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Abstract The effect of incorporating different proportions

(5, 10, 15 and 20%) of cashew nut protein concentrate

(CNPC) on the physicochemical properties, antioxidant

activity and consumer acceptability of bread was investi-

gated. Substitution of wheat flour with CNPC increased the

water and oil absorption capacity, swelling capacity, peak

and final viscosities. Substitution of CNPC in wheat bread

significantly increased the protein (12.69–22.04 g/100 g),

ash, crude fiber, calcium, magnesium, iron (2.09–3.36 mg/

100 g), phosphorus and zinc (0.79–1.57 mg/100 g) con-

tent, while carbohydrate value decreased. Substitution of

wheat flour with CNPC in bread increased the loaf weight

while specific volume decreased (4.36–2.21 cm3/g).

Acceptable bread was prepared with up to 15% CNPC;

which contained the highest total phenolics (2.64 mg GAE/

g), DPPH radical scavenging activity (71.22 lmol TE/

100 g), ferric reducing antioxidant power (427.77 lmol

TE/100 g) and ABTS radical scavenging activity

(195.68 lmol TE/100 g) than the 100% wheat bread

(1.28 mg GAE/g, 40.81 lmol TE/100 g, 375.62 lmol TE/

100 g and 154.02 lmol TE/100 g).
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Abbreviations

CNP Cashew nut Powder

CNPC Cashew nut protein concentrate

OAC Oil absorption capacity

RVA Rapid visco analyzer

SC Swelling capacity

WAC Water absorption capacity

WF Wheat flour

Introduction

Bread is an important stable food consumed by old and

young people all over the world. Bread is prepared by

baking the dough prepared with wheat flour, water, yeasts,

salt, sugar and shortening ages (Mondal and Datta 2008).

According to Haber et al. (2019), the most popular yeast-

leavened bread is commonly prepared from wheat flour.

Wheat flour is rich in gluten which is responsible for the

viscoelastic properties of the dough. However, bread is

mostly prepared from refined wheat flour deficient in

essential amino acids, micronutrient and antioxidant.

There is an increasing demand for novel and healthy

baked products by consumers who are now conscious of

their well-being. This said, there are attempts to enrich

wheat flour or other cereals with functional ingredients

such as plant-derived protein in order to meet the health

interest of the people’s diet. Enrichment of wheat flour

with cashew protein in bread production is one of such

sources.
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Cashew (Anarcadium occidentale), a kidney or heart-

shaped fruit is extensively grown in Africa and West

Indies. In Nigeria, cashew nut is one of the major nuts of

economic importance through exportation. Cashew nut is

relatively rich in protein (* 27.31%) with adequate

amount of amino acids, fat (* 34.95%), and dietary fiber,

minerals (especially calcium, potassium, magnesium,

sodium and zinc) (Vincent et al. 2009). Cashew nuts are

highly nutritive which has made it to gain wide applica-

tions in the bakery and confectionary industry as dessert in

cakes, pastries, cookies and cereal bars (Gadani et al. 2017;

Emelike and Akusu 2019). The consumption of cashew nut

has been attributed with reduced risk of cardio-vascular

diseases, type II diabetes and colon cancer (Mukuddem-

Petersen et al. 2005).

Plant-derived proteins have received increased attention

as a dietary supplement because of consumer demand for

healthy foods and their low cost (Henchion et al. 2017).

Plant-derived proteins serve as functional ingredients in

food products due to their nutritional, antioxidant and

functional properties than flour (Aydemir and Yemeni-

cioglu 2013). The inclusion of plant-derived protein con-

centrate in wheat-based bread has been studied to an extent

(Chinma et al. 2015; Alzuwaid et al. 2021; Franco-Miranda

et al. 2017; Coşkun et al. 2020). To the authors’ knowl-

edge, information is scanty on the inclusion of cashew nut

protein concentrate to enrich wheat bread. The purpose of

this study was to determine the effect of incorporating of

cashew nut protein concentrate on the physicochemical

properties, antioxidant activity, and consumer acceptability

of bread.

