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Abstract  Meat and meat products contain important 

nutrients, such as proteins, essential fatty acids, vitamins, 

and trace elements that are important for our diet; however, 

these products also contain elements that can promote the 

development of multiple diseases, which compels the food 

industry to create healthier food alternatives. According to 

the Health and Nutrition Survey (2018), the Ecuadorian 

diet includes 24% of saturated fatty acids (SFA) and 

sausages are among the most highly consumed food items. 

The objective of this research was to develop a sausage 

with a lower SFA contribution by replacing pork back fat 

with corn oil without affecting its physicochemical 

characteristics and sensory acceptability. Two formulations 

were prepared: pork fat (FT) and corn oil (CO). As the 

sausage was made, the division in order of vegetable oil 

addition and cooking start temperature was strictly 

controlled. The technological properties, proximal 

composition, fatty acid profile, microbiological quality, 

and sensory acceptability were analyzed. The results 

showed that the water loss of FT is higher than that of CO 

by 1.23%. The two formulations presented an average in 

total animal proteins of 13.4%, meaning the protein is 

classified as Type I according to NTE 1338. As for the fatty 

acid profile, CO contains 20.5% less SFA than FT and has 

a significantly higher amount of PUFA (by 42.2%). The 

overall average acceptance was 4.4% with no statistically 

significant difference between samples. At 30 days of 

refrigerated storage, an E. coli population < 10UFC/g and 

absence of Salmonella were found. The results show that it 

is possible to replace 100% of back fat with vegetable oil. 

Keywords  Saturated Fatty Acids (SFA), 

Monounsaturated Fatty Acids (MUFA), Polyunsaturated 

Fatty Acids (PUFA) 

1. Introduction

The World Health Organization (WHO) reports that 15 

million people die each year from chronic 

noncommunicable diseases [1]. This problem in the current 

context generates a higher probability of death; recent 

studies show that people who are overweight or obese are 

7 times more likely to enter an ICU (Intensive Care Unit) 

due to contracting diseases such as COVID-19 than people 

with a normal weight [2]. 

In a report issued by the Food and Agriculture 

Organization of the United Nations (FAO) on the food 

security outlook in Latin America and the Caribbean, it was 
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established that in 2016 the global incidence of overweight 

people was 39.1% and of obese people was 13.2% in adults 

over the age of 18 [3] whereas in Latin America, the 

prevalence of obesity and carrying extra weight is 59.5% 

[4]. These figures are alarming, especially since they 

increased between 2020 and 2022 due to lockdowns. 

According to the Pan American Health Organization 

(PAHO), non-communicable diseases (NCDs) kill 41 

million people a year. Of these, 71% are caused by 

cardiovascular diseases associated with tobacco use, 

physical inactivity, harmful use of alcohol, and unhealthy 

diets loaded with refined sugars and saturated fats [5] [6]. 

The consumption of SFA has been shown to be 

detrimental to health. Metabolic studies have shown that 

consumption of polyunsaturated fatty acids (PUFA) and 

monounsaturated fatty acids (MUFA) decreased 

cholesterol levels, while SFA increased it [7]. Saturated 

fats have also been shown to have a more stimulatory effect 

on weight gain and hepatic lipid accumulation than 

unsaturated fats and may cause changes even at the gut 

microbiota level [8]. In addition, a high intake of foods rich 

in saturated and trans fats present in processed foods is 

associated with neurodegenerative diseases, early cognitive 

impairment, and Alzheimer’s disease. Patients with obesity 

have a higher amount of adipose tissue, which generates 

proinflammatory cytokines, thus increasing oxidative 

stress that increases the risk of Alzheimer’s disease by 59% 

[9] [10]. 

In Ecuador, according to the latest National Health and 

Nutrition Survey (ENSANUT) in 2018, 64.68% of the 

Ecuadorian population aged 19–59 years are overweight or 

obese. The analysis of the population’s dietary habits and 

frequency of food consumption identified that 20.3% of 

SFA come from meat. Of this percentage, 12% are derived 

from processed meat, within which the most highly 

consumed type is sausages [11]. In 2015, a study was 

conducted on the fatty acid profile of the most consumed 

foods in the Metropolitan District of Quito (capital of 

Ecuador), in which five recognized commercial brands of 

sausages were analyzed and it was established that on 

average they contain 36% of SFA [12]. 

