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Abstract  

Wheat, one of the world’s most consumed cereals, plays a vital role in global food security and nutrition. Beyond 
its traditional use in flour production, modern processing and value addition strategies aim to maximize the potential of 
wheat and its by-products. Wheat bran and germ, rich in dietary fiber, antioxidants, and bioactive peptides, are increasingly 
incorporated into functional foods to improve nutritional quality. Techniques such as fermentation, enzymatic hydrolysis, 
extrusion, and supercritical CO₂ extraction enhance the bioavailability of nutrients and extend product applications. Value 
addition also includes fortification, production of ready-to-eat cereals, bakery items, and nutraceuticals, which diversify 
consumer choices and increase market value. Economically, processing improves farmer income by creating profitable 
supply chains and reducing waste. Thus, integrated wheat processing not only strengthens food systems but also supports 
sustainable agriculture and the circular bioeconomy. 
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INTRODUCTION  
 

Wheat is one of the most widely cultivated and consumed cereals worldwide, contributing nearly 20% of global 
caloric and protein intake. Its versatility and adaptability have made it a cornerstone of food security and agricultural 
economies. Traditionally, wheat has been processed into flour for bread, pasta, and other staple foods. However, modern 
processing and value addition approaches extend far beyond basic milling, aiming to maximize nutritional benefits, diversify 
product applications, and improve economic returns. 

 
During processing, wheat generates significant co-products such as bran, germ, and wheat germ oil, which are rich 

in dietary fiber, antioxidants, bioactive peptides, and essential fatty acids. These fractions, once considered underutilized, 
are now being incorporated into functional foods and nutraceuticals. Techniques like fermentation, enzymatic hydrolysis, 
extrusion, and supercritical CO₂ extraction enhance nutrient bioavailability, improve techno-functional properties, and 
create innovative food products. For example, bran-enriched bakery items improve fiber intake, while wheat germ oil 
contributes to oxidative stability and cardiovascular health. Value addition also plays a crucial role in fortification and 
diversification. Wheat flour is often fortified with vitamins and minerals to combat malnutrition, while ready-to-eat cereals, 
protein bars, and health supplements expand consumer choices. Beyond food, wheat derivatives are used in bio-based 
packaging, pharmaceuticals, and cosmetics, aligning with sustainability and circular bioeconomy principles. 

 
Economically, value addition strengthens the wheat supply chain by reducing waste, increasing farmer income, and 

creating new market opportunities. It also addresses challenges such as storage losses, price volatility, and consumer demand 
for healthier products. Thus, integrated wheat processing and value addition not only enhance nutritional quality but also 
support sustainable agriculture and industrial innovation. 

 
Wheat revolution is now sweeping central zone  

For four decades the North West Plain Zone (NWPZ) was the prime mover of the wheat revolution and contributor 
towards wheat self-sufficiency. Often, it was at the cost of exhausting the endowed natural resources of the area, maximising 
cropping intensity, mono-cropping of rice / wheat and this resulted in the depletion of soil resources. But then, in the eyes 
of the farmer, the economics of MSP and assured procurement of wheat in the NWPZ; and the world price for the aromatic 
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long grain Basmati rice did weigh more than the consequence. This lure for the R / W system in Punjab, compelled policy 
makers issue a binding Government directive to ban transplanting of rice before June/ July, to avoid over irrigation during 
the hot summer and go-in for soil test-based fertiliser usage. Also states where wheat yields were low such as Rajasthan, 
Gujarat and Madhya Pradesh (MP) revised their policies; popularised sprinkler irrigation for wheat, replaced the old 
varieties with better ones and promoted the application of balanced fertilisers to maximise wheat production.  This overall 
improvement of productivity in Central Zone (CZ) contributed towards achieving a record wheat production in 2011-12. 
Wheat harvest of MP increased substantially during 2007 to 2012 and such a gain in production is less obvious in Bihar 
(Figure 1). Therefore, many grain procurement centres became active in Central India mopping the surplus harvest for 
overseas trade and to sell in the Peninsular Zone. Still there is considerable scope to increase wheat production in CZ and 
in the North Eastern Plain Zone (NEPZ). If the current trend and rational policies are meticulously followed, India will be 
soon emerging as the largest producer of wheat in the world. 