Materials and methods

Materials

Cashew kernels were obtained from Olam Nigeria Limited,

Kwara State, Nigeria. Wheat flour (Dangote) and other

baking ingredients (granulated sugar, salt, shortening, and

food grade dry yeast (Saccharomyces cerevisiae) were

purchased from Kure Market Minna, Nigeria. The reagents

used in the study were of analytical grade.

Cashew nut powder (CNP) preparation

A standard method Sze-Tao and Sathe (2004) was

employed for the preparation of CNP. The cashew nut was

ground using a kitchen grinder. Cashew nut flakes were

extracted with the use of n-hexane as solvent in ratio 1:10

(flakes to solvent). The extraction was done for 1 h with

continuous magnetic stirring. Defatted cashew nut flakes

were spread on aluminum foil and dried for 6 h in a fume

cupboard to get rid of residual n-hexane. Dried defatted

cashew flakes was then milled into a fine powder, pack in a

plastic containers.

Preparation of cashew nut protein concentrate

(CNPC)

The CNPC was prepared using alkaline isoelectric pre-

cipitation method as described in a standard procedure

Wagner et al. (2000). Two different cashew powders were

dispersed in distilled water at ratios 1:5 and 1:10, and the

pH adjusted to 7.0 and 9.0, using NaOH (0.1 N). CNPC

slurry was stirred continuously for 60 min at room tem-

perature, and then centrifuged at 1000 9 g for 30 min.

Water was added to the cashew nut filtrate to make a slurry

again and the pH adjusted as described above, and cold-

centrifugation was repeated. The two supernatants were

mixed together and divided into two different pHs (3.5 and

4.5) by adding HCl (0.1 N) and allowing it to stay for 2 h

at 4 �C, after which it was cold-centrifuged as described

above. The supernatant was discarded to obtain cashew nut

protein slurry. The process of suspension and cold-cen-

trifugation were repeated to cashew nut protein concentrate

slurry, which was freeze-dried (Alpha 2–4, Martins Christ,

Germany) for 12 h, blended and passed through a

100-mesh screen, packaged and stored under refrigeration

condition.

Formulation of wheat flour (WF)-CNPC blends

The WF and CNPC were blended at different proportions

(100: 0; 95: 5; 90:10; 85: 15 and 80: 20). The choice of the

levels (5–20%) of inclusion of the protein concentrate was

premised on a previous study where the inclusion of up to

20% protein concentrate did not significantly alter the

sensory properties of bread and contributed to keeping the

specific volume during 21 days of storage (Zorzi et al.

2020). A uniform blend of composite flours was achieved

with aid of a Kenwood mixer (Speed 6 for 5 min).

Evaluation of functional properties

Water absorption capacity (WAC) and oil absorption

capacity (OAC) of wheat flour and cashew nut protein

concentrate blends were analyzed according to the AACC

method 56–20 (AACC 2000). Two grams each sample

(MO) was dispersed in 40 mL of deionised water or refined

sunflower oil and vortexed for 10 min. The slurry was then

centrifuged for 15 min at 1000 9 g at 20 �C and the

supernatant decanted. The centrifuge tubes were then

inverted on a clean paper towel for 5 min and the residue

weighed (M2). WAC and OAC were calculated as follows:
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WAC or OAC ¼ M2 �MOð Þ=MO½ � � 100

where Mo and M2 is the sample weight (db) and weight of

wet or oily residue, respectively.

Swelling capacity (SC) of composite blends was

according to Abu et al. (2005). The blends was first dis-

persed in deionised water to form a slurry (at ratio 1:20,

w/v) which was then vortexed for 60 s. The slurry was then

heated in a water bath at 90 �C for 30 min and mixed

intermittent. The heated slurries were placed under running

water to cool and in an ice bath for 10 min. The cooled

slurries were centrifuged at 4500 9 g for 10 min (20 �C),
and the samples stood for 5 min at 24 �C. The residue was
weighted after decanting the supernatant. SC (%) of the

sample was calculated as: weight of the residue/initial

sample weight 9 100.

