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ABSTRACT

The fat extenders are fat replacer that can be used to provide some or all of the functions of fat in the meat 
products, yielding fewer calories than fat. The influence of several sodium alginate (0.69% - 2.81%) and 
calcium carbonate (0.21% - 0.84%) concentrations on the texture, melting point, and sensory properties 
of fat extenders made from pork back fat, and a mixture of the above two variables have been studied 
using a central composite rotable design and response surfaces. Sodium alginate and calcium carbonate 
concentration revealed a significant effect (p ≤ 0.05) on the texture parameters. In melting properties, 
there were not significant effects (p ≤ 0.05) on the established limit for variables, except for melting peak 
temperature. In sensory attributes, they had significant differences (p ≤ 0.05) between fat extenders and 
the standard, in regard to shine, color and hardness. Therefore, fat extenders made with the addition 
of 1.0% sodium alginate and 0.79% calcium carbonate displayed textural and melting point properties 
with higher values in comparison with other treatments, along with sensory characteristics closer to the 
standard.

Keywords: Fat replacer, fat extenders, alginates, cholesterol, fatty acids.

RESUMEN

Los extensores grasos son reemplazantes de grasa que se pueden utilizar para proporcionar algunas o 
todas las funciones de la grasa en un producto cárnico, produciendo menos calorías que la grasa. El efecto 
de varias concentraciones de alginato de sodio (0,69% - 2,81%) y carbonato de calcio (0,21% - 0,84%) 
sobre las propiedades de textura, fusión y sensoriales de extensores grasos elaborados a parir de tocino 
de cerdo y la mezcla de estas dos variables, se estudió mediante el empleo de un diseño compuesto 
central rotable y superficies de respuesta. La concentración de alginato de sodio y carbonato de calcio 
mostró efectos significativos (p ≤ 0,05) sobre los parámetros de textura. Para el caso de las propiedades 
de fusión, no hubo efectos significativos (p ≤ 0,05) de estas variables sobre los parámetros establecidos, 
excepto en el caso de la temperatura pico de fusión. En cuanto a los atributos sensoriales se encontró 
diferencias significativas (p ≤ 0,05) entre los extensores grasos y el control en cuanto al brillo, color y 
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INTRODUCTION

Traditional pork back fat had has been used as 
a source of fat in the formulation and manufacture 
of by-meat products thanks to its excellent physical 
and sensory properties compared with other fat 
sources (1). However, a series of factors about its 
use, like availability, supply, quality variations and 
health have been of concern. Therefore, the pork 
industry has advanced up to developing pig races 
with a low content of subcutaneous fat as an answer 
to customer demand of lean pork meat. Besides, 
they have been related to the reduction and pro-
duction of pork fat during seasons of the year and 
specific differences in quality characteristics. Those 
changes were mainly associated with flavor, texture, 
and oxidative phenomenon that is negative for meat 
processing products (2-4). Alike, animal fat has 
the highest levels of cholesterol and saturated fatty 
acids, especially pork meat, that has been related 
to the development of cardiovascular and coronary 
arteries diseases, among other illnesses associated 
to the ingestion of meat products with higher levels 
of pork fat (5-7).

In this way, as an alternative to minimize the 
technical facts aforementioned, fat extenders with 
functional properties are used nowadays, keeping 
the ones contributed by pork back fat, thus allowing 
manufacturers to standardize the quality of fat 
material, and improving control over inventory 
during seasons of shortage and the formula of meat 
stuff with lower or reduced contents of fat, which 
results in a less caloric intake. Within this kind of 
replacements, the fat extenders are systems capa-
ble of optimizing the fat functionality, allowing 
the reduction of the accustomed quantity used in 
products (8). After all, these systems comprise a 
standard proportion of fat or oil mixed with other 
functional ingredients, such as polysaccharides like 
carrageenan, starches, gum, cellulose, pectin, and 
alginate. Several research outcomes reported the 
use of polysaccharides as a fat replacement in the 
production of food products with low content of fat 
(9-14), showing significant advantageous influence 
over its final characteristics.

