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1 Introduction
Fat intake is associated with increased risk of illness, such 

as obesity, coronary heart disease and some types of cancer 
(Weiss et al., 2010). Meat and meat products when consumed in 
inappropriate quantities may enhance these diseases (Saldaña et al., 
2014; Cofrades et al., 2016). The incorporation of dietary fiber in 
low-fat meat products has been suggested to reduce the saturated 
fat level and also to increase the fiber content of the final product 
(Elleuch et al., 2011; Talukder, 2015). Several authors have been 
shown that the addition of dietary fiber in the processing of low-fat 
meat products may increase the water retention and the yield 
(Shariati-Oevari et al., 2016). These products show similar sensory 
characteristics compared to the traditional products (Mansour 
& Khalil, 1999; Fernández-Ginés et al., 2004; Borderías et al., 
2005; Yoo et al., 2007; Piñero et al., 2008; Decker & Park, 2010; 
Sánchez-Zapata et al., 2010; Huang et al., 2011; Álvarez & Barbut, 
2013; Schmiele et al., 2015; Selani et al., 2016).

Classification of dietary fiber as soluble and insoluble creates 
differences in the technological properties and physiological 
effects (Verma & Banerjee, 2010). Soluble fibers, such as inulin 
and fructooligosaccharide decrease the concentration of LDL 
cholesterol in the blood, which prevents the development of 
chronic noncommunicable diseases (NCDs) (Hauly & Moscatto, 
2002). Onsoluble fibers, such as oat fiber and wheat fiber provide 
protection from colon cancer, and they are used in the treatment 
of constipation and other related diseases, as well as for regulating 
of body weight (Drzikova et al., 2005).

Fructooligosaccharides are constituted of chains with a 
degree of polymerization (DP) of 3 to 10 units, while inulin 
shows DP of 2 to 60 units. This causes differences in the 

functional and technological attributes of these compounds 
(Hauly & Moscatto, 2002). These soluble fibers show ability 
to increase viscosity and gel forming ability without affecting 
the texture and taste of the product (Álvarez & Barbut, 2013). 
Dat fiber and wheat fiber increase the capacity of water and fat 
retention and they can improve the yield avoiding water loss during 
cooking (Elleuch et al., 2011). Thus, the aim of this work was to 
evaluate the effects of two soluble fibers (fructooligosaccharide 
and inulin) and two insoluble fibers (oat fiber and wheat fiber) on 
physicochemical and sensory properties in low-fat beef burger 
at 3 and 6% level, and compare the performance obtained.

2 Materials and methods
2.1 Beef burger manufacture

Fresh beef (moisture 72%, fat 4%) and pork back fat (moisture 
19%, fat 71%) ground using 0.5 and 0.8 cm plates respectively, 
provided by an industrial supplier (Frigorífico Dlhos D’água, Opuã, 
SP, Brazil) which has a Federal Onspection Service. Two soluble 
dietary fibers were used: Drafti inulin (moisture 3%; total 
dietary fiber 90%) from Clariant (São Paulo, SP, Brazil) and 
fructooligosaccharide (moisture 4%; total dietary fiber 95%) 
from Ongredion (Mogi Guaçu, SP, Brazil) and two insoluble 
fibers: oat fiber (moisture 7%; total dietary fiber 96%) from JRS 
Rettenmeyer (São Paulo, SP, Brazil) and wheat fiber (moisture 
6%; total dietary fiber 96%) from Nutrassim (Extrema, MG, 
Brazil). The low-fat beef burger with added dietary fibers and 
control treatments were processed in a pilot plant for meat 
products following good manufacturing practice. All the 
ingredients were mixed manually for approximately 5 minutes 
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and, after that 100 g portion were molded using a burger-maker 
(with 11 cm diameter), packed in plastic bags and frozen 
individually. The treatments were kept in the freezer at -18 °C 
during the analysis (90 days). All the treatments used the following 
ingredients: 70.00% beef; 1.50% salt; 0.05% sodium erythorbate; 
0.15% monosodium glutamate; 0.20% white pepper. Table  1 
shows the amount of pork back fat, ice water and dietary fiber 
added in each treatment. The experiments were carried out in 
three independent replicates of each batch.

2.2 Proximate composition analysis

All the treatments were characterized for moisture, protein, 
and ash content according to Horwitz & Latimer (2007) and 
the fat content was determined according to Bligh & Dyer’s 
(1959). Available carbohydrates were calculated by difference. 
All analysis was performed in triplicate.

