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Pereskia aculeata Miller, também conhecida no Brasil como ora-pro-nóbis, possui alto teor de proteínas, 

fibras e minerais, sendo uma alternativa para alimentos mais nutritivos e saudáveis. O objetivo deste 

trabalho foi produzir e avaliar bolos com diferentes concentrações (10, 20, 30%) de farinha de                               

ora-pro-nóbis (FO) associadas à redução do nível de óleo (5, 10, 15%), conforme delineamento 

experimental 2². Onde as variáveis independentes são o óleo (X1) e farinha de ora-pro-nóbis (X2), e as 

variáveis dependentes são as análise físico-químicas. Foram determinadas as propriedades físico-químicas 

e funcionais dos bolos. A adição de farinha de ora-pro-nóbis aumentou os teores de proteínas, fibras, cinzas, 

cálcio, sódio, magnésio, potássio e ferro. Também melhorou/aumentou os valores dos parâmetros a* e ΔE 

no miolo e a elasticidade. Bolos produzidos com 30% de FO apresentaram as melhores propriedades 

nutricionais. O bolo com adição de 20% e 10% de FO e 5% de redução no teor de óleo apresentou boa 

aceitabilidade sensorial, demonstrando que a adição de FO é uma alternativa para a elaboração de produtos 

alimentícios mais nutritivos. 

Palavras-chave: Pereskia aculeata, bolo, caracterização físico-química. 

 

Pereskia aculeata Miller, also known in Brazil as ora-pro-nobis, has a high content of protein, fiber and 

minerals, making it an alternative to more nutritious and healthy foods. The objective of this work was to 

produce and evaluate cakes with different concentrations (10, 20, 30%) of ora-pro-nobis flour (FO) 

associated with reduction in oil level (5, 10, 15%), according to the experimental design 2², where the 

independent variables are oil (X1) and ora-pro-nóbis flour (X2), and the dependent variables are the 

physicochemical analysis. The physicochemical and functional properties of the cakes were determined. 

The addition of ora-pro-nobis flour increased the protein, fiber, ash, calcium, sodium, magnesium, 

potassium, and iron. It also improved the crumb color (parameter a* and ΔE) and the elasticity of cake 

products. Cakes produced with up to 30% FO showed the best nutritional properties. The cake with addition 

of 20% and 10% FO and up 5% of reduction in oil content showed good sensory acceptability, with FO 

being a nutritious alternative for application in food products. 

Keywords: Pereskia aculeate, cake, physicochemical characterization. 

1. INTRODUCTION 

Pereskia aculeata Miller, also known in Brazil as ora-pro-nobis, is a plant belonging to the 

Cactaceae family that is distributed in different parts of the world. It is a perennial plant that is 

easy to propagate [1]. The leaves of Pereskia aculeata Miller have a desirable nutritional value 

in terms of the high content of proteins, fibers, and minerals such as calcium, magnesium, 

phosphorus, iron, and copper [2-4]. The addition of ora-pro-nóbis leaf flour in food products helps 

to reduce or replace oils and fats, due to the presence of mucilage in its composition, which can 

act as a thickening, gelling and emulsifying agent [5, 6]. 

The increased consumption of foods with low nutrients and a high-fat content generates 

negative consequences for health. Thus, studies with the use of unconventional food plants (UFPs) 

in the preparation of food products can increase the nutrient content and provide a low-cost diet, 

rich in natural and healthy compounds [7]. 
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The consumption of cakes is significant around the world. The production of cakes leads to 

the development of more nutritious products with the addition of healthy ingredients such as 

oilseeds, linseed, rye, oats, fruits, vegetable flours, grains, and fibers. These ingredients help to 

reduce the glycemic index, prevent weight gain, and the emergence of pathologies such as 

systemic arterial hypertension and cardiovascular diseases [8, 9]. Moreover, the inclusion of 

UFPs, such as flour from the leaves of Pereskia aculeata Miller, can be investigated to contribute 

with bioactive substances and to improve the nutritional content of conventional cakes [10-12]. 

Therefore, the objective of this work was to evaluate the nutritional and functional quality of 

cakes made with the addition of different concentrations of Pereskia aculeata Miller flour by 

means to replace wheat flour associated with a reduction in the total oil content of cakes. 

2. MATERIAL AND METHODS 

2.1 Materials and flour mix preparation 

The ingredients for the preparation of the cakes, such as wheat flour type 1, sugar, eggs, milk, 

cocoa powder, and baking powder, were purchased from local companies. The ora-pro-nobis flour 

was prepared from the leaves of Pereskia aculeata Miller collected at EPAGRI in the city of 

Chapecó - SC (-27.0900833 S and -52.636389.19 W), selected, washed, and sanitized in sodium 

hypochlorite solution (15 ppm) for 10 min. Then, the leaves were dried in an oven (Cienlab, 

Model: CE-205/49) with air circulation at 60 °C for 24 hours. Subsequently, they were ground in 

a knife mill (MDR302 Cadence, Brazil), stored in vacuum-sealed packages (hermetic and 

metalized), and kept under refrigeration (5 ± 2 ºC) until use. Ora-pro-nobis flour (FO) added at 

concentrations of 0% (control), 10% (FO10), 20% (FO20), and 30% (FO30) in combination with 

wheat flour (WF) were characterized and used to prepare the cakes based on prior tests. 

2.2 Formulations of cakes and experimental design 

The cakes and the control were produced according to the standard formulation developed by 

Segundo et al. (2017) [13] with slight modifications. The percentage of ingredients was 

determined by the total mass in grams of wheat flour, as described below: 100% wheat flour, 

91.6% sugar, 100% whole milk, 41 .6% eggs, 66.6% soybean oil, 8.3% baking powder and 30% 

cocoa powder. This cake formulation was used to prepare the control and the other cake 

formulations were prepared according to the experimental design. The ingredients were mixed 

separately according to each formulation and the cakes were baked in an electric oven (Fischer 

Grill) at 180 ºC for 30 minutes. Then they were cooled at room temperature and stored under 

refrigeration (8 ± 2 °C) until the time of analyses. 

