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Introduction
Salmonella spp. are recognized as significant zoonotic 

pathogens, posing serious threats to public health and con-
tributing to substantial economic burdens globally, both 
in developing and industrialized nations, due to the high 
costs associated with disease treatment, prevention, and 
control efforts [1]. The genus encompasses over 2,500 se-
rovars, each varying in its ecological niche and pathogenic 
potential, although only a limited number are responsible 
for the majority of human infections [2].

Members of the genus Salmonella are Gram-negative, 
facultatively anaerobic, rod-shaped, and non-spore-form-
ing bacteria belonging to the family Enterobacteriaceae. 
Most strains are motile via peritrichous flagella and can 
metabolize substrates through oxidative pathways. Fur-

thermore, many strains characteristically produce hydro-
gen sulfide during metabolism [3]. The genus Salmonella 
includes numerous pathogenic serovars implicated in both 
human and animal diseases. A notable serovar is Salmo-
nella enterica serovar Typhimurium (S. Typhimurium) [4].

Salmonella spp. are notorious for causing gastroenteritis 
and systemic infections, frequently associated with symp-
toms such as abdominal cramps, fever, and diarrhea  [5]. 
These pathogens have a broad host range and can contami-
nate a variety of foods, particularly meats from poultry and 
cattle, often without producing overt signs of disease in the 
animal reservoir [6,7].

Typhoidal serovars, such as Salmonella enterica serovar 
Typhi (S. Typhi) and S. Paratyphi, are responsible for ty-
phoid and paratyphoid fevers, which are life-threatening 
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systemic infections disproportionately affecting popula-
tions in low- and middle-income countries  [8]. Globally, 
Salmonella is consistently ranked among the most common 
causes of foodborne illnesses  [9]. According to estimates 
from CDC, Salmonella is responsible for more foodborne 
illnesses than any other bacterial pathogen, with poultry, 
particularly chicken, being a major source. It is estimated 
that approximately 1 in every 25 packages of raw chicken 
sold in grocery stores contains Salmonella [10].

Despite its well-established status as a public and veteri-
nary health concern, the taxonomy of Salmonella remains 
complex and often confusing for clinicians, veterinarians, 
and microbiologists due to its constantly evolving nomen-
clature [11].

The majority of the approximately 2.500 serovars are 
capable of causing self-limiting gastroenteritis in both hu-
mans and animals. However, certain serovars have evolved 
host-specific adaptations, resulting in systemic, extraint-
estinal infections in particular species  [12]. For instance, 
S. Typhimurium and S. Enteritidis circulate among diverse 
vertebrate hosts and are leading agents of foodborne infec-
tions in humans. Non-typhoidal Salmonella (NTS) serovars 
are estimated to cause around 75 million cases of gastroen-
teritis annually, resulting in approximately 27.000 deaths 
worldwide  [13]. Conversely, typhoidal serovars, such as 
S.  Typhi and S.  Paratyphi A, are strictly human-adapted 
and cause about 2.5 million infections annually, leading to 
roughly 65,000 deaths due to typhoid and paratyphoid fe-
vers [8]. Other host-adapted serotypes include S. Galliina-
rum in poultry and S. Dublin in cattle, each associated with 
invasive systemic infections in their respective hosts [12].

Traditionally, culture-based techniques have been re-
garded as the gold standard for the isolation and identifi-
cation of foodborne pathogens, including Salmonella [14]. 
Nevertheless, alternative methods such as immunoassays 
and nucleic acid-based techniques have also been em-
ployed to detect foodborne microorganisms [15], although 
these approaches may be hindered by limitations in sensi-
tivity and specificity [16]. Polymerase chain reaction (PCR) 
is widely recognized for its rapidity and high sensitivity in 
detecting foodborne pathogens. However, its performance 
can be compromised by inhibitors commonly present in 
complex food matrices [17]. Consequently, PCR-based de-
tection is often supplemented with conventional culture 
methods to confirm the presence of target organisms [14].

