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Abstract 
Some non-conventional food plants (NCFPs) such as Yacon potato, Moringa, and Ora-pro-nobis have been studied 
to identify their constitution and health-promoting substances. The purpose of this study was to enrich the beef 
burger with unconventional food plant and to evaluate its physical, chemical and sensorial properties. 
Ten formulations were prepared, being one formulation for the conventional burger (with soy protein and without 
addition of NCFPs) and nine formulations with variations of 2%, 4% and 6% of flour of each of the NCFPs. Addition 
of NCFPs flours improved nutritional burger properties and resulted in an increase in protein, ash, and dietary fiber 
content, a slight reduction in fats and significant reduction in carbohydrates. The burgers produced using 2% and 
4% of Yacon flour had the lowest differences in these parameters as compared to those of the conventional burger, 
and also presented acceptance rates that were similar to that of the conventional burger. Both formulations showed 
the greatest similarity to the conventional burger during sensory analysis, which could be well accepted by 
consumers who are looking for healthier foods. 

Keywords: Burger; Yacon; Moringa; Ora-pro-nobis; Sensory; Acceptance. 

Resumo 
Algumas Plantas Alimentares Não Convencionais (PANCs), como a batata Yacon, a Moringa e a Ora-pro-nobis, 
foram estudadas para identificar a sua constituição e as substâncias promotoras da saúde. O objetivo deste estudo 
foi enriquecer o hambúrguer bovino com componentes de plantas alimentícias não convencionais e avaliar suas 
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propriedades físicas, químicas e sensoriais. Foram elaboradas 10 formulações, sendo uma delas a formulação com 
proteína de soja (sem adição das PANCs) e nove formulações com variações de 2%, 4% e 6% de farinha de cada 
uma das PANCs. A adição da farinha dessas plantas nos hambúrgueres melhorou suas propriedades nutricionais e 
resultou em um aumento no teor de proteína, cinzas e fibras alimentares, uma ligeira redução nas gorduras e uma 
redução significativa nos carboidratos. Os hambúrgueres produzidos com 2% e 4% de farinha de Yacon 
apresentaram as menores diferenças nesses parâmetros quando comparados aos do controle e apresentaram taxas 
de aceitação similares à da formulação controle. Essas duas formulações também apresentaram maior similaridade 
com a formulação controle durante a análise sensorial, o que evidencia o potencial de serem bem aceitas pelos 
consumidores que buscam alimentos mais saudáveis. 

Palavras-chave: Hambúrguer; Yacon; Moringa; Ora-pro-nobis; Sensorial; Aceitação. 

1 Introduction 
The burger is a meat product that is included in an eating routine of several consumers worldwide, because 

of its sensory properties and of being easy to prepare. It is defined as a processed meat product this one obtained 
from the meat of butchered animals, possibly containing additional adipose tissue and ingredients, which is 
molded and subjected to a suitable technological process and has a chemical composition of at most 23% of fat 
content, 3% of carbohydrate and at least 15% of protein (Brasil, 2000). The consumption of these processed 
foods has grown considerably along with an increase in fast food consumption because these foods are easy to 
prepare, furthermore, meats containing low nutritional content are possible, and they can serve as a vehicle for 
the addition of nutraceutical components in food (Rodríguez-Carpena et al., 2012; Ozvural & Huang, 2017). 

The changes in processing food and in addition to the increasing demands of consumers for foods that 
present health-related benefits connected to a high sensorial and nutritional quality raise the need for new 
ingredients that can meet these market demands and confront new challenges in food technology. In this 
context, functional foods gain importance because of their potential to promote health through mechanisms 
that are not observed conventionally. Notably, their use is restricted to health promotion rather than “curing” 
diseases (Roberfroid et al., 2010). In particular, consumer acceptance of these foods has been recognized as 
a key factor in negotiating successfully the market opportunities (Siró et al., 2008). 

Currently, some plants, such as Yacon potato (Smallanthus sonchifolius) (Genta et al., 2009), 
Moringa (Moringa oleífera) (Anwar et al., 2007), and Ora-pro-nobis (Pereskia sp) (Kazama et al., 
2012; Agostini-Costa et al., 2014) are being studied to determine their functional potential and benefits to 
health consumer. In addition, the composition of the flours originating from these raw materials includes a 
considerable level of fiber content, which also contributes to their technological functions, due to their high 
water retention capacity and fat contents (Choi et al., 2009; Zhao et al., 2018), which helps in the formation 
of the meaty emulsion, even with low fat content (Shahiri Tabarestani & Mazaheri Tehrani, 2012). 