Among polysaccharides, hydrocolloids are fre-
quently used as thickeners, stabilizers, and gelling 
agents in food processing. In fact, the alginate has 
become an interesting option thanks to its ability 
to form ionotropic plus thermal irreversible gels, 
under specific conditions of low temperature and 
in the presence of bivalent ions, mostly calcium 
(15). All these features have contributed to the 
development of demi-soft or demi-moist products 
through different textures like: by-products of 
fruits, vegetables, as well as fish and structured 
meat, desserts and bakery cream, among others 
(16). Some pharmaceutical and food researches 
have been conducted with the aim to study how the 
adding of certain compounds in alginate/ calcium 
gels (polysaccharides, proteins, enzymes) would 
contribute to the advance of new systems (along 
with encapsulation, coverage edible films), as well 
as to higher functionality products, resembling 
restructured foods (17-25).

Now, the study of different mechanisms of 
gelling process and the behavior of the formed 
food gels properties will lead to the creation of new 
texture materials, where fat will take part as a gel 
ingredient. Thus, an appropriate selection of the 
relation alginate/ calcium and the adjustment of 
conditions to form a gel, has demonstrated to be 
essential in the attaining of desirable characteristics 
in this kind of products (26).

The present study aims at establishing the most 
suitable relation of sodium alginate: calcium carbo-
nate that allows extending the pork back fat into an 
estimated proportion of 50%, in order to keep the 
important industrial characteristics of fat used in 
meat emulsified products.

MATERIALS AND METHODS

Materials

In order to manufacture fat extenders, pork back 
fat was used and acquired from a local supplier. 
Sodium alginate (NaC6H7O6, TIC Gums, Inc.), 
calcium carbonate (CaCO3, Microminerales S.A.), 
glucono delta lactone-GDL (C6H10O6, Rhodia 

dureza. Extensores grasos elaborados con niveles de alginato de sodio alrededor del 1,0% y de carbonato 
de calcio del 0,79% mostraron propiedades de textura y fusión con valores más altos en comparación con 
los demás tratamientos; así como características sensoriales más cercanas al control.

Palabras clave: Remplazantes de grasa, extensores grasos, alginato, colesterol, ácidos grasos.
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S.A.), and sodium erythorbate (C6H7NaO6, 
Jebsen & Jessen G.m.b.H. & Co.) were used. 
All compounds matched USP (United States 
Pharmacopeia) specifications, and were got by 
company Tecnas S.A. (Itagüí, Colombia). A cutter 
(Mainca®, model CM-14, Barcelona, España) was 
used to chop and mix pork back fat, along with 
different components through the production of 
fat extenders. Plastic boxes of 18 x 32 x16 cm were 
used to shape the paste.

Experimental design and data analysis

A Central Composite Rotable Design was used 
(27) that match-up the central composite arranges 
of 22 + 2 x 2 + 3 (2 factors, 2 axial points, 3 repli-
cates of the central point, 2 complete and random 
blocks) to estimate the simultaneous influence of 
two variables on fat extenders composition (fac-
tors): concentration of sodium alginate (X1) and 
the concentration of calcium carbonate (X2). The 
first variable falls into the exploration range from 
1.00% to 2.50% and the second from 0.30% to 
0.75%. The effect of these factors was assessed on 
the properties of texture and melting of the mate-
rial. The application of the model generates 14 runs, 
ranging from 0.69% – 2.81% of sodium alginate and 
0.21% – 0.84% of calcium carbonate. Table 1 shows 
all experimental trials (treatments/combinations) as 
the codified character of the selected factor levels, 
and the respective experimental figure (-α, -1, 0, 1, 
α; where α = 1.4).

Table 1. Central composite rotable design with codified 
and actual level.

Nº 
Runs Block

Codified level Actual level

x1 x2 X1 X2

1 1 -1.0 1.0 1.00 0.75
2 1 1.0 1.0 2.50 0.75
3 1 1.0 -1.0 2.50 0.30
4 1 -1.0 -1.0 1.00 0.30
5 1 0.0 0.0 1.75 0.53
6 1 0.0 0.0 1.75 0.53
7 1 0.0 0.0 1.75 0.53
8 2 -1.4 0.0 0.69 0.53
9 2 0.0 -1.4 1.75 0.21
10 2 0.0 1.4 1.75 0.84
11 2 1.4 0.0 2.81 0.53
12 2 0.0 0.0 1.75 0.53
13 2 0.0 0.0 1.75 0.53
14 2 0.0 0.0 1.75 0.53
X1: sodium alginate concentration, X2: calcium 

carbonate concentration.

