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Abstract 

Improved understanding of the relationship between the consumption of antioxidant-rich 

food            and human health has resulted in the supplementation of food products with natural 

antioxidants. Enrichment of a staple food such as bread with natural antioxidants can 

provide additional health benefits. Sources of natural antioxidants include cereals, seeds, 

spices, herbs, green plants, fruit, vegetables and the less expensive and easily available 

waste products from the food industry. However, there are technological constraints to 

the fortification of bread, while sensory and physical properties are important for overall 

consumer acceptability. Synthetic antioxidants can have serious adverse effects on 

health, and their substitution with natural antioxidants enhances the therapeutic and 

functional properties of bread. This review (Chapter: 1) discusses the antioxidant 

activity of various types of breads enriched with natural antioxidants from natural 

sources and the associated physical and sensory attributes of these breads. 

In the present study (Chapter: 2), the effect of ripe mango peel powder (RMPP) at 1, 3, 

and 5% on physical, antioxidant and sensory properties of whole wheat bread were 

evaluated. Breads incorporated with RMPP exhibited an improvement in antioxidant 

properties as total phenolics content increased from (220.33 ± 8.5 to 757.8 ± 13.5) mg 

GAE/100 gm along with the highest value of 2,2-diphenyl-1-picrylhydrazyl (DPPH) 

inhibition was 65.74 ± 0.51 %. The RMPP at 5% level also improve the fruity aroma and 

fruity taste in descriptive analysis. Both antioxidant activity and flavour were improved 

gradually with the addition of RMPP, so 5% can be considered as best addition level. 

Again at 5% RMPP showed maximum negative effect on bread texture. Loaf height, 

weight loss percentage and specific volume were decreased with the amount of RMPP 

incorporation. Bread density along with crumb moisture  was increased after addition of 

RMPP. The brownness index of bread samples was significantly different and whiteness 

index were also decremented. For textural analysis hardness were also increased with 

level of addition. Though, in comparison with 1%, 3% showed lower effect for selected 

parameters. Thus, 3 % RMPP addition in whole wheat bread was regarded as best. 

Ripe mango peel powder enriched white brad was prepared (Chapter: 3) by using a 

three-level three-factor face-centered central composite design (FCCD). Levels of 

independent variables, baking  temperature (X1), baking time (X2) and RMPP addition 

level (X3), were selected using single factor analysis to study their effect on specific 
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volume (Y1; cm3/g) and DPPH radical scavenging activity (Y2; µmol AAE/g) of bread 

samples. The -1, 0 and +1 levels were fixed                      at 190, 210 and 230 for baking temperature 

(°C), 15, 30 and 45 for baking time (min) and 3, 5 and 7 for RMPP addition level (%). 

For specific volume significantly negative linear effect by RMPP addition level and 

negative interaction effect by baking temperature and time was observed. DPPH radical 

scavenging activity was significantly affected by RMPP as linear factor (positive term) 

and baking temperature with time (negative term) and RMPP with baking time (positive 

term) as interaction factor. ANOVA results for both models indicate the   goodness of fit 

and suitability of the regression model. Baking at 226ºC for 19 min with 7% RMPP was 

selected as optimal condition with 2.500 cm3/g specific volume and 25.868 µmol AAE/g 

DPPH radical scavenging activity. Predicted value was confirmed through validation 

process. In comparison with control bread similar overall acceptability was observed for 

optimised bread. Also optimised bread showed delayed staling than control bread. 

Both raw and ripe mango peel is the major by-product of mango processing industry and 

is a rich source of natural bioactive compounds that is very good for health. In the study 

(Chapter: 4) main aim was to evaluate flour quality along with the rheology of 

formulated gluten free dough also good texture with antioxidant activity and good 

consumer acceptability of the mango peel powder (MPP) added bread samples where 

both raw MPP and ripe MPP were  mixed equally at different levels (2%, 4% and 6%). 

Flour samples with 4% MPP showed acceptable physical and functional characteristics. 

In rheology small change was observed for 4% level in comparison with 2% level but a 

marked increase in visco-elasticity was reported when 4% formulation was compared 

with control and 6% formulated samples. The phenolic and flavonoid content ranges 

from (0.18-1.85) mgGAE/g and (0.08-0.14) mgCE/g respectively. The antioxidant 

activity also increased on increasing level of MPP incorporation. The physical 

parameters (moisture, height, specific volume, density, crumb hardness, crust and crumb 

color) showed the best acceptable results on incorporation of 4% level MPP which also 

satisfies all the sensory attributes and was acceptable by the panelists. Thus, the overall 

result illustrates the importance of MPP incorporation in the sorghum-rice formulation 

yielding high antioxidant properties with desired physical and sensory attributes. 
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1. Dynamic role of natural antioxidant sources on         

different quality characteristics of bread 

 

1.1. Introduction: 

In biological systems, oxidative stress is produced by an imbalance between chemical                  

stresses, caused by abnormal quantities of reactive oxygen species (ROS), and physical 

ability to detoxify the reactive intermediates. Oxidative stress if prolonged can damage 

the entire system, and has been implicated in over 100 common diseases such as cancer, 

diabetes, heart conditions, and neurological disease [1]. However, antioxidants can 

scavenge ROS and free radicals, thus reducing their numbers. The growing interest in 

foods rich in antioxidants has led to the development of a large market for antioxidant-

rich products and ingredients. 

The importance of natural antioxidants for food applications has been highlighted in 

numerous studies. Natural antioxidants are found in plants which can be consumed. For 

example, spices, herbs and essential oils are rich in antioxidant properties [2]. The 

consumption of natural antioxidants, including vitamins, enzymes, carotenoids, 

chelators, and phenolic compounds, have received considerable interest because of their 

presumed safety and potential nutritional and therapeutic effects, including anti-

inflammatory, anti- carcinogenic and anti-atherosclerotic properties. Artificial 

antioxidants such as butylated hydroxytoluene (BHT) and butylated hydroxyanisole 

(BHA) are synthetically produced chemical antioxidants, which are widely used for their 

antioxidant properties in the food industry. However, the use of these substances is 

restricted due to toxicity problems and the fear of liver damage and carcinogenesis [3]. 

Consequently, there is ongoing research on natural sources of antioxidants. 

Bread, a low cost easily available energy source, has been a staple food for centuries. 

Main ingredients of bread preparations are wheat flour, yeast, sugar, salt, and water. The 

wheat grain contains many bioactive compounds, including antioxidant activity rich 

phenolic compounds mainly present in the bran and aleurone layer, although the 

processing of wheat bread also confers some antioxidant activity [4]. Many different 

synthetic antioxidants have been used in bread for years to increase storage stability. The 
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rapidly growing functional food and nutraceutical market in recent times has stimulated 

research on the use of natural antioxidants in bread which do not affect its textural and 

organoleptic properties. Functional and therapeutic properties, basic nutritional quality, 

sensory and textural properties must be carefully considered when incorporating various 

sources of antioxidants into bread. Recent studies have shown that the addition of small 

amounts of natural antioxidant sources does not significantly affect the textural and 

sensory properties of bread. 

1.2. Literature review: 

Many consumers prefer to eat healthier food to prevent non-communicable diseases. 

Consequently, researchers are seeking to work on improvement of bread quality through 

the optimisation process. Accordingly, cereals and their fractions, fruits and 

vegetables, gums             and starches and agricultural wastes have been used to produce 

antioxidant-rich bread. Thus, this study aimed to review the antioxidant-rich bread, as 

well as the impact of fortification on both physical and sensory parameters are 

summarised in Table 1.1. 

Black tea: Chinese steamed bread (CSB) was fortified with black tea with various teas 

to water (v/v) ratios [5]. At higher concentration of black tea, lightness (L) of CSB was 

decreased while redness (a) and yellowness (b) were increased, due to the presence of 

black tea polyphenols. Along with antioxidant activity, phenolic compounds of black tea 

improved the antimicrobial properties of CSB, with the best results seen at 5:0 ratio of 

tea to water. There were insignificant changes in the water activity, water content, 

texture, and volumetric properties of fortified CSB. In sensory evaluation black tea 

showed the addition of black tea had little effect on brightness, crumb structure, 

elasticity and stickiness but resulted in decreased smoothness and whiteness. 

Rice bran: Stabilised rice bran (RB) was added at different percentages to wheat bread 

[6]. All substituted bread showed higher protein, ash, fat and total dietary fibre contents 

than control bread. Inclusion of RB negatively affected crumb colour (L*), bread volume 

and sensory parameters such as colour, texture and overall acceptability, but increased 

hardness, aroma, taste, a* and b* values. The highest and lowest values were seen in 

30% RB substituted bread. Vitamin E content as indicated by tocopherol and tocotrienol 

content increased in proportion to the amount of RB. The addition of RB also increased 

the free and bound total phenolic content (TPC), total flavonoid content (TFC), ferulic 

acid, p-coumaric acid, sinapic acid, and ferric reducing antioxidant power (FRAP) and 
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2,2-diphenyl-1- picrylhydrazyl (DPPH) radical scavenging values compared to control 

bread, with the highest                values seen in 30% RB substituted bread. 

Quinoa leaves: Bread was fortified with different amounts of quinoa leaves (QL) as a 

source of antioxidants [7]. An increase in the percentage of QL resulted in bread with 

decreased loaf volume and higher bread crumb hardness, cohesiveness and 

chewiness/gumminess, with an insignificant effect on elasticity. Bread fortification with 

QL showed a linear increase in antioxidant properties and TPC and had a positive 

influence on FRAP, inhibition of linoleic acid peroxidation and metal chelating power. 

The maximum antiradical potential of bread     was obtained with 5% QL 

supplementation. 

Nejayote solids: Nejayote, maize-processing wastewater, in the form of solids was used 

to enhance antioxidant activity in bread [8]. Application of nejayote solids (NS) at 

different addition level significantly enhanced water absorption capacity, loaf weight and 

apparent density with slight decreased bread volume. On the other hand initial mixing 

time, both proof heights and bread heights also the texture of the bread loaf did not show 

any significant changes. Bread supplemented with NS showed higher dietary fibre, crude 

fibre and bioavailable calcium: from two slices (64 g) of bread with 9% NS provided 

calcium which is 29% of the recommended daily intake. Also with increased NS levels 

ferulic acid was increased proportionally and significantly improved antioxidant activity. 

Flavour and odour received low sensory scores, while overall acceptability, texture and 

colour were not affected by 9% NS substitution as compared to control. 

Broccoli sprout powder: Bread was enriched with various proportions of broccoli 

sprout (BS) powder for its antioxidant and anti-carcinogenic activity [9]. Partial 

replacement of flour with BS powder had a strong negative effect on aroma, texture, 

taste, and overall acceptability and a slightly negative effect on colour. However, BS 

significantly enhanced the phenolic content of the bread, with the highest values seen 

with 2% substitution, although a linear relationship between increased phenolic content 

and the percentage of added BS was not seen. Fortification increased the level of free 

amino groups and also influenced the antiradical potential, with highest values seen at 

4% BS. Reducing power was increased than control, where it was substantially highest at 

the lower level (2% BS) compared to the higher level of incorporation. The highest 

chelating activity and inhibition of lipid peroxidation were      seen in bread with 4% and 

3% BS respectively. Bread with 2% BS supplementation was determined to be best 
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regarding consumer acceptability, antioxidant activity and ability to inhibit prooxidative 

enzymes. 

Onion skin powder: Bread supplemented with dry onion skin (OS) powder as a source 

of antioxidants showed an increase in quercetin concentration, scavenging activity, 

chelating power, lipid peroxidation, and reducing power compared to control bread [10]. 

As expected, the antioxidant properties (except for lipid peroxidation) of OS-fortified 

bread and overall acceptability were positively correlated with the addition of up to 2–

3% OS. However, bread supplemented with 4–5% OS was less acceptable due to no 

further increase in antioxidant activity and the presence of excessive amounts of volatile 

compounds. 

Chestnut flour: Chestnut flour (CF) a good source of phenolic compounds and fatty 

acids were incorporated into bread at different amounts [11]. Bread with up to 50% CF 

showed a significant linear increase in antioxidant activity and level of volatiles, 

including alcohols followed by aldehydes, ketones and furans. The levels of compounds 

present in CF, such as furans including furfural, 5-methyl furfural and 2-furfuryl alcohol, 

increased strongly as the amount of substitution increased. CF imparted nutty and smoky 

flavours due to the presence of guaiacol and 4-ethyl-guaiacol, demonstrating a positive 

effect on organoleptic properties. Bread made with 50% CF showed a homogeneous 

crumb structure, similar crumb hardness, cohesiveness and a darker colour compared to 

control bread. 

Banana pseudo-stem flour: A fixed amount of banana pseudo-stem flour (BPF) was 

used with xanthan gum (XG) or carboxymethylcellulose (CMC) as a source of 

antioxidants in bread [12]. Proximate analyses showed that BPF bread had a high content 

of total dietary fibre, with a balanced soluble dietary fibre to insoluble dietary fibre ratio. 

The addition of BPF increased the phenolic content and free radical scavenging activity 

compared to control. However, supplementation with XG or CMC in bread containing 

BPF resulted in a significant decrease in phenolic content and free radical scavenging 

activity, whereas physical analyses indicated that supplementation with 10% BPF with 

XG reduced loaf volume, weight loss, height and higher density than control and CMC 

added sample. While all bread containing BPF had a darker crumb and lighter crust 

colour, mouthfeel, aroma, gumminess and taste perceptions were not affected. All bread 

received better acceptability scores than control bread, with the highest overall 

acceptability score seen for bread with added CMC. 
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Fennel seed powder: Various amounts of fennel seed (FS) powder were incorporated 

into bread as a source of antioxidants [13]. Supplementation significantly affected 

physical properties, with a negative effect on texture and decreased loaf volume and 

specific loaf volume, but with an insignificant effect on loaf mass. With increasing 

addition of FS, the redness (a*) and yellowness (b*) of the bread crumb significantly 

increased, while the lightness (L*) significantly decreased. The appearance of the bread 

declined slightly, with the   optimum taste and aroma scores obtained at 7–10% FS 

supplementation, while the best colour was achieved with 7% FS supplementation. A 

linear increase in TPC and FRAP values (but not DPPH radical scavenging activity 

which showed a reduction at 5% FS incorporation) was seen with increasing 

supplementation up to 7.0% FS, with further additions having little effect on antioxidant 

properties. Thus, supplementation with 5.0% and 7.0% FS powder was found to be 

optimum. 

Cinnamon powder: Different amounts of cinnamon powder (CP), rich in fibre, fats, 

ash, with a high phenol content and antioxidant activity, were added to the bread [14]. 

Baking absorption and loaf weight increased linearly with the amount of CP added. Loaf 

volume and height increased up to 2% CP supplementation and decreased thereafter, 

while specific volume remained either equal to or less than that of control bread. 

Appearance and colour scores were high at 2% and 3% CP addition, with flavour, texture 

and overall acceptability scores highest at 2% CP incorporation. The hardness, 

gumminess and chewiness of the bread significantly increased above 2% CP 

incorporation. Besides, an adequate microbial inhibitory effect was observed due to the 

presence of cinnamaldehyde and eugenol at 2% CP incorporation. Fibre, ash, protein and 

fat content, phenolic content and antioxidant activity showed a significant linear increase 

as the level of supplementation increased with the highest values obtained at 4% CP 

incorporation. 

Intermediated pearled wheat fraction: Bread was enriched with different amounts of 

pearled fractions from intermediate layers of wheat kernel as a source of antioxidants 

[15]. The L*, a* and hue values (h) of the crust of supplemented bread significantly 

increased with a low difference in chroma (C*) values compared to control. Crust 

crunchiness, total break energy and acoustic emissions were highest in the bread 

containing 0% and 5% pearled fractions with lowest values seen at 20–25% 

incorporation. There was a decrease in bread volume with a proportional increase in 

gumminess, chewiness and hardness accompanied by an increase in the percentage of 
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pearled wheat fractions, while cohesiveness and resilience remained unaffected. The 

protein, dietary fibre, β-glucan and ash content along with the total antioxidant activity 

(measured as DPPH scavenging capacity) and TPC of bread increased linearly and 

significantly as supplementation increased, with maximum values seen at 25% 

substitution. However, the alkylresorcinol content was lower than expected, while the 

deoxynivalenol content increased linearly, indicating 10% substitution was the best level 

of supplementation. 

Micronized by-products from debranned durum wheat: Different amounts of coarse 

and fine micronized bran fractions were incorporated both into sourdough and baker's 

yeast dough to make antioxidant-rich bread [16]. The intermediate and internal layers of 

durum wheat contain high amounts of protein, fat, starch and free amino acids and 

have a high peroxide value, while the external fraction has a high total dietary fibre 

content. However, the  concentration of total free amino acids gradually increased with 

the addition of bran fraction and fermentation of the dough. Supplementation and dough 

fermentation increased total phenolic content, with sourdough wheat flour bread 

supplemented with 5% coarse fraction having the highest values. The hardness and 

fracturability of bread baked at 220°C and enriched with bran fractions were lower than 

those of control. Bran fractions intensified crust colour, especially with sourdough 

fermentation, with increased sweetness and overall perception of taste, while elasticity 

and dryness were unchanged. Sourdough bread showed more intense sensory 

characteristics, with higher acid flavour, acid taste and salty attributes. 

Sorghum flour: Varying amounts of whole grain white sorghum flour (WSF) and red 

sorghum flour (RSF), which both provide total dietary fibre, were incorporated into 

flatbread as a source of antioxidants [17]. The total phenolic content and antioxidant 

capacity of red sorghum flatbread were significantly higher than that of white sorghum 

flatbread, which in turn was significantly higher than that of control bread. RSF bread 

had a higher content of bound phenolics and free phenolics than WSF bread or control 

bread, resulting in increased TPC. RSF flatbreads were darker in colour than controls, 

possibly due to the presence of higher levels of coloured polyphenolic compounds such 

as anthocyanins. Bread supplemented with 30% WSF and 40% RSF had the highest 

scores for sensory parameters like flavour and texture and the best overall acceptability 

scores. 
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Table1.1: Effect of natural antioxidant sources on different quality parameters                  

of bread 

Source of 

fortification 

Antioxidant activity (assay) 

value (highest shown) 

 

Effect on 

physical 

properties 

Effect on 

sensory 

evaluation 

TPC DPPH FRAP Others 

Black tea [5] 24.9±0.2 

(GAE mg/g 

sample) 

 18.8±1.2 

(Fe(II) 

mM/g 

sample) 

ABTS 

58.4±0.2 

(percentage of 

inhibition) 

Total flavonoid 

content 

640.1±6.0 

(QE µg/g sample) 

Less effect on 

textural and 

other physical 

properties 

with darker 

colour 

Overall good 

acceptance 

Rice bran [6] 183.9±2.9 

free 

phenolics 

110.4±8.3 

bound 

phenolics 

(µg/g dw) 

400 

(mg TE/100 

g dw) (total 

phenolics) 

(approx.) 

400 

(mg 

TE/100 

g dw) 

(total 

phenolics) 

(approx.) 

Total 

flavonoid 

content 

76.5±0.6 

(free) 

34.4±3.4 

(bound) 

(mg 

CATE/100 

g dw) 

Ferulic 

acid 

4.2±0.6 

(free) 

285.1±8.3 

(bound) 

(mg/g dw) 

Sinapic 

acid 

0.5±0.1 

(free) 

14.0±2.1 

(bound) 

(mg/g dw) 

p-

Coumaric 

acid 

2.1 ± 0.5 

(free) 

76.8 ± 4.0 

(bound) 

(mg/g 

dw) 

Lower volume 

with increased 

firmness 

Low overall 

acceptability 

Quinoa 

leaves [7] 

2.90±0.05  6.07±0.15 ABTS 

5.14±0.14 

(scavenging %) 

LPO 

6.04±0.20 

(scavenging 

%) 

CHP 

2.52±0.20 

(% inhibition) 

Linear increase 

in crumb 

hardness, 

cohesiveness 

and 

gumminess 

 

Nejayote 

solids [8] 

 Ferulic acid 

14.16 

(µg/100 g) 

ORAC 

2.32 

(μM Trolox/100 g) 

Very low 

alteration 

Up to 9% 

supplementation 

without 

affecting 

sensory 

parameters 

Broccoli 

sprout 

powder [9] 

2.0 

(mg GAE/g 

dw) 

(approx.) 

 24.43± 

0.94 

(EC50 mg 

dw/ml) 

ABTS 

65.64±2.63 

(EC50 mg 

dw/ml) 

LPO 

11.91±0.42 

(EC50 mg 

dw/ml) 

CHP 

25.86 ± 0.75 

(EC50 mg 

dw/ml) 

 Satisfactory 

overall 

consumer 

acceptability up 

to 2% 

supplementation 

Onion skin 

powder [10] 

 17.03±2.01 

(EC50 mg 

dw/ml) 

 ABTS 

57.71±1.98 

(EC50 mg dw/ml) 

LPO 

10.95±0.58 

(EC50 mg 

dw/ml) 

CHP 

16.29±0.33 

(EC50 mg 

dw/ml) 

 Satisfactory 

acceptability up 

to 3% 

supplementation 

Chestnut 

flour [11] 

 1.04 µmol 

(Trolox 

eq./g 

of dw) 

 Homogeneous 

crumb structure 

 

Banana 

pseudo-stem 

flour [12] 

 

 

 

 

 

 

 

 

 

204.16±3.04 

(mg GAE/ 

100 g 

of 

sample) 

241.39± 

23.06 (μmol 

TEAC/100 

g of 

sample) 

849.01± 

32.46 

(μmol 

Fe(II)/ 

100 g of 

sample) 

 Better physical 

characteristics 

with CMC 

 

 

 

Higher 

acceptability 

with CMC 
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Source of 

fortification 

Antioxidant activity (assay) 

value (highest shown) 

 

Effect on 

physical 

properties 

Effect on 

sensory 

evaluation 

TPC DPPH FRAP Others 

Fennel seed 

powder [13] 

25-30 (mg 

GAE/ 

100 g) 

80-100 

(DPPH 

% 

inhibition) 

2 (mg 

FeSO4/ 

100 g) 

 Crumb moisture 

and firmness 

increased 

Good consumer 

acceptability up 

to 7% 

supplementation 

Cinnamon 

powder [14] 

0.94 (mg 

GAE/g dw) 

27.67 

(DPPH % 

inhibition) 

 Similar / better 

baking quality 

up to 2% 

addition 

 

Maximum 

overall 

acceptability 

at 2% 

supplementation 

Intermediated 

pearled 

wheat 

fraction [15] 

 

3066 

(mg/kg) 

0.73 (mmol 

TE/kg) 

 Acceptable 

rheological and 

technological 

properties 

 

Micronized 

by-products 

from 

debranned 

durum wheat 

[16] 

0.95± 

0.03 

(mM 

GAE/g) 

78.2±0.2 

(inhibition 

%) 

 A better bread 

volume & 

hardness 

 

Enhanced 

sensory 

properties of 

breads 

Sorghum 

flour [17] 

2.02± 

0.09 (mg 

GAE/g 

sample) 

9.45±0.45 

(μmol TE/g) 

 Observed 

differences 

in dough 

farinograph 

properties 

No reduction in 

sensory 

acceptability 

Coriander 

leaf powder 

[18] 

30-35 (mg 

GAE/ 

100 g of 

sample) 

8-9 (DPPH 

% 

inhibition) 

2.4-2.8 (mg 

FeSO4/100 g) 

 Affected 

physical 

parameters, 

increase in 

crumb firmness 

and loaf weight 

Highest overall 

acceptability at 

high percentage 

of 

supplementation 

Ginger 

powder [19] 

0.485± 

0.035 

(mg GAE/g 

dw) 

0.151±0.006 

(µmol 

DPPH /mg 

dw ml-1) 

 Rheology of 

dough and 

texture of bread 

affected 

Negative effect 

on bread 

acceptability 

Turmeric 

powder [20] 

 

 

 

150.5 (mg 

GAE/ 

100 g) 

 β-Carotene-linoleate bleaching assay 

79.8±0.6 % antioxidant 

activity 

Hardness and 

crumb colour a* 

and 

b* values 

increased 

Satisfactory 

overall 

consumer 

acceptability up 

to 4% 

supplementation 

Wholegrain 

flour and 

fibres [21] 

566 (μg/g) 

(bound) 168 

(μg/g) (free) 

80-90 (% 

inhibition) 

(bound) 

30-40 (% 

inhibition) 

(free) 

  Reduced bread 

volume 

Overall quality 

was in 

acceptable 

range 

Anka 

(fermented 

rice) [22] 

7.78± 

0.03 (EC50  

mg extract 

/ml) 

4.29±0.04 

(EC50 mg 

extract/ml) 

 

 

 

 

 

 

 

 

 Decrease in 

specific volume 

No significant 

differences with 

better colour 

and 

mouth feel 

Grape by-

product 

[23] 

613.77±1.57 

(mg GAE/ 

10 g 

sample) 

15.02 (mM 

TRE/g dm) 

48.1 (mM 

Fe(II)/g dm) 

 Affected 

hardness, 

gumminess 

Acceptable 

products 

up to                                       

6% addition 

level 



12 

Source of 

fortification 

Antioxidant activity (assay) 

value (highest shown) 

 

Effect on 

physical 

properties 

Effect on 

sensory 

evaluation 

TPC DPPH FRAP Others 

Pseudocereal 

flour [24] 

2.65± 

0.1 

(mg GAE/g 

dw) 

7.53±0.18 

(mmol 

Trolox/kg 

dw) 

150.8±2.2 (mg 

Trolox/100g dw) 

  Buckwheat 

bread was more  

acceptable 

Grape seed 

extract [25] 

 ABTS 

(4-5) 

(nmol trolox/mg 

bread sample) 

55% inhibition of 

the formation of 

CML in bread 

crust 

No significant 

difference in 

hardness 

Little effect 

on quality 

attributes 

Sugar beet 

molasses 

based 

ingredients 

[26] 

 1677.3 

(μmol 

TE/100 g) 

  Significant 

effect 

on specific 

volume 

No interference 

at lower levels 

Barley flour 

[27] 

280 (mg 

GAE/100 g 

dm) 

 2.5 (mmol 

Fe3+/100 g dm) 

  Good 

consistency 

between 

sensory 

evaluation and 

amount of 

phenolics 

Auricularia 

auricula 

flour 

[28] 

 (40-60) 

(DPPH % 

inhibition) 

 Little effect on 

loaf weight, loaf 

height 

and loaf 

volume up to 

9% 

supplementation 

 

No significant 

effect except at 

very high 

supplementation 

levels 

Yam flour 

[29] 

 40 (DPPH 

% 

inhibition) 

(approx.) 

 ABTS 

40 

(total antioxidant capacity %) 

(approx.) 

No significant 

effect at low 

levels of 

supplementation 

No interference 

with bread 

acceptability 

 

 

 

 

Coriander leaf powder: Varying amounts of coriander leaf powder (CLP) were used in 

bread as an antioxidant source [18]. Incorporation of dried CLP enhanced moisture 

retention capacity and baking characteristics, showing higher crumb moisture up to 5% 

CLP supplementation and a slower staling rate. Physical parameters like crumb firmness 

and loaf weight increased, while specific volume and loaf volume values decreased 

linearly with increased supplementation. Similarly, as supplementation increased, the L*, 

a* and b* values of the crust decreased, while crumb L* values decreased and a* values 

increased, indicating a darker colour. With the level of supplementation TPC, DPPH 

radical scavenging activity and FRAP assay results showed a linear improvement. The 

ABTS-2,20-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) radical scavenging activity, CHP-metal chelating 

activity, CMC- carboxymethylcellulose, CML-carboxymethyl-lysine, dm-dry matter, 2, 2-diphenyl-1-picrylhydrazyl 

(DPPH) radical scavenging activity, dw-dry weight, FRAP-ferric reducing antioxidant power, LPO-inhibition of lipid 

peroxidation, ORAC-oxygen radical absorbance capacity, TEAC-Trolox equivalent antioxidant capacity, TPC-total 

phenolic content 
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aroma acceptance scores gradually increased, while colour and taste were less acceptable 

with high CLP supplementation. Consequently, the overall acceptability of 3% and 5% 

CLP-substituted bread samples were much better than those with higher levels of 

supplementation. 

Ginger powder: Different amounts of ginger powder (GP) were used to obtain 

antioxidant- rich bread [19]. The addition of GP enhanced the elasticity of the dough. 

Hardness and gumminess were significantly higher with 6% GP supplementation 

although changes in dough rheological properties were insignificant up to 4.5% GP 

supplementation. The bread had a finer and uniform crumb. A higher percentage of 

ginger lowered the L* and h values and elevated the C* value of crumb. The number of 

phenolics and radical scavenging activity increased in proportion with increased GP 

content of both crumb and crust, but to a great extent in the crust. Addition of the 

lowest percentage of GP (3%) in bread obtained maximum   overall acceptability because 

shogaol was present at least amount. 

Turmeric powder: Varying amounts of turmeric powder (TP) were used as a source of 

antioxidants in wheat bread [20]. Despite a loss of 32–54% of TPC after baking, the 

bread   had a significantly higher phenolic content due to the presence of curcumin. 

Scavenging activity, thermal stability and antioxidant properties as measured by β-

carotene-linoleate bleaching assays improved as supplementation was increased to 2–8% 

TP compared with control bread. The taste and overall acceptability of bread with 

turmeric powder were best at 0–4% TP supplementation, while aroma and texture did not 

vary. The best crumb colour was seen at 2% TP supplementation. 

Wholegrain flour and fibres: Wheat, rye, barley and oat whole grain flours and 

cellulose (insoluble fibre) and xanthan gum (soluble fibre) in different proportions were 

added to wheat bread [21]. Bread containing oats had the highest levels of free phenolics, 

while rye bread had the highest level of bound phenolics and the best scavenging 

capacity. The antioxidant properties of bread containing cellulose and xanthan gum were 

very similar to those of control bread, indicating that inclusion of fibre does not affect 

the antioxidant properties of high fibre bread. Incorporation of wholegrain and fibre 

increased total dietary fibre, while the addition of whole wheat flour increased protein 

content. In general, there was a marked reduction in the average specific volume. The 

overall quality of wholegrain rich bread was acceptable except for that with added 

cellulose. 
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Anka (fermented rice): Monascus-fermented rice (Anka) was incorporated into bread to 

enhance its antioxidant properties [22]. Bread enriched with Anka flour had a slightly 

lower specific volume and fewer carbohydrates but higher amounts of reducing sugars, 

fat and fibre  than rice and wheat bread. Anka-enriched bread had an attractive red colour 

with lower L* and whiteness index (WI) values and higher b* and a* values than wheat 

and rice bread. Antioxidant activity of both white bread and anka-enriched bread showed 

a comparable value with more effectiveness in scavenging activity and reducing power as 

measured by the inhibition of DPPH radicals as EC50 values. Functional compounds like 

GABA and monacolin K were found in substantial amounts in Anka-enriched bread, 

which slightly decreased during baking. Anka-enriched bread obtained higher value for 

colour and mouth feel, but there was no difference in its appearance, flavour and overall 

sensory attributes compared to white bread. 

