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Fatty acid profile in mice is modified by 
Silybum marianum oil supplementation 

in butter

Butter, a dairy product, is rich in saturated fatty acids (FA). Its consumption was thought 
to be associated with cardiovascular disease (CVD). FA profile is associated to CVD and is 
influenced by Silybum marianum (SM). This study aims to investigate the effect of butter 
and SM oil supplementation in butter on the FA profile in mice red blood cells (RBC) and 
liver. Three groups are included: group feeding on a normal diet, group feeding on a normal 
diet plus 10 % butter and group feeding on a normal diet plus butter supplemented with 
SM oil (1%). In red blood cells, butter consumption is associated with increased total 
saturated FA (SFA) and decreased total unsaturated FA (UFA) mainly monounsaturated 
FA (MUFA). The supplementation of SM oil decreased further trans FA. However, for the 
liver, butter consumption did not affect the total SFA and UFA but SM oil supplementation 
is associated with a significant decrease in SFA and increase in UFA. The conclusion was 
that SM oil supplementation is in favour of a protective FA profile in mice. 
Keywords: Butter, desaturase, fatty acids, mice, silybum marianum oil

INTRODUCTION
Numerous studies have examined the association between dietary fatty ac-
ids (FA) and the development of diseases, particularly cardiovascular diseas-
es [1]. It is widely recognised that total saturated fatty acids (SFA) are linked 
to cardiovascular disease. Numerous investigations, however, contradicted 
this theory by demonstrating a neutral relationship between the total SFA 
and coronary heart disease [2]. According to other studies that focused on 
particular saturated fatty acids, increased long-chain SFA (LCSFA: C12 to 
18) in the diet has been linked to an increased risk of cardiovascular disease 
[3]. Butter has a significant amount of these saturated fatty acids, yet there 
has been controversy over its link to cardiovascular disease and all-cause 
mortality. Butter was associated with myocardial infarction [4] and inversely 
associated with the risk of major adverse coronary events (cardiovascular 
disease, stroke…) [5]. However, it was inversely linked to diabetes [6]. 
Moreover, a blood FA profile has been linked to the risk of developing multiple 
diseases including diabetes [7], a cardiovascular disease [8], and breast can-
cer [9]. In fact, FA in blood and enzymes implicated in FA metabolism could 
be considered as a disease predictor [10]. 
The investigations available are not many, though, examining the connec-
tion between blood and dietary FAs. The majority of research focuses on 
the relationship between dietary FA and blood lipids specifically triglycerides, 
cholesterol (HDL and LDL) rather than blood FA [11]. It will be of great in-
terest to investigate if dietary FA’s impact on blood FA could explain the link 
between disease and diet. However, the blood concentration and nature of 
fatty acids depend on FA food intake, intestinal FA absorption, and FA me-
tabolism. Any disturbance in those three pathways  impact the blood fatty 
acid profile. As an example of factors that may influence those pathways, we 
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can include i/ FA supplemented diet [12] ii/ Alcohol 
extract of nutmeg downregulated the expression of 
fatty acid synthase [13] iii/  Sake lees extract amelio-
rates the hepatic lipid accumulation via suppressing 
fatty acid-induced intracellular lipid accumulation[14] 
iiii/ Water extract of Curcuma longa L. suppressed the 
expression levels of fatty acid transport proteins[15] 
iiiii/ Pomegranate seed oil and bitter melon extract 
affect the fatty acid composition and metabolism in 
the hepatic tissue in rats [16] iiiiii/ Grape skin extracts 
affect the Stearoyl-CoA Desaturase-1 expression in 
Caco 2 cells [17]. In fact, the fatty acid profile is influ-
enced by oil and extract added to food.
Silybum marianum (SM) or milk thistle is common in 
the central region of Tunisia. It has been known to be 
used as a medicinal plant because it contains sily-
marin [18]. Silymarin is composed of a group of poly-
phenolic flavonoids with excellent hepatoprotective 
activities and hypocholesterolemic, neuroprotective, 
skin-protective and chemoprotective activities [19]. 
These biological activities are attributed to the antiox-
idant properties of silymarin [20]. Additionally, SM oil 
has been shown to attenuate hepatic steatosis and 
oxidative stress in high fat diet-fed mice [21]. Silybum 
marianum has a strong potential for usage in a variety 
of different disciplines besides medicine, including: 
human and animal nutrition, the cosmetic industry, 
phytoremediation, and bioenergy products [22]. 
The objective of our study is to investigate the rela-
tionship between butter consumption and the fatty 
acid profile in mice red blood cells (RBC) and liver, 
and then to see if the S.M oil supplementation to but-
ter affect this relationship.

MATERIALS AND METHODS

BIOLOGIC MATERIALS
Silybum marianum (SM) oil (provided by huilerie Ben 
Selma) was extracted by cold pressure from seeds. 
The plant was collected from the central area of Tu-
nisia.
Cow butter was purchased from the local market.

EXPERIMENTAL PLAN 
Male Swiss mice, weighing between thirty and thir-
ty-five grams were provided by the Society of Phar-
maceutical Industries of Tunisia (SIPHAT). To discard 
the effect of sex hormones on fatty acid metabolism, 
male mice were used. Before starting the experiment, 
the mice were acclimatised for two weeks. Polyeth-
ylene home cages were used with sawdust covering 
the floor. They were maintained under controlled con-
ditions: 12/12 h light/dark cycle, Temperature close 
to 22°C (21-23) with water and food (standard com-
mercial pellet chow) offered ad libitum. The mice were 
housed in accordance with the EEC 609/86 Direc-
tives regulating the welfare of experimental animals. 
The experimental protocol was approved by the 
Ethics Committee for Research in Life Science and 

Health of the Higher Institute of Biotechnology of Mo-
nastir (CERSVS/ISBM011/2024) in compliance with 
the ARRIVE guidelines (Animal Research: Reporting 
of In Vivo Experiments) [23].  .
Three groups of five mice each were created: Group1 
(control group): following a normal diet, Group 2 (But-
ter group): feeding a normal diet enriched with 10% 
commercial butter, Group 3 (SMB group): feeding a 
normal diet enriched with 10% commercial butter 
supplemented with SM oil (1% and stored at 4°C).
The experience lasted one month. The animals were 
ultimately sacrificed. The red blood cells were ob-
tained after manipulating blood and liver samples 
were collected and stored at -80°C for analysis.