Experimental data analysis was performed fo-
llowing the response surface method (MSR), where 
a matrix operation was the main character to find 
the regression equation coefficients. Then, registers 
for Y-axis were determined by applying the second 
degree polynomial model expressed in the equation 
1 to generate the surface (28):

   Equation 1.

where Yk was the observed response when ρ fac-
tors were applied in the levels Xij. Here, β0 was 
the constant, βi, βii and βij were the coefficients of 
linear, quadratic and crossed terms, respectively. 
Also, εk was the experimental error with k = 1,2,…, 
n. Response surface graphics were obtained from 
regression equations, keeping the response variable 
over Z axis and the independent variables over X 
and Y axis.

An analysis of variance (ANOVA) with a sig-
nificance level of 0.05 was performed to find out 
the influence of independent variables. Likewise, 
the determinant coefficient (R2) was calculated 
to define the regression equation correction to Y 
observed records. All analysis was executed using 
Statgraphics® Centurion XV (Version 15.2.06, Chi-
cago, Illinois, USA) statistic software (29).

Fat extenders formulation and processing

All fat extenders were manufactured following 
the base formula shown in table 2, where percen-
tage of water, glucono delta lactone (GDL) and the 
sodium erythorbate were kept constant. Then, pork 
back fat percentage was adjusted between 52.26% 
and 53.38%, according to each percentage of so-
dium alginate and calcium carbonate established by 
the experimental design in every trial, up to 100% 
of complete formula. The fat extenders were ma-
nufactured in 4.0 kg/run batches according to the 
experimental design. For this purpose, pork back fat 
was previously chopped and processed in the cutter 
until getting homogeneity (approx. 1 min). At that 
time, water was added and mixed for approx. 1 min. 
Then, sodium alginate, calcium carbonate and the 
other additives were poured until an emulsion of 
creamy mass was obtained. The order of addition 
of dry ingredients was as follow: sodium alginate, 
calcium carbonate, GDL, and at last, the sodium 
erythorbate. Finally, the emulsion was set in plastic 
shapes and stored under refrigeration conditions 
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(0 - 1°C) for 24 hours, before its preparation for 
respective analysis.

Table 2. Base formula for fat extenders.

Components %

Pork back fat 51.26 – 53.38

Water 45.00

Sodium alginate 0.69 – 2.81

Calcium carbonate 0.21 – 0.84

GDL 0.25

Sodium erythorbate 0.05

Instrumental Texture Analysis

The measure of texture properties of fat exten-
ders was performed using a texture analyzer (model 
TA-XT Plus, Stable Micro Systems Ltd, London, 
England). Firstly, puncture test was performed to 
estimate the firmness of the extenders. For the con-
duction of this test, it was disposed square samples 
of extenders (2.0 x 2.0 cm), using needle P/0.25S 
with a cell load of 5.0 kg and warp percentage of 
60%, pre-test speed of 1.00 mm/s, test speed of 1.70 
mm/s, followed by a further test speed of 10 mm/s 
and a compression force to assess the firmness (N) 
of the samples. Afterward, shear test was conducted 
to calculate the extensors resistance to shear, useful 
to establish mechanical capacity for operations of 
cutting, grinding, and chopping process. These tests 
were performed over rectangular samples of 6.5 x 
1.0 x 1.0 cm, using a knife edge drill with a load cell 
of 50 kg, pre-test and test speed of 2.0 mm/s, then 
increased to 10.0 mm/s. Under those conditions, 
a blade measured the cutting stress (N) necessary 
to split the sample, and the work of shear (N/s) to 
scroll a drill throughout the sample. According to 
the design established, each parameter was deter-
mined 5 times per sample.