The formulations of cakes with ora-pro-nobis flour followed the Central Composite Rotational 

Design (CCRD) 2², varying the percentage of ora-pro-nobis flour (10%, 20%, and 30%) and the 

reduction of the soybean oil (5%, 10%, and 15%), using the Protimiza Experimental Design 

software (http://experimental-design.protimiza.com.br) [14]. The other ingredients used in the 

production of the cakes remained constant as previously described. The reduction in the amount 

of oil (X1) and the percentage of ora-pro-nobis flour (X2) were established as independent 

variables and the physicochemical analysis of cakes were established as dependent variables. This 

resulted in 10 trials, with two repetitions at the central point, according to the experimental design 

matrix (Table 1).  
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Table 1. Coded and real levels of independent variables used in Central Composite Rotational Design 

(CCRD) 22 for cake formulations. 

Essay Coded names 
X1 (Soybean oil reduction) X2 (Ora-pro-nobis flour addition) 

Coded                 Real (%)* Coded                         Real (%)* 

1 CO5FO10 -1 5 -1 10 

2 CO15FO10 +1 15 -1 10 

3 CO5FO30 -1 5 +1 30 

4 CO15FO30 +1 15 +1 30 

5 CO3FO20 -1.41 2.95 0 20 

6 CO17FO20 +1.41 17.05 0 20 

7 CO10FO6 0 10 -1.41 5.9 

8 CO10FO34 0 10 +1.41 34.1 

9 CO10FO20 0 10 0 20 

10 CO10FO20 0 10 0 20 

*Wheat flour-based percentages. –α = –1.41 e +α = +1.41. 

2.3 Physicochemical and microbiological analysis of cakes 

Physicochemical analysis of dependent variables was performed for the cakes to evaluate 

moisture, proteins, lipids, carbohydrates, total fibers, calories, ash, minerals, color, and water 

activity according to official standards [15-17].  All analyses were performed in triplicate. The 

analyses for crumb color and crust color (L*, a*, b*, and ∆E) were performed in a colorimeter 

(Minolta ®) by the CIELAB system, according to methodology 14-22 [18]. Water activity was 

measured in an Aqualab® Pre water activity tester (Decagon Devices, USA). The specific volume 

(cm³.g-1) was determined through volume displacement, according to method n° 10-05.01 [19]. 

The yield was determined by the difference in mass before and after cooking, according to 

Minãrro et al. (2012) [20]. The microbiological analysis for total coliforms, thermotolerant 

coliforms at 45 ºC, Salmonella sp., Staphylococcus coagulase-positive, and Bacillus cereus were 

performed for cakes selected to the sensory analysis, according to current standards, RDC nº 12 

[21], IN nº 161 [22], and IN nº 313 [23].  

2.4 Texture profile of cakes 

The texture profile of the samples was evaluated in a texturometer (Brookfield, model CT3), 

with samples of 30x30x30 mm (length, breadth, height), through double compression tests, using 

an acrylic cylinder with a diameter of 20 mm and a speed of 2.0 mm.s-1, according to the method 

n° 74-10.02 [19]. 

2.5 Scanning electron microscopy (SEM) 

Scanning electron microscopy was performed for cake formulations selected for the sensory 

analysis. These formulations were frozen at -86 °C in an ultra-freezer (Indril Ultra Freezer) for 

24 hours and then lyophilized (Ihshin Freeze Dryer, TF5503) for 24 hours. After, they were 

covered with gold and the microscopic images were performed with a magnification of                      

1000-1500X, an acceleration voltage of 10-15 kV, in a scanning electron microscope (JEOL, 

JSM6701F). 

2.6 Sensory analysis 

To carry out the sensory analysis, the work was sent and approved by the Research Ethics 

Committee - CEP of UDESC under registration CAAE 28653419.9.0000.0118, with opinion 

number 3.952726, in order to enable sensory analysis with human beings. 

The cakes were evaluated by 120 untrained panelists (78.33% female and 21.66% male, with 

ages between 17 and 56 years) regarding their pleasantness about flavor, texture, appearance, 
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color, and global acceptance through the 9-point hedonic scale ranging from 1 (“dislike very 

much”) to 9 (“like very much”) and purchase intention, according to Dutcosky (2011) [24]. 

2.7 Statistical analysis 

The Central Composite Rotational Design (CCRD) results were validated by ANOVA analysis 

of variance, at a confidence level of 95%, according to the F test (Fcal > Ftab), using the Protimiza 

Experimental Design software (http://experimental-design. protimiza.com.br) [14]. The results 

obtained on sensory analysis were statistically evaluated by the Tukey test, through analysis of 

variance (ANOVA), using the Statistic ® software (Statistica v. 12, StatSoft, USA) to detect the 

significant difference between the samples (p<0.05), at a confidence level of 95%. 

3. RESULTS AND DISCUSSION  

3.1 Physicochemical characterization and technological analysis 

The independent variable percentage of ora-pro-nobis flour (X2) showed a significant                 

(p < 0.05) a decrease of the dependent variables carbohydrates (R² = 0.6181), crumb color 

(parameters L* (R² = 0.7180) and b* (R² = 0.6981)) and crust color (parameter a* (R² = 0.5322)), 

as it was observed with R² value < 0.80 (figure S1). However, there was a negative effect on the 

cake formulations, but which indicates that the reduction in ora-pro-nobis flour (FO) increased 

the aforementioned variables. For the water activity parameter (R² = 0.6874), the reduction in the 

amount of oil (X1) showed a negative effect for the cake formulations, which indicates that the 

reduction in oil increased water activity (Figure S1). The independent variable X2 positively 

influenced the protein parameters, which indicates that the increase of FO in the cake formulations 

increased the fiber, ash, calcium, sodium, magnesium, potassium, iron, zinc, and crumb color 

(parameter a* and ΔE) and elasticity of cakes. The independent variables X1 and X2 showed a 

negative effect, which indicates that the reduction of oil and increase of FO reduced the hardness, 

gumminess, and chewiness parameters. All the mentioned dependent variables that obtained                  

R2 > 0.80 and Fcalc > Ftab allowed the establishment of the mathematical model (Table S2 and 

Figure S2). 

The reduction of 5, 10, and 15% of oil in the cake formulations increased potassium and iron 

content, improved crumb color (parameters a* and ΔE), and reduced hardness, gumminess, and 

chewability (Table S1). According to Amaral et al. (2018) [25] ora-pro-nobis has mucilage in its 

composition, which has a high emulsifying capacity and thermal stability at different temperatures 

[26]. Thus, cake formulations with ora-pro-nobis flour and oil reduction are beneficial to health, 

as they decrease the fat and total calorie contents, and they can contribute to the prevention and 

treatment of pathologies. 

