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Replacement of meat fat with olive oil 
and its effect on mortadella properties

The use of healthy ingredients in the formulation of meat-based products has gained a 
growing interest. The effect of replacing meat fat with olive oil on mortadella properties 
was investigated. Mortadella was produced by the addition of the normal level of meat 
(control sample), low levels of meat fat with or without the addition of the replacements 
(olive oil 0%, 3%, 5%, and 8%), and the lipid reformulation effects on mortadella properties 
were studied. The results revealed that the control mortadella had the highest cholesterol 
content compared to the experimental treatments. Mortadella samples with 8% olive oil 
were less acceptable to the panellists. Juiciness and soft texture parameters of mortadella 
were not significantly different among the control and samples with 8% and 5% olive oil, 
nevertheless, they were significantly higher than lean and low-fat mortadella (0% and 
3% olive oil, respectively). Lean meat samples (without any fat addition) received lower 
scores in terms of overall acceptability but had the lowest TBA value. The control sample 
had the highest saturated fatty acid percentage (52%) which was higher (p<0.05) when 
compared to samples incorporated with olive oil, however, it did not statistically differ 
when compared to lean meat mortadella. Mortadella sample produced with 3% olive oil 
exhibited the highest monounsaturated fatty acid percentage. This study demonstrated 
the importance of fat in mortadella products. The results indicated that the complete 
replacement of animal fat in mortadella by olive oil is not sensorially possible, however, 
a partial replacement of low levels of olive oil (3%-5%) can be successfully achieved.
Keywords: Mortadella, Fat replacement, Cholesterol, Sensory characteristics.

1. INTRODUCTION
Fats and oils play vital functional and sensory roles in food products, since 
they carry, enhance, and release the flavour of other ingredients. Fats also aid 
in developing texture, mouth feel, and the overall sensation of lubricity and 
moistness in the mouth [1]. Besides their importance in the food industry, 
fats have positive nutritional aspects, since they are essential for the human 
body’s process of cell building and repairing. Moreover, fats carry and aid the 
absorption of fat-soluble vitamins A, D, E, and K [2-3]. 
However, there are several health concerns associated with fat consumption 
that can promote obesity among other serious non-communicable diseas-
es, including diabetes, cardiovascular disease (CVD), coronary heart disease, 
and hypertension [4]. The world health organisation has recently declared 
that it is mandatory to reduce the total fat intake (particularly saturated) to 
maintain a healthy diet since, according to previous studies, high-fat diets are 
linked to an increased risk of colon cancer [5-7]. 
In recent times, healthy eating has become an ongoing topic around the 
globe [5]. Thus, to meet consumers’ demand for healthier foods, food tech-
nologists have put an emphasis on developing reduced-fat products without 
any adverse effect on their organoleptic properties, texture, and flavour [8, 
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9]. To succeed in developing low-fat palatable prod-
ucts, other ingredients have to be chosen to replace 
fat, since for instance, 20-30 g of fat per 100 g is 
necessary to make burgers avoiding compromising 
its quality traits [9]. These ingredients must impart the 
flavour and mouth feel that would normally be derived 
from fat [10]. Additionally, fat replacers must not only 
mimic the natural fat in delivering similar structural 
configuration and quality characteristics but should 
be healthier from a nutritional perspective than that 
of animal fat [11]. For example, [6] investigated the 
influence of partially and completely replacing pork 
backfat with soybean oil in mortadella. The authors 
declared that there were no differences (p>0.05) in 
any of the technological and physicochemical param-
eters evaluated, whereas mortadella incorporated 
with vegetable oil showed a higher unsaturated fatty 
acid content comparable to products made with pork 
backfat. However, treatments made with vegetable 
oil showed lower (p≤0.05) sensorial perception than 
those made with pork fat on all the tested attributes. 
Similar findings were reported by [12] to substitute 
animal fat with vegetal fat. 
In this study, olive oil was chosen to replace animal fat 
in mortadella. Olive oil, the primary source of fat in the 
Mediterranean diet, contains a high percentage (77%) 
of the monounsaturated oleic acid [13, 14]. This par-
ticular fatty acid reduces low-density lipoprotein (LDL) 
cholesterol and increases high-density lipoprotein 
(HDL) cholesterol [6]. Moreover, the mixture of oleic 
acid and polyphenolic compounds (which exist nat-
urally in olive oil) imparts antioxidant and anti-inflam-
matory properties to olive oil, which tend to promote 
protection against the development of certain diseas-
es such as CVD, diabetes (type II), and cancer [15].
To the best of our knowledge, there are no sufficient 
studies on a partial or total substitution of meat fat 
with olive oil in beef mortadella, with different fat levels 
and blends, particularly in Jordan. In this context, this 
study aimed to evaluate the possibility of optimising 

the fatty acid profile of mortadella by partially or com-
pletely replacing meat fat with olive oil, determine the 
properties of the developed products including sen-
sory characteristics and lipid profile, and evaluate the 
effect of meat fat replacement with olive oil on choles-
terol level of the product.

2. MATERIALS AND METHODS

2.1 MORTADELLA MANUFACTURE
Five mortadella treatments were formulated as shown 
in Table I. The formula of one of the local meat fac-
tories was used. One treatment (sample 1) was pro-
duced by the addition of the normal level of beef meat 
fat commercially used (i.e., the control group). The re-
maining four treatments were prepared by using lean 
beef with lower levels of meat fat with or without the 
addition of fat replacers (olive oil). Replacement levels 
used were 0%, 3%, 5%, and 8%, and were accord-
ing to work done by many researchers [16-19].

