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Abstract 

 

Butter is a food derived from cow milk in form of emulsion water/oil (W/O), due 

to its high lipid content is easily oxidized. Nowadays, natural antioxidants as 

lycopene can be applied on the alimentary surface in order to avoid the spoilage 

caused by oxidative reactions. Different formulations containing various amounts 

of lycopene were employed, F1 (10 ppm), F2 (15 ppm), F3 (20 ppm) and F0 as a 

pattern. The formulations were oxidized in an oxidation chamber provided with 

temperature, humidity and pressure sensors. Then, gaseous oxygen was provided 

at 30 moles/m3 and finally the samples were monitored at 0, 120, 240 and 360 

minutes in order to assess different variables such as Peroxide Index (PI), Kreiss 

Index (KI) and titratable acidity (TA). Sensorial analysis of butter as carried out 

using a hedonic scale. The oxidative kinetics showed that the F3 formulation had 

better PI (4.55 meq O2/kg), KI (0.422 Abs/g) and TA (0.1975%) values 

comparing with others formulations (F1 and F2). Regarding the sensorial analysis, 

the F1 had the highest score for odor, texture and color parameters with mean 

values of 3.8, 3.7 and 2.4 respectively. The F2 had the highest taste and general 

appearance scores with mean values of 3.0 and 2.9 respectively. These results 

indicate that lycopene is an interesting alternative to avoid the oxidative spoilage 

of fatty food products. 
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1 Introduction  
 

Different aspects affect the quality of butter being the most transcendental the 
oxidative rancidity or autoxidation, although also exists hydrolytic oxidation, which 
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is produced by the action of oxygen on unsaturated fatty acids through various 

reactions that involve free radicals, peroxides and carbonyl compounds. As a 

result of these oxidation processes, unpleasant odors are generated from volatile 

compounds such as carbonyl radicals and ketones; besides, liposoluble vitamins 

can be destroyed and the food texture decreased [4]. The lipids oxidation 

phenomenon in emulsions type water-in-oil (W / O) as butter inevitably occurs, 

despite the applications of advanced conservation methods such as refrigeration, 

freezing, ultra-freezing, packaging in controlled and modified atmospheres and so 

on [9, 13].  In order to reduce or slow down the rancidity processes of fats and 

oils, natural or chemical antioxidants has been employed [2, 5]. For example at 

industrial levels, synthetic antioxidants such as butylated hydroxyanisole (BHA), 

propyl gallate and tertiary butyl hydroquinone (TBHQ) has been used to prevent 

oxidative deterioration in butter [11]. However, the consumption of high-fat 

products can affect the consumer's health causing an increase in cholesterol levels, 

hypoglycemia and cancer [13]. The use of antioxidants extracted from natural 

sources can be an alternative to reduce the oxidative reactions that occur in high-

fat foods extending the shelf life of these kinds of products [6]. It must be 

mentioned that oxidative degradation produces essential changes in color, taste, 

aroma and nutritional values which may affect the global acceptability [10, 15].  

 

Lycopene is the main carotenoid presented in tomato and tomato-based products. 

Although other carotenoids such phytoene and phytofluene also has been reported 

but in lower amounts [7]. Carotenoids may be related to diverse health benefits [8, 

16]. Lycopene bioavailability is significantly affected by thermal processing [3]. 

The aim of the present study was exploring the potential of lycopene as a natural 

antioxidant in high-fat foods, such as butter. 

 

2 Materials and methods  
 

Materials 

Red tomatoes were purchased from local market. Tomatoes were bleached in 

boiling water during 7 min. Then they were separated manually into three 

fractions: skin, pulp and seeds. The seeds were discarded, pulp and skin fractions 

were collected separately and frozen at -20 ° C for 24 h. The frozen samples were 

lyophilized for 72 h in a Labconco Freezone 2.5 L freeze dryer with a condenser 

temperature (-90 ° C) and a reduced pressure (0.7 torr). The dried fractions were 

crushed into powder and stored at 18 ° C. 

Extraction of lycopene 

 

The lycopene extraction was carried out according to the methodology proposed 

by Ranganna [12]. 5 g of a mixture pulp and skin were poured into a mortar and 

pestle and extracted with acetone three times until the residue was colorless. The 

three acetone fractions containing lycopene were transferred into a separating 

funnel containing 30-40 mL of petroleum ether and mixed gently. Then, 20 mL of  
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water was added to reach separation phases. The acetone excess was removed 

through distilled water addition. Lower acetone layer was discarded, while upper 

layer of petroleum ether containing lycopene was collected. Dry extract was 

obtained by using a rotary vacuum evaporator [15]. 