 
Even after harvesting less wheat compared to the earlier predicted needs, there is a swelling in the size of the buffer 

stock. And if India is to produce more, then for whom we are producing and at what cost? Even the demand for public 
distribution under the Food Act which may soon come under practice will not lift the mounting surplus wheat. Therefore, 
the Indian wheat program should present a white paper as to what is the cherished future goal of the Indian wheat 
programme. 

 
New trade opportunities: In all likelihood, the western borders of India may soon enable a trans-border wheat trade. Then 
opportunities for moving higher volume of grain from India by surface transport to Iran, Iraq, Pakistan and Central Asian 
nations may happen. Notwithstanding this, Punjab should build grain silos in Mundra, Kandla, Vizag ports for rapid and 
effective trans-oceanic grain trade. Linked with this is the type of wheat that the overseas client would demand from India. 
Then from now on, the NWPZ should breed and grow wheat varieties specifically meant for SE Asia, for the Near East, 
Chinese market etc. Such varieties must be grown in earmarked areas so that pre-harvest inspection can be under taken by 
the representatives of the importing countries / companies. The Sanitary and Phyto-Sanitary (SPS) issues must form the 
broad outline for any foreign trade and must be WTO compliant. Australia reshaped its wheat breeding programme more 
than a decade ago and now extensively grows specific wheat varieties for trade with East Asia. In 1990s Australia developed 
white-wheat varieties specifically tailored to produce high-quality Asian noodles to dominate the Chinese market. 
 

Wheat varieties with enhanced quality are important for the future of Punjab’s wheat trade and the current 
programme including the variety identification and popularisation procedure calls for a review and reshaping. There is a 
felt need to execute structural changes in the All India Coordinated Wheat Improvement Project (AICWIP) to promote state 
and sub-zone releases of wheat varieties that possess trade and product development traits. The Girkin cultivation in 
Karnataka for overseas market is an example of how to do things. Marking out the “Wheat Export Zones” is one way of 
promoting organised wheat trade. There must be a clear vision and policies to enable Punjab capture a sizable Asian wheat 
market by 2030. Madhya Pradesh may focus on hard bread wheat that is demanded by the backers, millers and the grain 
need of the southern states.  

 
Re-examine the variety release practice: Punjab has almost reached near attainable wheat yields and there are indications 
that there is no new varietal technology to bring in a 15 to 20 per cent quantum jump in productivity. In the absence of such 
a production gain, Punjab farmer’s income will be dependent on the annual MSP price increase declared by the Centre, 
which is often less than the annual rate of inflation. In other words, the purchasing power of the wheat growing farmer will 
get gradually eroded, and his real income may shrink. And unless new technological innovations are made to use the entire 
wheat biomass by the industry growing wheat merely for cereal needs will push the state and the farmer to hardship. Since 
the International wheat improvement institutes focus on maximising grain yield and quality in a genetic background that is 
climate resilient the national programmes also work on similar priorities. There is a felt need to integrate wheat research 
and wheat products technology on to a common platform. And unless the farmer and the industry is twined together; as in 
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the case of sugarcane farmer and the multi-various sugar mill; wheat farmers may not be able to increase his total income 
by growing this as a cereal. As of now, wheat crop biomass is used as filler in cattle feed or pilferage and wasted.  
 
Wheat as morning breakfast cereal (BFC): Extruded breakfast cereal products such as corn flakes, rice flakes, wheat 
flakes and other formulated breakfast cereal product are now gaining popularity in India. Breakfast cereal is made by 
processing the grain of maize, rice, oats, wheat etc, and is often consumed with cups of cold milk, topped with nuts, resins 
etc. Breakfast cereals are produced by extrusion cooking method. For this purpose, single screw and twin screw extruders 
are available. Twin screw extrusion cooking method is used for producing high quality products with better texture and 
precise process control. Many companies are now providing turnkey plants based on twin screw extrusion technology. At 
present Kellogg’s, Mohan Meakin and Baggery’s are the major players. And the demand is rising for healthy food among 
the urban middle class. Due to high cardiac problems in India, caring for the heart is becoming more important and breakfast 
cereal producers, especially oat manufacturers, anticipate benefit from this trend. Cereals with other health or nutritional 
benefits, such as reduced sugar, high fibre or vitamin enriched will widen the choice for the consumer and fuel faster growth 
of the BFC market. Muesli is another breakfast cereal based on uncooked rolled oats, fruit, and nuts. Most firms focus on 
breakfast cereal where profits are > 45 per cent. The Indian breakfast cereal market is worth Rs 6000 million including 
Muesli that accounts for Rs 700 million. Multinationals dominate this segment and, Kellogg holds 60-65 per cent of the 
Indian market share. Unless wheat research reshapes their research agenda for product development, native BFC companies 
will not be able to compete with the multinationals. 
 