ANALYTICAL METHODS
According to the analytical techniques outlined in 
the European Union Regulations EEC 2568/91 and 
EEC 1429/92, the peroxide value (PV), free fatty acid 
content (% of oleic acid), and UV absorption charac-
teristics at 232 nm (K232) and 270 nm (K270) were 
measured [24].
To determine the fatty acid composition of SM oil, 
the Fatty acids were converted into fatty acid meth-
yl esters (FAMEs) prepared according to the Regu-
lation EEC/2568/91, EEC/1429/92 of the European 
Union Commission and the International Olive Coun-
cil [24,25]. However for butter, red blood cells and 
liver, fatty acids were extracted according to the Folch 
method, and then methylated by BF3 in methanol 
[26].  The chromatographic separation was provided 
by a gas chromatography using model 5890 series II 
instrument (Hewlett-Packard Ca Palo Alto, Calif. USA) 
equipped with a flame ionisation detector and a fused 
silica capillary column HP - INNOWAX (30 m length 
× 0.25 mm and 0.25 μm of film thickness). The tem-
perature was programmed to increase from 180 to 
240°C. Nitrogen (1 ml/min) was used as gas carrier. 
The results were expressed as a relative area percent 
of the total FAMES.
Estimated fatty acid desaturase and elongase activ-
ities are determined by the product/precursor ratio: 
D9D = C16:1w7/C16:0; D6D = C18:3w6/C18:2w6; 
D5D = C20:5w3/C20:4w3; D4D = C22:6w3/
C22:5w3; Elongase = C18:0/C16:0.
The phenolic compounds were estimated colorimetri-
cally at 765 nm [27]. The result was expressed as mg 
of gallic acid equivalents/ g of oil (mg GAE/g). 5 g of 
oil are mixed with 5 ml of the methanol/tween solution 
(80%/20%), the mixture is stirred for one minute using 
an ultra turrax before being centrifuged for 12 min at 
2850 rpm, and finally, we recover the upper phase. 
The extraction is repeated 3 times with the residue 
and the methanolic fraction is left at -20°C overnight. 
To 200 µl of extract, 800 µl of distilled water and 5 ml 
of folin reagent are added. The mixture is incubated 
for one minute in the dark and then 4 ml of sodium 
carbonate (7.5%) is added. After vortexing, the mix-
ture is left in the dark for 2 hours and then the absor-
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bance is read at 765 nm. Under the same conditions, 
a standard range is prepared with gallic acid. 
Total flavonoid content was evaluated by colorometric 
method at 510 nm [28]. 1 ml of the methanolic extract 
is mixed with 4 ml distilled water and 0.3 ml NaNO2 
(5%). After 5 min, 0.3 ml of AlCl3 (10%) is added and 
following a 6 min rest, 2 ml NaOH (1M) is added. The 
volume is adjusted to 10 ml by 2.4 ml of distilled wa-
ter. After using a vortex to homogenise the mixture, 
the absorbance at 500 nm is measured. The result 
was expressed as mg of catechin equivalent / g of 
oil).
Oxidative stability measures the resistance of the oil 
against oxidation. Measurement of the induction pe-
riod was determined by using a Rancimat apparatus, 
model 734 (Metrohm, Herisau, Switzerland). The tem-
perature was 120°C and the air flow was 20 l/h [29].
Antioxidant Activity (DPPH Radical Scavenging As-
say) was evaluated according to the method de-
scribed by Blois et al.[30]. 
Anti-pancreatic lipase activity was determined as de-
scribed by Gooda Sahib et al. [31].
Calcium and zinc concentrations were measured by 
atomic absorption spectroscopy “Spectrum SP-AA 
4000” (NF V 05-113, 1972).

STATISTICAL ANALYSIS 
All experiments were carried out in triplicate. Results 
were expressed as means ± standard deviations. The 
comparison was performed using the student-t test 
and ANOVA. Data were analysed with SPSS (version 
12.00 for Window, SPSS Inc., Chicago, IL 2003). Dif-
ferences were deemed significant at P<0.05.

RESULTS 

SM OIL CHARACTERISATION
Table I provides a summary of the extracted SM oil’s 
characteristics. Total phenol and total flavonoid con-
centrations are important in SM oil. In Parallel, the 
antioxidant capacity (DPPH, reducing power) is high. 
The SM oil has a high content of UFA (81.93%), with 
PUFA being the most common (53.61%). 

BUTTER CHARACTERISATION
Butter has low water content and is very rich in lip-
ids. Butter has a dry matter content of 86.15 ± 1.05 
percent (Table II). The percentage of lipid content are 
76.25 ± 3.18%. Almost 69% of fatty acids are sat-
urated (Table II). Palmitic acid is the most common 
SFA (29.71%). Unsaturated fatty acids (29.96%) are 
represented mainly by monounsaturated fatty acids 
(oleic acid (25.12%). The concentrations of calcium 
and zinc are respectively 10.9 and 0.782 mg/100 g 
of butter.

FATTY ACIDS IN MICE
RBC Fatty acid variation between all groups is sum-
marised in Table III. Saturated fatty acids increased 
in butter and SMB groups compared to the con-
trol group (p < 0.001). Inversely, UFA is lower in the 
SMB and butter groups than in the control group (p 
< 0.001). From UFA, MUFA decreased significantly 
in the butter group. Compared to the control group, 
trans FA dropped in the butter group and dropped 
more in the SMB group (p < 0.001). The difference 
between butter and the SMB groups is significant (p 
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Table I - Characteristics and fatty acid composition of Silybum marianum seed oil  

Characteristics 
Acidity [%] 0.733 ± 0.028 Total phenol (mg GAE/g) 5.1 ± 0.85 

PV [MeqO2/Kg] 5.33 ± 0.001 Total flavonoid (mg CE/g) 
 3.92 ± 0,03 

K232 1.908 ± 0.004 DPPH (%) 64 
K270 0.169 ± 0.005 Reducing power  0.306 
OSI: oxidative stability Index [hour] 4.14 Lipase inhibition (%) 75.45 
Fatty acid (%) 
Palmitic acid C16:0 13.37 
Palmitoleic acid C16:1 0.157 
Margaric acid C17:0 0.093 
Margaroleic acid C17:1 0.139 
Stearic acid C18:0 1.492 
Oleic acid C18:1 28.029 
Linoleic acid C18:2 52.954 
Linolenic acid C18:3 0.656 
Arachidic acid C20:0  2.203 
SFA 17.164 
UFA 81.935 
MUFA 28.324 
PUFA 53.611 

Total phenol (mg GAE/g) 
Total flavonoid (mg of catechin equivalent /g of oil) 
DPPH free radical scavenging activity 
SFA: saturated fatty acids, UFA: unsaturated fatty acids, MUFA: monounsaturated fatty acids, PUFA: polyunsaturated fatty acids. 
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= 0.024). n-3 FA decreased in the SMB group com-
pared to the butter group (p < 0.001). However, there 
is no noticeable difference from the control group. 
Liver fatty acid variation between all groups is sum-
marised in Table IV. Total SFA and UFA did not differ 
between the control and butter groups. 
In the SMB group SFA decreased and UFA with PUFA 
increased significantly compared to the control and 
butter groups. Also, n-3 FA increased in the SMB 
group compared to the control group (mainly DHA). 
Whereas trans FA did not differ between all groups.
There are no significant variations in D6D, D5D, and 
elongase across the three groups regarding desatu-
rase and elongase indexes in RBC (figure 1). In con-
trast to the butter group, the SMB group has a lower 
D9D index. The D4D index was higher in the butter 
group compared to the control group with no differ-
ence in the SMB group. 
In the liver, D4D and D5D indexes increased in the 
butter and SMB groups compared to the control 
group. There was no difference in the elongase index 
between the butter and SMB groups; instead, it de-
clined in the butter group and then increased in the 
SMB group. There was no significant difference in the 
D9D and D6D indexes between all groups (figure 2).

