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Carbonyl compounds are some of the most harmful substances in tobacco smoke. They have mutagenic and 

carcinogenic properties and because of that, carbonyls are part of the controlled compounds in tobacco smoke in some 

countries. They cause burning and irritation of the upper respiratory tract of people during the smoking process. 

Acetaldehyde, acetone, acrolein, formaldehyde and 5-hydroxymethyl-2-furfural (5-HMF) are present in the largest 

quantities in tobacco smoke. 5-HMF is a product of the Maillard reaction and is found in many foods. In tobacco smoke, 

5-HMF, together with the other carbonyl compounds, is formed by thermal combustion of the soluble sugars and the

polysaccharides contained in the tobacco blends. 5-HMF has proven toxic and mutagenic properties. In this study, the

factors affecting the 5-HMF content in the gas phase of tobacco smoke of different types of commercial cigarette brands

are established. Three factors influencing the content of 5-HMF are investigated - type of blend, filter ventilation and type

of filter. Higher content of 5-HMF is produced by Virginia blend cigarettes (63.0±5.1 µg/cig) compared to American

blend cigarettes (28.0±2.2 µg/cig and 48.0±3.8 µg/cig).The cigarette brands with 30 - 40 % filter ventilation reduced the

content of 5-HMF in tobacco smoke between 43 % and 58 % compared to the non ventilation filters. The content of 5-

HMF is not significantly affected by the type of cigarette filter.
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INTRODUCTION 

There is a wide variety of smoking tobacco 

products on the world market to choose from, 

including cigarettes, cigars, cigarillos, bidis, chuttas 

and kreteks. Cigars, cigarillos, bidis, chuttas and 

kreteks consist only of tobacco leaves. Cigarillos are 

short, narrow cigars and are wrapped in tobacco 

leaves or brown, tobacco-based paper. They are 

smaller than regular cigars but usually larger than 

cigarettes. Bidis consist of a small amount of sun-

dried, flaked tobacco hand wrapped in dried 

temburni or tendu leaf and tied with string. Despite 

their small size, bidis deliver more tar and carbon 

monoxide than manufactured cigarettes. Chuttas are 

homemade cigars and have a higher content of 

nicotine and total particulate matter as compared to 

cigarettes and Bidi. Kreteks are clove-flavored 

cigarettes. They may contain a wide range of exotic 

flavorings and eugenol, which have an anesthetic 

effect, allowing for deeper and more harmful smoke 

inhalation [1]. 

In the production of cigarettes, blended tobaccos 

are used - a mixture of two or more types of tobaccos 

in different proportions. The type of tobacco used in 

tobacco products has a decisive influence on the 

physicochemical nature and taste of the tobacco 

smoke they produce [1]. 

Tobacco smoke is a multicomponent system 

consisting of a solid-liquid phase, a gas phase, and 

environmental tobacco smoke. The qualitative 

composition of tobacco smoke is the same. The 

differences are only quantitative [2]. 

Tobacco smoke of the commercially sold 

cigarettes contains more than 6000 chemicals. They 

are formed during smoking processes, through 

pyrolysis, intra- or intermolecular interactions of the 

substances contained in tobacco. Most of these 

substances are potential toxicants, such as 

components of the groups of volatile organic 

compounds, polycyclic aromatic hydrocarbons, 

aromatic amines, tobacco-specific nitrosamines, 

phenolic compounds, carbonyl compounds [2-6]. 

More than 500 carbonyl compounds are 

identified in tobacco smoke, but ten of them are 

classified as probably and possibly carcinogenic to 

humans by the International Agency for Research of 

Cancer [3]. They cause burning and irritation of the 

upper respiratory tract of people when smoking. 

Carbonyls, including acetaldehyde, acetone, 

acrolein, formaldehyde, 5-hydroxymethyl-2-furfural 

(5-HMF), are present at high levels in the tobacco 

smoke [5].  

5-HMF is formed in many food items - dried

fruit, fruit juice, caramel products. It is also detected 

in cigarette smoke [7]. Tobacco smoke is produced  
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by the thermal combustion of sugars in tobacco 

products, including complex polysaccharides such 

as cellulose, along with other carbonyl compounds 

[8]. 5-HMF has proven carcinogenic, hepatotoxic, 

nephrotoxic, neurotoxic, genotoxic, mutagenic, 

cytotoxic effect, reproductive and developmental 

toxicity [7]. 

The aim of this study is to investigate the factors 

affecting the content of 5-HMF in the gas phase of 

tobacco smoke in commercial cigarette brands. 

EXPERIMENTAL 

Material 

The content of 5-HMF in tobacco smoke of 3 

commercial cigarette brands (Virginia blends and 

two American blends) with different types of 

cigarette filters and filter ventilation were 

investigated. The cigarettes were purchased from the 

markets. The description of the investigated 

cigarettes is presented on Table 1.  

Table 1. Description of the cigarette brands 

Cigarettes 

Brand A 

Virginia blend 

A-nV-A –non-ventilation,

acetate filter

A-V35-A - 35 % ventilation,

acetate filter

A-nV-M –non-ventilation,

menthol capsule

Brand B 

American blend 

B-nV-A –non-ventilation,

acetate filter

B-nV-Ach –non-ventilation,

acetate and charcoal filter (two sectors filter)

B-V30-Ach – 30 % ventilation,

acetate and charcoal filter (two sectors filter)

Brand C 

American blend 

C1-nV-A –non-ventilation,  

acetate filter 

C1-V40-A – 40 % ventilation,  

acetatе filter 

C2-nV-ARCh – non-ventilation,  

acetate, recessed and charcoal filter system 

(three sectors filter) 

C2-V40-ARCh – 40 % ventilation, a 

cetate, recessed and charcoal filter system  

(three sectors filter) 

Three factors influencing the content of 5-HMF 

were investigated: 

 Tobacco blends - Virginia blend and

American blend (cigarette brands A-nV-A, B-nV-A 

and C1-nV-A). 

 Filter ventilation – non-ventilation, 30 %

ventilation, 35 % ventilation, 40 % ventilation 

(cigarette brands A-nV-A and A-V35-A; B-nV-ACh 

and B-V30-Ach; C1-nV-A and C1-V40-A; C2-nV-

ARCh and C2-V40-ARCh). 

 Filter types – acetate; acetate and charcoal

(two sectors); acetate, recessed and charcoal (three 

sectors) -A-nV-A and A-nV-M; B-nV-A and B-

nV30-Ach; C1-nV-A and C2-nV-ARCh; C1-V40-A 

and C2-V40-ARCh. 

Reagents 

5-Hydroxymethyl furfural, 2,4-dinitrophenyl-

hydrazine, acetonitrile, perchloric acid, glacial acetic 

acid, hydrochloric acid 37 %, sodium hydroxide, 

calcium chloride hexahydrate, p-hydroxybenzoic 

acid hydrazide (PAHBAH), citric acid monohydrate, 

D-glucose were purchased from Sigma Aldrich.

Methods 

 Determination of carbonyl compounds in

tobacco smoke by HPLC-UV/VIS –Coresta 

recommended method №74, 2018 with some 

modifications [9]. Two cigarettes were smoked 

according to ISO 3308-2012 [10] on an 8-channel 

linear smoking machine Filtrona 302 fitted with an 

impinger containing 40 ml of an acidified solution of 

2,4-dinitrophenylhydrazine with a concentration of 

3.396 mg/ml. The carbonyls in tobacco smoke were 

trapped by passing each puff through an impinger. 

The solution was left in the dark for at least 5 hours 

until the reaction is completed and the carbonyl 

hydrazone formed. The high-performance liquid 

chromatograph Perkin Elmer equipped with binary 

pump and UV/VIS detector was used. The 

chromatographic analysis was performed on an 

analytical column “Кгоmаsil” С18, 5 μm, 150 mm. 

The mobile phase composition was: A = 

CH3OH:H2O (60:40); B = CH3OH:H2O (80:20). 

Gradient elution profile was 100% A, 0 min; 30 min 

to 0 % A, λ=360 nm.  

 Determination of the content of total sugars

by continuous-flow analysis method using 

hydrochloric acid/p-hydroxybenzoic acid hydrazide 

(PAHBAH) – Coresta recommended method №89, 

2019 [11]. An aqueous extract of the tobacco was 

prepared and the total sugar content of the extract 

was analyzed by continuous-flow analysis on 

Autoanalyzer AA3. The extract was heated in the 

presence of HCl at 90 °C, which hydrolyses any 

sucrose present to glucose and fructose. The reduced 

sample extract was passed through a dialyzer to 

eliminate interference from colored compounds in 

the sample and then reacted with PAHBAH in 

alkaline medium at 85 °C to produce a yellow 



M. H. Docheva et al.: Factors affecting the 5-hydroxymethyl-2-furfural content in the gas-phase of tobacco smoke …

7 

osazone complex. All measurements were 

performed at 420 nm. 

All experiments were performed at least three 

times. 5-HMF yield in tobacco smoke was calculated 

as mg per cigarette. Total sugars in tobacco blends 

were calculated as %. All data are presented as mean 

± standard deviation. 

RESULTS AND DISCUSSION 

Type of blend 

The most commonly used cigarette blends are 

American blend and Virginia blend [1, 12]. 

The content of 5-HMF in tobacco smoke of two 

brands of American blend cigarettes and one brand 

of Virginia blend cigarettes were investigated. In 

order to eliminate the influence of the filter type and 

filter ventilation, cigarettes were selected with the 

same type of filter – non-ventilation, acetate filter 

(Table 1). The results are presented in Table 2. The 

higher 5-HMF emissions were produced by Virginia 

blend cigarettes (63.0±5.1 µg/cig - A-nV-A) 

compared to American blend cigarettes (48.0±3.8 

µg/cig – C1-nV-A and 28.0±2.2 µg/cig – B-nV-A). 

It was found that the difference between the highest 

and the lowest content of 5-HMF in tobacco smoke 

is 35 g/cig. 

Table 2. Content of 5-HMF in tobacco smoke of 

different cigarette blends, µg/cig±SD 

Tobacco blend Cigarette brands 5-HMF

Virginia blend A-nV-A 63.0±5.1 

American blend B-nV-A 28.0±2.2 

American blend C1-nV-A 48.0±3.8 

The obtained results can be explained by the 

composition of the different tobaccos included in the 

tobacco blends. In Virginia blends there is an 

approximate ratio on a weight-weight basis (w/w) of 

Virginia tobacco and Burley 68:27 (w/w). The ratio 

can be skewed in favor of either tobacco type or 

manipulation of the deliveries. Oriental tobacco 

makes up less than 5% w/w of the tobacco blend 

[13]. The American blend consists of Virginia, 

Burley and Oriental tobacco in a ratio of 

approximately 50:37:13 (w/w/w) [13]. In the 

Virginia blend, the total amount of Virginia and 

Oriental tobacco is higher than in the American 

blend. Kirkova et al. found that the highest content 

of 5-HMF was produced in tobacco smoke by 

Virginia tobaccos (between 56 μg/cig and 76 μg/cig) 

and Oriental tobaccos (between 34.2 μg/cig and 108 

μg/cig), compared to the Burley tobacco (between 

15.6 μg/cig and 35.0 μg/cig) [14]. 

Filter ventilation 

Filter ventilation dilutes tobacco smoke with air, 

which is achieved through filter holes, which are 

usually one or more rings of small holes or 

perforations and serve to dilute the smoke with air 

[12]. Ventilated filters are now common on 

cigarettes sold in EU countries. Filter ventilation 

reduces standard toxin yields, such as tar, nicotine 

and CO [12, 15], but the influence of filter 

ventilation on the content of 5-HMF in tobacco 

smoke is not investigated. In this regard, ventilated 

cigarettes A-V35-A, B-V30-Ach, C1-V40-A and C2-

V40-ARCh were selected. In the research both 

ventilated cigarettes and closed ventilated cigarettes 

were used. 

The content of 5-HMF in cigarette brands with 

non-ventilated filters varied between 63.0±5.1 

µg/cig (A-nV-A) and 28.0±2.2 µg/cig (B-nV-ACh), 

while the content of 5-HMF with filter ventilation 

varied from 12.2±0.9 µg/cig (B-V30-ACh) to 

32.6±2.6 µg/cig (A-V35-A) – Table 3. The data 

revealed that the cigarette brands with 30% - 40% 

filter ventilation reduced the content of 5-HMF in 

tobacco smoke between 43% (Brand B) and 58% 

(Brand C) compared to non-ventilated filters. The 

results are presented in Table. 3. 

Table 3. Content of 5-HMF in tobacco smoke of 

cigarette brands with different filters ventilation, 

µg/cig±SD 

Filter ventilation Cigarette 

brands 

5-HMF

Non ventilation A-nV-A 63.0±5.1 

35 % ventilation A-V35-A 32.6±2.6 

Non ventilation B-nV-ACh 28.0±2.2 

30 % ventilation B-V30-ACh 12.2±0.9 

Non ventilation C1-nV-A 48.0±3.8 

40 % ventilation C1-V40-A 20.0±2.8 

Non ventilation C2-nV-ARCh 40.0±3.2 

40 % ventilation C2-V40-ARCh 22.8±3.5 

The content of 5-HMF in the gas phase of tobacco 

smoke decreases in proportion to the decrease in the 

content of tar, nicotine and CO in the solid-liquid 

phase of tobacco smoke. Docheva et al. 2022 

established that the content of tar and CO in 

cigarettes with 30 % ventilation decreased by about 

92 %, while the nicotine content - by 36 % compared 

to non-ventilation cigarettes [16]. 

Type of filters 

To determine the effect of the type of cigarette 

filters on the content of 5-HMF, cigarette brand A 

and cigarette brand B were smoked with block vents 
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(non-ventilation filter). Cigarette brand C was 

smoked with filter ventilation and filter non-

ventilation. The results are presented in Table 4.  

Table 4. Content of 5-HMF in tobacco smoke of 

cigarette brands with different filter types, µg/cig±SD 

Filter types 
Cigarette 

brands 
5-HMF

Acetate A-nV-A 63.0±5.1 

Acetate menthol 

capsule 
A-nV-M 70.0±6.2 

Acetate B-nV-A 28.0±2.3 

Acetate and 

charcoal filter (two 

sectors filter) 

B-nV-ACh 39.0±3.2 

Acetate C1-nV-A 48.0±3.8 

Acetate, recessed 

and charcoal filter 

system (three 

sectors filter) 

C2-nV-ARCh 40.0±3.2 

Acetatе filter C1-V40-A 20.0±2.8 

Acetate, recessed 

and charcoal filter 

system(three sectors 

filter) 

C2-V40-ARCh 22.8±3.5 

Cigarette filters with an activated menthol 

capsule (A-nV-M) and acetate and charcoal filter 

(two sectors) (B-nV-ACh) increased the content of 

5-HMF in tobacco smoke. The amount of 5-HMF in

cigarette brands with acetate filter with activated

menthol capsule (A-nV-M) is 70.0±6.2 g/cig and it

is 7.0 g/cig more than the acetate filter (A-nV-A).

Cigarettes with acetate and charcoal filter (B-nV-

ACh) produced 39.0±3.2 g/cig 5-HMF, while those

with acetate filter (B-nV-A) - 28.0±2.3 g/cig. For

cigarette brand C with non-vented three-sector filter

(C2-nV-ARCh) a reduction in content of 5-HMF of

8.0 g/cig is reported compared to non-vented

acetate filter C1-nV-A. Cigarette brand with three-

sector ventilated filter (C2-V40-ARCh) showed

approximately the same 5-HMF content (22.8±3.2

g/cig) compared to acetate ventilated filter (C1-

V40-ARCh) - 20.0±0.8 g/cig.

The content of 5-HMF in tobacco smoke in one 

cigarette is significantly lower than that of the toxic 

effect of 5-HMF - 2–30 mg per person/day [17, 18]. 

Content of soluble sugars in cigarette tobacco 

blends 

The main degradation product in the 

caramelization reaction of sugars is 5-HMF [8]. In 

this regard the content of soluble (total) sugars in 

tobacco blends A, B and C was analyzed. The results 

are presented in Table 5. The content of soluble 

sugars in the Virginia blend (13.7±0.14 %) is higher 

than in the American blend – 8.5±0.08 % and 

10.8±0.11 %. The results obtained are consistent 

with the ratio of the different types of tobacco in the 

blends and the content of total sugars in tobaccos. 

Virginia blend has more than 68% Virginia tobacco 

content, while American blend has less Virginia 

tobacco content - about 50% [13]. 

Table 5. Content of soluble sugars in tobacco of 

cigarette brands, %±SD 

Tobacco blend Total sugars 

Virginia blend (A) 13.7±0.14 

American blend (B) 8.5±0.08 

American blend (C) 10.8±0.11 

Correlation between 5-HMF in tobacco smoke 

and soluble sugars in cigarette brands 

Additionally, the ratio between the content of 5-

HMF in tobacco smoke and total sugars in cigarette 

brands with different type of blends and different 

filter ventilation was investigated. The correlation 

(R2) between the content of 5-HMF in tobacco 

smoke and total sugars in cigarette brands with 

different type of blends and different filter 

ventilation is presented in Table 6.  

Table 6. Correlation (R2) between the content of 5-

HMF in tobacco smoke and soluble sugars in cigarette 

brands with different type of blends, different filter 

ventilation and different filter type. 

Correlation Soluble sugars, % 

Type of 

blends 

Filter 

ventilation 

Filter 

type 

5-HMF,

µg/cig

0.978 0.9864 0.2283 

A high correlation between the content of 5-HMF 

in tobacco smoke and total sugars in cigarette brands 

with different type of blends and different filter 

ventilation was found. The content of 5-HMF is not 

affected by the type of filter. 

CONCLUSION 

In this study three factors affecting the 5-HMF 

content in the gas phase of tobacco smoke in 

different types of commercial cigarette brands were 

investigated - type of blend, filter ventilation and 

type of filter. 5-HMF is a degradation product on the 

caramelization reaction of sugars during the 

smoking process. The highest content of 5-HMF was 

found in tobacco smoke of Virginia blend cigarettes, 

followed by American blend cigarettes. Filter 

ventilation reduced the 5-HMF content between 43 

% and 58 % compared to the non ventilation filters. 

Cigarette filters with an activated menthol capsule 

and acetate and charcoal filter increased the content 
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of 5-HMF in tobacco smoke. Cigarette brand with 

acetate, recessed and charcoal filter system showed 

approximately the same 5-HMF content compared to 

acetate ventilated filter.  
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In the last decades, the residues of persistent pollutants such as organochlorine pesticides and polycyclic aromatic 

hydrocarbons (PAHs) are ubiquitous in marine ecosystems and continue to bioaccumulate in animal tissues. The present 

study investigated the presence of pollutants in biota with the aim to assess the current environmental state of the Black 

Sea using benthic fish species as sentinel organisms. The biota samples: goby (Neogobius melanostomus), grey mullet 

(Mugil cephalus) and turbot (Psetta maxima maeotica) were collected from different sites along the Bulgarian Black Sea 

coast in the period 2021 – 2022. The concentrations of 13 PAHs and organochlorine pesticides such as DDTs and its 

metabolites, hexachlorocyclohexane and its isomers (HCHs), hexachlorobenzene (HCB) and hexachlorobutadiene 

(HCBD) were determined in fish tissues by simultaneous extraction of persistent compounds in an accelerated solvent 

extractor (ASE) and were detected by gas chromatography with mass spectrometry (GC-MS). 

The highest levels of PAHs in fish were found in goby samples: 14.2 ng/g ww (wet weight). The results showed that 

low-molecular weight (LMW) PAHs (3 and 4 aromatic rings) were predominant accounting 94% of total PAH levels, 

suggesting petrogenic origin of pollution. Benzo(a)pyrene was not detected in fish samples from the Bulgarian Black Sea 

coast. Lindane and other HCHs isomers have very low concentrations in all samples investigated. DDT is present mainly 

in the form of its metabolites p,p’- DDE and p,p’- DDD, suggesting contamination in the past. The HCB and HCBD 

levels in the fish species did not exceed the EQS of the Directive 2013/39/ EU. These results confirm that the persistent 

organic pollutants continue to be present in the Black Sea marine environment.   

Keywords: polycyclic aromatic hydrocarbons, organochlorine pesticides, fish, the Black Sea 

INTRODUCTION 

Various studies have shown that persistent 

pollutants such as organochlorine pesticides and 

polycyclic aromatic hydrocarbons (PAHs) are 

ubiquitous in different parts of marine ecosystems 

(water column, sediment and biota) and exhibit 

different types of toxicity to humans and marine 

organisms depending on their persistence, mobility 

and bioavailability [1-3]. 

The Marine Strategy Framework Directive 

(MSFD) aims at maintaining the state of the marine 

environment by preventing the long-term 

deterioration of marine ecosystems [4]. Assessments 

on the environmental status of marine waters and the 

anthropogenic pressures were based on the Good 

Environmental Status (GES) definitions. 

Determination of the GES which defines the 

environmental quality to be assessed for 11 

descriptors: these are either descriptors for pressure 

(non-indigenous species, eutrophication, 

hydrographical changes, contaminants in the 

environment, contaminants in the seafood, marine 

litter and underwater  noise)  or  ‘State’  descriptors 

(biodiversity, commercially exploited fish and 

shellfish, food webs and sea-floor integrity) [4]. 

Evaluation of the presence, control and effects of 

pollutants in the marine organisms according to 

MSFD was considered by descriptor 8 

(Concentrations of contaminants give no effects) and 

descriptor 9 (Contaminants in seafood are below safe 

levels) [3, 4].  

Plastic particles, pharmaceuticals, polycyclic 

aromatic hydrocarbons (PAHs), polychlorinated 

biphenyls (PCBs), pesticides and other endocrine 

disruptors, are only some examples of persistent 

pollutants that are permanently present in the coastal 

ecosystems [2, 5, 6]. The physicochemical properties 

of pollutants such as molecular size, high 

liposolubility and volatility, determine their 

availability, distribution and environmental 

persistence in the aquatic ecosystems and biota [1, 

7]. 

The EU Directive 2008/105/EC established the 

Environmental Quality Standards (EQS) for 33 

priority substances and other 8 pollutants with the 

aim to achieve a  good  chemical  status  of  surface  
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waters [8, 9]. The EQS were set for prey tissue (ww) 

and EU member states were being able to choose 

“the most appropriate indicator from among fish, 

molluscs, crustaceans and other biota” [8]. Fish 

concentrate pollutants in their tissues directly from 

water, but also through their diet, thus enabling the 

assessment of the transfer of pollutants through the 

trophic web [10].  

The specific morphological, climatic and 

hydrological properties of the Black Sea as a semi-

enclosed water basin make it very vulnerable to the 

impact of anthropogenic pollution. The Bulgarian 

Black Sea coast is subject to high levels of pollution 

from various sources – inflow of large rivers, 

agriculture, intensive shipping, tourism and 

recreation [11]. The war in Ukraine, which has been 

going on for almost two years, also poses an 

environmental risk and is likely to have long-term 

negative consequences for the Black Sea ecosystem. 

PAHs are ubiquitous pollutants in shallower and 

coastal waters, especially in areas highly subjected 

to anthropogenic inputs: harbors and river mouths 

[12, 13]. Of the hundreds of known PAHs, 16 have 

been listed as priority pollutants by the United States 

Environmental Protection Agency (US EPA) [2, 14]. 

The International Agency for Research on Cancer 

(IARC) has classified sixteen PAHs as probable or 

possible human carcinogens which can cause 

mutagenic effects in humans and animal species [15, 

16]. 

HCB and HCBD were pointed as priority 

substances under EC Directive 2013/39/EU [17]. 

The main source of this hydrophobic and highly 

persistent compound HCB today is the chemical 

industry from which this compound can be emitted 

as a product in high-temperature processes [18]. 

Hexachlorobutadiene (HCBD) is currently 

generated in large quantities as an unintentional by-

product in the manufacture of other chlorinated 

hydrocarbons and polymers [19, 20]. DDT (1,1,1-

trichloro - 2, 2 - bis (4-chlorophenyl) ethane) and its 

metabolites (DDTs) rapidly accumulated in living 

organisms due to their high lipophilicity [21]. DDT 

was among the initial persistent organic pollutants 

listed under the Stockholm Convention (2001) [22] 

and continues to be used for control of malaria in 

tropical and subtropical countries [23]. 

Hexachlorocyclohexane (HCH) isomers were added 

to the list of the Stockholm Convention in 2009 [22]. 

Lindan (-HCH) and the isomers α-HCH and β-HCH 

were indicated by the Integrated Risk Information 

System (IRIS) online database of the Environmental 

Protection Agency (EPA) as carcinogenetic for 

humans [24].  

Data on the presence and distribution of 

persistent contaminants in fish and especially edible 

fish species are important not only from ecological, 

but also human health perspective [25]. To our 

knowledge, the data on levels of PAHs in fish from 

the Bulgarian Black Sea coast are very scarce in the 

literature. The study investigated the presence of 

persistent organic pollutants in biota with the aim to 

assess the current environmental state of the Black 

Sea using benthic fish species goby (Neogobius 

melanostomus), grey mullet (Mugil cephalus) and 

turbot (Psetta maxima maeotica) as sentinel 

organisms. 

MATERIALS AND METHODS 

Sampling 

Benthic fish species were sampled from different 

stations of the Black Sea coast of Bulgaria: goby 

(Neogobius melanostomus), grey mullet (Mugil 

cephalus) and turbot (Psetta maxima maeotica). 

Samples were caught by local professional 

fishermen in the period Spring 2021 – Spring 2022. 

All fish samples were transported into the laboratory 

in foam boxes filled with ice. In the laboratory, for 

every fish species a pooled sample of muscle tissue 

from each individual was compiled by filleting and 

dissecting. The muscle fish tissue from 10-12 

individuals (except turbot) was homogenized by a 

blender.  

Analytical method 

The concentrations of 13 PAHs and 

organochlorine pesticides such as DDTs and its 

metabolites, hexachlorocyclohexane and its isomers 

(HCHs), hexachlorobenzene and hexachloro-

butadiene were determined in fish tissues with a 

mixture of hexane:acetone by simultaneous 

extraction of POPs in an accelerated solvent 

extractor. The accelerated solvent extraction (ASE) 

method requires a small amount of organic reagent, 

and the extraction can be performed rapidly. 

A cellulose filter (Thermo Scientific) was placed 

at the bottom of a 66 mL extraction cell, followed by 

10 g Al2O3 (acid, Brockmann Activity 1) and another 

cellulose filter. A 4 g sample was homogenized with 

an equal weight (10 g) of Thermo Scientific Dionex 

ASE Prep DE (Thermo Scientific) in a mortar and 

transferred into the extraction cell. Into this mixture, 

25 µL hexane solution containing the two internal 

standards (PCB30, PCB204 and 9,10 

dihydroanthracene, Dr. Ehrenstorfer Laboratory, 

Augsburg, Germany, 10 µg/mL) was added for 

quantifying the overall recovery of the analytical 

procedures. 



S. K. Georgieva et al.: Persistent pollutants in marine organisms: assessment of the state of the Black Sea environment 

12 

Optimized ASE parameters (4:1, v/v n-

hexane/acetone, 80 °C, 1500 psi, 10 min static time, 

two-cycle extraction, and 90 % rinse volume). Total 

extraction time and total solvent volume per sample: 

~ 30 min and ~ 100 mL, respectively. The extracts 

were collected in 250 mL vials and were treated with 

sodium sulfate to remove any possible humidity. 

After filtration, the organic phase was concentrated 

to dryness on a rotary evaporator (Hei-Vap Precision 

Heidolph, Heidolph Instruments GmbH & CO. KG, 

Germany). The lipid content of each sample was 

measured gravimetrically.   

The clean-up of the samples was conducted 

according to the previously described method [5]. 

The extract was cleaned-up on a self-packed 

multilayer glass column filled with neutral silica and 

acid silica. PAHs and OCPs were eluted with 10 mL 

of n-hexane followed by 20 mL of n-

hexane/dichloromethane (9:1 v/v). The purified 

extracts were concentrated to near dryness, 

reconstituted in 0.5 mL of n-hexane and submitted to 

analysis by GC-MS. The GC conditions are 

summarized below. 

The analytical determination of individual 

compounds was carried out on a gas chromatograph 

GC FOCUS with a POLARIS Q Ion Trap mass 

spectrometer (Thermo Electron Corporation, USA). 

A TG-5ms capillary column (Thermo Electron 

Corporation, USA) with a length of 30 m, 0.25 mm 

ID and a film thickness of 0.25 μm was used for GC 

separation of individual compounds. The 

temperature program for separation of PAHs was as 

follows: 40°C (1 min), 40°C/min to 130°C (3 min), 

12°C/min to 180°C, 7°C/min to 280°C, 10°C/min to 

310°C and a final hold for 5.0 min. For DDTs, 

HCHs, HCB and HCBD determination, the oven was 

programmed as follows: 60°C (1 min), 30°C/min to 

180°C, 5°C/min to 260°C, 30°C/min to 290°C and 

final hold - 3.0 min. Helium at a flow rate of 1 

mL/min was used as carrier gas.  

For instrument calibration, recovery 

determination and quantification of compounds 

were used pure reference standard solutions: EPA 

525 PAH Mix B, 500 μg/mL of each component in 

acetone (Sigma Aldrich, USA) and EPA 625/CLP 

Pesticides Mix 2000 μg/mL each component in 

hexane: toluene (1:1) (Supelco, USA). GC-MS was 

applied to the analysis of compounds: 13 PAHs: 

acenaphthylene (ACL), anthracene (AN), 

benz[a]anthracene (BaA), benzo[b]fluoranthene 

(BbFA), benzo[k]fluoranthene (BkFA), 

benzo[ghi]perylene (BghiP), benzo[a]pyrene (BaP), 

chrysene (CHR), dibenzo[a,h]anthracene (DbahA), 

fluorene (FL), indeno[1,2,3-cd]pyrene (IP), 

phenanthrene (PHE) and pyrene (PY). 

Organochlorine compounds (OCs): p,p’-DDT, p,p’-

DDD and p,p’-DDE, HCB, HCBD; isomers of 

hexachlorocyclohexane (HCH): -HCH (Lindane), 

α-HCH, β-HCH and δ-HCH. All measurements were 

performed in triplicate in order to ensure the 

accuracy of the analytical procedures. Multi-level 

calibration curves (range 5 – 100 ng/mL) were used 

for the quantification and good linearity (R2 > 0.996) 

was achieved for the tested intervals that included 

the whole concentration range found in the samples 

(Table 1). 

The identification of target analytes by GC with 

Ion Trap - MSn (IT-MSn) detection was based on a 

selected parent ion and the whole mass spectrum of 

its daughter ions. The IT-MSn detection was 

performed by isolation of the selected parent 

(precursor) ion for each compound inside the Ion 

trap MS analyzer followed by application of an 

adequate excitation voltage for its subsequent 

fragmentation to its daughter ions (Figs. 1 and 2). 

Parent ions were selected from the EI-MS spectra 

(Full scan) based on high m/z values and the peak 

abundance as well as the chromatographic signal 

obtained after its isolation in the Ion trap [7]. The 

PAHs and organochlorine compounds were 

identified by the relative retention time and the 

intensity ratios of the monitored extracted ions for 

GC-MS - Table 1. 

Quality control 

Quality control procedures included procedural 

blanks, analysis of replicate samples, use of recovery 

surrogates, and analysis of certified reference 

materials BCR - 598 (DDTs in Cod liver oil) - 

Institute for Reference Materials and Measurements, 

European Commission). Recovery of DDTs from 

certified reference material varied in the range 85 -

109% for individual congeners. The blanks did not 

contain traces of contaminants. The repeatability of 

the method (evaluated as the relative standard 

deviation, RSD) was <20%, calculated on 6 

replicates of sample at the lowest spiked level. 

The method limits of detection (LOD) were 

calculated as 3 times the standard deviation, based 

on the low concentrations of PAHs and OCs in fish 

tissue. The LOQ is the analyte concentration 

corresponding to ten times the standard deviation. 

The limit of detection (LOD) of the method was 

from 0.02 to 0.15 ng/g and the limit of quantification 

(LOQ) from 0.07 to 0.5 ng/g ww.  
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Statistical analysis 

The statistical analysis of the data was based on 

the comparison of average values by a t-test. The p-

value below 0.05 was considered statistically 

significant (p<0.05). Concentrations below LODs 

were considered as LOD/2 for all statistical analyses. 

All statistical tests were performed using the 

SPSS V19.0 package for Windows (SPSS Inc., 

Chicago, IL, USA). 

The chromatograms and mass spectra of 

reference standard solutions of OCPs and PAHs and 

fish extract samples are presented in Figs. 1(a, b) and 

2(a, b), respectively. 

Table 1. Retention time, linearity (correlation coefficient), precursor ions, extracted ions, recovery of individual 

organochlorine compounds and PAHs.  

* - group of the priority 4PAHs; PAHs: polycyclic aromatic hydrocarbons

Compounds 
Retention time (s) Linearity Recovery Precursor ions Extracted ions selected 

min R2 (%) m/z m/z 

HCBD 4.79 0.9966 97.5 225 153.0, 190.0, 225.0 

HCB 9.67 0.9979 99.1 284 214.0, 249.0, 284.0 

α-HCH 9.44 0.9968 96.5 181 109; 145; 147 

-HCH 10.34 0.9977 97.8 181 109; 145; 147 

β-HCH 10.14 0.9976 86.9 181 109; 145; 147 

δ-HCH 10.99 0.9991 89.3 181 109; 145; 147 

p,p’ - DDE 16.94 0.9956 98.1 246 176.1; 150.1 

p,p’ - DDD 18.37 0.9985 96.2 235 165.1; 199.1 

p,p’ - DDT 19.66 0.9999 95.9 235 165.1; 199.1 

ACL 9.47 0.9984 97.5 152.1 98.1; 126.1; 152.1 

FL 11.08 0.9991 96.1 165.1 139.1; 165.2 

PHE 13.56 0.9992 96.3 178.1 98.1; 152.1; 176.1 

AN 13.68 0.9997 91.4 178.1 98.1; 152.1; 176.1 

PY 17.73 0.9998 93.9 202.2 122.1; 174.1; 200.1 

BaA* 21.63 0.9986 89.3 228.2 146.0; 200.1; 226.1 

CHR* 21.76 0.9978 88.1 228.2 170.1; 202.1; 224.1 

BbFA* 24.99 0.9971 86.2 252.2 193.1; 179.1; 224.1 

BkFA 25.06 0.9995 85.9 252.2 193.1; 179.1; 224.1 

BaP* 25.85 0.9986 87.5 252.2 193.1; 179.1; 224.1 

IP 28.52 0.9978 89.1 276.2 222.1; 248.2; 274.2 

DBahA 28.60 0.9998 84.5 276.2 224.2; 248.2; 274.2 

BghiP 29.13 0.9965 83.8 276.2 222.1; 248.2; 274.2 

p,p-DDE (a) 
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Figure 1. Chromatograms of reference standard solutions of OCPs 100 ng/mL (a) and fish extract sample (b); mass 

spectra of DDE in standard and sample. 

Figure 2. Chromatograms of reference standard solutions of PAHs, 100 ng/mL (a) and fish extract sample (b); mass 

spectra of PHE in standard and sample. 

(a) PHE 

(b) p,p-DDE 

(b) PHE 
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RESULTS AND DISCUSSION 

The assessment of the state of the marine 

environment regarding the pressure of priority 

pollutants in the biota was made in accordance with 

the Marine Strategy under Descriptors 8, 9 and 10 

and the Environmental Quality Standards (EQS) for 

priority substances [4, 8].  

Organochlorine compounds (OCs) 

The obtained results for the mean concentrations 

of organochlorine compounds in different fish 

species from the Black Sea are summarized in Table 

2. 

Hexachlorobenzene (HCB) is regulated as a 

hazardous priority pollutant by the Water 

Framework Directive (WFD) and is ubiquitously 

distributed in the environment and assumed to 

mildly biomagnify in aquatic food webs [26]. The 

highest HCB level was found in turbot, 0.18 ng/g of 

ww. HCB was detected in only 20% of the goby 

samples, while in the grey mullet samples, HCB was 

determined in 75% of the samples examined. HCBD 

was not found in the investigated fish species goby, 

grey mullet and turbot both from the North and the 

South sampling areas. To protect the most sensitive 

organisms from harmful effects of hazardous 

substances, Environmental Quality Standards (EQS) 

have been developed within the European 

Commission [8, 17]. The HCB and HCBD 

concentrations in the fish species did not exceed the 

EQS of the Directive 2013/39/ EU - 10 and 55 ng/g 

(µg/kg) ww for biota, respectively [17]. Based on the 

results obtained for HCH and HCBD in biota, we 

could conclude that a good chemical status of the 

marine environment has been achieved. 

In general, our results were lower than the data 

reported in recent years by a number of authors: 

Spanish authors reported HCB in salmon and 

mackerel from Mediterranean Sea 1.68 and 0.80 

ng/g ww, respectively [27]. 

Among compounds of the OCs class, the highest 

quantified value of the sum of DDT and metabolites 

was 7.73 ng/g ww and was found in turbot samples 

from the north part (Krapec, cape Kaliakra) of the 

Black Sea coast. The main metabolite p,p’-DDE was 

present in much higher concentrations than the other 

DDTs, while p,p’-DDT was detected in only 12% of 

the analyzed samples at levels close to the LOQ. 

This suggests that recently these pesticides have not 

been used in agriculture after their ban. 

The γ isomer of HCHs (Lindane) is one of the 

most used insecticides in the past. It was considered 

as carcinogenic to humans (IARC group 1) for 

professional exposures [15, 28]. The highest value of 

Lindane was found in a sample of turbot at 1.22 ng/g 

ww and the sum of the three HCH isomers was 

quantified as 2.93 ng/g ww. The levels of HCHs in 

fish samples (mean value 2.5 ng/g ww) were found 

higher than results reported for sea bass from Lake 

Como, Italy [28]. 

The comparison of OCs levels by sampling area 

was made with aim of assessing the current state of 

organochlorine pollution along the Bulgarian part of 

the Black Sea coast (Fig. 3).  

Table 2. Lipid content (%) and mean concentrations of HCB, HCBD, HCHs and DDTs, (ng/g ww) determined in fish 

species from the Black Sea coast 

Fish species Goby 

(N=5) 

Grey mullet 

(N=5) 

Turbot 

(N=3) 

Lipids, % 0.40±0.01 2.3±0.21 1.2±0.10 

HCB 0.08±0.01 0.11±0.01 0.18±0.02 

HCBD nd nd nd 

p,p’ - DDE 1.08±0.16 2.56±0.27 4.52±0.56 

p,p’ - DDD 0.66±0.08 1.42±0.16 3.01±0.36 

p,p’ - DDT nd 0.56±0.08 0.20±0.02 

Sum DDTs 1.74 4.54 7.73 

α-HCH 1.06±0.12 0.48±0.06 1.05±0.09 

β-HCH nd nd nd 

-HCH 0.77±0.09 0.46±0.06 1.22±0.14 

δ-HCH 0.95±0.09 0.85±0.10 0.66±0.07 

Sum HCHs 2.78 1.79 2.93 

N – number of samples, nd – not detected 
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Figure 3. Comparison of DDTs and HCHs levels, ng/g ww in fish from North and South coast of the Black Sea. 

Table 3. Individual PAHs concentrations (mean values, ng/g ww) in fish species from the Bulgarian Black Sea coast 

PAH compounds 
Aromatic 

rings 

Goby 

(N=5) 

Grey mullet 

(N=5) 

Turbot 

(N=3) 

ACL 3 0.40±0.03 0.18±0.02 0.49±0.03 

FL 3 2.34±0.15 1.80±0.19 1.87±0.22 

PHE 3 11.01±1.13 10.30±1.12 10.08±0.92 

AN 3 nd nd nd 

PY 4 0.42±0.05 nd 1.25 ± 0.14 

BaA* 4 nd nd nd 

CHR* 4 nd nd nd 

BbFA* 5 nd nd nd 

BkFA 5 nd nd nd 

BaP* 5 nd nd nd 

IP 6 nd nd nd 

DBahA 5 nd nd nd 

BghiP 6 nd nd nd 

nd – not detected; * - group of the priority 4PAHs; PAHs: polycyclic aromatic hydrocarbons 

The sum of DDT and its metabolites (Sum DDTs) 

was found higher in fish samples from the North 

coast of the Black Sea (mean 4.96 ng/g ww) than in 

samples from South sampling sites – 1.81 ng/g ww 

(p < 0.002). In contrast, the sum of the three HCH 

isomers in goby samples from the South sampling 

area (south of Cape Emine) was quantified higher 

than HCHs levels in goby from the North area (6.40 

and 1.86 ng/g ww, respectively).  

Levels of PAHs in fish 

The distribution pattern of individual PAHs 

showed similar profiles in all fish species 

investigated and was as follows: phenanthrene > 

fluorene > pyrene > acenaphthylene (Table 3). In all 

samples anthracene, chrysene, benzo[a]anthracene, 

benzo[b]fluoranthene, benzo[k]fluoranthene, 

benzo[a]pyrene, indeno[1,2,3-cd]pyrene, and 

dibenz[a,h]anthracene showed levels below the 

detection limit (LOD) of the method. Phenanthrene 

is one of the most widespread PAHs in the 

environment, due to its stable structure and 

persistence. Due to its high lipophilicity, 

phenanthrene was the most predominant PAH 

component in fish tissues (11.01 ng/g ww in goby). 

Four of the polycyclic hydrocarbons have been 

identified as indicators by EFSA (designated as 4 

PAHs - benzo[a]pyrene, benz[a]anthracene, 

benzo[b]fluoranthene and chrysene) [29]. 

Benzo[a]pyrene, known as the most toxic PAH, was 

not detected in fish samples from the Black Sea, 

Bulgaria. 

The results showed that low-molecular weight 

(LMW) PAHs (3 and 4 rings) were predominant 

(accounting 94% of total PAH levels), while high- 

molecular weight (HMW) PAHs (5- and 6- rings) 

were below LOD and not detected in the fish 

samples investigated (Table 3). PAHs are produced 

by a variety of sources: LMW PAHs are defined as 

petrogenic compounds (resulting from spillage of 
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diesel and fuel oil), and HMW PAHs are products of 

the incomplete combustion of organic matter - they 

have pyrolytic origin [30].  

The ratio of LMW and HMW PAHs indicates the 

sources of PAHs pollution in the environment [31]. 

Our results showed that the ratio LMW/HMW PAHs 

is higher than 1 (mean 19.4), suggesting that PAH 

pollution of the Bulgarian Black Sea coast was 

predominantly of petrogenic origin. 

The low levels of HMW PAHs found in the 

present study are logical because it has been found 

that fish have the ability to metabolize PAHs, in 

contrast to clams that accumulate them in their 

tissues [32, 33]. However, they can be used to assess 

the current state of the marine environment. 

The mean PAHs levels in fish species sampled 

from the northern (north of Cape Emine) and 

southern (south of Cape Emine) locations of the 

Bulgarian Black Sea coast are presented in Fig. 4. 

Comparison of the levels of PAHs in fish by 

sampling area was made and statistical analysis 

showed that there is no statistically significant 

difference in the levels of PAHs in grey mullet from 

the North and South regions.  

Figure 4. Total PAHs levels, ng/g ww in fish from 

different sampling regions. 

The highest level of Sum PAHs in fish was found 

in goby samples from Chernomorets (southern 

sampling area). This result is consistent with a recent 

study on PAHs in white clam (Donax trunculus) [34] 

which revealed a higher concentration of these 

pollutants in samples from the Sozopol area. The 

authors suggest that these levels have been related to 

marine fuel spill incidents. This confirms that the 

PAH levels found in the Black Sea biota have a 

petrogenic origin. 

Comparison with other studies on the Black Sea 

Recent studies carried out on the Black Sea coast 

in species such as goby, turbot and red mullet [36] 

and in turbot in 2021 [3] showed higher 

concentrations in the DDT and the HCH groups than 

those determined in the present study. Romanian 

researchers [36] in 2019 determined concentrations 

of OCPs in fish (Neogobius melanostomus, Psetta 

maeotica, and Mullus barbatus ponticus) from the 

southern part of the Romanian Black Sea coast 

(Mangalia region): mean values for HCB - 66.06 

ng/g ww, Lindane – 19.72 ng/g ww and sum DDT 

and its metabolites - 23.11 ng/g ww). The results of 

the present study were lower than the data from the 

Romanian project [36]. 

The findings in our study regarding PAHs were 

comparable with results obtained from a recent 

international project on pollution monitoring of the 

Black Sea. The most important contributors to PAH 

components in fish from Yeșilırmak and Sakarya 

Rivers (the Black Sea coast of Turkey) were 

phenanthrene (43%) and naphthalene (20%) and 

their distribution profile corresponds to a petrogenic 

origin of contamination [36]. Total PAH in fish 

samples showed a distribution between 30.4-285.7 

µg/kg ww in Sakarya River and 25.6-842.6 µg/kg 

ww in Yeșilırmak [36]. 

Recent study reported PAHs concentrations from 

0.001 to 147.45 ± 9.28 µg/kg ww in pelagic fish 

species (Sprattus sprattus and Trachurus 

mediterraneus ponticus) and from 0.0001 to 45.73 ± 

5.28 µg/kg in benthic fish species (Neogobius 

cephalarges) from the Romanian Black Sea coast 

[35]. The average sum of 13PAHs in fish species 

from the Bulgarian Black Sea coast was 13.38 ng/g 

ww and it is comparable to the results of a recent 

study by Romanian scientists within the ANEMONE 

project, which found an average value for the sum of 

9 PAHs - 8.15 ng/g ww [36]. The results in our study 

were lower than the data from a Spanish 

investigation in the period 2011 – 2018: 16 PAHs 

were measured in fatty tissues from Mediterranean 

dolphins and marine turtles (100±59 and 136±47 

ng/g ww, respectively) and the tissue pattern of 

PAHs eminently suggested a petrogenic origin [13]. 

CONCLUSION 

The pollution assessment of the Bulgarian Black 

Sea showed a good chemical status with regard to 

HCB and HCBD in benthic fish species, which were 

found in low levels and did not exceed the European 

EQS. The organochlorine pesticide DDT was 

present mainly in the form of its metabolites p,p’- 

DDE and p,p’- DDD in all samples investigated, 

suggesting contamination in the past. Low-

molecular weight (LMW) PAHs (3 and 4 aromatic 

rings) were predominant, suggesting petrogenic 

origin of pollution. The most toxic PAH compound 

benzo[a]pyrene was not detected in fish samples 

from the Bulgarian Black Sea coast. In general, 

concentrations of HCB, HCHs, DDTs, and PAHs in 

fish species goby, grey mullet and turbot from the 
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Black Sea were found lower than levels measured in 

the fish species by other studies.  

The monitoring data of OCPs and PAHs levels in 

the Black Sea ecosystem is important with  a view to 

implementing measures to reduce their widespread 

distribution and protecting the biodiversity of 

aquatic organisms and human health. Future 

research should be directed towards the combined 

effects of numerous POPs due to serious concerns 

regarding the potential chronic human exposure. 
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An analysis was conducted on the fatty acid composition of kefir at the 24th hour of production, obtained from goat’s 

milk of Bulgarian White Dairy (BWD) breed and its crossings with Anglo-Nubian (AN) and Toggenburg (TG) goats 

during the lactation period. Saturated fatty acids (SFAs) were found to decrease in the milk in all three kefir batches with 

1.93 g/ 100 g fat for BWD, with 1.84 g/ 100 g fat for BWDxTG and with 0.98 g/ 100 g fat for BWDxAN, whereas the 

monounsaturated fatty acids (MUFAs) and polyunsaturated fatty acids (PUFAs) predominated in BWD batches. The 

essential fatty acids, such as omega-3 and omega-6, had low values in the studied samples. The values of the lipid indices 

indicate a well-balanced fatty acid composition of goat's milk and the products derived from it. The atherogenic index in 

all three batches of kefir (2.20; 2.25; 2.47) was lower compared to the raw material (2.48; 2.54; 2.68), which defined them 

as healthier in terms of lipid content. The data on saturated fatty acids in the studied kefir batches at the 24th hour of 

production varied from 3.40 g/ 100 g product for BWD to 3.83 g/ 100 g product for BWDxTG, whence they refer to 

products with a high content of saturated fatty acids and low content of trans fatty acids (0.9 g/ 100 g product), according 

to Regulation (EC) No. 1924/2006. 

Key words: goat’s milk, kefir, fatty acids, lipid indices 

INTRODUCTION 
 

Milk and milk products are one of the most 

consumed foods in Bulgaria. They are obtained 

through various fermentation technologies with the 

participation of lactic acid bacteria, which increases 

their dietary potential. The consumption of goat’s 

milk products is associated with beneficial health 

effects. Beyond its nutritional value and compared to 

other types of milk, goat’s milk is characterized by a 

high buffer capacity, digestibility, alkalinity and 

certain therapeutic properties related to healthy 

nutrition [1]. 

Kefir is one of the most useful products for 

human health in the group of fermented lactic acid 

foods. It is a traditional drink originating from the 

Caucasus region, but consumed worldwide, 

resulting from two fermentations with kefir grains – 

lactic acid and alcoholic [2]. It has all the beneficial 

properties of lactic acid drinks, providing the body's 

calcium needs, and at the same time it is a dietary 

lactic acid product, with high absorption, rich in 

many beneficial bacteria and suitable for all age 

groups [3]. Kefir has a smooth creamy consistency, 

a slightly sour taste mainly due to the presence of 

lactic acid and a low concentration of ethanol 

produced by the  yeast  cells  present  in  the  grains.

In addition, a variety of aromatic substances, 

including acetaldehyde, acetoin, and diacetyl, 

contribute to its distinctive flavor [4]. The yeasts 

involved in the fermentation of kefir are important 

for its physicochemical and sensory characteristics 

and exhibit antibacterial activity against colonic 

flora [4]. Milk fat also plays an important role in the 

production of fermented beverages, as recently there 

has been an increasing interest in the various fatty 

acids from the omega-3 group and CLA, which have 

a significant effect on the metabolism. The 

possibilities for the inclusion of goat's milk as a 

component in products with a functional purpose are 

limited in nature and have not been sufficiently 

researched. Therefore, the aim of the present study 

is to produce kefir from goat’s milk of Bulgarian 

White Dairy (BWD) and its crossings with 

Toggenburg (BWDxTG) and Anglo-Nubian 

(BWDxAN), to determine its fatty acid composition 

at the 24th hour of the process of production in view 

of its health impact on the human body. 
 

MATERIALS ANAD METHODS 
 

Milk from experimental animals at the Research 

Institute of Mountain Stockbreeding and Agriculture  

- Troyan are used, that have been raised in one herd 

under the same production conditions consisting of 

three groups - 'Bulgarian White Dairy' and its 

crossings with 'Toggenburg' and 'Anglo-Nubian'. * To whom all correspondence should be sent:  

E-mail: c.dimitrova@abv.bg 
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The rearing system is pasture-barn based, as in the 

period of April-November the animals were on a 

natural pasture of transitional type and in the barn, 

during the rest of the year. Several batches of kefir 

were prepared at the beginning (April), the middle 

(June) and the end (September) of the lactation 

period.  

Several batches of kefir were prepared from 

goat's milk of these breed groups for the lactation 

period. For this purpose, the milk was pasteurized at 

a temperature of 85-90˚С, with a delay of 10-15 s., 

cooled to 29˚С and leavened with dry starter culture 

for kefir (Lactococcus lactis sp. lactis, Lactococcus 

lactis sp. diacetylactis, Lactococcus lactis sp. 

cremoris, Leuconostoc mesenteroides sp. cremoris, 

Lactobacillus kefyr.). It was poured into suitable 

vessels and allowed to ferment at 29˚С for 16 - 18 

hours. After that, it was cooled and transferred for 

refrigerated storage at 0-4˚С. Samples from the kefir 

batches were tested to determine the content of fatty 

acids at the 24th hour of the production process and 

were presented as arithmetic mean. Based on the 

obtained fatty acid composition, the following 

indices were calculated: 

1) Atherogenic index (AI) - calculated based on 

the content of medium-long fatty acids - C12:0, 

C14:0 and C16:0 and the groups of monounsaturated 

fatty acids (MUFAs) and polyunsaturated fatty acids 

(PUFAs) [5]: 

AI =  C12 : 0 + 4 xC14 : 0 + C16 : 0 

                 MUFAs + PUFAs 
2) Thrombogenic index (TI) according to 

Ulbricht and Southgate [6]:  

TI=(C14:0+C16:0+C18:0)/0.5хΣC18:1+0.5хΣM

UFAs+0.5хΣPUFAn6+3хPUFAn−3+(PUFn3 

/PUFAn6)  

3) Lipid preventive score (LPS) according to the 

equation of Richard and Charbonnier [7]: 

LPS = TL + 2xSFAs- MUFAs – 0.5хPUFAs,  

where: LPS is lipid preventive score; 

TL - total lipids; 

SFAs - saturated fatty acids; 

MUFAs - monounsaturated fatty acids; 

PUFAs - polyunsaturated fatty acids. 

4) Ratio between hyper and hypocholesterolemic 

fatty acids (h/H): 

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). 

Variational statistical processing of the data was 

conducted by the Statistica software package.  

RESULTS AND DISCUSSION 

Milk fat has a significant impact on the biological 

and nutritional value of milk and the taste qualities 

of the produced dairy products. 

The content of saturated fatty acids in milk and 

kefir at the 24th hour showed no significant 

differences between the three groups of goats (Table 

1), with the highest amounts being found for C-16:0, 

followed by C-18:0, C -10:0 and C-14:0. 

The levels of lauric (C-12:0), myristic (C-14:0) 

and palmitic (C-16:0) fatty acids were decreased in 

milk in all three kefir batches, suggesting a better 

health effect of the product. Higher results were 

obtained by Nacheva et al. [8] for stearic acid (C-

18:0), which increased in the present research work 

by 0.43g/100g fat in BWD kefir, by 0.22 g/100g fat 

in BWDxTG and by 0.40 g/100g fat in BWDxAN 

compared to the original raw material. 

A high content of short-chain fatty acids in the 

diet leads to an increase in the level of LDL-

cholesterol in the blood and to an increase in the risk 

of cardiovascular diseases in humans [9, 10]. Their 

amount in the milk of the groups studied by us varies 

from 18.70% (BWD) to 22.39% (BWDxAN).  

Of the monounsaturated fatty acids (Table 2), the 

spectrum of cis- and trans-isomers of C-18:1 is the 

most diverse, with oleic (C-18:1c9) and vaccenic 

acids (C-18:1t11) predominating, and the remaining 

cis- and trans-forms of oleic acid are in 

concentrations lower than 1%. The highest content 

of both acids was found in kefir from the BWD breed 

- 23.01 g/ 100 g fat, 0.89 g/ 100 g fat, whereas the 

lowest was in BWDxTG - 21.45 and 0.78 g/ 100 g 

fat, as their concentration in the milk kefir rose 

slightly. The presence of all trans isomers, with the 

exception of trans-vaccenic acid (C-18:1t11), are 

considered "undesirable" due to their varying 

degrees of carcinogenicity [11]. The significance of 

this acid (C-18:1t11) is due to its role also as a 

precursor in the synthesis of the major isomer of the 

nutritionally valuable conjugated linoleic acid 

(CLA), namely cis-9 trans-11 C-18:2, which takes 

place in the mammary gland [12]. 
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Table 1. Saturated fatty acids, g/ 100 g fat, (n=9) 

Note: а- BWD/BWDхTG; *P<0.05 

Polyunsaturated fatty acids in the studied samples 

(Table 3) have low values with the exception of 

linoleic and α-linolenic acid.  

C18:2c9,12/19:0 ranges from 2.22 g/100 g of fat 

in kefir from BWDxAN to 2.98 g/100 g of fat in kefir 

from BWD, whereas C-18:3n3 from 0.52 g/100 g of 

fat in BWDxTG up to 0.56 g/ 100 g of fat in BWD 

kefir. The values of linoleic (C-18:2) and linolenic 

(C-18:3) acids in milk fat depend on the nutrition of 

the animals, since they are not synthesized in the 

organism and their absence causes a number of 

biological disorders [13] Differences for C-18:3n6 

are minimal between breeds, from 0.12 g/ 100 g fat 

in BWD to 0.18 g/ 100 g fat in BWDxAN, 

The content of CLA in milk and the mechanisms 

of impact of individual isomers have been 

investigated by many authors (Bauman, [14], An et 

al. [15], Schroeder et al. [16]). According to Jahreis 

et al. [17] CLA values in milk from different animal 

species are closely related to feeding regime and 

ration composition. Relatively low amounts of CLA 

isomers, some of which are trace amounts, are found 

in goat's milk and the investigated kefirs. The 

biologically active isomer C-18:2 cis-9, trans-11 

(CLA9c,11t), which occupies 80% of the total 

amount of CLA [18] has the highest content in kefir 

of BWD breed with 0.47%, whereas the lowest is 

registered for BWDxTG with 0.37%, as an increase 

was observed in all three batches compared to the 

original raw material. 

The content of branched-chain saturated fatty 

acids in the studied samples was low (Table 4), but 

they are of great interest regarding their potential 

role as non-invasive biomarkers of rumen function, 

since their variations in milk may reflect changes in 

bacterial populations induced by dietary ration 

composition [19]. 

The data for the main groups of fatty acids (Table 

5) indicate that the levels of SFAs, MUFAs and 

PUFAs in kefir at the 24th hour do not differ 

significantly compared to the original goat's milk. A 

high content of SFAs was found from 72.34 g/100 g 

of fat in kefir from BWD to 75.81% in BWDxTG. 

The amount of MUFAs and PUFAs in the product 

increases by 1.07 respectively; 0.10 g/ 100 g fat for 

BWD, 1.14; 0.21 g/ 100 g fat for BWDxTG and with 

1.86; 0.61 g/ 100 g fat for BWDxAN. Results close 

to the present were obtained by Wojtowski et al. [20] 

for kefir from goat's milk of a Polish White Goat.  
  

