
777

Bulgarian Journal of Agricultural Science, 31 (No 4) 2025, 777–788

Influence of the addition from aromatic plants on the quality of milk  
by Bulgarian Rhodopes cattle
Silvia Ivanova1, Daniela Miteva1, Pavel Todorov2, Ayten Solak1, Krasimir Dimov1 and Tsonka 
Ojakova2*

1 Agricultural Academy, Institute of Cryobiology and Food Technology, 1407 Sofia, Bulgaria
2 Agricultural Academy, Research Centre of Stockbreeding and Agriculture, 4700 Smolyan, Bulgaria
*Coresponding autor: tsonkaat@abv.bg 

Abstract 

Ivanova, S., Miteva, D., Todorov, P., Solak, A., Dimov, K. & Ojakova, Ts. (2025). Influence of the addition from 
aromatic plants on the quality of milk by Bulgarian Rhodopes cattle. Bulg. J. Agric. Sci., 31(4), 777–788

The purpose of the study was to determine the influence of biologically active additives in different concentrations on the 
organoleptic evaluation, physicochemical and fatty acid composition, antioxidant activity and total polyphenols of cow’s milk 
for drinking, obtained from highly productive cows by Bulgarian Rhodope breed. Adding aromatic plant additives in different 
concentrations, improves the qualitative and quantitative composition of milk. The organoleptic evaluation of the studied milk 
gives us a clear idea, that the application of a higher concentration of additives worsens its smell, taste, colour, aroma and 
texture, but enriches it with fibbers, minerals and fats, as a result of which the energy value also increases. Drinking milk with 
the addition of aromatic plants in dry form has a reduced content of saturated fatty acids, and was enriched with biologically 
active fatty acids, which in turn leads to health benefits from their consumption, and was expressed by lowering AI and TI 
and increasing cholesterolemic index. The antioxidant activity of milk was improved and the total content of polyphenols was 
increased, with the highest values, obtained when adding turmeric with black pepper.

Keywords: fibber; antioxidant activity; polyphenols; indices 
Abbreviations: B – basil; M – lemon balm /Melissa officinalis/; P – peppermint; T – thyme; R – rosemary; C – 
turmeric: black pepper; FAME – fatty acids methyl ester; F – fat; D-density; C – conduction; S – soluble non-fat 
(SNF); P – protein; W – water addition; L – lactose; FP – freezing temperature (point); S – salt (ash); pH – active 
acidity; E – energy; SFA – saturated fatty acid; MUFA – monounsaturated fatty acid; PUFA – polyunsaturated fatty 
acid; MCT – middle chain fatty acid; SCT – short chain fatty acid; BFA – branched fatty acid; FA – fatty acid; LPS 
– lipid preventive scor; AI – aterogenic index; TI – trombogenic index; h/H – hyper-hypocholesterolemic index; 
TFA – trans fatty acids; DPPH – 1,1-diphenyl-2-picrylhydrazyl; TPC – total phenolic content

Introduction

Milk is an important component of functional foods, as it 
satisfies the needs of the human body for the main nutritional 
and biologically active substances – complete proteins, lip-
ids, a wide variety of mineral substances (Ca, Mg, Fe, Zn), 
and vitamins of group B – B6, B12; D, thiamin, riboflavin, 

etc., essential amino acids and fatty acids – CLA, ω–3 and 
ω–6 fatty acids, enzymes, etc. Nikolov et al. (2011) found in 
their studies of collective milk, obtained from the breeds of 
Bulgarian black spotted cattle and Bulgarian Rhodope cattle, 
during extensive rearing and feeding with winter ration, that 
there were no significant differences in relation to the content 
of solid non-fat – free residue, soluble protein, temperature 
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freezing, pH and calcium content. The milk obtained from 
the cows of the Bulgarian Rhodope cattle breed has a sig-
nificantly higher density (2.4%, Р < 0.05), fat content (7.9%, 
Р < 0.05), total protein (4.7%, P < 0.05), higher juice treatable 
acidity (15.1%, P < 0.001), higher curability, and syneresis in 
the production of white brine cheese. From a technological 
point of view, it has significantly more favourable quality in-
dicators for the production of biologically clean and natural-
ly rich cheeses. Ivanova et al. (2020), in a study of milk from 
cows of the Bulgarian Rhodope cattle breed, found a fat con-
tent from 3.24 to 5.10%, and relatively constant protein and 
lactose content. Total solids increased during lactation from 
12.16 to 13.39%. The solid non-fat decreased in the middle 
of the considered period to 4.71, and increased to 8.31% at 
the end of lactation. Wangdi et al. (2016) were studied cow 
milk parameters in different seasons from different breeds, 
and obtained the following results: solid non-fat from 8.35 to 
8.61%, fat from 4.80 to 5.11%, protein from 3.05 to 3.14%, 
freezing point (-0.52) to (-0.55)°C.

Fortification of milk with herbs would allow to obtain 
functional dairy products of high quality and increase their 
consumption (Oraon et al., 2017). Basil is an aromatic plant 
with anticancer, radioprotective, antimicrobial, anti-inflam-
matory, immunomodulatory, antistress, antidiabetic, anti-
pyretic, antiarthritic and antioxidant effects (Shahrajabian 
et al., 2020). Lemon balm has antimicrobial activity (anti-
parasitic, antibacterial, antiviral, etc.), antispasmodic and 
insomnia properties, antioxidant activity determined by the 
content of flavonoids, rosmarinic acid, gallic acid, phenolic 
content, which prevent and treat diseases related to oxidative 
stress (Miraj et al., 2017). Peppermint was also used in the 
treatment of the upper respiratory tract in bronchitis. It acts 
as an antiseptic and pain reliever (Akbari et al., 2015; Baker 
et al., 2018; Khursheed et al., 2017; McKay and Blumberg, 
2006; Meamarbashi and Rajabi, 2013). In folk medicine, 
peppermint is a suitable herb for the treatment of dizziness, 
insomnia, headaches, depression, epilepsy, colds, coughs, 
sinus infections, fatigue, shock, nervous tension, skin rash-
es, bruises, boils and menstrual disorders. It is widely used 
in the food and confectionery industry, for the production 
of soft drinks, in cosmetics for perfumes, soaps, toothpastes 
and mouthwashes and aroma therapy. Thyme has been used 
since ancient times for its culinary, aromatic and medicinal 
properties (Aljabeili et al., 2018). Rosemary is an aromatic 
plant with applications in the food, pharmaceutical and cos-
metic industries, which has antitumor, antioxidant and anti-
microbial activity (Oliva et al., 2022). Turmeric is a perenni-
al herbaceous plant of the ginger family native to South India 
and Indonesia, known as “Indian saffron”. It is widely used 
in the food industry, pharmaceutical and cosmetic industries. 