Calorimetric analysis 

Melting properties analysis of fat extenders was 
performed by a differential scanning calorimetry 
(DSC) using a calorimeter (DSC1 Stare System, 
Mettler-Toledo AG Analytical, Schwerzenbach, 
Switzerland) and an infra-red Perkin Elmer® 
Spectrum 100 FT-IR Spectrometer (Waltham, 
Massachusetts, USA). The analysis employed 10 

mg (approx.) of sample, at a range of temperature 
from 30 to 500°C and at a heating rate of 10°C/min. 
From data outcome, temperatures were assumed 
as response variables for the melting properties of 
extenders, such as Tonest (initial temperature of ther-
mal transition), Tpeak (peak temperature of thermal 
transition) and ∆H (melting enthalpy).

Sensory Evaluation

In order to compare the sensory properties 
of a control sample (pork back fat) against the 
manufactured fat extenders, a sensory evaluation 
was performed. Hence, a Quantitative Descriptive 
Analysis (QDA) was used to evaluate shine, color, 
flavor, hardness, greasy, and the general quality of 
the final product. For sensory analysis, 7 judges 
were previously selected, and subjected to assess the 
samples in a intensity scale of 7 points, where 0 was 
absent, 1 and 2: fair, 3: medium-low, 4: medium, 5: 
medium-high, 6 and 7: intense. The sensory panel 
results were analyzed using one-way analysis of 
variance (p ≤ 0.05), along with the HSD Tukey 
test. These analyses were accomplished using the 
Statgraphics® Centurion XV (Version 15.2.06, 
Chicago, Ill., USA) software (29).

RESULTS AND DISCUSSION

Properties of texture

In table 3, the data of texture parameters from fat 
extenders is displayed, highlighting cutting strength 
data from 5.08 to 14.53 N. The work of shear was 
between 23.41 to 61.67 N/s, and firmness between 
0.92 to 1.91 N. Currently, all changes in fat exten-
ders parameters were assigned to the use of different 
levels of sodium alginate and calcium carbonate, so 
working on the final texture characteristics of the 
product after the gelling process is completed (26, 
30). This influence was upheld with the aid of data 
yielded by ANOVA analysis presented in table 4, 
demonstrating that calcium carbonate concentra-
tion had a significant effect (p ≤ 0.05) on cutting 
strength and work of shear; while, sodium alginate 
had a significant effect in the firmness (p ≤ 0.05) 
of extenders.
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Table 3. Texture properties of fat extenders manufactured according to central composite rotable design.

Nº Runs Cutting strength (N) Work of shear (Ns-1) Firmness (N)

1 14.53 61.67 1.17

2 12.09 51.19 1.91

3 8.82 39.29 1.51

4 6.79 31.33 0.92

5 8.35 41.40 1.63

6 7.74 41.71 1.69

7 11.25 52.33 1.59

8 11.51 55.91 1.00

9 5.08 23.39 1.42

10 7.67 34.87 1.56

11 10.00 43.10 1.85

12 10.00 33.84 1.36

13 6.30 23.41 1.39

14 8.20 29.26 1.62

Table 4. Analysis of variance for cutting strength, work of shear and firmness.

Source of 
change

Cutting Strength (N) Work of Shear (Ns-1) Firmness (N)

CR SC Value-p CR SC Value-p CR SC Value-p

Constant 4.049 - - 31.347 - - 0.061 - -

X1 -6.634 0.810 0.627NS -38.212 53.282 0.3221NS 0.808 0.801 0.0003*

X2 32.870 26.882 0.022* 127.864 427.441 0.0195* 1.084 0.089 0.064NS

X1X1 2.766 17.877 0.048* 14.034 460.213 0.0166* -0.143 0.048 0.152NS

X1X2 -6.612 4.980 0.248NS -27.331 85.091 0.2202NS 0.222 0.005 0.600NS

X2X2 -12.526 2.969 0.363NS -45.282 38.808 0.3935NS -0.954 0.017 0.369NS

Blocks - 8.325 0.147NS - 403.158 0.0220* - 0.003 0.680NS

Total error - 21.972 - 328.649 - 0.131

Total (corr) - 85.067 - 1820.29 - 1.092

R2 (*) 74.171 81.945 88.007

CR: Regression coefficient; SC: Square sum; NS: No Significance to p ≥0.05; * Significance to p ≤  0.05.