2.2 RAW BATTER PREPARATION
Batches of mortadella were made using the formu-
lations shown in Table I. Commercial olive oil and 
beef meat were purchased from a local market in 
Amman (Jordan). Tthe other ingredients used were 
obtained from a local meat factory (Siniora Factory, 
Amman, Jordan) where mortadella processing took 
place. Three treatments contained the replacer, olive 
oil (acidity 1.5%) at three levels (3%, 5%, and 8%) in 
the form of emulsion with soybean concentrate and 
water. Other ingredients were added in order, sodium 
tripolyphosphate, sodium nitrite, sodium ascorbate, 
garlic, and water (ice). The mixture was chopped for 
2 minutes, then spices, soybean, and finally starch 
were added and chopped for 5 additional minutes. 
All ingredients added, except the beef fat amount 
and source, were constant for all treatments. The 
mixture was chopped for a total of 10 minutes; the 

Table I - Formulations of reduced-fat mortadella samples prepared with the addition of olive oil 
 
 Treatments 

Ingredients 1 2 3 4 5 

Meat (%) 
Normal fat level meat 81.3 - - - - 

Reduced fat level meat (Lean) - 81.3 73.3 76.3 78.3 
Sodium nitrite (ppm) 120 120 120 120 120 

Sodium tripolyphosphate (g) 60 60 60 60 60 
Starch (%) 4.0 4.0 4.0 4.0 4.0 

Soybean (%) 1.0 1.0 1.0 1.0 1.0 
Salt (%) 2.0 2.0 2.0 2.0 2.0 

Spices (%) 1.5 1.5 1.5 1.5 1.5 
Sodium ascorbate (ppm) 500 500 500 500 500 

Water (ice) (%) 10 10 10 10 10 
Garlic (g) 20 20 20 20 20 

Olive oil (%) - - 8.0 5.0 3.0 
Total (Kg) 20 20 20 20 20 

Treatments: 1 = control mortadella (normal fat level), 2 = lean mortadella (reduced fat level), 3 = lean meat + 8% olive oil, 4 = lean meat + 5% 
olive oil, 5 = lean meat + 3% olive oil. 
 
 
 
 
 
Table II - Proximate analysis and pH values of the reduced-fat mortadella samples formulated with meat fat replacement with olive 
oil. 
 

Treatments Moisture%** Fat% Protein% Ash% pH 
1 57.37b ±0.02 14.80a ±0.05 19.30a ±0.02 2.84a ±0.01 6.3a ±0.02 
2 62.51a ±0.01 2.83c ±0.00 26.39b ±0.04 3.86a ±0.01 6.2a ±0.01 
3 61.85a ±0.01 11.30a ±0.02 19.26a ±0.01 2.85a ±0.00 6.3a ±0.01 
4 62.30a ±0.05 8.10b ±0.01 21.47a ±0.01 3.10a ±0.00 6.2a ±0.01 
5 62.32a ±0.02 5.10b ±0.01 23.40ab ±0.02 3.70a ±0.01 6.2a ±0.01 

Each value is the average of two determinations, with coefficient of variability less than 5%. 
a,b Superscripts within the same column indicate statistically significant differences (p<0.05).  
*Treatments: 1 = control mortadella (normal fat level), 2 = lean mortadella (reduced fat level), 3 = lean meat+8% olive oil, 4 = lean meat+5% 
olive oil, 5 = lean meat+3% olive oil. 
 
  
 
 
 
 
Table III - Cholesterol content (mg/100g) of the mortadella samples formulated with the substitution of meat fat by olive oil. 
 

Treatment* 1 2 3 4 5 
Cholesterol 

(mg/100g food) 117b ±0.36 52a ±0.28 48.2a ±0.23 48.1a ±0.18 47.6a ±0.19 

*Results are expressed as means of triplicate determinations. 
a,b Superscripts indicate statistically significant differences (p<0.05). 
*Treatments: 1 = control mortadella (normal fat level), 2 = lean mortadella (reduced fat level), 3 = lean meat+8% olive oil, 4 = lean meat+5% 
olive oil, 5 = lean meat+3% olive oil.  
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final meat blend temperature was 15°C. Immediately 
after chopping, the batter was stuffed in polyethyl-
ene-based casings (a roll of 90mm diameter, 500g 
weight) using a stuffer (Handtman, Germany). The 
method of mortadella preparation and cooking used 
is according to an internal factory procedure.

2.3 OIL EMULSION PREPARATION
Olive oil was heated to 60°C and mixed with soybean 
and warmed water (80°C) at the ratio of (1:3:4) soy-
bean concentrate (powder): olive oil: water, respec-
tively in a bowel chopper (Alpina, Switzerland) for 5 
minutes. The mixture was then frozen for one week 
prior to using. In treatments 3 and 4 (8% and 5% olive 
oil, respectively), the soybean concentrate incorporat-
ed was less than 1% to achieve a similar quantity of 
soybean concentrate to that in the other treatments. 

2.4 COOKING AND STORAGE
Mortadella batches were thermally processed in an 
oven (Franco-Mat) with the following temperature/ 
humidity cycles:
- Heating: 30 minutes at 55°C and 10% relative hu-
midity (RH). 
- Cooking at 80°C to reach 72°C internal temperature 
and 100% (RH).
Internal temperatures were measured by inserting the 
thermometer in the centre of the mortadella samples 
before cooling. After cooling the mortadella, samples 
were stored at 4°C until analysed. This procedure was 
followed for both the first and second experiments.