It has characterized by anti-inflammatory properties, relieves 
the symptoms of arthritis and intestinal problems. It has used 
medicinally for long-term and has taken internally as a stim-
ulant. The combination of turmeric and black pepper in warm 
milk was a good source for sore throats, coughs, colds and 
other acute respiratory infections. Turmeric contains the li-
pophilic bioactive compound curcumin with antioxidant and 
anti-inflammatory properties (Hewlings and Kalman, 2017). 

The use of aromatic plants as a dry additive in drinking 
milk was not well studied, and the literature data has mainly 
related to the addition of oils from them, but they were also 
scarce. Therefore, their in-depth study has necessary.

The purpose of the study is to determine the influence 
of biologically active additives in different concentrations 
on the organoleptic evaluation, physicochemical and fatty 
acid composition, antioxidant activity and total polyphenols 
of cow’s milk for drinking, obtained from highly productive 
cows by Bulgarian Rhodope breed.

The purpose of the study is to determine the influence 
of biologically active additives in different concentrations 
on the organoleptic evaluation, physicochemical and fatty 
acid composition, antioxidant activity and total polyphenols 
of cow’s milk for drinking, obtained from highly productive 
cows by Bulgarian Rhodope breed. 

Material and Methods

Collected milk from highly productive Bulgarian 
Rhodope cattle cows was used, taken every month for one 
year from the Research Centre of Stockbreeding and Agri-
culture, Smolyan. The milk was pasteurized, and 1 l of milk 
was used to add additives from aromatic plants in the form 
by dry substance in a concentration 0% – control (K) and 
0.05%, 0.1%, 0.2% and 0.3%. The different types of addi-
tives and their concentration when added to milk were pre-
sented in Table 1.

The technological scheme is presented in Figure 1.
An organoleptic evaluation of the milk without and with 

an additive in different concentrations was performed to de-
termine the most suitable concentration, based on the senso-
ry perceptions of consumers (10 units). The physicochemical 

Table 1. Addition of aromatic plants to drinking milk
Supplement 0.05% 0.1% 0.2% 0.3%
Basil B1 B2 B3 B4
Lemon balm M1 M2 M3 –
Peppermint P1 P2 P3 –
Thyme T1 T2 T3 –
Rosemary R1 R2 R3 –
Turmeric:black pepper 3:1 C1 C2 C3 C4
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and fatty acid composition of the control and treated milk 
was performed at 24 h. Physicochemical analysis was per-
formed with Lactoscan SP. Milkotronik Ltd. fibbers were an-
alysed using an automatic fibber extraction system Dosi-Fi-
ber-Selecta, Spain. 

Extraction of total lipids was performed according to 
the method of Roese and Gottlieb. Fatty acid methyl esters 
(FAME), were analysed using a Shimadzu-2010 gas chro-
matograph (Kioto, Japan), equipped with a flame ionization 
detector and an automatic injection system (AOC-2010i). 
The analysis was performed on a CP 7420 capillary column 
(100 m × 0.25 mm i.d. 0.2 μm film, Varian Inc., Palo Alto. 
CA). Hydrogen was used as the carrier gas, and as a make-up 
gas – nitrogen. Four-step furnace mode was programmed – 
the column’s initial temperature was 80°C/min, maintained 
for 15 min, then increased by 12°C/min to 170°C and main-
tained for 20 minutes, followed by a further increase of 4°C/
min 186°C for 19 min and up to 220°C with 4°C/min, until 
the process is complete. The qualitative assessment of the fat 
fraction of the resulting samples includes the following: lipid 
preventive score (LPS), atherogenic (AI) and thrombogenic 
index (TI) (Ulbricht and Southgate, 1991), the ratio between 

hyper- and hypocholesterolemic (h/H) fatty acids, trans fatty 
acids (TFA) and the amount of saturated fatty acids (Regula-
tion (EC) No 1924/2006).

LPS = FAT + 2 × SFA – MUFA – 0.5PUFA
AI = �12 : 0 + 4 × 14 : 0 + 16 : 0/[ΣMUFAs + PUFAn-6 

+ PUFAn-3]
TI = �(14:0 + 16 : 0 + 18:0)/[0.5 × ΣMUFAs + 0.5 × 

PUFAn-6 + 3 × PUFAn-3 + PUFAn-3/PUFA n-6]
h/H = �(C18 : 1n-9 + C18 : 1n-7 + C18 : 2n-6 + C18 : 

3n-3 + C18 : 3n-6 + C20 : 3n-6 + C20 : 4n-6 + 
C20 : 5n-3 + C22 : 4n-6 + C22 : 5n-3 + C22 : 6n-
3)/(C14 : 0 + C16 : 0)

Preparation of samples for analysis of total phenol con-
tent and antioxidant activity

Milk without and with additives was extracted with 95% 
ethanol at a ratio of sample: extractant – 1:5 (w/v) for 6 h, at 
room temperature and in the dark. All samples after centrif-
ugation (10℃. 4000 rmp. 10 min) and filtration (Whatman 
No. 4 paper) were stored at -20℃ for subsequent analyses.

Determination of antioxidant activity
The antioxidant capacity of milk was evaluated by deter-

mining 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scav-
enging capacity, according to the method of Brand-Williams 
et al. (1995), with a slight modification: 0,6 mL of a 0.2 mM 
solution of DPPH in methanol was mixed with 0.9 mL of 
methanol, and 0.5 mL of the corresponding sample dilution. 
Absorbance was measured after standing (60 min) at room 
temperature in the dark with a UV-Vis spectrophotometer 
(Biochrom Libra S20, UK), at 517 nm against methanol. 
In the control, the sample solution was replaced by 0.5 mL 
of 80% methanol. The antioxidant activity was calculated 
against the Trolox standard curve, and the results were ex-
pressed as milligrams Trolox equivalents per 100 g of prod-
uct – mg TE/100 g of product.

Determination of the content of total phenols in milk 
For the quantitative determination of the total phenolic 

content (TPC), the method of Singleton et al. (1999) was 
used with modification by Valyova et al. (2012). Briefly, 3.0 
ml of distilled water and 0.25 ml of Folin–Ciocalteu reagent 
were added to 0.5 ml of the sample (with the corresponding 
dilution). After standing for 2 min, 0.75 ml of 20% sodium 
carbonate solution, and 0.5 ml of distilled water were added 
to the mixture. Absorbance was measured at 765 nm (on a 
UV-Vis spectrophotometer, Biochrom Libra S20, UK) after 
standing in the dark at room temperature for 120 min. TPC 
was calculated according to the standard gallic acid law, and 

Fig. 1. Technological scheme for obtaining milk  
with additives
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was expressed as milligram equivalents of gallic acid per 
100 g of product (mg GAE/100 g product).

