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Abstract: This study investigated the use of composite flour from wheat-anchote-grass pea flour for bread products. 

Composite flours were prepared from the blends of wheat-anchote and grass pea in different proportions (A) 100% control, 

90:5:5% (B), 80:10:10% (C), 70:15:15% (D), 60:20:20% (E), and50:25:25% (F). The proximate composition of blended flours 

was moisture content (10.13-10.32%), carbohydrate (63.8-69.32%), ash (2.23-2.71%), crude fat (1.54-1.68%), crude protein 

(15.37-19.91%) and crude fibre (1.22-2.47%). The crude protein content of the flours was recorded wheat flour 12.34%, 

anchote 1.15%, grass pea 28.68%. Similarly, bulk density, water absorption capacity (WAC), and oil absorption capacity 

(OAC), showed significant (P < 0.05) increases as the blend ratio of wheat flour in the blends decreased, while bulk density 

and dispersibility flour decreased. The values for WAC, OAC, dispersibility flour and bulk density were 59.28–67.2%, 1.36-

2.18 ml/g, 74-69.3% and 0.64-0.79g/ml, respectively. The color analysis showed L*, a*, b*, WI and chroma values of the 

wheat, anchote and grass pea flours were L* (89.6,88.89,76.51), a* (0.42,0.82,2.65), b* (9.17,15.29,11.56) WI 

(86.92,85.37,77.49) and, chroma (9.17,10.32,11.86), respectively. There was a significant (P<0.05) difference among the 

flours. Peak viscosity (759-1529 cP), holding strength (1366-335 cP) and final viscosity (103-604 cP), setback (237.11-269cP) 

and pasting temperature (54.96-65.65°C) were highest at 50% anchote-grass pea flour substitution. The peak, setback, and final 

viscosities increased as composite flour increased, whereas pasting temperature and time increased as the anchote-grass pea 

flour ratio increased. 
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1. Introduction 

The improvement of wheat flour with legume flours, roots 

and tubers flours is an attractive to improve the nutritional 

quality of cereal-based foods is well known that the legumes’ 

amino acidic composition is balancing to the one of cereals 

[1] and they are also rich in bioactive compounds such as 

fibres and phytochemicals [2, 3]. Gluten is not existing in 

roots and tubers flours [2]. However, Anchote flour has some 

an essential property such as good adhesive strength, high 

water binding capacity and a low tendency for starch 

retrogradation, and good stability. This study focused on 

legumes and roots crops grown in Ethiopia, i.e., Grass pea 

and Anchote, which were chosen for their high nutritional 

contents. 

Grass pea are a legume crops widely harvested around the 

globe. Grass pea crops are largely cultivated due to resistance 

to drought, waterlogging, salinity, and low soil fertility [4]. 

Grass pea use serve animal feed and fodder, but also as 

human food. Grass pea (lathyrus sativus) belongs Fabaceae 

(Leguminosae) family [5]. It is widely used for human 
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consumption around drought areas [6, 7]. It is rich source of 

protein, carbohydrate, dietary fibre, vitamins, minerals [8-10]. 

However, it still remains undervalued and underutilized [7], 

due to β-ODAP is the toxic amino acid existing in Grass pea 

[11]. Therefore, pre-treatment Grass pea seeds in water, 

alkaline, salt, rock salt, and wood ash solutions and roasting, 

leaching in water potentially decreased β-ODAP content and 

other anti-nutritional factors [7, 11, 12]. Grass pea flour has 

not been utilized to its full potential as an ingredient in 

bakery products, although it is used as pea flour (Shiro), 

Porridge with or without mixing with other legumes flours 

for the traditional food preparation of Ethiopia and cooked as 

snack food (roasted mixed with salt), Nefro, kollo, and local 

beverage known as “Arake [7]. 

Anchote tubers is among the most important tuber crops in 

western part of Ethiopia [13-16]. It is the primary source of 

macro minerals and rich source of carbohydrate, fat, dietary 

fibre, minerals, vitamins, and anti-nutritional (Meybodi et al., 

2019). Therefore, it is application in traditional of food, such 

as in soups, and porridge [17-21]. In addition, anchote is the 

preferred calcium source for infants and children to support 

normal growth, strengthening their bones, and teeth [17]. 

