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Abstract—A sausage was prepared with the inclusion of different levels of red bean Zaragoza starch 
(1.5, 2 and 2.5%), used as a stabilizing agent in a low fat meat emulsion, to be compared with the sausages 
of the control treatment. Aiming to establish the ideal concentration and to evaluate the effect of the 
inclusion of modified red bean Zaragoza starch on the organoleptic characteristics of sausages as well as 
their effect on the texture of the final product. The experimental results were subjected to analysis of 
variance, separation of means and descriptive statistics for the tests performed on the final product. It 
was determined that the levels of modified starch of Zaragoza beans did not affect the nutritional quality 
of the sausages, which presented on average 57.003 ± 0.639% of moisture, 17,073 ± 0.385% of protein, 
12,791 ± 0.217% of fat and 3.678 ± 0.297% of starch . Although no significant difference was found in the 
texture profile analysis, it was found that when the modified starch concentration increased, the product 
presented an increase in its elasticity and adhesiveness, although for the firmness an equal relation was 
not obtained, since the Treatment 4 (2.5% modified starch) had the lowest values, while treatment 3 was 
the one that obtained the highest values. The sensorial analysis revealed a slightly greater acceptance of 
the taste by the panelists towards treatment 3 (2% modified starch), however there were no significant 
differences among the four treatments in terms of the attributes evaluated in the sausages. 
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I. INTRODUCTION 

Starch At the global level the search for better products, high yields and optimization of raw material has 
made fundamental the proper use of the ingredients in the formulation of a product [1,2]. Currently the 
consumer demand for food products with a nutritional balance has been increasing [3,4]. 

There is a great variety of vegetables in the Colombian Caribbean of which little is known in terms of 
nutritional quality and its functional properties, therefore they are not optimally used in human food [5]. In other 
words, few studies are currently focused on the evaluation of the functional properties of food raw materials of 
mass consumption, which could have great potential in the food industry, becoming alternatives to help in the 
search for Solutions to food security [6]. 

Within that list of vegetables we find the Zaragoza bean (Phaseolus lunatus), white variety; There are few 
studies on the functional aspects of this plant and few elements of technological knowledge on its application in 
food formulations [7]. 

On the other hand the national industry uses conventional starches and are mostly imported. For centuries, 
tropical starches such as cassava, sago, taro, sweet potato and yam have been staple foods for the population in 
the hot and humid parts of the world [8]. These plants, naturally suited to tropical agroclimatic conditions, grow 
in great abundance with few or no artificial inputs. Indeed, they are so apt to provide the essential calories, 
which are considered the quintessence of "subsistence crops" [9]. 

But in tropical developing countries, the very success of starchy plants as staple foods is limiting their 
potential contribution to agricultural development and general economic growth [10]. As a result, maize, wheat 
and potato continue to dominate the lucrative global starch markets of the food and non-food industries. These 
modern, value-added products usually have very specific applications and are therefore much less susceptible to 
market fluctuations that may lead to chaos in commodity-based developing economies [11]. 
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Transcending this idea that they are subsistence crops and competing with prevailing starches will not be easy, 
because competition is not in maize, wheat or potato itself, but in the functional characteristics of their value-
added products [12].  

Therefore, it is necessary to approach research that favors the use of unconventional starches, in order to give 
greater added value to them. The objective of this work was to evaluate the functional properties of starch of 
Zaragoza bean (Phaseolus lunatus) white variety, for which the properties of bean starch in a sausage were 
determined, the sausage processing process was formulated and standardized. Also evaluating the bromatology, 
microbiology and sensorially obtained product, finally the texture profile to the final product. 

II. EXPERIMENTAL 

The research was descriptive and experimental, the samples of leguminous Frijol Zaragoza (Phaseolus lunatus) 
Red Variety, produced in the Colombian Caribbean region. By sample were taken 2 kilograms completely 
random from the legume and 10 kilograms of meat product. 

Obtaining starch 

To obtain the flour, it was carried out in a similar way to that developed by Marrugo et al. (2007) [13]. In Starch 
extraction, the method reported by Betancur (2001) [14].  was used, this is based on a moist fractionation of the 
components of leguminous flour, so that after the rest time the sediment rich in starch is obtained. 

