The presence of β-glucan in extracted beta glucan 

gum pellets is also confirmed by UV spectroscopy. The percentage of glucose 

concentration in extracted β-glucan was highest in alkaline yield (0.38%) followed by 

0.22% in hot water yield, whereas lowest 0.07% was observed in acidic yield. Overall, 

isolated beta glucan showed great promise for commercial applications. The extraction 

method may change the physiochemical and functional aspects of extracted β-glucan, 

thus it must be done with caution.             

Keywords: β-glucan, oats, dietary fiber, extraction methods  
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Chapter-1: Introduction 

As obesity, diabetes, and heart disease become more prominent, the value of a high-

fiber diet is becoming more clear. Oat (Avena sativa) has been known as an excellent 

source of soluble dietary fiber for more than two decades. Mixed linkage β-glucans ((1-

3) (1-4) β-D-glucan) are a type of linear poly-glucose fiber found in oats that has 

important nutritional features (American Association of Cereal Chemists International, 

2001). Cereal grains are a staple food in nearly every country on the planet. These grains 

are a good source of dietary fiber, accounting for nearly half of all fiber consumed in 

Western countries. Barley and oats are the cereals with the most soluble fiber 

components, particularly β-glucan. Oat (Avena sativa) is still a popular cereal crop in 

developing countries, and it's utilized for both human and cattle feed. The usage of oats 

grain as an animal feed has been steadily declining, which could be linked to a growing 

interest in oats as a human health food (Tiwari and Cummins, 2009).  

Chemically Beta glucan is a non-starch polysaccharide made up of repeated glucose 

units that can be branched in a variety of ways depending on the source. Long chains 

of β-D-glucopyranose are joined together via β-(1-3) linkage to form a long backbone, 

whereas side chains are formed via β-(1-4) linkage, according to the chemical structure. 

The majority of the β-glucan molecule's structure is made up of β-(1-3) linked 

cellotriosyl and cellotetraosyl units. The β-1, 3 linkages breakdown the β-D-glucan 

molecule's regular shape, making it hydrophilic and flexible, therefore it constitutes a 

significant portion of the water extractable fiber percentage (Manthey et al. 1999). The 

molecular weight, solubility, and concentration of glucan all affect its ability to generate 

viscous solutions because of the presence of (1-4) and (1-3) linkages (El et al., 2012; 

Wood et al., 2000). At low and high shear rates, glucan aqueous dispersions exhibit 

Newtonian region and shear-thinning flow, accordingly (Lazaridou and Biliaderis, 

2007). Cereals, mushrooms, yeast, algae, and beans are just a few of the many sources 

for this useful component that have been identified. The majority of the cholesterol 

lowering effects are provided by β-glucan derived from either of the sources. In 

nutritional supplements, however, β-glucan derived from mushrooms and baker's yeast 

acts as an immune system enhancer. (Woodward et al., 1983; Wood et al., 1994). These 

water-soluble sulfated curdlan-enucleotide complexes may have uses in gene 

technology and medicine, according to the researchers (Zhu et al., 2016). The use of a 

flexible hydroxyapatite/glucan composite as a bone substitute has been demonstrated 
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(Belcarz et al., 2013). β-glucan was employed as a new vaccination platform and 

antigens and immunomodulators can be loaded into β-glucan, which is then released 

after phagocytosis (Levitz, 2014). White rice combined with high-glucan barley could 

help prevent and treat obesity and other metabolic problems linked to obesity (Aoe et 

al., 2014). It offers a variety of useful properties for human health, including the ability 

to reduce colorectal cancer risk, increase stool volume, and relieve constipation (Ishurd 

and Kennedy, 2005). Furthermore, higher intestinal viscosity and increased facial mass 

as a result of β-glucan ingestion can prevent several serious ailments as well as reduce 

hunger, which could be employed to lose weight (Monro, 2002). Diabetic individuals 

may benefit from a diet high in β-glucan because it lowers postprandial hyperglycemia 

and insulin secretion (Lazaridou and Biliaderis, 2007). Prebiotic characteristics of β-

glucan have been discovered, and it can specifically increase the activity and 

proliferation of probiotic bacteria such as lactobacilli and bifidobacteria (Jaskari et al., 

1998). A daily consumption of 0.75 g of β-glucan has been shown to have a 

considerable bifidogenic impact (Mitsou et al., 2010). Cereal β-glucans can be used to 

enhance the nutritional value and diversity of functional foods in a wide range of food 

compositions. As a soluble dietary fiber, β-glucan offers a variety of biological 

functions and health advantages. It also contains physical features such as gelling 

capacity, stabilizer, emulsifying, and thickening agent that make it suited for use in the 

food, pharmaceutical, and cosmetics sectors. It’s a prebiotic, a texturizer, and a fat 

substitute in dairy products (Khorshidian et al., 2018). As a result, consumer demand 

for this polysaccharide is fast increasing, and new culinary products are sprouting 

(Ahmad et al., 2010). In addition to β-glucan, the cell wall of oats contains protein 

matrix, lipids, carbohydrates, and minerals. As a result, the purity, yield, structure, 

physicochemical, functional qualities, and integrality of the β-glucan are all influenced 

by the extraction, purification processes, and circumstances used (Ahmad et al., 2010; 

Ahmad et al., 2009).  

The extraction procedure could have an impact on the molecular structure. The structure 

of β-glucan can be considerably affected by enzymes such as grain's endogenous β-

glucanases in the aqueous environment, as well as shear-induced molecular 

fragmentation that happens during mixing and centrifugation processes. The soluble β-

glucan, in particular, is more impacted by such degradation, which results in a drop in 

molecular weight and viscosity, which reduces its cholesterol-lowering and glucose-
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attenuating effects (Bhatty, 1993). Barley gum's yield, composition, and viscosity were 

all evaluated with respect to the extraction conditions. The functional behavior, 

composition, viscosity, color, molecular weight, and physicochemical properties of the 

extracted β-glucan may all be strongly influenced by a little change in the extraction 

process (Burkus and Temelli, 1998). Endogenous enzyme inactivation, β-glucan 

extraction, and β-glucan precipitation are the three processes involved in its extraction 

from cereals (Irakli et al., 2004). Previously, scientists devised a variety of extraction 

procedures for use in the laboratory. Hot water extraction, enzymatic extraction, solvent 

(acidic) extraction, and alkaline extraction are the four methods available nowadays 

(Ahmad et al., 2009). A study indicated that enzymatic extraction yields a better yield 

than acidic or alkaline extraction, yet protein was found to be a prominent contaminant 

in this study.  

There is no question today that glucan can provide a variety of nutritional and 

rheological benefits to food products, and the food industry always exhibits a keen 

interest in the physiochemical and functional properties of novel nutraceutical 

compounds as this will aid in the selection of a specific type of compound with a 

particular set of characteristics for a specific food product (Ahmad et al., 2010). The 

physiochemical and functional qualities of extracted glucan may be impacted by the 

extraction conditions. This study was therefore designed with the objective of 

comparing the effectiveness of extraction techniques for yield and recovery on 

significant physiochemical parameters of β-glucan having key industrial uses. 

Aims & Objectives 

 To extract soluble dietary fiber (β-glucan) from oats (Avena sativa) in different 

extraction procedures. 

 To quantify the β-glucan through spectrophotometric analysis & total fiber 

content determination.  

 To compare efficiency of different extraction procedures in terms of β-glucan 

yield percentage. 
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Chapter-2: Review of literature 

The β-Glucan (a soluble dietary fiber) has a wide range of biological function, for 

example, it is effective against a variety of chronic diseases such as diabetes, cancer, 

and improper digestion. β-Glucan is a D-glucose polysaccharide. It can be extracted 

from a variety of sources, including grains, yeasts, fungi, and bacteria. As β-Glucan is 

a natural substance that can be employed in pharmaceutical products for the prevention 

and treatment of many chronic diseases, its extraction has become extremely essential 

in recent years. Many food producers, including as dairy, meat, and bakery items, are 

also interested in incorporating the β-Glucan into their products (Ibrahim and 

Selezneva, 2017). 

Because of their health benefits, oats have been designated as a "Supergrain" Oats and 

oat products contain a variety of bioactive substances that may have health advantages 

in addition to soluble fiber, polyphenols, and avenanthramides (antioxidants). Oats and 

oat-containing products that have a certain amount of oat beta-glucan can carry an 

FDA-approved health claim about cholesterol-lowering benefits (Khanna and Mohan, 

2016). 

 

Figure 2.1 Structural representation and nutrient distribution of the oat grain presenting 

different oat tissues (Grundy et al., 2018). 
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2.1 Oats (Avena sativa)                                                                           

Oats are one of the foodstuffs that are most abundant in dietary fiber among cereals, 

like all other grains, is a member of the Poaceae family and is known in India as "Jai" 

or "Javi." The common oat (Avena sativa) is a cereal grain that is primarily farmed for 

use as oatmeal and livestock feed. Without a good understanding of its precise health 

related benefits, oat has always been viewed as a health-promoting food. However, it 

is currently renowned for its effects on satiety and delayed food absorption, as well as 

a deterrent to a variety of gastrointestinal problems. The soluble fiber content of oats is 

primarily responsible for these positive effects (Khanna and Mohan, 2016). 

Table 2.1 Classification of oats (Avena sativa)  

Source: USDA plants database (2005) 

Oats have been grown in various parts of the world for over two thousand years. Oats 

are farmed all over the world in temperate climates. They require less heat in the 

summer and are more tolerant of rain than other cereals such as wheat, rye, or barley. 

They're especially helpful in places where the summers are chilly and damp. Oats are 

an annual plant that can be planted in the fall (harvested in late summer) or the spring 

(harvested in early autumn) (Dimberg et al., 1996). Oats are categorized into numerous 

categories depending on their degree of processing. For human consumption, the hard 

outer hull of whole oats must be removed. "Groats" refers to oats that have been hulled. 

Furfural is a chemical that can be found in oat hulls. Steel-cut oats, commonly known 

as pinhead oats, are prepared by passing groats through steel cutters that chop each one 

into three or four pieces. They're high in nutrients because they're made with whole 

Kingdom Plantae - Plants 

Subkingdom Tracheobionta - Vascular plants 

Superdivision Spermatophyta - Seed plants 

Division Magnoliophyta - Flowering plants 

Class Liliopsida - Monocotyledons 

Subclass Commelinidae 

Order Cyperales 

Family Poaceae / Gramineae - Grass family 

Genus Avena L. - oat 

Species Avena sativa L. - common oat 
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grains, including oat bran. The groats are steamed and then flattened with a roller to 

make rolled oats. Instant oats are manufactured in the same way as rolled quick-cooking 

oats, with the exception that they are steamed for a longer time and rolled thinner. 

Ground oats produce oat flour, which comes in three grades: coarse, medium, and fine 

(Winfield et al., 2007). 

 

Figure 2.2 Prospective of β-glucan for various food products (Ahmad and Ahmed, 

2016) 

Food processors can use -glucan and other dietary fibers to manage synersis, gelling, 

emulsification, and water-holding capacity, as well as improve/modify oil holding 

ability. Bakery products, jams, jellies, soups, meat products, and dairy products all 

require these processes (Ahmad et al., 2012). Cereal -glucans have sparked a lot of 

interest because of their potential as a beneficial dietary fiber (Du et al., 2014). The 

wild red oat, a plant native to Asia, is thought to be the predecessor of modern oat. Oats 

have been grown in various parts of the world for over two thousand years. The use of 

oat as a food and for therapeutic purposes has been promoted (Singh et al., 2013). 
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2.2 Nutritional profile of oats (Avena sativa) 

Oats are often regarded as "healthy," with commercial marketing touting them as 

"nutritious," leading to a greater acceptance of oats as a human food. All three of the 

grain's components, the germ, endosperm, and bran, which are all rich in nutrients, are 

found in oat grout or whole grain (after the hull is removed) (Figure 2.2). In addition to 

having a high quantity of antioxidants, vitamins, and minerals, oats are also high in total 

protein, carbohydrates, crude fat, and dietary fiber (Table 2.2) when compared to other 

cereals (Sangwan et al., 2014). Dry matter can include up to 75% to 80% of its weight 

in total carbohydrates, including cellulose and non-starch polysaccharides. Starch is the 

most important component of oats, and its amount varies according on the type and 

growth conditions. The amylase concentration of oat starch varies between 16 and 18 

percent and 28.5 and 28.7% (Mirmoghtadaie et al. 2009). 