2.3 Physicochemical analysis

The pH was determined immediately after completing 
manufacturing (day 0) and after 90 days of frozen storage. 
The pH was measured in triplicate in each treatment using a 
digital pH meter PG 1800 (Gehaka, São Paulo, SP, Brazil) with 
a penetration probe as described previously (Barretto  et  al., 
2015). The equipment was calibrated with two standard solutions 
(pH 4 and pH 7) at room temperature. The color evaluation 
was performed on the raw low-fat beef burger with added 
dietary fibers and controls, after defrosting at refrigerated 
temperature for 24 hours, using a spectrophotometer, model 
ColorFlex45/0 (Hunterlab, Reston, VA, USA), observation angle 
of 10º, illuminant D65 and Universal software version 4.10. 
The specification system used was COELAB color (Tapp et al., 2011) 
and the color coordinates determined were lightness (L* value), 
redness (a* value) and yellowness (b* value). This analysis was 
performed after 30, 60 and 90 days of frozen storage, with five 
readings for each sample.

2.4 Cooking properties

All the treatments were placed in baking sheets covered 
with foil and cooked in industrial kiln (Pasiani, São Paulo, 
Brazil) at 150 °C for 15 minutes, until the internal temperature 
was 72 °C. The yield (Equation 1) and shrinkage (Equation 2) 
were calculated according to Sánchez-Zapata et al. (2010):
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Texture profile analysis (TPA) was performed on the cooked 
low-fat beef burger with added dietary fibers and the controls 
using a Texture Analyzer TA-XT Plus (Godalming, England) 
according to the methodology described by Bourne (2002). 
The samples were cut in circular mold with 2 cm diameter after 
cooking and cooling at room temperature. All treatments were 
compressed to 50% of their original height with a cylindrical 
probe of 2.5 cm diameter, with a test speed of 1 mm s-1. This was 
repeated six times for each treatment. Texture profile parameters 
determined: hardness (maximum force required to compress 
the sample), cohesiveness (extent to which the sample could 
be deformed prior to rupture - A2/A1, A1was the total energy 
required for the first compression and A2 the total energy 
required for the second compression), springiness (ability of 
sample to recover its original form after the deforming force 
was removed) and chewiness (work to masticate the sample 
for swallowing) (Bourne, 2002). The analyses were performed 
with cooked samples at room temperature. Lipid oxidation 
was assessed in the raw low-fat beef burger with added dietary 
fibers and controls following the recommendations described by 
Vyncke (1970). The TBARS value was measured from a standard 
curve of malonaldehyde (MA) and expressed as mg MA kg of 
sample-1. The analyses were performed in triplicate. The TBARS 
index was assessed immediately after completing manufacturing 
(day 0) and after 30, 60 e 90 days of frozen storage.

2.5 Microbiological analysis

The microbiological analysis was performed with control 
and treatment according to the limits established by the Brazilian 
Legislation (Brazilian Health Surveillance Agency - ANVOSA, 
BRAZOL) to verify the hygienic quality of the sample. All the 
treatments were thawed for 24 hours at refrigeration temperature 
(4 °C) and 25 g of the sample was diluted in 225 mL of sterile 
peptone water (HOMEDOA, Mumbai, Ondia) for investigation 
of thermotolerant coliforms, coagulase-positive Staphylococci 
and sulfite-reducing clostridia. The presence of Salmonella sp. 
in 25 g of sample was determined using the dilution in 225 mL of 
lactose broth (HOMEDOA, Mumbai, Ondia) (Horwitz & Latimer, 

Table 1. Amounts of pork back fat, ice water and dietary fiber (%).

C1 C2 FR3 FR6 ON3 ON6 DF3 DF6 WF3 WF6
Pork back fat 20.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Oce water 8.10 18.10 15.10 12.10 15.10 12.10 15.10 12.10 15.10 12.10
Fructooligosaccharide - - 3.00 6.00 - - - - - -
Onulin - - - - 3.00 6.00 - - - -
Dat fiber - - - - - - 3.00 6.00 - -
Wheat fiber - - - - - - - - 3.00 6.00
C1, 100% pork back fat and no added dietary fiber; C2, 50% pork back fat and no added dietary fiber; FR3, 50% pork back fat and 3% fructooligosaccharide; FR6, 50% pork back fat 
and 6% fructooligosaccharide; ON3, 50% pork back fat and 3% inulin; ON6, 50% pork back fat and 6% inulin; DF3, 50% pork back fat and 3% oat fiber; DF6, 50% pork back fat and 6% 
oat fiber; WF3, 50% pork back fat and 3% wheat fiber; WF6, 50% pork back fat and 6% wheat fiber.
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2007). Thermotolerant coliforms were identified using the 
multiple-tube fermentation test and expressed as most probable 
number (MPN) g sample-1. Coagulase-positive Staphylococci 
were identified by inoculating samples in Baird Parker Agar 
(HOMEDOA, Mumbai, Ondia) enriched egg yolk and potassium 
tellurite 1%. Sulfite-reducing clostridia were counted by inoculating 
samples in SPS Agar (HOMEDOA, Mumbai, Ondia) in anaerobic 
jars (Horwitz & Latimer, 2007). All these measurements were 
done in duplicate and the results were expressed in log CFU g 
of sample-1.

