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Abstract: Margarines are W/O emulsions with minimal fat and are heat treated when used for 

baking. Lipid oxidation has been identified as the major deterioration process of margarines and 

addition of antioxidants is necessary. Consumers are increasingly demanding that chemical 

antioxidants in foods be replaced by natural preservatives. A multivariate statistical study gave us 

oxidative stability depending on the composition of 20 different commercial margarines and an 

analysis of the principal components allowed us to classify and select eight of them. This study 

analyzes the antioxidant capacity of six different natural ground herbs (Curcuma longa, Illicium 

verum, Rosmarinus officinalis, Taraxacum officinale, Thymus piperella and Thymus vulgaris) on the 

oxidative stability of eight selected margarines. In order to evaluate the oxidative stability, we 

determine the induction period (IP) with Rancimat assays at 120 ºC with 1.5 hours of suppression. 

As results, Rosmarinus officinalis increases the IP value by 73.17% with respect to its basal values, 

Curcuma longa, Thymus vulgaris and Thymus piperella increases it between 17% and 26% and 

Taraxacum officinale together with Illicium verum reduces it between 19% and 34% respectively. A 

multiple linear regression model approach shows that IP has a positive correlation with SFA, PUFA, 

 acids, MUFA/PUFA ratio and antioxidant activity. 

Keywords: margarine; natural antioxidant; oxidative stability; Curcuma; Illicium; Rosmarinus; 
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1. Introduction 

Since ancient times, human beings have sought a way to extend the shelf life of food. 

Civilizations such as the Chinese, Egyptian, Greek, or Roman used physical conservation techniques. 

From the 50s, there was a great development in chemical preservation techniques, appearing multiple 

artificial preservatives such as butylhydroxyanisole (BHA), butylhydroxytoluene (BHT), 

ethylenediaminetetraacetic acid (EDTA), nitric acid or benzoic acid. These types of preservatives have 

been widely used due to the low price and the optimal results in terms of food preservation [1]. The 

shelf life of food products can be shortened by microbiological, chemical, physical or enzymatic 

causes. Food degradation can also be prevented by using preservation techniques such as packaging 

in a protective atmosphere or under vacuum, fermentation, acidification, curing, drying, refrigeration 

or freezing [2]. In most cases, food preservation requires the combination of preservation techniques 

and the addition of preservatives to increase its shelf life. Attention must also be paid to multiple 

factors to obtain food with higher quality, palatability, and duration in optimal conditions [3]. The 

literature has shown that human consumption of artificial preservatives such as synthetic 

antioxidants can have potentially harmful effects on health [4].The BHA (E-320) and BHT (E-321) are 

the most widely used antioxidants in margarines. They are compounds with phenolic structures of a 

number of degrees of alkyl substitution [5]. 
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Due to the above, in recent years the interest on the part of consumers toward the acquisition of 

less processed and healthier products has been growing. For this reason, the food industry is directing 

its efforts toward the investigation of natural products of plant origin as potential preservatives. In 

2010 the European Union authorized the use of rosemary extract (Rosmarinus officinalis, E-392) as a 

new food additive [6,7].  

However, the wide variety of systems used in the processing and preservation of food, and the 

oxidation processes that they entail make it difficult to study oxidative stability. The understanding 

of the factors that affect oxidation in certain types of systems, such as food emulsions, are still quite 

insufficient considering the large amount of food that consists totally or partially in emulsions. In 

these types of systems, the oxidation reactions can be affected by many different factors related to the 

composition in saturated (SFA), monounsaturated (MUFA) and polyunsaturated (PUFA) fatty acids, 

with the processing and the resulting physical structure of the food system [8].  

Margarines are emulsions of water in vegetable fats (oils) (W/O). They usually contain an oil or 

mixtures of vegetable oils from palm, soy, sunflower, corn, olive, linseed, or coconut, in varied 

combinations. The oxidative stability of margarines also depends on the aforementioned factors, their 

water content, because the aqueous phase promotes the formation of undesirable hydrolysis 

reactions [9].  

Recent studies by members of the research group that heads this project, used 22 oils of vegetable 

origin for the study of oxidative stability at different temperatures. The results were different 

according to the oil used and improved when a portion of rosemary powder was added [10,11]. These 

considerations lead us to propose a study on the influence of the addiction of different aromatic plants 

or food spices with a high content of polyphenols, on the oxidative stability of different margarines 

with different fatty acid composition. In addition, it was shown that of all the components analyzed, 

the most important factor influencing the oxidative stability of the oils was the fatty acid composition. 

On the other hand, the presence of water in the margarine composition could give different 

results with respect to those obtained with samples of vegetable oils.  

The objectives of this study are to evaluate and compare the effect of the antioxidant power of 

different plant species in margarines, and to establish the relationship between the oxidative stability 

and the total phenolic compounds of the plant species used to confirm that the phenolic constituents 

are responsible for the increase of the oxidative stability of margarines. In addition, we pretend to 

quantify the oxidative stability of margarines and make two unequal classifications: on one hand, 20 

diverse margarines according to their composition, and on the other hand, eight margarines with six 

different herbs individually added according to the nutritional composition of the eight margarines 

and the antioxidant activity provided by the plant species. 

2. Materials and Methods 

2.1. Statistical analysis of principal components (PCA) 

Considering their nutritional composition, a total of 20 margarines (table 1) underwent a 

multivariate analysis of main components (Principal Component Analysis or PCA) to establish 

groupings that would allow us a more rigorous characterization of the margarines. Statistical analysis 

was performed using SPSS statistical program for windows (SPSS Inc., Chicago, IL, USA). 

In this way we had a more exact vision when selecting those margarines that were the most 

different in their composition to carry out our experimental trial (table 1). 

  

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 19 May 2023                   doi:10.20944/preprints202305.1445.v1

https://doi.org/10.20944/preprints202305.1445.v1


 

Table 1. Composition of the 20 margarines used in the principal component analysis (PCA) 1. 

Margarine 

Commercial 

brand 

TFA 

(g) 

SFA 

(g) 

MUFA 

(g) 

PUFA 

(g) 

UFA 

(g) 

MUFA/

PUFA 

Carbo- 

hydrates (g) 

Protein

s (g) 

Vit. A 

(µg) 

Vit. D 

(µg) 

Vit. E 

(µg) 

Salt 

(g) 