Preparation of the sausage 

It is made with any type of meat that allows to obtain a paste or emulsion, following this procedure: 

 
Fig. 1. Sequence of operation for the production of sausages 

Bromatological Analysis 

The bromatological tests carried out in this research were: Moisture (AOAC 930.10), Ashes (AOAC 942.05), 
Proteins (AOAC 984.18) and Fats (Soxhlet). 

Microbiological analysis 

Microbiological tests were total Mesophiles (NTC 4519), total coliforms (NTC 4458), Staphylococcus aureus 
(NTC 4779), Salmonella (NTC 4574) and Listeria monocytogenes (NTC 4666). 

Experimental design 

A completely randomized design with three replicates was used, where the treatments used were: F1 with 3.5% 
starch of the Zaragoza bean (Phaseolus lunatus) white variety, F2 with 5.25% starch of the Zaragoza bean 
(Phaseolus lunatus) white variety, F3 with 7.0% of Zaragoza starch (Phaseolus lunatus) white variety and a 
control without addition of the starch of Zaragoza bean (Phaseolus lunatus) white variety, were compared 
statistically with the objective of establishing the main effects of the treatments during the different conditions 
and the results allowed to influence whether or not there were significant differences between treatments with a 
significance level of p <0.05 and a 95% confidence level. Statistical package SPSS version 15 was used [15]. 
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III. RESULTS AND DISCUSSION 

Functional properties of starch 

The results of the functional properties of white bean starch Zaragoza (Phaseolus lunatus) are presented in 
Table 1, where the water retention capacity CRA; CRAC is the oil holding capacity; % Solubility; CG is the 
gelling ability; Ce is the emulsifying capacity and CEEE is the foamability and foam stability. 

TABLE I.  Functional Properties of Starch 

Starch CRA CRAC % Solubility CG CE CEEE 

Values 2.86 ± 0.32 1.41± 0.63 1.79 ± 0.21 12.4 ± 0.73 16.5 ± 0.46 9.3 ± 0.18 

Bean starch Zaragoza presented a lower solubility, with a value of 1.79%, as reported by Miranda et al. (2013) 
[16], due to the size and homogeneity of the starch that intervene in the gelatinization and therefore in its high 
solubility and high content of Amylopectin (78.19%) present in the starch granule; Coinciding with the results 
obtained for bean Zaragoza, by Betancur et al. (2003) [17], where they show that the solubility develops better 
at temperatures above 80 ° C. Researchers raised the possibility that the lateral (amylopectin) branches of starch 
molecules facilitate the entry of water into intermolecular spaces, increasing the solubility of the polymers, with 
amylopectin having the highest dissolution rate. This, of course, impinges on the increased solubility of the 
molecules in water and on the stability of the viscosity [18]. 

Proximal analysis 

The main purpose of a proximal analysis is to determine, in a food, the moisture, fat, protein and ash content. 
These chemical procedures also reveal the nutritional value of a product and how it can best be combined with 
other raw materials to reach the desired level of the various components of a diet. It is also an excellent 
procedure to perform quality control and determine if the finished products reach the standards established by 
the control agencies, producers and consumers. In Table 2, the results of the analysis performed on the final 
product are observed. 

TABLE II.  Proximal analysis of sausages with starch 

Sample  Protein  Fat  Moisture  Ashes CHOs 

Treatment 1 17.68 ± 0.12 9.52 ± 0.09 60.92 ± 0.20 4.23 ± 0.15 4.16 ± 0.09 

Treatment 2 17.64 ± 0.18 9.56 ± 0.05 61.90 ± 0.14 4.32 ± 0.21 5.61 ± 0.06 

Treatment 3 17.61 ± 0.21 9.54 ± 0.07 61.67 ± 0.13 4.44 ± 0.27 6.89 ± 0.06 

Treatment 4 (White) 17.65 ± 0.27 9.51 ± 0.06 62.59 ± 0.16 4.38 ± 0.29 2.89 ± 0.04 

In Table 2, it was observed that the treatment presented the highest value of protein fuel treatment [ with 17.68% 
followed by treatment 2 with 17.64%, without significant differences between treatments. These values are 
higher than those established by NTC 1325 (10%, 12% and 14% respectively) and those reported in sausages 
with modified starch of Zaragoza bean (Phaseolus lunatus) red variety with 12.2%  [19],. In contrast, they are 
below the values obtained by García et al. (2005) [20],  in sausages made with tuna meat and beef (15.53%). 