The worldwide interest in the production of the Yacon potato, mainly shown by alimentary industries, is 
assigned to the fact that its tuberous root is considered a functional food, which is composed of bioactive 
compounds and alimentary fibers (mainly inulin), and offers health benefits (Campos et al., 2012; 
Shoaib et al., 2016). Carbohydrates, fructose, glucose, sucrose, and low grade of oligosaccharides, in 
particular, can constitute 67% of the dry matter and are stored in their tuberous roots. The root has a low 
concentration of proteins and lipids; however, it presents a high calcium and potassium contents and 
relatively low levels of other minerals (Goto et al., 1995; Rodrigues et al., 2011). 

Moringa is a perennial and arboreal species, and its leaves, green fruits, flowers, and roasted seeds have a 
high amount of nutrients (Okuda et al., 2001). The levels of proteins, bioactive compounds, vitamins, and 
minerals are significant, and it is considered as one of the best perennial vegetables (Rufai et al., 2018). 
The leaves have a pleasant, slightly spicy taste and can be included in soups, stews, and varied dishes. 
Moringa leaves are used as an alternative medicine, mainly for economic and social reasons, owing to their 
anti-inflammatory, analgesic, anti-asthmatic, anti-anemic, anti-spasmolytic and edema inhibiting activities, 



Nutritional enrichment of beef burgers by adding components of non-conventional food plants 
Ziegler, V. et al. 

 

Braz. J. Food Technol., Campinas, v. 23, e2019030, 2020 | https://doi.org/10.1590/1981-6723.03019 3/12 

as well as metabolism activating, purifying, liver protective, hypotensive,, hormone producing, body fluid 
mobilizing (homeostatic), detoxifying, muscle and bone strengthening, increased mental alertness, memory 
and learning stimulating and diuretic effects (Anwar et al., 2007; Gupta et al., 2018; Falowo et al., 2018). 

Ora-pro-nobis is an unconventional vegetable that is rich in nutrients such as minerals, vitamins, and 
proteins, whose inclusion in the daily diet is recommended; it can be consumed in both raw and processed 
forms. This vegetable has juicy and edible leaves, and can be used in various preparations, such as dairy 
drinks, flours, salads, sausages, pies, and pastas, as well as for the production of juices, jellies, liqueurs, and 
ice creams. In addition, the leaves exhibited a high protein (22.93% dry basis) and fiber (12.64%) contents, 
and a significant amount of iron and calcium (Takeiti et al., 2009; Kazama et al., 2012; Pinto & Scio 2014; 
Amaral et al., 2018). 

Functional foods have a prominent position in food technology research, and consumer interest in preparing 
health foods has increased. In addition to providing nourishment, functional foods also contribute to the 
improvement of health as a whole. Thus, the development of a burger enriched with health promoting nutrients 
stands out as a differential of this study. In this context, the purpose of this study was to enrich the beef burger 
with unconventional food plant components and to evaluate its physicochemical and sensorial properties. 

2 Material and methods 

2.1 Raw materials and ingredients 

The beef used in this experiment, known as a soft mattress, was a cut obtained from the hind and was 
purchased in the local trade center of Júlio de Castilhos/Rio Grande do Sul State (RS), which was duly 
legalized and supervised for this purpose. Yacon flour was obtained by the dehydration of the potato, Moringa 
and Ora-pro-nobis flours in which were obtained by the dehydration of the leaves using an oven with 
sufficient air circulation, at a temperature of 55 °C. Subsequently, a milling process was carried out to obtain 
flour using 30-mesh granulometry. The dehydration time was 5 h for Moringa and Ora-pro-nobis leaves, and 
8h for Yacon. The flours were packed in polyethylene bags and stored under refrigerated conditions, until the 
burgers were prepared. The moisture content of the flours used for burger preparation was 6±0.5%. All the 
other ingredients used in the formulations were purchased locally (Júlio de Castilhos/RS), and all the 
procedures for the enrichment of the burger were in accordance with good manufacturing practices. 

Ten different burger formulations were prepared, as shown in Table 1. Formulation 1 (F1) contains 5% of 
Textured Soy Protein (TSP) (conventional burger), and no flour was added to it. According to the other 
formulations, the concentrations of 2%, 4%, and 6% of each of the flours were tested without adding TSP. 
The added flours would be responsible for the technological function of meat emulsion formation. 
All ingredients, except flours, were added in the same concentration in all formulations. 