Composite flour refers to the mixture of different 

concentrations of non-wheat flours from cereals, legumes, 

dairy, roots and tubers with wheat flour or can be a mixture 

of flours other than wheat flour [22]. Therefore, use of 

composite flours, lowering prices and providing nutritionally 

superior processed foods [23, 24]. Study importance 

characterization the physicochemical, functional property, 

rheological, pasting property of flours. 

2. Materials and Method 

Anchote (Coccinia abyssinica (Lam.) Cogn.) and grass pea 

seeds (wassie variety) used for this study were collected from 

the Debre Zeit Agricultural Research Center (DZARC), which 

is located 47 km southeast of Addis Ababa, Ethiopia, stored in 

plastic bags, and transported to the laboratory immediately 

without any delay. The samples harvested in 2021GC selected 

for this study. Wheat flour was obtained from the Universal 

Food Complex, Akaki kality, Addis Ababa. 

2.1. Sample Preparation 

2.1.1. Grass Pea Seed Soaking as a Pre-Treatments of 

Grass Pea 

The Grass pea seeds were used winnowed and manually 

sorted in order to remove all foreign grains, defective seeds, 

stones, straws, dust materials, immature grains, and other 

seeds. The cleaned seeds were soaked in distilled water 

(1:5w/v) and the soaked water changed four times for 9 hrs at 

room temperature. At the end of the soaking time, the soaked 

water was discarded. The seeds were roasted uniformly in an 

oven placed in a rotating container at 150°C for 30 min. The 

roasted seeds were split into two parts. 

The it’s were separated the hulling and grinding as the form 

of grass pea flours produced the fine flours by using a pin 

grinder (Fritsch Roller, German) [25]. Grinding samples passed 

through a 150 µm sieve to obtain a fine, homogenized flour. 

Finally, these flour samples were wrapped in bags and stored at 

room temperature until further analysis. 

2.1.2. Pretreatment and Preparation of Anchote Flour 

Anchote flour was prepared according to [19]. Anchote 

tubers were rinsed in running tap water to remove sand, dirt, 

and foreign materials. The tubers were peeled and sliced with 

a knife to uniform 5mm thickness [26] and then blanched at 

100°C for 5 min in water containing sodium metabisulphite 

[27] so as to prevent the browning reaction. Then anchote 

tubers were placed on a sieve to remove water, and blanched 

chips were spread on a stainless-steel tray, then dried in an 

oven at 40°C for 24 hrs until a low moisture level, less than 

12%. The dried tuber chips were grounded into flour by a 

laboratory mill and then the flour was sieved through a 150 

µm mesh screen. After that, the anchote flour was wrapped in 

a plastic bag and kept at room temperature until the analysis. 

2.2. Formulation of Flour Blends 

The blended mixture of wheat, anchote, and grass pea 

flours was proportionally blended according to the [28]. 

About six blends ratio, including control flour, were prepared 

by mixing the wheat flour with grass pea and anchote flours 

in the proportions of 100% (w/w) wheat flour (A) as a 

control, 90:5:5% (B), 80:10:10% (C), 70:15:15% (D), 

60:20:20% (E), 50:25:25% (F) as shown in Table 1. Finally, 

flour samples were wrapped in bags and maintained at room 

temperature until use for analysis and bread production. 

Table 1. Blending ratios of flours composite in bread formulation. 

Sample 

code 

Wheat flour 

(%) 

Grass pea flour 

(%) 

Anchote flour 

(%) 

A 100 0 0 

B 90 5 5 

C 80 10 10 

D 70 15 15 

E 60 20 20 

F 50 25 25 

(A) WF-100% wheat flour; B-90% wheat flour + 5% anchote +5% grass pea 

flour; C-80% wheat flour + 10% anchote flour+10% grass pea flour; D-70% 

wheat flour + 15% anchote+ 15% grass pea flour; E-60% wheat flour + 20% 

anchote flour +20% grass pea flour; F-50% wheat flour + 25 % 

anchote+25% grass pea flour 

2.3. Proximate Grass Pea, Anchote, Wheat and Composite 

Flours 

Moisture, crude protein, ash, crude fat, and crude fiber 

content were determined according to the method of [29]. 