Tulipan 

original* 
80 34 23 23 46 0.50 0.5 0.5 800 7.5 17000 0.31 

Tulipan 

con sal 
60 18 15 26 41 0.63 0.5 0.5 800 7.5 16000 0.91 

Tulipan 

simplemente 

vegano 

50 12 20 17 37 0.46 0.5 0.5 0 7.5 10000 0.71 

Flora original* 70 18 19 32 51 0.63 0.5 0 800 7.5 25000 0.20 

Flora 

pro-activ 

colesterol 

original* 

35 8 11 16 27 0.59 0.5 0.5 120 7.5 10000 0.3 

Flora 

pro-activ 

colesterol 

oliva 

35 8.1 12 15 27 0.56 0.5 0.5 800 7.5 10000 0.33 

Flora 

pro-activ  

colesterol 

sabor 

mantequilla 

70 16 23 31 54 0.57 0.5 0.5 120 7.5 18000 0.5 

Flora Esencia 70 15 33 22 55 0.40 0.5 0.5 120 7.5 13000 0.4 

Flora oliva* 40 11 13 17 30 0.57 0.5 0.5 800 7.5 12000 0.34 

Flora Ligera 39 12 12 15 27 0.56 0.5 0.5 800 7.5 9700 0.37 

Flora Delice 70 18 18 33 27 1.22 0.5 0.5 804 7.5 24700 0.21 

Consum 

margarina  

vegetal ¾* 

60 15 17 27 51 0.25 0.5 0.5 650 5.4 24000 0.46 

Consum  

margarina  

ligera* 

40 12 17 11 28 0.39 0.5 0.5 853 7.5 22000 0.4 

Margarina 

Hacendado 
60 17 17 26 43 0.60 0.5 0.5 700 5.9 23000 0.3 

Margarina con 

sal Hacendado 
60 17 17 26 43 0.60 0.5 0.5 760 5.9 23000 0.9 

Margarina 

ligera 

Hacendado 

40 12 20 8.2 28 0.29 0.5 0.5 800 6.8 12000 0.4 

Margarina de 

girasol  

Vitareform 

80 23 20 37 57 0.65 0 0 900 2.5 40000 0.2 

Margarina de 

girasol  

Vitareform 

baja en sal con 

calcio 

60 13 23 24 47 0.51 0.5 0.5 800 7.5 27000 0.2 

Ligeresa* 40 11 20 9 29 0.31 0.1 0.1 800 7.5 0 0.76 

Consum  

mantequilla* 
60 25 24 11 35 0.31 1 1 800 7.5 14000 0.4 

1Information extracted from manufacturers' packaging and from the following web site: 

https://es.openfoodfacts.org/cgi/search.pl?search_terms=margarina&search_simple=1&action=process. 
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Abbreviations: g: grams. µg: micrograms. mg: milligrams. TFA: total fatty acids; SFA: saturated fats; MUFA: 

monounsaturated fats; PUFA: polyunsaturated fats; UFA: unsaturated fats; Vit.: vitamin.  

* Margarines then selected to add herbs or spices. 

2.2. Margarines and plant material 

To carry out the tests and considering the results obtained in the statistical analysis, a total of 

eight margarines were selected (table 1, margarines commercial brand marked with *): Flora pro-

activ colesterol original, Ligeresa, Flora oliva and Consum margarina ligera belong to one of the 

groups. Consum margarina vegetal ¾, Tulipan original and Consum mantequilla belong to a second 

group. A margarine was also chosen that was not in the two previous main groups, but in another 

less numerous group: Flora original. During the tests, the margarines were stored in the refrigerator 

at 4° C of temperature.  

The following six species of plants with documented antioxidant activity were added 

independently to these margarines, due to their high content of phenolic compounds, flavonoids, 

tannins and diterpenes: Curcuma longa, Rosmarinus officinalis, Taraxacum officinale, Illicium verum, 

Thymus piperella, and Thymus vulgaris. The variation of the oxidative stability was studied against the 

control margarines (without any added plant species).  

The plant species Curcuma longa belongs to the Zingiberaceae family. Turmeric is a species widely 

distributed in subtropical and tropical regions, especially in Asian countries [12]. It has antifungal, 

antibacterial, antipyretic, antioxidant, and antihypercholesterolemic activities. These properties are 

due to its content in phenolic compounds [13].  

Rosmarinus officinalis belongs to a genus of branched, aromatic, and perennial herbaceous plants 

characteristic of the Mediterranean region, which is part of the Lamiaceae family. It has great healing, 

venotonic and anti-inflammatory power. It also has great antioxidant capacity due to its high content 

in phenolic compounds, flavonoids, tannins and diterpenes [14]. 

As regards Taraxacum officinale, it is a plant species that belongs to a genus of angiosperm plants 

of the Asteraceae family commonly known as “dandelions, bakers or asters”. It is a biennial or 

perennial herbaceous plant native to the temperate zones of the northern hemisphere, although it is 

currently distributed throughout the world except for Africa. It has purifying, laxative, immune-

enhancing, and antioxidant capabilities [15].  

Illicium verum is an aromatic evergreen tree bearing purple-red flowers and anise-scented star-

shaped fruit. It grows almost exclusively in southern China and Vietnam. Its fruit is an important 

traditional Chinese medicine as well as a commonly used spice. Star anise fruits could be considered 

a good source of natural compounds with significant antioxidant and antimicrobial activities, and 

their volatile oil could be applied in the food industry to replace the synthetic antioxidants used 

nowadays [16].  

Finally, the genus Thymus, native to the western Mediterranean region of Europe, with a long 

tradition of a number of uses, includes some chemically variable species. Essential oils with high 

proportions of the phenolic components thymol and / or carvacrol showed the highest antioxidant 

activity, and the antioxidant properties of Thymus species have been reported by various authors. 

However, the variability in antioxidant activity between plants of different species has not yet been 

studied in detail; there may be provenances possessing higher activities. That is the reason for why 

we selected two species from this taxonomic genus Thymus vulgaris and Thymus piperella [17,18]. 

The plant species were used as dehydrated material and were kept at room temperature (20°C) 

and under dark conditions. Table 2 describes the manufacturer's information (name and batch 

number) of the plant species used in the assays. 
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Table 2. Manufacturer information of the plant species used in the assays. 

Plant species Batch number 
Manufacturer name / 

Location 

Curcuma longa F12747 
Celeplame S.L. / 

Barbate (Cádiz) 

Rosmarinus 

officinalis 
F12449 

Celeplame S.L./  

Barbate (Cádiz) 

Taraxacum 

officinale 
F12598 

Celeplame S.L./  

Barbate (Cádiz) 

Illicium verum 3489 
Celeplame S.L./  

Barbate (Cádiz) 

Thymus piperella 5049 
Celeplame S.L./  

Barbate (Cádiz) 

Thymus vulgaris 11110.11110 

Jesús Navarro S.A./ 

Monforte del Cid 

(Alicante) 

2.3. Study of oxidative stability 

The oxidative stability of margarines was determined by evaluating the induction period (IP) 

with a Rancimat 892 equipment [19]. The IP value is indicative of the resistance of the sample to 

oxidation, so that the longer the induction time, the more stable the analyzed sample is. Conductivity-

time curves are displayed live for each measurement point in the database. The induction time was 

determined automatically from the second derivative of the measuring curve, and the manufacturer's 

performance protocol for solid vegetable fats was followed. 

For the test, a temperature of 120 ± 1.6 ºC and an air flow of 20 L / h were used. The analyses 

were carried out in quadruplicate. The plant species were provided in powder form and were 

homogenized together with the margarines using a percentage of 0.5% (w / w), as established by the 

European Commission, 2011 [6]. The variation of the oxidative stability of each of the different 

margarines with added vegetable extracts was studied and compared with the data obtained from 

their respective controls (margarine samples without added vegetable extracts) 

2.4. Ferric Reducing Ability of Power (FRAP) assay in plants 

Extraction and testing sample preparations were adapted from Wojdyło et al. [20] with some 

modifications. In brief, 1 g of each ground aromatic plant was weighed in a test tube. A total of 10 

mL of 80% aqueous methanol was added, and the suspension was gently mixed. Tubes were 

sonicated twice for 15 min and then centrifuged for 10 min at 1500 rpm using a CompactStar CS4 

centrifuge (VWR International Ltd, West Sussex, UK). Supernatants were collected and stored at 4 °C 

before to use within 24 h.  

The total antioxidant potential of the five samples of plants was determined, using the FRAP 

assay adapted from Benzie and Strain [21], as a measure of antioxidant power. The FRAP reagent 

was freshly prepared by mixing 25 mL of acetate buffer (300 mM, pH 3.6), 2.5 mL of a solution of 10 

mM TPTZ in 40 mM HCl, and 2.5 mL of 20 mM FeCl3, and once prepared was kept in a water bath at 

37 °C. The following were added directly to each cuvette in a Pye Unicam UV-4 UV-VIS scanning 

spectrophotometer (Spectronic Camspec Ltd., Leeds, UK) thermostated at 37 °C: 90 µL H2O, 900 µL 

FRAP reagent and 30 µL of sample (diluted 25 times), with standard or H2O as a blank. Absorbance 

readings were taken at 593 nm after 4 min at 37 °C. A solution of 1 mM FeSO4 was used as standard. 