DISCUSSION

The SM oil has a significant antiradical activity and 
oxidative stability. As far as we know, few studies fo-
cused on phenolic compounds and antiradical activ-
ity of SM seed oil produced under cold pressure [32] 
[33]. Our findings confirmed the high total phenolic 

content of the Tunisian variety reported by Meddeb 
et al. [32]. In fact, the method used in our and in the 
last-mentioned study to measure polyphenols is not 
the optimal one. Other investigations, using HPLC 
technique, have found lower concentrations of phe-
nolic compounds [33]. In contrast to numerous pre-
vious researches, ours has a better oxidative stability 
index [32]. 
Results on fatty acid composition from multiple stud-
ies are nearly identical [32] [34] [35]. The major fat-
ty acid was Linoleic acid C18:2 (59.95%), followed 
by oleic acid (20.029%). The amount of those fatty 
acids varies throughout the research. Environmental 
variables or the use of various extraction techniques 
could account for this discrepancy [35]. Because of 
its fatty acid composition, SM oil has a significant im-
pact on human health, particularly in terms of pre-
venting cancer and cardiovascular diseases [36]. Our 
results, on FA in butter, are consistent with those of 
numerous earlier studies in which  butter is high in 
saturated fat (almost 60%) [37].  
In this work, we investigated how mice’s fatty acid 
profiles, as well as desaturase and elongase indices, 
were affected by butter and butter supplemented with 
SM oil. We demonstrated that the butter group had 
higher SFA in RBC. The rise in butyric acid, capric 
acid, lauric acid, myristic acid, and palmitic acid is 
the primary cause of the increased SFA. Butter has 
those FAs in it. Thus, diet intake may account for 
their increase. Moreover, the butter and SMB groups 
showed an increase in butyric acid, one of the short-
chain FAs (SCFA). Butyric acid, or SCFA, can be syn-
thesised in the intestine by the “gut microbiota” or 
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Table II - Physicochemical properties, composition and fatty acids of commercial butter 

Physicochemical properties Composition 
Peroxide value 4.66 ± 0.11 Lipid content [%] 76.25 ± 3.18 
TBARS  0.76 ± 0.08 Calcium [mg/100g] 10.9 ± 1.36 
Dry matter [%] 86.15 ±1.05 Zinc [mg/100g] 0.782 ± 0.58 
Fatty acids [% of total FA] 
C4 :0 4.59 ± 0.83 C18:1 n11 (trans) 0.034 ± 0.02 
C6 :0 4.31 ± 0.53 C18:1 n-9 (cis) 23.88 ± 2.47 
C8 :0 3.58 ± 1.11 C18:1  n-7(cis) 1.046 ± 0.26 
C10 :0 2.11 ± 0.16 C18:2   (t9,t12) 0.113 ± 0.14 
C12 :0 2.78 ± 0.29 C18:2   (c9,t12) 0.017 ± 0.01 
C13 :0 0.232 ± 0.06 C18:2   (t9,c12) 0.072 ± 0.05 
C14 :0 9.737 ± 0.59 C18:2 n-6 (c9,c12) 0.123 ± 0.10 
C14 :1 n-9 0.058 ± 0.02 C18:2    (c9,t11) 0.019 ± 0.02 
C15 :0 0.142 ± 0.07 C18:2   (t10,c12) 0.011 ± 0.01 
C16 :0 29.71 ± 0.77 C18:3   n-3  (cis) 0.944 ± 0.26 
C16 :1 n-9  0.017 ± 0.02 C18:3   n-6 0.028 ± 0.01 
C16:1  n-7 (cis) 2.235 ± 0.15 C20 :0 0.157 ± 0.13 
C17:0 0.838 ± 0.13 C20 :1 0.671 ± 0.09 
C17 :1 0.592 ± 0.13 C22 :0 0.090 ± 0.03 
C18 :0 11.08 ± 0.88  C21 :0 0.526 ± 0.07 
C18:1 n-9 (trans) 0.013 ± 0.001 C24 :0 0.119 ± 0.04 

TBARS (Thiobarbituric acid reactive substances) 
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consumed by food [38]. We can propose that add-
ing SM oil to butter stimulates the gut microbiota to 
produce SCFA. Because SM oil contains a high con-
centration of phenolic compounds, a previous study 
showed that phenolic compounds have a beneficial 
effect on gut microbiota [39]. 

FA with more than 12 molecules of carbon increased 
in the butter group but decreased in the SMB group. 
Moreover, FA which decreased in the butter group, 
decreased more in the SMB group. This could be ex-
plained by the fact that the SM oil inhibits pancreatic 
lipase (shown in this study) and therefore some of the 
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Table III - Fatty acid composition of red blood cells in different groups of rats; control group (normal diet), butter group (diet 
supplemented with butter), SMB group (diet supplemented with butter and SM oil)   

Fatty acids control Butter group SMB group pANOVA 
C4:0 0.058 ± 0.012 0.741  ± 0.324⁋ ♦♦♦2.315 ± 0.115*** 0.00 
C6:0 0.020 ± 0.001 0.400 ± 0.541 ♦1.439 ± 0.428* 0.005 
C8:0 0 .024 ± 0.003 0.594 ± 0.719 1.211 ± 1.104 0.215 
C10:0 0.022 ± 0.001 0.149 ± 0.077⁋ ♦♦1.659 ± 0.486** 0.000 
C12:0 0.022 ± 0.001 1.073 ± 0.284⁋⁋ ♦♦♦1.491 ±  0.249 0.000 
C13:0 0.064 ± 0.057 0.318 ±  0.052⁋⁋ ♦♦0.239  ± 0.040 0.000 
C14:0 0.696  ± 0.109 2.248 ± 0.459⁋⁋ 0.594 ± 0.100*** 0.000 
C14:1n-9 1.369 ± 0.012 1.097 ± 0.138⁋ 1.141  ± 0.227 0.133 
C15:0 1.356 ±  0.167 0.153 ± 0.060⁋⁋⁋ 1.083  ± 0.333** 0.000 
C16:0 26.180 ± 2.214 33.345 ± 2.262⁋ 25.135 ± 1.735** 0.001 
C16 :1 n-9  3.402 ± 0.294 0.527 ± 0. 225⁋⁋⁋ ♦1.785 ± 0.897* 0.001 
C16 :1 n-7 cis 1.401 ± 0.136 2.238 ± 0.278⁋⁋ 1.242 ± 0.117** 0.000 
C17:0 5.885 ± 1.052 0.875 ± 0.149⁋⁋⁋ 5.132 ±1.158*** 0.000 
C18:0  acidestéarique 10.729 ±1.086 11.397 ± 0.312 10.394 ± 0.931 0.335 
C18 :1 n-9 cis 27.118 ± 0.657 23.916 ± 0.737⁋⁋ 27.181 ± 5.155 0.325 
C18:1n-7cis 1.079 ± 0.160 0.718 ± 0.279 0.956 ± 0.124 0.112 
C18:1 n-9 trans 0.624 ± 0.160 0.261 ± 0.060⁋⁋ 0.521 ± 0.081** 0.004 
C18:2 t9c12 1.193 ±1.621 1.754 ± 0.507 0.079 ± 0.038** 0.068 
C18:2 c9t12 1.802 ± 1.791 0.097 ± 0 .031 0.437 ± 0.183* 0.090 
C18 :2 c9c12 12.561 ± 1.410 13.762 ±0.786 13.007±3 .742 0.808 
C18 :3 n-3 cis 0.502 ± 0.082 0.934 ± 0.255⁋ 0.356 ± 0.113** 0.004 
C18 :2 t10c12 0.351 ± 0.091 0.511 ± 0.068⁋ 0.297 ± 0.040** 0.005 
C18 :2 t9 t11 0.150 ± 0.090 0.173 ± 0.016 0.073 ± 0.057* 0.096 
C18 :2 c11t13 0.495 ± 0.108 0.614 ± 0.118 0.353 ± 0.88* 0.024 
C18:3 n-6 0.493 ± 0.107 0.488 ± 0.231 0.389 ± 0.127 0.653 
C20:0 0.112 ± 0.049 0.080 ± 0.021 0.063 ± 0.019 0.173 
C20:1 n-9 0.141 ± 0.066 0.076 ± 0.047 0.080 ± 0.023 0.191 
C21:0 0.149 ± 0.064 0.204 ± 0.044 0.081 ± 0.017** 0.013 
C22:0 0.527 ± 0.062 0.590 ± 0.082 ♦0 .363 ± 0.097* 0.014 
C20:3 n-3 0.102 ± 0.097 0 .035 ± 0.033 0.035 ± 0.030 0.275 
C20:4 n-6 0.112 ± 0.050 0.058 ± 0.013 0.072 ± 0.024 0.127 
C20:4 n-3 0.239 ± 0.237 0.073 ± 0.035 0.111 ± 0.076 0.279 
C23:0 0.131 ± 0.053 0.078 ± 0.040 0.127 ± 0.046 0.272 
C20:5 0.147 ± 0.023 0.094 ± 0.046 ♦0 .093 ± 0.029 0.140 
C24:0 0.216 ± 0.065 0.136 ± 0.045 0.141 ± 0.022 0.096 
C22:5 n-3 0.152 ± 0.096 0.021 ± 0.014⁋ 0.146 ±0.101* 0.092 
C22:6 n-3 0.177 ± 0.129 0.137 ± 0.086 0.081 ± 0.065 0.424 
C24:1 0.223 ± 0.087 0.022 ± 0.008⁋⁋ ♦0 .082 ± 0.045* 0.003 
SFA 46.193±1.855 52.388±0.641⁋⁋ ♦♦51.473±0.901 0.000 
UFA 53.804±1.854 47.613±0.643⁋⁋ ♦♦48.525±0.901 0.000 
MUFA 35.360±0.333 28.858±0.549⁋⁋⁋ 32.991±4.423 0.036 
PUFA 18.444±2.185 18.755±0.785 15.534±3.668 0.213 
n-6 FA  16.020±2.338 16.183±0.586 13.893±3.736 0.434 
n-3 FA 1.667±0.497 1.689±0.112 1.120±0.123*** 0.031 
Trans FA 4.587±0.365 3.411±0.772 ♦1.761±0.203** 0.013 