2.5 CHEMICAL ANALYSES

2.5.1 PH
Mortadella samples were homogenized in distilled 
water in a ratio of 1:10 sample/water, the pH was 
measured using a pH meter (model WPA, Cambridge) 
after proper calibration [20]. The measurements were 
performed in duplicate.

2.5.2 Proximate analyses
Samples were analysed for moisture, ash, fat, and 
protein following AOAC [21] procedures. The oven 
drying method was used to determine the moisture 
content at which 5g sample was heated at an oven 
temperature of 105°C for 3 hours (AOAC Method 
950.46). The ash contents were assessed by sample 
incineration in a Muffle Furnace at 550°C for 12 hours 
(AOAC method 940.26).
Protein was determined by the micro-Kjeldahl meth-
od, a 0.5 g of the sample was first digested in a 10 ml 
sulfuric acid (98% w/w) with the addition of a diges-
tive mixture of K2SO4+CuSO4×5H2O to break down 
organic matter and reduce nitrogenous compounds 
to ammonium salts. Ammonia was liberated by boil-
ing with sodium hydroxide (50% w/v) aqueous solu-
tion and steam distilled into boric acid to form ammo-
nium borate. Ammonia was then titrated with 0.1 N 

HCl and screened methyl red was used as an indica-
tor solution. Protein nitrogen content was obtained by 
multiplying the result by the factor 6.25.
For fat determination, the Soxhlet method (AOAC 
Method 963.15) was applied. In brief, ether was con-
tinuously volatilised then condensed and allowed to 
pass through the 5 g moisture-free sample, prepared 
into the extraction thimble and covered with cotton 
wool. The extract was collected in a beaker after ex-
traction for 16 hours, the ether was afterward distilled 
and collected in another container and the remaining 
crude fat was dried and weighed. All determinations 
were performed in duplicate.

2.5.3 Thiobarbituric acid number (TBA)
Ten-gram portions of mortadella were combined with 
each of 25 ml of 20% trichloroacetic acid (TCA) and 
20 ml of warmed distilled water, and homogenised in 
a stomacher (Model AES, Labprat) for 30 seconds. 
The homogenate was filtered through a Whatman #1 
filter paper and then in a test tube, 2 ml of the filtrate 
was combined with a 2 ml of 0.02 M aqueous 2- thio-
barbituric acid (TBA). The tubes were incubated at 
22°C in the dark for 20 hours. At the end of that time, 
the absorbance of the resulting solution was meas-
ured at 532 nm according to [22] using a UV-visible 
spectrophotometer (Spectro 2000RS, Labomed, 
Inc., USA). 
The thiobarbituric number (TBA) mg of malondialde-
hyde/kg sample (ppm) was calculated by multiplying 
the measured absorbance of pink-coloured chroma-
gen of the TBA-reactive substances at 532 nm by a 
factor of 7.8 [23]. The TBA was carried out in triplicate 
at weeks 1, 2, 3, 4, and 5 of refrigeration storage.

2.5.4 Cholesterol content 
Cholesterol content was determined in triplicate us-
ing the Colorimetric method directly in mortadella 
samples according to the test kit instructions (Cat. 
No.139,050, Boehringer Mannheim, Germany) [24]. 
First, cholesterol is oxidised by cholesterol oxidase 
to cholestenone. Then, in the presence of catalase, 
the hydrogen peroxide produced in this reaction ox-
idises methanol to formaldehyde. The latter reacts 
with acetylacetone forming a yellow lutidine dye in the 
presence of NH4 ions. 
The concentration of the lutidine-dye 
(3,5-diacetyl-1,4-dihydrolutidine) formed is stoichi-
ometric to the amount of cholesterol and is meas-
ured by the increase of light absorbance in the visible 
range using a spectrophotometer at 405 nm. Subse-
quently, 10 ml of a freshly prepared methanolic po-
tassium hydroxide solution (1mol/L) was added to a 
2.5 g mortadella placed in a 50 ml round-bottomed 
flask. The flask was heated under a reflux condens-
er for 25 minutes, and then the supernatant solution 
was transferred into a 25ml volumetric flask using a 
pipette and allowed to cool. Afterward, the contents 
were diluted up to the mark with isopropanol and fil-
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tered. The clear solution was used for the assay in 
which 5 ml of cholesterol reagent mixture was mixed 
with 0.4 ml of the sample solution. Then, 2.5 ml of this 
mixture was pipetted into a test tube, followed by the 
addition of 0.02 ml of cholesterol oxidase. After cov-
ering the test tube, it was incubated in a water bath 
at 39 °C for 60 minutes. The absorbance readings of 
both the blank and the sample were measured using a 
UV spectrophotometer (Spectro 2000RS, Labomed, 
Inc., USA) at 405nm. Cholesterol concentrations (g/L 
sample solution) were measured by multiplying the 
absorbance difference by 0.711. Cholesterol content 
was calculated according to the following equation 
and expressed as mg × 100 g-1 product:
Cholesterol content (mg/100 g) = 
= [C cholesterol (g/L sample solution)/ Weight sample 
(g)] × 100 × 25