 

Figure 2.3 Structure of oat grain (quakeroats.com) 

Oats are nutritionally superior to other cereals due to their high oat protein content and 

well-balanced amino acid profile. (Brand and Merwe, 1996; Petkov et al., 2001). Only 

oats are a cereal whose majority of grain protein is classified as globulins because it is 

salt soluble, with very little albumin and prolamin content that is alcohol soluble. Oats 

and their byproducts include phenol compounds with a strong antioxidant activity. 

(Sobotka et al., 2012). 

The most active oat proteins in terms of metabolism are the enzymes. Several enzymes 

are found in oat grout, as they are in other cereal grains. Proteases, maltase, α-amylase, 

lichenase, phenoxyacetylase and hydroxylase, phosphatase, tyrosinase, and lipase were 

discovered in the early stages of the inquiry (Caldwell and Pomeranz, 1973). 
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Triglycerides make up the majority of lipids, but phospholipids, glycolipids, and sterols 

are also found in significant amounts. Starch retrogradation in oats is slowed down both 

in terms of rate and amount due to the high lipid content of oat starch (Gudmunsson 

and Eliasson, 1989). 

Roughage or bulk, also referred to as dietary fibers (non-starch polysaccharides), are 

edible plant parts that are essential for human nutrition. Despite the fact that they are 

not a nutrient, they are a vital part of our meals. After passing through the small 

intestine, dietary fiber is partially or completely fermented in the large intestine by gut 

bacteria. The fermentation process results in the production of numerous by-products, 

including gases and short chain fatty acids. The combined impact of the fermentation 

process and byproducts produced is thought to be the cause of dietary fiber's beneficial 

benefits on health. Oats have a well-balanced dietary fiber profile, both soluble and 

insoluble. A high dietary fiber intake has been linked to a number of medicinal and 

nutritional benefits. For instance, dietary fiber compound, which contains antioxidant 

properties and other phytochemicals, is extremely beneficial for lowering cholesterol 

and avoiding cancer and cardiovascular disease (Jacobs et al., 1998a; Jacobs et al., 

1998; Slavin et al., 2000; Thompson, 1994). 

Table 2.2: Nutritional profile of whole grain oats and oat brans 

Nutrients Whole grain oat Oat bran 

Protein 15-17% 15-18% 

Starch & Sugar 59-70% 10-50% 

Fat ~ 4.5% ~ 6.5% 

Total Dietary Fiber ~ 12% ~ 14-15% 

β - Glucan 2-6% 5-20% 

cellulose 14% ~ 2.5% 

Lignin  ~ 2.5% ~ 4.5% 

Source: (Usman et al., 2010) 

Phosphorus, potassium, magnesium, and calcium are the key components of oat's 

mineral content (Table 2.3), which is 2-3%. The water-soluble vitamin content of oats 
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is outlined in (Table 2.4). Oats have a folate level of 20-30 g/100g grain and a biotin 

concentration of 10-15g/100g grain. 

Table 2.3: Mineral composition of oats (USDA, 2005) 

 

Table 2.4: Vitamin composition of oats (USDA, 2005) 

Vitamin content in oats (1 cup/156 g) 

Vitamin C, total ascorbic acid 0.0 mg 

Thiamin  1.190 mg 

Riboflavin 0.217 mg 

Niacin 1.499 mg 

Pantothenic acid 2.104 mg 

Vitamin B6 0.186 mg 

Folate, total 87 µg 

Folic acid 0 µg 

Folate, food 87 µg 

Folate, DFE 87 µg 

Vitamin B12 0 µg 

Vitamin A, IU 0 µg 

Retinol 0 µg 

 

Mineral content in oats (1 cup/156g) 

Calcium, Ca 84 mg 

Iron, Fe 7.36 mg 

Magnesium, Mg 276 mg 

Phosphorous, P 816 mg 

Potassium, K 669 mg 

Sodium, Na 3 mg 

Zinc, Zn 6.19 mg 

Copper, Cu 0.977 mg 

Manganese, Mn 7.669 mg 
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Oats' antioxidants are essential for the stability of oat products during storage because 

they stop lipids from oxidizing. Oats include a lot of tocopherols, which are antioxidants 

and have an average concentration of 2.3 mg per 100 g of grain (Morrison et al., 1978; 

Peterson, 1995). Furthermore, oat grains contain a large number of low molecular 

weight phenolic chemicals. Natural plant antioxidants play an essential role in the 

prevention of several diseases, according to recent medical and nutritional research. 

Our understanding of phenol chemicals in oats has grown thanks to new study. 

Avenanthramides are a type of phenolic antioxidant found in oats. Cinnamoyl-

anthranilic acid derivatives are what these chemicals are (Figure 2.5) depicts the 

structure of two avenanthramides (Collins, 1986; Dimberg et al., 2005) 

 

Figure 2.4 Structure of Avenanthramides (Dimberg et al., 2005) 

Table 2.5: Dietary fiber and β-glucan content in different oat products 

Fiber 

(%) 

Oat 

endosperm 

flour 

Whole 

grain 

products 

Conventional 

oat bran 

products 

Oat bran 

concentrates 

β –

glucan 

isolates 

Dietary 

fiber 

5-10 10-12 15-20 20-35 80-100 

β - glucan 1-3 4-5 8-12 15-22 Up to 80  

Source: (Manthey et al., 1999) 

2.3 Chemical composition of oat β-glucan (a biological defense modifier) 

The soluble dietary fiber called β-glucan, which is also a mixed-linkage polysaccharide 

containing D-glucose units, nutritionally potentiates and modulates the immune 

response. Although the bonds between D-glucopyranosyl units in β-glucans are 

primarily composed of β-1,3 (cellotriosyl units) and β-1,4 (cellotetraosyl units) 

linkages, there are some portions that resemble cellulose and have four or more 

consecutive β-1,4 linked glucose units (Wood et al., 1993). The β-1, 3 linkages break 
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up the β-D-glucan molecule's regular structure, making it liquid and flexible, for that it 

is an important element of the water recoverable fiber fraction. (Manthey et al., 1999). 

 

Figure 2.5 Linkage of β – glucan (Menon et al., 2016) 

2.3.1 β–glucan’s position in oats 

In the dry weight of the whole grain oats, β-glucan makes up 3.6–5.1%. (Hampshire, 

2004). Variation in cultivars and environmental factors that affect growth, such as 

nitrogen content, temperature, and rainfall, all have an impact on β-glucan 

concentration (Asp et al., 1992; Brunner and Freed, 1994). β-glucans can be found all 

over the starchy endosperm. They're mostly found in the bran, specifically the aleurone 

and sub-aleurone layers (Fig. 2.6). 

 

Figure 2.6 position of β-glucan in oat grain (oatsandhealth.org) 
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2.4 Therapeutic attributes of oats against diabetes & others metabolic disorders 

Oats stand out among cereals because of their multifunctional properties and unique 

nutritional profile. Diabetes and cardiovascular problems have been shown to benefit 

from oats and oat products (Khanna and Mohan, 2016). 

2.4.1 Oats against dyslipidemia  

Oats containing β-glucan soluble fiber, which aids in cholesterol reduction. 3 grams of 

soluble fiber per day from oats, together with a low-saturated-fat, low-cholesterol diet 

and a healthy, active lifestyle, can help lower cholesterol (USFDA guidelines).  

The viscosity of β-glucan is connected to its strong transport of bile acids towards lower 

regions of the intestinal tract and high excretion of bile acids, decreasing serum 

cholesterol levels and attenuating postprandial plasma glucose levels. Cholesterol 

levels that are too high are a key risk factor for cardiovascular disease. Increasing 

dietary fiber has been suggested as a safe and feasible method for lowering cholesterol 

(as a helpful supplement to lipid-lowering diets). The ability of oats to lessen the risk 

of heart disease has been demonstrated (USFDA, 1997). 

 The hypocholesterolemic impact of oat fibre may be due to the interplay of four 

different pathways. First, oat fiber affects bile acid metabolism and increases 

fecal bile excretion. Second, oat bran may affect lipoprotein metabolism by 

enhancing hepatic LDL receptors, which could lead to changes in lipoprotein 

metabolism. Oats have a stronger tendency to reduce LDL cholesterol while 

raising HDL cholesterol. Third, after being absorbed into the portal vein, oat 

bran is fermented in the colon to create short-chain fatty acids like acetate, 

propionate, and butyrate, which may reduce the production of hepatic 

cholesterol. Fourth, lower insulin secretion linked to fibers like oat bran may 

result in lower cholesterol production. 

 Oat fiber favorably modulates atherogenic fasting and postprandial blood lipids 

and other lipoprotein fractions irrespective of other dietary alterations, so it has 

been demonstrated to be helpful in lowering the risk of CHD (Butt et al. 2008). 

As a result, it is stressed that consuming oats and oat products is crucial in 

lowering the risk of cardiovascular disease (Singh et al. 2013). 

 



13 | P a g e  

 

 

 

 

 

 

 

 

 

 

                                                                                                                                                                                                               

                                                                                                                                                    

 

Figure 2.7 Prevention of dyslipidemia (Marlett, 1997; Ellegard and Anderson, 2007) 

2.4.2 Oats help to manage weight 

Dietary fiber is abundant in oats. Fibre-rich diets may assist with weight maintenance. 

Fiber, according to epidemiological and clinical evidence, can help with weight 

management and/or the prevention of weight gain and obesity (body mass index >30%). 

Fiber may provide a textural characteristic that encourages people to chew for longer 

periods of time (which leads to satiation). Gastric emptying, small intestinal transit 

time, and carbohydrate and fat digestion and absorption have all been observed to be 

slowed by viscous fibers (such as those present in oats). These effects have been 

demonstrated to increase satiety and aid in energy intake control by successfully 

altering the glycemic response. Cholecystokinin (CCK), a hormone that promotes fat-

induced satiety, is elevated in plasma in response to beta-glucan-enriched foods. Protein 

is also more satiating than isoenergetic levels of carbohydrate or fat, and oats have the 

highest protein content of all the main cereals. Oats' amino acid profile (low lysine to 

arginine ratio) has also been found to be hypocholesterolemic and cardioprotective 

(Khanna and Mohan, 2016). 
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Figure 2.8 Mechanism of action to lose weight (Khanna and Mohan, 2016) 

2.4.3 Oats combat type 2 diabetes 

Oat beta-glucans have been shown to be effective in treating insulin resistance, which 

is a key factor in the development of the metabolic syndrome, a condition associated 

with type 2 diabetes. The findings that a high dietary fiber intake is associated with 

greater insulin sensitivity are confirmed by the finding that total fiber consumption, as 

well as soluble and insoluble fiber intake, is adversely related to insulin resistance 

(Galisteo, 2008; Ylonen et al., 2003). Oat glucans were used in numerous clinical trials 

to reduce blood sugar levels. Oats provide a multitude of health benefits that lower 

blood sugar and prevent diabetes. Beta glucans, which are found in oats and have the 

capacity to gel, help control blood sugar levels (particularly for cases of type II diabetes) 

(Butt et al., 2008). Consequently, dietary glucose is absorbed more slowly (Kiho et al., 

1995).  