 

Standardization of butter formulations. 

 

A unifactorial design was used. It means that three butter formulation F1, F2, and 

F3 were prepared with various lycopene amounts (10, 15, and 20 ppm) and a 

control formulation (F0) without lycopene incorporation. Finally, all formulations 

were oxidized with a stream of oxygen of high purity, in an accelerated oxidation 

chamber. 

Table 1. Proximate composition of butter formulations 

 

Component F0 F1 F2 F3 

Fat (%) 80 80 80 80 

Moisture (%) 16 16 16 16 

Salt (%) 2,5 2,5 2,5 2,5 

Protein (%) 1 1 1 1 

Lycopene (ppm) 0 10 15 20 

 

Oxidation kinetics 

The accelerated oxidation was performed in a chamber provided with temperature 

sensors, pressure and humidity. The chamber was injected with 30 mol / m3 of 

oxygen gas with 98% purity. Then, the samples were monitored at intervals of 0, 

120, 240 and 360 minutes respectively.  

 

The kinetic parameters such as peroxide index (PI), Kreiss index (KI) and 

titratable acidity (AT) were evaluated in all tested times. From the values of 

Peroxide Index (PI) obtained for each formulation, the Neperian logarithm of PI 

was calculated and subsequently incorporated to the linear function and its 

corresponding correlation coefficient (R2), (Ec 1 and 2). 

 

 

 

From equation 2 was obtained the slope (m = -Ea / R) and the pre-exponential 

coefficient (b = Ln A), to determine the reaction rate (y = Ln K) of each 

formulation, based on the Arrhenius equation (equations 3 and 4). 
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Where: k: is the Constant reaction rate at temperature T, A: pre-exponential 

factor, R: universal gas constant, Pa m3 / mol K, equivalent to Pam3 / mol ºK, T: 

Absolute temperature in Kelvin, ° K, Ea: Activation energy, kJ / mol. 

 

Determination of peroxide index (PI). 

The peroxide index was calculated taking into account the milli-equivalents of 

thiosulfate that react in the titration per kilogram of the sample, based on equation 

5.  

 
Where PI = peroxide index expressed in milli-equivalents grams of O2 / kg of 

sample, N = Normality of the titrant agent (Sodium thiosulfate), V1 = Spent 

volume of sodium thiosulfate in the titration of the sample, V2 = Spent Volume of 

Sodium Thiosulfate in a target, g = amount of sample used in grams, 1000 = 

conversion factor. 

 

Determination of the Kreiss Index (KI). 

The Kreiss Index was calculated using the following equation: 

 

 

Where KI = Kreiss Index, Absm = Absorbance measured from the sample at 540 

nm, g = sample grams. 

 

Determination of titratable acidity (AT). 

The titratable acidity is expressed as a percentage of oleic acid and calculated 

through equation 7. 

 
Where N = Normality of NaOH, V1 = Volume of NaOH spent in the titration, g = 

grams of sample, M = molecular weight of oleic acid, g / mol. 
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Sensorial analysis. 

An untrained panel of forty (40) mixed judges was used, who evaluated the 

attributes: general appearance, texture, color, smell and taste through a hedonic 

scale of 5 points with the following descriptors: I like it a lot = 5, I like it = 4, I do 

not like it or dislike it = 3, I do not like it = 2 and it disgusts me a lot = 1. The 

results of the evaluations were analyzed statistically using the SPSS program 

version 17.0. 

 

Statistical analysis 

The data were analyzed by means of ANOVA (one way) to determine statistically 

significant differences (p<0.05) among the samples. The software SPSS (version 

17.0 for Windows) was used. All test was done in triplicate. 

 

3 Results and discussion  
 

Peroxide index (PI). 