Pasting analysis

The pasting characteristics of the samples were analyzed

using a rapid visco analyzer (RVA, Newport Scientific Pty

Ltd., New South Wales 2102, Australia) as described by

Chinma et al. (2016). A 2.5 g of each sample was used

following standard pasting conditions described by the

Author. The RVA parameters analyzed include: peak, final,

break down and set back viscosities, pasting temperature

and peak time were recorded.

Bread making

A standard procedure (straight dough method) previously

described by Mohammed et al. (2012) was employed in

bread making with slight modification in terms of the

ingredients. The bread recipe: 5 g of sugar (Dangote

Refinery Plc, Lagos, Nigeria) and 2 g of salt (Dangote

Refinery Plc, Lagos, Nigeria), 5 g dry yeast (S. cerevisiae)

(Angel Yeast Co., Yichang 140 Hubei, China), 10 g of

margarine (Blue 138 Band, Unilever Plc., Lagos, Nigeria),

and composite flour (200 g each). The ingredients and

composite flour were thoroughly mixed in a bowl to make

the dough. The prepared dough was allowed to rest for

30 min), weighed, cut into uniform sizes, kneaded and

molded before placing in a greased pan; the dough was

leave to proof at 35 �C for 36 min. The leavened dough

was baked in an oven (Gallenkamp, UK) at 180 �C for

35 min. Bread samples were cooled under room tempera-

ture for 3 h before packaging in polyethylene bags for

further analyses.

Proximate analysis

The moisture, ash, fat, protein and crude fiber was analyzed

using standard method (AOAC 2005). Moisture value of

breads was analyzed by drying at 105 �C in an oven

(Gallenkamp 300 series, Widnes, Cheshire, UK) until

constant weight (method No. 925.09B). Micro-Kjeldahl

method was employed for protein analysis, after digestion,

distillation and titration. The nitrogen value was corrected

and multiplied by a factor of 6.25 to obtain the protein

value (method No. 992.23). Ash content was analyzed by

incinerating sample in a muffle furnace at 550 �C for 24 h

(method No. 923.03). Fat content was determined by

extracting the sample with petroleum ether using Soxhlet

extraction apparatus (method No. 920.39C), while crude

fiber was determined by digesting the sample with diluted

acid and alkali (method No. 962.09E). Carbohydrate value

was determined by the difference (AOAC 2005).

Mineral analysis

Mineral analysis of samples was determined using standard

method (AOAC 2005). The minerals (calcium (Ca), mag-

nesium (Mg), iron (Fe) and zinc (Zn)) were determined by

atomic absorption spectrophotometry (Perkin–Elmer

Model 2380, USA) while phosphorus (P) was determined

using flame photometric method.

Total phenolic content (TPC) and antioxidant

properties

Total phenolic content was determined using the Folin–

Ciocalteau method previously described by Singleton and

Rossi (1965), and results were expressed as milligrams of

gallic acid equivalent (mg GAE) per 100 g of dried sample.

Ferric reducing antioxidant power was determined fol-

lowing a standard procedure (Beta et al. 2005), and results

expressed as mmol trolox equivalent (TE) per g sample.

The DPPH (1,1-diphenyl-2-picryl-hydrazil) radical scav-

enging activity was determined according to Silva et al.

(2005). The ABTS radical scavenging activity was deter-

mined using a standard method (Cai et al. 2004).

Sensory evaluation

The sensory properties (aroma, appearance, crust colour,

taste, texture and overall acceptability) of the bread sam-

ples were evaluated using a 9-point Hedonic scale, where 1

and 9 represent ‘dislike extremely’ and ‘like extremely’,

respectively. The bread samples were evaluated by a semi-

trained panel consisting of 20 members who are regular

consumers of bread. Bread samples were allowed to cool

after baking and presented in coded plates. Portable water

was provided to each participant to rinse their mouth before

sensory testing and between samples.
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Statistical analysis

Data generated from triplicate analyses were subjected to

ANOVA (analysis of variance) using SPSS version 20

(IBM, Armonk, USA). The differences among the means

were separated at 5% probability level (Turkey’s Test).

