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Abstract
Objective: This study aimed at determining color, texture and sensorial acceptance degree of cowpea bean bunuelos under
deep frying. Materials/Methods: Frying stage of the bunuelos was 480 seconds, and soybean oil was used, heating up to
150, 160 and 170° C. Color measurement was made both to crust and crumb of bunuelos, after 2 hours of frying. Textural
Procedural Analysis test (TPA) was performed. A sensory evaluation was carried out with 60 untrained tasters. Findings:
Crust and crumb color varied with formulation and temperature increase, becoming less bright, less red and less yellow.
All texture variables varied according to the process temperature and formulation. Sensory analysis determined that
formulations studied are pleasant for consumers in terms of the studied attributes. Improvements: Fried small bunuelos
with superior quality attributes such as color, texture and sensory can be made with cowpea beans.
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1. Introduction
Cowpea bean (Vigna unguiculata) or black-eyed pea is a
grain legume that represents an important source of micro
and macronutrients1, especially of dietary protein2,3. Seed
has a high content of protein (19.5% and 27.3% w/w)4, it
has several essential amino acids in balanced proportions.
Generally, some products are elaborated from cowpea
bean seed such as: astringents, aperitifs, laxatives,
anthelmintic, aphrodisiac, diuretic, and tonic for the liver,
and others3.
For food, there are different preparations from this
legume, such as the small BunueloCosteno. This is a
handmade product resulting from a paste made m
 ixture
from ground beans, water, spices, eggs, milk, and other
ingredients. The elaboration includes steps such as seeds
*Author for correspondence

soaking and grinding, seed coat separation and a final
grinding before obtaining the paste. Texture is a highly
important sensory attribute for the preference of a fried
product and is a critical parameter in product5 final
quality. It is expected that a superior quality fried product
has a crunchy crust between 1 and 2mm, with a cooked,
moist and soft center6 as an indicator of freshness and
high quality.
Texture profile analysis (TPA) is a simulation of a
sample chewing by means of texture analyzer e quipment.
It consists of compressing a food the size of a bite to mimic
the action of teeth and includes analysis of d
ifferent
texture characteristics of a sample7-9.
Before making the decision to consume a food, one
of the organoleptic parameters that havemajor influence
is the visual aspect, especially color, which may cause
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r ejection making a product not suitable for consumption
or otherwise, acceptance. Heat and mass transfer that
take place during frying cause physicochemical changes,
affecting the color of fried products. Process variables such
as oil temperature, oil type and frying time affect color of
fried products10. Color changes in deep frying may be due
to temperature increase by caramelization reactions and
proteins and carbohydrates interaction, which is known
as the “Maillard reaction”11, as well as caramelization of
sugars. In this study, color, texture and degree of sensorial
acceptance of deep frying cowpea bean bunuelos were
determined.

2. Materials and Methods
2.1 Preparation of Cowpea Masses and
Deep Frying of bunuelos
2 formulations were prepared from the resulted bean flour
as shown in Table 1. Constituents were mixed and shaken
manually until a homogeneous paste was obtained and
reserved in plastic containers and in refrigeration until use.
The frying process of each formulation was carried out
with soybean oil in a 5-liter GMS electric fryer at three
temperatures: 150 (T1), 160 (T2) and 170° C (T3) during a frying period of 480 seconds. After the end of each
sample time, bunuelos were taken out of oil and put on
absorbent paper at room temperature to remove superficial oil and, thus, avoiding alteration of results.

2.2 Evaluation of bunuelos’ Color
Color measurement of bunuelos (both crust and crumb)
was carried out 2 hours after frying. A Colorflex EZ
colorimeter and the scale named CIE with the c oordinates
L*, a* and b* was used.

2.3 Texture Profile Analysis (TPA) of
bunuelos
Analysis of texture profile by double compression: TPA
test was performed on the completely fried bunuelos at
the end of 480 seconds with a texturometer TA.XTPlus by
means of two compressions simulating human bite with
2.5cm cubes, using a circular plate of 75 mm d
 iameter
with rod base. Test conditions were 1 mm/s, post-test
speed 10 mm/s, compression distance 10 mm and load cell
30 kg. In the texture profile analysis (TPA) characteristics
of hardness, cohesiveness, adhesiveness, gumminess,
elasticity and chewiness were determined.
2
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Texture profile analysis by puncture: A 2 mm
cylindrical rod was used for puncture texture analysis.