Significant difference ⁋butter/control ♦SBM/control *butter/SMB groups  
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FA will not cross the intestinal wall.
FA in red blood cells represents an imprint of FA in 
food [40]. Circulating FA could be considered as 
biomarkers of disease development [10]. Studies 
showed that butyrate can decrease the coronary ar-
tery disease risk [41]. Another study considers C22:0, 
C24:0, C26:0, C25 n-3 (EPA), and C20:4 n-6 (AA) 
as biomarkers of CAD and trans FA as CAD severity 

predictor [42]. In this study, we showed that butter is 
linked to higher levels of butyric acid and lower lev-
els of oleic acid. This finding proved the correlation 
between butter consumption and a preventative FA 
profile. On the other hand, SM oil supplementation is 
associated with decreased C22:0, C20:5, and trans 
FA. Therefore, adding SM oil to a diet helps improve 
the fatty acid profile, which helps avoid CAD.

4 
 

 
Table IV - Fatty acid composition of liver in different groups of rats; group1: control (normal diet), group 2: (diet supplemented 
with butter), group 3: (diet supplemented with butter and SM oil) 

Fatty acids Control Butter group SMB group pANOVA 
C4:0 0.058 ± 0.029 1.627 ± 0.336⁋⁋ ♦♦0.205 ± 0.041*** 0.00 
C6:0 0.061 ± 0.028 0.806 ± 0.351⁋ 0.067 ± 0.025** 0.001 
C8:0 0.021 ± 0.009 1.211 ± 1.528 0.073 ± 0.121 0.158 
C10:0 0.100 ± 0.074 1.263 ± 1.138 0.137 ± 0.043* 0.057 
C12:0 0.207 ± 0.328 1.953 ± 0.628⁋⁋ ♦0.804 ± 0.210** 0.001 
C13:0 0.618 ± 0.427 0.111 ± 0.024 ♦0.121 ± 0.063 0.017 
C14:0 0.728 ± 0.192 0.787 ± 0.152 0.633 ± 0.174 0.432 
C14:1 n-9 0.469 ± 0.189 0.376 ± 0.326 0.721 ± 0.366 0.299 
C15:0 0.155 ± 0.121 0.067 ± 0.095 0.168 ± 0.087 0.325 
C16:0 20.087 ± 0.434 20.042 ± 0.722 18.863 ± 1.398 0.201 
C16 :1 n-9 trans 0.439 ± 0.036 0.429 ± 0.042 0.422 ± 0.033 0.819 
C16 :1 n-7 cis 1.107 ± 0.010 1 .059 ± 0.060 1.146 ± 0.191 0.633 
C17:0 0.581 ± 0.040 0.634 ± 0 .603 0.898 ± 0.771 0.737 
C18:0   25.691 ± 0.262 23.775 ± 1.313 24.104 ± 1.867 0.248 
C18 :1 n-9 cis 0.637 ±0.172 0.809 ± 0.297 0.706 ± 0.285 0.703 
C18:1 n-7 cis 7.624  ± 0.911 9.027 ± 2.856 7.715 ± 0.9634 0.508 
C18:1 n-9 trans 1.229 ± 0.790 0.644 ± 0.246 0.860 ± 0.170 0.234 
C18:2 t9c12 0.073 ± 0.003 0.076 ± 0.035 1.785 ± 2.456 0.256 
C18:2 cis 9t12 0 .127 ± 0. 015 0.117 ± 0.021 2.193 ± 3.746 0.404 
C18 :2 n-6 c9c12 1.208 ± 0.078 1.092 ± 0.175 1.505 ± 0.502 0.245 
C18 :3 n-3 cis 6.596 ± 0.308 7.344 ± 2.627 7.390 ± 2.297 0.867 
C18 :2 t10c12 0.108 ± 0.008 0.082 ± 0.028 0.112 ± 0. 021 0.163 
C18 :2 t9 t11 0.297 ± 0.014 0.224 ± 0.152 0.321 ± 0.084 0.405 
C18 :2c11t13 0.007 ± 0.003 0.005 ± 0.003 0.016 ± 0.022 0.506 
C18:3 n-6 1.723 ± 0.024 1.344 ± 0.552 1.497 ± 0.368 0.496 
C20:0 0.596 ± 0.036 0.490 ± 0.366 0.533 ± 0.103 0.828 
C20:1 n-9 0.083 ± 0.011 0 .094 ± 0.066 0.091 ± 0.031 0.940 
C21:0 0.242 ± 0.006 0. 285 ± 0.112 0 .240 ± 0.069 0.674 
C22:0 0.336 ± 0.056 0 .663 ± 0.025⁋⁋⁋ ♦♦0.652 ± 0.085 0.000 
C20:3 n-3 0.593 ± 0.060 0. 634 ± 0.036⁋ 0.629 ± 0.143 0.856 
C20:4 n-6 10.775 ± 0.486 9.583 ± 0.538⁋⁋ 10.158 ± 0.688 0.079 
C20:4 n-3 0.580 ± 0.018 0.207 ± 0.146 ♦♦0.178 ± 0.129 0.003 
C23:0 0.715 ± 0.036 0.236 ± 0.142⁋⁋ 0.268 ± 0.117 0.001 
C20:5 2.388 ± 0.050 1.684 ± 0.981 1.903 ± 0.861 0.537 
C24:0 4.788 ± 0.173 0.563 ± 0.089⁋⁋⁋ 0.726 ± 0.313 0.000 
C22:5 n-3 8.253 ± 0.133 4.583 ± 1.893⁋ ♦5.207 ± 1.403 0.020 
C22:6 n-3 0.576 ± 0.331 6.008 ± 3.179⁋ ♦♦6.854 ± 2.397 0.016 
C24:1 0.109 ± 0.111 0.051 ± 0.056 0.084 ± 0.033 0.531 BioMed 