Grape by-product: Grape by-products (GP) containing very large amounts of ash and 

dietary fibre were incorporated in different amounts to enhance the antioxidant properties 

of rye bread [23]. As GP level increased, phenolic compound together with free radical 

scavenging activity (DPPH) and reducing activity (FRAP) significantly increased. The 

phenolic compounds responsible for the improved antioxidant properties of GP-enriched 

bread were catechins, procyanidins, quercetin and also quercetin-3-β-D-glucoside. 

Significant increase for both hardness and gumminess of bread were observed with 

increasing level of GP, while insignificant changes were seen in cohesiveness, resilience, 

chewiness and springiness up to 8% GP addition. In sensory evaluation bread showed 

lower value for volume, porosity and overall acceptability with higher level of GP. 

Differences in aroma attributes were due to dominant fruity, alcoholic and sharp notes. 

However, different types of volatile esters and carbonyl compounds increased gradually. 

Pseudocereal flour: Varying amounts of different pseudocereal (buckwheat, amaranth 

and quinoa) flours were used in bread to improve antioxidant activity [24]. The addition 

of buckwheat flour improved antioxidant activity more effectively than amaranth or 

quinoa flour. Bread supplemented with 30% buckwheat flour had the highest phenolic 

content, Trolox equivalent antioxidant capacity (TEAC) values as evaluated by FRAP 

and DPPH, while bread supplemented with 30% amaranth flour showed the highest 

flavonoid content. Organoleptic evaluation of pseudocereal-substituted bread indicated 

they were moderately acceptable. Buckwheat bread had better sensory profile than 

amaranth and quinoa bread with higher scores for colour and odour. 
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Grape seed extract: Grape seed extract (GSE) added bread linearly enhanced 

antioxidant activity with increased GSE [25]. However, baking degraded GSE 

proanthocyanidins, thus lowering GSE antioxidant capacity. Hardness of the bread 

samples was insignificantly different. Bread colour was affected by GSE as lightness and 

colour intensity was decreased whereas redness and yellowness values increased. 

Sweetness, porosity, astringency, and stickiness were not affected by GSE but in 

comparison with control bread colour was improved. The catechins and 

proanthocyanidins in GSE greatly enhanced the antioxidant activity of bread. The 

abundant phenolics in GSE may help to reduce the health risks  associated with Ne-

(carboxymethyl) lysine (CML). 

Sugar beet molasses-based ingredients: Fruit and vegetable powders obtained with 

osmotic     dehydration (OD) in beet molasses and beet molasses without any processing 

were used in white bread to increase its antioxidant properties [26]. In comparison with 

OD fruit powders, vegetable powders contained significantly more protein, crude fibre, 

reducing sugars, and saccharose with minerals like Ca, Mg, K and Na. Bread 

supplemented with 10% OD red cabbage powder had the highest total moisture, ash, 

protein, crude fibre and mineral content, while bread supplemented with 10% OD plum 

powder had the highest crumb moisture, and bread supplemented with 10% OD apple 

powder had the highest reducing sugar content. Molasses and molasses-based ingredients 

significantly improve breads antioxidant activity. Highest value was observed for 10% 

OD plum powder added bread. Specific volume greatly decreased and colour darkened 

with increased supplementation. The crumb and crust of bread supplemented with 10% 

OD powders and molasses showed a decrease in yellowness (b*) compared to bread 

made with 5% OD powders. A significant increase in crumb pore roughness and 

decrease in crumb elasticity were observed with increasing supplementation level. The 

taste attributes of bread supplemented with 5% OD was acceptable. 

Barley flour: Varying amounts of barley flour (BF) from different varieties (Tyra, Cindy 

and STS 2-11) were added to wheat flour to make bread rich in antioxidants [27]. There 

were significantly more free phenolics consisting of flavonols and tocopherol than 

bound phenolics, including phenolic acids, in supplemented bread. The bread 

supplemented with the Tyra variety had significantly higher levels of free phenolics and 

total antioxidant activity than control bread. The total amount of phenolics and total 

antioxidant activity were highest in bread supplemented with the Tyra and Cindy 
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varieties. During baking, free phenolics decreased, while bound phenolics greatly 

increased and total antioxidant activity only changed slightly, with highest values seen 

in the Cindy and Tyra supplemented bread. The antioxidant properties of  bread 

depended on the barley variety and the flour extraction rate. Other factors such as storage 

and baking procedure were less significant but did affect sensory attributes. Tyra 

supplemented bread was the least acceptable with the highest scores for bitterness, off-

odour and off-flavour, followed by the Cindy variety. 

Auricularia auricula polysaccharide flour: Various amount of Auricularia auricula 

(commonly called black woody ear or tree ear fungus) polysaccharide flour (AAPF) 

were added to wheat bread [28]. AAPF has a high content of crude fibre, carbohydrates 

and minerals such as Fe, Ca, P and Mg compared to wheat flour. AAPF-supplemented 

bread showed a marked increase in concentration-dependent scavenging activity, 

which increased as supplementation increased. Up to 9%, AAPF could be added without 

affecting the sensory qualities of the bread. Loaf weight, loaf volume and loaf height 

were slightly affected by 9% supplementation, but significantly negatively affected by 

12% supplementation. Sensory characteristics like aroma, texture, taste and mouthfeel 

were not affected at supplementation levels of 3–12%, except for the colour which was 

affected by 12% supplementation. Bread made with 9% AAPF was considered the most 

suitable. 

Yam flour: Different amounts of yam flour (YF) were added to wheat bread. YF 

contains a lot of ash, crude fibre and N2 free extract (NFE), latter mainly as starch [29]. 

Loaf weight, loaf volume and loaf height showed no significant changes at 5% 

supplementation, while maximum changes were seen at 25% substitution. Free radical 

scavenging activity and total antioxidant activity showed a marked increase as the 

proportion of YF in the bread increased. The sensory score for colour increased as 

substitution increased. No statistically significant difference was observed in other 

sensory characters for bread made with up to 20% YF compared to wheat bread. 

1.3. Factors affecting the antioxidant properties of bread: 

This literature review shows that supplementation of wheat flour with sources of natural 

antioxidant can produce bread suitable for the functional food market. The quantity and 

quality of the final product are determined by different factors, as shown in Table 1.1. 

Enhancement of antioxidant properties mainly depends on the phenolic content of the 
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natural sources and the amount of supplementation. Total phenolic and flavonoid content 

shows a positive correlation with antioxidant activity as seen in the case of Lens 

culinaris Medikus seeds [30] and hence is used to determine product quality. A similar 

trend was observed when fennel seed powder, black tea, chestnut flour, banana pseudo-

stem flour and yam flour were added to bread. However, antioxidant activity did not 

increase with higher levels of supplementation when broccoli sprout powder was used. 

Free radical scavenging properties are generally evaluated using the DPPH (lipophilic 

stable free radicals), ABTS (hydrophilic radicals) and hydroxyl radical methods, as well 

as other experimental methods such as inhibition of lipid peroxidation and metal 

chelating activity evaluation. Increased FRAP, inhibition of lipid peroxidation and 

improvement of antiradical potential were shown when flour was supplemented with 4% 

and 5% quinoa leaves. Chelating power was also improved but only with 2% 

supplementation. This type of non- linear relationship may be partially explained by 

interactions between food components (especially phenolics, protein and starch) and 

gastrointestinal fluid [7]. A positive correlation was observed between increased levels of 

broccoli sprout powder and onion skin powder and protein–phenolic interactions. In a 

continuation of the chemical reaction, free amino acids were reduced and resistant 

starches increased, with a negative effect on protein and starch digestibility, highlighting 

the importance of adding the correct amount of functional ingredients. This finding may 

be because flour samples with low phenolic content are used at up to 20–40% 

supplementation levels, while spices, herbs and other extracts, such as green tea and 

grape seed with high phenolic content, are added at much lower supplementation levels 

of 2–10%. 

Further in vivo studies on the production and marketing of naturally fortified 

antioxidant-rich bread are required. In previous research, bread enriched with a 0.5% 

nutraceutical compound (capsaicin extracted from red peppers, magnesium from barley 

germ and minerals) and eaten with salad when included in the diet for 3 months showed 

a significant increase in hydrosoluble antioxidants and decrease in oxidative stress in 

subjects compared to control [31]. This research also demonstrated the benefits of 

multicomponent functional food enriched with antioxidant compounds obtained from 

plant extracts. 

Individual antioxidant compounds have been analysed in previous studies. Like vitamin 

E, ferulic acid, p-coumaric acid, sinapic acid from rice bran, curcumin from turmeric, 
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and quercetin from onion skin improve the functional properties of bread. 

Antioxidant profiles can be studied using a method combining spectrophotometry and 

HPLC [32]. Antioxidant activity is determined as the total effect of both bound and free 

phenolic compounds. Food products with wholegrain like bread, baking resulted in an 

increase in free phenolic acids but a decrease in bound phenolic acids with ferulic acid as 

the principal phenolic [33]. In bread supplemented with rice bran, both free and bound 

phenolics increased, but barley free phenolics decreased due to the interaction of 

phenolic compounds with proanthocyanidins and minerals such as iron. In contrast, 

fermentation and baking showed a positive effect by liberating bound ferulic acid in 

bread supplemented with nejayote. The loss of antioxidant properties during cooking can 

be avoided by the use of the microencapsulation technique as shown when 

supplementation with green tea extract is compared to supplementation with 

microencapsulated green tea extract. Thus, although baking reduces antioxidant activity, 

fortification results in increased antioxidant activity compared to unfortified bread. 

The types of agents used in fermentation, an essential step in bread making, also 

influence antioxidant activity by altering the fermenting agent. In brewer's spent grain 

bread, sourdough and enzymes did not change the phenolic profile but did increase the in 

vitro antioxidant activity of bread [34]. The addition of legume (chickpea, lentil and 

bean) flours to wheat flour bread with a sourdough fermentation agent containing lactic 

acid bacteria showed a marked increase in DPPH radical quenching ability and phytase 

activity [35]. Similarly, when a micronized by-product of durum wheat was added to 

bread, the better nutritional quality was observed in sourdough bread compared with 

yeast-fermented dough. In contrast, Monascus mould improved bread enriched with 

Anka (fermented rice) by supplying monacolin K, GABA and dietary fibre with 

beneficial health effects. However, fermented citrus peel showed lower antioxidant 

activity than unfermented citrus peel when added to bread. Newer stress-resistant yeast 

strains producing antioxidant enzymes are being developed to enhance the fermentation 

ability of bread dough [36]. 

Finally, baking of bread in an oven or on a hearth significantly affects its phenolic profile 

and    scavenging activity due to the formation of new products from sensitive compounds 

like polyphenols, reducing sugars and protein. The Maillard reaction and caramelization 

are the main chemical reactions during baking. The Maillard reaction is a chemical 

reaction between amino acids and reducing sugars that gives browned food its desirable 
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flavour and in baking causes the formation of a brown crust. Maillard reaction products 

also contribute to antioxidant activity. In bread fortified with intermediated pearled 

wheat fraction, more TPC content was found than supplied by the raw materials due to 

the formation of new intermediate phenolic products through the Maillard reaction. The 

antioxidant activity of rye bread, especially in the crust, was also affected by the 

Maillard reaction occurring during baking. Advanced Maillard reaction products resulted 

in good scavenging of peroxyl and ABTS radicals and increased TPC, enhancing the 

formation of antioxidants during rye bread baking [37]. Typical chestnut flour volatiles 

such as furans and pyrroles were formed due to the same type of reaction, producing 

toasty and nutty notes which improved consumer acceptability. Also, natural antioxidant 

sources like grape seed extract showed inhibitory effects on the formation of CML the 

detrimental compound formed in bread crust during baking. The interaction between 

phenolics (flavonoids) and protein affects the antioxidant efficacy of flavonoids, as 

observed following onion skin fortification of bread [38]. 

Apart from their antioxidant activity, natural sources of antioxidants affected the 

digestive system. Negative effects resulting from the binding of phenolic compounds to 

protein and starch have been mentioned above. Similarly, inhibition of enzymes 

(protease and amylase) also reduces protein and starch digestibility, resulting in 

increased levels of free amino groups    and resistant starch [7]. The anti-inflammatory 

activity associated with maca-enriched bread, in vitro release of catalase activator and 

the anticancer activity of broccoli sprout-fortified bread, demonstrated the dynamic 

role of natural antioxidant sources. Supplementation of wheat flour usually increased 

dietary fibre, which consequently affected glucose absorption. S. rebaudiana extracts 

added to wholegrain flours decreased glucose absorption by increasing dietary fibre, 

while the addition of maca flour had an inhibiting effect on α-amylase and α- 

glucosidase, thus also hindering glucose absorption. Different types of fibre have 

different impacts. When whole wheat flour, which has a high content of insoluble dietary 

fibre, was supplemented with cellulose, the amount of resistant starch increased while 

the amount of digestible starch decreased, thus delaying starch digestion. In contrast, 

barley, oat and rye contain higher levels of soluble dietary fibre and so have less effect 

on lowering glucose absorption [21]. 

The type of wheat flour used was also a major factor affecting antioxidant activity. The 

effect of the coat colour of wheat was studied. Investigations showed that red and white 
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wheat grain flour showed different phenolic acid profiles despite having comparable total 

phenolic acid content (TPAC) [39]. A similar effect was observed when red and white 

sorghum flours were added to wheat bread. Kisra, traditional Sudanese flatbread, was 

prepared using two different sorghum cultivars. The two types of bread showed 

significantly different FRAP and DPPH values, which were enhanced by baking, with 

increased fermentation time also resulting in higher values and hence increased 

antioxidant activity [40]. Therefore, a change in the type of    dough flour can lead to a 

remarkable change in antioxidant activity. Another investigation found that, despite the 

loss of TPC and antioxidant activity following baking, bread containing pseudocereals 

showed significantly higher antioxidant capacity than bread made only with wheat flour 

[41]. 

The physical properties of a fortifying agent have a combined effect on overall 

acceptability. Gluten quality and quantity are important characteristics of bakery flour. 

Gluten quantity decreases when natural sources of antioxidants such as turmeric, ginger 

and coriander powder are added to wheat flour. High fibre and gluten-free flours such as 

rice bran, banana pseudostem, chestnut and sorghum, and spices such as fennel and 

cinnamon affect the gluten chain by diluting it with fibre and fibre induce increased 

water absorption capacity. With a decreased bread volume, high moisture content also 

affects bread quality negatively. Consequently, a higher level of coriander 

supplementation resulted in improved bread due to the lower level of fibre. The addition 

of micronized by-products of debranned durum wheat to sourdough also increased loaf 

volume compared to the same supplementation of yeast dough. 

Hydrocolloids like CMC when added to banana pseudo-stem-fortified bread improved 

physical properties by balancing soluble and insoluble dietary fibre content with 

decreased antioxidant activity. The hydrocolloid-like properties of naturally formed 

alkali-treated fibre in nejayote solids also provide another method of improving bread. 

The darkness of crumb and crust is directly proportional to phenolic content and Maillard 

reaction. A higher level of reducing sugar in chestnut flour and higher levels of protein in 

rice bran increased the darkness of bread crust, while the crumb colour was affected by 

turmeric and coriander. 

Another important parameter is the taste which is perceived as flavour combined with 

aroma. The acceptability of the sweet aroma of fennel seed, the pungency of ginger and 

the woody notes of chestnut is related to the amount of fortification. Differences in 
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processing like employing sourdough instead of yeast fermentation masked the inferior 

flavour of grape by- product and improved the sensory profile of bread containing 

micronized by-products from debranned durum wheat. At the increased level of Stevia 

rebaudiana, the product becomes less sweet than control due to the presence of 

chlorophyll pigment and glycosides. In general, higher levels of fortification with natural 

sources of antioxidants negatively affect bread quality, so it is important to identify 

optimum levels of supplementation. 

In addition to the various processing parameters, storage conditions also affect 

antioxidants in      bread. One study showed that the TPC and oxidative stability of bread 

samples decreased during storage depending on the manufacturing process. However, 

frozen dough bread lost fewer phenolics and had higher oxidative stability compared to 

frozen baked bread [42]. This indicates that the fortification ingredients, as well as 

various environmental, physical and chemical factors, affect the antioxidant capacity of 

bread enriched with natural sources of antioxidants. 
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Aim and Objectives 

 

Aim of the study was to improve the quality of bread, which is a low cost, easily 

available, energy dense food and preferred by all age groups. For most of the people it is 

a common food in regular diet. So, if it is possible to improve the existing bread quality 

then all the people, despite of their socioeconomic status, will be benefited. 

 

Below objectives were set to achieve the goal: 

1. Enhancement of bread quality by improving antioxidant activity. 

2. Utilisation of food processing waste as a low cost, easily available natural 

antioxidant source. 

3. Also it has to be studied, whether this kind of enrichment process is able to 

improve any physical or sensory characteristics of bread samples along with 

antioxidant activity. 
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2. Incorporation of tropical fruit by-product in whole 

wheat bread as a quality improver 

 

2.1. Introduction: 

Most of the bakery products which we consume in our daily diet are processed from 

refined wheat flour. During the refining process, bran and germ, the most nutritious parts 

are removed from the whole grain. Due to the presence of fibre, whole grains are slowly 

absorbed than refined grains. So, the consumption of whole grain foods, as a part of a 

healthy diet, reduces the risk of some chronic diseases like obesity, coronary heart 

disease, type II diabetes, etc. [43]. 

There are very limited research works on consumer preference tests between refined and 

whole wheat bread. Most of the studies support the general hypothesis that, people like 

refined bread more than whole wheat bread but there are some cases also that contradict 

this fact. A food preference test among men of United States armed forces showed more 

preference for refined bread, on the other hand, a study among old cancer patients 

showed more preference for whole wheat bread than the refined one [44]. Also according 

to a taste test data [45], many children showed an equal liking for two products (refined 

and whole wheat bread). So, the preference of whole wheat bread to a subject depends 

on several factors. Some like it due to its health benefits whereas some dislike it for its 

sensory parameters. 

Mango (Mangifera indica L.) is one of the most popular tropical fruits that are grown 

abundantly in more than 90 countries across the world [46]. In this array, with 42.2% of 

the world’s total production, India is the largest mango producing country [47]. In West 

Bengal more than 41% of total fruit farming land is occupied by mango cultivation [48], 

producing commercial varieties like Fazli, Gulabkhas, Himsagar, Kishenbhog, Langra, 

Bombay Green, etc. Besides taking ripe mango as a table fruit, it is also used for 

preparing various traditional and commercial products like murabba, squash, jams, jelly, 

nectar, leather, puree etc. While processing these traditional and commercial products 

most of the time peel is considered as a waste, which is around (15-20) % of whole fruit 

[49]. This amount may vary for different varieties of mango. Therefore, sustainable 

utilisation of mango peel in the food industry could be an environment-friendly waste 
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management technique. Ripe mango peel in powder form already used as a natural 

antioxidant source in various wheat based products [50] [51] [52] and it was observed 

that up to a certain addition level it did not hamper the consumer acceptability. 

The aim of our study is the incorporation of ripe mango peel powder (RMPP) at different 

levels (1%, 3%, and 5%) in whole wheat bread (WWB) as a source of antioxidant, to 

make it healthier. In this research work, antioxidant properties of bread samples along 

with physical and sensory properties are evaluated and compared with the control sample 

(without RMPP). It is assumed that with improved functional properties the whole 

wheat bread would be able to attract more consumers. Also, the mango peel may help to 

reduce the sensory barriers of whole wheat bread by its own aroma and taste. 

2.2. Materials and methods: 

2.2.1. Raw materials: Ripe mangoes (Mangifera indica L., cv. Himsagar), whole wheat 

flour, sugar, salt, and vegetable oil were purchased from a local market in Jadavpur, 

Kolkata. Compressed Baker’s yeast (Saf Yeast Company Pvt. Ltd., Mumbai, India), 

Glycerol monostearate (GMS) (Loba Chemie Pvt. Ltd., Mumbai, India) and Potassium 

bromate (KBrO3) (Merck Specialities Pvt. Ltd., Mumbai, India) were used in bread 

preparation. 

2.2.2. Chemicals: Gallic acid (SD Fine-Chem Ltd., Mumbai, India), DPPH (Sigma-

Aldrich, St. Louis, MO, USA),  Folin-Ciocalteau reagent, sodium carbonate, ethanol 

(Merck Specialities Pvt., Ltd., Mumbai, India) were used in the investigation. 

2.2.3. Preparation of Ripe Mango peel powder (RMPP): Ripe mango peels were 

collected by peeling freshly bought mangoes, followed by washing with tap water. Then 

the peels were cut into small strips (2×3) cm and blanched for (3-5) min first in boiling 

water and then in ice water. 

  

 Ripe mango (Himsagar) Ripe Mango Peel Powder (RMPP) 

Figure 2.1: Image of Ripe Mango Peel Powder (RMPP) 
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After this, the peel was dried at 60±2°C using a Tray drier (Reliance Enterprise, Kolkata, 

India) until it attained constant weight. The dried peel was then powdered using a grinder 

(GX7, Bajaj Electricals Ltd, India) and was sieved through a 60 mesh (0.25mm) and 

stored at -20°C in an air-tight plastic container, resulting in preparation of Ripe mango 

peel powder (RMPP). 

2.2.4. Bread preparation: The ingredients and their proportions required for the 

preparation of bread samples were whole wheat flour (100g), sugar (6.0%), salt (1.5%), 

vegetable oil (2.0%), GMS (1.5%), KBrO3 (1ppm) and water at optimum amount along 

with pre-activated yeast (3g), in 20ml lukewarm water with 2g sugar in a bowl and kept 

at 35±2ºC for 15min. Here, mixing was carried out by adding dry ingredients, shortening 

and the activated yeast in a bowl along with water and then kneaded until the dough 

obtained the required elasticity. After this, the dough was rounded and kept in a bowl for 

the first proofing at the room temperature (30±2°C) for about 30min with wet cloth 

cover. After the first proofing, the dough was punched and worked lightly for the excess 

gas to escape and the redistribution of the gas cells. The dough was then shaped to fit 

lightly in a greased baking mould. The dough was again kept for the final proofing for 

about 1hr at 40±2°C. Finally, after the second proofing, the dough in the mould was 

baked in a Rotary oven (CM HS108, Chanmag Bakery Machine Co. Ltd., Taiwan) at 

215±2°C for 18-20min. After baking, the prepared bread sample was cooled for about 

1hr at room temperature and then analysis was carried out. Fortified samples were 

prepared in the same procedure, except RMPP was added individually with dry 

ingredients at 1%, 3%, and 5% level. 

2.2.5. Analysis of RMPP: Weight of different fruit parts was taken on a citizen (model 

MP-300) electronic balance to calculate the Peel to fruit weight ratio (PFR). 

Proximate analysis: The moisture, total protein, crude fat, ash, total dietary fibre, 

soluble and insoluble dietary fibre contents of RMPP were determined by AOAC 

standard methods (1999) [53]. 

HPLC assay: The phenolic compounds of RMPP were identified using HPLC analysis 

method [54]. Eighteen  phenolic compounds were used as standards and these 

compounds were gallic acid, protocatechuic acid, (+)-catechin, p-coumaric acid, ascorbic 

acid, chlorogenic acid, caffeic acid, epicatechin, syringic acid, vanillic acid, ferulic acid, 
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sinapinic acid, rutin, rosmarinic acid, trans-cinnamic acid, quercetin, kaempferol, and 

apigenin. 

2.2.6. Determination of antioxidant activity: Extract preparation: Bread crumb (1g) 

in 80% aqueous ethanol (10ml) was sonicated in a Sonication water bath (D150 IH, 

ultrasonic power 100 W and frequency 50 KHz, heater power 200 W, AC 220-240 V 50 

Hz; Trans-o-sonic, Mumbai, India) until equilibrium. Then it was centrifuged at 8944×g 

for 15min and the supernatant was collected and subjected to further analysis. 

Total phenolics content: The Folin–Ciocalteu reagent assay was used to determine the 

total phenolics content (TPC) [55] of the bread extract. After incubation at room 

temperature (30±2°C) for 90min, the absorbance of the mixture was observed at 760 nm. 

The result was expressed as gallic acid equivalent (GAE) in mg/100g of sample. 

DPPH radical scavenging assay: The free radical inhibition activity of the bread extract 

was determined using the stable 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical 

scavenging assay [56]. The decrease in absorbance of the experimental mixture was 

measured at 515 nm. The percentage of inhibition was calculated as described in Eq. (1);  

% Inhibition = (Abs blank−Abs sample) ×100 / Abs blank   ………. (1) 

2.2.7. Sensory evaluation: The evaluation of the sensory attributes of the RMPP added 

breads were done by the method of descriptive analysis. The first step involving a section 

of judges was done by selecting members from faculties and students of Department of 

Food Technology & Bio-Chemical Engineering, Jadavpur University, Kolkata. The 

panel constituted 50 judges including equal number of females and males aged between 

20 to 55 years. To distinguish the descriptive features of the bread samples, the panellists 

devised 8 descriptors for the bread and defined each of the features (Table 2.1) which 

covered the areas of appearance, aroma, taste, colour and oral texture. The panel 

members were trained in three training sessions of 1 h each to inculcate the ability to 

discriminate between the samples. 
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Table 2.1: Descriptors and definitions used for sensory profiling of RMPP added 

bread samples 

Attribute Definition 

Appearance  

Porosity  The extent of perforation of the bread surface, this 

encompasses the holes and cracks allowing the 

permeation of air 

Aroma  

Traditional bread aroma Characteristic aroma of traditional whole wheat bread 

due to yeast fermentation 

Fruity aroma  Primary aroma of ripe mango  peel powder 

Taste  

Fruity taste Typical taste of fruit bread 

After taste  Typical taste of caffeine as a residual taste sensation 

following consumption 

Colour  

Crumb colour  Degree of darkness  in crumb colour ranging from 

brown to dark brown 

Oral-texture  

Hardness The amount of force produced by molar teeth to bite 

completely through the sample 

Stickiness During food consumption the amount of force applied 

by tongue to remove it completely from the palate. 

Finally, the assessment was conducted in individual booths under white light at room 

temperature at Dept. of Food Technology & Bio-Chemical Engineering, Jadavpur 

University, Kolkata. For evaluation, approximately 1 cm thick slice including the crust 

and crumb was presented to assessors. The samples were kept in a 3-digit coded glass 

covered with a glass lid. Water was given for mouth cleansing between two samples. The 

assessors evaluated the samples on an unstructured 9 cm line scale labelled on the left by 

‘none’ and on the right with the term ‘strong’. Ratings were registered on an evaluation 

form. Samples were assessed in triplicates in four sets [57]. 

2.2.8. Determination of physical parameters: Weight loss: Initial weight of dough and 

final weight of baked loaf was taken to calculate the percent weight loss as described in 

Eq. (2);  [58] 

Weight loss (%) =  
weight of dough−weight of baked loaf

weight of dough
 × 100 .......... (2) 
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Specific volume and Density: The bread sample was weighed after cooling for 1hr at 

room temperature and the volume of the loaf was measured by the seed displacement 

method. From these, specific volume and density were calculated as described in Eq. (3) 

& (4); [59] 

Specific volume (cm3/gm) = 
Loaf volume 

Weight of bread
    .......... (3) 

Density (gm/cm3) =   
Weight of bread 

Loaf volume
   .......... (4) 

Loaf height: Loaf height was measured by making an average of three data, which was 

taken at the left, right and middle position of baked loaf from top to bottom. 

Moisture: The moisture content of the bread crumb was analyzed by taking the 5g 

samples and placed in a Hot air oven (Reliance Enterprise, Kolkata, India) at 105±2°C 

for 4 hrs. After drying, the sample was cooled in desiccator and weight was taken. The 

repetition of this process was done until a constant weight was achieved. Moisture 

content was determined according to the Eq. (5); [60] 

Moisture content (%) = 
Initial wt.  of the sample−Final wt.  of the sample

Initial wt.of the sample
 × 100 .......... (5) 

Hardness: Hardness of the bread crumb was determined by a Texture analyser (TA.HD 

Plus Texture Analyser, USA). The analysis was performed with a 35mm diameter probe, 

compressing the sliced bread (40mm×40mm×30mm) at a cross-head speed of 0.1-2 

mm/s and with 30-60 % deformation. 

Colour: The whiteness index (WI) of the bread crumb and brownness index (BI) of the 

bread crust were measured by the Hunter Lab colour measurement system, ColorFlex 

45/0, D65, 10° observer (Hunter Associates Laboratory Inc., Reston, VA, USA) by 

standardizing with white and black plate. The results were expressed according to the 

CIELAB colour measurement system as L* lightness (0; black to 100; white), a* (−; 

green to +; red), and b* (−; blue to +; yellow). The whiteness index and brownness index 

of bread sample were calculated based on the following Eq. (6); [22] 

Whiteness index (WI) = 100 - ([100 − L*]2 + a*2+ b*2)1/2   .......... (6) 

and Eq. (7); [61] 

Brownness index (BI) =  
[100(𝑥−0.31)]

0.17
 ......... (7) 

Where, x =
(𝑎+1.75𝐿)

 (5.645𝐿+𝑎−3.012𝑏)
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2.2.9. Statistical analysis: The experimental design was completely randomized, 

replicated for three times and expressed as mean value ± SD. All experimental data was 

statistically analyzed for analysis of variance (ANOVA) in Microsoft Office Excel 2007 

using XLSTAT statistical software. The values for descriptive analysis were also 

analysed by two-way ANOVA. The comparisons between the mean values were tested 

using Duncan’s new multiple range test at a level of p≤0.05.   

2.3. Results and discussion: 

2.3.1. Analysis of RMPP: In this research work ripe mango peel (RMP) of Himsagar 

variety, which is 12.86±1.37% of total fruit weight, was used as a bread quality 

improver. RMP was converted in RMPP by tray drying up to 10.17% moisture level. 

Other components like total protein, crude fat and ash content were 4.35%, 2.16% and 

3.87% respectively, as mentioned in Table 2.2. Also it contained 56.64% total dietary 

fiber, in which 20.21% was soluble dietary fiber and 36.43% was insoluble dietary fiber. 

