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ABSTRACT

Background. The total annual amounts of food loss and waste represent approximately 30% of all food 
supplied for human consumption. Reducing this loss and waste is a challenge and valorizing this reduction 
requires more effort. The present study aimed to investigate the feasibility of replacing wheat flour (WF) with 
different levels of green pea waste flour (GPWF) to produce pound cake.
Materials and methods. To prepare GPWF, green pea waste was dried at 65°C; the dried samples were 
pulverized and sieved through 50 mesh sieves. Six cake samples were prepared, wherein wheat flour was 
replaced with GPWF at the following levels: 0 (control), 10, 20, 30, 40 and 50%. Sensory evaluation was 
performed to determine the acceptability of various cake samples. Based on the results of the sensory evalu-
ation, the acceptable replacement levels were determined and the effects of the GPWF-WF replacement level 
(10–30%) on the rheological behavior of cake batters and the quality characteristics of baked cakes were 
evaluated.
Results. Cake samples incorporating GPWF at levels higher than 30% significantly (p < 0.05) exhibited the 
lowest scores for all organoleptic characteristics compared to other samples. The storage modulus (G′) and 
loss modulus (G″) of all cake batters involving GPWF were higher than those of the control cake batter and 
they were found to be less dependent on frequency. Increasing the GPWF-WF replacement level significantly 
(p < 0.05) decreased cake volume, springiness, and cohesiveness; however, cake density and hardness signifi-
cantly (p < 0.05) increased. The lightness (L*) and yellowness (b*) of the cake crust and crumb significantly 
decreased with an increase in the replacement ratio, while the highest impacts on the crumb color in terms of 
greenness (a*) were noted when GPWF were used at all the studied replacement levels.
Conclusion. High quality cakes could be obtained at GPWF-WF replacement ratios up to 20%, as they had 
sensorial, textural and appearance characteristics close to that of the control cake samples. 
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INTRODUCTION

Dried pea (Pisum sativum L.) belongs to the pulse 
seeds, which are considered to be an important part 
of the human diet because of their valuable nutrient 

components such as starch, protein, fibers, and miner-
als (Dahl et al., 2012). Peas are cultivated worldwide 
and extensively consumed in several forms: fresh, 
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canned, dried, and frozen (Fahmi et al., 2019). The an-
nual world production of green peas in 2018 reached 
21,225,579 tons. Meanwhile, Egypt was ranked as 
the fifth country in the production of peas with a to-
tal production of 202,760 tons (FAOSTAT, 2018). The 
health benefits of consuming peas have been reviewed 
by Dahl et al. (2012), wherein the association between 
improvements in metabolic, gastrointestinal, and car-
diovascular health and pea consumption has been 
demonstrated.

Leguminous flours are added to bakery products as 
supplementary components due to their high protein 
content as well as their amino acids, which improve 
the nutritional quality of cereal proteins (Dhen et al., 
2016). Previous studies have established that partial 
replacement of wheat flour with leguminous flours 
is feasible during the preparation of bakery products 
(Fahmi et al., 2019). Pea flour has been utilized to re-
place wheat flour partially or completely in various 
bakery products such as bread (Millar et al., 2019) and 
cakes (Gómez et al., 2008).

As a response to the problem of increasing de-
mands of food in addition to the limited available 
sources for food production, several studies have been 
performed to assess the food losses that occur in food 
chains and to overcome this problem. Through these 
studies, the amount of food loss was calculated, and 
its causes were identified and categorized. According 
to Gustavsson et al. (2011), the total annual amount of 
food loss and waste is 1300 million tons, which repre-
sents approximately 30% of all food supplied for hu-
man consumption. They also reported that more than 
40% of these food losses occur in developed countries 
at postharvest and processing levels. Among the vari-
ous forms of food waste, massive amounts of fruit and 
vegetable waste which is produced during the pro-
cessing of fruit and vegetables is abundant all over 
the world (Wadhwa and Bakshi, 2013). Thus, several 
world agencies and organizations have directed their 
members towards the necessity of reducing food loss 
and waste. For example, the African union has com-
mitted their members to halving their postharvest loss-
es by 2025 (Xue and Liu, 2019).

In the light of previously published information, the 
present work set out to find a new method for finding 
a use for pea loss and waste that occurs during frozen 
pea packing and production. Hence, the possibilities of 

using green pea waste flour (GPWF) to replace wheat 
flour (WF) at various replacement ratios during cake 
making was investigated. The influence of the GPWF- 
-WF replacement level on the rheological behavior of 
cake batter and the quality of the obtained cake was 
studied in terms of color, volume, density, and texture 
profile. In addition, the correlation between flour char-
acteristics and the quality parameters of the cake was 
studied using Mixolab. 

MATERIALS AND METHODS

Materials
Pea waste was collected from a packing area of the in-
ternational company for agriculture and processing in 
Egypt. The pea waste consisted of whole peas, blond 
whole peas, whole pea fragments, spilt peas and pea 
waste from the packing machine which is separated 
during the packing phase. Wheat flour (72% extrac-
tion), butter, salt, baking powder, fresh egg and vanilla 
were purchased from a local market.

Methods
Green pea waste flour (GPWF) preparation. Green 
pea waste was dried in a tray dryer (Heraeus electron-
ics, Germany) at 65°C to a constant weight. Then, the 
dried samples were ground in a laboratory mill (Cole- 
-Parmer, USA), sieved through 50 mesh sieves, and 
stored in glass bottles at room temperature.