Therefore, texture parameters of cutting streng-
th, work of shear, and firmness were associated with 
the hardness of material, due to the force of gel. As 
a result, the high values of parameters showed that 
cutting strength and compression needed to cut 
and strain the material were higher because of the 
hardness, representing an important characteristic 
of the process. Nonetheless, the significant influen-
ce of sodium alginate and calcium carbonate in 
these parameters should be mainly related to their 
composite levels of a specific compound to form a 
gel, in consequence giving specific characteristics 
of texture. Alan, 2010 (31), established that alginate 
capacity to form a gel and the resultant gel force was 
closely related to the availability of calcium ions, 
because they hinge on the number and zone size 

to link to the gel structure. Moreover, Roopa et al., 
2010 (16), stated that gel formation is a critical factor 
that affects the gel texture attributes.

The analysis of the surface for texture bounds, 
according to the regression model shown in table 4, 
dropped out both like force and shear stress, and has 
a significant rising amount when calcium carbonate 
concentration had been increased as presented in 
figure 1a and 1b. The same was found for high tex-
ture parameters between 0.73 and 0.79% for calcium 
carbonate and 1.0 to 1.1% for sodium alginate. Regar-
ding firmness, surface analysis showed a noteworthy 
increment when sodium alginate and calcium carbo-
nate has been increased, plus high records for alginate 
concentration between 2.3 and 2.5% and for calcium 
carbonate amid 0.67 - 0.79%, as shown in figure 1c.
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Figure 1. Surface response and surrounding curve estimate for (a) cutting strength, (b) work of shear and (c) 
firmness, as function of sodium alginate and calcium carbonate concentrations.

Roopa et al., 2009 (32), studied the alginate gel 
split with different concentrations of alginate and 
calcium, both yielding as a conclusion that a puff 
up in alginate concentration produces easy riven of 
gels without high figures of stress/ energy, despite a 
raise of calcium concentration swells the force and 
split energy. These results were similar to the outco-
mes in the present paper, and are implicit about 
the calcium concentration over force and cutting 
strength in extenders. About firmness, they also 
came on the conclusion that alginate gel firmness 

was mainly influenced by the calcium concentra-
tion, more than the alginate. On the other hand, 
Cubero et al., 2002 (30), stated that when calcium 
was abundant in the compound, the gel would 
be tough but granulate, albeit more proportion of 
alginate in products causes further firmness in gel, 
but may presented weird textures.

The determination coefficient (R2), resulting 
from regression analysis, for each one of the res-
ponse variables, showed that fitted models explain 
74.171, 81.945 and 87.711% of variability in cutting 
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strength, work of shear, and firmness, with at 
least 95% confidence level. All those showed that 
the relation in alginate/calcium concentration had 
enough influence over assessed texture parameters 
in fat extenders; therefore, regression is acceptable 
for cutting strength, work of shear and firmness.

Properties of melting

In figure 2 are shown melting curves of fat 
extenders, plotted from DSC analysis according to 
planned design. All results showed the formation 
of two great endothermic peaks in some extenders 
and only one in the others, between temperature 
intervals of 49 to 134°C approx.
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Figure 2. DSC thermo grams of each fat extender manufactured upon central composite rotable desing: Run 1 
(a) – Run 14 (n).
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Furthermore, the first endothermic peak was 
associated with possible dehydration processes 
(missing water) while the second peak was related to 
melting processes for any component of the product 
or free water that could not evaporate in the first 
endothermic event. The figures and peaks of Tonset, 
Tpeak and ∆H are displayed in table 5.

Table 5. Data of Tonset, Tpeak and ∆H obtained from 
melting curves of extenders in different runs.