The CO10FO34 sample showed the highest levels of lipids, proteins, fibers, calories, and ash, 

and the lowest carbohydrate values, compared to the other samples (Table S1). This is due to the 

presence of 34.1% of FO in the formulation of this sample, and this ingredient has high levels of 

lipids, proteins, fibers, calories, and ashes and low content of carbohydrates [27]. However, the 

control (Table S1) prepared only with FT, presented the lowest values of proteins, fibers, and 

ashes. 

Samples with the addition of FO at levels of 10% (CO5FO10 and CO15FO10), 20% 

(CO3FO20, CO17FO20, CO10FO20, and CO10FO20), 30% (CO5FO30, CO15FO30) and 34.1% 

(CO10FO34) showed an increase in protein content of 24; 55 and 75%, in fiber content of 42; 83 

and 123% and in ash content of 15; 27 and 36%, respectively, when compared with the control. 

Thus, the importance of ora-pro-nobis flour is highlighted in the preparation of food products, as 

it directly contributes to the nutritional quality of the final product. 

There was a positive effect for increase of FO on the protein contents, however, decrease in 

the oil content did not influence the protein values of the cake formulations (Figure 1). 
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Figure 1. Protein variation of cakes as function of contents of ora-pro-nobis flour (FO) and oil. 

For protein contents, it was possible to verify a R2 value of 0.9268 and the calculated F was 

5.50 times greater than tabulated F, according to the mathematical model established by the 

equation (1). 

y = 7,68 + 1,78 X2                     . (1) 
 

Where y = protein content (g.100g-1) and X2 = percentual of ora-pro-nobis flour (FO). 

 

The protein content observed in the cakes formulated with FO (CO10FO34) was about 3 times 

higher than the control (Table S1). Zem et al. (2017) [28] found protein values of 7.69 g.100g-1 

in cakes formulated with more than 30% of flour from leaves of ora-pro-nobis, which agrees with 

the values observed in the present study. A food considered a source of protein must have at least 

6 g of protein in 100 g of product, and a food rich in protein at least 12 g in 100g [29]. According 

to the results obtained in the present study, the cakes with FO are protein sources as they provide 

between 6.11 to 11.62 g of protein in 100 g. 

There was an increase in the total fiber content of the cakes as the concentrations of FO 

increases (Figure 2). 

 
Figure 2. Fiber variation of cakes as function of contents of ora-pro-nobis flour (FO) and oil. 
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It was possible to verify a positive effect of FO in increase fiber content with a R2 value of 

0.9999 and the calculated F 5.95 times greater than tabulated F, according to the mathematical 

model established and validated by the equation (2). 

 

y= 4,43 + 0,03 X1 + 0,99 X2 + X1 X2     (2) 
 

Where y = fiber content (g.100g-1), X1 = percentual of reduction in the amount of oil, and X2 = 

percentual of ora-pro-nobis flour (FO). 

 

According to the mathematical model, it is important to highlight that the independent 

variables (X1 and X2) influenced the fiber content individually (0.03 X1 and 0.99 X2) and in a 

combinated form (X1X2). 

The addition of FO in the cakes characterized the product as a source of fiber, as it presented 

a minimum of 3 g of fiber in 100 g of the product, as required by legislation [29]. Zem et al. 

(2017) [28] observed an increase in fiber content with the use of dry leaves (5.41 g.100g-1) in 

cakes prepared with percentages superior to 30% of Pereskia aculeata flour and these values were 

higher than those found in the present study. The American Dietetic Association recommends a 

daily intake of 25 g to 35 g of fiber per day for adults [30], it would be necessary to ingest 

approximately 500 grams of cake to meet the daily recommendation. Fibers improve intestinal 

transit speed, improve colon pH, produce by-products with important physiological functions, 

and prevent intestinal constipation and weight gain [31, 32], and cakes with FO are a source of 

fiber. 

There was an increase in ash content in the cakes with increasing FO concentrations (Figure 

S2) and the reduction in oil did not affect the ash content (Table S1). The highest content of ash 

was found for cake CO10FO34 (3.16%) followed by CO5FO30 and CO15FO30 (3.10%) samples 

and the lowest ash content was found for the control (2.28%) and CO10FO6 (2.43%) (Table S1). 

The ash content is directly associated with the mineral content in the food. The samples 

CO10FO34, CO5FO30, and CO15FO30 showed high ash contents (3.16, 3.10, and                              

3.10 g.100g-1, respectively) and high mineral contents (Ca, Mg, K, Na, Fe, and Zn), (Table S1). 

Rosa et al. (2020) [33] found ash contents of 2.2% in cakes made with 30% fresh leaves of 

Pereskia aculeata Miller, like those found in samples CO15FO10 and CO10FO6, made with 10% 

and 6% FO. 

Minerals have an important physiological function, they improve the immune system and are 

essential for healthy [34]. The average daily recommendation (DRI) of minerals for adults is 

1000mg for calcium, 400 mg (men) and 320 mg (women) of magnesium, 3500 mg of potassium, 

2000 mg for sodium, 8 mg (men), and 18 mg (women) of iron, 11 mg (men) and 8 mg (women) 

of zinc daily [35-37]. The cakes showed a significant increase in mineral content with an increase 

in FO concentration when compared to the control (Table S1). The cakes made with the addition 

of 30% or more of FO (CO10FO34, CO15FO30, and CO5FO30) presented the highest levels of 

Ca, Mg, K, Na, Fe, and Zn. 

Calcium contents increased with increasing FO and remained constant with reducing oil in the 

cake formulations (Table S1 and Figure S2). It is observed that the cakes CO10FO34 and 

CO5FO30 presented the highest concentrations of calcium with average values of 3.77 g.kg-1. 

The consumption of 100 g of cake with 30% FO would supply 3 times more than the daily 

recommendation of 1000 mg per day of calcium, which is a micronutrient essential for bone 

growth, nerve impulses, and muscle contraction [38, 39]. Calcium is abundant in dark green leafy 

vegetables, and these vegetables are food options to provide an adequate daily consumption of 

calcium [38]. Zem et al. (2017) [28] found 5 g.kg-1 of calcium in cakes prepared with more than 

30% of ora-pro-nobis dry leaf flour, a value higher than that found in the present study. 