Results and discussion

Functional properties of wheat flour-cashew nut

protein concentrate blends

Wheat flour-CNPC blends had higher WAC and OAC than

the control (wheat flour) (Table 1). Higher WAC of wheat

flour-CNPC blends than 100% wheat flour may be attrib-

uted partly to higher protein value of CNPC. Ability of

flours to retain water has been attributed to higher protein

content (Jideani and Jideani 2011). Higher OAC of the

wheat-CNPC blends than 100% wheat flour may be

attributed partly to the presence of non-polar amino acid

residues dominate in cashew nut proteins. The mechanism

of oil absorption in food materials involves capillarity

interaction which allows the absorbed oil to be retained,

(Du et al. 2014), which relatively depends on the amino

acid composition, lipophilicity and surface polarity (Ade-

biyi et al. 2016). The interaction between flour and oil or

water is one of the major factors in the use of flour as a

food ingredient. The WAC of flour influences its hydration

and gluten network development and subsequently affects

bread quality (Millar et al. 2019). Good OAC of flour is an

indication for the improvement of mouth-feel and retention

of flavor in bakery products (Ahmed et al. 2019). The

amount of water or oil absorbed by flour is very important

in measuring dough quality, texture and subsequent taste of

bread (Yadahally et al. 2012). Swelling capacity of the

wheat flour-CNPC blends were significantly higher than

the control and increased with increasing level of CNPC

(except the blend containing 15% CNPC). Higher SC of the

composite blends could suggest high water affinity indi-

cating improved flour functionality (Olukomaiya et al.

2020).

Pasting characteristics is an important parameter that

provides knowledge about the application of flour or starch

in a food product. Pasting characteristics gives information

about the behavior of about the changes in the paste vis-

cosity of flour or starch as temperature changes. Substitu-

tion of wheat flour with CNPC increased the peak,

breakdown, final, setback (except the blend containing

15% CNPC) viscosities of the blends compared to 100%

wheat flour, while trough viscosity (except the blend con-

taining 15% CNPC), peak time and peak temperature

decreased (Table 1). Pasting behaviour has been reported to

influence the distribution, size and structure of starch, lipid,

protein and amylose contents, and water binding capacity

(Wu et al. 2013). This put together, may account for the

changes recorded in the pasting properties of wheat flour-

CNPC blends. The blend containing 15% CNPC had the

highest peak (178.80 RVU) and trough viscosity (121.54

RVU) than other samples. According to Morad et al.

(1980) high peak and trough viscosity may enhance gel

forming abilities of the flour. The developing and setting of

Table 1 Functional and pasting properties of wheat flour and cashew nut protein concentrate blends

Parameter 100WF 95WF:5CNPC 90WF:10CNPC 85WF:15CNPC 80WF:20CNPC

WAC (g/g) 1.13 ± 0.0 2b 1.23 ± 0.02a 1.25 ± 0.25a 1.27 ± 0.27a 1.29 ± 0.29a

OAC (g/g) 1.03 ± 0.0 2b 1.03 ± 0.02b 1.38 ± 0.02a 1.33 ± 0.25a 1.27 ± 0.25a

SC (%) 3.99 ± 0.0 2e 4.26 ± 0.10d 6.14 ± 0.12b 5.09 ± 0.20c 6.27 ± 0.15a

Peak viscosity (RVU) 141.04 ± 1. 56c 162.96 ± 0. 56b 163.04 ± 1.00b 178.80 ± 0.0 0a 137.67 ± 0.0 5d

Trough viscosity (RVU) 120.42 ± 0.0 0b 117.42 ± 1.00c 120.08 ± 0.0 0b 121.54 ± 0.50a 106.29 ± 0.0 5d

Breakdown viscosity (RVU) 20.63 ± 0. 50e 45.54 ± 1.41b 42.96 ± 0. 50c 57.26 ± 1.6 0a 31.38 ± 0.50d