2.4. Functional Properties Grass Pea, Anchote, Wheat and 

Composition Flours 

2.4.1. Bulk Density 

The bulk density of the flour samples was measured by 

filling measuring cylinder of 200 mL with 40 g of flour. The 

volume employed by the flours was read after light tapping 

and the bulk density was calculated as g/ml using the method 



 International Journal of Food Engineering and Technology 2023; 7(2): 79-87 81 

 

suggested by [30]. 

Weight flour
Bulk density(g/ml)= (g/ml)

Flour Volume  

2.4.2. Water Absorption Capacity 

Water absorption capacity was determined according to 

procedure of [31]. One gram of the flour samples (W1) was 

mixed with 10 ml of distilled water in the pre-weighed 

graduated centrifuge tube (Pro-Analytical C 2004, UK) and 

weighed as (W2). The mixtures were vigorously vortexed and 

stirred to disperse the samples uniformly in distilled water. 

Then, the solution was expected to remain for 25 minutes at 

room temperature before being centrifuged for 25 minutes at 

3500 rpm. The pure supernatant was poured and discarded, 

and the graduated centrifuge tubes were weighed as (W3). 

The test was performed in triplicate for each type of flour. 

The percentage of WAC (%) of the flour was calculated 

according to the following equation: 

3 2

1

( )
 (%) 100

W W
WAC

W

−= ×
 

2.4.3. Oil Absorption Capacity 

The oil absorption capacity was measured according to the 

method of [32]. One gram of the sample flours was weighed 

into pre-weighed 15 ml centrifuge tubes (Pro-Analytical C 

2004, UK) and thoroughly mixed with 10 ml (V1) of refined 

sunflower oil using a vortex mixer. Samples were continued to 

stand for 30 min. The samples-oil mixture was centrifuged at 

3000 rpm for 25 min. Immediately after centrifugation, the 

supernatant was carefully poured into 10 ml graduated cylinder, 

and the volume was determined (V2). OAC of the absorbed oil 

was calculated according to the following equation: 

1 2
(V -V )

OAC(ml / g)=
W  

2.4.4. Dispersibility 

About ten grams of each flour sample was weighed into a 

(100 mL) measuring cylinder. Distilled water was added to 

reach the volume of 100mL. The arrangement was stirred 

vigorously and allowed to stand for 3 hours. The volume of 

settled particles was measured and calculated the difference 

from 100. This was determined by the method described by 

[33]. The dispersibility was calculated according to the 

following equation. 

Dispersibilty % = 100 - volume of  setted particle
 

2.5. Color of Grass Pea, Anchote, Wheat and Composite 

Flours 

The color of flours determination such as 

L*(lightness/darkness), a*(redness/green), and b* 

(yellowness/blueness) and Whiteness index (WI) were 

measured after being standardized and ‘L*’ (0 to100), a* 

specified redness (+) to greenness (-) axis and b* specified 

yellowness (+) to blueness (-) axis. Calibration was 

accomplished before each investigation with black, white and 

standard tiles [34]. 

2 2C*= (a*) +(b*)
 

2 22WI =100- (100- L*) +a* +b*
 

2.6. Rapid Visco Analyzed Method 

The pasting profile of the flour sample was determined 

using Rapid Visco Analyser (model no 4500 Perten 

instrument Ltd, Sweden, 2015) according to [35] was used to 

determine the pasting parameters of composite and individual 

flours upon heating and cooling. Distilled water (25 mL) was 

added to 3.5 g of the sample placed into the RVA canister. A 

paddle was inserted and shake through the sample before the 

canister was inter the RVA. The temperature was first 

maintained at 50°C for 1min to obtain a uniform temperature 

and then raised to 95°C at a rate of 12°C/min with continuous 

stirring at 160 rpm, held at 95°C for 2.5 min, cooled to 50°C 

at a rate of 12°C/min, and finally held at 50°C for 2 min. All 

pasting parameters were measured including: Peak viscosity 

(PV), breakdown viscosity (BV=PV-TV), trough viscosity 

(TV), final viscosity (FV), set back value (SBV=FV-TV), 

and pasting temperature (PT). 

2.7. Data Analysis 

The data was subjected to one way analysis of variance 

using SPSS statistical software version 21.0, and significance 

was accepted (p <.05). 