Studies show that oat β-glucan (5 g daily) reduces the glycemic index by up to 50% 

after ingestion of 35 g of carbs (Tappy et al., 1996), or each gram of β-glucan lowers 

the GI by 4 units in a meal containing 50 g of carbohydrates (Jenkins et al., 2002). After 

eating the oat (bran flour or crisp), blood glucose levels dropped at 15, 30, and 45 
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minutes. However, they spiked at 90 minutes after taking 12.5g of glucose (Tapola et 

al., 2005). The feeling of hunger brought on by a sudden drop in blood glucose is 

lessened by these changes (Ludwig, 2003; Saris, 2003). As a result, β-glucans suppress 

appetite and eat less. Oatmeal diet days, according to Zerm et al, may help people with 

type 2 diabetes mellitus reduce their insulin resistance (Zerm et al., 2013).  

Oat-glucans can also raise the PI3K/Akt signaling pathway, which in turn lowers blood 

sugar levels. It has been discovered that type 2 diabetes can develop as a result of 

decreased PI3K/Akt activity. Numerous receptors have been implicated in the 

stimulation of PI3K/Akt by glucans (Hsu et al., 2002; Chen and Seviour, 2007). One 

group of receptors induced by β-glucans is dectin-1, which also stimulates complement 

receptor 3 lactosylceramide, scavenger, and toll-like receptors. Each of these receptors 

activates a distinct signal pathway. Brown (2006) and Chen and Seviour (2007) studied 

how beta-glucans and their receptors interacted. The treatment of β-glucans may be 

able to restore decreased PI3K in diabetes because mushroom extract has been shown 

to activate the PI3K pathway (Li et al., 2006; Lee et al., 2008). 

                                                                                                                                                                      

 

 

 

 

 

 

 

 

 

 

 

Figure 2.9 Mechanism of oats’ anti- diabetic effects (Butt et al., 2008) 
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2.4.4 Oats may help to reduce hypertension  

In a clinical research with diet containing oat-glucans, participants with BMIs above 

the median (31.5 kg/m2) had lower blood pressure (Maki et al., 2007). Another study 

found that oats are useful in the treatment of hypertension (He et al., 2004). Several 

mechanisms have been proposed to explain how dietary fiber intake may affect blood 

pressure. Dietary fiber has a variety of effects on food digestion and absorption. 

Significant underlying pathologic pathways for the development of hypertension have 

been suggested to include insulin resistance and the compensatory hyperinsulinemia 

that goes along with it (Ferrannini et al.,1987). 

2.4.5 Oats against proinflammatory state 

Most studies on weight loss have shown that lowering body weight is linked to lowering 

CRP (C reactive protein) (Dietrich et al., 2005), In obese women, TNF (Tumor Necrosis 

Factor) (Dandona et al., 1998) and circulating adiponectin levels rise (Esposito et al., 

2003). King (2005) asserted in a study that dietary fiber lowers lipid oxidation, which 

is associated with less inflammation. For fermentable fibers, the production of butyrate 

may also be responsible for these anti-inflammatory effects. It has been demonstrated 

that butyrate has anti-inflammatory properties in conditions such inflammatory bowel 

disease (Patz et al., 1996), and Various human cells types, including macrophages and 

monocytes, have demonstrated that it has anti-inflammatory effect (Segain et al., 2000). 

 

 

                                                                                                                                                                  

 

 

 

 

Figure 2.10 Proinflammatory effects of oats (King, 2005) 

 

 

Oats 
(Dietary 

fiber) 

Reduce body weight 

Decrease lipid oxidation 

Reduce CRP 
protein, TNF-α 

Decrease 
inflammatory 

response 

Anti-inflammatory properties of SCFA (butyrate) are 
created 



17 | P a g e  

 

2.4.6 Oats lessen the risk of cancer 

Hong et al. recently advanced the concept that orally administered beta-glucan can act 

as an adjuvant when combined with exogenously administered antitumor antibodies 

that activate the components, and demonstrated that this mechanism of action is 

effective against a wide range of cancers when combined with specific monoclonal 

antibodies that activate or cause the complement to bind to the tumor. The complement 

helps these primed neutrophils locate and adhere to the tumor, making it easier for them 

to kill it. The body's first line of defense is innate immune cells, which circulate 

throughout the body and engage in an immunological response to "external" assaults 

(bacteria, fungi, parasites). Neutrophils aren't usually involved in the destruction of 

malignant tissue since they consider cancer to be "self" rather than "nonself." 

Monoclonal antibodies and vaccines are now used in cancer immunotherapy, however 

they only boost the acquired immune response and do nothing to affect the innate 

immune system's perception of cancer as "self." As a result, monoclonal antibodies 

alone do not engage or initiate the innate immune system's potential killing power, 

which is our principal defense against bacteria and yeast (fungal) diseases (Hong et al., 

2004). Orally administered β-glucan has recently been discovered to greatly boost 

monocyte proliferation and activation in the peripheral blood of patients with metastatic 

breast cancer (Demir et al., 2007). 

 

 

 

 

 

 

 

 

 

Figure 2.11 Mechanism of action of β-glucan against cancer (Perry and Ying, 2016) 
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Beta glucan is entirely degraded by bacterial enzymes in the large intestine and acts as 

a substrate for fermentations in the same way as other soluble fiber sources do. The 

decrease of the risk of intestinal and other malignancies is undoubtedly one of the most 

important physiological effects of these fermentations. The presence of lignin and 

isoflavones (phytoestrogens) in oat fiber provides a distinct advantage. Intestinal 

bacteria convert phytoestrogens into physiologically active compounds. These can 

lessen the risk of breast cancer, prostate cancer, and colon cancer over time (Perry and 

Ying, 2016). 

2.5 Extraction procedures of β-glucan 

The two most common methods for extracting -glucan, notably from grains, are dry 

separation and wet separation. The advantage of dry separation is that it does not require 

the use of a solvent for extraction; nevertheless, the yield from this approach is often 

less than 30% (Zheng et al., 2000). Wood et al. were the first to adopt the wet method 

for glucan extraction, and it has since become the preferred method for many food 

scientists due to its high yield, which typically varies from 30–70 percent (Benito-

Román et al., 2011). β-Glucan, like other non-starch polysaccharides, is found in the 

endosperm cells of barley and oats, which cover the grain's starch, lipid, and protein 

reserves, making it difficult to recover. The approach to be followed while examining 

β-glucan physiochemical properties must optimize purity, yield, and maintain the 

integrity of the β-glucan molecule. The method of extraction has an impact on the β-

glucan molecular weight profile as well (Tosh et al., 2003; Wang et al., 2003). 

This is because the viscosity, molecular weight, and solubility of β-glucan are primarily 

responsible for its cholesterol-lowering and glucose-lowering actions (Wood, 2007). 

Endogenous enzyme inactivation, β-glucan extraction, and β-glucan precipitation are 

the three processes involved in its extraction from cereals. Endogenous β-glucanases 

must be inhibited because they can breakdown β-glucan, causing it to lose molecular 

weight and lose its functional qualities (Irakli et al., 2004). Treatment of barley flour 

with dilute aqueous ethanol at temperatures over 60°C inactivates these enzymes. 

Because starch is coextracted at temperatures over 60°C (gelatinization temperature), 

starch must be eliminated from the extract (Wood et al., 1977). Wood invented a crucial 

method for extracting β-glucan from oats and 
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barley. On a laboratory scale, the effects of particle size, pH, ionic strength, and 

temperature on β-glucan yield were investigated, and on a pilot plant scale, oat-bran 

enzymes were inactivated with 75 percent ethanol and a sodium carbonate solution at 

pH 10 to create a 78 percent β-glucan preparation. Although β-glucan was effectively 

extracted from cereal using this approach, McCleary demonstrated that successive 

water extraction at 40, 65, and 950C boosted the extraction rate and yield of barley β-

glucan to 90% (Brennan and Cleary, 2005). Another study found that enzymatic 

extraction yields more than acidic or alkaline extraction, however protein was 

determined to be the predominant contaminant in this investigation (Ahmad et al., 

2010). 

 Similarly, adding enzymes to the extraction process enhances the viscosity of dietary 

fiber by allowing β-glucan to be released from the food matrix, according to another 

study (Gamel et al., 2014). 

2.6 Water Extraction 

Grain samples were ground, screened for appropriate particle size, and refluxed with 

ethanol prior to extraction in the water extraction techniques described below. 

Refluxing in ethanol aids in the inactivation of enzymes like β-Glucanase as well as the 

elimination of the majority of lipids. Extraction at 47 to 50 °C prevents starch from 

becoming solubilized and then gelatinized. The MW of β-glucan obtained was 

influenced by the extraction temperature and cultivar type (Maheshwari et al., 2017). 

Whole oat flour (<0.8 mm) 

↓ 

Reflux in Ethanol (1:10) (80 - 82 % v/v, 2h, 85 - 90 °C) 

↓ 

Supernatant removed, Residue washed twice with Ethanol (95%, v/v) 

↓ 

Dried (40 °C, 12h) 

↓ 

Aqueous extraction (1:8 - 1:10), 47-50°C, 2-3h 

↓ 

Centrifuge (3000 - 4000 g, 10-15 min.) 
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↓ 

To supernatant 0.02% NaN3 w/v 

↓ 

Concentrate to ~1/3 v, 75 °C –vacuum 

↓ 

Precipitate with twice volume of 95% Ethanol 

↓ 

Filter the ppt., wash residue twice with 95% EtOH 

↓ 

Discard ppt., Supernatant dried at 40°C, 12h 

↓ 

Solubilize in water, Freeze dry 

↓ 

Oat gum 

↓ 

Solubilize 30 g oat gum extracted in 1L water, 900 C, stirring 

↓ 

Adjust pH to 4.5 with 2.0 M HCl 

↓ 

Precipitate protein at 25°C for 12h 

↓ 

Centrifuge (3000 g, 20 min.) 

↓ 

Adjust pH of supernatant to 7.0 with 2M NaOH 

↓ 

Dialysis with double distilled water for 3 days 

↓ 

Freeze dry 

↓ 

Oat gum (βG 87-90%; protein 3-6.5%) 

Figure 2.12 Flow chart for water extraction & purification of β-glucan from oat flour 

(Skendi et al., 2003) 
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The effect of extraction methods on the physicochemical and functional properties of 

β-G isolated from barley was examined by Ahmad and collaborators (2009). β-G was 

retrieved from barley using four distinct media: acidic, alkaline, hot water, and enzyme. 

They assessed the isolated β-G's yield, purity, and several physicochemical and 

functional properties. According to their findings, (i) the yield of β-G obtained by acidic 

extraction was lower than that obtained by hot water and enzymatic extraction but 

higher than that obtained by alkaline extraction, and (ii) of the four methods, hot water 

extraction gives the highest yield and purity, ensuring the maximum removal of 

impurities. In addition, this approach produced the most soluble β-G (Ahmad et al., 

2009). 

2.7 Acidic Extraction 

Despite the fact that there are several reports on various extraction procedures for β-G, 

only a few workers have documented extraction under acidic circumstances. The 

contributions of Ahluwalia and Ellis are noteworthy (1984). They looked at how β-G 

and starch were determined in barley and malt. Barley samples were taken from trials 

in Ickleton, near Cambridge. They used a simple and quick approach to extract β-G and 

starch, using 50 mM perchloric acid. The extract was then utilized without drying to 

assess the amounts of β-G and starch in the extract solution.  