Final viscosity (RVU) 217.04 ± 0.50d 222.35 ± 0.50c 240.04 ± 0.50a 217.88 ± 0.50d 223.58 ± 1.00b

Set back viscosity (RVU) 98.58 ± 1.00d 104.96 ± 1.50c 119.96 ± 0.50b 96.38 ± 1.00e 126.29 ± 0.50a

Peak time (min) 6.05 ± 0.50a 5.97 ± 0.03b 5.93 ± 0.01b 5.90 ± 0.50b 5.85 ± 0.50c

Peak temperature (�C) 94.56 ± 0.01a 93.40 ± 0.00b 91.26 ± 0.01c 90.40 ± 0.00d 88.75 ± 0.01e

Mean and standard deviation of three determinations

Mean value with different superscript in a row are significantly (p B 0.05) different from each other

WAC Water absorption capacity OAC Oil absorption capacity; SC Swelling capacity; 100WF: 100% wheat flour; 95WF:5CNPC: 95% wheat

flour: 5% cashew nut protein concentrate;

90WF: 10CNPC: 90%wheat flour: 10% cashew nut protein concentrate; 85WF:15CNPC: 85% wheat flour: 15% cashew nut protein concentrate;

80WF:20CNPC:80% wheat flour: 20% cashew nut protein concentrate
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the gas network during proofing and baking may be

attributed to the increase in gel forming abilities which in

turn improves the technological properties of the bread

(Alvarez-Jubete et al. 2010).

Physicochemical properties of wheat flour-cashew

nut protein concentrate breads

Substitution of wheat flour with cashew nut protein con-

centrate impacted on the chemical composition of the

resulting breads (Table 2). The result trend of the chemical

composition of wheat-cashew nut protein concentrate

breads recorded is in line with previous reports on wheat-

rice bran protein concentrate composite breads (Chinma

et al. 2015) and wheat-apricot bread (Dhen et al. 2018).

Moisture content of bread influences the physical, sensory

and microbiological properties of the bread. Certain

moisture level is required in bread to keep it fresh and

moist to prevent drying out while on the shelf. Moisture

value of 100% wheat bread was 28.45%, which decreased

with increasing level of CNPC (up to 10% CNPC), and

thereafter increased (p C 0.05) from 29.13 to 29.40% (20%

CNPC). Protein content of bread containing 5%, 10%, 15%

and 20% CNPC significantly increased by 44.60%,

54.69%, 64.85% and 73.68%, respectively, compared to

100% wheat bread. The significant increase in protein

value could be attributed to high content in cashew nut.

Nuts are known to contain high quality proteins which are

of health benefits especially to group of people with special

caloric and glycemic requirements (Obese or diabetic

patients). Similar trend was observed for ash, dietary fiber

and fat contents of the wheat-CNPC breads which

increased with increasing proportion of CNPC. Carbohy-

drate content of wheat-CNPC breads were significantly

lower compared to the control. Carbohydrate content of

breads containing 5%, 10%, 15% and 20% CNPC were

reduced by 10.79%, 11.41%, 21.35% and 24.89%,

respectively. The reduction in carbohydrate content could

be attributable to the increase in other constituents (ash, fat

and protein), since carbohydrate content was calculated by

difference.

Addition of CNPC in bread significantly increased cal-

cium, magnesium, iron, phosphorus and zinc contents from

44.50 to 49.26 mg/100 g, 76.27 to 84.61 mg/100 g, 2.09 to

3.36 mg/100 g, 240.41 to 255.74 mg/100 g, and 0.79 to

1.57 mg/100 g respectively. Higher contents of minerals

recorded in wheat-CNPC breads than control may be

attributed to high content of mineral elements present in

cashew nut (Aremu et al. 2006; Vincent et al. 2009). The

presence of minerals can be of nutritional benefits in

helping to build the body, reduce nutritional deficiencies,

maintaining regular heart rate and blood sugar regulation

(Saris et al. 2000).