 
 

SFA 54.990 ± 0.562 54.519 ± 1.540 ♦48.497 ± 2.888** 0.003 
UFA 45.008 ± 0.561 45.479 ± 1.540 ♦51.503 ± 2.890** 0.003 
MUFA 11.700 ± 0.624 12.492 ± 3.155 11.749 ± 1.900 0.859 
PUFA 33.307 ± 0.455 32.987 ± 4.441 ♦39.754 ± 3.606* 0.032 
n-6 FA  14.014 ± 0.365 12.295 ± 1.002⁋ 17.252 ± 3.60 0.148 
n-3 FA  16.600 ± 0.061 18.778 ± 2.614 ♦20.259 ± 2.041 0.098 
Trans FA  1.847 ± 0.784 1.158 ± 0.183 5.292 ± 5.481 0.248 

Significant difference ⁋butter/control ♦SBM/control *butter/SMB groups  
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In the liver, there are no differences in total SFA or 
UFA between the butter and control groups.  How-
ever, many SFA increased in the butter group such 
as C4:0, C6:0, C12:0, and C22:0 and other SFA de-
creased such as C23:0 and C24:0. The change in fat-
ty acid content in the liver may be the result of chang-
es in dietary FA. The FAs that increased in the butter 

group, are decreasing in the SMB group compared to 
the butter one. Thus, two hypotheses are plausible: i- 
SM oil masks the effect of butter consumption on fat 
profile. ii- SM oil decreases the content of FA which 
have raised under the effect of butter consumption.
In summary, the impact of butter and SM oil on fatty 
acid metabolism may account for the differences in 

5 
 

 

Figure 1 - Estimated desaturase and elongase activity variation in red blood cells of different groups of mice: control (normal 
diet), Butter (diet supplemented with butter), SMB (diet supplemented with butter and SM oil). D9D = C16:1n-7/C16:0; D6D = 
C18:3n-6/C18:2n-6; D5D = C20:5n-3/C20:4n-3; D4D = C22:6n-3/C22:5n-3; Elongase = C18:0/C16:0. 

The values displayed above the histograms are the significant values of pANOVA: difference between three groups. asignificant 
difference with control; bsignificant difference with butter group 

 
 

 

  

 

Figure 2 - Desaturase and elongase index variation in liver of different groups of mice: control (normal diet), Butter (diet 
supplemented with butter), SMB (diet supplemented with butter and SM oil). D9D = C16:1n-7/C16:0; D6D = C18:3n-6/C18:2n-6; 
D5D = C20:5n-3/C20:4n-3; D4D = C22:6n-3/C22:5n-3; Elongase = C18:0/C16:0. 

The values displayed above the histograms are the significant values of pANOVA: difference between three groups. asignificant 
difference with control; bsignificant difference with butter group 
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fatty acid profiles observed in the control, butter, and 
SMB groups. Butter and SM oil supplementations are 
associated with increased D5D and D4D enzyme ac-
tivities. Moreover, butter inhibits the elongase enzyme. 
However, SM oil activates it. This could be explained 
by the effect of butter and SM oil compounds (FA, 
zinc, phenolic compounds, flavonoids...). Previous 
studies showed that α-linolenic acid and anthocya-
nins affect desaturase activities [43].  Hydroxytyrosol 
and high fat diet influence desaturase expression 
and activity [44]. Silibinin, a phenolic compound of 
SMO, downregulates many lipogenic genes (FATP5, 
SREBP-1) and gluconeogenic genes [45]. We can 
suggest that SMO enhances the lipid (FA) composi-
tion of the liver by raising UFA, primarily w3, in addi-
tion to its lipogenic effect (ascribed to silibinin).

CONCLUSION

SM oil supplementation influences fatty acid profile in 
RBC and liver. It enhances the fatty acid profile to help 
prevent an illness. It would be very interesting to add 
SM oil to butter for good health. However, to further 
understand the impact of adding SM oil to the taste 
and stability of butter, additional research ought to be 
considered.

Acknowledgements: This work was supported by 
Ministry of Higher Education and Scientific Research 
(Tunisia).

Conflict of interest: The authors declare no poten-
tial conflicts of interest with respect to the research, 
authorship, and/or publication of this article.

BIBLIOGRAPHY

[1] F. Visioli, A. Poli, Fatty acids and cardiovascular 
risk. Evidence, lack of evidence, and diligence, 
Nutrients 12 (2020) 3782.

[2] J. Praagman, E.A.L. De Jonge, J.C. Kiefte-de 
Jong, J.W.J. Beulens, I. Sluijs, J.D. Schou-
four, A. Hofman, Y.T. Van Der Schouw, O.H. 
Franco, Dietary Saturated Fatty Acids and Co-
ronary Heart Disease Risk in a Dutch Middle-
Aged and Elderly Population, ATVB 36 (2016) 
2011–2018. https://doi.org/10.1161/ATVBA-
HA.116.307578.

[3] M. Perna, S. Hewlings, Saturated Fatty Acid 
Chain Length and Risk of Cardiovascular Dise-
ase: A Systematic Review, Nutrients 15 (2023). 
https://doi.org/10.3390/nu15010030.

[4] A. Van Parys, J. Sæle, N.G. Puaschitz, Å.M. An-
finsen, T. Karlsson, T. Olsen, T.R. Haugsgjerd, 
K.J. Vinknes, K.B. Holven, J. Dierkes, The as-
sociation between dairy intake and risk of car-
diovascular disease and mortality in patients 
with stable angina pectoris, European Journal 
of Preventive Cardiology 30 (2023) 219–229.

[5] J. Dukuzimana, S. Janzi, C. Habberstad, S. 
Zhang, Y. Borné, E. Sonestedt, High con-
sumption of dairy products and risk of major ad-
verse coronary events and stroke in a Swedish 
population, British Journal of Nutrition (2023) 
1–12.

[6] D.I. Givens, Saturated fats, dairy foods and 
cardiovascular health: No longer a curious pa-
radox?, Nutrition Bulletin 47 (2022) 407–422. 
https://doi.org/10.1111/nbu.12585.

[7] M. Neuenschwander, J. Barbaresko, C.R. Pi-
schke, N. Iser, J. Beckhaus, L. Schwingshackl, 
S. Schlesinger, Intake of dietary fats and fatty 
acids and the incidence of type 2 diabetes: A 
systematic review and dose-response meta-
analysis of prospective observational studies, 
PLoS Med 17 (2020) e1003347. https://doi.
org/10.1371/journal.pmed.1003347.

[8] H. Wu, L. Xu, C.M. Ballantyne, Dietary and 
Pharmacological Fatty Acids and Cardiovascu-
lar Health, J Clin Endocrinol Metab 105 (2020) 
1030–1045. https://doi.org/10.1210/clinem/
dgz174.

[9] C. Pouchieu, V. Chajès, F. Laporte, E. Kesse-
Guyot, P. Galan, S. Hercberg, P. Latino-Martel, 
M. Touvier, Prospective Associations betwe-
en Plasma Saturated, Monounsaturated and 
Polyunsaturated Fatty Acids and Overall and 
Breast Cancer Risk – Modulation by Antioxi-
dants: A Nested Case-Control Study, PLoS 
ONE 9 (2014) e90442. https://doi.org/10.1371/
journal.pone.0090442.

