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Abstract: In pace with the growing consumer health awareness and technological advances, functional 

foods incorporated with active ingredients are generating significant attention from researchers and 

consumers alike. Functional foods enriched with active ingredients provide additional health benefits 

beyond basic nutritional requirements. Bread has lately been used as a vehicle in the formulation of 

varying products. For instance, bread containing omega-3 fatty acids, whole grains bread, dietary fiber 

bread containing inulin, and beta-glucan. The production of functional bread has become a trend. 

Therefore, this review focused on health properties and potential functional food ingredients such as 

natural antioxidants in bread. 
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1. Introduction  

Functional foods were first introduced in Japan in the mid-1980s [1]. These foods are 

fortified with healthy compounds that deliver advantages to the human body over and above 

the regular nutritional benefits they provide [1,2]. They have the same characteristics as 

ordinary foods and can be consumed in regular diets. In recent years, functional foods have 

grown steadily in the food industry [2].  

 Foods such as bread are common in the human diet and are considered functional 

foods. It can act as an excellent energy source. It can also be used as a carrier for nutrients such 

as folate, copper, thiamine, zinc, iron phytic acid, possibly minerals [3], and melanoidins [4] 

through fortification. In addition, bread can also serve as an eminently favorable vehicle for 

delivering both phenolic antioxidants and fiber polysaccharides [5]. Therefore, this review 

focused on health properties and potential functional food ingredients such as natural 

antioxidants in bread.  

2. History of Bread  

Bread is a historic dietary item that dates back to the Neolithic era, prepared by baking 

inside the oven. The history has been traced back to around 10,000 years BC or over 12,000 

years ago where bread might have been developed by experimental mixing of water and grain 

flour. It is believed that Egyptians were the pioneers by making the art of bread making popular 

throughout the world [6].  
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Controversial fact about the history of bread is associated with political influence over 

public mass from the past 2000 years [6]. For example, the crisis during the cold war era has 

been related to white bread imperialism. The other example is the rise of the pure food 

movement, where it kick-started the bloom of industrial baking and scientific eating triggered 

by the anxiety of food-borne illness and the cleanliness of food which at that time made by 

workers described as unclean immigrants. This brought to the industrialization of more 

hygienic and mechanized production of white bread, causing a revolution between 1890 and 

1930 from home-baked and small bakery bread to factory-produced bread [7].  

Bread is a food produced by baking leavened dough mixed with yeast that weighs one-

half pound or more after cooling [7]. This dough might be prepared by mixing one or more 

ingredients such as flour, water, yeast, shortening (fatty acids), milk and/or other dairy 

products, egg, nutritive carbohydrate sweeteners, enzyme, lactic-acid-producing bacteria, 

nonwheat flours, yeast nutrients, and calcium salts, potassium bromate, calcium bromate, 

potassium iodate, calcium iodate and/or calcium peroxide, azodicarbonamide, dough 

strengtheners, spices, coloring reagent and other ingredients [7]. These ingredients need to be 

strictly controlled and regulated, and the bread can be called enriched bread, milk bread, raisin 

bread, and whole wheat bread [8]. Bread, particularly white bread, was claimed to be the 

highest quantity consumed since the other group of bread such as whole wheat, cracked wheat, 

rye, and raisin were more associated with the higher income groups [8]. 

Bread making process mainly implies three distinctive methods [9]. Firstly, the straight 

dough method by which all the ingredients are mixed at once with a different order of addition 

depending on manufacturer equipment and preference. Next, the sponge dough method, in 

which yeast, flour, and water were initially mixed before being allowed to leaven for a few 

hours. This is followed by the addition of the rest of the ingredients. Thirdly, the Chorleywood 

bread method is an ultra-high-speed mixing of all ingredients in just a few minutes [9]. In 

addition, the dough can be divided into lean, normal, sweet, and dietetic categories. The lean 

dough is basically composed of flour, water, yeast, and salt but does not contain lipid in recipes. 

Normal dough, on the other hand, contains a certain amount of lipid, sugar, or milk. As the 

name implies, the sweet dough is high in sugar, lipid, or milk, with the possible inclusion of 

spices, egg, or even aromatic compounds in their recipes. According to their formulation, the 

dietetic category can be divided into low cholesterol, low sugar, sugar-free, or fiber-enriched 

[9]. 