The extensive use of chemical compounds in food pro-
duction and preservation has led to numerous health con-
cerns. Therefore, humans have been searching for natural 
sources, including medicinal plants or their extracts. Some 
plants have been used in herbal medicine for therapeutic 
purposes in various disease conditions to reduce symp-
toms due to their content of effective compounds against 
many pathogens, in addition to their direct use in food [18]. 
The plant produces these compounds as by-products and 
they are called phytochemicals. They are biologically ac-
tive components and have multiple therapeutic proper-

ties. These compounds protect the plants themselves from 
various parasites, and these compounds can be divided on 
the basis of their chemical composition into multiple com-
pounds  [19,20]. Because of their biological effectiveness 
due to their content of active compounds (phytochemi-
cals), such as phenols, alkaloids, flavonoids, essential oils 
and resins, these plants have confirmed their ability to treat 
many pathological conditions and inhibit the growth of 
many microbial pathogens  [20,21,22]. It may be any part 
of the plant that contains the aforementioned components 
such as seeds, leaves, roots, coat, and flowers [23].

The increasing prevalence of antibiotic resistance 
among various types of microbes, has intensified the 
search for effective natural alternatives. One of these plants 
is Gundelia tournefortii L. It is a valuable wild herbaceous 
spiny perennial plant with a height of about 60 cm, which 
belongs to the Asteraceae family and grows in semi-desert 
or sandy plains in Palestine, Jordan, Syria, Iran, Iraq, Azer-
baijan, temperate regions in West Asia, Armenia, Turkey 
and other regions. Its leaves are leathery and hard with 
thorny serrated lobes, and their color alternates between 
yellow and red [24]. Its flowers can be hermaphrodite and 
can be yellow, white, green or red [25].

Traditionally, G. tournefortii has been consumed as 
food in Palestine, Syria, Turkey and Jordan in particu-
lar  [25,26]. Due to its high economic values for culinary 
uses, it is used as a food ingredient in making pickles, ap-
petizers, and soups [23]. This plant is characterized by its 
nutritional benefits. It has been used as food for more than 
2000 years in the Babylonian civilization and continues 
to provide food, medicine, and income to local commu-
nities, especially the poorest, in an economically, socially 
and environmentally sustainable manner [27]. G. tourne-
fortii is a rich source of minerals, vitamins and essential 
fatty acids, and the oil extracted from its flowers is also a 
rich source of essential fatty acids such as linoleic acid, and 
oleic acid [28]. Additionally, arachidic acid was also found. 
G. tournefortii contains b-sitosterol as the dominant sterol, 
which represents more than 51.76 % of the total sterols in 
the extracted oil, as well as other sterols, such as stigmas-
terol, 5-avenasterol, campesterol, 7-stigmastenol and 7-av-
enasterol [29,30,31].

As for its therapeutic or medicinal properties, this 
plant has been used in the treatment of many diseases, as 
it reduces the content of fats, cholesterol and blood sugar. 
Additionally, diarrhea, fever, cough, cold, stomach infec-
tions, kidney pains, intestinal disorders [25,32] and tooth-
ache [33] are treated with it. It also contributes to protect 
the liver [32], and acts as an antimicrobial, antiparasitic, 
and antioxidant due to its ability to inhibit and destroy 
free radicals. G. tournefortii also has anti-inflammatory 
properties and contributes to purify the blood and treat 
bronchitis, respiratory diseases, skin diseases, angina 
pectoris, cancer and stroke  [34,35,36]. Its dry seeds are 
also effective in treating vitiligo and it is also used as a 
diuretic [37].
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Therefore, the aim of this study was to determine the ef-
ficacy of the alcoholic extract of G. tourneofortti L. plant in 
diarrhea caused by S. Typhimurium in terms of its health 
effects on blood profile, liver and renal functions in labora-
tory animals.

Materials and methods

Identification of Salmonella Typhimurium
Food and stool samples were collected from autistic 

children under school age (1–6) years who had diarrhea 
while in the hospital at Salah al-Din Hospital during the 
period from October 1, 2022 to December 30, 2022. Twen-
ty-three food and stool samples were collected.

Serial dilutions of the samples were prepared, the last 
two dilutions were grown on appropriate culture media 
(MacConkey agar, Nutrient agar, SS agar, Manitol salt agar 
and Blood agar) made by Oxoid (USA), they were cultured 
on the media for each species. Then, a number of diagnos-
tic tests were performed to determine phenotypic, cultural 
and microscopic characteristics. Several biochemical tests, 
such as catalase, oxidase, urease, coagulase, IMViC, and 
fermentation of sugars (glucose, mannitol, sucrose, lac-
tose, arabinose, galactose and sorbitol) were carried out for 
the colonies, depending on the Bergey’s manual. The tests 
were performed as follows.