3. Results and Discussions 

3.1. Proximate Composition of the Grass Pea, Anchote, 

Wheat and Bends Flours 

The chemical composition of the wheat flour, anchote flour 

(AF), grass pea flour (GPF) and their blends are shown in 

Table 1. The moisture, ash, protein, fat, fibre, and carbohydrate 

contents ranged from 8.75 to 11%, 1.3 to 2.71 %, 1.15% to 

19.91, 1.29 to 1.68 %, 1.2 to 2.47%, and 63.83 to 89.62%. The 

moisture content in composite flour was ranged from 

10.13±0.16% to 10.32±0.62%. The highest moisture content 

was obtained for B (10.32±0.62 %) and the lowest for F 

(10.13± 0.16%) in the composite flours. There were significant 

differences (p<0.05) in the moisture content of the wheat, grass 

pea and anchote flours, except for all composite flour (B-F), 

there were no significant differences. This result showed that 

the moisture content of composite flours slightly decreased 

with an increase in the proportions of anchote-grass pea flours. 

The moisture content of composite flours was slightly affected 

by the addition of grass pea and anchote flours to wheat. It was 

concluded that the value of the obtained moisture content in 

the composite flour was lower than the recommended moisture 

level (14%) for safe storage. 
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Table 1. Proximate composition of individual and composite flours. 

Flours Moisture% Ash% Protein% Fat% Fiber% CHO% 

(A) WF 11±0.35a 1.3±0.07h 12.34±.053f 1.29±0.64f 1.2±0.05g 75.125±0.8b 

AF 9.56±0.35c 4.98±0.19a 1.15±0.03g 1.76±0.02a 2.65±0.16a 82.55±0.01a 

GPF 8.75±0.12d 2.94±0.11b 28.68±0.19a 1.47±0.01e 2.07±0.141c 58.9±0.79g 

B 10.32±0.62b 2.23±0.10g 15.37±04e 1.54±0.13d 1.22±0.12f 69.32±0.64c 

C 10.26±0.60b 2.38±0.01f 16.97±02d 1.57±0.02cd 1.35±0.07e 67.47±0.01d 

D 10.24±0.49b 2.5±0.06e 17.96±001cd 1.59±0.13c 1.68±0.13d 66.04±0.01e 

E 10.22±0.63b 2.64±0.13d 18.95±0.01c 1.64±0.01b 2.04±0.12c 64.53±0.08e 

F 10.13±0.16b 2.71±0.08c 19.91±0.14b 1.68±0.01b 2.47±0.13b 63.83±0.35f 

Values are means ± SD and values in the same column with different superscript letters are significantly different from each other (n=3, P<0.05). WF=100% 

wheat flour AF=100%anchote flour, GPF=100% grass pea flour= 90% wheat flour+5% Anchote flour+5%grass pea flour, C=80%wheat flour+10%anchote 

flour+10% grass pea flour, D=70% wheat flour+ 15% anchote flour+ 15% grass pea flour, E=60% wheat flour+20% anchote flour+20% grass pea flour, 

F=50%wheat flour+25% anchote flour +25%grass pea flour. 

Ash content ranged from 2.23±0.1 to 2.7±0.08% of 

composite flours. As shown in Table 1, Anchote, grass pea 

into wheat flour blend ratios had the highest ash content of 

2.71 ±0.08 % for the (F) sample and the lowest ash content of 

2.23 ±0.01% for the (B) sample. There was a significant 

difference (p <0.05) of the composite flours. The ash content 

of the flours was similar to that reported by [36] for mixing 

wheat with soybean. As the proportion of anchote, grass pea 

flour increases, so increases the ash content of blend ratio. 

The minerals of flours an important in daily intake for human 

health and nutrition. 

The crude protein content of wheat, grass pea, and anchote 

flours was obtained 12.34±0.53%, 28.68±0.04%, and 

1.15±0.03%, respectively, as shown in Table 1. There were 

significant (p<0.05) differences in flours. The grass pea flour 

had the highest amount of protein (28.68±0.19%), followed by 

the composite flour F (19.91±0.14%), and the lowest protein 

content was obtained (15.37±0.04% for (B) sample. The 

control wheat sample obtained protein a value of 12.34±1.34%, 

while the composite (F) had the highest value of 19.91±0.14%. 

This increase in protein content served to complement the 

amino acid profile of wheat, which is limited in lysine [37]. 