Proximate composition analysis of pea flour and 
wheat flour. The moisture, crude fat, crude fiber, pro-
tein and ash content of GPWF and wheat flour (WF) 
were determined in triplicate according to AOAC 
(2005), while the carbohydrate content was deter-
mined by difference (AOAC, 2005).

Cake preparation. The basic recipe of pound cake 
involves 85.2 g wheat flour, 64.5 g sugar, 42.6 g egg, 
63.6 g butter, 0.3 g vanilla, 0.3 g salt and 1.2 g bak-
ing powder. In addition to the control sample (basic 
recipe), five cake samples were prepared, wherein 
wheat flour was replaced with GPWF at the follow-
ing levels: 10, 20, 30, 40 and 50%. For cake batter 
preparation, the eggs and sugar were firstly mixed 
on the highest speed to form a cream using a kitchen 
mixer (Moulinex, France). Then, all the remaining 
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ingredients were added and mixed for five minutes. 
The cakes were baked in aluminum foil cups that were 
coated with vegetable oil. Each cup contained 50 g of 
batter, which was evenly spread throughout the cup. 
The cakes were baked at 190°C for 20 minutes.

Sensory analysis. The acceptability of different cake 
samples was evaluated by 20 untrained panelists using 
a 9-hedonic scale, where 1 means extremely dislike 
and 9 extremely like (Belghith-Fendri et al., 2016). 
The sensory evaluation was conducted by a panel 
made up of students (12 male and 8 female) from the 
Food Science Department, Faculty of Agriculture, 
Cairo University. Various cake samples were coded 
and evaluated according to their taste, odor, color, tex-
ture, and overall acceptability. The obtained data were 
statistically analyzed using a completely randomized 
design (p ≤ 0.05) followed by Duncan’s multiple range 
tests to compare the mean of various organoleptic at-
tributes. The acceptance indices (AI) of various cake 
samples were computed using the following equation 
(1) (Lucas et al., 2018):

	 AI =  OA  × 100	 (1)9

where: OA – the average scores of overall acceptabil-
ity for various cake samples.

Hierarchical cluster analysis (HCA). The score values 
of the organoleptic attributes of the different evaluated 
cake samples were subjected to a hierarchical cluster 
analysis (HCA) using Ward’s method, in which Euclid-
ean distances were implemented to calculate the dis-
tances between various samples. Based on the results 
of the sensory evaluation and HCA, the most accepted 
cake samples were chosen for further examination.

Oscillatory rheology of cake batter. The dynamic 
viscoelastic properties of different cake batter sam-
ples were determined using a parallel plate rheometer 
(MCR 301, Anton Paar GmbH, Graz, Austria). The 
batter was placed onto the base plate (50 mm diameter 
and 1 mm gap) and allowed to rest for 5 min. Meas-
urements were taken at 25°C. The examinations were 
conducted in two steps. Firstly, deformation sweeps 
were performed at a constant frequency to determine 
the strain range (0.01 – 100%) for linear viscoelastic 

behavior. Secondly, frequency sweeps (0.1 to 100 1/s) 
were performed within a linear viscoelastic range at 
a constant strain of 0.1%. Storage modulus (G′), loss 
modulus (G″) and complex viscosity (η*) were plotted 
against the frequency values. The obtained data were 
fitted using the Power law model (Razavi et al., 2016):

	 G′ = k′ × ωn′ 	 (2)
	 G″ = k″ × ωn″	 (3)

where:
k′, k″	–	intercepts, Pa sn,
n′, n″	–	slopes of frequency dependence of G′ and 

G″, respectively,
ω	 –	the angular frequency, rad s-1. 

Cake volume and density. The volume of each 
cake sample was determined in triplicate according 
to AACC (2001) using the rapeseed displacement 
method (no. 10-05.01). The weight of various cake 
samples was measured, and the density of individual 
samples was calculated as the ratio of sample weight 
to its volume.

Cake color. The crust and crumb color of various cake 
samples were evaluated in triplicate using a Chroma 
meter CR-410 (Konica Minolta, Japan) according 
to Ayadi et al. (2009), where color was expressed in 
terms of L*, a* and b*, which indicate lightness, red-
ness/greenness and yellowness/blueness, respectively.

Cake texture. The obtained cake samples were sub-
jected to a texture profile analysis (TPA) to assess 
their textural properties using a texture analyzer (CT3, 
Brookfield, USA) equipped with a load cell of 10 kg 
and a cylindrical probe diameter of 36 mm, respec-
tively. Pre-test, test, and post-test speed were set to 2, 
1, and 1 mm/s, respectively. The compression percent-
age was set to 25%. TPA was performed after 24 h of 
baking in a cube cut from the center of each cupcake. 
The cube had dimensions of 2.5 × 2.5 × 2 cm (length, 
width and height, respectively). The examinations 
were conducted in duplicate.

Rheological tests of wheat flour and wheat flour 
incorporated with different percentages of GPWF 
using Mixolab®. A Mixolab® device (Chopin Technol-
ogies Villeneuve La Garenne, France) was implemented 
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to determine the mixing and pasting behavior of wheat 
flour and wheat-green pea waste composite flour ac-
cording to AACC (2010) 54–60.01. The standard 
“Chopin+” protocol was followed throughout the ex-
aminations, in which the temperature was kept at 30°C 
for first 8 min, then increased to 90°C at a heating rate 
of 4°C/min (over 15 min) and held at this tempera-
ture for 7 min. Then the temperature was decreased 
to 50°C at a cooling rate of 4°C/min (over 10 min) 
and held for 5 min. The mixing blades were rotated at 
a constant speed of 80 rpm.

