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Abstract

The effect of incorporating of breadcrumbs, oatmeal and cassava starch on the physicochemical and
sensorial parameters of low-fat lamb burgers were investigated. Seven treatments were prepared: control (CONT),
2% or 4% addition of breadcrumbs (BRE2 and BRE4), oatmeal flour (OAT2 and OAT4) and cassava flour
(CAS2 and CAS4); and analyzed their physicochemical parameters (moisture, protein, fat, ash, carbohydrate,
energy, water holding capacity and cooking loss). Furthermore, consumers evaluated the sensory acceptance
(color, taste, texture, aroma and overall quality) and indicated their preference. The treatments affected the

characteristics of the product (P<0.05), the highest values of fat (12.26%) carbohydrate (2.83%), energy
(194.39Kcal/100g) and cooking loss (54.90%) were found in CAS2, CAS4, OAT4 and BREZ2, respectively.
CAS2 group improved the taste, while BRE4 improved the texture and along with CAS4 were the batches most
preferred by consumers (18.8% and 21.5%, respectively). Breadcrumbs and cassava flour are most
recommended for low-fat lamb burger production.

Keywords: Breadcrumbs; Cassava; Flour; Oatmeal; Starch.

Resumo

Objetivou-se investigar o efeito da incorporacdo de farinha de rosca, farinha de aveia e amido de mandioca sobre os
parametros fisico-quimicos e sensoriais de hambdrgueres com baixo teor de gordura. Foram preparados sete
tratamentos: controle (CONT), adicdo de 2% ou 4% de farinha de rosca (BRE2 e BRE4), farinha de aveia (OAT2 e
OAT4) e farinha de mandioca (CAS2 e CAS4); e analisou-se os parametros fisico-quimicos (umidade, proteina,
gordura, cinzas, carboidratos, energia, capacidade de retencdo de agua e perda por cozimento). Além disso, 0s
consumidores avaliaram a aceitacdo sensorial (cor, sabor, textura, aroma e qualidade geral) e indicaram sua
preferéncia. Os tratamentos afetaram as caracteristicas do produto (P <0,05), os maiores valores de gordura (12,26%),
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carboidratos (2,83%), energia (194,39Kcal / 100g) e perda por cozimento (54,90%) foram encontrados em CAS2,
CAS4, OAT4 e BRE2, respectivamente. O grupo CAS2 apresentou melhor sabor, enquanto o BRE4 melhor textura e
junto com o CAS4 foram os lotes mais preferidos pelos consumidores (18,8% e 21,5%, respectivamente). Farinha de
rosca e farinha de mandioca sdo os mais recomendados para a producéo de hamburguer de cordeiro com baixo teor de
gordura.

Palavras-chave: Amido; Aveia; Farinha; Farinha de rosca; Mandioca.

Resumen

El objetivo fue investigar el efecto de la incorporacion de harina de pan, harina de avena y almidén de yuca sobre los
parametros fisicoquimicos y sensoriales de las hamburguesas bajas en grasa. Se prepararon siete tratamientos: control
(CONT), adicidn de harina de pan al 2% o0 4% (BRE2 y BRE4), harina de avena (OAT2 y OAT4) y harina de yuca
(CAS2 y CAS4); y se analizaron los pardmetros fisicoquimicos (humedad, proteinas, grasas, cenizas, carbohidratos,
energia, capacidad de retencién de agua y pérdida de coccién). Ademas, los consumidores evaluaron la aceptacion
sensorial (color, sabor, textura, aroma y calidad general) e indicaron su preferencia. Los tratamientos afectaron las
caracteristicas del producto (P <0.05), los valores mas altos de grasa (12.26%), carbohidratos (2.83%), energia
(194.39Kcal / 100g) y pérdida de coccion (54, 90%) se encontraron en CAS2, CAS4, OAT4 y BRE2,
respectivamente. El grupo CAS2 tuvo mejor sabor, mientras que BRE4 tuvo mejor textura y junto con CAS4 fueron
los lotes mas preferidos por los consumidores (18,8% y 21,5%, respectivamente). La harina de pan y harina de yuca
son los méas recomendados para la elaboracién de hamburguesas de cordero bajas en grasa.

Palabras clave: Almidon; Avena; Harina; Harina de pan; Mandioca.

1. Introduction

Burgers are traditional meat products, widely consumed in several countries, and conventional burger contains up to
30 % fat (Heck et al., 2017; Bastos et al., 2014). This fat plays an important role in the cooking loss, retention capacity of
water, succulence, texture and physicochemical properties of the products. However, there are relevant concerns about
the fat and levels in meats and meat products. Many consumers are aware of the health risks from frequent consumption
of animal fat, resulting a growing demand for low fat products (Da Silva et al., 2019).