2.4 Sensory Evaluation
A sensory evaluation was carried out with 60 untrained
tasters. The criteria for participating in the assay were:
being a habitual consumer of fried products, not being
allergic to raw materials used or another food and time
availability. Fry samples at 150° C for each formulation
were selected for the test, since they were the ones with
the lowest oil absorption; a 9-point mixed hedonic scale
was used to evaluate attributes of color, smell, taste and
texture. General acceptance was as well evaluated12.
Samples were served hot (60° C) in random order
coded with 3-digit numbers. Each panelist was given a
qualification format with the samples and a glass of water
to clean their palate between sample and sample.

2.5 Statistical Analysis
An experimental design with 3 completely randomized
repetitions of two factors (formulation and temperature of
frying) was used. Results of combination of factors were
analyzed by ANOVA of double classification and tests
of multiple ranges applying Duncantest. For the sensory
analysis, an ANOVA of a single factor, frying temperature
(150° C) was used.

3. Results and Discussion
3.1 Color Evaluation
Values obtained from L*, a* and b* for crust showed
significant differences among the different formulations as
indicated in Table 2, where temperature, formulation and
formulation-temperature interaction were significant.
The results show that changes in color of the
crust increased significantly in the bunuelos of the
formulations, especially in the F2. This could be due
to the amount of sugars present and all the reactions
triggered from these. Regarding the temperature, the
L* parameter becomes smaller, that is, darker, probably
due to the greater heat flow experienced by the product
during frying. A higher heat flow should increase surface
temperature, increasing amount of Maillard products
and caramelization and production of a darker crust.
In13 reported the same trend in research conducted in
doughnuts.
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The yellow-blue hue ranged between 13.92 and
33.97 showing inclination towards the yellow color in its
positive axis, and the parameter a* was shown between a
range of 12.12 to 18.92 in its positive axis leaning more
to the red color. Through observation, a lighter color
was confirmed, more golden for F1 formulation than for
F2 formulation.
Moisture of formulations is another incident f actor in
color analysis. In14 found a positive correlation between
light and moisture in food, implying that lower water
content leads to decrease in brightness. Nonetheless,

in this case, formulation F1 has lower moisture c ontent
at the same temperature and, in comparison with
formulation F2, its brightness is higher. This difference

could be marked by a higher content of sugars in
formulation F2. In15 found that this is due to production of
dark pigments and decomposition of carbohydrates that
facilitate the Maillard reaction. For the same formulation,
the effect of the correlation is evidenced, since as the
frying temperatures increased, the moisture decreased
and with this, gloss of the product crust.
Through variance analysis, a significant difference
was found among crumb samples as shown in Table 2,
where oil temperature, formulation and temperature-
formulation interaction variables were significant for all
variables (L*, a* and b*). Nonetheless, very close results
are evident between formulation F1 and F2. Yellow-blue
hue ranged between 20.05 and 26.47, showing inclination

Table 1. Formulations of masses prepared from cowpea beans
Quantity in mixture (%)
Formulation

Flour

Water

Milk

Egg

Salt

F1

50

40

-

8

2

F2

47,4

-

42,6

8

2

Table 2. Colorimetric parameters for the different treatments
Crust
Parameters
Treatment

L ± SD

a ± SD

b ± SD

F1.T1*

46,68 ± 0,00

F1.T2

42,41 ± 0,00b

17,03 ± 0,01d

32,04 ± 0,03b

F1.T3

30,15 ± 0,01d

30,15 ± 0,01a

20,14 ± 0,02d

F2.T1

32,14 ± 0,02c

18,92 ± 0,01b

24,51 ± 0,03c

F2.T2

28,92 ± 0,01e

16,33 ± 0,01e

17,73 ± 0,03e

F2.T3

25,99 ± 0,02f

12,12 ± 0,02f

13,98 ± 0,04f

a ± SD

b ± SD

a

c

18,34 ± 0,01

32,97 ± 0,05a

Crumb
Parameters
Treatment

L ± SD

F1.T1

70,46 ± 0,01

F1.T2

69,21 ± 0,00b

2,56 ± 0,01d

21,89 ± 0,01d

F1.T3

68,30 ± 0,00c

3,18 ± 0,03a

26,47 ± 0,01a

F2.T1

58,96 ± 0,01f

2,44 ± 0,01e

21,57 ± 0,00e

F2.T2

61,94 ± 0,00e

3,17 ± 0,01b

25,86 ± 0,02b

F2.T3

63,43 ± 0,00d

2,75 ± 0,01c

24,70 ± 0,01c

a

f

2,16 ± 0,01

20,05 ± 0,00f

Different letters in the same column indicate significant difference between treatments by the Duncan method at 5% significance,
*T.F. Temperature and Formulation
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higher in any of the cases with respect to the samples
of the F2 formulation. This may also be due to the final
moistures that were greater for the F2 formulation.
Additionally, the protein network favors the product
softness.
In21 reported hardness values for water bread that
oscillate between 8.6 and 15 N. In13 reported the hardness
has an inverse relationship with fat content, since fat
softens the crumb of baked products. Comparable