By treating the extract with sodium acetate buffer and "treated cellulase," the extract 

was hydrolyzed to glucose for β-G measurement. The amount of glucose released was 

determined enzymatically using glucose-6-phosphate dehydrogenase, with the results 

expressed as β-G (%) on a dry weight basis (Ahluwalia and Ellis, 1984). 
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20mg barley sample 

Incubated for 3 min at 960C with 50mM perchloric acid (4ml) 

Cooled at room temperature 

Centrifuged 

 

                                    

 

 

 

 

 

 

 

 

Figure 2.13 Acidic extraction scheme of β-glucan from barley (Ahluwalia and Ellis, 

1984). 

With a modified process, the yield of β-G from oat was extracted under acidic, alkaline, 

and enzymatic conditions, and it was discovered that the yield from acidic extraction 

was the lowest. They found that the oat β-glucan isolated under the aforementioned 

circumstances had a modest amount of protein, as well as major and minor components 

such as P, K, and Ca, as well as good water binding capacity (WBC), viscosity, and 

whippability qualities suited for industrial applications (Ahmad et al., 2010). When 

comparing alkaline and enzymatic extractions with defatted oat flour, acidic extraction 

yielded a lower yield of β-glucan (Babu, 2015). 

 

 

Residue washed with perchloric acid (50mM, 1ml) Supernatant 1 

Centrifuged again  

Supernatant 2 Residue 

Combined supernatants (1 & 2) 

Bulked to 10ml with distilled water 

Gum extract (for β-glucan determination) 
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2.8 Alkaline Extraction 

Barley/Oat bran flour + 1N NaOH         

Extracted for 1h at RT 

Centrifuging (6000g, 15 min) 

 

       

 

 

                                                                                                                                                                  

 

                                                                                                                                             

Maintained pH 6.5 (HCl) + CaCl2 (70 mg/l) + Termamyl 120 L (0.1 ml/100 ml) 

Incubated with shaking (960 C, 1h) & cooled to 250C 

Protein precipitation at PH 4.5 (HCl) 

Centrifuging (6000 g, 15 min) 

Supernatant + ethanol (50%), RT, overnight 

Centrifuging (6000 g, 15 min) 

Crude gum suspended in water 

Washed twice with 50% ethanol 

                                                Centrifuging 

Lightly homogenizing the pellets in water 

                                                 Freeze dry 

Figure 2.14 Alkaline extraction of β-glucan from oats and barley (Bhatty, 1995) 

 

Supernatant (1) Residue 

Re-extraction with NaOH (1:50) 

Centrifuging (6000g, 15 min) 

Supernatant (2) Residue 

Supernatant (1&2) 
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For the isolation of β-G from oat, Wood and colleagues (1978) used an alkaline 

extraction procedure and investigated the effects of particle size, solvent/sample ratio, 

temperature, and the effect of enzyme deactivation on the extraction yield. Among the 

various particle sizes used (3.0, 0.75, and 0.5 mm), oat flour with a particle size of 0.5 

mm yielded a high yield of β-G. There was no significant difference in yield when the 

solvent/sample ratio was changed from 10:1 to 20:1. However, when the temperature 

was raised from 5 to 80 ℃, the output increased from 3.41 to 4.59 percent db of flour. 

It was discovered that a temperature of 450C. was required to prevent starch 

gelatinization. While defatted oat flour yielded 3.78% β-G, flour with the enzyme 

deactivated yielded 3.5 percent β-G. Furthermore, the study found that this extraction 

procedure results in lower levels of β-G in barley flour samples than in oat flour 

samples. The viscosity of β-G produced from barley has likewise been found to be 

lower than that of oats. (Wood et al., 1978). 

In 0.25, 0.5, 0.75, and 1.0 M NaOH solutions, β-G solubility was 77%, 88 percent, 98%, 

and 97 percent, respectively. At the laboratory scale, 1.0 M NaOH was employed 

throughout the extraction method, although 0.75 M NaOH was also found to be 

similarly effective. On the pilot plant scale, 0.25 M NaOH was employed to avoid 

handling dangers, and extraction was found to be as high as that seen in the laboratory 

with 0.75 M NaOH (Bhatty, 1995). 

It's worth noting that several precipitations of β-G extract with ammonium sulfate 

yielded β-glucan with a high purity (91.58%). The structural analysis, MW distribution, 

and gelation properties of the extracted gum were investigated. Gelation kinetics 

demonstrated that as molecular size increased, the rate of gelation decreased. The entire 

procedure took 4 to 5 days (Li et al., 2006).           

Recently, it has been demonstrated that the fungus β-G is beneficial in decreasing blood 

sugar and cholesterol (Zhu et al., 2015) as well as in fighting tumors and boosting body 

immunity (Du et al., 2015). In everyday practice, special consideration must constantly 

be given to the extraction of bioactive components from plant sources for herbal and 

therapeutic purposes. The efforts on qualitative extraction and quantitative separation 

of oat β-G are necessary for obtaining the full benefits of β-G, which demands its 

availability in high quantities (Maheshwari et al., 2017). 
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Chapter-3: Materials and Methods 

3.1 Study area and Study period 

The research work was conducted for six months from January, 2021 to June, 2021. 

Experimental procedures were carried out in the Dept. of Applied Food Science and 

Nutrition, Dept. of Food Processing and Engineering, Dept. of Animal Science and 

Nutrition, Dept. of Physiology, Biochemistry and Pharmacology at Chattogram 

Veterinary and Animal Sciences University, Bangladesh. 

3.2 Layout of experiment 

After collection of whole oat sample and after milling into 0.5mm on size, this flour 

was used for extraction of soluble β-glucan using the following extraction strategies 

(hot water extraction, alkaline extraction, acidic extraction) (Ahmad et al., 2009) with 

some modifications. Then β-glucan quantification was conducted through crude fiber 

content estimation and spectrophotometric analysis.                                          

                                                                                                                                                                     

                                                                                                                                                                     

                                                                                                                                                                      

 

 

 

 

 

                                                                                                                                                                                

                                                                                                                                                                      

 

Figure 3.1 Flow chart of study design 

 

Collection of whole oats 

Grinded to (0.5mm) oats flour 

Extraction of β-glucan 

Hot water Extraction Alkaline Extraction  Acidic Extraction 

Quantification of β-glucan 

Estimation of Total/Crude Fiber Spectrophotometric 
Analysis 



26 | P a g e  

 

3.3 Sample collection and preparation 

Firstly, whole oats (Avena sativa) sample was collected from Khulshi area of 

Chattogram, Bangladesh. After collection of samples, it was milled for preparation of 

oats flour (0.5mm) from whole oats. Then the subsequent three methods (hot water 

extraction, alkaline extraction, acidic extraction) (Ahmad et al., 2009) were followed 

with some modifications for extraction of soluble β-glucan. 

3.4 Hot water extraction of β-glucan  

β-glucan extraction through hot water was done by following the hot water extraction 

method (Ahmad et al., 2009) with some modifications. The basic idea behind this 

procedure is to use hot ethanol to deactivate natural beta-glucanase enzyme and then 

hot water to extract the beta-glucan. To separate the proteins and fibers, the procedure 

employs a slightly alkaline solution and acid, and then adds ethanol to precipitate the 

extracted beta-glucan granules.    

At first 100g oats flour (0.5 mm) was measured in a bowl & taken in a 1000 ml conical 

flask. Then 250 ml ethanol (80%) was poured in that flask and refluxed (evaporating + 

condensing) the solution for 6 hours by using Soxhlet apparatus. The main purpose of 

refluxing a solution is to heat a solution in a controlled manner at a constant 

temperature. After that the flour was mixed with distilled H2O in 1:10 ratio and stirring 

the solution with magnetic stirrer at high speed for 90 min at 550C temperature. Then 

the mixer was centrifuged at 9000 rpm for 30 min at 400C by using 50 ml centrifuged 

cuvette. After centrifuging the supernatant (the liquid lying above a solid residue) was 

adjusted at pH 8.5 with sodium bicarbonate and stirred on hot plate at 550C for 30 min. 

Then the supernatant was centrifuged at 9000 rpm for 30min and then adjusted at pH 4 

with citric acid and again centrifuged at 9000 rpm, 30 min. That time the supernatant 

was mixed with 80% ethanol in 1:1 ratio and hold for 20 min at room temperature and 

jelly like semisolid β-glucan (white color) was visible on the solution. Then this ethanol 

mixed solution was cooled at 40C & centrifuged at 4500 rpm for 15 min. β-glucan gum 

pellets was precipitated at the bottom of the centrifuged tube. Finally extracted β-glucan 

gum pellets were dried by using hot air oven.     
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Figure 3.2: Flow diagram of hot water extraction procedures of β-glucan from oats 

 

 

Refluxing with 80% ethanol for 6 h 

Mixing the flour with water in 1:10 ratio 

High speed stirring on hot plate with magnetic stirrer for 90 min at 550C 

Centrifuged at 9000 rpm for 30 min at 400C 

Supernatant adjusted at pH 8.5 with NaHCO3 and stirred on hot plate for 30 min at 
550C  

Centrifuged at 9000 rpm for 30 min at 400C 

Supernatant adjusted at pH 4 with citric acid 

Centrifuged at 9000 rpm for 30 min 

Mix supernatant + ethanol (80%) 1:1 and hold for 20 min 

Centrifuged at 4500 rpm for 15 min 

Dry pellets in hot air oven 

100 g oat flour 



28 | P a g e  

 

3.5 Alkaline extraction procedure of β-glucan 

β-glucan extraction by using alkali as solvent was done by following the alkaline 

extraction method (Ahmad et al., 2009) with some modifications. In this process 1M 

Sodium hydroxide (NaOH) was used as alkaline solvent. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3: Flow diagram of alkaline extraction procedures of β- glucan from oats 

 

100 g flour 

Refluxing with 80% ethanol for 6 h 

Mixing the flour with 1M NaOH in 1:7 ratio 

Mixing on hot plate with magnetic stirrer for 90 min at 550 C 

Centrifuged at 9000 rpm for 30 min at 400 C 

Supernatant taken & mixed with 1M NaOH in 1:3 ratio 

Centrifuged at 9000 rpm 30 min at 400 C 

Supernatant adjusted at pH 7 with citric acid 

Centrifuged at 9000 rpm for 30 min 

Mix supernatant + ethanol (80%) in 1:1 ratio & hold for 20 min 

Centrifuged at 5000 rpm for 30 min at 40C 

Dry pellets in hot air oven 
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Firstly, 100 g oats flour (0.5 mm) was taken in a bowl & transferred in a 1000ml conical 

flask. Then 250 ml ethanol (80%) was added in the conical flask and refluxed 

(evaporating + condensing) the solution for 6 hours by using Soxhlet apparatus. After 

that the flour was mixed with 1M NaOH in 1:7 ratio and mixing the solution with 

magnetic stirrer for 90 min at 550C temperature. Then the mixer was centrifuged at 

9000 rpm for 30 min at 400C by using 50 ml centrifuged tube. After centrifuging the 

supernatant (the liquid lying above a solid residue) was separated and mixed with 1M 

NaOH in 1:3 ratio. The solution was centrifuged at 9000 rpm for 30 min at 400C 

temperature. Then supernatant was adjusted at pH 7 with citric acid and centrifuged at 

9000 rpm for 30 min. That time the supernatant was mixed with 80% ethanol in 1:1 

ratio and hold for 20 min at room temperature and β-glucan gum (white color) was 

floated on the ethanol solution. Then this ethanol mixed solution was cooled at 40C & 

centrifuged at 5000 rpm for 30 min. β-glucan gum pellets was precipitated at the bottom 

of the centrifuged tube. At last, extracted β-glucan gum pellets were dried by using hot 

air oven. 

