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INTRODUCTION 

Like most Mediterranean countries, Morocco's diet is 

rich in fat and lipids, which, on average, represent 5% 

of the daily energy intake (Barich et al., 2020). Scientific 

evidence has shown that lipid intake's impact on human 

health is mainly associated with their content of saturat-

ed and unsaturated fatty acids (Munekata et al., 2022). 

In this field, animal fats still play a crucial role in both 

food industry and human health. Animal fats are widely 

considered an important energy source and contain 

essential fatty acids such as omega-3 and omega-6 

and fat-soluble vitamins. Animal fats also enhance the 

texture and flavor of food and improve meat emulsions' 
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overall acceptability and stability (Khaldari and Ghiasi, 

2022; Maleki et al., 2015). Due to these valuable contri-

butions, animal fats have been used extensively in the 

food industry, especially in manufacturing cold cuts and 

processing meat products such as sausages. The evo-

lution of food technologies and the diversification of the 

use of animal fats, the conservation of these fats re-

mains a major issue in the industry. The transformation 

and storage processes of meat products can damage 

the fat composition and affect its stability (Li et al., 

2017). Heat treatment and long shelf life of processed 

products can lead to the development of rancidity, 

which damages the flavor and odor of the products. 

Rancidity is caused by the degradation of fat and the 

peroxidation of free fatty acids, especially polyunsatu-

rated ones (Zamuz et al., 2022). To overcome the pe-

roxidation phenomenon, natural antioxidant agents are 

still the main option reported in many countries, and 

they are used in various agri-food processes. These 

antioxidants are isolated from aromatic plants, fruits, 

and vegetables, and have a high radical scavenging 

activity. 

In this context, the present study was planned to evalu-

ate the effect of nine aromatic plants from different re-

gions of Morocco on the lipolytic phenomenon of pork, 

beef, and sheep fats to identify those that highlight the 

best protective effects and exhibit better quality for in-

dustrial purposes. 

MATERIALS AND METHODS 

Preparation of samples 

Fresh beef and sheep fats were purchased from the 

local Tangier market, while pork fat was ordered from 

the Spanish market and were all stored at -20°C until 

used in manufacturing. Nine aromatic plants were used 

to evaluate their effects on animal fats: oregano 

(Origanum vulgare), thymus (Thymus vulgaris), lemon 

balm (Melissa officinalis), nutmeg (Myristica fragrans), 

coriander seed (Coriandrum sativum), fennel seed 

(Foeniculum vulgare), rosemary (Salvia rosmarinus), 

basil (Ocimum basilicum), and mint (Mentha spicata). 

All these aromatic plants were purchased from various 

local Moroccan markets (Tangier (35.76727, -5.79975), 

Beni Mellal (32.33699 -6.35649), Ouzoud (32.0152 -

6.7189), El Kelâa des Sraghna (32.04216 -7.40499)), 

dried in the dark at room temperature, crushed and 

stored until use. 

The pork backfat, abdominal beef, and sheep fats were 

stabilized at 4°C for 24 hours before manufacturing, 

then ground in a meat grinder (MG700, KNWOOD, Chi-

na) with a 10 mm cutting plate. Each fat was distributed 

in eleven different batches. In 9 batches, fat was mixed 

with 1% oregano, 0.5% thymus, 2% lemon balm, 0.2% 

nutmeg, 9.7% coriander seed, 3.9% fennel seed, 0.8% 

rosemary, 1.1% basil, and 0.9% mint, respectively. In 

the 10th batch, fat remained intact (negative control), 

and in the 11th one, fat was mixed with 0.035% of 

ascorbic acid (positive control). 

Afterwards, each sample was stuffed into a cow casing 

with a 35-40 mm diameter using the meat grinder 

(MG700, KNWOOD, China). The fat sausages were 

then subjected to a maturation process consisting of 

drying for 9 days at 6°C and 80% relative humidity, fol-

lowed by 21 days at 12°C and 75% relative humidity, 

and finally stored at 4°C and 55-60% relative humidity 

for six months. Then, the dried fat sausages were 

placed in food-grade plastic bags with a size of 20 x 30 

cm and frozen at -20°C until the analyses were carried 

out. 

