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Abstract: Trifolium hybridum L. (Alsike clover), a member of Fabaceae, is mainly used as a fodder crop. 

However, the related species such as T. repenes, T. arvense, and T. pratense have already been explored for their 

antioxidant, antiseptic, and anti-inflammatory potentials. As little information was available on T. hybridium, the 

current study aimed to monitor the pharmaceutical role of root, stem, and leaves extracts of T. hybridum on microbial 

infections and oxidative stresses via, in vitro approach. The study revealed that ethanolic extract of leaves showed the 

highest inhibitory potential of 24.6 ± 0.57 mm against K. pneumoniae and acetone extract of leaves showed the 

highest inhibition of 22.3 ± 1.15 mm against Morganella. Other extracts including ethanol and acetone showed 

moderate inhibition against other selected microbes including methacillin-resistant S. aureus. Regarding the 

antioxidant activity tannins extracted from leaves showed higher activity with an absorbance of 1.951 ± 0.096 

compared to flavonoids, alkaloids, and β-carotenes. Furthermore, compound isolation and purification showed a total 

of 20 fractions, which were further evaluated in antimicrobial assays. All were proved to be less active as compared to 

crude extract. Therefore, the crude extract of T. hybridum was considered more potent and suggested for further 

studies for isolation and identification of potential novel compounds.

Keywords: Trifolium, phytochemicals, chromatography, medicinal plants. 

从三叶草中分离的极性提取物和植物化学物质的生物活性 
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摘要：三叶草（阿尔斯科三叶草),豆科植物，主要用来作饲料作物。然而，相关物种如三

叶草、三叶草和 T.红三叶草的抗氧化、防腐和抗炎潜力已被探索。由于有关三叶草杂交种的

信息很少，目前的研究旨在通过体外方法监测三叶草杂交种的根、茎和叶提取物对微生物感

染和氧化应激的药用作用。研究表明，叶子的乙醇提取物对肺炎克雷伯菌的抑制潜力最高

24.6 ± 0.57 毫米,叶子的丙酮提取物对摩根氏菌的抑制潜力最高 22.3 ± 1.15 毫米。其他提取

物（包括乙醇和丙酮）对其他选定的微生物（包括耐甲氧西林金黄色葡萄球菌）表现出中等程

度的抑制作用。关于抗氧化活性，与类黄酮、生物碱和 β-胡萝卜素相比，从叶子中提取的单

宁显示出更高的活性，吸光度为1.951 ± 0.096。此外，化合物分离和纯化显示总共20个级分

，并在抗菌测定中进一步评估。与粗提物相比，所有这些都被证明活性较低。因此，三叶草

杂交种的粗提物被认为更有效，并建议进一步研究潜在的新化合物的分离和鉴定. 

关键词：三叶草，植物化学物质，色谱，药用植物. 

 
 

Abbreviations 
T. hybridium - Trifolium hybridium, T. repenes - 

Trifolium repenes, K. pneumonia - Klebsiella 

pneumonia, DMSO - dimethyl sulfoxide, H. influenza - 

Haemophilus influenza, L.B - Lauria-Bertini. 
 

1. Introduction 
Medicinal plants are vital sources for treating several 

fatal diseases [1]. Traditional medicinal approaches 

have mainly used medicinal plants for the treatment of 

various diseases since the beginning of human 

civilization and still play an important role in covering 

the basic health needs in developing countries. The 

significance of these medicinal plants is due to the 

presence of various classes of phytochemicals that 

trigger a distinct physiological effect on the human body 

[2, 3]. Similarly, the extracts of several plants also 

possess some novel supplies of antibacterial potential 

with possibly new mechanisms of action [4, 5]. These 

phytochemicals are helpful in the curing of infectious 

disorders while concurrently justifying the side effects 

linked with synthetic antibacterial agents [6]. The 

pharmaceutical industry faces serious challenges in drug 

discovery because it is costly, critical, inefficient and 

risky [7, 8]. The minimum cost of new drug discovery is 

about 1 billion USD in 12 years. A hope of new 

chemical entities is provided by the medicinal and 

combinatorial chemistry that succeeds in developing 

many chemical libraries. However, in terms of overall 

success, these approaches have many limitations [9, 10]. 

There are several biomolecules isolated from natural 

sources that are effective against different diseases, 

including inflammation, neuropharmacological, 

gastrointestinal, cardiovascular, metabolic disorders, 

cancer, and other infectious diseases [11]. According to 

the World Health Organization (WHO), more than 80% 

of the population in the world relies on traditional herbal 

medicine for their primary healthcare [12]. There is a 

long history of using plants for chronic and infectious 

diseases in Asia [13]. The increasing antimicrobial 

resistance and adverse effects of synthetic drugs have 

compelled men to turn back to ethnopharmacognosy 

[14]. Recently, scientists across the globe are now trying 

to find less adverse and broadly effective alternatives. 

The traditional claims of biologically active compounds 

can only be verified by their bioavailability, safety, 

efficacy, pharmacokinetics, and pharmacodynamics 

[15]. According to WHO, there are about 20,000 

medicinal plant species in 91 countries including 

Pakistan and 85,000 medicinal plant species in all other 

countries throughout the world. Pakistan has a diverse 

climatic situation that supports the development of 

nearly 700 plant species reported for their medicinal 

value, and the number is rising continuously due to the 

present attention of local researchers in natural products 

[16]. 

Leguminoseae or Fabaceae account for a 

considerable number of medicinal plants due to the 

presence of some precious phytochemicals. This family 

is also known as pea or bean family and comprises 

economically and medicinally important herbs, shrubs, 

trees, annual or biennial flowering plants, which can 

easily be recognized by their stipulated leaves and 

legume fruits [17]. This family is found all over Europe, 

Asia, and the USA. The morphological properties and 

chemovariability of the genus Trifolium belonging to the 

same family have attracted great interest of the scientific 

community due to its pharmacological importance [18]. 

The herb Trifolium hybridum belongs to the genus 

Trifolium of this family. The flowers are stalked, 

bisexual, and unmarked trifoliate leaves. The best 

flowering season is from June to September. The height 

of the plant is about 1-2 feet (30-60 cm). The Turks and 
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many other societies are using different species of 

Trifolium such as T. pratense, T. arvense and T. repens 

due to their pharmaceutical importance such as 

antiseptic, antirheumatic, antioxidant, 

anti-inflammatory and antidiabetic properties but till 

now the therapeutic properties of T. hybridum are 

explored to very less extent [19]. About 60% of 

Pakistani populations are still using medicinal plants for 

the treatment of different diseases [12]. The main reason 

behind this is that the whole of Pakistan and specifically 

Khyber Pakhtunkhwa is very rich in medicinal plants, 

but unfortunately, they are not systematically examined 

for their precious biological activities [20]. On the basis 

of the above-mentioned facts, the current study was 

carried out to assess the antioxidant potential and 

antimicrobial properties of T. hybridum against selected 

resistant pathogens as Trifolium species are proven to be 

rich sources for phytoactive compounds. This will later 

help in the development of drug that would be potent 

against infectious microbes and further reduce the 

oxidative stress generated by microbes. 

The evaluation of antioxidant potential and 

antibacterial properties of Trifolium hybridium, a 

member of the Leguminoseae or Fabaceae family, is 

what distinguishes this work. While other Trifolium 

species have been studied for their medicinal properties, 

the therapeutic potential of T. hybridium has only been 

explored to a limited extent. This study seeks to fill this 

knowledge gap by investigating T. hybridium's possible 

medical benefits. 

T. hybridum was selected because compounds found 

in T. hybridum have been demonstrated to be effective 

for treating a variety of health issues including cancer, 

inflammation, neurological disorders, gastrointestinal 

difficulties, cardiovascular problems, metabolic 

disorders and infectious diseases.  