In Table 2 can be seen the values of Peroxide Index (PI). It must be mentioned 

that initial values of PI were similar than those specified in NTC 734 (2014). The 

exposure time was an ascending function of PI; it means that an increase in 

exposure time leads to increase in PI values. For example, in F0 the lowest PI 

value was obtained at zero time (0 min) (2 meq O2 / kg)  followed by 120 min and 

240 min with 4.8 and 11.0 meq O2 / kg respectively. These levels are significantly 

higher than those found in F1, F2 and F3. Regarding the formulations (F1, F2 and 

F3) the highest PI value was obtained for F1 at 360 minutes with 10.1 meq O2 / 

kg followed by F2 at the same time (360 min) with 9.2 meq O2 / kg. Conversely, 

F3 showed lower PI values (from 1.2 to 8.8 meq O2 / kg). The amounts of 

lycopene employed in current research may decrease the oxidation process which 

is caused by free radicals such as peroxides and hydroperoxides [17]. 

 

Table 2. Peroxide Index (PI) of butter formulations 

 

Rows with no common letter showed statistically significant difference (significance level<0.05). 

 

PI values for F1, F2 and F3 are similar to those reported by Rojano [14] who 

evaluated the antioxidant activity of a peroxidation lipidic model of butler 

inhibited by isoespintanol. It is important to mention that all formulations had 

significant differences (p<0-05) among them. Likewise, it must be mentioned that  

Time 

(min) 

Peroxide Index (milli-equivalent of O2 / Kg of sample) 

F0 (control) F1 (10 ppm) F2 (15 ppm) F3 (20 ppm) 

0 2.0 ± 0.05d 1.4 ± 0.20d 2.4 ± 0.06d 1.2 ± 0.04d 

120 4.8 ± 0.01c 3.6 ± 0.10c 3.9 ± 0.05c 2.2 ± 0.20c 

240 11 ± 0.03ª 5.6 ± 0.03b 6.1 ± 0.01b 4.6 ± 0.05b 

360 9.6 ± 0.05b 10.1 ± 0.04ª  9.2 ± 0.70ª 8.8 ± 0.12ª 
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during the oxidation process after 120 minutes the pressure inside the chamber 

increase; which can be attributed to the carbonyl compounds formed as a result of 

oxidation stages. Otherwise, water vapor contributes to the increase of humidity 

and pressure due to the environment saturation inside the oxidation chamber. 

 

F1 and F2 had similar slope due to they presented similar levels of PI until 120 

minutes of exposure time (table 3). The above indicates that during the interval 

ranging from 0 to 120 minutes, the amounts of hydroperoxides and peroxides rise 

gradually until reaching appropriate concentrations that promote oxidative 

reactions [1]. 

 

 

Figure 1. Peroxide index of the formulations F0, F1, F2 and F3. 

 

Oxidation kinetics (k). 

Lineal equations employed to calculate the activation energy values of each 

formulation as well as correlation coefficients are presented in table 3. Where is 

observed that slope was increasing when lycopene concentration increase, which 

means that lycopene reduces the oxidation process.  

 

Table 3. Kinetic equations of the formulations. 

 

Formulation  Lineal equation R2 

F0 (Blanco) 
 

0.904 

F1 (10 ppm) 
 

0.966 

F2 (15 ppm) 
 

0.939 

F3 (20 ppm) 
 

0.944 
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Table 4 shows the reaction rate (k) and the activation energy values (Ea) for each 

formulation. Significant differences were found (p<0.05) among different 

formulations. 

 

Table 4. Reaction rate of the different formulations at 301, 2 K. 

Formulation Reaction rate (h-1) Ea 

F0 (Blanco) 7.356 209257.8 

F1 (10 ppm) 5.319 222468.4 

F2 (15 ppm) 10.927 9.1151 

F3 (20 ppm) 6.447 4.1621 

 Ea = Activation energy. Values represented the mean. (n = 3) 

 

Kreiss index (KI). 

Figure 2 shows the variation of the Kreiss Index (KI) with respect to the oxygen 

exposure time. The KI did not vary significantly between formulations. Therefore 

it is assumed that oxidation degree of butter was not significant. However 

significant differences were observed regarding the time exposure. The F0 had the 

higher values (0.24 to 1.67 abs/g), while F3 had the lower values of KI (0.24 to 

0.48 abs/g). The concentration of lycopene in butter formulations avoids the 

occurrence of oxidative rancidity processes which produces compounds such as 

aldehydes and ketones with high oxidation degree.  

 

Table 5. Kreiss index (KI) of butter formulations. 