Fatty  

acids 

Breed groups 

BWD BWDxTG BWDxAN 

x±Sx x±Sx x±Sx 

 goat’s milk              kefir goat’s milk             kefir goat’s milk          kefir 

C-4:0 3.23±0.002             3.29±0.014 3.29±0.005            3.68±0.122 4.02±0.016            4.27±0.013 

C-6:0 2.87±0.234             2.69±0.231 3.63±0.321            3.28±0.212 3.77±0.123          3.72±0.010 

C-7:0 0.02±0.003             0.01±0.004 0.02±0.003            0.01±0.005 0.02±0.004           0.01±0.002 

C-8:0 2.99±0.213             2.72±0.218 3.66±0.132            3.27±0.132 3.70±0.234           3.57±0.201 

C-9:0 0.04±0.142             0.03±0.421 0.03±0.198            0.07±0.212 0.04±0.010           0.04±0.205 

C-10:0 9.55±0.403а*         9.04±0.342 10.70±0.531а*      10.14±0.345 10.84±0.416        10.26±0.403 

C-11:0 0.07±0.05               0.04±0.006 0.05±003               0.07±0.005 0.05±0.001           0.06±0.004 

C-12:0 4.41±0.198             3.84±0.209 4.53±0.563            4.26±0.305 4.23±0.431           4.17±0.324 

C-13:0 0.08±0.065             0.07±0.403 0.06±0.432            0.07±0.236 0.06±0.631           0.06±0.457 

C-14:0 9.82±0.132             9.42±0.412 10.20±0.221          9.95±0.642 9.13±0.301           9.02±0.290 

C-15:0 0.08±0.076             0.07±0.062 0.09±0.068            0.06±0.078 0.07±0.074           0.04±0.054 

C-16:0 27. 72±1.234         27.15±1.234 27.69±1.096             27.24±1.064 27.21±1.079          27.12±1.127 

C-17:0 0.62±0.032            0.72±0.045 0.57±0.076                0.52±0.031 0.58±0.065            0.056±0.098 

C-18.0 12.55±1.678          12.98±1.423 12.83±1.423             13.05±1.076 12.87±1.68            13.27±0.067 

C-20:0 0.10±0.016            0.09±0.042 0.04±0.035                0.07±0.043 0.06±0.023              0.04±0.056 

C-21:0 0.02±0.036            0.14±0.087 0.08±0.076                0.03±0.065 0.04±0.043              0.02±0.211 

C-22:0 0.05±0.009            0.01±0.003 0.03±0.076                0.01±0.043 0.02±0.022                      - 

C-23:0            -                           - 0.01±0.006                 0.01±0.312 0.01±0.067              0.01±0.312 

C-24:0 0.01±0.009            0.02±0.017 0.02±0.004                 0.01±0.010 0.01±0.012              0.01±0.002 

C-25:0 0.01±0.15                              - 0.02±0.009                 0.01±0.017 0.01±0.018             0.01±0.010 

C-26:0 0.02±0.019            0.01±0.013 0.01±0.016                         - 0.02±0.006             0.01±0.010 
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Table 2. Monounsaturated fatty acids, g/ 100 g fat, (n=9) 

Note: а- BWD/BWDхTG; *P<0.05 

Table 3. Polyunsaturated fatty acids, g/ 100 g fat, (n=9) 

Fatty  

acids 

Breed groups 

BWD BWDxTG BWDxAN 

x±Sx x±Sx x±Sx 

goat’s milk                kefir goat’s milk               kefir goat’s milk                kefir 

C-18:2t9,12 0.14±0.023        0.02±0.003 0.10±0.015          0.06 ±0.012 0.11±0.013        0.07±0.015 

C-18:2c9,12/19:0 2.78±0.035        2.98±0.065 2.18±0.022           2.40±0.034 2.18±0.089        2.22±0.075 

gC-18:3n6 0.09±0.015        0.12±0.013 0.14±0.018           0.16±0.017 0.16±0.018        0.18±0.003 

aC-18:3n3 0.53±0.065        0.56±0.045 0.50±0.076           0.52±0.043 0.54±0.045        0.55±0.076 

CLA9c,11t 0.42±0.033        0.47±0.030   0.32±0.024           0.37±0.029 0.37±0.017        0.40±0.019 

CLA10t,12c - - - 

C-18:4n3 - - - 

CLA9c,11c 0.02±0.006        0.01±0.004 0.01±0.004           0.01±0.003 0.02±0.005        0.01±0.003 

CLA9t,11t 0.01±0.002        0.02±0.005 0.02±0.003           0.02±0.001 0.02±0.004        0.01±0.002 

C-20:2n6 0.05±0.015        0.04±0.005 0.04±0.009           0.04±0.010 0.05±0.012        0.05±0.012 

C-20:3n6 0.01±0.002        0.02±0.005 0.01±0.008           0.02±0.003 0.01±0.002        0.02±0.005 

C-20:4n6 0.02±0.006        0.01±0.004 0.03±0.006           0.01±0.012 0.02±0.006        0.01±0.004 

C-20:3n3 0.26±0.008        0.18±0.019 0.25±0.032           0.20±0.045 0.21±0.065        0.16±0.034 

C-22:5n3 0.06±0.012        0.07±0.011 0.09±0.65             0.08±0.011 0.06±0.004        0.06±0.013 

C-22:6n3 0.03±0.017        0.02±0.004 0.02±0.013           0.01±0.004 0.02±0.014        0.02±0.002 

 

 

  

Fatty acids 

Breed groups 

BWD BWDxTG BWDxAN 

x±Sx x±Sx x±Sx 

goat’s milk                kefir goat’s milk               kefir goat’s milk             kefir 

C-10:1 0.21±0.024           0.19±0.043 0.18±0.065           0.16±0.021 0.19±0.015        0.15±0.022 

C-12:1n1 0.09±0.004           0.03±0.002 0.06±0.004           0.03±0.006 0.07±0.002        0.05±0.001 

C-14:1n5 0.07±0.015           0.08±0.013 0.04±0.018           0.05±0.023 0.05±0.0043      0.04±0.075 

C-15:1n5 0.02±0.007           0.01±0.012 0.02±0.008           0.06±0.012 0.02±0.004          0.02±0.03 

C-16:19tr 0.30±0.022           0.29±0.018 0.34±0.054           0.30±0.012 0.32±0.076       0.22±0.021 

C-16:1n7 0.47±0.059          0.58±0.021 0.49±0.033           0.57±0.044 0.52±0.076        0.59±0.014 

C-16:2n4 0.01±0.002                 - 0.01±0.002           0.01±0.032 0.01±0.021              - 

C-17:1n7 0.26±0.016           0.28±0.021 0.24±0.005           0.27±0.043 0.17±0.034        0.17±0.020 

C-16:3n4 0.01±0.002           0.01±0.002 0.02±0.003           0.01±0.002 0.01±0.003               0 

C-18:1t4 0.06±0.001           0.15±0.003 0.07±0.002           0.18±0.002 0.18±0.001        0.25±0.003 

C-18:1t5/6/7 0.16±0.102           0.18±0.038 0.14±0.056           0.17±0.078 0.17±0.013        0.19±0.015 

C-18:1t9 0.22±0.043           0.25±0.034 0.24±0.054           0.26±0.098 0.21±0.065        0.24±0.010 

C-18:1t10 0.20±0.015           0.28±0.065 0.19±0.170           0.22±0.016 0.17±0.012       0.23±0.013 

C-18:1t11 0.84±0.208           0.89±0.140 0.76±0.130           0.78±0.234 0.73±0.134        0.78±0.127 

C-18:1c9/C-

18:1t12/13/ 22.30±0.765   23.01±0.543а* 20.34±0.634   21.45±0.876а* 20.21±0.875    21.91±0.976 

C-18:1t15 0.11±0.012           0.27±0.014  0.25±0.089          0.28±0.064 0.19±0.014        0.23±0.026 

C-18:1c12 0.03±0.005           0.04±0.007 0.05±0.006           0.06±0.005 0.05±0.007        0.06±0.004 

C-18:1c13 0.09±0.007           0.03±0.002 0.10±0.009           0.08±0.006 0.08±0.006        0.06±0.003 

C-18:1t16 0.04±0.012           0.03±0.010 0.03±0.012           0.03±0.014 0.03±0.013        0.03±0.012 

C-18:1c14 0.03±0.014           0.02±0.007 0.04±0.003           0.03±0.005 0.04±0.002        0.04±0.006 

C-18:1c15 0.07±0.010           0.05±0.007 0.05±0.006           0.03±0.004 0.04±0.006        0.02±0.004 

C-20:1n9 0.01±0.004           0.02±0.003 0.01±0.002           0.02±0.003 0.01±0.002       0.02±0.003 

C-22:1n11 0.04±0.004           0.02±0.003 0.02±0.004           0.01±0.003 0.03±0.004        0.02±0.003 

C-22:1n9 0.02±0.012           0.02±0.013 0.03±0.014           0.01±0.015 0.01±0.007        0.01±0.016 
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Table 4. Branched fatty acids, g/ 100 g fat, (n=9) 

Fatty  

acids 

Breed groups 

BWD BWDxTG BWDxAN 

x±Sx x±Sx x±Sx 

goat’s milk                kefir goat’s milk               kefir goat’s milk             kefir 

C-13iso 0.05±0.010           0.03±0.004 0.03±0.002           0.04±0.001 0.04±0.002        0.03±0.001 

C-13aiso -                        - -                          - -                     - 

C-14iso 0.11±0.013             0.19±0.0.22 0.10±0.015           0.15±0.017 0.08±0.006        0.10±0.017 

C-15iso 0.30±0.027              0.26±0.035 0.27±0.023           0.25±0.021 0.26±0.019        0.24±0.021 

C-15aiso 0.22±0.022              0.25±0.024 0.23±0.018           0.24±0.022 0.24±0.015        0.26±0.029 

C:16iso 0.28±0.013           0.26±0.0.010 0.25±0.012           0.23±0.016 0.23±0.019        0.20±0.017 

C-17iso 0.31±0.24                0.35±0.028 0.35±0.023           0.40±0.032 0.30±0.024        0.32±0.021 

C-17aiso 0.42±0.036              0.40±0.035 0.39±0.017           0.35±0.021 0.37±0.018        0.35±0.023 

C-18iso  0.01±0.002             0.02±0.001 0.03±0.004           0.03±0.002 0.02±0.005        0.02±0.001 

Table 5. Groups of fatty acids, g/ 100 g fat, (n=9) 

Fatty 

 acids 

Breed groups 

BWD BWDxTG BWDxAN 

x±Sx x±Sx x±Sx 

goat’s milk             kefir goat’s milk               kefir goat’s milk               kefir 

ΣCLA 0.45±0.038         0.50±0.076 0.35±0.064         0.40±0.078 0.41±0.098        0.44±0.054 

Σ C-18:1 trans 

isomers 1.93 ±0.231       2.05±0.210 1.68±0.210        1.84±0.201 1.88±0.034        1.95±0.078 

Σ C-18:1 cis isomers 22.52±0.878     23.15±0.675 20.58±0.766     21.65±0.543 20.42±0.089     22.09±0.832 

Σ SFAs 74.27±0.956а* 72.34±0.786 77.65±0.943а* 75.81±0.589 76.74±0.569  75.76±0.0570 

Σ MUFAs 25.66±0.876     26.73±0.786 23.72±0.765     24.86±0.766 23.47±0.899    25.33±0.769 

Σ PUFAs 4.42±0.234         4.52±0.187 3.71±0.179         3.92±0.867 3.77±0.767        4.38±0.656 

Σ omega-3 0.88±0.087         0.53±0.089 0.86±0.078         0.51±0.066 0.83±0.075         0.55±0.054 

Σ omega-6 2.90±0,065        2.88±0.078 2.72±0.045         2.68±0.076 2.64 ±0.075        2.60±0.098 

Σ omega-6/Σomega-3 3.31±0.453         5.43±0.798  3.16±0.423        5.25±0.954 3.18±0.876         5.10±0.768 

Branched fatty acids 1.70±0.090         1.73±0.056 1.62±0.065         1.65±0.034 1.50±0.076        1.40±0.023 

Note: а- BWD/BBWDxTG; *P<0.05 

Table 6. Indices for goat’s milk and kefir 

Indices 

BWD BWDxTG BWDxAN 

goat’s milk       kefir goat’s milk         kefir goat’s milk       kefir 

LPS  

(g/100 g product) 9.98± 0.875     10.1±0.981        11.02±0.675       11.33±0.943 10.25 ± 0.523   10.44±0.923 

AI 2.54±0.542        2.20±0.342 2.68±0.450           2.47±0.453 2.48 ±0.564        2.25±0.470 

TI 2.76±0.365        2.43±0.423 2.98±0.576           2.65±0.598 2.80±0.498         2.72±0.761 

h/H 0.61±0.923        0.63±0.123 0.60±0.879           0.62±0.267 0.62±0.834         0.65±0.343 

TFAs  

(g/100 g product) 0.08±0.024        0.09±0.021 0.08± 0.043          0.09±0.012 0.08±0.0.321      0.09±0.016 

SFAs+TFAs 

(g/100 g product) 3.09 ±0.507       3.40±0.520 3.47±0.487           3.83±0.421  3.57±0.489        3.73±0.321 

The biologically significant omega 6/omega 3 

ratio is recommended by nutritionists to be in the 

range of 5 [21], as in the present study an increase 

was registered to 5.10 g/ 100 g fat in BWDxAN, 5.25 

g/ 100 g fat in BWDxTG and 5.43 for kefir from 

BWD, compared to raw milk. ΣCLA increased 

slightly by 0.05 g/100 g fat in the final product. 

The qualitative assessment of milk fat was 

conducted on the basis of lipid indices in connection 

with determining the health impact of the product 

(Table 6). 

The lipid preventive score used to evaluate the 

preventive activity of a given fat against the risk of 

cardiovascular diseases varies from 10.01 g/ 100 g 

of product for kefir from BWD to 11.33 g/ 100 g of 

product for BWDxTG. The lower content of myristic 

and palmitic acid in the final product suggests a 

lower value of the atherogenic index [8] in the 

separate batches of kefir (2.20 for BWD, 2.25 for 

BWDxAN, 2.47 for BWDxTG), compared to the 

original milk. The thrombogenic index is in the 

range of 2.43 for BWD to 2.72 for BWDxAN, 



Ts. М. Dimitrova et al.: Fatty acid composition of kefir from milk of Bulgarian white dairy goat breed and its crossings 

25 

whereas the cholesterolemic index is in low values 

below 1, both in milk and in the obtained product at 

the 24th hour. 

Trans fatty acids (TFAs), obtained naturally, 

have a significant role in human nutrition and in the 

tested milk and kefir samples from different groups 

of goats, they have values of 0.08/0.09g/100 g of 

product, which gives us reason to refer them to 

products with a low TFAs content, according to 

Regulation (EC) No. 1924/2006. 

CONCLUSIONS 

The results for the fatty acid profile of the studied 

samples show that SFAs are reduced in milk kefir by 

1.93 g/ 100 g fat for BWD, 1.84 g/ 100 g fat for 

BWDxTG and by 0.98 g/ 100 g fat for BWDxAN, 

whereas MUFAs and PUFAs prevailed in the milk 

from BWD breed. Essential fatty acids, omega-3 and 

omega-6, were low in all three batches. 

The values of the lipid indices indicate a well-

balanced fatty acid composition of goat's milk and 

its products.  The atherogenic index of all three 

batches of kefir (2.20; 2.25; 2.47) was lower 

compared to the raw material (2.48; 2.54; 2.68), 

which defines them as healthier in terms of lipid 

content. 

The data on saturated fatty acids in the studied 

kefirs at the 24th hour of production varied from 

3.40 g/ 100 g product for BWD to 3.83 g/ 100 g 

product for BWDxTG, whence they refer to products 

with a high content of saturated fatty acids and low 

content of trans fatty acids (0.9 g/ 100 g product), 

according to Regulation (EC) No. 1924/2006. 
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This article presents the synthesis, structural and spectral (IR and NMR) characterization of some new phenothiazine 

Schiff bases containing chlorine. The target compounds (Figs. 1a-1d) were obtained as a result of the reaction between 2-

amino-6-(10H-phenothiazin-10-yl)-1H-benzo[de]isoquinoline-1,3(2H)-dione and the corresponding chloro-

benzaldehydes. The antimicrobial activity of the synthesized Schiff bases was evaluated against Gram-positive bacteria 

Staphylococcus aureus and Bacillus subtilis, Gram-negative bacteria Escherichia coli, Pseudomonas aeruginosa and 

Salmonella abony, yeasts Saccharomyces cerevisiae and Candida albicans, molds Aspergillus brasiliensis and Fusarium 

moniliforme. 

Keywords: phenothiazine, Schiff bases, antimicrobial activity 

INTRODUCTION 

Compounds containing the -C=N- (azomethine) 

group in their structure are known as Schiff bases, 

and are synthesized by condensation of primary 

amines and active carbonyl compounds [1]. Schiff 

bases are known for a broad range of biological 

activities, such as antitubercular [2], anticancer [3-

5], analgesic [6, 7], anti-inflammatory [8, 9], 

anticonvulsant [10, 11], antibacterial [12], antifungal 

[13] antioxidant [14, 15], antitumor [16, 17] and 

anthelmintic [18] activities. 

In previous studies of ours, we have presented the 

synthesis [19, 20], and studies of antimicrobial and 

corrosion inhibition properties of some 

phenothiazine products. The results of these studies 

have prompted us to continue working in this 

direction, and to synthesize and study new 

compounds from the group of phenothiazine Schiff 

bases, not previously described in the literature. 

MATERIALS AND METHODS 

All used chemicals were purchased from Merck 

and Sigma-Aldrich. The melting points were 

determined on a SMP-10 digital melting point 

apparatus. The IR spectra were taken on Perkin-

Elmer FTIR-1600 spectrometer in KBr discs. The 

NMR spectra were taken on a Bruker DRX-250 

spectrometer operating at 250.13 and 62.90 MHz for 
1H and 13C, respectively, using the standard Bruker 

software. The chemical shifts were referenced to 

tetramethylsilane (TMS). The measurements in 

DMSO-d6 solutions were carried out at ambient 

temperature (300 K). 

EXPERIMENTAL 

The synthesis of the initial compound 2-amino-6-

(10H-phenothiazin-10-yl)-1H-benzo[de]isoquino- 

line-1,3(2H)-dione is presented in Scheme 1 [21]. 

Synthesis of Schiff bases containing 

chlorine (Scheme 2) 

0.005 mol of 2-amino-6-(10H-phenothiazin-10-

yl)-1H-benzo[de]isoquinoline-1,3(2H)-dione (1) is 

dissolved in 40 mL of MeOH and 0.005 mol of the 

corresponding chlorobenzaldehyde (2a-2d) is added. 

The reaction mixture is heated in a water bath for 1 

h (~100°C). After cooling, the product formed (3a-

3d) is filtered off and washed with MeOH. 

Antimicrobial study 

Agar diffusion method and test microorganisms: 

Gram-positive bacteria Staphylococcus aureus 

ATCC 6538, Bacillus subtilis ATCC 6633, Gram-

negative bacteria  Escherichia  coli   ATCC   8739,  

Pseudomonas aeruginosa ATCC 9027 and 

Salmonella abony NTCC 6017, yeast Candida 

albicans ATCC 10231, Saccharomyces cerevisiae 

ATCC 2601, molds Aspergillus brasiliensis ATCC 

16404 and Fusarium moniliforme, were used to 

determine the antimicrobial action of the synthesized 

compounds. 1% solutions in solvent dimethyl 

sulfoxide (DMSO) were prepared from the 

compounds tested.   

* To whom all correspondence should be sent:  

E-mail: inikolova@uni-ruse.bg © 2024 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 
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Scheme 2 

The experiments were performed in nutrient 

medium Tryptic soy agar (Merck) for bacteria and 

Sabouraud dextrose agar (Merck) for yeast and 

molds. 

The agar media were melted in a Koch apparatus. 

They were cooled down to a temperature of 50-48°C 

and inoculated with 1% of the prepared suspensions 

of the test microorganisms, then mixed well. 20 mL 

of the inoculated media were poured into sterile Petri 

dishes (Ø=90 mm). The agar was allowed to solidify. 

Cork borer was used to punch holes (Ø=8 mm) in the 

agar plate. 50 µL of the prepared solutions were 

added dropwise to the wells, and after 30 min of 

prefusion at room temperature, the petri dishes were 

placed in a thermostat at 37°C for 24 h for bacteria; 

28°C for 24 h for yeasts and for 72 h for molds [22]. 

Diameters of the zones of growth inhibition were 

taken into account after cultivation as follows: up to 

15 mm the microbial culture is weakly sensitive; 

from 15 to 25 mm – sensitive and over 25 mm – 

highly sensitive. 

RESULTS AND DISCUSSION 

Four Schiff base derivatives of phenothiazine 

with the structure shown in Fig. 1 were synthesized 

in accordance with Scheme 2 (see the Experimental 

part).  

The yields and melting points of the obtained 

compounds (3a-3d) are given in Table 1. The 

spectral data (IR, 1H NMR and 13C NMR including 

13C DEPT 135) of the compounds 3a-3d are 

presented in Tables 2-4.  
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Figure 1. a) R1 = Cl, R2 = R3 = H; b) R1 = R2 = Cl, R3 

= H; c) R1 = R3 =Cl, R2 = H; d) R1 = R2 = H, R3 = Cl 

(The numbering of the atoms is only for spectral 

assignments) 

Table 1. Yields and melting points 

№ Systematic name 
M. p., 

°С 

Yield, 

% 

3a 
2-[(2-hlorophenyl)methylene-

amino]-6-phenothiazin-10-yl-

benzo[de]isoquinoline-1,3-dione 

204-

205 
30 

3b 

2-[(2,3-dichlorophenyl) 

methyleneamino]-6-phenothiazin-

10-yl-benzo [de]isoquinoline-1,3-

dione 

163-

164 
46 

3c 

2-[(2,4-dichlorophenyl) 

methyleneamino]-6-phenothiazin-

10-yl-benzo[de]isoquinoline-1,3-

dione 

206-

207 
46 

3d 
2-[(4-chlorophenyl)methylene-

amino]-6-phenothiazin-10-yl-

benzo[de]isoquinoline-1,3-dione 

199-

200 
38 
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Table 2. Selected IR spectral data (KBr, cm-1) 

№ 
ν 

C=O 

ν 

C=N 

ν 

C-N 

ν 

Arom. 

ν 

C-Cl 

3a 1707, 1697 1612 1340 3089 775 

3b 1704, 1671 1609 1338 3061 774, 741 

3c 1704, 1671 1613 1340 3090 774, 741 

3d 1703, 1654 1618 1341 3034 778 

Table 3. Selected 1H NMR spectroscopic data (DMSO-d6, δ, ppm) 

№  

3a 
5.80-7.69 (m, 8H, CH, phenoth. core), 8.01-8.24 (m, 4H, CH, benz. core), 8.28 (s, 1H, CH), 

8.34-8.77 (m, 5H, CH, naphth. core) 

3b 
6.67-6.75 (m, 8H, CH, phenoth. core), 6.90-6.99 (t, 3H, CH, benz. core), 8.27 (s, 1H, CH), 8.29-

8.64 (m, 5H, CH, naphth. core) 

3c 
5.80-6.91 (m, 8H, CH, phenoth. core), 6.98-8.05 (t, 3H, CH, benz. core), 8.28 (s, 1H, CH), 8.38-

8.64 (m, 5H, CH, naphth. core) 

3d 
5.80-6.91 (m, 8H, CH, phenoth. core), 6.98-8.00 (t, 3H, CH, benz. core), 8.25 (s, 1H, CH), 8.35-

8.80 (m, 5H, CH, naphth. core) 

Table 4. Selected 13C NMR and 13C DEPT 135 spectroscopic data (DMSO-d6, δ, ppm) 

Position 

Compounds 

3a 3b 3c 3d 3a 3b 3c 3d 

13C NMR 13C DEPT-135 

1|11 122.2 122.2 114.9 129.5 CH CH CH CH 

2|8 135.5 135.5 142.6 143.3     

3|12 132.4 133.9 132.1 129.8 CH CH CH CH 

4|10 123.7 122.9 132.2 131.7     

5|14 128.5 126.7 129.6 131.8 CH CH CH CH 

6|13 128.7 129.6 128.0 132.0 CH CH CH CH 

15 134.8 128.0 133.9 137.9     

16 122.9 116.2 122.2 114.9 CH CH CH CH 

17 123.7 125.5 126.7 129.9     

18 133.3 130.5 132.9  CH CH CH CH 

19 129.4 130.6 130.6      

20 129.9 132.2 122.9      

21 130.2 132.9 133.9 130.9 CH CH CH CH 

22 130.4 132.2 133.9 132.5 CH CH CH CH 

23 131.5 133.2 122.2      

24 131.8   133.5 CH  CH CH 

25|26 160.3 161.7 161.7 160.3     

31 168.6 168.6 168.6 171.3 CH    

32 131.9 131.2 116.8 128.5     

33 130.8 118.7  121.4 CH CH CH CH 

34 131.9 133.6 134.2 121.4    CH 

35 132.1 129.4  125.5 CH CH CH CH 

36 122.1 133.8 136.6 125.5 CH  CH CH 

37 133.4    CH CH   
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Table 5. Antimicrobial activity of compounds 3a-3d 

Test microorganisms 
Diameter of the inhibition zone (mm) 

3a 3b 3c 3d 

Staphylococcus aureus ATCC 6538 0 0 0 0 

Bacillus subtilis ATCC 6633 10.4 0 0 12.8 

Escherichia coli ATCC 8739 0 0 0 0 

Pseudomonas aeruginosa ATCC 9027 0 0 0 0 

Salmonella abony NTCC 6017 0 0 0 11.6 

Saccharomyces cerevisiae ATCC 2601 0 0 0 0 

Candida albicans ATCC 10231 0 0 0 0 

Aspergillus brasiliensis ATCC 16404 0 0 0 0 

Fusarium moniliforme 0 0 0 0 

The IR and 1H-NMR spectral data of the 

compound 2-amino-6-(10H-phenothiazin-10-yl)-

1H-benzo[de]isoquinoline-1,3(2H)-dione [23] show 

the signals for NH2 group as follows: 3441 cm-1 and 

3324 cm-1 and 2.51 ppm and 3.35 ppm. These signals 

are absent for the compounds 3a-d. In the 

synthesized Schiff bases, signals for >C=N group 

appear in the region 1609-1618 cm-1. The 1H-NMR 

spectra of the compounds showed signals for a CH 

group (№ 31, Figure 1) in the region 8.25-8.28 ppm. 

This confirms the interaction between the 

corresponding amine and the aromatic aldehyde 

leading to the formation of the Schiff bases 3a-d. In 

the 13C-NMR spectra, a new signal for the >C=N 

group appears, which for compounds 3a-c is around 

168.6 ppm, only in compound 3d it is at 171.3 ppm, 

which is most likely due to the p-chlorine atom in the 

aromatic aldehyde. 

Compound 3a shows weak antibacterial activity 

against the Gram-positive bacterium Bacillus 

subtilis. Compound 3d demonstrates weak activity 

against Bacillus subtilis and the Gram-negative 

bacterium Salmonella abony (Table 5). No activity 

of these compounds was established against any 

other test microorganisms used. Compounds 3b and 

3c show no activity towards the microorganisms 

used. 

CONCLUSION 

Four new phenothiazine derivatives, previously 

not described in the literature, have been synthesized 

and their structures have been proven by IR and 1H, 
13C and DEPT-135 spectroscopy. Their 

antimicrobial activity has been investigated, where 

two of the compounds have shown weak activity 

against Bacillus subtilis, and one is also active 

against Salmonella abony. Two of the compounds 

have demonstrated no activity towards the 

microorganisms used. 
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The synthesis of new fluorinated PET radiopharmaceuticals is facilitated by various strategies for 18F labeling 

reactions. [18F]FDG, as a basic PET radiopharmaceutical (glucose analog), can be used as a building block for indirect 

radiofluorination under mild reaction conditions, due to the presence of a carbonyl group where chemoselective formation 

of an oxime bond can take place for conjugation with target moieties. The glycosylation is one of the used modification 

strategies that can increase the hydrophilicity of the radiotracer, and shorten the period between injection and imaging. 

Also, glycosylation of biomolecules such as peptides or proteins can improve in vivo pharmacokinetics and blood stability. 

We have developed a procedure for modification of [18F]FDG with bifunctional tetrazine derivatives, by oxime bond 

formation and all experiments were done with standard clinical equipments. For this purpose, [18F]FDG was produced 

using a biomedical baby-cyclotron at the Nuclear Medicine Clinic at the University Hospital "St. Marina" – Varna. 

Successful modification with [18F]FDG was achieved at a temperature of 70-75oC, in a slightly acidic environment (pH= 

4-4.2), in the presence of a p-diaminobenzene catalyst for 25-30 minutes. TLC chromatography was used as a fast and 

available in clinic method to monitor the synthesis process. This is a prerequisite for the development of new PET 

radiopharmaceuticals and for the refinement of diagnostics and therapy in nuclear medicine. 

Keywords: [18F]-FDG, bifunctional compounds, tetrazine, trans-cyclooctene, oxime formation, click reactions, personal 

medicine 

INTRODUCTION 

The early diagnosis of malignant tumors plays a 

leading role in the choice of treatment approach and 

the survival prognosis of cancer patients. This task is 

solved to a significant extent with the help of 

radionuclide diagnostics (nuclear medicine) [1-3]. 

The use of molecular imaging agents plays an 

important role in the advancement of medical 

procedures and is an essential part of ongoing 

research. At the forefront of molecular imaging is the 

use of positron emission tomography (PET-CT) 

which relies on a biomarker labeled with a short-

lived positron-emitting radionuclide [4]. The 

molecular imaging aims to non-invasively visualize, 

characterize and quantify biological processes at the 

cellular and molecular level in vivo [5]. When 

considering the clinical applications of pre-targeted 

PET imaging, the ideal isotope would be fluorine-18 

(18F) due to its general availability and optimal 

physical properties [6]. 

There are various chemical methods of 

introducing 18F to the desired molecule. The main 

synthetic strategies can be divided into two main 

categories: direct fluorination, i.e. 18F is directly 

attached to the molecule to be labeled, and indirect 

fluorination, in which 18F is introduced in the form 

of an 18F-containing prosthetic group, which usually 

requires multistep synthesis [7]. In recent years, 

various strategies for chemoselective 18F-labeling 

reactions have been successfully developed, 

facilitating the accessibility to novel PET 

radiopharmaceuticals. These synthesis strategies 

have been improved, especially due to the 

development of various 18F-labeled prosthetic 

groups designed mainly for chemoselective peptide 

labeling [8]. The use of a prosthetic group 

overcomes the inability to radiofluorinate certain 

compounds by nucleophilic 18F-substitution of a 

suitable leaving group. The development of 18F 

prosthetic groups makes extensive use of the concept 

of click chemistry [9]. The click chemical reactions 

should be simple, fast and modular. They are 

characterized by high chemical (and radiochemical) 

yields and production of stable products [9, 10]. 

Among the reactions that meet these requirements, 

carbonyl condensation reactions such as imine, 

hydrazone and oxime formation can be mentioned 

[11]. 

The molecule of 2-fluoro-deoxyglucose 

([18F]FDG) is an analogue of glucose, in which the 

hydroxyl group at the second carbon atom is 

replaced by 18F, and finds application in nuclear 

medicine. [18F]FDG allows the evaluation of 

glycolytic activity, which is more enhanced in tumor 

cells compared to normal cells. It also finds applica- 
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tion in the evaluation of cardiac and neurological 

diseases [12]. In addition to being a basic PET 

radiopharmaceutical, the molecule can also be used 

as a building block for indirect radiofluorination 

under mild reaction conditions. The [18F]FDG 

molecule has been reported as a suitable prosthetic 

group for indirect labeling of various aminooxy-

functionalized peptides by chemoselective oxime 

formation [13]. The glycosylation of biomolecules 

such as peptides or proteins can improve in vivo 

pharmacokinetics and stability in blood [1]. The 

glycosylation is one of the most commonly used 

modification strategies that can increase the 

hydrophilicity of the radiomarker, increase the 

proportion of renal elimination, decrease the 

physiological uptake of the radiopharmaceutical into 

the digestive system, and shorten the time interval 

from injection of the tracer to imaging. It can also 

improve the contrast and usefulness of PET imaging 

[2]. Of particular interest are studies in which 

[18F]FDG has been used as a building block for 

other, more complex compounds such as peptides 

that cannot be directly labeled with 18F due to the 

harsher conditions required for their 

radiofluorination (high temperature, highly alkaline 

conditions) [3]. The glycosylation strategies for 

anticancer drugs have attracted considerable 

attention in the scientific community. This strategy 

improves the pharmacokinetic properties, selectivity 

of cytotoxic aglycones and is very useful for targeted 

drug delivery [14]. By a simple one-step method, 

[18F]FDG has been applied to fluorinate aminooxy- 

or hydrazine-functionalized peptides by formation 

of oxime or hydrazone [15, 16]. The main 

advantages of oxime formation by a click reaction 

between aminooxy- and carbonyl-functional groups 

used for 18F-fluoroglycosylation are: its high chemo-

selectivity, the application of unprotected aminooxy 

precursors and the fact that binding to the carbonyl 

component can take place in aqueous media (pH 4-

7) [1]. The acidic environment facilitates the 

unblocking of the acetal functional group, and 

promotes the formation of an oxime bond between 

the aldehyde and the aminooxy group [17]. The 

radiochemistry of oxime formation and the relatively 

high stability, both chemical and in vivo, allow the 

potential use of this approach to rapidly generate the 

desired [18F]-labeled macromolecules for 

application in PET-CT imaging [18]. Another 

possibility for the reaction with aldehydes is the 

formation of hydrazones with hydrazine derivatives, 

which is similar to the formation of oximes - 

selective towards the formation of Schiff bases, but 

proceeds relatively slower than the reaction with 

aminooxy functionals [19]. The hydrazines react 

more slowly with aldehydes than aminooxy 

derivatives, making them less common click 

partners in 18F-labeling of peptides [9]. The reaction 

efficiency in oxime and hydrazone bond formation 

can be dramatically increased by using a range of 

catalysts [20]. Bifunctional catalysts are being 

developed that use intramolecular proton transfer 

from acid-base groups near a nucleophilic amino 

group to facilitate rapid hydrazone and oxime 

formation [21]. The reactions of this type are 

becoming an essential tool for the preparation of 

chemically engineered bioconjugates for 

applications in chemical biology. Biocompatible 

click reactions have the potential to be used to 

perform in situ ligation in living organisms [11]. 

The oxime or hydrazone formation reactions in 

combination with other bioorthogonal click 

reactions, such as the cycloaddition between 

bifunctional tetrazine and trans-cyclooctene 

(TTCO), may play an important role in the 

development of new radiopharmaceuticals with high 

specific activity and selectivity. This, in turn, will 

make a step towards the development of 

personalized medicine related to early and accurate 

diagnosis and refinement of therapy. The highly 

efficient reaction between 1,2,4,5-tetrazines and 

strained dienophiles is a fast and clean bioorthogonal 

conjugation method. Moreover, the reaction 

proceeds without catalyst, which is beneficial in 

easier purification of the final radioactive tracer [9]. 

The reaction proceeds rapidly at room temperature 

and is practically irreversible. It produces N2 as the 

only by-product [22]. This type of cycloaddition of 

heterocyclic azadienes provides a powerful 

methodology for the synthesis of highly substituted 

and functionalized heterocycles widely used in 

organic synthesis and pharmaceutical industries 

[23]. The ligation of tetrazine with trans cyclooctene 

can be applied to radiolabel large biomolecules such 

as 18F-labeled proteins and the resulting PET 

biomarker retains good binding ability to the desired 

target [24, 25]. Currently, the most promising 

reaction for pretargeted imaging is the ligation 

between tetrazine (Tz) and trans-cyclooctene (TCO). 

From a clinical point of view, 18F-labeled Tz would 

be ideal for positron emission tomography (PET) 

applications, as 18F possesses nearly perfect physical 

characteristics for molecular imaging [26]. The 

radionuclide 18F can be pre-introduced into one of 

the two molecules involved in the click reaction, 

tetrazine or dienophile. A difficulty, however, is the 

delicate stability of tetrazines in general, which can 

pose a problem for the conjugation of tetrazines to 

biomolecules [9]. The synthesis of a fluorinated 

tetrazine starting from an 18F-containing prosthetic 
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group is necessary, as tetrazines are unstable under 

the commonly used direct radiofluorination 

conditions. The resulting 18F-labeled tetrazine can be 

used for pretargeted PET imaging [16, 27]. The 

glycosylated 18F-labeled tetrazine is an excellent 

candidate for in vivo bioorthogonal chemistry 

applications in pretargeted PET imaging approaches 

[6]. A combination of the two chemoselective (click) 

reactions, in which functionalized tetrazines with a 

free aminooxy group capable of forming an oxime 

bond, have been successfully applied for indirect 

radiofluorination of monoclonal antibodies [28]. 

These bifunctional, clickable compounds are a new 

class of conjugates with promising applications in 

the nuclear medicine, providing a step towards the 

development of the personalized medicine related to 

early and accurate diagnosis and precision therapy.  

In the pretargeted imaging approach based on the 

click reaction between bifunctional tetrazine and 

trans cyclooctene, one of the reagents can be a carrier 

of a specific biomolecule and the other of the 

radionuclide. The biomolecule will be responsible 

for the accumulation of the complex in the specific 

organ, and the radionuclide - for the visualization of 

the areas of interest. The variant in which the 

tetrazine derivative is indirectly radiolabeled by 

forming an oxime bond with the [18F]FDG molecule 

is proposed.  Glycosylated 18F-labeled bifunctional 

tetrazine will provide a reagent for indirect 

radiolabeling of sensitive macromolecules via a 

click reaction with trans-cyclooctene. Figure 1 

shows the general reaction scheme between 

[18F]FDG-modified tetrazine and bifunctional trans-

cyclooctene. Such reactions are easy, fast, and 

practically irreversible. Most often, they take place 

at equivalent amounts of the reactants, under 

physiological conditions and room temperature, 

without the presence of a catalyst [29, 30]. As part 

of the implementation of a project with contract No. 

KP-06-Н29/4 (Scientific Research Fund of the 

Ministry of Education and Science), the kinetic 

parameters of "cold click" reactions with some of the 

pharmacologically most relevant TCO derivatives 

and Tz are investigated. The corresponding rate 

constants are experimentally determined. Studying 

the kinetics of a cold (non-radioactive) click reaction 

is an important step in the development of a 

radiolabeling procedure using TTCO. From the 

obtained results, clarity is obtained about the speed 

of the reaction and the applicability of the procedure 

for the purposes of nuclear medicine. The 

experimentally determined rate constants of the 

bimolecular "click" reaction in ethanol are of the 

same order in the range of 150-300 M-1.s-1, which 

ensures that the reaction takes place within seconds. 

This second-rate is quite sufficient for the purposes 

of the pre-target radio tagging strategy. 

New bifunctional compounds have been 

synthesized within the framework of the above-

mentioned project. Appropriately functionalized 

tetrazine derivatives containing a free 

hydroxylamine group capable of forming an oxime 

bond were selected. In addition, a suitable spacer 

was selected between the tetrazine ring and the 

functional group. By varying the spacer, the 

lipophilicity and pharmacokinetic properties of the 

compound can be influenced. The products were 

purified by polar phase column chromatography and 

characterized by 1H-NMR, then provided and used 

for modification with [18F]FDG. 

The aim of the study is to develop and optimize a 

highly efficient and rapid method for indirect 

radiofluorination of bifunctional tetrazine structures 

with an aminooxy group by [18F]FDG conjugation 

under standard clinical laboratory conditions. In our 

previous research, we mention the development of a 

modification procedure using another tetrazine (O-

{10-[4-(6-phenyl-[1,2,4,5]tetrazin-3-yl)-phenoxy]-

decyl}-hydroxylamine), which can be seen in more 

detail in reference [32]. The established procedure 

was applied to the successful radiolabeling of 

another tetrazine derivative. 

 
Figure 1. Scheme of the  click reaction between modified tetrazine and trans-cyclooctene 

O

OAc

AcO
AcO

OTf

OAc

O

OAc

AcO
AcO

OAc18F

O

OH

HO
HO

OH18F

18F, K2.2.2-K+

[18F]FDG

HCl

mannose triflate 1,3,4,6-tetraacetyl-glucose  
Figure 2. Synthesis of [18F]FDG 
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EXPERIMENTAL 

A procedure is proposed to modify the most 

common and widely used radiopharmaceutical 

[18F]FDG by oxime bond formation. The procedure 

is performed at a temperature between 70 and 80 oC 

and is fully adapted to the clinical conditions and the 

equipment available in the clinic. The synthesis 

procedures were performed entirely at the Clinic of 

Nuclear Medicine at St. Marina University Hospital, 

Varna, Bulgaria. For this purpose, [18F]FDG was 

synthesized using a small biomedical cyclotron 

(ABT Molecular Imaging biomedical, model ABT 

BG-75) equipped with an automated radiochemical 

synthesis module and a quality control system. In the 

first stage, the radionuclide 18F is produced by proton 

bombardment of 18O-enriched water, and the 

following 18O(p,n)18F nuclear reaction is performed. 

The production of [18F]FDG was based on a 

nucleophilic radiofluorination method with mannose 

triflate as precursor followed by acid hydrolysis with 

2M HCl [31]. All reagents required for the 

production of radiopharmaceuticals were 

commercially obtained and used without further 

purification. Figure 2 shows the reaction scheme of 

the process. 

In this paper, we present the modification of the 

following aminooxy-functionalized tetrazine: 

aminooxy-acetic acid 4-(6-phenyl-[1,2,4,5]tetrazin-

3-yl)-phenyl ester, which we will denote as R1 for 

brevity. Its structure is shown in Figure 3.  

 

Figure 3. Structure of used tetrazine R1  

Since we are provided with a BOC (tert-

butyloxycarbonyl) group-protected bifunctional 

compound, an additional deprotection step is 

required before labeling it with [18F]FDG. A small 

amount of the protected tetrazine was mixed with 0.5 

ml of 10% trifluoroacetic acid in anhydrous ethyl 

acetate for 12 hours at room temperature, after which 

the vials were placed in an air oven to evaporate the 

solvent. The reaction scheme of this preliminary step 

to obtain R1 is presented in Figure 4.  

After elimination of the BOC protection, the 

bifunctional tetrazine was dissolved in acetonitrile.  

The resulting solution was used to modify [18F]FDG 

by forming an oxime bond. We performed the 

syntheses in a large excess of tetrazine over 

radiofluorinated glucose (approximately 104:1), 

suggesting its complete conversion. The following 

procedure was used. From a previously prepared 

0.25 M solution of the catalyst p-diaminobenzene 

acidified with acetic acid to a pH of about 4, 0.5 ml 

were transferred into the reaction vessel. To this was 

added 0.1 ml of [18F]FDG of radioactivity between 5 

and 25 MBq. This was followed by heating at 70-75 
oC for 15 minutes to activate the molecule and open 

the glucopyranose ring. As an intermediate, the 

corresponding Schiff base was obtained with the 

catalyst. In the next step, 0.2 ml of the prepared R1 

solution was added and further heated for another 

10-15 minutes at the same temperature [32]. As an 

inexpensive and clinically available method of 

analysis, we used radio-TLC to follow the course of 

the reaction and confirm the production of the 

labeled product [18F]FDG-R1. The TLC analysis 

was performed with silica gel-coated aluminium 

plates (ALUGRAM Sorbent Silica G/UV254, 40×80 

mm) and ethyl acetate was used as eluent. After 

addition of the sample and subsequent elution, the 

plates were scanned using a Scan-Ram PET/SPECT 

radio TLC-scanner.  

RESULTS AND DISCUSSION 

According to literature data, the most suitable 

conjugation for [18F]FDG is via oxime or hydrazone 

bond formation, and this is reported to be an efficient 

and chemoselective reaction occurring in aqueous 

media under mildly acidic conditions in the presence 

of a catalyst. The aim of the presented research was 

to verify the applicability of such a modification 

under standard conditions and equipment of a 

clinical laboratory. By forming an oxime bond, we 

were able to modify the bifunctional derivative of 

tetrazine.  

The modification of R1 in the presence of p-

diaminobenzene proceeds in two steps. In the first 

step, a Schiff base is obtained as an intermediate 

between the catalyst and the [18F]FDG molecule, 

which after addition of R1 turns into the desired 

oxime product [18F]FDG-R1. In Figure 5 the reaction 

scheme is presented. After the synthesis, a sample of 

the reaction mixture was taken and spotted onto the 

TLC plate. After eluting it with ethyl acetate, we 

obtained the TLC chromatogram presented in Figure 

6. Under these elution conditions, the catalyst and 

unreacted tetrazine move to the front as a brown and 

pink spot, respectively. The unreacted [18F]FDG 

remains at the start (at the drip point), where we also 

detect a radioactive peak. A new pink spot with 

reported activity corresponding to the labeled oxime 

product [18F]FDG-R1 is observed close to the start. 

The distribution of spots corresponding to the 

reaction components after modification of R1 is as 

follows: 1 is unreacted [18F]FDG if present in the 

system, 2 - labeled oxime product, 3 is starting 

tetrazine, and 4 is catalyst used. 
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Figure 4. Preparation of tetrazine R1 

 
Figure 5. Modification of R1 in the presence of p-diaminobenzene 

 
Figure 6. TLC chromatogram showing the distribution of the reaction components after labeling R1 

The plate was then scanned and the radio-TLC 

chromatogram shown in Figure 7 was obtained. 

Based on it, we determined the retention factor (Rf 

=0.41) of the obtained product [18F]FDG-R1 and an 

approximate radiochemical yield (RCY = 85%), 

which is uncorrected for radioactive decay. A single 

radioactive peak was obtained because tetrazine was 

used in a very large excess (104:1) over [18F]FDG, 

which under optimal conditions undergoes almost 

complete conversion to the corresponding 

radiolabeled product. For comparison, a radio-TLC 

chromatogram of the initial [18F]FDG, which, after 

elution under the same conditions, is retained at the 

start (at the drop point) with Rf=0.06 is also attached. 

The resulting product was confirmed by radio-

HPLC. Since the labeling of R1 is carried out in a 

large excess of tetrazine relative to [18F]FDG, the 

concentration of the resulting radiolabeled product 

in the reaction system is negligible. As a result, the 

obtained products are fully confirmed on the basis of 

the data from the RAD detector, which has a 

significantly higher sensitivity. The RAD detector 

data confirms the successful reaction. The initial 

[18F]FDG was recorded as a peak at tr=1.08 min, and 

upon analysis of the reaction mixture a new 

radioactive peak appeared at tr=2.24 min 

corresponding to the labeled product Pr2. Figure 8 

presents the HPLC chromatograms obtained from 

the RAD detector of unmodified [18F]FDG 

(chromatogram A) and reaction mixture 

(chromatogram B). 
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Figure 7. Radio-TLC chromatogram: a) unreacted [18F]FDG; Rf=0.06; b) modified R1: Rf=0.41; RCY=85.4% 

 
Figure 8. Radio-HPLC analysis of modified R1 

CONCLUSIONS 

Based on the experiments, the following 

conclusions can be drawn:  

1) The aminooxy-functionalized tetrazine 

aminooxy-acetic acid 4-(6-phenyl-[1,2,4,5]tetrazin-

3-yl)-phenyl ester was successfully modified under 

soft reaction conditions with good radiochemical 

yield;  

2) The oxime formation with [18F]-FDG is a 

practical method for indirect radiofluorination;  

3) The developed method is fully applicable to 

standard clinical laboratory conditions.  
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Black nightshade (Solanum nigrum L.) belongs to the Solanaceae family and is a medicinal plant with wild populations 

found in different regions of Bulgaria. The aim of this study was to analyze the availability of selected phytonutrients in 

the fruits, and, in particular, their presence in two individual fruit structures (seeds and peels) regarded as by-products in 

juice production. Fresh fruits were characterized by their diameter (8.42±0.62 mm) and absolute weight (393.75±38.00 

g/1000 pcs). The seeds contained 9.81% lipids, while their content in the peels was negligible. The main fatty acids in the 

extracted lipid fraction were linoleic (48.0%), oleic (27.8%) and palmitic (19.6%), with 76.6% share of unsaturated fatty 

acids. β-Sitosterol (70.80%) predominated in the sterol fraction, and γ-tocopherol (100%) – in the tocopherol fraction of 

the extracted oil. The main soluble carbohydrates in the seeds were glucose (2.78%) and fructose (2.42%), while the 

respective quantities in the peels were 4.21% and 3.82%. The cellulose content of the two fruit parts was 14.90% and 

15.70%, respectively. The most abundant macro minerals in the seeds were K (15109.34 mg/kg) and Mg (1988.07 mg/kg), 

and the main micro minerals – Fe (53.68 mg/kg) and Zn (37.77 mg/kg). The peels contained the respective dietary 

minerals in substantially higher quantities; K (31373.32 mg/kg), Na (3348.46 mg/kg), Ca (2365.82 mg/kg). The results 

from the study contribute to a more complex appreciation of the nutritional potential of black nightshade fruit available 

in Bulgaria and the prospects for their processing into value-added products.  

Key words: Solanum nigrum L., black nightshade, lipids, fatty acids, minerals 

INTRODUCTION 

Black nightshade (Solanum nigrum L.) is an 

annual plant belonging to the genus Solanum of the 

Solanaceae family. Nowadays it is found throughout 

the world, being adapted to various soil types, 

altitudes and climatic conditions [1, 2]. The plant 

usually grows as a weed in moist, shady places, 

bushes, forest edges, around waste and cultivated 

lands, along rivers and streams, etc. [3-5]. Black 

nightshade is common to Bulgaria, too, and its wild 

populations are found in different regions with an 

altitude up to 1200 m [6].  

S. nigrum is a recognized medicinal plant, used in

many folk medicines for thousands of years [1, 3, 7, 

8]. Nowadays, it is the most extensively studied 

species of the genus Solanum [9], and has been 

associated with almost every possible 

pharmacological activity: antibacterial, antifungal, 

anticancer, antidiabetic, anti-obesity, antioxidant, 

anti-inflammatory, hepatoprotective, and many 

others [3, 9-14]. Various compounds responsible for 

these diverse activities have  been  identified  in  all 

plant organs, among which steroidal alkaloids, 

saponins, flavonoids, lignins, organic acids, volatile 

oils, polysaccharides, and others [2, 13-16].  

The species is usually considered toxic for 

humans and animals, due to the presence of 

glycoalkaloids in all plant parts, mainly solanine 

(95% of the alkaloid content), solamargine, 

solasonine, their aglycones solanidine and 

solasodine, etc. [3, 15, 16]. However, the content of 

solanine, as well as the total alkaloid content 

significantly decreases during plant growing and 

maturation [2] and the ripe berries and leaves of S. 

nigrum are edible, with rarely observed toxic and 

side effects if consumed in normal amounts [1, 2, 

17]. Indeed, apart from its undisputed medicinal 

value, S. nigrum has been reported as an ancient 

famine plant of China and as one of the most 

important traditional leafy vegetables in several 

African countries (being cultivated in some of them, 

e.g., Nigeria) [1, 3-5, 18]. In the culinary practice,

ripe berries and leaves are eaten fresh (as part of

traditional  salads)  or  more  often  cooked  (boiled,
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sauteed, steam cooked), as the process is known to 

destroy solanine and other antinutrient compounds 

[3, 4, 19, 20].  

Despite all this, however, the importance of S. 

nigrum in human nutrition is far less explored, 

compared to its medicinal properties; still, there are 

data about the basic macro and micronutrients in the 

berries, the leaves or the whole aerial parts of the 

plants. The fruits, in particular, have been reported 

to contain sufficient amounts of dietary fibers, 

protein, carbohydrates, minerals, vitamins, oil, and 

other nutrients [1, 5, 20-23]. It is well-documented 

that the individual plant organs and the structural 

parts (seeds, pulp, peels) of different berries 

accumulate primary and secondary metabolites to 

varying degrees, and, thus, they have different 

biological and nutrition value. On the other hand, 

seed-containing berries are often processed into 

juice or pulp (puree) and the isolated seeds and peels 

(skins) remain as by-products (waste), currently 

underutilized, but with distinct potential, both in 

terms of available amounts and nutrients’ 

concentrations [24]. 

Based on these considerations, the aim of this 

study was to analyze the availability of selected 

phytonutrients in the fruits, and, in particular, their 

presence in two individual fruit structures (seeds and 

peels) regarded as by-products in juice production. 

MATERIALS AND METHODS 

The ripe fruits of black nightshade (Solanum 

nigrum L.) were hand-picked in July 2020 from wild 

plant populations in the region of Kapitan 

Dimitrievo village, Peshtera municipality, Central 

South Bulgaria (N 420726 E 241852) (Fig. 1). 

Species identity was confirmed at the Botany 

Department of “Paisii Hilendarski” University of 

Plovdiv. 

Fig. 1. Ripe fruits of Solanum nigrum L. (own photo) 

The physical descriptors of the fresh berries – 

diameter and absolute weight, were determined (n = 

1000 pcs) using a precision gauge (± 0.01 mm) and 

an electronic precision balance (± 0.0001 g), 

respectively.  

Fruit separation into structural elements (seeds 

and peels) was performed manually on frozen fruit 

(-18°C); the resulting samples were air-dried and 

stored until analysis. The seedcakes remaining after 

the extraction of seed oil, were also analysed in the 

study.  

The moisture content was determined 

gravimetrically, by drying to constant weight at 

105°C [25], and all results from the chemical 

analyses were presented on a dry weight (DW) basis. 

The lipid fraction (the glyceride oil) was obtained 

by Soxhlet extraction of ground samples with n-

hexane for 8 h [26]. All solvents and reagents used 

in the study were of analytical (p.a.) or higher grade, 

and were used without further purification. 

Fatty acid composition of the lipids was 

determined by gas chromatography (GC) [27]; the 

respective fatty acid methyl esters (FAMEs) were 

obtained by pre-esterification with sulfuric acid in 

methanol [28]. FAMEs’ separation was carried out 

on an HP 5890 instrument; capillary Supelco 

column, 75 m × 0.18 mm × 25 μm, and a flame 

ionization detector, FID. The temperature regimen 

was as follows: column temperature from 140°C 

(held 5 min) to 240°C (held 3 min) at 4°C/min; 

injector and detector temperatures at 250°C. A 

standard mixture of FAMEs (37 component FAME 

mix; Supelco, USA) subjected to GC under identical 

experimental conditions was used for the 

identification of fatty acids.  

Tocopherols in the extracted oil were determined 

by HPLC, using a Merck-Hitachi chromatograph 

(Merck, Darmstadt, Germany); the column was 

Nucleosil Si 50-5, 250 mm × 4 mm; the detector – 

fluorescence Merck-Hitachi F 1000. The injected 

sample (20 μl) represented 2% crude oil solution in 

n-hexane. The mobile phase in the elution was n-

hexane:dioxane solution, 96:4 (v/v), at a flow rate of 

1 ml/min; excitation was at 295 nm, and emission at 

330 nm. Tocopherol identification and 

quantification were achieved by comparison of 

retention times and peak areas, respectively, with 

those of a standard tocopherol solution (DL-α-, DL-

β-, DL-γ- and DL-δ-tocopherol, 98% purity, 

purchased from Merck, Darmstadt, Germany) 

containing between 1 and 5 μg/mL [29].  

Unsaponifiables were determined according to 

the standardized method [30], after saponification of 

the lipid fraction and extraction with n-hexane.  

Total sterols were separated from the 

unsaponifiable matter by TLC. Briefly, the 

unsaponifiable matter was diluted in 3 mL 

chloroform and 1 mL of the solution was applied to 
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a 20×20 cm silica gel 60 G plate. The mobile phase 

was hexane : diethyl ether (1:1, v/v). After that, the 

plate was sprayed with methanol and the line of the 

isolated sterols was scrapped, transferred into a 

column and eluted with chloroform. The solution 

was evaporated on a rotary evaporator and the 

remained sterols were determined spectrophoto-

metrically, at a wavelength of 597 nm [31], referring 

to an analytical calibration curve (β-sitosterol 

standard solution; 0-3000 μg/ml; R2 = 0.9985). 

Sterol composition was identified by GC, on an HP 

5890 unit equipped with 25 m × 0.25 mm DB - 5 

capillary column and a flame ionization detector. 

The temperature gradient was from 90°C (held 3 

min) to 290°C at a rate of 15°C/min and then up to 

310°C at a rate of 4°C/min (held 10 min); the 

detector and injector temperatures were set at 320°C 

and 300°C, respectively; the carrier gas was 

hydrogen. A standard mixture of cholesterol (purity 

95%, Acros Organics, New Jersey, USA), 

stigmasterol (purity 95%, Sigma-Aldrich, St. Louis, 

MO, USA) and β-sitosterol (with ca. 10% 

campesterol and ca. 75% β-sitosterol, Acros 

Organics, New Jersey, USA) was used in the 

comparison of the registered retention times [32]. 

The limit of detection in all GC and HPLC analyses 

of the lipid fraction was 0.05%. 

Total phospholipids were determined 

spectrophotometrically at 700 nm after 

mineralization of the glyceride oil with sulfuric and 

perchloric acid (1:1, v/v) and reaction of the 

remaining phosphorus with sulfate–molybdate 

reagent. 

The total content of soluble carbohydrates was 

determined by the phenol-sulfuric acid method [33], 

in which 100 µl of aqueous fruit extract were 

hydrolyzed with 1 ml of 5% phenol and 5 ml of 

concentrated sulfuric acid, in a water bath at 30°C 

for 20 min. The absorbance was read at 490 nm 

against a blank, and the carbohydrate content was 

obtained from the calibration curve built for glucose. 

The individual sugar contents were determined by 

HPLC-RID analysis of water extracts, using an Elite 

LaChrome Hitachi instrument with a Chromaster 

5450 refractive index detector (RID) coupled with 

Shodex® Sugar SP0810 with Pb2+ (300 mm × 8.0 

mm) and Shodex SP - G (5 μm, 6 mm × 50 mm)

columns operated at 85°C; the elution was with

distilled water at a flow rate of 1.0 ml/min [34]. The

identification and quantification of sugars was based

on their retention times and the respective peak

areas, as previously described [34].

Cellulose content was determined following the 

procedure described by Brendel et al. [35], in which 

the acidic hydrolysis of cellulose and hemicellulose 

was carried out by boiling 1 g of fruit samples with 

16.5 ml of 80% CH3COOH and 1.5 ml of 

concentrated HNO3 for 1.5 h. The suspension was 

filtered, and the solid residue was dried at 105°C for 

24 h and weighed. 

Mineral elements’ contents in the fruit samples 

were determined after mineralization at 450°C, after 

which the solid residue was dissolved in 

concentrated HCl, evaporated to dryness, and 

redissolved in 0.1 mol/l HNO3. Atomic absorption 

spectrophotometer Perkin Elmer/HGA 500 

(Norwalk, USA) was used for the analysis of mineral 

elements, at the following wavelengths: Na, 589.6 

nm; K, 766.5 nm; Mg, 285.2 nm; Ca, 317.0 nm; Zn, 

213.9 nm; Cu, 324.7 nm; Fe, 238.3 nm; Mn, 257.6 

nm; Pb, 283.3 nm; Cd, 228.8 nm; Cr, 357.9 nm. The 

identification of metal ions referred to a standard 

solution of metal salts. The respective metal contents 

were calculated from calibration curves for standard 

1 μg/ml solutions. The measurements were carried 

out in triplicate, unless stated otherwise. The results 

were expressed as the mean value ± SD. 

RESULTS AND DISCUSSION 

The fresh berries of S. nigrum are matted dark 

blue in color, with an average diameter (measured at 

the widest lateral section) of 8.42 ± 0.62 mm (min 

6.93 mm; max 9.62 mm). The absolute weight of the 

fruits was 393.75 ± 38.00 g/1000 pcs. Those basic 

physical characteristics of the fruit from Bulgaria did 

not differ from the range typical for the species [2].  

As observed in previous studies for other berries 

[24], the seeds and, to a lesser extent, the peels are 

the structural elements that concentrate fruit lipids. 

Besides, those fruit parts, regarded as by-products in 

juice/pulp production, have been shown to contain 

sufficient amounts of valuable phytonutrients [36, 

37]. Based on these grounds, and in compliance with 

study objectives, the air-dried seeds and peels of 

black nightshade fruit (with moisture content 3.25 ± 

0.03%) were further characterized in this study.  

The total lipid fraction (glyceride oil) content in 

the seeds was 9.81 ± 0.09%, while in the isolated 

peels alone its presence was practically negligible, 

below 1%.  

The results about the content of the extracted 

lipid fraction were considerably below the data 

provided by previous studies for black nightshade 

seed oil; for instance, 34.5% [38], 36.5% [5], 38% 

[39]. This could be explained by variations in the 

analyzed fruit parts and the applied extraction 

procedures between the studies. Nevertheless, the oil 

content in the studied by-product was comparable 

with that found in maize bran (below 10%), or in 

some fruit by-products, such as grape seeds, date 
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palm seeds, guava seeds, mango seeds, and others 

[40].   

Taking into account the results about the lipid 

content in the two separate waste fractions, it was 

considered rational to analyze and discuss further 

only the composition of the lipid fraction extracted 

from black nightshade seeds.  

The fatty acid (FA) composition of the lipid 

fraction obtained from S. nigrum seeds is presented 

in Table 1. The data showed that three fatty acids 

dominated in the oil composition, linoleic (48.0%), 

oleic (27.8%) and palmitic (19.6%) acids. The ratio 

between saturated and unsaturated FAs was 1:3.27, 

while that between monounsaturated and 

polyunsaturated FAs was 1:1.72. Our results were 

fully consistent with previous data characterizing the 

seed oil of black nightshade as a rich source of 

polyunsaturated FAs, and, in particular, of linoleic 

acid. For example, the share of polyunsaturated FAs 

varied from 61.0% [22] to 68.4% [39] and 68.9% 

[38], and that of linoleic acid – from 47.9% [22] to 

65.5% [5] and 67.6-67.8% [38, 39]. The numerical 

differences observed could readily be explained by 

the influence of ecological factors, fruit maturity and 

oil extraction methods [22, 38, 39].   

Table 1. Fatty acid composition of the lipid fraction 

of S. nigrum seeds, %. 

Fatty acids Content, % 

Lauric acid С 12:0 0.2 ± 0.0 a 

Palmitic acid С 16:0 19.6 ± 0.15 

Palmitoleic acid С 16:1 0.2 ± 0,0 

Margaric acid С 17:0 0.1 ± 0.0 

Heptadecenoic acid С 17:1 0.2 ± 0.0 

Stearic acid С 18:0 3.3 ± 0.03 

Oleic acid С 18:1 27.8 ± 0.25 

Linoleic acid С 18:2 48.0 ± 0.40 

Linolenic acid С 18:3 0.2 ± 0.0 

Eicosadienoic acid С 20:2 0.2 ± 0.0 

Behenic acid С 22:0 0.2 ± 0.1 

Saturated fatty acids, % 23.4 

Unsaturated fatty acids, %: 76.6 

Monounsaturated fatty acids, % 28.2 

Polyunsaturated fatty acids, % 48.4 
a All data are presented as mean value ± standard 

deviation (n=3) 

Table 2 presents the content of biologically active 

substances – unsaponifiable matter, phospholipids, 

sterols and tocopherols, in the extracted seed oil of 

S. nigrum fruits. The total quantity of the

biologically active sterols in the unsaponifiable

fraction (0.70%) was higher than that found in many

common seed oils, for example, sunflower, soybean,

cottonseed, saffron, and others (0.24-0.64%) [40,

41]. The phospholipid content in S. nigrum seed oil 

was also sufficiently high (6.61%), approximating 

that in many plant oils used in the food industry [40]. 

Table 2. Biologically active substances in the lipid 

fraction of S. nigrum seeds. 