Nº 
Trial

First melting peak Second melting peak

Tonset 
(°C)

Tpeak 
(°C)

∆H 
(J/g)

Tonset 
(°C)

Tpeak 
(°C)

∆H 
(J/g)

1 98.23 106.32 793.01 - - -

2 89.52 107.30 186.46 128.09 129.33 6.20

3 67.02 96.63 414.46 - - -

4 74.33 91.98 132.35 - - -

5 62.18 79.27 26.32 101.67 107.76 31.37

6 59.38 83.51 101.87 - - -

7 64.21 90.59 493.16 - - -

8 69.91 82.81 15.42 121.45 122.89 87.37

9 49.60 59.22 5.37 120.87 122.75 6.87

10 58.02 84.49 183.72 - - -

11 68.20 94.66 104.54 - - -

12 56.02 74.08 24.42 125.94 126.72 82.60

13 70.79 91.84 130.91 106.81 124.62 233.47

14 52.06 70.81 35.60 132.92 133.78 87.40

- No identified by the screening.

As can be seen, there was a noticeable evidence 
of change between Tonset and Tpeak in the two en-
dothermic peaks, while melting enthalpy showed 
the highest records in the first peak. Then, the 
development of two transitional endothermic peaks 
and the variation found, between Tonset and Tpeak in 
those peaks, would follows that the composition 
and structural form of the product is influenced 
by the molecular interactions between different 
extender constituents, mainly for alginate and cal-
cium to link water and pork fat that was dispersed 
into crystal zones. In this respect, Takahashi et al., 
2000 (33), advert that physical-chemical properties 
of gel are controlled by an excess of connected 
water along with three dimensional matrix of a 
polymer. Therefore, lost water was associated with 
the first endothermic peak and can be marked to 

water evaporation, linked in the system during the 
temperature screening record.

Bellini et al., 2009 (34), reported differences in 
melting peaks and melting enthalpy in spheres or 
alginate capsules, pointing those differences and 
observable variations toward water quantity and 
melting profiles due to the network, or chains in 
gel shape. In other hand, Soares et al., 2004 (35), 
reported dehydration processes in alginate gel at 
Tpeak from 80.7 to 113.6ºC. In the same manner, 
Pongjanyakul et al., 2007 (36), recorded endother-
mic peaks at 70°C in alginate/calcium bubbles asso-
ciated with lost water by evaporation, these records 
are similar to data found in the present research. 
Martínez et al., 1998 (37), states that transition 
phase of material was a consequence of molecular 
mobility when system components went from a 
network arrangement to a disorder, similar to the 
change from solid crystal state to liquid, as a result 
of melting temperature.

The ANOVA analysis of data outcome for first 
endothermic peak is presented in table 6, and it 
displays only one significant effect (p ≤ 0.05) for 
calcium carbonate concentration on the Tpeak, com-
pared to the others, whereas nor this variable or al-
ginate concentration reported significant influence 
over the same Tpeak, Tonset, and ∆H. In addition, the 
surface analysis done to these parameters, accor-
ding to the regression model in table 6, explains 
the increase in calcium carbonate concentration, 
as well as to the one occurred to the figures in the 
first endothermic peak.

In figure 3, the highest data for these parameters 
was found in the zone between 0.73 and 0.75% for 
calcium carbonate, 1.0 and 1.1% for sodium alginate, 
except for Tpeak where the data of the last one was 
between 2.3 and 2.5%. Cubero et al., 2002 (30), 
reported when alginate gel got shape, according to 
the calcium ions quantity and crystal zone length, 
the gel would be thermo reversible or not, and 
based on these reasons there was the highest tem-
peratures recorded for large calcium concentrations. 
Finally, the determination coefficient (R2) recorded 
showed that fitted models explained 71.673, 76.579 
and 72.549% of variability in Tonset, Tpeak and ∆H, 
with at least 95% confidence level. Therefore, the 
regression was accepted for the 3 parameters tested.



21EFFECT OF ALGINATE/CALCIUM CONCENTRATION ON PHYSICAL AND SENSORY PROPERTIES OF FAT EXTENDERS

Table 6. ANOVA analysis of values of Tonset, Tpeak and ∆H in the first endothermic peak.