National regulations on meat products have changed 

over the years. In 1996, in addition to protein content, the 

addition of pork back fat in meat formulations was limited 

to a maximum of 25%. The current standard does not place 

a limit on the percentage of fat in products [13]. The current 

Ecuadorian standard INEN 1338:2012 establishes that 

sausages belong to the group of cooked meat products. 

During processing, they reach an internal temperature of 

70 °C and are classified according to total protein (TP) 

content, broken down into animal (AP) and vegetable (VP), 

with Type I (TP=min. 12% and max. 2% VP), Type II 

(PT=min. 10% and max. 4% VP), and Type III (PT= min. 

8% VP) [14]. 

Given this background, the objective of this study was to 

create a meat sausage with a lower SFA content and a 

greater amount of PUFA and MUFA without affecting its 

sensory, technological, and microbiological characteristics 

as a healthier product than conventional products by 

replacing back fat (that has a high SFA content) with corn 

oil, which has a lower SFA content and a contribution of 

MUFA and PUFA. It is important to note that despite its 

high PUFA content, this oil is very stable because it has 

low SFA and high levels of natural antioxidants [15]. 

2. Materials and Methods 

To establish the different formulations, the methodology 

was divided into two segments. The first analyzed the 

technological properties that could be affected by 

modifying the standard formulation of a conventional 

sausage, and the second focused on establishing the safety 

and nutritional contribution of the product. 

2.1. Formulation of Sausages 

Two types of chicken sausage were made: a 

conventional formulation using 20% pork back fat (FT) and 

another using corn oil (CO) instead of pork back fat. The 

complementary components were not changed. 

The chicken breast and fat were ground separately using 

5mm and 9mm discs, respectively. All other ingredients 

were added in equal amounts to the two formulations: 20% 

crushed ice, 2.1% salt (sodium chloride), 0.2% nitrile salt 

(6% nitrite curing salt), 0.3% phosphates (sodium 

tripolyphosphate 4511), 0.3% preservative (sodium acetate, 

lactic acid, sodium lactate, and acetic acid), and 0.3% 

Tecnas brand chicken flavoring. The mass was mixed in an 

emulsifier (4-liter cutter/mixer), with a strict order of 

adding ingredients to avoid breaking the emulsion. First, 

the meat and curing salts were added, then the phosphates, 

preservatives, and 50% of the ice in order to generate the 

protein matrix, then the remaining ice was incorporated, 

and the fat and oil were added little by little. The entire 

process took 20 minutes. The resulting mixture was 

hermetically stuffed into 20 mm-diameter artificial casings 

(visflex) and then divided into portions that were 

approximately 12 cm long per unit. The sausage units were 

packed in polyethylene bags, labeled, and stored at 4°C. 

During the formulation of the sausages, fractionation 

was strictly controlled in order of vegetable oil addition (1, 

2, and 3 times) and cooking start temperature (30°C, 45°C, 

and 60°C). 

2.2. Technological Properties 

2.2.1. Water Holding Capacity (WRC) 

The following method [16] was used. Sausages (n=5) 

were cooked in boiling water. When the center reached 

70°C, they were removed from the cooker and cooled to 

room temperature. The WRC was determined as the weight 

loss due to cooking as per Equation (1). 
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WRC = (𝑅𝑎𝑤 𝐵𝑟𝑒𝑎𝑠𝑡 − 𝐶𝑜𝑜𝑘𝑒𝑑 𝐵𝑟𝑒𝑎𝑠𝑡)/
𝑅𝑎𝑤 𝐵𝑟𝑒𝑎𝑠𝑡 𝑥 100     (1) 

2.2.2. Weight Loss during Storage (WL) 

Losses due to syneresis were evaluated for 20 days. 

Sausages of 8–10 cm were stored at 4°C and weighed (n=5) 

every 4 days after sausage production. WL was expressed 

as a percentage as per Equation (2).  