Statistical analysis 
Research results were analysed using the statistical pro-

gram MiniTab 17, ANOVA and Tukey’s post hoc test. Data 
were presented as mean and standard deviation (SD). A sig-
nificance level of p < 0.05 was accepted for all comparisons.

Results and Discussion

The organoleptic research carried out by consumers, 
gives us information about the change of five indicators 
when using different types of aromatic plant additives. Basil, 
as an aromatic plant added to drinking milk was evaluated 
with the best organoleptic indicators at 0.5%, well accept-
able at a concentration of 0.1 and 0.2%, and was evaluated 
less well when using 0.3%, Lemon balm, as an additive af-
fects the evaluator perceptions, and they rated the milk with 
0.05% additive as the most acceptable compared to the other 
variants. The addition of peppermint to milk gives the best 
assessment of smell, taste, aroma and colour at 0.05% con-
centration, consistency at 0.1% and the least evaluated pa-
rameters at 0.3%. The use of thyme in milk also resulted in 
the most acceptable organoleptic parameters for the senses 
at 0.1% addition and the least rated at 0.3%. The addition of 
rosemary to drinking milk had the most sensory-acceptable 
performance at 0.5%, followed by 0.1% and 0.2% supple-
mentation. The combination of turmeric and black pepper 
added to milk has the most acceptable organoleptic indica-
tors, when adding 0.05 and 0.1% of the additive, while at 0.2 
and 0.3% the organoleptic indicators start to deteriorate, but 
they are still acceptable to consumers (Table 2).

Table 2
Idowu-Adebayo et al. (2021a) were investigated the ef-

fect of turmeric supplementation in soymilk, and hibiscus 
beverage on organoleptic parameters and consumer accept-
ability. Idowu-Adebayo et al. (2021b) were established the 
nutritional value and antioxidant activity of soymilk and a 
hibiscus-based beverage with turmeric supplementation. Id-
owu-Adebayo et al. (2022) were investigated the effect of 
the addition of turmeric paste to soy milk with and without 
heat treatment, increasing the nutritional and chemical value 
of all variants, and reported an increase in protein, iron, zinc, 
TPC (total phenol content) and antioxidant activity. Physical 
properties of turmeric like bulk density, true density, porosity 
and coefficient of static friction were determined by Athma-
selvi and Varadharaj (2002). The geometric properties of tur-
meric were studied by Balasubramanianet al. (2022). Ta
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The total fat in the examined bulk tank cow’s milk at 24 h 
averaged 3.24% in the control group, and increased with the 
addition of aromatic plants. The use of basil, lemon balm and 
oregano leads to an increase in the fat content by milk, while 
with peppermint it increases at 0.5% and has maintained at 
0.1 and 0.2% supplementation, with thyme a constant fat 
content was found, regardless of additive concentration, an 
increase in fat content was found in turmeric at 0.5 and 0.3% 
additive, while at 0.1 and 0.2% it did not change compared to 
control milk. Additions, resulted in a decrease in milk densi-
ty except for the addition of 0.1 and 0.2% mint, and 0.05, 0.1 
and 0.2% turmeric (Table 3).

The conductance in the studied pooled cow’s milk with 
the addition of peppermint in different concentrations in-
creased significantly (p < 0.05). The highest value for it was 
found at 0.1% basil – 5.06 mS/cm, 0.05% lemon balm – 
5.01 mS/cm, 0.2% peppermint – 5.17 mS/cm, 0. 1% thyme 
– 4.97 mS/cm (p < 0.05), 0.2% rosemary – 5.40 mS/cm and 
0.2% turmeric – 4.89 mS/cm. The solid non-fat residue in-
creased with the addition of peppermint at all concentra-
tions, compared to the control milk. Application of 0.05% 
basil slightly increased SNF and at 0.1; 0.2 and 0.3% de-
creases. The addition of lemon balm and thyme (p < 0.05) 
the SNF content remains relatively constant regardless of 
the concentration of the supplement, but lower than the con-
trol milk group. The use of rosemary leads to a decrease in 
SNF with increasing a concentration compared to control 
milk. Turmeric supplementation resulted in significantly 
(p<0.05), higher SNF content at 0.05, 0.1 and 0.2% versus 
0.3% supplementation. The protein content after addition 
was maintained at 0.05% addition and decreases with in-
creasing concentration compared to control milk, in case 
of lemon balm, regardless of the applied concentration, the 
protein was maintained as a value, but was lower compared 
to control milk. The presence of water addition in the control 
and enriched milk with additives was not considered. Lac-
tose decreased when adding 0.2 and 0.3% basil, at all con-
centrations of lemon balm and thyme, at 0.5% peppermint, 
but at other concentrations, it increased slightly compared 
to control milk. At 0.05% rosemary lactose was maintained 
and decreased at the higher concentrations and with tur-
meric, the lactose content was higher at 0.05, 0.1 and 0.2% 
additions, and remained at 0.3% compared to the control 
milk. Changes in the fat, protein and lactose content of sup-
plemented milk were caused by the protein and fat content 
of the supplement itself and the carbohydrates in it, as well 
as the interaction between the individual type of supplement 
and the milk. The use of basil, lemon balm, thyme and rose-
mary resulted in an increase in the freezing temperature of 
the milk, while peppermint and the combination of turmeric Ta
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and black pepper kept it close to the freezing temperature 
of the control milk. The mineral content of supplemented 
milk was maintained with the addition of basil except for 
0.3% supplement – 0.94%, peppermint, rosemary and the 
combination of turmeric and black pepper, while with lem-
on balm and thyme it decreased compared to the control 
milk. Significant changes were found in the peppermint and 
turmeric group (p < 0.05). The active acidity of milk with 
additives was relatively constant depending on their con-
centration and type compared to the control group of milk, 
with the exception of 0.3% addition from basil – 6.75 and 
0.2% rosemary – 5.68. The introduction of aromatic plants 
in the form of a dry substance leads to the enrichment of 
milk with fibber. Milk has the highest fibber content at 0.2% 
rosemary – 8.49%. The energy value of drinking milk when 
using different types of additives in different concentrations 
increases, with the highest value was found at 0.3% basil.

Saturated fatty acids in the milk control group were 78.92 
g/100 g fat. The use of a basil supplement lowers their con-
tent, and the lowest values were reported at 0.1% supplement 
– 71.61 g/100 g fat. Lemon balm was lowered the saturated 
fatty acid content of drinking milk at 0.05% supplementation 
to 74.25 g/100 g fat compared to control milk, and increased 
at 0.1 and 0.2% supplementation. Addition of peppermint 
and thyme led to a decrease in the concentration of saturated 
fatty acids with increasing amount of supplementation and 
the lowest values were reported at 0.2%, 72.86 and 71.98 
g/100 g fat, respectively. Saturated fatty acids were lowest at 
0.1% rosemary supplementation and at 0.3% turmeric with 
black pepper. The application of all types of additives in dif-
ferent concentrations in milk leads to a decrease in saturated 
fatty acids, but the best results were obtained with the use of 
peppermint and thyme.