The extraction of β-G was more successful with NaOH than with Na2CO3 (Bhatty, 

1993). Cui and colleagues (2000) reported the first isolation of β-G from preprocessed 

wheat bran using 1.0 M NaOH and neutralization with HCl. The pH of the starch 

digestion solution was adjusted with sodium acetate buffer, and the precipitated mass 

was resuspended in 2-propanol for purification. The traditional method of precipitation 

with (NH4)2SO4 during the purification step was not effective in wheat, unlike in barley 

and oats. It was also discovered that as the pH is reduced from 7 to 4.5, the solubility 

of β-G increases. 
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3.6 Acidic/ solvent extraction of β-glucan 

β-glucan extraction by using citric acid as solvent was done by following the acidic 

extraction method (Ahmad et al., 2009) with some modifications. In this process 1M 

citric acid (C6H8O7) was used as solvent.  

                                                                                                                                                  

 

 

 

 

 

 

 

 

 

 

                                             

 

 

 

 

 

 

 

Figure 3.4: Acidic extraction schemes of β-glucan from oats 

100 g oat flour 

Refluxing with 80% ethanol for 6 h 

Mixing the flour with 1M citric acid in 1:7 ratio 

Mixing on hot plate with magnetic stirrer for 90 min at 550C 

Supernatant taken & mixed with 1M citric acid in 1:3 ratio 

Centrifuged at 9000 rpm for 30 min at 400C 

Supernatant was neutralized at pH 7 with NaOH 

Centrifuged at 9000 rpm for 30 min 

Mix supernatant with ethanol (80%) in 1:1 ratio & hold for 20 min 

Centrifuged at 4000 rpm for 30 min at 40C 

Dry pellets in hot air oven 

Centrifuge at 9000 rpm for 20 min at 400C 
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In the extraction process, firstly 100 g oats flour (0.5 mm) was weighed & taken in a 

1000 ml conical flask. Then 250 ml ethanol (80%) was added with the flour to make a 

solution and refluxed (evaporating + condensing) the solution for 6 hours by using 

Soxhlet apparatus. After that the flour was mixed with 1M citric acid in 1:7 ratio and 

mixing the solution with magnetic stirrer for 90 min at 550C temperature. Then the 

mixer was centrifuged at 9000 rpm for 30 min at 400C by using 50 ml centrifuged tube. 

After centrifuging the supernatant (the liquid lying above a solid residue) was separated 

and mixed with 1M citric acid in 1:3 ratio. The solution was centrifuged at 9000 rpm 

for 30 min at 400C temperature. Then supernatant was adjusted at pH 7 with 1M NaOH 

and centrifuged at 9000 rpm for 30 min. That time the supernatant was mixed with 80% 

ethanol in 1:1 ratio and hold for 20 min at room temperature and β-glucan gum was 

floated on the ethanol solution. Then this ethanol mixed solution was cooled at 40C & 

centrifuged at 4000 rpm for 30 min. β-glucan gum pellets was precipitated at the bottom 

of the centrifuged tube. Finally, extracted β-glucan gum pellets were dried by using hot 

air oven. 

3.7 Identification tests of β-glucan 

3.7.1 Crude fiber 

Crude fiber is the water insoluble fraction of carbohydrate consists mainly of cellulose, 

hemicellulose and lignin. It is estimated through digestion of fat free known amount of 

food sample by boiling it in a weak solution of acid (1.25% H2SO4) for 30 minutes 

followed by boiling in weak solution of alkali (1.25% NaOH) for 30 minutes at constant 

volume and then deducting ash from the residue obtained. 

Electric balance, hot air oven, desiccator, metal tongs, crucible, muffle furnace, filter 

paper, pyrex beaker, round bottom condenser, measuring cylinder were used as 

apparatus. 1.25% (w/v) H2SO4 and NaOH solutions, 1% (w/v) HCl solution were used 

as reagents and N-octanol was used as antifoam. 

At first 2 gm of the sample was weighed and then taken into a beaker. Then 125ml 0f 

1.25% sulfuric acid solution and 3-5 drops of n-octanol were added as antifoam agent 

into the beaker. The beaker was boiled for 30 minutes at constant volume. After that, 

the sample was washed three times with distilled water to remove the acid. After 

washing 125ml of 1.25% sodium hydroxide and 3-5 drops of antifoam were added. It 

was again boiled for another 30 minutes at constant volume. The mixture was filtrated 
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and again washed the residue like before. It was washed again with 1% HCl solution in 

order to remove the acid. Then the residue was dried in a hot air oven at 105℃ until a 

constant weight was found out. It was placed in a desiccator for cooling and the weight 

was recorded. Finally, the residue was burned up to smoke and ignited in the muffle 

furnace at 550-660℃ for about 4-6 hours until that turned into white ash. The ash 

particles were weighed and calculated to determine the crude fiber content of the 

sample. 

The limitation of the test is acid and base solubilize some true fiber particularly 

hemicellulose, β-glucan, pectin, lignin. 

3.7.2 Spectrophotometric determination 

A spectrophotometer is an instrument that measures the amount of light absorbed by a 

sample. The working principle of the Spectrophotometer is based on Beer-Lambert's 

law which states that the amount of light absorbed by a color solution is directly 

proportional to the concentration of the solution and the length of a light path through 

the solution. Spectrophotometry determines concentration of a substance in solution by 

measuring light absorbed by the solution at a specific wavelength.  

This determination was conducted with the L-cysteine sulfuric acid method (Climova 

et al., 2021; Wood et al., 1977). For preparing β-glucan solution, 5 g extracted β-glucan 

gum was weighed in a weight balance and then it was dissolved in 1 ml distilled water. 

 

Figure 3.5: β-glucan solutions 

For the preparation of L-cysteine sulfuric acid solution, at first, 5 ml 86% sulfuric acid 

was prepared from 98% sulfuric acid. For that 4.4 ml sulfuric acid was added in 0.6 ml 

deionized water. Then 0.7g L-cysteine was weighed by a balance and dissolved in 1ml 

86% sulfuric acid. Glucose standard solutions of different concentration were prepared 

by diluting 100 mg/dl glucose standard. 2 ppm, 50 ml glucose solution was prepared 

by dissolving 100 µl glucose standard in 50ml deionized water. 4 ppm, 50ml glucose 
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solution was prepared by adding 200 µl glucose standard in 50 ml water. For the 

preparation of 6 ppm, 50ml glucose solution, 300 µl standard was added with 50ml 

deionized water. And 8 ppm, 50ml solution was prepared by dissolving 400µl glucose 

standard in 50 ml deionized water.  

       

Figure 3.6: Serial dilution of glucose standard 

At first, 200 µl of the β-glucan solution was taken in a conical flask. Then the freshly 

prepared L-cysteine sulfuric acid reagent (1 ml) was added in the solution. The mixture 

was left for 3 min in a boiling water bath, then at the room temperature for 40 mins. 

The concentration of the pure β-glucan was measured by a spectrophotometer at 

wavelength 415 nm and with the glucose standard curve presented in Figure-3.7. 

Afterwards, known molecular weight of glucose, oat β-glucan, and the determined 

concentration of the β-glucan could be defined. 

 

Figure 3.7: Glucose standard curve of extracted samples at wavelength 415 nm 

The concentration of glucose was determined using the equation y = 210714e-004x + 

0.00224286 with an R2 value of 0.93475. 
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Chapter-4: Results 

4.1 Extracted yield of β-glucan gum from oat 

The amount of soluble dietary fiber called β-glucan gum that was obtained from 100 

grams of oat flour is called the product's yield. Various extraction techniques produced 

gum yields ranging from 3.70 to 6.94 percent. From alkaline extraction, 6.94 g of pellets 

was yielded from 100 g of whole oats flour which represent 6.94% of extract. Similarly, 

from hot water extraction and acidic extraction, 4.54 g and 3.70 g of pellets were yielded 

from 100 g of whole oats flour which represent 4.54% and 3.70% of extract 

respectively. The alkaline extraction approach produced the highest yield (6.94%), 

followed by the hot water extraction procedure (4.54%), while the acidic extraction 

procedure (3.70%) produced the lowest yield. 

 

Figure 4.1 Comparative analysis of extracted β-glucan from oats (Avena sativa) 
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4.2 Identification of Crude fiber 

Crude fiber represents the water insoluble fiber fraction of carbohydrate but β-glucan 

is the water soluble fiber fraction. The amount of indigestible substances like cellulose, 

pentosans, lignin, and other similar substances that are contained in food is measured 

as crude fiber. It is the leftover plant material from solvent extraction and digestion with 

weak acid and alkali. Although they have minimal nutritional value, these ingredients 

give the intestinal system the volume it needs to function properly. 

In crude fiber estimation process, acid and base solubilize some of the true fiber 

particularly hemicellulose, pectin, β-glucan, lignin. The crude fiber content in yielded 

β-glucan gum samples of different extraction procedures ranged from 0.00% to 0.76%. 

Alkaline and acidic extracted gum pellets could not identify any insoluble fiber which 

represent that the extracted yields were soluble fiber. Hot water extracted yield 

contained the highest amount of crude fiber of 0.76%, whereas alkaline & acidic 

extracted samples contained the lowest (0.00%) crude fiber.  

 

Table 4.1 percentage of crude fiber in different extracted yields 

Yielded Sample Crude fiber (%) 

Hot water extraction 0.76% 

Alkaline extraction 0.00% 

Acidic extraction 0.00% 
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4.3 Spectrophotometric analysis  

Quantification in spectrophotometer analysis & determination of extracted yields (β-

glucan gum product) represent the absorbance of light by the concentrate in the β-

glucan sample solution. Absorbance of β-glucan ranged from 0.15 to 0.80 in different 

extraction procedures. Highest absorbance of 0.8039 was obtained when alkaline 

extracted sample was used followed by 0.4630 when hot water extracted sample was 

used, whereas lowest absorbance (0.1469) was analyzed in acidic extracted sample. The 

correlation coefficient (r2) value was 0.94 in spectrophotometric analysis. 

Table 4.2 Absorbance in spectrophotometer of different extraction yield 

Samples 

(Extracted β- glucan) 

Concentration 

(ppm) 

Absorbance Weighing 

factor 

Alkaline yield 3804.4746 0.8039 109 

Hot water yield 2186.6441 0.4630 109 

Acidic yield 686.5085 0.1469 109 

 

 

Figure 4.2 Comparative analysis of different extraction yields in spectrophotometer 

detection 
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Chapter-5: Discussion 

5.1 Extracted yield of β-glucan gum 

According to the aim of the present study three subsequent methods were performed 

for extraction of β-glucan (a soluble dietary fiber) from oat. Gum pellets obtained by 

respective methods were quantified through spectrophotometric analysis & crude fiber 

content estimation process. The weight of β-glucan gum obtained from 100 g of oat 

flour is referred to as the yield of gum product.  Highest yield was found in samples 

that were extracted by alkaline treatment. Throughout the present investigation, a 

preliminary treatment of refluxing with 80% ethanol inactivated the β-glucanase 

enzyme, resulting in higher efficiency of alkaline extraction process. Another reason 

for the increased yield of β-glucan (6.94%) in the alkaline extraction procedure could 

be related to higher starch gelatinization and protein solubilization. Furthermore, the 

indigenous enzyme system was rendered inactive. 

Different extraction processes yielded gum yields ranging from 3.94 to 5.40%. The 

highest yield of 5.4 percent was produced using the hot water extraction approach, 

followed by 5.22 % using the enzymatic extraction procedure, 4.65% using the acidic 

process, and 3.94% through using alkaline extraction procedure (Ahmad et al., 2009). 