WL = (𝑊𝑒𝑖𝑔ℎ𝑡 𝑖 − 𝑊𝑒𝑖𝑔ℎ𝑡 𝑓 (𝑡)/
(𝑊𝑒𝑖𝑔ℎ𝑡 𝑖) 𝑥 100       (2) 

2.3. Proximal Analysis and Physicochemical 

This analysis was performed according to official 

methods described by the AOAC to determine moisture 

(925.10) [17], ash (923.02) [18] protein (2001.11) [19], and 

fat (2003.06) [20]. The analyses were performed in 

duplicate. 

The methodology used for the physicochemical analysis 

of fine paste sausages included the measurement of pH, 

moisture, acidity, and peroxide value. The samples were 

stored at 5°C and analyzed on days 0, 15, and 30. The pH 

was determined using the method described in NTE INEN 

ISO 2917:2013 (electrometry), moisture was assessed by 

the AOAC 925.10 method (gravimetry, air oven), and 

acidity was measured according to the AOAC 947.05 

method (volumetry). The peroxide value was quantified 

according to the NTE INEN ISO 3960:2013 standard 

(volumetry), with the results expressed in milliequivalents 

of oxygen per kilogram of fat (MeqO2/kg). 

2.4. Fatty Acid Profile 

The fatty acid content was determined according to the 

AOAC 996.06 CG method using an Agilent Technologies 

chromatograph model 6890N equipped with a flame 

ionization detector (FID). The column used was TRACE 

TR-Wax of polyethylene glycol (polar phase) of 60 m in 

length, an internal diameter of 0.25 mm, and a film 

thickness of 0.25 μm. Total SFA, PUFA, and MUFA were 

quantified; the results were expressed as a percentage for 

each fatty acid. The PUFA/SFA ratio and the n-6/n-3 

(omega-6/omega-3) ratio were calculated. 

2.5. Microbiological Analysis 

At 0, 15, and 30 days of refrigerated storage, 25 grams 

of sausage were taken and suspended in 225 ml of sterile 

peptonized water (0.1%) and homogenized in a stomacher 

for 1–2 minutes. Decimal dilutions were prepared, and total 

mesophilic aerobes (NTE INEN ISO 4833:2014), E. coli 

(NTE INEN ISO 4832:2016), S. aureus (AOAC 2003.07), 

and Salmonella (AOAC 2016.01) were counted. The 

results were evaluated by comparing them with the limits 

established by current national legislation (NTE INEN 

1338-2012). The analysis was performed in duplicate [14]. 

2.6. Sensory Analysis 

Consumer acceptability was evaluated based on the 

attributes of color, odor, texture, flavor, and overall 

acceptance. A semi-structured five-point hedonic scale was 

used. 52 judges were chosen, regardless of gender, who 

were consumers of sausages and ranged in age between 28 

and 40. Samples weighing approximately 20 grams were 

taken at a temperature of 40°C and coded with 3 random 

digits. 

2.7. Experimental Design and Statistical Analysis 

A completely randomized design was applied in 

triplicate for weight loss during storage, WRC, and fatty 

acid profile, and in duplicate for bromatological and 

microbiological analyses. Results were analyzed with an 

ANOVA, and means were compared with Fischer’s test 

(α=0.05). Statgraphics Centurion software was used [21]. 

3. Results 

Controlling the temperature (45°C) and the cutting time 

allowed 20% corn oil to be incorporated without breaking 

the emulsion. Temperatures higher than 45°C generated fat 

loss and emulsion breakage. It is important to point out that 

no filler or meat extender substance was added to the 

formulation that could have influenced the stability of the 

emulsion. The external and internal appearance of the 

sausages made with back fat and corn oil are shown in 

Figure 1. 

 

Figure 1.  Water Retention Capacity (WRC) and external and internal 
appearance of sausages made with (a) back fat and (b) corn oil 

WRC is one of the most important control parameters in 

the making of meat products. This property establishes the 

meat protein’s capacity to retain the water of the 

composition and the water added to the product. It is related 

to the juiciness and hardness of the sausage. The retention 

capacity is established with data pertaining to the sausage 

before and after cooking; during this process, there was no 

weight loss in the two samples (Table 1). When comparing 
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the yield values, no significant difference was found 

between the samples (p<0.05). 