[10] R. Chaaba, A. Bouaziz, A. Ben Amor, W. Mnif, 
M. Hammami, S. Mehri, Fatty Acid Profile and 
Genetic Variants of Proteins Involved in Fatty 
Acid Metabolism Could Be Considered as Di-
sease Predictor, Diagnostics 13 (2023). https://
doi.org/10.3390/diagnostics13050979.

[11] A. Mente, M. Dehghan, S. Rangarajan, M. Mc-
Queen, G. Dagenais, A. Wielgosz, S. Lear, W. 
Li, H. Chen, S. Yi, Y. Wang, R. Diaz, A. Ave-
zum, P. Lopez-Jaramillo, P. Seron, R. Kumar, R. 
Gupta, V. Mohan, S. Swaminathan, R. Kutty, K. 
Zatonska, R. Iqbal, R. Yusuf, N. Mohammadi-
fard, R. Khatib, N.M. Nasir, N. Ismail, A. Oguz, 
A. Rosengren, A. Yusufali, E. Wentzel-Viljoen, 
T. Puoane, J. Chifamba, K. Teo, S.S. Anand, 
S. Yusuf, S. Yusuf, S. Rangarajan, K.K. Teo, 
C.K. Chow, M. O’Donnell, A. Mente, D. Leong, 
A. Smyth, P. Joseph, A. Merchant, S. Islam, 
M. Zhang, W. Hu, C. Ramasundarahettige, G. 
Wong, S. Bangdiwala, L. Dyal, A. Casanova, M. 
Dehghan, G. Lewis, A. Aliberti, A. Arshad, A. 
Reyes, A. Zaki, B. Lewis, B. Zhang, D. Agapay, 
D. Hari, E. Milazzo, E. Ramezani, F. Hussain, F. 
Shifaly, G. McAlpine, I. Kay, J. Lindeman, J. Ri-
mac, J. Swallow, L. Heldman, M. Mushtaha, M. 
Mushtaha, M. Trottier, M. Riggi, N. Aoucheva, 
N. Kandy, P. Mackie, R. Solano, S. Chin, S. Ra-



La rivista itaLiana deLLe sostanze grasse - voL. 101 - ottoBre/diCeMBre 2024La rivista itaLiana deLLe sostanze grasse - voL. 101 - ottoBre/diCeMBre 2024

241

macham, S. Shahrook, S. Trottier, T. Tongana, 
W. ElSheikh, Y. Iyengar, M. McQueen, K. Hall, J. 
Keys, X. Wang, J. Keneth, A. Devanath, R. Diaz, 
A. Orlandini, B. Linetsky, S. Toscanelli, G. Ca-
saccia, J.M. Cuneo, O. Rahman, R. Yusuf, A.K. 
Azad, K.A. Rabbani, H.M. Cherry, A. Mannan, 
I. Hassan, A.T. Talukdar, R.B. Tooheen, M.U. 
Khan, M. Sintaha, T. Choudhury, R. Haque, S. 
Parvin, A. Avezum, G.B. Oliveira, C.S. Marcilio, 
A.C. Mattos, K. Teo, S. Yusuf, J. Dejesus, D. 
Agapay, T. Tongana, R. Solano, I. Kay, S. Trottier, 
J. Rimac, W. Elsheikh, L. Heldman, E. Rameza-
ni, G. Dagenais, P. Poirier, G. Turbide, D. Auger, 
A.L.D. Bluts, M.C. Proulx, M. Cayer, N. Bonne-
ville, S. Lear, D. Gasevic, E. Corber, V. de Jong, 
I. Vukmirovich, A. Wielgosz, G. Fodor, A. Pipe, 
A. Shane, F. Lanas, P. Seron, S. Martinez, A. 
Valdebenito, M. Oliveros, L. Wei, L. Lisheng, C. 
Chunming, W. Xingyu, Z. Wenhua, Z. Hongye, 
J. Xuan, H. Bo, S. Yi, B. Jian, Z. Xiuwen, C. 
Xiaohong, C. Tao, C. Hui, C. Xiaohong, D. Qing, 
C. Xiaoru, D. Qing, H. Xinye, H. Bo, J. Xuan, L. 
Jian, L. Juan, L. Xu, R. Bing, S. Yi, W. Wei, W. 
Yang, Y. Jun, Z. Yi, Z. Hongye, Z. Xiuwen, Z. 
Manlu, L. Fanghong, W. Jianfang, L. Yindong, 
H. Yan, Z. Liangqing, G. Baoxia, L. Xiaoyang, 
Z. Shiying, B. Rongwen, T. Xiuzhen, L. Dong, 
C. Di, W. Jianguo, X. Yize, L. Tianlu, Z. Peng, 
D. Changlin, L. Ning, M. Xiaolan, Y. Yuqing, L. 
Rensheng, F. Minfan, H. Jing, L. Yu, X. Xiaojie, 
Z. Qiang, P. Lopez-Jaramillo, P.C. Lopez, R. 
Garcia, L.J.A. Jurado, D. Gómez-Arbeláez, 
J.F. Arguello, R. Dueñas, S. Silva, L.P. Pradilla, 
F. Ramirez, D.I. Molina, C. Cure-Cure, M. Pe-
rez, E. Hernandez, E. Arcos, S. Fernandez, C. 
Narvaez, J. Paez, A. Sotomayor, H. Garcia, G. 
Sanchez, T. David, A. Rico, P. Mony, M. Vaz, 
A.V. Bharathi, S. Swaminathan, K.S.A. Kurpad, 
K.G. Jayachitra, N. Kumar, H. a. L. Hospital, V. 
Mohan, M. Deepa, K. Parthiban, M. Anitha, S. 
Hemavathy, T. Rahulashankiruthiyayan, D. Ani-
tha, K. Sridevi, R. Gupta, R.B. Panwar, I. Mo-
han, P. Rastogi, S. Rastogi, R. Bhargava, R. 
Kumar, J.S. Thakur, B. Patro, P.V.M. Lakshmi, 
R. Mahajan, P. Chaudary, V.R. Kutty, K. Vija-
yakumar, K. Ajayan, G. Rajasree, A.R. Renjini, 
A. Deepu, B. Sandhya, S. Asha, H.S. Soumya, 
R. Kelishadi, A. Bahonar, N. Mohammadifard, 
H. Heidari, K. Yusoff, T.S.T. Ismail, K.K. Ng, A. 
Devi, N.M. Nasir, M.M. Yasin, M. Miskan, E.A. 
Rahman, M.K.M. Arsad, F. Ariffin, S.A. Razak, 
F.A. Majid, N.A. Bakar, M.Y. Yacob, N. Zainon, 
R. Salleh, M.K.A. Ramli, N.A. Halim, S.R. Nor-
lizan, N.M. Ghazali, M.N. Arshad, R. Razali, S. 
Ali, H.R. Othman, C. Hafar, A. Pit, N. Danuri, F. 
Basir, S.N.A. Zahari, H. Abdullah, M.A. Arippin, 
N.A. Zakaria, I. Noorhassim, M.J. Hasni, M.T. 
Azmi, M.I. Zaleha, K.Y. Hazdi, A.R. Rizam, W. 
Sazman, A. Azman, R. Khatib, U. Khammash, 