Microscopic tests
A microscopic examination of active bacterial cells at 

the age of 18 hours was performed to determine result of 
Gram staining and cell shapes.

Cultural characteristics
The cultural and morphological characteristics of the 

growing colonies included the shape of the colonies, their 
color, edges, size, and height.

Biochemical tests

Catalase test
A portion of the colonies at the age of 18–24 hours was 

transferred to a sterile glass slide and a drop of hydrogen 
peroxide reagent at a concentration of 3 % was added to it. 
The appearance of air bubbles is an indication of the posi-
tivity of the test and the production of the catalase enzyme 
from the tested bacterial species [38].

Oxidase test
The test was performed by adding many drops of oxi-

dase reagent to a Whattman No 1 filter paper to the point 
of saturation. A wooden stick was then used to transfer a 
touch of active bacterial growth to the surface of the re-
agent-saturated filter paper. The appearance of the purple 
color within a few seconds was evidence of the species’ 
ability to produce oxidase enzyme [38].

Urease test
The test was conducted by inoculating the colonies of 

bacteria on urea agar (slants) and incubating the tubes 

with urea agar for 24 hours at 37 °C. The color of the me-
dium changed from yellow to pink, indicating that the test 
was positive, because of the change in the pH of the me-
dium to alkaline due to the ammonia formed [39].

Coagulase test
The test was performed using the slide test method, 

where a drop of blood plasma was placed on a glass slide, 
then a part of a colony growing on a solid nutrient medi-
um was taken by a sterile carrier and mixed with the drop. 
The reaction was considered positive if the plasma clotted 
within 20 seconds, indicating the presence of the bound 
coagulase enzyme [40].

Methyl red test
The MRVP (5g glucose, 5g peptone and 5g and K2H-

PO4) was prepared according to what was stated in  [41], 
inoculated with bacteria, then incubated at 35 °C for 24 h. 
After that, the methyl red indicator was added. If the color 
changes from red to orange, the test is negative, and if the 
color remains red, the test is positive.

Voges–Proskauer test
This test was performed according to the method 

of [42], which was used to detect the ability of bacteria to 
produce acetone.

Citrate utilization test
The plates containing Simmons citrate media were in-

oculated with the colonies of bacteria under study, after 
which they were incubated at 37 °C for 24 h. The evidence 
of a positive result was the change in the color of the me-
dium from green to blue [43].

Carbohydrate fermentation test
The isolates were inoculated into tubes containing the 

sugar fermentation medium, and incubated at 37 °C for 
24 h. The change in the color of the medium from red to 
yellow color is evidence of a positive test [38].

The diagnosis was confirmed to the level of species by the 
Vitek 2 Compact system (64 cards) and the serovar was de-
termined using the Kauffmann-White scheme [44,45,46].

Samples collection
Gundelia tourneofortti L. samples were collected from 

the central regions in Iraq and were diagnosed based on 
the taxonomic keys of the flora of Iraq [47].

Preparation of the alcoholic extract
The alcoholic extract was prepared by weighing 50 g of 

plant powder with 500 ml of ethanol alcohol (80 %) and 
holding overnight, after which it was filtered using layers of 
gauze for the purpose of getting rid of unwanted parts and 
then centrifugated (Compact Tabletop Centrifuge 2010, 
Kubota, Japan) for 15 minutes at 3000 rpm. Then, it was 
filtered using Whatman No. paper to obtain a clear liquid. 
The resulting filtrate was concentrated and dried in a ro-
tary vacuum evaporator (IKA-Werke, Staufen, Germany). 
The dry plant extract was collected and kept in the refrig-
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erator in opaque and tightly closed glass bottles  [48], as 
shown in Figure 1.