2.6 Sensory analysis

The acceptability test was performed at the Sensory 
Analysis Laboratory of the Department of Food Technology and 
Engineering (UNESP, São José do Rio Preto, SP, Brazil) near to 
30 days of frozen storage. The panel consisted of 74 non-trained 
panelists of staff and students from the university. The Ethics 
Committee of Research of the UNESP (São José do Rio Preto, 
Brazil) approved the sensory analysis of control and low-fat beef 
burger. The process number was nº 948.501. Samples were cooked 
at 72 °C internal temperature, then maintained at an average 
temperature of 60 °C in a water bath at 90 °C (until the moment 
of analysis). Each sample was coded with a three-digit number 
and the presentation was randomized in a sequential monadic 
way, following a balanced complete block design. The sensory 
test was held in two sessions, five samples each. All panelists 
evaluated one samples of all treatments in a randomized order. 
Ot was provided unsalted crackers and water at room temperature 
to clean the palate between each sample. A nine-point hedonic 
scale (1= extremely disliked and 9=extremely liked) was used 
and the four attributes evaluated were color, taste, texture and 
overall acceptance.

2.7 Statistical data analysis

The study was a randomized block design with ten treatments. 
Each experiment was replicated three times and the measurements 
lasted 90 days. The data obtained on physicochemical properties 

were analyzed statistically using one-way analysis of variance 
(ANDVA) with the treatment as fixed factor and the batches as 
random effects. Mean comparisons were assessed by the Tukey 
test at a confidence level of 95% (P>0.05). The software used 
was Minitab (version 16) (Minitab Onc, University Park, PA, 
USA,). The sensory experiment was analyzed using one-way 
analysis of variance (ANDVA) with panelist as random factor 
and treatments as fixed effects. The principal component analysis 
(PCA) determined the correlation between the variables related 
to the technological characteristics of the cooked samples 
(cooking properties, sensory attributes, texture profile analysis), 
using a correlation matrix. The software used in this analysis 
was STATOSTOCA (StatSoft, Onc. version 7.0).

3 Results and discussion
3.1 Proximate analysis of beef burgers

The content of ash and protein was similar (P>0.05) for all 
the treatments (Table 2).

This is justifiable by the fact that all the treatments used 
the same raw material in the same amounts. Results found 
were with in Brazilian standards for the identity and quality of 
burger (Brasil, 2000) - minimum protein content: 15% for and 
maximum fat content: 23%. Moisture content shows a significant 
difference (P>0.05) between the controls where C1 presented 
the lowest value and C2 the highest (Table 2). This difference 
observed in the moisture content might be due to the amount of 
water added in each formulation (Table 1). The treatment with 
6% of inulin added (ON6) and oat fiber (DF6) showed moisture 
content similar to the control (C1). Fat content showed a reduction 
around 50% (P< 0.05) as compared to control C1 with C2 and 
the other treatments.

There was an increase in the carbohydrates content in the 
low-fat beef burger with added dietary fiber when compared 
to the control. The addition of 3 and 6% of insoluble dietary 
fiber caused a significant reduction (P>0.05) in pH 0 day value 
(Table 3). However, after 90 days of storage all the treatment and 

Table 2. Composition (%) of low-fat beef burger with dietary fibers and controls.