Wheat atta and other products: At present only 15 to 18 per cent of the total what produced in India is used by the roll 
flour mills. Of the remaining harvested wheat, less than 7 per cent goes as seed and for grain export. The remaining 76+ per 
cent is used by the village based unorganised stone roller grinding mills to produce whole grain atta that is used by millions 
of homes for baking flat Indian bread called “Chapati”. Whole wheat flour has about 340 calories per 100 gm of weight and 
includes the mineral rich aleuron layer and vitamin rich germ (embryo). When wheat is ground without the aleuron layer 
and seed embryo the resultant white flour is “maida”. Whole wheat is rich in “gluten” a protein conglomerate that increases 
the elasticity of the dough. From maida, pan bread, noodles, cakes, biscuit and pizza can be made. For every good quality 
product a specific and adapted wheat flour type is required. 
 

Wheat Gluten is the natural complex protein derived from wheat or wheat flour. In its freshly extracted wet form, 
it is known as gum gluten which when dried yields a cream to-tan-coloured, free-flowing powder of high protein content 
and bland taste. When re-hydrated, it regains its original characteristics. So unique is the functionality of wheat gluten and 
so persistent is the structural integrity after cooking, it appears to have no functional competitor. Wheat gluten is prepared 
by removing starch from wheat flour by carefully drying the remaining high protein gluten to retain the native properties of 
the wheat gluten. Wheat gluten is used in bakery products, meats, pasta, breading and more. Gluten is water insoluble and 
separation from starch and other fractions is achieved by physical means from aqueous flour suspensions without additives 
of any kind. Gluten standards have been prescribed by the joint FAO/WHO Expert Committee on Food Additives and are 
also covered by Codex standards. 

 
Wheat bran as food and feed: When wheat is roll-flour milled the aleuron layer that is removed becomes bran or wheat 
bran. It is rich in nutrition but cannot be stored for long like regular wheat flour as it has a tendency to rancid. Therefore, 
vacuum packing and storing bran at low temperature is recommended. A cup (58 g) of bran contains 99 per cent of the 
recommended daily allowance (RDA) of fibre, 9 g of protein and 34 per cent of the RDA iron. Bran is also rich in 
magnesium, manganese, niacin, phosphorus, zinc, vitamin B6 and low in fat, with no cholesterol, sugar or sodium. Bran 
has that uniqueness in providing a feeling of fullness as it absorbs water and expands in the digestive system. Adding bran 
to muffins is a natural choice and can be added to pancakes, biscuits, wafers, and cookies to enhance their nutritional value. 
Developing micronutrient dense wheat varieties and recommending whole grain flour will mitigate some of the severe 
nutritional deficiencies. To discourage the supplementation of nutrients and vitamins to the flour, the Indian wheat breeding 
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programme should recast their work-plan and focus on enriching the aleuron layer with iron and minerals and thus add value 
to the whole grain wheat flour. 
 
Wheat starch: India produces about 0.38 million tons of starch from various crop sources and 50 per cent of the total starch 
need is from the food industry and the remaining goes for hydrolytic purposes. Tapioca, maize and sweet potato are the 
main sources of starch. Since wheat starch is unique and that there is surplus wheat in India, a part of it can be diverted for 
extraction of starch for use in food industry and by the degradable plastic industry. Wheat starch granules are of two types: 
large ovals of 15 – 45 μ m in diameter; and a smaller round granule of 2 – 7 μ m in diameter. This smaller type of starch is 
applied as a neutral dusting powder or as an ingredient in pharmaceutical preparations. There is paucity of information on 
the structure of starch granule in the Indian wheat and the purpose for which they can be used. The wheat grain quality data 
of the AICWIP should widen their information base and enable the growth of wheat starch industry in the country. 
 