Table 1. Concentration of ingredients used to make 1 kg of each formulation. 

Ingredients (%) Weight of ingredients for each formulation (g) 
F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 

Meat (75) 750 750 750 750 750 750 750 750 750 750 
Pork fat (10) 100 100 100 100 100 100 100 100 100 100 

Cold water (10) 100 100 100 100 100 100 100 100 100 100 
Conventional burger (5) 50          

Flours (2, 4 or 6)  20 40 60 20 40 60 20 40 60 
Salt (1.5) 15 15 15 15 15 15 15 15 15 15 

Black pepper (0.07) 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 
Ground garlic (0.08) 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 

Monosodium glutamate (MSG) (0.05) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 
F1- Conventional burger, F2- 2% flour of Yacon, F3- 4% flour of Yacon, F4- 6% flour of Yacon, F5- 2% flour of Ora-pro-nobis, F6- 4% flour 
of Ora-pro-nobis, F7- 6% flour of Ora-pro-nobis, F8- 2% flour of Moringa, F9- 4% flour of Moringa, F10- 6% flour of Morinha. 
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The burgers were prepared by grinding the meat and pork fat, in disks with diameters of 5 mm. After 
milling, all ingredients were mixed manually (10 min) by hand and the burgers were molded using a petri 
plate (7 cm diameter and 1 cm thick), and the weight of each burger was approximately 50 g. The burgers 
were then packed in polyethylene bags and stored in a freezer at -18 °C until physicochemical analysis and 
preparation for sensory analysis. 

2.2 Parameters evaluated in flours and burgers 

2.2.1 Centesimal composition 

The moisture content was determined by oven drying at 105 °C (Association of Official Analytical 
Chemists, 2005) and the results were expressed as percentage values. The protein content was determined by 
the Micro-Kjeldahl method (Association of Official Analytical Chemists, 2005) and the results were 
expressed as percentage values. The fat content was determined in Soxhlet method for the flour (Association 
of Official Analytical Chemists, 2005) and by butyrometer for burgers according to the method described in 
Brasil (1981) and the results were expressed as percentage values. The ash content was determined in a muffle 
at 550 °C (Association of Official Analytical Chemists, 2005) and the results were expressed as percentage 
values. The dietary fiber content of the flours was determined according to the procedure outlined by the 
AOAC (Association of Official Analytical Chemists, 2005), and the burger content was expressed through a 
relationship with the dietary fiber concentrations, determined in the flour and textured soy protein, after 
assuming that none of the other added ingredients could be a source of dietary fiber. The non-fibrous 
carbohydrate (NFC) content of burgers was determined by using the following equation: 100 - (% moisture 
+ % protein + % fat + % ash + % dietary fiber), and the results were expressed as percentage values. 

2.2.2 Visual appearance and colorimetric profile 

The visual appearance of the pre-cooked burgers was recorded using a professional camera. 
The colorimetric profile of pre- and post-cooked burgers was determined using a colorimeter (Minolta 

konica 400/410, Osaka, Japão), which evaluates colors in a three-dimensional system. The parameters used 
included L* (100 = White and 0 = black), a* (positive = red and negative = green) and b* (positive = yellow 
and negative = blue). 

2.2.3 Sensory analysis 

A sensory evaluation was performed after the project was approved by the ethics committee 
(68907417.8.0000.5574). Fifty untrained judges of both sexes (22 men and 28 women), with ages ranging 
from 18 to 50 years were included; these individuals were students, administrative technicians, and teachers 
of the “Instituto Federal Farroupilha” - campus Júlio de Castilhos/RS. 

For the sensory analysis, the burgers were cooked in a suitable metal plate, and cooking was interrupted 
when the internal temperature of the hamburgers reached 73 °C. Two sensory tests were performed when the 
burgers were ready for consumption. The first test was related to the conventional burger difference test 
(burger without added flour), conducted using a scale from 0 to 8, with 0 representing “no difference” and 
8 representing “extremely different” (Instituto Adolfo Lutz, 2008). This test was applied to evaluate the color, 
taste, aroma, and texture. The second test was the acceptance test, conducted by using a hedonic scale of 
9 points, with 1 representing “very much disgusted” and 9 representing “I liked it very much”. The samples 
were randomly delivered to the evaluators. Each evaluator individually performed the tests in appropriate 
booths, without interference from the other evaluators, and the results were expressed by the average of points 
designated by all the judges. 
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2.3 Statistical analysis 

Random design was used. All analyses were performed in triplicate, except the sensorial analysis, and the 
results were subjected to statistical analysis by the Analysis of Variance (ANOVA) method, followed by the 
comparison of means by the Tukey’s test at 5% probability (p ≤ 0.05). 