 

Determination of the acidity index and degree 

Free acidity was determined according to the ISO R-

937 procedure (ISO R-937, 1979). Acidity index is a 

colorimetric measurement of the total amount of mg of 

potassium hydroxide required to neutralize the free 

fatty acids present in 1 g of fatty substances. Acidity 

degree corresponds to the amount of free fatty acids. It 

is expressed as a percentage of mass and often de-

pends on the oleic acid quantity. The results of the 

acidity index and degree are expressed according to 

equations 1 and 2: 

Acidity index (mg of KOH / g of fat) =                    

                  Eq.1 

Degree of acidity (% of oleic Acid) =                      

                  Eq.2 

V: volume of the potassium hydroxide solution (0.1 N). 

P: weight of the sample. 

 

Determination of the peroxidation index 

The determination of peroxidation index was carried out 

according to the ISO, R-937 procedure (ISO R-937, 

1979). The peroxidation index corresponds to the 

amount of oxygen chemically bound to fat in a peroxide 

form, particularly hydroperoxides (primary oxidation 

products). It is a determination method with an iodo-

metric breakpoint. The results of the peroxidation index 

are expressed according to the equation 3: 

Peroxidation index (milliequivalents O2 / Kg of fat) = 

                         Eq. 3 

V: volume of sodium thiosulfate. 

P: weight of the simple. 

 

Determination of the TBA index 

A thiobarbituric acid (TBA) test was used to determine 

the secondary oxidation products following the method 

proposed by IUPAC 2.531 (Paquot, 1982). This Spec-
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trocolorimetric assay measures the malonaldehyde 

(MDA) amount, a bio-marker often used to estimate the 

final lipid peroxidation phases. The results were ex-

pressed as mg of MAD/kg of fat using a calibration 

range of 1,1,3,3-Tetramethoxypropane. 

 

Determination of total fatty acid composition 

Samples were methylated using the method of Shehata 

(Shehata et al., 1970) and then analyzed using a Vari-

an CP-3800 gas chromatography system equipped with 

a 3800 Channel FID/T° 260°C flame ionization detec-

tor, a capillary column of 100 m in length and 0.25 mm 

in diameter, and a Varion PAL autosampler.  

The column was operated at 140°C for 5 minutes, fol-

lowed by a temperature program of 4°C/min until reach-

ing 240°C, using helium as the carrier gas at a 1 ml/min 

flow rate. 

Methylated fatty acids were identified by comparing 

their retention time with those of the methylated C4-

C24 standard. The results of the fatty acid analysis 

were expressed as the percentage of the area occu-

pied by each fatty acid methyl ester peak relative to the 

total peak area. 

 

Statistical analysis 

All statistical analyses were performed using Stat-

graphics centurion 19.1.1 software (Statgraphics Tech-

nologies Inc, The Plains, Virginia, USA). The significant 

difference between all samples and the effect of aro-

matic plants were determined using the analysis of vari-

ance test ''ANOVA'' with a significance level of 5% (p < 

0.05). 

RESULTS 

Acidity index 

Acidity indexes of the three fats supplemented with 

different aromatic plants and their respective negative 

and positive controls are reported in Fig. 1, and results 

clearly showed that fat hydrolysis was variable with the 

animal species. 

For the pork fat, all samples supplemented with aro-

matic plants showed an increased acidity index com-

pared to the control. For these samples, the acidity in-

dex ranged from 27.7 mg of KOH/g of fat obtained with 

nutmeg to 41.1 mg of KOH/g of fat obtained with cori-

ander seed. Of interest, supplementation with oregano, 

thymus, coriander seed, rosemary and mint showed 

high acidity index as compared to the positive control (p 

< 0.001), with 39.4, 33.6, 41.1, 31.4 and 34.7 mg of 

KOH/g of fat, respectively (Fig. 1A). 

For the beef, plain fat showed a higher acidity index (45 

mg of KOH/g of fat) that was maintained in the pres-

ence of mint (45.9 mg of KOH/g of fat) but significantly 

decreased in the presence of the other aromatic plants, 

as well as the ascorbic acid used as positive control (p 

< 0.001) (Fig. 1B). For these samples, acidity index 

ranged from 32.5 mg of KOH/g of fat obtained with thy-

mus to 40.0 mg of KOH/g of fat obtained with basil and 

lemon balm. 

The plain sheep fat also showed a high acidity index 

reaching 43.0 mg of KOH/g of fat (Fig. 2C). The acidity 

index was increased when the fat was mixed with basil 

(47.3 mg of KOH/g of fat) and thymus (44.6 mg of 

KOH/g of fat) and decreased significantly when the fat 

was mixed with nutmeg (37.8 mg of KOH/g of fat), lem-

on balm (37.7 mg of KOH/g of fat), mint (31.8 mg of 

KOH/g of fat), and rosemary (28.6 mg of KOH/g of fat). 