Compound Content 

Unsaponifiables, % 12.01 ± 0.11 a 

Sterols, % 0.70 ± 0.0 

Phospholipids, % 6.61 ± 0.06 

Tocopherols, mg/kg 121.00 ± 1.11 
a All data are presented as mean value ± standard 

deviation (n=3) 

The sterol composition of the lipid fraction from 

S. nigrum seeds is presented in Table 3. Six

individual sterols were identified, among which β-

sitosterol was clearly predominating (70.8%),

followed by stigmasterol, cholesterol and

campesterol in nearly identical shares (8.40-9.91%).

Table 3. Sterol composition of the lipid fraction of S. 

nigrum seeds. 

Compound Content, % 

Cholesterol 9.50 ± 0.08 a 

Brassicasterol 0.70 ± 0.0 

Campesterol 8.40 ± 0.08 

Stigmasterol 9.91 ± 0.09 

7-Campesterol 0.70 ± 0.0 

β-Sitosterol 70.80 ± 0.70 
a All data are presented as mean value ± standard 

deviation (n=3) 

With regard to oil’s tocopherols, only -
tocopherol was identified (100%; 121 mg/kg). Seed 

oils rich in -tocopherol are soybean (60-85 mg%) 

and corn (50-62 mg%) oils, which are the main 

dietary sources in the American diet, while the 

European diet mainly utilizes olive and sunflower 

oils, rich in α-tocopherol [40, 41].  

The seedcakes remaining after oil extraction, as 

well as the peels of S. nigrum fruit, were further 

analyzed to determine other phytochemical indices. 

The results for the carbohydrate content in the two 

fruit elements are presented in Table 4.  

Table 4. Carbohydrates in the by-products of S. 

nigrum fruit. 

Index, % Seedcakes Peels 

Total soluble 

carbohydrates 

5.39 ± 0.50 a 8.21 ± 0.80 

Sucrose 0.19 ± 0.00 0.18 ± 0.00 

Glucose 2.78 ± 0.20 4.21 ± 0.40 

Fructose 2.42 ± 0.20 3.82 ± 0.30 

Sorbitol nd nd 

Cellulose 14.90 ± 0.13 15.70 ± 0.17 
a All data are presented as mean value ± standard 

deviation (n=3); b Not detected. 
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Reasonably, the peels contained considerably 

higher (nearly 2-times) concentrations of total 

soluble carbohydrates, as well as glucose and 

fructose, than the seedcakes, which was observed for 

other berries, too [37]. The results corresponded well 

with the carbohydrate content of dried S. nigrum 

seeds, 5.45% [5], but, expectedly, they were 

significantly lower than the data achieved for dried 

whole berries, containing the fruit pulp sugars; 

34.36% [39], 40.4% [23], 55.85% [20]. 

The cellulose content in the seedcakes was 

14.90%, and slightly higher in the isolated peels 

fraction, 15.70%. Although it was not possible to 

make any direct comparison, as there were no 

previous data for S. nigrum fruit cellulose content, 

our results supported the findings by other studies 

suggesting that the fruit and the seeds are a good 

source of dietary fiber [5, 20, 23]. 

The data for the structure of the identified mineral 

elements in the studied S. nigrum fruit fractions, the 

seedcakes and the peels, are presented in Table 5.  

The elemental composition revealed significant 

amounts of K in both by-products, with about twice 

as higher concentration in the isolated peels.  

Table 5. Minerals in the by-products from S. nigrum 

fruit. 

a All data are presented as mean value ± standard 

deviation (n=3); b Not detected. 

The complementary macro minerals in the 

seedcakes were Mg and Ca, while the content of Na 

was very low. The distribution of the same macro 

minerals was completely different in the peels; Na 

was the second-most abundant mineral, followed by 

Ca, both considerably exceeding the respective 

concentrations found in the seedcakes. The contents 

of the identified micro minerals in the two fruit 

structural elements were comparable, with the 

exception of Fe, found at about 1.5-time higher level 

in the peels. The heavy metals, Pb, Cd and Cr, were 

practically not detected in the samples. The 

differences in the mineral composition of the 

seedcakes and the peels could be explained with the 

different nature of the metabolic biochemical 

processes during fruit maturation [21, 22]. Our 

results differed to some extent from previous reports, 

which identified Mg as the predominant mineral in 

the dried seeds of black nightshade fruits of different 

origin, followed by K, but agreed very well with the 

established values; Mg, 201.3 mg/100 g [20], 182.3 

mg/100 g [5], 426 mg/100 g [39]. The high mineral 

concentrations in the analyzed fruit structures, as 

well as the presence of important dietary micro 

elements, such as Cu, Zn and Mn, support the 

nutritive value of the regarded by-products and the 

viability of seeking alternatives for their 

incorporation in different food and feed products.  

CONCLUSIONS 

The study provides new data from the 

determination of basic macro and micronutrients in 

two structural elements of black nightshade (S. 

nigrum) fruit, the seeds and the peels – glyceride oil 

and the profile of saturated and unsaturated fatty 

acids, sterols and tocopherols in the oil; 

carbohydrates and minerals. The results from the 

study contribute to a more complex appreciation of 

the nutritional potential of black nightshade fruits 

available in Bulgaria and the prospects for their 

processing into value-added products.  
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High-oleic sunflower oil is characterized by high stability, and hence high quality. The aim of the present work is to 

determine the chemical composition of the lipid fraction (fatty acids, unsaponifiable matter, tocopherols and sterols) and 

some physicochemical parameters (density, surface tension, dynamic and kinematic viscosity) of high-oleic sunflower 

oil. The main fatty acids in the investigated oil were: oleic (77.9%), linoleic (11.5%), palmitic (5.0%), and stearic (3.3%). 

ß-Sitosterol (79.7%) and α-tocopherol (100%) were the major components in the sterol and tocopherol fractions of the 

oil. The variation of the physicochemical parameters was followed at seven temperatures (20, 30, 40, 50, 60, 70, and 80 

°C). With an increase in temperature, all parameters decreased and a good linear dependence was observed – density 

(from 0.868 g/ml to 0.847 g/ml), surface tension (from 29.775 mN/m to 12.461 mN/m), dynamic viscosity (from 44.401 

mPa/s to 40.067 mPa/s), and kinematic viscosity (from 51.148 mm2/s to 47.268 mm2/s). The present results are a basis 

for future research on the incorporation of high-oleic sunflower oil into food products with improved functional 

characteristics. 

Keywords: high oleic sunflower oil, fatty acids, density, surface tension 

INTRODUCTION 

Sunflower oil is obtained by extraction or 

pressing of the sunflower seeds (Helianthus annuus 

L., family Asteraceae). It is an easily mobile liquid 

with a light yellow color and a specific taste and 

odor. The main fatty acids were found to be oleic 

(20-40%) and linoleic acid (46-70%). The oil is 

mainly used in the food industry and infrequently in 

cosmetics, medicine and technology [1].  

In recent years, through selection, new sunflower 

hybrids have been developed and the obtained oil is 

with a high content of oleic acid (60-80%) and low 

in linoleic acid (18-40%) [1-3]. This oil can be used 

in various food products [4-6] as well as for the 

production of biolubricants and biodiesel [4].  

In the case of vegetable oils, the determination of 

their physicochemical parameters, such as density, 

viscosity and surface tension, measured at different 

temperatures, are important both for their production 

and application [7, 8].  

Vegetable oils are usually used for frying and 

cooking of different food products. Elhefian et al. [9] 

established the physicochemical properties such as 

density,  viscosity  and  acid  value  of  four  edible 

vegetable oils, determined at room temperature 

before and after frying of potatoes, repeated five 

times.  

The chemical, thermal and viscous characteristics 

of high-oleic sunflower and olive oils were 

determined by García-Zapateiro et al. [2] using 

different acid-catalyzed synthesis and reaction 

times. Maximum viscosity values were obtained for 

oils prepared using the sulfuric acid-catalyzed 

method. The temperature dependence of viscosity 

for all studied high-oleic oils was significantly 

stronger than for the original oils. 

Vegetable oils are promising alternatives to 

mineral-based lubricants. High-oleic sunflower oil 

was used to develop new environmentally friendly 

lubricant formulations. It was blended with 

polymeric additives, such as ethylene vinyl acetate 

and styrene-butadiene-styrene copolymers at 

different concentrations (0.5-5% w/w). Dynamic 

viscosity and density measurements were 

performed. The viscosity of high-oleic sunflower oil 

increased with an increase in polymer concentration 

[10]. 

Some vegetable  oils  such   as   soybean,   olive, 
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castor, sunflower and coconut oil were investigated 

and it was established that the compounds present in 

them stimulated biosurfactant production. The 

results showed a decrease in surface tension of the 

culture medium without oil from 64.54 mN/m to 

29.57 mN/m, with a critical micelle dilution CMD(-

1) and CMD(-2) from 41.77 mN/m and 68.92 mN/m,

respectively. Sunflower oil (with 60% content of

linoleic acid) gave the best results (29.75 mN/m)

with a CMD(-1) and CMD(-2) of 36.69 mN/m and

51.41 mN/m, respectively. The addition of linoleic

acid decreased the surface tension from 53.70 mN/m

to 28.39 mN/m, with a CMD(-1) of 29.72 mN/m and

CMD(-2) of 37.97 mN/m, which suggested that the

linoleic acid is responsible for the increase in

biosurfactant production [11].

Density, surface tension and viscosity of five 

vegetable oils were also experimentally measured. 

The measurements were performed from 23 ± 1 °C 

to their respective smoke point at intervals of 20 °C. 

The density and surface tension linearly decreased 

with the increasing of temperature, whereas the 

viscosity decreased exponentially. It was reported 

that the type of oil influenced the density and 

viscosity, but did not affect the surface tension [8]. 

The aim of this study is to determine the lipid 

composition of sunflower oil with a high content of 

oleic acid and to monitor the changes in some 

physicochemical parameters at different 

temperatures. 

MATERIALS AND METHODS 

Sunflower oil was purchased from the 

commercial network of the city Plovdiv, in 2023. 

Lipid composition of the oil was determined by 

the following analysis: 

Composition of fatty acids: Gas chromatography 

(GC) was used for determination of the fatty acid 

composition of the oil. Briefly, the vegetable oil was 

pre-esterified with methanol in the presence of 

sulfuric acid in order to obtain fatty acid methyl 

esters (FAMEs) [12]. Determination of FAMEs was 

carried out on Agilent 8860 gas chromatograph 

(Santa Clara, CA 95051, US) equipped with a 

capillary column Supelco (SPTM – 2380, Fused Silica 

(Bellefonte, PA, USA), 30 m × 0.25 mm × 0.25 μm 

(film thickness)) and a flame ionization detector 

(FID). For the identification of the FAMEs a 

standard mixture Supelco, USA (FAME mix 37 

components, Supelco, Bellefonte, PA USA) was 

used. 

Content of sterols: unsaponifiables were 

determined according to ISO standard [13]. The 

sterols were isolated from the unsaponifiable matter 

by thin-layer chromatography (TLC) [14] and their 

total content was determined spectrophotometrically 

at a wavelength of 597 nm. Individual sterol 

composition was determined on a HP 5890 gas 

chromatograph (Santa Clara, CA 95051, US) 

equipped with DB–5 capillary column (25 m × 0.25 

mm) (Santa Clara, CA 95051, US) and FID.

Identification was performed by comparing the

retention times with those of a standard sterols

mixture (Acros Organics, New Jersey, USA) [15].

Content of tocopherols: individual tocopherols 

were determined by high performance liquid 

chromatography (HPLC) on a Merck-Hitachi 

(Merck, Darmstadt, Germany) instrument. The 

column was Nucleosil Si 50-5 (250 mm × 4 mm). 

Fluorescence detection was used (excitement at 290 

nm and emission at 330 nm). The mobile phase used 

was n-hexane:dioxane, 96:4 (v/v) and the flow rate 

was set at 1 ml/min [16]. 

The physicochemical parameters of the oil were 

determined at seven temperatures (20, 30, 40, 50, 60, 

70, and 80 °C). Their selection was according to a 

diversity of technological regimes in which it’s 

included in various food products. 

The investigated parameters were as follows: 

Surface tension [17] by equation (1):  

)(
2

0  hH
rg

 ,          (1) 

where r – radius of the capillary, m; g = 9.8 m/s2

– the acceleration of gravity; ΔH – the maximum

difference in the two gauges of the gauge, m; h –

liquid level, m; ρ
0
, ρ – the density of the water and

the oil, g/ml. 

Dynamic viscosity, by equation (2): 

 
v

grbl

2)(
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2 



 (vertical fall down),  (2) 

where g – acceleration of gravity, m/s2; 𝜌𝑙 –

density of the liquid, kg/m3; 𝜌𝑏 – density of the ball,

g/ml; 𝑟 – radius of the ball, mm; 𝑣 – speed with 

uniform movement determined by the road per unit 

time. 

Kinematic viscosity, by equation (3): 




  ,  (3) 

where  η – dynamic viscosity, Pa.s; ρ – density, 

g/ml.  

Density, by equation (4): 

V

mm 
 1  ,          (4) 

where ρ – density of the oil, g/ml; m – mass of the 

pycnometer, g; m1 – mass of the pycnometer with 

liquid, g; V – volume, ml. 

All measurements were performed in triplicate 

and the results were presented as the mean value of 
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the individual measurements with the corresponding 

standard deviation (SD), using Microsoft Excel. 

RESULTS AND DISCUSSION 

Data about fatty acid composition of the studied 

oil is presented in Table 1.  

Table 1. Fatty acid composition of high-oleic 

sunflower oil. 

Fatty acids Сontent, % 

Capric С10:0 0.2 ± 0.0 

Lauric С12:0 0.1 ± 0.0 

Myristic С14:0 0.1 ± 0.0 

Palmitic С16:0 5.0 ± 0.01 

Palmitoleic С16:1 0.2 ± 0.0 

Stearic С18:0 3.3 ± 0.01 

Oleic С18:1 (n-9) 77.9 ± 0.60 

Linoleic С18:2 (n-6) 11.5 ± 0.09 

-Linolenic С18:3 (n-3) 0.1 ± 0.0 

Arachidic С20:0 0.3 ± 0.0 

Eicosenoic С20:1 0.2 ± 0.0 

Behenic С22:0 0.8 ± 0.0 

Lignoceric С24:0 0.3 ± 0.0 

Saturated fatty acids 10.1 

Unsaturated fatty acids 89.9 

    Monounsaturated fatty acids 78.3 

    Polyunsaturated fatty acids 11.6 

The main fatty acids among all thirteen identified 

(100% of total composition) were found to be: oleic 

(77.9%), linoleic (11.5%), palmitic (5.0%), and 

stearic acid (3.3%). The results about the lipid 

composition were similar to the data published in the 

literature. The comparative analysis showed that 

there is variation in the amounts of some fatty acids 

– the content of oleic acid is lower than the data of

García-Zapateiro et al. (81.50%) [2] and Roman et

al. (82.33%) [3], for linoleic acid it is higher than

reported by García-Zapateiro et al. (6.85%) [2] and

Roman et al. (8.79%) [3], and for palmitic acid it is

higher than the results of Roman et al. (3.59%) [3].

The differences can be explained by the different

origin of the plants, which is a common tendency

found for comparisons between other oils [1].

The contents of saturated, unsaturated, mono- 

and polyunsaturated fatty acids are given in Table 1. 
Sunflower oil was abundant in unsaturated fatty 

acids which are almost 90% of the fatty acid profile 

of the examined vegetable oil. Among them, 

monounsaturated fatty acids (78.3% of the fatty acid 

composition) represent about 87.1% of the content 

of unsaturated acids, while the amount of 

polyunsaturated ones was substantially low. The 

results are in agreement with those reported by 

Roman et al. [3] where the content of 

monounsaturated fatty acids of high oleic sunflower 

oil is 82.41%, while the levels of polyunsaturated 

ones are 8.86%. 

Data about the content of the main biologically 

active components in the investigated oil is given in 

Table 2. 

Тable 2. Content of unsaponifiable matter, sterols, and 

tocopherols in high-oleic sunflower oil. 

Biologically active components Сontent 

Unsaponifiable matter, 

% of the oil 

1.7 ± 0.01 

Tocopherols,  

mg/kg in the oil 

219 ± 2.00 

α–Tocopherol,  

% from total tocopherols 

100 ± 0.0 

Sterols, % of the oil 0.6 ± 0.0 

Sterol composition, % of the sterol fraction 

Cholesterol 0.7 ± 0.0 

Brassicasterol 3.4 ± 0.03 

Campesterol 0.9 ± 0.0 

Stigmasterol 11.1 ± 0.10 

Δ7-Campesterol 4.2 ± 0.04 

β-Sitosterol 79.7 ± 0.70 

Unsaponifiable matter of the oil mainly consists 

of different compounds as terpenic (sterols, 

tocopherols, tocotrienols, carotenoids, etc.) and 

aliphatic (fatty alcohols, saturated and unsaturated 

hydrocarbons) [18]. The content of unsaponifiable 

matter in the oil is close to that published in the 

literature for sunflower (1.5%), but it is lower than 

that for rapeseed (2.0%), maize (2.8%), and 

grapeseed oil (2.0%) [19].  

The major part of the unsaponifiable matter in the 

oil consists of sterols [8]. β-Sitosterol was the main 

component in the sterol composition of the studied 

oil (79.7%) followed by stigmasterol (11.1%), Δ7-

сampesterol (4.2%), and brassicasterol (3.4%), 

while the rest of the identified sterols was below 1%. 

In the tocopherol fraction α-tocopherol 

predominates, which is in agreement with data for 

sunflower oil [1–3]. 

The physicochemical parameters of high-oleic 

sunflower oil – density, surface tension, dynamic 

and kinematic viscosity were experimentally 

determined. All measurements were performed in 

the temperature range between 20 and 80°C.  

Surface tension of the high-oleic sunflower oil 

was measured by the maximum bubble pressure 

method. The values of the surface tension were 

between 29.775 ± 0.103 mN/m and 12.461 ± 0.126 

mN/m at different temperatures. In earlier studies 
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there were no experimentally determined results for 

the surface tension of high-oleic sunflower oil. 

According to the authors of [11] the addition of 

linoleic acid to the oil lowers the surface tension 

from 53.70 mN/m to 28.39 mN/m at room 

temperature (25°C). Good linear dependence was 

observed between surface tension and temperature 

according to the authors of [20]. Temperature 

dependence of surface tension was also observed in 

the investigated range of this work. With an increase 

in the temperature, the surface tension decreased. 

The results are presented in Fig. 1. After regression 

analysis, the linear equation was obtained (y = 

33.778 – 0.283*x). High correlation coefficient R2 = 

0.964 indicates a good dependence between the two 

parameters. 

Fig. 1. Dependence between surface tension and 

temperature. 

Experimental density was determined. Similarly 

to the data in the literature, a good correlation 

between temperature and density was observed over 

the same temperature range. The results are 

presented in Table 3. The data show that with an 

increase in temperature the density decreases, 

established by other authors [20, 21] as well.  

Dynamic viscosity was determined after 

performing the experiment in a temperature range 

between 20 to 80 °C. The results are presented in 

Table 3. The viscosity decreases with the increase in 

temperature. The observed values are between 

44.401 mPa.s at 20 °C and 40.067 mPa.s at 80 °C. 

According to other researches, the viscosity of pure 

sunflower oil is 39.55 mPa.s [9] and this value is 

comparable to the results obtained in the present 

study. 

According to equation (3) there is a correlation 

between dynamic and kinematic viscosity. The 

kinematic viscosity is obtained by calculating while 

the dynamic viscosity is divided by the density 

(Table 3). The kinematic viscosity has values 

between 51.148 mm2/s and 47.268 mm2/s. The 

values obtained in this study do not differ from those 

published by Jamil et al. [22] who investigated pure 

sunflower oil and found the dynamic viscosity to be 

45.38 mPa.s and the kinematic viscosity – 49.56 

mm2/s. 

Table 3. Density, dynamiac and kinematic viscosity 

of high-oleic sunflower oil. 

Temperature, 

˚C 

Density, 

g/ml 

Dynamic 

viscosity, 

mPa.s 

Kinematic 

viscosity, 

mm2/s

20 
0.868 ± 

0.004 

44.401 ± 

0.221 

51.148 ± 

0.156 

30 
0.864 ± 

0.001 

43.682 ± 

0.162 

50.519 ± 

0.229 

40 
0.861 ± 

0.007 

42.963 ± 

0.135 

49.883 ± 

0.187 

50 
0.857 ± 

0.004 

42.241 ± 

0.094 

49.240 ± 

0.135 

60 
0.854 ± 

0.005 

41.518 ± 

0.108 

48.592 ± 

0.242 

70 
0.851 ± 

0.001 

40.449 ± 

0.184 

47.527 ± 

0.117 

80 
0.847 ± 

0.007 

40.067 ± 

0.137 

47.268 ± 

0.148 

CONCLUSION 

The main fatty acids of the high-oleic sunflower 

oil were oleic, linoleic, palmitic, and stearic acid. β-

Sitosterol and α-tocopherol were the major lipid – 

soluble biologically active components in the whole 

lipid fraction. For the first time some 

physicochemical parameters of investigated oil were 

calculated at seven different temperatures (20, 30, 

40, 50, 60, 70, and 80 °C). The obtained values for 

the composition of the lipid fraction and 

physicochemical parameters are important for future 

research on the incorporation of high-oleic 

sunflower oil into different food products.   
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Bulgaria is a country with agricultural traditions in terms of growing and producing tobacco. Looking for alternative 

uses of tobacco and trends towards ecological production of major agrarian crops from 2016, the production of tobacco 

under organic farming conditions has begun in Bulgaria. Oriental tobacco seeds from subgroup Basmi, variety 

Krumovgrad 58, grown in a certified bio-field in Bulgaria were collected, ground, and analyzed. The chemical 

composition and lipid biological active components of the organic tobacco seeds from two consecutive years (2020 – 

2021) were studied and compared to conventionally grown tobacco seeds from the same variety. The oil content and 

biologically active compounds in seeds were examined. The lipid content of bio seeds was 41.7 and 38.4%, respectively. 

The main components in the triacylglycerol fraction were palmitic (11.20 – 14.20%), oleic (14.40 – 17.70%), and linoleic 

acids (64.40 – 68.20%). The iodine value of the studied tobacco oils was of the same order 134 – 138 g I2/100 g. Tobacco 

seed oils are rich in linoleic acid and have beneficial properties for industrial and plant protection purposes. The ratio 

between unsaturated and saturated fatty acids in tobacco seed oil was 84.0:16.0 and 83.5: 16.5, respectively. The total 

tocopherol content was between 317 – 325 and 291 – 307 mg/kg in the first and second year, respectively, γ- and α-

tocopherol predominating in the tocopherol fraction. The oxidative stability was about 10 – 13 hours. β-Sitosterol 

predominated in the sterol fraction and phosphatidylinositol was the main isolated phospholipid.  

Keywords: organically grown tobacco, tobacco seed oil, lipid composition 

INTRODUCTION 

Bulgaria is a country with agricultural traditions 

in terms of growing and producing tobacco. Mainly, 

oriental varieties of tobacco are grown, with the aim 

of putting them into tobacco products for smoking. 

Looking for alternative uses of tobacco and trends 

towards ecological production of major agrarian 

crops from 2016, the production of tobacco under 

organic farming conditions began in Bulgaria. The 

Institute of Tobacco and Tobacco Products in the 

village of Markovo developed a „Technology for 

organic tobacco production“ and certified a biofield 

at its Experimental Tobacco Station in the town of 

Gotse Delchev [1]. Organic tobacco is a new 

industrial plant product that is processed and grown 

in special certified biofields, without the use of 

conventional plant protection products [2]. Organic 

farming does not allow or completely exclude the 

use of synthetic fertilizers, pesticides, and growth 

regulators. The soil is maintained by using plant 

residues, manure, green manure, and biological plant 

protection is used to control pests [3]. 

In the tobacco production process, seeds are 

known as agricultural waste. The seeds of the 

tobacco plant are very small, but they come in an 

extremely large quantity per plant. They can be 

preserved for a long time if they are stored in dry 

conditions [4]. By processing tobacco seeds, two 

possibly valuable products can be produced: the oil 

and the cake. Tobacco cultivars give a good yield of 

oil, ranging up to 40% of the total seed mass, and the 

remaining part consists of crude fiber, protein, 

starch, and inorganic material [5]. Oil is free of 

nicotine, has a low proportion of saturated fatty 

acids, and contains health-beneficial compounds 

such as tocopherols and sterols. The main fatty acids 

found in the tobacco oil are oleic and linoleic acids. 

The dominant compounds in the sterol fraction in the 

oriental tobacco seeds that have been reported before 

were β-sitosterol, stigmasterol, and campesterol [6]. 

Tobacco oil from seeds of oriental varieties of 

tobacco from the region of Bulgaria has been 

studied, but there are no studies on the lipid 

composition of seeds grown under organic farming 

conditions from this region. 

* To whom all correspondence should be sent:  
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The aim of the study is to investigate if there are 

differences in the lipid composition between oil 

obtained from organically grown tobacco seeds the 

variety Krumovgrad 58, Bulgaria and oil obtained 

from conventional growing tobacco seeds of the 

same variety. 

MATERIALS AND METHODS 

Tobacco seeds from oriental tobacco, variety 

Krumovgrad 58 were used – ones grown in a special 

certified biofield in Goce Delchev (Institute of 

Tobacco and Tobacco Products) (bio) and 

conventionally grown tobacco (con) on a field in 

Kozarsko (Institute of Tobacco and Tobacco 

Products). All analyses were performed with seeds 

from two subsequent years of harvest – 2020 and 

2021. The results were expressed as mean values of 

the two years of harvest with standard deviation. 

The tobacco oil was obtained from 25 grams of 

ground seeds extracted with n-hexane (300 mL) 

using a Soxhlet extractor for 8 h at 70°C. The solvent 

was removed, using a rotary evaporator, at 60°C. 

The oil sample was weighed, closed under a nitrogen 

stream, and stored in a refrigerator until further 

analysis [7]. 

To determine the fatty acids of triacylglycerol`s, 

preesterification with methanol in the presence of 

sulfuric acid was done [8, 9]. The obtained fatty acid 

methyl esters (FAMEs) were identified on an 

Agilent 8860 gas chromatograph equipped with a 

capillary DB Fast FAME column, (30 m × 0.25 mm 

× 0.25 μm (film thickness)) and a flame ionization 

detector (FID). The injector and detector 

temperatures were set at 270°C and 300°C; nitrogen 

was the carrier gas. The column temperature was 

from 70°C (1 min), at 6°C/min to 180°C, and at 

5°C/min to 250°C, and the split ratio was 50:1. A 

standard Supelco, USA, mixture (FAME mix 37 

components, Supelco, USA) was used for the 

identification of FAMEs. 

The unsaponifiable fractions were determined 

according to the ISO 18609 standard [10]. Sterols 

were isolated from the unsaponifiable matter by thin-

layer chromatography (TLC) [11] and their total 

content was determined spectrophoto-metrically at a 

wavelength of 597 nm. The individual sterol 

composition was determined on HP 5890 gas 

chromatograph equipped with DB 5 (25 m × 0.25 

mm × 0.25 μm (film thickness)) capillary column 

and FID. Temperature gradient was from 90°C (3 

min) up to 290°C at a rate of 15°C/min and then up 

to 310°C at a rate of 4°C/min (10 min); detector 

temperature: 320°C; injector temperature: 300°C 

and carrier gas was hydrogen. Identification was 

performed by comparing retention times with those 

of a standard mixture of sterols (Acros Organics, 

New Jersey, USA) [12]. 

Individual tocopherols were determined on a 

Merck-Hitachi (Merck, Darmstadt, Germany) high-

performance liquid chromatograph (HPLC) with 

fluorescence detection (excitation at 295 nm and 

emission at 330 nm) and Nucleosil Si 50-5 (250 mm 

× 4 mm) column. The mobile phase used was n-

hexane:dioxane, 96:4 (v/v) and the flow rate was set 

at 1 mL/min [13]. 

Phospholipids were isolated from the seeds 

according to Folch et al. [14] using extraction with a 

mixture of chloroform and methanol (2:1, v/v). Two-

dimensional TLC was used to determine the 

individual phospholipids [15]. Total phospholipid 

content was determined spectrophotometrically at 

700 nm after mineralization of the lipid fraction with 

a mixture of perchloric and sulfuric acid (1:1, v/v) 

[16]. 

Oxidative stability was determined by measuring 

the induction period using conductometric detection 

of volatile compounds. Rancimat apparatus 

Methrom 679 (Methrom, Switzerland) was used at 

100°C and air flow rate 20 L/h [17]. 

All measurements were performed in triplicate (n 

= 3) and the results were presented as mean value ± 

standard deviation (SD).  

 

RESULTS AND DISCUSSION 

Almost 50 % of the chemical content of the 

tobacco seed is reported as lipids. That is the reason 

tobacco seeds are rich in oil fraction. The main 

components of the oil fraction are fatty acids, sterols, 

phospholipids, and tocopherols, shown in Table 1. 

The data showed that there was a difference between 

the oils obtained from the two types of growing – 

40.1 % (bio) and 39.4 % (con). It makes an 

impression that the seeds from harvest 2021 had 

lower oil yield in both variants of agrarian conditions 

(Table 1). The yield of oil was close to the reported 

values for tobacco seeds from Pakistan (40.6 %), 

Iraq (22 – 45%), Italy (30 – 40%) and higher from 

those reported from Iran (13.7%) and Serbia (27.8 – 

31.3%) [18]. Zlatanov et al. [6] have examined 

Bulgarian oriental tobacco seeds and reported 

between 37.9 – 41.3 % yields of oil. The obtained 

result is typical for oriental tobacco. The yield of 

tobacco oil was good in comparison to other oils 

such as canola (37 – 41%), sunflower (25 – 47%) and 

safflower (38 – 48 %) [19]. 
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Table 1. Content of bioactive compounds in tobacco seed oil 
 

Compounds 
Tobacco seed 

Krumovgrad 58 (bio) Krumovgrad 58 (con) 

Year of harvest 2020 2021 AVE SD 2020 2021 AVE SD 

Oil in the seeds, % 41.7 38.4 40.1 2.3 42.3 36.5 39.4 4.2 

Unsaponifiable matter, % 2.9 1.9 2.4 0.8 2.7 2.8 2.8 0.1 

Sterols, % 0.8 1.2 1.0 0.3 0.8 1.2 1.0 0.2 

Tocopherols, mg/kg 325 291 308 24 317 307 312 37 

Phospholipids, % 1.5 1.7 1.6 0.3 1.6 1.8 1.7 0.4 

Table 2. Fatty acids composition of tobacco seed oil  

Fatty acids, % 
Tobacco seed 

Krumovgrad 58 (bio) Krumovgrad 58 (con) 

Year of harvest 2020 2021 AVE±SD 2020 2021 AVE±SD 

C14:0 Myristic 0.10 0.10 0.10±0.00 0.10 0.10 0.10±0.00 

C15:1 Pentadecanoic 0.10 N/D* 0.10±0.00 N/D 0.30 0.30±0.00 

C16:0 Palmitic 14.20 12.00 13.10±1.20 13.80 11.20 12.50±1.30 

C16:1 Palmitoleic 0.10 0.20 0.15±0.05 0.10 0.20 0.15±0.06 

C17:0 Margaric 0.10 0.20 0.15±0.03 0.20 0.30 0.25±0.04 

C17:1 Heptadecenoic 0.30 0.40 0.35±0.05 0.20 0.30 0.25±0.08 

C18:0 Stearic 2.30 2.10 2.20±0.10 2.90 3.70 3.30±0.40 

C18:1 Oleic 17.30 17.70 17.50±0.20 17.20 14.40 15.80±1.40 

C18:2 Linoleic 64.40 65.90 65.20±0.80 64.70 68.20 66.50±1.70 

C18:3 Linolenic 0.50 0.60 0.65±0.20 0.50 0.60 0.55±0.04 

C20:0 Arachidic 0.10 0.20 0.15±0.05 N/D 0.20 0.20±0.00 

C20:1 Gadoleic 0.20 0.10 0.15±0.04 0.10 0.10 0.10±0.00 

C22:0 Behenic 0.20 0.40 0.30±0.05 0.20 0.30 0.25±0.03 

C22:1 Erucic 0.10 0.10 0.10±0.00 N/D* 0.10 0.10±0.00 

SFA, % 17.00 15.00 16.00 17.20 15.80 16.50 

MUFA, % 18.10 18.50 18.30 17.60 15.40 16.50 

PUFA, % 64.90 66.50 65.70 65.20 68.80 67.00 

*SFA – saturated fatty acids; MUFA – monounsaturated fatty acids; PUFA – polyunsaturated fatty acids; N/D –not 

detected  

The amount of total sterols and tocopherols was 

higher than that reported by others in the ranges of 

1.0% sterols and 308 – 312 mg/kg tocopherols [20]. 

The content of phospholipids was found to be 1.6% 

and 1.7% in the first and second year of analysis, 

respectively. These values are similar to previous 

studies of tobacco seeds [20]. 

One of the main components in oils are fatty acids 

(FA). Fatty acids were identified and expressed as 

percentagea of total saturated fatty acids (SFA), 

monounsaturated fatty acids (MUFA) and 

polyunsaturated fatty acids (PUFA). The amount of 

PUFA was higher than the other FA – 65.70 % for 

Krumovgrad 58 (bio) seeds and 67.00 % for 

Krumovgrad 58 (con). The average values for SFA 

an MUFA in the oil of bio seeds was equal to 16.00 

– 18.30%, while in the conventional one SFA were 

16.50 % and MUFA – 16.50%. Individual FA 

content was determined, shown in Table 2. 

The main saturated fatty acid was palmitic 13.10 

% average (bio) and 12.50 % (con). In 2020 seeds 

had higher content of palmitic acid for the varieties. 

Stearic acid was the other saturated fatty acid that 

had higher content – 2.20 and 3.30% in Krumovgard 

58 (bio) and Krumovgard 58 (con) variety, 

respectively, during the two years of analysis. The 

palmitic acid in tobacco seed oil was half of that 

reported by Zlatanov et al. for Bulgarian tobacco 

varieties (16.40 – 27.70 %) [6]. The main fatty acid 

is linoleic acid which is polyunsaturated. Linoleic 

acid is essential in the diet, as it is incorporated into 

cell membranes and it is involved in the synthesis of 

compounds that are responsible for regulating blood 

pressure, as well as for inflammatory response. In 

addition, PUFAs are considered beneficial for health 
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due to their ability to reduce total cholesterol and 

body fat [19]. The content of linoleic acid was 64.40 

– 65.90% for Krumovgarad 58 (bio) and 64.70 – 

68.20% for conventional one. Oleic acid was 

reported as an acid with high content in tobacco seed 

oil. In the analyzed samples, that fatty acid was with 

medium value between 17.30 – 17.70% for the bio 

variety and 14.40 – 17.20% for the conventional 

tobacco seed oil. 

Lipids are usually complex mixtures containing 

minor components that may catalyze or inhibit 

oxidation and because primary oxidation products 

are labile, they are easily converted to secondary 

products. Oxidation of lipids is promoted by factors 

such as elevated temperature, presence of light or 

extraneous materials such as metals or other 

oxidation initiators [21]. The oxidative stability is an 

important parameter to evaluate the storage period of 

vegetable oils during which they keep their nutritive 

quality. It depends mainly on the fatty acid 

composition (content of unsaturated fatty acids) and 

the presence of tocopherols and phenolic compounds 

as substantial native antioxidants. The oxidative 

stability of tobacco seed oils, determined by the 

Rancimat test, was found to be very similar to that of 

sunflower oil – linoleic type, with induction period 

at 100°C of 12.6 h and 10.1 h, for Krumovgrad 58 

(bio) and Krumovgrad 58 (con), respectively. The 

higher oxidative stability of Krumovgrad 58 bio is a 

result of the lower content of linoleic acid (Table 2). 

Antioxidants prevent lipid oxidation and they 

occur either naturally in the lipid mixture, such as 

vitamin E (tocopherols and tocotrienols, four species 

of each exist, α, β, γ, δ) or they are deliberately added 

synthetic compounds. There is growing interest in 

the natural forms of vitamin E because they are 

promising compounds for maintaining a healthy 

cardiovascular system and blood cholesterol level 

[22]. The natural sources of tocopherols are cereal 

and seeds rich in lipids [23, 24]. Tocopherol content 

in samples from tobacco seed oil grown under 

organic production conditions was 308±24 mg/kg, 

while in conventionally grown tobacco seeds 

312±37 mg/kg as mean value of two years of harvest 

(Table 1). The oil from tobacco seeds Krumovgrad 

58 (bio) had higher content of total tocopherols – 325 

mg/kg for harvest 2020, according to results 

obtained from conventionally grown tobacco seeds 

– 317 mg/kg for harvest 2020. Krumovgrad 58 

tobacco seeds showed higher total tocopherol 

content compared to the data reported in the 

literature, regardless of the cultivation method. The 

individual tocopherol content was determined for the 

two ways of cultivation. α- Tocopherol and β-

tocopherol were not determined. γ- Tocopherol was 

found in the oil in the range of 27.3 – 48.5% of the 

total tocopherol content and δ-tocopherol 

predominated between 51.5 – 72.7%. Krumovgrad 

58 (bio) tobacco seeds oil had lower levels of γ-

tocopherol than conventionally grown variety for the 

two years of harvest (Figure 1). Amounts of 

tocopherols in tobacco seed oil have been reported 

between 2 – 195 mg/kg [6]. Maryland tobacco seeds 

were reported to contain α- and γ- tocopherol with a 

total value between 70.636 – 217.730 μmol/kg. The 

results of the study are typical for Nicotiana spp. 

from Bulgarian region reported by Popova et al. but 

in the present study δ-tocopherol predominated [18, 

25]. The levels of tocopherols in the different plant 

oils varied over a wide range – 11 and 3468 mg/kg. 

The total tocopherol content from tobacco seed 

Krumovgrad 58 (bio) oil was close to those reported 

for celery oil 126.8 mg/kg, poppy oil – 123.5 mg/kg 

and red palm oil – 121.6 mg/kg. 

Sterols are an important group of components 

contained in the unsaponifiable fraction of a 

vegetable oil. The most common plant sterols or 

phytosterols are: β-sitosterol, Δ7-campesterol, Δ7-

stigmasterol and Δ5-brassicasterol [26]. The total 

sterol content in samples of tobacco seed oil from 

variety Krumovgrad 58 (bio) and (con) was near 1 % 

from the total lipid content. It can be compared to the 

sterol content in other oriental tobacco seeds 

varieties grown in Bulgaria, where the results 

showed the presence of sterols between 0.4 – 0.8% 

[6]. Sterols identified in high quantity in tobacco 

seed oils were β-sitosterol, campesterol, stigmasterol 

and cholesterol (Figure 2). 

Figure 2 presents the levels of identified sterols 

in tobacco seed oil from conventionally and 

organically grown tobacco seeds from variety 

Krumovgrad 58 in two years of harvest as mean 

value in percentage. Harvest 2021 showed lower 

content of identified sterols for the two varieties and 

even some of them were not detected at all. 

β-Sitosrerol (63.1 – 64.2%) was the main sterol 

in the tobacco seed oil with no significant difference 

between years of harvest and no matter the way of 

cultivation. It is near to the reported content of β-

sitosrerol in tomato seed oil – 53 - 58% [27]. 
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Fig. 1. Individual tocopherol content in tobacco seed oil from conventionally and organic production of tobacco seeds 

in two years of harvest 

 
Fig. 2. Sterol content in tobacco seeds oil in two year of harvest and as mean value of the two years 

Campesterol was determined as a mean value for 

the two years of harvest in tobacco seeds oil from 

Krumovgrad 58 (bio) – 18.6%, while in tobacco seed 

oil from Krumovgrad 58 (con) it was by 1 % higher. 

Stigmasterol and cholesterol were with close values 

– 8.3 % (bio) and 7.5% (con) for stigmasterol and 

7.1% (bio) and 6.9% (con) for cholesterol, 

respectively. Stigmasterol was present with a higher 

value (7.5 – 8.3%) in a comparison to other edible 

vegetable oils (1.8% in blackberry seed oil; 0.3% in 

blueberry seed oil; 1.3% in cranberry seed oil, 1.2% 

in red raspberry seed oil; 2.3% in strawberry seed oil 

and 2.4% in kiwi seed oil) [28]. The sterol content in 

tobacco seeds oil of the examined variety is 

comparable to grape seed oil reported by Garavaglia 

et al. [29]. 

The other part of the lipid content in the tobacco 

seeds are phospholipids. Due to their wide 

occurrence in foods and their pro- and antioxidant 

effects, phospholipids have the potential as 

multifunctional additives in food, pharmaceutical 

and industrial applications [30]. They are a large 

group of lipid compounds reported in tobacco seeds 

oil between 0.2 – 1.7% [24, 31]. The oil from 

tobacco seeds in the current research had 1.5 – 1.8% 

of phospholipids. The individual phospholipid 

content in tobacco seed oil from the conventionally 

and organically grown tobacco is presented in Fig. 3.  

There were no differences in the identified 

phospholipids. The content of phosphatidylinositol 

(PI) was the highest – 43.0% (bio) and 41.7 % (con), 

followed by phosphatidylcholin (PC) – 27.3% (bio) 

and 29.9% (con) and phosphatidic acids – 10.1% 

(bio) and 8.6% (con). The levels of 

phosphatidyletanolamine, phosphatidylserine and 

other phospholipids were equal (from 1.0% to 

2.5%). 

CONCLUSION 

The present study determines the seeds of the 

investigated tobacco variety Krumovgrad 58, grown 

in Bulgaria, as a potential source of glyceride oil rich 

in biologically active components. Тhe chemical 

composition of seeds from organically grown 

tobacco plants from Krumovgrad 58 (bio) was 

examined and compared with the seeds from the 

same conventionally grown variety. The oil from 

organically grown tobacco seeds had a higher yield 

of oil and better oxidative stability than the 

conventionally grown tobacco seeds. The tobacco 

seeds are favorable for the production of vegetable 

oil whose oxidative stability is similar to that of 

sunflower oil – linoleic type. There was a higher 

tocopherol content in the tobacco seed oil from 

Krumovgrad 58 (bio).  

The information about biologically active 

substances such as polyunsaturated fatty acids, 

tocopherols and phospholipids may be useful for 

determination of the nutritional value of this oil. The 

tobacco seed oil is a valuable source of healthy 

glyceride oil for human consumption and can be 

used in food and cosmetic industry in the future. 
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Fig. 3. Individual phospholipid content in tobacco seed oil from conventional and organic production in the two 

years of analysis. 

*PC – Phosphatidylcholine; PI – Phosphatidylinositol; PEA – Phosphatidylethanolamine; PA – Phosphatidic acids; 

LPC – Lysophosphatidylcholine; LPEA – Lysophosphatidylethanolamine; SM – Sphingomyelin; PS – Phosphatidylserine.  
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The seeds of two varieties of quinoa (Chenopodium quinoa L.), white and black, were analysed for their chemical 

composition and a detailed study of their lipids was carried out as well. The chemical composition of the seeds was as 

follows: protein content - 15.7% and 14.5%, lipids - 5.9% and 6.6%, carbohydrates - 65.6% and 64.6%, starch - 40.2% 

for both varieties, water soluble sugars - 7.2% and 5.5%, and minerals - 2.4% and 2.3%, respectively. The oil content was 

about 6.0%, but high amounts of biologically active compounds in the seed oils of black quinoa were noted (tocopherols 

- 1102 mg/kg, phospholipids - 7.6% and sterols - 3.4%), while in the seed oils of white quinoa tocopherols were 365

mg/kg, phospholipids - 11.9% and sterols - 2.1%. Linoleic and oleic acids dominated in both oils, followed by palmitic

and linolenic acid. Unsaturated fatty acids predominated in the lipid fraction where the content of polyunsaturated fatty

acids was 53.1% (white quinoa) and 49.4% (black quinoa), followed by monounsaturated fatty acids - 30.7% and 33.5%,

respectively. In the tocopherol fraction of the oils the main component was - tocopherol, followed by α- tocopherol. The

main component of the sterol fraction was - sitosterol (80.1% and 75.7%). Phospholipids in the seeds of the two varieties

of quinoa had similar composition. Despite some differences in the chemical and lipid composition, these quinoa seeds

were established to be a valuable source of proteins, carbohydrates and healthy lipid-soluble bioactive components for

human nutrition.

Keywords: white and black quinoa (Chenopodium quinoa L.), bioactive components, proteins, lipids 

INTRODUCTION 

Quinoa (Chenopodium quinoa Willd., genus 

Chenopodium, Chenopodiaceae family) is widely 

distributed worldwide, with around 200 - 250 

varieties. Quinoa is a typical crop for Andean and 

can be found on the territories of Colombia, Ecuador, 

Peru, Bolivia, Argentina and Chile [1] but high 

yields are seen in East Asia, Europe, Africa, and 

America. Nowadays, the food industry needs new 

gluten-free products which are beneficial for the 

normal metabolic processes in the human body and 

satisfy the psycho-physical well-being [2]. The 

grains of amaranth, quinoa and buckwheat 

pseudocereals are free of gluten and have excellent 

nutritional properties [3]. Quinoa seeds have a good 

nutritional value and they can be used in baking, as 

well as for replacing rice in main courses [4].  

The interest in quinoa is sparked mainly by the 

nutritional composition. The grains are rich in 

macronutrients (protein and carbohydrates), 

biologically active compounds including dietary 

fibres, minerals, amino acids, phenolics, 

phytosterols and vitamins (ascorbic acid, thiamin, 

riboflavin) [5-9]. Quinoa is rich in polyphenolic 

compounds (mainly vanillic acid,  ferulic  acid  and 

their derivatives, as well as main flavonoids 

quercetin, kaempferol and their glycosides) which 

are good antioxidants. Some of them have anti – 

inflammatory properties and can reduce the risk of 

chronic diseases [10-13]. The quinoa seeds can be 

coloured in white, black and red [7] as the 

antioxidant activity and phenolic profiles depend by 

the color. The darker quinoa seeds (black quinoa) are 

rich of phenolic compounds and have better 

antioxidant activity than the white ones. 

Quinoa has different composition depending by 

the variety of the plant. Lipid content can vary 

(5.94% - 10.71%) [1]. The quantity of protein is 

determined to be 14.2% and starch content – 47.22% 

- 59.72% [14]. Quinoa can be consumed as a

functional food, both seeds and oil. The oil is rich of

unsaturated fatty acids and they are most important

for the nutritional value of the quinoa seed oil. The

content of oleic acid is 33% [15]. Tocopherols are

biologically active components with good protection

against oxidative damage. α-Tocopherol is the major

component of quinoa seed oil as the total content of

tocopherol is reported to be 37.88 - 77.73 mg kg-1

[16].

The color of quinoa is variable. White and black 

seeds are most commonly consumed but a detailed  
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comparative study of these two varieties of quinoa 

seeds is not available. The aim of this research is to 

examine the chemical and lipid composition, as well 

as biologically active composition of both white and 

black quinoa seeds and oils.  

EXPERIMENTAL 

All analyses were carried out with quinoa seeds 

purchased from the local market with country of 

origin Peru. 

Proximate composition analysis 

The glyceride oil was isolated from the seeds 

with n-hexane by Soxhlet extraction [17]. The 

contents of proteins, ash and moisture were analysed 

according to AOAC [18] and that of carbohydrates 

was calculated using a formula [9].  

Determination of fatty acid composition 

Gas chromatography was used for determination 

of fatty acid composition [19]. Transesterification of 

the oil with sulfuric acid in methanol was the way to 

obtain the fatty acid methyl esters (FAMEs) [20]. 

Determination was performed on Agilent 8860 gas 

chromatograph. The equipment was with a capillary 

column DB Fast FAME (30 m x 0.25 mm × 0.25 μm 

(film thickness)) and a flame ionization detector 

(FID). The column temperature was from 70 °C (1 

min), at 6 °C/min to 180 °C, and at 5 °C/min to 250 

°C; the injector temperature was 270 °C and that of 

detector - 300 °C; nitrogen was the carrier gas. 

Identification was done by comparison with the 

retention times of a standard mixture of FAME. 

Analysis of sterols 

The unsaponifiable matter was extracted with n-

hexane after saponification of glyceride oil [21]. 

Sterols were isolated from the unsaponifiable 

fraction by thin-layer chromatography (TLC) [22], 

after that they were determined spectro-

photometrically at 597 nm. The composition of 

sterols was analysed on a HP 5890 gas 

chromatograph equipped with DB 5 capillary 

column (25 m × 0.25 mm × 0.25 μm (film thickness)) 

and FID. Temperature gradient was from 90 °C (3 

min) up to 290 °C at a rate of 15 °C/min and then up 

to 310 °C at a rate of 4 °C/min (10 min); detector 

temperature: 320 °C; injector temperature: 300 °C 

and carrier gas was hydrogen. Identification was 

confirmed by comparison with the retention times of 

a standard mixture of sterols [23].  

Analysis of tocopherols 

The composition of tocopherols was determined 

in the oil by high performance liquid 

chromatography with Nucleosil Si 50-5 column (250 

× 4 mm, particle size: 5 mm), fluorescence detection 

at 290 nm excitement and 330 nm emission. The 

operating conditions were mobile phase of 

hexane:dioxane = 96:4 (v/v) and flow rate of 1 

mL/min [24].  

Analysis of phospholipids 

Phospholipids were isolated from the seeds 

according to Folch et al. [25] using extraction with a 

mixture of chloroform and methanol (2:1, v/v). Two-

dimensional TLC was used to determine the 

individual phospholipids [26]. Identification was 

performed by comparing the Rf values with those of 

standards. The spots of phospholipids were scrapped 

and mineralized with a mixture of perchloric and 

sulfuric acid, 1:1 (v/v), and the quantification was 

performed spectrophotometrically at 700 nm [27]. 

The total content of phospholipids was calculated.  

Statistics 

All measurements were performed in triplicate (n 

= 3), the results were presented as mean value ± 

standard deviation (SD) and the significant 

differences were determined by one-way ANOVA 

(Duncan test, p < 0.05).  

RESULTS AND DISCUSSION 

The chemical composition of white quinoa (WQ) 

and black quinoa (BQ) seeds is presented in Table 1. 

Table 1. Chemical composition of white and black 

quinoa seeds 

Compounds, % 
Quinoa 

White Black 

Glyceride oil 5.90.4a 6.60.3a 

Protein 15.70.2a 14.50.1b 

Carbohydrates: 65.60.6a 64.60.4a 

- starch 40.20.3a 40.20.2a 

- water soluble

sugars 7.20.4a 5.50.3b 

Ash 2.40.1a 2.30.1a 

Moisture 10.40.2a 12.00.5b 
a,b - Different letters mean statistical difference 

(Duncan test, p < 0.05). 

The oil content differed among the both varieties 

of quinoa and it was in the range between 5.9% – 

6.6%. The results were close to those reported by 

Nowak et al. [28] and Chauhan et al. [29]. The 

amount of glyceride oil was higher for BQ. Shen et 

al. [30] reported the opposite results – the content of 

glyceride oil in WQ was found to be 6.19% and in 

BQ – 5.68%. The quinoa seeds are very good sources 

of proteins as the quantities are close between seeds 

of white and black quinoa. The protein content was 

between 14% – 16% which is in agreement with 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwi68qjT2YeEAxVnavEDHUuoDz4QFnoECBwQAQ&url=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-3-319-26811-8_5&usg=AOvVaw1cBLVyJZeueEqjsBMX1J5O&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwi68qjT2YeEAxVnavEDHUuoDz4QFnoECBwQAQ&url=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-3-319-26811-8_5&usg=AOvVaw1cBLVyJZeueEqjsBMX1J5O&opi=89978449
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Diaz-Valencia et al. [14], while Ando et al. [31], 

Marmouzi et al. [32], Nowak et al. [28] declared 

about 13.0%. The content of carbohydrates was 

found to be 65.6% (WQ) and 64.6% (BQ) as the 

amount of starch was equal in both analysed types. 

These results are lower than reported earlier by Diaz-

Valencia et al. [14] where the starch content was 

found to be 47.22% - 59.72%, but close to Ando et 

al. [31] and Marmouzi et al. [32] (63.7%). The 

quantity of water - soluble sugars was established to 

be 7.2% (WQ) and 5.5% (BQ). The ash content in 

the two analysed quinoa seeds was found to be 

similar (2.4%) as well as the moisture content 

(10.4% - WQ and 12.0% - BQ) which corresponds 

to the data by Przybylski et al. [33]. 

Fatty acid composition was one of the main 

parameters which were used for characterization of 

the oils in terms of their nutritional value. Fatty acid 

composition of white and black quinoa seed oil was 

established and the results are given in Table 2. 

Table 2. Fatty acid composition of quinoa seed oil. 

Fatty acids, % 
Quinoa 

White Black 

Lauric С 12:0 0.1±0.02 -* 

Myristic С 14:0 0.4±0.1a  0.2±0.05b 

Myristoleic С 14:1 0.1±0.01a 0.1±0.02a 

Pentadecanoic С 15:0 0.1±0.03a 0.1±0.02a 

Pentadecenoic С 15:1 0.2±0.05 - 

Palmitic С 16:0 14.6±0.2a 15.6±0.3b 

Palmitoleic С 16:1 0.3±0.1a 0.2±0.05a 

Margaric С 17:0 0.1±0.01a 0.1±0.02a 

Heptadecenoic С 17:1 0.1±0.01 - 

Stearic С 18:0 0.2±0.05a 0.9±0.1b 

Oleic С 18:1 28.5±0.5a 33.2±0.3b 

Linoleic С 18:2 47.5±0.4a 47.5±0.3a 

Linoleic 

(trans) 

С 18:2 

(trans) 
0.2±0.05 - 

Linolenic С 18:3 5.0±0.3a 1.9±0.2b 

Arachidic С 20:0 0.3±0.05a 0.2±0.03a 

Eicosadienoic С 20:2 0.3±0.02 - 

Eicosatrienoic С 20:3 0.1±0.01 - 

Behenic С 22:0 0.4±0.1 - 

Erucic С 22:1 1.5±0.3 - 

Saturated fatty acids 16.2 17.1 

Unsaturated fatty acids 83.8 82.9 

- Monounsaturated fatty

acids
30.7 33.5 

- Polyunsaturated fatty

acids
53.1 49.4 

* - Not identified; a,b - Different letters mean statistical

difference (Duncan test, p < 0.05). 

Predominating fatty acids in the oil of WQ and 

BQ were the unsaturated ones (UFAs). The major 

part of them was polyunsaturated fatty acids (PUFA) 

– 53.1% for the oil of WQ and 49.4% for BQ. Two

essential fatty acids, linoleic acid (C18:2) and oleic

(C18:1), were in the highest quantity in both 

analysed quinoa seed oils. The amount of linoleic 

acid was determined to be the same (47.5%) in WQ 

and BQ while the contents of oleic acid were 

different. The quantity of oleic acid (C18:1) in BQ 

was higher (33.2%) than that in the oil from white 

seeds (28.5%). The results regarding the content of 

linoleic acid are in agreement with these reported by 

Shen et al. [30] where the content in BQ was found 

to be higher than in the white one – 51.75% and 

43.74%, respectively, while our results regarding the 

content of linolenic acid (WQ –5.0% and BQ – 

1.9%) were significantly lower (WQ – 8.24% and 

BQ – 4.59%). The fraction of saturated fatty acids 

was presented by palmitic acid (C16:0) as follows – 

14.6% in WQ and 15.6% in BQ. The data are higher 

than those reported by Shen et al. [30] (13.16% and 

9.77%). The rest of the fatty acids were identified in 

minimal quantities. 

The biologically active compounds in quinoa 

seed oil were determined and the results are 

presented in Table 3. 

Table 3. Biologically active compounds in white and 

black quinoa seed oils 

Compounds, % 
Quinoa 

White Black 

Unsaponifiable matter, 

% 

- in the oil 7.3±0.3a 4.8±0.4b 

- in the seeds 0.4±0.0a 0.3±0.0b 

Sterols, % 

- in the oil 2.1±0.1a 3.4±0.2b 

- in the seeds 0.1±0.0a 0.2±0.0b 

Tocopherols, mg/kg 

- in the oil 365±17a 1102±21b 

- in the seeds 22±1a 73±1b 

Phospholipids, % 

- in the oil 11.9±0.5a 7.6±0.3b 

- in the seeds 0.7±0.0a 0.5±0.0b 
a,b - Different letters mean statistical difference 

(Duncan test, p < 0.05). 

The information about the content of 

unsaponifiable matter of quinoa seed oil was missing 

in the literature. Its amount in the oil from WQ was 

7.3% and in BQ – 4.8%, respectively. The results are 

higher than the reported in Codex Stan 19 [34] for 

other vegetable oils where the quantity of 

unsaponifiable matter is 1.0% (for peanut oil), 1.5% 

(soybean oil) and 2.0% (rapeseed oil). The sterols 

were the major part of the unsaponifiable matter. 

There was a difference between the contents of sterol 

in the oils of WQ (2.1%) and BQ (3.4%). 

Tocopherols (known as Vitamin E) are an excellent 

natural antioxidant and they are important for human 

health. The data about the tocopherol content of oil 
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from WQ and BQ were notably different. The total 

amount of tocopherols in the oil of BQ was 4 times 

higher than that of WQ. The content of 

phospholipids in the oils of white and black quinoa 

was found to be 11.9% (WQ) which is notably higher 

than 7.6% (BQ). 

The individual composition of the sterol fraction 

is presented in Table 4. 

Table 4. Individual sterol composition of quinoa seed 

oils 

Sterols, % 
Quinoa 

White Black 

Campesterol 0.5±0.1a 1.1±0.2b 

Stigmasterol 2.5±0.2a 2.9±0.3a 

Δ7 - Campesterol 1.1±0.1a 1.2±0.3a 

β - Sitosterol 80.1±0.5a 75.7±0.4b 

5 - Avenasterol 2.8±0.2a 3.2±0.1b 

7,25 – Stigmastadienol 0.9±0.1a 7.8±0.3b 

7 - Stigmasterol 6.9±0.2a 3.6±0.2b 

7 - Avenasterol 5.2±0.1a 4.5±0.3b 
a,b - Different letters mean statistical difference 

(Duncan test, p < 0.05). 

The individual composition of the sterol fraction 

of quinoa seed oils covers all major phytosterols. β – 

Sitosterol dominated, as its quantity in the oil of WQ 

is 80.1% and of BQ – 75.7%. The amounts of β – 

sitosterol reported by Shen et al. [30] are lower than 

our results as follows - 61.4% (WQ) and 58.0% 

(BQ). There were considerably differences between 

the amounts of 7,25 – stigmastadienol and 7 – 

stigmasterol. Black quinoa seed oil was rich of 7,25 

– stigmastadienol (7.8%) while in the oil of WQ its

quantity was minimal (under 1%). The level of 7 –

stigmasterol in the oil of WQ was almost 2 times

higher than in the oil of BQ. The other sterol

components were in similar quantities in both

varieties of quinoa. The content of stigmasterol

(2.5%, WQ and 2.9%, BQ) was considerably

different than the data by Shen et al. [30] (36.9%,

WQ and 40.1%, BQ) while the content of

campesterol (1.7% for WQ and 1.9% for BQ) is

close to our results.

The individual composition of the tocopherol 

fraction of quinoa seed oil is presented in Table 5. 

In the analysed quinoa seed oils α–, β– and γ– 

tocopherols were detected. The content of γ– 

tocopherol was similar (approximately 75.0%) in the 

oil of WQ and BQ and it was in the highest amount 

compared with α– and β– tocopherol. WQ seed oil 

had a slightly larger amount of α– tocopherol than 

BQ. β– Tocopherol was detected only in BQ seed oil. 

Table 5. Individual tocopherol composition of quinoa 

seed oils 

Tocopherols, % 
Quinoa 

White Black 

α- tocopherol 24.9±1.6a 19.5±0.9b 

β- tocopherol -* 6.0±0.5 

γ- tocopherol 75.1±1.6a 74.5±1.3a 
* - Not identified; a,b - Different letters mean statistical

difference (Duncan test, p < 0.05). 

The results are in agreement with other 

researchers who reported γ– tocopherol as the major 

component of the tocopherol fraction (53.7% for 

WQ and 67.5% for BQ) followed by a significant 

content of α– tocopherol (30.9% for WQ and 21.8% 

for BQ) [30]. The latter authors declare a total 

tocopherol content of 123.09 mg/kg (WQ) and 

156.67 mg/kg (BQ). The results are considerably 

different and much lower than those presented in the 

current study – 365 mg/kg in the WQ and 1102 

mg/kg in the BQ. 

All classes of individual phospholipids were 

determined in the white and black quinoa seeds. The 

results are given in Table 6. 