The crude fat content obtained in this study was 1.76±0.02
 
% 

in Anchote, 1.29±0.64 % in control wheat, and 1.47±0.01% in 

grass pea flour. The crude fat content of the composite flour 

from samples B to F ranged from 1.54±0.13% to 1.68± 01%), 

with control wheat flour (A) comprising the least value of 

1.54± 0.13% while sample (E) recorded the highest value of 

1.68±0.01%. There were significant differences (p<0.05) in the 

fat content of the flour blends except for blends E and F. The 

results of the crude fat content were similar to the range of 

1.27 to 1.8% reported by [38] in the composite of wheat, 

cassava, and cowpea flours. Therefore, flours with high crude 

fat content are also good as flavor enhancers and useful in 

improving the palatability of food. 

Anchote flour had the highest crude fiber content 

(2.65±0.05%), whereas in control wheat flour (1.2±0.05%) 

the lowest crude fiber content. These findings were 

consistent with those obtained by [39]), who studied vetch 

flour. The crude fibre content of the composite flour ranged 

from 1.22±0.12 % to 2.47±0.10 %. The results obtained 

showed that sample (F) had the highest crude fiber (2.46± 

0.28%) and flour (B) (1.22±0.35%) the lowest crude fiber 

content. There was a significant difference (p<0.05) between 

among wheat, grass pea, anchote and composite flours. The 

crude fibre in composite flours increased as the anchote-grass 

pea flour addition increased. This reveals that grass pea and 

anchote flour may be combined to boost the fibre content of 

bread products. 

The carbohydrate content of anchote flour was 

82.87±0.01%, control wheat flour was 75.12± 0.88% and 

grass pea flour was 58.9±079 % present in Table 1. Anchote 

flour had the greatest carbohydrate content. The total 

carbohydrate content of composite flours ranged from 

69.32±0.64 to 63.83±0.35%. The carbohydrate content of the 

composite flours decreases as the anchote, grass pea flour 

concentration increased. Sample B had the greatest 

carbohydrate content (69.32±0.64%), whereas sample F had 

the lowest (63.83±0.35%). However, when compared to 

wheat, anchote, and mixed flours, grass pea flour had the 

lowest carbohydrate level shown in Table 1. This is due to 

anchote and wheat flour being rich in carbohydrates, whereas 

grass pea flour was lower in carbohydrates relative to 

anchote and control wheat flour. There were significant 

differences (p < 0.05) among flours except for samples (D) 

and (E), which were not significantly different. 

3.2. Functional Property Grass Pea, Anchote, Wheat Fours 

and Blends Flours 

The bulk density of wheat, grass pea, anchote flours and 

composite flours are described in Table 2. The bulk density 

was 0.81±0.14g/mL in anchote, 0.75±0.03g/mL control 

wheat, and 0.68±0.01g/ml grass pea flour. The bulk density 

of the composite flour ranged from 0.79 to 0.64g/ml. The 

anchote flour had the highest bulk density and the lowest for 

the sample (F). This result is similar to the finding of [40], 

who reported that blending non-wheat into wheat decreased 

the bulk density of flour. There were significant differences 

(p<0.05) among flours except for grass pea flour and sample 

E, which were not significantly difference. Bulk density is 

important in food packaging requirements, food material 

handling, and application in processing in the food industry. 
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Table 2. Functional Properties of wheat, anchote, grass pea, and composite flours. 

Treatment BD (g/ml) WAC (%) OAC (ml/g) DS (%) 

(A) WF 0.75±0.03c 57.81±0.57g 1.81±0.22c 76.50±0.5a 

AF 0.81±0.14a 73.75±0.06b 1.96±0.04b 75.50±0.25a 

GPF 0.68±0.01e 85.90±0.14a 1.51±0.31g 66.00±0.41d 

B 0.79±0.01b 59.28±0.01f 1.36±0.01f 74.00±0.13a 

C 0.76±0.52d 59.85±0.35ef 1.44±0.02ef 73.00±0.43ab 

D 0.73±0.4cd 62.18±0.24e 1.53±0.03e 72.30±0.42abc 

E 0.69±0.21e 64.35±0.54d 1.66±0.13d 70.30±0.42bc 

F 0.64±0.01f 67.20±0.23c 2.18±.04a 69.30±0.41cd 

Values are means ± SD and values in the same column with different superscript letters are significantly different from each other (n=3, P < 0.05). WAC (water 

absorption capacity), DS (dispersibility), OAC (Oil absorption capacity) WF=100% wheat flour AF=100%anchote flour, GPF=100% grass pea flour, B= 90% 

wheat flour+5%Anchote flour+5%grass pea flour, C= 80%wheat flour+10%anchote flour+10% grass pea flour, D=70% wheat flour+ 15% anchote flour+ 15% 

grass pea flour, E=60% wheat flour+20% anchote flour+20% grass pea flour F=50%wheat flour+25% anchote flour +25% grass pea flour 