 

Degree of acidity 

The acidity degree of the three fats supplemented with 

different aromatic plants, as well as their respective 

negative and positive controls, are reported in Fig. 2. 

The percentages of oleic acid released had the same 

distribution as the total amount of mg of potassium hy-

droxide detected (acidity index). 

For the pork fat, all samples supplemented with aro-

matic plants released more substantial oleic acid than 

the control (p < 0.001). The total amount of oleic acid 

released ranged from 13.9% obtained with nutmeg to 

20.7% obtained with coriander seed (Fig. 2A). 

For the beef fat, the percentage of oleic acid released 

decreased significantly in the presence of aromatic 

plants except mint, ranging from 16.3% obtained with 

thymus to 20.1% obtained with lemon balm (Fig. 2B). 

On the other hand, the addition of nutmeg, lemon balm, 

mint and rosemary decrease significantly the acidity 

degree of sheep fat with 19.0%, 18.9%, 16.0%, and 

14.4% of oleic acid, respectively (Fig. 2C). 

 

Peroxidation index 

The peroxidation indexes of the three fats mixed with 

the nine aromatic plants and their corresponding posi-

tive and negative controls are reported in Fig. 3. The 

results revealed that the amount of hydroperoxides 

produced varied depending on the fat origin. 

For pork fat, control showed a higher peroxidation in-

dex (77.8 milliequivalents O2/kg of fat) maintained in 

basil (80.6 milliequivalents O2/kg of fat). The peroxida-

tion index was increased in the presence of lemon 

balm (126.7 milliequivalents O2/kg of fat) and ascorbic 

acid (120.9 milliequivalents O2/kg of fat) and decreased 

in the presence of other aromatic plants (p < 0.001). 

For these samples, peroxidation index ranged between 

12.6 milliequivalents O2/kg of fat reached with corian-

der seeds to 53.1 milliequivalents O2/kg of fat reached 

with rosemary (Fig. 3A). 

For beef fat, supplementation with thymus did not af-

fect the peroxidation index maintained as plain fat. For 

the other aromatic plants, supplemented showed an 

increased peroxidation index with values ranging from 

7.9 milliequivalents (nutmeg) to 13.9 milliequivalents 
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Fig. 1. Influence of aromatic plants on the acidity index values of pork (A), beef (B) and sheep (C) fats 

Fig. 2. Influence of aromatic plants on the degree of acidity values of pork (A), beef (B) and sheep (C) fats 

A B 

C 

A B 

C 
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O2/kg of fat (basil) (Fig. 3B). 

For sheep fat, significant increase of the peroxidation 

index was obtained with oregano, basil and mint with 

19.1 milliequivalents, 41.4 milliequivalents, 14.9 mil-

liequivalents, and 26.5 milliequivalents O2/kg of fat, 

respectively, and the best increase was obtained with 

lemon balm that exhibited a peroxidation index of 41.4 

milliequivalents O2/kg of fat (Fig. 3C). However, no sig-

nificant effect was obtained with rosemary and a signifi-

cant decrease of the peroxidation index was obtained 

in the presence of thymus (6.5 milliequivalents O2/kg of 

fat), nutmeg (6.0 milliequivalents O2/kg of fat), and cori-

ander seeds (6.8 milliequivalents O2/kg of fat). 

 

TBA index 

The TBA indexes of the three fats mixed with the nine 

aromatic plants and their corresponding positive and 

negative controls are reported in Fig. 4. The results 

revealed that the amount of MDA produced varied de-

pending on the fat origin. 

For pork fat, plain fat showed a higher TBA index 

(1.458 mg of MDA/kg of fat) maintained in fennel seeds 

(1.399 mg of MDA/kg of fat) and significantly decreased 

in the presence of other aromatic plants. For these 

samples, TBA index ranged between 0.806 mg of 

MDA/kg of fat obtained with thymus and 1.250 mg of 

MDA/kg of fat obtained with oregano (Fig. 4A). 

For beef fat, only oregano (0.422 mg of MDA/kg of fat) 

and rosemary (0.410 mg of MDA/kg of fat) decreased 

the TBA index compared to the control. Nutmeg (0.518 

mg of MDA/kg of fat) and basil (0.521 mg of MDA/kg of 

fat) maintained the control TBA index. The other aro-

matic plants showed an increased TBA index, ranging 

from 0.543 mg of MDA/kg of fat (coriander seeds) to 

1.537 mg of MDA/kg of fat (fennel seeds). Substantial 

increase as compared to the positive control was also 

obtained with thymus, lemon balm and mint that have 

exhibited TBA indexes of 1.018 mg, 0.641 mg, 1.537 

mg, and 0.626 mg of MDA/kg of fat, respectively (Fig. 4B). 