3. Results and discussion 

3.1 Centesimal composition of flours and burgers 

The centesimal composition (dry basis) of the Yacon, Moringa, and Ora-pro-nobis flours included 71.77, 
13.83 and 1.71% of NFC, 21.03, 48.21 and 55.39% of food fibers, 4.67, 7.75 and 16.34% of ash, 1.96, 24.79 
and 22.41% of protein, and 0.57, 4.54 and 3.27% of fat content, respectively. 

The centesimal composition of burgers prepared with different concentrations of Yacon, Moringa, and 
Ora-pro-nobis flours is shown in Table 2. The conventional burger presented 66.84% of moisture, 14.70% 
of protein, 7.34% of fats, 1.77% of ash, 1.00% regarding dietary fibers, and 8.34% of NFC, furthermore, 
these results were similar to those obtained by Mizi et al. (2018) who produced a beef burger with 71.96% 
of moisture, 6.20% of fat contents, 19.12% of protein, and 1.94% of ash. 

Table 2. Centesimal composition of beef burgers to which different concentrations of Yacon, Moringa or Ora-pro-
nobis flours were added. 

Concentration of flour (%) Yacon Moringa Ora-pro-nobis 
Moisture (%) 

Conventional burger (5%) A 66.84 ± 0.61 b* A 66.84 ± 0.61 b A 66.84 ± 0.61 a 
2 A 69.65 ± 0.49 a AB 68.43 ± 1.07 ab B 66.64 ± 0.86 a 
4 A 68.16 ± 0.95 ab A 69.28 ± 0.39 a A 67.54 ± 0.64 a 
6 A 68.78 ± 0.54 a B 66.93 ± 0.10 b AB 67.84 ± 0.77 a 

Protein (%) 
Conventional burger (5%) A 14.70 ± 0.74 a A 14.70 ± 0.74 b A 14.70 ± 0.74 b 

2 B 12.34 ± 0.29 a A 14.69 ± 0.27 b A 14.16 ± 0.29 b 
4 A 14.21 ± 0.63 a A 15.44 ± 0.20 b A 15.90 ± 0.48 b 
6 B 14.70 ± 0.84 a AB 16.38 ± 0.15 a A 18.33 ± 0.16 a 

Fat (%) 
Conventional burger (5%) A 7.34 ± 0.31 a A 7.34 ± 0.31 a A 7.34 ± 0.31 a 

2 A 7.35 ± 0.22 a A 7.61 ± 0.34 a A 7.69 ± 0.12 a 
4 A 7.14 ± 0.42 a A 7.18 ± 0.77 a A 7.41 ± 0.51 a 
6 A 7.15 ± 0.31 a A 7.06 ± 0.30 a A 6.57 ± 0.39 a 

Ash (%) 
Conventional burger (5%) A 1.77 ± 0.01 ab A 1.77 ± 0.01 c A 1.77 ± 0.01 c 

2 A 1.76 ± 0.03 b A 1.81 ± 0.06 bc A 1.87 ± 0.04 c 
4 B 1.87 ± 0.07 ab B 1.93 ± 0.06 ab A 2.22 ± 0.05 b 
6 B 1.88 ± 0.01 a B 1.97 ± 0.06 a A 2.39 ± 0.08 a 

Food Fiber (%) 
Conventional burger (5%) A 1.00 ± 0.00 b A 1.00 ± 0.00 c A 1.00 ± 0.00 d 

2 C 0.42 ± 0.00 d B 0.96 ± 0.00 d A 1.10 ± 0.00 c 
4 C 0.84 ± 0.00 c B 1.92 ± 0.00 b A 2.21 ± 0.00 b 
6 C 1.26 ± 0.00 a B 2.89 ± 0.00 a A 3.32 ± 0.00 a 

Non-fibrous carbohydrates (%) 
Conventional burger (5%) A 8.34 ± 0.31 a A 8.34 ± 0.31 a A 8.34 ± 0.31 a 