The concentrations of 30% and 34.1% of FO and the reduction of 5% and 10% of oil increased 

the potassium contents in the formulations CO10FO34 and CO5FO30 (2.38 g.kg-1) concerning 

the control (1.73 g .kg-1), (Table S1 and Figure S2). The consumption of 100 g of cakes with 30% 

FO is equivalent to half the daily recommendation of 3500 mg of potassium, a micronutrient 

essential for muscle contraction, nerve conduction, heart rate, energy production, and synthesis 

of nucleic acids and proteins [40]. Zem et al. (2017) [28] found 3.25 g.kg-1 of potassium in the 
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cake prepared with more than 30% of ora-pro-nobis dry leaf flour, values similar to those found 

in the present study. 

There was no variation in sodium content for the cake formulations tested with different 

concentrations of FO and oil (Table S1 and Figure S2). The control presented 0.025 g.kg-1 and 

CO5FO30 with 30% FO obtained 0.033 g.kg-1 of sodium. Zem et al. (2017) [28] found                 

0.59 g.kg-1 of sodium in cakes with ora-pro-nobis leaf flour. The World Health Organization 

recommends a maximum daily sodium intake of 2000 mg [37]. All cakes evaluated in the present 

study showed sodium values below this recommendation and can be included in regular diets. 

Magnesium concentrations increased with the increase of FO in the cakes. The reduction of 

oil showed no influence on magnesium contents in the different formulations (Table S1 and 

Figure S2). The control showed a content of 0.24 g.kg-1 of magnesium and the sample CO10FO34 

showed 0.39 g.kg-1. Magnesium acts in the body to regulate blood sugar, nerve, and muscle 

conduction, improve heart function and reduce blood pressure [41]. The magnesium values found 

in the present study were close to those found by Zem et al. (2017) [28] with 0.18 g.kg-1 for the 

control and 0.69 g.kg-1 for the cake with more than 30% ora-pro-nobis leaf flour. 

Iron content increased with the addition of 30% and 34.1% of FO and with the decrease of 5% 

and 10% of oil in the cake formulations (Table S1 and Figure S2). The iron content of              

0.013 g.kg-1 was found for the control and 0.021 g.kg-1 for the CO10FO34 cake, which 

characterizes the product as a source of iron. A high iron content (0.12 g.kg-1) was found for cakes 

prepared with more than 30% of ora-pro-nobis dry leaf flour in the study conducted by Zem et al. 

(2017) [28]. This mineral is one of the essential nutrients for life, as it acts mainly in the synthesis 

of proteins, including enzymes and hemoglobin essential for the transport of oxygen to all cells 

of the body [42]. The leaves of Pereskia aculeata Miller have non-heme iron, which is the most 

consumed form found in different concentrations in all foods of plant origin, especially in dark 

greens [43]. However, non-heme iron, present in ora-pro-nobis, has an absorption of only 5% of 

the total ingested content [44]. 

As shown in Figure S2, the concentrations of FO and oil showed no influence on zinc content 

in the different formulations tested (Table S1). There was no statistical difference in zinc content 

between the evaluated samples. The highest value found for this mineral was 0.0030 g.kg-1 for 

CO5FO30 and CO10FO34. This mineral plays an important role in the physiological body’s 

processes, acting on the synthesis and degradation of carbohydrates, lipids, and proteins, the 

maintenance of normal growth and development, the functioning of the immune system, 

antioxidant defense, neurosensory function, transcription and translation of polynucleotides [45, 

46]. 

The cakes showed a significant increase in mineral content (Ca, Mg, K, Na, Fe) with increasing 

FO concentration concerning the control. Cakes with an addition of 30% and 34.1% of FO are 

considered rich in Ca, K, Mg, and Fe because they presented more than 30% of the DRI 

concerning the control. Cakes with an addition of 20% of FO are considered a source of Ca, K, 

and Mg, as they presented more than 15% of the DRI concerning the control [29]. The specific 

volume and yield (Table S1) were not directly influenced by the independent variables of 

reduction in the amount of oil (X1) and the percentage of ora-pro-nobis flour (X2) (Figure 3). 
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Figure 3. Cakes prepared with different concentrations of ora-pro-nobis flour (%) and oil (%). Control: 

0% ora-pro-nobis flour + 66.60% oil + 100% wheat flour; CO5FO10: 10% ora-pro-nobis flour + 63.27% 

oil (5% reduction) + 90% wheat flour; CO15FO10: 10% ora-pro-nobis flour + 85% oil + 90% wheat 

flour; CO5FO30: 30% ora-pro-nobis flour + 63.27% oil (5% reduction) + 70% wheat flour; CO15FO30: 

30% ora-pro-nobis flour + 85% oil + 70% wheat flour; CO3FO20: 20% ora-pro-nobis flour + 64.63% oil 

(2,95% reduction) + 80% wheat flour; CO17FO20: 20% ora-pro-nobis flour + 82.95% oil + 80% wheat 

flour; CO10FO6: 5.9% ora-pro-nobis flour + 90% oil + wheat flour 94.1%; CO10FO34: 34.1% ora-pro-

nobis flour + 90% oil + wheat flour 65.9%; CO10FO20: 20% ora-pro-nobis flour + 90% oil + 70% wheat 

flour; CO10FO20: 20% ora-pro-nobis flour + 90% oil + 70% wheat flour. 

The microbiological analysis of the cakes showed that all samples selected for sensorial 

analysis were under the standards established by legislation that regulates microbiological 

standards for food [21-23]. 

3.2 Texture and color profile 

The reduction of 10% of oil and the addition of 5.9% of FO influenced the color parameter a*, 

increasing the tendency towards a red hue. The reduction of 5% and 10% of oil and the addition 

of 30% and 34.1% of FO in the cake formulations modified the ΔE with a small change in the 

color of the cakes concerning the control (Table S1 and Figure S2). 

The increase in the concentration of FO added to the cakes reduced the lightness parameter 

(L*). All samples with more than 20% FO addition were considered darker than the control, as 

they presented values close to zero [47]. The high L* values in cakes with a light color or the 

presence of flour and starch in the crust can be due of their great light reflectance [48]. The 

reduction in luminosity is also due to the presence of cocoa in the formulations and the presence 

of sugars and eggs, which, subject to heat treatment, accelerate the caramelization and Maillard 

reactions, with progressive darkening of the crust and crumb [49-51]. 

The increase in the percentage of FO used in the preparation of the cakes increased the dark 

green shade (Table S1 and Figure S2). According to Padilha et al. (2010) [50], the combination 

of coordinates being positive between a* and b* resulted in the brown tone of the cakes, which 

was observed in the cakes with lower FO content and in the control. Another factor that may have 

interfered with the darker color of the cakes is the reduction of fat in the formulations. According 

to Kim et al. (2001) [52], the replacement of fat in sponge cakes promoted a reduction in L*, a*, 

and b* values. It is important to highlight that the visual acceptability of a food product is 
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influenced by its color and uniformity [53]. 