Monounsaturated fatty acids in the milk control group 
were 18.89 g/100 g fat. Adding basil to drinking milk in-
creased their content at 0.05, 0.1 and 0.2% supplementa-
tion, and decreased to 16.96 g/100 g fat at 0.3% compared 
to control milk. Lemon balm in a low concentration leads 
to an increase in monounsaturated fatty acids and with in-
creasing concentration they decrease to 17.68 g/100 g fat. 
The use of peppermint, thyme, rosemary and the combina-
tion of turmeric and black pepper increased the amount of 
monounsaturated fatty acids as follows for 0.2% peppermint 
– 21.84 g/100 g fat, 0.1% thyme – 22.83 g/100 g fat, 0.1% 
rosemary- 21.98 g/100 g fat and 0.3% turmeric with black 
pepper- 36.38 g/100 g fat. The application of supplements 
of different types of aromatic plants increased the content of 
monounsaturated fatty acids and the best result obtained with 
0.3% turmeric with black pepper.

Polyunsaturated fatty acids in whole cow’s milk were Ta
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2.44 g/100 g fat. The addition of 0.2 and 0.3% basil increased 
their content compared to the control milk to 2.56 and 3.15 
g/100 g fat. The use of lemon balm lowers the content of 
polyunsaturated fatty acids compared to the control milk, 
and at 0.1% addition was 2.18 g/100 g fat. Polyunsaturat-
ed fatty acids have the highest content at 0.1% peppermint 
– 2.75 g/100 g fat, 0.05% thyme – 2.82 g/100 g fat, 0.1% 
rosemary – 2.92 g/100 g fat and 0.3% turmeric – 4.35 g/100 
g fat. The total content of biologically active trans fatty acids 
in the control milk was 4.70 g/100 g fat. The main represen-
tatives of fatty acids in basil were stearic, oleic, palmitic, 
linoleic, myristic, α-linolenic, capric, lauric and arachidonic 
acids (Shahrajabian et al., 2020).

The introduction of the different supplements in three or 
four concentrations leads to their change, which is probably 
caused by oxidation processes to increase their content, but 
in general case, they decrease due to the introduction of the 
plant additive, which mainly contains cis isomers of oleic 
acid. The biologically active cis isomers of oleic acid in 
the source milk have a 11.24 g/100 g fat content. The use 
of peppermint (0.2% – 15.70 g/100 g fat), thyme 0.2% – 
(15.20 g/100 g fat), rosemary (0.1% – 16.05 g/100 g fat), 
and the combination of turmeric with black pepper (0.3% – 
28.92 g/100 g fat) increased the content of cis isomers from 
oleic acid. Biologically active omega-3 and omega-6 fatty 
acids in the studied milk were 0.43 g/100 g fat and 1.70 
g/100 g fat, respectively. Adding the plant supplements 
in different concentrations leads to a decrease in omega-3 
with the exception of 0.3% turmeric with black pepper – 
0.52 g/100 g fat. Omega-6 fatty acids, when adding basil 
vary depending on the concentration, and have the highest 
value at 0.2% – 2.08 g/100 g fat. The use of 0.1% lemon 
balm has the lowest concentration of omega-6 fatty acids 
in the group and compared to control milk – 1.63 g/100 g 
fat. The addition of 0.2% peppermint-1.85 g/100 g fat and 
thyme-1.95 g/100 g fat were the lowest in the respective 
group, but higher than the control milk. The use of rose-
mary and turmeric increased the content of omega-6 fatty 
acids in drinking milk. At 0.1% rosemary – 2.25 g/100 g fat 
and 0.3% the combination of turmeric with black pepper 
– 3.60 g/100 g fat the highest values were found. The use 
of additives from plant origin in different concentrations 
in drinking milk led to a slight decrease in the content of 
medium-chain fatty acids, while in short-chain fatty acids 
were from 2 to 43 times (Table 4).

The lipid preventive score in the studied milk from the 
control group was 7.82. The addition of 0.2% lemon balm 
increased it in milk to 8.31, 0.5% peppermint – 8.13, 0.2% 
rosemary – 8.04 and 0.3% turmeric with black pepper – 8.06. 
The atherogenic index in milk was 4.35, and the thrombo-Ta
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genic index was 3.85. The application of thyme, rosemary 
and the combination of turmeric with black pepper decreased 
the atherogenic and thrombogenic index in milk at all con-
centrations used (Table 5). The atherogenic index gives the 
correlation between the sum of the main saturated fatty acids 
and the unsaturated fatty acids, the former being considered 
proatherogenic (favouring the adhesion of lipids in the cells 
of the immune and circulatory system), and the second were 
antiatherogenic (inhibit plaque aggregation and decrease 
levels of esterified fatty acids, cholesterol and phospholip-
ids, thus preventing the occurrence of micro- and macrocor-
onary diseases). The thrombogenic index has the tendency 
to clot formation in blood vessels and has defined as the ra-

tio between prothrombogenic (saturates) and antithrombo-
genic (monounsaturated and polyunsaturated omega-3 and 
omega-6 fatty acids) fatty acids (Ghaeni et al., 2013). The 
thrombogenic and atherogenic index, as indicators, should 
not exceed 1.00, while the cholesterol index is above 1.00 
(Ivanova and Hadzhinikolova, 2015). The hyper-hypocho-
lesterolemic index for milk was 0.25 and increases slightly, 
when the additives were added with different concentrations. 
Use of 0.3% basil increased h/H to 0.84, 0.05% lemon balm 
to 0.35, 0.1% peppermint to 0.63, 0.05% thyme to 0.32, 
0.05% rosemary to 1.80 and 0.2% turmeric with black pep-
per -0.77. Cholesterolemic index was low (below 1.0) in all 
variants of supplements and concentrations except for 0.05% 