Table 6. Individual phospholipid composition of 

quinoa seeds 

Phospholipids, % 
Quinoa 

White Black 

Lysophosphatidylcholine 15.6±0.2a 13.5±0.5b 

Lysophosphatidylethanol-

amine 
9.4±0.4a 9.0±0.3a 

Sphingomyelin 8.8±0.3a 8.4±0.2a 

Phosphatidylinositol 18.6±0.5a 12.8±0.3b 

Phosphatidylcholine 10.5±0.3a 9.2±0.2b 

Phosphatidylethanolamine 8.2±0.2a 8.5±0.1a 

Phosphatidylserine 7.4±0.4a 8.4±0.2b 

Monophosphatidylglycerol -* 8.1±0.1 

Diphosphatidylglycerol 8.3±0.3a 9.2±0.1b 

Phosphatidic acids 13.2±0.2a 12.9±0.4a 
* - Not identified; a,b - Different letters mean statistical

difference (Duncan test, p < 0.05). 

Lysophosphatidylcholine (LPC), phosphatidyl-

inositol (PI), phosphatidic acids (PA) and 

phosphatidylcholine (PC) predominated in both 

quinoa seed varieties. Their quantities were similar 

for WQ and BQ except the phosphatidylinositol 

where the amount in WQ (18.6%) was notably 

higher than in BQ (12.8%). All other individual 

phospholipids (lysophosphatidylethanolamine 

(LPEA), sphingomyelin (SM), phosphatidylcholine 

(PC), phosphatidylethanolamine (PEA), 

phosphatidylserine (PS), monophosphatidylglycerol  
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(MPG) and diphosphatidylglycerol (DPG)) were 

observed in quantities between 7% – 11% in both 

quinoa seeds. The data of Przybylski et al. [33] are 

considerably different from our results: PA (1.1%), 

PS (4.0%), PEA (18.5%), PI (10.5%), LPEA 

(43.2%), PC (12.3%) and LPC (3.6%). 

CONCLUSION 

The comparative analysis of white and black 

quinoa seeds and oils shows similar lipid 

compositions and contents of bioactive substances. 

Quinoa seeds are recognised as a rich source of 

essential fatty acids, nutrients, high level of protein. 

They are free of gluten and can be considered as a 

food with positive effects on the human health. With 

that said, white and black quinoa seeds are 

recommended to be consumed as functional food in 

the human diet.  
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Organochlorine pesticides (OCPs) are persistent contaminants widely distributed in the environment and in the food 

chains. The aim of the present study was to determine the levels of 10 OCPs (DDT and its metabolites DDE and DDD, 

heptachlor, aldrin, heptachlor epoxide, endosulfan, endrin aldehyde, dieldrin and endrin) in human milk collected from 

northeastern Bulgaria. Breast milk samples from 45 first-time mothers were analyzed by capillary gas chromatography 

system with mass spectrometric detection (GC-MS). Important determinants such as mother’s age, body mass, dietary 

habit and smoking were considered using a questionnaire. The inclusion criteria and the questionnaire were based on the 

World Health Organization’s protocol. DDE (p,p'-dichlorodiphenyldichloroethylene), the main metabolite of DDT, was 

found in all breast milk samples at levels ranging from 16.89 to 94.48 ng/g lipids (mean 42.86 ng/g lipids). No 

concentrations of five of OCPs (heptachlor, aldrin, endosulfan, dieldrin, endrin) were detected in any of the milk samples. 

Heptachlor epoxide and endrin aldehyde (degradation product of endrin) were found in 18% of the milk samples only. 

The Sum DDTs (sum of DDE, DDD and DDT) in breast milk from Varna (54.62 ng/g lipids) was found higher than 

DDTs levels in milk samples from Dobrich (44.08 ng/g lipids). The levels of total DDTs in breast milk samples increased 

by age groups 31 – 35 and 36 – 40 years (53.47 ng/g and 69.16 ng/g lipids, respectively). Levels of OCPs in breast milk 

from northeastern region of Bulgaria were comparable to levels measured in other European countries. 

Keywords: Organochlorine pesticides, OCPs, human breast milk, Bulgaria 

INTRODUCTION 

Organochlorine pesticides (OCPs) are classified 

as environmental organic pollutants due to their 

physical, chemical and toxicological properties, and 

their environmental and biological persistence [1]. 

OCPs such as DDT have been used successfully to 

control a number of diseases, such as malaria and 

typhus, and were banned or restricted in the 1970s in 

many parts of the world [2]. Pesticides were found 

as contaminants in soil, air, water and non-target 

organisms. Once there, they can harm plants and 

animals ranging from beneficial soil 

microorganisms and insects, non-target plants, fish, 

birds, and other wildlife [3]. Due to their persistence 

and potential immunotoxicity, carcinogenicity, 

neurotoxicity, reproductive toxicity and endocrine-

disrupting effects, OCPs represent a significant 

public health problem [1]. These pollutants tend to 

bioaccumulate within the food chain [4]. The 

pesticides: DDT and its metabolites DDE and DDD, 

heptachlor, aldrin, heptachlor epoxide, endosulfan, 

endrin aldehyde, dieldrin and endrin were listed as 

persistent organic pollutants (POPs) in The 

Stockholm Convention [5]. 

Human exposure to OCPs can be assessed by 

investigation of biomarkers in body  fluids  such  as 

blood, urine, saliva, breast milk and sweat [6]. 

Human milk is the best matrix for biomonitoring of 

OCPs, due to its non-invasive collection, and its high 

lipid content makes the extraction of lipophilic 

contaminants relatively easy [7]. The contamination 

of human milk with environmental pollutants is of 

special concern due of its importance as the first food 

for the newborn child. 

In Bulgaria, a monitoring study for OCPs in 

breast milk was conducted as part of 2000 – 2003 

WHO/UNEP global survey of POPs in human milk 

from a small group of donors [7, 8]. The aim of the 

present study was to determine the levels of 10 OCPs 

(DDT and its metabolites DDE and DDD, 

heptachlor, aldrin, heptachlor epoxide, endosulfan, 

endrin aldehyde, dieldrin and endrin) in human milk 

collected from Northeastern Bulgaria.  

EXPERIMENTAL 

Sample collection 

The present study was based on the voluntary 

participation of donors, following the World Health 

Organization's (WHO) protocol [7]. Breast milk 

samples from lactating mothers living in two regions 

located in northeastern Bulgaria (Varna and Dobrich 

regions) were collected in October 2019 – July 2021.  
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Inclusion criteria for the participant mothers were: 1) 

age 25–40 years, 2) First-time mothers (primiparae), 

3) breastfeeding period 30 – 40 days after childbirth; 

4) resident in Varna or Dobrich for ≥10 years; 5) 

informed consent signed. Data on age, pre-

pregnancy weight, height, lactation period, smoking 

and dietary habits were obtained from a validated 

"face to face" questionnaire. The study design and 

questionnaires were approved by the Commission 

for Scientific Research Ethics at the Medical 

University – Varna, Bulgaria (protocol № 85/2019). 

The collected milk samples were stored at −18°C 

until the laboratory analysis. 

Analytical method 

Preparation of milk samples was performed by a 

previously described analytical method [9]. Briefly, 
individual milk samples were defrosted, then slowly 

warmed up to 36-37°C and carefully homogenized. 

Each individual milk sample (10 g) was three-step 

extracted with a mix of organic solvents: hexane / 

acetone in ratios 1:0 v/v (5 mL), 2:1 v/v (9 mL), 1:1 

v/v (8 mL), respectively. The hexane layers were 

collected, and evaporated to near dryness in a rotary 

vacuum evaporator. The lipid content of the milk 

samples was determined gravimetrically. The 

cleaning-up procedure of the lipid extract was 

performed on a multilayer glass column filled with 

neutral silica and acid silica. The extract was 

dissolved in 2 mL of hexane and was placed in the 

clean-up column.  The elution of OCPs was 

performed with 10 mL of n-hexane and 20 mL of a 

mix of n-hexane / dichloromethane in a ratio 9:1 

(v/v). The concentrated and purified extracts from 

milk samples were analyzed using the gas 

chromatograph GC FOCUS using POLARIS Q Ion 

Trap mass spectrometer (IT-MS) (Thermo Electron 

Corporation, USA), equipped with an AI 3000 

autosampler and splitless Injector. Experimental MS 

parameters were as follows: the Ion source and 

Transfer line temperatures were 220oC and 250oC, 

respectively. The splitless Injector temperature was 

250oC. The GC oven was programmed as follows: 

50oC (1 min), 30oC/min to 180oC, 5oC/min to 260oC, 

30oC/min to 290oC with a final hold for 3.0 min. A 

TG-5ms capillary column with a length of 30 m, 0.25 

mm ID and a film thickness of 0.25 μm was used. 

Helium was applied as carrier gas at a flow of 1 

ml/min. Each individual sample was analyzed three 

times and the average of the results obtained was 

taken. 

The detection and identification of target analytes 

were based on a selected precursor ion followed by 

application of an adequate excitation voltage for its 

subsequent fragmentation and the whole mass 

spectrum of its product ions (IT-MSn mode). GC/IT-

MSn detection parameters of individual 

organochlorine compounds - retention times, 

precursor ions, voltage and product ions are present 

in Table 1.  

Quality control 

Quality control procedures included regular 

analysis of procedural blanks, analysis of replicate 

samples, and use of recovery surrogate. Pure 

reference standard solutions (EPA 625/CLP 

Pesticides Mix 2000 μg/ml - Supelco) were used for 

instrument calibration, recovery determination and 

quantification of compounds. All solvents (acetone, 

dichloromethane, hexane), reagents and 

chromatographic silica gel used for analysis were 

HPLC grade from Sigma-Aldrich (St. Louis, MO, 

USA).  

The statistical analysis of the data was based on 

the comparison of mean values by a t-test at a 

statistical significance p < 0.05. 

 

Table 1. GC/IT-MSn detection parameters of individual organochlorine compounds - retention times, precursor ions, 

voltage and product ions. 

OCPs RT 

(min) 

Precursor ion 

(m/z) 

Segment 

start (min) 

Voltage 

(V) 

Product ions 

(m/z) 

Heptachlor 12.50 272 12.30 2.5 235+237+239 

Aldrin 13.60 263 13.40 2.0 191+227+263 

Heptachlor epoxide 14.91 353 14.70 3.0 253+261+263+282 

p,p’-DDE 16.94 246 16.80 3.0 269+290+323+358 

Dieldrin 17.20 263 17.00 2.0 205+221+249 

Endrin 17.73 263 17.60 2.0 191+227+263 

Endosulfan_I 18.04 195 17.95 4.0 123+159+161 

p,p’-DDD 18.37 235 18.20 2.0 165+199 

Endrin aldehyde 18.69 345 18.60 2.5 243+279+281+315 

p,p’-DDT 19.66 235 19.60 2.2 165+199 



T. Trifonova et al.: Persistent environmental contaminants in human milk samples from northeastern Bulgaria 

62 

RESULTS AND DISCUSSION 

Population characteristics 

The participating women were between 25 and 

40 years old, with a mean age of 30.2 years. Тhe 

mean pre-pregnancy body mass index (BMI) of 21.1 

kg/m2 indicated a normal BMI (BMI range 18.5–

24.9). The consumption of meat and eggs from 2 to 

4 times per week was reported by 60% and 51% of 

participants, respectively. Milk and milk products 

were part of the daily menu of almost half of the 

mothers (49%). In our study group, 93% of the 

mothers consumed fish much less than the World 

Health Organization recommendations (twice a 

week). Seafood consumption has been suggested as 

a major contributor to human exposure to POPs from 

a number of authors [7, 10]. Less than 30% of the 

participants in the present study defined themselves 

as smokers before pregnancy. Lipid content in milk 

samples was in the range of 0.8% to 5.7% (mean 

value 3.2%). 

Levels of OCPs residues in breast milk 

A total of 10 organochlorine pesticides were 

analyzed including: 1,1,1-trichloro-2,2-bis(p-

chlorophenyl) ethane (p,p'-DDT), 1,1-dichloro-2,2-

bis(p-chlorophenyl)ethene (p,p'-DDE) and 1,1-

dichloro-2,2-bis(p-chlorophenyl)ethane (p,p'-DDD), 

heptachlor, aldrin, heptachlor epoxide, endosulfan, 

endrin aldehyde, dieldrin and endrin. The residues of 

organochlorine pesticides were determined in 45 

samples from mothers living in two regions of 

Northeast Bulgaria – Varna and Dobrich. The 

summarized results regarding levels of OCPs are 

reported in Table 2.  

The OCPs contamination profile in breast milk 

was dominated by p,p'-DDE, detected in 100% of 

samples (both Varna and Dobrich) – Table 2. The 

p,p'-DDT positive milk samples from Varna were 

found lower than the positive samples from Dobrich 

(25.9% and 56.0%, respectively). p,p'-DDD was 

present in 22.2% and 20.0% of breast milk samples 

from Varna and Dobrich, respectively. p,p’-DDE, 

the main metabolite of DDT, was found in all breast 

milk samples at levels ranging from 16.89 to 94.48 

ng/g lipids, mean 42.86 ng/g lipids and contributed 

86.6% to the Sum DDTs (sum of DDE, DDD and 

DDT). Mean DDT concentration in human milk 

from Dobrich (typical rural area) was measured 

higher than in samples from Varna (8.44 ng/g and 

3.18 lipids, respectively). The lowest levels were 

found for the metabolite p,p'-DDD, for which almost 

80% of the results were below the LOQ (Table 2). 

These results showed that residues of DDT can still 

be found in the human body thirty years after its ban, 

due to its distribution in the environment. 

Table 2.  Organochlorine pesticides concentrations (mean, ng/g lipid weight) in the human milk samples collected 

from Varna and Dobrich regions, Bulgaria 

Compound 

Varna region (N = 27) Dobrich region (N = 18) 

% of 

positive 

samples 
≥ LOQa 

ng/g lipid weight % of 

positive 

samples 

≥ LOQ a 

ng/g lipid weight 

Mean 
95th 

percentile 
Range b Mean 

95th 

percentile 
Range b 

p,p’-DDE  100 48.93 87.22 16.89 – 94.48 100 33.75 48.38 18.77 – 50.05 

p,p’-DDD 22.2 2.50 12.85 < LOQ – 13.11 20.0 1.90 11.30 < LOQ – 12.56 

p,p’-DDT 25.9 3.18 14.51 < LOQ – 16.30 56.0 8.44 15.53 < LOQ – 18.30 

Heptachlor 0 nd – – 0 nd – – 

Aldrin 0 nd – – 0 nd – – 

Heptachlor  

epoxide 
3.7 0.04 – < LOQ – 1.07 0 nd – – 

Endosulfan 0 nd – – 0 nd – – 

Endrin  

aldehyde 
22.2 1.50 – < LOQ – 2.06 11.1 1.63 – < LOQ - 1.80 

Dieldrin 0 nd – – 0 nd – – 

Endrin 0 nd – – 0 nd – – 

a LOQ – Limit of quantification; b Concentration ranges (min – max), nd – not detected, N – number of individual 

milk samples 
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The residual amounts of DDE found in the breast 

milk samples from both studied regions are due to 

past use of the pesticide DDT and its metabolism. A 

similar distribution pattern of DDTs in human milk 

was reported by several authors in Belgium [10], 

Czech Republic [11], Croatia [12], Norway [13]. 

The Sum DDTs in breast milk from Varna (54.62 

ng/g lipids) was found higher than DDTs levels in 

milk samples from Dobrich (44.08 ng/g lipids). 

Heptachlor, aldrin, endosulfan, dieldrin, endrin 

were not detected in any of the milk samples. Similar 

results reported Dong et al., 2022 [14]. Heptachlor 

epoxide was found in one milk sample only. Endrin 

aldehyde was detected in 17.8% of all milk samples 

in the range from 1.25 to 10.51 ng/g lipids (from both 

Varna and Dobrich). The low levels of OCPs 

observed in breast milk samples correspond to the 

fact that these environmental pollutants were banned 

in Europe more than three decades ago. 

Impact of maternal age and pre-pregnancy BMI 

Because of the long biological half-lives of 

persistent pesticides and continuous human 

exposure to environmental pollutants, the 

concentrations of OCPs in the human body fat are 

expected to increase with age [13]. Maternal age has 

been reported as an important determinant affecting 

residual OCP levels in human milk [11–14]. The 

results in the present study were summarized by age 

groups and showed a positive relation between 

concentration of metabolites DDE and DDD and the 

age of mothers - Fig. 1.  

 

Figure 1.  Distribution pattern of DDTs (ng/g lipids) 

in breast milk by age groups of the study population. 

The mean value of the Sum DDTs in the breast 

milk samples was lowest in mothers aged 25-30 

years (44.6 ng/g lipids), in general for both regions – 

Fig. 2. The levels of total DDTs in breast milk 

samples increased by age groups 31 – 35 and 36 – 40 

years (53.47 ng/g and 69.16 ng/g lipids, 

respectively). The data obtained may be due to the 

longer exposure to DDTs of the 36 – 40-year 

mothers through their diet (as the main route of 

exposure). The comparison of DDTs residues 

detected in milk samples from different age groups 

showed that concentrations were found significantly 

higher (p<0.05) for mothers from Dobrich in 25-30 

age than those in 31-35 age (39.33 ng/g and 61.54 

ng/g lipids, respectively). Significant associations 

between OCPs levels in breast milk and age of 

primiparae mothers were described in a number of 

studies [10-13].  

 
Figure 2. Comparison of Sum DDTs levels in breast 

milk samples from different age groups (Varna and 

Dobrich regions). 

 
Figure 3. Comparison of Sum DDTs levels in breast 

milk by BMI groups (Varna and Dobrich regions). 

A higher body mass index (BMI) may be 

associated with a higher body fat content in the 

human body, suggesting an accumulation of 

lipophilic pollutants in the adipose tissue of living 

organisms, including humans [4]. Several authors 

described a positive correlation between BMI and 

the serum levels of organochlorine compounds p,p′- 

DDE in pregnant women [4, 7]. Donors with normal 

BMI (18.5 – 24.9 kg/m2) were the predominant 

group (73% of all participants studied) with the 

average value of Sum DDTs in breast milk samples 

– 49.02 ng/g lipids (Fig. 3). The comparison of 

DDTs levels in milk by BMI of participants showed 
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statistically significant difference (p<0.05) between 

mothers from Varna with normal and high BMI 

(51.0 ng/g and 75.2 ng/g lipids, respectively). The 

milk samples from mothers with body mass index 

BMI ≥ 25 showed the highest Sum DDTs (mean 

value 66.2 ng/g lipids). Breast milk samples from 

Dobrich did not show a statistically significant 

difference in the levels of DDT and metabolites 

depending on the body mass index.  

Comparison with other studies 

In the present study, a total median OCPs 

concentration was 47.07 ng/g lipids. Similar OCPs 

levels were reported in Belgium by Aerts et al., 2019 

[10] and in Croatia by Jovanović et. al., 2019 [12]. 

Relatively higher concentrations of chlorinated 

pesticides were reported by Iszatt et al., 2019 in 

Norway (mean, 88 ng/g lipids) [15] and Antignac et 

al., 2016 in France (median, 106 ng/g lipids) [16]. 

The median levels of Sum DDTs (DDT, DDE and 

DDD) in breast milk samples from northeastern 

Bulgaria were comparable to the median levels 

reported by other studies - Table 3. Significantly 

higher were the levels of DDTs in India, one of the 

largest producers of pesticides in the world and first 

among the Asian countries [17]. 

Table 3. Comparison of median concentrations (ng/g lipid weight) of DDTs in human milk from European and Asian 

countries 

Country Period N Sum DDTs, ng/g lipids Ref. 

Bulgaria     2019 – 2021  45 46.8 Present study 

Croatia 2014 79 16.8 [12] 

Czech Republic     2019 – 2021  231 77 [11] 

France     2011 – 2014  42 62.2 [16] 

Belgium 2014 206 39.75  [10] 

China  2016 60 57.4 [14] 

India 2020 130 790.1 [17] 

N – number of samples 

CONCLUSIONS 

Worldwide restrictive and preventive measures 

regarding persistent pollutants have resulted in a 

reduction in the residues of a large group of OCPs in 

human tissues. The pesticide DDT and its 

metabolites DDE and DDD are still present in 

traceable amounts in human milk. The residues of 

the main metabolite DDE indicate usage of DDT in 

thе past. The mean level of DDTs in breast milk from 

Varna region was found higher than that in samples 

from Dobrich. Maternal age and pre-pregnancy BMI 

were found to be the major determinants for the 

pesticide residues in breast milk samples. Levels of 

OCPs in breast milk from the northeastern region of 

Bulgaria were comparable to the levels measured in 

other European countries. Future studies have to be 

focused to even further reduce human exposure to 

POPs and reduce in utero and lactation exposure of 

infants. 
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Marine bivalves are characterized as highly nutritional, easily digestible food, low in calories but high in proteins. 

Seafood nutrition data is useful for assessing the contribution to nutrient intake and for to the development of dietary 

guidelines. The aim of the present study is to determine the chemical composition: crude proteins, total lipids, 

carbohydrates, energy value and fat-soluble vitamins in white sand clam (Chamelea gallina). The samples were harvested 

from the Bulgarian coast of the Black Sea in the summer and autumn periods. Crude protein, carbohydrates and total 

lipids were determined using standard procedures. The fat-soluble vitamins were analysed simultaneously using high-

performance liquid chromatography with ultraviolet and fluorescence detectors (HPLC-UV/FL). Analysed samples were 

characterised by high protein (16.4±0.2 to 18.2±0.1 g.100g-1 ww) and low lipid content (2.26±0.06 to 2.67±0.13 g.100 g-

1 ww). Lipid levels showed greater variations compared to proteins. Carbohydrates varied between 1.72 and 2.85 g.100g-

1 ww and the energy values – between 99.3 and 101.3 kcal.100g-1 ww. Higher amounts of all-trans retinol, cholecalciferol 

and vitamin K were found in the autumn samples, whereas α-tocopherol content decreased from summer to autumn. The 

present study reveals new data on the chemical composition of C. gallina harvested from the Bulgarian Black Sea coast. 

Despite the variations in their composition, C. gallina clams could be a healthy choice of low energy dense food due to 

high protein and fat-soluble vitamin levels and low lipid, carbohydrate and calorie contents.  

Key words: Chamelea gallina, macronutrients, fat-soluble vitamins, Black Sea 

INTRODUCTION 

One of the most important resources of basic 

and essential nutrients for human health are marine 

bivalves. According to FAO [1] the seafood is easily 

digestible, a valuable source of dietary proteins, 

polyunsaturated fatty acids, fat-soluble vitamins and 

several biologically active components. Data on the 

nutritional composition of native marine species are 

useful for assessing their contribution to nutrient 

intake and for developing national dietary 

guidelines. Since 2012 striped venus clam Chamelea 

gallina is commercially exploited in the Bulgarian 

Black Sea part, maximum catches reaching 506 

tonnes in 2019 [2]. It is well known that in bivalve 

organisms the proteins have a structural role, 

whereas lipids act as basic energy sources for 

sustaining mussel growth and development. 

Essential elements such as K, Na, Ca and Mg are 

crucial for vital physiological functions in 

organisms. Insufficient intake of macronutrients and 

essential elements can affect human health and lead 

to the development of different non-chronic diseases 

[3]. The high content of fat-soluble vitamins, 

especially vitamin D3, is a specific characteristic of 

marine lipids and significantly increases their quality 

from nutritional point of view. Moreover, the 

differences  in   proximate   composition   and   fat- 

soluble vitamins content in bivalve tissues may be 

important not only for its optimal survival and 

reproductions, but for its nutritional quality. Thus, 

the evaluation of the chemical composition, 

macroelements and fat-soluble vitamins content may 

increase consumer’s interest and predict the market 

feasibility of the white clam Ch. gallina in Bulgaria. 

Limited information on Ch. gallina nutritional 

quality characterized through proximate 

composition, macroelements (Na, K, Ca and Mg) 

and fat-soluble vitamins (A, E, D and K) content was 

found in the scientific literature. Moreover, studies 

of seasonal changes in the macronutrient contents of 

the white sand clam (Ch. Gallina) from the 

Bulgarian part of the Black Sea are lacking. The aim 

of the present study is to determine the chemical 

composition: crude proteins, total lipids, 

carbohydrates, energy value, macroelements and fat-

soluble vitamins in white sand clam (Ch. gallina). 

MATERIALS AND METHODS 

Sample collection and preparation 

Samples of white sand clam Ch. gallina were 

collected from the Northern part of Bulgarian Black 

Sea coast and were harvested in June and October 

2021. For each specimen, the main biometric 

parameters   were   measured   individually.   One  
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kilogram of white clam was brought to the 

laboratory. Only clams of medium size were taken 

for analyses. The specimens were washed, shucked 

and placed on a filter paper to absorb the excess 

moisture and then the flesh was removed.  

Proximate composition analysis 

The homogenized clam tissue (2.000±0.005g) 

was dried at 105±2oC in an air oven for 18-20 hours 

to a constant weight [4]. The crude protein content 

was determined by Kjeldahl's method [5]. The total 

lipids (TL) were estimated according to the method 

of Bligh & Dyer [6]. The carbohydrates were 

determined according to BDS 13488:1976 [7]. The 

energy values based on fat, protein and carbohydrate 

contents were calculated according to WHO/FAO [8] 

Atwater specific coefficients (4.0 kcal.g-1 for 

proteins and carbohydrates, 9.0 kcal.g-1 for lipids).  

Macroelements analysis 

1 g wet weight (ww) of homogenized Ch. gallina 

tissue was mixed with 8 cm3 HNO3 (65% w/v) and 2 

cm3 H2O2 (30 %w/v), placed in Teflon vessels and 

digested in a microwave closed-vessel digestion 

system MARS 6 (CEM Corporation, USA). A 3- 

stage program was used according to the procedure 

given by Peycheva et al. [9]. The concentrations of 

Na, K, Ca and Mg in the samples were determined 

using ICP-OES spectrometer (Optima 8000, Perkin 

Elmer, USA). 

Fat-soluble vitamin analysis 
 

The astaxanthin, β-carotene and cholesterol 

contents in the edible clam tissue were evaluated. An 

aliquot of the homogenized sample (1.000±0.005 g) 

was weighed and 0.3M methanolic KOH was added. 

Six parallel samples were prepared and subjected to 

saponification at 50oC for 30 min. The fat-soluble 

components of interest were extracted with two 

portions of n-hexane: dichloromethane = 2:1 

solution. The combined extracts were evaporated 

and the dry residue was dissolved in methanol: 

dichloromethane and injected (20 μl) into the 

HPLC/UV/FL system. All fat-soluble compounds 

were analysed simultaneously by an HPLC system, 

equipped with an RP analytical column (Synergi 

Hydro-RP (80 Ǻ, 250×46 mm; 4 μm). The results 

were expressed as µg per 100 g wet weight (µg.100 

g-1ww). 

Statistical analysis 

Analyses for the chemical composition, 

macroelements and fat-soluble vitamins were 

performed in six replicates and the results were 

expressed as mean values ± standard deviation (SD). 

Mean values were compared by one-way ANOVA 

followed by a post-hoc Tukey’s test. Statistical 

significance was considered at p≤ 0.05 (Graph Pad 

Prism 6). 

RESULTS AND DISCUSSION 

Proximate composition 

The specific abiotic factors across the water 

basins significantly affect the proximate 

composition of bivalve species. According to FAO 

[1,8] the macronutrients proportions are species-

specific and usually greater intra- and interspecies 

variations in chemical composition are observed. In 

this study considerable differences in carbohydrate 

and protein content in sand clam Ch. gallina between 

seasons were found. The seasonal changes of 

proximate composition of Ch. gallina tissues are 

presented in Table 1. It is well known that bivalves 

contain higher protein levels compared to fish 

species. Venogupal and Gopakumar [10] reported 

that average protein content in clams from the Indian 

Ocean varied between 9-14.5 g.100 g-1ww. 

Significant difference in protein content was 

reported for Ch. gallina from Marmara Sea: 7.28 - 

7.70 g.100g-1 ww [11], from Azov Sea:15 g.100g-1 

ww [12] and Adriatic Sea: 10.40 g.100g-1 ww [13]. 

Protein content of the Black Sea Ch. gallina was 

significantly higher (up to 18 g.100g-1 ww) 

compared to published results. Additionally, marine 

proteins are classified as rich of essential amino 

acids and good digestibility, which increase their 

nutritional quality. According to FAO [8] and 

Regulation (EC) No 1924/2006 [14] seafood which 

contains protein higher than 15 g.100g-1 ww can be 

classified as “protein-rich” source and insignificant 

seasonal variation in protein levels described Ch. 

gallina as a sustainable natural source of proteins. 

Table 1. Seasonal variations in proximate composition (g.100 g-1 ww ) and energy values (kcal.100 g-1 ww) of edible 

tissues of Ch. gallina from Black Sea coast 

  Compound 
 

Month 
Lipids Proteins Carbohydrates Moisture Energy values 

June 2.54 ±0.22 17.30±0.54 2.40±0.25 75.70±1.50 101.62±3.50 

July 2.67±0.30 16.40±0.37 2.80±0.50 74.80±0.95 100.83±3.15 

October 2.26a,b±0.25 18.10 a,b±0.95 1.85a,b±0.20 76.10±2.05 99.82 a,b±2.80 

Values with a,b are significantly different (p < 0.05) a –June vs. October; b- July vs. October 
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Total lipid (TL) content showed an opposite 

pattern compared to proteins, with the highest values 

in summer (July - 2.67g.100g-1 ww) and lowest in 

October (2.26 g.100g-1 ww). One possible reason is 

the accumulation of energy reserve prior to 

gametogenesis (June-July) in this clam species. 

Generally, no significant variation was observed for 

TL values in Ch. Gallina. The average TL content 

during the analysed months was below 3 g.100g-1 

ww, thus white clam can be classified as “low lipid” 

species [14]. Significantly lower amounts for TL 

content were reported for Marmara Sea striped venus 

clam – 0.59 (June) to 1.06 g.100g-1 ww (October) 

(Özden et al., 2009) [11], for Azov Sea clam – 0.9 

g.100g-1 ww (Bityutskaya et al., 2021) [12], whereas 

Adriatic Sea white clam showed a similar pattern-

decrease of TL in summer: 1.55 g.100g-1 ww (June) 

to two-fold decrease in autumn: 0.73 g.100g-1 ww 

(September) (Orban et al., 2007) [13].   

According to Venogupal and Gopakumar [10] the 

carbohydrate content in shellfish is low. In the 

present study, a seasonal pattern in the carbohydrate 

contents is observed and decrease in autumn period 

(up to 1.84 g.100g-1 ww), compared to summer 

months was found. One possible explanation is that 

the carbohydrate levels (as energy reserves) can 

vary- utilise or accumulate in response to changes in 

environmental conditions [13]. Similar seasonal 

decrease of carbohydrate content in autumn samples 

was reported for Adriatic Sea Ch. gallina [13], 

whereas Özden et al. [11] showed significantly 

higher levels for carbohydrates in the range of 4.44 

(June) to 3.40 g.100g-1 ww (October). Bityutskaya et 

al., [12] reported a higher level of carbohydrates in 

samples collected in Azov Sea (3.4 g.100g-1 ww). 

There is no comparable data for proximate 

composition of white clam Ch. Gallina from 

Bulgarian Black Sea coast in the scientific literature. 

The analysed venus clam demonstrated constant 

seasonal levels of the energy values which depend 

on primary metabolites content and showed a minor 

change mainly related to a decrease in lipid and 

carbohydrate amounts. The calculated energy levels 

of Ch. gallina edible tissues are in the range of 99.82 

– 101.83 kcal.100g-1 ww. Based on the results 

obtained throughout the study period, the clam 

presented a low energy content. Significantly lower 

energy values are reported for Marmara Sea Ch. 

gallina – average 66.5 kcal.100-1 g ww [11] and for 

Azov Sea white clam – 58 kcal.100-1 g ww [12]. This 

difference is due to the significantly lower amounts 

of total lipids and proteins found for this species. 

Macroelement contents 

Macroelements play an important role in various 

metabolic processes. Their deficiency can lead to a 

number of chronic diseases; therefore, it is necessary 

to maintain an adequate intake through a balanced 

diet rich in these elements. Potassium is a very 

important, osmotically active inside cell element, 

acting together whit sodium in regulation of body’s 

water balance. The recommended from EFSA 

sodium RDI is safe and can reduce risks of CVD 

development in adult population. In addition, 

magnesium and calcium can prevent CVD, 

osteoporosis and certain cancer forms. Bivalve 

species usually accumulate the physiologically 

active macroelements in their edible tissues [11,13]. 

This statement is well illustrated in the present study 

since the analyzed clam species is a good source of 

sodium and potassium, especially in the autumn 

months. The seasonal changes of macroelements 

content of Ch. gallina edible tissues are presented in 

Table 2. Significant seasonal differences (p<0.05) in 

macroelement contents were observed. The highest 

concentration of all analysed elements were found in 

autumn months. It is well known that sodium is 

naturally present in foods of animal origin such as 

white clams. This statement is confirmed by the 

obtained results, where, sodium has the highest 

levels (over 4000 mg.kg-1 ww), among all elements 

while magnesium has the lowest concentration. K, 

Ca and Mg have stable levels during the summer 

months, while the largest fluctuations (p<0.05) are 

determined for sodium. 

Table 2. Seasonal variations in macroelements content (mg.kg-1 ww) of edible tissues of Ch. gallina from Black Sea 

coast 

 K Na Ca Mg 

June 1605.20±180.16 2968.70±136.6 786.4±178.8 573.5±25.0 

July 1527.30±112.47 1988.40±115.63 749.5±108.42 546.72±13.77 

October 2171.5±229.40a,b 4037.20±281.95a,b 1759.40±190.50a,b 958.5±85.50a,b 

Values with a,b are significantly different (p < 0.05) a –June vs. October; b- July vs. October 
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Table 3. Seasonal variations in fat-soluble vitamin content (µg.100-1g ww) of edible tissues of Ch. gallina from Black 

Sea coast 

 Vit A Vit E Vit D3 Vit K 

Junе 35.60±5.52 7673.00±350.50 40.10±5.20 52.00±6.50 

July 40.50±8.35 8200.00±410.10 39.65±3.45 55.84±5.30 

October 38.60±10.15 6377.00±280.24b 41.70±6.10b 56.30±5.27a 

It can be summarised that the macroelements 

show the following pattern of distribution during the 

study period: Na> K> Ca> Mg. The EFSA has 

developed the recommended daily intake (RDI) for 

these macroelements: for potassium 3500 mg.d-1 

(2016)[15]; for sodium  2000 mg.d-1 (2019)[16]; for 

magnesium (2015)[17] 350 mg.d-1 and for calcium 

(2015)[18] 750 mg.d-1 for men and 700 mg.d-1 for 

women. The presented results show that a 100 g 

portion of the white clam edible tissues (autumn 

samples) can provide over 200% of the RDI for Na, 

Ca and Mg, while up to 62% of RDI for K. 

Significantly higher contents for all analysed 

macroelements were reported for Marmara Sea Ch. 

gallina [11], for Adriatic Sea [13] and Azov Sea [12] 

white clams. As filter-feeding species bivalves can 

intake macroelements through seawater and food. 

Observed differences compared to presented results 

may be due to specific abiotic environmental factors 

as salinity, temperature, available foods and other. 

Fat – soluble vitamins 

Fat-soluble vitamins are essential metabolites for 

the optimal homeostasis, reproductive cycle and 

growth of bivalves. Mussels are among marine 

animal species that are characterized as good sources 

of vitamins. In their edible tissues, these substances 

significantly vary depending on the season of catch, 

the size of the individuals, the reproductive period, 

the nutrients received through their food intake, etc. 

In this study fat soluble vitamins are expressed as an 

average and standard deviation (mean ±SD) and the 

results are shown as microgram per 100 grams wet 

weight (µg.100-1g ww) in Table 3. 

The average content of the three analysed 

vitamins over the studied months for white clam 

species showed insignificant seasonal changes in the 

levels of vitamins A, D3 and K. 

The analysed fat-soluble component with high 

antioxidant activity is vitamin E (α-tocopherol). 

Among studied vitamins α-tocopherol was found in 

highest amount – average 7417 µg.100-1g ww, with 

peak determined in July (8200 µg.100-1g ww, 

p<0.05). According to EFSA [19] and Ordinance 

No. 1/22.01.2018 of the Ministry of Health [20] the 

established amounts in 100 g of edible tissue of 

white clam Ch. gallina provide significantly good 

amounts of vitamin E compared to the recommended 

daily intake (RDI) - average 57% of RDI. 

In this study vitamin A was detected in lowest 

values - average 38.20 µg.100-1g ww, which 

confirms that the analysed species is not a good 

source of this vitamin. The RDI recommendations 

[19] for vitamin A are between 490 µg.d-1g (for 

women) and 570 µg.d-1g (for men). Based on the 

average amounts determined, consumption of 100 g 

portion in this species provides up to 6-8% of the 

RDI for vitamin A. Venogupal and Gopakumar [10] 

reported higher values for vitamin A in the mussel 

species (54 µg.100-1g ww), but significantly lower 

amount for vitamin E (750 µg.100-1g ww) compared 

to our results. MacDonald [21] reported similar 

results for vitamin A (38.7 µg.100-1g ww) and lower 

for vitamin E (790 µg.100-1g ww) for the New 

Zealand green-lipped mussel tissues. There is 

limited information on Ch. gallina fat-soluble 

vitamin content. Orban et al.[13] reported lower 

vitamin E values (920 µg.100-1g ww) for Adriatic 

Sea white clam whereas vitamin A was detected in 

trace amounts.  

Vitamin D3 is essential for various physiological 

processes and has a vital role for maintenance of 

normal blood levels of calcium and phosphorus. This 

vitamin is usually presented in high concentrations 

in marine lipids. In this study high content of vitamin 

D3 was found – average 40.46 µg.100-1g ww, which 

supplies over 200 % of RDI [18]. Merdzhanova et 

al. [22] reported significantly lower levels (3.10 

µg.100-1g ww) for vitamin D3 in black mussel M. 

galloprovincialis from Bulgarian Black Sea coast.  

Vitamin K has anti-inflammatory activity, and 

can act as a vital component against various chronic 

aging diseases. In addition, this vitamin affects age-

associated diseases due to its antioxidant and anti-

inflammatory effects. Popa et al. [23] supposed that 

vitamin K, along with magnesium supplementations, 

can affect bone fractures especially in elderly 

population. In the present study insignificant 

seasonal variations were found in vitamin K content. 

Average level in Ch. gallina edible tissue is 54.6 

µg.100-1g ww, supplying 78% of RDI for this 

vitamin [18]. There is not comparable information 

for Black Sea Ch. gallina vitamins content. 
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CONCLUSION 

Wild striped venus clam Ch. gallina from the 

Bulgarian Black Sea coast may be classified as a 

food whit high nutritional quality due to its 

proximate composition, macroelements and fat-

soluble vitamin content. Regardless of the observed 

variations in the chemical composition, the white 

clam is rich in protein (average 17.30 g.100-1g ww), 

lipid (average 2.5 g.100-1g ww) and carbohydrate 

(average 2.35 g.100-1g ww). High amounts of Na, K, 

Ca and Mg were determined in white clam edible 

tissues, which make it a valuable source of 

macroelements in human food. There is no available 

information for the seasonal changes in fat-soluble 

vitamin contents in striped venus clam Ch. gallina 

from the Bulgarian Black Sea coast. This species can 

supply over 270 % of RDI for vitamin D3, 78 % of 

RDI for vitamin K and over 50% for vitamin E. 

Significant quantities of Ca (average 1100 mg.kg-1 

ww) and Mg (average 690 mg.kg-1 ww) along with 

high levels of both vitamin D3 and K demonstrated 

its promising potential in prevention osteoporosis 

and several non-chronic diseases. 
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Bulgaria is rich in medicinal and aromatic plants and has very well developed essential oil industry. Processing of the 

essential oil-bearing plants results in obtaining several main products: essential oil, water, absolute, concrete and different 

extracts, having applications in perfumery, cosmetics, medicine, wellness, tourism, etc. The low content of essential oil 

in the plants is a prerequisite for generation of large volumes of by-products. The aim of the present study is to investigate 

three by-products: from rose (Rosa damascena Mill.) – provided by Old Rose Distillery, Strelcha, Plovdiv, Bulgaria, 

2020; hyssop (Hyssopus officinalis) – provided by Galen-N Ltd., Zelenikovo, Brezovo, Bulgaria, 2020; and thyme 

(Thymus serpillum) – provided by EKOMAAT Ltd., Mirkovo, Sofia, Bulgaria, 2020. The three solid by-products resulted 

from industrial steam distillation of the raw materials. It was found that the residues were rich sources of dietary fibers: 

66.77±1.08%, 62.28±1.15%, and 79.94±1.11% for rose, hyssop and thyme, respectively. The by-products were subjected 

to extraction with hot 70% ethanol and ethanolic extracts and alcohol-insoluble parts (AIP) were obtained. The 

polyuronide content (PU) of the AIP by-products was in the 4.03±0.24 – 8.89±0.14% range and the degree of 

esterification: 59.41±2.52 – 86.05±1.25%. The AIPs were extracted employing hot 0.1M HCl and pectic polysaccharides 

with 12.45±0.14%, 7.19±0.19%, and 7.31±0.23% yield were obtained for the rose, hyssop and thyme, respectively. The 

results from the present study suggest that the by-products from the essential oil industry, namely rose, hyssop and thyme, 

could be successfully valorized and serve as a source of dietary fibers and pectic polysaccharides. 

Keywords: Rosa Damascena Mill., Hyssopus officinalis, Thymus serpillum, dietary fibers, pectic polysaccharides 

INTRODUCTION 

Bulgaria is among the countries rich in essential 

oil-bearing medicinal, edible and aromatic plants, 

having wide application in cosmetic, perfumery, 

food industry, tourism, medicine, as well as in 

culinary technology. Among the most famous are 

rose and lavender, for which the country holds one 

of the first places in terms of production and quality 

of the obtained products [1]. Moreover, a large 

number of other essential oil-bearing and medicinal 

plants, herbs and spices, such as: melissa, basil, 

chamomile, hyssop, thyme, lemon balm, yellow 

horned poppy, yarrow, etc., although industrially 

processed in a smaller scale, are recently gaining 

popularity. 

The rose has been among the flowering plants 

most appreciated by humankind since ancient time. 

Its significance lies in socio-cultural life, decorative 

usage, symbol of appreciation, but roses are also a 

rich source of biologically active substances, and 

they are widely used by the essential oil industry. 

Important products obtained industrially from oil-

bearing roses are aroma products: essential oil, 

water, absolute, etc. The most traditional processing

of roses is steam-water distillation (about 90% of the 

plant material processed), followed by production of 

rose concrete and absolute through non-polar solvent 

extraction (5-6%), and use of the remaining 3-4% for 

making rose water [1]. A relatively new treatment is 

supercritical CO2 extraction [2]. On average, the 

essential oil amount in fresh Rosa damascena 

flowers is in the 0.030-0.045 % range [1]. For the 

Rosa centifolia and Rosa alba, these amounts are 

even lower: 0.02 % [3] and 0.015-0.030 % [4], 

respectively. About 3500-4000 kg of fresh Rosa 

damascena flowers are needed for every kilogram of 

rose oil, and approximately 2 kg of wet wastes are 

generated from 1 kg of the initial rose mass [5]. The 

residues generated are usually discarded but they 

could serve as a starting material for obtaining 

valuable substances, such as dietary polyphenols, 

polysaccharides, etc.  

Thyme (wild thyme, Thymus serpyllum) is well 

known as a medicinal plant - for making syrups, 

tinctures, infusions, etc. Besides, the thyme is used 

for production of essential oil [6]. The main 

biologically active substances are thymol and 

carvacrol, but the plant is  also  rich  in  1,8-cineole,  
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myrcene, β-caryophyllene, germacrene, etc. [7]. It 

has been found to possess antiseptic, antimicrobial, 

antitumor and cytotoxic properties, and well-

expressed antioxidant activity [8, 9]. 

Medicinal hyssop (Hyssopus officinalis) is a 

subshrub native to the Mediterranean, North Africa, 

Middle East, Europe, and North America. The plant 

is used as a seasoning for salads, meats, soups, and 

sauces. Hyssop is a component in the production of 

some liqueurs and absinthe [10]. The plant and its 

essential oil has pronounced antifungal [11], 

antimicrobial [12], and antioxidant activity [13]. 

The economic growth and the increase in the 

areas of new or forgotten essential oil crops and 

production of essential oils is also accompanied by 

an increase in the amount of distilled plant biomass. 

Essential oil manufacturers are constantly looking 

for different technological solutions for reduction 

and utilization of generated plant production waste 

from the essential oil industry. The aim is, on the one 

hand, to reduce the cost of the main products of the 

essential oil industry. Another ecological point of 

view aims to reduce the impact on the environment 

by reducing the amount of landfill generated 

biodegradable waste. This can be achieved by using 

the distilled biomass as a raw material for obtaining 

secondary products. 

MATERIALS AND METHODS 

The solid by-products from essential oil industry 

were kindly provided by: 

1). Old Rose Distillery, Strelcha, Plovdiv, 

Bulgaria, 2020 harvest; resulting from steam-water 

distillation of rose (Rosa damascena Mill.) – 

abbreviated as 20RD_SD_S; 

2). Galen-N Ltd., Zelenikovo, Brezovo, Bulgaria, 

2020 harvest; from steam distillation of hyssop 

(Hyssopus officinalis) – abbreviated as 

20HO_SD_Z; 

3). ECOMAAT Ltd., Mirkovo, Sofia, Bulgaria, 

2020 harvest; from steam distillation of thyme 

(Thymus serpillum) – abbreviated as 20TS_SD_M. 

Immediately after the end of distillation and the 

distillation stills were opened, the solid residues 

were cooled down, checked for impurities (weeds, 

insects, minerals, etc.) and collected. The biomass 

was dried in a laboratory drier at 50°C and stored at 

ambient temperature until further treatment. 

All the reagents used for the analyses were of 

analytical grade and were provided by the local 

suppliers. 

Water-ethanolic extracts of the solid residues 

were prepared according to [14]. The alcohol-

insoluble parts (AIP) from the extraction were 

further used for extraction of pectic polysachharides. 

The acidic extraction of AIP was performed as 

follows: 70 g of AIP was extracted with 1.4 L of 0.1 

M HCl (pH 1.2) at 90°C for 1 h with constant stirring 

(100 rpm); the mass was filtered through nylon cloth 

(250 mesh) and the residue was subjected to a second 

extraction with 1 L of 0.1 M HCl at 90°C for 1 h. 

The mass was filtered and both filtrates were 

combined. The filtrate was precipitated with 3 

volumes of 96% ethanol for 24 h at 4°C, and the 

precipitate was filtered through nylon cloth (250 

mesh) and dried. The obtained polysaccharides were 

dissolved in 100 mL of distilled water and dialyzed 

(Spectra/Por 1, Breda, the Netherlands, Mr. cut-off 

6–8 kDa) for 72 h against deionized water. The 

remaining solution in the dialysis membrane was 

freeze-dried and denoted as acid extractable 

polysaccharides. 

The moisture content of the by-products was 

determined with a Kern MLB50-3 moisture analyzer 

(Kern&Sohn, Germany). The amount of crude 

protein in the by-products was determined by the 

Kjeldahl method with an automatic nitrogen 

analyzer UDK152 (Velp Scientifica, Italy) with a 

correction factor of 6.25. The ash content was 

estimated after incineration of the by-products at 

605°C in a muffle furnace (MLW 212.11, MLW, 

Germany) to a constant weight. The degree of 

esterification (DE, %) and the polyuronide content 

(PU, %) were determined according to [15]. 

The amount of total, insoluble and soluble dietary 

fibers in the by-products were determined using K-

TDFR-100А (Megazyme, Ireland), according to 

AOAC method 991.43 "Total, soluble and insoluble 

dietary fibers in foods" (First action 1991) and 

AACC method 32-07.01 "Determination of soluble, 

insoluble and total dietary fibers in foods and food 

products" (Final approval 10-16-91) [16]. 

The polysaccharides’ protein content, amount of 

neutral sugars, and anhydrogalacturonic acid content 

were determined spectrophotmetrically, employing 

the Bradford method using AMRESCO E535-KIT 

(AMRESCO, Solon, Ohio, USA) with bovine 

gammaglobulin as standard, by the phenol-sulfuric 

acid method with D-galactose as standard, and by the 

m-hydroxydiphenyl method using D-galacturonic 

acid as standard, respectively, as described by 

Slavov et al. [17]. The molecular weght of the 

isolated polysaccharides was determined using an 

ELITE LaChrome (Hitachi) HPLC system with a 

VWR Hitachi Chromaster 5450 refractive index 

detector, and an OHpak SB-806M (Shodex ®) 

column. The samples and standards were eluted with 

0.1 M NaNO3 at an elution rate of 0.8 mL/min, 

column temperature 30°С, and detector temperature 

35°С. The column was equilibrated with Shodex 

pullulan (Showa DENKO, Japan) standards (2 
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mg/mL) with molecular weights of 6.2 × 103, 10.0 × 
103, 21.7 × 103, 48.8 × 103, 113.0 × 103, 200.0 × 103, 

366.0 × 103, and 805.8 × 103 Da. 

The degree of methylesterification (DM) and the 

degree of acethylation (DAc) of the isolated 

polysaccharides were determined as described by 

Slavov et al. [17]. 

The thermal properties of the polysaccharides 

were investigated employing differential thermal 

analysis-thermogravimetry (DTA-TG) with TGA 

Q50 (TA Instruments, Alzenau, Germany). The 

pectin sample (9.1480 mg, 9.5150 mg and 11.0040 

mg for 20RD_SD_S, 20HO_SD_Z and 

20TS_SD_M, respectively) was heated in air (air 

speed 20 mL/min) in a corundum crucible over the 

30–550°С range with a rate of 5°С/min. The cooling 

was performed with 20°С/min rate from 550°С to 

30°С. 

Statistical analysis. The values were expressed as 

mean of three replicates ± SD. Statistical 

significance was detected by analysis of variance 

(ANOVA, Tukey’s test; value of p < 0.05 indicated 

statistical difference). 

RESULTS AND DISCUSSION 

The general characteristics of the by-products are 

presented in Table 1. The analys 

es carried out to determine the main 

physicochemical parameters of the by-products 

(Table 1) suggested that rose had almost twice as 

high content of mineral substances (similar data 

were also obtained in the study of other by-products, 

for example, for lemon balm [18]) in comparison 

with thyme and hyssop. Wild thyme (20TS_SD_M) 

had the lowest protein content: 6.82±0.46%, twice 

less than the other two by-products. The polyuronide 

content in 20HO_SD_Z and 20TS_SD_M was of the 

same order: around 5%, and 20RD_SD_S was 

distinctive with the highest content (8.89±0.14 %). 

In the following analyses, the dietary fibers content 

was investigated. Separate analyzes were performed 

to determine total and soluble and insoluble dietary 

fibers. From the results it could be concluded (Table 

1) that the amounts of insoluble dietary fibers 

predominated (thyme showed the highest content 

with 75.79±1.12%), and the soluble dietary fibers 

amount was comparable with the data for PU (Table 

1), which corresponded roughly to the amount of 

polyuronides (pectin-type polysaccharides). The 

total dietary fibers content suggested that these by-

products from the essential oil industry, also taking 

into account their polyphenol content [19, 20],  could 

be used to enrich food products (various types of 

pasta, crackers, snacks, also meat products) with 

dietary fibers, while also increasing the antioxidant 

capacity and potentially their shelf life [18]. 

In the following experiments, the by-products 

were subjected to extraction with 70% ethanol. This 

extractant was chosen in order to ensure maximum 

extractability of the low-molecular substances, such 

as: phenolic acids, polyphenolic compounds, 

terpenes, pigments, sugars, etc., depending on the 

selectivity of the respective extractant, but also to 

ensure the preservation of biopolymers 

(polysaccharides, proteins) in the residue after 

extraction – the alcohol-insoluble parts (AIP). This 

methodology has been previously tested with other 

plant materials and adapted to current by-products 

[21]. 

 

Table 1. General characteristics of rose, hyssop and thyme by-products 

By-product 

Parameter, % 
20RD_SD_S 20HO_SD_Z 20TS_SD_M 

Moisture 8.99±0.31a 9.56±0.24a 8.95±0.58a 

Ash 8.74±0.36a 5.12±0.86b 4.47±0.25b 

Crude protein 13.05±0.38a 12.28±0.62a 6.82±0.46b 

PU 8.89±0.14a 5.85±0.12b 4.03±0.24c 

DE 62.59±1.28b 59.41±2.52b 86.05±1.25a 

SDF 6.98±0.76a 5.21±0.80a,b 4.15±0.69b 

IDF 59.79±1.08b 57.07±1.15c 75.79±1.12a 

TDF 66.77 ±1.08b 62.28±1.15c 79.94±1.11a 

PU - polyuronide content; DE – degree of esterification; SDF – soluble dietary fibers; IDF – insoluble dietary fibers; 

TDF – total dietary fibers; The results were expressed as mean ± SD (n = 3). a,b,cDifferent letters mean statistical difference 

(Tuckey’s HSD test, p < 0.05). 
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Table 2. Yield and physico-chemical parameters of pectic polysaccharides extracted by 0.1 M HCl from AIPs of 

20RD_SD_S, 20HO_SD_Z and 20TS_SD_M 

AUAC – Anhydrouronic acids content; DM – degree of methoxylation; DAc – degree of acetylation; The results were 

expressed as mean ± SD (n = 3). a,b,cDifferent letters in a column mean statistical difference (Tuckey’s HSD test, p < 

0.05). 

Table 3. Uronic acids and monosaccharides composition of pectic polysaccharides extracted by 0.1 M HCl from AIPs 

of 20RD_SD_S, 20HO_SD_Z and 20TS_SD_M 

 
GlcA GalA Gal Rha Ara Fuc Xyl Man 

(µg/mg polysaccharide) 

20RD_SD_S 
25.13±

2.14a 

742.44± 

5.89a 

191.24± 

8.37a 

54.78±

3.47a 

51.47±

6.31a 

1.17± 

0.10c 

1.24± 

0.47c 

33.56±

1.23a 

20HO_SD_Z 
9.34±0.

11c 

710.06± 

3.15b 

110.31± 

1.54b 

39.70±

2.04b 

43.56±

1.59b 

1.57± 

0.10b 

11.26± 

0.87b 

25.14±

1.56b 

20TS_SD_M 
12.01±

0.11b 

639.18± 

4.13c 

181.20± 

1.25a 

51.13±

1.58a 

36.85±

1.04c 

1.79± 

0.15a 

15.36± 

0.80a 

31.81±

1.17a 

GlcA – D-Glucuronic acid; GalA – D-Galacturonic acid; Gal – D-Galactose; Rha – L-Rhamnose; Ara – D-

Arabinose; Fuc – L-Fucose; Xyl – D-Xylose; Man – D-Manose. The results were expressed as mean ± SD (n = 3). 
a,b,cDifferent letters in a column mean statistical difference (Tuckey’s HSD test, p < 0.05). 

Furthermore, the AIPs were subjected to acid 

extraction employing 0.1 M HCl for one hour at 

85°С. This extraction resembles the industrial 

process for extraction of pectin from citrus and apple 

pulp (by-products from the fruit juice 

manufacturing) and serves as rough estimation for 

the amount of pectic polysaccharides which could be 

obtained following the industrial protocols [22]. The 

yield and the physico-chemical characterictics of the 

obtained pectic polysaccharides are presented in 

Table 2. 

AIPs of rose by-products (20RD_SD_S): 

12.45±0.14% showed the highest yield of acid-

soluble pectic polysaccharides. The other two by-

products yielded approximately two times lower 

amounts of polysaccharides. The galacturonic acid 

content was above 650 µg/mg polysaccharide which 

suggested that these polysaccharides could be 

regarded from industrial point of view as pectins 

(Table 3). The DM values suggested that the isolated 

pectins are middle-esterified and only the 

20RD_SD_S polysaccharide had DM above 50% 

(56.14±1.51%). The degree of acetylation is 

relatively low (below 2.5%) for all pectins. The 

molecular weights of the polysaccharides were 

similar and the highest value had the 20HO_SD_Z 

pectin (2.79±0.15 × 104 Da). 

In the next experiments, the monosacchride 

composition of the pectins was assessed after 

hydrolysis with 2M trifuoroacetic acid and the data 

are presented in Table 3. The monosacchride present 

in the highest concentration was galacturonic acid: 

742.44±5.89, 710.06±3.15, and 639.18±4.13 µg/mg 

in 20RD_SD_S, 20HO_SD_Z, and 20TS_SD_M 

polysaccharide, respectively. These results are in 

accordance with the determination of 

anhydrogalacturonic content (Table 2). The 

galactose was the next more abundant 

monosacchride, followed by rhamnose and 

arabinose. The ratio of GalA to Rha was 13.6, 17.9, 

and 12.5 for 20RD_SD_S, 20HO_SD_Z and 

20TS_SD_M polysaccharide, respectively. These 

values suggested that this treatment extracted pectic 

polysaccharides rich in rhamnogalacturonan I 

macromolecules [23]. 

Pectic polysaccharides are widely used in the 

food industry as jellifying agents, stabilizers and 

thickeners [17, 22]. This application is influenced by 

the temperature at which different food systems 

could be subjected to treatments. For this reason, in 

the next experiments the extracted polysaccharides 

were investigated for their thermal stability by DTA-

TG. The change in the weight of the 20RD_SD_S 

polysaccharide in the 25–550°C range took place in 

three stages. When heated from 25°C to 125°C, the 

weight decreases by 7.5%, which is probably due to 

the release of bound water. Simlar observations were 

reported by Einhorn-Stoll et al. [24]. The 

degradation of the material started after 128°C and 

proceeded in two stages: 128–367°C and 369–

500°C. In the first stage, when the temperature rose 

to 367°C, the sample lost 52.1% of its weight. 

 Yield,  

% 

AUAC,  

µg/mg 

DM,  

% 

DAc,  

% 

Neutral 

sugars, µg/mg 

Molecular 

weight, 

× 104 , Da 

Proteins, 

µg/mg 

20RD_SD_S 12.45±0.14a 760.67±6.33a 56.14±1.51a 1.02±0.41c 881.11±24.87a 2.31±0.12b 61.15±0.92c 

20HO_SD_Z 7.19±0.19b 729.83±6.98b 39.25±1.32c 1.83±0.42b 853.90±25.10a 2.79±0.15a 121.65±0.95a 

20TS_SD_M 7.31±0.23b 667.50±5.28c 48.93±2.51b 2.32±0.11a 791.98±19.17b 2.55±0.11b 71.19±0.81b 
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Thermal destruction took place in the temperature 

range 128–367°С, and the maximum speed of the 

process was at 276.5°С. In the last stage of the 

process with an increase of temperature to 500°C, 

the weight was reduced by 30.3%. This stage was 

associated with oxidative destruction of carbon 

residues. The peak maximum was observed at 

436.2°C (Figure 1). The solid residue above 500°C 

was 10.1% (by weight). 

 

Figure 1. Thermogram of 20RD_SD_S polysaccharide 

 
Figure 2. Thermogram of 20HO_SD_Z polysaccharide 
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Figure 3. Thermogram of 20TS_SD_M polysaccharide 
 

The change in the weight of the 20HO_SD_Z 

polysaccharide in the temperature range of 25–

550°C ,took place in three stages. When heated from 

25°C to 119°C, the weight decreased by 7.1%, which 

tentatively was due to the release of water. 

Degradation of the material began after 124°C and 

proceeded in two stages: first stage in the 

temperature range 153-362°C and second stage 370-

550°C. In the first stage, the highest rate of 

degradation was observed at 273.1°С, the sample 

lost 55.5% of its weight, and probably as a result of 

breaking of chemical bonds with close energy, 

products with a mass different from that of the main 

ones for the stage were released, expressed by the 

appearance of a second peak with a maximum at 

207.1°C, which overlaps with the main one. In this 

stage, thermal destruction of the material took place. 

In the third stage of the process, with a rise in 

temperature to 550°С, the weight was reduced by 

30.3%, with a maximum rate of decomposition at 

428.5°С. In this stage, oxidative destruction took 

place (Figure 2). The solid residue at 550°C was 

7.1% (by weight). 

The change in the weight of the sample 

20TS_SD_M in the temperature range of 25–550°C 

took place in three stages. When heated from 25°C 

to 133°C, the weight decreased by 7.0%, which was 

probably due to the release of water. The degradation 

of the material started after 152°C and took place in 

two stages: first stage in the temperature interval 

153–366°C in which the sample lost 57.7% where 

the maximum speed of the process was at 310.8°C 

and second stage 370–550°С, with a weight loss of 

27.6% and a maximum speed at 310.8°С. In the first 

stage of degradation, probably as a result of the 

breaking of chemical bonds with close energy, 

products with a mass different from that of the main 

ones for the stage were released, expressed by the 

appearance of a second peak with a maximum at 

291.2°C, which overlaps with the main one. In this 

stage, thermal destruction of the material took place. 