 

2. Methods 
 

2.1. Determination of Bioactive Compounds 

In the first series of experiments, various secondary 

metabolites including flavonoids, tannins, alkaloids, 

β-carotene and lycopene were extracted from roots, 

stems, and leaves of T. hybridum (Fig. 1).  

 
Fig. 1 The figure shows the concentrations of flavonoids, tannins, β-carotene, alkaloids, and lycopene in the leaves, stem, and root extracts of T. 

hybridium. All values were measured in triplicate. 

 

The absorbance obtained for flavonoids in the leaves 

was 2.791 ± 0.096 at 250 µl while that for stem and root 

parts was 1.355 ± 0.329 and 0.963 ± 0.029, respectively, 

at 398 and 275 µg/mL. Similarly, the tannin contents in 

the leaves were higher in concentration (2.572 ± 0.0372) 

at 250 µl, while the stem and roots were noted to contain 

1.348 ± 0.0338 and 0.1137 ± 0.0313 mg/mL, 

respectively. Results reveal that the leaves of T. 

hybridum contain the highest concentration of alkaloids 

(0.47 ± 0.03 mg/ml) as compared to stem and root, 

which were found 0.24 ± 0.04 mg/ml and 0.35 ± 0.06, 

respectively. Similarly, the β-carotene are found higher 

in leaves (1.351 ± 0.010 mg/50 ml) then stem (0.868 ± 

0.0005 mg/50 ml) and root parts (0.805 ± 0.030 mg/50 

ml). The concentration of lycopene in leaves of T. 

hybridium is 0.0333 ± 0.001 mg/50 ml while stem and 

roots contain 0.078 ± 0.0005 mg/50 ml and 0.415 ± 

0.039 mg/50 ml respectively. This study revealed that 

compared to other parts, Trifolium leaves contained 

significant concentrations of flavonoids, tannins, 

β-carotene, alkaloids, and tannins. Our results agree 

with the findings of Esmaeili [21], who showed that T. 

partenes leaves also contain a high amount of 

flavonoids compared to other parts of the plant [24]. 

 

2.2. Antioxidant Activities of Flavonoids and 

Tannins 

Antioxidant activities of the extracted flavonoids and 

tannins from the root, stem, and leaves of T. hybridum 

were determined using a free radical scavenging assay 

(Fig. 2). The concentrations of flavonoids and tannins in 

the leaves were 0.71 ± 0.0351 and 1.91 ± 0.0264 
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mg/mL. Similarly, flavonoids and tannins from the stem 

(0.47 ± 0.0291 and 1.12 ± 0.0201 mg/mL) and root also 

possess some considerable antioxidant potential (0.47 ± 

0.0152 and 0.246 ± 0.0193 mg/mL). 

 
Fig. 2 The antioxidant activities of flavonoids and tannins in leaves, stems and roots of T. hybridium. All values were measured in triplicate. 

 

2.3. The Antioxidant Activity of Different Solvent 

Extracts 

In vitro antioxidant activity of different solvent 

extracts, i.e., n-hexane, acetone, chloroform, butanol, 

ethanol, methanol and distilled water from leaves, stem 

and roots of T. hybridum was assessed in comparison to 

that of standard ascorbic acid (Fig. 3). Among all, 

methanol and ethanol based extracts have shown the 

highest antioxidant activities, n-hexane, acetone and 

chloroform extracts have shown moderate activities 

while butanol and aqueous extracts showed negligible 

activities. The results of individual solvent extracts from 

different parts (leaves, stem, and root) showed diverse 

antioxidant activities. However, among all, the 

methanol extract of leave was found significant (1.413 ± 

0.099 mg/mL) as compared to stem and root, i.e., 1.294 

± 0.051 and 1.139 ± 0.061 mg/mL, respectively, at 750 

µg. Likewise, the antioxidant activity of the ethanol 

extract was found to be maximum in the leaves, with 

1.317 ± 0.074 mg/mL at 7500 µg. While the n-hexane, 

i.e., 0.791 ± 0.91, 0.732 ± 0.053 and 0.913 ± 0.039 

mg/mL were found for the leaves, stem and roots 

respectively. Similarly, in acetone, chloroform, butanol 

and water the leaves contain maximum antioxidant 

capabilities i.e., 0.616 ± 0.088, 0.712 ± 0.091, 0.437 ± 

0.061, and 0.479 ± 0.088 mg/mL respectively as 

compared to standard ascorbic acid. 

 
Fig. 3 Antioxidant activities of different solvent extracts of T. hybridium parts. Bars show antioxidant activities of the solvents with their 

respective plant parts. The mean was taken in triplicates. 

 

2.4. Antimicrobial Activities of Different Extracts 

In the present study, the antibacterial activity of 

solvent extracts including n-hexane of roots, stem and 

leaves of T. hybridum was evaluated against selected 

bacterial strains (Fig. 4A). The results indicated that 

leaves extracts possess a significant antibacterial 

potential against S. aureus, showing 21 ± 1.52-mm 

inhibition  

Among all extracts, the leaves acetone extract was 

found very active against M. morganii showing an 

0 

0,1 

0,2 

0,3 

0,4 

0,5 

0,6 

0,7 

0,8 

0,9 

Lycopene Alkaloids β-carotene Tanins Flavanoids 

A
n
ti

o
x

id
en

ts
 a

ct
iv

it
ie

s 

(m
g
/m

L
) 

Leaves  Stem Roots 

0 

0,2 

0,4 

0,6 

0,8 

1 

Lycopene Alkaloids β-carotene Tanins Flavanoids 

A
n
ti

o
x

id
en

ts
 a

ct
iv

it
ie

s 

(m
g
/m

L
) 

Leaves  Stem Roots 



61 

 

 

inhibitory zone of 22.3 ± 1.15 mm, as compared to 

standards i.e. ampicillin and streptomycin (Fig. 4B). 

Similarly, its activity against A. baumanii, K. 

pneumoniae and P. aeruginosa was noted with 

inhibitory zone of 17.6 ± 1.15, 17.3 ± 1.52 and 15 ± 2 

mm, respectively, while no significant effect against E. 

coli was observed. In the case of stem, its acetone 

extract showed a high inhibitory potential against 

P.aeruginosa, i.e. 19 ± 1 mm. However, the root acetone 

extract had a good antibacterial activity against A. 

baumannii and K. pneumoniae but showed moderate 

activity against other bacterial pathogens. 

The results indicated that the chloroform extract of 

leaves possessed high inhibitory potential against A. 

baumannii with a zone of inhibition of 17.6 ± 1.5 mm, 

while showing 14.67 ± 1.15, 13.6 ± 0.5 and 14.3 ± 1.15 

mm zone of inhibition against M. morganii, P. 

aeruginosa and K. pneumoniae, respectively. The 

chloroform extract of the stem and root did not show any 

satisfactory results against all the selected bacteria (Fig. 

4C). 

 
Fig. 4 Different extracts, (a) chloroform, (b) acetone, and (c) 

chloroform, from the T. hybridum roots, leaves, and stem show 

significant antibacterial activities against different bacterial strains. 

Various statistical bars represent significant effect compared to 

slandered at p > 0.05. 

 

The results revealed that the leaves butanol extract 

showed high inhibitory potential against selected 

bacterial strains (Figure. 5A). Among all, K. 

pneumoniae had an inhibition zone of 18.3 ± 1.5 mm as 

shown in the figure, while their stem extract showed 

12.13 ± 0.67 and 13 ± 1 mm inhibition against P. 

aeruginosa and A. baumanii, respectively, and 15.6 ± 

0.57 mm against E. coli for root extract. 