Physical and properties of bread

The 100% wheat bread had the lowest loaf weight

(55.71 g), while bread containing 20% CNPC had the

highest loaf weight (78.15 g) (Table 3). Loaf weight of the

breads increased with the increasing level of CNPC, which

may be attributed to the ability of the dough to less gas

retention in the dough or the ability of the dough to retain a

Table 2 Chemical composition of bread prepared from wheat flour and cashew nut protein concentrate blends

Parameter 100WF 95WF:5CNPC 90WF:10CNPC 85WF:15CNPC 80WF:20CNPC

Moisture (g/100 g) 28.45 ± 1.06b 27.51 ± 1.97c 25.53 ± 1.72d 29.31 ± 0.67a 29.40 ± 0.90a

Ash (g/100 g) 1.25 ± 0.01e 1.68 ± 0.05d 1.79 ± 0.10b 1.73 ± 0.04c 1.80 ± 0.05a

Protein (g/100 g) 12.69 ± 0.19e 18.35 ± 0.14d 19.63 ± 0.24c 20.92 ± 0.17b 22.04 ± 0.11a

Fat (g/100 g) 7.17 ± 0.03d 7.31 ± 0.06c 7.60 ± 0.11b 7.77 ± 0.08a 7.76 ± 0.05a

Crude fiber (g/100 g) 1.00 ± 0.08d 1.13 ± 0.05c 1.37 ± 0.03b 1.39 ± 0.02b 1.85 ± 0.02a

Carbohydrate (g/100 g) 49.41 ± 0.65a 44.08 ± 0.86b 43.77 ± 0.50b 38.86 ± 0.60c 37.11 ± 0.73d

Calcium (mg/100 g) 44.50 ± 0.42e 46.53 ± 0.20d 47.45 ± 0.41c 48.56 ± 0.29b 49.26 ± 0.85a

Magnesium (mg/100 g) 76.27 ± 0.60e 78.07 ± 0.74d 81.52 ± 0.82c 83.44 ± 0.50b 84.61 ± 0.49a

Iron (mg/100 g) 2.09 ± 0.11e 2.61 ± 0.13d 2.81 ± 0.10c 3.10 ± 0.14b 3.36 ± 0.10a

Phosphorus (mg/100 g) 240.41 ± 2.11e 245.40 ± 2.08d 247.03 ± 1.17c 252.84 ± 0.89b 255.74 ± 1.66a

Zinc (mg/100 g) 0.79 ± 0.02e 0.92 ± 0.01d 1.18 ± 0.01c 1.29 ± 0.02b 1.57 ± 0.01a

Mean and standard deviation of three determinations

Mean value with different superscript in a row are significantly (p B 0.05) different from each other

100WF: 100% wheat flour; 95WF:5CNPC: 95% wheat flour ? 5% cashew nut protein concentrate; 90WF: 10CNPC: 90%wheat flour ? 10%

cashew nut protein concentrate; 85WF:15CNPC: 85% wheat flour ? 15% cashew nut protein concentrate; 80WF:20CNPC:80% wheat

flour ? 20% cashew nut protein concentrate
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reasonable quantity of water. The higher protein content of

the composite breads may also account for the increase in

bread weight (Jideani and Jideani 2011). This is in accor-

dance with the result of Dhen et al. (2018) for apricot

kernel enriched bread.

Loaf volume (cm3) of breads decreased significantly

from 242.29 cm3 (for control bread) to 172.71 cm3 (for

bread containing 20% CNPC) with the addition of cashew

nut protein concentrate. Similarly, the specific volume of

breads decreased from 4.36 cm3/g (for control bread) to

2.21 cm3/g (for bread containing 20% CNPC). Bread vol-

ume and specific volume decreased with an increase in the

proportion of CNPC. The decrease in bread volume and

specific volume may be attributed partly to dilution of

wheat dough gluten matrix due to addition of the non-

gluten material, CNPC. The 100% bread crumb had a well

packed gluten network outlook compared to the composite

breads (especially the 15% and 20% CNPC while the 15%

and 20% CNPC) with some pores or loose gluten network

appearance on the crumbs (Fig. 1). The observed reduc-

tions in bread volume/ specific volume of the composite

breads are in a good agreement with previous reports

(Greene and Bovell-Benjamin 2004; Chinma et al. 2015).