Because of β-glucan cleavage by the β-glucanase enzyme, Symons & Brennan (2004a) 

noticed a reduced efficiency of hot water extraction. In other study, various extraction 

processes yielded gum yields ranging from 3.74 to 5.14 percent. When beta-d-glucan 

was extracted using an enzyme, the highest yield of 5.14% was obtained. Impurities 

such as fat, protein, starch, pentosans, and mineral (ash) matter were removed in 

addition to beta-d-glucan. The increased enzymatic recovery in that study was due to a 

preceding ethanol treatment and the use of appropriate enzymes that reduced the 

intermolecular interaction of beta-d-glucan with other oat components, resulting in 

enhanced beta-d-glucan extractability (Ahmad et al., 2010). A considerable difference 

between the yield results of the hot water extraction method (5.3 ± 0.3% in the dry 

state) and the acid extraction method can be seen in the yield of the β-glucan, which is 

equal to (4.4% in the dry conditions) (Ibrahim et al., 2017). Another study, the hot-

water extraction method produced the largest yield of beta-glucan gum (5.4%), 

followed by enzymatic extraction (5.22%), acidic extraction (4.65%), and alkaline 

extraction (3.94%) (Climova et al., 2021). The physicochemical features of β-G can be 
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influenced by extracting it from the same cultivar under varied circumstances. The 

qualities of the final product are influenced by various parameters involved in the 

extraction conditions, such as pH, temperature, extraction time, centrifugal gravity and 

purification, and isolation procedures. A higher yield was observed when particle sizes 

of 0.5 mm (out of 0.5, 0.75, and 3.0 mm) were used, however a drop in yield was 

observed when fine flour was used. To avoid glucan destruction via hydrolysis, it is 

recommended that the innate β-glucanase enzyme be deactivated with ethanol treatment 

prior to the extraction method. The majority of the lipids are also removed during this 

procedure. At 800C, deactivation of innate β-glucanase is more effective than at room 

temperature. While non-solubilized starch must be extracted at a low temperature of 

50°C, solubilized starch in extract can be eliminated by using a specialized enzyme. 

Protein can be eliminated by precipitation at pH 4.5 (optimal pH: 4 to 6), ammonium 

sulphate precipitation, or the use of a particular enzyme. Purification of β-glucan can 

be accomplished by centrifuging the extract multiple times and freezing the 

supernatant, or by precipitating with alcohol and vacuum drying the resulting 

precipitate containing β-glucan (Maheshwari et al., 2017). 

5.2 Spectrophotometric Analysis 

For the determination of the extracted yield and the recovery of the β-glucan extract, 

spectrophotometric analysis was performed. Spectrophotometry determines 

concentration of a substance in solution by measuring light absorbed by the solution at 

a specific wavelength. The percentage of glucose concentration in extracted β-glucan 

was highest in alkaline yield (0.38%) followed by 0.22% in hot water yield, whereas 

lowest 0.07% was observed in acidic yield and the absorbance of extracted β-glucan 

was measured in presence of glucose standard. High absorbance (0.8039) was shown 

by alkaline extracted yield followed by (0.4630) when hot water extract was used 

whereas lowest absorbance (0.1469) was analyzed in acidic extraction yield. The 

determined correlation coefficient (R2) value was 0.94. Higher R2 values represents 

smaller differences between the observed data and the fitted values. In the extracted 

pellets, there is a pure concentration of β-glucan. The L-cysteine sulfuric acid technique 

was used to get this determination. The specific measurement of glucose in oats gum 

was made using a cysteine sulfuric acid reaction with a beta glucan solution (wood et 

al., 1977). Using the L-cysteine sulfuric acid method, the concentration of β-glucan in 

the extract was determined (Climova et al., 2021). 
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In comparison to hot water and acidic extraction procedures, the percentage of glucose 

concentration was highest in alkaline extraction method. 

5.3 Crude fiber 

According to present study, hot water extraction procedure represents 0.76% crude fiber 

or insoluble dietary fiber (IDF) but in the other two extraction procedures (acidic & 

alkaline) the IDF was reported 0.00% and the extracted β-glucan gum pellet was soluble 

dietary fiber (SDF). The SDF range of β-glucan gum pellets found in a study was 74.11–

76.85 percent (Ahmad et al., 2009). Another analysis revealed that the SDF of purified 

β-glucan concentrate ranged from 87.2 to 91.4% while that of unpurified concentrate 

was from 50.7 to 54.1% (Faraj et al., 2006). Arabinoxylan, arabinogalactan, cellulose, 

b-glucan, lignin, pentosan, and resistant starch are some of the most important 

components of dietary fiber. Soluble and insoluble dietary fibers are two types of 

dietary fiber. The soluble dietary fiber made up the majority of the β-glucan. These 

fibers help to lower the glycemic index by slowing the release of sugars (Cavallero et 

al., 2002). The hot water extraction method yielded the highest amount of soluble 

dietary fiber. When extracted with alkali, these gum pellets contain a small quantity of 

soluble fiber. At high pH and high temperature, the content of β-glucan was shown to 

decrease, according to the literature (Temelli, 1997). In comparison to insoluble dietary 

fiber, all of the approaches contained more soluble fiber. There was also a strong 

negative connection between soluble and insoluble fibers. The alkali extraction 

technique yielded the most insoluble fiber, but the water extraction approach reduces 

the amount of insoluble fiber material in gum pellets (Ahmad et al., 2009). Dietary 

fiber's relevance is demonstrated by the reduction of total and LDL cholesterol. It was 

calculated that 1 g of SDF from oats could reduce total cholesterol by 0.037 mmol/L 

(Brown et al., 1999). Extracted beta-d-glucan gum pellets have a higher nutritional fiber 

content, making them appropriate for a variety of industrial applications such as baking 

bread, cookies, and other cereal -based pasta products (Ahmad et al., 2010) 

It was concluded that, though various extraction methods had a significant affect on 

extracted β-glucan gum yield and recovery, all the three extraction procedures can 

possible to perform in laboratory scale and in effective cost. If we compare the 

efficiency of the different extraction procedures in terms of β-glucan yield percentage, 

alkaline extraction yielded a higher yield and recovery of β-glucan. 
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Chapter-6: Conclusions 

The method of extraction found to be crucial because it influenced the majority of the 

physiochemical parameters of extracted β-glucan gum. The alkaline extraction method 

was found to be successful because it produced maximum yield of beta glucan gum. 

The recovery and most of the physicochemical parameters of extracted β-glucan were 

significantly affected by different extraction procedures in this study. The yield and 

recovery of β-glucan were better with alkaline extraction. Extraction methods had an 

effect on the dietary fiber content of extracted β-glucan, according to the current 

research. All extraction methods used in this investigation have a high potential for 

producing β-glucan gum based on the extracted yield. On a cumulative basis, however, 

β-glucan extracted using the alkaline extraction method seems to be a simple procedure 

for a laboratory scale or pilot plant project, as well as a promising additive with a lot of 

potential for use in food items. The study revealed that β-glucan extracted using the 

alkaline extraction method has both scientific and economic relevance. Researchers are 

paying close attention to the growing trend of using nutritional food products with a 

variety of health benefits for various segments of the population. β-glucan is at the top 

of the list because of its numerous health benefits, vast range of industrial applications 

ranging from food to cosmetics and medicine, and availability from a variety of sources 

including plants (cereals), fungi, and bacteria. Anti-diabetic, anti-constipation, 

hypolipidemic, anti-cancer, and other health benefits of β-glucan are just a few of them. 

Due to rising medication costs and side effects, consumers are becoming increasingly 

interested in making dietary changes to improve their health. It is a well-known truth 

that oats can help with a variety of current lifestyle disorders. 
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Chapter-7: Recommendations & Future perspectives 

Future research on the utilization of oat beta-glucan as a functional food ingredient is 

absolutely warranted. This investigation has shown a number of areas that need to be 

investigated further. Beta glucan interactions with other dietary components, in 

particular, are essential for increasing its application in the production of food and other 

unique products. Its uses in food range from baked foods to dairy to the meat industry. 

It's been employed in filmmaking, pharmaceuticals, and cosmetics. In a summary, we 

can say that β-glucan ushers in a new era in nourishment for humans, and scientists will 

continue to investigate its numerous beneficial properties in the future. The 

bioavailability of antioxidants from oat, as well as their impact on human health, are 

both urgently needed. It may be concluded from this article that β-glucan is the key 

active element responsible for all of oats' organoleptic and nutritional benefits. Because 

oats are a convenience cereal, further research is needed to justify and validate their 

nutraceutical status in geriatric and paediatric diets. New functional metabolites in oat 

that can be integrated in food products will require more research and development. It 

will be fascinating to learn how β-glucan could be employed in the identification of 

innovative products for use in our daily diets, as well as the impact of various 

processing and packaging technologies on β–glucan and its interactions with other food 

matrix components. Cardiovascular disease, obesity, and diabetes are all considered 

worldwide issues. As a result, oat-based products must be developed to meet the 

expanding nutritional and health needs of the population. 

 

 

 

 

 

 

 

 

 



42 | P a g e  

 

References 

Ahluwalia B and Ellis EE. 1984. A rapid and simple method for the determination of 

 starch and β‐glucan in barley and malt. Journal of the Institute of Brewing, 

 90(4), pp.254-259. 

Ahmad A and Ahmed Z. 2016. Nutraceutical aspects of β-glucan with application in

 food products. 

Ahmad A, Anjum FM, Zahoor T and Nawaz H. 2009. Extraction of ß-glucan from Oat 

 and its Interaction with Glucose and Lipoprotein Profile. Pakistan Journal of 

 Nutrition, 8(9), pp.1486-1492. 

Ahmad A, Anjum FM, Zahoor T, Nawaz H and Ahmed Z. 2010. Extraction and 

 characterization of β-d-glucan from oat for industrial utilization. International 

 journal of biological  macromolecules, 46(3), pp.304-309. 

Ahmad A, Anjum FM, Zahoor T, Nawaz H and Dilshad SMR. 2012. Beta glucan: a 

 valuable functional ingredient in foods. Critical reviews in food science and 

 nutrition, 52(3), pp.201-212. 

Ahmad A, Anjum FM, Zahoor T, Nawaz H and Din A. 2009. Physicochemical and 

 functional properties of barley β‐glucan as affected by different extraction 

 procedures. International journal of food science & technology, 44(1), 

 pp.181-187. 

American Association of Cereal Chemists International (2001). ‘‘The definition of 

 dietary fiber.’’ Cereal Foods World 46: 14. 

Anderson JW, Baird P, Davis RH, Ferreri S, Knudtson M, Koraym A, Waters V and 

 Williams CL. 2009. Health benefits of dietary fiber. Nutrition reviews, 67(4), 

 pp.188-205. 

Aoe S, Ikenaga T, Noguchi H, Kohashi C, Kakumoto K and Kohda N. 2014. Effect of 

 cooked white rice with high β-glucan barley on appetite and energy intake in 

 healthy Japanese subjects: a randomized controlled trial. Plant foods for human 

 nutrition, 69(4), pp.325-330. 



43 | P a g e  

 

Asp NG, Mattsson B and Onning G. 1992. Variation in dietary fiber, beta-glucan, 

 starch, protein, fat and hull content of oats grown in Sweden 1987-1989. 

 European journal of clinical  nutrition, 46(1), pp.31-37. 

Babu LR. 2015. Green extraction techniques, structural analysis and antioxidant 

 activites of β- glucan present in oats. International Journal of Latest Trends 

 in Engineering & Technology, 5, pp.125-135. 

Belcarz A, Ginalska G, Pycka T, Zima A, Ślósarczyk A, Polkowska I, Paszkiewicz Z 

 and Piekarczyk W. 2013. Application of β-1, 3-glucan in production of 

 ceramics-based elastic composite for bone repair. Open Life Sciences, 8(6), 

 pp.534-548. 