Statistical analysis. All measurements were reported 
as mean values ±standard deviations. One-way ANOVA 
with post-hoc Duncan’s multiple range test (p < 0.05) 
and Pearson’s correlation were implemented to analyze 
the obtained data. XLSTAT software version 2014.5.03 
(Addinsoft, USA) was used to perform all statistical 
analyses. 

RESULTS AND DISCUSSION

Proximate composition analysis of pea flour
The data listed in Table 1 show that the protein, ash, 
crude fiber, and fat content of GPWF were 21.9% 
±0.100, 3.34% ±0.043, 14.6% ±1.696 and 2.38% 
±0.260, respectively. The obtained results are con-
sistent with data previously found in the literature for 
dried pea flour, where their content of protein, ash, 
crude fiber and fat varied between 22.83–28.04%, 
2.9–3.66%, 8.78–15.28% and 1–1.89%, respectively 

(Červenski et al., 2017; Krumina-Zemture et al., 
2016). Also, the data in Table 1 show the chemical 
composition of wheat flour which is consistent with 
data previously found in the literature (Kohajdová et 
al., 2012).

Organoleptic characteristics of cake
The consumer acceptance of any food product de-
pends on its organoleptic characteristics. Thus, sen-
sory evaluation of various cake samples was carried 
out, and the obtained results are illustrated in Figure 1. 
The data in Figure 1 (a–e) reveal that the partial sub-
stitution of wheat flour (WF) with different propor-
tions of GPWF had significant (p < 0.05) effects on all 
the organoleptic characteristics of the obtained cakes. 
It could be noted that the cakes prepared using replace-
ment ratios of 10 and 20% (Fig. 1 a, b, c and e) were 
not significantly (p > 0.05) different to the control for 
all organoleptic characteristic ratings except color rat-
ings. On the other hand, increasing the GPWF-WF 
replacement ratio to more than 30% had a significant 
(p < 0.05) adverse effect on the organoleptic character-
istics of the produced cake. This finding is consistent 
with that of Belghith-Fendri et al. (2016), who found 
that increasing the replacement levels of wheat flour 
with pea flour and broad bean flour decreased the or-
ganoleptic characteristic scores of the examined cake 
samples. Also, Sudha et al. (2007) and Ayadi et al. 
(2009) found that increasing the apple pomace flour 
and spiny and spineless cladode flour in cake formula-
tions decreased the organoleptic characteristic scores. 
Lucas et al. (2018) reported that for any food product 
to be sensorially accepted, it must have an acceptance 
index (AI) higher than 70%. The AI of all the samples 
(Table 2) was higher than 70%, which indicates their 
sensorial acceptance. Moreover, the AI of the cakes 
prepared using replacement ratios of 10 and 20% was 
81.11%, which reduced dramatically to the nearest of 
71% as the replacement ratios further increased.

Hierarchical cluster analysis (HCA) is a multivari-
ate technique that has been successfully used to clas-
sify foods into various clusters or groups based on their 
chemical composition or their phytochemical constitu-
ents and associated bioactivity (Hossain et al., 2011). 
HCA was implemented to classify the obtained cakes 
into different clusters based on their organoleptic at-
tribute scores and the obtained results are illustrated as 

Table 1. Proximate composition of green pea waste flour 
and wheat flour

Component  
g/100 g flour

Green pea waste 
flour Wheat flour

Protein 21.90 ±0.10 9.85 ±0.52

Moisture content 3.09 ±0.05 11.50 ±0.45

Lipids 2.38 ±0.26 1.99 ±0.01

Ash 3.34 ±0.04 0.48 ±0.02

Fiber 14.63 ±1.70 0.58 ±0.03

Carbohydrates 54.65 ±1.93 75 ±0.90 

Data are means ±standard deviation values of 3 replicates.
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a dendrogram (Fig. 1f), in which five clusters/groups 
were identified. The first group involves the control 
cake which had the highest scores for all organoleptic 
characteristics. The second, third and fourth clusters 

comprise cakes with replacement ratios of 10, 20 and 
30%, respectively, which were preferred in the same or-
der and followed the control cake. The fifth group con-
sists of cakes with replacement ratios of 40 and 50%, 
which had the lowest scores for all organoleptic charac-
teristics. Based on the previous results, cakes prepared 
with replacement ratios of 10, 20 and 30% in addition 
to the control were chosen for further evaluation.

Rheological properties of cake batter
An oscillatory (frequency sweep) test was used to ana-
lyze the viscoelastic properties of various cake batters 
and the obtained results are illustrated in Figure 2 (a–c).  
All the tested samples exhibited mechanical spec-
tra identical to the behavior of soft gels, as the stor-
age modulus (G′) values were higher than that of the 
loss modulus (G″) and both showed a minor reliance 
on the frequency. These results are in agreement with 
those obtained by Aydogdu et al. (2018). In addition, 

Fig. 1. Effects of GPWF-WF replacement ratios on the organoleptic characteristics of cake (a–e) and dendrogram of HCA 
for various cake incorporating different GPWF ratios using Ward’s method (f)

Table 2. The acceptance index of various cake samples pre-
pared using different GPWF-WF replacement ratios