All determinations were performed in triplicate. The results were corrected for dilution and 

expressed in µM Fe2+ per gram of plant. 
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2.5. Total phenolic content (TPC) of plants 

Extraction and testing sample preparations were performed as follows: 1 g of each plant was 

weighed in a test tube, and 20 mL of methanol was added. The test tube was vortexed, homogenized 

for 2 min at 8000 rpm, left at a tube roller mixer for 1 h, and then centrifuged at 1100 rpm for 15 min. 

The supernatant was collected, and the procedure was repeated one more time with another 20 mL 

of methanol. The two methanol extracts were combined, and the final volume was brought up to 40 

mL with methanol. The total phenolic contents of the samples were determined using the Folin–

Ciocalteu reagent as described by Parry et al. [22]. In brief, the reaction mixture contained 50 µL of 

testing sample solutions, 250 µL of the Folin–Ciocalteu reagent, 0.75 mL of 20% sodium carbonate, 

and 3 mL of pure water. After 2 h of reaction at room temperature, the absorbance at 765 nm was 

measured by a Pye Unicam UV-4 UV–vis scanning spectrophotometer (Spectronic Camspec Ltd., 

Leeds, UK) and was used to calculate the phenolic contents of oils using gallic acid as standard. 

Measurements were taken in triplicate. The results were expressed as mg gallic acid equivalents 

(GAE) per gram of powder.  

2.6. Statistical analysis 

To compare the induction times obtained from the different samples, they were analyzed with 

the statistical program Stata version 13.1. Continuous variables were represented as mean ± standard 

deviation (SD). The nonparametric Wilcoxon W test was used to determine statistical significance 

and statistical significance was specified as a p-value less than 0.05. 

Principal component analysis (PCA), and linear and multiple linear regression models were 

performed using SPSS (vs. 21.0, IBM Corp., USA), Knowledge Miner and Microsoft Excel for Office 

(2020) for Windows 10 OS. 

3. Results and Discussion 

3.1. Preliminary selection of margarines for use in subsequent experimental trials 

Principal component analysis (PCA) is a technique useful to summarize all information 

contained in X-matrix and put it understandable. The PCA works decomposing X-matrix as the 

product of two smaller matrices P and T. The loading matrix (P) with information about the variables 

contains few vectors, the principal components (PCs), which are obtained as linear combinations of 

the original X-variables. In the score matrix (T), with information about objects, every object is 

described in terms of the projections on to PCs instead of the original variables: X = TP’ + E, where (’) 

denotes the transpose matrix. The information not contained in the matrices remains as unexplained 

X-variance in the residual matrix (E). Every PCi is a new co-ordinate expressed as linear combination 

of old features xj: PCi = Σjbijxj. The new co-ordinates PCi are named scores/factors while the 

coefficients bij are called loadings. The scores are ordered according to their information content with 

regard to the total variance among all objects. Score–score plots show positions of compounds in the 

new co-ordinate system, while loading–loading plots indicate the locations of the features that 

represent the compounds in the new co-ordinates. The PCs present two interesting properties: 

 1) They are extracted in decaying order of importance. First PC F1 always contains more 

information than the second F2 does, F2 more than the third F3, etc.  

 2) Every PC is orthogonal to one another. There is no correlation between the information 

contained in different PCs.  

An analysis of PCA was carried out with a total of 20 margarines based on their different 

composition. The following variables that can be seen in Table 1 (Material and Methods) were used 

for statistical assessment: total fatty acids (TFA), saturated fatty acids (SFA), monounsaturated fatty 

acids (MUFA), polyunsaturated fatty acids (PUFA), vitamin A (Vit A) and vitamin E (Vit E). Figure 
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1 shows all the variables taken into consideration for the first two PCs (Plot of Components 1 and 2). 

The variance explained by PC1 and PC2 is 73,869%. The PC1 (51,563% of the total variance) showed 

positive loading with all variables. The PC2, which explained 22,306% of the total variance, was 

positively correlated with Vit A and Vit E, and negatively with SFA, TFA, MUFA and PUFA. The 

most remote properties of the 0.0 point are more important for describing PCs.  

 

Figure 1. Loadings plot for margarine samples. 

Figure 2 shows the bi-dimensional representation of margarines. The multivariate statistical 

analysis distributed the 20 margarines analyzed in three clusters based on their nutritional 

composition: Cluster 1 (F1>0, F2> 0), Cluster 2 (F1<0, F2>0), and Cluster 3 (F2<0). Cluster 1 (F1>0, F2> 

0) exclusively includes samples characterized by high TFA, SFA and Vit A contents (table 1). Cluster 

2 (F1<0, F2>0, includes samples characterized by a low content in TFA, SFA and PUFA. Finally, the 

last group, Cluster 3 (F2<0), includes samples with high content in MUFA, 3 and 6 fatty acids 

(table 3). 

 

Figure 2. Scores Plot for margarine samples. 

3.2. Effect of the fatty acid composition of the different margarines on the induction period obtained 

Oxidative stability can also be defined as the time it takes to reach a critical point of oxidation. 

This serves as a parameter for studying lipid behavior and half-life[23]. This parameter depends on 

multiple factors: temperature, concentration and type of oxygen, processing and storage conditions, 

Cluster 2 

 

Cluster 3 

Cluster 
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the presence of antioxidants, the composition of the oil, and so on [24]. The literature showed that 

unsaturated fatty acids (UFA) are more susceptible to oxidation relative to saturated acids (SFA) and 

that, the more unsaturation, the more likely they are to oxidation [23].  

The eight margarines of differents clusters (Figure 2) were selected to perform the comparative 

study of their oxidative stability (by IP). They are: Consum mantequilla, Consum margarina vegetal 

¾ and Tulipan original of Cluster 1; Ligeresa, Consum margarina ligera, Flora oliva, and Flora pro-

activ colesterol original of cluster 2; Flora original of cluster 3 (table 3). The additional nutritional 

information of them is in Table 1 (see Materials and Methods). 

Table 3 shows the fatty acid composition (in grams per 100g of margarine) of each of the selected 

margarines and the IP values obtained experimentally with the Rancimat equipment. It can be seen 

that it is difficult to draw clear conclusions about how the different fatty acids that make up the 

margarines directly interfere with the IP values obtained. Therefore, it was necessary to rely on the 

statistical study carried out that compares the oxidative stability of the eight margarines and groups 

them into three different clusters. 

Table 3. Fatty acid composition in grams and IP values from the eight selected margarines in three 

clusters. 