All samples mixed with aromatic plants for sheep fat 

showed an increased TBA index compared to the con-

trol. For these samples, TBA index ranged from 0.351 

mg of MDA/kg of fat obtained with oregano to 0.912 mg 

of MDA/kg of fat obtained with fennel seeds. Supple-

mentation with fennel seeds and lemon balm showed a 

higher TBA index than the positive control, with 0.912 

mg and 0.835 mg of MDA/kg of fat, respectively (Fig. 

4C). 

 

Total fatty acid composition 

The proximate fatty acid composition of the three fats 

supplemented with different aromatic plants and their 

respective negative and positive controls are reported 

in Table 1. 

A B 

C 

Fig. 3. Effect of aromatic plants on peroxidation index values of pork (A), beef (B) and sheep (C) fats 
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The fatty acid composition of the three fats studied rep-

resents the same major fatty acids: palmitic acid 

(C16:0), stearic acid (C18:0) and oleic acid (C18:1) but 

with a different distribution for each fat. For pork fat, 

oleic acid prevails, representing 47% of total fatty acids, 

followed by palmitic acid with 24% and stearic acid with 

12%. Beef fat shows the same distribution, with oleic 

acid representing 36% of the general composition, pal-

mitic acid with 28%, and stearic acid with 23%. Howev-

er, stearic acid comes first for sheep fat, occupying 

32% of the composition, followed by oleic acid with 

30%, and palmitic acid with 23%. 

The aromatic plants’ protective effect of fatty acid com-

position was variable according to the fat origin. For 

pork fat, all samples supplemented with aromatic plants 

retained more unsaturated fatty acid (UNFA) with a 

value between 61.70% (fennel seeds) and 63.47% 

(nutmeg). Thus, the oleic acid variation rate (UNFA/

SAFA) and the nutritional quality coefficient (PUFA/

SAFA) significantly increase compared to the control. 

Except basil, which had less UNFA (60.02%), de-

creased the oleic acid variation rates by 0.04 and main-

tained the nutritional quality coefficient as a control. In 

terms of human health effect coefficients ((C18+C18:1)/

C16 and UNFA+C18), only oregano, nutmeg, and cori-

ander seeds showed significantly increased coeffi-

cients, with 2.51 and 73.55%, 2.52 and 73.62%, and 

2.51 and 73.62%, respectively. However, lemon balm, 

fennel seeds, rosemary, and mint maintain the control 

human health effect coefficients (2.46 and 72.97%) and 

thymus and basil show a decreased coefficient. 

For beef fat, the percentage of UNFA and the oleic acid 

variation rate was maintained in the presence of corian-

der seeds, rosemary, and mint and more retained in the 

presence of the other aromatic plants, with a value be-

tween 43.26% and 0.76 respectively obtained with thy-

mus and 45.19% and 0.82 obtained with lemon balm. 

All samples mixed with aromatic plants showed in-

creased human health effect coefficients. For these 

samples, coefficients ranged from 65.42% and 2.06 to 

67.88% and 2.34. The nutritional quality coefficient in-

creased only when fat was mixed with coriander seeds 

(0.06) and maintained in the presence of the other aro-

matic plants. 

For sheep fat, the percentage of UNFA and the oleic 

acid variation rate was significantly increased in the 

presence of oregano (37.65% and 0.60 respectively), 

thymus (37.89% and 0.61 respectively), and fennel 

seeds (38.40% and 0.62 respectively), maintained in 

the presence of lemon balm, coriander seeds, and 

rosemary, and decreased in the presence of nutmeg 

(34.95% and 0.54 respectively), basil (35.59% and 0.55 

respectively), and mint (35.69% and 0.56 respectively). 

The mix with fennel seeds significantly increased the 

Fig. 4. Effect of aromatic plants on TBA values of pork (A), beef (B) and sheep (C) fats 

A B 

C 
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nutritional quality coefficient, unlike the other aromatic 

plants, which maintained the control nutritional quality 

coefficient. The human health effect coefficients were 

maintained in the presence of thymus (68.42% and 

2.66) and significantly decreased in the presence of the 

other aromatic plants. 