Treatment Acceptance index

Control 92.22a ±11.46

10% 81.11ab ±13.54

20% 81.11ab ±14.01

30% 71.11b ±19.54

40% 70.55b ±22.30

50% 71.11b ±21.75

Data are means ±standard deviation values of 20 replicates.
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the data in Figure 2 (a–c) indicate that the storage 
modulus (G′), loss modulus (G″) and complex vis-
cosity (η*) of all cake batters involving GPWF were 
higher than that of the control cake batter. These in-
creases in storage (G′) and loss (G″) moduli could be 
attributed to the high protein content of GPWF. Held-
man et al. (2007) correlated the increase of these mod-
uli in the protein-starch-water system with the higher 
protein content. On the other hand, Aydogdu et al. 
(2018) related these increases in storage (G′) and loss 
(G″) moduli to the reduction in the moisture content 

as a result of the addition of GPWF (fibers) to the cake  
batters. 

The G′ and G″ data for various cake batters using 
the power law model are listed in Table 3. High val-
ues of the determination coefficient (R2) and adjusted 
determination coefficient (adj.-R2) indicate the ad-
equacy of the power law model for the obtained data. 
The intercepts (k′ and k″) of G′ and G″ increased from 
4764.45 to 16  488.20 and from 1935.86 to 5857.28 
as the GPWF replacement ratio increased from 0% 
(control) to 30%, respectively. Contrarily, the slopes 

Fig. 2. Storage modulus G′ (a), loss modulus G″ (b) and complex viscosity (c) of various cake batters at different GPWF-WF 
replacement ratios
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(n′ and n″) of G′ and G″ decreased as the GPWF re-
placement ratio increased, which indicates a low 
frequency dependence and an increased elasticity 
behavior of these cake batters (Razavi et al., 2016). 
These results are in agreement with the findings of 
Kırbaş et al. (2019), which showed the adequacy of 
the power law model in representing the rheological 
data of cake batter. In addition, their results indicated 
that increasing the proportions of apple, carrot and or-
ange pomace powder in cake formulations increases 
the intercepts and decreases the slopes of G′ and G″. 

Volume and density of cake
The data illustrated in Table 4 reveal that the GPWF-
-WF replacement level significantly (p ˂  0.05) affected 

the volume and density of the baked cake. Increas-
ing the GPWF-WF replacement level from 0 to 30% 
significantly (p ˂ 0.05) decreased the cake volume 
from 118 ±2.0 to 95 ±1.0 cm3 and increased the cake 
density from 0.3888 ±0.010 to 0.4958 ±0.005 g/cm3, 
respectively. Data in the literature state that incorpo-
rating pea flour, broad bean flour (Belghith-Fendri et 
al., 2016) and apple pomace flour (Sudha et al., 2007) 
during cake preparation significantly increases baked 
cake density. This increase in cake density could be 
related to the high elasticity behavior of cake batters 
incorporating GPWF, as previously outlined. Further-
more, Erben and Osella (2017) ascribed the increase in 
cake density containing pea flour to the strong water 
holding capacity of pea flour. 

Table 3. Modeling of rheological properties of cake batters using power law model and Mixolab characteristics of composite 
flours under different GPWF-WF replacement ratios

Treat-
ment

Fitting of rheological properties of cake batters  
using power law model Mixolab characteristics of composite 

flours WA 
%G′ G″

k′ n′ R² adj.-R2 k″ n″ R² adj.-R2 C1
Nm

C2
Nm

C3
Nm

C4
Nm

C5
Nm

ST
min

Control 4 764.45 0.23 0.995 0.995 1 935.86 0.31 0.988 0.988 1.10 0.53 1.86 1.78 3.12 8.88 59.8

10% 12 191.55 0.21 0.988 0.988 4 622.33 0.29 0.999 0.989 1.06 0.41 1.53 1.68 2.65 8.30 58.7

20% 13 225.93 0.20 0.997 0.997 4 688.23 0.30 0.992 0.991 1.10 0.61 1.94 1.75 3.33 9.60 58.0

30% 16 488.2 0.19 0.997 0.967 5 857.27 0.29 0.993 0.993 1.10 0.56 1.92 1.85 3.08 9.25 57.1

Standard 
deviation 

0.02 0.09 0.19 0.07 0.29 0.56 1.14

G′ – storage modulus, G″ – loss modulus, k′ – intercept of G′, k″ – intercept of G″, n′ – slope of G′, n″ – slope of G″, R2 – determina-
tion coefficient, adj.-R2 – adjusted determination coefficient, Mixolab parameters [C1, C3, C5 – maximum consistency at stage 1, 3, 
5; C2, C4 – minimum consistency at stage 2, 4; ST – dough stability], WA – water absorption. 

Table 4. Cake density, volume, and texture profile under different GPWF-WF replacement ratios

Treat-
ment

Density*
g/cm3

Volume*
cm3

Hardness**
N

Cohesiveness**
mJ

Springiness**
mm

Gumminess**
N

Chewiness**
mJ

Control 0.389c ±0.010 118.00a ±2.00 17.61c ±1.12 0.49b ±0.01 8.29a ±0.08 8.56a ±0.42 70.90a ±4.24

10% 0.402c ±0.007 114.00a ±2.00 18.60bc ±1.95 0.51a ±0.00 7.96ab ±0.02 9.51a ±1.00 75.55a ±7.71

20% 0.449b ±0.021 103.33b ±6.11 23.67a ±1.16 0.44c ±0.01 7.87b ±0.05 10.42a ±0.88 82.00a ±7.35

30% 0.496a ±0.005 95.00c ±1.00 22.00ab ±1.72 0.42d ±0.01 7.61b ±0.25 9.55a ±0.07 74.10a ±0.85

*Data are means ±standard deviation values of 3 replicates.
**Data are means ±standard deviation values of 2 replicates.
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Textural properties of cakes
Soft texture is an important quality parameter of cake 
which is highly reliant on pore size distribution and 
the mechanical properties of the cake. Texture profile 
analysis (TPA) is used to explain assessor textural per-
ception through simulating the biting and chewing pro-
cess in the mouth in terms of chewiness, gumminess, 
cohesiveness, springiness, and hardness (Christaki et 
al., 2017).