Cluster 

number 

Margarine  

Brand 

TFA 

(g) 

SFA 

(g) 

MUFA 

(g) 

PUFA 

(g) 

UFA 

(g) 

MUFA/ 

PUFA 

UFA/ 

SFA 

ω 3 

(g) 

ω 

6 

(g) 

IP 

value 

(h) 

1 

Tulipan original 80 34 23 23 46 1.00 1.35 0 0 
10.8 + 

0.3 

Consum 

margarina 

vegetal 3/4 

60 15 17 27 51 0.63 3.40 2.90 10 
5.88 + 

0.21 

Consum 

mantequilla 
60 25 24 11 35 2.18 1.40 0.00 11 

2.65 + 

0.24 

2 

Flora proactiv 

colesterol 

original 

35 8 11 16 27 0.69 3.38 3.20 12 
3.79 + 

0.09 

Flora oliva 40 11 13 17 30 0.76 2.73 1.90 15 
3.74 + 

0.19 

Ligeresa 40 11 20 9 29 2.22 2.64 0 0 
4.0 + 

0.3 

Consum 

margarina ligera 
40 12 17 11 28 1.55 2.33 0 11 

3.46 + 

0.17 

3 Flora original 70 18 19 32 51 0.59 2.83 3.60 29 
3.6 + 

0.3 

 Abbreviations: g: grams; h: hours 

Figure 3 presents the IP of the margarines that were selected, the ordinate axis shows the 

different margarines used in our experiment and the abscissa axis shows the induction time in hours 

for the different margarines used. 
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Figure 3. Induction Period (IP) values in hours of eight margarines selected. 

Figure 3 shows the IP trend line of the margarines belonging to the clusters. In this figure it is 

observed that IP rises in the direction Cluster 1>Cluster 2>Cluster 3, which means that the margarines 

of cluster 1 in general have greater oxidative stability and those of cluster 3 present lower. In general, 

margarines with a higher content of total fatty acids (TFA) are those with higher IP values (Tulipan 

original and Consum margarina vegetal ¾). 

Something similar happens with the content of saturated fatty acids (SFA): if we compare in 

Figure 3 the margarines in cluster 1, specifically between Tulipan original and Consum margarina 

vegetal ¾, it is observed that the margarine with the highest value of SFA (34 g for the former versus 

15 g for the latter margarine according to table 3) presents a higher IP value (10.8 + 0.3 h. vs. 5.88 + 

0.21 h). Therefore, for the margarines belonging to cluster 1, with a similar content of polyunsaturated 

fatty acids (PUFA), we can conclude that total fat (TFA) and saturated fatty acids (SFA) composition 

are positively correlated with IP values. 

With respect to cluster 2, it contains the four margarines with the lowest SFA values, and similar 

IP values between 4.0 + 0.3 h. and 3.46 + 0.17 h were obtained with them. Within this cluster 2 there 

are two margarines (Flora oliva and Ligeresa) that have the same content of total fatty acids (TFA= 

40g) and saturated (SFA=11g), very similar values of unsaturated fatty acids (UFA=30 and 29 grams, 

respectively) but different MUFA/PUFA ratios (0.76 vs. 2.22 respectively) and their obtained IP values 

are very similar (3.74 + 0.19 h. and 4.0 + 0.3 h, respectively). Therefore, we can say that, in cluster 2, 

those margarines that have very similar contents of TFA, SFA and UFA have similar values of IP. 

On the other hand, if we compare between the different clusters, we can conclude that those 

margarines with the highest MUFA/PUFA ratios: 2.22, 1.55 and 2.18 (Ligeresa and Consum 

margarina ligera belonging to cluster 2, and Consum mantequilla belonging to cluster 1, respectively) 

are those that have obtained, in general, low values of IP (table 3). 

Regarding the only margarine selected from cluster 3 (Flora original), due to its high content of 

TFA (70 g) and SFA (18 g), and its low MUFA/PUFA ratio (0.59), a higher IP value would be expected; 

however, despite its fatty acid composition, its IP value is similar to that of group 2 margarines with 

high MUFA/PUFA ratios. This result could be due to the fact that this margarine (Flora original) is 

characterized by having the highest composition in grams of unsaturated fatty acids3 and 6 

(3.60 g and 29 g, respectively) (table 3).  

Moreover, in general, we can affirm that the UFA/SFA ratio was not relevant for the IP values 

obtained. For example, the original Flora proactiv colesterol original margarine (cluster 2) and 

Consum margarina vegetal ¾ (cluster 1) have very similar UFA/SFA ratio values (3.38 and 3.40, 

respectively), however their corresponding IP values are very different. 
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3.3. Natural antioxidants of herbs and spices improve the oxidative stability of margarines of different 

composition. 

3.3.1. Antioxidant capacity of the plant species used in the tests. 

Numerous studies have evaluated and demonstrated by different methodologies both the 

antioxidant activity and the presence of phenolic compounds in the chemical composition of the plant 

species used in this work [25–31].  

The values obtained in relation to the antioxidant capacity according to the FRAP assay and the 

total phenolic content (TPC) of the plant species used in the tests are shown in table 4. 

Table 4 shows the phenol content (mg GAE / g) and the antioxidant capacity expressed in (µM 

Fe2+/g). Rosmarinus officinalis shows the higher phenolic content and the higher antioxidant capacity. 

The herbs of genus Thymus are next in antioxidant capacity. Taraxacum officinale and Illicium Verum 

shows the lowest antioxidant activities. This table indicates that there is no linear correlation between 

phenol content and antioxidant capacity, for example, Curcuma longa has high phenol content and an 

intermediate antioxidant capacity.  

Table 4. Phenol content and antioxidant capacity of the plant species used in the tests. 

Plant species 
Phenol content 

(mg GAE/g) 

Antioxidant 

capacity 

(M Fe2+/g) 

Curcuma longa 240 + 30 166.0 + 0.7 

Rosmarinus 

officinalis 
410 + 22 570 + 70 

Taraxacum 

officinale 
33.90 + 0.18 131.5 + 0.9 

Illicium verum 96.3 + 0.5 88.9 + 0.5 

Thymus piperella 57.4 + 0.4 213.5 + 1.4 

Thymus vulgaris 172.6 + 1.4 242.3 + 1.9 

 

 

3.3.2. Effect of the addition of different plant species on the oxidative stability of tested margarines 

Of the six plant species used in our tests, four of them: Rosmarinus officinalis, Curcuma longa, 

Thymus piperella and Thymus vulgaris increased induction times (IP value) with respect to control 

margarines, which implies that their addition to margarines represents a protective measure to 

prevent their oxidation. However, the addition of Illicium verum and Taraxacum officinale produced a 

negative effect in the oxidative stability of the eight tested margarines (Table 5). 

Table 5 and Figure 4 show the results of induction period (IP) values in hours obtained with 

Rancimat, for eight margarines of different clusters and these margarines with six different plant 

species added with antioxidant activity. 

The four plant species that improve the oxidative stability of all margarines do so to a greater 

degree on the Consum mantequilla margarine, which is characterized by having the highest MUFA 

content (24 g; table 3). Therefore, this result indicates that the oxidation-protective effect of the herbs 

used has a preferential effect in the MUFA content. Rosmarinus officinalis exerts its greatest oxidation-

protective effect in the following margarines: Consum mantequilla (131.25%), Consum margarina 

ligera (94.48%), and Ligeresa (75.60%). Curcuma longa does it on Consum mantequilla (37.32%), 

Ligeresa (20.56%) and Consum margarina vegetal ¾ (15.15%). In the case of the two species of the 

genus Thymus, both greatly improve the oxidative stability of two specific margarines: Consum 

mantequilla (T. vulgaris 104.67%; T. piperella 55.41% and Flora pro-activ colesterol original (T. vulgaris 

44.07%; T. piperella 17.97%). 

Abbreviations: g: grams. mg: milligrams. µM: micromoles. GAE: gallic acid equivalents. 
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Table 5. Values of Induction Period (IP) in hours obtained with Rancimat test for eight margarines 

selected with the six herbs added separately. The controls correspond to the margarine samples 

without the addition of any plant species. 

MARGARI

NE 

BRAND 

CLUST

ER 

No. 