3. Manufacture of Bread  

Flour and water are the most important ingredients in bread, as they mostly affect the 

texture and crumb. Bread dough is mainly composed of proteins, lipids, carbohydrates, water, 

and air. A combination of ingredients and processing conditions determines the final product's 

appearance, texture, microstructure, taste perception, and stability. Baking and handling 

processes are greatly influenced by the processing conditions (mixing, molding, sheeting, 

fermentation, baking) and the ingredients such as flour quality, water content, lipids added, 

sugar, enzymes, bran [10]. Mixing is a step to blend all the ingredients. Thus, through mixing 

and kneading, gluten matrix formation and incorporation of air inside dough are enhanced, 

converting a mixture of water and flour into viscoelastic dough [10]. During baking, the dough 

is converted into bread, a dramatic change whereby gas cells expand into a network of pores 

[10]. 
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Flour consists of starch and other carbohydrates, protein, fibers, ash, lipids, water, small 

amounts of enzymes, vitamins, and minerals [11]. These came from wheat undergoing a 

milling process to produce flour that suits to produce good bread palatability, lightweight, as 

well as a rising loaf pattern [9]. The protein present in flour is important for the formation of 

gluten in bread dough. Gluten is a protein complex consisting of all amino acids, dominated by 

proline and glutamate or glutamine, which play an important role in gluten development [12]. 

Gluten is important in helping water absorption capacity, viscosity, cohesivity, and elasticity 

of the dough. Gluten in bread comprises two protein types, i.e., gliadins and glutenins, which 

can be differentiated by their solubility in aqueous alcohol. The former is soluble in aqueous 

alcohol, while the latter is insoluble [13]. These two protein, particularly glutenins, is important 

in influencing the performance of breadmaking [14]. In contact with starch, gliadin forms a 

viscous liquid that has no elastic force, is not sticky, and does not further develop, generating 

dough's viscosity. On the other hand, when glutenin is added to starch, more elastic and 

tenacious rubbery material is formed, providing strength and elasticity to the dough [14, 15]. 

Gluten protein also functions as a filler that fills up the space between the starch 

granules to build a three-dimensional network of flour particles [16]. Assemble of dough is 

formed by attachment of the flour particles via protein networks to one another and further 

extension, which can be achieved by kneading—kneading results in the extension of the protein 

network bidirectionally to create films. In contrast, an unextended gluten strand network 

comprises irregular globules that form loops and knots [16]. 

4. Health Benefits of Bread  

Bread is known as a cheap source of energy (carbohydrate), protein, and to a certain 

extent, as a good source of fiber [8]. According to Bonafaccia et al. [11], standard cultivars of 

wheat flour has 13.8% dmb (dry mass basis) protein, 12.8% dmb dietary fiber, and the bread 

made from these wheat has 81.6% dmb total starch and 0.9% dmb free glucose. 

Bread is a high glycemic index (GI) food with approximately 75 GI, which is slightly 

higher than rice (73 GI; [17]). A high GI value is associated with food that releases 

carbohydrates and increases blood glucose levels at a high rate. The health function of bread 

may be extended via fortification. Flour and cereals enrichment in 1953 contributed 

approximately one-third of thiamine supply, one-fourth of iron and niacin supply, one-fifth of 

food energy and protein, and one-seventh of riboflavin supply [8].  

Bread can be a practical fighting tool in a weight-reducing diet. The bread (wheat 

product) is low in calories, but it can also be meant to help reduce body weight. Eating bread 

can create a feeling of fullness, helping dieters restrict calorie intake, thus causing weight loss. 

Eating bread also showed a significant effect in lowering blood cholesterol levels [18]. 

However, previous evidence revealed mixed findings of the effectiveness of a high 

carbohydrate diet in lowering body weight. Some might even say a high carbohydrate diet or 

bread intervention in a low-calorie diet did not significantly affect [19-21]. Nevertheless, bread 

consumption may still be an effective tool in weight loss, provided the bread consumed should 

be whole-grain bread, not white bread [22].  