Like PFR, proximate composition varies with the variety of mango, also ripening stage 

and analysis method may responsible for this variation [62] [63].  

Table 2.2: Proximate composition of RMPP (g/100g dry sample, except for moisture) 

Component Content (%) 

Moisture 10.17±1.08 

Total protein 4.35±0.3 

Crude fat 2.16±0.1 

Ash 3.87±0.35 

Total dietary fibre 56.64±0.5 

Soluble dietary fibre 20.21±0.74 

Insoluble dietary 

fibre 

36.43±0.49 
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Figure 2.2: HPLC chromatogram of RMPP: ascorbic acid (6.453min), gallic acid 

(8.845min), dihydroxybenzoic acid (9.095min), catechin (9.739min), vanillic acid 

(10.310min), chlorogenic acid (10.918min), p-Coumaric acid (11.255min), ferulic 

acid (12.652min), apigenin (15.219min), kaempferol (19.797min) 

 

The composition of phenolic compounds in RMPP is shown in Figure 2.2. Ten phenolic 

compounds, identified in Himsagar variety RMPP, were ascorbic acid, gallic acid, 

dihydroxybenzoic acid, catechin, vanillic acid, chlorogenic acid, p-Coumaric acid, 

ferulic acid, apigenin and kaempferol. According to the experimental data, catechin, 

dihydroxybenzoic acid, p-Coumaric acid and chlorogenic acid can be considered as 

predominant phenolic compounds. Like other varieties [64] [62] RMPP of Himsagar 

also contains both dietary fiber (DF) and phenolic compounds in a good amount. As a 

recent concept, this type of food ingredients is known as ‘antioxidant dietary fiber’ [65]. 

Though in this study RMPP is used as an antioxidant source, still analysis of DF content 

is important to explain the effect of RMPP on physical parameters. 

2.3.2. Antioxidant activity: Total phenolics content and DPPH inhibition activity of 

control bread and other bread samples with different percentages of RMPP were 

observed and values were given in Table 2.3. There were significant differences in 

respect to TPC between all breads prepared with RMPP and control. 5 % incorporation 

of  RMPP showed the highest value of TPC 757.8±13.5 mg GAE/100gm compared to 

control. So, like other wheat based products [50] [51] [52] in this case inclusion of 
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RMPP helps to increase TPC in bread. A similar result was observed for DPPH 

inhibition activity. Though, phenolic compounds  present in whole wheat flour showed 

21.69% DPPH inhibition, still this value increased more   than three times at 5% RMPP 

addition. So, looking forward, the improved antioxidant     activity may help to increase the 

acceptability of whole wheat bread in the presence of popular wheat bread [44]. 

Table 2.3: Antioxidant properties of bread samples substituted with RMPP at 

different levels 

Parameters Control 1% 3% 5% 

TPC (mg 

GAE/100gm) 
220.33±8.5a 404.67±16.04b 507±11.5c 757.8±13.5d 

DPPH (% inhibition) 21.69±0.72a 30.27±1.03b 50.29±1.13c 65.74±0.51d 

Mean with different letters within a row is significantly different (p ≤ 0.05) 

 

2.3.3. Sensory evaluation: Scores for the various descriptors for RMPP added bread is 

shown in Table 2.4. Considering the crumb appearance depicted by porosity, the 

intensity decreased when the level of addition was increased, still an insignificant 

difference was found    between 1% and 3% addition level. Though for specific volume 

and density analysis, these two samples showed a significant difference and a lower 

value for 3% than 1%. However, the traditional bread aroma decreased with the amount 

of RMPP addition; reason behind was increased fruity aroma. RMPP also imparted a 

fruity taste in the bread samples. Phenolic compounds present in the bran of whole grain 

imparted a bitter after taste in whole cereal based products [57]. Here this bitterness 

increased by the phenolic content of RMPP but at 3% and 5% addition level this value 

was lower than fruity taste. Crumb colour showed a similar trend like WI value (Table 

2.6); where with respect to control significant difference (lower value) was found for 3% 

and 5%. For oral texture both hardness and stickiness values were increased gradually. 

So, as a positive outcome, flavour of whole wheat bread, one of the sensory barriers for 

consumer acceptability [66], was improved by RMPP addition. But textural betterment 

needs to be considered for its industrial implementation. 
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Table 2.4: Sensory evaluation of the bread samples substituted with RMPP at 

different levels 

Attributes Samples SD 

Control 1% 3% 5% 

Porosity 7.8c 7.44b  7.21b 6.81a 0.27 

Traditional bread aroma 7.7c 7.54b,c 7.21a,b 6.86a 0.58 

Fruity aroma 2.19a 3.5b 4.16c 4.67d 1.07 

Fruity taste 1.5a 2.25b 3.38c 4.8d 1.45 

After taste 1.59a 2.4b 3.01c 3.92d 0.98 

Crumb colour 6.4a 7.66a,b 8.19b 8.53c 0.94 

Hardness 4.2a 4.7b 5.5c 6.16d 0.84 

Stickiness 4.49a 6.24b 6.62c 6.97c 1.1 

Mean with different letters within a row is significantly different (p ≤ 0.05) 

2.3.4. Physical parameters: The effect of RMPP addition on physical parameters 

(except colour) of bread loaves are shown in Table 2.5. Addition of mango peel in 

increasing order resulted in the continuous decrease of weight loss value than control 

sample. The reason behind the change could be because of the fibre present in mango 

peel that restricts the yeast activity during fermentation by creating a barrier around 

fermentable sugar. In the same way, when the result of the specific volume was 

compared, a lower value with significant change was observed for RMPP added bread 

than control sample. Gluten protein presents in dough got diluted due to the interaction 

with mango peel fibre, which might have reduced the CO2 retention capacity resulting 

in a lower loaf height causing lower specific volume and higher density [6]. On the other 

side, crumb moisture content increased with the addition level of RMPP. From previous 

studies it can be assumed that the addition of a fibre containing substance can elevate the 

moisture content of a baked product [67]. The fruit waste, mango peel, is rich in 

hydrolysed dietary fibre especially in its ripe stage and absorbs more water during 

kneading. As a negative effect, it increases the loaf density and decreases the loaf 

volume with compact crumb structure. One of the important textural attribute that 

interfere the consumer acceptability of bread is hardness. According to Table 2.5 up to 

1% RMPP addition had no significant difference for hardness value with control sample. 

But at higher level (3% and 5%) nutrient composition of mango peel affected the 

uniform structure that changed the textural characteristics of bread. This is in accordance 
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with the addition of other non-wheat based gluten free products where addition of quinoa 

leaves increased the hardness of the bread crumb [7]. 

Table 2.5: Physical parameters of bread samples substituted with RMPP at 

different levels 

Parameters Control 1% 3% 5% 

Weight loss (%) 15.71±0.70d 13.01±0.12c 10.31±0.26b 7.16±0.18a 

Loaf height (cm) 5.55±0.21c 4.7±0.23bc 4.43±0.14b 4.0±0.43a 

Specific volume 

(cm3/g) 

2.33±0.06d 2.20±0.07c 2.07±0.02b 1.87±0.15a 

Density (g/cm3) 0.41±0.01a 0.45±0.03b 0.48±0.02c 0.52±0.02d 

Moisture (%) 33.97±0.45a 37.51±0.8b 40.82±1.14c 44.41±1.22d 

Hardness (N) 2.47±0.32a 3.0±0.4a 3.64±0.26b 3.93±0.15b 

Mean with different letters within a row is significantly different (p ≤ 0.05) 

Colour is another important parameter for bakery product which determines the 

consumer acceptability. WI for crumb and BI for crust were selected as colour indicators 

to study the changes. In Table 2.6 WI value for RMPP added samples were significantly 

decreased than control, except at 1% addition level. This could be due to the effect of 

RMPP imparting its own reddish yellow colour (L*-53.06, a*-8.81, b*-31.12) in the 

bread crumb, which became dark at higher percentage of addition. Consumer may like 

this change, for example anka enriched bread obtained lower WI value than control 

bread but an opposite result was observed in sensory evaluation [22]. BI of the RMPP 

incorporated samples was higher as compared to the control, but an insignificant 

difference was also observed between 3% and 5%. Maillard reaction, the main reason for 

the darkening of crust, which might have been influenced by the colour of composite 

flour and the excess water retained by RMPP in bread dough [18]. 

Table 2.6: Colour parameters of bread samples substituted with RMPP at different   

levels 

Parameters Control 1% 3% 5% 

Whiteness index 56.26±1.11b 50.49 ± 0.88b 49.47±0.93a 48.11±1.06a 

Brownness index 81.39±7.69a  94.81±5.65b 117.52±2.55c 123.57±4.61c 

Mean with different letters within a row is significantly different (p ≤ 0.05) 
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2.4. Conclusion: 

According to the present research work ripe mango peel powder can be considered as a 

potential health promoting functional ingredient. Both quantitative and qualitative aspect 

of antioxidant activity in RMPP added whole wheat bread samples show an 

increasing trend     with respect to addition level. This trend is also supported by sensory 

evaluation, where 5 % RMPP level gained maximum scores for flavour. On the other 

hand, RMPP at 5% imparts highest negative impact on physical and sensory parameters 

apart from flavour due to the interference of dietary fibre and phenolic compounds with 

bread dough. Though in comparison with 1%, 3% sample shows lower effect for selected 

physical and sensory parameters. Thus, based on the objective, 3% RMPP can be 

considered as the best addition level. Also as a future scope, modification in processing 

parameters may improve the product   quality even at a higher addition level. 
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3. Optimisation of ripe mango peel enriched white 

bread preparation and its             characterisation 

 

3.1. Introduction: 

In daily life, people consume white bread as a low cost and readily available energy 

dense food. Additionally, easy amenability of refined wheat flour towards processing 

makes it more                 appropriate for various food preparations. Now a day where functional 

foods are becoming increasingly popular as a part of healthy lifestyle, white bread 

contains limited functional compounds [68][69]. Because the bran and germ, which 

contain most of the bioactive compounds (mainly dietary fiber and phenolic 

compounds), are removed during refining of whole wheat. Based on this fact, many 

research works were conducted in last few years to incorporate food industry by-

products as functional ingredients in white bread preparation to make it healthier [70]. In 

this field, application of fruit by-products is a relatively new approach and yet to be 

investigated fully [71][72]. For example, increasing addition of pomegranate [73] and 

grape [74] processing by-products in white bread improve both total phenolic content 

and radical scavenging activity. On the contrary, the same addition negatively affects the 

physical parameters and the overall acceptability of the bread samples as well. Therefore, 

incorporation of fruit by-products could be an easy and cost effective method to enhance 

the bread quality, but  for the desired outcome addition level should be optimised first in 

respect of both antioxidant activity and physical parameters. Apart from addition level, 

antioxidant activity mostly affected by baking conditions [4] as it involves both 

destruction and formation of phenolic compounds. Also baking temperature and time are 

two important factors which influence the physical parameters and thus determine the 

final quality of bread sample [75]. For this reason, both baking temperature and time can 

be considered as independent variables in the above mentioned optimisation process. 

Both phenolic compounds and dietary fiber were present in good amount in Mango peel, 

whereas this amount and composition vary according to its variety [76]. As per literature 

review, ripe mango peel when used in bakery product like biscuit [50] and whole wheat 

bread [77] a remarkable change in DPPH radical scavenging activity from 26.13% to 

88.84% and 21.69% to 65.74% were observed respectively. Besides, mango peel 
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possesses high water holding capacity [76] which might improve storage stability of 

bakery products. Hence, addition of ripe mango peel in white bread with acceptable 

sensory scores could help in value added product development as well as an 

environment-friendly waste management technique. 

As per literature review, no research work has been done regarding ripe mango peel 

addition in white bread till now. In this study, production of ripe mango peel enriched 

white bread was optimised and selected parameters were compared with the control 

sample. 

3.2. Materials and methods: 

3.2.1. Raw materials: Ripe mangoes (Mangifera indica L., cv. Himsagar), refined 

wheat flour, active dry yeast, salt, vegetable oil and sugar were collected from the market 

of Jadavpur, Kolkata. 

3.2.2. Chemicals: All the chemicals were purchased from Sigma-Aldrich (St. Louis, 

MO, USA). 

3.2.3. Preparation of Ripe mango peel powder (RMPP): Same as section: 2.2.3. 

3.2.4. Water holding capacity (WHC): The water holding capacity (WHC) was 

determined by mixing 1g powder sample with 10ml distilled water and kept idle for 

24hrs at room temperature (30°C). After that with precision supernatant was removed to 

calculate WHC as grams of water retained per gram of solid [78]. 

WHC (g/g) = 
Weight of sediment after draining supernatant –Sample dry weight 

Sample weight
  .......... (1) 

3.2.5. Experimental design: To study and optimize the combined effect of baking 

temperature (X1), baking time (X2) and RMPP addition level (X3) on the specific volume 

(Y1; cm3/g) and DPPH radical scavenging activity (Y2; µmol AAE/g) of bread samples a 

three- level three-factor face-centered central composite design (FCCD) was used. Using 

single factor analysis, levels of independent variables were selected. The -1, 0 and +1 

levels were fixed at 190, 210 and 230 for baking temperature (°C), 15, 30 and 45 for 

baking time (min) and 3, 5 and 7 for RMPP addition level (%). 17 randomised 

experiments (8 factorial points, 6 axial points and 3 centre points) were preformed. The 

nonlinear quadratic model is given as: 

𝑦 = 𝑏0 + ∑ 𝑏𝑖𝑥𝑖 + ∑ 𝑏𝑖𝑖𝑥𝑖
2 + ∑ 𝑏𝑖𝑗𝑥𝑖𝑥𝑗

3
𝑖≠𝑗

3
𝑖=1

3
𝑖=1       .......... (2) 
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Where, y is the measured response, b0 is the intercept, bi , bii and bij are the 

regression coefficients associated with linear, quadratic and interaction terms of 

independent variables. For optimisation the goals were set as follows: specific 

volume- target (2.500cm3/g) and DPPH radical scavenging activity- maximum. After 

optimisation, triplicate experiments were performed under optimised conditions and 

experimental results were compared to values predicted by the model. 

3.2.6. Bread preparation: For bread preparation following ingredients like, refined 

wheat flour (100g), active dry yeast (2.5g), sugar (8.0%), salt (1.5%), vegetable oil 

(4.0%) and water (65ml) were used. RMPP was added at different levels according to the 

experimental design by replacing the equal amount of wheat flour. Initially, all dry 

ingredients and shortening were mixed with water in a bowl, followed by kneading until 

the dough attained the required elasticity. First proofing was done after this at room 

temperature (30°C) for about 30min with wet cloth cover. Then the dough was kneaded 

lightly to redistribute gas cells and purge the excess gas. The dough was then placed in a 

greased baking mould for the final proofing at 40°C for 45min. In a rotary oven (CM 

HS108, Chanmag Bakery Machine Co. Ltd., Taiwan) dough was baked at different 

baking time and temperature combinations. Control bread (without RMPP) was prepared 

following the same protocol by baking for 20min at 220°C. Before analysis samples 

were cooled at room temperature for 1 hour. 

3.2.7. Specific volume: Same as section 2.2.8.  

3.2.8. Antioxidant activity: Same as section 2.2.6. 

3.2.9. Total dietary fibre: Same as section 2.2.5. 

3.2.10. Colour: Same as section 2.2.8. 

3.2.11. Sensory evaluation: Sensory parameters of optimised bread and control bread 

were evaluated by a panel of 15 members including student, staff, and faculty of the 

Dept. of. Food Technology & Bio-Chemical Engineering, Jadavpur University, Kolkata. 

Based on 9-point hedonic scale sensory evaluation of the bread loaves were evaluated as 

appearance, colour, aroma, taste, mouth feel and overall acceptability. Range of the scale 

was 9 to 1 which denoted as like extremely to dislike extremely. A basic training was 

given to the panelists to understand the scoring process and the sensory parameters. The 

panelists were seated in individual sensory booths at room temperature under white light 

with water for mouth rinsing after each set of evaluation at Dept. of. Food Technology & 
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Bio-Chemical Engineering, Jadavpur University, Kolkata. Sliced bread samples were 

given with random codes. Each panelist was given both control and optimised bread 

samples for the evaluation. The evaluation process was repeated thrice [18]. 

3.2.12. Crumb firmness: A storage study of crumb firmness at room temperature 

(30°C) for 5 days was carried out for both optimised bread and control bread. 

Bread samples were evaluated by TA.XT Express texture analyzer, Stable Micro 

Systems, Surrey, UK, is the manufacturer. Loaves were sliced by hand into 25mm 

thickness from the centre of bread. A 36 mm diameter cylinder probe SMS P/36R with 

5kg load cell, 40% penetration depth were the optimal test conditions. Pre-test value was 

1.0 mm/s, test value was 1.7 mm/s and finally        post-test speed was 10 mm/s. The 

compression force value (CFV) (g) at 25% compression of 25mm sample was used to 

express firmness value. To assess the stalling kinetics Avrami’s non-linear regression 

equation was used by fitting hardness value (3); [79] 

𝜃 =
𝑇∞− 𝑇𝑡

𝑇∞− 𝑇0
= 𝑒−𝑘∗𝑡𝑛

         .......... (3) 

Where, θ - fraction of recrystalization resting to take place, T∞- firmness in final day, Tt- 

firmness in t day, T0- firmness in zero day, k – rate constant and n – Avrami exponent. 

3.2.13. Statistical analysis: All the studies were replicated 3 times and the means were 

reported. All the experimental data were analyzed statistically for analysis of variance 

(ANOVA) with Minitab 17.0 (Minitab, Inc., Pennsylvania, PA). Means were compared 

by Tukey’s test at a significance level of p≤0.05. 

3.3. Results and discussions: 

3.3.1. Analysis of the model: To examine and optimize the coalesced outcome of three 

independent variables baking temperature (X1), baking time (X2) and RMPP addition 

level (X3), a set of 17 randomized experiments (8 factorial points, 6 axial points and 3 

centre points) were performed and obtained results are provided in Table 3.1. 
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Table 3.1: Face-centered central composite design with results of specific volume 

and DPPH radical scavenging activity of bread samples 

Run order 

Baking 

temperature 

(°C) 

Baking 

time 

(min) 

RMPP 

addition  

level 

(%) 

Specific volume 

(cm3/g) 

DPPH radical 

scavenging activity 

(µmol AAE/g) 

Experimental Predicted Experimental Predicted 

1 190 15 3 2.728 2.755 5.660 4.729 

2 230 15 3 2.946 2.957 14.914 15.514 

3 190 45 3 3.044 3.051 8.757 8.446 

4 230 45 3 2.739 2.777 4.163 4.551 

5 190 15 7 2.402 2.367 10.928 10.598 

6 230 15 7 2.556 2.553 25.396 25.765 

7 190 45 7 2.577 2.571 21.457 20.916 

8 230 45 7 2.304 2.281 20.414 21.403 

9 230 30 5 2.682 2.660 16.481 14.133 

10 190 30 5 2.697 2.704 6.385 8.497 

11 210 15 5 2.654 2.654 16.074 16.364 

12 210 45 5 2.681 2.665 16.566 16.041 

13 210 30 3 2.957 2.874 13.686 13.939 

14 210 30 7 2.364 2.431 25.786 25.299 

15 210 30 5 2.717 2.665 17.871 16.573 

16 210 30 5 2.581 2.665 13.778 16.573 

17 210 30 5 2.665 2.665 17.602 16.573 

The analysis of variance (ANOVA) procedure was used to statistically determine the 

effect of the parameters and their interactions on the yield, and the results were 

summarized in Table 3.2(a) and 3.2(b). The p-value was used to check the significance 

of each coefficient, which indicated the influence of the corresponding term on the yield. 

It can be presumed that any coefficient with p-value less than 0.05 has a substantial 

influence on the specific volume and DPPH radical scavenging activity. 

According to the ANOVA result for specific volume, X3 and X1*X2 coefficients are 

significant and all other terms are insignificant. The polynomial equation was derived 

through fitting the individual response to the equation 2 and given below in the 

uncoded                form: 

Specific volume (Y1; cm3/g) = 2.6648 - 0.0221 X1 + 0.0059 X2 - 0.2212 X3 + 0.0168 X1* 

X1 - 0.0054 X2* X2 - 0.0123 X3* X3 - 0.1188 X1* X2 - 0.0041 X1* X3 - 0.0231 X2* X3 



42 

Table 3.2(a): Analysis of variance table for specific volume 

Term Effect Coef SE Coef Adj SS F-Value P-Value 

Constant  2.665 0.026 0.613 18.18 0.000 

X1 -0.044 -0.022 0.019 0.005 1.30 0.292 

X2 0.012 0.006 0.019 0.000 0.09 0.768 

X3 -0.442 -0.221 0.019 0.489 130.65 0.000 

X1* X1 0.034 0.017 0.037 0.000 0.20 0.667 

X2* X2 -0.011 -0.005 0.037 0.000 0.02 0.889 

X3* X3 -0.024 -0.012 0.037 0.000 0.11 0.752 

X1* X2 -0.238 -0.119 0.022 0.113 30.17 0.001 

X1* X3 -0.008 -0.004 0.022 0.000 0.04 0.856 

X2* X3 -0.046 -0.023 0.022 0.004 1.14 0.321 

Error  0.026  

Lack-of-Fit 0.017 0.70 0.675 

Pure Error 0.009  

Total  0.639  

R-sq 95.90% R-sq (adj) 90.62% R-sq (pred) 74.13% 

According to the ANOVA result for DPPH radical scavenging activity, X1, X3, X1
2, X3

2, 

X1*X2, X2*X3 coefficients are significant and all other terms are insignificant. The 

polynomial equation was derived through fitting the individual response to the equation 

2 and  given below in the uncoded form: 

DPPH radical scavenging activity (Y2; µmol AAE/g) = 16.573 + 2.818 X1 - 

0.161 X2 + 5.680 X3 - 5.26 X1* X1 - 0.37 X2* X2 + 3.05 X3* X3 - 3.670 X1* X2+ 

1.096 X1* X3 + 1.650 X2* X3 
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Table 3.2(b): Analysis of variance table for DPPH radical scavenging activity 

Term Effect Coef SE Coef Adj SS F-Value P-Value 

Constant  16.573 0.795 629.710 20.26 0.000 

X1 5.636 2.818 0.588 79.416 22.99 0.002 

X2 -0.323 -0.161 0.588 0.260 0.08 0.792 

X3 11.360 5.680 0.588 322.650 93.42 0.000 

X1* X1 -10.52 -5.26 1.14 74.072 21.45 0.002 

X2* X2 -0.74 -0.37 1.14 0.368 0.11 0.754 

X3* X3 6.09 3.05 1.14 24.849 7.19 0.031 

X1* X2 -7.340 -3.670 0.657 107.746 31.20 0.001 

X1* X3 2.191 1.096 0.657 9.605 2.78 0.139 

X2* X3 3.301 1.650 0.657 21.787 6.31 0.040 

Error    24.176   

Lack-of-Fit    13.695 0.52 0.758 

Pure Error    10.481   

Total    653.886   

     

     R-sq                  96.30% 

 

R-sq (adj)                  91.55% 

    

   R-sq (pred)            79.80% 

Various descriptive statistics, such as p value and R-squared, determined using Analysis 

of variance (ANOVA) procedure was used to characterize the derived model. Low 

model p value (<0.001) and high model F value (Specific volume – 18.18; DPPH radical 

scavenging activity – 20.26) implies statistical significance of models. The non 

significant lack of fit and a high R2 (Specific volume – 0.959; DPPH radical scavenging 

activity – 0.963) and adjusted R2 (Specific volume – 0.906; DPPH radical scavenging 

activity – 0.916) values suggest that the fitted regression equation adequately models the 

response variable and model explains most of the variation observed in it. The 

insignificant lacks of fit values for both models indicate the goodness of fit and 

suitability of the regression model. 

3.3.2. Effect of factors on specific volume: Characteristics of bread which satisfies the 

consumers first are volume and weight of the loaf. Based on the fact specific volume 

which is the ratio of these two properties, has been chosen as a response. Proofing height 

directly related with loaf volume and also quantity and quality of gluten protein present 
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in bread dough. Whereas loaf weight depends on the amount of dough baked and during 

baking degree of moisture and carbon dioxide loss from the loaf [80]. Here with 

increasing addition level of RMPP specific volume was decreased (Figure 3.1(a)). May 

be the dietary fibre content of RMPP diluted the gluten protein present in dough by 

thinning and breakage of the protein fibrils. As a result development of gas cells were 

restricted and the loaf volume was decreased [6][14][81]. According to the experimental 

design RMPP was added at different levels by replacing the equal amount of wheat flour 

which is another reason of weak gluten structure. The phenolic content of RMPP may 

also responsible for the reduced specific volume. Phenolic compounds primarily 

decreased mixing time and dough strength by interchanging disulfide bond with thiol 

group [82]. 

Baking temperature and time show combined effect on specific volume. As per response 

surface plot (Figure 3.1(a)) either high temperature short time or low temperature high 

time is good to increase bread specific volume. Evaporation of moisture from the dough 

during baking depends on the baking conditions. High temperature with long time is the 

reason of excessive moisture loss during baking [83][80]. 

   

Figure 3.1(a): Response surface plots showing the effect of process parameters on 

specific volume; here hold values are Temperature (°C) 0, Time (min) 0 and               

RMPP (%) 0. 

3.3.3. Effect of factors on DPPH radical scavenging activity: 

Response surface plots show the positive linear effect of RMPP addition level on DPPH 

radical scavenging activity. In bakery products antioxidant potential is highly depends on 

recipe. Here phenolic content of RMPP (see chapter2) is responsible for this change in 

antioxidant activity. 

According to the model, baking temperature had a positive linear effect on DPPH radical 

scavenging activity. Whereas in combination with baking time, for higher and lower 

baking temperature, time needs to be minimised and maximised respectively. Baking 
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involves both formation and destruction of antioxidant compounds [4]. Liberation of 

bound phenolics due to high baking temperature and formation of heat induced 

compounds from the Maillard reaction possibly best reason behind increased antioxidant 

activity during baking [84][85][86][87]. Also phenolic compounds are unstable at high 

heat which reduces the total antioxidant activity [13][20][7]. Again baking time and 

RMPP addition level had a positive interaction effect on antioxidant activity. At constant 

temperature when baking time is longer there to compensate the thermal and oxidative 

degradation of phenolic compounds, quantity of RMPP needs to increase. On the other 

hand, when baking time was low, due to minimum chances of phenolic degradation it is 

not required to increase the RMPP addition level. 

 

Figure 3.1(b): Response surface plots showing the effect of process parameters on 

DPPH radical scavenging activity; here hold values are Temperature (°C) 0, Time 

(min)  0 and RMPP (%) 0. 

3.3.4. Both Optimization of processing parameters along with validation of the 

optimised conditions: 

Derringer’s desired function methodology was used to identify optimised processing conditions 

based on FCCD results, where DPPH radical scavenging activity was maximum and specific 

volume was 2.500 cm3/g [88]. From optimal points a desirability ramp was developed (Figure 

3.2). Optimum processing conditions were, baking at 226ºC for 19 min with 7% RMPP. 

Predicted DPPH radical scavenging activity at these conditions was 25.868 µmol AAE/g with 

composite desirability value of 0.999. 
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Figure 3.2: Desirability ramp for optimisation 

To study the accuracy of this optimisation process, three bread samples were prepared 

under predicted optimal processing conditions. Both specific volume and DPPH radical 

scavenging activity of those three bread samples were measured. From Derringer’s 

desired function method the experimental mean values along with predicted values 

obtained are shown in Table 3.3. Experimental values of both the responses were in 

agreement with the predicted values. The good correlation between experimental values 

and predicted values indicate the reliability of FCCD incorporate desirability function 

method and it could be used in this type of bread enrichment process to obtain maximum 

antioxidant activity with desired physical attribute. 

Table 3.3: Experimental and predicted values of the responses at optimised 

conditions 

Optimised conditions Specific volume 

(cm3/g) 

DPPH radical 

scavenging activity 

(µmol AAE/g) 

Baking 

temperature  

(°C) 

Baking 

time 

(min) 

RMPP 

addition 

level (%) 

Predicted Experimental Predicted Experimental 

236 13 7 2.500  2.445±0.075  25.868  24.672±0.761 

 

3.3.5. Comparison between control and optimised bread: 

To study the role of RMPP as a functional ingredient, total dietary fiber (TDF) and total 

phenolics content (TPC) of both control and optimised bread samples were measured and 

compared (Table 3.4(a)). As a result 7% RMPP addition, in comparison with control 



47 

bread, TDF was increased by more than two times. Similar results were observed when 

30% wheat flour was substituted with each rice bran [89] and whole wheat flour [21]. 

Also TPC value was increased from 0.209mg GAE/g to 1.959mg GAE/g, just like 7.5% 

RMPP added macaroni [51]. 

In sensory evaluation (Table 3.4(a)), fruity flavour of RMPP was able to improve the 

aroma of optimised bread, as observed for pomegranate whole fruit bagasse added bread 

[73] and RMPP added whole wheat bread [77]. According to the panellists’ scores 

appearance, colour and taste of both control and optimised bread were insignificantly 

different to each other. Though in comparison with control bread specific volume value 

(Control- 2.62 cm3/g; Optimised-2.45 cm3/g) was lower and hardness value (Control-

520.4g; Optimised-615.6g) was higher for optimised bread. 

These changes in the value of specific volume and hardness do not show any negative 

effect on consumer acceptability.  As per literature review [67][70][71][72] up to a 

certain level of changes in physical parameters due to the utilisation of natural 

antioxidant sources do not affect consumer preference. Based on these studies, 2.500 cm3 

/g was selected as target specific volume in optimisation process.  Though in comparison 

with grape pomace powder added white bread [90], RMPP added whole wheat bread 

[77] and pomegranate whole fruit bagasse added bread [73] here specific volume and 

hardness were improved through the optimization process. Whiteness index of bread 

crumb also decreased from 67.86 to 56.01. Like anka enriched bread [22], panellists 

accept the darker bread crumb (Figure 3.3). Altogether this enrichment process showed 

an insignificant change on overall acceptability which indicates a good consumer 

acceptability of RMPP added white bread. 