2.5.5 Fatty acid profile determination
For the extraction of lipids, a 10 g mortadella sample 
was homogenised in chloroform: methanol (2:1 v/v) 
according to [25, 26], then filtered. The filtrate was 
then placed in a separatory funnel; the lipid phase of 
the chloroform fractions was collected. 
A rotary evaporator was used to get rid of chloro-
form; 3 ml of petroleum ether was added to 0.5 g of 
the extracted fat, then 0.15 ml of potassium hydrox-
ide solution (2N) was added. It is worth noting that 
sodium hydroxide was substituted in this procedure 
with potassium hydroxide because it was very difficult 
to prepare sodium methoxide. Potassium hydroxide, 
however, gave good results for the fatty acid esterifi-
cation. The mixture was left for 5 min and then inject-
ed into a gas chromatograph (Shimadzu GC-2010). 
The employed working conditions were as follows: 
column (Restek, Rtx-225, USA, cross bond 50%- 
cyanopropylmethyl 50%-phenylmethyl polysiloxane, 
60 m, 0.25 mm/D, 0.25 µm df) carrier gas, helium; 
injector temperature, 250°C; detector temperature, 
280°C; temperature program, 175°C at first, then 
220°C at a rate of 2°C/min for 20 minutes. The fat-
ty methyl esters were identified and quantified using 
the concept of internal standardisation by comparing 
their retention periods to those of established stand-
ards. Each measurement was performed in triplicate.

2.6 SENSORY EVALUATION
A 9-point hedonic scale test was carried out as de-
scribed by [27] to investigate the degree of prefer-
ence of the mortadella treated with different levels of 
olive oil. Twenty panellists were chosen from the staff 
of the Department of Nutrition and Food Technology 
of the University of Jordan for the sensory evaluation. 
These panellists were from both sexes and different 
age groups and were requested to test each sam-
ple separately without considering the other samples. 
Each panellist was instructed to express their evalu-
ation of colour, flavour, juiciness, texture, and overall 
acceptability by filling out a copy questionnaire. Sam-

ples were evaluated in triplicate in separate sessions.

2.7 STATISTICAL ANALYSIS
All statistical analyses were performed by the analy-
sis of variance (ANOVA) using JMP (release 10, SAS 
institute, Cary, NC) to determine any significant dif-
ferences among the parameters associated with the 
study. The significant differences of means were de-
termined at p< 0.05 using least significant differences 
(LSD) method [26].

3. RESULTS AND DISCUSSION

3.1 CHEMICAL COMPOSITION 
Table II shows the proximate composition and pH val-
ues of the developed mortadella treatments. Moisture 
content ranged from 57.4 to 62.5%, fat content from 
2.8-14.8% protein content from 19.3-26.4%, and ash 
content from 2.84-3.86%. The lipid reformulation did 
not influence the pH values of all mortadella samples 
(p>0.05) stored at 4°C, which ranged from 6.2- 6.3. 
Moisture, fat, protein, and ash contents were with-
in the range specified in the Jordanian Standard for 
meat and meat products – sausage products (JS: 
816/2008), which is 65% maximum for moisture, 
25% maximum for fat, and 12% minimum for protein 
content.
Regarding the moisture content, treatment 1 (i.e., the 
control) had a significantly lower value when com-
pared with the other treatments. This was probably 
due to the higher fat content of this sample, since 
water i.e., the most important component of meat 
quantitatively, comprising up to 75% of its weight, 
is inversely related to fat content [28]. These results 
agreed well with the findings of [29, 30] who worked 
on canned luncheon meat formulations as affected 
by different raw meat sources. [29] reported that the 
moisture content of the different formulations reflect-
ed the amount of water, where formulation 1 (F1), 
which had the highest amount of added water and 
no beef fat (0%) added to its formula during prepara-
tion, showed a significantly higher moisture content 
(63.5%) than the remaining samples. Moreover, the 
sample that showed the lowest moisture content 
(61.0%) was the one with the lowest amount of add-
ed water and the highest amount of added beef fat 
(11.2%) to its formulation, and reportedly, that could 
have been the cause of its reduced moisture content. 
The authors also concluded that the type of meat 
used in the product making is more important than 
the chemical composition. Similarly, [30] found the 
low-fat product had a significantly higher moisture 
content than the high-fat version subjected to the 
same conditions. However, in the current study, there 
were no significant (p>0.05) differences in moisture 
% among all other experimental treatments (p>0.05). 
Treatment 2 had the highest protein percentage, 
which was significantly higher when compared with 
treatments 1, 3, and 4. However, treatment 2 had a 
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comparable protein% to treatment 5, probably be-
cause these two treatments had the lowest fat con-
tent among all treatments. Since treatment 1 had sig-
nificantly lower moisture content compared with the 
other treatments, it expectedly showed the highest 
fat content. In addition, protein content did not dif-
fer (p>0.05) between the control and treatments 3, 
4, and 5. 
Despite having no significant differences in ash con-
tents among treatments, treatments 2 and 5 showed 
the highest ash contents (3.86% and 3.7%, respec-
tively). This is probably due to the higher meat per-
centages (81.3% and 78.3%) incorporated in the 
formulation of these two treatments. However, even 
though a high meat percentage was used in prepar-
ing treatment 1 as well, the reason it showed a lower 
ash content may be attributed to its elevated fat lev-
el (14.8%) when compared with treatments 2 and 5, 
which contained 2.83% and 5.10% fat, respectively.

3.2 CHOLESTEROL CONTENT 
The values for the cholesterol content of morta-
della are shown in Table III. Treatment 1 (the con-
trol mortadella) had the highest cholesterol content 
of 117  mg/100  g, which was significantly higher 
(>225%; p<0.05) when compared with all other 
treatments. This was attributed to the high animal 
fat percentage in the control sample. [31] reported 
a significant decrease in the cholesterol level in meat 
burgers when ground poppy seed was used as a fat 
replacer. Similar results were observed by [32-38]. 
Overall, authors reported a cholesterol reduction in 
meat products when animal fat was replaced by a 
healthier substitution. 