Cake samples elaborated with addition of FO showed a tendency to increase the parameters of 

hardness, gumminess, and chewiness and to decrease the cohesiveness and elasticity. There was 

an increase in the hardness of cakes directly associated with the increase of 20%, 30%, and 34.1% 

in the concentration of FO and a reduction of 10% and 15% of oil, as observed in the samples 

CO15FO30 and CO10FO34 (Table S1 and Figure S2). According to Esteller et al. (2006) [54], 

the amount of fat, sugar, and moisture exert a softening effect on the dough, maintaining lower 

hardness values. This can be attributed to the dilution of gluten due to the interaction that occurs 

between polysaccharides and wheat flour proteins and the interaction between fibers present in 

the FO [55]. According to Tuncel et al. (2014) [56], ora-pro-nobis flour could cause 

discontinuation of the protein network through the fibers present and consequently increase the 

hardness of cakes or other baked goods. 

Concentrations of FO lower than 20% increased the cake's elasticity (Figure S2) and there was 

no influence on oil reduction for this parameter (Table S1). The elasticity parameter evaluates 

how the product returns to its initial shape after deformation [57]. The reduced elasticity of cakes 

made with FO can be attributed to the low presence of glutenin, a gluten protein, due to the 

reduced concentration of wheat flour in their preparation. According to Gutkoski et al. (2011) 

[58], glutenin is responsible for dough elasticity and resistance to extension, so products with 

higher wheat contents have more elasticity than others with low wheat content [59]. 

The gumminess and chewiness parameters were influenced by the decrease of 10% and 15% 

of oil and by the variations in the FO concentrations in the different cake formulations (Table S1 

and Figure 1). Regarding the decrease in gumminess, according to Paz et al. (2015) [60], this 

parameter is one of the most affected, due to the increase in fiber concentration. The increase in 

chewability values of cakes made with FO can be attributed to the increase in fiber content and 

reduction in oil, compared to the control. Esteller et al. (2004) [61] observed that foods with higher 

fiber content require greater salivation and a greater number of chews before swallowing, so there 

is an increase in mechanical work and chewing. 

3.3 Scanning electron microscopy (SEM) 

The microstructure analysis of the cakes at 1000x magnification showed the influence of 

different ingredient content on the formation of the gluten network and in the structure of the 

doughs compared to the control. A matrix with folds was observed in the cake microstructure of 

the control and CO5FO30. The control sample appears to have more defined granules, which 

could be starch granules. Samples CO5FO10 and CO3FO20 showed a more homogeneous 

structure, with smaller folds and they were more compactness than the control (Figure 4). 

 
Figure 4. Scanning electron microscopy at 1000x magnification. Control: 0% ora-pro-nobis flour + 

66.60% oil + 100% wheat flour; CO5FO10: 10% ora-pro-nobis flour + 95% oil + 90% wheat flour; 

CO3FO20: 20% ora-pro-nobis flour + 97.05% oil + 80% wheat flour; CO5FO30: 30% ora-pro-nobis 

flour + 95% oil + 70% wheat flour. 

In the literature, no studies were found about the structure of cakes or baked goods using                  

ora-pro-nobis flour. According to Li et al. (2020) [62], with the decrease in the gluten network 

due to the presence of other ingredients, a discontinuity occurs around the gas cells, which 



M.M. Trentin et al., Scientia Plena 20, 121503 (2024)                                           10 

 

modifies the product structure. It was observed in the microstructures (Figure 4) and especially in 

the CFO30O95 formulation, which has a greater number of folds than the control, with a rough 

appearance and irregular air alveoli. The presence of a higher concentration of FO, an ingredient 

rich in fiber and gluten-free, can change the formation of the gluten network and destabilize the 

air retention of the dough, causing deformities [13, 63]. According to He and Hoseney (1991) 

[64], flours with lower quality and lower gluten content incorporate more air during cooking. 

However, there is a reduction in volume due to the loss of carbon dioxide during fermentation in 

the initial stage of dough cooking [62]. 

3.4 Sensory analysis of cakes 

For the sensory analysis, the control and the other three formulations of cakes containing 10%, 

20%, and 30% of FO and with a reduction of 3% to 5% of oil were chosen considering the 

desirable effects on the physicochemical and technological parameters of the cake formulations 

studied. 

The addition of 10% FO (CO5FO10) in replacement of wheat flour maintained the 

acceptability of the cakes. A significant difference (p<0.05) was observed for control and the 

formulations evaluated with 20% (CO3FO20) and 30% (CO5FO30) of FO (Table 2). 

Table 2. Sensory analysis of cakes made with reduced oil and different concentrations of ora-pro-nobis 

flour. 

Formulation Color Flavor Texture Appearance 
Overall 

acceptance 

Control 7.82 + 0.93a 7.81 + 1.08a 7.56 + 1.53a 7.88 + 1.05a 7.86 + 0.99a 

CO5FO10 7.78 + 1.05ab 7.61 + 1.38a 7.63 + 1.32a 7.84 + 1.09a 7.71 + 1.01a 

CO3FO20 7.58 + 1.14bc 6.83 + 1.50b 7.18 + 1.35b 7.52 + 1.28b 7.13 + 1.43b 

CO5FO30 7.42 + 1.35c 6.27 + 1.84c 7.03 + 1.45b 7.43 + 1.41b 6.76 + 1.67c 

Control: 0% ora-pro-nobis flour + 66.60% oil + 100% wheat flour; CO5FO10: 10% ora-pro-nobis flour + 95% 

oil + 90% wheat flour; CO3FO20: 20% ora-pro-nobis flour + 97.05% oil + 80% wheat flour; CO5FO30: 30% 

ora-pro-nobis flour + 95% oil + 70% wheat flour. Results are expressed as mean ± standard deviation. In each 

column, means followed by the same letters did not differ significantly from each other (p > 0.05), n = 120 

panelists. 

All means obtained correspond to score 7 – "like moderately", except for the flavor of the 

CO3FO20 and CO5FO30 formulations, and overall acceptance for CO5FO30 (Table 2). Barroso 

et al. (2019) [65] and Miranda et al. (2013) [66] also studied the use of alternative flours to 

partially replace wheat flour in the preparation of bakery products and found averages greater 

than 7 at a 9-point hedonic scale for the parameters evaluated on the sensory analysis. In the 

present study, lower percentages of replacement (10% and 20%) obtained better acceptance by 

the panelists (Table 4). 