   

 Control Bread Optimised Bread 

Figure 3.3: Cross sectional images of bread loaves  
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Table 3.4(a): Comparison between control and optimised bread 

Parameters Control Optimised 

Total dietary fiber (%) 2.613±0.103* 6.417±0.202* 

Total phenolics content (mg GAE/g) 0.209±0.006* 1.959±0.025* 

S
en

so
ry

 p
a
ra

m
et

er
s Appearance 7.247±0.100 7.177±0.075 

Colour 7.650±0.050 7.623±0.055 

Aroma 7.100±0.200* 7.580±0.061* 

Taste 7.413±0.103 7.250±0.050 

Overall acceptability 8.200±0.265 8.067±0.176 

Mean values with superscripts (*) within the same row are significantly different 

(p≤0.05) 

The recrystallization of starch molecules renders bread by increasing hardness and 

decreasing palatability during storage. The whole process known as staling, a great 

concern for bakery industry. Here, a comparative storage study between control and 

optimised bread was performed, by measuring hardness of bread loaves up to 5 days. 

Bread hardening kinetics was explained through Avrami model, based on starch 

retrogradation [79]. Kinetic parameters T0, T∞, k, and n, obtained from the fitted model, 

are shown in Table 3.4 (b). At 0 day crumb hardness was higher for optimised bread but 

at 5th day value was lower. As per Avrami equation, nature of bread hardening kinetics 

depends on both k and n values. In this study, the optimised sample had a lower value of 

k, which indicates a delayed retrogradation process in the sample. Whereas n value was 

higher, that indicates more sigmoidally shaped curve, with small increments in crumb 

firmness in first storage period and comparatively higher increments in intermediate 

periods [91]. Thus in comparison with control, optimised bread showed better storage 

stability. RMPP possesses high WHC (6.221±0.052 g/g) due to the presence of dietary 

fiber, which may help to maintain the crumb structure during storage by restricting the 

movement of moisture [78]. Also Siriamornpun et al. suggested phenolic compounds in 

RMPP of kaew variety were able to decrease the retrogradation in rice flour [92]. 
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Table 3.4(b): Comparison between control and optimised bread 

Parameters Control Optimised 
S

to
ra

g
e 

st
u

d
y

 

T0 (g) 520.4 615.6 

T∞ (g) 2462.4 1954.3 

K 0.005 0.002 

n 4.171 4.953 

 

3.4. Conclusion: 

In this study three-level three-factor face-centered central composite design (FCCD) was 

successfully employed to optimise ripe mango peel enriched white bread preparation. 

According to the result, in this study, responses were significantly affected by all the 

selected factors. Specific volume was decreased with RMPP addition level and a 

negative interaction effect was observed by baking temperature and baking time. DPPH 

radical scavenging activity was improved with RMPP addition. Like specific volume 

also for antioxidant activity same type of effect was observed by baking temperature and 

baking time. Baking time with RMPP showed a positive interaction effect on antioxidant 

activity also. Through Derringer’s desired function method optimised processing 

condition was obtained and as follows: baking at 226ºC for 19 min with 7% RMPP. At 

this optimised condition specific volume and DPPH radical scavenging activity were 

2.500 cm3/g and 25.868 µmol AAE/g respectively. Under this optimal condition 

experimental value was in agreement with predicted value. At the same time optimised 

bread was equally prefferd like control bread. Along with antioxidant activity RMPP was 

able to improve storage stability of the bread. 
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4. Combined effect of raw and ripe mango peel powder 

on the quality attributes of gluten free bread 

 

4.1. Introduction: 

In the recent years gluten free products have received much of an attention due to the 

high rate of the celiac disease due to their persistent adherence on the gluten diets. It has 

been found that the celiac disease has increased in areas of the developing world, such as 

India, Middle East and North Africa, contributing to childhood morbidity and mortality 

[93]. Thus, the development of healthier and better quality gluten-free products would 

greatly improve the quality of life for celiac patients by treating their disorder. 

Presence of two unique proteins – gliadin and glutenin make wheat flour an 

indispensable ingredient for bakery industry. Gluten – a combination of these two 

proteins, forms during dough formation and obtains its toughness from glutenin and 

elasticity from gliadin. Besides, other ingredients and mechanical agitation also help to 

form the film like structure of gluten that envelops the starch granules in the dough. That 

complex structure of gluten is the key feature of dough which retains gas and gives the 

desired volume of the final product. Among all bakery products, the consumer 

acceptability of bread mostly depends on its volume. So  the absence of gluten in the 

bread formulations posses technological challenges and mainly affects the rheological 

and textural characteristics of the dough and final product [94]. Different types of cereals 

(rice, sorghum), pseudocereals (quinoa, amaranth), starch (potato, corn) and proteins 

(egg white, soy) along with hydrocolloids (xanthan, Hydroxypropyl methylcellulose), 

emulsifiers (Mono- and diglycerides of diacetyl tartaric acid ester), enzymes 

(transglutaminase) are successfully used in gluten free bread (GFB) making for a better 

quality product outcome [93]. 

Both raw and ripe mango processing industries incurs a huge amount of peel as bio-

waste. As per literature review [49][62][63][95] both raw and ripe mango peel are good 

source of polyphenols and dietary fiber. Ripe mango peel powder already used in gluten 

free cookies to enhance the antioxidant activity and total dietary fiber [96]. Lot of studies 

[97] showed utilisation of fiber rich flour in gluten free bread preparation was able to 



52 

improve the texture. So, use of mango peel powder in GFB preparation will improve 

texture of bread along with enhanced antioxidant activity. In comparison with ripe 

mango peel, utilisation of raw mango peel is still very limited. Fruity flavour of ripe 

mango peel powder was able to improve the flavour of whole wheat bread [77]. 

Whereas, higher value of polyphenols in raw mango peel give better antioxidant activity 

but bitter taste in the final product [98]. Thus the combined effect of the raw and ripe 

mango peel in equal proportion may compensate the negative impacts of the individual 

peel and brings forth a good quality GFB.  

Objective of the present study was incorporation of both raw and ripe Mango peel 

powder in equal proportion at 2%, 4% and 6% level in the GFB formulation and to 

assess the influence of fibres on flour and dough characteristics along with the physical, 

chemical (antioxidant) and sensory properties of the final product. 

4.2. Materials and methods: 

4.2.1. Materials: Gluten free flours like sorghum and rice, sugar, salt, refined oil, egg 

and instant dry yeast (Best Products, Kolkata) were bought from the market at Jadavpur 

in Kolkata, India. Other ingredient was Guar gum (HiMedia Laboratories Pvt. Ltd., 

Mumbai, India) as a thickening agent. 

4.2.2. Chemicals: Gallic acid (sd fine-chem Ltd., Mumbai, India), Folin-Ciocalteu 

reagent, ethanol, sodium carbonate from Merck Specialities Pvt. Ltd. at Mumbai, sodium 

nitrate, aluminium chloride, sodium hydroxide and 2, 2-diphenyl-1-picrylhydrazyl 

(DPPH) from Sigma-Aldrich, St. Louis, at MO, USA, were used for chemical analysis. 

4.2.3. Preparation of Mango peel powder (MPP): Same as section: 2.2.3.  

4.2.4. Preparation of composite flour: The blending of flour was obtained by mixture 

of sorghum flour (SF), rice flour (RF) in equal proportion (50:50) (SF+RF) with 

incorporation                                                of 2%, 4%, 6% Mango peel powder (MPP) for bread preparation which 

was denoted as SF+RF+2% MPP, SF+RF+4% MPP, SF+RF+6% MPP respectively. 

4.2.5. Bread preparation: The control bread was prepared by the combination of 

sorghum flour (SF) and rice flour (RF) in equal ratio (1:1). Straight dough method was 

employed for the dough preparation. The SF+RF along with the instant dry yeast and 

sugar were kneaded with hand mixer (Philips Daily Collection-HR1459) with 175ml of 
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water followed by the other ingredients like egg white, guar gum and oil. Salt was 

added at the last stage of   kneading for better yeast activity. The prepared dough was 

then put in the mould pan lubricated with oil and was then covered with at a wet muslin 

cloth for proofing. The proofed dough was then put  in rotatary oven (CM HS108) 

bought from Chanmag Bakery Machine Co. Ltd., Taipei, at Taiwan, and baked at 

180±2°C around 60 min. After that baked loaf was further cooled for 1h prior to further 

physical and chemical analysis. The formulated flours with 2%, 4% and 6% MPP (raw 

and ripe mango peel powder in equal proportion) follow the same bread making 

procedure as that of control bread sample [99]. 

4.2.6. Moisture content: Same as 2.2.8. 

4.2.7. pH: The pH of the different flour samples were measured using a pH meter 

(Thermo Orion Basic pH Meter, Model 420A pH/mV/ORP/temperature meter). 

4.2.8. Color: Same as 2.2.8. 

4.2.9. Water absorption capacity: The water absorption capacity of the flours was 

analyzed from Tsai’s method (1998) [100] with slight modifications in it. The weight of 

the residue containing tube is recorded and water absorption capacity (WAC) is 

calculated by the following equation: 

WAC =   
weight of the sample after centrifugation−weight of the sample before centrifugation

weight of the sample 
 . (1) 

4.2.10. Oil absorption capacity: The oil absorption capacity of flour samples were 

analyzed by the Beuchat method (1997) [101] with some modifications in it. The oil 

absorption capacity is calculated by the formula stated below: 

Oil absorption capacity   =  
 Weight of the sediment

 Weight of the sample
                                                        (2) 

4.2.11. Swelling power: The swelling power of flour samples were analysed by the 

method            of  Leach et al. (1959) [102] with some modifications in it. The swelling power 

(SP) of the samples is calculated by the following equation: 

Swelling power =  
 Weight of the wet mass of the sediment

Weight of the dry  sample
                                               (3) 

4.2.12. Rheology of dough: The dough samples were prepared as per formulation but 

without addition of yeast and the rheological behaviour were monitored in a rheometer 
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(Physica MCR 51; Anton Paar, Graz, Austria) with RheoPlus software package (version 

2.65). 49.986mm parallel plates were used to maintain 3mm gap during sample analysis. 

A water circular device (Neslab RTE 7;Thermo Electron Corporation, Bremen, Germany) 

were used to maintain 25⁰C temperature. Before measuring samples were rested for 300 

seconds and excess of samples were removed off. To identify the linear viscoelastic 

region under constant frequency 1 Hz strain sweep test was done keeping shear stress 

within 0.1-100 Pa. Within the linear viscoelastic region of all dough samples, one 

common stress value was taken to perform frequency sweep test within (0.1 Hz -100 

Hz) [103]. Two graphs were prepared against the frequency (Hz), first with storage 

modulus (G') and second one with loss modulus (G''). 

4.2.13. Specific volume: Same as 2.2.8. 

4.2.14. Texture Analysis: Same as 3.2.11. 

4.2.15. Preparation of the extract: Same as 2.2.6. 

4.2.16. Total phenolic content: Same as 2.2.6. 

4.2.17. Total flavonoid content: The total flavonoid content of the bread samples 

was determined with slight modifications of Xu and Chang 2007 [104]. Total flavonoid 

contents were expressed as milligrams of catechin equivalents (CAE) per gram of 

sample. 

4.2.18. DPPH radical scavenging assay: Same as 2.2.6. 

4.2.19. Sensory evaluation: Same as 3.2.10. 

4.2.20. Statistical analysis: All the studies were replicated 3 times and the means were 

reported. All the experimental data were analyzed statistically for analysis of variance 

(ANOVA) with Minitab 17.0 (Minitab, Inc., Pennsylvania, PA). Means were compared 

by Tukey’s test at a significance level of p≤0.05. 

4.3. Results and discussions: 

4.3.1. Characterization of flours and its formulations: 

The physical properties of flours and its formulations are tabulated in Table 4.1. It was 

evident that the moisture content (%) of  the SF was 6.63±0.28 and in RF was 7.95±0.36 

both had a markedly significant difference (p≤0.05). The moisture content of the 
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combination of SF and RF in equal proportions was 7.63±0.08. There was an increasing 

trend of moisture content in the flours formulated with 2%, 4%, and 6% MPP (equal 

proportion of both raw and ripe) respectively. This increase was due to the presence of 

some amount of moisture in the MPP itself. Though, statistically this change was 

insignificant to each other. Generally the acceptable moisture content of flour for bakery 

products ranges from 14-15%. Here the increasing trend of moisture of the samples is 

around 10%. This allows the flour formulations to have a better shelf life and it also 

correlates with water absorption capacity of the flour as well. 

However there was a slight increase in the pH of the flours formulated with MPP 

compared to that of the SF, RF, SF+RF respectively with no such significant 

difference. In spite of some intrinsic acidic character of raw mango peel the pH trend 

increased and was nearing to neutral pH. This may be due to presence of ripe mango peel 

along with the raw in equal proportions which masks the acidic nature of the raw mango 

peel. 

Color of flour has an impact on the crumb color of the final product which is an 

important parameter to characterize the GFB from the wheat bread .The whiteness index 

(WI) of the  rice flour was reported to be highest in the Table 4.1 whereas the 

combination of RF and SF flours had a whiteness index (WI) greater than that of SF 

alone. In the formulated flours of 2%, 4% and 6% there was a decreasing trend in the 

whiteness index (WI) due to the addition of the MPP. There was no such change in a* 

value whereas the L* and b* values showed a marked difference from (85.95±0.19 to 

82.82±0.06) and (14.37±0.28 to 15.05±0.14) respectively. This may be due to the reason 

that MPP has some enzymes like polyphenol oxidase and peroxidase which are 

responsible for enzymatic browning during processing that result in decreasing the 

lightness of the MPP [105]. These L*, a* and b* values had an overall impact on the 

whiteness index of the flour formulations and thus a decreasing trend of  whiteness index 

was reported in the Table 4.1. 

Water absorption capacity of the flour is an important parameter for the dough 

development and quality of the final product. The water absorption capacity and the 

moisture content of  the flour are interdependent to each other. 
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Table 4.1: Physical characteristics of different flour samples 

Samples Moisture (%) pH WI 

SF 6.63±0.28c 6.50±0.29a 79.80±0.05d 

RF 7.95±0.36b 6.58±0.29a 88.71 ±0.06a 

SF+RF 7.63±0.08b 6.47±0.28a 82.51±0.06b 

SF+RF+2%MPP 8.67±0.37a 6.87±0.33a 81.18± 0.07c 

SF+RF+4%MPP 8.91±0.18a 6.77±0.32a 78.50±0.06e 

SF+RF+6%MPP 9.15±0.07a 6.61±0.32a 77.07±0.07f 

Mean with different letters within a column is significantly different (p ≤ 0.05) 

In Table 4.1 it was clearly reported that moisture content of SF was lower than RF and in 

combination of the SF+RF but at the same time the water absorption capacity was of the 

order SF>SF+RF and RF. This is because the lower the moisture content in the flour the 

higher is its water absorption capacity [106]. On addition of the MPP in flours there 

was an increasing trend in the water absorption quality. This is due to the hydrophilic 

nature of the fibre present in MPP and the interactions of water with the hydroxyl groups 

of those polysaccharides through hydrogen bonding [105]. 

Oil absorption capacity of flours is another important functional factor as it attributes to 

the flavor retention and mouthfeel of the final product. In general oil absorption capacity 

of the flours were less compared to the WAC. The OAC of the SF and RF were higher 

than its combination. The formulated sample showed an increase in oil absorption 

capacity when compared with SF+RF combination. This may be due to the low fat 

content in MPP as well as the hydrophobic part of protein entraps oil as a result 

increases the oil absorption capacity [107]. This ensures that the final formulated product 

to have a better shelf life with low chances of rancidity to occur. 

The swelling power shows a significant decrease (P≤0.05) of formulated flours with 6%, 

4% and 2% MPP compared to the SF, RF and SF+RF in combination. RF shows the 

maximum swelling power (7.83±0.25) due to the high quality of starch and its linear 

branching of amylopectin [108]. The particle size and fibre content of MPP has an 

impact on the decrease of the swelling power [109]. The protein and fat content of the 

blended flour with MPP at 2%, 4% and 6% formulation may also have an impact to 

reduce the swelling power due to inhibition of starch gelatinization [110]. 
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Table 4.2: Functional characteristics of different flour samples 

Samples WAC OAC SP 

SF 3.25±0.09b 
2.31±0.12a 6.97±0.35bc 

RF 2.97±0.11c 2.06±0.10ab 
7.83±0.25a 

SF+RF 2.97±0.13c 1.87±0.09b 
7.82±0.22ab 

SF+RF+2%MPP 3.24±0.05b 
2.04±0.10ab 

6.76±0.36cd 

SF+RF+4%MPP 3.46±0.10b 
2.28±0.11a 5.98±0.31d 

SF+RF+6%MPP 3.85±0.04a 2.32±0.12a 5.15±0.28e 

Mean with different letters within a column is significantly different (p ≤ 0.05) 

4.3.2. Dough Rheology: The consistency of the enriched dough samples with MPP was 

higher compared to the control sample due to the fibre content of the MPP. In presence 

of soluble fibre lower loss of tangent (tan δ) indicating the dough to exhibit higher 

elasticity compare to the control. The G' shows a decreasing trend than the G'' in Fig 4.1 

only for 6% MPP formulation in spite of the insoluble fibres present in higher amounts 

[97]. This can be explained by correlating with WAC and SP values in Table 4.2.The 

fibres in 6% formulated dough was higher which allows large amount of water to be 

absorbed and also masks the swelling property of the flour thereby decreases the SP 

value. Large amount of water in dough makes the dough sticky and viscous rather than 

elastic in nature [51].  
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Figure 4.1: Viscoelastic properties of different types of GFB samples 
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It can be inferred that after a certain level of formulation the dough no longer remains 

viscoelastic and the final product quality is much inferior and unacceptable. Since the 

viscoelastic nature predominates the final structure of the bread thereby dough samples 

of 2% and 4% showing the highest viscoelastic nature. 

4.3.3. Physical properties of Gluten free bread: The physical parameters of the bread 

samples are tabulated in table 4.3. The height and specific volume is an important quality 

parameter of the bread loaf. There exists a relationship between height and specific 

volume of  the loaf to that of the water absorption capacity of the dough. In comparison 

with control, an insignificant change in the height and significant improvement in the 

specific volume at 2% and 4% MPP enriched bread samples were observed. This is due 

to the presence of fibre content of MPP which form a flim like structure with the  starch 

matrix of rice flour and also guar gum to a certain extent [97]. After a significant 

increase, specific volume tends to decrease on incorporation of MPP at 6% formulation. 

This is due to the lower consistency of the dough resulting in unstable air vacuoles 

within the crumb structure owing to the failure of retention of carbon dioxide gas 

bubbles resulting in a decrease in the specific volume [97]. The dietary fibre in MPP has 

high water binding capacity and allows enhances water absorption capacity of flour as a 

result increases the moisture content of the formulated bread samples upto 6% MPP 

significantly (P≤0.05) to that of control sample. The explanation can be further supported 

with the values of WAC of the flour samples reported in Table 4.3. Color of the final 

bread is another important parameter for consumer acceptability. The color of the crust is 

measured in terms of brownness index (BI) and that of crumb is by whiteness index 

(WI). An insignificant change in BI value is observed. MPP is a rich source of 

polyphenols which acts as a substrate for enzymatic browning and leads to the decrease 

in WI of the formulated bread samples [101]. The whiteness index (WI) of the bread 

samples has a significant decrease from (64.4633±0.015 to 53.17±0.08). The L*values in 

the formulated bread samples with that of the control bread (70.80±0.21 to 53.90±1.24) 

and the b* values from control to 4% formulation (16.80±0.48 to 19.38±1.28) indicating 

the decrease in lightness and increase in yellowness respectively. Thus formulated bread 

samples have a darker crumb color compared to the control sample. The 6% formulated 

bread sample shows higher WI value than 4% may be due to improper baking in 

presence of high fiber content. With all other physical parameters as mentioned before 

hardness of bread crumb was reported in Table 4.3 as an indicator of bread texture. An 
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inverse correlation between the specific volume and hardness of the bread explains the 

changes of the texture profile of the bread samples. At 4% level of MPP the volume of 

the bread is maximum with a softer crumb texture. On addition of 6% MPP there is a 

significant increase in hardness of the bread compared to the control and other 

formulated samples were dense with more compact cells  because fiber was present in 

high amount. 

Table 4.3: Physical parameters of MPP added gluten free bread 

Samples SF+RF SF+RF+2%MPP SF+RF+4%MPP SF+RF+6%MPP 

Height (cm) 5.61±0.28a 5.8±0.29a 6.0±0.3a 5.63±0.29a 

Specific 

volume 

(cm³/g) 

1.25±0.062c 1,41±0.055b 1.57±0.061a 1.15±0.053c 

Moisture 

content (%) 

45.00±0.455c 47.36±0.862b 48.91±0.854a 49.50±0.934a 

C
o
lo

u
r WI 64.46±0.02a 54.59±0.58b 53.17±0.08c 55.79±0.58b 

BI 587.68±0.15a 587.70±0.26a 587.85±0.04a 587.89±0.05a 

Hardness  2231.99±45.093a 1921.37±37.600b 1775.37±28.612c 2285.00±50.023a 

Mean with different letters within a row is significantly different (p ≤ 0.05) 

4.3.4. Antioxidant activity of Gluten free bread: Total phenolic content of the samples 

were estimated by Folin-Ciocalteau method. There was a linear significant increase 

(P≤0.05) in the phenolic content of the bread samples enriched with MPP. It ranges from 

0.18mgGAE/g to 1.86mgGAE/g in control and 6% level respectively. Incorporation of 

MPP results in 9.15 fold increase of the phenolic content in the bread samples. This is 

due to the presence of the high phenolic content in the raw and ripe mango peel which 

ranges from 55 to 110 mg/g peel [63]. Inspite of loss of polyphenols during baking there 

is still an increasing trend of the   bread samples enriched with MPP. 

At higher level of MPP in bread sample the flavonoid component was increased from 

0.08mgCE/g-0.14mgCE/g in control bread and 6% MPP level respectively. Mango peel 

is rich in flavonoids [111] which results in the increase of the flavonoid content of the 

bread samples. 
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Antioxidant activity of the MPP added GFB samples were done through DPPH assay. At 

517nm, DPPH a stable free radical has a characteristic absorption. The scavenging 

potential of the antioxidants is due to its hydrogen donating ability and the time 

required for discoloration of DPPH reflects free radical scavenging activity of the 

analysed sample. The increase in the scavenging potential of the bread samples 

formulated with MPP from 0.33% to 34.06% is due to the higher amount of the 

polyphenols and flavonoids present in MPP. MPP enhances both the nutritive as well as 

nutraceutical value of the bread samples due to its high phenolic content as well as its 

antioxidant activity. 

Table 4.4: Antioxidant activity of MPP added gluten free bread 

Samples Total phenolic 

content (mg 

GAE/g)  

Total flavonoid 

content (mg CE/g)  

DPPH inhibition 

(%)  

SF+RF 0.18±0.015d  0.08±0.007c  0.33±0.277d 

SF+RF+2%MPP 0.64±0.053c  0.09±0.004c  5.72±0.571c  

SF+RF+4%MPP 1.24±0.031b 0.12±0.009b 15.61±1.520b  

SF+RF+6%MPP 1.86±0.299a  0.14±0.012a  34.06±1.981a  

Mean with different letters within a column is significantly different (p ≤ 0.05) 

4.3.5. Sensory parameters of gluten free bread: Bread samples prepared with MPP at 

different levels were subjected for sensory evaluation for appearance, color, flavour, 

taste and overall acceptability. The appearance upto 4% MPP level have similar scores 

and are more acceptable to that of the control bread. On increasing level of MPP upto 4% 

the intensity of whiteness decreases which is supported by the WI values in Table 4.3. 

On increased level of 6% MPP poor crumb appearance is observed due to the fibrous  

structure making the network dense thereby decreasing the porosity of the loaf. The taste 

and flavour of the bread samples is enhanced on formulating it with MPP as it has a 

pleasant characteristic mango flavour. On increasing the level upto 6% there is a slight 

bitter after taste in the sample due to the high polyphenolic content. These data resembles 

to that of MPP formulated biscuit and whole wheat bread [96][98]. In comparison with 

raw mango peel added whole wheat bread here raw MPP addition level were improved 

from 1% to 2% by the utilization of Raw and Ripe MPP together. The overall 

acceptability of the bread samples shows highest score for 4% formulated sample as 

compared to control, 2% and 6% respectively. The lower score for 6%formulated bread 
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is due to the undesirable crumb appearance, color and taste. Thus it can be concluded 

that formulating the sample with 4% MPP gives the best sensory attributes. 

Table 4.5: Sensory parameters of MPP added gluten free bread 

Samples SF+RF SF+RF+ 

2%MPP 

SF+RF+ 

4%MPP 

SF+RF+ 

6%MPP 

Appearance 7.3±0.53b 8.2±0.56a 8.4±0.33a 6.3±0.29c 

Color 8.03±0.05a 7.00±0.50b 6.50±0.50b 4.50±0.50c 

Flavor 6.67±0.58b 7.77±0.25a 8.10±0.30a 6.00±0.50b 

Taste 7.33±0.57b 7.93±0.12ab 8.13±0.32a 5.83±0.29c 

Overall 

Acceptability 

6.90±0.32c 7.56±0.25b 8.07±0.05a 5.13±0.05d 

Mean with different letters within a row is significantly different (p ≤ 0.05) 
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Figure 4.2: Images of  Gluten Free Bread (GFB). 

SF+RF (A), SF+RF+2% MPP (B), SF+RF+4% MPP (C), SF+RF+6% MPP (D) 
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4.3. Conclusion: 

The physical, functional and rheological properties of the flour and dough samples 

fortified with raw and ripe MPP at 2%, 4%, and 6% level for gluten free bread 

preparations were studied  to correlate with the physical, chemical and organoleptic 

characteristics of the final bread. The dough sample at 4% level MPP exhibits maximum 

viscoelasticity compared to that of the                  control, 2%, 6% samples. Generally incorporation 

of mango peel powder (MPP) at increased level improves the antioxidant properties but 

deteriorates the physical and sensory parameters simultaneously after reaching a certain 

level. Gluten free bread with 4% MPP shows maximum increase for specific volume, 

whereas lowest value for crumb hardness and thus sensory properties offering it to be the 

highest acceptable fortified bread. The novelty of this study is to incorporate both raw 

and ripe MPP in GFB formulations at different levels to enhance the physical and 

nutraceutical value of the final product. 
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FUTURE SCOPE 

The study was conducted with three different types of bread-whole wheat bread, wheat 

bread and gluten free bread and the objective was to improve the existing antioxidant 

activity of the bread samples with natural antioxidant sources. Mango peel of 

“Himsagar” variety was selected as natural antioxidant source. This kind of fruit waste 

was easily available in summer. Mango peel was converted to powder using tray drying 

method and was used in different ratio in respective type of bread. In turn mango peel 

powder was successful to improve the antioxidant activity of each bread sample. Now a 

day the bread we consume has  a limited use of natural antioxidant. So, in future, if it is 

possible to make such natural antioxidant rich bread, then it can easily capture the 

functional food market. 

Along with that, parallel study was conducted to understand the additional effect of 

mango peel powder on the bread samples. By using ripe mango peel powder in whole 

wheat bread, it  was possible to improve the taste and aroma of the bread as well as its 

antioxidant activity. Whole wheat bread is well known among the consumer due to its 

health benefit, on the other hand many dislike it due to its intense wheaty, yeasty flavour. 

With this study, the improvement of whole wheat bread may help to increase its 

popularity among the consumers though further study is required to improve the texture 

of whole wheat bread, which was degraded due to ripe mango peel powder addition. 

As per literature review, it was observed that whenever natural antioxidant source was 

added to white bread, then its antioxidant activity started increasing gradually whereas 

the overall acceptability of the bread decreased due to the degradation in its physical 

property. To overcome this issue ripe mango peel powder added white bread preparation 

was optimized through Response surface methodology. Baking time, baking temperature 

and ripe mango peel powder addition level were selected as processing factor and 

specific volume and DPPH radical scavenging activity were selected as response. Baking 

time and baking temperature were considered as factor because both antioxidant activity 

and bread’s physical property were dependent on that. In optimized processing condition 

the specific volume and DPPH radical scavenging activity of bread were 2.500 cm 3/ g                

and 25.868 µmol AAE/g respectively. Sensory evaluation of optimized bread and control 

bread showed similar overall acceptability. Along with that as an added advantage 

optimized bread showed better storage stability than control bread. It can be concluded 
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that, enrichment of bread with natural antioxidant sources using the optimization process 

would be helpful to get the desired output. 

There is an increasing rate of gluten related disorder in last few years. It can be 

prevented only by excluding gluten from the regular diet. That’s why gluten free bread is 

gaining popularity day by day. It is also a challenge for the food processors to produce 

gluten free bread. As per literature review, one of the best ways to overcome this 

limitation is incorporation of dietary fiber in gluten free bread formulation. That’s why 

raw mango peel powder and ripe mango peel powder both were used in equal proportion 

as natural antioxidant and dietary fiber source. The ratio of soluble dietary fiber and 

insoluble dietary fiber was also very important along with the total dietary fiber content. 

Gluten free batter with 4% mango peel powder (Raw and Ripe in equal proportion) 

achieved maximum viscoelastic property. According to physical parameter, best quality 

bread could be obtained using the same additional level. Though antioxidant activity 

increased up to 6% gradually, yet 4% is considered as the best addition level as 

according to physical and sensory property it is the best. This dual effect of mango peel 

powder (Raw and Ripe in equal proportion) helped to make gluten free bread preparation 

easy and also improved the nutritional quality of that. 

It is possible to improve the bread quality with the utilisation of mango peel powder. 