Ethanolic extracts of leaves show a high inhibitory 

zone of 24.6 ± 0.57 mm and 23.6 ± 1.52 mm against K. 

pneumoniae and P. aeruginosa, respectively, which is 

higher than the standard antibiotics used against these 

bacteria (Fig. 5B). Their stem extract shows high 

inhibitory potential against P. aeruginosa with a zone of 

inhibition of 26.3 ± 1.15 mm, which is even higher than 

the standard drugs used. Here the extract from root did 

not show efficient antibacterial activity. 

According to the results, the methanol extracts of 

leaves possess moderate inhibitory potential against M. 

morganii, A. baumannii, and K. pneumoniae showing 17 

± 1 mm, 15.6 ± 1.15 mm and 16.3 ± 1.15 mm zones of 

inhibition, respectively (Fig. 5C). The stem part is 

effective only against M. morganii, A. baumannii, and 

K. pneumoniae. The methanolic extract of roots is also 

effective against all the selected bacterial strains and 

shows high inhibitory potential against E. coli and P. 

aeruginosa showing 23 ± 0.5 mm and 20.3 ± 0.57 mm 

zones of inhibition, respectively. 

The distilled water extract of leaves showed 

moderate inhibitory potential against K. pneumoniae 

and M. morganii with 16 ± 1.41 mm and 15.5 ± 0.7 mm 

zones of inhibition, respectively (Fig. 5D). The distilled 

water extract of the stem showed moderate inhibitory 

potential against A. baumannii and K. pneumoniae thus 

showing 17 ± 1 mm and 16.5 ± 0.71 mm zone of 

inhibition, respectively. The distilled water extracts of 

roots are moderately effective against E. coli and P. 

aeruginosa showing 17.3 ± 1.15 mm and 15.3 ± 0.57 

mm zone of inhibition, respectively, and become least 

effective against M. morganii, A. baumannii and K. 

pneumoniae. The antibacterial activity of different 

solvent extracts (n-hexane, acetone, chloroform, 

ethanol, methanol and water) of T. hybridum against 

selected pathogenic bacterial strains i.e. E. coli, S. 

aureus, K. pneumoniae, A. baumanii, P. aeruginosa and 

M. morgannii was evaluated. 

 
Fig. 5 The antibacterial activities of Trifolium hybridum different 

extracts butanol (A), ethanol (B), methanol (C) and distilled water 

(D) were monitored against different pathogenic bacteria. Different 

statistical bars represent significant zone of inhibition as compared to 

standards used at a level of p > 0.05. 
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2.5. The Antibacterial Activity of Isolated 

Phytochemicals 

The ethanol extract of leaves showed a high 

inhibitory potential against K. pneumoniae and P. 

aeruginosa showing 24.6 ± 0.57 and 23.6 ± 1.52 mm 

inhibitory zones, respectively. This might be the 

presence of high concentrations of phytochemicals, e.g., 

flavonoids and their derivatives, in the leaves of T. 

hybridium. However, the high inhibitory activities 

might also be due to the interaction of these active 

compounds with the outer membrane of bacterial cells, 

e.g., gram positive and negative bacterial strains might 

be indicative of the presence of compounds as 

broad-spectrum antibiotic activities [22]. 

Flavonoids in leaves revealed high inhibitory activity 

against E. coli and K. pneumonia showing 21.3 ± 1.15 

and 16 ± 1 mm zones of inhibition, respectively. 

Similarly, the roots extract significantly inhibited the 

growth of M. morganii and E. coli with 19.3 ± 1.15 and 

15.3 ± 0.57 mm zone of inhibition, while flavonoids 

present in the stem showed high inhibitory potential of 

20.6 ± 0.57 mm zone of inhibition against E. coli (Table 

1). 

The antibacterial activity of tannins in different parts 

of T. hybridum showed a high inhibitory potential of 

20.3 ± 0.57 mm against S. aureus, while from leaves it 

showed a moderate inhibitory potential 15 ± 0.75 mm 

against E. coli. The tannin extract of roots showed 

moderate inhibitory potential of 15 ± 1 and 14.6 ± 0.57 

mm against M. morganii and P. aeruginosa, 

respectively.  

Therefore, maximum antioxidant activity was found 

in acetone extract. Similarly, the bioactive compound 

found in higher concentration after tannins was 

flavonoids that were extracted in ethanol [23]. Likewise, 

the results of antimicrobial activity revealed that again 

acetone and ethanol extracts gave maximum activity as 

found in case of antioxidant activity. The maximum 

number of tannins and flavonoids are extracted in these 

two solvents. Acetone extract of leaves showed its 

highest inhibitory potential against M. morgannii A. 

baumannii and K. pneumonia showing 22.3 ± 1.15 mm, 

17.6 ± 1.15 mm and 17.3 ± 1.52 mm zone of inhibition, 

while the other three microbes, i.e., E. coli, S. aureus 

and P. aeruginosa showed resistance against acetone 

extract. 

 
Table 1 The antibacterial potential of different phytochemicals isolated from Trifolium hybridum L. 

  S. aureus E. coli K. pneumoniae A. baumannii P. aeruginosa M. morganii 

 Standards G + ve G –ve G –ve G –ve G –ve G –ve 

Standard Streptomycin 20 mm 15 mm 16 mm 15 mm _ _ 

Ampiciline _ 18 mm _ 20 mm 18 mm _ 

Flavonoids THL 20 ± 0.5 21.3 ± 1.15 20.3 ± 1.52 13 ± 1 13.6 ± 1.52 16 ± 1 

THS 10.6 ± 0.57 20.6 ± 0.57 13.3 ± 1.52 12.6 ± 1.52 12.3 ± 1.15 10.5 ± 0.7 

THR _ 15.3 ± 0.57 12 ± 0.5 14 ± 0.5 14.6 ± 0.57 19.3 ± 1.15 

Tannins Leaves 20.3 ± 0.57 15.3 ± 0.57 14 ± 0.5 13.6 ± 0.57 17 ± 0.5 12.3 ± 0.57 

Stem 11 ± 1 15 ± 0.75 10.6 ± 0.57 - 11.3 ± 0.57 - 

Roots 12.3 ± 0.57 13.6 ± 0.57 11 ± 0.5 11.6 ± 0.57 14.6 ± 0.57 15 ± 1 

Alkaloids Roots 14.6 ± 1.15 12 ± 1 14 ± 0.5 - 14.6 ± 0.57 - 

Stem - 10.6 ± 0.57 11 ± 0.57 - 14.6 ± 1.52 11 ± 1 

Leaves - 13.6 ± 0.57 19 ± 1 12 ± 0.5 - - 

β-carotene & lycopene Roots 15.6 ± 0.57 12.3 ± 0.57 13.3 ± 1.15 15 ± 0.5 15.6 ± 0.57 12 ± 0.5 

Stem - 0.9 ± 0.5 10 ± 0.5 - 15.3 ± 0.57 - 

Leaves _ 13 ± 1 23 ± 1 22.6 ± 1.72 18 ± 1 22 ± 1 

Note: _ represents unreported. 

 

2.6. Compound Isolation and Purification from 

Active Extract by Column Chromatography  

The crude ethanol extract was prepared and 

fractionated into 4 fractions, namely, n-hexane, ethyl 

acetate, di-chloro methane (DCM) and distilled water. 

The antibacterial activities of these fractions were 

evaluated to select the active fraction for compound 

isolation and purification. The results of the 

antimicrobial activity of these fractions against various 

selected bacterial strains (Table 2). 

Results revealed that among these four fractions 

ethyl acetate fraction showed highest activity against 

methicillin-resistant S. aureus and H. influenza with 

moderate inhibitory potential of 15 ± 2 and 16 ± 01 mm 

zone of inhibition respectively as compared to other 

fractions and is thus selected for further separation via 
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column chromatography in order to separate the active 

compound. 

Hence 40 different fractions were obtained on 

different polarities from column chromatography of 

ethyl acetate fraction and evaluated for antimicrobial 

potential, among which only 10 fractions showed 

moderate activity as compared to crude extract (Table 

3). 