2 A 8.47 ± 0.55 a B 6.41 ± 0.78 b A 8.61 ± 0.82 a 
4 A 7.78 ± 0.56 ab B 4.00 ± 0.61 c B 4.93 ± 0.42 b 
6 A 6.22 ± 1.20 b A 5.25 ± 0.17 bc B 1.05 ± 0.90 c 

* For each parameter, simple arithmetic means of three replicates ± standard deviation, followed by different lowercase letters in the same 
column, and upper case in the same row, differ by Tukey test (p ≤ 0.05). 
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The moisture content (Table 2) of burgers prepared with different concentrations of flour (Yacon, Moringa, 
and Ora-pro-nobis) did not present noticeable changes in the function of that type of flour, and also in the 
concentration at which it was used. The protein content did not show a difference (p ≤ 0.05) concerning the 
function related to the concentration of Yacon flour. However, for the burger prepared with 6% of Moringa 
and Ora-pro-nobis, there was an increase (p ≤ 0.05) in protein content, from 14.70% (control) to 16.38 and 
18.33%, respectively, for the Moringa and Ora-pro-nobis flours. The increased protein content found in 
burgers with 6% of Moringa and Ora-pro-nobis flours are a result of this high protein content found in the 
respective flours. 

The fat content (Table 2) did not change significantly (p ≤ 0.05) as a function of the concentration and the 
flour used, while the ash content in the burgers (Table 2) increased (p ≤ 0.05). The highest ash concentration 
of 2.39% occurred in the burger composed of 6% of Ora-pro-nobis flour, as compared to the control, with 
1.77% of ash content. This increase in ash content is due to the higher concentration of ash present in the 
Ora-pro-nobis flour (16.34%), which was added to the burger. The increase in ash content was also verified 
by Choi et al. (2009) in a meat emulsion prepared by using 2% of rice bran fiber, as compared to a formulation 
prepared without the addition of rice bran fiber. 

The dietary fiber content (Table 2) was significantly increased (p ≤ 0.05) in all formulations in which 
6% of flour was used, and the highest percentage increase of 3.32% was found in the burger with 6% of 
Ora-pro-nobis flour, while the conventional burger presented 1.00% of dietary fiber. Sánchez-Zapata et al. 
(2010) emphasized that the increase in fiber content through the addition of fiber-rich flours is important, 
because it improves the functional properties of the burger, a food traditionally known not to present these 
characteristics. Dietary fibers are known to aid in cholesterol reduction, in addition to having prebiotic 
functions (Elleuch et al., 2011). In the case of burgers formulated with Yacon flour, burgers could 
alternatively be enriched with inulin, which is known to have broad health benefits (Shoaib et al., 2016). 

The NFC content (Table 2) was reduced (p ≤ 0.05) with an increase in the flour concentration, regardless 
of the species used, with the highest reductions observed in the burger prepared using 6% of Ora-pro-nobis 
flour. Considering that NFC are calculated based on differences in the levels of other constituents, it was 
expected that the burger prepared with 6% of Ora-pro-nobis flour would present the lowest value, since it 
showed the highest values of proteins, ash, and fiber to feed. These results are also relevant, because the 
lower NFC index, the lower glycemic index of this product will be. 

In general, an increase in the amount of flour in burgers improved the nutritional properties of them, and 
lead to an increase in the protein, ash, and dietary fiber content, with a slight reduction in fat (although not 
significant (p ≥ 0.05) and significant reduction in NFC content. 

3.2 Visual appearance and colorimetric profile 

Figure 1 shows the visual appearance of pre-cooked burgers. It was observed that the conventional burger 
showed a reddish color, being characteristic of traditional beef burgers, whereas the burgers enriched with 
flours had a darker color, because of the increase in the concentration of the flour, as compared to the control. 
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Figure 1. Beef burgers with different concentrations of Yacon, Moringa, and Ora-pro-nobis flour. Here, Y2 - Yacon 
2%, Y4 - Yacon 4%, Y6 - Yacon 6%, M2 - Moringa 2%, M4 - Moringa 4%, M6 - Moringa 6%, O2 - Ora-pro-nobis 

2%, O4 - Ora-pro-nobis 4% and O6 - Ora-pro-nobis 6%. 