ADDED HERBS 

Control 
Rosmarinus 

officinalis 

Curcuma 

longa 

Illicium 

verum 

Taraxacum 

officinale 

Thymus 

piperella 

Thymus  

vulgaris 

Tulipan 

original 

1 

10.80.3 
13.490.23 

(+24.97%) 

11.870.13 

(+9.94%) 

5.90.5 

(-45.21%) 

6.410.22 

(-40.62%) 

11.80.8 

(+9.03%) 

11.870.17 

(+9.96%) 

Consum  

margarina 

vegetal 3/4 

5.880.21 
8.640.24 

(+47.06%) 

6.770.18 

(+15.15%) 

3.70.8 

(-36.89%) 

4.200.18 

(-28.55%) 

6.20.6 

(+6.04%) 

6.60.3 

(+12.73%) 

Consum  

mantequilla 
2.650.24 

6.10.6 

(+131.25%) 

3.60.6 

(+37.32%) 

1.90.3 

(-28.94%) 

2.310.16 

(-12.81%) 

4.10.5 

(+55.41%) 

5.40.5 

(+104.67%) 

Flora pro-

activ 

colesterol 

original 

2 

3.790.09 
6.430.07 

(+69.83%) 

4.20.03 

(+10.91%) 

3.10.4 

(-17.44%) 

3.80.3 

(-0.92%) 

4.470.12 

(+17.97%) 

5.50.3 

(+44.07%) 

Flora oliva 3.740.19 
6.320.17 

(+68.98%) 

3.810.14 

(+1.87%) 

3.40.3 

(-8.82%) 

3.60.4 

(-2.67%) 

3.90.4 

(+4.01%) 

3.940.17 

(+5.35%) 

Consum  

margarina 

ligera 

3.460.17 
6.70.5 

(+94.48%) 

3.770.13 

(+9.02%) 

2.20.7 

(-35.57%) 

2.750.10 

(-20.39%) 

3.760.16 

(+8.59%) 

4.790.10 

(+38.43%) 

Ligeresa 4.00.3 
7.00.9 

(+75.60%) 

4.80.3 

(+20.56%) 

2.370.18 

(-40.70%) 

3.50.3 

(-12.78%) 

4.00.5 

(+1.18%) 

4.20.5 

(+4,19%) 

Flora 

original 
3 3.60.3 

5.280.13 

(+46.26%) 

3.840.18 

(+6.37%) 

3.00.4 

(-17.17%) 

3.570.09 

(-1.11%) 

4.070.19 

(+12.74%) 

4.40.6 

(+21.05%) 

 

According to the results obtained in table 5 and figure 4 on the IP values obtained in the different 

margarines after the individual addition of the four different herbs that increase the induction times, 

we can observe that in the Consum mantequilla margarine is the margarine in which the effect of 

adding all four herbs is most noticeable. This margarine has one of the highest MUFA/PUFA ratios 

(2.18) and the highest content in MUFA (24 g; table 3). This result can make us think that the phenolic 

compounds of the added herbs have a higher antioxidant activity on the MUFAs. On the contrary, 

we cannot conclude that there is a specific margarine where the effect of adding all herbs is the least. 
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Figure 4. Effect of plant material powders (0.5% w/w) addition on margarines stability (IP). Results 

are presented as mean  SD. *denotes significant differences at p < 0.05 for samples before/after 

material powders addition. 

The plant species that provides greater oxidative stability to all tested margarines is Rosmarinus 

officinalis (in a range from 131.25% to 24.97%) followed by the two species of Thymus (vulgaris and 

piperella) and Curcuma longa. These results are consistent with their antioxidant capabilities (R.o.: 570; 

T.v.:242.3; T.p.:213.5 and C. l.:166.0, table 4). Although the two Thymus species have similar 

antioxidant activity, T. vulgaris provides greater oxidative stability, probably because it has a higher 

phenol content than T. piperella (172.6 vs. 57.4, respectively, table 4). 

In the case of the addition of rosemary, the improvement in the oxidative stability of the 

margarines is obtained in the following order from highest to lowest: Consum mantequilla, Consum 

margarina ligera, Ligeresa, Flora pro-activ colesterol original, Flora oliva, Consum margarina vegetal 

3/4, Flora original, and lastly Tulipan original. The first three margarines in which the greatest rises 

in the IP value are obtained after the addition of the mentioned herb (Consum mantequilla, Consum 

margarina ligera, and Ligeresa) are those that present the highest values of the MUFA/PUFA ratio, 

which is greater than 1.55 (table 3), and the last three margarines in which the lowest rises in IP value 

are obtained (Tulipan original, Flora original, and Consum margarina vegetal 3/4) are the margarines 

with the highest UFA content (table 3). 

This same result is obtained when Curcuma longa is added: for two of the first three margarines 

(Consum mantequilla and Ligeresa) the IP value rises the most, and in one of the last three margarines 

(Flora original) it increases the least. Although the addition of Curcuma longa provides a lower 

oxidative stability improvement than Rosmarinus officinalis, this coincidence in the effect it produces 

on margarines could be due to its high phenol content (240 + 30, table 4).  
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When are added to the margarines the two species of the genus Thymus, which have lower 

phenol content (172.6 + 1.4 and 57.4 + 0.4, table 4) than the tested species of Rosmarinus and Curcuma, 

this same previous result is not obtained. 

If we consider the eight different margarines with each of the added herbs as a mean value, we 

get the following results: Rosmarinus officinalis increases the mean IP value by 69.80%, Thymus vulgaris 

increases by 30.87%, Thymus piperella increases by 14.37%, Curcuma longa increases by 13.89%, 

Taraxacum officinale decreases by 14.98%, and Illicium verum decreases by 28.84%. All mean values of 

the rises and decays are calculated from the average of the IP percentages obtained individually in 

each margarine (table 5). 

At present, there are several publications that study the antioxidant effect of the addition of 

different plant species to oils to delay the effect of their degradation [32–35], but there are little data 

available in the current scientific evidence on the effect of different plant species on margarines, and 

our study is relevant. As we have been able to verify in our trial, plant spices such as Rosmarinus 

officinalis, Curcuma longa, and Thymus spp., increase the induction times, and their addition is a 

protective measure to prevent the oxidation of the different margarines. Of these four species, three 

of them belong to the taxonomic family Laminaceae (rosemary and thyme) and are the ones that have 

given the best results. The natural extracts from this family have been reported in several studies for 

its antioxidative activity [14,28,36].  

In figure 4, it can be seen how Rosmarinus officinalis is the plant species with the highest 

antioxidant capacity over all tested margarines belonging to the three clusters, increasing, in general, 

their IP mean values by up to 69.80%. Rosmarinus officinalis is an aromatic plant whose extracts have 

been used in food preservation, because they prevent oxidation and, in the United States and Europe, 

rosemary is the unique commercially available spice for use as an antioxidant [36]. It is considered a 

natural source of phenolic compounds. The rosemary extract contained 24 flavonoids (mainly 

flavones, although flavonols and flavanones were also detected), five phenolic acids, 24 diterpenoids 

(carnosic acid, carnosol, and rosmanol derivatives), one triterpenoid (betulinic acid), and three 

lignans (medioresinol derivatives). Carnosic acid was the predominant phenolic compound. Besides, 

63 volatile molecules (mainly terpenes, alcohols, esters, aldehydes, and ketones) were identified [37]. 