Table 4. Fatty acid groups in drinking milk with additives, g/100 g fat, n = 10
  K B1 B2 B3 B4 M1 M2 M3
SFA 78.92 0.13 75.99 0.05 71.61 2.33 72.05 0.51 74.17 0.03 74.25 0.07 76.78 4.43 77.39 2.63
MUFA 18.89 0.03 21.40 0.02 20.24 0.66 20.85 1.68 16.96 8.99 20.85 0.02 19.83 0.72 17.68 0.17
PUFA 2.44 0.01 2.32 0.00 2.28 0.07 2.56 0.45 3.15 0.00 2.34 0.00 2.18 0.08 2.35 0.02
Σ C-18:1Trans-FA 4.70 0.01 4.76 0.00 3.47 0.11 7.25 1.25 2.86 0.00 4.90 0.00 4.06 0.15 3.52 0.03
ΣCLA 0.41 0.00 0.24 0.00 0.29 0.01 0.21 0.05 0.21 0.00 0.22 0.00 0.21 0.01 0.28 0.00
C-16:0/C-18:1cis9 3.62 0.00 3.20 0.00 3.02 0.00 3.95 0.09 2.60 0.00 3.40 0.00 3.40 0.00 3.88 0.00
C-16:0/C-18:1 ges. 2.47 0.00 2.29 0.00 2.38 0.00 2.26 0.12 5.38 5.62 2.38 0.00 2.53 0.00 2.86 0.00
Σn-3 0.43 0.01 0.35 0.00 0.30 0.01 0.37 0.05 0.40 0.00 0.36 0.00 0.33 0.01 0.28 0.00
Σn-6 1.70 0.00 1.83 0.00 1.75 0.06 2.08 0.48 2.65 0.00 1.86 0.00 1.63 0.06 1.86 0.02
ΣMCT(C-10>C-14) 20.61 0.03 18.63 0.01 19.48 0.63 17.32 1.09 18.88 0.01 19.42 0.02 19.52 0.71 18.80 0.18
ΣSCT(C-4>C-8) 7.68 0.01 4.97 0.00 0.22 0.01 3.44 1.00 4.98 0.00 0.94 0.00 4.20 7.05 4.35 2.81
CLA 9c,11t 0.26 0.00 0.06 0.00 0.11 0.00 0.06 0.01 0.07 0.00 0.07 0.00 0.07 0.00 0.12 0.00
Σn-6/Σn-3 4.00 0.10 5.20 0.00 5.74 0.00 5.89 2.07 6.65 0.00 5.23 0.00 4.96 0.00 6.66 0.00
Σ C-18:1cis-FA 11.24 0.02 13.41 0.01 13.79 0.45 10.64 0.27 10.93 8.99 12.94 0.01 12.63 0.46 11.49 0.11
BFA 3.09 0.00 3.11 0.00 3.55 0.12 3.37 0.04 3.37 0.00 3.15 0.00 3.52 0.13 3.27 0.03

Table 4. Fatty acid groups in drinking milk with additives, g/100 g fat, n = 10 (continue)

  P1 P2 P3 T1 T2 T3
SFA 73.55 0.04 73.83 0.05 72.86 0.04 73.28 0.04 72.49 0.05 71.98 0.04
MUFA 20.94 0.01 20.79 0.01 21.84 0.01 22.52 0.01 22.83 0.01 22.09 0.01
PUFA 2.51 0.00 2.75 0.00 2.34 0.00 2.82 0.00 2.69 0.00 2.60 0.00
Σ C-18:1Trans-FA 3.05 0.00 6.49 0.00 2.84 0.00 3.99 0.00 3.77 0.00 3.42 0.00
ΣCLA 0.31 0.00 0.41 0.00 0.17 0.00 0.27 0.00 0.27 0.00 0.30 0.00
C-16:0/C-18:1cis9 2.96 0.00 3.84 0.00 2.78 0.00 3.05 0.00 3.01 0.00 2.81 0.00
C-16:0/C-18:1 ges. 2.39 0.00 2.35 0.00 2.30 0.00 2.31 0.00 2.31 0.00 2.25 0.00
Σn-3 0.35 0.00 0.35 0.00 0.38 0.00 0.41 0.00 0.34 0.00 0.40 0.00
Σn-6 1.95 0.00 2.09 0.00 1.85 0.00 2.24 0.00 2.18 0.00 1.95 0.00
ΣMCT(C-10>C-14) 20.24 0.01 19.61 0.01 18.74 0.01 20.74 0.01 20.17 0.01 18.20 0.01
ΣSCT(C-4>C-8) 0.12 0.00 1.34 0.00 0.18 0.00 1.32 0.00 0.07 0.00 0.26 0.00
CLA 9c,11t 0.12 0.00 0.17 0.00 0.00 0.00 0.10 0.00 0.10 0.00 0.06 0.00
Σn-6/Σn-3 5.57 0.00 5.93 0.00 4.87 0.00 5.45 0.00 6.40 0.00 4.82 0.00
Σ C-18:1cis-FA 14.67 0.01 11.45 0.01 15.70 0.01 14.17 0.01 14.68 0.01 15.20 0.01
BFA 3.50 0.00 3.44 0.01 3.32 0.00 2.20 0.00 2.29 0.00 3.61 0.00
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rosemary. Trans fatty acids in the control group of milk were 
0.15 g/100 g product, and vary when adding aromatic plants 
in different concentrations, with the lowest values found at 
0.3% basil – 0.03 g/100 g product, 0.1 % peppermint- 0.4 
g/100 g product, 0.05% thyme-0.10 g/100 g product, 0.2% 
rosemary-0.10 g/100 g product and 0.2% turmeric with 
black pepper-0.02 g/100 g product. The introduction of the 
additives from different aromatic plants leads to an improve-
ment of the fatty acid profile and the quality indicators of the 
drinking milk compared to the control milk.

Antioxidants can delay or inhibit oxidative damage to 
proteins, nucleic acids and lipids, caused by free radicals 
that induce oxidative stress (Baardseth, 1989; Norshazila 
et al., 2010; Zheng and Wang, 2001) through autoxidation. 
Lipid oxidation leads to undesirable changes in the taste, 
texture and nutritional value of foods (Wang et al., 2006). 
Milk proteins were characterized by scavenging ability of 
active oxygen species or free radicals (Hambraeus and Lön-
nerdal, 2003; Karakaya et al., 2001; Lindmark-Månsson and 
Åkesson, 2000; Suetsuna et al., 2000; Wang et al., 2006), 

and were used as natural antioxidants in the food industry 
due to the fact, that they have no taste and smell, but were 
nutritious. Phenolic compounds were widely present in dairy 
products, but literature data regarding their study in milk and 
dairy foods is scarce. Ertan et al. (2017) were found an in-
crease in antioxidant activity and polyphenol content in milk 
with increasing fat content in UHT-milk. According to Cal-
ligaris et al. (2003), the application of different temperature 
regimes for pasteurization of milk increased the antioxidant 
activity (Table 6).