As shown in Table 2, grass pea flour (85.905±0.14%) had 

the highest water absorption capacity (WAC) followed by 

anchote (73.75±0.06 %) and while the control wheat flour had 

the lowest (57.81± 06%). The water absorption capacity of 

composite flour ranged between 59.28±0.01 to 67.20±0.23%. 

There were significant differences (p<0.05) among them. The 

result of composite flour was similar to lupin and soy flour 

blends to wheat flour by [41]. Water absorption capacity plays 

an important role in bakery products such as bread, cookies, 

and cakes, that require hydration. 

The oil absorption of wheat, anchote, grass pea, and 

composite flours were significant difference (p<0.05) among 

flours. Anchote flour had the highest amount of OAC 

(1.96±0.04ml/g) content when compared with wheat 

(1.81±0.22ml/g), and grass pea (1.51±0.31ml/g) flour. The 

OAC of composite flours ranged from (1.36±0.01 to 2.18±0.04 

ml/g). The composite flour (F) had the highest OAC 

(2.18±0.04ml/g) and the lowest for B (1.36±0.01ml/g) as 

compared to wheat flour (1.81±0.22ml/g). This result showed 

that the OAC of composite flours increased with an increase in 

the proportion of anchote-grass pea flours. The OAC of wheat 

flour was in close agreement with the report by [35], which 

was in a range of cassava with wheat blends 1.27 to 1.82 ml/g). 

This is an indication that the blends would be useful in the 

structural interaction in food, especially in flavor retention and 

palatability of bakery products [42, 43]. Wheat flour had the 

highest amount of dispersibility content (76.5±0.5%) when 

compared with anchote (75.50±0.25) and grass pea (66±0.41%) 

flours were obtained. The result obtained for dispersibility 

composite flours ranged between 74-69.36%. Therefore, it is 

clear that the dispersibility of composite flours decreased with 

an increase in the ratio of grass pea, anchote to wheat flours. 

There were significant differences (p<0.05) among the flour 

samples, except for wheat flour (A), grass pea flour, and 

sample (B), which were not significantly different. Flour 

dispersibility an indication of particle suspensibility in water, 

which is the beneficial parameter in various food product 

formulations. Dispersibility is reflects the rate at which a flour 

sample is reconstituted in water [44]. 

3.3. Color Determination 

The color values, L* (lightness), a* (+red/-green), and b* 

(+yellow/-blue), whiteness, and chroma of the individuals and 

composite are shown in Table 3. The color analysis showed; L*, 

a*, b*, WI and chroma values of the wheat, anchote and grass 

pea flours were L*(89.6,88.89,76.51), a*(0.42,0.82,2.65), 

b*(9.17,15.29,11.56) WI (86.92,85.37,77.49), and chroma 

(9.17,10.32,11.86), respectively. There were significant (P<0.05) 

differences the flours. 

Table 4. Color parameters of individuals, and composite flours. 

Flours L* a* b* WTI* C* 

WF 89.68±0.017a 0.42±0.01g 9.17±0.02h 86.92±0.24a 9.17±0.02h 

AF 88.89±0.027b 0.82±0.02f 10.29±0.24f 85.37±0.05b 10.32±0.56g 

GPF 76.51±0.06g 2.65±0.13a 11.56±0.46d 77.49±0.03f 11.86±0.15f 

B 88.66±0.36c 1.33±0.08cd 15.26±0.37e 80.94±0.03c 15.31±0.21e 

C 87.99±0.04cd 1.10±0.15e 15.51±0.07bc 80.35±0.02d 15.54±0.43d 

D 85.57±0.26d 1.47±0.24d 16.10±0.06c 78.32±0.02e 16.17±0.06c 

E 84.32±0.03e 1.73±0.23c 16.37±0.31b 77.27±0.03g 16.46±0.32b 

F 83.16±0.05f 1.82±0.03b 16.95±0.29a 76.04±0.12h 17.05±0.12a 

Values are means ± SD and values in the same column with different superscript letters are significantly different from each other (n=3, P < 0.05). 