Treatments Moisture Ash Protein Fat Carbohydrate*
C1 63.5 ± 0.0d 2.1 ± 0.0a 17.0 ± 0.1a 13.2 ± 0.3a 4.3
C2 69.2 ± 0.1a 2.1 ± 0.0a 17.4 ± 0.4a 6.7 ± 0.4b 4.6

FR3 68.0 ± 0.5ab 2.1 ± 0.0a 16.8 ± 0.4a 6.7 ± 0.2b 6.4
FR6 65.5 ± 0.4bcd 2.2 ± 0.0a 16.9 ± 0.2a 7.0 ±1.0b 9.3
ON3 65.0 ± 0.5bcd 2.1 ± 0.2a 16.9 ± 0.2a 7.5 ± 0.8b 7.8
ON6 64.5 ± 0.5d 2.0 ± 0.0a 16.2 ± 0.1a 7.3 ± 0.4b 10.0
DF3 65.8 ± 0.6bcd 2.1 ± 0.0a 17.0 ± 0.0a 7.8 ± 0.5b 7.9
DF6 64.8 ± 0.7d 2.0 ± 0.0a 17.1 ± 0.3a 6.5 ± 0.4b 9.5
WF3 67.7 ± 0.7abc 2.1 ± 0.0a 16.7 ± 0.4a 7.4 ± 0.7b 6.2
WF6 65.2 ± 0.0cd 2.2 ± 0.0a 17.2 ± 0.3a 6.6 ± 0.4b 8.9

Means ± standard deviation. Different letters in the same column differ significantly (P < 0.05) by the Tukey’s test. C1, 100% pork back fat and no added dietary fiber; C2, 50% pork 
back fat and no added dietary fiber; FR3, 50% pork back fat and 3% fructooligosaccharide; FR6, 50% pork back fat and 6% fructooligosaccharide; ON3, 50% pork back fat and 3% inulin; 
ON6, 50% pork back fat and 6% inulin; DF3, 50% pork back fat and 3% oat fiber; DF6, 50% pork back fat and 6% oat fiber; WF3, 50% pork back fat and 3% wheat fiber; WF6, 50% pork 
back fat and 6% wheat fiber.

*carbohydrate determined by difference.
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control shows pH values similar (P > 0.05). The dietary fibers 
used did not influence (P>0.05) the pH of the low-fat beef burger 
during 90 days of frozen storage condition.

Fructooligosaccharide and inulin at 3 and 6% caused a 
reduction in L* values (P < 0.05) of low-fat beef burger (Table 3). 
The insoluble dietary fibers show L* values similar to C1 
(P>0.05). López-Vargas et al. (2014) reported no differences in 
L* value in pork burger added with albedo-fiber powder from 
yellow passion fruit, similarly Gök et al. (2011) showed similar 
results when they replaced the pork fat in low-fat beef burger 
with poppy seed flour. After 90 days of storage under freezing, 
the L* value of C1 was significantly higher (P>0.05) than the 
other treatments.

The amount of pork back fat added in the low-fat beef 
burger did not affect (P>0.05) the a* value and the b* value. 
The oat and wheat insoluble fibers increased the b* value when 
compared to the soluble fibers fructooligosaccharide and inulin. 
For low-fat beef burger added inulin and wheat fiber at 3 and 
6% level a* value decreased after 90 days of storage. However, 
fructooligosaccharide and oat fiber, at 3 and 6% level, did not 
affect the a* value.

3.2 Cooking properties

Control (C2) and low-fat beef burger with added inulin 
at 6% level (ON6) the yield decreased (P>0.05) (Table  4). 
The yields of low-fat beef burger with added soluble fibers 
(FR3, FR6, ON3 and ON6) show no difference from the control 
treatment (C2). Angiolillo et al. (2015) added 9g of inulin in beef 
burger and observed the lowest yield and the highest diameter 
reduction. The incorporation of insoluble oat and wheat fiber 
at 6% level improved the yield of cooked low-fat beef burger, 
and showed a significant difference (P>0.05) from the other 
treatments.The increase in the added amount of insoluble 
fibers (oat and wheat fiber) improved the yield of low-fat beef 
burger. Similar results were observed by Serdaroglu (2006) 
showed that the evaluated yield of beef burger with added oat 
flour as fat replacer increased with added amount of oat flour 

(0; 2 and 4%). Sánchez-Zapata et al. (2010) reported that the 
addition of tiger nut fiber in 5, 10 or 15% levels increased the 
yield of pork burger compare to the control.

López-Vargas et al. (2014) studied the quality characteristics 
of pork burger with yellow passion fruit albedo fiber added 
and observed an increase in the yield when more passion fruit 
co-products fiber was added. The opposite effect was observed 
in the shrinkage of low-fat beef burger with added dietary fiber 
and the control, showing a decrease in shrinkage when insoluble 
fibers were added at 6% level. On cooked low-fat beef burger 
with added dietary fibers all texture parameters studied were 
affected by the addition of dietary fibers, except for springiness. 
Hardness values (Table 4) increased (P>0.05) when wheat fiber 
was added in a level of 6%. Hardness values were similar when 
the fat content was decreased with no added fibers (control). 
When inulin was added in 3% level, the hardness was lower. 
Similar results were observed in yield (Table 4).