Starch based degradable plastic: Starch is a polymer and is a potential candidate for blending with plastic to render it 
degradable; because it is cheap and the technology involved is easy to adopt. Plasticised starch could be used in injection 
moulding or thermoforming. Plasticised wheat starch and biodegradable polyesters allow the manufactured materials with 
greater water resistance. Such materials can be produced on industrial scale thermoforming to produce trays that can 
withstand 4o C to room temperature. Thermoformed article such as a food or beverage cup, lid, cutlery item, food service 
item, moulded tray, food storage container, etc provide the ability to resist deformation during higher temperature conditions 
during storage and distribution. The commercial formulation Cereplast Compostable resins are renewable, 100 per cent 
ecologically sound substitutes for petroleum based plastic products. These resins are starch based, made from corn, wheat, 
tapioca, and potato. Resin manufacturing begins once the Cereplast production team selects the right biopolymer matrix 
made from renewable, cost - stable resources. The selected biopolymer is blended with other biodegradable components to 
reinforce its molecular structure through a proprietary process developed by Cereplast. The blend is then polymerized and 
treated with nano - composites for surface optimization and further reinforcement. The entire composite process is high 
speed and is low cost.  
 

A good part of wheat exported by India probably is used by the importer as animal feed or is converted as bio-raw 
material for use by the manufacturing industry along the value chain. So far, no serious effort has been made in India to 
develop wheat based technology to manufacture high value products. By re-orienting our wheat research program objectives 
and by involving the IITs / IIMs and venture capitalists from Punjab high-tech, eco-friendly thermoform products can be 
manufactured. By doing so, both the wheat farmer and emerging innovation-based industries will get benefitted.  

 
Wheat germ (WG) oil: Unrefined WG oil is dark in colour and also has a heavy smell. It is a good source of fatty acids 
that are very vital for the healthy growth of the human body. The germ forms only 3 per cent of the weight of a wheat grain 
but, nonetheless, contains about 25 per cent of the protein, vitamins and minerals and so wheat germ oil has numerous 
nutritional benefits.  
 

India produces more than 93.0 million tons of wheat annually and of this may be more than 10 mt goes for roll-
flour mills. And during the process of milling the aleurone layer and embryo or the germ gets removed. This by-product is 
invariably used as animal feed. By using the separated germ / embryo the millers can produce 20,000 metric tons of WG 
oil. Wheat germ contains 8-14 per cent oil and the crude oil is generally high in unsaponifiable matters (2-6%) and with 
high content of tocopherols (Vitamin E). One kilo of WG oil contains about 1179 mg a-tocopherols, 398 mg b-tocopherols, 
493 mg g-to copherols and 118 mg d-tocopherols. Vitamin E constitutes an integral part of phospholipids found in cell 
membrane and preserves the integrity of all cells especially free cells with short life span e.g. red white blood cells and 
blood platelets. Also, vitamin E inhibits the oxidative interaction of LDL(s) and prevents their deposition on the arterial 
walls. Tocopherols contain a considerable percentage of poly-unsaturated fatty acids. The linoleic acid content ranges 
between 44 to 65 per cent and the linolenic acid content ranges between 4 to 10 per cent. Minerals like phosphorus, iron, 
zinc, potassium and sulphur present in the oil provides the essential nutrients to skin nourishment. The WG oil is very good 
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for human health and wellness. Several health care products can be commercialised having WE as the basis. In that process 
value addition to wheat will also happen.  

 
Wheat straw cellulose and paper industry: The fundamental properties of pulp fiber are length, diameter/width, and cell 
wall thickness lumen diameter/width. Indian pulp and paper statistics reveal that the industry uses 39 per cent of forest-
based fiber, 31 per cent agro-residue based fiber and 30 per cent fiber recycled from waste paper. The Indian paper industry 
produces two types of fresh pulps. Chemical pulps through either soda process or kraft process, and the chemi-mechanical 
pulps. Each material has distinct morphological characteristics of pulp fiber and chemical composition that regulate the 
quality of paper products during manufacturing.  
 

India harvested more than 93.0 mt of wheat grain and must have produced another 130 mt of straw. Of the total 
available wheat straw may be 1 to 2 per cent which is being used by the paper industry. Trident, a modern integrated pulp 
and paper plant commissioned in Punjab has emerged as the largest wheat-straw based paper plant in the world and one of 
the largest yarn producers in India. There is considerable opportunity for the growth of the wheat straw based paper industry. 
The wheat research programme and the paper technology may have to come closer to evolve how best the wheat straw can 
be used avoiding the field burning and burying of this renewable resource. In doing so, forest cover can increase as trees 
will be spared and a pro-climate industrial growth can be triggered.  