Table 1.  Yield and weight loss of fiber sample 

Sample Performance (%) Weight Loss (%) 

FT 94.40±0.10 5.60±0.10 

CO 93.16±1.15 6.83±1.15 

Note: back fat (FT) and corn oil (CO) 

Weight loss is a very important parameter at the 

industrial level. It should be kept below 10%, for which 

binding agents are often used to aid water retention. The 

formulations used in this research did not use binding 

agents. As shown in Figure 2, the weight loss over 20 days 

of refrigerated storage was 6.8 and 5.6% for CO and FT, 

respectively. 

The bromatological analysis of the sausages is shown in 

Table 2. The protein content complies with current national 

legislation (INEN 13338-2012) for a Type I cooked 

product since it exceeds the minimum total protein content 

and has no proteins of vegetable origin. Statistical analyses 

of the CO and FT samples reveal significant differences in 

protein, moisture, and ash levels, with p-values less than 

0.05, indicating that these components vary between the 

two samples. Specifically, the FT sample exhibits a higher 

mean protein content (13.59% vs. 13.18% in CO, p = 

0.0004) and ash content (3.33% vs. 3.24% in CO, p = 

0.0002), while the CO sample shows a lower mean 

moisture content (63.50% vs. 64.66% in FT, p = 0.026). 

However, no significant differences were observed in fat 

levels between the samples (20.09% in CO vs. 18.68% in 

FT, p = 0.068). These findings suggest that, although both 

samples share similarities in their fat content, there are 

important differences in other nutritional and 

physicochemical components that could influence their 

quality and functional characteristics. 

In a comparative study between sausages made with oil 

(CO) and fat (FT) (Figure 3), it was observed that CO 

sausages had a slightly higher pH and elevated peroxide 

values over time, indicating a greater tendency for lipid 

oxidation compared to FT sausages. Additionally, CO 

maintained a slightly higher moisture content. These results 

are consistent with previous studies suggesting that 

replacing animal fats with vegetables oils can increase 

susceptibility to oxidation but does not significantly affect 

the final product ś moisture content [22], [16], [23]. An 

alternative to improve the ω6/ω3 radio in sausages with 

corn oil could be nut, sunflower, or sacha inchi oils, as they 

are rich in PUFA with high levels of linoleic and lonolenic 

acid, emphasizing significant differences in the lipid profile 

compared to animal fats [24]. 

 

Figure 2.  Weight loss of sausages made with back fat and corn oil stored in a refrigerator (4°C) for 20 days 

Table 2.  Bromatological analysis of sausages made with back fat (FT) and corn oil (CO) 

Muestra Protein Fat Moisture Ash 

CO 13,18±0,02a 20,09±0,12a 63,50±0,10a 3,24±0,006a 

FT 13,59±0,07b 18,68±0.97a 64,66±0,57b 3,33±0,01b 

p value 0.000444 0.067504 0.025866 0.0002 
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Figure 3.  Variation of pH, peroxides, and moisture in Sausages during 30 Days of Refrigerated Storage 



 Food Science and Technology 12(3): 190-198, 2024 195 

 

The analysis of the microbiological quality of the 

sausage was carried out at 0, 15, and 30 days of refrigerated 

storage. During all this time, the samples showed an 

absence of Salmonella and a population of E. coli < 

10UFC/g. The product is fit for consumption for 30 days 

after processing, it complied with regulations, maintaining 

acceptable levels and displaying a slight growth of total 

mesophilic aerobes that does not exceed the parameters 

established by INEN 1338-2012 (Table 3). 

The fatty acid profile is shown in Table 4. The CO 

formulation has 20.5% less SFA and 42.2% more PUFA 

compared to the TF formulation. The CO also had less 

MUFA (21.8%), thus contributing to improving the content 

of unsaturated fatty acids and favoring the nutritional 

content of the product. Significant differences (p≤0.05) 

were found between each fatty acid. 

Regarding the stearic acid (C18:0) content, an important 

and significant reduction was found, considering that this 

FA is only found in animal sources and bibliographic 

sources report contents of around 5.9% in chicken [25]. 

The radio between PUFA and SFA, as well as the omega 

– 6/omega – 3 radio, is crucial for health. For CO, the 

PUFA/SFA radio is 2,84 and the omega – 6/omega – 3 is 

4,79, both within the recommended rangers for 

cardiovascular and anti-inflammatory benefits [26], [27]. 