Treatments 3, 4, and 5 did not differ (p>0.05) in cho-
lesterol content, and this can be related to the choles-
terol-free olive oil that was added to these treatments. 
Cholesterol content in these treatments came from 
the low animal fat content of the lean meat that was 
used in mortadella preparation because it is a well-
known fact that fatty meats contain higher cholesterol 
levels than lean ones [39, 40].
Although treatment 2 had higher cholesterol con-
tent (52 mg/100 g) than treatments 3, 4, and 5, no 
significant differences were observed among these 
four experimental treatments. This is due to the no-
tably low animal fat percentage (2.83%) of treatment 
2. This value was lower when compared with other 
studies (13), in which extra-lean ground beef (Total fat 
is 17.1%) was used. [41] reported that it is important 
to remove external fat to reduce the total fat intake 
and total cholesterol intake. Consistent data were 
also provided by [42]. 
A wide range of cholesterol is found in separable lean 
meat of beef and pork, which is influenced by many 
factors such as age, breed, gender, kind of muscle 
(type of cut), animal diet, and degree of marbling [43-
46]. Previous literature also demonstrated that great-
er cholesterol content is usually found in cooked or 
processed meat products than that of raw, which is 
due to moisture loss while cholesterol is retained in 
the tissues [44, 47]. 

3.3 FATTY ACID PROFILE
Percentages of major fatty acids of the prepared mor-
tadella are displayed in Table IV. Stearic acid, which is 
found in many animal fats in relatively large amounts, 
was significantly lower in treatments 3, 4, and 5 when 

Table I - Formulations of reduced-fat mortadella samples prepared with the addition of olive oil 
 
 Treatments 

Ingredients 1 2 3 4 5 

Meat (%) 
Normal fat level meat 81.3 - - - - 

Reduced fat level meat (Lean) - 81.3 73.3 76.3 78.3 
Sodium nitrite (ppm) 120 120 120 120 120 

Sodium tripolyphosphate (g) 60 60 60 60 60 
Starch (%) 4.0 4.0 4.0 4.0 4.0 

Soybean (%) 1.0 1.0 1.0 1.0 1.0 
Salt (%) 2.0 2.0 2.0 2.0 2.0 

Spices (%) 1.5 1.5 1.5 1.5 1.5 
Sodium ascorbate (ppm) 500 500 500 500 500 

Water (ice) (%) 10 10 10 10 10 
Garlic (g) 20 20 20 20 20 

Olive oil (%) - - 8.0 5.0 3.0 
Total (Kg) 20 20 20 20 20 

Treatments: 1 = control mortadella (normal fat level), 2 = lean mortadella (reduced fat level), 3 = lean meat + 8% olive oil, 4 = lean meat + 5% 
olive oil, 5 = lean meat + 3% olive oil. 
 
 
 
 
 
Table II - Proximate analysis and pH values of the reduced-fat mortadella samples formulated with meat fat replacement with olive 
oil. 
 

Treatments Moisture%** Fat% Protein% Ash% pH 
1 57.37b ±0.02 14.80a ±0.05 19.30a ±0.02 2.84a ±0.01 6.3a ±0.02 
2 62.51a ±0.01 2.83c ±0.00 26.39b ±0.04 3.86a ±0.01 6.2a ±0.01 
3 61.85a ±0.01 11.30a ±0.02 19.26a ±0.01 2.85a ±0.00 6.3a ±0.01 
4 62.30a ±0.05 8.10b ±0.01 21.47a ±0.01 3.10a ±0.00 6.2a ±0.01 
5 62.32a ±0.02 5.10b ±0.01 23.40ab ±0.02 3.70a ±0.01 6.2a ±0.01 

Each value is the average of two determinations, with coefficient of variability less than 5%. 
a,b Superscripts within the same column indicate statistically significant differences (p<0.05).  
*Treatments: 1 = control mortadella (normal fat level), 2 = lean mortadella (reduced fat level), 3 = lean meat+8% olive oil, 4 = lean meat+5% 
olive oil, 5 = lean meat+3% olive oil. 
 
  
 
 
 
 
Table III - Cholesterol content (mg/100g) of the mortadella samples formulated with the substitution of meat fat by olive oil. 
 

Treatment* 1 2 3 4 5 
Cholesterol 

(mg/100g food) 117b ±0.36 52a ±0.28 48.2a ±0.23 48.1a ±0.18 47.6a ±0.19 

*Results are expressed as means of triplicate determinations. 
a,b Superscripts indicate statistically significant differences (p<0.05). 
*Treatments: 1 = control mortadella (normal fat level), 2 = lean mortadella (reduced fat level), 3 = lean meat+8% olive oil, 4 = lean meat+5% 
olive oil, 5 = lean meat+3% olive oil.  

Table I - Formulations of reduced-fat mortadella samples prepared with the addition of olive oil 
 
 Treatments 

Ingredients 1 2 3 4 5 

Meat (%) 
Normal fat level meat 81.3 - - - - 

Reduced fat level meat (Lean) - 81.3 73.3 76.3 78.3 
Sodium nitrite (ppm) 120 120 120 120 120 

Sodium tripolyphosphate (g) 60 60 60 60 60 
Starch (%) 4.0 4.0 4.0 4.0 4.0 

Soybean (%) 1.0 1.0 1.0 1.0 1.0 
Salt (%) 2.0 2.0 2.0 2.0 2.0 

Spices (%) 1.5 1.5 1.5 1.5 1.5 
Sodium ascorbate (ppm) 500 500 500 500 500 

Water (ice) (%) 10 10 10 10 10 
Garlic (g) 20 20 20 20 20 

Olive oil (%) - - 8.0 5.0 3.0 
Total (Kg) 20 20 20 20 20 

Treatments: 1 = control mortadella (normal fat level), 2 = lean mortadella (reduced fat level), 3 = lean meat + 8% olive oil, 4 = lean meat + 5% 
olive oil, 5 = lean meat + 3% olive oil. 
 