The percentage of protein between treatments did not change significantly because the same proportion of meat 
was used for the different treatments, the protein content was due to the percentage of meat used in the 
formulation, according to García et al. (2007) [21],  percentages above 50% imply an increase in protein content 
ranging from 15% or more according to the percentage and type of meat used. 

Regarding the fat content, the highest levels were obtained from treatment 2, however, there were no significant 
differences between the different treatments. It is evident that the level of fat found in the sausages formulated is 
much lower than the contents reported for sausages made with beef, mutton, chicken and pork, for which values 
are reported in the fat content ranging from 24 And 45%. However, it reports values below García et al. (2005) 
[20], in sausages made with tuna meat (5.15%). In addition the fat content observed in the sausages obtained 
was found below the maximum limit allowed by NTC 1325 which is together with the humidity of 86%. 

The moisture content of the sausages is closely related to the type of meat ingredient used for their preparation, 
which are usually classified according to their water retention capacity, ie with their greater or lesser tendency to 
lose water during The heat treatment, probably these high values in the moisture content may be due to the 
starch of Zaragoza bean (Phaseolus lunatus) white variety used in the production of the sausages is 
characterized by a high water retention. However, the high moisture content does not affect the average value in 
the protein content of sausages (17.64%), 
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It should be mentioned that the moisture content of the starch sausage of the Zaragoza bean (Phaseolus lunatus) 
white variety did not show significant differences (p> 0.05) in the different treatments. This behavior agrees 
with that reported by Lopez et al. (2016) [22], Domínguez and Gutiérrez (1993) [23],  and Magdaleno and 
Valdez (1994) [24],  in meat and fish sausages. 
Texture analysis 
In order to observe the behavior of the formulations (T1, T2 and T3) three types of tests were performed: cut, 
compression and texture profile analysis (TPA) using a TA-XT2i Texturometer (Stable Microsystems, 
Godalming, UK) 50 kg load cell, and software provided by the manufacturer (texture experdex ceed, version 
2.63) to quantify: hardness (kgf / g), elasticity and cohesiveness (both dimensional). 
The texture profile analysis was carried out as follows; Portions of 2.5cm * 2.0cm diameter were cut for each 
formulation. The test consisted in placing each sample in the circular parallel plates of stainless steel of 75 mm 
of diameter (a fixed plate and other movable plate) realizing a double cycle compression until the 60% of the 
initial height (a cell of 50 kg was used Whose range was 20 kg), with a probe speed of 2 mm / s, and a waiting 
time of 2 seconds between each cycle (2 cycles). The following parameters were quantified [25]: hardness (kgf / 
g or N), elasticity and cohesivity (both dimensional). 

TABLE III.  Texture profile of sausages with starch 

Treatment Hardness (Kgf / g) Elasticity Cohesiveness Adhesiveness 

Treatment 1 25.7 ± 0.28a 0.76 ±0.15ab 0.61 ± 0.10a - 0.25 ± 0.20a 

Treatment 2 25.9 ± 0.19a 0.74 ± 0.12ab 0.60 ± 0.05a - 0.27 ± 0.19a 

Treatment 3 25.8 ± 0.22a 0.75 ± 0.11ab 0.62 ± 0.08a - 0.25 ± 0.12a 

Treatment 4 (White) 21.2 ± 0.64b 0.64 ± 0.17ab 0.51 ± 0.11ab - 0.29 ± 0.18b 

Values are means and standard deviation of 3 replicates. Means with the same superscript in the same column 
are statistically the same (P> 0.05) 