Growing consumer interest in healthy products has created a potential market for meat products with healthier
attributes. The market has been demanding new products that focus on reducing fat for a healthier diet. As a result, there is a
strong interest in the development of products with these characteristics. This fat reduction/removal, however, may
bring about changes in technological properties, such as texture profile and the presence of exudate liquid, in addition to
changes in sensory properties (Weiss et al., 2010).

The challenge is to produce low-fat lamb burger without compromising on expected product characteristics. In
addition, it is necessary to understand consumers' perceptions and attitudes towards new products to achieve proper product
positioning (Carrillo, Varela, Salvador, & Fiszman, 2011; Furst, Connors, Bisogni, Sobal, Falk, 1996).

Several studies have evaluated the reduction of animal fat added and the incorporation of flour in low-fat
meat products (Ali, El-Anany & Gaafar, 2011; Trevisan et al., 2016; Bastos et al., 2014) to compensate for
possible losses by fat removal. The aim of this study was to evaluate the effect of incorporating different sources and
levels of commercial flour (breadcrumbs, cassava starch and oatmeal) on the physicochemical and sensory characteristics of

low fat lamb burgers.

2. Methodology
2.1 Burger manufacture

Seven batches of lamb patties with two levels of commercial flour (breadcrumbs, cassava and oatmeal) were
manufactured in the Federal University of San Francisco Valey, Petrolina-PE, Brazil, the ingredients used in the
formulations are presented in Table 1. A total of 56 burgers, weighing approximately 100 g each, were produced (7

treatments x 8 samples for each batch). The seven treatments studied were control (CONT; without flour); with 2% or
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4% of breadcrumbs (BRE2 and BRE4), cassava flour (CAS2 and CAS4) and oatmeal (OAT2 and OAT4) were added. To
produce the patties, lamb meat was ground through 8 mm diameter mincing plate in a mincer machine (Bermar, BM
20, Séo Paulo Brazil). The meat mass was separated into seven batches and the respective type and amount of flour
was added to each batch, mixed, and compressed manually. These seven mixed masses were kept at 4 + 2°C for 6

h and then lamb burgers were produced in molds of 10 cm in diameter and 1 cm in height approximately.

Table 1. Formulation of the seven lamb burgers prepared with commercial flour.

Ingredients g/100g CONT BRE2 BRE4 CAS2 CAS4 OAT2 OATA4
Lamb meat 92.77 90.75 88.71 90.75 88.71 90.75 88.71
Garlic powder 0,50 0,50 0,50 0,50 0,50 0,50 0,50
Onion powder 0,50 0,50 0,50 0,50 0,50 0,50 0,50
Fine herbs* 0,15 0,15 0,15 0,15 0,15 0,15 0,15
Pepper 0,10 0,10 0,10 0,10 0,10 0,10 0,10
Salt 2,5 2,5 2,5 2,5 2,5 25 2,5
Textured soy fiber 3,5 3,5 3,5 3,5 3,5 3,5 35
Breadcrumbs - 2 4 - - - -
Cassava flour - - - 2 4 - -
- - 2 4

Oatmeal flour -

*Parsley, oregano, basil and chives. CONT: control. BRE2: 2% of breadcrumbs. BRE4: 4% of breadcrumbs. OAT2: 2% of oatmeal flour.
OAT4: 4% oatmeal flour. CAS2: 2% cassava flour. CAS4: 4% cassava flour. Source: Authors.

2.2 Physicochemical characteristics
Moisture, protein and ash were determined following by the AOAC recommendations (950.46:2005; 2011.04:2005

and 920.153:2005, respectively), the fat amount was extracted according to the AOCS Official Procedure Am 5-04
(AOCS, 2009). The carbohydrate content was calculated by the difference of the aforementioned contents, while energy
content was estimated based on 9 kcal/g for fat and 4 kcal/g for protein and carbohydrate. Water retention capacity (WRC)
was carried out according to Hamm, (1960), while cooking loss (CL) and shrinkage were obtained by the difference in

weight and diameter, respectively, between the raw and cooked samples (72°C).
For pH measurement of burgers, a penetration pH meter previously calibrated was used (TESTO 205). The

color parameters were determined using a portable colorimeter (CR-400, Konica Minolta, Osaka, Japan), set to pulsed

xenon arc lamp, 10° viewing angle geometry, and 8mm aperture, using the CIE lab system: L* (lightness), a* (redness) and b*

(yellowness).
Texture parameters were obtained using a texture analyser TA.XT2 Express (Stable Micro Systems, Surrey,

UK), equipped with cylindrical probe with flat surface area of 19.85 cm2). Texture profile analysis (TPA) (hardness,

springiness, cohesiveness and chewiness) was carried out in burgers slices of 2 cm for two compression cycles at 50% with a

compression speed of 3.33 mm/s.