For FT, the PUFA/SFA radio is 0,33 and the omega -

3/omega-6 radio is 5,49, indicating a higher risk of 

cardiovascular and chronic diseases due to the low 

PUFA/SFA radio [22]. 

Table 3.  Microbiological analysis of sausages made with back fat (FT) 
and corn oil (CO) 

Microbiological 

characteristics 

Storage time 

(days) 

Formulation 

FT CO 

 

APC (FCU/g) 

0 < 10 < 10 

15 < 10 < 10 

30 4.4 x 105 3.2 x 105 

 

S. aureus (FCU/g)  

0 < 10 < 10 

15 < 10 < 10 

30 < 10 < 10 

 

E. coli (FCU/g) 

0 < 10 < 10 

15 < 10 < 10 

30 < 10 < 10 

 

Salmonella 

0 N.D. N.D. 

15 N.D. N.D. 

30 N.D. N.D. 

APC = aerobic plate count; N.D. = non-detectable 

Table 4.  Fatty acid profile of sausages made with back fat (FT) and corn oil (CO) 

Type of Fatty Acid CO FT p-value 

SFA Caprylic Acid (C8:0) 0.16±0.001a 0.3±0.006b p< 0,01 

Capric Acid (C10:0) 0a 0.4±0.01b p< 0,01 

Lauric Acid (C12:0) 0a 0.22±0.21b p< 0,01 

Myristic Acid (C14:0) 0.13± 0,001a 1.87±0,019b p< 0,01 

Palmitic Acid (C16:0) 13.88±0.75a 25.72±0.85b p< 0,01 

Stearic Acid (C18:0) 2.68±0.07a 6.89±0.07b p< 0,01 

Arachidic Acid (C20:0) 1.71±0.015a 2.09±0.015b p< 0,01 

Heneicosanoic Acid (C21:0) 0.77±0.02a 2±0.2b p< 0,01 

Behenic Acid (C22:0) 0a 0.26±0.02b p< 0,01 

Lignoceric acid (C24:0) 0.35±0.04a 0.41±0.03a 0,106 

MUFA Palmitoleic Acid (C16:1 0.87±0.02a 2.56±0.03b p< 0,01 

Cis-10-pentadecenoic acid (C15:1) 0.55±0.03a 0.44±0.04b 0,0269 

Oleic Acid (C18:1n9cis) 23.3±0. 11a 43.53±0.63b p< 0,01 

PUFA Linoleic Acid (C18:2n6cis) (Omega 6) 53.99±0.40a 11. 26±0.35b p< 0,01 

Linolenic Acid (C18:3n3) (Omega 3) 1.57±0.03a 2.05±0.06b 0,0002 

 SFA 19.58±0.63a 40.08±1.07b p< 0,01 

 MUFA 24.74±0.15a 46.53±0.04b p< 0,01 

 PUFA 55.56±0.37a 13. 31±0.41b p< 0,01 
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Regarding sensory analysis, no significant difference in 

acceptance was found between the two sample types (Table 

5). The consumer cannot differentiate between the sausage 

with corn oil and the conventional one with back fat. 

Table 5.  Sensory characteristics of sausages made with back fat (FT) and 
corn oil (CO) 

Attribute FT CO 

Color 2.72 ±0. 78a 2.76±0.8a 

Odor 4.16±0.72a 4.19±0.63a 

Taste 4.05 ±0.61a 4.07±0.63a 

Texture 4.16 ±0.69a 4.24±0.61a 

Overall acceptance 3.77 3.82 

4. Discussion 

According to other authors, the replacement of back fat 

with canola, olive, and grape seed oils in emulsion-type 

pork sausages produced a significant difference in moisture, 

protein, and fat content. A mixture of oils improved water 

retention capacity and decreased cholesterol content. 

Hardness and chewiness decreased significantly, which 

influences product acceptance, but one of the important 

benefits is that the amount of unsaturated fatty acids 

increased [28]. The results of our research show that corn 

oil produces similar physicochemical characteristics; as an 

additional contribution, it does not present a significant 

difference in the sensory analysis, improving consumer 

acceptance. The incorporation of corn oil also reduces 

production costs. 