The baking of bread causes browning of bread crust due to the heating process whereby 

Maillard reaction between amino acids and reducing sugars leads to the formation of brown 

nitrogenous polymers and co-polymers named melanoidins [23-25]. Melanoidins are an 

important compound that acts as flavor binding to roast and sulfur aroma [26, 27]. In addition, 

it possesses a health effect such as metal chelator [28], antioxidants [29], exert protective effect 
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over oxidative stress in the cell [30], antimicrobial [31], inhibiting effect on urease-gastric 

mucin (Helicobacter pylori) adhesion, thus can be a potent antibiotic that prevents of H. pylori 

adhesion [32] and induction of chemoprotective enzyme [33].  

5. Potential Functional Food Ingredients in Bread 

Functional foods have gained popularity in the last decade [1]. The increasing demand 

for functional food can be explained by increasing demand for a healthy lifestyle [34], 

increasing cost of healthcare, increase in the number of high-income people, the steady increase 

in life expectancy, and the desire of older people to improve and maintain their health [1]. Since 

bread is a common food in the daily human diet, it can be made a practical means of delivering 

phenolic antioxidants and fiber polysaccharides at high concentrations [5].  

5.1. Whole grain.  

Whole grains such as amaranth, buckwheat, quinoa, and rye are good sources of fiber 

and can be made an ingredient to incorporate in bread to deliver health benefits without 

abandoning flavor [35, 36]. Buckwheat has the highest total polyphenol, followed by quinoa, 

wheat then amaranth. This correlates with the antioxidant activity where buckwheat has the 

highest. Among the four pseudocereal bread, quinoa and buckwheat seeds, and sprouts are 

suitable for enhancing the nutritive properties of bread, such as gluten-free bread due to 

potentially rich polyphenol compounds content [36]. Rye bread made with 100% rye flour was 

reported to be more intense in all sensory evaluation attributes except for acid odor, acid taste, 

and salty taste and showed higher total polyphenol content than wholemeal flour but lower 

DPPH scavenging activity [37].  

5.2. Soybean and sweet potato.  

Phytochemicals are one of the bioactive ingredients that are found naturally in plants 

and fruit. Soybean has rich in antioxidant activity [38, 39] and moderate anti-inflammatory 

effect [40]. The incorporation of soybean into bread may increase the level of protein, dough 

water absorption, and ash content. However, incorporation did affect the organoleptic 

properties of bread, decreased bread volume, and darker crumb [41, 42]. Sweet potato flour 

substitution was shown to increase bread’s antioxidant activity, and fortification can be made 

until 20% of total flour with an insignificant difference in terms of aroma, taste, and texture. 

However, the substitution produced harder and darker crust [43]. 

5.3. Green tea.  

Green tea is a good source of polyphenol and caffeine [44]. Incorporation of green tea 

into bread showed an increase in hardness, stickiness, and astringency, whereas lower 

brightness and sweetness when increasing the amount of green tea extract inclusion [45]. 

However, this problem might be countered through green tea encapsulation [46]. 

5.4. Herbs and spices.  

Coriander leaves and seeds are some of the widely used herbs in food as spice or flavor 

enhancers. Roasted coriander seeds are even used in beverages and medicinal preparations. 

The effect of heating or roasting does not seem to alter its bioactive content, and the seed also 
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exhibited strong antioxidant and anti-inflammatory activities [47]. The addition of coriander 

leaves in bread at 3.0% and 5.0% (w/w) replacement of wheat flour [48] improved bread 

characteristics such as texture, color, and flavor of the bread as well as increased antioxidant 

activity, slower staling rate, increased moisture content and decreased crumb firmness.  

Turmeric (Curcuma longa L.) phenolic curcumin (diferuoyl methane) was reported to 

possess antioxidant, anti-protozoal, anti-tumor, anti-inflammatory, and anti-venom activities 

[49]. The addition of turmeric powder in bread results in higher phenolic content, antioxidant 

activity, and shelf-life of bread than normal wheat bread. In addition, the acceptable sensory 

scores were reported at 4% substitution turmeric powder of wheat flour. However, increasing 

turmeric powder supplementation increased its hardness and crumb color (stronger yellow 

color; [50]).  