A. Khatib, R. Giacaman, R. Iqbal, A. Afridi, R. 
Khawaja, A. Raza, K. Kazmi, A. Dans, H.U. Co, 
J.T. Sanchez, L. Pudol, C. Zamora-Pudol, L. a. 
M. Palileo-Villanueva, M.R. Aquino, C. Abaquin, 
S.L. Pudol, M.L. Cabral, W. Zatonski, A. Szuba, 
K. Zatonska, R. Ilow, M. Ferus, B. Regulska-
Ilow, D. Rózanska, M. Wolyniec, K.F. AlHabib, 
A. Hersi, T. Kashour, H. Alfaleh, M. Alshamiri, 
H.B. Altaradi, O. Alnobani, A. Bafart, N. Alkamel, 
M. Ali, M. Abdulrahman, R. Nouri, A. Kruger, 
H.H. Voster, A.E. Schutte, E. Wentzel-Viljoen, 
F.C. Eloff, H. de Ridder, H. Moss, J. Potgieter, 
A.A. Roux, M. Watson, G. de Wet, A. Olckers, 
J.C. Jerling, M. Pieters, T. Hoekstra, T. Puoa-
ne, E. Igumbor, L. Tsolekile, D. Sanders, P. Nai-
doo, N. Steyn, N. Peer, B. Mayosi, B. Rayner, 
V. Lambert, N. Levitt, T. Kolbe-Alexander, L. 
Ntyintyane, G. Hughes, R. Swart, J. Fourie, M. 
Muzigaba, S. Xapa, N. Gobile, K. Ndayi, B. Jwi-
li, K. Ndibaza, B. Egbujie, A. Rosengren, K.B. 
Boström, A. Gustavsson, M. Andreasson, M. 
Snällman, L. Wirdemann, K. Yeates, J. Sleeth, 
K. Kilonzo, A. Oguz, N. Imeryuz, Y. Altuntas, 
S. Gulec, A. Temizhan, K. Karsidag, K.B.T. Ca-
lik, A. a. K. Akalin, O.T. Caklili, M.V. Keskinler, 
A.N. Erbakan, A.M. Yusufali, W. Almahmeed, H. 
Swidan, E.A. Darwish, A.R.A. Hashemi, N. Al-
Khaja, J.M. Muscat-Baron, S.H. Ahmed, T.M. 
Mamdouh, W.M. Darwish, M.H.S. Abdelmo-
tagali, S.O. Awed, G.A. Movahedi, F. Hussain, 
H.A. Shaibani, R.I.M. Gharabou, D.F. Yous-
sef, A.Z.S. Nawati, Z.A. Salah, R.F.E. Abdalla, 
S.A. Shuwaihi, M.A. Omairi, O.D. Cadigal, R.S. 
Alejandrino, J. Chifamba, L. Gwaunza, G. Tere-
ra, C. Mahachi, P. Murambiwa, T. Machiweni, R. 
Mapanga, Association of dietary nutrients with 
blood lipids and blood pressure in 18 countries: 
a cross-sectional analysis from the PURE study, 
The Lancet Diabetes & Endocrinology 5 (2017) 
774–787. https://doi.org/10.1016/S2213-
8587(17)30283-8.

[12] K.M.C. Nogoy, H.J. Kim, Y. Lee, Y. Zhang, J. Yu, 
D.H. Lee, X.Z. Li, S.B. Smith, H.A. Seong, S.H. 
Choi, High dietary oleic acid in olive oil-supple-
mented diet enhanced omega-3 fatty acid in 
blood plasma of rats, Food Science & Nutrition 
8 (2020) 3617–3625. https://doi.org/10.1002/
fsn3.1644.

[13] W. Zhao, F. Song, D. Hu, H. Chen, Q. Zhai, 
W. Lu, J. Zhao, H. Zhang, W. Chen, Z. Gu, G. 
Wang, The Protective Effect of Myristica fragrans 
Houtt. Extracts Against Obesity and Inflamma-
tion by Regulating Free Fatty Acids Metabo-
lism in Nonalcoholic Fatty Liver Disease, Nu-
trients 12 (2020) 2507. https://doi.org/10.3390/
nu12092507.

[14] H. Kubo, M. Hoshi, T. Matsumoto, M. Irie, S. 
Oura, H. Tsutsumi, Y. Hata, Y. Yamamoto, K. 
Saito, Sake lees extract improves hepatic lipid 



La rivista itaLiana deLLe sostanze grasse - voL. 101 - ottoBre/diCeMBre 2024La rivista itaLiana deLLe sostanze grasse - voL. 101 - ottoBre/diCeMBre 2024

242

accumulation in high fat diet-fed mice, Lipids He-
alth Dis 16 (2017) 106. https://doi.org/10.1186/
s12944-017-0501-y.

[15] J. Mun, S. Kim, H.-G. Yoon, Y. You, O.-K. Kim, 
K.-C. Choi, Y.-H. Lee, J. Lee, J. Park, W. Jun, 
Water extract of Curcuma longa L. ameliorates 
non-alcoholic fatty liver disease, Nutrients 11 
(2019) 2536.

[16] A. Stawarska, T. Lepionka, A. Białek, M. 
Gawryjołek, B. Bobrowska-Korczak, Pomegra-
nate Seed Oil and Bitter Melon Extract Affect 
Fatty Acids Composition and Metabolism in He-
patic Tissue in Rats, Molecules 25 (2020) 5232. 
https://doi.org/10.3390/molecules25225232.

[17] V. Tutino, I. Gigante, M.P. Scavo, M.G. Refolo, V. 
De Nunzio, R.A. Milella, M.G. Caruso, M. Notar-
nicola, Stearoyl-CoA Desaturase-1 Enzyme Inhi-
bition by Grape Skin Extracts Affects Membrane 
Fluidity in Human Colon Cancer Cell Lines, Nu-
trients 12 (2020) 693. https://doi.org/10.3390/
nu12030693.

[18] V. Křen, D. Walterová, Silybin and silymarin-new 
effects and applications, Biomed Papers 149 
(2005) 29–41.

[19] N. Dixit, S. Baboota, K. Kohli, S. Ahmad, J. Ali, 
Silymarin: A review of pharmacological aspects 
and bioavailability enhancement approaches, 
Indian Journal of Pharmacology 39 (2007) 172.

[20] P.F. Surai, Silymarin as a natural antioxidant: an 
overview of the current evidence and perspecti-
ves, Antioxidants 4 (2015) 204–247.

[21] S.Y. Zhu, N. Jiang, J. Yang, J. Tu, Y. Zhou, X. 
Xiao, Y. Dong, Silybum marianum oil attenuates 
hepatic steatosis and oxidative stress in high fat 
diet-fed mice, Biomedicine & Pharmacotherapy 
100 (2018) 191–197.

[22] J. Andrzejewska, T. Martinelli, K. Sadowska, 
Silybum marianum: non‐medical exploitation 
of the species, Annals of Applied Biology 167 
(2015) 285–297.

[23] N.P. Du Sert, A. Ahluwalia, S. Alam, M.T. Avey, 
M. Baker, W.J. Browne, A. Clark, I.C. Cuthill, U. 
Dirnagl, M. Emerson, Reporting animal rese-
arch: Explanation and elaboration for the AR-
RIVE guidelines 2.0, PLoS Biology 18 (2020) 
e3000411.

[24] EEC, Characteristics of olive and olive poma-
ce oils and their analytical methods. Regula-
tion EEC/2568/1991, Offic J Eur Commun 248 
(1991) 1–82.

[25] International Olive Oil Council, Trade standard 
applying to olive oil and olive pomace oil, Reso-
lution No. Res-3/89-Iv/03, COI/T. 15/NC No. 3/
Rev. 1 (2003).