2.3 Sensory analysis
The Human Research Ethics Committee (CEP-UNIVASF protocol number 62667316.2.000.5196) approved

this research. A total of 114 consumers (55% female and 45% male, were aged between 18 and 41 years) selected from

Petrolina (Brazil) carried out sensory analysis. An acceptance test was performed in individual booths. The panelists were
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asked to evaluate the following sensory attributes in cooked burgers (color, taste, aroma, texture and overall quality) using a
hedonic scale with 9 points (1 = strongly dislike and 9 = strongly like).

In addition, the panelists were asked to indicate their preference. The burgers were cooked in a grill (Mondial Smart
G-04, Barueri, Brazil), until reaching an internal temperature of 72 °C. Samples were presented to panelists on plastic
plates encoded with random 3-digit numbers (MacFie, Bratchell, Greenhoff & Vallis, 1989). Water and unsalted toasted
bread were served to clean the palate and remove the residual flavors, at the beginning of the sessions and between the
samples.

Sensory analyzes were performed after the microbial safety evaluation of the samples (results not shown),
according to the Brazilian regulation for frozen raw meat products (BRAZIL. Ministry of Health, National Health

Surveillance Agency, Resolution RDC n 12, 2001) counts were within the established limits for the pathogens.

2.4 Statistical analysis

A completely randomized design was used with seven treatments (CONT, BRE2, BRE4, CAS2, CAS4,
OAT2, and OAT4) and eight replications per treatment. These 56 hamburgers were analyzed in triplicate, total n =
168. Previously normal distribution and variance homogeneity were tested (Shapiro-Wilk). The data were submitted to one-
way analysis of variance (ANOVA; with treatment as a fixed effect) followed by Tukey’s test when the ANOVA was
significant (P<0.05). For sensory data, Friedman two-way analysis of variance by ranks test was applied (with batch as a
fixed effect and panelist as random effect), followed by Wilcoxon test with Bonferroni correction for pairwise multiple
comparisons when significant differences were detected between treatments (P<0.05). Statistical analyzes were carried out

using software R version 3.2.4.

3. Results and Discussion
3.1 Physicochemical characteristics

The effect of flour addition on proximate composition and energy content of lamb burgers are shown in Table
2. The incorporation of flour affected (P<0.001) the proximate composition, moisture content changing from 64.23% to
66.96% in OAT4 and BRE2 respectively. Only batches with added oatmeal (OAT2 and OAT4) decreased the moisture
content showing values lower than CONT, probably due to the higher amount of dry matter in oatmeal. This result

agree with data reposted by Heck et al (2017), who found similar moisture content in the low-fat burger.

Table 2. Proximate composition of lamb patties prepared with commercial flour.

CONT BRE2 BRE4 CAS?2 CAS4 OAT2 OAT4 SE  Sig.
Proximate composition (g/100g)
Moisture 66787 66937 66.742 66.062 65.952 4700 4230 02
Fat 10.358 10.869€ 11.54b¢ 12.262 11.13¢d 11.62b¢ 17 012
Protein 2059 21.22 21.28 19.34 18.81 19.79 2063 025  ns
Ash 1.80 1.86 1.86 174 1.76 1.86 1.82 002  ns
Carbohydrate 072bC 036C 037(: 059C 2833. 2593.b 205abc 0.27 *x
Energy 177.65°  182.99°¢ 188908  100.1028P 186708 190438 194392 119 ¢

(Kcal/100g)

a-dpjfferent lowercase letters in the same row indicate significant difference. SE: Standard error. Sig.: significance. ns.: not significant.
*P<0.05. **P<0.01. ***P<0.001. CONT: control. BRE2: 2% of breadcrumbs. BRE4: 4% of breadcrumbs. OAT2: 2% of oatmeal flour.
OAT4: 4% oatmeal flour. CAS2: 2% cassava flour. CAS4: 4% cassava flour. Source: Authors.
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Fat content was also influenced by flour addition (P<0.05), CONT showed the lowest value (10.35%), while flour
addition in BRE4, CAS2, CAS4, OAT2 and OAT4 increased the fat content andCAS2 presented the highest value (12.26%).
This result is in agreement with Trevisan et al. (2016), who found a similar value (12.28%) in low-fat beef burger with 3%
oat fiber added. The incorporation of flour in low-fat burgers did not affect the protein and ash contents, which ranged from
18.81% to 21.28% and from 1.74% to 1.86 in CAS2 and BRE2, respectively.