The antioxidant activity in the studied milks was 4.16 
TE mg/100 g product. Milk with additives was character-
ized by different antioxidant activity, depending on their type 
and concentration. Adding 0.05 and 0.1% basil to milk in-
creased antioxidant activity by 3.8 times, 0.2% by 4.9 times, 
and 0.3% by 6.6 times compared to control milk. The use of 
lemon balm increased the antioxidant activity of milk by 2.6 
times at 0.1%, by 3.3 times at 0.05% and by 3 times at 0.2% 
compared to control milk. Addition of peppermint to milk 
leads to an increase in antioxidant activity with increasing 

Table 4. Fatty acid groups in drinking milk with additives, g/100 g fat, n = 10 (continue)
  R1 R2 R3 C1 C2 C3 C4
SFA 73.39 0.28 72.14 0.51 76.07 0.05 75.59 0.04 75.03 3.41 72.10 0.04 56.97 0.85
MUFA 21.61 0.08 21.98 0.01 20.83 0.01 20.99 0.01 20.20 0.41 21.45 0.01 36.38 0.02
PUFA 2.51 0.01 2.92 0.00 2.66 0.00 2.53 0.00 2.53 0.05 2.83 0.00 4.35 0.00
Σ C-18:1Trans-FA 3.47 0.01 2.71 0.00 4.34 0.00 4.07 0.00 2.76 0.06 2.53 0.00 4.51 0.00
ΣCLA 0.23 0.00 0.29 0.00 0.27 0.00 0.32 0.00 0.33 0.01 0.29 0.00 0.43 0.00
C-16:0/C-18:1cis9 2.80 0.00 2.66 0.00 3.12 0.00 3.05 0.00 2.86 0.00 2.63 0.00 0.98 0.00
C-16:0/C-18:1 ges. 2.23 0.00 2.22 0.00 2.29 0.00 2.31 0.00 2.37 0.00 2.21 0.00 0.81 0.00
Σn-3 0.40 0.00 0.44 0.00 0.36 0.00 0.40 0.00 0.37 0.01 0.38 0.00 0.52 0.00
Σn-6 1.95 0.01 2.25 0.00 2.11 0.00 1.85 0.00 1.85 0.04 2.24 0.00 3.60 0.00
ΣMCT(C-10>C-14) 18.90 0.07 19.30 0.01 20.20 0.01 20.10 0.01 20.65 0.28 20.33 0.01 11.49 0.01
ΣSCT(C-4>C-8) 2.16 0.01 0.60 0.05 4.84 0.00 4.12 0.00 3.69 0.92 1.36 0.00 1.35 0.83
CLA 9c,11t 0.06 0.00 0.08 0.00 0.11 0.00 0.16 0.00 0.15 0.00 0.14 0.00 0.21 0.00
Σn-6/Σn-3 4.89 0.00 5.17 0.00 5.93 0.00 4.62 0.00 4.97 0.00 5.88 0.00 6.92 0.00
Σ C-18:1cis-FA 14.91 0.06 16.05 0.00 13.37 0.01 13.61 0.01 14.20 0.29 15.68 0.01 28.92 0.02
BFA 3.45 0.01 3.23 0.00 3.17 0.00 3.41 0.00 3.26 0.07 3.21 0.00 2.85 0.00

Table 5. Qualitative evaluation of the fat fraction of drinking milk with supplements
  K B1 B2 B3 B4 M1 M2 M3 P1 P2 P3 T1 T2 T3 R1 R2 R3 C1 C2 C3 C4
LPS 7.82 7.92 7.37 7.78 3.74 7.70 7.84 8.31 8.13 3.52 7.80 7.95 8.10 7.75 3.52 7.99 8.04 7.70 7.85 3.60 8.06
AI 4.35 3.90 4.18 4.13 1.39 4.63 4.16 4.39 4.38 1.70 4.15 3.94 3.84 3.97 1.77 3.85 3.85 4.03 3.91 2.62 3.91
TI 3.85 3.49 3.52 3.61 1.32 3.44 3.64 3.81 3.63 1.63 3.47 3.59 3.33 3.46 1.30 3.49 3.39 3.33 3.40 2.66 3.24
h/H 0.25 0.28 0.29 0.27 0.84 0.35 0.26 0.26 0.29 0.63 0.24 0.32 0.29 0.28 1.80 0.32 0.33 0.29 0.31 0.77 0.33
TFA, g/100 g 
product

0.15 0.16 0.12 0.14 0.03 0.10 0.17 0.14 0.14 0.04 0.22 0.10 0.15 0.16 0.06 0.12 0.10 0.15 0.12 0.02 0.09

SFA+TFA, 
g/100 g  
product

2.75 2.79 2.49 2.68 0.16 2.58 2.74 2.89 2.74 0.17 2.78 2.70 2.81 2.76 0.12 2.74 2.72 2.69 2.72 0.07 2.72
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concentration compared to control milk, up to 1.02, 1.40 and 
1.90 TE mg/100 g product, respectively. Adding thyme to 
milk increased the antioxidant activity of milk by 2.4 times 
at 0.05%, by 1.9 times at 0.1% and by 2.8 times at 0.2%. The 
application of 0.05% rosemary in drinking milk decreased 
the antioxidant activity compared to the control milk, but 
with increasing concentration to 0.1% it increased twofold, 
and at 0.2% fivefold. The use of 0.05% turmeric with black 
pepper decreased the antioxidant activity of milk twofold, 
but with increasing concentration it increased by 2.4 times 
at 0.1%, by 4.8 times at 0.2% and by 7.8 times at 0.3%. All 
types of additives led to an improvement in the antioxidant 
activity of their milk group, except for 0.05% rosemary and 
0.5% turmeric with black pepper, and the highest values 
were obtained at the higher concentrations from combination 
of turmeric and black pepper.

The total polyphenols in the studied milk were 23.33 
GAE mg/100 g product. The addition of basil lowers the 
content of polyphenols at all selected concentrations. In lem-
on balm, a higher amount of total polyphenols was report-
ed at 0.1% supplementation, while at 0.05 and 0.2%, they 
were lower compared to the control milk. The application 

of 0.05 and 0.1% peppermint in milk had a lower content 
of polyphenols compared to the control milk, and increased 
when used 0.2% additive to 40 TE mg/100 g product (1.7 
times). Thyme increased the content of polyphenols in milk 
at 0.05% to 30.33 TE mg/100 g product and at 0.2% to 30.83 
TE mg/100 g product compared to control milk. Rosemary 
addition to milk decreased total polyphenol content at all 
three concentrations compared to control milk. The use of 
0.05 and 0.1% turmeric with black pepper decreased the 
content of polyphenols, while at 0.2 and 0.3% it increased 
compared to control milk to 45.17 and 38.17 TE mg/100 g 
product. The highest content of polyphenols in milk with ad-
ditives was found with 0.2% peppermint – 40.00 TE mg/100 
g product and 0.2% turmeric with black pepper – 45.17 TE 
mg/100 g product.

A number of studies on the incorporation of essential oils 
leads to the preservation of milk and dairy products and pro-
longation of their shelf life (Bukvicki et al., 2018; Caleja et 
al., 2015; Hala et al., 2010; Mohamed et al., 2018).