 
Table 3 The antibacterial activities of different fractions isolated via; column chromatography 

S. No. Polarity MR S. aureus M. morganii E. coli K. pneumoniae 

1 20% Ethyl acetate 15 ± 0.5 13 ± 1 - 14 ± 0.5 

2 25% Ethyl acetate 11 ± 1 - 11 ± 0.5 13 ± 0.5 

3 30% Ethyl acetate - 15 ± 0.5 13 ± 0.5 10 ± 1 

4 35% Ethyl acetate - - 15 ± 1 - 

5 45% Ethyl acetate 12 ± 1 12 ± 0.5 - - 

6 65% Ethyl acetate - 16 ± 0.5 13 ± 0.5 - 

7 70% Ethyl acetate 12 ± 0.5 - - 12 ± 0.5 

8 80% Ethyl acetate - - - 13 ± 0.5 

9 85% Ethyl acetate - - 10 ± 0.1 11 ± 0.1 

10 90% Ethyl acetate - 15 ± 1 - 14 ± 0.5 

Note: - represents no activity. 

 

3. Literature Review 
Researchers have been studying the biological 

properties of medicinal plants in the hopes of 

discovering a medication for disease treatment and a 

way to delay the onset of aging symptoms. For this 

purpose, different secondary metabolites such as 

flavonoids, tannins, alkaloids, β-carotene and lycopene 

were studied from roots, stem and leaves of T. 

hybridium. It was found that leaves have the highest 

concentration of alkaloids and β-carotene then in stem 

and root, whereas lycopene concentration was found to 

be lower in leaves than roots. Similarly, each plant 

family, genus, and species develops its unique chemical 

properties, which can sometimes be deployed as 

taxonomic features in the plant classification [12]. It has 

been assumed that the occurrence of secondary 

metabolites in plants is extremely difficult to study due 

to their diversity in phytochemicals and in different 

classes of plants as well [12]. This study revealed that 

compared to other parts, Trifolium leaves contained 

significant concentrations of flavonoids, tannins, 

β-carotene, alkaloids, and tannins. Our findings are 

consistent with those of Esmaeili et al. [21], who 

showed that T. pratense leaves also contain a high 

amount of flavonoids as compared to other parts of the 

plant [21, 24]. By analyzing the antioxidants, it was 

found that as compared to stem and roots, the maximum 

antioxidant potential of phytochemicals from leaves was 

taken into consideration, which could lead to the 

occurrence of more quantity of these phytochemicals 

and their derivatives [25]. The results also suggested 

strong antioxidant potential of T. hybridum due the 

presence of polyphenols in the form of flavonoids and 

tannins, which are directly involved in the free radicle 

scavengers and efficient in the stoppage of different 

oxidative stresses [12, 26]. Among all solvent based 

extracts, the methanol and ethanol-based extract have 

revealed the good antioxidant activities, followed by 

n-hexane, acetone and chloroform extracts with 

moderate activities, while butanol and aqueous extract 

showed negligible activities. The methanol extract from 

leaves revealed the significant antioxidant activity than 

that of stem and roots. However, antioxidant profiling 

and phytochemical determination of T. pratense and T. 

rapens. The leaves of both species have higher contents 

of tannins and other secondary metabolites [27]. The 

present findings are consistent with the study on T. 

nigresces and T. constantinopolitanum in which tannins 

in leaves extract also showed high antioxidant activity 

[28]. The leaves extract of trifolium genus generally 

contains important phytochemicals, i.e. tannins that 

have shown significant antioxidant potential. These 

capabilities might be due to the fact that natural 

anti-oxidant compounds engage in interactions with free 

radical assembly and inactivate them by reducing singlet 

and triplet oxygen, decomposing hydrogen peroxide and 

inhibiting enzymes per oxidation [29]. Similarly, 

tannins and flavonoids interact with free radicals and 

block their chain reactions by donating electrons, 

reducing and inhibiting their oxidative reactions by 

oxidizing the reduction reaction [30, 31]. The secondary 

metabolites and extract of T. hybridum isolate from 

leaves were found to have good antimicrobial activity 

against selected human pathogens. The acetone, 

chloroform, butanol and ethanol extracts of leaves 

showed significant antimicrobial activity.  

Similarly, E. crassipes leaf extracts revealed 

antimicrobial activity against the following bacteria: E. 

coli, Bacillus subtilis, Bacillus cereus, Lactobacillus 

casei and Pseudomonas aeruginosa. As antibacterial 

and antifungal drugs, streptomycin and fluconazole 

were utilized as controls. Plant extracts were most 

effective against B. subtilis, F. solani, C. 

gloeosporioides, and A. alternate. They used acetone, 

ethanol, methanol, and n-butyl alcohol to identify the 

chemical analyzes of the leaf extracts. Several 

therapeutic components were found in the fractionated 

extracts, including phenols, proteins, alkaloids, amino 

acids, polysaccharides, flavonoids, glycosides, tannins, 
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and terpenoids [32]. The phytochemical analysis and 

antibacterial activity of several cynodon dactylon 

extracts (l.) pers. (bermuda) was found that ethanol and 

ethyl acetate extracts showed the highest activity for all 

of the tested pathogens. Both methanol and acetone 

extracts showed activity toward B. cereus and B. 

subtilis, while chloroform extract showed activity 

toward B. subtilis and S. pyogenes, respectively. Diethyl 

ether extraction showed activity only on S. pyogenes, 

whereas no activity was observed for n-pentane 

extraction [33]. In the present study, the ethanol extract 

of leaves showed a high inhibitory potential against K. 

pneumoniae and P. auruginosa. Furthermore, the 

flavonoids and tannins showed significant antimicrobial 

activity, which is similar to the findings of [34, 35, 36]. 

The higher concentration of tannins in leaves might be 

responsible for the inhibitory effect on these bacterial 

strains [35]. 

 

4. Results and Discussion 
 

4.1. Sample Collection and Preparation 

The plant samples of T. hybridium were collected 

from District Upper Dir, Pakistan for phytochemical 

determination and evaluation of antioxidant and 

antimicrobial activities. The entire T. hybridum plant 

was washed and air-dried. Roots, stem and leaf were 

separated and ground to a fine powder with the help of 

an electric blender, then saved in fine plastic bags 

labeled with the name of the respective part and stored 

for further analysis. 

 

4.2. Phytochemical Determination in Trifolium 

Hybridum 

 

4.2.1. Determination of Flavonoids 

The flavonoid content of a sample was analyzed by 

dissolving 5 gm in 50 mL of 80% aqueous ethanol and 

incubated using a shaker incubator for 24 hours. The 

extract was subsequently filtered and stored at 4 °C in a 

50 mL falcon tubes. Spectrophotometry was used to 

evaluate accordingly. The extract (250 μl) was diluted 

with 1.25 mL of distilled water and 75 μl of 5% NaNO2 

solution. After 5 minutes, 150 μl of 10% AlCl3.H2O 

was added, followed by the addition of 500 μl of 1 M 

NaOH and 275 μl of distilled water after 6 minutes. In 

the same manner, 80% aqueous ethanol blank was 

developed. The solution was thoroughly mixed, and 

absorbance at 415 nm was taken for measurement [37]. 

Different concentrations of quercetin (5 mg-0.3125 mg) 

were used as standard to draw the standard curve. 

 

4.2.2. Determination of Tannins 

Tannins were extracted by dissolving 0.5 gm of 

sample in 100 mL of 70% Acetone. Estimation of 

tannins was carried out by a spectrophotometric assay as 

described by Akindahunsi & Oyetayo [38]. Different 

concentrations of tannic acid (50 mg-3.125 mg) were 

prepared by serial dilution from stock solution (50 

mg/100 mL of 70% acetone). The absorbance was 

measured at 725 nm after the addition of 0.5 ml of 

folin-phenol reagent and 2.5 ml of 20% Na2CO3. Blank 

containing 70% acetone was also prepared in the same 

way. 

