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Introduction 

Almost all living things, particularly lower and higher plants, naturally contain carbohydrates. Polysaccharides can be 

divided into plant polysaccharides, animal-derived polysaccharides and microorganism polysaccharides based on the 

dietary sources [1]. Polysaccharides are an essential dietary component that have been shown to have numerous 

biological activities. Plants, are a valuable source of polysaccharides that make a large portion of our daily diet and 

provide valuable nutrition that aids the immune system, improves digestion, and assists in eliminating toxic by-products 

from the human body [2]. On account of the high level of consumption of processed foods by the consumers, there is 

inadequacy of fiber in their diet which made food fortifications with bioactive carbohydrates an important area of 

research in nutrition. The Sustainable Food Systems EAT-Lancet Commission on Healthy Diets estimates that over 820 

million people worldwide do not now have enough access to food, and many more consuming low-quality diets resulting 

in under nutrition, micronutrient deficiencies, and heightening of diet-related diseases. The survey also came to the 

conclusion that there must be a minimum 50% reduction in the consumption of harmful foods, such as sugar and red 

meat, worldwide. An increase in the consumption of fruits, vegetables, nuts, and legumes is essential, necessitating a 

doubling of the current intake by the year 2050 in order to meet healthy dietary standards [3]. This review describes the 

sources of bioactive carbohydrates, their applications in food industry and effects on processing and significance of 

consumption of healthy foods. 

 

Bioactive carbohydrates  
Cellulose 

Cellulose is present in fruit, grains, nuts, vegetables. The beneficial health effects are increased stool bulk and bowel 

movement regulation [4]. It aids in decreasing the duration of intestinal transit and promotes the removal of potential 

carcinogens, thereby helping to lower the risk of colon cancer development. 

 

Hemicelluloses 

Hemicellulose is advantageous for use in the food, medicine, and energy industries [5]. Vegetative and storage tissues 

of annual/ perennial plants, fruit, legumes, and nuts are the sources of hemicelluloses. Antioxidant activity, 
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antithrombotic activity, immunomodulating activity, cholesterol lowering, free radical elimination and bowel 

movements regulation are the health effects reported [6]. 

 
β-Glucans 

A water-soluble dietary fiber, β-glucan is found in barley, oats, algae, yeast, bacteria, and mushrooms. Glucans are 

usually concentrated in the internal aleurone and sub-aleurone endosperm cells walls [7]. The FDA determined that an 

effective daily intake of β-glucan is 3 g, but there have been few attempts to establish a dose response which may differ 

among different subject groups and depend upon baseline level. The primary sources of β-glucan in the human diet 

from cereals are oats, barley, rye and wheat. The largest amounts of β-glucan are found in barley (3-11%) and oats (3-

7%), with lesser amounts reported in rye (1-2%) and wheat (<1%) [8]. Only trace amount has been reported in corn, 

sorghum, rice and other cereals of importance as food. Oat-based breakfast cereals have also gained considerable 

attention in recent years as they are rich in β-glucan. It has positive effects on human health, such as cancer prevention, 

anti‐inflammatory activity, skin protection, antioxidant, immune modulation and reduction of glycaemia and serum 

cholesterol. Anti-angiogenesis is a possible pathway by which β-glucans can decrease tumor proliferation and prevent 

tumor metastasis [9]. Despite this, β-Glucan has been demonstrated to increase resistance to infectious challenge [10] 

by eliciting broad anti-infective effects. 

 
Resistant starch 

Cooked and cooled potatoes, rice, green bananas, legumes are the sources of resistant starch. The hypoglycemic 

activities, hypocholesterolemic effects, prevention of colonic cancer, prebiotic roles, inhibition of fat accumulation, 

enhanced absorption of minerals are the health benefits documented [11]. The resistant starch content of different pulses 

(beans, chickpeas, lentils, and peas) ranged from 3.95 to 5.09 % against 1.42–2.85 %, respectively for cereals like 

wheat, rice and barley [12]. 