Benito-Román O, Alonso E and Lucas S. 2011. Optimization of the β-glucan extraction 

 conditions from different waxy barley cultivars. Journal of cereal science, 

 53(3), pp.271-276. 

Bhatty RS. 1993. Extraction and enrichment (1 leads to 3), (1 leads to 4)-beta-D-glucan 

 from barley and oat brans. Cereal chemistry (USA). 

Bhatty RS. 1995. Laboratory and pilot plant extraction and purification of β-glucans 

 from hull-less barley and oat brans. Journal of Cereal Science, 22(2), pp.163-

 170. 

Brand TS and Van der Merwe JP. 1996. Naked oats (Avena nuda) as a substitute for 

 maize in diets  for weanling and grower-finisher pigs. Animal feed science and 

 technology, 57(1-2),  pp.139-147. 

Brennan CS and Cleary LJ. 2005. The potential use of cereal (1→ 3, 1→ 4)-β-d-glucans 

 as functional food ingredients. Journal of cereal science, 42(1), pp.1-13. 

Brown GD. 2006. Dectin-1: a signalling non-TLR pattern-recognition receptor. Nature 

 Reviews Immunology, 6(1), pp.33-43. 

Brown L, Rosner B, Willett WW and Sacks FM. 1999. Cholesterol-lowering effects of 

 dietary fiber: a meta-analysis. The American journal of clinical nutrition, 69(1), 

 pp.30-42. 

Brunner BR and Freed I. 1994. Oat grain β‐glucan content as affected by nitrogen level, 

 location, and year. Crop Science, 34(2), pp.473-476. 



44 | P a g e  

 

Burkus Z and Temelli F. 1998. Effect of extraction conditions on yield, composition, 

 and viscosity stability of barley β‐glucan gum. Cereal Chemistry, 75(6), 

 pp.805-809. 

Butt MS, Tahir-Nadeem M, Khan MKI, Shabir R and Butt MS. 2008. Oat: unique 

 among the cereals. European journal of nutrition, 47(2), pp.68-79. 

Caldwell EF, Pomeranz Y. 1973. Industrial uses of cereals: Oats. Industrial Uses of 

 Cereals. Pomeranz Y, ed. American Associatiom of Cereal Chemistry, St. Paul, 

 MN. 393-411. 

Cavallero A, Empilli S, Brighenti F and Stanca AM. 2002. High (1→ 3, 1→ 4)-β-glucan 

 barley  fractions in bread making and their effects on human glycemic response. 

 Journal of cereal science, 36(1), pp.59-66. 

Chen J and Seviour R. 2007. Medicinal importance of fungal β-(1→ 3),(1→ 6)-glucans. 

 Mycological research, 111(6), pp.635-652. 

Climova A, Ibrahim MN, Salamahina A, Savin AM, Dukhinova MS, Barakova NV and 

 Krivoshapkina EF. 2021. Application of extracted β-glucan from oat for β-

 carotene encapsulation. Journal of Food Science and Technology, 58(7), 

 pp.2641-2650. 

Collins FW. 1986. Oat phenolics: structure, occurrence, and function. Oats: Chemistry 

 and technology, pp.227-295. 

Cui W, Wood PJ, Blackwell B and Nikiforuk JJCP. 2000. Physicochemical properties 

 and structural characterization by two-dimensional NMR spectroscopy of wheat 

 β-D-glucan-comparison with other cereal β-D-glucans. Carbohydrate 

 Polymers, 41(3), pp.249-258. 

Dandona P, Weinstock R, Thusu K, Abdel-Rahman E, Aljada A and Wadden T. 1998. 

 Tumor  necrosis factor-α in sera of obese patients: fall with weight loss. The 

 Journal of Clinical Endocrinology & Metabolism, 83(8), pp.2907-2910. 

Demir G, Klein HO, Mandel-Molinas N and Tuzuner N. 2007. Beta glucan induces 

 proliferation  and activation of monocytes in peripheral blood of patients with 

 advanced breast cancer. International immunopharmacology, 7(1), pp.113-116. 



45 | P a g e  

 

Dietrich M and Jialal I. 2005. The effect of weight loss on a stable biomarker of 

 inflammation, C-reactive protein. Nutrition reviews, 63(1), pp.22-28. 

Dimberg LH, Gissén C and Nilsson J. 2005. Phenolic compounds in oat grains (Avena 

 sativa L.) grown in conventional and organic systems. Ambio, pp.331-337. 

Dimberg LH, Molteberg EL, Solheim R and Frølich W.1996. Variation in oat groats 

 due to variety, storage and heat treatment. I: Phenolic compounds. Journal of 

 Cereal Science, 24(3), pp.263-272. 

Du B, Bian Z and Xu B. 2014. Skin health promotion effects of natural beta‐glucan 

 derived from  cereals and microorganisms: a review. Phytotherapy Research,

  28(2), pp.159-166. 

Du B, Lin C, Bian Z and Xu B. 2015. An insight into anti-inflammatory effects of 

 fungal beta-glucans. Trends in Food Science & Technology, 41(1), pp.49-59. 

Edwards CA and Garcia AL. 2009. The health aspects of hydrocolloids. In Handbook 

 of hydrocolloids (pp. 50-81). Woodhead Publishing. 

El Khoury D, Cuda C, Luhovyy BL and Anderson GH. 2012. Beta glucan: health 

 benefits in obesity and metabolic syndrome. Journal of nutrition and 

 metabolism, 2012. 

Ellegård L and Andersson H. 2007. Oat bran rapidly increases bile acid excretion and 

 bile acid synthesis: an ileostomy study. European journal of clinical nutrition, 

 61(8), pp.938-945. 

Esposito K, Pontillo A, Di Palo C, Giugliano G, Masella M, Marfella R and Giugliano 

 D. 2003. Effect of weight loss and lifestyle changes on vascular inflammatory 

 markers in obese women: a randomized trial. Jama, 289(14), pp.1799-1804. 

Faraj A, Vasanthan T and Hoover R. 2006. The influence of α-amylase-hydrolysed 

 barley starch fractions on the viscosity of low and high purity barley β-glucan 

 concentrates. Food chemistry, 96(1), pp.56-65. 

Ferrannini E, Buzzigoli G, Bonadonna R, Giorico MA, Oleggini M, Graziadei L, 

 Pedrinelli R,  Brandi L and Bevilacqua S. 1987. Insulin resistance in essential 

 hypertension. New England Journal of Medicine, 317(6), pp.350-357. 



46 | P a g e  

 

Food US. 1997. Drug Administration,“Food labeling: health claims; oats and coronary 

 heart  disease.” Final rule. Federal Register, 62, pp.3583-3601. 

Galisteo M, Duarte J and Zarzuelo A. 2008. Effects of dietary fibers on disturbances 

 clustered in the metabolic syndrome. The Journal of nutritional biochemistry, 

 19(2), pp.71-84. 

Gamel TH, Abdel-Aal ESM, Ames NP, Duss R and Tosh SM. 2014. Enzymatic 

 extraction of beta-glucan from oat bran cereals and oat crackers and 

 optimization of viscosity measurement. Journal of Cereal Science, 59(1), 

 pp.33-40. 

Gudmundsson M and Eliasson AC. 1989. Some physico-chemical properties of oat 

 starches extracted from varieties with different oil content. Acta Agriculturae 

 Scandinavica, 39(1),  pp.101-111. 

Hampshire J. 2004. Variation in the content of nutrients in oats and its relevance for the 

 production  of cereal products. In Proceedings 7th International Oat 

 Conference/Pirjo Peltonen-Sainio and Mari Topi-Hulmi (eds.). MTT. 

He J, Streiffer RH, Muntner P, Krousel-Wood MA and Whelton PK. 2004. Effect of 

 dietary fiber  intake on blood pressure: a randomized, double-blind, placebo-

 controlled trial. Journal of Hypertension, 22(1), pp.73-80. 

Hong F, Yan J, Baran JT, Allendorf DJ, Hansen RD, Ostroff, GR, Xing PX, Cheung 

 NKV and Ross GD. 2004. Mechanism by which orally administered β-1, 3-

 glucans enhance the tumoricidal activity of antitumor monoclonal antibodies 

 in murine tumor models. The  Journal of Immunology, 173(2), pp.797-806. 

Hsu MJ, Lee SS and Lin WW. 2002. Polysaccharide purified from Ganoderma lucidum 

 inhibits spontaneous and Fas‐mediated apoptosis in human neutrophils through 

 activation of the phosphatidylinositol 3 kinase/Akt signaling pathway. Journal 

 of leukocyte biology, 72(1), pp.207-216. 

Ibrahim MNG and Selezneva IS. 2017, September. β-glucan extract from oat bran and 

 its industrial  importance. In AIP Conference Proceedings (Vol. 1886, No. 1, 

 p. 020100). AIP Publishing LLC. 



47 | P a g e  

 

Ibrahim MNG, Selezneva IS and Lugovik KI. 2017. Acidic extraction of oat beta glucan 

 by high purity. MOJ Food Process Technol, 4(1), pp.1-5. 

Irakli M, Biliaderis CG, Izydorczyk MS and Papadoyannis IN. 2004. Isolation, 

 structural features and rheological properties of water‐extractable β‐glucans 

 from different Greek barley cultivars. Journal of the Science of Food and 

 Agriculture, 84(10), pp.1170-1178. 

Ishurd O and Kennedy JF. 2005. The anti-cancer activity of polysaccharide prepared 

 from Libyan  dates (Phoenix dactylifera L.). Carbohydrate Polymers, 59(4), 

 pp.531-535. 

Jacobs Jr DR, Marquart L, Slavin J and Kushi LH. 1998a. Whole‐grain intake and 

 cancer: An expanded review and meta‐analysis. Nutrition and cancer, 30(2), 

 pp.85-96. 

Jacobs Jr DR, Meyer KA, Kushi LH and Folsom AR. 1998. Whole-grain intake may 

 reduce the risk of ischemic heart disease death in postmenopausal women: the 

 Iowa Women’s Health Study. The American journal of clinical nutrition, 68(2), 

 pp.248-257. 

Jaskari J, Kontula P, Siitonen A, Jousimies-Somer H, Mattila-Sandholm T and 

 Poutanen K. 1998. Oat β-glucan and xylan hydrolysates as selective substrates 

 for Bifidobacterium and Lactobacillus strains. Applied microbiology and 

 biotechnology, 49(2), pp.175-181. 

Jenkins AL, Jenkins DJA, Zdravkovic U, Würsch P and Vuksan V. 2002. Depression 

 of the  glycemic index by high levels of β-glucan fiber in two functional foods 

 tested in type 2 diabetes. European journal of clinical nutrition, 56(7), pp.622-

 628. 

Khanna P and Mohan S. 2016. Oats: Understanding the science. International Journal 

 of Food Science and Nutrition, 1(6), pp.1-10. 

Khorshidian N, Yousefi M, Shadnoush M and Mortazavian AM. 2018. An overview of 

 β-Glucan functionality in dairy products. Current Nutrition & Food Science, 

 14(4), pp.280-292. 



48 | P a g e  

 

Kiho T, Morimoto H, Sakushima M, Usui S and Ukai S. 1995. Polysaccharides in fungi. 

 XXXV. Antidiabetic activity of an acidic polysaccharide from the fruiting 

 bodies of Tremella aurantia. Biological and Pharmaceutical Bulletin, 18(12),

  pp.1627-1629. 

King DE. 2005. Dietary fiber, inflammation, and cardiovascular disease. Molecular 

 nutrition & food research, 49(6), pp.594-600. 

Lazaridou A and Biliaderis CG. 2007. Molecular aspects of cereal β-glucan 

 functionality: Physical properties, technological applications and physiological 

 effects. Journal of cereal science, 46(2), pp.101-118. 