 

4.2.3. Determination of Alkaloids 

Alkaloids were extracted using the acid base shifting 

method described by [39]. According to the protocol, 

the dried sample was dissolved in ethanol (1:10) and left 

to shake for 24 hours. Extract was filtered and 

concentrated near to dryness in an oven and was 

re-dissolved in ethanol with the addition of 1% HCl. The 

mixture was placed in a refrigerator for three days. The 

solution was filtered, pH maintained at 8-10 and 

extracted with chloroform using a separating funnel. 

The chloroform layer was recovered and the ethanol 

layer discarded, while the solution was heated in a hot 

water bath for evaporation. After that, the sample was 

dried in an oven to constant weight. Alkaloid contents 

were calculated on the basis of the weight obtained and 

weight used. 

 

4.2.4. Determination of β-Carotene and Lycopene 

Methanol extract of sample was prepared by 

dissolving 10 gm of sample in 100 mL (1:10) of 

methanol and the solution was incubated using shaker 

incubator at 25ºC for 24 hours. The extract was 

stored after filtering. The dried sample was extracted 

with acetone after the liquid extract had been heated in a 

water bath at 50°C to allow the solvent to evaporate: 

combination of n-hexane (4:6). The reaction mixture 

containing ß Carotene and Lycopene was saved at 4ºC. 

The spectrophotometric analysis was accomplished by 

measuring the absorbance at 453, 505, 645 and 663 nm. 

Ss-carotene's contents and lycopene were calculated 

using the following equations: 

ß-carotene (mg/50 mL) = 0.216 A663 – 0.304A505 + 

0.452 A453         (1) 

Lycopene (mg/50 mL) = -0.0458A663 + 0.372A505 - 

0.0806A453         (2) 

 

4.3. Bioassays 

 

4.3.1. Extract Preparation for Antimicrobial Activity 

The powdered material was extracted using several 

solvents based on their polarity (n-hexane, Acetone, 

Chloroform, Butanol, Ethanol, Methanol, and Water). 

The sample was initially extracted by shaking in 

n-hexane (1:10) for 24 hours and then filtered. The 

filtrate was then transferred to a falcon tube that had 

been pre-weighed, and the residue was re-extracted 

using a solvent slightly more polar than n-hexane. The 
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same procedure was repeated with all solvents and all 

extracts were allowed to dry in an oven at 50°C, and 

again dissolved in dimethylsulfoxide (DMSO) for 

antimicrobial assay to obtain a final concentration of 15 

mg/ml for all extracts. 

 

4.3.2. Culture Preparation for Different Microbial 

Strains 

Antimicrobial activity was evaluated against various 

bacterial strains obtained from commercial sources 

including Escherichia coli (E. coli), staphylococcus 

aureus (S. aureus), Pseudomonas aeruginosa (P. 

aeruginosa), Klebsella pneumonia (K. pneumonia), 

Acetobactrus baumannii, Morganella morganii, and 

Haemophilus influenza (H. influenza) by using agar well 

diffusion method. Inocula of all microbes were prepared 

in sterilized Lauria-Bertini media gl
-1

 (SIGMA life 

science) in separate test tubes, which were then placed 

in a shaker incubator at for 24 hours containing 

approximately 10
8 
cfu/mL. 

 

4.3.3.  Agar-Well Diffusion Assay for Antimicrobial 

Activity 

Agar well diffusion technique was used for 

evaluating antimicrobial activity. Lauria-Bertini agar 

media was prepared and autoclaved at 121°C for 15 

minutes which was then cooled and poured in Petri 

plates. The wells of 9 mm were bored in each plate and 

were inoculated with 75-μl inoculum and 100 μl extract 

and incubated at 37°C for 24 hours. After 24 hours 

zones of inhibition were measured and expressed in 

millimeters. 

 

4.3.4. Antioxidant Activity 

The ferric ion reducing power capability of the 

extract was determined using a modified method [40]. 

First, the sample was diluted 3-4 times with the same 

solvent in which it was extracted. Then five different 

concentrations were prepared by serial dilution while 

the volume of sample was kept constant to 750 μl. Each 

sample (750 μl) was mixed with the same quantity of 

phosphate buffer (0.2 M, pH 6.6) and 1% potassium 

ferricyanide (a source of ferric ions). The solution was 

then left into the incubator at 50°C for 20 minutes after 

which (750 μl) Trichloroacetic acid (10%) was added to 

stop the reaction and was then centrifuged at 3000 rpm 

for 10 minutes. The upper layer (1.5 mL) was separated 

and mixed with equal amount of distilled water and 0.1 

ml FeCl3 solution (0.1%). A blank was also prepared 

using different concentrations of ascorbic acid as 

standard using the same procedure and the absorbance 

was measured at 700 nm. 

 

4.4. Statistical Analysis 

The data were analyzed by one-way analysis of 

variance (ANOVA) using the statistical software 

package SPSS V.21.0 (SPSS, Chicago, IL, USA). 

Similarly, the mean separation was calculated using the 

Duncan multiple range test, and different letters were 

used for the statistically significant differences at p > 

0.05.  

 
Fig. 6 Schematic representation of the study 

 

5. Conclusions 
From the current study it is concluded that an ethanol 

extract from the leaves of T. hybridum showed the 

highest antibacterial potential against the selected 

human pathogens as compared to those of the standards 

used. Gram-positive bacteria were found to be more 

susceptible to gram negative. The same extract was 

proven to be active in antioxidant assays. Interestingly, 

the leaves part of T. hybridum has more active 

phytochemicals such as tannins and flavonoids as 

compared to root and stem parts. The therapeutic 

potentials of T. hybridum include antimicrobial and 

antioxidant properties and these might be due to the 

presence of high concentrations of polyphenolic 

compounds like tannins and flavonoids and their 

derivatives. According to the Go-No-Go strategy for 

natural products, if the pure compound is less potent 

compared to crude extract, crude extract can be 

considered as a drug. The main limitation of this study is 

that Therefore, the present study encourages further 

investigation of the leave ethanol extracts of this 

valuable medicinal to help in combating several 

diseases, especially in the Asian developing countries. 

 

Funding 
ZP is supported by Higher Education Commission, 

Pakistan (Award Number 20-3589). 

 



Sheheryar et al. Biological Activities of Polar Extracts and Phytochemicals Isolated from Trifolium Hybridum L., Vol. 50 No. 6 June 2023 

66 

 

References 
[1] DIAS D. A., URBAN S., and ROESSNER U. A historical 

overview of natural products in drug discovery. Metabolites, 

2012, 2(2): 303–336. https://doi.org/10.3390/metabo2020303  

[2] ABD EL‐HACK M. E., EL‐SAADONY M. T., SWELUM 

A. A., ARIF M., ABO GHANIMA M. M., SHUKRY M., 

NORELDIN A., TAHA A. E., and EL‐TARABILY K. A. 

Curcumin, the active substance of turmeric: its effects on 

health and ways to improve its bioavailability. Journal of the 

Science of Food and Agriculture, 2021, 101(14): 5747-5762. 

https://doi.org/10.1002/jsfa.11372 

[3] SEGHETO L., SANTOS B. C. S., WERNECK A. F. L., 

VILELA F. M. P., DE SOUSA O. V., and RODARTE M. P. 

Antioxidant extracts of coffee leaves and its active ingredient 

5-caffeoylquinic acid reduce chemically-induced 

inflammation in mice. Industrial Crops and Products, 2018, 

126: 48-57. https://doi.org/10.1016/j.indcrop.2018.09.027 

[4] DAS K., TIWARI R., and SHRIVASTAVA D. 