Similar results were obtained by Ulu (2004) studying the 
addition of wheat flour, whey protein and soy protein in cooked 
meatballs. According to results featured by Keenan et al. (2014), 
fat replacement in meat products may modify texture parameters 
compared to control. The results of texture parameters are very 
dependents on the type of the fiber used (López-Vargas et al., 2014). 
Cohesiveness decreased significantly (P<0.05) when insoluble 
fiber was added at 6% level. Similar results were reported by 
Barretto et al. (2015) when pork back fat was partially replaced 
by wheat fiber in bologna. Fat replacement in beef burger showed 
no effect in chewiness, thus C1 and C2 were not significantly 
different (P>0.05). When the concentration of dietary fiber is 
increase 3% to 6% in low fat beef burger, showed an increase in 
chewiness, except for inulin. Fructooligosaccharide and inulin 
soluble fibers decreased chewiness (P>0.05) when compared to 
the controls (C1 and C2).

There are not difference (P>0.05) in TBARS values on 
day 0 (Table  5), the results were between 0.09 a 0.23 mg of 
malonaldehyde kg of sample-1. C1 shows the highest (P>0.05) 
TBARS value after 30, 60 and 90 days of storage under freezing 

Table 3. Onstrumental color and pH of low-fat beef burger with dietary fibers and controls.

C1 C2 FR3 FR6 ON3 ON6 DF3 DF6 WF3 WF6
L* 30 49.2 ± 2.1a 47.6 ± 1.7ab 45.1 ± 2.6c 42.9 ± 2.0c 45.3 ± 2.7bc 46.3 ± 3.5c 46.6 ± 1.6abc 48.8 ± 3.3ab 46.9 ± 1.2ab 47.6 ± 3.9ab

L* 60 53.1 ±1.9a 48.1 ± 4.5b 49.2 ± 1.2ab 49.5 ± 1.7ab 50.1 ± 2.9ab 48.4 ± 2.5b 47.5 ± 0.8b 49.5 ± 1.0ab 48.1 ± 0.9b 50.6 ± 1.6ab

L* 90 54.5 ± 1.6a 46.5 ± 0.6cdef 44.1 ± 2.8e 45.4 ± 1.3de 51.8 ± 0.9ab 47.3 ± 1.3cde 45.8 ± 1.8bcd 49.2 ± 2.3ab 47.6 ± 0.5cd 49.3 ± 1.2bc

a* 30 12.5 ± 1.6ab 12.2 ± 1.4b 14.5 ± 1.3a 14.3 ± 1.6ab 13.3 ± 1.5ab 14.5 ± 1.3a 14.6 ± 0.8a 13.8 ± 2.1ab 14.3 ± 0.8ab 13.7 ± 2.0ab

a* 60 12.0 ± 1.8b 12.6 ± 2.7b 12.2 ± 0.2b 12.5 ± 0.4b 11.8 ± 0.7b 12.5 ± 1.7b 16.3 ± 0.6a 11.6 ± 0.4b 13.1 ± 0.4b 13.2 ± 0.6b

a* 90 9.4 ± 0.4d 12.2 ± 0.7b 12.9 ± 1.2ab 12.7 ± 0.4ab 8.4 ± 0.8d 9.9 ± 1.0cd 14.3 ± 0.8a 14.3 ± 1.4bc 9.8 ± 0.9cd 11.4 ± 0.5bc

b* 30 16.0 ± 0.4bc 15.6 ± 1.1c 16.7 ± 1.3abc 15.9 ± 0.7bc 15.4 ± 0.9c 17.1 ± 1.0ab 17.4 ± 1.1a 17.7 ± 1.1a 17.2 ± 0.6ab 18.0 ± 1.0a

b* 60 16.1 ± 1.0cd 15.0 ± 0.8c 15.3 ± 0.3d 15.3 ± 0.6d 15.0 ± 0.5d 15.5 ± 1.0d 17.8 ± 0.3ab 16.8 ± 0.2bc 16.0 ± 0.5d 18.4 ± 0.2a