The purchase intention of cakes was also evaluated, and the panelists indicated it on a scale 

from 1 - "certainly would not buy" to 5 - "certainly would buy". A product must have a minimum 

acceptability index (AI) of 70% to be considered accepted by consumers [67]. In the present study, 

all formulations presented AI above this value, being: 98.31% for the control, 94.11% for the 

CO5FO10 formulation, 84.87% for the CO3FO20, and 71.42% for the CO5FO30. The cakes also 

received scores with an average higher than the score 3 "Maybe would buy/maybe wouldn't buy", 

indicating that the formulations have quality attributes that please the consumer and can lead him 

to purchase them (Figure 5). 
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Figure 5. Profile of the panelists regarding the purchase intention. Control: 0% ora-pro-nobis flour + 

66.60% oil + 100% wheat flour; CO5FO10: 10% ora-pro-nobis flour + 95% oil + 90% wheat flour; 

CO3FO20: 20% ora-pro-nobis flour + 97.05% oil + 80% wheat flour; CO5FO30: 30% ora-pro-nobis 

flour + 95% oil + 70% wheat flour. 

Similar rates of AI >70%, were found by Marcelino et al. (2018) [68] and Silva et al. (2014) 

[69], who analyzed cakes with concentrations of baru husk flour and pulp (AI of 74 to 84%) and 

gluten-free carob cake (AI of 92.8%), respectively. The higher the AI of the product is, the higher 

the expectation of purchasing the product. Stringheta et al. (2007) [70] emphasize that the addition 

of nutritionally beneficial ingredients in products can reduce public health costs, a fact that can 

enhance their commercialization and acquisition [68]. 

Figure 6 shows the very similar color, development, and characteristics of crumbs for all cake 

samples evaluated on the sensory analysis. 

 
Figure 6. Effect of ora-pro-nobis flour concentrations (%) and oil reduction (%) on the structure of cakes 

submitted to sensory analysis. Control: 0% ora-pro-nobis flour + 66.60% oil + 100% wheat flour; 

CO5FO10: 10% ora-pro-nobis flour + 63.27% oil (5% reduction) + 90% wheat flour; CO3FO20: 20% 

ora-pro-nobis flour + 64.63% oil (2,95% reduction) + 80% wheat flour; CO5FO30: 30% ora-pro-nobis 

flour + 63.27% oil (5% reduction) + 70% wheat flour. 

4. CONCLUSION 

The use of ora-pro-nobis flour as an ingredient in the preparation of cakes to replace 

conventional ingredients makes it possible to increase the nutritional value since this raw material 

is a source of protein, fiber, and minerals. 

The addition of 30% of ora-pro-nobis flour resulted in products considered rich in calcium, 

magnesium, potassium, and iron. In addition, it improved the crumb color (parameter a* and ΔE) 

and the elasticity of the formulations. All formulations showed an acceptability index greater than 

70% and the formulation with 5% oil reduction and 10% addition of ora-pro-nobis flour 

(CO5FO10) obtained the best sensory and average acceptance for purchase intention with 

excellent nutritional value. 
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Cakes made with ora-pro-nobis flour are an alternative food with functional properties and, 

considering this vegetable is rich in proteins, minerals, and fiber, it improves the nutritional value 

and brings beneficial effects to the health of consumers. 
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Appendix A  

Table S1. Physicochemical and technological characteristics of cakes elaborated with different concentrations of ora-pro-nobis flour (n=3). (CONTINUOUS) 

Dependent Variables 

 

Essay 

X1 

(Soybean Oil) 

X2 

(Ora-pro-nobis flour) 

Y25 

(Proteins) 

Y26 

(Fibers) 

Y11 

(Ash) 

Y12 

(Calcium) 

Y13 

(Potassium) 

Y14 

(Sodium) 

Y15 

(Magnesium) 

Y16 

(Iron) 

1 -1 (5%) -1 (10%) 5.37 ± 0.05 3.41 ± 0.09 2.64 ± 0.07 2.30 ± 0.09 1.89 ± 0.04 0.027 ± 0.005 0.290 ± 0.005 0.016 ± 0.005 

2 +1 (15%) -1 (10%) 5.45 ± 0.06 3.47 ± 0.02 2.51 ± 0.05 2.93 ± 0.11 1.85 ± 0.05 0.026 ± 0.005 0.260 ± 0.004 0.014 ± 0.004 

3 -1 (5%) +1 (30%) 5.77 ± 0.17 5.38 ± 0.06 3.10 ± 0.04 3.78 ± 0.08 2.38 ± 0.03 0.033 ± 0.005 0.350 ± 0.001 0.019 ± 0.005 

4 +1 (15%) +1(30%) 5.85 ± 0.05 5.45 ± 0.05 3.10 ± 0.07 3.50 ± 0.10 2.21 ± 0.05 0.031 ± 0.005 0.370 ± 0.006 0.017 ± 0.005 

5 -1.41 (2.95%) 0 (20%) 5.56 ± 0.04 4.40 ± 0.10 2.87 ± 0.07 3.55 ± 0.08 2.24 ± 0.03 0.031 ± 0.005 0.310 ± 0.005 0.018 ± 0.001 

6 +1.41(17.05%) 0 (20%) 5.67 ± 0.02 4.48 ± 0.06 2.94 ± 0.06 3.40 ± 0.02 2.15 ± 0.01 0.030 ± 0.005 0.300 ± 0.001 0.014 ± 0.005 

7 0 (10%) -1.41 (5.9%) 5.35 ± 0.05 3.05 ± 0.04 2.43 ± 0.09 2.92 ± 0.08 1.81 ± 0.04 0.026 ± 0.005 0.250 ± 0.005 0.014 ± 0.005 

8 0 (10%) +1.41 (34.1%) 5.90 ± 0.01 5.84 ± 0.05 3.16 ± 0.02 3.76 ± 0.03 2.38 ± 0.01 0.033 ± 0.001 0.390 ± 0.013 0.021 ± 0.005 

9 0 (10) 0 (20%) 5.62 ± 0.07 4.43 ± 0.07 2.89 ± 0.003 2.65 ± 0.04 2.07 ± 0.02 0.024 ± 0.005 0.330 ± 0.003 0.016 ± 0.003 