Unsurprisingly, the carbohydrate content increased (P<0.001) with flour addition ranging between 0.36% in BRE2
and 2.59% in CAS4. This can be explained by the amount of carbohydrate of the flours, which is higher than in lamb meat
that has been replaced, and agree with data reported by Oliveira et al. (2014) who studied the effect de linseed flour on beef
burgers.

Regarding energy content, batches with flour addition presented the higher values compared to CONT
(P<0.0001), ranging from 177.65 Kcal/100g to 194.39 Kcal/100g; OAT4 showed the highest value. This increase could
be related to lower moisture content in these treatments, which changes the proportion of the other components,
especially the fat that gives the most energy. This finding is in agrément with data reported by other authors who noticed
similar energy values with flour incorporation in beef burgers (Ali, EI-Anany & Gaafar, 2011; Oliveira et al. 2014).

The addition of flours affected the pH of lamb burgers (p<0.05). There was a tendency for the pH to decrease with
the increase in the level of added flour. However, only BRE4 with a lower value (5.94) differed from CONT treatment

(6.00). Lower pH increases water holding capacity and juiciness and reduces cooking losses as well as shrinkage (Table
3).

Table 3. Water retention capacity (WRC), cooking loss (CL) and texture profile analysis of lamb patties prepared with
commercial flour.

CONT BRE2 BRE4 CAS2 CAS4 OAT2 OAT4 SE  Sig.
WRC (%) 83.68 85.87 87.60 87.21 86.46 84.81 84.03 0.48 ns
CL (%) 10.082 8.60° 6.87¢d 7.77°¢ 6.88¢d 8.44P 6.350 186
Shrinkage (%) 18.602 12.54P 7.10° 9.21¢ 7.79¢ 8.70¢ 8.65¢ 103
Hardness (%) 10.60 9.78 10.24 10.72 9.89 11.34 11.70 0.35 ns
Springiness (mm) 0.90 0.85 0.81 0.85 0.81 0.83 0.83 0.01 ns
Cohesiveness 0.74 072 0.69 0.68 0.74 0.72 0.71 0.01 ns
Chewiness (Kg.mm) 6.41 5.70 5.67 6.16 5.89 6.76 7.44 0.19 ns

a-dpifferent lowercase letters in the same row indicate significant difference. SE: Standard error. Sig.: significance. ns.: not significant.
*P<0.05. **P<0.01. ***P<0.001. CONT: control. BRE2: 2% of breadcrumbs. BRE4: 4% of breadcrumbs. OAT2: 2% of oatmeal flour.
OATA4: 4% oatmeal flour. CAS2: 2% cassava flour. CAS4: 4% cassava flour. Source: Authors.

This is because the pH influences the electrostatic relationships between proteins, which allows the
repulsion between the polypeptide chains, increasing the spaces between the filaments and thereby expanding the
water retention capacity (Ordéfiez, 2005). Regarding the color parameters, there was no difference for a* and b* (p>0.05).
While L* values were affected by the inclusion of flours ranging from 39.21 in BRE2 to 43.48 in CAS4, but no
treatment differed from the control (Table 4).
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Table 4. pH and color parameters of lamb patties prepared with commercial flour.

CONT BRE2  BRE4 CAS2 CAS4 OAT2  OAT4 SE  Sig.
pH 6.0020 6.0020 5.95P 59980  5.94P 6058 59920  0.02 *
L* 415020 39210 429580 42413 43482 41.0080 426530 142 *
a* 8.85 8.61 7.39 8.55 7.79 8.09 8.25 0.98 ns
b* 18.57 17.09  17.36 16.90 18.70 16.51 18.34 0.96 ns

adDjfferent lowercase letters in the same row indicate significant difference. SE: Standard error. Sig.: significance. ns.: not
significant. *P<0.05. **P<0.01. ***P<0.001. CONT: control. BRE2: 2% of breadcrumbs. BRE4: 4% of breadcrumbs. OAT2: 2% of
oatmeal flour. OAT4: 4% oatmeal flour. CAS2: 2% cassava flour. CAS4: 4% cassava flour. Source: Authors.

Araujo et al (2020) reported similar L * values to those found in our study. WHC is a meat property that describes
the ability to retain water through self-structuring. It is a technological parameter used by the meat industry since is related
to post-slaughter weight loss, quality and yield of meat and meat products (Bastos et al. 2014). In the present study, the
flour incorporation did not affect the water-holding capacity (p>0.05), which ranged from 83.68% to 87.60%.