A moderate consumption of MUFA is important since 

they considerably reduce LDL cholesterol levels without 

modifying HDL cholesterol. In this research, corn oil 

contributed 9.5% less MUFA than back fat, thus improving 

the nutritional content of the product [29]. Regarding the 

content of fatty acids in corn oil, some genetic 

modifications have been made that improve the amount of 

fatty acids. A study carried out on fatty acid composition 

evaluated certain varieties and found non-significant 

differences in the fatty acid profile. It is worth bearing in 

mind that the cost of this modification is high [15]. 

Several studies have shown that greater health benefits 

are obtained when replacing foods high in SFA with those 

that contain MUFA and PUFA, thereby reducing 

cardiovascular risk. Replacing the 5 to 15% energy intake 

of SFA with PUFA significantly decreases the risk of 

coronary heart disease (CHD) by 19% [20]. Regarding 

blood cholesterol, it has been shown that replacing 5% of 

SFA in the diet with PUFA reduces LDL cholesterol by 5–

7% [30] [31]. The sausage developed reduces the SFA 

content by 20.5%, mainly palmitic and stearic acids, and 

increases PUFA by 42.2%. Based on scientific evidence, 

this product contributes to reducing the probability of 

suffering from CHD and favors the decrease of LDL 

cholesterol. 

Loss due to cooking is an important parameter when 

evaluating the physicochemical characteristics of sausages. 

The corn oil sausage had a cooking loss of 6.83% in 20 days, 

considering that it had no binding agent and that 100% of 

the back fat had been replaced. A similar study reported 

cooking losses of 4% when replacing 50% of the back fat 

with sunflower oil [32]. 

Recent research has considered the incorporation of seed 

oils, such as chia and grape seeds, to replace back fat in 

meat products. These seeds have a significant contribution 

of PUFA, although they present problems when forming 

the emulsion and require binding agents, such as flours and 

starches, to strengthen the protein mesh. Moreover, the 

study of the influence of vegetable oil emulsions as fat 

substitutes indicates that sensory acceptance is a limiting 

factor that goes beyond the nutritional proposals that are 

developed [33]. 

With respect to the shelf life of sausages, it has been 

demonstrated that by incorporating vegetable oils, which 

also improve the fatty acid profile and nutritional indexes, 

the sausages can be conserved for 28 days at temperatures 

of around 2°C [34]. We found similar behavior in our 

investigation: the sausage showed microbiological growth 

after 30 days of storage at 4°C. 

Sensory acceptance is an extremely important aspect in 

the development of a product. The replacement of back fat 

with corn oil did not affect the acceptability of the sausage; 

no significant differences were found between the 

formulations (p≤0.05). In this regard, several authors point 

out that acceptability is affected with respect to color and 

flavor due to lipid oxidation despite using 

microencapsulated fish oil as a PUFA contribution in meat 

formulations [35]. Likewise, the effect of the food matrix 

is evident, as pointed out by [36] in tuna and meat sausages 

with a replacement of up to 4% of oil in the formulation. 

The products were not well received by consumers, 

especially those with a higher percentage of both vegetable 

and animal fat. 

5. Conclusions 

The replacement of pork back fat with vegetable oils in 

sausages can have positive effects. However, in many cases, 

the fat cannot be totally replaced because the technological 

properties become affected. The addition of vegetable oils 

decreases the SFA content and increases PUFA and MUFA, 

which would contribute to the consumption of these 

sausages being associated with a decrease in chronic 

noncommunicable diseases. It is vital that the new 

formulations satisfy the consumer, do not generate losses 

for the manufacturer, and have a functional contribution. 

The product developed in this research complies with 

technological and nutritional quality by decreasing 20.4% 

of SFA with a 13% protein contribution, meets 

microbiological quality parameters, generates only a 6.8% 
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weight loss, and maintains its water retention capacity, 

being suitable for consumption within 30 days. The 

research confirms that the total replacement of pork back 

fat with corn oil in the formulation of sausages is not only 

technologically possible but also represents a healthy and 

attractive alternative for the consumer. This breakthrough 

underscores the importance of continuing to explore 

innovative alternatives in the processed meat industry in 

order to offer products that respond to contemporary 

nutritional needs and the growing demand for healthier 

foods. 
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