In the third stage of the process with a rise in 

temperature to 550°C, the weight was reduced by 

27.6%, with a maximum rate of decomposition at 

433°C. Two secondary peaks appeared with maxima 

at 428 and 442.5°C, which were due to the release of 

oxidative degradation products of different masses 

(Figure 3). Einhorn-Stoll et al. [25] investigated the 

thermal stability of native and modified citrus 

pectins and concluded that they started to 

significantly decompose after 200°C. The solid 

residue at 550°C was 7.7% (by weight).  

The DTA-TG analyses suggested that the pectins 

isolated by acid extraction from 20RD_SD_S, 

20HO_SD_Z and 20TS_SD_M had thermal stability 

up to 200-220°C and above these temperatures 

substantial degradation of polysaccharide chains 

was detected. Similar results for marigold pectic 

polysaccharides were reported by Slavov et al. [12]. 

CONCLUSION 

Three solid by-products resulting from industrial 

steam distillation of rose (20RD_SD_S), hyssop 

(20HO_SD_Z) and wild thyme (20TS_SD_M) were 

investigated aiming at their potential valorization. It 

was found that the residues were rich sources of 

dietary fibers: 66.77±1.08%, 62.28±1.15%, and 

79.94±1.11% for rose, hyssop and thyme, 
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respectively. The by-products were subjected to 

extraction with hot 70% ethanol by obtaining 

ethanolic extracts and alcohol-insoluble parts 

(AIPs). The polyuronic content of the AIP by-

products was in the 4.03±0.24 – 8.89±0.14% range 

and the degree of esterification: 59.41±2.52% – 

86.05±1.24%. The AIPs were extracted by 

employing 0.1 M HCl and pectic polysaccharides 

with 12.45±0.14%, 7.19±0.19%, and 7.31±0.23% 

yield were obtained for rose, hyssop and thyme, 

respectively,. The DTA-TG analyses suggested that 

the pectins isolated by acid extraction from 

20RD_SD_S, 20HO_SD_Z and 20TS_SD_M had 

thermal stability up to 200-220°C and above these 

temperatures substantial degradation of 

polysaccharide chains was detected. The results 

from the present study suggested that the by-

products from the rose, hyssop and thyme essential 

oil industry, could be successfully valorized and 

serve as a source of dietary fibers and pectic 

polysaccharides. 
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In recent years the development of eco-friendly remediation technologies with economical advantage is based on the 

incorporation of microorganisms or their enzyme systems in the degradation processes. In the present study purified 

laccase with specific activity 105.8 U/mg, obtained after submerged cultivation of the basidiomycete Trametes 

versicolor, was used in free and immobilized form for pyrene degradation. The alginate gel entrapment method and the 

encapsulation in amphiphilic dendritic-linear-dendritic block copolymers were applied as immobilization techniques. 

The free form of the enzyme was able to reduce the concentration of pyrene by 15 ppm to a final concentration of 185 

ppm at the 20th day. The application of the enzyme, encapsulated in amphiphilic dendritic-linear-dendritic block 

copolymers, resulted in a decrease of the concentration of pyrene ranging from 4 ppm to 28 ppm for the different 

preparations. The degradation of pyrene with laccase immobilized in Ca-alginate gel led to a decrease in the 

concentration of the compound by 26 ppm for 20 days.  

Keywords: Laccase, pyrene, immobilization, encapsulation, amphiphilic polymers 

INTRODUCTION 

The processes of vast industrialization and 

urbanization in recent years are tightly connected 

with the increasing concentrations of xenobiotic 

compounds in the environment. These compounds 

are used as intermediates in various industrial 

processes including the production of pesticides, 

personal care products, disinfectants, polycyclic 

aromatic hydrocarbons (PAHs), pharmaceutically 

active compounds, phenolic compounds and other 

chemicals [1]. Because of their high toxicity, they 

could be related to many health conditions, such as 

infections of the respiratory tract, disruption of the 

endocrine system, development disorders, and 

carcinogenic and mutagenic effects [2, 3]. On the 

other hand, they can cause harmful effects towards 

the ecosystems as well, due to their ability to 

accumulate in the food chain.  

Polycyclic aromatic hydrocarbons are a group of 

over a hundred organic compounds widely spread 

in the environment. The level of their toxicity is 

strongly related to their structure and mostly to the 

number of fused benzene rings in their molecules. 

The persistence of these compounds makes them a 

serious threat to animal and human health and also 

leads to environmental pollution. Pyrene is a 

polycyclic aromatic hydrocarbon which has 4 fused 

benzene rings in its molecule thus making it 

extremely resistant to microbial degradation. It is 

one of the model compounds used in PAHs 

degradation studies because it is abundantly found 

in the contaminated environment [4]. This 

compound enters the environment mostly through 

the combustion of diesel fuel, but it also is a result 

of the production of bleaching agents and dyes. 

Pyrene and its derivatives have many applications 

due to their unique properties such as blue 

emission, high chemical stability and charge-carrier 

mobility in diverse scientific fields like organic 

light-emitting diodes (OLEDs), organic field-effect 

transistors (OFETs) and organic photovoltaic cells 

(OPVs) [5]. Having in mind these factors it is easy 

to suppose that xenobiotics represent serious 

environmental problems and the urge to develop a 

successful detoxification technique is exigent.  

Many conventional techniques used for the 

treatment of xenobiotic contamination failed in the 

research process mainly because of problems like 

waste disposal and high costs, but mostly because 

the obtained degradation products are in some cases 

even more toxic than the initial compound. This 

hazardous stage is supposed to be avoided by the 

implementation of biological agents in the 

degradation processes leading to economically 

advantageous and eco-friendly technology. Several 

bacterial representatives have proven their ability to 

use pyrene as a sole source of carbon and energy
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but this capability is presented only in laboratory-

scale studies. Some white-rot fungi (WRF), 

macromycetes and ectomycorrhizal fungi amongst 

all species in the fungal kingdom are also able to 

fully mineralize PAHs [6]. Trametes versicolor, a 

WRF, is known for its ability to degrade various 

aromatic compounds, due to the synthesis of a 

unique enzymatic complex, containing ligninases, 

oxidases and laccases [7–10]. The enzymes of the 

lignin-degrading enzymatic system could be 

applied in the degradation process in native or 

purified form. The application of immobilized 

microbial enzymes in the degradation of PAHs is 

one of the prospective approaches because the 

immobilized enzymes can stay stable longer in 

unfavorable conditions in terms of temperature and 

pH. Also, these biocatalysts can be easily separated 

from the reaction mixtures and reused multiple 

times. Immobilized preparations obtained by 

entrapment, encapsulation, adsorption and covalent 

binding have been studied for their degradation 

capacity towards PAHs [11]. On the other hand, 

laccases have broad substrate specificity but only 

for water-soluble substrates. By the encapsulation 

of the enzyme in dendritic-linear-dendritic (DLD) 

block copolymers its substrate specificity could be 

extended because these polymers can selectively 

adhere to various surfaces and bound hydrophobic 

substances in aqueous medium.  

The aim of this study is the evaluation of the 

effectiveness of purified free and immobilized 

laccase from Trametes versicolor to degrade pyrene 

in an aqueous medium. 

MATERIALS AND METHODS 

All reagents used in the experiments were of 

analytical grade unless otherwise stated. Pyrene 

(CAS Number 129-00 0,98%), acetonitrile (HPLC 

grade), sodium alginate and n-hexane were 

purchased from Merck KGaA (Germany). The 

DLD block copolymers were generously provided 

by the Department of Chemistry of SUNY College 

of Environmental Science & Forestry, Syracuse, 

NY, USA. 

Microorganism and cultivation conditions 

The basidiomycete Trametes versicolor 

NBIMCC 8939 is maintained on Chapek-Dox agar 

medium with the following composition (g/L): 

sucrose – 30.0; yeast extract – 5.0; NaNO3 – 2.0; 

K2HPO4 – 1.0; MgSO4.7H2O – 0.5; KCl -0.5; 

FeSO4.7H2O – 0.01 and agar – 15.0 with pH 6.5 

and stored in tubes at 4°C.  

Liquid Chapek-Dox medium with the addition 

of 6mM 2-methoxyphenol was used for the enzyme 

synthesis. After 144 h of cultivation on a rotary 

shaker at 220 rpm and 28°C the cultural broth was 

separated from the biomass by centrifugation at 

6000 rpm for 10 minutes and the protein content 

and laccase activity were determined in the broth, 

as well as the concentration of dry biomass. 

Enzyme activity and protein determination 

Syringaldazyne was used as a substrate for the 

evaluation of the laccase activity where the change 

of the absorption at 530 nm was monitored for 5 

minutes at 37°C. The reaction mixture with a total 

volume of 300 μL consists of 220 μL potassium-

phosphate buffer (50 mM, pH 4.5), 30 μL substrate 

solution (0.216 mM in methanol) and enzyme 

solution. One unit of enzyme activity corresponds 

to 0.001 change in OD at the reaction conditions 

and is expressed as units per mL. The total protein 

concentration was evaluated according to the 

“Bradford” method [12]. 

Isolation and purification of laccase 

After the cultural broth was collected laccase 

was isolated as previously reported [7]. Briefly, the 

cultural broth was separated from the biomass by 

filtration through a glass-fibre filter followed by 

ultrafiltration through a 30 000 Da membrane on 

Millipore Prep/Scale-TFF unit and 400 mL pressure 

cell. After size-exclusion chromatography on 

Sephacryl 200-HR the blue fractions were collected 

and concentrated again for obtaining of a 

homogeneous enzyme preparation.  

Immobilization 

The obtained enzyme was immobilized by two 

methods – by gel entrapment and by encapsulation. 

For the gel entrapment method, a 2% sodium 

alginate solution was prepared with constant 

stirring and heating. The obtained alginate solution 

was cooled and the enzyme in a final concentration 

of 2 mg/mL was added and mixed well. The 

mixture was added dropwise with a syringe and a 

G21 needle into cooled (4°C) 0.5% solution of 

CaCl2 with constant gentle stirring which continued 

for 1 h after the last drop was introduced to the 

solution. Afterwards, the formed Ca-alginate beads 

were separated from the solution through filtration 

and washed twice with distilled water. The loading 

efficiency and immobilization effectiveness were 

calculated according to Daasi et al. [13].  

For the encapsulation of the enzyme dendritic-

linear-dendritic copolymers were used. Those 

polymers were synthesized from reactive poly 

(benzyl ether)monodendrons of the second [G-2], 

third [G-3] and fourth [G-4] generation by coupling 
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with poly(ethylene glycol)s with a molecular 

weight of 5 kDa or 10.8 kDa [14]. Laccase aqueous 

solution with a concentration of 2mg/mL was 

mixed with 0.007 g of each DLD polymer in a final 

volume of 10 mL. The mixtures were placed on a 

rotary shaker for 12 h at 4 ℃ followed by 8 h at 

room temperature [7].  

Pyrene removal by free and immobilized laccase 

An aqueous solution of purified laccase with a 

final concentration of 2 mg/mL was used as a 

medium for the degradation of pyrene. The PAH 

was added to the aqueous mixture to reach a final 

concentration of 200 ppm. The control samples 

contained 200 ppm pyrene in aqueous medium. The 

experimental tubes were placed on a rotary mixer at 

25°C in absence of light for 20 days. Samples were 

taken daily for spectral and HPLC analysis.  

Deionized water was used for the degradation of 

pyrene by the Ca-alginate laccase preparation. Each 

test tube contained 200 ppm pyrene and 1 g 

immobilized preparation. The control samples 

contained 200 ppm pyrene and 1 g Ca-alginate 

beads without enzyme. The tubes were placed on a 

rotary shaker at 25°C in darkness for 20 days and 

samples were taken daily for further examinations. 

Pyrene in a final concentration of 200 ppm was 

added to the enzyme-copolymer complex and the 

experimental tubes were placed on a rotary shaker 

at 25°C in the absence of light. The control samples 

contained DLD polymers in aqueous medium and 

200 ppm pyrene. Samples were taken daily for 

spectral and HPLC analysis.  

Spectral analysis 

The spectral analysis was conducted on UV-VIS 

spectrophotometer SpectroStar NANO (BMG 

Labtech, Germany). Samples were taken daily until 

the 20th day of the experiment. 200 μL aliquot of 

each test tube was placed in a 96-well UV plate and 

the spectrum was recorded in the range of 220-400 

nm with a resolution of 2 nm. 

Extraction of pyrene 

The samples were extracted threefold with 

hexane for the determination of the residual pyrene 

concentration. Anhydrous Na2SO4 was then added 

to the collected fractions to remove residual water 

from the samples. Afterwards, they were 

transferred into a flask with appropriate volume and 

evaporated under vacuum until completely dry. 

Acetonitrile (5 mL) was used for dissolution of the 

dry residue. The samples were then filtered through 

a syringe filter (0.45 μm) and used for 

determination of pyrene concentration.  

HPLC analysis 

Residual pyrene concentration was determined 

on Agilent Infinity 1220 HPLC system equipped 

with UV-VIS detector and Agilent Zorbax Eclipse 

PAH (5 µm, 4.6×150 mm) column. Acetonitrile 

was used as mobile phase with a flow of 1 mL/min, 

injection volume was 20 µL, and detection was 

made at 220 nm wavelength. The retention time for 

pyrene at these conditions was 2,73 min. 

RESULTS AND DISCUSSION 

The evaluation of the ability of laccase to 

degrade pyrene in aqueous medium was made by 

the comparison of the data obtained after 

implementation of free enzyme, enzyme entrapped 

in Ca-alginate gel and enzyme encapsulated in 

DLD polymers. To our knowledge to date, there is 

no other study exploring the degradation of pyrene 

in aqueous medium by immobilized laccase 

entrapped in amphiphilic polymers.  

As a result of the cultivation process, cultural 

broth with laccase activity of 6545 U/mL was 

obtained. After the purification procedures, the 

enzyme preparation had a specific activity of 105.8 

U/mg protein and a protein content of 56 mg/mL. 

After appropriate dosage, the enzyme was used in 

free form or immobilized form for the degradation 

of pyrene.  

A summary of the data obtained during the 

spectral analysis is presented in Fig. 1. The 

differences between the different samples are 

visible. When the free purified enzyme was 

introduced to the reaction mixture there were 

almost no visible changes in the spectra during the 

whole experiment (Fig. 1A). On the other hand, the 

sample with the entrapped in Ca-alginate laccase 

demonstrated significant changes in the spectra 

(Fig. 1B). Samples taken on the 10th, 15th and 20th 

day show lower absorbance values in the monitored 

range. These changes in the spectra must be due to 

oxidation processes of pyrene during the 

experiment. The formed new intermediates are the 

reason for the decrease in the absorbance values. 

Many studies discuss the ability of bacteria 

immobilized in alginate [15] and fungal mycelium 

[16] to degrade PAHs, but the information 

regarding the sole application of laccase in such 

process is very scarce. Fig. 1C presents the spectral 

data obtained with laccase encapsulated in [G-2] 

polymer.  
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Fig. 1. Spectral data of the reaction mixture between A) Purified laccase and pyrene; B) Entrapped laccase and 

pyrene; C) Laccase, modified with [G-2] block copolymer and pyrene; D) Laccase, modified with [G-3] block 

copolymer and pyrene; E) Laccase, modified with [G-4] block copolymer and pyrene.  

The changes in the graph are visible, but yet not 

as intensive as the ones in Fig. 1B. A slight increase 

of the absorbance values was recorded during the 

experiment and the highest values were observed 

on the 20th day. With laccase encapsulated in [G-3] 

and [G-4] polymers, the spectral changes occurred 

around the 15th day of the experiment and 

represented a minor increase in the spectral curves, 

most likely because of the oxidation processes that 

took place in the degradation system. It is important 

to state that when encapsulated in these polymers 

the enzyme is located in the central part, whilst the 

polymer envelops it, creating a hydrophobic 

surrounding. The monomers in the DLD polymers 

are different which explains the differences in the 

spectral data, and proves that in fact the polymer is 

based on poly(benzyl ether)s monodendrons of 

second generation and poly(ethylene glycol) with 

molecular weight 5000 Da ([G-2]). Since the water 

solubility of PAHs is very low it could be assumed 

that the polymer acts as a mediator for the pyrene 

oxidation resulting in higher transformation rates. 

The usage of amphiphilic block copolymers for 

laccase encapsulation is a relatively new but 

promising approach for the removal of persistent 

organic pollutants [7, 17]. Yet there is no other 

study in the available literature discussing their 

effectivity regarding pyrene transformation.   

The changes in the spectra of the samples 

correspond to the data obtained by the quantitative 

analysis. Figure 2 shows the residual pyrene 

concentration after 20 days of incubation with the 

used laccase preparations. When free purified 

enzyme was applied to the reaction mixture for 20 

days the pyrene concentration was by 15 ppm lower 

than the initial. The application of entrapped in Ca-

alginate gel led to higher degradation values, 

reaching 174 ppm residual pyrene on the 20th day. 

The application of the enzyme encapsulated in 

DLD polymers of second generation was the most 
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promising, where the obtained pyrene removal was 

14% or 172 ppm of pyrene were present in the 

sample at the end of the process. With the 

preparations based on polymers of third and fourth 

generation, the degradation rates were 2 and 10%, 

respectively.  

 

Fig. 2. Residual pyrene concentration 

Compared to other studies, the obtained results 

initiate that with the implementation of some 

optimization of the process, higher degradation 

rates could be achieved. Laccase from Lenzites 

betulinus was immobilized for pyrene and 

benzo(a)pyrene degradation where over 80% and 

40% degradation was achieved, respectively. The 

enzyme had a high degradation capacity which 

could be intensified by variation of the process 

parameters [18]. Deng et al. [19] applied 

immobilization of laccase on ferromagnetic 

nanoparticles for degradation of anthracene (3-ring 

PAH) and benzo(a)pyrene – a 5-ring PAH. The 

effects of time, pH, temperature, initial 

concentration of PAH and absence or presence of 

mediators were investigated. It was proven that the 

degradation efficiency could be significantly 

improved with the introduction of mediators into 

the reaction mixture. The immobilized preparation 

itself demonstrated a degradation rate of 39% for 

benzo(a)pyrene and in the presence of HBT, the 

degradation rate increased to 99.1%. In another 

study, laccase from T. versicolor was employed in 

the oxidation of 14 PAHs. The introduction of 

mediators in the degradation system led to a 

significant increase in the oxidation of pyrene to 

48% whereas the degradation rate without a 

mediator was only 6% [20]. 

CONCLUSION 

In the present study, the ability of free and 

immobilized laccase for the degradation of pyrene 

in aqueous medium was evaluated. The spectral 

data demonstrated changes in the absorbance values 

with time in the UV range, caused by structural 

changes in the pyrene molecule. For the first time, 

amphiphilic polymers were used for degradation of 

pyrene. The results indicated a potential for the 

development of a eco-friendly detoxifying 

technology. The application of DLD-based 

polymers for the degradation of water-insoluble 

xenobiotics in aqueous medium is a prospective 

field for new experiments. Further experiments are 

needed for the optimization of the degradation 

process regarding pH, temperature, duration of the 

process, presence of mediators, illumination, etc.  
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The monoterpene ketone carvone [6,8(9)-p-pentadien-2-one; 1-methyl-4-isopropenyl-6-cyclohexene-2-one] is a 

colorless to pale yellowish liquid with a characteristic cumin-spiced odor and a sharp, warm, sweet taste. It is found as a 

main component in essential oils of cumin, fennel, spearmint, etc., from which it is isolated, but for industrial purposes it 

is synthesized. It is stable in soaps, detergents and cosmetics. Its uses include the preparation of perfume compositions 

with spicy and fantasy notes, fern, clove, chypre, etc., aromatic compositions for the food industry - mainly mint-carvone 

type, spices, liqueurs, etc. It is used in significant quantities in gums and oral hygiene preparations (toothpastes, 

mouthwashes, etc.). The goal of the present work is to predict the physical, toxicological properties and environmental 

fate of L-carvone by the CompTox Chemistry Dashboard. 

Keywords: L-carvone, toxicity, physicochemical properties, environmental behavior 

INTRODUCTION 

The volatile monocyclic ketone carvone [6,8(9)-

p-pentadien-2-one; 1-methyl-4-isopropenyl-6-

cyclohexene-2-one] is a colorless to pale yellowish 

liquid. Two enantiomers of carvone, (R)-(-)-carvone 

(L-carvone) and (S)-(+)-carvone (D-carvone), are 

found in various essential oils. Both enantiomers are 

with different properties: (S)-(+)-carvone has an 

optical activity of 
20

D
 +64.3 and is the main 

constituent of caraway (ca. 60%) and dill essential 

oils (ca. 50%). (S)-(+)-carvone possesses the typical 

caraway aroma., Therefore, D-carvone and the 

essential oils that contain it are mainly used as a taste 

enhancer for the food industry (in aromatic 

compositions - mainly mint-carvone type, spices, 

liqueurs, etc.), and fragrance industry (in perfume 

compositions with spicy and fantasy notes, fern, 

clove, chypre, etc.) (R)-(-)-carvone has an optical 

activity 
20

D
 -62.5, occurs in spearmint oil at a 

concentration of 70-80%. L-carvone and the 

essential oils that contain it are frequently added to 

toothpastes, mouth washes, chewing gums, etc. [1–

3]. 

Both enantiomers are isolated by fractional 

distillation of essential oils, but for industrial 

purposes they are synthesized [1]. 

Some physicochemical (density, surface tension 

and refractive index), kinetic and thermodynamic 

parameters (surface energy, surface heat capacity, 

reaction rate constant) of carvone were measured at 

a temperature range between 6 and 30 ℃ [4].  

It has been found that treating cedar wood with 

carvone affects its physicochemical properties, 

which may allow to reduce or inhibit the adhesion of  

microorganisms responsible for its biodegradation 

[5]. 

Carvone also exhibits a variety of biological 

properties, e.g., antimicrobial [4, 6–12], antioxidant 

[13, 14], antidiabetic [15, 16], anti-inflammatory 

[17–19], neurological [20–22], etc. [23, 24]. 

Carvone is among the 80 aromatic substances, 

described in Regulation 2023/1554 [25] that can 

cause hypersensitivity of skin and allergy contact 

dermatitis [26–30]. Its presence in the essential oils 

used in perfumery and cosmetic preparations should 

be defined on the label at a concentration above 

0.01% in rinse-off products for skin and hair 

(shampoos, shower gels, masks, etc.) and over 

0.001%, in those that remain in contact with skin 

(creams, toilet milks, lotions, etc.). 

The goal of the present work is to predict the 

physical, toxicological properties and environmental 

fate of L-carvone by the CompTox Chemistry 

Dashboard.  

* To whom all correspondence should be sent:  

E-mail: ivanz.iliev@uni-plovdiv.bg © 2024 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 
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MATERIALS AND METHODS 

CompTox Chemistry Dashboard 

The free and accessible web-based application 

Dashboard was used, which has access to nine 

databases of chemical compounds [31, 32]. 

Environmental fate and transport 

The data were obtained from online databases or 

predicted using different models such as: EPI Suite, 

NICEATM, TEST and OPERA. Various properties 

were included in the study, for example the 

adsorption coefficient, atmospheric hydroxylation 

rate, biodegradation half-life, fish biotransformation 

half-life, as well as parameters to assess 

bioaccumulation potential, such as bioaccumulation 

factors and bioconcentration factors. The obtained 

predicted values were derived using different models 

[31, 32]. 

Chemical properties 

Experimental and predicted physical and 

chemical properties, such as log octanol-water 

partition coefficient (logP), water solubility (S), 

melting point (MP) and others, were used. The data 

is presented in two separate tables, as experimental 

and predicted [31, 32]. 

RESULTS AND DISCUSSION 

Knowledge of the physicochemical properties of 

potential chemical alternatives is a requirement of 

the alternatives assessment process for two reasons. 

First, the inherent hazard of a chemical, such as its 

capacity to interfere with normal biological 

processes, and its physical hazards and 

environmental fate (degradation, persistence) are 

determined by its intrinsic physicochemical 

properties and the system with which it is 

interacting. Second, physicochemical properties can 

be used to eliminate from consideration chemicals 

that are likely to exhibit particular physical or 

toxicological hazards. As important as this data is, 

obtaining it is relatively fast and inexpensive, and 

can be readily done at the initial stages of the 

alternatives assessment [33]. 

Physical properties include freezing point, 

boiling point, melting point, infrared spectrum, 

electronic parameters, viscosity, and density. Some 

of them (e.g., electronic parameters, molecular 

weight, boiling/freezing point) are directly 

associated with environmental fate and health 

effects. A number of different software packages and 

algorithms are available for predicting 

physicochemical properties, and predictions are 

often in excellent agreement with experimentally-

derived values [33]. 

In the present work, the CompTox Chemistry 

Dashboard was used to predict the physicochemical 

properties (environmental fate) of L-carvone. 

Data of prediction environmental fate 

(Bioconcentration factor, Atmospheric 

hydroxylation rate, Biodegradation half-life, Fish 

biotransformation half-life (Km) and Soil adsorption 

coefficient (Koc) and physicochemical properties) of 

L-carvone are presented in Table 1.  

Table 1. Predicted properties for L-carvone. 

Property 

 

Experimental 

average 

Predicted 

average 

Experimental 

median 

Predicted 

median 

Experimental 

range 

Predicted 

range 

Bioconcentration factor, 

L/kg  

- 7.55 - 7.55 - 4.62  

to 10.5 

Atmospheric 

hydroxylation rate, 

ml/molecule.s  

- 1.66 e-10 - 1.66 e-10 - 1.66 e-10 

Biodegradation half-life, 

days  

- 3.47 - 3.47 - 3.47 

Fish biotrans formation 

half-life (Km), days  

- 9.12e-2 - 9.12e-2 - 9.12e-2 

to 0.237 

Soil adsorption 

coefficient (Koc), L/kg  

- 214 - 214 - 214 

Polarizability, Å3 - 18.0 - 18.0 - 18.0 

Henry’s law, atm-m3/mol - 3.31e-4 - 3.31e-4 - 3.31e-4 

ReadyBiodeg, Binary 0/1 - 0.00 - 0.00 - 0.00 

Boiling point,  

℃ 

230 227 230 227 229 to 230 224  

to 231 

Flash point,  

℃ 

- 86.5 - 86.5 - 84.1  

to 88.9 

Melting point,  

℃ 

- 18.1 - 9.86 - 9.00  

to 35.4 
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Molar refractivity, ml - 45.5 - 45.5 - 45.5 

Molar volume, ml - 160 - 160 - 160 

Surface tension, dyn/ml - 32.0 - 32.0 - 29.8  

to 34.2 

Density,  

g/ml 

- 0.947 - 0.947 - 0.940  

to 0.954 

logD5.5, Log10 unitless - 2.36 - 2.36 - 2.36 

logD7.4, Log10 unitless - 2.36 - 2.36 - 2.36 

Liquid chromatography 

Ret., min 

- 9.34 - 9.34 - 9.34 

Vapor pressure, mm Hg 0.103 9.86e-2 0.103 0.102 0.103 6.56e-2  

to 0.1… 

Water solubility, mol/L 8.70e-3 6.75e-3 8.71e-3 6.79e-3 8.67e-3  

to 8.71e-3 

2.44e-3  

to 1.10e-2 

Index of refraction, - 1.48 - 1.48 - 1.48 

LogKoa:  

Octanol-Air 

- 5.06 - 5.06 - 5.06 

LogKow:  

Octanol-Water 

2.71 2.62 2.71 2.58 2.71 2.27  

to 3.07 

Table 2. Predicted results of physicochemical properties for L-carvone using software TEST. 

 

Properties 

Experimental 

value 

Consensus Hierarchical 

clustering 

Single 

model 

Group 

contribution 

Nearest 

neighbor 

Normal boiling 

point, ℃ 

231.0 224.3 230.7  213.0 229.3 

Melting point, ℃  35.4 46.7  9.4 50.0 

Flash point, ℃ 88.9 83.1 89.0  73.6 86.8 

Vapor pressure, 

mm Hg 

0.103 0.156 0.122  0.175 0.177 

Density, g/ml 0.940 0.954 0.957  0.957 0.948 

Surface tension, 

dyn/ml 

34.239 34.201 34.301  35.331 32.970 

Water solubility, 

mg/L 

1299.528 731.267 1272.750  216.953 1416.181 

There are four experimental data values of L-

carvone. The physicochemical properties are 

estimated by OPERA. 

An EPA software application (the Toxicity 

Evaluation Software Tool (TEST)) was 

implemented for evaluating the physicochemical 

properties of L-carvone using quantitative structure-

activity relationship (QSAR) methodologies. Data 

predicting the properties of L-carvone by the 

software TEST (CompTox Chemistry Dashboard) is 

presented in Table 2.  

There are six experimental values of L-carvone – 

normal boiling point, flash point, vapor pressure, 

density, surface tension and water solubility. 

Prediction results (Consensus method) for all 

properties are obtained of individual predictions 

with the following methods (Hierarchical clustering, 

Single model, Group contribution, Nearest 

neighbor). 

For each property a training and external test set 

are defined. Predictions for the test chemical and for 

the most similar chemicals in the sets have been 

made (Table 3). 
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Table 3. Predicted physicochemical properties of L-carvone by Consensus method. 
P

h
y

si
ca

l 
an

d
  

ch
em

ic
al

 

p
ro

p
er

ti
es

 Predictions for the test chemical and 

for the most similar chemicals in the 

training set 

MAE* Predictions for the test chemical 

and for the most similar chemicals 

in the external test set 

MAE* 
N

o
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 b

o
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 p

o
in

t,
 ℃
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minimum similarity coefficient of 0.5 
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*Mean absolute error in g/ml 

 

A toxic endpoint is the result of a study conducted 

to determine how dangerous a substance is. The data 

collected from such studies are used to report the 

relative toxicity of the compound to various 

regulatory agencies and environmental compliance 

groups. Toxic endpoints can include mortality, 

behavior, reproductive status or physiological and 

biochemical changes [34]. 

Toxic endpoints are acute or chronic. Acute 

studies generally last no longer than a week and 

examine endpoints such as mortality and behavior. 

With acute studies, a common endpoint is an LD50, 

which is the dose of a compound required to kill half 

the organisms in the study. Chronic studies are 

longer in duration (more than a week) and include 

endpoints such as reproduction, long-term survival 

and growth. Chronic studies are valuable because 

they examine the effects of extremely low 

concentrations of compounds that may persist in the 

environment for long periods of time [34]. 

There are two experimental values (toxicological 

endpoints) for L-carvone – Ames mutagenicity and 

oral rat LD50. Prediction results (Consensus method) 

for all toxicological endpoints for L-carvone are 

obtained of individual predictions with the following 

methods (Hierarchical clustering, Single model, 

Group contribution, Nearest neighbor). 

Data predicting the toxicological endpoints of L-

carvone by the CompTox Chemistry Dashboard are 

presented in Table 4.  

For each toxicological endpoint a training and an 

external test set are defined. Predictions for the test 

chemical and for the most similar chemicals in the 

sets were made (Table 5). 
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Table 4. Predicted results of toxicological endpoints for L-carvone.  

Properties Experimental 

value 

Consensus Hierarchical 

clustering 

Single 

model 

Group 

contribution 

Nearest 

neighbor 

96 h fathead  

minnow LC50, mg/L 

 5.573 10.113 5.630 5.157 3.284 

48 h Daphnia magna 

LC50, mg/L 

 1.802 1.768 1.768 1.870  

48 h Tetrahymena 

pyriformis IGC50, mg/L 

    1.857  

Oral rat  

LD50, mk/kg 

1639.780 1635.355 2039.099   1311.552 

Bioconcentration factor  4.628 2.120 24.353 1.920  

Developmental  

toxicity 

 true true false  true 

Ames mutagenicity false false false   false 

Estrogen Receptor RBA      1.289×10-4 

Estrogen Receptor  

Binding 

 false false false false true 

Table 5. Predicted toxicological properties of L-carvone from Сonsensus method. 

Toxicological 

properties 

Predictions for the test 

chemical and for the 

most similar chemicals in 

the training set 

MAE* Predictions for the test 

chemical and for the 

most similar chemicals 

in the external test set 

MAE* 

96 h fathead 

minnow LC50, 

mg/L 

 

Entire set-

0.48 

Similarity 

coefficient ≥ 

0.5 (0.47) 

 

Entire set-0.55 

Similarity 

coefficient ≥ 0.5 

(0.41) 

48 h Daphnia 

magna LC50, 

mg/L 

 

Entire set-

0.50 

Similarity 

coefficient ≥ 

0.5 (0.63) 

 

Entire set-0.74 

Similarity 

coefficient ≥ 0.5 

(0.40) 

48 h Tetrahymena 

pyriformis IGC50, 

mg/L 

No similar chemicals  

could be predicted 

 No similar chemicals  

could be predicted 
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Oral rat LD50, 

mk/kg 

 

Entire set-

0.34 

Similarity 

coefficient ≥ 

0.5 (0.27) 

 

Entire set-0.43 

Similarity 

coefficient ≥ 0.5 

(0.31) 

Bioconcentration 

factor 

 

Entire set-

0.42 

Similarity 

coefficient ≥ 

0.5 (0.52) 

No chemicals in the test 

set exceed a minimum 

similarity coefficient of 

0.5 for comparison 

purposes 

Entire set-0.51 

Similarity 

coefficient ≥ 0.5 

(0.80) 

Developmental 

toxicity 

 Concordance

-1.00 

Sensitivity-

1.00 

Specificity-

1.00 

 Concordance-0.80 

Sensitivity-0.75  

Specificity-1.00 

Ames  

Mutageni-city 

 Concordance

-0.90 

Sensitivity-0 

Specificity-1 

 Concordance-0.80 

Sensitivity-N/A 

Specificity-0.80 

Estrogen Receptor 

RBA 

No similar chemicals  

could be predicted 

 No similar chemicals  

could be predicted 

 

Estrogen Receptor 

Binding 

 Concordance

-N/A 

Sensitivity-

N/A 

Specificity-

N/A 

 Concordance-0.75 

Sensitivity-1.00 

Specificity-0.50 

*Mean absolute error in g/ml 

CONCLUSION 

Prediction and investigation of the 

physicochemical properties of L-carvone can be 

used as a screening for its potential to cause human 

and environmental toxicity. Experimental data is 

limited, forcing decisions about the potential of a 

compound now and in the future to be made on the 

basis of limited data and information. Therefore, 

alternative in silico methods, such as the CompTox 

Chemistry Dashboard, are used to assess their 

behavior (potential toxicity, physicochemical 

properties and environmental fate and transport). 
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Citral is an acyclic monoterpene aldehyde that occurs in natural products in two forms: -form (trans-3,7-dimethyl-

2,6-octadiene-1-al) and -form (cis-3,7-dimethyl-2,7-octadiene-1-al). The trans-form is also called geranial (citral a) and 

the cis-form neral (citral b). This aromatic substance is found in many essential oils - eucalyptus, lemongrass, citronella, 

lyceum, lemon wormwood, verbena, etc. It is mainly isolated from eucalyptus, lychee, lemongrass and other essential 

oils. For industrial purposes, however, it is synthesized. It has poor resistance to light, air and heat. Technical citral is 

more stable in soaps. It is used in perfumery and cosmetics, to flavor various food products and it is also used as a raw 

material for the synthesis of many other aromatic substances. The aim of the present study is to predict the biological 

effects of citral by applying an in silico approach. 

Keywords: citral, absorption, distribution, metabolism, excretion 

INTRODUCTION 

Citral [CAS 106-26-3] is an acyclic monoterpene 

aldehyde that occurs in natural products as an 

isomeric mixture of geranial (E-3,7-dimethyl-2,6-

octadienal) and neral (Z-3,7-dimethyl-2,6-

octadienal). The trans-form is also called (citral a) 

and the cis-form (citral b). In the isomeric mixtures, 

geranial is usually the predominant one. It is usually 

isolated from different essential oils [1–3], for 

industrial purposes, however, it is synthesized from 

various other compounds, such as isoprene, methyl-

heptenone, β-pinene, linalool or geraniol [1].  

As an oxygen derivative, it exhibits antimicrobial 

properties against various test microorganisms, such 

as Gram-positive and Gram-negative bacteria, 

yeasts, molds [4–9], with pronounced antioxidant [5, 

7, 8] and other biological properties [4, 7].  

Technical citral is more stable in soaps. It is used 

in perfumery (with citrus, verbena, floral and fantasy 

notes) and cosmetics, to flavor various food products 

(with a citrus smell, as a substitute for lemon oil). 

Citral is also used as a raw material for the synthesis 

of many other aromatic substances [1, 3]. It is often 

encapsulated and, in combination with various 

polysaccharides, is used on one hand as a flavoring 

agent and preservative [6, 10–12], and on the other 

as a component of edible food coatings [10, 11, 13]. 

Findings have shown that for people with 

sensitive skin, it can cause allergies, resulting in skin 

redness, as well as breathing disorders [14–16]. 

Therefore, it is included in the list of 80 allergens of 

Regulation 2023/1554 of EC [17]. Its amount should 

be labeled on perfumery or cosmetic products when 

the content is more than 0.01% in rinse-off products 

for skin and hair (shampoos, shower gels, masks, 

etc.) and more than 0.001% in those that remain in 

contact with skin (creams, toilet milks, lotions, etc.).  

The aim of the present study is to predict the 

biological effects of citral by applying an in silico 

approach, such as lipophilicity, water solubility, 

pharmacokinetics and other characteristic medicinal 

formulations.  

MATERIALS AND METHODS 

Compound data 

Citral has been shown to exhibit apoptotic, anti-

nociceptive and anti-inflammatory functions. These 

are compounds contaning a chain of two isoprene 

units [18]. 

SwissADME. This web tool grants free access to 

data regarding various properties and predictive 

models necessary in determining the physico-

chemical parameters and for evaluating pharmaco-

kinetics of various compounds [19]. 
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According to the "Rule of Five", a given 

molecule is orally active/absorbed when it does not 

violate any two or more of the rules. However, some 

complicated natural products are not suited to the 

rules. For that, a variety of other rules and filters 

regarding drug-likeness that are equal to the "Rule of 

Five" have been proposed [20–22]. 

Hopkins in 2012 developed the QED 

(quantitative estimate of drug-likeness) concept [23] 

which generated eight physicochemical properties, 

which include four of the five (MW, iLOGP, HBAs 

and HBDs) and four other parameters such as 

topological polar surface area (TPSA), number of 

rotatable bonds (ROTBs), number of aromatic rings 

(nAROMs), and number of alerts for undesirable 

substructures (ALERTs i.e. PAINS #alert and Brenk 

#alert) using 771 marketed oral drugs [23]. The 

concept of QED is the most flexible and adopted 

compared to ordinary drug-likeness rules [19]. 

RESULTS AND DISCUSSION 

Some physicochemical parameters of citral are 

given in Table 1.  

Lipophilic characteristics of citral are presented 

in Table 2. 

 

Table 1. Physicochemical properties of citral 

Molecular 

weight 

(g/mol) 

Number 

of heavy 

atoms 

Number of 

aromatic 

heavy 

atoms 

Fraction 

Csp3 
Number of 

rotatable 

bonds 

Number of 

H-bond 

acceptors 

Number of 

H-bond 

donors 

Molar 

refractivity 
TPSA  

(Ȧ2)  

152.23 11 0 0.50 4 1 0 49.44 17.07 

Table 2. Lipophilic characteristics of citral.  

iLOGP XLOGP3 WLOGP MLOGP SILICOS-IT Consensus Log Po/w 

2.47 3.03 2.88 2.49 2.65 2.71 

* XLOGP3, an atomistic accost including corrective factors and knowledge based library; WLOGP, application of 

purely atomistic method stationed on fragmental system; MLOGP, an archetype of topological method suggested on a 

linear relationship with implemented 13 molecular descriptors; SILICOS-IT, an mongrel method entrust on 27 fragments 

and 7 topological descriptors; iLOGP, a physics-based method lean on free energies of solvation in n-octanol and water 

calculated by the generalized-born and solvent accessible surface area (GB/SA) model [19]. 

Table 3. Water solubility characteristics of citral  

ESOL Ali et al. [24] SILICOS-IT 

Log S 

(ESOL) 

Solubility Class Log S Solubility Class Log S 

SILICOS-IT 

Solubility Class 

mg/ml mol/L mg/ml mol/L mg/ml mol/L 

-2.43 5.67e-01 3.73e-03 S -3.05 1.34e-01 8.83e-04 S -1.96 1.66e+00 1.09e-02 S 

*I – insoluble; PS – poorly soluble; S – soluble; VS – very soluble. 

Table 4. Pharmacokinetic parameters of citral  

GI 

absorption 

BBB 

permeant 

P-gp 

substrate 

CYP1A2 

inhibitor 

CYP2C19 

inhibitor 

CYP2C9 

inhibitor 

CYP2D6 

inhibitor 

CYP3A4 

inhibitor 

Log Kp (Skin 

permeation) 

(cm/s) 

High Yes No No No No No No -5.08 

Table 5. Drug-likeness rules and bioavailability score of citral  

Lipinski  

et al. [20] 

Ghose  

et al. [21] 

Veber  

et al. [28] 

Egan  

et al. [29] 

Muegge  

et al. [30] 

Bioavailability 

score 

Yes;  

0 violation 

No; 1 violation  

MW < 160 

Yes Yes No; 2 violation:MW < 200; 

Heteroatoms < 2 

0.55 

Table 6. Medicinal chemistry properties of the compound citral 

Pains Brenk et al. [32] Leadlikeness Synthetic accessibility (SA) 

0 alert 3 alerts: aldehyde, isolated_alkene, 

michael_acceptor_1 

No; 1 violation:  

MW < 250 

2.49 
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Log P data define citral as lipophilic. Two 

different topological approaches predicting water 

solubility are included in SwissADME, with the first 

one applying an ESOL model. (Solubility class: Log 

S Scale: Insoluble & lt; -10 weakly & lt; -6, 

moderately & lt; -4 soluble & lt; -2 very & lt; 0 & lt; 

high), and the second was adapted by Ali et al. [24]. 

A third predictor of SwissADME has been 

developed from SILICOS-IT (Solubility class: Log 

S Scale: Insoluble & lt; - 10 weakly & lt; -6, 

moderately & lt; -4 soluble &lt; -2 very & lt; 0 & lt; 

high), the linear coefficient being corrected by 

molecular weight (R2 = 0.75).  

Water solubility characteristics of citral are 

presented in Table 3. Citral has high water solubility. 

For the prediction of passive absorption in the 

gastrointestinal tract, as well as in drug development, 

the BOILED-Egg model is used, which is very rapid, 

spontaneous and effective [25]. The space of 

molecules with a greater degree of absorption from 

the gastrointestinal tract is colored white, and this is 

most likely to penetrate the brain – in yellow [19]. It 

is known that between 50 and 90% of molecules with 

therapeutic properties from the five main isoforms of 

citral are biotransformed from cytochrome P450 

(CYP) isoenzymes [26, 27].  

Pharmacokinetics parameters of citral are 

presented in Table 4. The data indicate a high level 

of absorption of the gastrointestinal tract and a high 

BBB, i.e. citral is not the substrate for P-gp. The data 

show that citral cannot be a substrate of P-gp, it is 

also a non-inhibitor of the cytochrome P450 

isozymes. Citral is weak in permeability which is 

determined by the skin permeability coefficient (Log 

Kp) [27]. Access to five different filters, which are 

based on rules with different ranges of properties, 

and define the molecule as a drug, is given by section 

SwissADME. The Lipinski et al. [20] (Pfizer) filter 

is the pioneer for rule-of-five along with Ghose et al. 

[21] (Amgen), Veber et al. [28] (GSK), Egan et al. 

[29] (Pharmacia) and Muegge et al. [30] (Bayer) 

methods. The specific needs of the end-user with 

respect to the chemical space are formed by different 

evaluations which allow a choice of diverse 

methods. A description of each rule violation 

appears in the output panel [19].  

Drug-likeness rules and bioavailability score of 

citral are presented in Table 5. 

Citral expressed and followed the rule invoked in 

SwissADME, the violation shown by it is minimal 

[31]. In the model of Brenk et al. [32] components, 

which are smaller and less hydrophobic, are 

considered rather than those defined by "Lipinski's 

rule of 5" to extend the possibilities of optimization 

of lead. For example, lead optimization was 

developed by a method where molecular weight 

between 100 and 350 Da, ClogP between 1 and 3.0 

is taken [33]. A fingerprint-based approach was used 

to estimate Synthetic accessibility (SA) [34].  

The medically important properties of citral are 

presented in Table 6. No reaction alerts were 

observed for PAIN alert, but were observed for 

Brenk et al. [32]. Therefore, there is some deviation 

of citral in terms of its drug similarity. It is seen that 

the molecule is at the prediction site, i.e. in the yolk 

(high brain penetration) of BOILED-Egg (Fig. 1).  

The molecule of citral is depicted as red indicating 

non-substrate of P-gp (PGP-). 

Citral was evaluated for drug-likeness by 

bioavailability radar (Figure 2).   

Six physicochemical properties: lipophilicity 

(from -0.7 to +5.0), molecular mass (from 150 to 500 

g/mol), polarity (of 20 and 130Ȧ), insolubility (log S 

not higher than 6), insaturation (the fraction of 

carbons in sp3 hybridization not less than 0.25) 

 

Fig 1. Schematic representation of perceptive evaluation of passive gastrointestinal absorption (HIA) and brain 

penetration (BBB) with the three molecules using BOILED-Egg (WLOGP vs. TPSA).
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and flexibility (no more than 9 rotating connections) 

outline an optimum space (pink area) which predict 

its bioavailability when consumed orally [19]. 

Bioavailability radar gives the most general idea 

of the drug-likeness of a molecule. The compound is 

in the optimal range of the pink zone with small 

deviations in some parameters (Fig. 2). 

 

Fig. 2. Schematic diagram of bioavailability radar for 

drug likeness of citral. 

CONCLUSIONS 

In order to act as a drug, citral must meet certain 

requirements that will allow the relevant biological 

events to take place. The SwissADME tool makes it 

possible to calculate medically important 

physicochemical, pharmacokinetic and other 

parameters of flavoring substances.  
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Dandelion is a well-known edible and medicinal plant with numerous studies of its health benefits. Interest presents 

its polyphenolic and carbohydrate composition and its non-polar components in the aerial parts and roots have been 

identified. There are no studies about the composition of the fatty acid phytocomponents in the flowers of the dandelion. 

The main purpose of the present study is a comparative investigation of n-hexane, ethanol, and n-hexane/ethanol (1:1 v/v) 

soluble compounds from dandelion flowers (Taraxacum officinale Weber ex F.H. Wigg.) collected during the flowering 

period. The GC-MS analysis of the non-polar (lipid) fractions showed the presence of 30 biologically active 

phytocompounds. The fatty acids predominated in the investigated extracts [(50-60 % of total ion current (TIC)], followed 

by triterpenes (9-11 % of TIC) and phytosterols (7-8 % of TIC). Polyunsaturated fatty acids - linoleic acid and α-linolenic 

acid (10 – 15 % of TIC) were identified as the major components. Phytosterols were mainly represented by β-sitosterol 

(3-4 % of TIC) and stigmasterol (above 2% of TIC), while pentacyclic triterpenes from cycloartenol 3-acetate (3-4% of 

TIC) and β-amyrin (above 2% of TIC) were found. Based on the fatty acid profile, the nutritional indices directly 

correlated with the lipid metabolites profile responsible for human health were calculated: Index of atherogenicity (IA) – 

1.2-1.6; Index of thrombogenicity (IT) – 0,6-0,7; Hypocholesterolemic/hypercholesterolemic (HH) ratio – 1.0-1.3; 

Health-promoting index (HPI) – 0.6-0.8; Unsaturation index (UI) – 72 and linoleic acid/α-linolenic acid (LA/ALA) ratio 

– 1.1. The current results reveal the nutritional potential and health benefits of edible dandelion flowers. 

Key words: dandelion, edible flowers, lipid profile.  

INTRODUTION 

Dandelion Taraxacum officinale (L.) Weber ex 

F.H. Wigg. is a medicinal plant member of 

Asteraceae family, subfamily Cichorioideae, tribe 

Lactuceae. It is widely distributed in the warmer 

temperate zones of the Northern Hemisphere as a 

perennial weed [1]. The dandelion roots and herbs 

have been utilized for the treatment of various 

ailments such as kidney disease, dyspepsia, 

heartburn, spleen, liver complaints, and anorexia, in 

cases of poor digestion, water retention and against 

liver diseases including hepatitis (due to its 

hepatoprotective effect) [1-3]. In Bulgarian 

traditional herbal medicine, this plant is used for 

treatment of digestive diseases, prevention of renal 

gravel and loss of appetite [4, 5]. The main suppliers 

of dandelion are: Bulgaria, followed by former 

Yugoslavia, Romania, Hungary and Poland [6]. 

Dandelion active ingredients were found in both the 

roots and leaves [7]. Its roots and leaves contain 

sesquiterpenes, triterpenes, phytosterols (taraxa-

sterols, their acetates and 16-hydroxy derivatives, α- 

and β-amyrin, β-sitosterol and stigmasterol), several

phenolic compounds (chicoric acid, monocaffeoyl-

tartaric, 4-caffeoylquinic, chlorogenic, caffeic, p-

coumaric, ferulic, p-hydroxybenzoic, proto-

catechuic, vanillic, syringic and p-hydroxy-

phenylacetic acids), as well as three coumarins 

(umbelliferone, esculetin and scopoletin) [1, 8]. 

Apart from above mentioned secondary metabolites, 

the dandelion roots are a rich source of 

polysaccharides, mainly inulin-type fructans and 

smaller amounts of pectin, resin, and mucilage [1, 7, 

9].  
Edible flowers have been used in the form of food 

(syrups, jellies, sauces and various desserts) and fine 

spices for their medicinal properties and nutritional 

value. The fresh flowers have been consumed for 

years in many cultures (Ancient Greeks, Romans 

and Chinese) and have also been used to treat certain 

ailments [10]. 

On this basis, in the present study we investigated 

the non-polar content of 95 % ethanol, n-hexane and 

95% ethanol/n-hexane (1:1 v/v) extracts derived 

from dandelion flowers. The lipid nutritional indices 

were calculated.   

* To whom all correspondence should be sent:  

E-mail: ivanov_ivan.1979@yahoo.com 

© 2024 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 
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EXPERIMENTAL 

Plant material and extractions 

Aerial parts (flowers) of a wild-growing 

population of dandelion (T. officinale Weber ex F.H. 

Wigg.) in Plovdiv region, Bulgaria were randomly 

collected during flowering stages. The samples were 

dried in the shadow at room temperature and finely 

ground in a laboratory homogenizer. Twenty-five 

grams of the dried and ground material was extracted 

three times (250 ml) with three different solvents 

ethanol, n-hexane and a mixture of ethanol, and n-

hexane ratio (1:1) for 24 hours under maceration. 

The combined extracts were evaporated on a vacuum 

evaporator and used for subsequent experiments. 

Gas Chromatography-Mass Spectrometry (GC-MS) 

analysis 

The dry extracts obtained from dandelion flowers 

were saponified with an ethanolic solution of 2 M 

KOH under reflux for 1.5 h. After cooling, the 

obtained extracts were separated by triple liquid–

liquid extraction with n-hexane. GC-MS analysis 

was conducted on a gas chromatograph Agilent 

Technology Hewlett Packard 7890 A, connected 

with mass detector Agilent Technology 5975 C inert 

XL EI/CI MSD at 70 eV, under conditions as 

previously described [11, 12]. The obtained mass 

spectra were examined using 2.64 AMDIS 

(Automated Mass Spectral Deconvolution and 

Identification System), National Institute of 

Standardization and Technology, USA. 

Nutritional Indices Calculation 

A polyunsaturated-to-saturated fatty acids 

(PUFA/SFA) ratio, an index of atherogenicity (IA), 

an index of thrombogenicity (IT), a 

hypocholesterolemic/hypercholesterolemic ratio 

(h/H), a health-promoting index (HPI), and a linoleic 

acid/linolenic acid (LA/ALA, n-6:n-3) ratio were 

calculated from the GC-MS composition data 

following the formulas described by Chen and Liu 

[13].  

RESULTS AND DISCUSSION 

The resulting hexane, ethanol, and hexane-

ethanol (1:1) extracts were hydrolyzed and the yield 

of the extract was calculated. Among them, the 

hexane extract was obtained with the highest yield 

(5.1 %), while the ethanol fraction (3.7 %) and a 

mixture of hexane and ethanol (1:1, v/v) (4.4 %) 

were obtained with significantly lower yields. As a 

next step, we performed GC-MS analysis of the three 

extracts obtained. The results are summarized in 

Table 1. Twenty-eight compounds were detected in 

different investigated fractions (fatty acids, fatty 

alcohols, alkanes, phytosterols and triterpenes). 

Fatty acids (52 – 62 % of TIC) dominate the three 

extracts obtained from dandelion flowers. All three 

extracts contain phytosterols (6 – 7 % of TIC) and 

triterpenes (9 – 11 % of TIC) in relatively equal 

amounts. Fatty alcohols were in relatively lower 

concentrations about 2 % of TIC. The highest 

content of saturated fatty acids (SFA) was found in 

the hexane fraction – 32 % of TIC, with 50 % due to 

palmitic acid C16:0. Another interesting finding of the 

study is that the major unsaturated fatty acid is 

linoleic acid C18:2 and α-linolenic acid C18:3 dominate 

the fractions as linoleic acid C18:2 represent more 

than 50 %.  

Comparative phytochemical screening shows 

that in the non-polar fraction obtained from 

dandelion flowers, fatty acids predominate over 60 

% of TIC, while in similar extracts obtained from 

dandelion leaves, the relative content of fatty acids 

is only about 2 % of TIC [11]. 

A difference was also observed in the lipid profile 

of the fatty acids and fatty alcohols present in 

dandelion leaves and flowers. Shorter chain fatty 

acids from C5 to C8 were found in flowers, while in 

leaves they are from C16 to C26, respectively [11]. A 

similar phenomenon was also observed in the profile 

of fatty alcohols in the leaves, they ranged from C18 

to C30 [11], while only four fatty alcohols – myristyl 

alcohol (C14), cetyl alcohol (C16), stearyl alcohol 

(C18) and diterpene alcohol phytol (C20) were 

identified in the flowers. About 6 times lower 

amount of phytosterols (about 7 % of TIC) was also 

observed in the flowers, compared to about 46 % of 

the TIC in the leaves. Both plant parts contain β-

sitosterol and stigmasterol, but campesterol (about 1 

% of TIC) was found only in the flowers (Table 1). 

The amounts of pentacyclic triterpenes in the two 

plant organs were relatively similar (17% of TIC in 

the leaves and 11% of TIC in the flowers), but no 

taraxasteryl acetate was identified in the flowers. 

The main and predominant components in the 

extracts obtained from dandelion flowers are fatty 

acids. The ratio ΣPUFA/ΣSFA, the indices IA, IT, 

HH, HPI and LA/ALA were calculated, which are 

indicators of the potential health effect of the flowers 

(Table 2). The potential health benefits of the various 

lipid components can be evaluated and compared 

with those obtained from other raw materials and 

foods. Due to the relatively similar content of PUFA 

and SFA, extracts containing hexane (n-hexane and 

n-hexane/ethanol (1:1) were characterized by the 

highest ΣPUFA/ΣSFA ratio (≈1.0) compared to the 

ethanol extract (0.7) (Table 2).  
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Table 1. Relative percentage of phytochemical compounds in the non-polar [n-hexane, ethanol (EtOH) and n-hexane- 

ethanol (1:1)] fraction of the dandelion flowers identified by GC-MS. Results are presented as a percentage (%) of the 

total ion current (TIC). 

Retention time Retention index Compounds EtOH n-Hexane EtOH/n-Hexane 
  

Fatty acids 

7.91 980 Valeric acid C5:0 0.14 3.01 0.15 

12.03 1168 Enanthic acid C7:0 0.64 0.69 0.59 

7.15 926 Caproic acid C6:0 0.17 0.48 0.14 

10.84 1124 Caprylic acid C8:0 0.44 0.40 0.30 

15.60 1324 Capric acid C10:0 ND*  0.06 0.04 

19.27 1523 Lauric acid C12:0 2.69 2.49 2.53 

22.50 1724 Myristic acid C14:0 4.57 4.92 4.83 

29.70 1922 Palmitic acid C16:0 16.45 13.00 16.67 

32.65 2095 Linoleic acid C18:2 14.98 10.29 15.54 

32.70 2101 Oleic acid C18:1 2.05 1.87 1.96 

32.77 2104 Linolenic acid C18:3 13.53 9.37 13.21 

32.84 2126 Stearic acid C18:0 4.71 3.67 3.80 

36.47 2328 Arachidic acid C20:0  2.14 2.43 2.54 
  

Alkanes 

12.36 1200 Dodecane  0.04 0.05 0.03 

20.45 1600 Hexadecane 0.03 ND ND 
  

Fatty alcohols 

22.95 1758 Myristyl alcohol C14 ND 0.18 0.16 

25.16 1801 Cetyl alcohol C16 0.20 0.25 0.14 

30.71 1943 Phytol C20 1.54 1.61 1.03 

31.46 1990 Stearyl alcohol C18 0.61 0.42 0.35 
  

Tocopherols 

43.23 2885 α-Tocopherol  1.00 2.71 0.93 
  

Phytosterols 

47.51 3187 Campesterol  0.88 1.12 1.03 

47.83 3206 Stigmasterol  2.34 2.22 2.04 

48.57 3264 β-Sitosterol  4.31 3.92 3.57 
  

Triterpenes 

48.81 3275 α-Amyrin  1.71 1.43 1.15 

49.30 3313 β-Amyrin  2.30 2.17 1.98 

50.41 3321 Lupeol acetate 1.88 1.55 1.69 

50.57 3343 Lanosterol  1.83 2.06 1.63 

51.46 3402 Cycloartenol 3-

acetate 

3.42 3.87 2.68 

  Total identified  84.60 76.24 80.67 

  Fatty acids  62.51 52.67 62.28 

  Fatty alcohols 2.35 2.46 1.68 

  Phytosterols  7.53 7.27 6.63 

  Triterpenes 11.14 11.09 9.13 

*ND – not detected. 

The type of fatty acids has a greater influence on 

the risk of cardiovascular disease than the total 

amount of fat. There is some evidence that AI and TI 

can be used as indicators of risk factors or predictors 

of cardiovascular disease, with AI and TI values 

higher than 1.0 indicating a greater risk of disease. 
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As a result, it is important to maintain a low level of 

these indices in a healthy diet on a daily basis [13, 

14]. 

If a food’s IA and IT are lower than 1.0, it has a 

lower atherogenic and thrombogenic potential [13, 

14]. Our results showed variability between the 

samples as regards both the atherogenic index and 

the thrombogenic index. The obtained results from 

dandelion flower show that the IA is near up to 1.0 

while the IT is below 1.0 (Table 2).  

Also, studies have found that oils with (h/H) ratio 

(hypocholesterolemic/ hypercholesterolemic) 

relatively high over 1.0, and with low IA and IT 

indices, contribute to reducing the incidence of 

cardiovascular disease and cholesterol levels [15]. 

Based on the fatty acid composition of the oils 

obtained from dandelion flowers, it was found that 

the (h/H) ratio) was above 1.0. The polyunsaturated 

fatty acids in the extracts are in a very well-balanced 

ratio of n-6/n-3 (1:1) (Table 2), which is highly 

recommended for the normal functioning of various 

physiological processes. The optimal n-6/n-3 PUFA 

ratio should be in the range of 1:1 to 2:1 for normal 

physiological functions in the body due to the 

competitiveness of n-6 and n-3 PUFA [16]. 

 These results for lipid indices define fresh 

dandelion flowers as a suitable component of 

rational nutrition in humans. Their consumption can 

lead to a reduction in the risk of cardiovascular 

diseases [13, 14]. 

Table 2. Nutritional health indices of lipid compounds 

obtained from dandelion flowers. 