10 0 (10) 0 (20%) 5.61 ± 0.10 4.43 ± 0.08 2.88 ± 0.06 2.56 ± 0.07 2.02 ± 0.03 0.022 ± 0.005 0.320 ± 0.004 0.017 ± 0.003 

Control - - 4.93 ± 0.53 2.42 ± 0.07 2.28 ± 0.01 2.75 ± 0.01 1.73 ± 0.05 0.025 ± 0.001 0.240 ± 0.001 0.013 ± 0.001 

Control: 0% ora-pro-nobis flour + 66.60% oil + 100% wheat flour; CO5FO10: 10% ora-pro-nobis flour + 63.27% oil (5% reduction) + 90% wheat flour; CO15FO10: 10% ora-

pro-nobis flour + 85% oil + 90% wheat flour; CO5FO30: 30% ora-pro-nobis flour + 63.27% oil (5% reduction) + 70% wheat flour; CO15FO30: 30% ora-pro-nobis flour + 85% 

oil + 70% wheat flour; CO3FO20: 20% ora-pro-nobis flour + 64.63% oil (2,95% reduction) + 80% wheat flour; CO17FO20: 20% ora-pro-nobis flour + 82.95% oil + 80% wheat 

flour; CO10FO6: 5.9% ora-pro-nobis flour + 90% oil + wheat flour 94.1%; CO10FO34: 34.1% ora-pro-nobis flour + 90% oil + wheat flour 65.9%; CO10FO20: 20% ora-pro-

nobis flour + 90% oil + 70% wheat flour; CO10FO20: 20% ora-pro-nobis flour + 90% oil + 70% wheat flour. 
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Table S1. Physicochemical and technological characteristics of cakes elaborated with different concentrations of ora-pro-nobis flour (n=3). 

Dependent Variables 

 

Essay 

X1 

(Soybean oil) 

X2 

(Ora-pro-nobis flour) 

Y17 

(Zinc) 

Y2 

(Crumb color a*) 

Y29 

(Crumb color ∆E) 

Y10 

(Hardness) 

Y11 

(Elasticity) 

Y12 

(Gumminess) 

Y13 

(Chewiness) 

1 -1 (5%) -1 (10) 0.002 ± 0.001 2.19 ± 0.22 2.54 ± 0.68 3.81 ± 0.53 12.06 ± 0.81 1.21 ± 0.19 11.86 ± 0.76 

2 +1 (15%) -1 (10) 0.002 ± 0.003 3.34 ± 0.10 1.94 ± 0.13 3.77 ± 0.40 11.87 ± 0.64 1.40 ± 0.15 20.71 ± 0.67 

3 -1 (5%) +1 (30) 0.003 ± 0.006 0.68 ± 0.05 4.15 ± 0.34 2.47 ± 0.14 8.31 ± 0.25 0.62 ± 0.11 5.65 ± 0.17 

4 +1 (15%) +1(30) 0.003 ± 0.004 0.80 ± 0.12 3.00 ± 0.22 6.12 ± 0.20 9.49 ± 0.29 1.56 ± 0.62 17.57 ± 0.79 

5 -1.41 (2.95%) 0 (20%) 0.003 ± 0.006 2.20 ± 0.09 2.62 ± 0.30 2.44 ± 0.16 8.7 ± 0.95 0.61 ± 0.11 5.94 ± 0.69 

6 +1.41(17.05%) 0 (20%) 0.003 ± 0.001 2.24 ± 0.22 2.33 ± 0.65 4.71 ± 0.32 9.95 ± 0.98 1.34 ± 0.20 13.88 ± 0.62 

7 0 (10%) -1.41 (5.9%) 0.002 ± 0.007 5.15 ± 0.23 2.95 ± 0.26 3.82 ± 0.36 11.1 ± 0.37 1.17 ± 0.22 13.65 ± 0.56 

8 0 (10%) +1.41 (34.1%) 0.0030 ± 0.003 -0.73 ± 0.15 5.73 ± 0.17 6.3 ± 0.91 9.30 ± 0.42 2.15 ± 0.29 15.92 ± 0.92 

9 0 (10) 0 (20%) 0.002 ± 0.003 1.80 ± 0.08 3.28 ± 0.24 5.35 ± 0.57 10.10 ± 0.17 1.80 ± 0.18 19.73 ± 0.51 

10 0 (10) 0 (20%) 0.002 ± 0.005 1.09 ± 0.20 3.81 ± 0.51 5.22 ± 0.51 10.78 ± 0.96 1.80 ± 0.20 19.04 ± 0.99 

Control - - 0.002 ± 0.001 4.31 ± 0.31 - 1.97 ± 0.20 10.54 ± 0.50 0.67 ± 0.12 7.28 ± 0.88 

Control: 0% ora-pro-nobis flour + 66.60% oil + 100% wheat flour; CO5FO10: 10% ora-pro-nobis flour + 63.27% oil (5% reduction) + 90% wheat flour; CO15FO10: 10% ora-

pro-nobis flour + 85% oil + 90% wheat flour; CO5FO30: 30% ora-pro-nobis flour + 63.27% oil (5% reduction) + 70% wheat flour; CO15FO30: 30% ora-pro-nobis flour + 85% 

oil + 70% wheat flour; CO3FO20: 20% ora-pro-nobis flour + 64.63% oil (2,95% reduction) + 80% wheat flour; CO17FO20: 20% ora-pro-nobis flour + 82.95% oil + 80% wheat 

flour; CO10FO6: 5.9% ora-pro-nobis flour + 90% oil + wheat flour 94.1%; CO10FO34: 34.1% ora-pro-nobis flour + 90% oil + wheat flour 65.9%; CO10FO20: 20% ora-pro-

nobis flour + 90% oil + 70% wheat flour; CO10FO20: 20% ora-pro-nobis flour + 90% oil + 70% wheat flour. 
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Table S2. R² values, calculated F, tabulated F, and mathematical model for the response variables of the formulated cakes. 