Conclusions

Adding supplements of aromatic plant in different concen-
trations improves the qualitative and quantitative composition 
of milk. The organoleptic evaluation of the studied milk gives 
us a clear idea, that the application of a higher concentration 
of additives worsens its smell, taste, colour, aroma and texture, 
but enriches it with fibbers, minerals and fats, and as a result 
of them the energy value also increases. Drinking milk with 
the addition of aromatic plants in dry form has a reduced con-
tent of saturated fatty acids and is enriched with biologically 
active fatty acids, which in turn leads to health benefits from 
their consumption and was expressed by lowering AI and TI 
and increasing cholesterolemic index. The antioxidant activity 
of milk was improved and the total content of polyphenols 
was increased, with the highest values obtained when adding 
turmeric with black pepper.

Acknowledgments
The study was carried out with the financial support of 

the National Science Fund, Ministry of Education and Sci-
ence, within the framework of the implementation of the 
Project “Study of the influence of aromatic plants and their 
essential oils on the quality of milk and milk products” (Con-
tract with NSF No KP -06-N56/ 3/ 10.11.2021).

References

Akbari, M., Ezati, P., Nazari, M. & Moradikor, N. (2015). 
Physiological and pharmaceutical properties of peppermint 

Table 6. Antioxidant activity and content of total poly-
phenols in drinking milk with supplements, n=10

DPPH, TE mg/100 g 
product

TPC, GAE mg/100 g 
product

K 0.92±0.02KL* 23.33±0.57E *

B1 3.48±0.07D 12.50±0.01K

B2 3.43±0.119D 15.83±0.28J

B3 4.50±0.26C 19.33±0.57GHI

B4 6.05±0.31B 21.83±0.57EF

M1 2.99±0.49DE 18.50±0.50I

M2 2.37±0.00FGH 28.50±0.00D

M3 2.83±0.02EF 19.17±0.29HI

P1 1.02±0.16K 21.17±0.28FG

P2 1.40±0.08JK 20.00±0.00FGHI

P3 1.91±0.17HIJ 40.00±1.73B

T1 2.18±0.21GHI 30.33±1.443CD

T2 1.72±0.17IJ 21.00±0.500FGH

T3 2.54±0.00EFG 30.83±0.57C

R1 0.87±0.05KL 6.00±0.001L

R2 1.94±0.11HI 7.67±0.289L

R4 4.63±0.012C 14.01±0.058JK

C1 0.42±0.00L 6.01±0.010L

C2 2.20±0.04GHI 20.83±0.289FGH

C3 4.43±0.15C 45.17±0.289A

C4 7.19±0.15A 38.17±0.289B

*Means not sharing any letter are significantly different by the Tukey-test 
at the 5% level of significance



787Influence of the addition from aromatic plants on the quality of milk by Bulgarian Rhodopes cattle

as a multipurpose and valuable medicinal plant. Scientific 
Journal of Medical Science, 4(4), 413 – 420. DOI: 10,14196/
sjms,v4i4,2060.

Aljabeili, H. S., Barakat, H. & Abdel-Rahman, H. A. (2018). 
Chemical composition, antibacterial and antioxidant activities 
of thyme essential oil (Thymus vulgaris). Food and Nutrition 
Sciences, 9, 433 – 446. https://doi.org/10.4236/fns.2018.95034.

Athmaselvi, K. A. & Varadharaj, N. (2002). Physical and thermal 
properties of turmeric rhizomes. Madras Agriculture Journal, 
89, 666 – 671.

Baardseth, P. (1989). Effect of selected antioxidants on thestability 
of dehydrated mashed potatoes. Food Addit. & Contamin., 6, 
201 – 207. 

Baker, B. P., Grant, J. A. & Malakar-Kuenen, R. (2018). Pep-
permint & Peppermint Oil Profile. Community IPM; Integrat-
ed Pest Management, New York State IPM Program, 1 – 18. 
https://ecommons.cornell.edu/handle/1813/56135.

Balasubramanian, S., Mohite, A. M., Singh, K. K., John Zach-
ariah, T. & Anand, T. (2022). Physical properties of turmeric 
(Curcuma longa L.). Journal of Spices and Aromatic Crops, 
21(2), 178 – 181. www.indianspicesociety.in/josac/index.php/
josac.

Brand-Williams, W., Cuvelier, M. E. & Berset, C. (1995). Use 
of a free radical method to evaluate antioxidant activity. LWT – 
Food Science and Technology, 28, 25 – 30. 

Bukvicki, D., Giweli, A., Stojkovic, D., Vujisic, L., Tesevic, V., 
Nikolic, M., Sokovic, M. & Marin, P. D. (2018). Cheese sup-
plemented with Thymus algeriensis oil, a potential natural food 
preservative. Journal of Dairy Science, 101(5), 3859 – 3865. 

Caleja, C., Lillian, B., Amilcar, L, A., Ana, C., João, C. M., Ma-
rina, S., Oliveira, M. B. P. P., Celestino, S. B. & Isabel, C. F. 
R. (2015). Development of a functional dairy food: Exploring 
bioactive and preservation effects of chamomile (Matricaria 
recutita L.). Journal of Functional Foods, 16(1), 114 – 124. 

Calligaris, S., Manzocco, L. & Anese, M. (2003). Effect of 
heat-treatment on the antioxidant and pro-oxidantactivity of 
milk. International Dairy Journal, 14, 421 – 427.  

Ertan, K., Bayana, D., Gokce, O., Alatossava, T., Yilmaz, Y. & 
Gursoy, O. (2017). Total antioxidant capacity and phenolic 
content of pasteurized and UHT-treated cow milk samples mar-
keted in Turkey. Akademik Gıda, 15, 103 – 108.

Ghaeni, M., Ghahfarokhi, K. N. & Zaheri, L. (2013). Fatty acids 
profile, atherogenic (IA) and thrombogenic (IT) health lipid in-
dices in Leiognathusbindus and Upeneussulphureus, Journal of 
Marine Science: Research & Development, 3(4), 1 – 3. 

Hala, M., Ebtisam, I., Sanaa, G., Badran, M. A., Gad, A. S. & 
Marwa El-Said, M. (2010). Manufacture of low fat UF-soft 
cheese supplemented with rosemary extract (as natural antioxi-
dant). Journal of American Science, 6(10), 570 – 579. 

Hambraeus, L. & Lönnerdal, B. (2003). The Physiological role 
of lactoferrin. Medical, Nutritional Aspects: International Dairy 
Federation, Chap. 18.

Hewlings, S. J. & Kalman, D. S. (2017). Curcumin: A review 
of its effects on human health. Foods, 6, 92. doi: 10.3390/
foods6100092.

Idowu-Adebayo, F., Fogliano, V. & Linnemann, A. (2022). Tur-
meric-fortified cow and soya milk: golden milk as a street food 

to support consumer health. Foods, 11, 558. https://doi.org/ 
10.3390/foods11040558.