Nutritional  

indices 

EtOH n-

Hexane 

EtOH/n

-Hexane 

Saturated fatty acid 

(SFA) 

31.95 31.14 31.59 

Unsaturated fatty acid 

(UFA) 

30.56 21.53 30.69 

UFA/SFA 0.96 0.69 0.97 

Index of 

atherogenicity (IA) 

1.22 1.63 1.26 

Index of 

thrombogenicity (IT) 

0.61 0.72 0.61 

Hypocholesterolemic/ 

hypercholesterolemic 

(h/H) ratio 

1.29 1.06 1.28 

Health-promoting 

index (HPI) 

0.82 0.61 0.80 

Unsaturation index 

(UI) 

72.6 50.6 72.6 

Linoleic acid/α-

linolenic acid (n-6/n-3) 

ratio 

1.11 1.10 1.17 

CONCLUSION 

The lipid composition of dandelion flowers has 

been determined. Fatty acids above 62 % are mainly 

identified, the ratio of saturated and unsaturated fatty 

acids is in a balanced ratio of 1:1; in addition, 

dandelion flowers are a source of short-chain fatty 

acids C5-C8 as well. The lipid fraction is also rich in 

triterpenes (over 11 %) and phytosterols (over 7 %) 

which have a beneficial effect on the lipid profile of 

the humans, reduce and balance blood cholesterol 

levels [14, 15]. Lipid indices such as atherogenicity 

and thrombogenicity, h/H ratio, n-6/n-3 ratio were 

calculated and they are all in their optimal values for 

human health [13-16]. All these results show that 

edible dandelion flowers are a suitable nutritional 

resource for rational human nutrition. 
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Interest in sucrose esters which are surfactants and environmental products, attracts the attention of researchers and 

manufacturers, due to the fact that renewable, easily available raw materials are used for their production. Sucrose esters 

are non-toxic, biocompatible and biodegradable products that are widely used in food technology, cosmetics and 

medicine. Many industrial technologies generate waste that poses a risk of environmental pollution. The research activity 

in recent years is aimed at the search for new technological solutions to intensify the processes, by applying the principles 

of "green chemistry". For reactions taking place in solution, the use of ultrasound is effective. Ultrasound has been found 

to affect the rate of chemical reactions in solution through the phenomenon of cavitation. In the synthesis and modification 

of organic compounds, research related to the application of ultrasound in the preparation of esters is promising, as is the 

aim of the present work - reduction of reaction time, increase of yields, use of safe raw materials, reduction of energy 

consumption. The intensifying effect of ultrasound effect in the transesterification of methylcaprate with sucrose, catalyst 

K2CO3 at room temperature was demonstrated, sucrose caprate being obtained with a significant minimization of reaction 

time. The characterization of the obtained ester was carried out by FT-IR, 1H and 13C spectroscopy. The potential 

plasticizing effect of the synthesized ester was evaluated. Polyvinyl chloride was used, with different amounts of the 

synthesized ester added. PVC polymer films with different ester concentrations were prepared and analyzed by differential 

scanning calorimetry and mechanical tests (modulus of elasticity). 

With the use of ultrasound energy during the process, a reduction in reaction time, use of safe raw materials, and a 

reduction in energy consumption were achieved. From the data obtained on the glass transition temperature and 

mechanical tests, we can expect an application of the ester as a biodegradable additive with plasticizing properties. 

Keywords: green chemistry, sucrose ester, bio-plasticizer, bio-additives 

INTRODUCTION 

Polyvinyl chloride (PVC) is one of the polymers 

with extensive application. PVC has specific 

properties attributed to the chlorine atoms in its 

molecule. Its advantages are high strength, corrosion 

resistance and accessibility, and this leads to 

widespread application both in building materials, 

domestic and industrial products. However, the 

fragility of PVC limits its use [1-8]. 

Plasticizers are important additives in the 

industrial production of plastics, including PVC. 

Plasticizers contribute to uniform mixing and 

compatibility by effectively weakening the 

intramolecular bonds of polymer chains. This 

improves the plasticity of the material, making it 

more flexible and plastic while improving the 

characteristics of the product. Different types of 

plasticizers are available, with phthalate plasticizers 

being widely used [9-12]. 

Plasticizers are major additives in the processing 

of polyvinyl chloride (PVC), phthalates being exten-

sively utilized. However, they have been proven 

harmful to human health and the environment, 

necessitating the use of bio-alternatives. 

Phthalate plasticizers, including dioctyl 

phthalate, dibutyl phthalate, di-(2-ethylhexyl 

phthalate) and diisononyl phthalate, are the most 

common plasticizers in PVC processing [13, 14]. 

Dioctyl phthalate (DOP) has excellent compatibility 

with PVC due to its low molecular weight, allowing 

it to be easily inserted between polymer molecules 

and providing high plasticization efficiency, and it is 

very popular for modifying PVC materials [15, 16]. 

However, the application of DOP in the food and 

pharmaceutical industry is limited by the hazard to 

human health and the environment [17]. Therefore, 

there is a growing need for the development and 

study of new plasticizers that are non-toxic and 

environmentally safe. Of the esters of aliphatic acids, 

the most commonly used as plasticizers are stearates 

and oleates, especially for compositions with 

plasticity at low temperatures. This group also 

includes   sebacinates   and   adipinates,   but   their  

* To whom all correspondence should be sent:  

E-mail: dvasilev@tugab.bg © 2024 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 
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production is limited by their high cost and high 

volatility [4-6]. 

The present study uses the bio-resource sucrose 

to obtain suitable alternatives to conventional 

plasticizers, using ultrasonic synthesis to obtain an 

ester of sucrose with the higher fatty acid – capric 

acid. 

EXPERIMENTAL 

For the synthesis, an ultrasonic bath DimoffA-

2/2, with generator power of 100W, and frequency 

of 44 kHz was used. Chimtex® AR reagents were 

used – sucrose, capric acid, sodium sulfate 

anhydrous (Na2SO4), sodium, methanol, hexane. 

Thin-layer chromatography (TLC) for monitoring 

the progress of the reaction 

Thin-layer chromatography was performed on 

silica gel Kieselgel 60 F254 plates (Merck, 

Germany). Two variants of elution were used with 

different mobile phases. 

Variant A: The TLC plate was developed in three 

different types of mobile phases as follows: 1. 

Chloroform: methanol: water 85/13.5/1.5 v/v/v; 2. 

Chloroform/methanol/acetic acid 98.5/1.5/1.4 v/v/v 

and 3. n-hexane/diethyl ether/acetic acid 70/30/1 

v/v/v. 

Variant B: The TLC plate was developed in a 

mobile phase consisting of ethyl 

acetate/methanol/water 17:2:1 v/v/v. TLC spots 

were visualized by spraying with 10% sulfuric acid 

in methanol and heating at 120°C for 5 min. 

FTIR spectroscopy 

FTIR spectra were recorded on a Nicolet Avatar 

spectrometer (Thermo Scientific, USA, ZnSe 

crystal) on KBr pellets in the frequency range from 

4000 to 500 cm–1 with a resolution of 4 cm–1 and 132 

scans. The absorption was reported in wavenumbers 

(cm−1). 
1H and 13C NMR spectroscopy. 

The 1H and 13C NMR spectra were recorded on a 

Bruker spectrometer (500 MHz frequency) in CDCl3 

with tetramethylsilane (TMS) as a standard. The 

chemical shifts (δ) were expressed in ppm. 

Synthesis of methyl caprate 

In a round-bottom flask with a ground glass joint, 

the appropriate 0.0035 moles of capric acid were 

weighed out. Then, 250 ml of hexane and 1 dm3  of 

1% H2SO4 in CH3OH were added. The flask was 

connected to a water-cooled reflux condenser and 

heated in a water bath at a temperature of 68-70oC. 

After 120 min the reaction was interrupted, and the 

reaction mixture was cooled to room temperature. 

100 ml of distilled water was added and neutralized 

with 10% Na2CO3. The sample was extracted three 

times with hexane. The collected extracts were dried 

over anhydrous Na2SO4. The solvent was distilled to 

yield methyl caprate. 

Synthesis of sucrose caprate 

In an Erlenmeyer flask, 50 ml of methanol was 

placed and appropriate amounts of methyl caprate, 

sucrose, and the catalyst sodium methylate were 

weighed in their respective molar ratios (1:1). The 

mixture was sonicated at 40°C. After the reaction 

stopped, the synthesis was stopped, and the solvent 

was distilled. The residue was dissolved in 25% 

NaCl / n-butanol 1:1 and partitioned with a 

separatory funnel. After separation of the phases, the 

organic phase was dried over anhydrous Na2SO4. 

Then, the solvent was distilled, and the resulting 

sucrose caprate was obtained.  

Investigation of the applicability of the obtained 

ester as a bio-plasticizer 

For the purposes of the experiment, commercial 

polyvinyl chloride (PVC) without colorants, 

stabilizers, and fillers (EMKA®), was used. As a 

bio-plasticizer of polyvinyl chloride, the ultrasound-

synthesized sucrose caprate was used at a 

concentration of 10, 20, 30, 40%. The experimental 

studies were carried out with samples in the form of 

polymer films prepared by casting from a solution in 

tetrahydrofuran using the following methodology: 

the amount of polyvinyl chloride weighed on an 

analytical scale was placed in a beaker and 100 cm3 

of tetrahydrofuran was added to it. The mixture was 

heated in a water bath at 40°C until the polyvinyl 

chloride was completely dissolved, then the weighed 

amount of sucrose caprate was added. The resulting 

solution was homogenized for 2 h, then poured into 

a Petri dish and left at room temperature until the 

solvent had completely evaporated. The film was 

dried at room temperature in a vacuum dryer [3]. 

The thermal properties of the resulting films were 

investigated by differential scanning calorimetry 

(DSC). The measurements were carried out on a 

scanning calorimeter DSC 204 F1 Phoenix 

(NETZSCH Gerätebau GmbH) in argon medium, 

with a heating flow rate of 20 cm3/min at the 

following temperature modes: 

• Heating from 20°C to 200 °C at a speed of 

10 K/min (first scan); 

• Isothermal mode at 200 °C for 3 min; 

• Cooling in liquid nitrogen from 200 °C to –

50 °C, with a cooling rate of 10 K/min; 

• Isothermal mode at -50 °C for 5 min; 
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• Heating from -50 °C to 200 °C at a speed of 10 

K/min (second scan). 

The weight of a single sample of each specimen 

was 2.5-4.2 g. The glass transition temperature Tg 

was determined on the second scan as the inflection 

point of the thermogram. The processing was carried 

out with specialized software PROTEUS for DSC 

204 F1. 

Strength indicators were determined with Lloyd 

LS1 tensiometer, in uniaxial tensile deformation at a 

speed of 100 mm/min at room temperature, on 

samples with a width of 10 mm. Using the 

specialized dynamometer software, the values of the 

breaking voltage (MPa) and the modulus of elasticity 

(MPa) were calculated for each sample. For each 

content of sucrose caprate, 9-12 samples were 

examined, and the results were averaged. 

RESULTS AND DISCUSSION 

In the IR spectra, several areas characteristic of 

carbohydrates stand out - about 3300 cm-1 there is a 

wide asymmetrical band due to the valence 

oscillations of -OH. The strong interaction between 

the structural elements of the macromolecules in the 

modified sucrose is the reason in the spectrum 

considered, bands arise due to complex vibrations, 

which can be defined as oscillations of both the 

furanose ring and the macromolecule as a whole. 

Stretching vibrations (C–C). (C–O), (C–O–C) of the 

furanose structure are observed between 1000 and 

1200 cm-1. Depending on the degree of substitution, 

the maximum of this band is shifted and at the same 

time the half-width changes. This is due to the 

hydroxyl groups that form the hydrogen bonds, as 

well as to the esterification of some of them. 

In the 1H NMR spectrum of sucrose caprate, two 

regions can be distinguished – in the range 0-3 ppm 

characteristic of methyl and methylene protons from 

the acid and 3.0-5.0 ppm characteristic of protons 

from the carbohydrate part, which are shown in 

Table 1. The chemical shift for methyl group protons 

in sucrose caprate is observed at 0.96~0.99 ppm. The 

signals for protons from the methylene groups are in 

the range of 1.31~2.36 ppm. Glucose protons of 

glucopyranose are observed in the range of 

3.39~5.40 ppm and glucose protons of 

fructofuranose - 3.62~4.52 ppm. 

In the 13NMR spectrum, signals that are typical of 

the carbonyl carbon atom at 174.36 ppm are 

observed. Signals for methyl carbon atoms are 

observed in the range of 14.02 ppm. The signals of 

the carbon atoms of the pyranose, respectively, of the 

furanose ring, are observed in the range 62.26-

108.18 ppm, with carbon atoms from the pyranose 

ring being at the lower frequencies and for the 

furanose at the higher frequency range. In order to 

investigate the applicability of sucrose caprate as 

bio-plasticizer for PVC, the data from the DSC 

analysis of the tested samples (Table 2) were 

analyzed. 

Table 1. Chemical shift (δ, ppm) in the 1H NMR 

spectrum 

Group 
Chemical shift (δ, ppm)  

for sucrose caprate 

  CH3– 0.96~0.99 

–(CH2)n– 1.31~1.68 

–(CH2)n–CH2–O 2,34~2,36 

–O-C H–O 5.39~5.40 

  H-Glc 3.39~5.40 

  H-Fru 3.62~4.52 

Table 2. Dependence of the glass transition 

temperature Tg on the ester content of the sample. 

Content of sucrose 

caprate in PVC, % 

Glass transition 

temperature Tg, °C 

0 80.5 

10 59.3 

20 60.9 

30 62.8 

40 64.6 

The results obtained from the thermograms show 

the presence of only one inflection point (one glass 

transition temperature) in the thermograms of the 

studied films, which points to the good mixability 

between the esters and PVC. The glass transition 

temperatures of the test specimens depending on the 

content of the esters are presented in Table 2. There is 

a significant decrease in Tg with increasing ester 

content, which is a confirmation of its plasticizing 

effect on PVC. When the content of the esters 

increases, there is a sharp decrease in the glass 

transition temperature. For a more detailed study of 

the mechanical and strength characteristics and the 

change of the elastic properties, tensile deformation 

tests were conducted, calculating the parameters: 

stress at break, Young's modulus, elongation at break.  

The results (Table 3) show that as the content of 

sucrose caprate increases, the modulus of elasticity 

decreases and the elongation at break of the sample 

increases. The change in tensile strength (breaking 

tension) of the sample depending on the sucrose 

caprate content indicates that the tensile strength 

decreases. Data from DSC and mechanical tests show 

a plasticizing effect of sucrose caprate in the 

polyvinylchloride film as it reduces the glass 

transition temperature, the modulus of elasticity and 

the breaking tension and increases the relative 

elongation at break. 
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Table 3. Mechanical properties of PVC containing sucrose caprate. 

Ester content, % Stress at break, MPa Young's Modulus, MPa Elongation at break, % 

0% 52.4 1483.0 5.5 

10% 24.5 746.3 80.5 

20% 17.8 634.8 99.6 

30% 16.9 540.6 124.3 

40% 15.8 506.3 143.8 

CONCLUSION 

In response to the requirements for plasticized 

PVC in terms of environmental friendliness and 

health considerations, traditional plasticizers can be 

replaced with bio-based and environmentally 

friendly plasticizers derived from renewable 

resources, thus expanding the scope of application of 

PVC and its products. 

The tested applicability of ultrasound-derived 

sucrose caprate as a bio-additive with a plasticizing 

effect in polyvinyl chloride was confirmed by 

differential scanning calorimetry, determining the 

effect of the ester on the glass transition temperature 

Tg. It was found out that the increase of its quantity 

results in decrease of polymer Tg, i.e. the flexibility of 

macromolecules increases, which is a prerequisite for 

higher deformability. This supports the conclusion 

that the ester mixture has a plasticizing effect. This is 

also confirmed by the mechanical properties of the 

PVC films used with different ester contents. 

The results obtained at this stage of the study allow 

to conclude that sucrose caprate can be applied as a 

bio-additive with a plasticizing effect in polyvinyl 

chloride. 
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Diabetes mellitus and its complications have imposed a significant burden on public health. High death rates in type 

2 diabetes are linked to vascular complications, with the risk of myocardial infarction and stroke tripling in patients with 

this illness. Oxidative stress can lead to the dysfunction of the advanced glycation end products and the receptor for 

advanced glycation end products. This study aims to examine potential biomarkers for the early development of vascular 

complications in type 2 diabetes mellitus. The study included 67 patients with type 2 diabetes mellitus (T2DM) with a 

male-to-female ratio of 1:1.3. They were divided into two groups based on the presence or absence of macroangiopathic 

vascular complications. To evaluate the oxidative stress in the studied groups, nitric oxide (NO•) radicals were 

investigated by electron paramagnetic resonance (EPR) spectroscopy and GPx, eNOS, TNF-α, and TGF-β with ELISA 

kits following the manufacturer’s instructions. All studied parameters were compared with 35 healthy controls.  

In summary, the presented results show that high levels of ROS in T2DM and diabetic patients with vascular 

complications lead to increased levels of NO radicals, depletion of antioxidant enzymes, and increased levels of pro-

inflammatory cytokines (TNF-α, TGF-β) which interfere with induced migratory responses and contribute to dysfunction. 

Keywords: diabetes mellitus, vascular complications, GPx, eNOS, TNF-α, TGF- β 

INTRODUCTION 

Diabetes mellitus is still being researched, along 

with its associated pathologies and complications, as 

it continues to be the eleventh most common cause 

of death [1]. About 90% of patients with diabetes 

have type 2 diabetes mellitus (T2DM), and it affects 

the economically active population between the ages 

of 35 - 64 the most. High death rates in T2DM are 

linked to vascular complications, with the risk of 

myocardial infarction and stroke tripling in patients 

with this illness [2]. Diabetes mellitus is also the 

most frequent cause of acquired blindness, renal 

failure, and amputation of limbs. Despite significant 

progress and outstanding achievements in the study 

of the mechanisms of the development of T2DM and 

the success of new medicinal products to control 

glycemia, the complications associated with the 

disease continue to increase [3]. Therefore, current 

research is focused on investigating the possible 

mechanisms for the development of T2DM, such as 

oxidative advanced glycation of end products (AGE) 

and of the receptor for advanced glycation end 

products (RAGE). Levels of AGE and RAGE can 

 

cause inflammation and tissue damage by promoting 

the expression of vascular cell adhesion molecules, 

monocyte chemoattractant protein-1, endothelin-1, 

and plasminogen activator inhibitor-1 (PAI-1), and 

are involved in damage to vessels and tissues [4]. 

Superoxide anion, hydroxyl radicals, and hydrogen 

peroxide are examples of reactive oxygen species 

(ROS) that mediate oxidative reactions in the 

development of diabetic cardiovascular 

complications. The heart contains endogenous 

antioxidant enzymes that protect against ROS 

toxicity, including SOD, CAT, GPx, GST, and 

glucose-6-phosphate dehydrogenase. Primary 

pathological features of diabetic cardiomyopathy 

include increased levels of malondialdehyde and 

markers of oxidative stress, as well as necrosis 

factor-α (TNF-α) and tumor growth factor (TGF)-β 

[5 -8]. An increased level of 3-nitro-tyrosine is 

another indicator of oxidative stress in T2DM [9]. 

Peroxynitrite (ONOO‾) and nitrogen dioxide (NO2) 

react to form peroxynitrite, which reacts with free 

tyrosine or proteins to produce 3-nitrotyrosine. This 

impairs mitochondrial function in the myocardium.   
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It should be noted that protein nitration and 

lipoproteins may also play a direct patho-

physiological role in the development of 

atherosclerosis. 

Sirtuin-1 (SIRT1) has a major role in regulating 

the response to oxidative stress by influencing DNA 

repair and cell survival. Recent studies suggest that 

it also regulates cellular glycative stress by 

controlling the glyoxalase system [10]. This is 

particularly relevant in T2DM, where oxidative 

stress is one of the primary pathophysiological 

processes associated with complications. These 

complications can continue even after carbohydrate 

metabolism indicators are normalized, leading to 

vascular complications. 

This study aims to examine potential biomarkers 

for the early development of vascular complications 

in T2DM. 

EXPERIMENTAL 

Ethics statement 

This work was conducted according to the 

Declaration of Helsinki, and approved by the Ethics 

Board, “Clinic for Endocrinology and Metabolic 

Diseases”, UMHAT "Prof. St. Kirkovich" in Stara 

Zagora, Bulgaria. Written informed consent 

(2021/2023 MF, TrU, Stara Zagora) was obtained 

from the patients after hospitalization between 

January 2021 and August 2023. 

Study design and subjects 

All reagents were purchased from Merck KGaA, 

Darmstadt, Germany. The study included T2DM 67 

patients, in ratio 1:1.3 male - to - female, and based 

on the presence or absence of macroangiopathic 

vascular complications they were divided into two 

groups (Table 1).  

To assess macroangiopathic complications, 

patients were defined as having experienced a 

cardiovascular event if they had been diagnosed with 

coronary heart disease, cerebrovascular disease, 

and/or peripheral arterial disease. At the time of 

study entry, 45 (58%) T2DM patients had poor 

disease compensation. Venous blood was collected 

at the Clinic for Endocrinology and Metabolic 

Diseases on the day of the study by venipuncture 

from a peripheral venous source between 8:00 a.m. 

and 10:00 a.m. in a vacutainer for serum with a clot 

activator - 4 mL. The samples collected for the 

electron paramagnetic resonance (EPR) study were 

immediately imaged and then frozen at - 80°C for 

the ELISA assay. About half of the patients with 

diabetes (58.1 %) were obese. The proportion of 

patients suffering from ischemic heart disease was 

37.6 %. Eleven of the patients (11.8 %) had a history 

of cerebrovascular disease. None of the diabetics 

presented symptomatic lower extremity arterial 

disease. At study entry (58 %) of T2DM patients 

with vascular disease had poor disease 

compensation, defined as HbA1c > 7 % and fasting 

blood glucose values > 6.1 mmol/L. In terms of 

therapy, diabetics with good glycemic control (22 

patients) took oral hypoglycemic agents 

(sulfonylureas and biguanides), and in 6 patients 

biguanides were combined with insulin; 7 patients 

were on insulin monotherapy. In the subgroup of 

diabetics with poor glycemic control (n = 45), 15 

were treated with oral hypoglycemic agents 

(sulfonylureas and biguanides); 10 were on insulin 

therapy, in 20 of whom it was combined with oral 

medication (insulin plus biguanides). The 

comparison was made with 35 healthy volunteers, 14 

males, and 21 females, with a mean age of 43.32 ± 

9.28 years. Only 7 (7.4 %) of the controls had 

slightly increased body weight (BMI 31- 33). 

Participants were matched for gender. Patients with 

and without vascular disease were balanced/matched 

for gender and age. Table 1 presents the key 

characteristics of diabetics with concomitant 

vascular disease and healthy controls. 

Electron paramagnetic resonance (EPR) study 

All EPR measurements were performed at room 

temperature on a Bruker BioSpin GmbH, Ettlingen, 

Germany, equipped with a standard resonator. The 

EPR experiments were carried out in triplicate. 

Spectral processing was performed using Bruker 

WIN-EPR and Sinfonia software, 2009. Based on 

the methods published by Yoshioka et al. [12] and 

Yokoyama et al. [13], the EPR method was 

developed and adapted for the •NO radical levels 

estimation.  

Enzyme-linked immunosorbent assay 

All markers of oxidative stress were measured 

with ELISA kits following the manufacturer’s 

instructions. The ELISA kits were as follows: 

Human eNOS (ab241149); Human TNF-α ELISA 

Kit (ab181421); Human TGF- β ELISA Kit 

(ab100647). 

Statistical analysis 

Statistical analysis was performed with Statistica 

8, StaSoft, Inc. (Madrid, Spain), and the results were 

expressed as means ± SE. All data were expressed as 

means ± SE and obtained by one-way ANOVA, and 

in the LSD post hoc test, p > 0.05 was considered 

statistically significant. To define which groups were 

different from each other, LSD post hoc tests were 

used. 
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Table 1. Clinical and laboratory data of the studied patients 

Variables Controls (n = 35) DMT2 (n = 22) DMVC (n = 45) 

Age 43.32 ± 6.45 52.13 ± 4.85 55.75 ± 7.04 

Sex (M/F) 14 M/21 F 11 M/11 F 22M/23 F 

Disease duration (years) - 10.7 ± 7.3 12.7 ± 8.6 

BMI (kg/m2), mean ± SD 26.07 ± 3.52 32.11 ± 5.44 33.56 ± 6.21 

Blood sugar (mmol/L), mean ± SD 4.98 ± 0.32 8.05 ± 5.11 9.55 ± 4.89 

HbA1C% 5.69 ± 0.44 6.37 ± 0.85 9.87 ± 1.27 

GFR (mL/min/1.73 m2) 110.08 ± 9.32 96.39 ± 4.25 89.91 ± 3.01 

UAE (mg/day) 1.20 ± 035 21.80 ± 1. 24.57 ± 6.85 

FBC (mmol/L) 5.31 ± 0.28 6.43 ± 0.89 12.72 ± 5.15 

Cholesterol (mmol/L) 4.17 ± 0.3 5.01 ± 0.7 5.47 ± 0.6 

Triglycerides (mmol/L) 1.31 ± 0.15 2.13 ± 0.2 2.65 ± 0.2 

HDL (mmol/L) 0.91 ± 0.019 1.19 ± 0.04 1.32 ± 0.05 

LDL (mmol/L) 2.03 ± 0.11 2.72 ± 0.24 2.96 ± 0.2 

CRP (pg/mL) 14.14± 0.42 26.68± 0.95 51.86± 2.79 

RESULTS AND DISCUSSION 

Clinical and laboratory data for healthy 

volunteers (controls) diabetes mellitus (T2DM) and 

diabetes mellitus with vascular complications 

(DMVC) are presented in Table 1. 

GPx antioxidant enzymes’ activity in patients with 

T2DM and controls 

Investigation of the intracellular oxidative status 

involves measurement of antioxidant enzyme 

activity, which includes GPx activity. The results 

indicated a statistically significant difference in GPx 

activity (Fig. 1) in the diabetic group, T2DM 

compared to healthy controls (p = 0.0001) and 

diabetic patients with vascular complications 

T2DMVC (p = 0.003). 

Fig. 1. Activity of antioxidant enzyme GPx in serum 

samples of diabetic mellitus patients compare to controls 

and patients with complications. LSD post hoc test, * p < 

0.05 vs. control; ** p < 0.05 vs. DMT2. 

Figure 1 presents the reduced activity of the 

antioxidant enzyme glutathione peroxidase (GPx) in 

patients with T2DM and vascular complications 

compared to a control group (p < 0.05). The results 

are consistent with the findings of other studies [14]. 

The GPx reduced activity was attributed to the 

exhaustion of the antioxidant defense system after 

radical    over generation.    The    autoxidation    of  

glucose in diabetic patients leads to the formation of 

hydrogen peroxide (H2O2). Additionally, H2O2 

inactivates the antioxidant defense system. The 

accumulation of H2O2 is suggested as a potential 

explanation for the decreased activity of GPx. 

Severe oxidative stress, possibly induced by radical 

over generation, is implicated in the inactivation of 

GPx. It is interesting to note that GPx, which is 

usually stable, may become inactivated under 

conditions of significant oxidative stress. High 

glucose conditions are mentioned as a factor that can 

cause the inactivation of GPx through glycation.  

The pro-inflammatory cytokine TNF-α and TGF –β 

levels 

The mean value for the tumor necrosis factor 

(Fig. 2A) in a group with complications of the TNF-

α was statistically significantly higher compared to 

the control groups (p < 0.05) and T2DM (p < 0.05).  

Transforming growth factor-β (TGF- β; Fig. 2B) was 

statistically significantly higher in the group with 

vascular complications compared to healthy 

volunteers (p < 0.05) and T2DM (p < 0.05). 

Monocyte-associated inflammatory mediators such 

as TNFα (Fig. 2A) and CRP (Table 1) have a key 

role in reducing the risk of cardiovascular diseases 

in type 2 diabetic conditions [15]. The 

pathophysiological mechanisms show that the 

altered monocyte profile precedes the exacerbated 

secretion of tumor necrosis factor-alpha (TNF-α). 

The obtained results confirm data reported in the 

literature [16] that TGF-β is involved and is directly 

related to diabetic cardiomyopathy which increases 

the risk of functional and structural abnormalities of 

the heart. These indicators can be used for the 

prevention, diagnosis and treatment of diabetes-
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related cardiomyopathy [17-19]. Endothelial nitric 

oxide synthase (eNOS) is regulated by SIRT1. 

Previous studies have shown that SIRT1 can 

deacetylate endothelial nitric oxide synthase (eNOS) 

[20]. Since impaired NO production and 

vasodilation are associated with diabetes - 

accelerated endothelial dysfunction, it has been 

suggested that by regulating SIRT1-mediated eNOS, 

the vasodilator effects may be controlled [18]. 

Therefore, information on the levels of NO and 

eNOS in serum samples of patients with diabetes 

mellitus is of utmost importance (Fig. 3.).  

 
Fig. 2. Pro-inflammatory cytokine levels: (A) TNF-α; 

(B) TGF-β in serum samples of diabetic mellitus patients 

compare to controls and patients with complications; LSD 

post hoc test, * p < 0.05 vs. control; ** p < 0.05 vs. T2DM.  

 

 
Fig. 3. NO and eNOS levels in serum samples of 

diabetic mellitus patients compare to controls and patients 

with complications; LSD post hoc test, * p < 0.05 vs. 

control; ** p < 0.05 vs. T2DM. 

NO and eNOS levels in serum  

NO has been implicated as a major mediator of 

endothelium-dependent relaxation and together with 

EDRF (endothelium-dependent relaxing factor), 

EDCF (endothelium-dependent contracting factor) 

and EDHF (endothelium-dependent hyperpolarizing 

factor) plays an important role in the regulation of 

vascular tone and vasoreactivity, especially in 

resistance blood vessels where a small change in 

membrane potential causes a significant change in 

diameter [21, 22]. A possible mechanism of impaired 

vasodilation by TNF-α may be through 

epoxyeicosatrienoic acids (EETs) are synthesized in 

endothelial cells from arachidonic acid through 

cytochrome P450 oxygenase [23]. There are various 

ways in which TNF-α activates NOS. Essentially, it 

leads to a significant decrease in mRNA levels. 

Furthermore, the activation of eNOS by TNF-α 

necessitates the activation of protein kinase B, which 

is done through the activation of the sphingosine-1-

phosphate receptor [24]. The activation of eNOS by 

TNF-α is associated with an increased production of 

NO, which provides protective effects against 

dendritic cell adhesion to the endothelium that TNF-

α triggers. Increased TNF-α expression induces ROS 

production, leading to endothelial dysfunction in 

type 2 diabetes. TNF-α-related endothelial 

dysfunction in patho-physiological conditions is 

associated with excess ROS production and reduced 

NO bioavailability [25]. 

Vascular dysfunction or damage induced by 

aging, smoking, inflammation, trauma, 

hyperlipidemia, and hyperglycemia are among the 

myriad risk factors that may contribute to the 

pathogenesis of many cardiovascular diseases, such 

as hypertension, diabetes, and atherosclerosis [26]. 

However, the exact mechanisms underlying the 

impaired vascular activity remain unclear. The 

available evidence suggests that inflammatory 

cytokines play a major role in disrupting both 

macrovascular and microvascular circulation in vivo 

and in vitro. Additionally, the AGE/RAGE and NF-

κB signaling pathways are instrumental in 

promoting TNF-α expression, thereby increasing the 

production of circulating and local vascular TNF-α. 

This increase in TNF-α expression leads to the 

production of ROS, which in turn leads to 

endothelial dysfunction. 
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CONCLUSIONS 

In summary, the presented results show that high 

levels of ROS in T2DM and diabetic patients with 

vascular complications lead to increased levels of 

NO radicals, depletion of antioxidant enzymes, and 

increased levels of pro-inflammatory cytokines 

(TNF-α, TGF-β) which interfere with monocyte-

induced migratory responses and contribute to 

monocyte dysfunction. 
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Crush syndrome (CS), also known as traumatic rhabdomyolysis, is a condition that can occur as a result of various 

incidents such as traffic accidents, earthquakes, and long-term crushing of muscle-rich parts. This condition arises due to 

the destruction of striated muscle cells. When the compressive pressure is suddenly removed, the damaged cells and 

myoglobin (Mb), which is nephrotoxic, are carried by oxygenated blood, leading to myoglobinuria, acute kidney injury 

(AKI), metabolic disorders, hypovolemic shock, and multiple organ dysfunction syndrome (MODS). This study aims to 

investigate the protective effects of Silybum marianum (S. marianum, SM) against induced toxicity resulting from glycerol 

(Gly) intramuscular injection (50 % glycerol: 0.9 % saline), which can lead to CS. The study involved 24 rats, which were 

randomly divided into four groups: (1) controls; (2) S. marianum treated (oral, 5 g/1 kg per day, 18 days); (3) Gly (8 

mg/kg b.wt.: 50 % saline, intramuscular (i.m.), once, only on day 16); and (4) S. marianum (oral, 5 g/1 kg per day, 18 

days) administered for 18 days, once per day, and Gly (8 mg/kg body weight: 50% saline, i.m., once, only on day 16). By 

the end of the 19 experimental days of Gly administration, no mortality was observed in rats. After euthanasia, 

histopathological, biochemical and oxidative stress studies were performed on right kidney tissues and blood samples. 

All parameters of groups 1 and 2 were similar. The Gly-administered group showed significant weight loss (p < 0.003) 

compared to the control and S. marianum groups. On the other hand, the combined treatment Gly + S. marianum 

demonstrated a significant increase in antioxidant defense (p < 0.005). This can be attributed to the suppression of 

oxidative stress and reduced reactive oxygen/nitrogen production observed in the kidney and blood. Additionally, 

treatment with S. marianum provided protection against acute tubular necrosis, medullary congestion, and apoptotic 

indices recorded in the Gly group. Combination therapy of Gly and S. marianum improves tubular necrosis, activates 

antioxidant enzyme defense, and reduces free radicals. Longer treatment with this therapy can prevent CS 

(rhabdomyolysis). 

Keywords: Crush syndrome, AKI, S.marianum, oxidative stress, protection  

INTRODUCTION 

Crush syndrome (CS) or traumatic 

rhabdomyolysis (RM) is a medical condition that 

results from direct injury to the body and is 

characterized by ischemic necrosis of muscle tissue 

due to prolonged limb compression or body 

swelling. This condition can cause electrolyte 

disturbance, dark urine (myoglobinuria), and 

elevated creatine kinase levels. These factors can 

lead to various clinical complications such as 

myoglobinuria, acute kidney injury (AKI), 

hypovolemic shock (HSc), and multiple organ 

dysfunction (MODS) [1, 2]. CS is a medical 

condition that frequently occurs in the aftermath of 

natural disasters like earthquakes, volcanic eruptions

and traffic accidents, as well as during wars and 

stampedes. The syndrome is commonly seen in the 

aftermath of large-scale disasters that result in 

significant material losses and casualties. Although 

CS can affect all vital organs of the body, AKI is the 

most prominent complication. 

AKI is a common consequence after CS, which 

leads to a decrease in renal function, electrolyte 

metabolism disturbances, and hypovolemic shock 

following the release of compression. The 

pathogenesis of CS-induced AKI is multifactorial 

and may involve renal ischemia-reperfusion (I/R) 

injury, systemic inflammation, and excessive 

deposition of myoglobin structures (Mb) in renal 

tubules released from damaged muscle tissue [2-4]. 

During CS, the breakdown of muscle cells leads   
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to the release of large Mb amounts. After glomerular 

infiltration, Mb directly enters the renal tubules 

where it precipitates and promotes the formation of 

tubule-blocking casts. As a result, the damaged 

tubular epithelial cells lead to AKI. AKI clinically 

refers to an increase in serum creatinine by more 

than 0.3 mg/dl and a decrease in urine output by less 

than 0.5 mL/kg/h for six hours. Regrettably, even 

with the administration of dialysis or kidney 

transplantation, most CS individuals succumb to 

multiple organ failure due to a systemic 

inflammatory response [4, 5]. 

After the kidneys experience prolonged oxidative 

stress (OS), their blood flow is significantly reduced. 

Although the blood supply is restored after 

debridement, the subsequent I/R process triggers an 

accelerated production of reactive oxygen and 

nitrogen species (ROS/RNS), as well as an enhanced 

systematic inflammatory response [4]. Recent 

research has pointed towards ferroptosis (which 

involves iron retention, reduced glutathione (GSH), 

accumulation of ferro-dependent lipid peroxidation, 

and ROS) as a potential therapeutic target for 

reducing AKI following cardiac surgery [4, 6]. On 

the other hand, in renal tubules, Mb binds to 

uromodulin and uric acid, which promotes acute CS-

AKI [7], and is phagocytosed by lysosomes to 

produce iron and Fe2+ [8, 9]. Excessive filtration of 

Mb causes the activation of iron overload, which 

releases free divalent Fe2+ ions. These ions produce 

hydroxyl radicals (•OH) via Fenton synthesis, 

leading to OS damage and lipid peroxidation in the 

affected cells. This can make it difficult to redox-

modulate oxidative damage to the kidney [4, 10, 11]. 

In cases of AKI, ROS- and RNS-induced OS can 

cause significant damage to renal tubules, leading to 

prolonged lipid peroxidation and activation of 

cytoprotective mechanisms [12]. To counteract this, 

antioxidants such as vitamins E and C, N-

acetylcysteine, dimethyl thiourea, melatonin, and 

selenium have been used in experimental animal 

models affected by glycerol-induced CS-AKI [12]. 

Additionally, natural plants have been found to 

protect kidney cells by reducing ROS and RNS 

levels, which are directly associated with oxidative 

stress in the kidneys. This helps modulate the 

oxidation of proteins, lipids, and nucleic acids while 

also restoring antioxidant enzyme inhibition [13]. 

The mechanism of action after CS-induced AKI 

and anti-inflammatory treatments highlight the 

importance of early intervention with antioxidant 

therapy to improve kidney function and treat AKI. 

This is crucial in preventing the progression of 

chronic nephropathy. The most commonly used 

method to induce CS/RM in rats and lead to AKI is 

through intramuscular injection of glycerol [14]. 

Silybum marianum L (S. marianum) is a potent 

extract from milk thistle known for its anti-

inflammatory, antioxidant, and AKI-protective 

properties. It is a cell permeability regulator and 

membrane stabilizer that boosts protein and nucleic 

acid synthesis in kidney cells, modulates immune-

stimulatory cytokines and increases cell replication. 

S. marianum is effective in preventing premature 

death and is a must-have in any health professional's 

arsenal [14, 18, 19]. This research aimed to evaluate 

the protective potential of S. marianum against Gly-

induced AKI by assessing the performance of key 

antioxidant enzymes (GSH, SOD, and CAT), along 

with intracellular .NO radicals and ROS production 

in the Wistar rats kidneys. 

EXPERIMENTAL 

Gly-induced kidneys AKI and S. marianum co-

treatment 

Twenty-four female Wister rats were housed in a 

controlled environment with a room temperature of 

23°C and a 12-hour light/dark cycle. The rats (6 

weeks old; 200-305 g), were kept at the Medical 

Faculty, Trakia University, Stara Zagora. The 

Research Ethics Committee/Medical Faculty 

(project code: MF7/2019; MF6/2022; BFSA 

266/20), Trakia University and the European 

Directive 210/63/EU-22.09.2010 were strictly 

followed during the experiment. To prepare for the 

experiment, the female rats were deprived of water 

for 24 hours and then injected intramuscularly (i.m.) 

with a calculated dose of 50% v/v Gly/saline. The 

injection was divided equally into the right/ left hind 

limb (8 mg/kg body weight) and was given once on 

the 16th day of the experiment [20]. The experiment 

involved administering S. marianum (92% purity) 

orally at a concentration of 0.5 %, v/v (5 g/1 kg body 

weight) for 18 days, daily. Control animals were 

treated i.m. with physiological solution. After the 

treatment, each rat was allowed to recover for 3 days 

under laboratory conditions. On day 19, the rats were 

sacrificed under anesthesia using xylazine (270 

mg/kg) and ketamine (30 mg/kg) administered i.p.  

Blood (2 cm3) was collected through cardiac 

puncture and centrifuged at 4000 rpm at 4 °C for 10 

min and 200 µL of serum from each group was 

stored at -4°C until further use.  

The kidneys were immediately collected, and 

washed with ice-cold saline. The left kidney from 

each animal was stored in 10% formalin for 

histological examination, while the right kidney was 

homogenized and, after the addition of solvents, 

centrifuged at 4000 rpm at 4 °C for 10 min. 
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Supernatants (300 µL) were prepared for 

biochemical analysis.  

The study was performed with 4 groups, 6 

animals per group: (1) normal diet; (2) S. marianum 

treated (oral, 5 g/ 1 kg per day for 18 days); (3) Gly 

(8 mg/kg b.wt.: 50 % saline, i.m., once, only at day 

16th); and (4) S. marianum (oral, 5g/ 1 kg per day, 18 

days) administered for 18 days, one per day and Gly 

(8 mg/kg b.wt.: 50 % saline, i.m., once, only at day 

16th). By the end of the 19th day after Gly 

administration, no mortality was observed. 

Biochemical, enzyme-linked and oxidative stress 

markers evaluation 

Blood samples were centrifuged at 3000 rpm at 4 

°C for 10 min until serum was separated, and blood 

urea nitrogen (BUN), creatinine (Cre), potassium 

(K+), and sodium (Na+) concentrations were 

determined spectrophotometrically (Sigma Aldrich, 

USA). 

Kidney homogenates were centrifuged at 5000 

rpm for 10 min and the supernatants were collected 

for the thiobarbituric acid- based method described 

by Ohkawa et al., 1979 [21], in µmole MDA/g 

tissue. Superoxide dismutase (SOD) and catalase 

(CAT) were measured using methods described by 

Sun et al., [22] and by Aebi et al., [23], respectively. 

The pro-inflammatory markers tumor necrosis factor 

(TNF-α) and interleukin-6 (IL-6) were evaluated in 

serum using commercially available ELISA kits 

(Sigma Aldrich, USA) according to the 

manufacturer’s instructions. Kidney homogenates of 

100 mg were homogenized with 900 μL 50 mM 

spin-trap N-tert-butyl-alpha-phenylnitrone (PBN) 

dissolved in dimethyl sulfoxide (DMSO) using one-

cycle sonication (2 min). After 5 min of ice 

incubation, the suspension was centrifuged at 4000 

rpm for 10 min at 4 ºС, transferred into a cold 

Eppendorf tube and immediately analyzed by EPR 

spectroscopy [24] for ROS production. NO• radicals 

were studied by adapted EPR estimation of the spin-

adduct formed between carboxy- PTIO K and 

generated radicals, by [25, 26].  

Histopathological examination 

Left kidneys were washed with saline, fixed in 10 

% neutral formalin for 24 h, dehydrated in a series of 

increasing alcohol concentrations, and 

deparaffinized. Then, the sections were rehydrated 

and stained with hematoxylin/ eosin to quantify the 

extent of tubular injury, dilatation, vacuolization, 

and necrosis in kidney tissues [27]. 

Statistical analysis 

Statistical analysis was performed with Statistica  

8.0, Stasoft, Inc., one-way ANOVA, using Student’s 

t-test and Tukey-Kramer post hoc tests, to determine 

significant differences among data groups. EPR 

spectral processing was performed using Bruker 

Win-EPR and Sinfonia software. The results were 

expressed as means ± standard error of mean (SEM, 

n=6). p-Values less than 0.05 were considered as 

statistically significant. 

RESULTS AND DISCUSSION 

AKI due to CS is a serious condition that can lead 

to a loss of renal filtration rate and accumulation of 

protein residues in renal tissues. The Gly-induced 

CS-AKI model is used in animal research to 

understand the mechanisms causing this injury. This 

model displays a myoglobinuric state and a 

significant decrease in filtration rate, which is caused 

by the accumulation of ROS/ RNS resulting in 

inflammation [1, 2, 14]. Understanding AKI's 

pathophysiology is crucial to develop effective 

treatments.  

Plant antioxidants act as protectors and 

therapeutic agents against Mb-induced OS, 

preventing lipid peroxidation and ameliorating 

inflammatory response, ultimately preventing AKI 

damage. These findings demonstrate the potential 

for developing new treatments for this condition  [4, 

14, 28]. The study reported that administration of S. 

marianum significantly inhibited blood and renal 

inflammation in an AKI model/ferroptosis and 

reduced lipid peroxidation, OS and ROS/RNS 

formations. 

S. marianum regulates biochemical parameters, 

electrolytes and lipid peroxidation in CS-induced 

AKI 

The Gly-induction caused a significant increase 

in serum Cre (p < 0.05), BUN (p < 0.004), K+ (p < 

0.05) in the AKI group compared to controls, 

indicating acute renal dysfunction associated with 

toxic renal Mb levels. In contrast, significant 

decrease in Na+ concentration in controls was not 

observed in the AKI group (Fig. 1).  
In addition, S. marianum was significantly 

ameliorating Gly-induced AKI and directly 

regulating BUN, in comparison to animals receiving 

Gly alone. Interestingly, S. marianum administration 

in Gly-induced AKI animals insignificantly 

decreased Cre, K+, and Na+, but effectively 

ameliorated the renal injury (seen by 

histopathology). It significantly decreased lipid 

peroxidation levels to values almost comparable to 

healthy controls (300.9 ± 1.12 µmol vs. 274.4 ± 2.66 

µmol, respectively), (Fig. 2).  
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Figure 1. Effects of S. marianum and combination on biochemical parameters represented as mean ± SEM (n=6) for 

each group. To define difference per groups have used the Student t-tests; *p < 0.05 vs. the control group; **p < 0.05 vs. 

the Gly group. . 

 

 

Figure 2. Effects of S. marianum and combination on 

MDA levels in kidneys homogenates To define difference 

per groups have used the Student t-tests (n=6); *p < 0.05 

vs. the control group; **p < 0.05 vs. the Gly group.  

Administration of S. marianum (0.5 %) after Gly-

induced AKI can alleviate signs of AKI, normalize 

BUN, and reduce renal edema. In addition, the 

administration of S. marianum lowers OS and 

reduces the accumulation of tissue lipids, which is 

probably due to the normalization of the relative 

gene expression of antioxidant enzymes [4, 14]. The 

presented results are in agreement with the studies of 

other researchers, according to which pretreatment 

with S. marianum reduces lipid peroxidation and 

lowers Gly-induced AKI, decreased myoglobinuric 

nephrotoxicity and renal ischemia [14, 29]. On the 

other side, at the cellular level, S. marianum, 0.5% 

administrated, is not sufficient to completely 

normalize the Gly-induced elevation in electrolytes 

(K+, Na+), biochemical (Cre) concentrations and 

oxidative changes, i.e. additional stimulation is 

needed to restore normal blood cells in the renal 

tubules with minimal protein deposition. 

S. marianum regulates endogenous antioxidants, 

ROS production and nitric oxide (•NO) in CS-

induced AKI 

In CS-AKI rats, the heme and free ferro 

accumulation in the cytoplasm and mitochondria of 

kidney cells is remarkably increased, which causes a 

ferro-dependent lipid peroxidation and ROS/RNS 

increasement [30]. In addition, Liu et al., [31] found 

increased concentrations of hydrogen peroxide 

(H2O2), myeloperoxidase, and nitric oxide (•NO) in 

the serum and muscle of rats with experimentally 

induced CS-AKI. Moreover, CS-AKI is due to OS 

and free-radical processes, and treatment with 

antioxidants or radical scavengers suggests a 

beneficial therapeutic effect (Fig. 3.). 

Gly-induction resulted in a significant decrease in 

SOD and CAT activity (p<0.05; Figs. 3A, 3B) and a 

significant increase in ROS production and •NO 

concentration in the kidney (p < 0.003; Figs. 3C, 

3D), compared to controls. Treatment with 0.5 % S. 

marianum significantly ameliorated Gly-induced 

AKI, restored renal endogenous enzymes, and 

protectively reduced renal OS by modulating 

ROS/•NO concentrations compared to the Gly group 

(p<0.001). 
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Figure 3. Effects of S. marianum and combination on antioxidant enzymes and ROS/RNS concentrations represented 

as mean ± SEM (n=6) for each group. To define difference per groups the Student t-tests were used; *p < 0.05 vs. the 

control group; **p < 0.05 vs. the Gly group.  

Figure 4. Effects of S. marianum and combination on proinflammatory cytokines (IL-6; TNF-α) represented as 

mean ± SEM (n=6) for each group. To define difference per groups the Student t-tests were used; *p < 0.05 vs. the control 

group; **p < 0.05 vs. the Gly group.  

Table 1. Comparative histopathological appearances/ changes in tested groups. Legend: 0-no changes; 1-weak 

changes; 2-moderate changes; 3-strong changes. 

 Controls Gly S. marianum S. marianum + Gly 

Kidney tubule cavity expansion  

Glomerular hypertrophy  

Renal tubular epithelial cell edema  

Interstitial inflammatory infiltration 

Inflammation 

Necrosis 

0 

0 

0 

0 

0 

0 

0 

3 

3 

2 

1 

2 

2 

2 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

1 

0 

Recent studies have reported that antioxidant 

molecules are able to protect against Mb-induced OS 

through ROS/RNS scavenging mechanisms, 

endogenous enzyme restoration, and alleviation of 

acute mitochondrial ROS production/lipid 

peroxidation in renal tubular cells [16-18]. S. 

marianum, 0.5 % may reduce ROS/RNS, following 

activation of the reperfusion injury salvage kinase 

(RISK) pathway, by inducing AKI/endothelial NO 

synthase (eNOS) activation and subsequent 

reduction of •NO radical mediated cytoprotective 

signaling [32, 33]. Reduced ROS/RNS generation 

suppresses the pro-inflammatory response and leads 

to full recovery of Gly-induced AKI, thereby 

reducing renal damage and increasing survival rate 

[32, 33]. In response to OS, proinflammatory 
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cytokines, IL-6 and TNF-α, are released, activating 

macrophages and T-lymphocytes at the site of 

inflammation. Released IL-6, TNF-α, and c-Jun N-

terminal kinase (JNK) are directly involved in the 

pathophysiological progression of CS-induced AKI 

[14, 34]. Rats exposed to Gly treatment revealed a 

significant increase in renal IL-6 and TNF-α 

circulation, compared to control (p < 0.05) (Figs. 4A, 

4B).  

In conclusion, this work presents S. marianum 

(0.5 %) as a stable antioxidant that can be potentially 

used to ameliorate the devastating Gly-induced signs 

of acute kidney injuries (remodeling the severe 

degenerative changes in renal corpuscles; 

accumulation of protein casts in the mesangial 

tissue; degeneration of renal tubules; severe 

congestion of the renal blood vessels) (Table 1), 

normalized BUN and alleviated renal OS and pro-

inflammation, indirectly by preventing fibrotic 

processes, by long lasting Crush syndrome. 
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Silybum marianum L. (SM) was investigated for its possible protective effect against ochratoxin A-induced (OTA) 

toxicity in mice brain. OTA instigates oxidative changes leading to reactive oxygen/ nitrogen species (ROS/RNS) 

overproduction. SM oral administration prevents the physiological abnormalities and improves the oxidative stress 

parameters in the cerebral cortex (CX) and cerebellum (CB). Moreover, analysis showed that SM administration 

decreased ROS production and DNA genotoxicity in the brain regions, even in the OTA group. The significantly increased 

SOD and CAT activities in SM and SM + OTA groups confirm the positive neuroprotective effect of SM on the cellular 

antioxidant system. The results suggested that SM protects against OTA-induced brain oxidative disorders and other 

abnormalities.  

Keywords: SM, OTA, CB, CX, oxidative stress 

INTRODUCTION 

Ochratoxin, a mycotoxin produced by various 

toxigenic fungal species (Aspergillus ochraceus and 

Penicillium verrucosum), as a secondary metabolite, 

is a common food contaminant [1, 2] with a long 

half-life. In relation to the three isoforms (ochratoxin 

A, B, and C), ochratoxin A (OTA) is the most potent 

toxin [1]. OTA has been implicated in 

hepatotoxicity, teratotoxicity, immunotoxicity, 

enzymuria, and neurotoxicity [3, 4]. The chronic and 

acute mechanisms of OTA-induced neurotoxicity 

are still unknown. Hayes et al. [5] and Wangikar et 

al. [6] suggest that the deleterious OTA effects on 

neural tissue are expressed in its accumulation in the 

adrenal medulla, substantia nigra, striatum, cortex, 

and hippocampus. Other studies, suggested the OTA 

involvement in mitochondrial damage, inhibition of 

protein synthesis, single-stranded DNA breaks, and 

oxidative stress (OS) damage [2, 8]. OTA crosses the 

blood-brain barrier (BBB), accumulates in the 

central nervous system, and induces neuronal 

apoptosis [9-11]. Sava et al. [12] commented that 

acute OTA administration produced higher levels of 

reactive oxygen/nitrogen species (ROS/RNS) in six 

brain regions and induced redox malformations. 

Acute OTA exposure also suggests depletion of 

striatal dopamine and associated metabolites, as well 

as decreased tyrosine hydroxylase immune-

reactivity [12] in the brain. Bhat et al. [13] concluded 

that OTA treatment alters various biological 

pathways mobilized by OS and increases ROS/RNS 

productions. Chronic, low-dose OTA exposure 

increases lipid peroxidation, causes Parkinsonism in 

mouse models [12, 14] and simultaneously involved 

in neurodegenerative disorders [15]. 

Plant antioxidants are possible reducers of the 

progression of neurotoxic/ neurodegenerative 

diseases in animal models [16-17]. Silybum 

marianum L. (SM) as a potent milk thistle extract has 

possessed antioxidant, cyto-protective, anti-

inflammatory, and anticancer properties [18]. The 

flavonolignant and polyphenolic constituents due to 

the ability to antioxidant-scavenging ROS/RNS, 

inhibit lipid peroxidation [18, 19], and act in protein 

synthesis [20]. The SM ability to cross the blood-

brain barrier and improve psychomotor and 

cognitive impairment in animal models defines the 

extract as a possible neuroprotective agent [17, 21].  
The main objectives of the study were to 

elucidate the neuroprotective effect of SM by 

determining: 1) the SM and OTA pharmacokinetics; 

2) the SM protective effects on OS parameters and 

enzymatic cerebral defensive system in mouse brain 

regions after OTA-induced neurotoxicity. 
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EXPERIMENTAL 

2-3 mg/g OTA isolated from Aspergillus 

Ochraceus strain (Isolate D2306; 80ºC / 1 h) was 

described previously [22]. The SM powder and other 

reagents were purchased from Sigma Aldrich, USA. 

Experimental design 

The animal protocol was approved by the 

Directive 2010/63/EU and by the Ethical Committee 

for Animals and Trakia University, Stara Zagora, 

Bulgaria (131/ 6000-0333/ 09.12.2015).  

Male, BALB/c mice (n = 24; 36 ± 2.0 g, 7-weeks 

old; 7 days acclimatized) were used. Neurotoxicity 

was induced chronically using OTA administration 

at 1.32 mg/kg body weight (b.w.), orally for 28 days 

(~18.5 mg OTA/ kg). The mice were divided into 4 

groups (n=6) as follows: (1) Controls with basic diet; 

(2) SM group - administered orally with SM (200 

mg/kg b.w.) every day for 28 days; (3) The OTA 

group- mice were fed with OTA (ED50;1,32 mg/kg) 

per day, orally given for 28 days; (4) SM + OTA 

group, the mice were given both SM extract (200 

mg/kg per day for 28 days, orally) and OTA (1,32 

mg/kg per day for 28 days, orally, 2 hrs after SM 

administration). The defined quantities of SM and 

OTA were mixed with virgin olive oil (Mikroo, 

Greece) before treatment, respectively. 

Additionally, the physiological status and changes in 

spontaneous behavior were monitored on the 7th, 

14th and 28 day until euthanasia.  

Brain regions isolation 

The mice were weighed, and observed for 

changes in spontaneous behavior daily until 

euthanasia (50 mg/kg Nembutal, i.p.), on day - 29. 

The both brains sections: cerebral cortex (CX) and 

cerebellum (CB) were separated, fixed in cold PBS 

(рН = 7.5) under ice (-4°C), homogenized and 

estimated for OS injuries. 

Biodistribution 

100 mg of CX and CB regions were sonicated in 

cold PBS (10% w/v), centrifuged (2000×g 15 min, 
4°C) and evaluated directly for SM and OTA 

biodistribution, by X-band EPR spectrometer 

(Bruker), by method previously described [23]. 

ROS production 

100 mg CX and CB regions were added to 900 μl 

(50 mM) N-t-butyl-alpha-phenylnitron (PBN) 

dissolved in dimethyl sulfoxide (DMSO) (2:1 w/v), 

centrifuged (4000 rpm, 10 min, 4ºС) and studied 

according to Shi et al. [24].  

The biodistribution and ROS production studies 

were performed with an Electron Paramagnetic 

Spectroscopy (X-Band EPR, Bruker, Germany) 

analyzer, in fivefold spectral measurement in: 3503 

– 3515 G center field, 6.42-20.00 mW microwave 

power, 5 – 10 G modulation, 5 scans per sample, and 

the results are presented in arbitrary units (a.u.). 

Oxidative DNA damage and enzymatic defense  

The 8-hydroxydeoxyguanosine (8-OHdG), 

superoxide dismutase (SOD) and catalase (CAT) 

measurements were carried out using CellBiolabs 

Ins - ELISA kits (Germany), following 

manufacturer’s instructions.  

Statistical analysis 

Statistical analysis was performed with Statistica 

8.0, Stasoft, Inc., two-way ANOVA. EPR 

processing was performed using Bruker Win-EPR 

and Sim-fonia Software. The results were expressed 

as means ± standard error, mean (SEM, n = 6). The 

differences between groups were analyzed by 

Student's t-test, and p < 0.05 was considered as 

significant. 

RESULTS AND DISCUSSION 

SM possesses protective effects on delayed 

neuronal cell death in the rat hippocampus [18], on 

dopaminergic neuron [21], on prophylactic 

capabilities in acetaminophen-induced injuries on 

CX [25].  

The present study reports the SM-neuroprotective 

efficacy against OTA-induced neurotoxicity in brain 

regions, is in terms of OS lesions. OTA neurotoxic 

potential has been observed in Neuro-2a cells in a 

dose-dependent manner [13] and its known that 

induce changes in the cells might be mediated by OS 

pathways, producing ROS/ RNS oxidants, which 

was effectively reversed by natural antioxidants 

[13]. In contrast, Kaur et al. [26] reported that SM 

effectively reducing dopaminergic neurons damages 

against induced neurotoxicity in brains, acting as 

ROS/ RNS scavenger. The chronic OTA exposure 

registered weak depression, weakness, and 

spontaneous locomotor activity, well expressed on 

19th day (Table 1).  

Notably, SM (p < 0.003) significantly restored 

food consumption to animals receiving OTA, vs. 

OTA group. This was evident after the first 19 days 

when food intake was reduced >17%.  In contrast, no 

changes in physiological status and behavior in the 

SM group and SM + OTA were detected.
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Table 1. SM and OTA results of the mean body weight values (BW) and behavior in experimental ochratoxicosis in 

male BALB/c mice. In group ± SEM (n = 6); (0): none, (1): mild, (2): moderate.  

Several evidences indicated the flavonoid-

containing SM as potent immune-modulatory and 

anti-inflammatory action and suppression of 

oxidative immune-toxicity [26] against mycotoxins. 
In addition, SM probably acts as a potent cognitive 

enhancer and neuro-inflammator without affecting 

cerebellar neurons, regulates oxidative stress 

oxidation and improves memory processes [26, 27]. 
Favorable changes in BW, food intake, and 

normalizing of appetite were observed in SM and SM 

+ OTA combination. 

Although SM is a large molecule for absorption 

by simple diffusion, Bosch-Barrera et al. comment 

on notable improvements in central nervous system 

and brain metastases in patients receiving an oral 

nutraceutical product containing SM [28]. The SM 

and OTA biodistribution in brain regions, were 

investigated and are presented on Fig. 1.  

 

Figure 1. EPR analyses of SM and OTA 

biodistribution in brain regions.  

At the 29th  day, the EPR results showed highest 

SM and OTA localizasion in CB, followed by the 

CX. A relatively almost 2.3-fould OTA 

accumulation found in the CB and CX, compared to 

SM localization in the same regions, was a 

prerequisite for a high OTA neurotoxicity in the 

brain regions. Increased OTA accumulation found in 

the CB and CX is consistent with the findings of 

other investigators [14]. Sava et al. [14] reported that 

OTA, as an inhibitor of mitochondrial oxidative 

metabolism, is stably delayed in the CB, but despite 

the highest OTA accumulation, this area remains the 

least regionally vulnerable. Moreover, OTA 

exposure contributed to impaired hippocampal 

neurogenesis in vivo, leading to cognitive deficits 

and depression also observed in our groups [29].  

Deficient repair processes and the uneven 

distribution of oxidative DNA damage across brain 

regions caused by endo- and exogenous factors have 

been associated with many neurodegenerative 

diseases [14, 29]. Our report on the brain region 

effects of OTA, were focused on DNA damages, the 

augmented ROS generation (including ●O2
−, 

HOO●, and OH●), and on SM cerebral OS and 

enzymatic protection, alone and in combination [30]. 

According to the data in Table 2, significantly higher 

DNA damages (p < 0.05) and ROS levels (p < 0.001) 

and significantly lower SOD (p < 0.001) and CAT 

levels (p < 0.001) were detected in the CB vs CX 

regions, after OTA treatment. SM administration 

resulted in a significant decrease in oxidative DNA 

damages and ROS concentrations, a significant 

restoration in enzymatic protection, and decrees in 

OS injuries, in both regions. 