Also with that a huge fruit waste of mango processing can be recycled in the 

environment friendly way. Mango peel is considered as a waste and in this research work 

it has been processed in a very simple method (Peeling>Washing>Blanching> 

Drying>Grinding). For this reason, its utilization in bread processing can be considered 

as economical though detail cost analysis is required for the industry level 

implementation. 
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Abstract

Improved understanding of the relationship be-
tween the consumption of antioxidant-rich food 
and human health has resulted in the supplemen-
tation of food products with natural antioxidants. 
Enrichment of a staple food such as bread with 
natural antioxidants can provide additional health 
benefits. Sources of natural antioxidants include 
cereals, seeds, spices, herbs, green plants, fruit, veg-
etables and the less expensive and easily available 
waste products from the food industry. However, 
there are technological constraints to the fortifica-
tion of bread, while sensory and physical proper-
ties are important for overall consumer acceptabil-
ity. Synthetic antioxidants can have serious adverse 
effects on health, and their substitution with nat-
ural antioxidants enhances the therapeutic and 
functional properties of bread and has the added 
advantage of increasing shelf-life. This review 
discusses the antioxidant activity and scavenging 
properties of various types of breads enriched with 
natural antioxidants from natural sources and the 
associated health benefits and sensory attributes of 
these breads. 
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Introduction

In biological systems, oxidative stress is produced 
by an imbalance between chemical stresses caused 
by abnormal quantities of reactive oxygen species 
(ROS) and physical ability to detoxify the reactive 
intermediates. Oxidative stress if prolonged can 
damage the entire system and has been implicated 
in over 100 common diseases such as cancer, diabe-
tes, heart conditions and neurological disease [1]. 
However, antioxidants can scavenge ROS and free 
radicals, thus reducing their numbers. The grow-
ing interest in foods rich in antioxidants has led to 
the development of a large market for antioxidant-
rich products and ingredients [2]. Antioxidants 
can also be used to prevent the degradation of food 
during processing and storage, thereby increasing 
its shelf-life.
The importance of natural antioxidants for food 
applications has been highlighted in numerous 
studies. Natural antioxidants are found in plants 
which can be consumed. For example, spices, herbs 
and essential oils are rich in antioxidant proper-
ties [3]. The consumption of natural antioxidants 
including phenolic and polyphenolic compounds, 
chelators, antioxidant vitamins and enzymes as 
well as carotenoids has received considerable inter-
est because of their presumed safety and potential 
nutritional and therapeutic effects including anti-
inflammatory, anti-carcinogenic and anti-athero-
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amounts of natural antioxidant sources does not 
significantly affect the textural and sensory proper-
ties of bread. 
Dziki et al [5] discuss enhancement of the anti-
oxidant activity of wheat bread by the addition 
of different plant materials along with changes 
in antioxidant activity during the bread-making 
process. Thus, the aim of this study was to review 
wheat and non-wheat bread and discuss the thera-
peutic and nutritional benefits achieved with the 
addition of sources of antioxidants as well as the 
impact of fortification on the sensory and textural 
properties of the bread.

Review of antioxidant rich 
breads

Many consumers prefer to eat healthier foods in 
order to prevent non-communicable diseases. 
Consequently, researchers are seeking to optimize 
bread-making technology in order to improve the 
quality, taste, functionality and bioavailability of 
this staple food. Accordingly, supplementation 
with cereals and their fractions, fruits and vegeta-
bles, gums and starches, and agricultural wastes 
has been used to produce antioxidant-rich bread. 
This research is discussed below and bread charac-
teristics are summarised in Table 1.

sclerotic properties. Artificial antioxidants such as 
butylated hydroxytoluene (BHT) and butylated 
hydroxyanisole (BHA) are synthetically produced 
chemical antioxidants which are widely used for 
their antioxidant properties in the food industry. 
However, the use of these substances is restricted 
due to toxicity problems and fears of liver damage 
and carcinogenesis [4]. Consequently, there is on-
going research on natural sources of antioxidants.
Bread is a good source of calories and other nutri-
ents and has been a staple food for centuries. It is 
traditionally made from wheat flour, yeast, sugar, 
salt and water. Wheat grain contains many bioac-
tive compounds, including antioxidants (phenolic 
compounds) particularly in the bran and aleurone 
layer, although the processing of wheat bread also 
confers some antioxidant activity [5]. Many differ-
ent synthetic antioxidants have been used in bread 
for years to increase storage stability. The current 
rapidly growing functional food and nutraceuti-
cal market has stimulated research on the use of 
natural antioxidants in bread which do not affect 
its textural and organoleptic properties. 
Functional and therapeutic properties, basic nutri-
tional quality and sensory and textural properties 
must be carefully considered when incorporating 
various sources of antioxidants into bread. Re-
cent studies have shown that the addition of small 

Table 1 - Effect of natural antioxidant sources on different quality parameters of bread 

Source of 
fortification

Antioxidant activity (assay)
value (highest shown)

Effect on 
sensory 

evaluation

Effect on physi-
cal properties

Effect on 
functional 
propertiesTPC DPPH FRAP Others

Black tea 
[6]

24.9±0.2 (GAE 
mg/g sample)

18.8±1.2 
Fe(II) (mM/g 

sample)

ABTS
58.4±0.2

(percentage of inhibition)

Total flavonoid content 
640.1±6.0

(QE mg/g sample)

Overall good 
acceptance

Less effect on 
textural and 

physical proper-
ties with darker 

colour

Antimicrobial 
effect

Rice bran  [7]

183.9±2.9 free 
phenolics
110.4±8.3 

bound 
phenolics (mg 
GAE/100 g dw)

400
mg TE/100 
g dw (total 
phenolics)
(approx.)

400 
mg TE/100 

g dw
(total pheno-

lics)
(approx.)

Total flavonoid 
content

76.5±0.6 (free)
34.4±3.4 
(bound)

(mg CATE/100 
g dw)

Ferulic acid
4.2±0.6 
(free)

285.1±8.3 
(bound)

(mg/g dw)

Sinapic acid
0.5±0.1
(free)

14.0±2.1 
(bound)

(mg/g dw)

p-Couma-
ric acid 

2.1 ± 0.5 
(free)

76.8 ± 4.0 
(bound) 

(mg/g dw)

Lower volume 
with increased 
firmness and 

hardness

Low overall 
acceptability

Green tea 
extract (GTE) 
and microen-

capsulated 
GTE [8]

216.48±1.01 
(mg/loaf)

Lower overall 
scores due to 

astringency and 
colour

Insignificant 
effect with 

enhanced moi-
sture content

Stevia 
rebaudiana 

extracts (var. 
Morita) [9]

51.98 IC50 (mg/
ml)

Lower sweet-
ness and overall 

likeability

Insignificant 
effect up to 50% 

replacement

Antidia-
betic and 

antimicrobial 
effect
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Source of 
fortification

Antioxidant activity (assay)
value (highest shown)

Effect on 
sensory 

evaluation

Effect on physi-
cal properties

Effect on 
functional 
propertiesTPC DPPH FRAP Others

Quinoa 
leaves [10]

2.90±0.05 6.07±0.15
ABTS 

5.14±0.14 
(scavenging %)

LPO 
6.04±0.20 

(scavenging 
%)

CHP 
2.52±0.20 

(% inhibition)

No significant 
effect

Linear incre-
ase in crumb 

hardness, cohe-
siveness and 
gumminess

Nejayote 
solids [11]

Ferulic acid 14.16 
(mg/100 g)

ORAC 2.32 
(µM Trolox/100 g)

Up to 9% 
supplementa-
tion without 

affecting sensory 
parameters

No alteration

Higher 
fibre and 

bioavailable 
calcium

Broccoli 
sprout 

powder [12]

2.0 (mg GAE/g 
dw)

56.98±1.94 
(EC50 mg 
dw/ml)

ABTS 
12.69±0.53 

(EC50 mg 
dw/ml)

LPO 
83.93±2.71 

(EC50 mg 
dw/ml)

Rich in free amino acids

Satisfactory ove-
rall consumer 

acceptability up 
to 2% supple-

mentation

Rich in free 
amino acids 
and chemo-
preventive 
potential

Onion skin 
powder [13]

59.29 ± 1.88 
(mg dw/ml)

ABTS 
164.52±5.65 
(mg dw/ml)

LPO 
14.67±0.87 
(mg dw/ml)

Availability of quercetin

Satisfactory 
acceptability up 
to 3% supple-

mentation

Insignificant 
difference

Availability of 
quercetin

Chestnut 
flour [14]

1.04 mmol 
(Trolox eq./g 

of dw)

Heterogeneous 
crumb structure

A richer vola-
tile profile

Banana 
pseudo-stem 

flour [15]

204.16±3.04 
(mg GAE/100 g 

of sample)

241.39 ± 
23.06 (µmol 

TEAC/100 g of 
sample)

849.01 ± 
32.46 (µmol 

Fe(II)/100 g of 
sample)

Higher accepta-
bility with CMC

Increases 
volume with 
decreases in 

other physical 
characters

Rich in fibre

Fennel seed 
powder [16]

1.7 (mg 
GAE/100 g)

97±2% (DPPH 
% inhibition)

2±0.1 (mg 
FeSO4/100 g)

Good consumer 
acceptability up 
to 7% supple-

mentation

Crumb moisture 
and firmness 

increased

Abundant 
minerals and 
dietary fibre

Cinnamon 
powder [17]

0.94 (mg 
GAE/100 g dw)

27.67% 
(DPPH % 

inhibition)

Maximum ove-
rall acceptability 

at 2% supple-
mentation

Increase 
in crumb 

moisture. 2% 
Cinnamon 

powder im-
proved baking 
and textural 
properties

Citrus peel 
[18]

132.3±3.9 (mg 
GAE/g)

192.3 ± 15.2 vi-
tamin E equiv. 

(mg/g)

H2O2 reduction method 75.9±1.3 
Vitamin C equiv. (mg/g)

Intermedia-
ted pearled 
wheat frac-

tion [19]

3066 (mg/kg)
0.73 (mmol 

TE/kg)

Rheological and 
technological 

properties were 
acceptable

Acceptable 
rheological and 
technological 

properties

Rich in pro-
tein, dietary 

fibre, ash 
content and 

β-glucan

Maca flour 
[20]

0.39±0.07 (mg 
GAE/100 g dm)

21±1.7 Inhibi-
tion (%)

ABTS 40±1.7
(inhibition %)

Hydroxyl ra-
dical (•OH) 

51±1.9 (inhi-
bition %)

Peroxynitri-
te radicals 

25±1.6 
(inhibition 

%)

ORAC
1.621 ± 1.5 
(inhibition 

%)

Anti-inflam-
matory effect 
and reducing 

glucose 
absorption

Micronized 
by-products 

from debran-
ned durum 
wheat [21]

0.95±0.03
(mM GAE/g)

72.8±0.4 
(DPPH % 

inhibition)

Enhanced senso-
ry properties of 
breads contai-

ning bran

Weak structure, 
poor baking 
quality, de-

creased bread 
volume and 

elasticity, incre-
ased hardness

Free amino 
acids and 
insoluble 

fibre

Sorghum 
flour [22]

2.02±0.09 (mg 
GAE/g sample)

9.45±0.45 
(µmol TE/g)

No reduction in 
sensory accep-

tability

Observed diffe-
rences in dough 

farinograph 
properties

Remarkable 
amount of 

total dietary 
fibre
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Source of 
fortification

Antioxidant activity (assay)
value (highest shown)

Effect on 
sensory 

evaluation

Effect on physi-
cal properties

Effect on 
functional 
propertiesTPC DPPH FRAP Others

Barley hull 
and flaxseed 

hull [23]

4.05±0.31 (mg 
ferulic acid 

equivalent/g 
bread sample)

12.87 ± 2.02 
(mg Trolox 

equivalent / g 
sample)

ORAC 36.44±14.01
(mg Trolox equivalent/g sample)

(barley and flaxseed hulls)

Barley flour 
and barley 

protein 
isolate [24]

369.60
(mg/100 g)

63.30%
(DPPH % 

inhibition)

ACE inhibitory activity
75.30%

α-Amylase inhibitory 
activity 77.80

Increased 
the content 
of essential 
amino acids

Coriander 
leaf powder 

[25]

33 (mg 
GAE/100 g of 

sample)

28 (DPPH % 
inhibition)

37.5 (mg 
FeSO4/100 g)

Highest overall 
acceptability at 
high percentage 
of supplemen-

tation

Affected physi-
cal parameters, 

increase in 
crumb firmness 
and loaf weight

Ginger 
powder [26]

0.710±0.009 
(mg GAE/g dw)

0.242 ± 0.009 
(mmol DPPH /

mg dw/ml)

Negative effect 
on bread accep-

tability

Rheology of 
dough and 

texture of bread 
affected

Concentra-
tion of gin-
gerols with 

formation of 
shogaols

Turmeric 
powder [27]

160 (mg GAE/ 
100 g)

β-Carotene-linoleate bleaching assay 79.8%±0.6% antio-
xidant activity

Satisfactory ove-
rall consumer 

acceptability up 
to 4% supple-

mentation

Hardness and 
crumb colour a* 

and b* values 
increased

K, P and Ca 
with high 
curcumin 
content

Wholegrain 
flours and 
fibres [28]

580 (µg/g) 
(bound pheno-
lics) 180 µg/g 

(free phenolics)

5% (bound 
phenolics)
38% (free 
phenolics)

(% inhibition)

High total 
dietary fibre 
and protein 

content

Anka (fer-
mented rice) 

[29]

3.86±0.05 (mg 
extract/ml)

7.78 ± 0.03 (mg 
extract/ml) (at 
3% supplemen-

tation)

No significant 
differences with 
effect on colour 
and mouth feel

Decrease in 
specific volume

High mona-
colin K and 

GABA

Grape by- 
product [30]

613.77±1.57 
(mg GAE/100 g 

of sample)

15.02 (mm 
TRE/g dm)

48 (mm 
Fe(II)/g dm)

Acceptable 
products

Affected 
hardness, 

gumminess and 
sharpness

Improved 
dietary 
fraction 
contents

Pseudocereal 
flour [31]

7.25±0.23 
(mg/g dw)

Improves accep-
tability

Higher pre-
sence of die-
tary fibre and 

β-glucans

Grape seed 
extract [32]

TEAC
4.8±0.1 (nmol 

Trolox/mg 
bread sample)

55% Inhibition of the formation of CML in bread crust
Little effect 

on the quality 
attributes

No significant 
difference in 

hardness

Lower CML-
associated 

health risks, 
but stronger 
antioxidant 

activity

Sugar beet 
molasses-

based ingre-
dients [33]

1677 (µmol 
TE/100 g)

No interference 
at lower levels 
of supplemen-

tation

Significant ef-
fect on specific 

volume

Rich mineral 
content with 
high protein 
and crude 

fibre

Barley flour 
[34]

280 (mg 
GAE/100 g dm)

2.5 (mmol 
Fe/100 g dm)

Good consi-
stency between 

sensory 
evaluation and 
the amount of 

phenolics

Garlic and 
basil [35]

0.278 (mM 
GAE/g)

0.368 (mM 
Fe2+/100 g)

Auricularia 
auricula flour 

[36]

57% (DPPH % 
inhibition)

No significant 
effect except at 
very high sup-
plementation 

levels

Little effect on 
loaf weight, loaf 
height and loaf 
volume up to 

9% supplemen-
tation

High crude 
fibre and 
minerals

Yam flour 
[37]

79% (DPPH % 
inhibition)

ABTS 88% (total antioxidant property %)
No interference 

with bread 
acceptability

No significant 
effect at low 

levels of supple-
mentation

Considerable 
amount of 

dietary fibre, 
ash and 
starch

ABTS 2,20-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid) radical scavenging activity, CHP metal chelating activity, CMC carboxy methyl cellulose, CML ne-(carboxymethyl)lysine, 
dm dry matter, DPPH (di(phenyl)-(2,4,6-trinitrophenyl) iminoazanium radical scavenging activity, dw dry weight, FRAP ferric reducing antioxidant power, LPO inhibition of lipid pero-
xidation, ORAC oxygen radical absorbance capacity, TEAC trolox equivalent antioxidant capacity, TPC total phenolic content
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control bread. The reduced volume and increased 
crumb firmness of incorporated breads were sta-
tistically significant. These breads had lower over-
all sensory, taste, texture, crumb and crust colour 
scores than the control. Very similar amounts of 
polyphenols were present in the green tea extract 
(GTE) and in the encapsulates incorporated in 
the dough. However, after baking, the amount of 
polyphenols in incorporated breads was slightly 
reduced due to the degradation of polyphenols, 
but was still higher than that in control bread. The 
highest polyphenol content was seen in FDMD 
bread after baking and in non-encapsulated bread 
before baking. It was concluded that fortification 
of bread with green tea polyphenols can retain the 
functionality and quality characteristics of bread.

Stevia rebaudiana extracts (var. Morita)
Functional bread was prepared by partial replace-
ment of sucrose with different amounts of Stevia 
rebaudiana extracts (var. Morita) [9]. Incorporated 
breads were rich in protein and crude fat. The sub-
stitution of up to 50% of sugar with stevia extracts 
did not adversely affect the softness of bread. The 
breads showed significantly higher antimicro-
bial activity with the highest value seen at 75% 
sugar substitution due to reduced sugar content. 
Multiple comparison tests revealed that sweetness 
decreased as the level of stevia extract increased. 
Bread with 50% replacement of sugar was well 
accepted. These breads had higher total dietary, 
insoluble and soluble fibre content than control 
bread, with a significant reduction in the caloric 
value. Bread containing stevia extract had good 
scavenging properties and efficiency in reducing 
polysaccharide digestion, which resulted in lower 
glucose absorption.

Quinoa leaves
Bread was fortified with different amounts of qui-
noa leaves (QL) as a source of antioxidants [10].
An increase in the percentage of QL resulted in 
a bread with decreased loaf volume and starch 
digestibility, and higher bread crumb hardness, 
cohesiveness and chewiness/gumminess, with an 
insignificant effect on elasticity. Bread fortification 
with QL showed a linear increase in antioxidant 
properties and TPC and had a positive influence 

Black tea
Chinese steamed bread (CSB) was fortified with 
black tea with various tea to water (v/v) ratios [6]. 
Increasing the black tea concentration decreased 
the lightness (L), while increasing the redness (a) 
and yellowness (b) of CSB, which was attributed 
to the presence of black tea polyphenols. The ad-
dition of black tea greatly increased phenolic con-
tent and antioxidant activity along with the anti-
microbial properties of CSB, with the best results 
seen at a 5:1 ratio of tea to water. There were fewer 
changes in the water activity, water content, tex-
ture and volumetric properties of fortified CSB 
when a lower ratio of tea was employed. The addi-
tion of black tea had little effect on sensory scores 
for brightness, crumb structure, elasticity and 
stickiness but resulted in decreased whiteness and 
smoothness.

Rice bran
Stabilised rice bran (RB) was added at different 
percentages to wheat breads [7]. All substituted 
breads showed higher protein, ash, fat and total di-
etary fibre contents than control bread. Inclusion 
of RB negatively affected crumb colour (L*), bread 
volume and sensory parameters such as colour, tex-
ture and overall acceptability, but improved hard-
ness, aroma, taste, a* and b*. The highest and low-
est values were seen in 30% RB substituted bread. 
Vitamin E content as indicated by tocopherol and 
tocotrienol content increased in proportion to the 
amount of RB. The addition of RB also increased 
the free and bound total phenolic content (TPC), 
total flavonoid content (TFC), ferulic acid, p-cou-
maric acid, sinapic acid, and ferric reducing antiox-
idant power (FRAP) and 2,2-diphenyl-1-picrylhy-
drazyl (DPPH) radical scavenging values compared 
to control bread, with the highest values seen in 
30% RB substituted bread.

Green tea extract 
and microencapsulated green tea extract
Spray dried (SDMD) and freeze dried (FDMD) 
green tea polyphenols microencapsulated using 
maltodextrin were incorporated into bread to 
enhance its antioxidant properties [8]. Fortified 
bread had a significantly higher moisture con-
tent, a*, b* and ∆E as well as lower L* values than 
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compared to control. Bread with 2% BS supple-
mentation was determined to be best regarding 
consumer acceptability, antioxidant activity and 
ability to inhibit LOX and xanthan oxidase (pro-
oxidative enzymes).

Onion skin powder
Bread supplemented with dry onion skin (OS) 
powder used as a source of antioxidants [13] 
showed an increase in quercetin concentration, 
scavenging activity, chelating power, lipid peroxi-
dation and reducing power compared to control 
bread. As expected, the antioxidant properties (ex-
cept for lipid peroxidation) of OS-fortified bread 
and overall acceptability were positively correlated 
with the addition of up to 2–3% OS. However, 
bread supplemented with 4–5% OS was less ac-
ceptable due to no further increase in antioxidant 
activity and the presence of excessive amounts of 
volatile compounds.

Chestnut flour 
Different amounts of chestnut flour (CF) were in-
corporated into bread as a source of antioxidants 
and fatty acids [14]. Bread with up to 50% CF 
showed a significant linear increase in antioxidant 
activity and level of volatiles, including alcohols, 
followed by aldehydes, ketones and furans. The 
levels of compounds present in CF, such as furans 
including furfural, 5-methylfurfural and 2-furfu-
ryl alcohol, increased rose strongly as amount of 
substitution increased. CF imparted nutty and 
smoky flavours due to the presence of guaiacol 
and 4-ethyl-guaiacol, demonstrating a positive ef-
fect on organoleptic properties. Bread made with 
50% CF showed a homogeneous crumb structure, 
greater crumb hardness, more cohesiveness and a 
darker colour compared to control bread.

Banana pseudo-stem flour
A fixed amount of banana pseudo-stem flour 
(BPF) was used with xanthan gum (XG) or car-
boxy methyl cellulose (CMC) as a source of anti-
oxidants in bread [15]. Proximate analyses showed 
that BPF breads had a high content of ash, crude 
fibre and soluble, insoluble and total dietary fibre, 
with a balanced insoluble dietary fibre/soluble 
dietary fibre ratio. The addition of BPF resulted 

on FRAP, inhibition of linoleic acid peroxidation 
and chelating power. The maximum antiradical 
potential of bread was obtained with 5% QL sup-
plementation. 

Nejayote solids
Nejayote, a maize-processing wastewater, in the 
form of solids was used to enhance antioxidant 
activity in bread [11]. The addition of different 
amounts of nejayote solids (NS) to dough signifi-
cantly enhanced water absorption, bread weight 
and apparent density with a slight decrease in bread 
volume, while the optimum mixing time, proof 
heights and bread heights were not significantly 
affected. Bread supplemented with NS showed 
higher dietary fibre, crude fibre and bioavailable 
calcium: two slices (64 g) of bread supplemented 
with 9% NS provided 29% of the recommended 
daily calcium intake. Ferulic acid increased pro-
portionally with increased NS levels and signifi-
cantly improved antioxidant activity. Flavour and 
odour received low sensory scores, while overall 
acceptability, texture and colour were not affected 
by 9% NS substitution as compared to control.

Broccoli sprout powder
Bread was enriched with various proportions of 
broccoli sprout (BS) powder for its antioxidant 
and anti-carcinogenic activity [12]. Partial replace-
ment of flour with BS powder had a strong nega-
tive effect on aroma, texture, taste and overall ac-
ceptability and a slightly negative effect on colour. 
However, BS significantly enhanced the phenolic 
content and lipoxygenase enzyme (LOX) inhibi-
tion activity of the breads, with the highest values 
seen with 2% substitution, although a linear rela-
tionship between increased phenolic content and 
the percentage of added BS was not seen. Fortifi-
cation resulted in an increase in the level of free 
amino groups but negatively influenced the anti-
radical potential, with highest values seen with 1% 
BS. Reducing power was decreased compared to 
control, whereas it substantially increased at high-
er levels compared to lower level of incorporation.
The highest chelating activity was seen in bread 
with 3% BS, but was nevertheless still lower than 
in the control sample. Inhibition of lipid peroxida-
tion was significantly lower in supplemented bread 
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and colour scores were high at 2% and 3% CP 
addition, with flavour, texture and overall accept-
ability scores highest at 2% CP incorporation. The 
hardness, gumminess, cohesiveness and chewiness 
of the bread significantly increased above 2% CP 
incorporation. In addition, an adequate microbial 
inhibitory effect was observed due to the pres-
ence of cinnamaldehyde and eugenol at 2% CP 
incorporation. Fibre, ash, protein and fat content, 
phenolic content and antioxidant activity showed 
a significant linear increase as the level of supple-
mentation increased with highest values obtained 
at 4% CP incorporation.

Citrus peel
Unfermented (UF) and fermented (F) citrus peel 
(CP) was processed under different dry hot-air 
temperatures to make four CP powders which were 
incorporated into toasting bread to enrich its anti-
oxidant properties [18]. The water adsorption ca-
pacity of the dough increased with greater content 
of CP powder, resulting in faster toasting time and 
improved strength and elasticity. The crude fat and 
crude protein content of the unfermented citrus 
powder (UFCP) was higher than that of the fer-
mented citrus powder (FCP), with crude fibre in-
versely proportional to moisture in CP. The UFCP 
extract showed better antioxidant activity (DPPH 
and H2O2 test) and higher total polyphenols, with 
the best values seen in UFCP dried at 150°C, in-
dicating enhancement of phenolic compounds 
and antioxidant activity at higher drying tempera-
tures. Sensory evaluation indicated greater accept-
ability of UFCP-supplemented bread compared 
to FCP-supplemented bread. Bread containing 
UFCP dried at 150°C achieved the highest score 
for flavour, while bread containing UFCP dried at 
100°C had the best scores for hardness and sur-
face texture. Both these breads together with bread 
containing FCP dried at 100°C achieved high 
overall acceptability scores, with bread containing 
FCP dried at 150°C scoring the lowest.

Intermediated pearled wheat fraction
Bread was enriched with different amounts of 
pearled fractions from intermediate layers of wheat 
kernel as a source of antioxidants [19]. The L*, a* 
and hue values (h) of the crust of supplemented 

in an increase in phenolic content and free radi-
cal scavenging activity compared to control. How-
ever, supplementation with XG or CMC in breads 
containing BPF resulted in a significant decrease 
in phenolic content and free radical scavenging ac-
tivity, with 10% substitution having the strongest 
effect whreas physical analyses indicated that sup-
plementation with 10% BPF with XG reduced 
loaf volume, weight loss, height and higher den-
sity. While all breads containing BPF had a darker 
crumb and lighter crust colour, mouth feel, aroma, 
gumminess and taste perceptions were not affected. 
All breads received better acceptability scores than 
control bread, with the highest overall acceptability 
score seen for bread with added CMC.

Fennel seed powder
Various amounts of fennel seed (FS) powder were 
incorporated into bread as a source of antioxidants 
[16]. Supplementation significantly affected physi-
cal properties, with a negative effect on texture and 
decreased loaf volume and specific loaf volume, 
but with an insignificant effect on loaf mass. With 
increasing addition of FS, the redness (a*) and yel-
lowness (b*) of the bread significantly increased, 
while lightness (L*) significantly decreased. The 
appearance of the bread declined slightly, with 
the optimum taste and aroma scores obtained at 
7–10% FS supplementation, while the best col-
our was achieved with 5% FS supplementation. A 
linear increase in TPC and FRAP values (but not 
DPPH radical scavenging activity which showed a 
reduction at 5% FS incorporation) was seen with 
increasing supplementation up to 7.0% FS, with 
further additions having little effect on antioxidant 
properties. Thus, supplementation with 5.0% and 
7.0% FS powder was found to be optimum.

Cinnamon powder
Different amounts of cinnamon powder (CP), 
which is rich in fibre, fats and ash, and has a high 
phenol content and antioxidant activity, were 
added to bread [17]. Baking absorption and loaf 
weight increased linearly with amount of CP 
added. Loaf volume and height increased up to 
2% CP supplementation and decreased thereaf-
ter, while specific volume remained either equal 
to or less than that of control bread. Appearance 
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high peroxide value, while the external fraction has 
a high total dietary fibre content. Supplementa-
tion with up to 5% coarse fraction or bran fraction 
only changed water absorption capacity, develop-
ment time and stability very slightly compared to 
control. However, the concentration of total free 
amino acids gradually increased with the addition 
of bran fraction and fermentation of dough. Sup-
plementation and dough fermentation increased 
total phenol and scavenging activity, with wheat 
flour bread supplemented with 5% fine fraction 
having the highest values. The hardness, resilience 
and fracturability of breads baked at 220°C and 
enriched with bran fractions were lower than those 
of control. Bran fractions intensified crust colour, 
especially with sourdough fermentation, with in-
creased sweetness, dryness and overall perception 
of taste, while elasticity decreased. Sourdough 
bread showed significantly higher acid flavour, 
acid taste and salty attributes for better overall 
consumer acceptability.

Sorghum flour
Varying amounts of wholegrain white sorghum 
flour (WSF) and red sorghum flour (RSF), which 
both provide total dietary fibre, were incorporated 
into flat bread as a source of antioxidants [22]. The 
total phenolic content and antioxidant capacity of 
red sorghum flat bread was significantly higher 
than that of white sorghum flat bread, which in 
turn was significantly higher than that of control 
bread. RSF bread had a higher content of bound 
phenolics and free phenolics than WSF bread or 
control bread, resulting in increased TPC. RSF flat 
breads were darker in colour than controls, possi-
bly due to the presence of higher levels of coloured 
polyphenolic compounds such as anthocyanins. 
Breads supplemented with 30% WSF and 40% 
RSF had the highest scores for sensory parameters 
like flavour and texture and the best overall accept-
ability scores.

Barley hull and flaxseed hull
Barley hull extracts, flaxseed hull extracts and both 
combined were used as sources of antioxidants in 
Chinese steamed bread (CSB) [23]. The phyto-
chemical profile of the bread improved significant-
ly with the addition of barley hull extracts, flax-

bread significantly increased with no difference in 
chroma (C*) values compared to control. Crust 
crunchiness, total bread energy and acoustic emis-
sions were highest in the bread containing 0% 
and 5% pearled fractions with lowest values seen 
at 20–25% incorporation. A decrease in bread 
volume with a proportional increase in gummi-
ness, chewiness and hardness accompanied the 
increasing percentage of pearled wheat fractions, 
while cohesiveness and resilience remained unaf-
fected. The protein, dietary fibre, β-glucan and 
ash content along with the total antioxidant activ-
ity (measured as DPPH scavenging capacity) and 
TPC of bread increased linearly and significantly 
as supplementation increased, with maximum val-
ues seen at 25% substitution. However, the alkyl-
resorcinol content was lower than expected, while 
the deoxynivalenol content increased linearly, in-
dicating 10% substitution was the best level of 
supplementation.

Maca flour
Maca flour (MF) as a powerful antioxidant was 
incorporated in different amounts into bread 
to increase its functional properties [20]. Bread 
containing MF had considerably increased anti-
oxidant activity, with highest values seen at 20% 
MF incorporation. Antioxidant properties were 
determined according to TPC, scavenging effect 
on DPPH, ABTS and hydroxyl radicals as well as 
percentage of fluorescence decay inhibition and 
anti-inflammatory activity. The study also dem-
onstrated that MF could reduce sugar intake as 
shown by an enzymatic assay where α-amylase and 
α-glucosidase were progressively inhibited as MF 
content increased, with maximum values found at 
20% MF addition. Results showed that the bio-
logical properties of maca were retained after the 
bread-making process.

Micronized by-products from debranned 
durum wheat
Different amounts of coarse and fine micronized 
bran fractions were incorporated both into sour-
dough and baker’s yeast dough to make antioxi-
dant-rich bread [21]. The intermediate and inter-
nal layers of durum wheat contain high amounts of 
protein, fat, starch and free amino acids and have a 
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ance scores gradually increased, while colour and 
taste were less acceptable with high CLP supple-
mentation. Consequently, the overall acceptability 
of 3% and 5% CLP-substituted bread samples was 
much better than those with higher levels of sup-
plementation.