Lee JY, Kim JY, Lee YG, Rhee MH, Hong EK and Cho JY. 2008. Molecular 

 mechanism of  macrophage activation by exopolysaccharides from liquid 

 culture of Lentinus edodes. Journal of Microbiology and Biotechnology, 18(2), 

 pp.355-364. 

Levitz S. 2014. β‐Glucan particles as a vaccine platform with intrinsic adjuvanticity 

 (469.3). The FASEB Journal, 28, pp.469-3. 

Li B, Allendorf DJ, Hansen R, Marroquin J, Ding C, Cramer DE and Yan J. 2006. Yeast

  β-glucan amplifies phagocyte killing of iC3b-opsonized tumor cells via 

 complement receptor 3-Syk- phosphatidylinositol 3-kinase pathway. The 

 Journal of Immunology, 177(3), pp.1661-1669. 

Li W, Cui SW and Kakuda Y. 2006. Extraction, fractionation, structural and physical 

 characterization of wheat β-D-glucans. Carbohydrate Polymers, 63(3), pp.408-

 416. 

Ludwig DS. 2003. Dietary glycemic index and the regulation of body weight. Lipids, 

 38(2),  pp.117-121. 

Maheshwari G, Sowrirajan S and Joseph B. 2017. Extraction and Isolation of β‐Glucan 

 from Grain Sources—A Review. Journal of food science, 82(7), pp.1535-1545. 

 

 



49 | P a g e  

 

Maki KC, Galant R, Samuel PRISCILLA, Tesser JOHN, Witchger MS, Ribaya-

 Mercado JD,  Blumberg JB and Geohas, JEFFERY. 2007. Effects of 

 consuming foods containing oat β-glucan on blood pressure, carbohydrate 

 metabolism and biomarkers of oxidative stress in men and women with 

 elevated blood pressure. European journal of clinical nutrition, 61(6), pp.786-

 795. 

Manthey FA, Hareland GA and Huseby DJ. 1999. Soluble and insoluble dietary fiber 

 content and composition in oat. Cereal Chemistry, 76(3), pp.417-420. 

Marlett JA. 1997. Sites and mechanisms for the hypocholesterolemic actions of soluble 

 dietary fiber sources. Dietary fiber in health and disease, pp.109-121. 

Menon R, Gonzalez T, Ferruzzi M, Jackson E, Winderl D and Watson J. 2016. Oats—

 from farm to fork. Advances in food and nutrition research, 77, pp.1-55. 

Mirmoghtadaie L, Kadivar M and Shahedi M. 2009. Effects of cross-linking and 

 acetylation on  oat starch properties. Food Chemistry, 116(3), pp.709-713. 

Mitsou EK, Panopoulou N, Turunen K, Spiliotis V and Kyriacou. 2010. Prebiotic 

 potential of barley derived β-glucan at low intake levels: A randomised, double-

 blinded, placebo-controlled clinical study. Food Research International, 43(4), 

 pp.1086-1092. 

Monro JA. 2002. Faecal bulking efficacy of Australasian breakfast cereals. Asia Pacific 

 Journal of Clinical Nutrition, 11(3), pp.176-185. 

Morrison WR. 1978. Cereal lipids. Advances in cereal science and technology, 2, 

 pp.221-348. 

Patz J, Jacobsohn WZ, Gottschalk-Sabag S, Zeides S and Braverman DZ. 1996. 

 Treatment of  refractory distal ulcerative colitis with short chain fatty acid 

 enemas. American Journal of Gastroenterology (Springer Nature), 91(4). 

Perry JR and Ying W. 2016. A review of physiological effects of soluble and insoluble 

 dietary fibers. Journal of Nutrition & Food Science, 6(2), p.476. 

Peterson DM, 1995. Oat tocols: Concentration and stability in oat products and 

 distribution within the kernel. Cereal chemistry, 72(1), pp.21-24. 



50 | P a g e  

 

Petkov K, Biel W, Kowieska A and Jaskowska I. 2001. The composition and nutritive 

 value of naked oat grain (Avena sativa var. nuda). Journal of Animal and Feed 

 Sciences, 10, pp.303-  308. 

Sangwan S, Singh R and Tomar SK. 2014. Nutritional and functional properties of oats: 

 An update. Journal of Innovative Biology, 1(1), pp.3-14. 

Saris WH. 2003. Glycemic carbohydrate and body weight regulation. Nutrition 

 reviews, 61(suppl_5), pp.S10-S16. 

Segain JP, De La Blétiere DR, Bourreille A, Leray V, Gervois N, Rosales C, Ferrier L, 

 Bonnet C, Blottiere HM and Galmiche JP. 2000. Butyrate inhibits inflammatory 

 responses through NFκB inhibition: implications for Crohn's disease. Gut, 

 47(3), pp.397-403. 

Singh R, De S and Belkheir A. 2013. Avena sativa (Oat), a potential neutraceutical and 

 therapeutic agent: an overview. Critical reviews in food science and nutrition,

  53(2), pp.126-144. 

Singh R, De S. and Belkheir A. 2013. Avena sativa (Oat), a potential neutraceutical and 

 therapeutic agent: an overview. Critical reviews in food science and nutrition, 

 53(2), pp.126-144. 

Skendi A, Biliaderis CG, Lazaridou A and Izydorczyk MS. 2003. Structure and 

 rheological properties of water soluble β-glucans from oat cultivars of Avena 

 sativa and Avena bysantina. Journal of cereal science, 38(1), pp.15-31. 

Slavin J, Marquart L and Jacobs Jr D. 2000. Consumption of whole-grain foods and 

 decreased risk  of cancer: proposed mechanisms. Cereal Foods World, 45(2), 

 pp.54-58. 

Sobotka W, Flis M, Antoszkiewicz Z, Lipiński K and Zduńczyk Z. 2012. Effect of oat 

 by-product antioxidants and vitamin E on the oxidative stability of pork from

  pigs fed diets supplemented with linseed oil. Archives of animal nutrition, 

 66(1), pp.27-38. 

Symons LJ and Brennan CS. 2004. The effect of barley β‐glucan fiber fractions on 

 starch  gelatinization and pasting characteristics. Journal of Food Science, 

 69(4), pp. FCT257-FCT261. 



51 | P a g e  

 

Tapola N, Karvonen H, Niskanen L, Mikola M and Sarkkinen E. 2005. Glycemic 

 responses of oat bran products in type 2 diabetic patients. Nutrition, Metabolism 

 and Cardiovascular Diseases, 15(4), pp.255-261. 

Tappy L, Gügolz E and Würsch P. 1996. Effects of breakfast cereals containing various 

 amounts of β-glucan fibers on plasma glucose and insulin responses in NIDDM 

 subjects. Diabetes care, 19(8), pp.831-834. 

Thompson LU. 1994. Antioxidants and hormone‐mediated health benefits of whole 

 grains.  Critical Reviews in Food Science & Nutrition, 34(5-6), pp.473-497. 

Tiwari U and Cummins E. 2009. Simulation of the factors affecting β-glucan levels 

 during the cultivation of oats. Journal of Cereal Science, 50(2), pp.175-183. 

Tosh SM, Wood PJ and Wang Q. 2003. Gelation characteristics of acid-hydrolyzed oat 

 beta-glucan solutions solubilized at a range of temperatures. Food 

 Hydrocolloids, 17(4), pp.523-527. 

Usman S, Nazir S, Ali S, Nasreen Z and Najim A. 2010. Determination of biochemical 

 composition of avena sativa (oat) and to estimate the effect of high fiber diet on 

 hypercholesterolemic rats. Bangladesh research publications journal, 4(4), 

 pp.312-19. 

Wang Q, Wood PJ, Huang X and Cui W. 2003. Preparation and characterization of 

 molecular weight standards of low polydispersity from oat and barley (1→ 

 3) (1→ 4)-β-D-glucan. Food Hydrocolloids, 17(6), pp.845-853. 

Winfield K, Hall M and Paynter B. 2007. Milling oat and feed oat quality-what are the 

 differences. Bulletin 4703. Department of Agriculture and Food, Government 

 of Western Australia, pp.10–12. 

Wood PJ, Beer MU and Butler G. 2000. Evaluation of role of concentration and 

 molecular weight of oat β-glucan in determining effect of viscosity on plasma 

 glucose and insulin following an oral glucose load. British journal of nutrition, 

 84(1), pp.19-23. 

Wood PJ, Paton D and Siddiqui IR. 1977. Determination of beta-glucan in oats and 

 barley. Cereal  Chemistry. 



52 | P a g e  

 

Wood PJ, Siddiqui IR and Paton D. 1978. Extraction of high-viscosity gums from oats. 

 Cereal  Chemistry. 

Wood PJ, Weisz J and Blackwell BA. 1994. Structural studies of (1→ 3) (1→ 4)-β-D-

 glucans by 13C-NMR and by rapid analysis of cellulose-like regions using high-

 performance anion-exchange chromatography of oligosaccharides released by

  lichenase. Cereal Chemistry, 71, pp.301-307. 

Wood PJ. 2007. Cereal β-glucans in diet and health. Journal of cereal science, 46(3), 

 pp.230-238. 

Woodward JR, Fincher GB and Stone BA. 1983. Water-soluble (1→ 3), (1→ 4)-β-D-

 glucans from barley (Hordeum vulgare) endosperm. II. Fine structure. 

 Carbohydrate Polymers, 3(3), pp.207-225. 

Ylönen K, Saloranta C, Kronberg-Kippilä C, Groop L, Aro A, Virtanen SM and Botnia 

 Research Group. 2003. Associations of dietary fiber with glucose metabolism 

 in nondiabetic  relatives of subjects with type 2 diabetes: the Botnia Dietary 

 Study. Diabetes care, 26(7),  pp.1979-1985. 

Zerm R, Helbrecht B, Jecht M, Hein A, Millet E, Girke M and Kröz M. 2013. Oatmeal 

 diet days may improve insulin resistance in patients with type 2 diabetes 

 mellitus. Complementary Medicine Research, 20(6), pp.465-468. 

Zheng GH, Rossnagel BG, Tyler RT and Bhatty RS. 2000. Distribution of β‐glucan in 

 the grain of hull‐less barley. Cereal Chemistry, 77(2), pp.140-144. 

Zhu F, Du B and Xu B. 2016. A critical review on production and industrial applications

  of beta-glucans. Food Hydrocolloids, 52, pp.275-288. 

Zhu F, Du B., Bian, Z. and Xu, B., 2015. Beta-glucans from edible and medicinal 

 mushrooms: Characteristics, physicochemical and biological activities. Journal 

 of Food Composition and Analysis, 41, pp.165-173. 



53 | P a g e  

 

Appendix A: Photo Gallery 

Appendix A1: Pictorial presentation of soluble β-glucan extraction 

                 

  

                

                                                           

Oat flour Refluxing Magnetic stirring Centrifuging Supernatant pH adjustment 

Stirring supernatant Centrifuging at 
5000 rpm 

Ethanol addition Separated β-
glucan (Alkaline) 

Floated β-glucan β-glucan gum 
pellet 
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Appendix A: Photo Gallery 

Appendix A2: Pictorial view of β-glucan quantification 

              

       

                                                             

                    

 

β-glucan solution preparation Serial dilution of glucose 
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Appendix B: Table of glucose equivalents of the samples 

 

Glucose standard Concentration 

(ppm) 

Absorbance Weighing factor 

Standard 1 2.0000 0.0026 1.0000 

Standard 2 4.0000 0.0032 1.0000 

Standard 3 6.0000 0.0037 1.0000 

Standard 4 8.0000 0.0038 1.0000 
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