Acute/ chronic OTA administration previously 

has been reported to cause OS cascades in mouse 

brain, evidenced by significant increases in ROS/ 

RNS, lipid peroxidation and oxidative DNA 

malformations across 6 brain regions [14, 29]. Our 

findings suggest that chronic OTA administration 

provoke strong inflammatory responses in CB and 

CX, as well as increase in the DNA breaks, ROS/ 

RNS accumulation and depletes CB/CX enzymatic 

defense. In addition, Aktas and Sevimli [31] 

comment that SM has protective properties against 

oxidative insults by potentially modulating the ●O2
−, 

HOO●, and OH● formation, along with protein 

oxidation products in the cortices of the elderly 

rodent brain. In another experiment, SM increased 

the enzyme activities witch neutralized lipid 

peroxidation and normalized ROS production [32]. 

 

Treatment 

(n = 6) 

BW(g) BW(g)   Weak  

depression 

Weakness 

locomotor activity 

 19th day 28 th day   

SM 204.7 ± 1.4 258.2 ± 4.9 - - 

OTA 205.9 ± 0.8 230.2 ± 3.8 ++ `62 

SM +OTA 208.1 ± 1.03 241.2 ± 2.51 ++ ++ 

Controls 207.7± 3.45 251.8 ± 4.12 - - 
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Table 2. SM and OTA results of the DNA damages, ROS production (a.u.), SOD and CAT defenses in experimental 

ochratoxicosis in male BALB/c mice. Data are presented as the means ± SEM (n = 6). *Significant difference towards 

controlS (p < 0.05); **Significant difference towards OTA group (p < 0.001). 

Parameters Controls 

(n =6) 

SM 

(n =6) 

OTA 

(n =6) 

SM + OTA 

(n=6) 

Cerebellum (CB) 

DNA (ng/ml) 

ROS (a.u.) 

SOD (IU/gHb) 

CAT (IU/gHb) 

 

6.3 ± 1.02 

1.45 ± 0.12 

1673 ± 12.02 

17.9 ± 1.66 

 

5.91 ± 1.62** 

0.74 ± 0.007*/** 

1599 ± 9.09** 

18.03 ± 2.56** 

 

15.91 ± 5.02* 

2.44 ± 0.63 

658 ± 3.92* 

7.55 ± 2.11 

 

8.33 ± 2.82** 

0.95 ± 0.06*/** 

1422 ± 14.78** 

15.95 ± 3.72** 

Cerebral cortex (CX) 

DNA (ng/ml) 

ROS (a.u.) 

SOD (IU/gHb) 

CAT (IU/gHb) 

 

4.35 ± 1.09 

1.1 ± 0.004 

1351 ± 11.02 

16.82 ± 3.8 

 

4.99 ± 0.72** 

0.57 ± 0.002*/** 

1287 ± 8.08** 

17.05 ± 3.01 

 

12.87 ± 3.02* 

2.07 ± 0.07 

611 ± 7.14* 

8.38 ± 4.13* 

 

9.04 ± 2.00** 

1.23 ± 0.05** 

833 ± 11.7*/** 

14.03± 3.6** 

In the OTA toxicity, inhibited ROS/ lipid 

peroxidation and restarting of SOD and CAT 

antioxidants in the neurons of the cerebellum and 

cerebral cortex after SM protection are signs of brain 

tissues reduction and antioxidant protective 

mechanism. In consistent to our results, SM has been 

reported to act as an antioxidant, to stimulate 

respiratory activity, and inhibit ROS/ lipid 

peroxidation in brain mitochondria by increasing the 

concentrations of endogenous antioxidant enzymes 

[31, 33]. Moreover, SM is able to alleviate cognitive 

impairment and through redox modulatory reactions 

to improve cellular antioxidant status, which protects 

the cerebellum better vs. cerebral cortex in SM, and 

in SM + OTA treated rodents [27]. 

CONCLUSION 

In conclusion, our results indicate a 

neuroprotective effect of SM on OTA-induced brain 

toxicity. The protective properties of SM are 

strongly related to its antioxidant potential against 

OS and could find application as protector against 

OTA-induced experimental ochratoxicosis.  
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Green methods for inulin extraction from common salsify (Tragopogon porrifolius 
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The aim of the current research is the isolation and chemical characterization of inulin from common salsify 

(Tragopogon porrifolius L.) roots using green extraction technique (microwave- and ultrasound-assisted irradiation) and 

its further application in the metal nanoparticle synthesis. Functional properties and color characteristics of isolated inulin 

were also evaluated. The highest yield was obtained for inulin isolated by microwave-assisted extraction (23 %). The 

degree of polymerization of inulin was 22-23 with average molecular mass of 3.4 kDa. The structure of inulin-type fructan 

was confirmed by FT-IR and NMR spectroscopy, where the presence of β (2→1) bonds was found. Inulin from common 

salsify showed better oil-holding capacity than water-holding one, high cohesiveness and good to fair flowability. The 

possibility of synthesis of gold and nickel nanoparticles was investigated by the reduction reaction of 0.001M HAuCl 4 

and 0.01M Ni(NO3)2, respectively, and the effect of temperature on the production of metal nanoparticles was followed. 

Promising results for synthesis of golden nanoparticles using inulin from common salsify were obtained. Moreover, 

golden nanoparticles synthesized with common salsify showed potent anti-Candida activity and antifungal activity, 

especially against Aspergillus. The obtained results demonstrated the potential application of common salsify inulin in 

the pharmaceutical industry as a food supplement due to its functional properties and antimicrobial potential of golden 

nanoparticles synthesized by reduction of HAuCl4 with common salsify inulin solution. 

Keywords: Tragopogon porrifolius, inulin, nanoparticles, antimicrobial activity. 

INTRODUCTION 

Inulin and fructooligosaccharides (FOS) are part 

of the fructans family, widely distributed in various 

medicinal plants, fruits and vegetables as storage 

carbohydrates [1]. They are used as dietary fibers or 

nutritional ingredients in numerous food products. 

Moreover, the application of inulin in pharmacy as a 

drug carrier, encapsulating agent, and vaccine 

adjuvant constantly increases [2-6]. Therefore, the 

search for new valuable sources of inulin, except 

traditionally used chicory, dahlia, and Jerusalem 

artichoke [1-3], gain more and more attention during 

the last decade. The interest in current research is 

provoked by one vegetable, common salsify 

(Tragopogon porrifolius L.), as a promising source 

of inulin with potential use in culinary practice. 

Common salsify (Tragopogon porrifolius L.) is 

an annual or biennial plant, used as a root vegetable 

with excellent nutritional and dietary properties, that 

belongs to the Asteraceae family [7-10]. It has three 

subspecies, namely: T. porrifolius subsp. australis, 

T. porrifolius subsp. cupani and T. porrifolius subsp. 

porrifolius [8]. It can reach 50–110 cm in height and 

possesses a cylindrical taproot (15–30 cm long and 

2.5–3 cm wide, brownish-yellow outer skin and 

white skin). The root has a very mild and slightly 

sweet flavor similar to oysters, hence the designation 

"oyster plant". Its older roots have a milky sap and a 

slightly distally branched, glabrous stem. Leaves are 

basal and stalked, alternate, sessile, sheathing lamina 

linear to linear-lanceolate (grass-like), 20–40 cm 

long [7-9]. It is rarely cultivated, mainly in the 

Mediterranean region, but deserves wider attention 

and use in the human diet. Various parts of the plant 

are consumed in Southern and Central Europe, North 

America, and the United Kingdom; it is also used to 

treat cancer in Lebanese folk medicine. 

Phytochemical investigations on this plant revealed 

that it contains carbohydrates, proteins, lipids 

(mainly monounsaturated fatty acids, essential fatty 

acids, vitamins, and polyphenol components) [7-11]. 

Common salsify root is low in calories but rich in 

protein, small amounts of vitamin A, B1, B2, C, PP,  

* To whom all correspondence should be sent:  

E-mail: vanya.hambarliyska@gmail.com © 2024 Bulgarian Academy of Sciences, Union of Chemists in Bulgaria 
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B6, fibers, minerals, such as Ca, Fe, Mg, K, P, Fe, 

and 4-18 % fructans (inulin and/or fructooligo-

saccharides, dry matter) [8, 11]. However, the most 

valuable component is inulin – a fructan with 

prebiotic properties, which has a positive effect on 

the functions of the human digestive tract [3, 6, 12] 

The average content of inulin in its roots is 15.17 % 

(fresh matter). Inulin concentrations are similar in 

both roots and spring plowing (15.19%) [8-10]. In 

Portugal and Poland, common salsify (Tragopogon 

porrifolius L.), is alternative inulin source plant, and 

is also cultivated due to its utilization in culinary 

practices [8, 9]. From the above mentioned data, it 

can be concluded that roots of common salsify 

(Tragopogon porrifolius L.) are a promising source 

of inulin. However, detailed data about inulin 

characteristics and functional properties are still 

missing. The aim of the current research is the 

isolation, chemical characterization and evaluation 

of the functional properties of inulin from common 

salsify (Tragopogon porrifolius L.) roots using 

green extraction techniques (microwave and 

ultrasound-assisted irradiation) and its further 

application for metal nanoparticles (NPs) synthesis. 

MATERIALS AND METHODS 

All solvents and reagents were of analytical 

grade. 

Plant material 

The plant material used for the analysis was 

Tragopogon porrifolius 'Fiore Blu'. The seeds were 

planted during March 2021 in vegetable gardens in 

Kostievo village and Rakovski town (Plovdiv 

region, Bulgaria). The roots were harvested during 

the second year of cultivation in July-September. 

Isolation of inulin from common salsify 

(Tragopogon porrifolius L.) 

The dried and finely ground roots from common 

salsify were extracted using deionized water as a 

solvent (1:10 w/v) by three methods: 

1. Conventional extraction under a reflux at 100 

°C for 60 min under constant stirring. 

2. Ultrasound-assisted extraction in the ultrasonic 

bath IsoLab (Wertheim, Germany) at a frequency of 

40 kHz, 120 W power, at 80 °C for 20 min. 

3. Microwave-assisted extraction in a microwave 

device (Daewoo KOR, with microwave power 700 

W and frequency of 2450 MHz) for 5 min [14]. 

The extraction procedure was performed in 

triplicate. The water extracts were obtained through 

a Buchner funnel filtration. The combined extracts 

were precipitated with the addition of four volumes 

of acetone, then cooled down to −18 °C, kept for 24 

h and filtered. The crude polysaccharide was dried 

and dissolved in hot water, precipitated, and washed 

with acetone [14]. 

Characterisation of inulin from common salsify 

The melting point of inulin was measured on a 

Kofler melting point apparatus. The reducing groups 

were determined spectrophotometrically by the 

PAHBAH method at 410 nm, while total fructose 

content – using resorcinol-thiourea reagent at 480 

nm [14]. The purity of the polysaccharide was 

analyzed by HPLC instrument Elite LaChrome 

Hitachi (Tokyo, Japan) with a Shodex® Sugar 

SP0810 (300 × 8.0 mm i.d.) at 85 °C, coupled to a 

refractive index detector (VWR Hitachi Chromaster, 

5450, Tokyo, Japan). Homogeneity and molecular 

weights were evaluated by high-performance size-

exclusion chromatography (HPLC-SEC) performed 

on ELITE LaChrome (Hitachi, Japan), equipped 

with column Shodex OH-pack 806 M (i.d. 8 mm) 

[15]. Polydispersity index (X) of inulin was 

calculated as the ratio of the two molecular weights 

(Mw/Mn) [14]. The IR spectra (2 mg) were collected 

on a Fourier transform infrared (FT-IR) 

spectrophotometer VERTEX 70v (Bruker, Bremen, 

Germany) in KBr pellets. The spectra were recorded 

in the 4000–400 cm−1 range at 120 scans and 

resolution of 2 cm−1. 1H and 13C NMR spectra of 

polysaccharide samples (20 mg/0.6 mL 99.95 % 

D2O) were recorded using a Bruker AVIII 500 MHz 

spectrometer.  

Functional properties 

Color measurement of inulin was performed with 

a portable colorimeter Model WR-10QC D 65 

lighting, following the CIELAB (L*, a*, b*) system, 

as previously described [16]. Functional properties 

of inulin, such as swelling properties, water- and oil-

holding capacity were analysed according to 

Robertson et al. [17]. Angle of repose, densities 

(true, bulk, and tapped), flowability and wettability 

were determined as previously described [18]. 

Synthesis and characterization of metal NPs with 

inulin from common salfify 

Aqueous solution of inulin from common salsify 

with degree of polymerization (DP) 22, obtained 

after microwave-assited extraction, with 

concentrations (0,2 % and 0,5 %), 0.001 M HAuCl4 

and 0.01 М Ni(NO3)2 water solutions (Sigma-

Aldrich, Germany) were used for synthesis of metal 

NPs. In a 2 mL Eppendorf tube 1 mL of inulin 

solution (0.2 or 0.5 %) and 0.5 mL of chlorauric acid 

or nickel nitrate solution were mixed. The test tube 

was shaken and incubated at 85°C (Diterm, 

Robotics, Velingrad). The synthesized metal NPs 

(the synthesis time was determined by preliminary 

https://www.mdpi.com/2305-7084/7/5/94#B19-ChemEngineering-07-00094
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visual and UV-Vis observations) were characterized 

by transmission electron microscopy (TEM) after 

placing a drop of the solution onto a standard copper 

grid coated with amorphous carbon layer and dried 

for 24 h. Observations were done and 

photomicrographs were obtained using a JEOL JEM 

2100 high-resolution transmission electron 

microscope (JEOL Ltd., Tokyo, Japan) at an 

accelerating voltage of 200 kV in conventional mode 

and high-resolution mode for TEM and HRTEM 

(high-resolution TEM) images, respectively. 

Statistical analysis of the nanoparticle size 

distribution was performed using Image J software. 

Phase composition identification was performed 

using the International Center for Diffraction Data 

(ICDD) PDF-2 Database [19]. 

Antimicrobial activity of obtained nanoparticles 

with inulin from common salsify 

Eighteen microorganisms  (Gram-positive  and 

Gram-negative bacteria, yeasts, and fungi) were 

used from the collection of the Department of 

Microbiology (University of Food Technologies, 

Plovdiv, Bulgaria) for the investigation of 

antimicrobial activity. The antimicrobial activity of 

obtained nanoparticles was determined by the 

conventional agar well diffusion method as 

described previously by Tumbarski et al. [20]. 

Statistical analysis 

All experimental measurements were carried out 

in triplicate and the values were expressed as 

average of the three analyses ± standard deviation. 

RESULTS AND DISCUSSION 

Characterisation of inulin from common salsify 

Physicochemical characteristics of inulin from 

common salsify (Tragopogon porrifolius L.) roots 

are presented in Table 1.  

Table 1. Physicochemical characteristics of inulin from common salsify (Tragopogon porrifolius L.) roots 

Characteristics 
Classical  

extraction 

Ultrasound-assisted 

extraction 

Microwave-assted 

extraction 

Yield, % 19 15 23 

Purity, % 67 74 64 

Melting point, ºC 158-162.5 191-194 170-174.5 

Fructose content, % 59 75 74 

Reducing groups, % 2.3 3.8 3.3 

Molecular weight (Mw), Da  3471 
3325 

2713 
3345 

Mn, Da 3310 
3183 

2602 
3192 

Polydispersity index (PD) 1.05 1.05 1.05 

Degree of polymerization 21 22  22 

Degree of polymerization (by NMR) 23 15-16 20-21 

Color characteristics    

L 87.41±3.24 85.43±2.14 83.92±1.14 

a 3.91±0.30 4.05±0.32 4.16±0.42 

b 9.91±1.25 9.92±0.51 9.93±0.53 

C 10.65±1.24 10.06±0.72 9.96±0.63 

h 68.16±0.99 68.12±1.13 66.10±2.39 

ΔЕ 14.89±0.15 15.08±0.20 19.27±0.61 

Functional properties    

Swelling index, g/cm3 3.70 4.79 5.45 

Water holding capacity, g water/ g 1.02 1.34 2.36 

Oil holding capacity,g oil/g 6.20 6.52 6.95 

Wettability, s 90 112 116 

True density (g/ cm3) 0.73 0.81 0.81 

Bulk density (g/ cm3) 0.20 0.22 0.22 

Tapped density (g/ cm3) 0.20 0.30 0.38 

Carr’s index 32 34 34 

Hausner ratio 1.47 1.49 1.49 

Flowability high high high 

Cohesiveness intermediate intermediate intermediate 

https://www.mdpi.com/2305-7084/7/5/94#B16-ChemEngineering-07-00094
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Table 2. Electron diffraction indexing of gold NPs prepared with inulin from common salsify roots 
 

d [Å] hkl COD* Entry 

2.3925 111 
Au cubic S.G. Fm-3m 

Cell parameter: 4,14500 Å 

#96-901-3045 

2.0720 200 

1.4651 202 

1.2495 311 

 

Figure 1. FT-IR spectra of inulin isolated from common salsify (Tragopogon porrifolius L.) roots, where C- classical 

extraction (-), MW – microwave-assisted extraction (--). 

The highest inulin yield was observed for 

microwave-assted extraction – 23 %, together with 

the highest degree of polymerization 20-22. The 

highest purity (74 %) and fructose comtent (75 %) 

were obtained employing ultrasound-assisted 

extraction (74 %), however the cavitation process 

reflects on degree of polymerization (15-16) which 

is lower than the degree of polymerization of inulin 

extracted using microwave-assisted extraction. 

There are no significant differences in the color 

characteristics of isolated inulins by the different 

extraction methods. Our data for the lightness of 

inulin were comparable with data for other inulins 

isolated from different plant sources such as 

echinacea, chicory, Jerusalem and globe artichoke 

[16]. The obtained values for water- and oil-holding 

capacities of common salsify inulin were close to 

previously reported data for long-chained chicory 

(1.59 g water/g sample and 3.4 g oil/g sample, 

respectively) [16], and black salsify (0.5±0.1 water/g 

sample and 6.1±0.5 oil/g sample, respectively) [15]. 

However, our results on the oil-holding capacity of 

inulin were more than five times higher than 

commercial chicory inulin and globe artichoke 

inulin (1.37 and 1.38 g oil/g sample, respectively) 

[15, 21], and Jerusalem artichoke – 1.02 g oil/g 

sample [22]. The obtained inulin demonstrated high 

flowability and intermediate cohesiveness, based on 

Carr’s index and Hausner ratio. The highest swelling 

properties, water and oil-holding capacity were 

found for inulin from microwave-assited extraction. 

This could be explained by the highest molecular 

weight and degree of polymerization. Common 

salsify (Tragopogon porrifolius L.). inulin yield 

coincided with reported data in the literature: 15 – 20 

% [8, 9]. Its content is three times higher than this in 

roots of meadow salsify (Tragopogon pratensis L.) 

(5-9 % dw) [23]. In general, microwave-asssited 

extraction significantly reduced the time for 

extraction to 15 min, while the yield, molecular 

weight were similar to the inulin extracted by 

conventional long time (3 hours) extraction. 

FT-IR specroscopy 

The FT-IR spectra of inulin isolated from 

common salsify (Tragopogon porrifolius L.) roots 

by classical extraction and microwave-assisted 

extraction are shown in Figure 1. The spectra contain 

all typical bands for inulin-type fructans [24], as 

follows: a broad band at 3300 cm−1 due to O–H 

stretching vibrations assossiated with with inter- and 

intramolecular hydrogen bonds in the inulin 

structure. The bands at 2930–2932 cm−1 are due to 

C–H asymmetric stretching vibrations. The bands at 

2882 cm−1 are characteristics for the symmetric 

stretching vibrations of C–H. The bands in the region 

from 1200 to 970 cm−1 are mainly due to C–C and 

C–O stretching in the pyranosyl ring and C–O–C 

stretching vibrations of glycosidic bonds. The bands 

at 1120 cm−1 were characteristic of C–O–C ring 

stretching vibrations from glycoside linkage. The 

bands at 1028–1029 cm−1 were assigned to C–O 

stretching vibrations, together with bands at 987 

cm−1. In the fingerprint region typical bands for 

Commented [a1]: Таблица 2 не трябва да е тук. Тя всъщност 
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inulin and inulin-type fructans are observed. The 

presence of α-D-glucopyranosyl residue in the 

polymer chain is observed at 934 cm−1. The band for 

β-anomer bendings in C1–H was found at 873 cm−1 

and the occurance of band at 817 cm−1 confirmed the 

presence of 2-ketofuranose or 2-ketopyranose. 

Similar bands in the FT-IR spectra were reported 

earlier for inulin type fructan, especially the bands at 

935, 873, and 818 cm−1, typical for inulin from 

different plant sources such as echinacea, dahlia, 

chicory [14, 16] and black salsify [15]. 

NMR spectroscopy 

This is the first detailed research on the structural 

characteristics of inulin from common salsify roots. 

The chemical shifts in 1H NMR and 13C NMR 

spectra are shown in Figure 2 and Figure 3. 

In the 1H NMR spectrum (Figure 2) of common 

salsify inulin typical chemical shifts for glucose and 

fructose units were found: 1H NMR (500 MHz, 

D2O); δ 5.45, 5.44, 4.30, 4.27, 4.26, 4.21, 4.19, 4.12, 

4.11, 4.09, 3.94, 3.92, 3.87, 3.84, 3.78, 3.72, 3.70, 

and 3.68 ppm. This inulin spectrum contains an 

isolated resonance for the single anomeric α-glucose 

proton, observed at 5.45 ppm (Figure 2). In the range 

from 3.68 to 4.30 ppm all protons for fructose units 

were found. Anomeric glucose signal H-1 showed 

low intensity in comparison with the high intensity 

of fructose units. The integration of the H-1 signal of 

the glucose unit at δ 5.4 ppm and the H-3 and/or H-

4 signals of the fructosyl units between δ 3.6 and 

4.30 ppm gave a mean DPn. The DPn distribution of 

inulin obtained by spectrophotometry analysis 

ranged from 16 to 23. 

 

 

Figure 2. 1H NMR spectrum of inulin isolated from common salsify (Tragopogon porrifolius L.) roots (500 MHz, 

D2O); δ 5.45, 5.44, 4.30, 4.27, 4.26, 4.21, 4.19, 4.12, 4.11, 4.09, 3.94, 3.92, 3.87, 3.84, 3.78, 3.72, 3.70, 3.68. 

In the 13C NMR spectrum of inulin from common 

salsify roots chemical shifts typical only for fructose 

units were observed (Figure 3): 13C NMR (126 MHz, 

D2O); δ 103.20, 81.03, 76.93, 74.22, 62.09, and 

60.85 ppm. The spectrum contains prominent shifts 

for C1–C6 carbons (C1 60.85 ppm, C2 103.20 ppm, 

C3 76.93 ppm, C4 74.22 ppm, C5 ~81 ppm, and C6 

~60.85 ppm) of fructosyl residue due to fructose 

repeated units. Similar shifts in the 13C NMR 

spectrum were reported for inulin which contained 

bonds →1)-Fruf-(2→ and Fruf-(2→ [14, 16]. 

However, 13C shifts due to glucose were not 

observed (Figure 3). This superposition  of  glucose 

shifts was observed in other studies and was reported 

for inulin from echinacea, dahlia, and stevia [14, 16].  

Metal nanoparticle synthesis using inulin from 

common salsify roots 

Inulin coated NPs were used in drug delivery [4, 

6]. It was reported that inulin coated plasmonic gold 

NPs were used as a tumor-selective tool for cancer 

therapy [4, 5]. Therefore, the synthesis of 

nanoparticles with inulin is prespective field of 

application for both inulin from common salsify 

roots and the sinthesized gold NPs. 
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Figure 3. 13C NMR spectrum of inulin from common salsify (Tragopogon porrifolius L.) isolated by ultrasound-

assisted irradiation 40 kHz (13C NMR (126 MHz, D2O); δ 103.20, 81.03, 76.93, 74.22, 62.09, 60.85). 

 

 

Figure 4. ТЕМ (Transmission electron microscopy) microphotographs and electron diffraction of Au NPs 2:1 with 

inulin from common salsify roots in concentration 0.5 % 

 

Figure 5. High-resolution ТЕМ microphotograph and particle size distribution (Au NPs 2:1 with inulin from common 

salsify roots in concentration 0.5 %) 
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Table 3. Antimicrobial activity of golden and nickel nitrate NPs 

 

The gold NPs were predominantly spherical in 

shape, but irregularly shaped as could be seen from 

Figure 4. The size distribution was from 0 to 20 nm, 

the predominant size being from 2-4 nm (Figure 5). 

The phase has cubic gold NPs (Table 2) and the 

information was obtained from the electron 

diffraction and high resolution imaging. In addition, 

inulin from common salsify roots successfully 

supported and coated the gold NPs. Nickel NPs were 

not observed visually or using TEM and one possible 

explanation was that inulin did not possess enough 

reducing power to reduce Ni2+ to Ni0. The 

antimicrobial potential of synthsiezd golden NPs and 

mixture of inulin and Ni(NO3)2 were evaluated for 

the first time. The results are summarized in Table 3. 

It was found that gold NPs prepared with inulin 

from common salsify roots showed moderate 

antimicrobial activity only against yeasts and fungi, 

especially Candida albicans NBIMCC 74, 

Aspergillus niger ATCC 1015 Aspergillus flavus. 

However, common salsify inulin and Ni(NO3)2 

showed moderate activity only against Gram- 

negative bacteria Enterococcus faecalis ATCC 

29212. Both, gold NPs and inulin and Ni(NO3)2 

mixture, were inactive aganst Gram-positive 

bacteria. 

CONCLUSION 

To the best of our knowledge this is the first 

detailed study on the isolation, structural elucidation, 

and evaluation of the functional properties of inulin 

from common salsify roots. The study revealed that 

common salsify contains linear inulin composed of 

fructose units linked with β-(2→1) bonds and a 

terminal glucose unit linked α-(1→2), having DP of 

20-22 and molecular-weight similar to the chicory 

inulin. Microwave-assisted extraction was evaluated 

as a prespective green method for obtaining high-

molecular inulin in high yield. The common salsify 

inulin showed better oil-holding capacities, than 

water-holding properties, high fowability and 

intermediate cohesiveness. All these properties 

revealed the potential of this inulin to be used as a 

functional ingredient, as taste and structure modifier 

of formulated food systems. An interesting and 

promising application of polysaccharides 

(particularly inulin from common salsify roots) is the 

synthesis of metal NPs by reduction of their salts. By 

this way, Au NPs were successfully synthesized and 

they were characterized by TEM. The antimicrobial 

potential of golden NPs with common salsify inulin 

permits its further application in food and pharmacy.  
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Test microorganism Common salsify inulin Au NPs Common salsify inulin Ni 

Bacillus subtilis ATCC 6633 - - 

Bacillus amyloliquefaciens 4BCL-YT - - 

Staphylococcus aureus ATCC 25923 - - 

Listeria monocytogenes  ATCC 8632 - - 

Enterococcus faecalis ATCC 29212 - 12 

Salmonella enteritidis - - 

Klebsiella sp. - - 

Escherichia coli ATCC 25922 - - 

Proteus vulgaris ATCC 6380 - - 

Pseudomonas aeruginosa ATCC 9027 - - 

Candida albicans NBIMCC 74 9 - 

Saccharomyces cerevisiae - - 

Aspergillus niger ATCC 1015 9 - 

Aspergillus flavus 9 - 

Penicillium sp. - - 

Rhizopus sp. - - 

Fusarium moniliformeATCC 38932 - - 

Mucor sp. - - 
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Investigation of the effect of ultrasound-assisted extraction on the yield and tannin 

content of white oregano extracts  

V. V. Paskova, K. Z. Dobreva*, I. T. Dimitrova 

Trakia University, Department of Food Technology, 38 Graf Ignatiev Str., 8600 Yambol, Bulgaria 

Received: November 3, 2023; Revised: April 11, 2024 

Oregano and its extracts are rich in a variety of biologically active substances, which makes them suitable for use 

in food industry, pharmacy, etc. The influence of the technological parameters – solvent concentration, temperature and 

duration of ultrasound-assisted extraction on the yield and tannin content of extracts of white oregano (Origanum 

heracleoticum L.) was studied. The data were compared with those obtained with conventional extraction methods. The 

resulting ethanol extracts are highly viscous liquids with a dark brown color, characteristic of the plant spice smell and a 

specific burning taste. The highest yield and highest tannin content in ultrasound-assisted extraction of cultured white 

oregano was obtained with 70% ethanol at a temperature of 60°C during the process, hydromodule 1:10 and duration 60 

min. The use of ultrasound-assisted impact to extract tannins from cultured white oregano allows to achieve higher yields 

and reduce the duration of the process, compared to conventional extraction methods. 

Keywords:  white oregano, ultrasound-assisted extraction, ethanol extracts, tannins.  

INTRODUCTION 

The plants produce diverse groups of secondary 

metabolites that may find application as additives or 

antioxidants in food production and in the 

pharmaceutical industry [1]. The extraction and 

purification of these metabolites from plant-based 

raw materials is a challenge for scientists to propose 

suitable methods that are relatively simple, safe and 

inexpensive [2].  

In recent years, unconventional techniques have 

been used to obtain enriched plant extracts, such as 

ultrasound-assisted extraction, enzyme extraction 

and microwave extraction [3]. According to 

Michalaki et al. [4], the interest in ultrasound-

assisted extraction is due to its positive impact on the 

extraction process of biologically active compounds 

(high yield of extract, low costs and short duration 

of the process). Ultrasound-assisted extraction has 

been used to extract valuable compounds such as 

proteins [5], carbohydrates [6], polysaccharide-

protein complex [7], oils [8, 9], polyphenolic 

compounds [10], isoflavones [11], lycopene [12] and 

others. 

White oregano (Origanum heracleoticum L.) is a 

herbaceous perennial of Lamiaceae family. In 

natural habitats in Bulgaria, it is widespread in the 

eastern rocky slopes of the Rhodopes, as well as in 

Belasitsa, Struma Valley and Kresna Gorge; the 

cultivated oregano is grown in Ruse, Pleven, 

Momchilgrad and Plovdiv regions [13]. White 

oregano and the extracts derived from it have proven 

antioxidant and antimicrobial properties due to the 

biologically active substances contained in them. 

The purpose of the study is to investigate the effect 

of ultrasound on the yield and composition of 

extracts of white oregano (Origanum heracleoticum 

L.), as well as to establish the most appropriate 

parameters of the process, namely temperature and 

duration, affecting the degree of extraction of 

tanning agents [14–18]. 

The purpose of this study is to investigate the 

effect of ultrasound on the yield and content of 

tannins in extracts of white oregano (Origanum 

heracleoticum L.), as well as to establish the most 

appropriate parameters of the process - temperature 

and duration, affecting the degree of extraction of 

tannins. 

EXPERIMENTAL 

Plant material 

The above-ground mass of Bulgarian cultivated 

white oregano (Origanum heracleoticum L.), 

purchased from the commercial network, 2021 

harvest accompanied by a certificate for the main 

physical, chemical and microbiological indicators, 

ensuring the quality of the raw material, was used. 

Prior to analysis, the raw material was milled on a 

laboratory mill with a particle size of the 0.006 m 

predominant fraction, determined by sieve analysis 

[19]. 

Methods 

The moisture content of the raw material (%) was 

determined by azeotropic distillation in a Dean and  

* To whom all correspondence should be sent:  
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Stark laboratory apparatus [19]. The content of 

tanning agents in the raw material was determined 

by exhaustive extraction with hot water at boiling 

and titration of the extract obtained with 0.1 N 

KMnO4 with an indigo carmine indicator, % [20]. 

Ethanol with concentrations of 50 and 70% was used 

as a solvent. 

The extraction was carried out in an ultrasonic 

bath of model ELMA, Elmasonic P30H - Germany, 

with a frequency of 37 kHz at a hydromodule of 

1:10, at temperatures of 30, 40, 50 and 60 oC and 

duration of 15, 30 and 60 min. After filtration, the 

solvent was separated from the solutions by its 

evaporation on a rotary vacuum evaporator at a 

water bath temperature of 60-65°C. Extracts were 

stored at 4 - 6°C until analysis. 

To compare the yields and the content of tannins, 

an exhaustive extraction of the raw material without 

stirring was carried out with 70% ethanol at a 

temperature of 60°C (52.23 ± 0.48%). At an interval 

of 60 min the raw material was treated with pure 

solvent, the extracts were collected and the solvent 

was separated on a rotary vacuum evaporator. The 

content of tannin substances was determined in the 

extracts according to the methodology described 

above. The values of the studied technological 

parameters were chosen based on literature data and 

preliminary studies. All experiments were 

performed in triplicate, and the values in the tables 

and graphs are the arithmetic means presented with 

their standard deviation. The data obtained from the 

measurements and calculations were processed in 

MS Excel 2016 (Microsoft Corp.) at significance 

level α = 0.05. 

RESULTS AND DISCUSSION 

The analyzed raw material contains 12.7 ± 0.10 

% moisture and 17.12 ± 0.12 % tanning agents. The 

data point out that the amount of tannins is by about 

4% higher than the data published by Baycheva et al. 

[21] (13.84%), which can be explained with the 

different climatic conditions in different harvest 

years. The content of tannin substances in cultivated 

white oregano is lower than the data in the literature 

for wild white oregano of 20.6 to 22.5 % [21, 22], 

due to different origins.  

The scheme of the experiments and obtained 

results is presented in Table. 1.  

It is seen from the data that the extract yield 

increases by increase in the duration and temperature 

of the extraction with both solvents. Its amounts are 

higher when extracted with 70% ethanol (42.28 ÷ 

64.25%). 

Table 1. Extract yield of Bulgarian cultivated white 

oregano. 

Duration, 

min 

Temperature, 

°С 

Yield relative to еxhaustive 

extraction, % 

50%  

ethanol 

70%  

ethanol 

30 

15 

30 

60 

34.41 ± 0.27 

42.66 ± 0.36 

44.32 ± 0.42 

42.28 ± 0.39 

44.08 ± 0.38 

45.16 ± 0.33 

40 

15 

30 

60 

40.49 ± 0.35 

41.99 ± 0.33 

44.41 ± 0.34 

47.25 ± 0.42 

47.84 ± 0.43 

48.94 ± 0.41 

50 

15 

30 

60 

40.14 ± 0.38 

41.05 ± 0.39 

43.61 ± 0.35 

46.32 ± 0.43 

51.48 ± 0.50 

52.56 ± 0.50 

60 

15 

30 

60 

45.21 ± 0.36 

48.06 ± 0.42 

50.01 ± 0.43 

51.94 ± 0.50 

58.62 ± 0.54 

64.25 ± 0.61 

The conducted studies revealed that lower yields 

of extract are obtained at different temperatures with 

duration of the process of 15 min; relatively higher 

values are found when the temperature is increased 

to 60 o C and the duration is extended to 60 min. A 

greater influence on the extract yield has the 

temperature of the process rather than its duration, 

confirmed in the literature [21]. According to 

literature data, the ethanol concentration also affects 

the extraction of ethanol [23].  Higher concentrations 

of ethanol (over 70%) get the extraction of 

biologically active substances (phenols) from 

oregano more complicated. 

The content of tanning agents in the extracts of 

cultivated white oregano is presented in Table 2, and 

the degree of their extraction compared to the raw 

material is presented in Figs. 3 and 4. The content of 

tanning agents in the extract obtained during 

exhaustive extraction of cultivated white oregano 

(14.43 ± 0.01%) was determined -  85.5% compared 

to that in the initial material. 

Table 2. Content of tannins in extracts of cultivated 

white oregano 

No. 

 

Temperature, 

°C 

Duration, 

min 

Tannins, % 

50% 

ethanol 

70% 

ethanol 

1 30 15 5.4 ± 0.05 6.2 ± 0.05 

2 30 30 6.4 ± 0.06 6.8 ± 0.06 

3 30 60 7.5 ± 0.07 7.4 ± 0.07 

4 40 15 5.9 ± 0.05 7.2 ± 0.06 

5 40 30 6.7 ± 0.06 6.3 ± 0.06 

6 40 60 7.2 ± 0.06 6.8 ± 0.06 

7 50 15 7.4 ± 0.07 7.5 ± 0.07 

8 50 30 7.5 ± 0.07 7.6 ± 0.07 

9 50 60 8.8 ± 0.08 8.0 ± 0.07 

10 60 15 8.3 ± 0.08 8.3 ± 0.08 

11 60 30 9.2 ± 0.09 8.9 ± 0.08 

12 60 60 9.4 ± 0.09 10.2±0.09 
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Fig. 1. Extraction rate of tannins at 50% ethanol extraction. 

 

Fig. 2. Extraction rate of tannins at 70% ethanol extraction. 
 

The data show that the content of tannins in the 

extracts obtained at 30°C and 40°C is relatively low: 

5.4 ÷ 7.5% at 50% ethanol and 6.2 ÷ 7.5% at 70% 

ethanol. Higher values were reported at a 

temperature of 60°C (8.3 ÷ 9.4% at 50% ethanol and 

8.3 ÷ 10.2% at 70% ethanol). The influence of the 

duration of the process on the content of tannins 

maintains the same trend as for extract yield. The 

amount of tannins in the extract obtained for 15 min 

was significantly lower compared to that at 60 min 

extraction. Similar values were reported for the 

content of tannins in the extracts obtained for 30 and 

60 min extraction. 

From the data presented in Figs. 3 and 4 is evident 

that at a temperature of 30°C, the degree of 

extraction of tannin substances from the output raw 

material is comparatively        low (31.4 – 37.4% at 50% 

ethanol and 36.3 ÷ 43.02% at 70% ethanol). At 

60°C, extraction of tannins over 50% was observed, 

and the highest values are accounted for extraction 

at 70% ethanol and 60 min  process duration (52.1 

%). 

Similar results were obtained by Baicheva et al. 

[21] with extraction without ultrasound, 

hydromodule 1:10, temperature 60°C and duration 

of 6 h (57.88 %). 

Similar dependencies for the influence of the 

temperature and duration of the process on the 

content of tannins in liquid extracts have also been 

found with other essential oil raw materials: cape 
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gooseberry leaves [24], thyme herb [25], rosemary 

herb [26], sage herb [27]. 

As a consequence of the cavitation in the 

ultrasound-assisted extraction, a greater dispersion 

of the solid phase in the liquid is achieved, resulting 

in a larger contact surface. In this way, higher yields 

are obtained in a shorter time with small amounts of 

solvent [28].  

A comparison of the yields and tannin contents in 

ethanol extracts obtained by conventional extraction 

(without stirring) [29] and ultrasound-assisted 

extraction, under the same conditions: solvent 

concentration, duration, temperature and 

hydromodulus, indicates 30 – 35 % higher values at 

ultrasound-assisted extraction. 

CONCLUSION 

Highest ultrasound-assisted extraction yield of 

cultivated white oregano with 70% ethanol with the 

highest content of tannins is obtained at temperature 

of 60°C during the process, hydro module 1:10 and 

duration 60 min. The use of ultrasound to extract 

tannins from cultivated white oregano (Origanum 

heracleoticum L .) allows to achieve higher yields 

and reduce the process duration. 

Acknowledgement: 3 FTT/2021 "Ultrasound-

assisted extraction of fennel (Anethum graveolens L.) 

and white oregano (Origanum vulgare L.)”. 
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For centuries, thyme has been used as a spice and medicinal plant. Of the more than 350 established species of plants 

of Thymus genus, garden thyme (Thymus vulgaris L.) and common thyme (Thymus serpyllum L.) have economic 

importance. Three chemotypes of thyme are the object of this study - thymol, citral and geraniol. The main physical and 

chemical characteristics of the studied thymes are determined - humidity, proteins, fibers, lipids, essential oil and mineral 

composition. The chemical composition of organic substances in the essential oils of the different chemotypes was 

determined by GC – MS analysis. The distribution of the components by groups has been established. The yield of 

essential oil is highest in "French" and "Pagane" varieties. "French" and "German Winter" thyme oils are characterized 

by a high thymol content (36.98 % and 55.49 %, respectively), which determines their classification as thymol chemotype. 

In the essential oil of "Slava" variety, the main components are geraniol (28.89%), nerol (3.84%) and geranyl acetate 

(34.35%), which define it as a citral chemotype. Main components in "Pagane" thyme oil are geraniol (55.56%) and 

geranyl acetate (27.72%), defining it as a geraniol chemotype. The determination of the phytochemical characteristics of 

thyme aims to provide information on its condition, its suitability for storage and processing, as well as to determine the 

type and technological parameters for its processing. 

Keywords:  Thymus vulgaris L., chemical composition, essential oil, GC/MS.

INTRODUCTION 

Today, about 250 species of thyme are known, 214 of 

which are species and 36 are subspecies divided into eight 

sections: Mikantes, Mastihcina, Piperella, Teucrioides, 

Pseudothymbra, Thymus, Hyphodromy and Serpyllum [1–

4]. It is distributed mainly in the Mediterranean, where it 

originates. Today it is cultivated in Spain, France, Italy, 

Portugal, Germany, Algeria, Egypt, England, the 

Caribbean, the USA [5, 6]. The composition of essential 

oil in thyme is influenced by many factors such as: 

genotype (species, genus, family, order, class), agro-

meteorological (geographical origin, climatic conditions, 

soil composition, etc.) and technological factors 

(cultivation, species - collection, storage, processing 

technology, etc.) [4, 7–11]. 
In Bulgaria, thyme can be found in diverse soil and 

climatic conditions, semi-mountainous terrains at 

different altitudes, along roads, meadows and sunny 

places, together with other heat-loving plants. Likes 

sandy, stony and drained soils: brown forest, cinnamon 

forest, neutral and slightly alkaline soils [10, 12]. 

The varieties grown in our country: "German Winter", 

(Thymus vulgaris sv "German"), "French" (Thymus 

vulgaris cv. 'French'), "Slava" (Thymus marshalianus) 

and "Pagane" (Thymus siptorpii L.) differ in both 

morphological and aroma-flavor characteristics, as well 

as in the composition of essential oil [12]. 

"Pagane" variety was selected from the population of 

Thymus marshalianus. It has upright, highly branched 

tufts and a subtle, fresh, pleasant rose fragrance. The yield 

of essential oil is 0.55-0.85%, which is rich in geraniol –

74-76% and nerol 15-17%. 

"Slava" variety was created from species Thymus 

siptorpii L. The plants have upright stems, the variety is 

suitable for mechanized cultivation, high yield. It contains 

essential oil in the fresh aerial mass 0.5-0.7%, with the 

main ingredient citral - up to 23%, citronellol - up to 10% 

and geraniol - up to 36%. The aroma is fresh, subtle with 

a citral note, reminiscent of lemon balm, suitable for the 

food industry. Both varieties are product of Bulgarian 

selection [12]. 

The variety "German Winter" was introduced from 

Germany and belongs to the species Thymus vulgaris L. 

The tufts are more compact, with erect flower-bearing 

stems, equal in height. The variety successfully winters 

under our conditions. The content of essential oil is 0.28% 

with the main ingredient thymol – 39.71% - 61.44%, 

carvacrol – up to 6.04% [12, 13]. 

The purpose of the research is to determine the 

phytochemical characteristics of different types and 

chemotypes of thyme grown in Bulgaria, which provides 

information on its condition, its suitability for storage and 

processing, the method and technological parameters of 

its processing, and the possibilities for the application of 

aromatic products, obtained from it as well. 

EXPERIMENTALS 

Plant material 

The aerial part of thyme from "French", "German 

Winter", "Slava" and "Pagane" varieties was used, 

delivered from the experimental field of the Institute of 

Roses, Essential and Medical Cultures - Kazanlak, 

Bulgaria during the months of May-June 2023. 

In order to reduce a significant part  of  the  humidity 
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and improve the storage of the raw material, the aerial part 

of the plant was dried in a dry, shaded and ventilated place 

for 20 days, immediately after harvesting. It was packed 

in paper bags and stored in a dark, dry and cool place.  

Chemical analyses 

The raw materials (air-dried) were analyzed for 

moisture content by azeotropic distillation using a Dien – 

Stark laboratory device, % [14]; for protein content, by 

Kjeldahl, results are expressed as % w/w (BDS - ISO 

5983-1: 2006); for fat content, by Soxhlet, results are 

expressed as % w/w (BDS - ISO 6492: 2007); for fiber 

content, by Henberg and Stoman, results are expressed as 

% w/w (BDS - AOAC, 2007) and for ash content, by 

incineration in a muffle furnace at 650 °C, results are 

expressed as % w/w (BDS - ISO 5984: 2007). 

Mineral analysis 

The mineral composition (except for phosphorus) was 

determined by flame ААS on a Perkin Elmer spectrometer 

according to BDS EN 15510: 2017. The sample was dried 

in a dry or wet manner and dissolved in acid to obtain a 

solution with an optimum concentration of the elements. 

It was atomized in air-acetylene flame at a temperature of 

2000 - 3000°C. The absorption (optical density) was 

determined and the concentration was calculated using a 

standard curve. 

The phosphorus content was determined as the air-dry 

sample was burned at 500 - 550 °C until gray-white ash 

was obtained. Phosphorus was determined by the method 

of Gerike and Kurmis, measuring the optical density at a 

wavelength of 470 nm [15]. 

Essential oil extraction 

Prior to the technological processing the raw material 

has been cut into pieces measuring 1.5 - 2 cm. 

The essential oil was extracted by hydrodistillation in 

a Clevеnger-type laboratory apparatus, % w/v. The 

distillation begins with the separation of the first drop of 

distillate into a container. Distillation is complete when 

two consecutive measurements in 30 min do not mark an 

increase in the amount of essential oil [14]. The obtained 

essential oils were dehydrated over anhydrous Na2SO4 

and stored in glass vials at 4 - 6 °C until analysed. The 

yields of the essential oils were converted to absolutely 

dry mass. 

Gas chromatography (GC) and gas 

chromatography/mass spectrometry (GC/MS) analyses 

The chemical composition of the essential oils was 

determined by gas chromatography (GC) and gas 

chromatography-mass spectrometry (GC/MS) by direct 

headspace analysis according to ISO standards (ISO 

11024-1: 1998, ISO 11024-2: 1998). 

GC analysis: Agilent 7890 A device with flame 

ionization detector; HP-INNOWax polyethylene glycol 

column (60 m × 0.25 mm; 0.25 μm film thickness); 

temperature conditions: 70 °C for 10 min, 70 - 240 °C at 

5 °C/min, 240 °C for 5 min; 240-250 °C at 10 °C/min, 250 

°C for 15 min; helium carrier gas, 1 cm3/min constant 

velocity; injector: split, 250 °C, split ratio 50:1. 

GC-MS analysis: Agilent 5975 C device, helium 

carrier gas, column and temperature conditions as in the 

GC assay; detectors: FID, 280 °C, MSD, 280 °C transfer 

line. 

The flavor components were identified by comparison 

with the witness retention index and mass spectra (MS), 

stacked at retention time, the amount was given in 

percentage. 

All experiments were performed in triplicate, with 

averaged values in the tables and graphs, and represented 

with their mean and standard deviation. The 

measurements and calculations were processed in MS 

Excel 2016 (Microsoft Corporation Inc.) at a level of 

significance α=0.05. 

RESULTS AND DISCUSSION 

The studied plants have low humidity, which is an 

indicator of good storage of the raw material. The 

composition of the dried above-ground part of the raw 

material is shown in Table 1, and the mineral composition 

in Table 2. 

Table 1. Physical and chemical characteristics of various varieties thyme 

Components  French  German Winter Slava  Pagane 

Moisture, % 6.74 6.46 6.47 6.38 

Proteins, % 12.96 8 8.09 8.91 

Fats, % 1.93 1.99 1.23 1.75 

Ash, % 7.31 10.01 8.75 9.75 

Fibers, % 22 26.47 26.3 19.06 

Essential oil, % w/v 0.18 0.1 0.1 0.18 

Table 2. Mineral composition of various varieties of thyme 

№ 

 

Ca 

% 

P 

% 

K 

mg/kg 

Mg 

mg/kg 

Mn 

mg/kg 

Zn 

mg/kg 

Cu 

mg/kg 

Fe 

mg/kg 

German Winter 0.52 0.27 8 942.92 2 515.27 81.30 39.95 11.99 3703.66 

Slava 0.66 0.10 9 791.58 2 156.78 59.28 49.10 13.71 1996.44 

Pagane 0.41 0.13 10 551.06 2 393.39 67.75 48.83 11.86 1853.57 

French 0.55 0.14 9 908.12 1 949.56 40.02 31.93 8.82 993.67 
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The amount of proteins in the studied raw materials is 

comparable to the data on the content of proteins in other 

herbaceous plants of the Lamiaceae family - common 

oregano, mint, sage, savory, rosemary, basil (4.88 - 

22.98%). The fat and fiber content is lower compared to 

the raw materials (from 4.07 to 15.22% for fat and from 

37.00 to 45.70% for fiber) due to their different botanical 

affiliation [16].  

There is a lack of data in the literature on the mineral 

composition of thyme grown in Bulgaria, which makes 

comparison difficult. All essential oils are pale yellow 

liquids except “Pagane” oil, which is almost transparent 

due to the high content of geraniol determining its color. 

The chemical composition of the essential oils from the 

different varieties of thyme grown in Bulgaria is shown in 

Table 3. 

Table 3. Chemical composition of essential oils, %. 

№ RI Compound 
Content, %  

French German Winter Slava Pagane 

1 929 α-Thujene 0.55 0.47 nd* nd 

2 935 α-Pinene 0.57 0.43 nd nd 

3 948 Camphene 0.72 0.55 nd nd 

4 972 β-Pinene 0.20 0.23 nd nd 

5 977 1-Octen-3-ol 1.60 0.26 0.29 0.19 

6 990 Myrcene 0.62 0.73 nd nd 

7 994 3-Octanol 0.33 nd 0.22 nd 

8 1016 α-Terpinene 0.92 1.05 nd nd 

9 1022 p-Cimene 29.43 17.68 0.46 nd 

10 1024 Limonene 0.35 0.25 nd nd 

11 1026 Eucalyptol 1.03 1.40 nd nd 

12 1057 γ-Terpinene 5.23 6.45 0.27 nd 

13 1071 Camphenilone 1.50 1.17 nd nd 

14 1098 β-Linalool 4.46 3.16 0.52 0.53 

15 1105 1-Octen-3-yl-acetate nd nd nd 1.33 

16 1146 Camphor 0.52 nd 0.60 nd 

17 1157 Benzyl acetate 0.76 nd nd nd 

18 1169 Borneol 2.97 1.83 0.28 nd 

19 1178 1-Terpinen-4-ol 0.43 0.87 nd nd 

20 1190 α-Terpineol 0.19 0.30 nd 1.40 

21 1226 Nerol nd nd 3.84 2.80 

22 1233 Methyl thymyl ether 0.29 0.34 nd nd 

23 1237 Neral nd nd 8.53 1.51 

24 1250 Geraniol nd nd 29.89 55.56 

25 1266 Geranial nd nd 7.86 0.75 

26 1291 Thymol 36.98 55.49 3.97 0.23 

27 1300 Carvacrol 3.59 3.02 nd nd 

28 1344 α-Terpinyl acetate nd nd 0.35 3.22 

29 1350 Thymyl acetate 0.12 0.10 nd nd 

30 1361 Neryl acetate nd nd 1.69 0.86 

31 1382 Geranyl acetate nd nd 34.35 27.72 

32 1395 β-Elemene  0.14 0.21 nd nd 

33 1420 β-Caryophyllene 3.21 1.54 1.65 0.22 

34 1455 α-Caryophyllene 0.11 0.15 1.26 0.14 

35 1468 9-epi-(E)-Caryophyllene  0.24 nd nd nd 

36 1484 Germacrene D 0.30 nd 0.65 0.77 

37 1514 γ-Cadinene 0.17 0.11 0.20 0.15 

38 1525 β-Cadinene 0.25 0.14 0.37 1.64 

39 1560 Elemicin nd nd 0.92 0.13 

40 1590 Caryophyllene oxide 1.65 1.34 1.07 0.37 

41 1624 10-epi-γ-Eudesmol 0.24 0.42 0.53 0.28 

  Essential oil, % (v/w) 0.18±0.98 0.1±0.04 0.1±0.01 0.18±0.04 

* nd - not determined 
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Fig. 1. Groups of components in thyme oils, %: 1 – monoterpene hydrocarbons; 2 – oxygenated monoterpenes; 3- 

aromatic hydrocarbons; 4 – sesquiterpene hydrocarbons. In the essential oil of "French" variety (Thymus vulgaris cv. 

'French'), 32 compounds were identified, representing 99.66% of the oil. The main components (over 3%) in oil from the 

aerial part are: thymol (36.98%), p-cimene (29.43%), γ-terpinene (5.23%), β-linalool (4.46%). carvacrol (3.59%). β-

caryophyllene (3.21%). 

In the oil of "German Winter" variety collected 

during the mass flowering phase, 27 components 

were identified constituting (99.72%) of the essential 

oil. The main compounds (over 3%) are: phenolic 

monoterpene thymol (55.49%), p-cimene (17.68%), 

monoterpene γ-terpinene (6.45%), oxygenated 

monoterpene β-linalool (3.16%), of these 27. 

In the thyme oil of "Slava" variety, 23 

components are observed, making up 99.76% of the 

total amount of oil with main compounds (over 3%) 

oxygen-containing monoterpenes: geranyl acetate 

(34.35%), geraniol (29.89%), neral (8.53%), 

geranial (7.86%), nerol (3.84%) and the aromatic 

monoterpene thymol (3.97%) as well. 

20 components were found in the essential oil of 

"Pagane" variety, which are 99.8% of the total 

amount. The main compounds in the composition of 

the essential oil (over 3%) are the oxygen-containing 

monoterpenes: geraniol (55.56%), geranyl acetate 

(27.72%) and α-terpinyl acetate (3.22%). 

The distribution of the identified aromatic 

compounds based on functional groups in these four 

essential oils is presented in Fig. 1.  

In the essential oils of "French" and "German 

Winter" varieties, aromatic hydrocarbons 

predominate (71.72% and 77.07%, respectively), 

and in those of "Slava" and "Pagane" varieties, the 

oxygen-containing monoterpene hydrocarbons 

(87.81% and 95.87%, respectively) ). The content of 

sesquiterpenes in the essential oils of these four 

varieties is as follows: "French" - 6.3%; "German 

Winter" - 3.92%; "Slava" - 6.64% and "Pagane" - 

3.7%. 

CONCLUSION 

Physical and chemical parameters of different 

varieties and chemotypes of thyme grown in 

Bulgaria were determined: variety "French", variety 

"German Winter", variety "Slava" and variety 

"Pagane". The different varieties are characterized 

by a different chemical composition of the essential 

oils, which also characterizes them as different 

chemotypes. The main component in the thyme oils 

of “French” and “German Winter” varieties is the 

aromatic monoterpene thymol (36.98% and 55.49%, 

respectively), which is decisive for their 

classification as a thymol chemotype. In "Slava" and 

"Pagane" varieties, oxygen-containing 

monoterpenes dominate. In the essential oil of 

"Slava" variety, the main components are geraniol 

(28.89%), nerol (3.84%) and geranyl acetate 

(34.35%), which define it as a citral chemotype. 

Main components in "Pagane" thyme oil are geraniol 

(55.56%) and geranyl acetate (27.72%), defining it 

as a geraniol chemotype. Both varieties of thyme 

have monoterpene hydrocarbons below 1%, which is 

positive for the perfumery industry. 
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Non-alcoholic fatty liver disease has emerged as one of the main causes of chronic liver damage, which occurs as a 

result of a wide range of complications such as obesity, T2DM, inflammation, fibrosis, and the development of non-

alcoholic steatohepatitis, and cirrhosis. Elevated serum-free fatty acid concentrations, hepatic triglyceride accumulation, 

cytotoxic reactive oxygen species, and increased levels of oxidative stress are believed to be major contributors to the 

development and progression of the disease. The present study highlights the application of the stable nitroxide radical 

TEMPOL as an effective redox sensor for redox changes monitoring in T2DM and NAFLD patients. The oxidative stress 

levels and antioxidant status were investigated in T2DM and NAFLD patients (group 2) and healthy volunteers (group 1) 

by conventional EPR spectroscopy. The obtained data show a statistically significant increase in ROS levels and EPR 

signal intensity of nitroxide and hydroxylamine in patients with NAFLD and T2DM compared to the control group - 

healthy volunteers without metabolic disorders (post hoc test; (*) p < 0.05 vs. control). The spectroscopic analysis allows 

the prediction of diabetic complications and will guide the scientific community and clinicians to conduct effective 

antioxidant therapy. 

Keywords: oxidative stress, antioxidant enzymes, ROS, NAFLD, EPR, nitroxide radicals, TEMPOL 

INTRODUCTION 

Non-alcoholic fatty liver disease 

Non-alcoholic fatty liver disease (NAFLD) is a 

common liver disorder characterized by fat 

accumulation in the liver cells. It is one of the most 

prevalent liver conditions in the world and can range 

from relatively benign to more severe forms that can 

lead to liver damage and other health complications. 

Non-alcoholic fatty liver is the milder form of 

NAFLD, where there is excessive fat accumulation 

in the liver, but little or no inflammation or liver cell 

damage [1]. The main risk factors of NAFLD 

include excess body weight, especially around the 

abdomen, insulin resistance often associated with 

type 2 diabetes mellitus (T2DM), high blood 

triglyceride and cholesterol levels (hyperlipidemia), 

metabolic syndrome presenting as high blood 

pressure, high blood sugar, excess body fat, and 

abnormal lipid profiles, family history of NAFLD, 

etc. It is known that there exists a close relationship 

between NAFLD and diabetes.  

with diabetes are at an increased risk of 

developing NAFLD, and on the other, the presence 

of NAFLD can exacerbate metabolic disease since 

diabetes type 2 increases the risk of NAFLD, and 

having NAFLD can make it more challenging to 

manage blood sugar levels in the body [2].  

Role of inflammation and oxidative stress in 

diabetes-related NAFLD 

Non-alcoholic fatty liver disease is one of the 

most common chronic liver diseases in obese and 

diabetic patients, and its incidence continues to rise. 

The disease ranges from mild hepatic steatosis to 

liver fibrosis and cirrhosis, which increase overall 

mortality in elderly patients and those with chronic 

diseases [3]. Several studies have shown that insulin 

resistance (IR) plays a critical role in the 

pathophysiology of NAFLD and the natural history 

of the disease [4-6]. Accelerated lipolysis associated 

with IR increases hepatic glucose production in 

NAFLD patients, which up-regulates de novo fat 

synthesis, accelerating NAFLD progression [7].  
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Other pathogenic pathways such as changes in 

lipid metabolism, mitochondrial leakage, and 

activation of pro-inflammatory cascades have been 

described in disease progression [8]. 

It is known that the reactive oxygen species 

(ROS) and inflammation play a significant role in 

the pathogenesis of diabetes and the progression of 

NAFLD, and that is accompanied by the 

development of oxidative stress (OS) in the body [9]. 

When diabetes and NAFLD coexist, these two 

processes can interact and exacerbate each other, 

leading to more severe liver damage. Inflammation 

is one of the most common players of liver damage 

in NAFLD, especially in the more severe form of 

NAFLD - non-alcoholic steatohepatitis. In 

individuals with diabetes, there is often a chronic 

low-grade inflammation throughout the body, 

known as systemic inflammation. This systemic 

inflammation can also affect the liver and contribute 

to the non-alcoholic steatohepatitis (NASH). In the 

liver, inflammation can lead to the recruitment of 

immune cells and activation of pathways that 

promote cell damage, fibrosis, and cirrhosis. 

Another factor in the  NAFLD pathogenesis is OS, 

which is presented as abnormal or high levels of 

ROS and reactive nitrogen species (RNS) and 

reduced antioxidant defenses, or a combination of 

both [10]. At the rule, OS is a physiological 

condition that occurs in an imbalance between ROS 

or free radicals production, and the body's ability to 

neutralize or detoxify them with antioxidants. In 

NAFLD, the excess fat in the liver can lead to the 

production of free radicals, the process as slow as 

lipid peroxidation, which can cause cellular damage 

and inflammation. In NASH, the inflammation and 

immune response in the liver can further promote OS 

[11]. 

Inflammation in diabetes is driven by various 

factors, including the release of pro-inflammatory 

cytokines from fat tissue, activation of the immune 

system, and accumulation of advanced glycation 

end-products (AGEs) that can stimulate 

inflammation [12]. Elevated blood sugar levels can 

lead to the overproduction of reactive oxygen 

species and reduce the body's antioxidant defenses. 

Hyperglycemia can also lead to the formation of 

AGEs, which not only promote inflammation but 

also contribute to OS [13]. In individuals with 

diabetes-related NAFLD, there is a synergistic effect 

between inflammation and OS. Inflammation can 

promote OS, witch can further intensify 

inflammation [14]. This interplay can result in a 

vicious cycle where liver inflammation and OS can 

lead to NAFLD progression to more advanced 

stages, including fibrosis and cirrhosis [15]. 