There are multiple studies that demonstrate the powerful antioxidant activity of rosemary through a 

number of biochemical technique [7,14,31,37,38]. The main constituents with antioxidant properties 

are carnosic acid and carnosol that are responsible for 90% of the properties. Both are inhibitors of 

lipid peroxidation in liposomal and microsomal systems; they are good scavengers of CCl3O2 

(peroxyl radicals), reduce cytochrome c, and scavenge hydroxyl radicals. According to Löliger [32], 

carnosic acid and carnosol act as potent scavengers of peroxyl radicals. This fact explains the 

conclusions obtained by Chen et al. [39], who confirmed that the effect of both compounds on 

peroxidation of membrane lipids is higher than the effect reported by artificial antioxidants such as 

BHA, BHT, and propyl gallate [40]. In general, rosemary has a high content of highly lipophilic apolar 

monoterpenes and sesquiterpenes [7]. This may be the cause of the high antioxidant protection of the 

tested margarines. 

It can be seen that Rosmarinus officinalis has the best protective effect in all margarines. The 

Tulipan original margarine with a result of almost 13.5 h is the one with the highest IP value. Consum 

margarina vegetal ¾ and Ligeresa margarine have IP values exceeding 8.64 and 7.0 hours, 

respectively. The margarines Consum margarina ligera, Consum mantequilla, Flora pro-activ 

colesterol original and Flora oliva have IP times around 6.5 h. Flora original margarine with an IP of 

just under 5.3 h has the shortest induction time (table 5).  

Plant species belonging to the genus Thymus rank second in antioxidant activity over 

margarines. The number of species currently cataloged exceeds 500, and among the best-known 

species in south-eastern Spain that experience greater propagation and exploitation are Thymus 

vulgaris and Thymus piperella, between others. Several studies have reported that thyme is a source 

rich in bioactive compounds [41]. 

Both plant species T. piperella and T. vulgaris exert their greatest protective effect in the same two 

margarines (Consum mantequilla and Flora pro-activ colesterol original) between 104.67% -44.07% 

for T. vulgaris and between 55.41% and 17.97% for T. piperella, respectively, rise in the IP values (in 
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hours) with respect to control margarines. In the same way, its minor effect (only a rise in the IP of 

5% for T. vulgaris, and between 4% and 1% for T. piperella) fell on the same margarines belonging to 

cluster 2 (Flora oliva to T. vulgaris (5.35%) and Ligeresa to T. piperella (1.18%).  

Thyme contains monoterpene phenols, including carvacrol (isopropyl-ortho-cresol; 0.4–20.6%), 

thymol (2-isopropyl-5-methylphenol or isopropyl-meta-cresol; 10–64%) and p-cymene (9.1–22.2%), 

and other monoterpenes, such as α-pinene (0.9–6.6%), 1,8-cineole (0.2–14.2%), camphor (0–7.3%), 

linalool (2.2–4.8%), and borneol (0.6–7.5%) [42]. In addition, it has been reported that methanolic 

extracts of thyme are sources of flavonols, such as quercetin-7-O-glucoside, and phenolic acids (p-

coumaric, caffeic, rosmarinic, cinnamic, carnosic, ferulic, quinic and caffeoylquinic acids), as well as 

flavanones (naringenin) and flavones (apigenin). Using other solvents, such as butanol, ethyl acetate, 

and hexane, other compounds can be extracted from thyme, including saponins, steroids, flavonoids, 

alkaloids, and tannins [43]. 

The antioxidant effect is due to the fact that thyme essential oil contains at least 60 bioactive 

compounds with powerful antioxidant properties. The main phenolic compounds are carvacrol 

(3.5%), thymol (68.1%), ρ-cymene monoterpene hydrocarbons (11.2%) and -terpinene (4.8%) [44], 

which have significant antioxidant properties. Since polyphenolic compounds exhibit redox activity 

and can act as hydrogen donors, as reducing agents, they also have the ability to chelate metals. 

The antioxidant effect of thyme extract has been analyzed in a number of studies, such as that 

carried out by Youdim et al. [45], who verified the properties of Thymus vulgaris extract as a protector 

against the oxidation of the lipids present in biological membranes, identifying components in the 

extract with substantial antioxidant power. Oxygenated terpene derivatives constitute the main 

concentration in leaves of T. vulgaris and the two most abundant oxygenated terpene derivatives are 

1,8-cineole and linalool [46], which are very fat soluble. In regards to T. piperella L., its most abundant 

terpenes are the hydrocarbon terpene p-cymene and the oxygenated terpene carvacrol. Both terpenes 

have a very low solubility in aqueous solutions and very high in fat [47]. 

Moreover, flavonoids that have been isolated from the concentrate of this plant show activity 

comparable to that of BHT, α-tocopherol, or L-ascorbic acid. In the study conducted by Venskutonis 

et al. [48], it was shown that thyme extract is an effective inhibitor of xanthine oxidase, an enzyme in 

the group of oxidized reductases that produces oxygen free radicals. Gavaric et al. [49] reported that 

thymol is more active in vitro than butylated hydroxytoluene (one of the most important synthetic 

antioxidants). Furthermore, Nagoor Meeran et al. [50] studied the antioxidant properties of thymol, 

and they concluded that it produces phenoxyl radicals, major transient species and scavengers of 

hydroxyl free radicals. 

As for the genus Thymus, we can see that it has a protector effect of margarines, lengthening the 

induction times. In the case of Thymus vulgaris, the margarine with the longest induction time is 

Tulipan original, with an IP of almost 12 hours. Consum margarina vegetal ¾ margarine has an IP 

value of more than 6.5h. The Flora pro-activ colesterol original margarine, Consum mantequilla, and 

Consum margarina ligera have an IP value of approximately between 5.45h and 4.80h. The 

margarines: Flora original, Ligeresa and Flora oliva have IP values of about 4 hours. As for Thymus 

piperella, we can see that the margarine with the longest induction time is again the Tulipan original, 

with an IP of almost 11.8 hours. Consum margarine vegetal ¾ has a IP value of almost 6.2h. The Flora 

pro-activ colesterol original margarine has an IP value of almost 4.5 h. The margarines: Flora original, 

Ligeresa, Consum mantequilla, Flora olive, and Consum margarina ligera have IP values of about 4 

h. For all margarines tested, the improvement of the oxidative stability of T. vulgaris (104.67%-5.35%) 

has turned out to be greater than that of T. piperella (55.41%-1.18%). 

The fourth best plant species that improves mean IP value by 13.98 % over different margarines 

is Curcuma longa. Turmeric is an herb belonging to the family Zingiberaceae, a yellow spice of high 

economic importance due to its wide medicinal values. Antioxidant capacity of some species and 

varieties of turmeric have been reported previously [51,52], and many compounds have been isolated 

from turmeric for a number of biological effects. Much work has been carried out on the antioxidant 

activities of compounds derived from turmeric rhizomes. The curcuminoids [i.e., curcumin (1,7-bis(4-

hydroxy-3-methoxyphenil)-1,6-heptadiene-3,5-dione), demethoxycurcumin, and 

bisdemethoxycurcumin] are major antioxidative compounds of turmeric. In addition to the 
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curcuminoids, other compounds possessing antioxidant capabilities include:-terpinene, ascorbic 

acid, -carotene, -sitosterol, caffeic acid, campestrol, camphene, dehydrocurdione, eugenol, p-

coumaric acid, protocatechuic acid, stigmasterol, syringic acid, turmerin, turmeronola, turmeronol-B 

and vanillic acid [53]. 