Techniques for evaluation of medicinal plant products as 

antimicrobial agent: Current methods and future trends. 

Journal of Medicinal Plants Research, 2010, 4(2): 104-111. 

https://doi.org/10.5897/JMPR09.030 

[5] NASIR A., KHAN M., REHMAN Z., KHALIL A. A. K., 

FARMAN S., BEGUM N., IRFAN M., SAJJAD W., and 

PARVEEN Z. Evaluation of Alpha-Amylase Inhibitory, 

Antioxidant, and Antimicrobial Potential and Phytochemical 

Contents of Polygonum hydropiper L. Plants, 2020, 9(7): 

852. https://doi.org/10.3390%2Fplants9070852 

[6] MICHAEL C. A., DOMINEY-HOWES D., and 

LABBATE M. The antimicrobial resistance crisis: causes, 

consequences, and management. Frontiers in Public Health, 

2014, 2: 145. https://doi.org/10.3389%2Ffpubh.2014.00145 

[7] KAITIN K. I. Deconstructing the drug development 

process: the new face of innovation. Clinical Pharmacology 

& Therapeutics, 2010, 87(3): 356-361. 

https://doi.org/10.1038%2Fclpt.2009.293 

[8] RAMZAN A., SHAH M., ULLAH N., NASCIMENTO J. 

R., CAMPOS F. A., DOMONT G. B., NOGUEIRA F. C. S., 

and ABDELLATTIF M. H. Proteomic Analysis of Embryo 

Isolated From Mature Jatropha curcas L. Seeds. Frontiers in 

plant science, 2022, 13: 843764. 

https://doi.org/10.3389/fpls.2022.843764 

[9] DEHGHAN Z., RANJBAR M., GOVAHI M., and 

KHAKDAN F. Green synthesis of Ag/Fe3O4 nanocomposite 

utilizing Eryngium planum L. leaf extract and its potential 

applications in medicine. Journal of Drug Delivery Science 

and Technology, 2022, 67: 102941. 

https://doi.org/10.1016/j.jddst.2021.102941 

[10] LIU Y., & WANG M.-W. Botanical drugs: challenges 

and opportunities: contribution to Linnaeus Memorial 

Symposium 2007. Life Sciences, 2008, 82(9-10): 445-449. 

https://doi.org/10.1016/j.lfs.2007.11.007 

[11] ADNAN M., RASUL A., HUSSAIN G., SHAH M. A., 

ZAHOOR M. K., ANWAR H., SARFRAZ I., RIAZ A., 

MANZOOR M., ADEM Ş., and SELAMOGLU Z. 

Ginkgetin: A natural biflavone with versatile pharmacological 

activities. Food and Chemical Toxicology, 2020, 145: 

111642. https://doi.org/10.1016/j.fct.2020.111642 

[12] KHAN A., ALI S., MURAD W., HAYAT K., SIRAJ S., 

JAWAD M., KHAN R. A., UDDIN J., AL-HARRASI A., and 

KHAN A. Phytochemical and pharmacological uses of 

medicinal plants to treat cancer: A case study from Khyber 

Pakhtunkhwa, North Pakistan. Journal of 

Ethnopharmacology, 2021, 281: 114437. 

http://dx.doi.org/10.1016/j.jep.2021.114437 

[13] CHANDA S., & RAKHOLIYA K. Combination 

therapy: Synergism between natural plant extracts and 

antibiotics against infectious diseases. In: MÉNDEZ-VILAS 

A. (ed.) Science against microbial pathogens: communicating 

current research and technological advances. Formatex, 

Bajadoz, 2011: 520-529. 

https://www.researchgate.net/publication/268064090_Combi

nation_therapy_Synergism_between_natural_plant_extracts_

and_antibiotics_against_infectious_diseases 

[14] TRUTER M. Epidemiology of citrus black spot disease 

in South Africa and its impact on phytosanitary trade 

restrictions. PhD thesis, University of Pretoria, 2010. 

https://repository.up.ac.za/bitstream/handle/2263/28968/Com

plete.pdf?sequence=7 

[15] KAPEPULA P. M., KABENGELE J. K., KINGOMBE 

M., VAN BAMBEKE F., TULKENS P. M., KISHABONGO 

A. S., DECLOEDT E., ZUMLA A., TIBERI S., SULEMAN 

F., TSHILOLO L., MUYEMBE-TAMFUM J.-J., ZUMLA 

A., and NACHEGA J. B. Artemisia Spp. derivatives for 

COVID-19 treatment: anecdotal use, political hype, treatment 

potential, challenges, and road map to randomized clinical 

trials. The American Journal of Tropical Medicine and 

Hygiene, 2020, 103(3): 960. 

https://doi.org/10.4269/ajtmh.20-0820 

[16] RANA D., BHATT A., LAL B., PARKASH O., 

KUMAR A., and UNIYAL S. K. Use of medicinal plants for 

treating different ailments by the indigenous people of Churah 

subdivision of district Chamba, Himachal Pradesh, India. 

Environment, Development and Sustainability, 2021, 23(2): 

1162-1241. https://doi.org/10.1007/s10668-020-00617-0 

[17] KORIEM K. M. M. Antihyperlipidemic activity of the 

medicinal plants among Kadazan and Dusun communities in 

Sabah, Malaysia: a review. Asian Pacific Journal of Tropical 

Biomedicine, 2014, 4(10): 768-779. 

https://doi.org/10.12980/APJTB.4.2014C1144 

[18] SALIMPOUR F., MOSTAFAVI G., and SHARIFNIA F. 

Micromorphologic study of the seed of the genus Trifolium, 

section Lotoidea, in Iran. Pakistan Journal of Biological 

Sciences, 2007, 10(3): 378-382. 

https://doi.org/10.3923/pjbs.2007.378.382 

[19] KOLODZIEJCZYK-CZEPAS J. Trifolium 

species-derived substances and extracts — Biological activity 

and prospects for medicinal applications. Journal of 

Ethnopharmacology, 2012, 143(1): 14-23. 

https://doi.org/10.1016/j.jep.2012.06.048 

[20] AZIZ M. A., ADNAN M., KHAN A. H., REHMAN A. 

U., JAN R., and KHAN J. Ethno-medicinal survey of 

important plants practiced by indigenous community at Ladha 

subdivision, South Waziristan agency, Pakistan. Journal of 

Ethnobiology and Ethnomedicine, 2016, 12(1): 1-14. 

https://doi.org/10.1186/s13002-016-0126-7 

[21] KHORASANI ESMAEILI A., MAT TAHA R., 

MOHAJER S., and BANISALAM B. Antioxidant activity 

and total phenolic and flavonoid content of various solvent 

extracts from in vivo and in vitro grown Trifolium pratense L. 