Source of change
Tonset (°C) Tpeak (°C) Melting enthalpy (J/g)

CR SC Value-p CR SC Value-p CR SC Value-p

Constant 107.566 - - 100.04 - - -704.10 - -

X1 -60.171 4.496 0.527NS -46.87 62.655 0.396NS 419.32 4920.6 0.678NS

X2 0.162 424.973 0.073NS 40.121 461.28 0.044* 1530.01 58663 0.179NS

X1X1 16.624 645.783 0.035* 15.273 545.08 0.032* 68.225 10876 0.540NS

X1X2 -2.074 0.490 0.945NS -5.437 3.367 0.840NS -1316.5 197429 0.028*

X2X2 34.152 22.074 0.646NS 2.991 0.169 0.963NS 1099.4 22877 0.382NS

Blocks - 582.048 0.043* - 681.67 0.020* - 193911 0.029*

Total error - 673.193 - 537.02 - 184043

Total (corr) - 2376.56 - 2293.0 - 670449

R2 (*) 71.673   76.579   72.549   

CR: Regression coefficient; SC: Square sum; NS: No Significance to p ≥0.05; * Significance to p ≤ 0.05.
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Figure 3. Surface response and surrounding curve estimate for: (a) Tonset, (b) Tpeak and (c) ΔH, as function of sodium 
alginate and calcium carbonate concentrations.
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Sensory evaluation

In table 7 are listed the outcome yielded by 
Quantitative Descriptive Analysis (QDA) for fat 
extenders as a function of sensory attributes as 
shine, color, flavor, hardness, and greasy attributes. 
Significant difference was found (p ≤ 0.05) bet-
ween the control and the fat extenders regarding 
color, hardness, and shine. However, there were 
not significant differences in flavor and grassy at-
tributes. Nevertheless, fat extenders manufactured 
with 1.0% of sodium alginate and 0.75% of calcium 
carbonate (Fat extender 1) reached the closest score 
values toward control.

Table 7. Average score calculated by Quantitative 
Descriptive Analysis (QDA) tests on control and 
manufacture extenders with different levels of 
alginate/calcium.

Treatment
Sensory attribute

Shine Color Flavor Hardness Greasy

Fat extender 1 4.75cd 3.00b 5.00a 5.00b 3.71a

Fat extender 2 2.42a 2.85ab 4.57a 4.00ab 3.14a

Fat extender 3 2.85ab 2.71ab 4.28a 3.71ab 3.57a

Fat extender 4 3.14abcd 1.85ab 3.85a 3.00a 3.42a

Fat extender 5 2.85ab 2.00ab 3.42a 3.00a 2.57a

Fat extender 6 2.28a 1.71a 3.71a 2.85a 3.14a

Fat extender 7 2.42a 1.71a 4.00a 3.57ab 3.57a

Fat extender 8 4.28bcd 2.57ab 4.28a 3.71a 3.42a

Fat extender 9 2.42a 2.57ab 4.00a 2.57a 3.57a

Fat extender 10 3.00abc 2.57ab 3.85a 3.14a 3.28a

Fat extender11 2.85ab 1.71a 3.57a 4.00ab 3.57a

Fat extender 12 3.57abcd 3.00b 3.42a 4.14ab 3.71a

Fat extender 13 4.28ab 2.28ab 3.28a 3.57ab 3.14a

Fat extender 14 2.85ab 2.00ab 3.57a 3.28ab 3.14a

Control 4.71d 4.71c 4.57a 6.28c 4.42a

In each column, values with same letter indicate there is not a 
significance statistical difference at (p ≤ 0.05).

CONCLUSIONS

In retrospect, the extension of pork back fat 
in almost 50% is possible using sodium alginate 
and calcium carbonate, because this will produce 
a compound with appropriate texture (cutting 
strength, work of shear, firmness), melting (tempe-
rature and melting enthalpy), and sensory proper-
ties (shine, color, flavor, hardness and greasy) for 
process operations throughout the manufacture of 
meat by-products. Thus, the outcomes show that 
adequate sodium alginate and calcium carbonate 

concentrations of 1.0 and 0.75 - 0.79%, respecti-
vely, are suitable in order to make extenders with 
high performance grades in texture and melting 
parameters. 

Moreover, it is possible to get extenders with 
similar sensory characteristics to a piece of pork 
back fat when alginate and calcium carbonate 
concentrations are used in this order, mostly in 
flavor, greasy and hardness. Finally, to get optimum 
concentrations as a function of maximum and 
minimum responses, it is necessary to conduct a 
research in recognized concentration regions for 
these ingredients, according to surface response 
analysis completed.
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