L*=lightness, a*=redness-greenness, b*=yellowness WI= whiteness index. GPF-100% Grass pea flour, AF-100% Anchote flour, (A) WF-100% wheat flour; 

B-90% wheat flour + 5% anchote +5% grass pea flour; C-80% wheat flour + 10% anchote flour+10% grass pea flour; D-70% wheat flour + 15% anchote+ 

15% grass pea flour; E-60% wheat flour + 20% anchote flour +20% grass pea flour; F-50% wheat flour + 25 % anchote+25% grass pea flour 

These results might be observed that the L*, and WI 

values of the composite flour decreased, whereas, a*, b*, and 

chroma values increased. The highest and the lowest L* 

values were found of the sample A and F. Because the color 

of composite flour depends on grass pea, color values of 

flours decreased as protein content of grass pea flour 

increased. The high protein content of composite flour leads 

to decreasing color values [45]. The color results obtained for 
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individual and composite flours in the present study were 

close to agreement with [34], who reported for different 

composite flours made from wheat and lentil flours, in which 

L*, a*, b*, and WI values ranged from (84.92-92.21), (-0.83-

0.6), (11.65-17.57) and (64.61-85.96) respectively. Color is 

an important attribute of flour quality [46]. 

3.4. Pasting Properties of Grass Pea, Anchote, Wheat and 

Blends Flours 

Pasting properties of grass pea, anchote, wheat and 

composite flours are summarized in Table 5. Peak viscosity 

is the maximum viscosity developed during or after the heat 

period of analysed. Starch is an essential ingredient in the 

creation of bread dough, particularly in the formation of the 

starch protein network. Peak viscosity (PV) is measured as 

the highest value of viscosity attained during the heating 

cycle (50-95ºC) of starch in flours. The pasting of flour is 

one of the most important properties influencing the quality 

of food that affects the texture, digestibility, and end-use of 

starch-based food commodities [47]. The highest peak 

viscosity was obtained for control wheat flour (1995cP) 

followed by grass pea (1699 cP) and anchote flour (1328cP). 

The peak viscosity of the composite flours ranged from 759 

to 1529 cP. The highest peak viscosity composite flours for 

sample (B) 1529cP and the lowest peak viscosity observed 

for sample (F) 759cP are shown in Table 5. However, 

anchote-grass pea flour addition significantly decreased the 

peak viscosity of composite flours in the range of 759 to 

1529cP. These results showed that there were significant 

differences (p<0.05) in the peak viscosity among the flours. 

The decrease in peak viscosity due to the high protein and 

fibre content in grass pea and anchote flours respectively. 

The control (wheat flour) had the highest trough viscosity 

(1376 cP) and the lowest anchote (910 cP), followed by grass 

pea flour (462cP). There were significant (p<0.05) differences 

observed in the trough viscosity among the flours. Hold 

viscosity measures the viscosity when the swelled starch 

granules are disrupted upon shearing and heating. As shown in 

Table 5 indicated that blends sample B had the highest trough 

viscosity (1366cP) while the lowest was obtained for 

composite F (335cP). The trough viscosity decreased with 

increasing as substitution of anchote-grass flours. The trough is 

the minimum viscosity value, which measures the ability of 

paste to withstand breakdown during cooling [48]. 

Breakdown viscosity is the measure of the resistance to 

heat and shear of the flour. The breakdown viscosity values 

obtained ranged from (619 to 1688cP) among the individuals’ 

flours. The highest breakdown viscosity value was observed 

for anchote flour (1688cP), followed by grass pea 

flour (1237cp) and lowest for control wheat flour (619cP). 

The breakdown viscosity was the highest composite E 

(905cP) and the lowest in B (163cP) compared to the control 

sample (619cP) were significant (P<0.05) different from each 

other. Therefore, the breakdown viscosity decreased with 

increasing levels of anchote-grass flours substitution. The 

high breakdown in viscosity implies the ability of the flours 

to withstand heating and shear stress during cooking [49]. 