results were reported by22. In1 reported hardness values
in fried akaras between 6.5 and 11.6 Nagreeing also with
the fact that presence of air gives softness to the product.
As oil temperature increased, adhesiveness was lower
for the same formulation. The proteins of formulation
F2 can contribute to obtain higher stickiness values. The
results with respect to other authors are good, since this
characteristic is not desirable in fried products23. In21
reported adhesive values of -0.33 kgf.mm in water bread.
For the F1 formulation there was a slight tendency to
decrease cohesiveness as the temperature increases, this
may be because of the response variable is affected by
absorption of oil, since it interferes with the interaction of proteins and carbohydrates each. Comparable
results were obtained by13 with values of 0.26 and 0.57
in doughnuts.
On the other hand, for the F2 formulation,
cohesiveness increases at higher temperatures. This

result could be supported by the reinforced protein network that could be generated by addition milk. Also, oil
absorption for these samples was lower. These characteristics make Samples more resistant to deformation and
rupture. In21 reported cohesiveness values between 0.39
and 0.47 in water bread; In24 reported values between
0.30 and 0.54 in bunuelos with emulsifier. In1 reported

towards the yellow color. The parameter a* was shown
between a range of 2.16 to 3.18 on its positive axis, which
leans slightly red. Visual observation confirmed a very
similar color in all treatments.
Because of the crumb analysis, it is stated that due to
the little interaction of the surface of the crumb with the
oil at elevated temperature, there is no significant color
change, since the crust is located between these two,
preventing passage of heat directly.

3.2 Texture Analysis
3.2.1 Texture Profile Analysis by Double
Compression
Table 3 shows average values of texture variables. For
all variables, incidence of temperature, formulation and
temperature-formulation interaction was significant.
As the temperature increases, hardness increases.
This effect may be due to the relationship between
temperature and water content. When the temperature is
higher, more moisture is lost; low humidity is translated
into high hardness as water gives softness to the products. In16 reported that decrease in moisture generates
increase in all texture variables of food products, including hardness. Comparable results have been reported in
tilapia sausages8, chicken nugget17 and felipita, harton and
topocho bananas18.
In addition, it was observed that texture of s amples of
higher temperature was closed, i.e., the alveoli formed by
the evaporation of water are uniform and small. This is
because at a higher temperature changes of food matrix
occur much faster19,13. In20 reported that a more compressed crumb may contribute to obtain a firmer texture.
For the hardness, the samples of the F1 f ormulation were

Table 3. Texture characteristics by double compression for the different treatments
TextureCharacteristics
Treatment

Hard.

Adh.

N

kg m/s

F1.T1

67,74

F1.T2

67,78b

b

F1.T3

117,54

F2.T1

Coh.
c

a

Elas.

Gum.

Chew.

kg m/s

2

2

b

a

b

Kg

-0,44

0,53

0,85

36,42

3,16c

-0,62b

0,54b

0,84b

36,61b

3,18c

a

c

c

a

-1,02

0,47

0,83

55,85

4,73a

59,11d

-0,69b

0,40d

0,84b

24,20d

2,07d

F2.T2

62,85c

-0,77b

0,47c

0,85a

24,99d

2,18d

F2.T3

67,04b

-1,00a

0,58a

0,85a

29,38c

3,42b

Different letters in the same column indicate significant difference among treatments by the Duncan method at 5% of significance