 

DISCUSSION 

Supplemented fat with aromatic plants in the formula-

tion of dried fat sausages could enhance the product's 

nutritional value by increasing the antioxidant capacity 

and the overall content of unsaturated and polyunsatu-

rated fatty acids. This innovative approach will allow the 

production of original products that will satisfy consum-

ers’ requirements by offering acceptable, functional and 

healthier products. 

During the manufacturing process, it was noticed that 

all three fats underwent a strong hydrolysis (p < 0.001), 

which was reflected by an increase in the acidity index 

and the percentage of oleic acid released. Moreover, a 

significant difference was obtained across samples 

supplemented with aromatic plants, such as pork fat, 

where all aromatic plants exceeded the control values 

(p < 0.05) (Fig. 1 (A)). These results clearly showed 

that studied aromatic plants exert a promoting effect of 

hydrolysis by releasing more substantial oleic acid, as 

compared to the pork fat control (p < 0.001), which 

ranged from more than 1.5% obtained with nutmeg to 

8.2% obtained with coriander seeds (Fig. 2 (A)). On the 

other hand, aromatic plants have either ineffective or 

protective effects against hydrolysis for beef and sheep 

fat. The acidity index decreased significantly when the 

beef fat was mixed with all aromatic plants, especially 

with thymus (32.5 mg KOH/g fat) (Fig. 1 (B)) and when 

the sheep fat was mixed with rosemary (28.6 mg KOH/

g fat), mint (31.8 mg of KOH/g of fat), lemon balm (37.7 

mg of KOH/g of fat), and nutmeg (37.8 mg of KOH/g of 

fat) (p < 0.05) (Fig. 1 (C)). These results are in agree-

ment with those reported by Zeng et al. (2017), who 

noted that the supplementation with natural antioxi-

dants, such as rosemary, reduces the acidity index val-

ues of Cantonese sausage, highlighting the useful role 

of natural antioxidants in delaying the oxidation of fats. 

This may also be due to the antibacterial effect that 

some aromatic plants, widely reported and discussed 

(Bagheri et al., 2020; Ghazanfari et al., 2020), and 

showing the crucial role of bacterial hydrolysis in gener-

ating digestive enzymes primarily involved in dietary fat 

hydrolysis (Li et al., 2017; Mejri et al., 2017). Accord-

ingly, the antibacterial effect of these aromatic plants 

will decrease bacterial levels, consequently decreasing 

the amount of digestive enzyme and thus partially in-

hibiting fat hydrolysis. 

Since the hydrolysis phenomenon is never completely 

inhibited, oxidation will take place due to the presence 

of unsaturated fatty acids. Once in contact with atmos-

pheric oxygen, oxidative rancidity is triggered. Of note, 

light and temperature are widely considered as acceler-

ating factors but are not necessary and sufficient ele-

ments to trigger oxidation phenomena (Judde, 

2004).The oxidative alterations resulting from this phe-

nomenon were studied by examining the primary 

(peroxidation index) and secondary (TBA index) oxida-

tion products. Accordingly,  the rate of oxidative chang-

es occurring in fat was determined by various factors, 

including the composition of fatty acids, the presence of 

pro-oxidants and antioxidants, and the storage condi-

tions (Bilska et al., 2019; Zamuz et al., 2022; Zeng et 

al., 2017). In present study, the supplementation with 

thymus, nutmeg, and coriander seeds has shown a 

significant reducing effect (p < 0.05) towards the prima-

ry oxidation products generation in the three fats stud-

ied, as compared to the negative control, with 5.6 mil-

liequivalents (Fig. 3 (B)), 6.0 milliequivalents (Fig. 3 

(C)), and 12.6 milliequivalents O2/kg of fat (Fig. 3 (A)), 

respectively which is lower than the level specified by 

the Codex Alimentarius Commission (15 milliequiva-

lents O2/kg of fat) (FAO, 2023). These results are in 

agreement with previously reported data confirming 

that the use of natural antioxidants from aromatic plants 

can slow fat oxidation and could have a similar effect 

as obtained with synthetic antioxidants (Bianchin et al., 

2017, 2020; Bilska et al., 2019; Gahruie et al., 2017). 

However, supplemented pork fat with oregano, lemon 

balm, rosemary, basil, and mint (Fig. 3 (A)) and supple-

mented sheep fat with lemon balm (Fig. 3 (C)) exceed-

ed the limits “30 milliequivalents O2/kg” to be consid-

ered safe for human consumption (Sbihi et al., 2013). 