Idowu-Adebayo, F., Fogliano, V., Oluwamukomi, M. O., Oladi-
meji, S. & Linnemann, A. R. (2021a). Food neophobia among 
Nigerian consumers: A study on attitudes towards novel tur-
meric-fortified drinks. Journal of The Science of Food and Ag-
riculture, 101, 3246 – 3256. doi: 10.1002/jsfa.10954.

Idowu-Adebayo, F., Toohey, M. J., Fogliano, V. & Linnemann, 
A. R. (2021b). Enriching street-vended zobo (Hibiscus sab-
dariffa) drink with turmeric (Curcuma longa) to increase its 
health-supporting properties. Food and Function. 12, 761 – 
770. doi: 10.1039/D0FO02888F.

Ivanova, A. & Hadzhinikolova, L. (2015). Evaluation ofnutrition-
al quality of common carp (Cyprinus carpio L.) lipids through 
fatty acid ratios and lipid indice. Bulg. J. Agric. Sci., 21, 180 
– 185. 

Ivanova, S., Angelov, L., Miteva, D., Markov, N. & Kostadino-
va, E. (2020). Assessment of cow’s milk quality and consump-
tion of bioactive fatty acids. Journal of Mountain Agriculture 
on the Balkans, 23(1), 22 – 32.

Karakaya, S., EI, S. N. & Tas, A. A. (2001). Antioxidant activity 
ofsome foods containing phenolic compounds. International 
Journal of Food Science and Nutrition, 52, 501 – 508. 

Khursheed, A., Banday, M. T., Khan, A. A., Adil, S., Ganai, A. 
M., Sheikh, I. U. & Sofi, A.H. (2017). Effect of mint leaves with 
or without enzyme supplementation on blood biochemistry, 
carcass characteristics and sensory attributes of broiler chicken. 
Advances in Animal and Veterinary Sciences, 5(11), 449 – 455. 
http://dx.doi.org/10.17582/journal.aavs/2017/5.11.449.455.

Lindmark-Månsson, H. & Åkesson, B. (2000). Antioxidative fac-
torsin milk. British Journal of Nutrition, 84, 103 – 110.

McKay, D. L. & Blumberg, J. B. (2006). A review of the bio-
activity and potential health benefits of peppermint tea (Men-
tha piperita L.). Phytotheapy Research, 20(8), 619 – 633. doi: 
10.1002/ptr.1936. PMID: 16767798.

Meamarbashi, A. & Rajabi, A. (2013). The effects of peppermint 
on exercise performance. Journal of the International Society 
of Sports Nutrition, 10, 15. https://doi.org/10.1186/1550-2783-
10-15.

Miraj, S., Rafieian-Kopaei & Kiani, S. (2017). Melissa officinalis 
L.: A Review Study with an antioxidant prospective. Journal of 
Evidence-Based Integrative Medicine, 22(3), 385 – 394. doi: 
10.1177/2156587216663433. 

Mohamed, F. A. E. F., Salama, H. H., El-Sayed, S. M., El-Sayed, 
H. S. & Zahran, H. A. (2018). Utilization of natural antimi-
crobial and antioxidant of Moringa oleifera leaves extract in 
manufacture of cream cheese. Journal of Biological Sciences, 
18(2), 92 – 106. 

Nikolov, V. S., Zahariev, D. L. & Mihailova, G. S. (2011). The de-
pendence of the physicochemical properties and technological 
qualities of milk on the breed of cows when feeding in winter. 
Naukovi praci, 40(2), 269 – 273 (Ru).

Norshazila, S., Syed Zahir, I., Mustapha Suleiman, K., Aisyah, 
M. R. & Kamarul Rahim, K. (2010). Antioxidant levels and 
activities of selected seeds of Malaysian tropical fruits. Malays 
Journal of Nutrition, 16, 149 – 159. 

Oliva, M. M., Lorello, I. M., Baglio, C., Posadaz, A., Carezzano, 



788 Silvia Ivanova, Daniela Miteva, Pavel Todorov, Ayten Solak, Krasimir Dimov and Tsonka Ojakova

M. E., Paletti Rovey, M. F., Huallpa, C. & Rodolfo Juliani, 
H. (2022). Chemical composition, antioxidant, and antimicro-
bial activities of rosemary (Salvia rosmarinus Spenn,) essen-
tial oils from Argentina. Journal of Medicinally Active Plants, 
12(3), 38 – 52.

Oraon, L., Atanu, J., Prajapati, P. S. & Suvera, P. (2017). Appli-
cation of herbs in functional dairy products – a review. Journal 
of Dairy, Veterinary & Animal Research, 5, 109 – 115.

Regulation (EC) No 1924/2006 of theEuropean Parliament and of 
the Council, 20 December 2006: On nutrition and health claims 
made on foods, Trans fatty acids and insulin resistance. Athero-
sclerosis, 7, 37 – 39. 

Shahrajabian, M. H., Sun, W. & Cheng, Q. (2020). Chemical 
components and pharmacological benefits of Basil (Ocimum 
basilicum): a review. International Journal of Food Properties, 
23(1), 1961 – 1970. DOI: 10.1080/10942912.2020.1828456.

Singleton, V., Orthofer, R. & Lamuela-Raventós, R. M. (1999). 
Analysis of Total Phenols and Other Oxidation Substrates and 
Antioxidants by Means of Folin– Ciocalteu Reagent. In: Meth-
ods Enzymology, Academic Press, USA, 152 – 178. 

Suetsuna, K., Ukeda, H. & Ochi, H. (2000). Isolation andcharacter-
ization of free radical scavenging activities peptides derived from 
casein. Journal of Nutrition and Biochemistry, 11, 128 – 131. 

Ulbricht, T. L. & Southgate, D. A. (1991). Coronary heartdisease: 
Seven dietary factors. Lancet, 338, 985 – 992.

Valyova, M., Stoyanov, S., Markovska, Y. & Ganeva, Y. (2012). 
Evaluation of in vitro antioxidant activity and free radical scav-
enging potential of variety of Tagetes erecta L. flowers growing 
in Bulgaria. International Journal of Applied Research in Nat-
ural Products, 5, 19 – 25.

Wang, Y. C., Yu, R. C. & Chou, C. C. (2006). Antioxidative activ-
ities of soymilk fermented with lactic acid bacteria andbifido-
bacteria. Food Microbiology, 23, 128 – 135.

Wangdi, J., Zangmo, T., Karma, M. & Bhujel, P. (2016). Com-
positional quality of cows milk and its seasonal variations in 
Bhutan. Livestock Research for Rural Development, 28, 14. 
http://www.lrrd.org/lrrd28/ I /wang28002.html.

Zheng, W. & Wang, S. Y. (2001). Antioxidant activity and phe-
noliccompounds in selected herbs. Journal of Agricultural and 
Food Chemistry, 49, 5165 – 5170. 

Received: April, 12, 2024; Approved: May, 20, 2024; Published: August, 2025