Ginger powder
Different amounts of ginger powder (GP) were 
used to obtain antioxidant-rich bread [26]. The 
addition of GP enhanced the elasticity of dough. 
Hardness and gumminess were significantly 
higher with 6% GP supplementation, although 
changes in dough characteristics and bread rheo-
logical properties were insignificant up to 4.5% 
GP supplementation. Breads had a fine and uni-
form crumb. A higher percentage of ginger low-
ered the L* and h values and elevated the C* value 
of crumb. The amount of phenolics and radical 
scavenging activity increased in proportion with 
increased GP content of both crumb and crust, 
but to a great extent in crust. Addition of the low-
est percentage of GP (3%) resulted in bread with 
the highest overall acceptability as it had the least 
amount of shogaol.

Turmeric powder
Varying amounts of turmeric powder (TP) were 
used as a source of antioxidants in wheat bread 
[27]. Despite a loss of 32–54% of TPC after bak-
ing, the breads had a significantly higher phenolic 
content due to the presence of curcumin. Scav-
enging activity, thermal stability and antioxidant 
properties as measured by β-carotene-linoleate 
bleaching assays improved as supplementation 
was increased to 2–8% TP compared with con-
trol breads. The taste and overall acceptability of 
breads with turmeric powder was best at 0–4% TP 
supplementation, while aroma and texture did not 
vary. The best crumb colour was seen at 2% TP 
supplementation.

Wholegrain flour and fibres
Wheat, rye, barley and oat wholegrain flours and 
cellulose (insoluble fibre) and xanthan gum (sol-
uble fibre) in different proportions were added to 
wheat bread [28]. Bread containing oats had the 
highest levels of free phenolics, while rye bread 

seed hull extracts and both combined compared 
to control bread. Barley hull extract increased the 
content of ferulic acid and p-coumaric acid, and 
flaxseed hull extract introduced secoisolariciresinol 
diglucoside (SDG), ferulic acid glucoside (FeAG) 
and coumaric acid glucoside (CouAG) into CSB, 
while the combined extracts contributed their ma-
jor phenolic compounds. The combined extracts 
significantly increased TPC, DPPH radical scav-
enging and oxygen radical absorbance capacity 
(ORAC) values compared to control. 

Barley flour and barley protein isolate
Varying amounts of barley flour (BF) and barley 
protein isolate (BPI) were added as sources of an-
tioxidants to pita bread [24]. The water holding 
capacity, solubility, emulsion and foaming proper-
ties of wheat flour fortified with BPI were supe-
rior compared to flour fortified with BF. Similarly, 
the content of essential and non-essential amino 
acids increased gradually as the amount of added 
BF and BPI increased rose from 0 to 15%. Bread 
made from 15% BPI had the highest levels of cys-
tine, tyrosine, valine and essential amino acids. 
Protein, fat, ash, dry matter and fibre content in-
creased with increasing supplementation, as did 
TPC, antioxidant activity, angiotensin converting 
enzyme (ACE) inhibitor activity and amylase in-
hibitory activity, with highest values seen at 15% 
BPI supplementation.

Coriander leaf powder
Varying amounts of coriander leaf powder (CLP) 
were used for antioxidant enrichment of bread 
[25]. Incorporation of dried CLP enhanced mois-
ture retention capacity and baking characteris-
tics, showing a higher crumb moisture up to 5% 
CLP supplementation and a slower staling rate. 
Physical parameters like crumb firmness and loaf 
weight increased, while specific volume and loaf 
volume values decreased linearly with increased 
supplementation. Similarly, as supplementation 
increased, the L*, a* and b* values of the crust de-
creased, while crumb L* values decreased and a* 
values increased, indicating a darker colour. TPC, 
DPPH radical scavenging activity and FRAP assay 
results showed a sharp and almost linear increase 
with level of supplementation. The aroma accept-
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tion of phenolic compounds, mainly catechins and 
procyanidins. Considerable amounts of quercetin 
and quercetin-3-β-D-glucoside were also found. 
The hardness and gumminess of breads increased 
significantly with increasing amounts of GP, while 
insignificant changes were seen in cohesiveness, re-
silience, chewiness and springiness up to 8% GP 
supplementation. Sensory evaluation showed that 
as GP level increased, bread volume, porosity and 
overall acceptance decreased. Differences in aro-
ma attributes were due to dominant fruity, alco-
holic and sharp notes. However, different types of  
volatile esters and carbonyl compounds increased 
gradually.

Pseudocereal flour
Varying amounts of different pseudocereal (buck-
wheat, amaranth and quinoa) flours were used as 
a source of antioxidants for bread [31]. The in-
corporation of pseudocereal flour improved the 
antioxidant and scavenging properties of bread 
compared to control wheat bread. The addition 
of buckwheat flour improved antioxidant activity 
more effectively than amaranth or quinoa flour. 
Bread supplemented with 30% buckwheat flour 
had the highest phenolic content, TFC and Trolox 
equivalent antioxidant capacity (TEAC) values as 
evaluated by FRAP and DPPH, while bread sup-
plemented with 15% buckwheat flour showed the 
highest flavonoid content. Organoleptic evalua-
tion of pseudocereal-substituted breads indicated 
they were moderately acceptable. Buckwheat 
bread had a better sensory profile than amaranth 
and quinoa breads with higher scores for colour 
and odour.

Grape seed extract 
Grape seed extract (GSE) added to bread linearly 
enhanced antioxidant activity with increased GSE 
[32]. However, baking degraded GSE proantho-
cyanidins, thus lowering GSE antioxidant capac-
ity. No significant differences in hardness were ob-
served between bread samples, but with increased 
addition of GSE, L* and the E index decreased 
while a* and b* values increased, indicating that 
GSE affected bread colour. Addition of GSE did 
not affect quality attributes such as sweetness, 
porosity, astringency and stickiness but did im-

had the highest level of bound phenolics and the 
best scavenging capacity. The antioxidant proper-
ties of breads containing cellulose and xanthan 
gum were very similar to those of control bread, 
indicating that inclusion of fibre does not affect 
the antioxidant properties of high fibre bread. In-
corporation of wholegrain and fibre increased to-
tal dietary fibre, while the addition whole wheat 
flour increased protein content. In general, there 
was a marked reduction in average specific and 
loaf volume. The overall quality of wholegrain-
rich breads was acceptable except for that with 
added cellulose.

Anka (fermented rice)
Monascus-fermented rice (anka, red koji) flour was 
incorporated into bread to enhance its antioxidant 
properties [29]. Bread enriched with anka flour 
had a slightly lower specific volume and fewer car-
bohydrates but higher amounts of reducing sugars, 
fat and fibre than rice and wheat breads. Anka-en-
riched bread had an attractive red colour with low-
er L* and whiteness index (WI) values and higher 
a* and b* values than rice and wheat breads. White 
bread and anka-enriched bread showed comparable 
antioxidant activity but were slightly less effective 
than rice-enriched bread regarding reducing power 
and scavenging ability as measured by the elimina-
tion of DPPH radicals and EC50 values. Substan-
tial amounts of the functional components mona-
colin K and GABA were found in anka-enriched 
bread, which slightly decreased during baking. The 
colour and mouth feel of anka-enriched bread were 
rated higher, but there were no differences in its 
appearance, flavour and overall sensory attributes 
compared to white bread.

Grape by-product
Grape by-products (GP) containing very large 
amounts of ash and total dietary fibre were incor-
porated in different amounts to enhance the an-
tioxidant properties of rye bread [30]. The levels 
of some phenolic compounds together with free 
radical scavenging activity (DPPH) and total anti-
oxidant activity (FRAP) values increased gradually 
and significantly with increasing amounts of GP. 
The improved antioxidant properties of GP-en-
riched breads were attributable to the incorpora-
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nolics and total antioxidant activity were highest 
in breads supplemented with the Tyra and Cindy 
varieties. During baking, free phenolics decreased, 
while bound phenolics greatly increased and to-
tal antioxidant activity only changed slightly, with 
highest values seen in the Cindy and Tyra sup-
plemented breads. The antioxidant properties of 
breads depended on the barley variety and the 
flour extraction rate. Other factors such as storage 
and baking procedure were less significant but did 
affect sensory attributes. Tyra-supplemented bread 
was the least acceptable with the highest scores for 
bitterness, off-odour and off-flavour, followed by 
the Cindy variety.

Garlic and basil
Garlic and sweet basil were added in different 
amounts to bread [35]. Total antioxidant activ-
ity (TAC) and polyphenol content were higher 
in the garlic and basil-flavoured breads than in 
white bread, and increased with increased levels 
of supplementation. Basil-flavoured bread showed 
higher TAC and polyphenol content than garlic-
flavoured bread, with the maximum antioxidant 
activity seen in bread supplemented with 1.5% 
basil. Bread made with garlic and basil could be a 
source of antioxidants in the diet.

Auricularia auricula polysaccharide flour
Various amounts of Auricularia auricula (com-
monly called black woody ear or tree ear fungus) 
polysaccharide flour (AAPF) were added to wheat 
bread [36]. AAPF has a high content of crude fi-
bre, carbohydrates and minerals such as Fe, Ca, P 
and Mg compared to wheat flour. AAPF-supple-
mented bread showed a marked increase in con-
centration-dependent scavenging activity, which 
increased as supplementation increased. Up to 9% 
AAPF could be added without affecting the senso-
ry qualities of the bread. Loaf weight, loaf volume 
and loaf height were slightly affected by 9% sup-
plementation, but significantly negatively affected 
by 12% supplementation. Sensory characteristics 
like aroma, texture, taste and mouth feel were not 
affected at supplementation levels of 3–12%, ex-
cept for colour which was affected by 12% sup-
plementation. Bread made with 9% AAPF was 
considered the most suitable.

prove bread colour compared to the control. The 
catechins and proanthocyanidins in GSE greatly 
enhanced the antioxidant activity of bread. The 
abundant phenolics in GSE may help reduce the 
health risks associated with Ne-(carboxymethyl)
lysine (CML).

Sugar beet molasses-based ingredients
Fruit and vegetable powders obtained with os-
motic dehydration (OD) in beet molasses and 
pure beet molasses were incorporated into white 
bread to increase its antioxidant properties [33]. 
The OD vegetable powders contained significantly 
more protein, crude fibre, reducing sugars, saccha-
rose, K, Na, Mg and Ca than the OD fruit pow-
ders. Bread supplemented with 10% OD red cab-
bage powder had the highest total moisture, ash, 
protein, crude fibre and mineral content, while 
bread supplemented with 10% OD plum powder 
had the highest crumb moisture, and bread sup-
plemented with 10% OD apple powder had the 
highest reducing sugar content. The addition of 
molasses and molasses-based ingredients signifi-
cantly increased the antioxidant activity of bread, 
with the highest values observed in bread formu-
lated with 10% OD plum powder. Specific vol-
ume greatly decreased and colour darkened with 
increased supplementation. The crumb and crust 
of bread supplemented with 10% OD powders 
and molasses showed a decrease in yellowness (b*) 
compared to bread made with 5% OD powders. 
Increased supplementation resulted in a gradual 
but significant increase in crumb pore roughness 
and a decrease in crumb elasticity. The taste at-
tributes of bread supplemented with 5% OD were 
acceptable.

Barley flour
Varying amounts of barley flour (BF) from dif-
ferent varieties (Tyra, Cindy and STS 2-11) were 
added to wheat flour to make breads rich in anti-
oxidants [34]. There were significantly more free 
phenolics consisting of flavonols and tocopherol 
than bound phenolics, including phenolic acids, 
in supplemented bread. The bread supplemented 
with the Tyra variety had significantly higher lev-
els of free phenolics and total antioxidant activ-
ity than control bread. The total amount of phe-
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tion. This type of non-linear relationship may be 
partially explained by interactions between food 
components (especially phenolics, protein and 
starch) and gastrointestinal fluid [10]. A positive 
correlation was observed between increased levels 
of broccoli sprout powder and onion skin powder 
and protein–phenolic interactions. In a continu-
ation of the chemical reaction, free amino acids 
were reduced and resistant starches increased, 
with a negative effect on protein and starch di-
gestibility, highlighting the importance of add-
ing the correct amount of functional ingredients. 
This finding may be due to the fact that flour 
samples with a low phenolic content are used 
at up to 20–40% supplementation levels, while 
spices, herbs and other extracts such as green tea 
and grape seed with a high phenolic content, are 
added at much lower supplementation levels of 
2–10%.
Further in vivo studies on the production and 
marketing of naturally fortified antioxidant-rich 
breads are required. In previous research, bread 
enriched with a 0.5% nutraceutical compound 
(capsaicin extracted from red peppers, magne-
sium from barley germ and minerals) and eaten 
with salad when included in the diet for 3 months 
showed a significant increase in hydrosoluble an-
tioxidants and decrease in oxidative stress in sub-
jects compared to control [39]. This research also 
demonstrated the benefits of multicomponent 
functional food enriched with antioxidant com-
pounds obtained from plant extracts.
Individual antioxidant compounds have been 
analysed in previous studies. Like vitamin E, 
ferulic acid, p-coumaric acid, sinapic acid from 
rice bran, curcumin from turmeric, and querce-
tin from onion skin improve the functional 
properties of bread. Antioxidant profiles can be 
studied using a method combining spectropho-
tometry and HPLC [40]. Antioxidant activity is 
determined as the total effect of free and bound 
phenolic compounds. In wholegrain products 
like bread, baking resulted in an increase in free 
phenolic acids but a decrease in bound phenolic 
acids with ferulic acid as the principal phenolic 
[41]. In bread supplemented with rice bran, both 
free and bound phenolics increased, but barley 
free phenolics decreased due to the interaction 

Yam flour
Different amounts of yam flour (YF) were added 
to wheat bread. YF contains a lot of ash, crude 
fibre and nitrogen free extract (NFE), the latter 
mainly as starch [37]. Loaf weight, loaf volume 
and loaf height showed no significant changes at 
5% supplementation, while maximum changes 
were seen at 25% substitution. Free radical scav-
enging activity and total antioxidant activity 
showed a marked increase as the proportion of 
YF in the breads increased. The sensory score for 
colour increased as substitution increased. No 
statistically significant difference was observed in 
other sensory characteristics for bread made with 
up to 20% YF compared to wheat bread.

Factors affecting the antioxidant 
properties of bread

This literature review shows that supplementation 
of wheat flour with sources of natural antioxidant 
can produce a bread suitable for the functional 
food market. The quantity and quality of the fi-
nal product are determined by different factors, 
as shown in Table 1. Enhancement of antioxidant 
properties mainly depends on the phenolic content 
of the natural sources and the amount of supple-
mentation. Total phenolic and flavonoid content 
shows a positive correlation with antioxidant ac-
tivity as seen in the case of Lens culinaris Medikus 
seeds [38], and so is used to determine product 
quality. A similar trend was observed when fen-
nel seed powder, black tea, chestnut flour, banana 
pseudo-stem flour and yam flour were added to 
bread. However, antioxidant activity did not in-
crease with higher levels of supplementation when 
broccoli sprout powder was used.
Free radical scavenging properties are general-
ly evaluated using the DPPH (lipophilic stable 
free radicals), ABTS (hydrophilic radicals) and 
hydroxyl radical methods, as well as other ex-
perimental methods such as inhibition of lipid 
peroxidation and metal chelating activity evalua-
tion. Increased FRAP, inhibition of lipid peroxi-
dation and improvement of antiradical potential 
were shown when flour was supplemented with 
4% and 5% quinoa leaves. Chelating power was 
also improved but only with 2% supplementa-
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tribute to antioxidant activity. In bread fortified 
with intermediated pearled wheat fraction, more 
TPC content was found than supplied by the raw 
materials due to formation of new intermediate 
phenolic products through the Maillard reaction. 
The antioxidant activity of rye bread, especially 
in the crust, was also affected by the Maillard re-
action occurring during baking. Advanced Mail-
lard reaction products resulted in good scaveng-
ing of peroxyl and ABTS radicals and increased 
TPC, enhancing the formation of antioxidants 
during rye bread baking [45]. Typical chestnut 
flour volatiles such as furans and pyrroles were 
formed due to same type of reaction, producing 
toasty and nutty notes which improved consum-
er acceptability. Also, natural antioxidant sources 
like grape seed extract showed inhibitory effects 
on the formation of the detrimental compound 
CML in crust during baking. The interaction be-
tween phenolics (flavonoids) and protein affects 
the antioxidant efficacy of flavonoids, as observed 
following onion skin fortification of bread [46]. 
Apart from their antioxidant activity, natural 
sources of antioxidants affected the digestive sys-
tem. Negative effects resulting from the binding 
of phenolic compounds to protein and starch 
have been mentioned above. Similarly, inhibition 
of enzymes (protease and amylase) also reduces 
protein and starch digestibility, resulting in in-
creased levels of free amino groups and resistant 
starch [10]. The anti-inflammatory activity asso-
ciated with maca-enriched bread, in vitro release 
of catalase activator and the anticancer activity 
of broccoli sprout-fortified bread demonstrate 
the dynamic role of natural antioxidant sources. 
Supplementation of wheat flour usually increased 
dietary fibre, which consequently affected glu-
cose absorption. S. rebaudiana extracts added to 
wholegrain flours decreased glucose absorption 
by increasing dietary fibre, while the addition of 
maca flour had an inhibiting effect on α-amylase 
and α-glucosidase, thus also hindering glucose 
absorption. Different types of fibre have different 
impacts. When whole wheat flour, which has a 
high content of insoluble dietary fibre, was sup-
plemented with cellulose, the amount of resistant 
starch increased while the amount of digestible 
starch decreased, thus delaying starch digestion. 

of phenolic compounds with proanthocyanidins 
and minerals such as iron. In contrast, fermenta-
tion and baking showed a positive effect by liber-
ating bound ferulic acid in bread supplemented 
with nejayote. The loss of antioxidant proper-
ties during cooking can be avoided by the use 
of the microencapsulation technique as shown 
when supplementation with green tea extract is 
compared to supplementation with microencap-
sulated green tea extract. Thus, although baking 
reduces antioxidant activity, fortification results 
in increased antioxidant activity compared to un-
fortified breads.      
The types of agents used in fermentation, an es-
sential step in bread making, also influence anti-
oxidant activity by altering the fermenting agent. 
In brewer’s spent grain breads, sourdough and 
enzymes did not change the phenolic profile but 
did increase the in vitro antioxidant activity of 
breads [42]. The addition of legume (chickpea, 
lentil and bean) flours to wheat flour bread with 
a sourdough fermentation agent containing lactic 
acid bacteria showed a marked increase in DPPH 
radical quenching ability and phytase activity 
[43]. Similarly, when a micronized by-product of 
durum wheat was added to bread, better nutri-
tional quality was observed in sourdough bread 
compared with yeast-fermented dough. In con-
trast, Monascus mould improved bread enriched 
with anka (fermented rice) by supplying mona-
colin K, GABA and dietary fibre with beneficial 
health effects. However, fermented citrus peel 
showed lower antioxidant activity than unfer-
mented citrus peel when added to bread. Newer 
stress-resistant yeast strains producing antioxi-
dant enzymes are being developed to enhance the 
fermentation ability of bread dough [44].
Finally, baking of bread in an oven or on a hearth 
significantly affects its phenolic profile and scav-
enging activity due to the formation of new prod-
ucts from sensitive compounds like polyphenols, 
reducing sugars and protein. The Maillard reac-
tion and caramelization are the main chemical 
reactions during baking. The Maillard reaction is 
a chemical reaction between amino acids and re-
ducing sugars that gives browned food its desira-
ble flavour and in baking causes the formation of a 
brown crust. Maillard reaction products also con-
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rally formed alkali-treated fibre in nejayote solids 
also provide another method of improving bread.
The darkness of crumb and crust is directly propor-
tional to phenolic content and Maillard reaction. 
A higher level of reducing sugar in chestnut flour 
and higher levels of protein in rice bran increased 
the darkness of bread crust, while the crumb col-
our was affected by turmeric and coriander.
Another important parameter is taste which is per-
ceived as flavour combined with aroma. The ac-
ceptability of the sweet aroma of fennel seed, the 
pungency of ginger and the woody notes of chest-
nut is related to the amount of fortification. Dif-
ferences in processing like employing sourdough 
instead of yeast fermentation, masked the inferior 
flavour of grape by-product and improved the 
sensory profile of bread containing microionized 
by-products from debranned durum wheat. At in-
creased level of Stevia rebaudiana the product be-
comes less sweet than control due to the presence 
of chlorophyll pigment and glycosides. In general, 
higher levels of fortification with natural sources 
of antioxidants negatively affect bread quality, so 
it is important to identify of optimum levels of 
supplementation.       
In addition to the various processing parameters, 
storage conditions also affect antioxidants in bread. 
One study showed that the TPC and oxidative sta-
bility of bread samples decreased during storage 
depending on the manufacturing process. How-
ever, frozen dough bread lost less phenolics and 
had higher oxidative stability compared to frozen 
baked bread [50]. This indicates the fortification 
ingredient as well as various environmental, physi-
cal and chemical factors affect the antioxidant ca-
pacity of breads enriched with natural sources of 
antioxidants. 
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In contrast, barley, oat and rye contain higher lev-
els of soluble dietary fibre and so have less effect 
on lowering glucose absorption [28].   
The type of wheat flour used was also a major factor 
affecting antioxidant activity. The effect of the coat 
colour of wheat was studied. Investigations showed 
that red and white wheat grain flour showed dif-
ferent phenolic acid profiles despite having com-
parable total phenolic acid content (TPAC) [47]. 
A similar effect was observed when red and white 
sorghum flours were added to wheat bread. Kisra, 
a traditional flat Sudanese bread, was prepared us-
ing two different sorghum cultivars. The two types 
of bread showed significantly different FRAP and 
DPPH values, which were both enhanced by bak-
ing, with increased fermentation time also result-
ing in higher values and hence increased antioxi-
dant activity [48]. Therefore, a change in type of 
dough flour can lead to a remarkable change in 
antioxidant activity. Another investigation found 
that, despite loss of TPC and antioxidant activity 
following baking, breads containing pseudocereals 
showed significantly higher antioxidant capacity 
than bread made only with wheat flour [49]. 
The physical properties of a fortifying agent have 
a combined effect on overall acceptability. Gluten 
quality and quantity are important characteristics 
of bakery flour. Gluten quantity decreases when 
natural sources of antioxidants such as turmeric, 
ginger and coriander powder are added to wheat 
flour. High fibre and gluten-free flours such as rice 
bran, banana pseudo-stem, chestnut and sorghum, 
and spices such as fennel and cinnamon affect the 
gluten chain by diluting it with fibre and fibre-
induced increased water absorption capacity. With 
a decreased bread volume, high moisture content 
also effects bread quality negatively. Consequently, 
a higher level of coriander supplementation re-
sulted in improved bread due to the lower level 
of fibre. The addition of microionized by-products 
of debranned durum wheat to sourdough also in-
creased loaf volume compared to the same supple-
mentation of yeast dough.
Hydrocolloids like CMC when added to banana 
pseudo-stem-fortified bread improved physical 
properties by balancing soluble and insoluble di-
etary fibre content with decreased antioxidant 
activity. The hydrocolloid-like properties of natu-
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Abstract In the present study, the effect of ripe mango

peel powder (MPP) at 0, 1, 3, and 5 % on rheological,

physical, textural, color, antioxidant and sensory properties

of whole wheat bread were evaluated. Rheological data of

wheat flour incorporated with MPP showed an increase in

viscoelastic property. However, the loaf height, weight loss

percentage and specific volume were decreased with

amount of incorporation. Bread density along with crumb

moisture was increased after addition of MPP. The

brownness index of bread samples were significantly dif-

ferent and whiteness index were also decremented. For

textural analysis hardness, cohesiveness and springiness

were also increased with level of addition of MPP. Breads

incorporated with MPP exhibited an improvement in

antioxidant properties as total phenolic content increased

from (220.33 ± 8.5 to 757.8 ± 13.5) mg GAE/100 gm

along with the highest value of 2,2-diphenyl-1-picrylhy-

drazyl (DPPH) inhibition and ferric reducing antioxidant

power of 65.74 ± 0.51 % DPPH inhibition and

1436.25 ± 88 lM FeSO4,7H2O/100 g respectively. The

MPP levels elevated the fruity aroma, crumb colour, fruity

taste, after taste and score for oral texture descriptors in

quantitative descriptive analysis. However, at 5 % level

porosity and traditional bread aroma decreased signifi-

cantly. Thus, at optimised level without affecting the sen-

sory and physical properties 3 % MPP addition in whole

wheat bread was regarded as best.

Keywords Ripe mango peel � Whole wheat bread �
Rheology � Baking � Texture � Antioxidant � Sensory
properties

Introduction

Mango (Mangifera indica L.) is one of the most cultivated

fruit which is consumed due to its delicious sweet taste.

The world production of mango is more than 43 millions

tons [1]. India is the largest producer of mangoes with

44.14 % of the total world production [2]. Mango consist

of 33–85 % edible pulp, with 9–40 % inedible kernel and

7–24 % inedible peel [3]. Having high nutritional value

with high range of polyphenols and specific enzyme con-

tents, makes it a high potential candidate for nutraceutical

use.

As a seasonal fruit, mango is highly perishable. Mango

is processed and preserved in different forms like candy,

leather, puree, nectar, jam, jelly, pickles and canned slices

[4]. Because of this industrial processing, a huge amount of

waste is being generated during production. Such by-

products, which mainly consist of mango peel and kernels

are a serious disposal problem. So, one should take actions

towards either treatment or for sustainable techniques as a

method for by-product utilisation in mango processing

industry. This major step can lead to minimize the burden

for appropriate waste treatment on local administrative

bodies as well as industries.

It is known from literature that the peel contains dif-

ferent phytochemicals like polyphenols, carotenoids [5],

vitamin E, dietary fibres [6] and vitamin C. It was proven

that mango peel consists of good amount of antioxidant [7],

anti proliferative [8] and antimicrobial properties [9].

Researchers have shown that the peel can be utilized as
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mango peel powder in biscuit [10], cookies [11], yoghurt

[12], macaroni [13], muffin [14] and wine preparation [15]

etc.

Thus, mango peel utilisation alone can lead to an

effective way to not only for prevention of health and

human hazards, but also have a commercial viability by the

justified incorporation. As well as consumption of fruit

polyphenols have health beneficial effects like preventing

cardiovascular diseases, cancers, neurodegenerative dis-

eases, Alzheimer’s disease and ageing etc. [16]. From

ancient age due to its convenience of making, affordability

and ease in consumption, bread becomes a staple processed

food. For this aspect ripe mango peel can act as potential

source of antioxidant in bread.

In our study, oven dried ripe mango peel powder (MPP),

which was been incorporated at different levels (1, 3 and

5 %) in whole wheat bread to enhance its antioxidant

properties. Thus, aim of our investigation is to study the

improvement in antioxidant properties of whole wheat

bread along with the sensory properties of the bread as well

as the physical, rheological properties of dough and baking

properties by addition of MPP powder at different level of

enrichment.

Materials and methods

Materials

Ripe mangoes were procured from local market of

Jadavpur, Kolkata, India. After that they were washed

with water to remove dirt. Further the cleaned peels were

blanched and spread in thin layers in trays and dried at

60 ± 2 �C using a Tray dryer (Reliance Enterprise,

Kolkata, India) for 18 h till the weight became constant.

The dried peel was powdered using a Grinder (GX7, Bajaj

Electricals Ltd, India) and was stored in airtight packets.

Whole wheat flour, granulated sugar, salt, refined oil (as

shortening agent) were purchased from the local grocery

stores of Jadavpur, Kolkata. Compressed Baker’s yeast

(Saf Yeast Company Pvt. Ltd, Mumbai, India) was used

as the leavening agent in bread preparation. Glycerol

monostearate (GMS) (Loba Chemie Pvt. Ltd, Mumbai,

India) and Potassium bromate (KBrO3) (Merck Speciali-

ties Pvt. Ltd, Mumbai, India) were used in bread formu-

lation. 2,4,6-tripyridyl-s-triazine (TPTZ) (Himedia

Laboratories Pvt., Ltd, Mumbai, India), anhydrous ferric

chloride (Rankem, New Delhi, India), ferrous sulphate

heptahydrate, ethanol, Folin–Ciocalteau reagent, sodium

carbonate, sodium acetate, acetic acid (Merck Specialities

Pvt., Ltd, Mumbai, India), gallic acid (SD Fine-Chem Ltd,

Mumbai, India) and DPPH (Sigma-Aldrich, St. Louis,

MO, USA) were used.

Dough and bread preparation

The different dough samples of wheat flour (g) were added

with MPP at the 0, 1, 3 and 5 % level. Whole wheat bread

formulated without MPP (0 %) was used as control.

Straight dough method was applied for preparation of

the dough. The dough was prepared by mixing flour-100 g,

sugar-6 g, shortening-2.0 g, salt/NaCl-1.5 g, KBrO3-

1 ppm, GMS 1.5 g and water at optimum amount along

with pre activated compressed yeast-3.0 g in 20 ml luke-

warm water and 2 g sugar in a bowl. The prepared dough

was firstly proofed for 30 min at 30 ± 2 �C and consecu-

tive second proofing was done in greased moulds at

40 ± 2 �C for 1 h with a cover of wet cloth in both the

fermentation steps to maintain the moisture content. In

between the proofing, the dough was punched along with

slight kneading for removal of excess gas CO2. Fermented

dough was baked in a rotary oven (CM HS108; Chanmag

Bakery Machine Co., Ltd, Taipei, Taiwan) at 215 ± 2 �C
for 18–20 min. After baking, bread samples were cooled

down for about 1 h at room temperature (22 ± 1 �C) and
stored in airtight packages.

Rheological measurements of dough

Each sample represents a dough prepared with different

levels of MPP. Small deformation rheological measure-

ments were performed by using a controlled stress strain

rheometer (MCR 300, manufactured by Physica/Anton

Paar; Ostfildern, Germany), with parallel plate geometry of

49.986 mm with RheoPlus software package (version

2.65). The upper plate was lowered until the thickness of

sample was adjusted to 2 mm where the dough was placed

in between them and the excess dough was trimmed off

carefully. The exposed surface was covered with a wet

layer of filter paper to prevent moisture loss during the test.

All samples were allowed to rest for 5 min before mea-

surements to allow dough relaxation. A frequency sweep

test, angular frequency ranging from 0.1 to 200 x, at a

constant strain of 1 % was used to study the dough rheo-

logical changes. All experiments were carried out at a

constant temperature of 25 �C. The dynamic rheological

properties of samples were measured by the storage mod-

ulus G0, loss modulus G00. Damping factor tan d and

complex viscosity g* [17].