 
 
 
 
Table II - Proximate analysis and pH values of the reduced-fat mortadella samples formulated with meat fat replacement with olive 
oil. 
 

Treatments Moisture%** Fat% Protein% Ash% pH 
1 57.37b ±0.02 14.80a ±0.05 19.30a ±0.02 2.84a ±0.01 6.3a ±0.02 
2 62.51a ±0.01 2.83c ±0.00 26.39b ±0.04 3.86a ±0.01 6.2a ±0.01 
3 61.85a ±0.01 11.30a ±0.02 19.26a ±0.01 2.85a ±0.00 6.3a ±0.01 
4 62.30a ±0.05 8.10b ±0.01 21.47a ±0.01 3.10a ±0.00 6.2a ±0.01 
5 62.32a ±0.02 5.10b ±0.01 23.40ab ±0.02 3.70a ±0.01 6.2a ±0.01 

Each value is the average of two determinations, with coefficient of variability less than 5%. 
a,b Superscripts within the same column indicate statistically significant differences (p<0.05).  
*Treatments: 1 = control mortadella (normal fat level), 2 = lean mortadella (reduced fat level), 3 = lean meat+8% olive oil, 4 = lean meat+5% 
olive oil, 5 = lean meat+3% olive oil. 
 
  
 
 
 
 
Table III - Cholesterol content (mg/100g) of the mortadella samples formulated with the substitution of meat fat by olive oil. 
 

Treatment* 1 2 3 4 5 
Cholesterol 

(mg/100g food) 117b ±0.36 52a ±0.28 48.2a ±0.23 48.1a ±0.18 47.6a ±0.19 

*Results are expressed as means of triplicate determinations. 
a,b Superscripts indicate statistically significant differences (p<0.05). 
*Treatments: 1 = control mortadella (normal fat level), 2 = lean mortadella (reduced fat level), 3 = lean meat+8% olive oil, 4 = lean meat+5% 
olive oil, 5 = lean meat+3% olive oil.  
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compared to the control. The lowest stearic acid per-
centage was reported for treatment 3. 
Stearic acid and palmitic acid, which were, in quan-
titative terms, the major saturated fatty acid (SFA) 
found in the samples’ lipid fraction, were significantly 
lower in olive oil-containing treatments (i.e., 3, 4, and 
5) than the rest of the treatments. This finding was 
attributed to the reduction of the total SFA (Table IV) in 
the lipid profile of these modified samples compared 
to the control, as demonstrated by [38]. Oleic acid 
(C18:1) was the main fatty acid found in the lipid frac-
tion of the mortadella, with significantly higher values 
for the modified olive oil-incorporated treatments. This 
is possibly due to the elevated amount of oleic acid in 
olive oil, which represents 70-80% of its composition 
[48]. Other studies have yielded similar findings [38, 
49, 50]. These results indicate that the use of olive oil 
as a fat replacer in mortadella has positively impacted 
its health properties. Myristic acid (C14:0) was only 
detected in treatments 1 and 2, while not detected in 
the rest of the treatments (i.e., olive oil included). [38] 
studied the effect of the partial and total replacement 
of pork backfat by oleogel from high-oleic sunflower 
oil gel on the fatty acid profile of bologna-type sau-
sages, which is a product similar to the mortadella 

sausage, the subject of this study. The authors found 
that when the replacement percentage increased 
from 25 to 100%, the myristic acid content reduced 
from 2.37% in the control bologna-type down to 
1.56% in the same product with 100% replacement. 
This, in addition to our results, can be mainly attribut-
ed to the very low content of myristic acid (0.03 g/100 
g total fatty acid) in olive oil compared to 3.54 g and 
1.19 g/100 g total fatty acid in the beef fat and pork 
backfat, respectively [51]. 
[52] Reported that in contrast to palmitic acid, olive 
oil elicits a beneficial influence on insulin sensitivity. 
Moreover, the authors added that oleic acid inhibits 
palmitic acid-induced inflammation and insulin resist-
ance. Health studies have shed light on increasing 
oleic acid intake, and if possible, lowering the palmitic 
acid content of meat fats by using oleic acid-rich oils 
such as high oleic sunflower and olive oils [52-55]. It 
was stated by [56] that the most consumed saturated 
long-chain fatty acids in the American diet are palmit-
ic acid, myristic acid, and stearic acid.
Percentages of the SFA, monounsaturated (MUFA), 
and polyunsaturated (PUFA) fatty acids, in addition 
to the saturated to unsaturated fatty acid (UFA) ra-
tio of the prepared mortadella treatments, are shown 

 
Table IV - Means of the major fatty acids, and the saturated, monounsaturated, polyunsaturated fatty acids (expressed as 
percentage by weight of the total fatty acids detected), and "saturated to unsaturated fatty acids" ratio (SFA/UFA) of the mortadella 
samples prepared with the replacement of meat fat by olive oil. 
 