The data listed in Table 4 show that the GPWF- 
-WF replacement level significantly (p ˂ 0.05) af-
fected the texture profile of the obtained cake. The 
hardness of cake formulated with GPWF at 10% was 
not significantly (p > 0.05) different than that of the 
control sample. The hardness of various cake samples 
significantly (p ˂ 0.05) increased as the GPWF-WF 
replacement level increased. The lowest and highest 
hardness values were observed at replacement ratios 
of 0 and 20%, respectively. The correlation test indi-
cated that the relationship between cake hardness and 
volume was significant and negative (r = –0.75, p < 
0.05) which was consistent with the results reported 
in several studies (Aydogdu et al., 2018; Dhen et al., 
2016). In these studies, opposite correlations between 
cake hardness and volume were found. This increase 
in hardness could be ascribed to the low amount of 
incorporated air in the cake batter, which consequently 
led to the production of a more compact/harder cake 
(Gómez et al., 2010). As previously outlined, increas-
ing the GPWF-WF replacement level increases the 
storage and loss moduli and alters the rheological 
behavior of various cake batters to be more elastic, 
which decreases the amount of incorporated air in the 
cake batter. In addition, Belghith-Fendri et al. (2016) 
ascribed the increase in cake hardness in cake incorpo-
rated with legume flour to legume protein. 

The data in Table 4 show that the control sam-
ple exhibited the highest springiness (8.28 ±0.078 
mm) and significantly (p < 0.05) differed from the 
other cake samples, except the sample with a 10% 
GPWF-WF replacement level. In addition, increas-
ing the GPWF-WF replacement level from 10 to 30% 
insignificantly (p > 0.05) decreased cake springiness 
from 7.96 ±0.02 to 7.61 ±0.25 mm. De la Hera et al. 
(2012) found that increasing the replacement ratio of 
wheat flour with lentil flour significantly decreased 
the layer cake springiness. They also found that the 

partial replacing of wheat flour with lentil flour did not 
have a significant effect on sponge cake springiness. 
Cake cohesiveness significantly decreased with an in-
crease in the GPWF-WF replacement levels to more 
than 10%. Cakes with low cohesiveness values tend 
to crumble easily, and consequently they are difficult 
to handle and slice (Ávila et al., 2017). Springiness 
and cohesiveness were significantly and positively 
correlated to cake volume (r = 0.87, p < 0.05 and  
r = 0.88, p < 0.05, respectively). Previous studies have 
shown positive relationships between cake volume 
and its springiness and cohesiveness (Gómez et al., 
2010). The effect of the GPWF-WF replacement level 
at all studied levels on cake gumminess and chewiness 
was insignificant (p > 0.05). In contrast to our results, 
García-Segovia et al. (2017) found that the partial re-
placement of wheat flour with composite flour (52% 
quinoa, 22% dry pea, 25% dry carrot, and 1% tocte) 
decreased the hardness, chewiness, and gumminess of 
the produced cake, while its effects on cake springi-
ness and cohesiveness were insignificant.

Cake color
The influences of the GPWF-WF replacement level on 
cake color are illustrated in Figure 3. Significant im-
pacts on the color of the crust and crumb were noted. 
The color parameters of the control cake were sig-
nificantly (p < 0.05) different than those of the other 
samples. In the crust, L* (lightness) and b* (yellow-
ness) values significantly decreased from 71.77 ±0.07 
to 55.51 ±0.15 and from 35.23 ±0.16 to 24.02 ±0.30 
as the replacement ratio increased from 0% to 30%, 
respectively. Similarly, the L* (lightness) and b* (yel-
lowness) values for the crumb significantly decreased 
from 76.84 ±0.20 to 67.11 ±0.24 and from 36.10 ±0.23 
to 32.71 ±0.20 as the replacement ratio increased from 
0% to 30%, respectively. Ayadi et al. (2009) found that 
increasing the replacement ratio of wheat flour with ei-
ther spiny or spineless cladode flour decreased the L* 
values of the cake crust and crumb. They related the 
decrement in L* values of the cake crust to Maillard 
and caramelization reactions that increased at high re-
placement levels. Also, the relationship between Mail-
lard and caramelization reactions and the added ratio 
of GPWF could explain the changes in a* values of 
the cake crust from negative values (green) at 10 and 
20% to positive values (red) at 30%. However, the a* 
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values of the crumb decreased significantly (p < 0.05) 
as the used GPWF level increased, which can clearly 
be attributed to the added proportion of GPWF and 
its associated chlorophyll content. Belghith-Fendri et 
al. (2016) found that the L* and a* values of the cake 
crumb decreased with an increase in the ratio of pea 
pod flour used.