Analysis of bread

Physical properties

The moisture content (dry basis) of samples was deter-

mined by AACC standard method where the initial weight

(3 g) and final weight difference is measured by earlier
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drying the crumb of samples in a hot air oven (Reliance

Enterprise, Kolkata, India) at 105 �C, shown in Eq. (1)

[18].

%moisture content

¼ Initial wt: of the sample� final wt: of the sample

Initial wt: of the sample
� 100

ð1Þ

Loaf height was measured using a scale. The average of the

three readings was recorded.

Volumes of the loaves were measured by the seed dis-

placement method. From these, the specific volume and

loaf density was calculated as described in Eqs. (2) and (3)

respectively [19, 20]

Specific volume ðcm3=gmÞ ¼ ðLoaf volume of breadÞ=
ðWeight of breadÞ ð2Þ

Density ðgm/cm3Þ ¼ ðWeight of bread)/(Loaf volume of breadÞ
ð3Þ

The dough and the baked loaf were weighed, and the

percent weight loss was calculated as described in Eq. (4)

[21]

%Weight loss ¼ Weight of dough�Weight of baked bread

Weight of dough
� 100

ð4Þ

Texture

Bread textural characteristics were evaluated with a Texture

Analyser (TA.HD Plus Texture Analyzer, USA) equipped

with a 35 mm diameter aluminium cylinder probe. Before

performing the analysis, for each sample, slices were cut

from the central portion of four different bread loaves of

dimensions of 40 mm 9 40 mm 9 30 mm. Texture profile

analysis (TPA) was performed with in 30–60 % deforma-

tion and 0.1–2 mm/s cross-head speed. The considered

textural parameters were hardness, cohesiveness and

springiness [22].

Colour

The colour parameters L* (lightness), a* (redness to

bluishness), b* (yellowness to greenness) of the baked

loaves crumbs were determined using a digital colorimeter

(ColourTec PCM, Accuracy Micro Sensor Inc., USA).

To determine brownness index (BI) given in Eqs. (5)

and (6), colour parameters L*, a*, b* were determined at

each point of the top crust of bread. [23]

BI ¼ 100 X� 0:31ð Þ½ �
0:17

ð5Þ

where, X ¼ aþ1:75Lð Þ
5:645�Lþa�3:012bð Þ

Whiteness index of breads given in Eq. (4) was mea-

sured on crumb [24].

WI ¼ 100� 100�L*½ �2þ a*2 þ b�2
� �1=2

ð6Þ

Antioxidant activity

Sample extraction

The sample extraction procedure was used to determine the

total phenolics content and the radical scavenging activity.

The breads were sliced; crust and crumb were separated

manually. 1 g of sample was weighed and mixed with

80 % ethanol. Then the mixture was sonicated to agitate

the particle in sample. Then it was centrifuged at

89449g for 15 min. Finally the supernatant was filtered

and the extraction was completed by storing them in tubes

at very low temperature or in refrigerator.

Total phenolics content

The extract amounting 0.5 ml was dissolved in 1.8 ml of

distilled water and 0.2 ml of the Folin–Ciocalteau reagent

was added. After 5 min, 2 ml of 7 % sodium carbonate was

added and the contents mixed thoroughly by further addi-

tion of 0.8 ml distilled water again. Incubated at room

temperature for 90 min, colour developed and the absor-

bance was observed at 750 nm by UV–Vis spectropho-

tometer (U 2800; Hitachi, Tokyo, Japan) using gallic acid

as a standard. The results were expressed as mg GAE/

100 g fresh material [25].

DPPH free radical scavenging activity

Radical scavenging activity was determined by using

stable 2,2-diphenyl-1-picrylhydrazyl radical (DPPH) as the

free radical. The extraction of antioxidants was conducted

as reported above. The decrease in absorbance at 515 nm

was determined at 25 �C by spectrophotometrically. The

percentage of inhibition or the percentage of discolouration

was calculated [26].

Ferric reducing antioxidant power (FRAP) assay

FRAP assay was based on the reduction of Fe3?-TPTZ to a

blue coloured Fe2?-TPTZ. The FRAP reagent was freshly

prepared by mixing acetate buffer (pH 3.6), TPTZ solution
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(10 mM TPTZ in 40 mM HCl) and 20 mM FeCl3 solution

in 10:1:1 v/v ratio. 100 ll of sample was taken and 3 ml of

the FRAP reagent added into it. The absorbance was taken

at the interval of 0 and 30 min (after incubating at 37 �C)
at 593 nm. The antioxidant potential of the extracts was

determined against a standard curve plotted using lmol

FeSO4,7H2O/l [27].

Sensory evaluation

The evaluation of the sensory attributes of the MPP

fortified bread was done by the method of quantitative

descriptive analysis (QDA). The first step which consists

of section of judges was done by selecting members

from faculty and students of Department of Food Tech-

nology and Biochemical Engineering, Jadavpur Univer-

sity, Kolkata. The panel constituted 50 judges aged

between 20 and 55 years and 25 females and 25 males.

To distinguish the descriptive feature for the bread, the

panellists devised 8 descriptors for the bread and defined

each of the feature of the sensory evaluation who cov-

ered the areas of appearance, taste, aroma and oral tex-

ture. Porosity, traditional bread aroma, fruity aroma,

crumb colour, after taste, fruity flavour hardness and

stickiness were the parameters on which the MPP

incorporated bread were accessed. The panel members

were trained in three training sessions of 1 h each to

inculcate the ability to discriminate between the samples.

Finally, the assessment was conducted in individual

booths under white light at room temperature at Jadavpur

University, Dept of Food Technology. For evaluation,

approximately 1 cm thick slices including the crust and

crumb, was presented to assessors. The assessors evalu-

ated the samples on an unstructured 9 cm line scale

labelled on the left by ‘none’ and on the right with the

term ‘strong’. Ratings were registered on an evaluation

form. The samples were kept in a 3-digit coded glass

covered with a glass lid. Samples were assessed in

triplicates in four sets [28].

Statistical analysis

The experimental design was completely randomized with

three replicates and expressed as mean value ± SD. All

experimental data were analyzed statistically for analysis

of variance (ANOVA) using Microsoft Excel 2007. The

scores for QDA was also analysed by analysis of variance

(two-way ANOVA as factors). The comparisons between

the mean values were tested using Duncan’s new multiple-

range test at a level of p B 0.05.

Results and discussion

Rheological measurements of dough

Frequency sweep tests were performed to investigate the

effects of MPP on the rheological parameters such as

storage modulus (G0), loss modulus (G00) and damping

factor (tan d) of bread dough. In case of MPP substituted

samples of 1, 3 and 5 % as well as control both G0 and G00

showed frequency dependence behaviour i.e. both the

modulus increased with the increase in angular frequency

which is shown in Fig. 1. G0 was greater than G00 in all the

angular frequencies studied, indicating viscoelastic soft

solid nature of the dough. The frequency sweep data

showed that the dough from all the samples displayed

higher G0 and G00 at higher frequencies compared to those

at low angular frequencies. Dough at lower frequencies

showed lower tan d values that increased with the increase

in the angular frequency indicated in Table 1. A similar

change in G0, G00 and tan d of dough with the increasing

frequency was observed due to incorporation of ginger

powder, where active ginger components affected the

dough structure due to cross-linking by the active sites

[29]. The complex viscosity in frequency sweep profile was

also showed as a linearly decreasing function with

decreasing gradient of angular frequency which was earlier

seen when hydrocolloids were added in dough [30].

However, as the percentage of incorporation increased g*
also increased and tan d showed a linear decrease with

maximum and minimum at 5 % MPP bread respectively.

This was likely due to interactions between the fibre

structure and the gluten network leading to a denser dough

structure.

Analysis of bread

Physical properties

For determining the moisture content (Table 2) of the

bread samples, the crumb moisture of the samples was

observed. The crumb moisture had a uniform linear relation

with the amount of fortification which was highest at 5 %.

The significant increase in moisture might be due to the

presence of fibre in mango peel, which entrapped the

moisture by increasing the water absorption activity of the

dough [31].

There was a significant decrease in the specific volume

of supplemented breads as compared to the control. In

terms of loaf density, bread containing MPP at 1–5 % was

found to be denser than control. This reflects that 5 % MPP

incorporated bread had a tightly packed crumb structure.
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Possible explanation might be bread with less porous

crumb structure representing increased density is inversely

proportional to volume and subsequently low height [32].

The decrease in weight loss was significant at even 1 %

addition and showed a range of 15.71 ± 0.70–7.16 ±

0.18 %. The same trend was followed in bread height also,

where the decrease in height indicated a significant dif-

ference at (p B 0.05).

Texture

Hardness, cohesiveness and springiness of bread crumb

samples with different percentages of MPP in whole wheat

bread are indicated in Table 3. The incorporation of MPP

led to linear increase in crumb hardness compared to

control. This is comprehended by earlier studies where

incorporation of chestnut flour increased hardness [33] and

may be due to the addition of fibre, which probably caused

the thickening of the walls surrounding the air bubbles in

the crumb. The higher amount of starch and sugars con-

tained in MPP led the ability of a material to stick to itself.

The cohesiveness of bread crumb ranged from 0.26 ± 0.02

to 0.82 ± 0.05 showed a linear increase, embarking that

the 5 % MPP bread having the stickiest crumb. This

increase was also studied earlier where subsequent addition

elevated cohesiveness due to increase in stickiness [34]. In

the very similar manner MPP addition, not only signifi-

cantly affected the springiness but also showed a marked

increment in compliance to the past studies.

Colour

Determination of bread crust’s and crumb’s colour is

important to determine its acceptability. The whiteness
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Fig. 1 Storage modulus (G0)
and loss modulus (G00) for
various levels of MPP

substituted dough samples

Table 1 Rheological properties

of dough samples substituted

with MPP at different levels

Parameters 0 % (control) 1 % 3 % 5 %

Complex viscosity (g*) (Pa s) 3233 ± 331a 3733 ± 135a,b 4167 ± 292b 4584 ± 207c

Damping factor (tan d) 0.554 ± 0.02d 0.517 ± 0.01c 0.484 ± 0.03b 0.450 ± 0.01a

Each value is expressed as mean ± SD (n = 3). Mean with different letters within a row are significantly

different (p B 0.05)

Table 2 Physical properties of

bread samples substituted with

MPP at different levels

Parameters 0 % (control) 1 % 3 % 5 %

Moisture (%) 33.97 ± 0.45a 37.51 ± 0.8b 40.82 ± 1.14c 44.41 ± 1.22d

Specific volume (cm3/gm) 2.33 ± 0.06d 2.20 ± 0.07c 2.07 ± 0.02b 1.87 ± 0.15a

Density (g/cm3) 0.41 ± 0.01a 0.45 ± 0.03b 0.48 ± 0.02c 0.52 ± 0.02d

Weight loss (%) 15.71 ± 0.70d 13.01 ± 0.12c 10.31 ± 0.26b 7.16 ± 0.18a

Loaf height (cm) 5.55 ± 0.21c 4.7 ± 0.23b,c 4.43 ± 0.14b 4.0 ± 0.43a

Each value is expressed as mean ± SD (n = 3). Mean with different letters within a row is significantly

different (p B 0.05)
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index (WI) and the brownness index (BI) were evaluated as

given in Table 4 as colour parameters for the sample pre-

pared. The bread prepared by MPP showed a significant

difference in WI compared to the supplemented samples.

This may be due the effect of MPP imparting a brownish

yellow colour in the bread crumb, which got dark at higher

percentage of addition. This actually facilitates the

acceptability by enhancing the brown colour of whole

wheat bread, also observed in anka enriched bread [35].

However, the BI of the MPP incorporated sample

increased as compared to the control. Nevertheless, the

addition of mango peel gave a much desirable brown col-

our to the crust causing a darkening of brown colour of

crust. This may be assumed due the sugar activity gener-

ated by Millard and caramelisation reaction, mentioned in

earlier studies, the BI increase with the amount of incor-

poration in the bread formulation [36] [37]. This was

obviously visible by linear decrease in L* and increase in

b* values in case of BI and WI values. Fortification levels

were inversely proportional with the L* value of the crust

and crumb and increase in b* is due to the greenish colour

intensification. This means that the crumb and crust stained

towards darker colours, tending to brown and assuming a

more vivid colour compared with the control bread.

Antioxidant activity

Total phenolics content (TPC) and total antioxidant activity

of control bread and fortified bread samples with different

percentages of MPP were observed and values were given

in Table 5. There were significant differences in respect to

total phenolic content between all breads prepared with

MPP and control. 5 % incorporation of MPP showed the

highest value of TPC 757.8 ± 13.5 mg GAE/100 gm

compared to control. This led to the assumption, that

inclusion of MPP may elevate the amount of polyphenol

amount in bread and other products like biscuit [10].

Mango peel is enriched with phenols because of its dietary

fibres, various phenolic compound and vitamins [38]. The

same relation can be found in mango peel fortified biscuits.

The similar trend was seen in antioxidant activity by

measuring the FRAP (Ferric Reducing Antioxidant Power)

and DPPH scavenging property of the incorporated bread.

The DPPH and FRAP values showed a linear increase with

the amount of incorporation of MPP. In case of FRAP up to

3 % addition resulted in twice the amount of FRAP value.

However a significant greater increment was also seen in

5 % incorporation indicating a value of 1436.25 ± 88 lM
FeSO4,7H2O/100 g. The range for DPPH showed the value

from 21.69 ± 0.72 % inhibition to 65.74 ± 0.51 % inhi-

bition, resulting in a threefold increase till 5 % incorpo-

ration. Previous studies also revealed that mango peel

incorporation in baked products increased antioxidant

activity [39].

Sensory evaluation

The scores for the various descriptors for MPP fortified

bread is shown in Table 6. Considering the crumb

appearance depicted by porosity, the intensity decreased

significantly when the level of addition was higher than

1 %. However, the traditional bread aroma also decreased

the amount of fortification increased showing an inverse

relationship with the fruity aroma. The fruity taste which

should be somehow related to the sugar incorporation

showed the highest value at 5 % MPP bread. These aro-

matic compounds found in peel might interfere and gave

the characteristic bitter after taste, which was prevalent

with the addition of MPP in bread. The crumb colour

showed a linear increase and highest value at 5 % MPP in

Table 3 Texture of the bread

samples substituted with MPP at

different levels

Parameters 0 % (control) 1 % 3 % 5 %

Hardness (N) 2.47 ± 0.32a 3.0 ± 0.4a 3.64 ± 0.26b 3.93 ± 0.15b

Cohesiveness 0.26 ± 0.02a 0.34 ± 0.06a 0.66 ± 0.07b 0.82 ± 0.05c

Springiness 0.29 ± 0.02a 0.33 ± 0.06b 0.41 ± 0.04b,c 0.51 ± 0.05c

Each value is expressed as mean ± SD (n = 3). Mean with different letters within a row is significantly

different (p B 0.05)

Table 4 Colour of the bread

samples substituted with MPP at

different levels

Parameters 0 % (control) 1 % 3 % 5 %

WI 56.26 ± 1.11b 50.49 ± 0.88b 49.47 ± 0.93a 48.11 ± 1.06a

BI 81.39 ± 7.69a 94.81 ± 5.65b 117.52 ± 2.55c 123.57 ± 4.61c

Each value is expressed as mean ± SD (n = 3). Mean with different letters within a row are significantly

different (p B 0.05)

WI whiteness index, BI brownness index
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bread due to the increase in Millard reaction products by

addition of sugar from peels [40]. Following the same trend

for oral texture descriptors the hardness and stickiness also

increased significantly than control. The 5 % MPP substi-

tuted bread was significantly different from the control

with highest hardness, stickiness, crumb colour as well as

lower porosity. Thus, the addition of 3 % MPP in bread

would be a diligent decision as up to this level the scores

were well acceptable.

Conclusion

According to the present research work ripe mango peel

powder could be regarded as a potential health-promoting

functional ingredient. Both quantitative and qualitative

aspect of antioxidant activity in MPP fortified bread

sample showed a linear increase with respect to fortifi-

cation level. Viscoelasticity of dough sample like

antioxidant activity also showed a linear result with

increased level of fortification. Interference of dietary

fibre and phenolic content also imparted a negative impact

on other physical parameters like hardness, WI, specific

volume at maximum fortification level. But at 3 % level it

showed a close difference with control sample in all

physical parameters. This trend was also supported by

sensory evaluation, where 3 % MPP level gained

favourable scores. Thus, it is important to choose appro-

priate amount of mango peel powder and processing

parameters to obtain healthy bread.
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Abstract

In the present study Raw Mango Peel (RMP) powder was added to fortify whole wheat bread at 
three different levels (1%, 3% and 5 %) to increase its antioxidant properties than control (0% 
RMP powder) bread. This study also investigated the effects of RMP powder on the physical 
and sensory characteristics of bread along with the rheological effects on the dough.  The 
content of polyphenols along with 2,2-diphenyl-1-picrylhydrazyl (DPPH) and Ferric reducing 
antioxidant powder (FRAP) value with a range of (21.51±0.45-68.54±2.15) % inhibition and 
(162.87±4.38-2232.31±47) µmol FeSO4, 7H2O/ 100g fresh sample respectively increased 
linearly, showing greatest level at 5% RMP powder. Increase in the level of RMP powder, 
percentage weight loss, loaf height, loaf volume and whiteness index (WI) decreased but crumb 
moisture and loaf density increased with a significant change in brownness index (BI). Addition 
of peel also affected the rheological properties where addition leads to stiffer dough. Sensory 
evaluation through Quantitative Descriptive Analysis (QDA) showed that the incorporation of 
RMP powder increased the intensity of descriptors like hardness, rubbery texture, fruity aroma, 
after taste and decreased porosity and traditional bread aroma. 

Introduction

Tropical countries possess a wide diversity 
of fruits and cereals with many possibilities 
of commercial exploitation; some of them are 
considered rare and exotic. Mango (Mangifera indica 
L.) a drupe fruit, belongs to family Anacardiaceae 
order Rutales. Grown abundantly in 85 different 
countries in the world comprising both the tropical 
and sub tropical region of the globe with an overall 
production of 33.45 MMT is regarded as one of the 
most important tropical fruits (FAOSTAT, 2007). 
Interestingly, the total tropical fruit consumed, 
mango takes up 50% of it labelling it as one of the 
most popular edible fruits in the world. India is the 
supreme producer of the fruit contributing to about 
60% of world production by producing 13.5MMT 
of mango fruits (Bhattacharjee et al., 2011). As a 
seasonal fruit, raw mango is  processed as some of 
the most popular food products such as puree, candy, 
amchoor (mango powder), nectar, leather, pickles, 
canned slices, marmalade, aam panna and chutney 
which are not only consumed nationwide but have 
also gained global market coverage and sales (Ravani 
and Joshi, 2013). 

As some of the products are manufactured with 
the peel, many are formed by removal of the peel 

to obtain the succulent flesh. In this technique of 
processing, mango, which consists of about 15-20% 
of the peel (Tunchaiyaphum et al., 2013) is generated 
as the major by product from various sources. 
This peel is discarded as a waste, therefore, proper 
treatment or sustainable utilisation of peel in any 
form can minimise the cost of waste treatment for 
industry and local administration as well as could be 
a measure of value addition and environment friendly 
waste management technique. Most studies on the 
exploitation of mango peels have been dealing with 
their use as a source of pectin (Kermani et al., 2015) 
which is considered as a high quality dietary fiber.

Mango peels were shown to be a good source of 
polyphenols, carotenoids, dietary fibre (pectin) and 
other bioactive compounds (Berardini et al., 2005) as 
well as antiproliferative activities (Kim et al., 2010) 
which posses various beneficial effects on human 
health including protection against cardiovascular 
diseases, cancer and other degenerative diseases. 
Therefore, due to its massive health promoting affects 
mango peels are incorporated in muffins (Ramirez-
Maganda et al., 2015), cookies (Bandyopadhyay et 
al., 2014) and macaroni (Ajila et al., 2010) as well as 
peels are fermented for wine (Varakumar et al., 2012) 
preparation.

In our study, oven dried RMP powder, has been 

Keywords

Raw mango peel
Whole wheat bread 
Antioxidant
Physical properties 
Rheology
Sensory

Article history

Received: 23 August 2015
Received in revised form: 
2 April 2016
Accepted: 7 April 2016



239  Pathak et al./IFRJ 24(1): 238-246

incorporated at different levels (1%, 3% and 5%) 
in whole wheat bread to enhance its antioxidant 
properties. Thus, aim of our investigation was to 
study the improvement in antioxidant properties of 
whole wheat bread along with the physical, sensory 
and also rheological properties of the dough by 
addition of RMP powder at different levels.

Materials and Methods

Materials 
Raw mangoes were procured from local market 

of Jadavpur, Kolkata, India. Whole wheat flour, 
granulated sugar, salt, refined oil (as shortening 
agent) was been purchased from the local grocery 
stores of Jadavpur, Kolkata. Compressed Baker’s 
yeast (Saf Yeast Company Pvt.  Ltd., Mumbai, India) 
was used as the leavening agent in bread preparation. 

Chemicals
Chemicals, Glycerol monostearate (GMS) (Loba 

Chemie Pvt. Ltd., Mumbai, India) and Potassium 
bromate (KBrO3) (Merck Specialities Pvt. Ltd., 
Mumbai, India) were also used in bread formulation. 
2,4,6-tripyridyl-s-triazine (TPTZ) (Himedia 
Laboratories Pvt. Ltd., Mumbai, India), anhydrous 
ferric chloride (Rankem, New Delhi, India), ferrous 
sulphate heptahydrate,  ethanol, Folin-Ciocalteau 
reagent, sodium carbonate, sodium acetate, acetic 
acid (Merck Specialities Pvt. Ltd., Mumbai, India), 
gallic acid (SD Fine-Chem Ltd., Mumbai, India)  and 
DPPH (Sigma-Aldrich, St. Louis, MO, USA) were 
used in the investigation.

	
Preparation of the raw material 

Raw mango peels were prepared by peeling 
freshly bought mangoes which were followed by 
washing with tap water to remove adhering dust and 
dirt particles. Then the peels were being blanched for 
enhancing its shelf life and improve the colour. The 
peel was spread in thin layers in trays and dried at 60 ± 
2°C using a Tray dryer (Reliance Enterprise, Kolkata, 
India) for 18 h till the weight becomes constant. 
For ease in utilization the dried peel was powdered 
using a Grinder (GX7, Bajaj Electricals Ltd, India). 
The powdered peel for subsequent use was stored in 
air-tight packets in a refrigerator (-20ºC). The RMP 
powder was mixed at 1, 3 and 5% level with 100 
g whole wheat flour for the preparation of desired 
composite flour.

Bread preparation 
For the preparation of control bread, the 

activation of yeast was done by dissolving yeast 

(3 gm) in luke warm (at 37°C) water (20 ml) with 
previously dissolved sugar and kept for 15 min. In 
the meanwhile the dried material constituting whole-
wheat flour 100 g, sugar 6 g, salt 1.5g and GMS 1.5 
g with remaining components like KBrO3 1ppm were 
mixed in a bowl. Shortening (4 g), required amount 
of water (50 ml) and activated yeast were added 
and final mixing was done manually. The kneading 
was done for about 10 min for proper formation of 
gluten chain with appropriate mixing of ingredients 
in accordance to straight dough method. After this 
the first proofing at 30±2°C for 30 min was done 
by covering the bowl with wet cloth containing 
the rounded dough resulting in increase in volume. 
Further, at the juncture of second proofing the pre 
proofed dough was punched and kneaded slightly to 
remove the excess CO2 from it. The worked up dough 
was transferred into greased moulds and kept for 1hr 
at 40±2°C with wet cloth cover. Finally, the bread was 
baked in rotary oven (CM HS108; Chanmag Bakery 
Machine Co. Ltd., Taipei, Taiwan) at 215±2°C for 
20-24 min. The baked loaf was cooled at the ambient 
temperature for 1 h prior to packing in airtight bags. 
Similarly, the fortified bread samples were prepared 
by using composite flour (RMP powder at 1%, 3% 
and 5% level) in other ingredients (without KBrO3). 

Crumb moisture 
The moisture content (dry basis) of bread crumb 

samples was measured by weight difference before 
and after drying of the samples (initial sample weight 
about 3 g) in a hot air oven (Reliance Enterprise, 
Kolkata, India) at 105°C (AACC, 2000).

                                     
Baking properties

 Bread samples were weighed after cooling and 
loaf height was measured using a scale. The reading 
was taken from the top to the bottom of the loaf at 
three different sides (left, middle, and right). The 
average of the three readings was recorded. Volumes 
of the loaves were measured by the seed displacement 
method. From these, the specific volume (Steffolani 
et al., 2015), bread density and weight loss (Ho et al., 
2013) of the loaf was calculated. 

Texture 
The textural profile analysis (TPA) of the crumb 

of bread samples was determined by the texture 
analyzer (TA.HD Plus Texture Analyzer, USA.). 
The analysis was done by a 35 mm diameter probe 
compressing the sliced bread (40 mm × 40 mm ×30 
mm) at a cross-head speed of 0.1–2 mm/s. Hardness, 
cohesiveness and springiness of the crumb were 
measured based on the force–time curve (Bouane, 
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1978).

Loaf colour
The colour was measured using a Hunter 

Colour Measuring System, ColourFlex 45/0, D65, 
10° observer (Hunter Associates Laboratory Inc., 
Reston, VA, USA). While to analyze the effect of 
colour change in the crumb, whiteness index is being 
measured (Ulziijargal et al., 2013) as described in 
Eq. (1)

WI = 100 – ([100 - L]2 +a2+ b2)1/2         ……… (1)           
               
The brownness index (BI) was calculated (Shittu 

et al., 2007) to measure colour change in the crust 
with the addition of RMP powder as described in: Eq. 
(2) 

                [100(X-0.31)]                     ...……... (2)                 
                        0.17                                                                                                              
                             
		  (a + 1.75L)
                (5.645×L+a - 3.012b)

Dough rheology	
The dough samples without yeast with the same 

formulation of bread were used for studies. Dynamic 
oscillatory tests were performed in a controlled 
stress rheometer (Physica MCR 51 Anton Paar, 
Germany) with parallel plate of 49.986 mm and the 
measurements monitored with RheoPlus software 
package (version 2.65). All experiments were carried 
out at a constant temperature of 25°C. The flour dough 
was carefully placed between the plates. The upper 
plate was lowered to a fixed gap of 2.0 mm during 
loading. The excess of the dough sample outside 
the top plate edge was trimmed. A water-saturated 
filter paper to surround the measuring plates was 
used to minimise drying of the dough sample during 
measurement. All samples were allowed to rest for 5 
min before measurements to allow dough relaxation. 
Frequency-sweep tests of the dough samples were 
performed at a constant strain of 1% and angular 
frequency ranging between 0.1 and 200 ω. Dynamic 
moduli G’, G’’ and tan δ (G’’/G’) were obtained as 
a function of frequency. G’ is the dynamic elastic 
or storage modulus, related to the material response 
as a solid, while G’’ is the viscous dynamic or loss 
modulus, related to the material response as a fluid. 
tan δ is related with the overall visco-elastic response: 
low values of this parameter indicate a more elastic 
nature (Das et al, 2013).

Extract preparation
Samples (1 g) in 80% aqueous ethanol was 

sonicated in a sonicator (Trans-o-sonic/D150-IM, 
Mumbai) at room temperature (approx. 25°C) for 
proper mixing of particle and centrifuged in cold (4ºC) 
at 8944×g  for 15 min and the supernatant extracted 
by using a filter paper. The extracts were transferred 
into plastic tubes, and kept in the refrigerator until 
analysis.

Total phenolic content
The extract amounting 0.5 ml was dissolved in 

1.8 ml of distilled water and 0.2 ml of the Folin- 
Ciocalteau reagent was added. After 5 min, 2 ml of 7% 
sodium carbonate was added and the contents mixed 
thoroughly by further addition of 0.8ml distilled 
water again. After incubation at room temperature 
for 90 min, colour developed and the absorbance was 
observed at 750 nm by UV-Vis spectrophotometer (U 
2800; Hitachi, Tokyo, Japan) using gallic acid as a 
standard. The results were expressed as mg GAE/100 
g fresh material (Singleton et al., 1997).

DPPH radical scavenging assay
The free radical scavenging capacity of sample 

extract was determined using the stable 2, 2-diphenyl-
1-picrylhydrazyl radical (DPPH). The decrease in 
absorbance of the resulting solution was measured 
spectrophotometrically at 517 nm (Yu et al., 2003). 
The percentage of inhibition or the percentage of 
discolouration was calculated as described in. Eq. (3)

% Inhibition= (Abs blank−Abs sample) ×100/Abs blank                    
………………... (3)                

Ferric reducing antioxidant power (FRAP) assay
FRAP assay was based on the reduction of Fe3+-

TPTZ to a blue coloured Fe2+-TPTZ. The FRAP 
reagent was freshly prepared by mixing acetate 
buffer (pH 3.6), TPTZ solution (10 mM TPTZ in 40 
mM HCl) and 20 mM FeCl3 solution in 10:1:1 v/v 
ratio. 100 μl of sample were taken and to it 3ml of the 
FRAP reagent added. The absorbance was taken at 0 
and 30 min (after incubating at 37°C) at 593 nm. The 
antioxidant potential of the extracts was determined 
against a standard curve using FeSO4, 7H2O and 
expressed as µmol FeSO4, 7H2O/100g fresh material 
(Benzie and Strain, 1996).

Sensory evaluation
Sensory analysis of raw mango peel fortified 

bread was done by quantitative descriptive method 
(QDA). Ten panellists (aged between 20 to 50 yrs), 
consisting students, research scholar and faculty 
members of the Dept. of Food Technology and 
Biochemical Engineering, Jadavpur University, 

BI=

Where, X =
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Kolkata were selected for descriptive profiling test. 
The panel members were trained to recognise the 
changes in the sensory quality between the control 
and the RMP bread. Each training session was of 1 
hr and total 3 sessions were conducted. The judges 
in the panel discussed about the parameter to be 
considered as sensory attributes of bread. Total 6 
sensory attributes consisting porosity, traditional 
bread aroma, fruity aroma, crumb colour, after 
taste, hardness and rubbery texture were selected 
for consideration which invaded the parameters of 
appearance, aroma, colour, taste and oral texture. For 
evaluation, approximately 1cm thick slices including 
the crust and crumb, was presented to assessors. The 
assessors evaluated the samples on an unstructured 9 
cm line scale labelled on the left by ‘none’ and on the 
right with the term ‘strong’. Ratings were registered 
on an evaluation form. The samples were kept in a 
3-digit coded glass covered with a glass lid. Samples 
were assessed in triplicates in four sets (Heenan et 
al., 2008).