In addition to the visual appearance, the colorimetric profile of the burgers was also measured to identify 
the changes in coloration occurring with increased flour content, and the results of the colorimetric profile, 
obtained pre-cooking, are presented in Table 3. A significant reduction (p ≤ 0.05) in the L* value was 
observed with an increase in the flour concentration, independent of the flour type used. While comparing 
the 6% added flours, the largest reduction in the L* value from 43.02 (conventional burger) to 34.20 was 
observed for the Ora-pro-nobis flour. These results demonstrated that the burgers became darker with an 
increase in the flour concentration, as shown in Figure 1. Similar results were obtained by Selani et al. (2016) 
after adding 1.5% of a pineapple by-product in beef burgers. 

A significant reduction (p ≤ 0.05) in the a* value (Table 3) was observed with an increase in the flour 
concentration, with the greatest reductions in a* value observed for Moringa and Ora-pro-nobis flours, at a 
concentration of 6%. These results demonstrated that the burgers lost their reddish coloration, a characteristic 
of the traditional burger, as shown in Figure 1. This behavior is expected when other non-meat ingredients 
are added to the burger, and similar behavior was observed by Sánchez-Zapata et al. (2010) in pork burgers 
to which tiger nut fibers were added. 

A significant reduction (p ≤ 0.05) in the b* value (Table 3) was observed with an increase in flour 
concentration, regardless of the type of flour. These results demonstrated that the yellow coloration of the 
burgers was reduced, which was in agreement with the reduction in L* and a* values. Reductions in the b* 
value were also observed by Sayago-Ayerdi et al. (2009), after adding dietary fiber from grapes into chicken 
burgers. 

The results of the colorimetric profile of beef burgers, post-cooking, are presented in Table 3. In general, 
the same trend was observed in pre-cooked burgers, with a reduction in L*, a*, and b* values, nevertheless, 
with an increase in the flour concentration used, in relation to the conventional burger. However, it is worth 
noting that the differences were not as pronounced as in pre-cooked burgers, probably due to the compounds 
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formed during the thermal process. Similar behavior was also reported by Selani et al. (2016) while adding 
pineapple by-products in beef burgers, who observed a reduction in color differences after cooking, which 
was attributable to the addition of non-meat ingredients. Sánchez-Zapata et al. (2010) also obtained similar 
results while producing burgers containing added tiger nut fibers. The compounds that impart a characteristic 
color to heat-treated products are produced because of the Maillard reaction, owing to the caramelization of 
carbohydrates, and the oxidation of fats (Sánchez-Zapata et al., 2010; Soncu & Kolsarici, 2016). Heat 
treatment reduced the effects of flour addition on the colorimetric profile, which is an advantageous factor, 
considering that the product would be consumed after cooking. Thus, it helps to inhibit the negative effects 
of product appearance, which resulted from the addition of flour. 

Table 3. Colorimetric profile of beef burgers to which different concentrations of Yacon, Moringa, or Ora-pro-nobis 
flour was added, pre- and post-cooking. 

% of flour 
Pre-cooking Post-cooking 

Yacon Moringa Ora-pro-nobis Yacon Moringa Ora-pro-nobis 
  Value L*   Value L*  

Conventional 
burger (5%) A 43.02 ± 0.60 a** A 43.02 ± 0.60 a A 43.02 ± 0.60 a A 31.38 ± 1.61 a A 31.38 ± 1.61 a A 31.38 ± 1.61 a 

2 A 40.13 ± 0.41 b B 37.82 ± 0.76 b A 40.48 ± 0.81 b A 32.82 ± 1.92 a A 33.84 ± 3.43 a B 28.00 ± 1.28 b 
4 A 35.91 ± 1.35 c A 36.53 ± 0.48 c A 36.02 ± 0.46 c AB 28.55 ± 1.49 b A 30.70 ± 2.31 a B 27.51 ± 0.72 b 
6 A 35.79 ± 0.89 c A 35.54 ± 0.58 c B 34.20 ± 1.03 d A 30.87 ± 1.70 ab A 32.60 ± 2.38 a B 26.72 ± 0.37 b 
 Value a* Value a* 

Conventional 
burger (5%) A 15.89 ± 0.57 a A 15.89 ± 0.57 a A 15.89 ± 0.57 a A 6.19 ± 0.55 a A 6.19 ± 0.55 a A 6.19 ± 0.55 a 