Rheological properties of wheat flour and wheat 
flour incorporating different percentages of 
GPWF using Mixolab®

Several studies have been performed to correlate the 
quality characteristics of bakery products, including 
cakes, to their flour properties using a Mixolab device 

(Kahraman et al., 2008). Thus, the rheological proper-
ties of wheat flour and the composite flours (GPWF- 
-WF) at different replacement levels were analyzed 
using a Mixolab and the obtained results are outlined 
in Figure 4 and Table 2. The data in Table 2 indicate 
that the Mixolab parameters do not take a particular 
pattern for various GPWF-WF replacement levels. 
Surprisingly, the association between all cake quality 
characteristics and Mixolab parameters was found to 
be insignificant (p > 0.05). Also, it could be noted that 
the composite flour with replacement levels of 20 and 
30%, which resulted in lower cake volumes, almost 
had the highest C2, C3, C4 and C5 values. These re-
sults are in agreement with those of Kahraman et al. 
(2008), who found a negative correlation between 
Mixolab parameters for C2, C3, C4 and C5 values and 
cake volumes. 

It can be noted from the data in Table 3 that the 
water absorption values decreased as the GPWF-WF 
replacement level increased. These results are in ac-
cordance with those obtained by Millar et al. (2019) 
and Mironeasa and Codină (2019) who found that the 
partial replacement of wheat flour by raw yellow pea 
flour and tomato seed flour decreased the water ab-
sorption. Mironeasa and Codină (2019) ascribed this 
decrease in water absorption values to the decrement 
in gluten content in the composite flour. In contrast, 
dough stability values increased as the GPWF-WF re-
placement level increased to levels higher than 10%. 
Mironeasa and Codină (2019) found that the dough 
stability values of wheat-tomato seed composite flour 
were higher than those of wheat four alone. Mean-
while, the data in Table 3 show that the Mixolab C2 
parameter increased to its maximum value at a GPWF- 
-WF replacement level of 20% and slightly decreased 
as the replacement level increased to 30%. These re-
sults indicate that increasing the incorporated level of 
GPWF to 20% resulted in a stronger dough than the 
control sample; however, increasing the GPWF level 
to 30% slightly decreased the strength of the dough 
which could be attributed to gluten dilution. Similarly, 
the Mixolab C3 parameter had an identical trend to the 
C2 parameter, which indicates that dough incorporat-
ing GPWF at a replacement level of 20% exhibited the 
maximum gelatinization capacity, which slightly de-
creased as the GPWF increased to 30%. These results 
are consistent with those of Dabija et al. (2017) who 

Fig. 3. Effects of GPWF-WF replacement ratios on cake 
crust and crumb color
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found that the maximum gelatinization capacity for 
yellow pea-wheat blended flour was observed at a re-
placement level of 15% and further increase in the re-
placement level decreased the gelatinization capacity.

CONCLUSION

The current work shows that the partial replacement 
of wheat flour with GPWF at various levels to develop 
pound cake is possible; however, higher GPWF-WF 
replacement levels adversely affected the acceptability 
of the obtained cakes. There were no significant differ-
ences between the control samples and the other cake 
samples formulated with GPWF at replacement levels 
of 10–20% for all organoleptic properties, except for 
cake color. Adding GPWF to the cake batters altered 
their rheological properties, which became more elas-
tic and consequently decreased in volume and springi-
ness, and increased in hardness and density when they 

were baked. The crumb color of the baked cakes was 
the most affected quality parameter due to the addition 
of GPWF, especially at higher replacement levels, as 
their color turned to green. 

REFERENCES

AACC (2001). Approved methods of analysis (11th ed.). 
Method 10-05.01. Guidelines for measurement of vol-
ume by rapeseed displacement. Approved: October 17, 
2001. St. Paul, MN, USA: Cereals & Grains Association. 
http://dx.doi.org/10.1094/AACCIntMethod-10-05.01

AACC (2010). Approved methods of analysis (11th ed.). 
Method 54-60.01. Determination of rheological behav-
ior as a function of mixing and temperature increase 
in wheat flour and whole wheat meal by Mixolab. Ap-
proved: May 28, 2010. St. Paul, MN, USA: Cereals & 
Grains Association. http://dx.doi.org/10.1094/AAC-
CIntMethod-54-60.01

Fig. 4. Mixolab graphs for various flours at GPWF-WF replacement ratios of: a – 0% (control), b – 10%, c – 20%, d – 30%

http://dx.doi.org/10.17306/J.AFS.2021.0838
http://dx.doi.org/10.17306/J.AFS.2021.0838
http://dx.doi.org/10.1094/AACCIntMethod-10-05.01
http://dx.doi.org/10.1094/AACCIntMethod-54-60.01
http://dx.doi.org/10.1094/AACCIntMethod-54-60.01


77

Sallam, Y. I., Abd El-Salam, E. A., Abaza, A. G. (2021). Green pea waste flour as a wheat flour partial replacer in pound cake: Bat-
ter rheology behavior and cake quality properties. Acta Sci. Pol. Technol. Aliment., 20(1), 67–78. http://dx.doi.org/10.17306/ 
J.AFS.2021.0838

www.food.actapol.net/

AOAC (2005). Official methods of analysis of the asso-
ciation of analytical chemists international (18th ed.). 
Gaithersburg, MD, USA.