Statistical analysis 
The experimental design was completely 

randomized, with three replicates. All data were 
expressed as mean values ± SD. All the experimental 
data were analyzed statistically for analysis of 
variance (ANOVA) with Microsoft Excel 2007. The 
scores for QDA was analysed by analysis of variance 
(two-way ANOVA as factors) applied to (panellist 
and sample) and their interaction to study the 
differences between the samples. The comparisons 
between the mean values were tested using Duncan’s 
new multiple-range test at a level of p≤0.05.

Results and Discussion

Crumb moisture and baking properties
The effect of addition of RMP powder on crumb 

moisture and baking properties the bread samples are 
shown in Table 1. The moisture content increased 
linearly due to the addition of RMP highest at 5%. The 
fiber is water retaining, expandable, adsorptive hence 
the digestive enzyme fails to decompose it (Shyu 
et al., 2013). By previous studies we can assume 
that the addition of a fibre containing substance can 
elevate the moisture content of a baked product (Lim 
et al., 2011). 

Significant variations were observed in various 
baking quality parameters of peel bread. RMP powder 
5% had the lowest weight loss value (7.36%), which 
ranged from 15.64±0.60% to 9.04±0.32% decreasing 
significantly. This reduction may be attributed due 
to the addition of fibre which may not be easily 

consumed by the yeast during fermentation causing 
a barrier in fermentable sugar. In coordination with 
it the loaf height also decreases significantly, with a 
steep decrement where the lowest loaf height of 4.02 
cm was indicated by 5% substitution.  This indicates 
that peel substitution decrease height of the final 
baked product. 

The specific volumes of the bread ranged from 
(2.69±0.05 to 2.10±0.02) cm3/g. The highest level 
addition of peel resulted in the lowest specific 
volume. In terms of loaf density, bread containing 
RMP powder, were significantly (p≤0.05) denser 
than the control. Possible explanations for the high 
density of bread may include factors such as water 
holding capacity of peel containing both soluble and 
insoluble fibre (Dhillon and Kaur, 2013). Bread with 
high density was also low in specific volume with 
less visible air pockets due to the compact crumb 
structure.

 
Texture and loaf colour 

The textural and colour parameters are shown in 
Table 2. The hardness of the bread increased linearly 
as the amount of addition of RMP powder increased 
showing the maximum value of at 5% substitution. 
This is in accordance with the addition of other non-
wheat based gluten free products where addition 
of quinoa leafs increased the hardness of the bread 
crumb (Świeca et al., 2014). The partial substitution 
of whole wheat bread by a non-porteinous fibre rich 
powder may lead to change in yeast activity along 
with stiffening of the air cells leading to a more 
firm crumb texture. Following the same trend a 
significant increase in cohesiveness and springiness 
of the bread fortified with RMP powder was observed 
in comparison to the bread without peel powder. A 
greater amount of sugar in mango peels causing 
the adhesion of the particle might forms a sticky 
network contributes to the increased cohesiveness 
of the substituted bread. This observation was also 
concluded when chestnut flour was added in bread 
(Dall’Asta et al., 2013). However, some studies 
also show that the springiness increased at higher 
percentage of incorporation (Mildner-Szkudlarz et 
al., 2010).

Colour is an important quality indicator for 
baked food products which indicates various factors 
including raw material, baking temperature and time 
etc. The whiteness index (WI) of the incorporated 
samples differed significantly from the control. 
Furthermore the incorporation of 3% and 5% of 
RMP powder significantly affected the crumb colour 
imparting a slight green colour due to the addition 
of raw peel. This attribute was rather attractive from 
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consumer viewpoint and has also been indicated in 
anka enriched bread (Tseng et al., 2010). This result 
is also in compliance with the study (Wu and Shiau, 
2013) of pineapple peel where the incorporation of 
peel also significantly lowered the WI due to addition, 
imparting its own colour.

The crust of the breads containing RMP powder 
changed from brown to greenish brown. Colour 
analysis of the crust indicated that samples with the 
addition of RMP powder had darker crust, this can 
be ascribed to the darkening effects of Maillard and 
caramelization browning due its high sugar content, 
as previously hypothesized (Shittu et al., 2008) 
which could be attributed by the higher brownness 
index (BI) also studied earlier by (Das et al., 2012). 
However, the increase in brownness was significant 
at (p≥0.05), even at higher substitution level as the 
green colour of peel was suppressed by the dominant 
brown colour.

Dough rheology
A correct description of the changes in dough 

behaviour is necessary to maintain handling and 
machinability in industrialized production. The 
results of the frequency sweep test carried out on 
dough samples with RMP powder substituted and 
on the control samples are shown in Table 3. In all 
dough samples the storage modulus (G’) was higher 
than the loss modulus (G”), indicating that the dough 
had a solid, elastic-like behaviour. Dough made with 
5% of RMP powder showed statistically significant 
differences in terms of damping factor (tan δ) and 
complex viscosity (η*) compared to the other samples. 
Generally higher G’ and lower tan δ indicate a more 
elastic and solid-like material.

The addition of RMP powder caused an increase 
of the G’ twice as compared to G”, indicates increased 
degree of elasticity of the dough. The decrease of tan 
δ implies that dough exhibits a different degree of 

Table 1. Crumb moisture and baking properties of the bread samples substituted with 
RMP powder at different levels

Each value is expressed as mean ± SD (n = 3).  Mean with different letters within a row is significantly 
different (p≤0.05).

Table 2. Textural and colour parameters of the bread samples substituted with 
RMP powder at different levels

Each value is expressed as mean ± SD (n = 3). Mean with different letters within a row is 
significantly different (p≤0.05).WI (whiteness index), BI (brownness index)
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cross-linking and that structural changes took place 
with changing RMP powder level. It is known that 
an increase in the cross-linking of a polymer system 
causes the G’ to increase and the loss tangent to 
decrease (Watersa et al, 2011). Peel’s addition, at the 
microstructural level, gives rise to a network with 
a higher density of cross-links. The increase in η* 

indicated increased resistance to deformation. This is 
likely due to interactions between the fibre structure 
and the wheat proteins.

 
Antioxidant activity

Total phenolic content is an important parameter 
to study as it determines the polyphenolic content of 
the sample which is interrelated with the antioxidant 
activity of the sample. As shown in Table 4, the 
amount of phenolics increased proportionately to the 
increase of RMP powder level in the fortified breads. 
This, significant increase is in accordance with many 
tropical fruit (Moo-Huchin, 2015).

Table 4 shows the scavenging properties 
including DPPH and FRAP of the bread samples. 
It was noted that the values of DPPH and FRAP 
increased significantly indicating the scavenging 
properties of the fortified products. The values of 
FRAP (µM FeSO4,7H2O/ 100g) increased compared 
to the bread with no RMP powder, giving the highest 
value of 2232.31±47 µM FeSO4,7H2O / 100g at 5% 
fortification. Whereas, the linear increment was also 
termed in DPPH (% inhibition) showing about three 
times leap from 0% to 5% RMP powder resulting a 
range of 21.51% to 68.54% inhibition.

 The increase in total phenolic content and free 
radical scavenging activity may be attributed due to 
the presence of a rich variety of bioactive components 
such as polyphenols, dietry fibre and vitamin C etc 
(Ajila et al., 2007) in mango peels.  The incorporation 
of mango peel powder in biscuit (Ajila et al., 2008) 
and macaroni (Ajila et al., 2010) have also shown 

Table 3. Rheological parameters of the bread samples substituted with RMP powder at 
different levels

Each value is expressed as mean ± SD (n = 3). Mean with different letters within a row is 
significantly different (p≤0.05).

Table 4. Total phenols and scavenging properties of the bread samples substituted 
with RMP powder at different levels

Each value is expressed as mean ± SD (n = 3). Mean with different letters within a row is significantly 
different (p≤0.05).
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increased phenolic and scavenging property with 
increased in amount of addition of peel.

Sensory evaluation
The sensory attributes, with their assessment 

scores by the evaluators for each sample are shown 
in Table 5. All the samples were statistically different 
(p≤0.05) on the mentioned sensory attributes of the 
RMP fortified breads.

Porosity which represents the appearance of bread 
decreased significantly as the amount of fortification 
increased. The lower scores for incorporated sample 
compared to the control was may be due to the 
compact air cells in crumb caused by fibre addition. 
While observing the aroma descriptors, an inverse 
relationship between traditional bread aroma and 
fruity aroma was seen. As the amount of addition 
of level of peel increased the aromatic compounds 
masked the traditional yeasty aroma. However, the 
overall low scores of after taste which may include 
attribute of bitterness was low. As the amount of peel 
incorporation increased simultaneously the level of 
sugar causing a darker colour due to Millard reaction 
also increases leading to more intense crumb colour 
showing highest value at 5% RMP substitution. 
Considering the oral texture parameters both hardness 
and rubbery texture incremented significantly on 
addition of peel powder in bread. The values of both 
the descriptors for RMP bread were significantly 
larger when compared to bread with no level of peel 
also studied earlier, highest value at 5% RMP (Shin 
et al., 2013). 

Conclusion

Addition of RMP powder at different percentage 
(from 0% to 5%) changes dough viscoelasticity, 
physical, antioxidant and sensory properties of 
bread. The dough with the highest amount of 

RMP powder (5%) showed the highest value of 
viscoelasticity evaluated by fundamental rheological 
measurements. This sample showed, after the 
lowest WI values regarding the crumb colour and 
the highest BI value for crust colour along with 
slight decrement in baking properties with greater 
retention of moisture. Incorporation of RMP powder 
in formulation markedly increased the total phenolics 
content and the radical scavenging activity of bread 
extracts. However, RMP incorporation at highest 
level increased the hardness, rubbery texture with 
significant decrease in crumb porosity and traditional 
bread aroma. Thus, optimum level of addition of 
RMP is an important factor to be considered. This 
leads to a conclusion that RMP powder at 3% can 
be added in bread to increase the antioxidant activity 
of whole wheat bread without much affecting the 
sensory attributes

Acknowledgement

This research work is financially supported by 
the Basic Scientific Research (BSR) fellowship for 
meritorious student programme under University 
Grants Commission (UGC), India. The authors 
report no conflict of interest. The authors alone are 
responsible for the content and writing of the paper.

References

Ajila, C. M., Aalami, M., Leelavathi, K. and Prasada 
Rao, U. J. S. 2010. Mango peel powder: A potential 
source of antioxidant and dietary fiber in macaroni 
preparations. Innovative Food Science and Emerging 
Technologies 11(1): 219–224. 

Ajila, C. M., Leelavathi, K. and Prasada Rao, U. J. S. 2008. 
Improvement of dietary fiber content and antioxidant 
properties in soft dough biscuits with the incorporation 
of mango peel powder.  Journal of Cereal Science 

Table 5. Sensorial attributes and scores of the bread samples substituted with RMP 
powder at different levels

Mean with different letters within a column is significantly different (p≤0.05).



245  Pathak et al./IFRJ 24(1): 238-246

48(2): 319-326.
Ajila, C. M., Bhat, S. G. and Prasada Rao, U. J. S. 2007. 

Valuable components of raw and ripe peels from 
two Indian mango varieties. Food Chemistry 102(4): 
1006–1011.

AACC. 2000. Approved Method of the AACC. 10th Ed. 
American Association of Cereal Chemists, St. Paul, 
MN, USA.

Bandyopadhyay, K., Chakraborty, C. and Bhattacharyya, 
S. 2014. Fortification of Mango Peel and Kernel 
Powder in Cookies Formulation.  Journal of Academia 
and Industrial Research 2(12): 661-664.

Benzie, I. F. F. and Strain, J. J. 1996. The ferric reducing 
ability of plasma (FRAP) as a measure of ‘‘antioxidant 
power’’: the FRAP assay. Analytical biochemistry 
239(1): 70–76.

Berardini, N., Knödler, M., Schieber, A. and Carle, R. 
2005. Utilization of mango peels as a source of pectin 
and polyphenolics. Innovative Food Science and 
Emerging Technologies 6(4): 442-452. 

Bhattacharjee, A., Ghosh, S. K., Neogi, K., Aich, A., 
Willard, B., Kinter, M., Sen, S. K., Ghosh, D. and 
Ghosh, S. 2011. Deposition of stearate-oleate rich 
seed fat in Mangifera indica is mediated by a FatA 
type acyl-ACP thioesterase. Phytochemistry 72(2-3): 
166–177. 

Bouane, M. C. 1978. Texture profile analysis. Food 
Technology 32(7): 62-66.

Dall’Asta, C., Cirlini, M., Morini, E., Rinaldi, M., Ganino, 
T. and Chiavaro, E. 2013. Effect of chestnut flour 
supplementation on physico-chemical properties and 
volatiles in bread making.  LWT - Food Science and 
Technology 53(1): 233-239.

Das, L., Raychaudhuri, U. and Chakraborty, R. 2013. 
Role of hydrocolloids in improving the physical and 
textural characteristics of fennel bread. International 
Food Research Journal 20(5): 2253-2259.

Das, L., Raychaudhuri, U. and Chakraborty, R. 2012. 
Effect of baking conditions on the physical properties 
of herbal bread using rsm. International Journal of 
Food, Agriculture and Veterinary Sciences 2(2): 106-
114.

Dhillon, G. K. and Kaur, A. 2013. Quality evaluation of 
bread incorporated with different levels of cinnamon 
powder. International Journal of Food Science, 
Nutrition and Dietetics (IJFS) II(7): 1-6.

FAOSTAT. 2007. FAO statistics, Food and Agriculture 
Organization of the United Nations. Database. http://
faostat.fao.org/ [Accessed Date: September 9, 2014].

Heenan, S. P., Dufour, J. P., Hamid, N., Harvey, W. and 
Delahunty, C. M. 2008. The sensory quality of 
fresh bread: Descriptive attributes and consumer 
perceptions. Food Research International 41(10): 
989–997.

Ho, L. H, Aziz, N. A. A. and Azahari, B. 2013. Physico-
chemical characteristics and sensory evaluation of 
wheat bread partially substituted with banana (Musa 
acuminata X balbisiana cv. Awak) pseudo-stem flour. 
Food Chemistry 139(14): 532–539.

Jamsazzadeh Kermani, Z., Shpigelman, A., Pham, H. 

T. T., Van Loey, A. M. and Hendrickx, M. E. 2015. 
Functional properties of citric acid extracted mango 
peel pectin as related to its chemical structure. Food 
Hydrocolloids 44: 424-434.

Kermani ZJ, Shpigelman A, Pham HTT, Loey AMV, 
Hendrickx ME. (2015). Functional properties of citric 
acid extracted mango peel pectin as related to its 
chemical structure. J.  Food Hydrocolloids 44: 424-
434.

Kim, H., Moon, J. Y., Kim, H., Lee, D. S., Cho, M., Choi, 
H. K., Kim, Y. S., Mosaddik, A. and Cho, S. K. 2010. 
Antioxidant and antiproliferative activities of mango 
(Mangifera indica L.) flesh and peel. Journal of Food 
Chemistry 121(2): 429–436. 

Lim, H. S., Park, S. H., Ghafoor, K., Hwang, S. Y, and Park, 
J. 2011. Quality and antioxidant properties of bread 
containing turmeric (Curcuma longa L.) cultivated in 
South Korea. Food Chemistry 124(4): 1577–1582.

Mildner-Szkudlarz , S., Zawirska-Wojtasiak, R., Szwengiel, 
A. and Pacyński, M. 2010. Use of grape by-product as 
a source of dietary fibre and phenolic compounds in 
sourdough mixed rye bread. International Journal of 
Food Science and Technology 46(7): 1485–149.

Moo-Huchin, V. M., Moo-Huchin, M. I., Estrada-León, 
R. J., Cuevas-Glory, L., Estrada-Mota, I. A., Ortiz-
Vázquez, E., Betancur-Ancona, D. and Sauri-Duch, 
E. 2015. Antioxidant compounds, antioxidant activity 
and phenolic content in peel from three tropical fruits 
from Yucatan, Mexico. Food Chemistry 166: 17–22.

Ramirez-Maganda, J., Blancas-Benitez, F. J., Zamora-
Gasga, V. M, García-Magaña, M. D. L, Bello-Pérez, 
L. A., Tovar, J. and  Sáyago-Ayerdi, S. G. 2015. 
Nutritional properties and phenolic content of a bakery 
product substituted with a mango (Mangifera indica) 
‘Ataulfo’ processing by-product. Food Research 
International 73: 117-123. 

Ravani, A. and Joshi, D. C. 2013. Mango and it’s by 
product utilization–a review. Trends in Post Harvest 
Technology 1(1): 55-67.

Shin, D. J., Kim, W. and Kim, Y. 2013. Physicochemical 
and sensory properties of soy bread made with 
germinated, steamed, and roasted soy flour. Food 
Chemistry 141(1): 517–523.

Shittu, T. A., Dixon, A., Awonorin, S. O., Sanni, L. O. 
and Maziya-Dixon, B. 2008. Bread from composite 
cassava–wheat flour. II: Effect of cassava genotype 
and nitrogen fertilizer on bread quality. Food Research 
International 41(6): 569–578.

Shittu, T. A., Raji, A. O. and Sanni, L. O. 2007. Bread from 
composite cassava-wheat flour: I. Effect of baking 
time and temperature on some physical properties of 
bread loaf. Food Research International 40(2): 280–
290.

Shyu, Y. S., Lu, T. C. and Lin, C. C. 2013. Functional 
analysis of unfermented and fermented citrus peels 
and physical properties of citrus peel-added doughs 
for bread making. Journal of Food Science and 
Technology 51(12): 3803-3811. 

Singleton, V., Orthofer, R. and Lamuela-Raventos, R. 
1997. Analysis of total phenols and other oxidation 



 Pathak et al./IFRJ 24(1): 238-246 246

substrates and antioxidants by means of Folin–
Ciocalteu reagent. Methods in Enzymology 299: 
152–178.

Steffolani, E., Martinez, M. M., Léon, A. E. and Gomez, 
M. 2015. Effect of pre-hydration of chia (Salvia 
hispanica L.), seeds and flour on the quality of wheat 
flour breads. LWT - Food Science and Technology 
61(2): 401-406. 

Świeca, M., Sȩczyk, Ł., Gawlik-Dziki, U. and Dziki, 
D. 2014. Bread enriched with quinoa leaves – The 
influence of protein–phenolics interactions on the 
nutritional and antioxidant quality. Food Chemistry 
162: 54–62.

Tseng, Y. H., Yang, J. H., Chen, C.H. and Mau, J. L. 2011. 
Quality and antioxidant properties of anka enriched 
bread. Journal of Food Processing and Preservation 
35(4): 518–523.

Tunchaiyaphum, S., Eshtiaghi, M. N. and Yoswathana, N. 
2013. Extraction of bioactive compounds from mango 
peels using green technology. International Journal 
of Chemical Engineering and Applications 4(4): 194-
198.

Ulziijargal, E., Yang, J. H., Lin, L.Y., Chen, C. P. and 
Mau, J. L. 2013. Quality of bread supplemented with 
mushroom mycelia. Food Chemistry 138(1): 70–76.

Varakumar, S., Naresh, K. and Reddy, O. V. S. 2012. 
Preparation of Mango (Mangifera indica L.) Wine 
Using a New Yeast-Mango-Peel Immobilised 
Biocatalyst System. Czech Journal of Food Sciences 
30(6): 557–566. 

Wu, M. Y. and Shiau, S. Y. 2013. Effect of the amount 
and particle size of pineapple Peel fiber on dough 
rheology and steamed Bread quality. Journal of Food 
Processing and Preservation Doi:10.1111/jfpp.12260.

Waters, D. M., Ryan, L. a M., Murray, P. G., Arendt, E. 
K. and Tuohy, M. G. 2011. Characterisation of a 
Talaromyces emersonii thermostable enzyme cocktail 
with applications in wheat dough rheology. Enzyme 
and Microbial Tech 49(2): 229– 236. 

Yu, L., Perret, J., Harris, M., Wilson, J. and Haley, S. 
2003. Antioxidant properties of bran extracts from 
Akron wheat grown at different locations. Journal of 
Agriculture and Food Chemistry 51(6): 1566-1570.



109

Introduction
Mango (Mangifera indica L.) is one of the most important

tropical fruit which grows abundantly in 83 different

countries across the world with the annual production of

25 MMT and is being consumed about 50% of the total

tropical fruit [1]. Raw mangoes are used for preparing

various traditional and commercial products like raw

slices in brine, amchur, pickle, murabba, chutney, panhe

(sherbet) and squash etc. To prepare these above stated

products, the peel of mango (which is about 15-20%) is

generated as waste [2]. Mango peels are good sources of

polyphenols, carotenoids, dietary fibre (pectin) and other

bioactive compounds [3]. The polyphenol content is found

significantly higher in raw peels compared to ripe peel

while the carotenoids and vitamin E are found significantly

higher in ripe peels [4]. Gallic acid, protocatechuic acid,

gentisic acid and syringic acid are the phenolic acids

identified in phenolic fractions of raw and ripe mango

peel extracts. The addition of natural antioxidants in foods

and biological systems has received considerable interest

because of their presumed safety and potential nutritional

and therapeutic effects.

Proximate composition of raw mango peel is around -

moisture (66%), carbohydrate (22.8%), protein (1.76%),

fat (2.16%), dietary fibre (3.28%) and ash (1.16%) [5].

Raw mango peel can be used as an ingredient in processed

food products such as bakery products, breakfast cereals,

pasta products and beverages. Also we can find ripe

mango peels used in muffins, biscuits, macaroni and wine

preparation.

Thus the main objective of this work is to improve

antioxidant property of raw mango peel through the drying

process and its utilization in daily food.
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Abstract
Raw Mango Peel (RMP) is a rich source of many bioactive components including polyphenols, flavonoids, carotenoids, vitamin C

and vitamin E etc. It is generated as waste during processing of mango pulp for various products both in household and industrial

level.

In this technique of mango processing, 13-15% consists of the peel. In the present study, oven dried raw mango peel powder

(RMPP) was prepared to investigate the physical, antioxidant and sensory properties. The effect of oven drying on RMPP showed

better lightness and yellowness. The content of polyphenols, flavonoids was remarkably high. Free radical scavenging activity was

also studied by DPPH radical scavenging assay to investigate the antioxidant quality. Moreover, by sensory evaluation this peel

powder was found to have good overall acceptability with acceptable scores in colour and aroma parameters. Then RMPP is

incorporated in traditional roti at 4% level. RMPP enriched roti showed high antioxidant property and an acceptable sensory profile

than control sample. Thus results suggest that the use of RMPP is suitable for enhancing the nutritional quality when incorporated

in food substances.

Keywords: Raw mango peel, colour, antioxidant properties, sensory properties, enriched roti.

Materials and Methods:
Raw Materials: Raw mangoes, wheat flour, salt were

purchased from local market of Jadavpur, Kolkata, India.

Chemicals: Gallic acid (SD Fine-Chem Ltd., Mumbai,

India), DPPH (Sigma-Aldrich, St. Louis, MO, USA),

Folin-Ciocalteau reagent, sodium carbonate, ethanol

(Merck Specialities Pvt., Ltd., Mumbai, India), sodium

hydroxide (Himedia Laboratories Pvt., Ltd., Mumbai,

India), sodium nitrite and aluminium chloride (LOBA

Chemie) were used in the experiment.

Raw mango peel powder preparation: Raw mango peel

(RMP) was blanched by dipping in hot water followed

by cold water. Mango peels were cut into small strips

before drying.Samples were dried in a tray dryer (ICT,

Kolkata, India) at 60°C upto constant weight. The dried

samples were then ground in a common grinder (Prestige

Stylo Mixer Grinder, Prestige, India) and packaged in

freezer proof air tight container. Thus raw mango peel

powder (RMPP) was obtained.

Traditional roti preparation: Traditional roti is prepared

with wheat flour, salt and water. This is denoted as control

sample. In raw mango peel powder (RMPP) enriched roti

4% RMPP is added during dough formation.

Percentage weight ratio: Weight of different fruit parts

was taken on a citizen (model MP-300) electronic balance

to calculate the Percentage weight ratio (PWC).

Color: The color of the samples were measured using

the Hunter Lab color measurement system, ColorFlex 45/

0, D65, 10° observer (Hunter Associates Laboratory Inc.,

Reston, VA, USA) according to the CIELAB system of

color measurement as L*-whiteness/darkness (100-0), a*-

redness/greenness (+ to -) and b*-yellowness/blueness (+

to -) [6].

J.B. Books & Learnings.

Berhampore, West Bengal

e-mail : jbblindia@gmail.com
JBBL

Nutritional Deprivation in the Midst of Plenty

Editor-in-Chief : Rukshana Irani

ISBN  978-93-83010-27-1



110

“Nutritional Deprivation in the Midst of Plenty” - An  Attempt to Create Awareness

Total phenolic content: The total phenolic content (TPC)

was determined according to the Sharma and Gujral 2010

[7]. After incubation at room temperature for 90 mins,

the absorbance of the mixture was observed at 750 nm.

The results were expressed as mg of gallic acid equivalents

(GAE) per 1 gram of sample.

Total flavonoid content: The total flavonoid content of

sample was determined with slight modifications of Xu

and Chang 2007 [8]. Total flavonoid contents were

expressed as milligrams of catechin equivalents (CAE)

per 1 gram of defatted sample.

Radical DPPH scavenging capacity: The free radical

scavenging capacity of sample extracts was determined

using the stable 2, 2-diphenyl-1-picrylhydrazyl radical

(DPPH). The reaction was monitored by reading

absorbance at 517 nm according to Yu et al. 2003 [9].

Sensory Analysis: Samples were coded and presented

to 10 panel members for sensory scoring. The panel

members, who were familiar with sensory analysis

techniques, were postgraduate students and research

scholars of the Department of Food Technology and Bio-

chemical Engineering (Jadavpur University, India).

Samples were scored for appearance, taste, color, aroma

and overall acceptability according to numerical scoring

system. The model used in this analysis was an acceptance

test on the hedonic scale, with values ranging from "1"

(extremely disliked) to "9" (extremely liked). Mean and

standard deviation were individually calculated for scores

obtained for all quality attributes of each product.

Results and Discussions:
Raw Mango Peel & Raw Mango Peel Powder: As a

physical property peel to fruit weight ratio (table 1) was

13.37%. In color profile (table 1) whiteness and

yellowness increased in RMPP from (30.67±0.83 to

62.83±0.23) and (16.45±0.29 to 26.56±0.41) respectively.

But greenness decreased in RMPP from (-7.81±0.25 to -

0.76±0.19) due to drying temperature has an effect on

coloring pigment.

Table 1: PHYSICAL PROPERTIES OF RAW

MANGO PEEL

Parameters RMP RMPP

Peel to fruit weight ratio (%) 13.37±1.04 -----

L* 30.67±0.83 62.83±0.23

a* -7.81±0.25 -0.76±0.19

b* 16.45±0.29 26.56±0.41

Values are given as means of 3 samples (n=3) ± SD.

L*-whiteness/darkness (100-0); a*-redness/greenness (+

to - ); b*yellowness/blueness (+ to - ).

Antioxidant profile (table 2) of RMPP was much better

in qualitative and quantitative aspect. TPC and flavonoid

value of RMPP is 8.26±0.41 mg GAE/g and 1.16±0.06

mg CE/g respectively where as in RMP it is 1.05±0.05

mg GAE/g and 0.53±0.03 mg CE/g respectively. DPPH

inhibition percentage is more than double in RMPP than

RMP.

Table 2: ANTIOXIDANT PROPERTIES OF RAW

MANGO PEEL

Parameters RMP RMPP

TPC (mg GAE/g) 1.05±0.05 8.26±0.41

Flavonoid (mg CE/g) 0.53±0.03 1.157±0.06

DPPH  (% inhibition) 13.97±0.7 50.87±0.79

Values are given as means of 3 samples (n=3) ± SD.

TPC= Total phenolic content, DPPH= 2, 2-diphenyl-1-

picrylhydrazyl radical

As a whole, organoleptic acceptability is an important

parameter for all processed food. RMP scored higher in

all aspect but RMPP also scored above 6 and close to

RMP in all aspect. So from this point it could be

established that RMPP was also acceptable like RMP.

According to this comparative study we can use RMPP

in food as a source of natural antioxidant.

Table 3: SENSORY PROPERTIES OF RAW

MANGO PEEL

Parameters RMP RMPP

Color 8.5±0.5 7.76±0.25

Aroma 8.6±0.29 7.3±0.25

Overall acceptability 8.3±0.3 7.6±0.4

Values are given as means of 3 samples (n=3) ± SD.

Traditional Roti: As a color profile (table 4) whiteness

and yellowness decreased and redness increased in 4 %

RMPP enriched roti than control. This is due to presence

of RMPP. DPPH inhibition percentage (table 4) was

almost absent in control sample but in 4% RMPP enriched

roti it was 28.55%. During processing antioxidant

property still present which means this natural antioxidant

is acceptable for processed food.

Table 4: COLOR & ANTIOXIDANT PROPERTIES

OF RMPP ENRICHED ROTI

Parameters CONTROL 4%RMPP

L* 78.95±0.76 65.44±0.70

a* 1.80±0.31 4.48±0.15

b* 15.43±0.19 14.31±0.07

DPPH (%) 0.54±0.03 28.55±0.52

Values are given as means of 3 samples (n=3) ± SD.
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In sensory properties (table 5) all values were higher in

control sample but difference with 4 % RMPP enriched

roti it was very close and also equal or higher than 7. If

we consider overall acceptability then in control it was

7.96 and in 4% RMPP it was 7.5. So, 4% RMPP enriched

roti was also acceptable.

Table 5: SENSORY PROPERTIES OF RMPP

ENRICHED ROTI

Parameters CONTROL 4%RMPP

Color 7.8±0.29 7±0.3

Aroma 8.1±0.29 7.1±0.17

Appearance 8.17±0.28 7.5±0.46

Taste 7.6±0.58 7.6±0.42

Overall acceptability 7.96±0.05 7.5±0.45

Values are given as means of 3 samples (n=3) ± SD.

Conclusion:
Through the drying process, we can prepare RMPP which

shows better antioxidant property than RMP. Also 4%

RMPP improves the antioxidant property of control

sample (roti), with acceptable physical and sensory

properties. So, we can conclude that by using drying

process we can convert that raw mango peel into powder

and can include it in our daily diet.
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