Curcuma longa is rich in curcumin (the principal active compound of turmeric) content. It has 

been reported earlier that curcumin and demethoxycurcumin are the good scavengers of DPPH 

radical [54] and, more recently, H– atom transfer from CH2 group at the center of the heptadione link 

also plays an important role in the antioxidant properties of curcumin, along with that of its 

hydroxyphenol group. In turmeric, the main phenolic components are curcuminoids, which are 

poorly soluble in water (partition coefficient in octanol is approximately 3.3). These compounds are 

lipophilic and therefore very soluble in margarines, favoring their oxidative stability [52,55] 

According to our results (Table 5), the effect of C. longa is greater on two margarines belonging 

to different clusters. Increasing the IP values with respect to the control samples (margarine without 

added plant species) by 37.32% on Consum mantequilla margarine and 20.56% on Ligeresa. Of all the 

margarines analyzed, these two margarines (Consum mantequilla and Ligeresa) are the only two that 

have an MUFA/PUFA ratio greater than two (2.18 and 2.22, respectively). With respect to the other 

margarines, the rise in the value of the IP is only between 15-1%. The protective effect of Curcuma 

longa follows a similar pattern to that of Rosmarinus officinalis with respect to margarines, but with 

lower induction times. Therefore, the Tulipan original margarine with a result of 11.87 h is the one 

with the highest IP value. As for Consum margarina vegetal ¾ and Ligeresa margarines, their IP 

values are 6.77 and 4.8 h., respectively. Flora pro-activ colesterol original exceeds 4 hours. The rest of 

the margarines: Flora original, Consum margarina ligera, and Flora oliva have IP values below 4 h. 

The lowest IP is for Consum mantequilla with 3.6 h. 

Regarding the other two plant species used in the trials (Taraxacum officinale L. and Illicium 

verum) [56,57], despite having antioxidant agents in their composition, their addition to margarines 

did not improve their oxidative stability. Unlike the previous species, these accelerated the 

degradation of margarines showing a decay in the IP values. Taraxacum officinale decreased, on 

average, the IP value by 14.98% and illicium verum, by 28.84%. 

With respect to Taraxacum officinale and Illicium verum, their seeds contain unsaturated fatty acids 

(linoleic and oleic acids), as well as other antioxidant agents [15,56]. However, most of the phenolic 

compounds of both I. verum and T. officinale are not soluble in non-polar media (such as oils and fats); 

therefore, they do not have an antioxidant effect in the (non-polar) margarines tested. Many of the 

phenolic compounds such as trans-anethole (in the case of I. verum) and cichoric acid (in T. officinale) 

are unsaturated compounds that increase the total UFA content, and this may be the reason why 

these two plant species decrease the IP value and, therefore, the oxidative stability of margarines. 

Our working group speculates that this peculiar composition in these plant species would make that, 

despite their composition in antioxidant agents, adding more unsaturated fatty acids in the margarine 

sample would increase its composition and, therefore, it would behave as a compound richer in 

unsaturated fatty acids, thus increasing the oxidation of the sample. 

Taraxacum officinale, instead of having a protective effect, accelerates the degradation of 

margarines, and shorter induction times are obtained than those of the control margarine (margarine 

without any added herb). In spite of this, the pattern is still very similar with respect to the margarines 

with longer induction times. Tulipan original margarine, with a result of 6.5 h, has the highest IP 

value. It is followed by Consum margarina vegetal ¾ margarine with an IP of almost 4.20 h. As for 

Flora pro-activ colesterol original margarine, Flora oliva, Flora original and Ligeresa margarine, they 

all have IP values around 3.5 h. Those with the lowest IP values are Consum mantequilla and Consum 

margarina ligera with IP values around 2.5 hours. 

In the case of Illicium Verum, we can see that the same happens as in the previous case, and the 

effect is also of greater intensity. In this case, the Tulipan original margarine, with a result of almost 

6 hours, is the one with the highest IP value. Consum margarina vegetal ¾ and Flora oliva margarines 

have IP values of 3.5 h. Flora pro-activ colesterol original and Flora original margarines have IP values 

about 3 h. Consum margarina ligera, Ligeresa margarine and Consum mantequilla margarine have 

IP times around 2 h. The latter is again the one with the lowest IP (table 5). 
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3.3.3. Statistical analysis of the eight margarines together with the plant species 

Principal Component Analysis (PCA) 

Table 6 indicates the total number of combinations of each margarine with one unique herb. The 

following 13 variables were used for statistical assessment: Induction Period (IP) obtained from the 

combinations of the eight margarines with the six added herbs (table 5), total fatty acids (TFA), 

saturated fatty acids (SFA), monounsaturated fatty acids (MUFA), polyunsaturated fatty acids 

(PUFA), unsaturated fatty acids (UFA), MUFA/PUFA ratio (MUFA/PUFA), vitamin A (Vit. A), 

vitamin E (Vit. E), omega-3 (-3), omega-6 (-6) from the margarine samples and Phenolic content 

(PC) and antioxidant activity (AA) of the herbs (table 4). Values of them are in tables 3, 4 and 5. 

The PCA was applied to reduce the initial variables to a small number of six principal 

components (PCs), in order to obtain an overview of the sample variations and identify behavioral 

patterns. Figure 5A presents the scores plot tri-dimensional representation of variables taken into 

consideration for the first three PCs. The total variance explained is 77.48% where: PC1 (37.084%), 

PC2 (23.94%), PC3 (16.45% of total). Figure 5A shows that PC1 is positively correlated with all 

variables except PUFA; PC2 is positively correlated with TFA, SFA, MUFA, PUFA, UFA, Vit. A, Vit. 

E, IP, and MUFA/PUFA, and negative correlated with -3,-6, PC, and AA; PC3 is positively 

correlated with the variables TFA, SFA, MUFA, PUFA, UFA, Vit. E, IP, PC, and AA, and negatively 

correlated with Vit. A, -3,-6, and MUFA/PUFA. 

Table 6. Combinations of the eight selected margarines with added herbs. 

1. Tulipan original + Rosmarinus 

officinalis 
17. Tulipan original+ Illicium verum 

33. Tulipan original + Thymus 

piperella 

2. Flora original + Rosmarinus officinalis 18. Flora original + Illicium verum 34. Flora original + Thymus piperella 

3. Flora pro-activ colesterol original + 

Rosmarinus officinalis 

19. Flora pro-activ colesterol original + 

Illicium verum 

35. Flora pro-activ colesterol original 

+ Thymus piperella 

4. Flora oliva + Rosmarinus officinalis 20. Flora oliva + Illicium verum 36. Flora oliva + Thymus piperella 

5. Consum margarina vegetal ¾ + 

Rosmarinus officinalis 

21. Consum margarina vegetal ¾ + 

Illicium verum 

37. Consum margarina vegetal ¾ + 

Thymus piperella 

6. Consum margarina ligera + 

Rosmarinus officinalis 

22. Consum margarina ligera + Illicium 

verum   

38. Consum margarina ligera + 

Thymus piperella 

7. Ligeresa + Rosmarinus officinalis 23. Ligeresa + Illicium verum 39. Ligeresa + Thymus piperella 

8. Consum mantequilla + Rosmarinus 

officinalis 

24. Consum mantequilla + Illicium 

verum 

40. Consum mantequilla + Thymus 

piperella 

9. Tulipan original + Curcuma longa 
25. Tulipan original + Taraxacum 

officinale 

41. Tulipan original + Thymus 

vulgaris 

10. Flora original + Curcuma longa 26. Flora original + Taraxacum officinale 42. Flora original + Thymus vulgaris 

11. Flora pro-activ colesterol original + 

Curcuma longa 

27. Flora pro-activ colesterol original + 

Taraxacum officinale 

43. Flora pro-activ colesterol original 

+ Thymus vulgaris 

12. Flora oliva + Curcuma longa 28. Flora oliva + Taraxacum officinale   44. Flora oliva + Thymus vulgaris 

13 .Consum margarina vegetal ¾ + 

Curcuma longa 

29. Consum margarina vegetal ¾ + 

Taraxacum officinale 

45 Consum margarina vegetal ¾ + 

Thymus vulgaris 

14.Consum margarina ligera + 

Curcuma longa 

30. Consum margarina ligera + 

Taraxacum officinale   

46. Consum margarina ligera + 

Thymus vulgaris 

15.Ligeresa + Curcuma longa 31. Ligeresa + Taraxacum officinale 47. Ligeresa + Thymus vulgaris 

16.Consum mantequilla + Curcuma 

longa 

32. Consum mantequilla + Taraxacum 

officinale 

48. Consum mantequilla + Thymus 

vulgaris 
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Figure 5A. Score plot of variables. 