Ávila, B. P., Braganca, G. C. M., Rockenbach, R., Alves, G. 
D., Monks, J., Gularte, M. A., Elias, M. C. (2017). Phys-
ical and sensory characteristics of cake prepared with 
six whole-grain flours. J. Food Measur. Charact., 11(3), 
1486–1492. https://doi.org/10.1007/s11694-017-9527-0

Ayadi, M. A., Abdelmaksoud, W., Ennouri, M., Attia, H. 
(2009). Cladodes from Opuntia ficus indica as a source 
of dietary fiber: Effect on dough characteristics and cake 
making. Ind. Crops Prod., 30(1), 40–47. https://doi.
org/10.1016/j.indcrop.2009.01.003

Aydogdu, A., Sumnu, G., Sahin, S. (2018). Effects of addi-
tion of different fibers on rheological characteristics of 
cake batter and quality of cakes. J. Food Sci. Technol., 
55(2), 667–677. https://doi.org/10.1007/s13197-017-
2976-y

Belghith-Fendri, L., Chaari, F., Kallel, F., Zouari-Ellouzi, 
S., Ghorbel, R., Besbes, S., …, Ghribi-Aydi, D. (2016). 
Pea and broad bean pods as a natural source of dietary 
fiber: The impact on texture and sensory properties of 
cake. J. Food Sci., 81(10), C2360–C2366. https://doi.
org/10.1111/1750-3841.13448

Červenski, J., Danojević, D., Savić, A. (2017). Chemi-
cal composition of selected winter green pea (Pisum 
sativum L.) genotypes. J. Serbian Chem. Soc., 82(11), 
1237–1246. https://doi.org/10.2298/JSC170323094C

Christaki, M., Verboven, P., Van Dyck, T., Nicolaï, B., Goos, 
P., Claes, J. (2017). The predictive power of batter rheo-
logical properties on cake quality – The effect of prege-
latinized flour, leavening acid type and mixing time. J. 
Cereal Sci., 77, 219–227.

Dabija, A., Codină, G. G., Fradinho, P. (2017). Effect of yel-
low pea flour addition on wheat flour dough and bread 
quality. Romanian Biotechnol. Lett., 22(5), 12888–
12897.

Dahl, W. J., Foster, L. M., Tyler, R. T. (2012). Review of 
the health benefits of peas (Pisum sativum L.). Brit-
ish J. Nutr., 108(suppl. 1). https://doi.org/10.1017/
S0007114512000852

de la Hera, E., Ruiz-París, E., Oliete, B., Gómez, M. (2012). 
Studies of the quality of cakes made with wheat-lentil 
composite flours. LWT – Food Sci. Technol., 49(1), 48–
54. https://doi.org/10.1016/j.lwt.2012.05.009

Dhen, N., Román, L., Ben Rejeb, I., Martínez, M. M., Garo-
gouri, M., Gómez, M. (2016). Particle size distribution 
of soy flour affecting the quality of enriched gluten-free 
cakes. LWT – Food Sci. Technol., 66, 179–185. https://
doi.org/10.1016/j.lwt.2015.10.032

Erben, M., Osella, C. A. (2017). Optimization of mold wheat 
bread fortified with soy flour, pea flour and whey protein 
concentrate. Food Sci. Technol. Int., 23(5), 457–468. 
https://doi.org/10.1177/1082013217701583

Fahmi, R., Ryland, D., Sopiwnyk, E., Aliani, M. (2019). 
Sensory and physical characteristics of pan bread forti-
fied with thermally treated split yellow pea (Pisum sati-
vum L.) flour. J. Food Sci., 84(12), 3735–3745. https://
doi.org/10.1111/1750-3841.14908

FAOSTAT (2018). Green pea production. Retrieved 4 June, 
2020 from http://www.fao.org/faostat/en/#data/QC 

García-Segovia, P., Moreno, A., Benítez, L. D. R., Logroño, 
M. A., Fonseca, J. G., Martínez-Monzó, J. (2017). Effect 
of replacement wheat flour by a composite mix flour in 
sponge cakes. J. Culin. Sci. Technol., 15(2), 89–100.

Gómez, M., Moraleja, A., Oliete, B., Ruiz, E., Caballero, 
P. A. (2010). Effect of fibre size on the quality of fibre-
enriched layer cakes. LWT – Food Sci. Technol., 43(1), 
33–38. https://doi.org/10.1016/j.lwt.2009.06.026

Gómez, M., Oliete, B., Rosell, C. M., Pando, V., Fernán-
dez, E. (2008). Studies on cake quality made of wheat-
chickpea flour blends. LWT – Food Sci. Technol., 41(9), 
1701–1709. https://doi.org/10.1016/j.lwt.2007.11.024

Gustavsson, J., Cederberg, C., Sonesson, U., Meybeck, R. 
van O. A. (2011). Global food losses and food waste – 
Extent, causes and prevention. Rome, Italy: FAO.

Heldman, D. R., Lund, D. B., Sabliov, C. (2007). Handbook 
of food engineering (2nd ed.). CRC Press.