In vivo experiment
The study utilized twenty male rats, weighing 140–149 g 

and aged 8–10 weeks. They were housed in stainless steel 
cages in conditions that were suitable for them, such as 
25 °C, humidity levels of 50–70 %, controlled lighting, and 
proper ventilation. A nutritionally adequate diet was pro-
vided, and cage cleanliness was maintained by regularly 
changing the sawdust, as mentioned in  [49]. The experi-
ment was designed by dividing the rats into four groups, 
with five replications per group, as follows: first treatment 
(T1), the control group second treatment (T2), rats with 
diarrhea caused by Salmonella Typhimurium; third treat-
ment (T3), rats with diarrhea caused by S. Typhimurium 
and treated with an alcoholic extract of G. tournefortii at 
200 µg/kg; and fourth treatment (T4), rats with diarrhea 
caused by S. Typhimurium and treated with the alcoholic 
extract of G. tournefortii at 400 µg/kg. The extract was ad-
ministered orally at a dose of 2 mL. Diarrhea was induced 

in rats by experimental infection with S.  Typhimurium 
suspension (1.5 × 108 CFU/mL) prepared using the McFar-
land turbidity standard for comparison and the experi-
ment continued for 28 days. At the end of the experimental 
period, the animals were fasted for 20 hours, anesthetized 
with chloroform, and then dissected. Blood samples were 
collected directly from the heart for various tests, includ-
ing blood profile analysis  [WBC],  [RBC],  [PLT],  [HB], 
and [HCT%], as well as assessment of liver enzyme activ-
ity [ALT], [AST], and [ALP]) and function of renal mark-
ers (urea and creatinine).

Blood profile
The total counts of WBC, RBC, PLT, and HG were mea-

sured using Complete Blood Count (CBC) device.

The activity of liver enzymes
The activity of liver enzymes was estimated using 

analysis kits prepared by BIOLABO (France), following 
the method described by  [32]. Aspartate aminotransfer-
ase (AST) activity was determined using these kits, while 
alanine aminotransferase (ALT) activity was measured 
based on the formation of pyruvate hydrazone through 
the transamination process in the presence of ALT and 
2,4-dinitrophenylhydrazine, with absorbance recorded at 
546 nm using the spectrophotometer (V-1100D, EMCLAB, 
Germany). Alkaline phosphatase (ALP) activity was also 
assessed using BIOLABO kits, adhering to the methodol-
ogy outlined by [50].

Renal functions
Creatinine was estimated using a ready-made kit from 

BIOLABO (France), following the manufacturer’s instruc-
tions. The absorbance was measured at 490 nm (V-1100D, 
EMCLAB, Germany)  [32], and creatinine concentration 
was determined using the formula: Concentration of 
creatinine (20 mg/dl) = absorbance of sample  / standard 
solution absorbance  ×  standard solution concentration. 
Similarly, urea was estimated using an analysis kit from 
BIOLABO (France), following the supplier’s instructions 
as described by [50].

Statistical analysis
The experimental system was analyzed using the statis-

tical program [51] with CRD. The means were compared 
using Duncan’s test  [52] to determine the significance of 
differences among the factors influencing the study’s traits, 
with a probability level of 0.05.

Results and discussion

Isolation and identification of bacteria causing 
diarrhea in children
Samples were collected and bacteria were cultivated us-

ing appropriate culture media, including MacConkey agar, 
Nutrient Agar, SS Agar, Mannitol Salt Agar, and Blood 
Agar. The identification of bacteria was performed by com-
paring the results of phenotypic, microscopic, and bio-
chemical tests with Bergey’s Manual  [53] and  confirmed 

Figure 1. Preparation of the alcoholic extract 
of Gundelia tourneofortti L.

Figure 2. Anatomy of rats
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using the Vitek 2 compact system and the Kauffmann-
White technique was used to determine the serovar. This 
scheme divides Salmonella enterica into six subspecies and 
several serotypes. A recent revision to the White-Kauff-
mann-Le Minor scheme was made by the World Health 
Organization (WHO) collaborating center for the refer-
ence and investigation of Salmonella  [44,45,46]. The fol-
lowing bacteria contaminating meat samples were identi-
fied: Escherichia coli, Staphylococcus aureus, Enterococcus 
faecalis, and Salmonella Typhimurium as shown in Table 1.