[26] R. Ackman, Remarks on official methods em-
ploying boron trifluoride in the preparation 
of methyl esters of the fatty acids of fish oils, 
Journal of the American Oil Chemists’ Society 
75 (1998) 541–545.

[27] G. Montedoro, M. Servili, M. Baldioli, E. Miniati, 
Simple and hydrolyzable phenolic compounds 
in virgin olive oil. 1. Their extraction, separation, 
and quantitative and semiquantitative evaluation 
by HPLC, Journal of Agricultural and Food Che-
mistry 40 (1992) 1571–1576.

[28] V. Dewanto, X. Wu, K.K. Adom, R.H. Liu, Ther-
mal processing enhances the nutritional value of 
tomatoes by increasing total antioxidant activity, 
Journal of Agricultural and Food Chemistry 50 
(2002) 3010—3014. https://doi.org/10.1021/
jf0115589.

[29] D. Tura, C. Gigliotti, S. Pedò, O. Failla, D. Bassi, 
A. Serraiocco, Influence of cultivar and site of 
cultivation on levels of lipophilic and hydrophilic 
antioxidants in virgin olive oils (Olea europea L.) 
and correlations with oxidative stability, Scientia 
Horticulturae 112 (2007) 108–119.

[30] M.S. Blois, Antioxidant determinations by the 
use of a stable free radical, Nature 181 (1958) 
1199–1200.

[31] N. Gooda Sahib, A. Abdul Hamid, N. Saari, F. 
Abas, M.S. Pak Dek, M. Rahim, Anti-Pancreatic 
Lipase and Antioxidant Activity of Selected Tro-
pical Herbs, International Journal of Food Pro-
perties 15 (2012) 569–578. https://doi.org/10.1
080/10942912.2010.494754.

[32] W. Meddeb, L. Rezig, M. Abderrabba, G. Lizard, 
M. Mejri, Tunisian Milk Thistle: An Investigation 
of the Chemical Composition and the Characte-
rization of Its Cold-Pressed Seed Oils, Int J Mol 
Sci 18 (2017) 2582. https://doi.org/10.3390/
ijms18122582.

[33] M. Kalinowska, A. Płońska, M. Trusiak, E. 
Gołębiewska, A. Gorlewska-Pietluszenko, 
Comparing the extraction methods, chemical 
composition, phenolic contents and antioxidant 
activity of edible oils from Cannabis sativa and 
Silybum marianu seeds, Scientific Reports 12 
(2022) 20609.

[34] J. Orsavova, L. Misurcova, J.V. Ambrozova, R. 
Vicha, J. Mlcek, Fatty acids composition of ve-
getable oils and its contribution to dietary ener-
gy intake and dependence of cardiovascular 
mortality on dietary intake of fatty acids, Interna-
tional Journal of Molecular Sciences 16 (2015) 
12871–12890.

[35] S. Harrabi, H. Romdhane, M. Daassa, H. Fellah, 
Fatty acid and triacylglycerol compositions of 
milk thistle seeds growing wild in Tunisia (Sily-
bum marianum L.), Acta Alimentaria 44 (2015) 
304–310.

[36] E. Abedi, M.A. Sahari, Long‐chain polyunsa-
turated fatty acid sources and evaluation of 
their nutritional and functional properties, Food 
Science & Nutrition 2 (2014) 443–463.

[37] R. Ullah, M. Nadeem, M. Imran, M.K. Khan, Z. 
Mushtaq, M. Asif, A. Din, Effect of microcap-
sules of chia oil on Ω-3 fatty acids, antioxidant 



La rivista itaLiana deLLe sostanze grasse - voL. 101 - ottoBre/diCeMBre 2024La rivista itaLiana deLLe sostanze grasse - voL. 101 - ottoBre/diCeMBre 2024

243

characteristics and oxidative stability of butter, 
Lipids Health Dis 19 (2020) 10–10. https://doi.
org/10.1186/s12944-020-1190-5.

[38] D. Ríos-Covián, P. Ruas-Madiedo, A. Margolles, 
M. Gueimonde, C.G. de los Reyes-Gavilán, N. 
Salazar, Intestinal Short Chain Fatty Acids and 
their Link with Diet and Human Health, Frontiers 
in Microbiology 7 (2016). https://www.frontier-
sin.org/article/10.3389/fmicb.2016.00185 (ac-
cessed January 19, 2022).

[39] A. Kumar Singh, C. Cabral, R. Kumar, R. Gan-
guly, H. Kumar Rana, A. Gupta, M. Rosaria 
Lauro, C. Carbone, F. Reis, A.K. Pandey, Be-
neficial Effects of Dietary Polyphenols on Gut 
Microbiota and Strategies to Improve Delivery 
Efficiency, Nutrients 11 (2019) 2216. https://doi.
org/10.3390/nu11092216.

[40] M.B. Katan, J.P. Deslypere, A.P. van Birgelen, M. 
Penders, M. Zegwaard, Kinetics of the incorpo-
ration of dietary fatty acids into serum cholesteryl 
esters, erythrocyte membranes, and adipose 
tissue: an 18-month controlled study, Journal of 
Lipid Research 38 (1997) 2012–2022. https://
doi.org/10.1016/S0022-2275(20)37132-7.

[41] T. Hu, Q. Wu, Q. Yao, K. Jiang, J. Yu, Q. Tang, 
Short-chain fatty acid metabolism and multiple 
effects on cardiovascular diseases, Ageing Re-
search Reviews 81 (2022) 101706. https://doi.
org/10.1016/j.arr.2022.101706.

[42] S.H. Ahmed, N. Koubaa, W. Kharroubi, A. Zar-
rouk, A. Mnari, F. Batbout, H. Gamra, S. Ham-

mami, G. Lizard, M. Hammami, Identification of 
long and very long chain fatty acids, plasmalo-
gen-C16: 0 and phytanic acid as new lipid bio-
markers in Tunisian coronary artery disease pa-
tients, Prostaglandins & Other Lipid Mediators 
131 (2017) 49–58.

[43] S. Reyna Gallegos, G. Torres Arrunátegui, R. 
Valenzuela, M.Á. Rincón-Cervera, M.E. Villa-
nueva Espinoza, Adding a purple corn extract 
in rats supplemented with chia oil decreases 
gene expression of SREBP-1c and retains Δ5 
and Δ6 hepatic desaturase activity, unmodified 
the hepatic lipid profile, Prostaglandins Leukot 
Essent Fatty Acids 132 (2018) 1–7. https://doi.
org/10.1016/j.plefa.2018.03.005.

[44] R. Valenzuela, F. Echeverria, M. Ortiz, M.Á. 
Rincón-Cervera, A. Espinosa, M.C. Hernandez-
Rodas, P. Illesca, A. Valenzuela, L.A. Videla, 
Hydroxytyrosol prevents reduction in liver activi-
ty of Δ-5 and Δ-6 desaturases, oxidative stress, 
and depletion in long chain polyunsaturated 
fatty acid content in different tissues of high-fat 
diet fed mice, Lipids Health Dis 16 (2017) 64. 
https://doi.org/10.1186/s12944-017-0450-5.

[45] H. Dhami-Shah, R. Vaidya, S. Udipi, S. Ragha-
van, S. Abhijit, V. Mohan, M. Balasubramanyam, 
A. Vaidya, Picroside II attenuates fatty acid ac-
cumulation in HepG2 cells via modulation of 
fatty acid uptake and synthesis, Clin Mol Hepa-
tol 24 (2018) 77–87. https://doi.org/10.3350/
cmh.2017.0039.