(Red Clover). Biomed Research International, 2015: 643285. 

https://doi.org/10.1155/2015/643285 

[22] CHI H., & HOLO H. Synergistic antimicrobial activity 

between the broad spectrum bacteriocin garvicin KS and 

https://doi.org/10.3390/metabo2020303
https://doi.org/10.1002/jsfa.11372
https://doi.org/10.1016/j.indcrop.2018.09.027
https://doi.org/10.5897/JMPR09.030
https://doi.org/10.3390%2Fplants9070852
https://doi.org/10.3389%2Ffpubh.2014.00145
https://doi.org/10.1038%2Fclpt.2009.293
https://doi.org/10.3389/fpls.2022.843764
https://doi.org/10.1016/j.jddst.2021.102941
https://doi.org/10.1016/j.lfs.2007.11.007
https://doi.org/10.1016/j.fct.2020.111642
http://dx.doi.org/10.1016/j.jep.2021.114437
https://www.researchgate.net/publication/268064090_Combination_therapy_Synergism_between_natural_plant_extracts_and_antibiotics_against_infectious_diseases
https://www.researchgate.net/publication/268064090_Combination_therapy_Synergism_between_natural_plant_extracts_and_antibiotics_against_infectious_diseases
https://www.researchgate.net/publication/268064090_Combination_therapy_Synergism_between_natural_plant_extracts_and_antibiotics_against_infectious_diseases
https://repository.up.ac.za/bitstream/handle/2263/28968/Complete.pdf?sequence=7
https://repository.up.ac.za/bitstream/handle/2263/28968/Complete.pdf?sequence=7
https://doi.org/10.4269/ajtmh.20-0820
https://doi.org/10.1007/s10668-020-00617-0
https://doi.org/10.12980/APJTB.4.2014C1144
https://doi.org/10.3923/pjbs.2007.378.382
https://doi.org/10.1016/j.jep.2012.06.048
https://doi.org/10.1186/s13002-016-0126-7
https://doi.org/10.1155/2015/643285


67 

 

 

nisin, farnesol and polymyxin B against gram-positive and 

gram-negative bacteria. Current Microbiology, 2018, 75(3): 

272-277. https://doi.org/10.1007/s00284-017-1375-y 

[23] PATIL L., & KALIWAL B. Microalga Scenedesmus 

baja californicus BBKLP-07, a new source of bioactive 

compounds with in vitro pharmacological applications. 

Bioprocess and Biosystems Engineering, 2019, 42(6): 

979-994. https://doi.org/10.1007/s00449-019-02099-5 

[24] LIN L.-Z., HE X.-G., LINDENMAIER M., YANG J., 

CLEARY M., QIU S.-X., and CORDELL G. A. LC-ESI-MS 

study of the flavonoid glycoside malonates of red clover 

(Trifolium pratense). Journal of Agricultural and Food 

Chemistry, 2000, 48(2): 354-365. 

https://doi.org/10.1021/jf991002+ 

[25] KUMAR S., & ANDY A. Health promoting bioactive 

phytochemicals from Brassica. International Food Research 

Journal, 2012, 19(1): 141. 

http://www.ifrj.upm.edu.my/19%20(01)%202011/(19)IFRJ-

2010-256%20Kumar.pdf 

[26] SILVA A. F. G., PEZENTI L., ABEL M. C. N., and 

YUNES R. V. F. Antioxidant activity and quantification of 

phenols, flavonoids and total tannins of Cinnamomum 

triplinerve (Lauraceae). Ciência e Natura, 2019, 41: 34. 

http://dx.doi.org/10.5902/2179460X35292 

[27] SABUDAK T., & GULER N. Trifolium L.–a review on 

its phytochemical and pharmacological profile. Phytotherapy 

Research: An International Journal Devoted to 

Pharmacological and Toxicological Evaluation of Natural 

Product Derivatives, 2009, 23(3): 439-446. 

https://doi.org/10.1002/ptr.2709 

[28] AMEL Z., NABILA B.-B., NACÉRA G., FETHI T., and 

FAWZIA A.-B. Assessment of phytochemical composition 

and antioxidant properties of extracts from the leaf, stem, fruit 

and root of Pistacia lentiscus L. International Journal of 

Pharmacognosy and Phytochemical Research, 2016, 8: 

627-633. 

https://www.researchgate.net/publication/303124274_Assess

ment_of_phytochemical_composition_and_antioxidant_prop

erties_of_extracts_from_the_leaf_stem_fruit_and_root_of_P

istacia_lentiscus_L 

[29] KANCHEVA V. D., & KASAIKINA O. T. 

Bio-antioxidants–a chemical base of their antioxidant activity 

and beneficial effect on human health. Current Medicinal 

Chemistry, 2013, 20(37): 4784-4805. 

https://doi.org/10.2174/09298673113209990161 

[30] DEMIRTAS I., ERENLER R., ELMASTAS M., and 

GOKTASOGLU A. Studies on the antioxidant potential of 

flavones of Allium vineale isolated from its water-soluble 

fraction. Food Chemistry, 2013, 136(1): 34-40. 

https://doi.org/10.1016/j.foodchem.2012.07.086 

[31] KUMAR S., GUPTA A., and PANDEY A. K. Calotropis 

procera root extract has the capability to combat free radical 

mediated damage. International Scholarly Research Notices 

Pharmacology, 2013: 691372. 

https://doi.org/10.1155/2013/691372 

[32] HAGGAG M., ABOU EL ELLA S., and ABOUZIENA 

H. Phytochemical Analysis, antifungal, antimicrobial 

activities and application of Eichhornia crassipes against 

some plant pathogens. Planta Daninha, 2017: 35. 

https://doi.org/10.1590/S0100-83582017350100026 

[33] ABDULLAH S., GOBILIK J., and CHONG K. P. 

Preliminary phytochemical study and antimicrobial activity 

from various extract of Cynodon dactylon (L.) Pers. 

(Bermuda) against selected pathogens. International Journal 

of Pharmacy and Pharmaceutical Sciences, 2012, 4(5): 

227-230. 

https://www.researchgate.net/publication/233905194_Prelim

inary_Phytochemical_Study_and_Antimicrobial_Activity_fr

om_Various_Extract_of_Cynodon_Dactylon_L_Pers_Bermu

da_Against_Selected_Pathogens 

[34] CARVALHO R., CAROLLO C., DE MAGALHÃES J., 

PALUMBO J., BOARETTO A., E SÁ NUNES I. C., FerrAz 

A. C., LIMA W. G., DE SIQUEIRA J. M., and FERREIRA J. 

Antibacterial and antifungal activities of phenolic 

compound-enriched ethyl acetate fraction from 

Cochlospermum regium (mart. Et. Schr.) Pilger roots: 

mechanisms of action and synergism with tannin and gallic 

acid. South African Journal of Botany, 2018, 114: 181-187.  

[35] GUPTA K., KUMAR A., TOMER V., KUMAR V., and 

SAINI M. Potential of Colocasia leaves in human nutrition: 

Review on nutritional and phytochemical properties. Journal 

of Food Biochemistry, 2019, 43(7): e12878. 

https://doi.org/10.1111/jfbc.12878 

[36] SVOBODOVA B., BARROS L., CALHELHA R. C., 

HELENO S., ALVES M. J., WALCOTT S., BITTOVA M., 

KUBAN V., and FERREIRA I. C. Bioactive properties and 

phenolic profile of Momordica charantia L. medicinal plant 

growing wild in Trinidad and Tobago. Industrial Crops and 

Products, 2017, 95: 365-373. 

https://doi.org/10.1016/j.indcrop.2016.10.046 

[37] BARROS L., CALHELHA R. C., VAZ J. A., 

FERREIRA I. C., BAPTISTA P., and ESTEVINHO L. M. 

Antimicrobial activity and bioactive compounds of 

Portuguese wild edible mushrooms methanolic extracts. 

European Food Research and Technology, 2007, 225(2): 

151-156. https://doi.org/10.1007/s00217-006-0394-x 

[38] AKINDAHUNSI A., & OYETAYO F. Nutrient and 

antinutrient distribution of edible mushroom, Pleurotus 

tuber-regium (fries) singer. LWT - Food Science and 

Technology, 2006, 39(5): 548-553. 

https://doi.org/10.1016/j.lwt.2005.04.005 

[39] EDEOGA H. O., OKWU D., and MBAEBIE B. 

Phytochemical constituents of some Nigerian medicinal 

plants. African Journal of Biotechnology, 2005, 4(7): 

685-688. https://doi.org/10.5897/AJB2005.000-3127 

[40] YEN G.-C., & CHEN H.-Y. Antioxidant activity of 

various tea extracts in relation to their antimutagenicity. 