Table 1. Biochemical tests of isolated bacteria
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Effect of the alcoholic extract of Gundelia  
tournefortii L. on blood profile of rats
Table 2 shows a significant increase at (P < 0.05) in 

WBC count in laboratory rats exposed to experimental 
infection with S. Typhimurium without treatment, reach-
ing 28.16 103/mm3 compared to the control group (8.50). 
Additionally, the platelet count significantly increased to 
713 in the infected and untreated group. Conversely, RBC 
and hemoglobin levels significantly decreased to 5.79 and 
13.0, respectively, compared to the control group (6.40 
and 14.10, respectively). However, when the extract was 
administered at concentrations of 200 and 400 µg/mg to 
infected rats, WBC counts significantly decreased, while 
RBC and hemoglobin levels increased compared to the in-
fected group that did not receive the extract. Notably, the 
T4 treatment, which involved administering the extract at 
400 µg/mg, demonstrated superior efficacy. Regarding red 
blood cell HCT%, no significant differences were observed 
among the treatments. These findings align with several 
studies [54,55,56], which concluded that a decrease in RBC 
counts due to bacterial infection results from impaired or 
lost cells, with bone marrow unable to generate or replace 

them. The reduced RBC count is attributed to hemolytic 
anemia, where RBC destruction leads to decreased hemo-
globin concentration, impairing its function in transport-
ing nutrients, ultimately affecting cellular activity and po-
tentially leading to cell death [57,58]. The increase in WBC 
count is likely due to bone marrow stimulation, promoting 
cell production, while peripheral blood changes may re-
sult from activated helper T lymphocytes, which can el-
evate eosinophil levels and increase vascular permeability 
to facilitate cell migration to inflammation sites [54,57,59]. 
The reduction in leukocyte values following oral extract 
administration is attributed to its bioactive compounds, 
particularly polyphenols and glycosides, known for their 
anti-inflammatory properties by inhibiting cytokine activ-
ity [36]. This study is consistent with [60], who reported 
a significant difference in various blood indicators between 
the control and infected groups treated with the extract 
at 250 and 500 mg/kg.

Table 2. Impact of the alcoholic extract of Gundelia 
tourneofortti L. on blood profile of rats exposed 
to experimental infection with S. Typhimurium

Treat-
ments

WBC
(103/mm3)

RBC
(106/mm3)

HB
(G/dI)

HCT
%

PLT
(103/mm3)

T1 8.50c 6.40b 14.10a 44.06a 658b

T2 28.16a 5.79ab 13.0c 47.80a 713a

T3 12.86b 6.20ab 13.7ab 39.00a 711a

T4 11.00b 6.33a 13.40b 42.26a 652b

At a probability threshold of 0.05, similar letters in the same column indi-
cate that there were no significant differences between them.
T1 —  control group; T2 —  rats with diarrhea caused by S. Typhimurium; 
T3 —  rats with diarrhea caused by S. Typhimurium and treated with the 
alcoholic extract of G. tournefortii at 200 µg/kg; T4  —  rats with diar-
rhea caused by S. Typhimurium and treated with the alcoholic extract of 
G. tournefortii at 400 µg/kg.

Effect of the alcoholic extract of Gundelia tournefortii 
L. on liver activity in rats exposed to experimental 
infection with S. Typhimurium
Table 3 shows a significant increase in the values of liver 

enzymes (ALP, ALT, and AST) for the group of rats exposed 
to S.  Typhimurium infection, with values of 164.0, 66.0, 
and 142 IU/L, respectively, compared to the control group, 
which had values of 104, 51.0, and 115 IU/L. However, when 
the rats were dosed with Gundelia tournefortii L. extract 
at concentrations of 200 and 400 µg/kg along with the in-
fection, this treatment led to a significant decrease in the 
enzyme concentrations in the group treated with the ex-
tract at 400 µg/kg, with values of 159.7, 135, and 48.0 IU/L, 
respectively. As for the group treated with the extract at 
200 µg/kg, no significant differences were recorded in the 
enzyme values compared to the infected group.

The elevated concentrations of liver enzymes ALT and 
AST in the infected rat group indicate the extent of damage 
occurring in the liver tissue, which causes the breakdown 
of the cell membrane and the release of these enzymes into 
the bloodstream. This results in increased enzyme concen-
trations in the blood serum and reflects a clear effect on the 
liver’s various functions. The rise in AST levels could also 
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be attributed to metabolic alterations in the liver, followed 
by the production of toxins, and various pathological con-
ditions such as acute bacterial infections and tumors, af-
fecting organs such as the heart and muscles [61].

As for the rise in alkaline phosphatase enzyme ALP, it 
is due to pathological conditions, including biliary stasis, 
partial or complete obstruction of the bile duct, and neo-
plastic liver disease. On the other hand, this increase in 
the concentration of this enzyme may be attributed to the 
increase in the activity of lysosomes, which is one of the 
important changes before cell death [47].