Time 

(min) 
F0 (White) F1 F2 F3 

0 0.24 ± 0.02d 0.23 ± 0.04d 0.22 ± 0.02d 0.24 ± 0.07b 

120 0.83 ± 0.04c 0.52 ± 0.01c 0.56 ± 0.02c 0.49 ± 0.08ª 

240 0.94 ± 0.01b 0.64 ± 0.06b 0.65 ± 0.01b 0.48 ± 0.02ª 

360 1.67 ± 0.03ª 0.81 ± 0.08ª 0.96 ± 0.05ª 0.48 ± 0.01ª 

Rows with no common letter showed statistically significant difference (significance level<0.05). 

 

 
Figure 2. Behavior of the Kreiss index (KI) at different exposure times. 
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Acidity titratable. 

The evaluation of the acidity was studied during the oxidative kinetics. Table 6 

shows similar AT values for each formulation. At the beginning (time 0) all 

formulations show similar acidity percentages. In the exposure time interval (0 to 

120 minutes) an increase was observed as a result of the enzymatic action as 

lipases which degrade complex lipids such as mono, di and triglycerides of fatty 

acids. 

 

Table 6. Titratable acidity of the butter formulations. 

 

Rows with no common letter showed statistically significant difference (significance level<0.05). 

 

One-way ANOVA of acidity values revealed significant differences (p<0.05) 

among the studied formulations. Nevertheless, these acidity levels are close to the 

maximum level allowed by Codex Alimentarius and NTC 4379-2003. After 

analyzing the exposure time interval from 240 to 360 minutes, it was noticeable a 

statistical (p<0.05) increase in acidity percentages in each formulation (figure 3). 

The increase in titratable acidity is related to the presence of the lipolytic enzymes 

which rises their activity when temperature increases, this behavior along with 

luminosity can lead to higher values of rancidity [15]. 

 

 
 

Figure 3. Titratable acidity (AT) behavior at different exposure times. 

 

Acidity (% Oleic Acid) 

Time 

(min) 
F3 F2 F1 Control 

0,0 0.165 ± 0.001d  0.172 ± 0.002d 0.172 ± 0.006d 0.170 ± 0.009d 

120 0.198 ± 0.002c  0.217 ± 0.003c 0.233 ± 0.008c 0.234 ± 0.001c 

240 0.205 ± 0.001b    0.230 ± 0.040b  0.263 ± 0.042b 0.292 ± 0.053b 

360 0.231 ± 0.030ª  0.244 ± 0.021a  0.334 ± 0.045ª 0.341 ± 0.093ª 
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Sensory evaluation. 

In Table 7 is shown the sensorial evaluation of formulations. F3 had the highest 

score of acceptance concerning F1 and F3. All formulations had significant 

differences (p<0.05) among them. The flavor was sensory attribute the most 

accepted with a mean value of 3.55 followed by odor (3.37) and texture (3.07). 

The formulations mean values results were lower in comparison with the control, 

this can be caused by the coloring imparted in the product by the lycopene 

addition. 

 

Table 7. Sensory Evaluation 

 

Sensory attributes of butter formulations with different concentrations of lycopene 

Samples Flavor Odor Texture Color 
General 

appearance 

F0 4.1 ± 0.52a 3.9 ± 1.15a 4.2 ± 0.47ª 5.0 ± 0.00a 4.6 ± 0.25ª 

F1 3.0 ± 0.85d 2.8 ± 1.01b 2.5 ± 1.06b 2.4 ± 1.09b 2.7 ± 1.06c 

F2 3.4 ± 1.95c 3.3 ± 1.52c 2.9 ± 1.78c 1.4 ± 0.25d 2.1 ± 1.36d 

F3 3.7 ± 1.68b  3.5 ± 0.85d  2.7 ± 1.48d  1.6 ± 0.25c  2.9 ± 1.15b  
Rows with no common letter showed statistically significant difference (significance level<0.05). 

 

5 Conclusion 
 

The butter oxidation rate is directly related to the lycopene concentration. The 

higher concentration of antioxidant, the lower the oxidation rate. The lycopene 

incorporation into the butter formulations significantly reduced the rancidity 

development in comparison to control samples. At a concentration of 20 ppm of 

lycopene in butter, the peroxide index (PI), the oxidative rancidity (KI) and the 

titratable acidity (TA) are significantly reduced. The color in the butter is affected 

by the addition of lycopene. Therefore, it was concluded that lycopene has great 

potential to be used as an antioxidant in extending the shelf-life of high-fat food 

type butter. 
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