Sensory properties of wheat-CNPC breads

Results of the sensory properties of wheat-CNPC com-

posite breads and control are presented in Table 3. Sig-

nificant differences were recorded in aroma and appearance

(except for breads containing 15% and 20% CNPC) of the

wheat-CNPC breads when compared to the control. The

15% CNPC bread had the highest aroma and appearance

scores. Statistically, no significant difference was recorded

in the colour of wheat-CNPC breads when compared to the

control, even though colour scores of breads decrease with

increase in the proportion of CNPC. Taste scores of com-

posite breads increase with increasing proportion of CNPC,

which decreased upon substitution of 20% CNPC. Taste

score of 100% wheat bread differed from other bread

samples (except bread containing 20% CNPC), but there

was no significant difference in taste between bread con-

taining 10% CNPC and 15% CNPC. Bread containing 15%

CNPC had the highest taste score (7.73) than other com-

posite breads (6.95–7.40) as well as control (7.25). Texture

of composite breads statistically did not differ from the

control. The composite breads had higher texture scores

than the control. The majority of the sensory panelists

reported that the texture of the composite breads was softer

than the 100% wheat bread, which may be due to the

dilution of the gluten, and the high WAC recorded in the

composite flours as mentioned earlier, which improved the

texture of the composite bread. In terms of overall

acceptability, bread containing 15% CNPC had the highest

overall acceptability score (8.20) compared to other com-

posite bread and the control.

Total phenolic content (TPC) and antioxidant

property of most acceptable composite bread

and 100% wheat bread

Total phenolic content and antioxidant activity of the most

acceptable composite bread (bread containing 15% CNPC)

Table 3 Physical and sensory properties of bread prepared from wheat flour and cashew nut protein concentrate blends

Parameter 100WF 95WF:5CNPC 90WF:10CNPC 85WF:15CNPC 80WF:20CNPC

Physical properties

Loaf weight (g) 55.71 ± 0.37e 60.04 ± 0.24d 65.03 ± 0.60c 70.86 ± 0.36b 78.15 ± 0.6a

Loaf volume (cm3) 242.29 ± 0.60a 187.93 ± 0.23b 180.78 ± 0.41c 174.31 ± 0.35d 172.71 ± 0.20e

Specific volume (cm3/g) 4.36 ± 0.20a 3.13 ± 0.10b 2.78 ± 0.00c 2.46 ± 0.15d 2.21 ± 0.00e

Sensory properties

Aroma 7.00 ± 0.52d 7.20 ± 0.24b 7.10 ± 0.25c 7.50 ± 0.27a 6.70 ± 0.56e

Appearance 6.35 ± 0.28e 6.60 ± 0.60d 7.45 ± 0.51c 7.80 ± 0.19a 7.70 ± 0.34a

Crust colour 6.95 ± 0.39a 6.80 ± 0.50a 6.70 ± 0.28a 6.50 ± 0.20a 6.50 ± 0.52a

Taste 7.25 ± 0.33c 6.95 ± 0.28d 7.40 ± 0.49a 7.73 ± 0.43a 7.20 ± 0.43c

Texture 7.20 ± 0.47a 7.20 ± 0.25a 7.50 ± 0.06a 7.40 ± 0.50a 7.25 ± 0.33a

Overall acceptability 7.35 ± 0.46b 7.05 ± 0.05b 7.20 ± 0.26b 8.20 ± 0.52a 7.10 ± 0.53b

Mean and standard deviation of three determinations

Mean value with different superscript in a row are significantly (p B 0.05) different from each other