Fatty acids    Treatment 
1 2 3 4 5 

Stearic (C18:0) 16.5a ±0.01 15.4ab ±0.01 8.2d ±0.01 11.1c ±0.01 13.3bc ±0.01 
Palmitic (C16:0) 27.5a ±0.01 27.2ab ±0.01 23.1c ±0.01 24.6bc ±0.01 25.4abc ±0.01 
Oleic (C18 :1) 48.0a ±0.01 50.0ca ±0.02 60.0d ±0.02 53.9b ±0.01 53.3bc ±0.02 

Linoleic (C18:2) - - 8.0a ±0.01 10.3b ±0.01 7.8a ±0.01 
Myristic (C14:0) 8.0a ±0.01 7.4a ±0.01 - - - 

ΣSFA 52.0a  50.0a  31.3b  35.7b  38.7b 
ΣMUFA 48.0a  50.0ca  60.0b  53.9b  53.3bc 
ΣPUFA - - 8.0a  10.3b  7.8a 

SFA/UFA 1.1 1.0  0.41  0.64  0.72 
 
Data are expressed as means of triplicate determinations. 
a,b, c ,d  Superscripts within the same column indicate statistically significant differences (p<0.05). 
*Treatments: 1 = control mortadella (normal fat level), 2 = lean mortadella (reduced fat level), 3 = lean meat+8% olive oil, 4 = lean meat+5% 
olive oil, 5 = lean meat+3% olive oil.  
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oil 
 

Treatments Color Flavor Juiciness Texture Overall acceptability 
1 7.7a ±0.00 7.5a ±0.00 7.6a ±0.01 7.8a ±0.00 7.5a ±0.02 
2 7.9a ±0.00 6.6b ±0.01 6.0b±0.02 6.0b ±0.01 6.3ab ±0.01 
3 7.5a ±0.01 6.4b ±0.01 7.7a ±0.01 7.5a ±0.00 6.1b ±0.02 
4 7.4a ±0.01 7.3a ±0.00 7.5a ±0.00 7.4a ±0.01 7.3ab ±0.01 
5 7.5a ±0.00 7.3a ±0.01 6.5b ±0.01 6.6b ±0.01 6.9ab ±0.01 
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*Treatments: 1 = control mortadella (normal fat level), 2 = lean mortadella (reduced fat level), 3 = lean meat+8% olive oil, 4 = lean meat+5% 
olive oil, 5 = lean meat+3% olive oil.  
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in Table IV. Treatment 1 (the control, whichcontained 
normal fat level without olive oil) had, as expected, the 
highest level of SFA as palmitic acid (C16:0), stear-
ic acid (C18:0), and myristic acid (C14:0), the lowest 
MUFA content, and thus the highest SFA/UFA ratio. 
A similar trend was observed by [50] who reported 
that the inclusion of olive oil had modified the total fat-
ty acid profile of dry-ripened sausages. Additionally, 
both treatments 1 and 2, which were prepared with-
out the addition of olive oil, had a significantly higher 
SFA content and subsequently higher SFA/UFA ratio 
when compared with treatments 3, 4, and 5. 
Treatment 3 (highest olive oil content) had the high-
est MUFA fatty acid percentage as oleic acid (C18:1), 
followed by treatments 4 and 5. This can be attribut-
ed to the abundantly high oleic acid content in olive 
oil, which was added to these three treatments. [57] 
reported that when MUFAs are used as a substitute 
for certain SFAs, they tend to reduce plasma LDL 
(undesirable) cholesterol without decreasing plasma 
HDL (desirable) cholesterol, whereas PUFAs may de-
crease both. According to [58], lean roasted beef or 
lean roasted pork contains about 15 g total fat /100 g 
meat, from which 6 g are SFA in beef and 4 g in pork, 
with equal amounts of MUFA (6 g), and with 1.5 g 
PUFA in pork and a trace in beef. The author reported 
that the degree of saturation of fatty acids in beef is 
more than that of pork. [59] reported that subjects 
consumed higher meat fat when they ate beef and 
pork than when they ate poultry or fish, and more 
SFA when they ate beef than other meats, and yet 
the mean values for serum total cholesterol did not 
differ significantly.
Polyunsaturated fatty acids were only detected in 
treatments 3, 4, and 5 as linoleic acid (C18:2), with 
significantly higher linoleic acid content in treatment 4 
than in treatments 3 and 5.

It is worthy to highlight that, according to the food la-
belling guide established by the US food and drug ad-
ministration [58], treatments 3, 4, and 5 can be nutri-
tionally labelled as SFA-reduced since they contained 
39.8%, 31.3%, and 25.5% less SFA, respectively than 
the control (must achieve at least 25% less SFA).