 

Figure 5B. Loading plot PC1 vs PC3 of margarines with herbs added grouped in clusters A (up) and 

B (down). 

Loadings plot of margarines PC1 vs. PC2 shows eight groups of each margarine with all species 

as it is expected.  Fig 5B presents PC1 vs. PC3, where margarines are distributed in two major 

clusters: Cluster A exclusively includes all margarines with Rosmarinus officinalis with highest IP 

values (1-8), Cluster B, the rest and includes four subgroups: Subgroup 1 (11,19,27,35,43) formed by 

Flora pro-activ colesterol original with the rest of herbs. Subgroup 2 (16,24,32,40,48), Consum 

mantequilla with the rest of herbs with the lowest IP. Subgroup 3 (9,17,25,33,41), Tulipan original 

with the rest of herbs with the longest IP of the subgroups. Subgroup 4 includes the rest of them. 

A multiple linear regression model approach was adopted to determine the quantitative 

compositional significance of the combined presence of the variables, referring to the nutritional 

composition of margarines from Table 3, and the IP values from Table 5 variables: PUFA, SFA, 

MUFA/PUFA ratio, and antioxidant capacity. The IP values have been softened by taking the log 10 

IP, which is usual in quantitative structure-property relationship studies. 

The multiple linear regression models were performed using SPSS (vs. 21.0, IBM Corp., USA), 

and Knowledge Miner and Microsoft Excel for Office (2020) for Windows 10 OS. For the chosen 

database the following best model was generated in both methods. 

The results with SPSS: 

LOG IP = (0.3990.093) + (0.952 0.150) -3 – (0.0100.003) PUFA + (0.00100.0001) AA + (0.0210.002) 

SFA – (0.3660.051) MUFA/PUFA 

PC3 

PC1 
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R2 = 0.815 

F=36.910  

Std. Error of the estimate= 0.87212484 

Durbin-Watson =1.2255.                                                        (1) 

 

The results with Knowledge Miner and Microsoft Excel for Office match the parameters that 

characterize IP: 

LOG IP = 0.314647 + 0.942967 -3 – 0.006232 PUFA + 0.000691 AA + 0.019548 SFA – 0.330934 

MUFA/PUFA 

R2 = 0.8083 

Prediction Error Sum Of Squares (PESS)= 0.2090 

Mean Absolute Percentage Error= 9.87 % 

Approximation Error Variance= 0.1917 

Approximation Standard Derivation= 0.4378                                        (2) 

 

Multiple linear regression correlation analysis (equations (1) and (2)) showed that -3, SFA; 

PUFA; MUFA/PUFA ratio and antioxidant activity (AA) are the major contributors to the oxidative 

stability (OS, measured by IP). SFA and AA are positively correlated with IP. A positive dependence 

between OS and SFA has been extensively documented and the influence of AA of herbs on the 

oxidative stability is confirmed. Therefore, Tulipan original with Rosmarinus officinalis is the 

margarine with herb that has the highest oxidative stability (IP 13.49) because this margarine has the 

higher content of SFA (34 g), and Rosmarinus officinalis is the herb with the highest AA. 

The PUFA and MUFA/PUFA ratio are negatively correlated with IP. Therefore, Consum 

mantequilla with high values of SFA (25g) and MUFA/PUFA ratio 2.18 is the margarine with the 

lowest oxidative stability (IP 2.65  0.24) (equations (1) and (2)). 

It may be striking that being acids -3 a mixture of PUFA compounds, they greatly favor 

oxidative stability while PUFA decrease it. This is demonstrated in both equations. The explanation 

is clear, -3 acids have the particularity of being α,β-unsaturated compounds that always have great 

stability by having double bonds alternated with single bonds, so they are a particular case, with a 

behavior qualitatively different from the rest of PUFA (equations (1) and (2)). 

4. Conclusions 

Margarines can suffer different types of deterioration, the most important being the 

phenomenon of lipid oxidation. This leads to the limitation of their industrial application, and there 

is a tendency to substitute synthetic antioxidants for natural plant antioxidants. 

1.-The multivariate statistical analysis distributed the 20 margarines analyzed in three clusters 

(Fig. 2 and table 3) based on their nutritional composition: Cluster 1 exclusively includes samples 

characterized by high TFA, SFA, and Vit A contents; Cluster 2 includes samples characterized by a 

low content in TFA, SFA, and PUFA; Cluster 3 (F2<0) includes samples with high content in MUFA. 

Oxidative stability (measured by IP values) rises in the direction Cluster 1>Cluster 2>Cluster 3. 

Moreover, from margarines belonging to cluster 1, with a similar content of polyunsaturated fatty 

acids (PUFA), we can conclude that those with higher total fat (TFA) and saturated fatty acids (SFA) 
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present higher IP. In cluster 2, those margarines that have very similar contents of TFA, SFA and UFA 

are directly related to the values obtained from IP. In general, the margarines with the highest 

MUFA/PUFA ratios: 2.22-1.55 presents low values of IP, and we can affirm that the UFA/SFA ratio 

has not been relevant for the IP. 

2.- If we consider the eight different margarines with each of the added herbs as a single group, 

it results that oxidative stability rises for Rosmarinus officinalis > Thymus vulgaris > Thymus piperella > 

Curcuma longa which is in accordance with the rise in polyphenol content and its antioxidant capacity. 

However, oxidative stability decreases for Illicium verum > Taraxacum officinale. We conclude that the 

herbs that increase the oxidative stability have a high content in highly lipophilic apolar phenolic 

compounds, and this is the cause of the high antioxidant protection of the margarines. Whilst the 

herbs that decrease the oxidative stability because the phenolic compounds of both I. verum and T. 

officinale are not soluble in non-polar media (such as oils and fats), therefore they do not have an 

antioxidant effect in the (non-polar) margarines tested. Moreover, the seeds of Taraxacum officinale 

and Illicium verum contain unsaturated fatty acids (linoleic and oleic acids) that increase the total UFA 

content, and this may be the other reason why these two plant species decrease the IP value and, 

therefore, the oxidative stability of margarines. 

3.- Loadings plot of margarines PC1 vs. PC2 shows eight groups of each margarine with all 

species as it is expected. The margarines are distributed in two major clusters. Cluster A exclusively 

includes all margarines with Rosmarinus officinalis with the highest IP values, and Cluster B, the rest 

and includes four subgroups formed by each margarine with the rest of herbs (figure 5B).  

4.- Multiple linear regression correlation analysis showed that -3, SFA; PUFA; MUFA/PUFA 

ratio, and antioxidant activity (AA) are the major contributors to the oxidative stability (IP). The SFA 

and AA are positively correlated with IP, while the PUFA and MUFA/PUFA ratio are negatively 

correlated with IP (equations (1) and (2)). 

More studies are required to understand fully how these, and other plant-based natural products 

exert their antioxidant effect on different margarines, and more research needs to be done to 

reformulate margarines to achieve ideal nutritional properties for today's market. 
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