Variable R² Fcalc Ftab Mathematical model 

Proteins 0.9268 29.30 5.32 Y25 = 7.68 +1.78 X2 

Fiber 0.9999 28.21 4.74 Y26 = 4.43 + 0.03 X1 + 0.99 X2 + X1 X2 

Ash 0.9878 11.66 5.32 Y11 = 2.85 + 0.26 X2 

Cálcium 0.8843 6.30 4.74 Y12 = 2.95 + 0.24 X1² + 0.40 X2 

Potassium 0.9812 61.40 5.19 Y13 = 16.49 – 0.63 X1 + 2.70 X1² + 1.78 X2 + 2.29 X2² 

Sodium 0.9818 63.30 5.19 Y14 = 23.77 – 0.98 X1 + 3.90 X1² + 2.55 X2 + 3.27 X2² 

Magnesium 0.9808 60.50 5.19 Y15 = 2.31 – 0.10 X1 + 0.38 X1² + 0.25 X2 + 0.32 X2² 

Iron 0.9822 62.90 5.19 Y16 = 13.17 – 0.53 X1 + 2.16 X1² + 1.41 X2 + 1.88 X2² 

Zinc 0.9825 65.00 5.19 Y17 = 2.15 – 0.09 X1 + 0.36 X1² + 0.23 X2 + 0.30 X2² 

Crumb color a* 0.8435 37.40 5.32 Y2 = 1.88 – 1.55 X2 

Crumb color ΔE 0.9023 20.48 4.74 Y29 = 0.33 + 0.53*X1 - 0.03*X1² + 0.001*X2 + 0.002*X2² - 0.002*X1*X2 

Hardness 0.9427 17.70 5.19 Y18 = 5.08 + 0.85 X1 - 0.85 X1² + 0.57 X2 + 0.92 X1 X2 

Elasticity 0.8081 14.60 5.32 Y20 = 10.17 – 1.09 X2 

Gumminess 0.8011 5.40 5.32 Y21 = 1.69 – 0.40 X1
² 

Chewiness 0.8584 11.50 4.74 Y22 = 17.21 + 4 X1 – 3.52 X1
² 

R2 = coefficient of determination; Fcalc= calculated F; Ftab = tabulated. 
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Table S3. Analysis of variance for response variables. (CONTINUOUS) 

 

 

 

Table S3. Analysis of variance for response variables. (CONTINUOUS) 

 

 

Lipids Calories Crost color L* Crost color b* 

Parameter df 
Sum of 

squares (SS) 
Value p Value f 

Sum of 

squares (SS) 
Value p Value f 

Sum of 

squares (SS) 
Value p Value f 

Sum of 

squares (SS) 
Value p Value f 

Soybean Oil linear  

(L) 
1 2.12187 0.72159 0.14625 186.539 0.5939 0.3348 0.9155 0.6728 0.2069 0.7125 0.3094 1.3529 

Soybean Oil quadratic 

(Q) 
1 2.61446 0.69303 0.18020 3.708 0.9389 0.0066 0.7802 0.6961 0.1763 0.0071 0.9132 0.0134 

Ora-pro-nobis flour 

linear (L) 
1 11.6227 0.42135 0.89112 12.849 0.8866 0.0231 0.8867 0.6776 0.2004 0.2913 0.4983 0.5532 

Ora-pro-nobis flour 

quadratic (Q) 
1 0.22886 0.90610 0.01577 37.736 0.8075 0.0677 0.2353 0.8289 0.0532 0.3410 0.4661 0.6475 

Soybean Oil (L) x     

Ora-pro-nobis flour (L) 
1 0.00040 0.99606 0.00003 200.222 0.58116 0.3594 0.0002 0.9946 0.00005 0.3844 0.4411 0.7299 

Error 4 58.03214   2228.582   17.6980   2.1065   

Total of SS 9 76.07244   2666.541   21.1942   3.9729   

∆E Crost Volume Yield Moisture 

Parameter df 
Sum of 

squares (SS) 
Value p Value f 

Sum of 

squares (SS) 
Value p Value f 

Sum of 

squares (SS) 
Value p Value f 

Sum of 

squares (SS) 
Value p Value f 

Soybean Oil linear  

(L) 
1 0.2053 0.5384 0.4515 0.0001 0.9488 0.0046 0.1212 0.8512 0.040 6.8855 0.0698 6.0422 

Soybean Oil quadratic 

(Q) 
1 0.0078 0.9022 0.0171 0.0098 0.5624 0.3978 1.9650 0.4656 0.6491 7.1571 0.0663 6.2806 

Ora-pro-nobis flour 

linear (L) 
1 0.1090 0.6500 0.2397 0.0021 0.7834 0.0863 0.2535 0.7866 0.0837 0.0289 0.8812 0.0253 

Ora-pro-nobis flour 

quadratic (Q) 
1 0.0108 0.8846 0.0239 0.0044 0.6919 0.1816 0.2843 0.7745 0.0939 1.0045 0.4009 0.8815 

Soybean Oil (L) x      

Ora-pro-nobis flour (L) 
1 0.0380 0.7868 0.0836 0.0225 0.3928 0.9154 0.0182 0.9419 0.0060 4.0602 0.1321 3.5629 

Error 4 1.8187   0.0983   12.108   4.5582   

Total of SS 9 2.1842   0.1335   16.041   22.7155   
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Table S3. Analysis of variance for response variables.  

 

Cohesiveness Adhesiveness 

Parameter Df Sum of squares (SS) Value p Value f Sum of squares (SS) Value p Value f 

Soybean Oil linear  

(L) 
1 0.0017 0.4764 0.6123 0.0131 0.2329 1.9723 

Soybean Oil quadratic 

(Q) 
1 0.0044 0.2734 1.6094 0.0054 0.4173 0.8163 

Ora-pro-nobis flour 

linear (L) 
1 0.0042 0.2856 1.5162 0.0019 0.6170 0.2930 

Ora-pro-nobis flour 

quadratic (Q) 
1 0.0002 0.8122 0.0644 0.0005 0.7939 0.0779 

Soybean Oil (L) x              

Ora-pro-nobis flour (L) 
1 0.0001 0.8586 0.0360 0.0030 0.5361 0.4571 

Error 4 0.0111   0.02647   

Total of SS 9 0.0218   0.0535   
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Figure S1. Pareto for the dependent variables of crumb color parameter L* (a), parameter b* (b) of crost color 

parameter a* (c), water activity (d), and carbohydrates (e) of cakes. 
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Figure S2. Response surface for dependent variables of proteins (g.100g-1), fibers (g.100g-1), ashes (g.100g-1), minerals (g.kg), color, and texture. a) proteins; b) 

fibers; c) ashes; d) calcium; e) potassium; f) sodium; g) magnesium; h) iron; i) zinc, j) crumb color a*; k) crumb color ΔE, l) hardness; m) elasticity; n) gumminess, 

o) chewiness. 