As can be observed and according to the statistical treatment the parameters of elasticity, cohesiveness and 
adhesiveness did not show significant differences, this is due to the fact that the starches are characterized by the 
property of capturing water and forming gels, great binding power and thickener, Which gives the product a 
texture and mouth feel similar to that provided by fat. Most of them can not be used in products that are 
subsequently to be fried, although they can act as a protective layer to avoid the absorption of fat during cooking. 
They also act by diluting the energy power of fats by replacing them with water, fibers or other less energetic 
components. The values of the adhesiveness are negative which indicates that the texture of the starch sausage 
of the Zaragoza bean (Phaseolus lunatus) white variety is sticky or adhesive, that is to say, when the product is 
consumed it adheres to the palate, which leads to Perform a work necessary to remove it. This may be due to the 
greater amount of carbohydrates contributed by the starch of the Zaragoza bean (Phaseolus lunatus) white 
variety. 

Microbiological tests 

Three samples of each formulation were analyzed at 48 hours of elaboration, performing duplicate controls of 
mesophilic aerobes (RAM), total coliforms (CT), Salmonella and S. aureus and Listeria monocytogenes. 
Following the methodology established by the Colombian microbiological standards (INVIMA and the 
Colombian Ministry of Health), the results are shown in Table 4. 

TABLE IV.  Microbiological analyzes of beef sausages at different concentrations of starch 

Product 
Mesofilos 
Aerobios 

Totals 
Coliformes  

E. coli Estafilococos 
c (+) (ufc/g) 

Salmonella 
sp. 25/g 

Listeria 
monocytogenes 

(ufc/g) (ufc/g) (ufc/g) 

Treatment 1 60 <10 < 10 <100 Absent Absent 

Treatment 2 20 <10 < 10 <100 Absent Absent 

Treatment 3 80 <10 <10 <100 Absent Absent 

Treatment 4 
(White) 

40 <10 <10 <100 Absent Absent 
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Sensory tests 

This test was carried out with a view to measuring the degree of acceptance of beef sausages at different 
concentrations of white bean starch (Phaseolus lunatus), with an untrained panel of 30 untrained panellists, the 
results are shown in Table 5. A group of panelists with a 5-point hedonic scale for the sensory evaluation of 
color, odor, flavor and texture attributes [26]. 

TABLE V.  Sensory evaluation of sausages with starch 

Treatment Color Smell Taste Texture 

Treatment 1 3.59 ± 0.17ª 3.69 ± 0.52ª 4.39 ± 0.67ª 4.25 ± 0.48ª 

Treatment 2 3.48 ± 0.23b 3.75 ± 0.25b 4.38 ± 0.51ª 4.10 ± 0.49b 

Treatment 3 3.47 ± 0.19b 3.70 ± 0.19c 4.37 ± 0.40ª 4.02± 0.65c 

Treatment 4 (White) 3.56 ± 0.31ª 3.80 ± 0.36d 4.41 ± 0.23ª 4.20 ± 0.71ª 

The evaluation of the color of sausages taking into account Espinosa (2007) [27], who states that the importance 
of color in sensory evaluation is due mainly to the association that the consumer makes between this and other 
properties of food, and That sometimes only by the appearance and color of the food, a consumer can reject it or 
accept it, it is established then that the treatments had a regular acceptance as far as the color, since all the 
groups of sausages evaluated received an average rating superior to 3.52 points On 5 of reference, which 
determined that the starch of the Saragossa bean had no effect on this parameter in the sausages. However, there 
were significant differences (P> 0.05) between treatments 1, 2 and 3 due to the different percentages of starch 
used in each formulation, which may affect the final coloration of the product. 

It was evidenced that all the groups of sausages received an average rating superior to 3.69 points on 5 of 
reference, with a total average score of 3.74 ± 0.17, significant differences were registered (P> 0.05) between 
treatments 1 and 4, which indicated that the starch of the Zaragoza white bean variety affected this parameter in 
the sausages. 

IV. CONCLUSIONS  

All formulations presented good physicochemical quality with a high protein content and low fat content. The 
sausage presented the best behavior in relation to the addition of starch of the Zaragoza white bean variety, in 
addition to a better level of acceptance from the sensorial evaluation and even more the one of better behavior in 
relation to the texture and firmness was the treatment was the treatment 1. 
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