Hossain, M. B., Patras, A., Barry-Ryan, C., Martin-Diana, 
A. B., Brunton, N. P. (2011). Application of principal 
component and hierarchical cluster analysis to classify 
different spices based on in vitro antioxidant activity 
and individual polyphenolic antioxidant compounds. J. 
Funct. Foods, 3(3), 179–189. https://doi.org/10.1016/j.
jff.2011.03.010

Kahraman, K., Sakıyan, O., Ozturk, S., Koksel, H., Sumnu, 
G., Dubat, A. (2008). Utilization of Mixolab® to pre-
dict the suitability of flours in terms of cake quality. 
Eur. Food Res. Technol., 227(2), 565–570. https://doi.
org/10.1007/s00217-007-0757-y

Kırbaş, Z., Kumcuoglu, S., Tavman, S. (2019). Effects of 
apple, orange and carrot pomace powders on gluten-free 
batter rheology and cake properties. J. Food Sci. Tech-
nol., 56(2), 914–926. https://doi.org/10.1007/s13197-
018-03554-z

Kohajdová, Z., Karovičová, J., Jurasová, M. (2012). Influ-
ence of carrot pomace powder on the rheological charac-
teristics of wheat flour dough and on wheat rolls quality. 
Acta Sci. Pol. Technol. Aliment., 11(4), 381–387.

http://dx.doi.org/10.17306/J.AFS.2021.0838
http://dx.doi.org/10.17306/J.AFS.2021.0838
https://doi.org/10.1007/s11694-017-9527-0
https://doi.org/10.1016/j.indcrop.2009.01.003
https://doi.org/10.1016/j.indcrop.2009.01.003
https://doi.org/10.1007/s13197-017-2976-y
https://doi.org/10.1007/s13197-017-2976-y
https://doi.org/10.1111/1750-3841.13448
https://doi.org/10.1111/1750-3841.13448
https://doi.org/10.2298/JSC170323094C
https://doi.org/10.1017/S0007114512000852
https://doi.org/10.1017/S0007114512000852
https://doi.org/10.1016/j.lwt.2012.05.009
https://doi.org/10.1016/j.lwt.2015.10.032
https://doi.org/10.1016/j.lwt.2015.10.032
https://doi.org/10.1177/1082013217701583
https://doi.org/10.1111/1750-3841.14908
https://doi.org/10.1111/1750-3841.14908
http://www.fao.org/faostat/en/%23data/QC
https://doi.org/10.1016/j.lwt.2009.06.026
https://doi.org/10.1016/j.lwt.2007.11.024
https://doi.org/10.1016/j.jff.2011.03.010
https://doi.org/10.1016/j.jff.2011.03.010
https://doi.org/10.1007/s00217-007-0757-y
https://doi.org/10.1007/s00217-007-0757-y
https://doi.org/10.1007/s13197-018-03554-z
https://doi.org/10.1007/s13197-018-03554-z


Sallam, Y. I., Abd El-Salam, E. A., Abaza, A. G. (2021). Green pea waste flour as a wheat flour partial replacer in pound cake: Bat-
ter rheology behavior and cake quality properties. Acta Sci. Pol. Technol. Aliment., 20(1), 67–78. http://dx.doi.org/10.17306/ 
J.AFS.2021.0838

78 www.food.actapol.net/

Krumina-Zemture, G., Beitane, I., Gramatina, I. (2016). 
Amino acid and dietary fibre content of pea and buck-
wheat flours. Res. Rural Develop., 1, 84–90.

Lucas, B. F., Morais, M. G. de, Santos, T. D., Costa, J. A. 
V. (2018). Spirulina for snack enrichment: Nutritional, 
physical and sensory evaluations. LWT – Food Sci. 
Technol., 90 (December 2017), 270–276. https://doi.
org/10.1016/j.lwt.2017.12.032

Millar, K. A., Barry-Ryan, C., Burke, R., McCarthy, S., Gal-
lagher, E. (2019). Dough properties and baking char-
acteristics of white bread, as affected by addition of 
raw, germinated and toasted pea flour. Innov. Food Sci. 
Emerg. Technol., 56 (September 2018), 102189. https://
doi.org/10.1016/j.ifset.2019.102189

Mironeasa, S., Codină, G. G. (2019). Dough rheological be-
havior and microstructure characterization of composite 
dough with wheat and tomato seed flours. Foods, 8(12), 
626.

Razavi, S. M. A., Alghooneh, A., Behrouzian, F., Cui, S. W. 
(2016). Investigation of the interaction between sage 
seed gum and guar gum: Steady and dynamic shear 
rheology. Food Hydrocoll., 60, 67–76. https://doi.org/ 
10.1016/j.foodhyd.2016.03.022

Sudha, M. L., Baskaran, V., Leelavathi, K. (2007). Apple 
pomace as a source of dietary fiber and polyphenols 
and its effect on the rheological characteristics and cake 
making. Food Chem., 104(2), 686–692. https://doi.
org/10.1016/j.foodchem.2006.12.016

Wadhwa, M., Bakshi, S. P. M. (2013). Utilization of fruit 
and vegetable wastes as livestock feed and as substrates 
for generation of other value-added products. RAP Pub-
lication 2013-04. FAO. 

Xue, L., Liu, G. (2019). Introduction to global food losses 
and food waste. In C. M. Galanakis (Ed.), Saving food 
production, supply chain, food waste, and food con-
sumption (1st ed., pp. 1–32). Elsevier.

http://dx.doi.org/10.17306/J.AFS.2021.0838
http://dx.doi.org/10.17306/J.AFS.2021.0838
https://doi.org/10.1016/j.lwt.2017.12.032
https://doi.org/10.1016/j.lwt.2017.12.032
https://doi.org/10.1016/j.ifset.2019.102189
https://doi.org/10.1016/j.ifset.2019.102189
https://doi.org/10.1016/j.foodhyd.2016.03.022
https://doi.org/10.1016/j.foodhyd.2016.03.022
https://doi.org/10.1016/j.foodchem.2006.12.016
https://doi.org/10.1016/j.foodchem.2006.12.016