3.4 OXIDATIVE RANCIDITY TEST
The estimated TBA values, a measure of oxidative 
rancidity, are shown in Figure 1. Treatment 2 (lean 
without any fat addition) showed the lowest TBA 
value of 0.172, which was significantly lower when 
compared with the other treatments. This is probably 
due to the diminished fat level in treatment 2 (2.83%). 
The TBA values of all mortadella treatments increased 
with time, indicating that the oxidation process had 
taken place during storage. A similar trend was re-
ported in previous studies done with cured meat 
products [34, 38]. Moreover, an increase in TBA val-
ues was observed with increasing the amount of olive 
oil included in the formulation. These results are in ac-
cordance with [34] who reported higher TBA values 
in samples containing olive oil. This may be related to 
the increased level of UFA in olive oil, which is more 
susceptible to oxidation reactions as demonstrated 
by [50]. On the other hand, in a study of fat replace-
ment by high-oleic oleogel in bologna-type sausages, 
[38] found that TBA values of the experimental sam-
ples were lower than the controls. All treatments, in 
our study, had acceptable TBA values for rancidity 
(<1.0) after 5 weeks of storage, which was consistent 
with other studies [38, 49].
Olive oil-incorporated treatments (3, 4, and 5) had the 
highest TBA values. This fact could be related to the 
greater susceptibility of UFA to lipid oxidation, in ad-
dition to PUFAs that are present in olive oil such as 
linoleic acid. [61] and [62] reported that the presence 
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of PUFAs in meats is a major factor in lipid oxidation 
and shelf-life shortening. 
However, the modified treatments; 3, 4, and 5 did not 
differ (p>0.05) in TBA values when compared to the 
control. Suggestively, this may be due to the pres-
ence of natural antioxidants in olive oil, such as to-
copherols which might have reduced lipid oxidation 
in these treatments. This finding agrees with previous 
studies [12, 63] which declared that TBA values were 
not influenced by the fat replacement despite the 
high UFA content. Additionally, olive oil contains an 
elevated level of MUFA in the form of oleic acid (77%), 
which is less susceptible to lipid oxidation.

3.5 SENSORY EVALUATION
Table V displays the sensory evaluation scores of the 
developed mortadella using a 9-point hedonic scale. 
Colour, flavour, juiciness, texture, and overall ac-
ceptability scores of all samples were relatively within 
acceptable ranges, with mean scores above 6 (“like”). 
No significant differences were observed between all 
treatments for the attribute colour (p>0.05). This result 
suggested that the inclusion of olive oil did not alter 
visual sensory features. Several studies have reported 
that low-fat products were darker, darker red, or rath-
er more intensive in colour than high-fat products [64-
69]. The authors have further added that the increase 
in the red colour intensity presumably resulted from 
both the increased lean meat content and the lack of 
fat which possesses a whitening property [68]. This 
might justify the fact that, in the present study, treat-
ment 2, which had the lowest fat content, received 
the highest colour-liking scores. Moreover, [70] found 
that burger patties treated with olive oil presented a 
darker colour, whilst like our study, [71] and [34] re-
ported no significant differences in terms of salami 
and Turkish soudjouk colour, respectively, between 
oil-containing samples and the basic formulations.
The estimated scores for mortadella flavour are 
shown in Table V. No statistical differences (p>0.05) 
were observed between control and treatments 4 
and 5. However, treatment 2 was less preferred than 
samples with higher fat content, probably due to its 
reduced fat level which is known to affect meat fla-
vour and palatability [72]. Treatment 3, which had 8% 
olive oil, achieved the least consumer acceptance, 
possibly due to the distinguished olive oil flavour. 
Thus, these results imply that olive oil can be used as 
a fat replacer in mortadella at levels below 8% without 
negatively affecting its acceptance. The juiciness and 
texture acceptability scores of treatments 1, 3, and 4 
were comparable (p>0.05), but they were significant-
ly higher when compared with treatments 2 and 5. 
This is probably due to differences in the fat content, 
since fat is known to affect the juiciness of meat prod-
ucts, and a decrease in meat juiciness was reported 
[68, 73, 74] as a result of fat reduction. Also, low-fat 
products were further reported to easily become dry, 
firm, and rubbery [75, 76] and higher tenderness and 

juiciness values were related to higher fat contents 
[16, 74, 77]. These results were consistent with those 
of other researchers [63, 78, 79]. They generally re-
ported that low-fat meat products formulated with 
healthier substitutions were relatively similar in juici-
ness and/or texture to high-fat products.
Overall acceptability scores were not significantly 
different (p>0.05) among treatments 1, 2, 4, and 5. 
Treatment 5, which contained 3% olive oil, achieved 
a lower degree of consumer acceptance than treat-
ments 1 and 4. A possible explanation is that the 
latter two treatments were softer than treatment 5. 
Moreover, treatment 3 received the lowest accept-
ance scores among all treatments (significantly low-
er than the control). This was probably attributed to 
the influence of olive oil taste in this treatment which 
contained 8% olive oil in its formulation. [80] declared 
that fat replacers can affect meat flavour by adding 
flavours of their own. 
Treatment 2, which contained only lean meat without 
any fat addition, was less acceptable by consumers, 
possibly due to the extremely low-fat content. This 
agreed with previous studies [18, 76, 81] which re-
ported that fat acts as a reservoir for flavour com-
pounds and contributes to the texture of the prod-
uct. The authors added that reducing the fat content 
could alter product quality. Additionally, [80] and [82] 
reported that the decrease in fat level leads to a re-
duction of the flavour intensity, juiciness, tenderness, 
and thus overall acceptability of meat products. [16] 
and [83] reported that a low-fat product can be made 
from a lean (greater than 90% fat-reduction) all-meat 
formulation, but the sensory characteristics would 
not be acceptable to consumers.

CONCLUSIONS

In this study, the effects of meat fat substitution with 
olive oil on mortadella properties were evaluated. Re-
sults showed that treatments prepared without the 
addition of olive oil had a significantly higher SFA con-
tent than olive oil-incorporated treatments. The lipid 
reformulation did not only reduce the fat and choles-
terol levels, but also enhanced the fatty acid profile. 
Treatments that contained olive oil could be nutrition-
ally labelled, according to the USFDA guidelines, as 
“SFA-reduced”. Results suggest that it is possible to 
substitute animal fat with low levels of olive oil (3% 
- 5%) in mortadella without jeopardising its quality. 
However, the manufacture of lean mortadella without 
the addition of any fat replacers has yielded a less 
desirable product from a sensory standpoint. 
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