100WF: 100% wheat flour; 95WF:5CNPC: 95% wheat flour ? 5% cashew nut protein concentrate; 90WF: 10CNPC: 90%wheat flour ? 10%

cashew nut protein concentrate; 85WF:15CNPC: 85% wheat flour ? 15% cashew nut protein concentrate; 80WF:20CNPC:80% wheat

flour ? 20% cashew nut protein concentrate
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and the control sample was evaluated, and results presented

in Table 4. TPC, DPPH, FRAP and ABTS of breads ranged

from 1.28 to 2.64 mg GAE/g sample, 40.81 to 71.22 lmol

TE/100 g, 375.62 to 427.77 lmol TE/100 g and 154.02 to

195.68 lmol TE/100 g respectively (Table 4). The TPC,

DPPH, FRAP and ABTS of bread containing 15% CNPC

increased by 106.25%, 74.52%, 13.88% and 27.05%

respectively, compared to 100% wheat bread may be due to

high phenolic compounds present in CNPC. Phenolic

compounds exert high antioxidant activity in food systems;

and have beneficial health properties. Higher antioxidant

activity of the most acceptable bread may also be attributed

to the level of Maillard reaction components (amino acid in

CNPC). Maillard reaction products have been reported to

have free radical-scavenging activity (EL-Massry et al.

2003).

Fig. 1 Cross-section of bread

samples a = 100% wheat bread

(control); b = 95% wheat flour:

5% cashew nut protein

concentrate bread; c = 90%

wheat flour: 10% cashew nut

protein concentrate bread;

d = 85% wheat flour: 15%

cashew nut protein concentrate

bread; e = 80% wheat flour:

20% cashew nut protein

concentrate bread

Table 4 Total phenolic content and antioxidant properties of the

most acceptable composite bread and 100% wheat bread

Parameters 100% wheat 85WF:15CNPC

TPC(mg GAE/g sample) 1.28 ± 0.01b 2.64 ± 0.49a

DPPH (lmol TE/100 g) 40.81 ± 1.66b 71.22 ± 0.10a

FRAP (lmol TE/100 g) 375.62 ± 0.01b 427.77 ± 1.66a

ABTS (lmol TE/100 g) 154.02 ± 0.01b 195.68 ± 0.01a

Mean and standard deviation of three determinations

Mean value with different superscript in a row are significantly (p
B 0.05) different from each other

100WF: 100% wheat flour; 85WF:15CNPC: 85% wheat flour ? 15%

cashew nut protein concentrate; TPC: Total phenolic content; DPPH:

1,1-diphenyl-2-picryl-hydrazil; FRAP: Ferric reducing antioxidant

power assay; ABTS: 2, 2’-azino-bis (3-ethylbenthiazoline-6- sul-

phoric acid) (ABTS) scavenging ability
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Conclusion

This study determined the effect of inclusion of cashew nut

protein concentrate on the physicochemical characteristics,

antioxidant activity, and consumer acceptability of bread.

Incorporation of CNPC in wheat-based bread significantly

increased the protein, ash, dietary fiber, and mineral con-

tents and antioxidant activity of the composite breads

compared to the control. Addition of cashew nut protein

concentrate in wheat bread influenced physical character-

istics of the bread. The 15% cashew nut protein concentrate

bread was acceptable compared to the control. Future

studies are recommended to determine the rheological and

textural properties of the breads, and identify the phenolic

compounds present in the product.
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Coşkun Ö, Pehlivanoğlu H, Gülseren İ (2020) Pilot scale assessment

for seed protein enrichment of gluten-free breads at varying

water content levels and after protein modification treatments.

J Food Process Preserv 44:e14512

Du SK, Jiang H, Yu X, Jane JL (2014) Physicochemical and

functional properties of whole legume flour. LWT-Food Sci

Technol 55:308–313

Dhen N, Rejeb IB, Boukhris H, Damergi C, Gargouri M (2018)

Physicochemical and sensory properties of wheat-Apricot ker-

nels composite bread. LWT 95:262–267

EL-massry K, Farouk A, EL-ghorab A, Volatile H (2003) Con-

stituents of glutathione–ribose model system and its antioxidant

activity. Amino Acid, 24:171–177.

Franco-Miranda H, Chel-Guerrero L, Gallegos-Tintoré S, Castel-
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