Ginger (Zingiber officinale Roscoe) is a popular herb used in Asia, where its leaves, 

stem, and rhizome possess phenolic content and antioxidant activity [51]. The addition of 

ginger powder into bread increase the hardness and gumminess of bread crumb, forming a 

darker brown-colored crumb and increasing antioxidants and phenolic content. The acceptable 

supplementation was at 3% substitution of wheat flour due to good rheological characteristics 

and highest sensorial acceptability rating, which exhibit twice higher antioxidant content than 

control bread [52].  

5.5. Fruits and fruit wastes.  

The addition of grape seed extract to bread showed higher antioxidant activity 

compared to blank bread [53]. However, the heating process during breadmaking decreased 

the antioxidant of grape seed extract by around 30-40%. Grape seed extract may also 

potentially reduce Nε-(carboxymethyl)lysine (CML) formation, which is a potential toxicant 

in bread, thus producing bread with lower CML-related health risks [53].  

Fennel (Foeniculum vulgare var. dulce) seeds are a type of herb which is a good source 

of sugars, essential fatty acids, vital vitamins, minerals, protein, fiber, essential oil, and 

flavonoid [54]. Due to its sweet-smelling property, fennel seeds are widely used in the 

therapeutic and culinary areas. Supplementation of fennel seeds powder in bread is likely 

accepted than other fortified bread [54]. The increasing proportion of fennel increases crumb 

firmness, crumb moisture, and antioxidant content, with the optimum addition being between 

5.0 and 7.0% [54].  

Apart from dietary sources, agriculture byproducts of food processing industries such 

as the peels and seeds of many fruits can be potential sources of antioxidants [55]. 

Supplementation of dried apple skin powder into muffins showed an increment in total dietary 

fiber, total phenolic content, and antioxidant activity. Therefore, the use of apple skin in bakery 

products can be considered a source of natural antioxidants [56].   

The addition of watermelon rinds and sharlyn melon peels to the cake has increased 

fiber, carbohydrates, moisture, and potentially good antioxidant activity source to increase the 

shelf-life of the cake. The recommended addition is at 5% substitution of wheat flour [57].  

Mango peel powder may be added to biscuits to increase total dietary fiber, 

polyphenols, carotenoid content, and antioxidant activity. The acceptable addition of mango 

peel powder is at 10% substitution of wheat flour [58].  

5.6. Green coffee bean.  
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Supplementation of green coffee bean extract into bread and sponge cake increased the 

antioxidant activities [59]. However, the addition caused significant changes in the sensory 

properties since an increasing amount of green coffee beans resulted in a change in the color 

of sponge cake and bread [59]. In addition, green coffee bean bread showed that the phenolic 

content is potentially highly bioaccessible and bioavailable due to its highly mastication-

extractable property. The supplemented bread phenolics content and antioxidant activity are 

correlated with powdered green coffee bean added. The acceptable supplementation is at 3% 

substitution of wheat flour to give the satisfactory overall consumer acceptability [60]. 

5.7. Other potential ingredients.  

Supplementation of beta carotene taken from oil to whole wheat bread showed a 

significant loss during baking [61]. However, in the presence of antioxidants, wheat bread 

exhibited more stability throughout baking, although not during storage (25°C). Bread 

supplemented with beta carotene can be known as a good source of vitamin A, and the more 

carotene added, the higher carotene available in bread [61]. In addition, the phenolic acid has 

been supplemented into the bread. Caffeic acid showed the highest antioxidant activity before 

and after baking, followed by ferulic acid, gallic acid, and syringic acid. Although there is a 

significant effect of baking towards the degradation of phenolic acid, the recovery after baking 

is still high ranging from 74-80% [62].  

6. Conclusions  

The consumer demands for health-giving food products and awareness of a healthy 

lifestyle based on consumption of functional foods are growing. Bakers also seek natural 

ingredients and enzymes to replace chemically produced ones, inhibitors to delay mold growth 

and extend shelf life, and specialty proteins to improve dough handling. Recently, natural 

antioxidants from the plants have played an important role in functional foods, i.e., inhibiting 

lipid peroxidation in food and improving quality in terms of appearance, taste, and texture. 

Therefore, incorporating natural phenolic antioxidants from plants in bread could enhance 

human health performance and control the body suffering from degenerative diseases 

associated with today's changing lifestyles and the environment.  
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