The decrease in these enzyme levels in the serum of rats 
treated with the extract, along with the return of enzyme 
levels to their normal state, suggests the potential use of the 
alcoholic extract to support the maintenance of liver func-
tion [62]. The results of this study are consistent with those 
observed by Saleh et al.  [63], who indicated a significant 
decrease in liver enzymes in rats treated with Gundelia 
tournefortii L. This plant is considered to have protective 
properties in supporting liver health [25,64].

Table 3. Impact of the alcoholic extract of Gundelia 
tourneofortti L. on the liver activity of rats exposed 
toexperimental infection with S. Typhimurium

Treatments
ALP ALT AST

(IU/L)
T1 104.0c 51.0b 115c

T2 164.0a 66.0a 142a

T3 179.0a 61.0a 140a

T4 159.7b 48.0b 135b

At a probability threshold of 0.05, similar letters in the same column indi-
cate that there were no significant differences between them.
T1 —  control group; T2 —  rats with diarrhea caused by S. Typhimurium; 
T3 —  rats with diarrhea caused by S. Typhimurium and treated with the 
alcoholic extract of G. tournefortii at 200 µg/kg; T4  —  rats with diar-
rhea caused by S. Typhimurium and treated with the alcoholic extract of 
G. tournefortii at 400 µg/kg.

Effect of the alcoholic extract of G. tournefortii on kid-
ney function in rats exposed to experimental infection 
with S. Typhimurium

Table 4 shows that in rats infected with S. Typhimuri-
um, the urea level was significantly higher (48.5 mg/dL) 
than in the control group (41.2 mg/dL). Treatment with 
the Gundelia tournefortii L. extract at 200 and 400 µg/kg 
for the infected rats led to a signifiicant decrease in urea 
concentration, reaching 41.7 and 43.6 mg/dL, respectively. 
However, there were no appreciable variations in creatinine 
levels between the different treatments in the experiment.

The rise in urea levels is attributed to damage to renal 
tissues or a physiological defect in renal function, which 
results in a reduction in its efficiency [65]. Additionally, an 
increase in the concentration of free radicals in the body 
and oxidative stress lead to oxidation of proteins, which 
results in an increase in urea in the blood. The kidney re-
moves urea from the blood, and the damage to the renal 
or its failure to remove urea may lead to an increase in 
blood urea level  [66]. The results agree with  [67]. Based 
on the results of these tests, we concluded that this plant 
is considered to have therapeutic and preventive proper-
ties against Salmonella infection. These findings align with 
those of Ayoubi and Baradari [7], who indicated that the 
plant has the bactericidal activity against Salmonella spp. 
In addition, the results are also in agreement with those of 
Rabizadeh and Mirian [68], who showed that natural plant 
extracts hold promise for preventing and treating liver dis-
eases.

Table 4. Impact of the alcoholic extract of G. tourneofortti L. 
on the activity of kidney function of animals exposed 
to experimental infection with S. Typhimurium

Treatments
Urea Creatinine

mg/Di
T1 41.2b 0.3a

T2 48.5a 0.2a

T3 41.7b 0.3a

T4 43.6ab 0.3a

At a probability threshold of 0.05, similar letters in the same column indi-
cate that there were no significant differences between them.
T1 —  control group; T2 —  rats with diarrhea caused by S. Typhimurium; 
T3 —  rats with diarrhea caused by S. Typhimurium and treated with the 
alcoholic extract of G. tournefortii at 200 µg/kg; T4  —  rats with diar-
rhea caused by S. Typhimurium and treated with the alcoholic extract of 
G. tournefortii at 400 µg/kg.

Conclusion
Based on the study’s findings, we concluded that infec-

tion with S. Typhimurium significantly reduced the total 
number of red blood cells and hemoglobin concentration 
and increased the activity of liver enzymes and the con-
centration of urea. Treatment of infected rats with an oral 
dose of the Gundelia tourneofortti L. alcoholic extract at 
400 µg/kg had a significant effect leading to an increase in 
the number of RBC and haemoglobin concentration, re-
duction of the activity of liver enzymes and regulation of 
renal functions due to its content of effective compounds 
such as phenols, flavonoids, tannins, turbines and resins.
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