Nitroxide radicals as a redox sensor in monitoring 

of diabetes and related complication 

Nitroxides (aminoxyl radicals) are a class of 

paramagnetic heterocyclic nitroxide derivatives of 

piperidine, pyrroline, and pyrrolidine that possess an 

unpaired electron. The ability of nitroxides to 

interact with a wide range of free radicals determines 

their important biological significance [16]. They are 

characterized by unique antioxidant properties, the 

ability to modify OS and change the redox status of 

tissues by breaking down superoxide anion radicals 

and hydrogen peroxide, inhibiting Fenton reactions, 

and participating in radical-radical recombination 

reactions [17, 18]. The unpaired electron gives them 

paramagnetic properties, making them detectable by 

various spectroscopic techniques. By redox-

transformation of one-electron transfer reaction, 

nitroxide becomes the reduced form hydroxylamine 

(>N-OH) and oxoammonium cation (>N=O+), and 

donates an electron, returning the non-contrast form 

to the contrast oxidized nitroxide radical (>N-O•) 

[17]. The involvement of nitroxide radicals in 

reversible redox reactions makes them valuable tools 

in studying redox processes at the cellular and 

molecular level in a wide range of fields, including 

chemistry, biochemistry, and biomedicine [19]. This 

is particularly important when studying the role of 

OS in the context of diseases such as cancer, 

neurodegenerative disorders, cardiovascular 

diseases, diabetes, etc [20]. As a redox-active 

species, nitroxide can provide information about the 

dynamic nature of redox processes in the body. This 

makes it useful tools in the development of 

diagnostic models, treatments, and interventions 

targeting diseases characterized by redox imbalance 

[21]. 

This study describes a new methodological 

protocol for the evaluation of redox imbalance in 

T2DM and non-alcoholic fatty liver disease and the 

application of EPR spectroscopy in monitoring the 

occurr redox changes. 

EXPERIMENTAL 

Sample preparation 

The study used whole blood from T2DM and 

NAFLD patients (n=50) and clinically healthy 

volunteers (n=20) (age 45-65 years). The blood 

samples (900 μL) were mixed with 100 μL of 

nitroxide standards in DMSO (Sigma-Aldrich, 

Germany) and incubated for 30 min at room 

temperature. All reagents are of high purity ("HPLC-

grade"). Quartz non-heparinized capillaries were 

used, which were placed in the EPR cuvette, and the 

measurement was started. EPR spectral analysis was 
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performed at room temperature. All EPR 

measurements were performed at the following 

parameters: microwave frequency – 9.4 GHz, 

magnetic field strength – 336 mT, microwave power 

– 2.0 mW, field modulation frequency – 100 kHz, 

field modulation amplitude – 0.063 mT, time 

constant – 0.01 s, sweep width – 10 mT, scan time 

(sweep time) – 2 min. Each sample was scanned in 

triplicate, and spectral processing was performed 

using Simfonia software, Win-EPR (Brucker, 

Germany). Results are presented as a percentage of 

the nitroxide radical/DMSO control and a.u. in 

hydroxyl amine. 

RESULTS AND DISCUSSION 

As a result of normal metabolic processes, ROS 

are constantly produced in the human body, as the 

main source of oxidants are mitochondria. On the 

one hand, low levels of ROS are involved in the 

immune response to deal with various pathogens, 

modulating and maintaining physiologically 

important redox reactions. However, higher 

concentrations of ROS lead to OS, which can lead to 

oxidative damage to cells and provoke metabolic 

collapse, compromising their normal functions [12].  

Determination of total OS levels by electron 

paramagnetic spectroscopy (CW-EPR 

spectroscopy) 

X-band EPR was used to determine the total OS 

levels. Solutions of the nitroxide radicals TEMPOL 

(4-hydroxy-2,2,6,6-tetramethylpiperidine-N-oxyl, 

4-hydroxy-TEMPO) (0.2 mM) and 3- carbamoyl-

PROXYL (2,2,5,5-tetramethyl-1-pyrrolidinyloxy-3-

carboxamide; 3-CP) (0.5 mM), which are 

characterized as suitable redox sensors for the 

determination of ROS levels (O2•‾, H2O2, etc.). A 

confirmatory assay was performed to determine 

superoxide radical levels using 0.5 mM hydroxyl 

amine 1-hydroxy-3-methoxycarbonyl-2,2,5,5-tetra-

methylpyrrolidine (CMH) in DMSO. Pronounced 

changes in the EPR signal intensity of nitroxide 

radicals TEMPOL and 3-CP were observed in blood 

samples of patients with T2DM and NAFLD, 

compared to the control group (healthy volunteers, 

gray). The graph profile shows high levels of free 

radicals in patients with T2DM and NAFLD (Figure 

1A and B), while normal redox status in healthy 

volunteers does not initiate a decrease in the signal 

intensity of the radical forms of nitroxide, as well as 

oxidation of the hydroxyl amine form (CMH). 

Values presented are mean ± SEM. *p < 0.05 

compared to control group. 

Oxidative stress occurs as a result of metabolic 

reactions with the participation of oxygen and is 

expressed in a violation of the pro-oxidant-

antioxidant balance of cells and tissues. As a result, 

a redox imbalance in favor of pro-oxidants is 

observed, which is due to the excessive production 

of reactive oxygen and/or nitrogen species and the 

inability to overcome this superproduction of 

oxidants by the body's antioxidant defense. Various 

macromolecules such as lipids, nucleic acids, and 

proteins are major targets of oxidative damage 

involving ROS [22-25].  

The high ROS concentrations can initiate lipid 

peroxidation, DNA oxidation, and irreversible 

oxidative modifications of redox-sensitive residues 

in proteins (including enzymes), leading to structural 

and functional changes in various macromolecules 

[26]. The control group included patients without 

diabetes, renal, respiratory, or cardiovascular 

diseases.  

 

 

Figure 1. A, B, C. X-band EPR signal intensity in the T2DM and NAFLD patient blood samples, control nitroxide 

radical/DMSO (black) and healthy volunteers (in gray): (A) TEMPOL, (B) 3-Carbamoyl-PROXYL (3-CP), and (C) 

(CMH).  
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Oxidative stress plays a major role in the 

initiation and development of various pathological 

conditions such as diabetes mellitus (DM), cancer, 

atherosclerosis, neurodegenerative diseases, 

ischemia/reperfusion injury, aging, etc., and their 

resulting complications [27-29]. According to the 

literature data known to date, metabolic disorders are 

characterized by an increased production of ROS 

compared to a normal healthy organism. 

Hypoglycemia is believed to be involved in the 

production of free radicals, the initiation of OS, 

inflammation, hypercoagulation, and endothelial 

dysfunction and may lead to increased levels of 

oxidative markers of DNA damage, lipid 

peroxidation, etc. [9]. Diabetes is associated with 

several complications that are due to a higher 

production of free radicals and a sharp drop in the 

body's antioxidant defense expressed in reduced 

superoxide dismutase (SOD) and catalase (CAT) 

activity and leads to low concentrations of GSH and 

Vit E [30]. These complications are characterized by 

well-expressed changes in the normal redox balance 

and impaired activity of antioxidant protective 

enzymes, in conditions of hyperglycemia [12]. 

Disturbances in the normal metabolism of the body 

lead to a pronounced redox imbalance, which allows 

the use of nitroxide-enhanced EPR for monitoring 

OS and the degree of free-radical damage in patients 

with NAFLD and type 2 diabetes mellitus. 

Abnormal levels of oxidants in these diseases can 

lead to a loss of the EPR signal of the nitroxide 

radical form (R-O•) and an increase in the EPR-

silent hydroxylamine (R-OH) signal (Figure 1 A-C). 

The methodological approach presented in this 

article applies to direct and non-invasive assessment 

of OS in patients with NAFLD and T2DM. Diabetic 

patients have an increased risk of micro-, macro- 

vascular and cardiovascular complications, and 

increased mortality, with OS and cytokine 

expression considered to be one of the key sources 

of diabetic complications [9]. 

The EPR analysis with the participation of 

oxidized and reduced forms of nitroxides aims to 

show the application of their radical and hydroxyl-

amine forms in determining the levels of free 

radicals and OS in patients with endocrine diseases. 

Through various acid and nitrogen radical and non-

radical forms, transition metal ions, NAD(P)H, 

ascorbate, etc. the nitroxide radical, which gives an 

EPR signal, can be rapidly converted to the non-

contrast form hydroxylamine or oxoammonium 

[31]. The presented results suggest that the nitroxide 

radicals TEMPOL and 3-CP can be successfully 

used for in vitro assessment of OS and redox 

imbalance in patients with T2DM and NAFLD. As a 

result of the high levels of free radicals, the EPR 

signal intensity decreased after 30 minutes of 

incubation of the blood sample in T2DM and 

NAFLD patients relative to the nitroxide / DMSO 

control, while in healthy volunteers, the reduction in 

nitroxide signal intensity was about 10% (Figure 1A 

and B). 

3-CP is a neutral membrane-permeable nitroxide 

that can be distributed in the intracellular and 

extracellular environment and can be used to 

measure the levels of oxygen radicals [32]. A high 

concentration of ROS leads to a downgraded EPR 

signal of paramagnetic 3-CPH due to the formation 

of non-contrast hydroxylamine (3-CPOH) or 

oxidation of protonated superoxide (•OOH) to 

oxoammonium cation [33]. The results 

demonstrated that the intensity of 5-membered ring 

nitroxide 3-carbamoyl-proxy markedly reduced in 

diabetic patient blood samples, which can be a result 

of high ROS production, such as superoxide anion 

radicals and hydroxide radicals [34, 35] (Figure 1B). 

The hydroxyl amine 1-hydroxy-3-methoxy-

carbonyl-2,2,5,5-tetramethylpyrrolidine (CMH) is 

the most effective centrifugation probe for 

measuring ROS production [31] and characterize as 

a neutral detector for intra- and extracellular 

production of superoxide radical levels [36]. The 

interaction of hydroxylamine with ROS (O2•‾ and 

H2O2) and RNS (peroxyl radicals or peroxynitrite) 

leads to the appearance of an EPR signal [37]. 

Abnormal levels of ROS in patients with T2DM, and 

in particular in oxidative stress-related diabetes and 

NAFLD, lead to oxidation of the hydroxylamine 

form of CMH and its conversion to the radical form 

(CM•). The normal redox state of the organism in 

healthy controls did not initiate the appearance of a 

significant EPR signal (Figure 1C). This result can 

be associated with low levels of ROS, well-

coordinated redox regulation, and immune responses 

in healthy volunteers [38]. 

The results showed that EPR spectroscopy could 

be a powerful tool for assessing OS in endocrine 

conditions and their distinction. Based on this, the in 

vitro EPR could be successfully applied for the 

assessment of redox imbalance in oxidative stress-

related metabolic diseases. Patients with T2DM and 

NAFLD are characterized by a completely different 

redox status compared to healthy people, which can 

be a basis for introducing antioxidant therapy to the 

main treatment. 

CONCLUSION 

The present study proposes a new reading of the 

application of nitroxide radicals and hydroxyl 

amines in monitoring of the patients redox status, in 

the context of T2DM and NAFLD-related OS. The 
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developed methodological protocol will allow a 

more detailed study of the dynamic nature of the 

disease and will contribute to the development of 

treatments and interventions aimed at limiting the 

effects of oxidative damage in patients with diabetes 

and its complications. 
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Prunus spp. are economically important stone fruits with hybrid potential. The “Stendesto” is the only successful 

plum-apricot hybrid registered in Bulgaria. Information about its features is rather scarce in the available scientific 

databases. The “Stendesto” comes from the “Modesto” apricot and the “Stanley” plum. In this study, classical methods 

were used in order to provide preliminary knowledge about the hybrid, with reference to its parental lines. The color 

parameters, as well as total soluble solids, pH, ash and moisture contents, water activity, and biometric data (weight, size, 

thickness, length, and width) were evaluated. The results show that the moisture content is comparable between the three 

fruits, and the fruit weight had the highest values for the “Modesto” apricot, while the “Stendesto” stood in the middle. 

Microscopic images of the fruits were also provided for better evaluation. The results show that physically the “Stendesto” 

is more similar to the “Stanley” plum than to the “Modesto” apricot. This study considered a pilot on the topic of plum-

apricot hybrids in Bulgaria and sets ground for further research on their phytochemical composition and related biological 

activities. 

Keywords: Prunus spp., physico-chemical parameters, plumcot 

INTRODUCTION 

Stone fruits, and fruits in general, are important 

health and nutrition contributors due to their 

phytochemicals [1]. Phenolic compounds are major 

bioactive providers in stone fruits [2]. It is well-

known that a diet rich in fruit and vegetables may 

contribute to the prevention of non-communicative 

diseases (hypertension, diabetes, obesity, several 

types of cancer, among others) [3]. However, 

consumers evaluate and make buying decisions 

based on primary physical characteristics like size, 

weight, shape, color, aroma. Fruit size is a 

qualitative feature that strongly influences 

consumer’s preferences [4]. It can be partially 

controlled by water and nutrient availability, light 

and temperature [5]. The morphological description 

is recognized as a first important step in fruit 

characterization [6]. Additionally, the variability of 

the color parameters may determine appropriate 

maturity and fruit attractiveness in terms of the 

market selection [7]. Furthermore, the total soluble 

solids (TSS)/titratable acidity (TA) ratio gives 

important information about the fruit taste, and the 

possible content of sugars and organic acids. Higher 

TSS/TA ratios are associated with a higher eating 

quality [8]. 

Genus Prunus comprises important and well 

accepted fruits, e.g. peaches, plums, cherries, sour 

cherries, among others. Hybridization is recognized 

as a vital process in plant evolution [9]. Plum-apricot 

hybrids may result in plumcots, pluots, and apriums 

depending on the resemblance to their parent (plum 

or apricot, respectively) [10]. Globally, plum-apricot 

hybrids are not new [11] but to date, only one plum-

apricot hybrid is registered in Bulgaria, and this is 

the “Stendesto”. 

Consequently, the present work aims at 

characterizing the “Stendesto” in terms of color 

parameters, total soluble solids, pH, ash and 

moisture contents, water activity, and biometric data 

(weight, size, thickness, length, and width), also 

making reference to its parental lines. This study is 

considered a pilot on the topic of plum-apricot 

hybrids in Bulgaria and sets ground for further 

research on their phytochemical composition and 

related biological activities. 

MATERIALS AND METHODS 

The fruits (apricots, plumcots, and plums) were 

harvested on three dates, at optimal ripeness, from 

the fields of the Fruit Growing Institute, Plovdiv, 

Bulgaria (lat. 42.10384828045957 and long.  
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24.72164848814686). A total of sixty fruits were 

transported in pulp trays in an air-conditioned 

vehicle to the University of Food Technologies, 

where the fruits were randomly placed in new trays 

in order to minimize the differences in fruit quality 

and further analyses were applied. Twenty extra 

fruits per variety were selected in case there was 

decay or damage during/after the harvest.   

Ash content was determined according to AOAC 

Official Method 940.26 [12]. The moisture content 

of the studied samples was measured using an 

infrared moisture analyzer PMB 53 (Adam 

Equipment Inc., Oxford, UK). The water activity 

(aw) was measured using a LabSwift-aw, Novasina 

AG, Lachen, Bassersdorf, Switzerland. TSS (%) 

were evaluated using a digital handheld 

refractometer (Opti Brix 54, Bellingham + Stanley, 

Kent, UK). The pH was determined using an Orion 

2 Star pH Benchtop (Thermo Scientific, Singapore) 

with the electrode standardized with pH 4.0 and 7.0 

buffers (Sigma-Aldrich, Darmstadt, Germany). A 

PCE-CSM 2 (PCE-CSM instruments, Meschede, 

Deutschland) with a measuring aperture of 8 mm 

was used to analyze the color parameters (L, a, b, c, 

h) of the skin and flesh.  

The fruits and pits were measured on a digital 

scale (KERN, EMB 600-2). Fruit was weight intact; 

afterwards the pit was extracted and evaluated. 

Fruit’s and pit’s sizes (length, width, thickness) were 

measured using a digital caliper. The microstructure 

of the fruit samples was examined with a Celestron 

LCD Digital II microscope. Micrographs were made 

by means of an 8MP digital camera, and further 

analyzed by ImageJ software [13].  

MS Excel software was used for data analysis. 

All assays were performed at least in triplicate. 

Results are presented as mean ± SD (standard 

deviation). The additional statistical analyses of the 

data were presented using one‐way ANOVA and a 

Tukey–Kramer post hoc test (α = 0.05), as described 

by Assaad et al. [14]. 

RESULTS AND DISCUSSION 

Information about the moisture and ash contents, 

TSS values, pH, and aw is presented in Table 1. 

The moisture content varied from 65.53±6.18 to 

74.55±4.49 %. The lowest values belonged to the 

“Stanley” plum. Other authors reported 10% higher 

moisture content for apricot cultivars and 

comparable ash content [15]. Higher moisture 

content is also documented in papers about plums 

[16]. 

The TSS values of apricots range from 10 to 20 

ºBrix as established in another research [17]. The 

current result of 14.55 ºBrix (“Modesto”) is 

comparable to the ones established in ripe apricots 

[18]. European plum are characterized in literature 

with 8.2 to 18.4 ºBrix values [19]. The “Stanley” 

plum shows much higher TSS. The plum-apricot 

hybrid had a TSS of 19.3 ºBrix which was more 

similar to the plum than to the apricot. This is 

consistent with the morphological similarities of 

plumcot to plums compared to apricots [20]. A TSS 

report of plumcots [21] showed lower values which 

were more similar to the currently reported 

“Modesto” results. 

As fruit acidity is important to quality, it is related 

to two parameters, namely titratable acidity and pH 

value. Fruit acidity is mainly due to the organic acids 

and mineral cations in the vacuole [22]. Considering 

the pH values, the studied hybrid had the lowest 

values, while the apricot had the highest. The 

“Modesto” values are consistent with other reported 

in literature ranging from 3.90 to 4.70 [23]. Nicolas-

Almansa et al. [11] reported lower pH values (3.08 

to 3.75) for several plum-apricot hybrids. 

Information about the water activity of fresh fruit is 

scarce. Research teams report aw of 0.966 ± 0.002 for 

plums [24] and showed an initial which is higher 

than the currently established results for “Stanley” 

plums.  
Table 1. Physico-chemical characteristics of investigated fruit samples (n=3) 

Fruit sample/ 

characteristic 

“Modesto” 

apricot 

“Stendesto” 

hybrid 

“Stanley” 

plum 

Moisture - fruit, % 72.95±0.11a 74.55±4.49a 65.53±6.18a 

Moisture – stone, % 5.18±1.51ab 5.91±1.69a 2.24±0.94b 

Ash - fruit, % 0.80±0.15a 0.66±0.15a 0.58±0.24a 

Ash – stone, % 2.90±0.57a 1.27±0.64b 1.59±0.60ab 

pH - fruit 4.50±0.01a 2.55±0.01c 3.80±0.00b 

TSS - fruit 14.55±0.21b 19.3±1.99a 20.55±0.63a 

aw - fruit 0.875±0.007b 0.895±0.007a 0.905±0.007a 

aw - stone 0.85±0.01a 0.87±0.01a 0.785±0.02b 

Different letters in the same row indicate statistically significant differences (p<0.05), according to ANOVA (one-

way) and the Tukey test. 
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Table2. CIE lab color parameters of the studied samples, (n=5) 

Fruit sample/  

parameter 

“Modesto” 

apricot 

“Stendesto” 

hybrid 

“Stanley” 

plum 

 
fruit skin 

 

   

L 54.35 ± 4.38a 44.86 ± 5.27b 23.84 ± 3.59c 

a 24.14 ± 1.97a - 0.56 ± 2.34b 1.25 ± 0.96b 

b 39.15 ± 5.97a - 7.58 ± 2.03b - 1.94 ± 0.91b 

c 46.26 ± 4.15a 7.94 ± 1.76b 2.50 ± 0.80c 

h 57.92 ± 6.30c 269.01 ± 21.34b 304.44 ± 21.54a 

 fruit  flesh 

 

   
L 45.40 ± 5.19a 31.61 ± 3.78a 39.71 ± 17.56a 

a 11.34 ± 2.23a 6.61 ± 6.55a -2.35 ± 4.53b 

b 41.67 ± 4.01a 30.42 ± 4.01b 27.46 ± 2.11b 

c 43.21 ± 4.33a 30.79 ± 4.15b 27.86 ± 1.99b 

h 74.83 ± 1.98b 77.33 ± 11.85b 94.92 ± 9.52a 

Different letters in the same row indicate statistically significant differences (p<0.05), according to ANOVA (one-

way) and the Tukey test. 

Canakapalli et al. [25] have documented a water 

activity of 0.68 for pluots. These results are 

substantially lower that those currently reported 

about the “Stendesto” hybrid. 

The plum-apricot hybrid has a water activity 

more similar to the plum than to the apricot. Lower 

water activity is usually associated with limited 

microbial growth. The results considering the fruit 

stones from the three studied samples are regarded 

as new data since information in the vastly available 

literature is not found. 

Color is an important attribute especially when 

food is being evaluated. Table 2 holds information 

about the L*, a, b, c, and h parameters of the studied 

fruit skins and fleshes. ∆E between the hybrid and its 

parents was calculated in order to demonstrate the 

differences in color perception. The calculated 

hybrid-plum (21.84) and hybrid-apricot (53.70) ∆E 

revealed that the “Stendesto” is more similar to the 

“Stanley” plum. However, color is not perceived as 

similar or is difficult to differentiate. 

Visually the plum-apricot hybrid is more 

resemblant to the plum (Figure 1). This is supported 

by the established “a” values of the fruit skin 

corresponding to a blue coloration. The lightness of 

the samples’ skin varied between 23.84 ± 3.59 and 

54.35 ± 4.38. The apricot’s skin was the lightest. The 

same trend was observed for the fruit flesh. The 

color parameters of the “Modesto” apricot are 

comparable to other available in published papers 

[26, 27]. Vivid colors are desired for fruit. Plum 

peels can vary in color [28]. However, similarities to 

other results in established color attributes are 

present [29]. The great difference in the chroma of 

the fruit skin is due to the initial color of the fruit. 

High chroma values are associated with the change 

from green to yellow which is relevant to the 

“Modesto”. 

The microscopic images of the three studied 

fruits shed more light about their similarities. The 

plant cell is comprised of polysaccharides (cellulose, 

hemicellulose, pectin, among others) and proteins 

[31]. The dimensions (diagonal diameter) of the cells 

varied from 110.6±35.61 µm (“Stendesto”) to 

121.62±6.08 µm (“Stanley”). No statistically 

significant difference between the studied samples 

was established. Other authors have reported no 

correlation between cell size and attributes like 

firmness between fruit cultivars [32] although 

research papers had pointed out that cell size may be 

responsible for some textural differences (juiciness) 

[33]. 

The biometric data of the studied fruits are given 

in Table 3. Information about the weight of the fruit 

and stone, the dimensions of the fruit (length, width, 

thickness) and stone is used to better evaluate the 

differences and similarities between the hybrid and 

its parental lines. 
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“Modesto” apricot “Stendesto” hybrid “Stanley” plum 

Figure 1. Microscopic images of studied samples 

Table 3. Biometric data of studied samples, (n=25) 

Fruit sample/ 

parameter 

“Modesto” 

apricot 

“Stendesto” 

hybrid 

“Stanley” 

plum 

Fruit 

   

Weight, g 72.84 ± 6.55a 47.84 ± 6.40b 36.02 ± 3.54c 

Length, mm 53.18 ± 1.10b 58.79 ± 2.65a 48.09 ± 2.36c 

Width, mm 56.79 ± 2.83a 41.01 ± 1.73b 34.17 ± 1.59c 

Thickness, mm 48.75 ± 8.51a 42.79 ± 2.15b 36.01 ± 1.81c 

Stone 

   

Weight, g 3.28 ± 0.59a 2.94 ± 0.56b 2.22 ± 0.20c 

Length, mm 29.85 ± 1.53b 33.34 ± 3.55a 26.03 ± 1.83c 

Width, mm 23.58 ± 1.12a 9.17 ± 0.88c 14.61 ± 0.89b 

Thickness, mm 13.97 ± 1.07b 15.51 ± 0.76a 8.42 ± 0.64c 

Different letters in the same row indicate statistically significant differences (p<0.05), according to ANOVA (one-

way) and the Tukey test. 

The heaviest of the three fruit is the apricot with 

an average of 72.84 ± 6.55 g. These measurements 

are in accordance with other published data about 

apricots from different cultivars [34]. The 

established biometry of the “Stanley” plum is 

comparable to the data published by Dimkova et al. 

[35] about nine cultivars, including “Stanley”, which 

was used as a standard. The hybrid fruit had values 

for length, width, and thickness that are greater than 

those of the plum, and smaller than the same of the 

apricot. The same trend did not apply for the stones. 

The hybrid stone was visually more similar to the 

plum stone. The stone weight was comparable to the 

data published about apricot hybrids [36]. Some 

authors highlighted that very often plum-apricot 

hybrids were falsely regarded as plums due to the 

visual similarity [11]. 

CONCLUSION 

The present study is considered a pilot on the 

topic of plum-apricot hybrids in Bulgaria. To date, 

the “Stendesto” is the only successful plum-apricot 

hybrid registered in Bulgaria. The color parameters, 

as well as total soluble solids, pH, ash and moisture 

contents, water activity, and biometric data (weight, 

size, thickness, length, and width) were evaluated. 

The studied plum-apricot hybrid showed more 

similarities to the plum than to the apricot, especially 

in terms of color. The hybrid fruit had values for 

length, width, and thickness greater than those of the 

plum, and smaller than the same of the apricot. 

Visually there was a greater resemblance to the 

plum. The current results set ground for further 

research on the phytochemical composition and 

related biological activities of plum-apricot hybrids. 
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Increasing the knowledge about the relationship between the lipid quality of foods and health benefits suggests the 

need to utilize sustainable alternative food resources that impact human health beyond basic nutrition. Aquatic organisms, 

such as microalgae, are promising sources of bioactive compounds. Freshwater microalgae, namely Spirulina spp and 

Chlorella spp, contain a variety of functional compounds, such as polyunsaturated fatty acids (PUFAs), carotenoids and 

vitamins with antioxidant, antihypertensive and cardiovascular protective effects. In recent years, these species have been 

largely promoted as dietary supplements in Bulgaria.  

The aim of the present study was to analyse total lipids, lipid classes, fatty acids, carotenoids, total cholesterol and 

fat-soluble vitamins (α-tocopherol and ergocalciferol) contents in dietary supplements (Spirulina platensis and Chlorella 

vulgaris powders) available on the Bulgarian market. Lipids were extracted according to Bligh and Dyer method and 

separated into neutral lipids, glycolipids and phospholipids by column chromatography. Cholesterol, carotenoids and fat-

soluble vitamins were simultaneously analysed by HPLC/UV/FL. Total lipids accounted 3.8 g/100 g dry Spirulina powder 

and 5.1 g/100 g dry Chlorella powder. Glycolipids were the main lipid class in Spirulina (over 69% of TL), while neutral 

lipids predominated in Chlorella (over 58% of TL). In both species polyunsaturated fatty acid presented 50% of total 

lipids, whereas cholesterol showed a significantly low content – up to 7.3 mg/100 g dw. The results showed that Spirulina 

and Chlorella powders available in Bulgaria contain high amounts of unsaturated fatty acids and astaxanthin (67.93 – 

127.56 μg/100 g dw) and low cholesterol levels which could confirm the high nutritional values of both species.  

Keywords: microalgae, fatty acids, fat-soluble vitamins, carotenoids 

INTRODUCTION 

Microalgae are photosynthetic eukaryotic 

organisms rich in functional nutrients [1-3] used to 

provide nourishment to humans and animals since 

ancient times. In the early 1940s microalgae 

emerged as attractive and promising alternative 

lipid, protein, pigment, and polymer sources [4]. 

Spirulina, or correctly Arthrospira spp., and 

Chlorella are the two most important algal groups 

that deserve a thorough exploration for nutritional 

value. Spirulina and Chlorella are a renewable and 

sustainable source of high-value bioactive 

compounds. They are well-known as high-protein 

sources (55–60% of dry weight) with all essential 

amino acids and a high digestibility coefficient [2, 3, 

5]. They are also a rich source of lipids (e.g., n-3 

polyunsaturated fatty acids (PUFA), vitamins (B 

group, ascorbic acid, A, D, E, K), functional 

components (e.g., chlorophylls, which have 

antioxidant activity), as well as minerals (Ca, Cr, Cu, 

Fe, K, Na, P, Se, Zn) [6]. Lipid nutritional value of 

Spirulina and Chlorella is comparable to that of fish 

oil, which makes them alternative sources of n-3 

fatty acids [7]. The interest in n-3 PUFA as health- 

promoting nutrients has expanded dramatically in 

recent years. During the process of photosynthesis, 

some microalgae can accumulate large amounts of 

lipids in their cells [8]. Considering their beneficial 

chemical composition, microalgae are increasingly 

utilized as food additives, functional foods and 

dietary supplements.  

The aim of the present study was to analyse total 

lipids, lipid classes, fatty acids, carotenoids, total 

cholesterol and fat-soluble vitamins (α-tocopherol 

and ergocalciferol) contents in dietary supplements 

(Spirulina platensis and Chlorella vulgaris powders) 

available on the Bulgarian market. 

MATERIALS AND METHODS 

Spirulina platensis and Chlorella vulgaris dietary 

supplements were purchased from health-food stores 

in Varna, Bulgaria. The samples were stored in 

plastic bags and kept refrigerated (4 °C) until 

analysis.  

Lipid classes separation and fatty acids analysis 

Total lipids were extracted according to Bligh 

and Dyer method [9] and were separated into neutral 

lipids, glycolipids and phospholipids by column 

chromatography using a glass column (10 × 200 

mm) packed with silica gel 60 [10]. Individual lipid  

fractions were transmethylated using 2% H2SO4 in 

anhydrous methanol [11]. Analysis of fatty acids   
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methyl esters (FAME) was carried out using a 

Thermo Scientific FOCUS GC gas chromatograph 

equipped with a 30 m × 0.25 mm × 0.25 μm TR-5 

MS capillary column and Polaris Q mass detector. 

Helium was used as a carrier gas at a flow rate of 1 

ml/min and a temperature program – initial oven 

temperature of 40°C for 4 min, followed by a rate of 

20°C/min from 40°C to 150°C, raised from 150°C to 

235°C at a rate of 5°C/min, and next from 235°C to 

280°C a rate of 10°C/min for 5 min. Corresponding 

peaks were identified based on the comparison of the 

retention times with the authentic standards (Supelco 

37 Component FAME Mix and PUFA №3 from 

Menhaden oil). The results are expressed as the 

weight percent of an individual fatty acid to the total 

fatty acid (TFA) content.  

Carotenoids, fat-soluble vitamins and total 

cholesterol analysis 

Fat-soluble vitamins (A, D3, E), astaxanthin, β-

carotene and cholesterol were extracted and 

analysed by the method of Dobreva et al. [12]. 

RESULTS AND DISCUSSION 

The results for the fatty acid profiles of total 

lipids (TL), neutral lipids (NL), glycolipids (GL) and 

phospholipids (PL) in Spirulina and Chlorella 

supplements are presented in Tables 1 and 2, 

respectively. Total lipid contents were 3.8 g/100 g in 

Spirulina powder and 5.1 g/100 g in Chlorella 

powder which is lower than data reported in the 

scientific literature [13, 14]. The distribution of the 

fatty acid groups differs between microalgae species 

and among the lipid subclasses. In Spirulina the most 

abundant fatty acid group was the PUFA group in 

TL and GL, and SFA in NL and PL. In Chlorella 

supplements PUFA was the most abundant group in 

TL and the lipid classes, except PL. The analysis of 

FAME showed that the major fatty acid in Spirulina 

was palmitic acid (C16:0) followed by γ-linolenic 

(GLA, C18:3 n-6), comprising together about 75% 

of the FAME in the TL fraction. The third main fatty 

acids in Spirulina lipids were palmitoleic (C16:1) 

and linoleic acid (LA, C18:2 n-6). Fatty acid profile 

of Spirulina is consistent with the literature data [3, 

13].
Table 1. Fatty acids (as relative %) composition of TL, NL and PL in Spirulina  

FA, % of TFA TL NL GL PL 

C 8:0 tr nd tr nd 

C 10:0 tr tr tr tr 

C 12:0 tr 0.27±0.02 0.22±0.02 nd 

C 14:0 1.39±0.15 0.48±0.03 1.06±0.05 1.73±0.20 

C 16:0 35.47±1.67 27.54±0.85 31.17±2.04 42.57±2.50 

C 17:0 tr 0.45±0.03 tr 0.20±0.01 

C 18:0 2.69±0.05 11.65±0.64 2.81±0.30 12.14±0.55 

C 20:0 tr 0.11±0.01 tr 0.23±0.01 

C 21:0 nd 0.10±0.02 nd nd 

C 22:0 tr 3.43±0.10 0.31±0.02 5.42±0.65 

∑SFA 39.55 44.03 35.57 62.29 

C 14:1 tr 0.41±0.03 nd 0.35±0.03 

C 16:1 8.50±0.73 4.25±0.40 9.48±0.69 5.95±0.60 

C 17:1 nd 0.45±0.02 0.26±0.02 0.29±0.01 

C 18:1 n-9  3.50±0.20 12.67±0.75 4.21±0.34 3.21±0.50 

C 24:1 tr nd nd nd 

∑MUFA 12.00 17.78 13.95 9.80 

γ-C 18:3 n-6 39.49±2.30 20.80±1.55 37.53±2.40 16.39±0.80 

C 18:2 n-6  5.80±0.55 8.10±0.68 7.55±0.80 4.66±0.23 

α-C 18:3 n-3 0.50±0.02 0.82±0.03 0.10±0.01 tr 

C 20:4 n-6 0.65±0.03 nd 0.20±0.01 nd 

C 20:3 n-6 0.92±0.01 3.92±0.30 1.56±0.40 nd 

C 20:2 tr nd 0.18±0.02 nd 

C 20:3 n-3 0.10±0.01 nd 0.20±0.01 nd 

C 22:2 0.27±0.02 4.48±0.29 2.98±0.34 6.74±0.45 

∑PUFA 47.73 38.12 50.30 27.79 

∑n-3 0.60 0.82 0.30 0.09 

∑n-6 46.86 32.82 46.64 21.05 

PUFA/SFA 1.20 0.86 1.41 0.45 

Results represent mean values ± standard deviation (n = 3); SFA: saturated fatty acids; MUFA: monounsaturated fatty 

acids; PUFA: polyunsaturated fatty acids; TFA – total fatty acids; TL – total lipids; NL – neutral lipids; GL – glycolipids; 

PL – phospholipids; nd—not detected; tr—trace levels were <0.1% of TFA.  
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Table 2. Fatty acids (as relative %) composition of TL, NL and PL in Chlorella  

FA, % of TFA TL NL GL PL 

C 8:0 tr tr tr 0.25±0.02 

C 10:0 tr 0.26±0.02 tr 0.28±0.03 

C 12:0 tr tr 0.11±0.02 0.33±0.01 

C 14:0 0.25±0.02 0.25±0.03 0.51±0.04 0.75±0.05 

C 16:0 28.09±0.54 27.78±1.38 37.28±2.42 32.91±2.10 

C 17:0 tr 0.10±0.02 0.15±0.02 0.94±0.32 

C 18:0 5.12±0.07 3.13±0.30 1.86±0.04 6.87±0.56 

C 20:0 tr tr tr 0.43±0.02 

C 21:0 nd nd 0.02±0.01 nd 

C 22:0 0.48±0.03 0.38±0.04 0.16±0.01 2.32±0.30 

C 24:0 tr nd 0.26±0.02 0.70±0.04 

∑SFA 33.94 31.90 40.35 45.78 

C 14:1 tr 0.10±0.02 0.19±0.03 1.31±0.20 

C 16:1 5.26±0.21 2.85±0.35 7.72±0.34 3.74±0.40 

C 17:1 nd 0.10±0.02 tr tr 

C 18:1 n-9  16.21±0.67 20.29±1.39 10.31±0.45 11.81±0.60 

C 20:1 nd nd tr nd 

C 24:1 0.13±0.02 nd 0.13±0.01 nd 

∑MUFA 21.60 23.34 18.35 16.86 

C 18:3 n-6 1.21±0.03 1.74±0.20 2.59±0.15 nd 

C 18:2 n-6  9.90±0.43 5.65±0.37 3.47±0.13 2.85±0.40 

C 18:3 n-3 30.48±2.54 32.26±2.10 18.71±1.20 23.57±0.95 

C 20:5 n-3 nd nd 2.52±0.06 nd 

C 20:4 n-6 0.55±0.02 0.50±0.03 6.68±0.37 3.66±0.30 

C 20:3 n-6 0.62±0.03 3.50±0.15 4.18±0.55 7.28±0.64 

C 20:3 n-3 tr nd 0.38±0.03 nd 

C 22:2 0.40±0.02 0.94±0.05 2.58±0.15 nd 

∑PUFA 43.16 44.59 41.11 37.36 

∑n-3 37.56 32.26 21.61 23.57 

∑n-6 12.68 11.39 19.50 13.79 

PUFA/SFA 1.55 1.53 1.01 0.75 

Results represent mean values ± standard deviation (n = 3); SFA: saturated fatty acids; MUFA: monounsaturated fatty 

acids; PUFA: polyunsaturated fatty acids; TFA – total fatty acids; TL – total lipids; NL – neutral lipids; GL – glycolipids; 

PL – phospholipids; nd—not detected; tr—trace levels <0.1% of TFA.  

Table 3. Fat-soluble vitamins, carotenoids and cholesterol contents in Spirulina and Chlorella dietary supplements  

 Spirulina Chlorella 

Astaxanthin, μg/100 g dw 127.56 ± 11.16 67.93 ± 7.16 

β–Carotene, mg/100 g dw 18.80 ± 2.4 5.73 ± 0.44 

Ergocalciferol, mg/100 g dw 0.30 ± 0.07 0.31 ± 0.02 

α-Tocopherol, mg/100 g dw 1.03 ± 0.09 1.30 ± 0.07 

Cholesterol, mg/100 g dw 7.31 ± 0.81 3.64 ± 0.74 

Results represent mean values ± standard deviation (n = 3) 

Previous studies have reported predominance of 

PUFAs (in particular C18:3 n-3) over SFA (in 

particular C16:0) grown under autotrophic 

conditions [14,15]. A striking feature of the 

Spirulina lipids was the relatively high level of γ-

linolenic acid, while of the Chlorella lipids – α-

linolenic acid. Other authors reported the presence of 

the long chain PUFAs arachidonic acid (ARA, 

C20:4 n-6), eicosapentaenoic acid (EPA, C20:5 n-3) 

and docosahexaenoic acid (DHA, C22:6 n-3) in 

Spirulina and Chlorella tissues [16,17], but EPA and 

DHA were not detected in our study. 

Fatty acids patterns of NL and PL lipids of 

Spirulina did not differ significantly from each other 

with palmitic acid (27.54 – 42.57%) being the most 

abundant fatty acid. The GL fraction showed fatty 

acid profile similar to the TL. In Chlorella, NL 

fraction showed similar fatty acid profile as the TL, 

while GL – similar to PL, wherein palmitic acid was 

the main fatty acid. 

The PUFA/SFA ratio was considerably higher in 

Chlorella supplements, in particular in the NL 

fraction. Spirulina had the highest PUFA/SFA ratio 
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in the GL fraction than in the corresponding neutral 

fraction.  

Fatty acid profiles of Spirulina and Chlorella 

supplements evince the lipids as alternative sources 

of the nutritionally essential fatty acids – γ-linolenic 

acid and α-linolenic acid. Besides being an energy 

source and a metabolic precursor, γ-linoleic acid also 

exhibits anti-inflammatory, antioxidant, and anti-

allergic properties [18, 19]. 

The results for the fat-soluble vitamins, 

cholesterol and carotenoids contents in Spirulina and 

Chlorella supplements are presented in Table 3. 

Astaxanthin is a xanthophyll carotenoid naturally 

synthesized by algae. Its antioxidant activity is 10 

times higher than β-carotene and 100 times higher 

than α-tocopherol. Higher amounts of astaxanthin 

were detected in Spirulina supplements (127.56 

μg/100 g dw). β-carotene is the primary plant-based 

source of dietary vitamin A. However, β-carotene is 

only partially able to ensure an optimal total vitamin 

A intake. In our study, 3 times higher amounts of β-

carotene were found in Spirulina (18.80 mg/100 g 

dw) supplements compared to Chlorella 

supplements (5.73 mg/100 g dw). According to 

previous studies, Spirulina exhibited high vitamin A 

equivalency ratios for β-carotene to vitamin A 

conversion – from 2.3:1 to 7:1 [20, 21]. α-

tocopherol, the most bioactive form of vitamin E, 

was detected in higher amounts in Chlorella 

supplements – 1.3 mg/100 g dw. The main role of 

vitamin E is as an antioxidant, scavenging free 

radicals that can damage living cells. Total 

cholesterol content was higher in Spirulina 

supplements – 3.64 and 7.31 mg/100 g dw, 

respectively. Although recent evidences suggest that 

dietary cholesterol does not significantly increase 

low-density lipoprotein cholesterol [22], consumers 

are advised to follow healthy dietary patterns, which 

are inherently low in cholesterol [23].   

CONCLUSIONS  

The results showed that Spirulina and Chlorella 

dietary supplements available in Bulgaria contain 

high amounts of unsaturated fatty acids, astaxanthin, 

β-carotene and low cholesterol levels which could 

confirm the high nutritional value of both microalgae 

species. From this study, it is safe to conclude that 

Spirulina and Chlorella can be good sources of these 

nutritionally essential components and used as food 

additives, functional foods and dietary supplements. 

REFERENCES 

1. N. Yan, C. Fan, Y. Chen, Z. Hu, Int. J. Mol. Sci., 17, 

962 (2016). 

2. I. Barkia, N. Saari, S. R. Manning, Mar. Drugs, 17, 

304 (2019). 

3. G. Gentscheva, K. Nikolova, V. Panayotova, K. 

Peycheva, L. Makedonski, P. Slavov, P. Radusheva, 

P. Petrova, I. Yotkovska, Life, 13(3), 845 (2023). 

4. Food and Agriculture Organization of the United 

Nations: Rome, Italy, 2009; p. 35. 

5. G. Parisi, F. Tulli, R. Fortina, R. Marino, P. Bani, 

A.D. Zotte, A. De Angelis, G. Piccolo, L. Pinotti, A. 

Schiavone, G. Terova, A. Prandini, L. Gasco, A. 

Roncarati, P. P. Danieli, Ital. J. Anim. Sci., 19(1), 

1204 (2020). 

6. B. da Silva Vaz, J. B. Moreira, M. G. de Morais, J. A. 

V. Costa, Curr. Opin. Food Sci., 7, 73 (2016). 

7. J. Sharma, P. Sarmah, N.R. Bishnoi, in: Market 

Perspective of EPA and DHA Production from 

Microalgae, N. J. Hoboken (ed.), John Wiley & Sons, 

Ltd., USA, 2020, p. 281. 

8. H. Alishah Aratboni, N. Rafiei, R. Garcia-Granados, 

A. Alemzadeh, J.R. Morones-Ramírez, J.R, Microb. 

Cell Fact., 18, 178 (2019). 

9. E. Bligh, W.J. Dyer, Canad. J. Biochem and Phys, 

37, 913 (1959). 

10. A. Merdzhanova, V. Panayotova, D. A. Dobreva, K. 

Peycheva, Agricultural Science & Technology, 10(4), 

(2018). 

11. BDS EN ISO 12966-2:2017. Animal and vegetable 

fats and oils - Gas chromatography of fatty acid 

methyl esters - Part 2: Preparation of methyl esters of 

fatty acids.  

12. D. A. Dobreva, V. Panayotova, R. Stancheva, M. 

Stancheva, Bulg. Chem. Commun., 49(G), 112 

(2017). 

13. M. F. Ramadan, M. M. S. Asker, Z. K. Ibrahim, 

Czech J. Food Sci., 26(3), 211 (2008). 

14. D. Couto, T. Melo, T. A. Conde, M. Costa, J. Silva, 

M.R.M. Domingues, P. Domingues, Algal Res., 53, 

102128 (2021). 

15. O. Perez-Garcia, F. M. E. Escalante, L.E. de-Bashan, 

Y. Bashan, Water Res., 45(1), 11 (2011). 

16. S. Ötleş, R. Pire, J. AOAC Int., 84(6), 1708 (2001). 

17. M.I. Jay, M. Kawaroe, H. Effendi, Ser. Earth 

Environ. Sci., 141, 012015 (2018). 

18. R. K. Saini, Y.-S. Keum, Life Sci., 203, 255 (2018). 

19. U. N. Das, Curr Pharmaceut Biotechnol, 7(6), 457 

(2006). 

20. M. J. Haskell, Am. J. Clin. Nutr., 96(5), 1193S 

(2012). 

21. J. Wang, Y. Wang, Z. Wang, L. Li, J. Qin, W. Lai, Y. 

Fu, P. M. Suter, R. M. Russell, M. A. Grusak, G. 

Tang, S. Yin, Am. J. Clin. Nutr., 87(6), 1730 (2008). 

22. А. Zampelas, Е. Magriplis, Nutrients, 11, 1645 

(2019). 

23. J. A. S. Carson, A. H. Lichtenstein, C. A. M. 

Anderson, L. J. Appel, P. M. Kris-Etherton, K. A. 

Meyer, K. Petersen, T. Polonsky, L. Van Horn, Circ., 

141, e39 (2020). 



Bulgarian Chemical Communications, Volume 56, Special Issue D2 (pp. 152-155)2024 DOI: 10.34049/bcc.56.D.S2P65 

152 

Pectic polysaccharides extracted from unprocessed and steam-distilled lavender 

biomass 

G. I. Marovska*, A. M. Slavov 

University of Food Technologies, Department of Organic Chemistry and Inorganic Chemistry, 26 Maritsa Blvd., 4000 

Plovdiv, Bulgaria  

Received: November 3, 2023; Revised: April 11, 2024 

The present research is focused on the extraction of polysaccharides from lavender biomass. One sample of 

unprocessed lavender: L_UNTR_22_Z (GALEN–N, Zelenikovo, Bulgaria; 2022) and two by-products of lavender 

industrially processed by steam distillation: L_SD_22_M (ECOMAAT distillery, Mirkovo, Bulgaria; 2022 crop) and 

L_SD_22_Z (GALEN–N distillery, Zelenikovo, Bulgaria; 2022 crop) were investigated. The biomass was pretreated with 

70% ethanol aiming at removal of low-molecular substances and secondary metabolites (pigments, sugars, polyphenols, 

etc.) which could interfere with further extraction process of polysaccharides. The obtained alcohol-insoluble parts were 

subjected to acid extraction and acid-soluble pectic polysaccharides were obtained. The highest yield was achieved for 

sample L_SD_22_M (7.54±0.11%). Furthermore, different pectic polysaccharides building the cell walls of lavender 

biomass, were extracted from the alcohol-insoluble parts by successive fractional extraction with hot water, 0.05 

(NH4)2C2O4, 0.1 M HCl and cold 0.05 M NaOH. The oxalate extractable pectic polysaccharide predominated in all 

investigated samples suggesting that most of the pectins were ionically bound by Ca2+ bridges in the lavender cell walls. 

The highest total yield of pectic polysaccharides was obtained for L_SD_22_M (14.98±0.16%). The present research 

suggests that lavender biomass could be successfully valorized and pectic polysaccharides with total yield ranging from 

10.55±0.12% to 14.98±0.16% could be obtained.  

Keywords: Lavandula angustifolia, by-products, valorization, pectic polysaccharides, fractional extraction 

INTRODUCTION 

Lavender originates from the mountainous 

Mediterranean regions of Europe and North Africa. 

Today it is grown in many European, South 

American, North African, Southwest Asian 

countries, and Australia. Despite the fact that 32 

species and numerous subspecies and varieties are 

known, only three of them: the ordinary lavender 

(Lavandula angustifolia), lavender aspic (Lavandula 

spica L.) and lavandin (Lavandula hybrida Rev.) 

play a major role in essential oil production [1, 2]. 

The essential oil obtained from L. angustifolia is 

distinguished from the others by its high quality and 

therefore, common lavender is the main type grown 

in Bulgaria [3]. What is more, during the last few 

years the lavender became among the most exploited 

species. Lavender is a plant that is used as an anti-

erosion plantation, its inflorescences, as well as the 

essential oil are included in the composition of many 

preparations with application in medicine [4]. The 

concentration of essential oil in the fresh plant is low 

and large amounts of by-products remain after steam 

distillation. Disposal or composting is among the 

common practices for the treatment of the 

industrially processed lavender biomass. However, 

it can also serve as a raw material for the extraction 

of valuable biologically active substances that can be 

used in the food, cosmetic and perfume industries 

[5]. 

Pectins or pectic polysaccharides are quite 

common multifunctional components in the cell 

walls of almost all higher plants. Pectin 

macromolecules are made up of more than 15 

monosaccharides. Among these, α-D-galacturonic 

acid is the major building block. Pectin has a wide 

range of applications in the food and cosmetic 

industries as gelling agent, stabilizer and thickener 

[6]. Due to the scarce information in the literature on 

pectic polysaccharides extracted from lavender by-

products the aim of the present work was to 

investigate two lavender by-products and one 

untreated lavender for obtaining of polysaccharides, 

as a possible method for by-products valorization. 

MATERIALS AND METHODS 

The solid by-products of lavender essential oil 

industry were kindly provided by: Galen-N Ltd. 

(Zelenikovo, Brezovo, Bulgaria; 2022 harvest); 

from steam distillation of Lavandula angustifolia, 

abbreviated   as   L_SD_22_Z;   EKOMAAT   Ltd.  
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(Mirkovo, Sofia, Bulgaria; 2022 harvest); from 

steam distillation of Lavandula angustifolia, 

abbreviated as L_SD_22_M. The raw untreated 

lavender was provided by Galen-N Ltd. 

(Zelenikovo, Brezovo, Bulgaria; 2022 harvest) and 

further referred to as L_UNTR_22_Z. 

Preparation of alcohol-insoluble residues (AIR) 

Lavender biomass was treated with 70% ethanol 

(v/v) and after filtration, AIRs of the initial raw 

materials were prepared as described in [7]. 

Acid extraction (0.1 M hydrochloric acid) of AIRs 

The acid extraction was performed twice. The 

first extraction was performed with 1000 mL of 0.1 

M aqueous hydrochloric acid (HCl). The extraction 

took place for 1 h at 85°C, pH 1.5 and continuous 

stirring. The slurry was filtered through a nylon cloth 

(250 mesh). The second extraction was carried out 

on the solid residue from the first extraction using 

1000 mL of 0.1 M aqueous HCl under the same 

conditions. The two filtrates were precipitated with 

96% ethanol (1:2 parts by volume) to obtain the acid-

soluble pectic polysaccharides. 

Determination of ash content 

Ash is the total inorganic residue produced after 

combustion or complete oxidation of the organic 

matter in the various samples. 1 g of the sample (m1) 

was placed in a pre-weighed porcelain crucible (mC). 

The crucible was placed in an oven heated to 600°C 

and held for 4 h. The crucible was removed and after 

tempering in a desiccator, ws weighed until a 

constant weight (m2) was established. 

The ash content (A, %) was calculated according 

to the formula: 

𝐴,% =
(𝑚𝐶+𝑚1)−𝑚2

𝑚𝐶+𝑚1
× 100                          (1) 

Determination of protein content in the lavender 

raw materials 

The determination of the protein content in the 

lavender raw materials was performed according to 

the AOAC Method 976.06 using automated Kjeldahl 

system MultiKjel K-365 with potentiometric titrator 

Metrohm ECO (Büchi Labortechnik, Switzerland) 

and conversion factor 6.25 for converting the 

amount of nitrogen to protein. The polyuronide 

content PU and degree of esterification DE were 

determined as described in [8]. The protein content 

of the polysaccharides, the amounts of neutral sugars 

and the anhydrogalacturonic acid content were 

determined spectrophotometrically using the 

Bradford method with AMRESCO E535-KIT 

(AMRESCO, Solon, Ohio, USA) with bovine 

gammaglobuline as standard, the phenol-sulfuric 

acid method with D-galactose as standard and the m-

hydroxydiphenyl method with D-galacturonic acid 

as standard, respectively, as described in details in 

[9]. The molecular mass of the isolated 

polysaccharides was determined using an ELITE 

LaChrome HPLC system (Hitachi) with a VWR 

Hitachi Chromaster 5450 light refraction detector 

and an OHpak SB-806M column (Shodex®). 

Samples and standards were eluted with 0.1 M 

NaNO3 at an elution rate of 0.8 mL/min, column 

temperature of 30°C and detector temperature of 

35°C. The column was equilibrated with standards 

of Shodex® pullulans (Showa DENKO, Japan) (2 

mg/mL) with molecular weights of 6.2 × 103, 10.0 × 

103, 21.7 × 103, 48.8 × 103, 113.0 × 103, 200.0 × 103, 

366.0 × 103, and 805.8 × 103 Da. 

RESULTS AND DISCUSSION 

The general characteristics of the by-products 

and untreated lavender are presented in Table 1. 

Analyses of the main physicochemical 

parameters of the lavender biomass showed that 

L_SD_22_Z had the highest mineral content 

(7.45±0.20%) and the highest polyuronide content 

(8.0±0.2%) compared to the other two materials. 

In the next experiments, the AIRs were subjected 

to an extraction with 0.1 M HCl in order to obtain 

pectic polysaccharides. This extraction is mimicking 

the industrial processing of the by-products from the 

fruit juice industry and obtaining of apple and citrus 

pectins [10]. The yield and the general physico-

chemical parameters of the isolated polysaccharides 

are presented in Table 2. 

 

Table 1. General characteristics of lavender by-products and raw untreated lavender 

By-product 

Parameter 
L_SD_22_M L_SD_22_Z L_UNTR_22_Z 

Ash, % 5.41±0.07b 7.45±0.20a 4.10±0.33c 

Protein, % 8.15 ± 1.6a 6.72 ± 0.28b 5.94 ± 0.12c 

PU, % 7.5±0.1b 8.0±0.2a 7.1±0.1c 

DE, % 83.9±0.5a 78.9±0.5c 81.6±0.3b 

PU - polyuronide content; DE – degree of esterification. The results are expressed as mean ± SD (n = 3). a,b,c Different 

letters in a row mean statistical difference (Tuckey’s test, p < 0.05). 
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Table 2. Yield and physico-chemical parameters of pectic polysaccharides extracted by 0.1 M HCl from lavender AIRs 

 
Yield,  

% 

Crude protein,  

% 

Neutral sugars,  

µg/mg 

Molecular weight, 

×104  Da 

Proteins,  

µg/mg 

L_SD_22_M 7.54±0.15a 5.32±0.24a 599.71±24.26b 2.47 nd 

L_SD_22_Z 6.62±0.16b 4.65±0.19b 713.55±19.34a 2.34 1.37±0.07 

L_UNTR_22_Z 6.92±0.21b 4.85±0.17b 585.87±21.04b 3.28 nd 

The results are expressed as mean ± SD (n = 3). a,b Different letters in a column mean statistical difference (Tuckey’s 

test, p < 0.05). 

Table 3. Yield and physico-chemical parameters of pectic polysaccharides obtained by sequential fractional extraction 

with deionized water, 0.05 М (NH4)2C2O4, 0.1 M HCl and 0.05 M NaOH of L_SD_22_M, L_SD_22_Z and 

L_UNTR_22_Z AIRs 

 Extractor 
Yield, 

% 

Neutral sugars, 

µg/mg 

Molecular weight, 

× 104 , Da 

Proteins, 

µg/mg 

L_SD_22_M 

Deionized water 4.60 503.10 3.07 5.20 

0.05 М 

(NH4)2C2O4 
7.59 391.52 8.31 0.85 

0.1 M HCl 2.28 551.13 2.23 nd 

0.05 M NaOH 0.59 446.04 2.01 nd 

L_SD_22_Z 

Deionized water 4.05 428.81 2.08 8.37 

0.05 М 

(NH4)2C2O4 
7.12 523.16 7.26 nd 

0.1 M HCl 2.38 474.29 2.92 2.15 

0.05 M NaOH 0.62 431.35 1.91 5.65 

L_UNTR_22_

Z 

Deionized water 0.99 252.25 
3.51 

1.19 
4.92 

0.05 М 

(NH4)2C2O4 
4.69 432.76 26.17 0.41 

0.1 M HCl 3.87 384.74 3.07 nd 

0.05 M NaOH 1.01 467.51 2.38 5.05 

nd – not determined. 

 

The highest yield of acid-soluble pectic 

polysaccharides was observed for alcohol-insoluble 

parts of lavender by-product L_SD_22_M: 7.54%. 

The highest amount of neutral sugars was found for 

L_SD_22_Z: 713.55 µg/mg polysaccharide. For all 

three polysaccharides the amount of proteins was 

very low. 

The experiments employing sequential extraction 

with different extractants suggested that the highest 

pectin yield was observed for the ammonium oxalate 

as extractant and the percentage of pectin was 

around 7%, except for the L_UNTR_22_Z, where 

the yield was 4.69% (Table 3). These results could 

be explained by the ionic bonding by Ca2+ ions of the 

pectic polysaccharides present in the lavender cell 

walls. The yield of water-soluble pectic 

polysaccharides for L_UNTR_22_Z was quite low: 

0.99%, compared to the two by-products (4.60 and 

4.05% for the L_SD_22_M and L_SD_22_Z, 

respectively). This might suggest that the steam 

distillation serves as initial pretreatment, which 

disrupts the cell walls of lavender biomass and 

facilitates further extraction of pectic 

polysaccharides from the by-products. 

The evaluation of the monosaccharide 

composition of the extracted polysaccharides (Table 

4) showed that the major building monomer of the 

extracted polysaccharides from L_SD_22_M (with 

0.1 M HCl): 717.62 µg/mg; L_SD_22_Z (with 

deionized water): 312.42 µg/mg; L_UNTR_22_Z 

(with 0.1 M HCl): 448.78 µg/mg, was galacturonic 

acid. Small amounts of glucuronic acid were also 

detected. The second most abundant mono-

saccharide was galactose. The other mono-

saccharides detected that are characteristic of pectic 

polysaccharides were arabinose and xylose. 
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Table 4. Uronic acids and monosaccharide composition of pectic polysaccharides extracted by deionized water, 

0.05 М (NH4)2C2O4, 0.1 M HCl and 0.05 M NaOH of L_SD_22_M, L_SD_22_Z and L_UNTR_22_Z AIRs 

 

 

Extractor 
GlcA GalA Gal Ara Fuc Xyl Man 

(Polysaccharide, µg/mg) 

L_SD_22_M 

Deionized water 30.63 517.67 88.59 32.17 1.95 13.03 12.73 

0.05 М (NH4)2C2O4 12.38 331.90 54.23 33.77 nd 22.11 7.12 

0.1 M HCl 8.31 717.62 91.79 19.40 nd 20.45 5.26 

0.05 M NaOH 6.83 444.44 134.27 16.80 nd 16.08 9.03 

L_SD_22_Z 

Deionized water 25.51 312.42 56.41 20.04 1.10 15.99 19.59 

0.05 М (NH4)2C2O4 10.44 233.26 54.78 52.02 nd 17.02 4.07 

0.1 M HCl 4.81 272.23 52.00 12.15 nd 10.12 17.98 

0.05 M NaOH 5.22 165.77 69.74 14.59 nd 12.85 9.12 

L_UNTR_22_Z 

Deionized water 43.14 189.43 49.94 10.13 nd 9.58 25.71 

0.05 М (NH4)2C2O4 10.40 243.89 32.76 27.36 nd 10.17 15.60 

0.1 M HCl 11.16 448.78 76.22 26.58 nd 55.33 10.63 

0.05 M NaOH 7.48 221.73 69.11 10.88 nd 14.32 3.40 

GlcA – D-Glucuronic acid; GalA – D-Galacturonic acid; Gal – D-Galactose; Ara – D-Arabinose; Fuc – L-Fucose; 

Xyl – D-Xylose; Man – D-Manose; nd – not determined. 

CONCLUSION 

The hypothesis of the present work was to 

investigate the lavender biomass as a potential 

source of pectic polysaccharides – a possible 

pathway for lavender by-products valorization. Two 

solid residues obtained after steam distillation (the 

traditional way of lavender processing) and one 

untreated lavender pulp were investigated. 

Composition analysis showed that lavender by-

products were rich in pectic polysaccharides, 

proteins, neutral sugars, etc. The highest yield of 

acid-soluble pectic polysaccharides was observed 

for the alcohol-insoluble parts of lavender by-

product L_SD_22_M: 7.54%. The highest yield 

from the sequential fractional extraction of 

polysaccharides was observed using ammonium 

oxalate as extractant. This could suggest that a large 

part of the pectic polysaccharides were present in the 

lavender cell wall biomass, ionically bonded by 

divalent cations (mostly Ca2+). We conclude that 

lavender residues after steam distillation could serve 

as a potential source of pectic polysaccharides, 

which combined with other approaches will allow 

valorization of the lavender by-products from 

essential oil industry. 
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