b* 90 15.7 ± 0.7abcd 15.3 ± 0.7bcd 14.7 ± 0.7d 15.1 ± 0.9cd 13.1 ± 0.5e 14.6 ± 0.5d 16.8 ± 0.3a 16.6 ± 0.6ab 15.5 ± 0.4d 16.3 ± 0.4abc

pH 0 6.1 ± 0.3a 6.1 ± 0.1a 5.9 ± 0.1ab 5.7 ± 0.2ab 5.8 ± 0.2ab 5.9 ± 0.1ab 5.8 ± 0.1ab 5.7 ± 0.1b 5.8 ± 0.1ab 5.7 ± 0.3b

pH 90 6.1 ± 0.2a 6.1 ± 0.1a 6.1 ± 0.2a 6.1 ± 0.2a 6.1 ± 0.7a 6.1 ± 0.2a 6.2 ± 0.2a 6.2 ± 0.2a 6.1 ± 0.2a 6.1 ± 0.2a

Means ± standard deviation.  Different letters in the same line differ significantly (P < 0.05) by the Tukey’s test. C1, 100% pork back fat and no added dietary fiber; C2, 50% pork back 
fat and no added dietary fiber; FR3, 50% pork back fat and 3% fructooligosaccharide; FR6, 50% pork back fat and 6% fructooligosaccharide; ON3, 50% pork back fat and 3% inulin; 
ON6, 50% pork back fat and 6% inulin; DF3, 50% pork back fat and 3% oat fiber; DF6, 50% pork back fat and 6% oat fiber; WF3, 50% pork back fat and 3% wheat fiber; WF6, 50% 
pork back fat and 6% wheat fiber.
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conditions, reaching values near to 0.6 mg of malonaldehyde 
kg of sample-1. Ot showed that the dietary fibers, in replace with 
various concentrations added to the low-fat beef burger did not 
affect the lipid oxidation. This result is similar to Santos et al. 
(2012) who reported that the partial replacement of pork fat in 
fermented sausage using fructooligosaccharide does not affect 
the lipid oxidation. Different results were found by Cava et al. 
(2012) when added 3% of inulin in cooked chicken products 
obtained higher TBARS value than the control, without addition 
of fiber. The authors also report that inulin modified texture 
properties of the final product. After 90 days of storage under 
freezing, the low-fat beef burger added with soluble fibers showed 
lower TBARS value (P>0.05) in compared to low-fat beef burger 
added with insoluble fibers.

3.3 Microbiological analysis

The microbiological analysis (data not shown) revealed 
that all the treatments were within the limits established by 
Brazilian Legislation (Brazilian Health Surveillance Agency). 

The microbial counts were < 100 MPN g-1 for thermotolerant 
coliforms, <10 CFU g-1 of sulfite-reducing clostridia, < 100 CFU g-1 
of Coagulase-Positive Staphylococci, and absence of Salmonella 
in 25 g. According to these results, all the treatments of low 
fat beef burger and control were safe for consumption from a 
microbiological standpoint.

3.4 Sensory analysis

Scores for color attributes (Table 6) were lower when insoluble 
fiber (wheat and oat fiber) at 6% level was added and it showed 
difference (P < 0.05) in compared to low-fat beef burger with 
added soluble fibers and control. For the flavor attribute, none the 
treatments showed difference (P > 0.05) from C1. Similar results 
were reported by Alesón-Carbonell  et  al. (2005) who added 
several types of lemon albedo in beef burger and Mansour & 
Khalil (1999) who replaced kidney fat in beef burger using three 
types of hydrated wheat fiber.

The treatment with added 6% of oat fiber (DF6) showed 
the lowest score for color attribute, indicating that when this 

Table 4. Cooking properties and Texture Profile Analysis (TPA) of cooked low-fat beef burger with dietary fibers and controls.

Treatment
Cooking properties

Hardness (N) Cohesiveness Springiness Chewiness
(N cm-1)Yield (%) Diameter reduction (%)