4

Vol 11 (44) | November 2018 | www.indjst.org

Indian Journal of Science and Technology

Armando Alvis Bermudez, Guillermo Arrazola Paternina and Elvis J. Hernandez

values b etween 0.15 and 0.23 in fried akaras. Values of
elasticity varied between 0.83 and 0.85; these are good
since the samples recovered between 83 and 85% after
the deformation.
The alveolar formation, result of the evaporation
of water, protein and starch network, the final content
of oil and moisture, among other factors, contribute
to the p
 roduct recovery. In21 reported elasticity values
around 50% in water bread. In24 reported elasticity v alues
between 0.86 and 0.90 in bunuelos with emulsifier; In1
reported in fried akaras values between 0.58 and 0.61 mm.
Gumminess increases as the temperature increases for the
same formulation and the average values of the formulation F1 are greater than those of the formulation F2,
this same behavior is presented by chewiness, since both
response variables are related to each other. Nonetheless,
for both formulations at 150 and 160° C there is no
significant difference in the variable.
The most chewable products are those that have the
lowest chew value since, from the sensory point of view,
it requires more time for gobbling in the mouth before
swallowing21. The increase in gumminess and chewiness
for the same formulation must be formed by gelatinization
of starches and protein denaturation, leading to more
strength and energy required to disintegrate the samples
until they can be swallowed. In21 reported a positive
correlation between hardness and gumminess, i.e.,

greater hardness, greater gumminess and chewiness; also
reflected in this study1 obtained chewiness values between
0.6 and 1.4 N mm in akaras, well below those obtained in
this study.
Analysis of texture profile by puncture: Penetration
force values of crust for the different treatments are
shown in Table 4. Through ANOVA, it was found
that frying temperature and formulation, as well as its
temperature-formulation interaction, was significant and
when applying Duncan’s test, all means show significant
differences.
As the temperature increases, crusts become harder
and average values of F1 formulation are greater than
those from F2 formulation, except at 150° C. These
characteristics occur because as the 

temperature
increases, changes in food structure occur more quickly
and therefore the crust will form in a shorter time25. In
addition, crusts are dry surfaces and are also related
to the final product humidity. Lower humidity reached
 oisture
greater hardness of the crust13,24 found that the m
migration to the crust makes it softer. Different val-
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ues of crust firmness have been reported for several
products such as water bread that range between 16
and 22 N21, for c assava sour starch bunuelos between
21 and 28 N24, and for doughnut crust, between 0.77
and 2,61 N13.

3.3 Sensory Evaluation
Table 5 shows average values obtained for each a ttribute
evaluated for the treatments. Scores obtained are
acceptable since in none of the cases they enter on the
displeasure scale. No significant difference was found
in any of the attributes. In the case of color, the values
of the means of the formulations show formulation 1
more v isually attractive than formulation 2, this may be
because in the first case there is a marked browning and
in the formulation 2 it is darker. In12 reported average

Table 4. Texture characteristics by puncture for the
different treatments
Treatment

Hardness Characteristics of
the Crust (N)

F1.T1

5,57 f

F1.T2

10,18 b

F1.T3

15,25 a

F2.T1

7,30 e

F2.T2

8,65 d

F2.T3

9,46 c

Different letters in the same column indicate significant
difference among treatments by the Duncan method at 5% of
significance

Table 5. Average values of sensory attributes evaluated
for fried bean buñuelosat 150° C
Formulation
Attributes

Formulation 1

Formulation 2

Color

6,6

a

6,3a

Smell

6,4a

6,3a

Taste

6,2a

5,9a

Texture

5,6a

5,6a

General
Acceptance

6,4a

6,2a

Different letters in the same row indicate significant difference
among treatments
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color values between 7.2 and 7.7 in fried akaras using 3
cultivars of cowpea beans.
In the case of smell, it could be due to the c haracteristic
smell of flour prevailing over the addition or not of milk.
In12 reported values between 6.7 and 7.1 in fried akaras;
values above those found in this study. In26 found values between 6.08 and 7.04 in crumb of akaras prepared
with alkaline salt solutions; like those found in this study.
For flavor, higher average values were found for the F1
formulation, which ranged in both cases on the ‘I like it
slightly’ scale. In12 reported values ranging between 6.4
and 6.8 in fried akaras; In26 report values for taste between
5.54 and 6.27. For the texture, average values are on the
scale ‘I do not like it, nor do I dislike’, however 5 of the 60
tasters indicated that they were somewhat hard12 report
values between 6.6 and 7.1. In26 evaluated sponginess as
a textural attribute, obtaining values between 4.62 and
6.23. Regarding general acceptance, panelists preferred
samples of the F1 formulation because of its array of
attributes, placing them above the “I like it slightly” scale.

4. Conclusions
Color of bunuelos was influenced by variables t emperature
and formulation. The crust showed greater changes. On
the contrary, the crumb maintained a more stable color.
Analysis of the texture profile of the bunuelos was dependent on temperature and formulation. The bunuelos show
good recovery from deformation, they are relatively hard,
gummy, chewable, not very sticky and maintain their
shape. Sensory analysis showed that, in general, the smell,
taste, texture and color of cowpea bean bunuelos are
slightly liked by consumers.
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