2 A 4.62 ± 0.34 b B 3.29 ± 0.52 b C 1.70 ± 0.88 b A 5.16 ± 0.32 b B 2.58 ± 1.00 b B 3.22 ± 0.17 b 
4 A 3.89 ± 0.35 c B 0.34 ± 0.96 c B - 0.15 ± 0.43 c A 4.07 ± 0.51 c B 1.58 ± 1.14 bc B 1.79 ± 0.44 c 
6 A 3.90 ± 0.23 c B -1.24 ± 0.94 d B - 0.26 ± 0.96 c A 4.37 ± 0.40 c B 0.30 ± 0.57 c B 0.95 ± 0.26 d 
 Value b* Value b* 

Conventional 
burger (5%) A 14.38 ± 0.45 a A 14.38 ± 0.45 a A 14.38 ± 0.45 a A 11.61 ± 1.29 ab A 11.61 ± 1.29 a A 11.61 ± 1.29 a 

2 B 13.14 ± 0.24 b B 11.93 ± 0.62 ab B 12.03 ± 0.41 b A 12.11 ± 1.49 a A 12.67 ± 1.78 a B 8.59 ± 0.97 b 
4 A 10.60 ± 0.80 d A 12.62 ± 3.64 ab A 11.11 ± 1.11 bc B 10.17 ± 0.59 b A 11.44 ± 1.12 a C 7.36 ± 0.63 bc 
6 A 11.59 ± 0.29 c A 10.50 ± 2.41 b A 10.17 ± 0.54 c A 10.41 ± 0.97 ab A 10.65 ± 1.36 a B 6.44 ± 0.55 c 

* For each parameter and for each pre- and post-cooking, simple arithmetic means of three replicates ± standard deviation, followed by different 
lowercase letters in the same column, and upper case in the same row, differ by Tukey’s test (p ≤ 0.05). 

3.3 Sensory analysis 

3.3.1 Difference of conventional burger and acceptance 

Table 4 presents the results of the sensory test, which show the differences between burgers prepared with 
different concentrations of Yacon, Moringa, and Ora-pro-nobis flours and conventional burger. It is observed 
that when 2% of Yacon flour was used, the values varied between 2 and 3 for parameters such as color, flavor, 
aroma, and texture, which showed that the burgers were classified as being “slightly different” from the 
control. With an increase in the flour concentration, the values for color, flavor, and texture were significantly 
increased (p ≤ 0.05), and with the addition of 6% of Yacon flour, these values were 3.31, 5.18, and 3.68, 
respectively. 
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Table 4. Difference tests of conventional burger and acceptance tests of burgers with different concentrations of 
Yacon, Moringa, or Ora-pro-nobis flours. 

Concentration 
of flour 

(%) 
Color Flavor Aroma Texture 

Concentration of 
flour 
(%) 

Acceptance 
(%) 

Yacon Conventional burger 
(5%) 86.36 ± 11.67 a* 

2 2.04 ± 1.81 b* 2.84 ± 2.13 b 2.04 ± 1.89 a 2.31 ± 2.09 b 2 74.49 ± 21.2 bc 
4 3.59 ± 2.26 a 3.88 ± 2.28 b 2.36 ± 1.96 a 2.50 ± 1.84 b 4 78.53 ± 17.99 ab 
6 3.31 ± 1.83 a 5.18 ± 1.99 a 2.90 ± 2.06 a 3.68 ± 2.09 a 6 65.65 ± 21.93 c 

Moringa Conventional burger 
(5%) 86.36 ± 11.67 a 

2 6.22 ± 2.05 a 6.25 ± 1.68 a 5.40 ± 2.18 a 4.31 ± 2.47 a 2 47.72 ± 26.96 b 
4 4.13 ± 2.15 b 5.25 ± 1.96 b 4.18 ± 2.24 b 3.43 ± 2.05 a 4 54.79 ± 25.40 b 
6 5.81 ± 2.11 a 6.27 ± 1.54 a 4.86 ± 2.35 ab 3.75 ± 2.19 a 6 46.21 ± 22.34 b 

Ora-pro-nobis     Conventional burger 
(5%) 86.36 ± 11.67 a 

2 3.86 ± 2.46 a 4.41 ± 2.58 b 3.13 ± 2.58 b 3.16 ± 3.02 ab 2 61.61 ± 27.05 bc 
4 3.62 ± 2.28 a 4.09 ± 1.94 b 3.06 ± 2.14 b 2.60 ± 1.95 b 4 67.67 ± 22.96 b 
6 4.20 ± 2.07 a 5.58 ± 1.81 a 4.44 ± 2.31 a 4.02 ± 2.61 a 6 54.79 ± 24.36 c 

* For each flour, simple arithmetic means of 50 replicates ± standard deviation, followed by different lowercase letters in the same column, 
differ from each other by the Tukey’s test (p ≤ 0.05). 