By evaluating the secondary oxidation products, we 

observed that thymus mixed to beef fat and nutmeg 

mixed to sheep fat does not exhibit a slowdown effect 

on the production of MDA. Conversely, oregano and 

rosemary inhibited beef fat by reducing 0.070 mg and 

0.082 mg of MDA/kg of fat, respectively (Fig. 4 (B)). For 

sheep fat, no aromatic plants have been found to slow 

down MDA production (Fig. 4 (C)). This change can be 

explained by the non-stability of the primary oxidation 

products and their rapid transformation into secondary 

products (MDA), meaning that the low peroxidation 

index values first detected were due only to their con-

version to secondary products (Li et al., 2017). Thus, 

oregano and rosemary are aromatic plants that provide 

a protective effect against beef fat oxidation. Neverthe-

less, all supplemented animals’ fats with aromatic 

plants showed satisfactory results without exceeding 

the 2 mg of malonaldehyde/kg of fat limit (Mejri et al., 

2017) (Fig. 4). 

The supplementation with aromatic plants in this study 

significantly influenced the saturated and unsaturated 

fatty acid composition (p < 0.05), especially the polyun-
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saturated fatty acids of the three fats studied, because 

they are the most sensitive to lipid peroxidation (Kang 

et al., 2005). The differences in the percentages of pol-

yunsaturated fatty acids observed compared to the 

negative controls, which varied between 0.34% and 

1.41%, were due to aromatic plants' protective effect 

against oxidation (Table 1). This is why even the three 

fats underwent hydrolysis; some plants have been able 

to differentiate significantly by keeping a higher per-

centage of unsaturated fatty acids than controls, there-

by proving their power to slow down oxidative stress. 

The results of the ratios of polyunsaturated fatty acids 

are consistent with the peroxidation and TBA index 

values revealed; for example, it was found that the thy-

mus, which revealed the minimum quantity of second-

ary volatile products of pork fat, has one of the highest 

percentages of unsaturated and polyunsaturated fatty 

acids. 

The variation in percentages of unsaturated fatty acids 

influence significantly (p < 0.05) the other coefficients 

(variation of oleic acid (UNFA/SAFA), effect on human 

health coefficients ((C18+C18:1)/C16 and UNFA+C18) 

and nutritional quality rate (PUFA/SAFA)) (Table 1). 

More aromatic plants preserve a maximum of unox-

idized unsaturated fatty acids. Higher values of these 

coefficients are observed, which improve the fat quality 

and reduce its harmful effect on human health. Given 

that, several studies have shown that a decrease in the 

percentage of saturated fatty acids and an increase in 

the percentage of unsaturated fatty acids will generate 

a low risk of cardiovascular diseases developing 

(Hoenselaar, 2012; Mestre Prates and Branquinho 

Bessa, 2008). Moreover, increasing the level of unsatu-

rated fatty acids in the diet can reduce cholesterol lev-

els. This effect is generally linked to the decrease in 

saturated fatty acids in the diet. According to the rec-

ommendations of the Federal Office for Public Health of 

Switzerland (Federal Department of Home Affairs, 

2007), it was noted that palmitic acid (C16:0) causes an 

increase in cholesterol levels, and oleic acid (C18:1) 

plays the opposite effect by lowering blood cholesterol 

levels, while stearic acid (C18:0) has no effect on cho-

lesterol status. Adding aromatic plants to pork, beef, 

and sheep fats improved their lipolytic quality, providing 

better quality than that control fat by reducing the oxi-

dation level and limiting the formation of secondary 

metabolites to be safe and beneficial for human con-

sumption. 

The present study is very informative and clearly shows 

the interest in mixing animal fats with aromatic plants to 

preserve lipids for nutritional benefit. However, the 

study's main limitation is the limited number of tested 

aromatic plants. In fact, several aromatic plants are 

commonly used in Moroccan culinary preparations and 

widely reported for their medicinal properties and as 

sources of many bioactive compounds. Moreover, it 

would be interesting to evaluate the dose-dependent 

effect of each plant and the combined effect of two or 

more aromatic plants, as Moroccan recipes generally 

use several complementary ingredients and an assort-

ment of aromatic plants. 

Conclusion 

Supplementation with aromatic plants significantly influ-

enced the lipolytic characteristic of studied animals’ fats 

by reducing fat hydrolysis, preserving lipids from oxida-

tion and enhancing the fatty acid profile. Above all, it is 

recommended that pork fat should be supplemented 

with nutmeg and coriander seeds, beef fat should be 

supplemented with oregano and thymus, and sheep fat 

should be supplemented by thymus. 
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