 
Arabinoxylan 

Arabinoxylans can also act as a bioactive agent due to their immunomodulatory, antioxidant, antimicrobial and prebiotic 

properties. The structural characteristics of this polysaccharide have given rise to its interesting functional properties 

and potential industrial applications as an emulsifier, stabilizer, suspending agent, binder, disintegrant, a film-forming 

agent and a gelling agent. [13]. In addition, many studies utilized arabinoxylan from rice bran to reveal its effects on 

some diseases, such as cancer [14] and also revealed that its interaction with gut microbiota is beneficial to human 

health [15]. 

 
Pectin 

Pectins, mainly from citrus peel and apple pomace, are widely used in the food industry as gelling or thickening agents 

[16]. 

 
Oligosaccharides 

Functional oligosaccharides are non-digestible by human gut enzymes and providing health benefits as fibers and 

prebiotics [17]. In higher plants, functional oligosaccharides are present in some plants tissue with large amounts such 

as, in Jerusalem artichokes from where commercial inulin is extracted [18]. Onions, garlic, legumes, wheat, asparagus, 

and other plants are also a source of functional oligosaccharides, present in trace amounts. The major known functional 

oligosaccharides are fructooligosaccharides, galacto-oligosaccharides, lacto-sucrose, isomalto-oligosaccharides, malto-

oligosaccharides. trehalose, cyclodextrins, xylo-oligosaccharides, and soy-oligosaccharides [19]. They have mildly 

sweet taste with mouthfeel and texture characteristic that interest food industries in utilizing these oligosaccharides to 

improve food texture, and as, partial replacement for fats and sugars [20] in healthy foods. Besides this, they have been 

used extensively in foods, and as dietary supplements for health benefits to regulate and control blood glucose for 

diabetes, reduce lipid level for patients with symptoms of hyperlipidemia, for a healthy colon, and to regulate body 

weight. In addition, functional oligosaccharides have applications in pharmaceuticals, cosmetics, agrichemical 

formulations, and in encapsulation technology [21]. Apart from this, galacto-oligosaccharides are used in wide varieties 

of adult foods such as, backed goods, beverages, and in infant formula [22]. It is well known that of all the crops, pulses 

have the highest concentrations of certain oligosaccharides. Total oligosaccharides in different pulses, such as lentils, 

chickpeas and peas were observed to range between 70.7 mg/g DW in yellow peas and 144.9 mg/g DW in chickpeas 

[23].  
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Inulin 

Inulin can be found in onions (Allium сера), Jerusalem artichoke (Helianthus tuberosus), asparagus (Asparagus 

officianalis), leeks (Allium ampeloprasum), wheat, garlic and chicory (Cichorium intybus) root. It is a prebiotic 

carbohydrate, which possesses many positive health effects [24]. The health beneficial properties of inulin were 

attributed to its numerous effects such as antibacterial effects against pathogenic bacteria, anticancer effects, lowering 

blood serum lipids, blood urea, and uric acid levels, increasing the absorption of calcium, magnesium, copper, iron, and 

zinc, decreasing the risk of cardiovascular diseases, and atherosclerosis and so forth [25]. Inulin is widely used in food 

industry due to its nutritional and technological properties and utilised as a sugar replacer, fat replacer and texture 

modifier in food applications. Moreover, inulin exhibits wider applications in dairy and bakery products, beverages, 

cereals and cereal bars, low-fat spreads, ice cream and confectionary products [26].  

 

Dietary Fibers include Bioactive Polysaccharides 

The Food-and-Agriculture-Organization (FAO) characterizes dietary fiber as a combination of inedible plant -

polysaccharides like cellulose, hemi-celluloses, gelatins, oligosaccharides, latexes, and other lignified complexes. [27]. 

Generally, the dietary fibre content of pulses (either raw or cooked) is in the range of 13–35 g per 100 g of edible portion 

[28] with SDF and IDF ranging from 0–9 and 10–28 %, respectively against 3.00–15.02, 0.86–4.33, and 2.14–10.79 %, 

respectively for cereals like wheat, rice and barley [29]. The role of cereal fibers in the prevention of many chronic 

diseases is well documented, which has led to dietary recommendations that emphasize for increased intake of whole 

grain products or products rich in cereal fibers. In response, food manufacturers are tailoring processing conditions to 

develop food structures that deliver the desired physiological functionality while maintaining good sensory properties 

[30].  