The final viscosities of wheat, anchote and grass pea flours 

were 2182cP, 1768cP, and 823cP respectively Table 5 with 

significantly (P<0.05) difference between them. Wheat flour, 

final viscosity values. The flour sample from B had the 

highest (1603cP) final viscosity value and F flour had the 

lowest (604cP) final viscosity. The final viscosity of starchy 

foods, which reveals their propensity to create sticky paste 

after cooking and cooling [47]. The final viscosity decreasing 

with decreased levels of wheat flour substitution. 

The setback viscosity ranged from (361.1 to 1765 cP) for 

wheat, grass pea, and anchote flours. Anchote flour had the 

highest (1765cP) setback viscosity from the other individual 

flours, whereas, wheat and grass pea flour were the lowest 

(806cP) and (361.1cP). There was significant difference 

(p<0.05) the wheat, grass pea, anchote flours. The setback 

viscosity of the flour composite flours increased significantly 

(P<0.05) as the proportion of anchote and grass pea flour 

increased from C (237 cP) to B (344 cP). Setback viscosity 

increased indicating its higher tendency to retrograde [50]. 

Table 5. Pasting property of individuals and composite flour. 

Test PV (cP) Trough (cP) BDV (cP) FV (cP) SB (cP) PT (min) PTemp (°C) 

A (W) 1995±0.01a 1376±0.12a 619±0.01d 2182±0.01a 806.06±.085b 6.92±0.01a 60.05±0.0f 

AF 1328±0.013e 910±.01d 1688±0.08a 1768±0.01b 1765±.09a 5.25±0.02g 50.15±0.01h 

GPF 1699±0.41b 462±0.01f 1237±0.21b 823±0.01e 361.12±0.14c 6.84±0.01b 78.3±0.23a 

B 1529±0.11c 1366±0.11b 163±0.08h 1603±0.01c 237.1±0.16h 6.82±0.14c 63.5±0.02d 

C 1461±0.01d 1205±0.2c 256±0.24g 1549±0.01d 344±0.12d 6.82±0.01c 62.1±0.002e 

D 1241±0.01f 776±0.01e 905±0.08c 605±0.70f 254±0.11g 5.39±0.01e 54.96±0.01g 

E 1087±0.02g 336±0.00g 311±0.17f 590±0.07h 324±0.1e 6.51±0.01d 65.35±0.01c 

F 759±0.11h 335±0.01h 424±0.22e 604±0.01g 269±0.7f 5.27±0.0f 65.65±0.12b 

Values in the same row with different superscript are significantly different at (n=3, P<0.05). Values are means ± standard deviation Were, PV−Peak viscosity, 

BV−Breakdown viscosity, FV−Final viscosity, SB−Setback, PT−Peak time, P. Temp−Peak temperature. GPF-100% Grass pea flour, AF-100% Anchote flour, 

(A) WF-100% wheat flour; B-90% wheat flour + 5% anchote +5% grass pea flour; C-80% wheat flour + 10% anchote flour+10% grass pea flour; D-70% 

wheat flour + 15% anchote+ 15% grass pea flour; E-60% wheat flour + 20% anchote flour +20% grass pea flour; F-50% wheat flour + 25 % anchote+25% 

grass pea flour. 

The pasting temperature for the individual flours were 

the highest in grass pea flour (78.3°C), followed by wheat 

(60.05°C) and anchote flour (50.15°C) as shown in Table 5. 

The pasting temperature was a significant (p<0.05) 

difference among samples. The pasting temperature of the 

composite flour ranged from 65.65 to 54.95°C with 
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composite (F) being the highest (65.65°) pasting 

temperature, while composite (D) flour had the lowest 

(54.95°C) pasting temperature. Pasting temperature was 

measure of the minimum temperature required for cooking 

[51]. 

The peak time for the individual flours was the highest in 

wheat (6.92 min), followed by grass pea (6.84 min) and 

anchote (5.25 min) shown in Table 5. The peak time of the 

composite flours that were observed ranged from 5.27 to 

6.82 minutes. The low peak time is indicative of its ability 

to cook fast, which may be recommended for certain 

products due to the low cost of energy [52]. 

4. Conclusions 

The proximate composition (ash, crude protein and 

moisture content) and functional properties (bulk density, 

OAC, dispersibility,) increased significantly. This research 

shows that physiochemical analysis of the anchote, grass pea 

and wheat flours, as well as their composition. As a result, it 

is suggested that a value-added product with regard to health 

and nutritional elements be developed utilizing appropriate 

blends, as anchote-grass pea flour alone has some limits. 
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