C1 62 ± 1cd 34 ± 2ab 39 ± 7abc 0.9 ±0.0abc 0.7 ± 0.1a 24 ± 3ab

C2 57 ± 2e 37 ± 5a 42 ± 6ab 1.0 ± 0.1a 0.7± 0.1a 29 ± 3a

FR3 59 ± 2de 38 ± 5a 32 ± 7bcd 0.9 ± 0.1abc 0.6 ± 0.1a 13 ± 8c

FR6 58 ± 3de 30 ± 4bc 34 ± 5bcd 0.9 ± 0.1abc 0.7 ± 0.1a 17 ± 7bc

IN3 59 ± 3de 37 ± 5a 27 ± 4d 0.9 ±0.1ab 0.6 ± 0.1a 14 ± 4c

IN6 58 ± 2e 29 ± 3bc 29 ± 6cd 0.9 ± 0.0abc 0.6 ± 0.1a 14 ± 4c

OF3 63 ± 3bc 28 ± 3bc 32 ± 6bcd 0.8 ± 0.1cd 0.6 ± 0.8a 16 ± 2bc

OF6 73 ± 3a 20 ± 3de 39 ± 7abc 0.7 ± 0.0e 0.6 ± 0.0a 17 ± 3bc

WF3 67 ± 2b 25 ± 3cd 42 ± 5ab 0.9 ± 0.1bcd 0.6 ± 0.2a 20 ± 6abc

WF6 75 ± 3a 14 ± 2e 45 ± 7a 0.8 ± 0.1e 0.7 ± 0.0a 22 ± 4abc

Means ± standard desviation. Different letters in the same column differ significantly (P< 0.05) by the Tukey’s test. C1, 100% pork back fat and no added dietary fiber; C2, 50% pork 
back fat and no added dietary fiber; FR3, 50% pork back fat and 3% fructooligosaccharide; FR6, 50% pork back fat and 6% fructooligosaccharide; ON3, 50% pork back fat and 3% 
inulin; ON6, 50% pork back fat and 6% inulin; DF3, 50% pork back fat and 3% oat fiber; DF6, 50% pork back fat and 6% oat fiber; WF3, 50% pork back fat and 3% wheat fiber; WF6, 
50% pork back fat and 6% wheat fiber.

Table 5. TBARS values of low-fat beef burger with dietary fibers and controls, during storage (0, 30, 60 and 90 days).

Treatment 0 Day 30 Days 60 Days 90 Days
C1 0.2 ± 0.1a 0.6 ± 0.0a 0.7 ± 0.1a 0.9 ± 0.0a

C2 0.2 ± 0.0a 0.1 ± 0.0b 0.2 ± 0.0b 0.1 ± 0.0c

FR3 0.2 ± 0.0a 0.2 ± 0.0b 0.2 ± 0.0b 0.2 ± 0.1c

FR6 0.2 ± 0.0a 0.1 ± 0.0b 0.2 ± 0.0b 0.1 ± 0.0c

IN3 0.2 ± 0.0a 0.1 ± 0.0b 0.2 ± 0.0b 0.1 ± 0.0c

IN6 0.2 ± 0.0a 0.1 ± 0.0b 0.1 ± 0.0b 0.1 ± 0.0c

OF3 0.2 ± 0.1a 0.1 ± 0.0b 0.1 ± 0.0b 0.4 ± 0.0b

OF6 0.1 ± 0.0a 0.1 ± 0.0b 0.2 ± 0.0b 0.4 ± 0.1b

WF3 0.2 ± 0.1a 0.1 ± 0.0b 0.1 ± 0.0b 0.4 ± 0.0b

WF6 0.1 ± 0.0a 0.2 ± 0.0b 0.1 ± 0.0b 0.4 ± 0.1b

Means ± standard desviation. Different letters in the same column differ significantly (P< 0.05) by the Tukey’s test. C1, 100% pork back fat and no added dietary fiber; C2, 50% pork 
back fat and no added dietary fiber; FR3, 50% pork back fat and 3% fructooligosaccharide; FR6, 50% pork back fat and 6% fructooligosaccharide; ON3, 50% pork back fat and 3% 
inulin; ON6, 50% pork back fat and 6% inulin; DF3, 50% pork back fat and 3% oat fiber; DF6, 50% pork back fat and 6% oat fiber; WF3, 50% pork back fat and 3% wheat fiber; WF6, 
50% pork back fat and 6% wheat fiber.
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fiber is added at 6% level the color of beef burger is negatively 
affected. Texture score decreased when insoluble fiber was 
added at 6% level and they were different (P < 0.05) from the 
control (C1). These results are in agreement with the hardness, 
when the wheat fiber at 6% level showed a high score, indicating 
that lower score represented high hardness. The lowest over all 
acceptance score was observed when the wheat fiber was added 
at 6% level and it was different (P < 0.05) from the control (C1). 
Similar results were reported by Besbes et al. (2007), when they 
partially replaced the meat in beef burger by pea fiber and wheat 
fiber. Onulin used in 6% level in low-fat beef burger showed the 
highest score for all the sensory attributes.