However, they were higher than the values reported by Oliveira et al. (2014) and Bastos et al. (2014), in beef
burgers. This result was not expected, as one of the advantages of incorporating flours into meat products is their ability
to retain water in these foods. So possibly higher levels of flour inclusion would be needed to affect WHC. On the other
hand, the addition of flour had a significant effect on cooking loss (CL), which ranged between 6.35% and 10.08% in
the OAT4 and CONT groups, respectively.

Burgers with the highest level of inclusion had the lowest losses, according to Aleson-Carbonell et al.
(2005), the loss of water during cooking may affect the juiciness and tenderness. In addition, sensory attributes such as
color, texture and acceptability depend on the product’s capacity to not lose water (Morén-Fuenmayor and Zamorano-Garcia
2004; Hautrive et al. 2008).

There was a reduction in shrinkage with the addition of flours (p<0.05), varying from 7.10 in BRE4 to 18.60 in
CONT. All groups had less shrinkage than the CONT group, but only for BRE treatments, the increase in the level of
inclusion resulted in less shrinkage, comparing 2 or 4% addition. This result is related to the pH values mentioned
above. Although the texture profile has not changed, lower cooking losses and shrinkage represent a higher yield in the
cooked product, a desirable characteristic for industry and consumers.

The addition of flours at the two inclusion levels tested (2 and 4%) did not affect the texture profile of the
hamburgers (p>0.05). This fact is important from an industrial points of view, as it has a direct relationship with the
acceptance of the product by consumers (Carvalho et al., 2020). When a reduction in flavor (taste and smell) is
observed due to the reduction of any food ingredient in the traditional meat product formulations, consumers tend to
reject the product. The development of meat products with low fat content acceptable to the consumer is a challenge, as fat

provides desirable quality attributes (Kumar, 2019), especially texture.

3.2 Sensory analysis

Regarding sensory analysis, all treatments received an acceptance test score higher than 5 (acceptability limit
of the hedonic scale used in this study) indicating that it is possible to produce lamb burger without fat added and that adding
of flour does not alter the acceptability of low-fat lamb burger (Figure 1). In addition, no difference was observed in the
aroma (A), color (B) and overall quality (E) of the burgers (p>0.05), which ranged from 6.88 to 7.19, from 7.08 to 7.32,
and from 6.77 to 7.10, respectively.
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This is a positive result since the addition of flour has not negatively changed the burgers color and the
decision to purchase meat and products is greatly influenced by color (Carvalho et al. 2019). The incorporation of the
flours affected the taste and texture (p<0.05). While BRE2 received the highest score (6.99), OAT2 had the lowest
score for taste (6.43), though, both did not differ from the control (Figure 1C).

According to Brewer (2012), incorporating flours into meat products usually adds unwanted flavors. However,
the levels of flour tested in the present study were not sufficient to compromise the taste of the lamb burger. Similarly,
texture score was higher in the sample containing 4% breadcrumbs (7.36) and lower in samples containing 2 and 4%

oatmeal (7.04 and 6.96, respectively), being comparable to the control (Figure 1D).

Figure 1. Sensory scores (A-E) and preference (F) assigned by panelists for low-fat lamb patties produced with 2% or 4% of
commercial flour (breadcrumbs, cassava starch and oatmeal). Different letters indicate a significant difference between the
treatments.
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These results highlight the possibilities of using flours for the production of burgers without sensory damage even
in products with reduced fat content. Concerning the preference (Figure 1F), batches with higher levels of flour received
higher scores, most of the panelists chose CAS4 (21.5%) followed by BRE4 (18.8%) and OAT4 (15.7%) (Figure 1).
The OAT2 and CONT groups were the least preferred (8.9% and 10.5%, respectively).

This result may be related to the lower cooking losses were observed in the respective treatments. Indicating that this
variable can be decisive for consumer preference. In addition, this fact confirms the improvement in taste and texture in
these batches and highlighting the influence of these attributes on the preference of products. The means of preference

scores can allow determining consumer acceptance Kim, Greve, and Lee (2016).

4. Conclusion

This study demonstrated that it is possible to produce low-fat lamb hamburgers by incorporating commercial
flours, without compromising or improving the sensory physical-chemical characteristics. The incorporation of flour
reduced losses due to cooking and shrinkage of hamburgers, technological properties of interest to the industry. In
addition, breadcrumb treatments obtained the highest scores for taste and texture sensory attributes. Burgers with the

highest inclusion of flour (4%) were the most preferred by the tasters.
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