 

Effect of processing on bioactive carbohydrates 

Different researchers have reported that an increase in enzyme-resistant starch content in wheat, maize [31], and barley 

(2–3%) after extrusion [32]. Cereal grains and wholegrain cereal products are the excellent sources biologically active 

compounds includes arabinoxylans, beta-glucans, cellulose, lignin and lignans [33]. When wheat flour is refined, 

practically all of its nutrients are reduced. As observed by the decrease in soluble and insoluble dietary fiber was found 

to be significant after refining. The nutritional quality of grains must be retained by processing and consumption of 

highly refined products should be avoided [34]. In general, promoting wholegrain cereal grain consumption over refined 

ones to prevent non-communicable diseases is extensively followed. However, due to poor keeping qualities, different 

processing methods are being adopted to produce refined products for consumption. As a consequence, we lose the 

nutritional density found in grains, such as rice bran [35]. Polished rice has a poor dietary content because rice bran is 

discarded. Rice bran’s dietary fiber is dominated by insoluble dietary fiber and consists of cellulose, hemicellulose, and 

lignin with low solubility [36]. Rice bran also contains arabinoxylan, which is a non-starch polysaccharide derived from 

cereals and has many functions that are related to health [15]. It is also reported that there are emerging applications for 

the use of pulse bioactives such as bioactive proteins, dietary fibre, resistant starch, polyphenols, and oligosaccharides 

extracted from pulses for nutraceuticals, functional foods production [37]. 

The high content of dietary fibre, minerals and potential health promoting phytochemicals in the seed coats indicate 

their great potential to be used as a natural “nutritious dietary fibre”. The main method for producing dehulled splits, 

ground flours, and other fractionated pulse ingredients is the removal of the pulses' seed coat, or dehulling. However, 

the high content of dietary fibre in pulse seed coats, along with considerable amounts of minerals, phytochemicals 

suggest they could be more widely utilized as novel functional dietary fibre ingredients [38].  

When comparing the glycemic index of different potato cooking methods, it was discovered that boiled and mashed 

potatoes have a high glycemic index, whereas fried and baked potatoes have a low glycemic index, which is thought to 

be due to the gelatinization effect. Domestic heating affects the physico-chemical properties of starch in two ways: one, 

it induces gelatinization, which leads to the formation of resistant starch, and second, it alters the microstructure of 

potatoes, which alters enzyme interactions with starch [39]. Retrogradation is another effect of the processing. Low-

temperature storage causes the starch to retrograde, resulting in the formation of resistant starch [40]. Nowadays, food 

industries are focusing their efforts on increasing the resistant starch fraction in processed foods to improve nutritional 

quality [41].  Autoclaving or hydrothermal processing raises the amount of resistant starch in starchy foods compared 

to uncooked ones. Pre-cooking or parboiling rice produces a significant amount of retrograded starch because of the 

leaching of amylose. Glycemic index of rice is reduced by parboiling, resulting in a significant positive relationship 

between resistant starch content and amylose content [42]. Fermentation lowers the amount of resistant starch while 

increasing starch digestibility. Baking also encourages the use of retrograded starchy foods [41]. Furthermore, it is 

reported that polysaccharides extracted from tropical fruits and sub-products have gained interest due to their numerous 

biological activities such as antioxidant, antifatigue, antiinflammatory, anticoagulant, hepatoprotective, 
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immunomodulatory, antidiabetic and anticancer [43]. These fruits produce a remarkably high number of byproducts, 

and the seeds and skins have been shown to be a significant source of bioactive substances. Consequently, 

polysaccharides offer a substitute for novel functional foods. 

 

Conclusion 
Bioactive carbohydrates are found to possess health-promoting properties. Natural compounds of bioactive 

carbohydrates from foods mostly have a safe profile due to their origin and can be applied quickly and more widely in 

health conditions. If they are used effectively, they can confer the health benefits to the mankind by protecting from 

non-communicable diseases. These unique bioactive compounds in whole grains and fruits and vegetables are proposed 

to be responsible for the reduced risk of several developing chronic diseases. Since the dietary fiber intake of many 

people is below their suggested adequate intake values, strategies to successfully fortify foods with fiber must be focuses 

much in food research. The preservation and incorporation of plant derived polysaccharides during processing may be 

a promising approach to achieve food and nutritional security. 
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