In burgers containing 2% of added Moringa flour, it was observed that the values for color, flavor, aroma, 
and texture were 6.22, 6.25, 5.40, and 4.31, respectively, which showed that the opinion of the judges ranged 
from “moderately different” to “very different”, for these parameters. No significant changes in the 
parameters of color, flavor, aroma, and texture were observed as a function of the increase in Moringa flour 
concentration. 

In burgers containing 2% of added Ora-pro-nobis flour, it was observed that the values for the parameters 
of color, flavor, aroma, and texture were 3.86, 4.41, 3.13, and 3.16, respectively, which showed that the 
opinion of the judges ranged from “slightly different” to “moderately different”, for these parameters. There 
was no difference (p ≤ 0.05) in the scores for color and texture parameters regarding the increase in the flour 
concentration, but the values for flavor and aroma increased (p ≤ 0.05) to 5.58 and 4.44, respectively, when 
6% of Ora-pro-nobis flour was used, instead of 2% of added flour. In general, when analyzing the results 
indicating the differences with respect to the control, according to the evaluators, the addition of Yacon flour 
resulted in the lowest differences in color, flavor, aroma and texture parameters. 

Table 4 presents the acceptance test results of burgers prepared with different concentrations of Yacon, 
Moringa, and Ora-pro-nobis flours. It was observed that the conventional burger had 86.36% acceptability. 
The burgers prepared with 2% and 4% of Yacon flour had 74.49% and 78.53% of acceptability, respectively, 
and the formulation with 4% did not present a significant difference, as compared to the conventional burger 
(p ≤ 0.05). It should be emphasized that for a product to be well accepted, it is necessary for the acceptance 
rate to be greater than 70% (Dutcosky, 2013). The formulation containing 6% of Yacon flour showed a 
20.71 percentage point reduction in acceptability. 

There was a significant reduction (p ≤ 0.05) in the acceptability of burgers prepared using Moringa flour, 
and values of 47.72, 54.79, and 46.21%, respectively, were obtained using 2%, 4%, and 6% of flour. These 
results are in agreement with those showing a greater difference between color, flavor, aroma, and texture 
parameters of these samples and those of the conventional burger (Table 4). 

A significant reduction (p ≤ 0.05) of acceptability was observed for burgers prepared using Ora-pro-nobis 
flour, and values of 61.61, 67.67, and 54.79% were obtained using 2%, 4%, and 6% flour, in relation to those 
observed in conventional burger. There is a similarity in the acceptability behavior of burgers containing 
Moringa flour or Ora-pro-nobis. 
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In general, the results verified in this study are in agreement with those obtained by Contado et al. (2015) 
who observed a reduction in taste and overall impression of avocado prepared using 1.73% of Yacon flour. 
No significant differences were observed, in sensory properties, in chicken burgers, on adding 0.5%, 1.0%, 
1.5%, and 2% dietary fiber from grapes, compared to burgers without grape fiber (Sayago-Ayerdi et al., 
2009). Sánchez-Zapata et al. (2010) also prepared a pork burger with added tiger nut fibers (5%, 10%, and 
15%), and did not observe significant sensorial differences between the formulations with or without fiber 
addition. It is thus clear that sensory acceptance varies depending on the ingredient and the added 
concentration, and that traditionally consumed products can also be used to provide ingredients beneficial to 
human health and well-being. 

One of the major challenges of food technology is to produce foods with nutritional, functional, and 
bioactive properties, without causing major changes in sensory characteristics. In this context, it could be 
observed the closest formulations to conventional burger were those of burgers produced using 2% and 4% 
of Yacon flour, which could be well accepted by consumers who are looking for healthier foods. 

4 Conclusions 
The burgers produced using different concentrations of Yacon, Moringa, and Ora-pro-nobis flours showed 

improved nutritional properties, with an increase in the protein, ash, and dietary fiber content and a slight 
reduction in fats and significant reduction in NFC. 

The burgers produced with 2% and 4% of Yacon flour showed the lowest differences with regard to the 
conventional burger for parameters such as color, flavor, aroma and texture and presented similar acceptance 
rates to those of the conventional burger. 
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