3.5 Correlation

Principal component analysis of the cooked low-fat beef 
burger added with dietary fibers and control showed that the 
first principal component (PC1) explained 67% of the data 
variation and the second principal component (PC2) explained 
22%, thus totaling 89% (Figure 1).

The variables that explained PC1 were yield (right area), 
sensory attributes (color, taste, texture and overall acceptance), 
diameter reduction and cohesiveness (left area). Correlation 
analysis showed that variables of the same group have a strong 
positive correlation (P < 0.05). While other variables showed 

Table 6. Sensory results of low-fat beef burgers with dietary fibers and controls.

Treatments Color Taste Texture Dverall acceptance
C1 6.6 ± 1.9ab 6.2 ± 2.1ab 6.5 ± 2.0ab 6.3 ± 2.0abc

C2 7.2 ± 1.3ab 6.8 ± 1.4a 7.1 ± 1.6a 7.0 ± 1.3a

FR3 6.9 ± 1.8ab 6.7 ± 1.8a 6.9 ± 1.7a 6.8 ± 1.7ab

FR6 6.5 ± 1.8ab 6.7 ± 1.8a 6.8 ± 1.8ab 6.7 ± 1.5ab

IN3 7.0 ± 1.7ab 6.8 ± 1.6a 6.8 ± 1.7ab 6.7 ± 1.6ab

IN6 7.3 ± 1.5a 7.0 ± 1.6a 7.2 ± 1.5a 7.0 ± 1.4a

OF3 6.8 ± 1.6ab 6.2 ± 1.9ab 5.9 ± 1.5bc 6.0 ± 1.9bcd

OF6 5.6 ± 1.9c 5.4 ± 2.0b 4.8 ± 2.0d 5.2 ± 1.8d

WF3 6.3 ± 1.9bc 6.3 ± 1.8ab 6.0 ± 2.0bc 6.1 ± 1.8abc

WF6 5.5 ± 2.1c 6.2 ± 1.9ab 5.2 ± 2.2cd 5.6 ± 1.9cd

Means ± standard desviation. Different letters in the same column differ significantly (P < 0.05) by the Tukey’s test. C1, 100% pork back fat and no added dietary fiber; C2, 50% pork 
back fat and no added dietary fiber; FR3, 50% pork back fat and 3% fructooligosaccharide; FR6, 50% pork back fat and 6% fructooligosaccharide; ON3, 50% pork back fat and 3% inulin; 
ON6, 50% pork back fat and 6% inulin; DF3, 50% pork back fat and 3% oat fiber; DF6, 50% pork back fat and 6% oat fiber; WF3, 50% pork back fat and 3% wheat fiber; WF6, 50% pork 
back fat and 6% wheat fiber.

Figure 1. Principal component analysis of technologic and sensory attributes (a) related to control beef burger and low-fat beef burger with 
added dietary fibers (b).
C1, 100% pork back fat and no added dietary fiber; C2, 50% pork back fat and no added dietary fiber; FR3, 50% pork back fat and 
3% fructooligosaccharide; FR6, 50% pork back fat and 6% fructooligosaccharide; ON3, 50% pork back fat and 3% inulin; ON6, 50% pork back fat 
and 6% inulin; DF3, 50% pork back fat and 3% oat fiber; DF6, 50% pork back fat and 6% oat fiber; WF3, 50% pork back fat and 3% wheat fiber; 
WF6, 50% pork back fat and 6% wheat fiber.
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strong negative correlation (P < 0.05) with others variables. 
The texture profile parameters were strongly represented in PC2, 
accounted for a combination of variables including hardness, 
springiness and chewiness. Dverall acceptance and texture profile 
analysis parameters were positively related (P < 0.05) indicating a 
correlation between the texture of the cooked low-fat beef burger 
with added dietary fibers and its acceptance. Hardness showed 
no correlation (P > 0.05) with others variables. Cohesiveness 
showed a strong negative correlation (P > 0.05) with yield and 
a positive strong correlation (P< 0.05) with diameter reduction.

4 Conclusion
The use of soluble and insoluble dietary fibers has different 

effects on the performance: the insoluble fiber increased the 
yield, hardness, cohesiveness and springiness of low-fat beef 
burger while the soluble fiber increased the acceptance of the 
sensory attributes, especially when inulin fiber at 6% was added. 
The incorporation of 6% insoluble oat or wheat fiber decreased 
shrinkage of low-fat beef burgers but reduced overall impression. 
Adding inulin at 6% was the best alternative in low-fat beef burger.
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