 
Wheat biomass and ethanol production: The cellulose in biomass can be hydrolyzed to sugars that can be fermented to 
form ethanol, as around 34% of the wheat straw accounts for cellulose. And the spiraling petro products price has made the 
future of the bio-based products and fuels very bright. Research has shown the potential use of wheat straw cellulose derived 
nano-fibers as substitute for fiberglass, plastics and in many automotive parts. Economics of producing cellulose nano-
whiskers (CNW) as a co-product in an ethanol bio-refinery has been worked-out in North Dakota, USA. And now 
technologies are there for commercialization that would allow wheat straw to get processed in a bio-refinery to produce 
ethanol, cellulose nano-fibers and high value chemicals as succinic acid, butanetriol, and xylitol. The bio-refinery concept 
is economically attractive because it offers a potential to capture greater value from the biomass feedstock.  
 
Malting wheat and for leisure times: Malted wheat is slightly sweet in taste and is to be used for up to 50 per cent of a 
grain bill, and typically needs to be mashed to help in lautering and prevent stuck mashes. Wheat malt can make for a sticky 
mash that is hard to lauter, and promotes a very slow run off. The LOX (Lypoxygenace) in wheat have been investigated 
due to the influence it has on the sensory quality of wheat products. The LOX activity among the cultivated diploid, 
tetraploid and hexaploid indicates the highest enzymatic activity in T. aestivum, followed by T. turgidum and T. 
monococcum at a pH range of 5–6. The LOX activity was higher in the germ than in the bran or in the endosperm. Despite 
all this, wheat malt is widely used in China’s beer industry. Sensory deterioration of beer during distribution and 
consumption is one of the most serious problems of what malt based beer. Selecting the appropriate wheat variety and 
improving the malting process may contribute to a lower LOX activity. Raising the mashing temperature could reduce the 
LOX activity in the mash, and further decrease the potential for off-flavour substances. In addition, reducing the LOX 
activity could also shorten the filtertime, decrease the worth turbidity, and improve the quality of the malt.  
 
SECTION SNIPPETS 
Nutritional value of ancient wheat 

Little differences have been reported in the composition between ancient and modern wheat.  The nutritional and 
technological value of cereals is determined especially by protein content and composition. Proteins can be divided into 
water-soluble metabolic proteins (15–25% of total proteins). 

 
Hulled wheat cultivation and growing demand in the world 

The main wheat-producing regions of the world include central plains of the United States, southern Russia, 
southern Canada, Mediterranean basin, north-central China, India, Argentina, and Southwestern Australia. Different wheat 
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varieties are cultivated worldwide. Today, about 95% of the cultivated wheat worldwide is Triticum aestivum, while the 
remaining 5% accounts for T. turgidum susbp. durum. 
 
Dehulling and milling of hulled wheat 

Hulled wheat species have strong glumes (husks) that enclose the grains, and a resistant rachis. Therefore, harvested 
grain cannot be directly used in the food processing industry due to considerable contamination with chaff. After harvest, 
spikes require additional treatment in a process that is commonly referred to as threshing.  Upon threshing, a hulled wheat 
spike breaks up into spikelet’s. 
Novel trends in ancient wheat processing 

Ancient wheat species can be processed into different food products such as bread, pasta, breakfast cereals, cookies, 
crackers, snacks, and beverages depending on their suitability to produce each of these products. 
 
CONCLUSION 
 

Wheat remains a cornerstone of global nutrition, and its processing combined with value addition significantly 
enhances both dietary quality and economic sustainability. Traditional milling has long provided staple foods, but modern 
approaches now unlock the potential of wheat’s by-products bran, germ, and wheat germ oil transforming them into sources 
of fiber, antioxidants, and bioactive compounds. These innovations not only improve the nutritional profile of everyday 
foods but also support the development of functional products such as fortified flours, ready-to-eat cereals, and 
nutraceuticals. Technological interventions like fermentation, enzymatic hydrolysis, and extrusion further increase nutrient 
bioavailability and diversify product applications. Beyond food, wheat derivatives contribute to bio-based packaging, 
pharmaceuticals, and cosmetics, aligning with sustainability and circular bioeconomy principles. Economically, value 
addition reduces waste, strengthens supply chains, and provides farmers with new income opportunities, while meeting 
consumer demand for healthier and innovative products. In essence, nutritional enhancement and value addition in wheat 
bridge the gap between traditional consumption and modern health needs. By integrating science, technology, and 
sustainability, wheat processing ensures not only improved dietary outcomes but also long-term agricultural resilience and 
industrial innovation. 
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