Journal of Agricultural and Food Chemistry, 1995, 43(1): 

27-32. https://doi.org/10.1021/jf00049a007 
 

 

参考文: 

[1] DIAS D. A., URBAN S., 和 ROESSNER U. 药物发现

中天然产物的历史概述。代谢物, 2012, 2(2): 303–336. 

https://doi.org/10.3390/metabo2020303  

[2] ABD EL‐HACK M. E., EL‐SAADONY M. T., SWELUM 

A. A., ARIF M., ABO GHANIMA M. M., SHUKRY M., 

NORELDIN A., TAHA A. E., 和 EL‐TARABILY K. A. 姜

黄素（姜黄的活性物质）：其对健康的影响以及提高其生

物利用度的方法。食品与农业科学杂志, 2021, 101(14): 

5747-5762. https://doi.org/10.1002/jsfa.11372 

[3] SEGHETO L., SANTOS B. C. S., WERNECK A. F. L., 

VILELA F. M. P., DE SOUSA O. V., 和 RODARTE M. P. 

https://doi.org/10.1007/s00284-017-1375-y
https://doi.org/10.1007/s00449-019-02099-5
https://doi.org/10.1021/jf991002+
http://www.ifrj.upm.edu.my/19%20(01)%202011/(19)IFRJ-2010-256%20Kumar.pdf
http://www.ifrj.upm.edu.my/19%20(01)%202011/(19)IFRJ-2010-256%20Kumar.pdf
http://dx.doi.org/10.5902/2179460X35292
https://doi.org/10.1002/ptr.2709
https://www.researchgate.net/publication/303124274_Assessment_of_phytochemical_composition_and_antioxidant_properties_of_extracts_from_the_leaf_stem_fruit_and_root_of_Pistacia_lentiscus_L
https://www.researchgate.net/publication/303124274_Assessment_of_phytochemical_composition_and_antioxidant_properties_of_extracts_from_the_leaf_stem_fruit_and_root_of_Pistacia_lentiscus_L
https://www.researchgate.net/publication/303124274_Assessment_of_phytochemical_composition_and_antioxidant_properties_of_extracts_from_the_leaf_stem_fruit_and_root_of_Pistacia_lentiscus_L
https://www.researchgate.net/publication/303124274_Assessment_of_phytochemical_composition_and_antioxidant_properties_of_extracts_from_the_leaf_stem_fruit_and_root_of_Pistacia_lentiscus_L
https://doi.org/10.2174/09298673113209990161
https://doi.org/10.1016/j.foodchem.2012.07.086
https://doi.org/10.1155/2013/691372
https://doi.org/10.1590/S0100-83582017350100026
https://www.researchgate.net/publication/233905194_Preliminary_Phytochemical_Study_and_Antimicrobial_Activity_from_Various_Extract_of_Cynodon_Dactylon_L_Pers_Bermuda_Against_Selected_Pathogens
https://www.researchgate.net/publication/233905194_Preliminary_Phytochemical_Study_and_Antimicrobial_Activity_from_Various_Extract_of_Cynodon_Dactylon_L_Pers_Bermuda_Against_Selected_Pathogens
https://www.researchgate.net/publication/233905194_Preliminary_Phytochemical_Study_and_Antimicrobial_Activity_from_Various_Extract_of_Cynodon_Dactylon_L_Pers_Bermuda_Against_Selected_Pathogens
https://www.researchgate.net/publication/233905194_Preliminary_Phytochemical_Study_and_Antimicrobial_Activity_from_Various_Extract_of_Cynodon_Dactylon_L_Pers_Bermuda_Against_Selected_Pathogens
https://doi.org/10.1111/jfbc.12878
https://doi.org/10.1016/j.indcrop.2016.10.046
https://doi.org/10.1007/s00217-006-0394-x
https://doi.org/10.1016/j.lwt.2005.04.005
https://doi.org/10.5897/AJB2005.000-3127
https://doi.org/10.1021/jf00049a007
https://doi.org/10.3390/metabo2020303
https://doi.org/10.1002/jsfa.11372


Sheheryar et al. Biological Activities of Polar Extracts and Phytochemicals Isolated from Trifolium Hybridum L., Vol. 50 No. 6 June 2023 

68 

 

咖啡叶的抗氧化提取物及其活性成分 5-咖啡酰奎尼酸可

减少化学诱导的小鼠炎症。工业作物和产品, 2018, 126: 

48-57. https://doi.org/10.1016/j.indcrop.2018.09.027 

[4] DAS K., TIWARI R., 和 SHRIVASTAVA D. 药用植物

产品作为抗菌剂的评价技术：当前方法和未来趋势。药

用 植 物 研 究 杂 志 , 2010, 4(2): 104-111. 

https://doi.org/10.5897/JMPR09.030 

[5] NASIR A., KHAN M., REHMAN Z., KHALIL A. A. K., 

FARMAN S., BEGUM N., IRFAN M., SAJJAD W., 和 

PARVEEN Z. 水蓼植物的 α-淀粉酶抑制、抗氧化和抗菌

潜力以及植物化学含量的评价 , 2020, 9(7): 852. 

https://doi.org/10.3390%2Fplants9070852 

[6] MICHAEL C. A., DOMINEY-HOWES D., 和 

LABBATE M. 抗菌素耐药性危机：原因、后果和管理。

公 共 卫 生 前 沿 , 2014, 2: 145. 

https://doi.org/10.3389%2Ffpubh.2014.00145 

[7] KAITIN K. I. 解构药物开发过程：创新的新面貌。临

床 药 理 学 与 治 疗 学 , 2010, 87(3): 356-361. 

https://doi.org/10.1038%2Fclpt.2009.293 

[8] RAMZAN A., SHAH M., ULLAH N., NASCIMENTO J. 

R., CAMPOS F. A., DOMONT G. B., NOGUEIRA F. C. S., 

和 ABDELLATTIF M. H. 从成熟麻疯树种子中分离的胚

胎的蛋白质组学分析。植物科学前沿, 2022, 13: 843764. 

https://doi.org/10.3389/fpls.2022.843764 

[9] DEHGHAN Z., RANJBAR M., GOVAHI M., 和 

KHAKDAN F. 利用刺芹叶提取物绿色合成银/四氧化三

铁纳米复合材料及其在医学上的潜在应用。 药物输送科

学 与 技 术 杂 志 , 2022, 67: 102941. 

https://doi.org/10.1016/j.jddst.2021.102941 

[10] LIU Y., 和 WANG M.-W. 植物药：挑战与机遇：对 

2007 年林奈纪念研讨会的贡献。生命科学 , 2008, 

82(9-10): 445-449. https://doi.org/10.1016/j.lfs.2007.11.007 

[11] ADNAN M., RASUL A., HUSSAIN G., SHAH M. A., 

ZAHOOR M. K., ANWAR H., SARFRAZ I., RIAZ A., 

MANZOOR M., ADEM Ş., 和 SELAMOGLU Z. 银杏素：

一种具有多种药理活性的天然双黄酮。食品和化学毒理

学 , 2020, 145: 111642. 

https://doi.org/10.1016/j.fct.2020.111642 

[12] KHAN A., ALI S., MURAD W., HAYAT K., SIRAJ S., 

JAWAD M., KHAN R. A., UDDIN J., AL-HARRASI A., 和 

KHAN A. 药用植物治疗癌症的植物化学和药理学用途：

巴基斯坦北部开伯尔-普赫图赫瓦省的案例研究。民族药

理 学 杂 志 , 2021, 281: 114437. 

http://dx.doi.org/10.1016/j.jep.2021.114437 

[13] CHANDA S., 和 RAKHOLIYA K. 联合疗法：天然

植物提取物和抗生素对抗传染病的协同作用。在： 

MÉNDEZ-VILAS A.（编辑）针对微生物病原体的科学：

交流当前的研究和技术进步。福泰克斯, 巴哈多斯, 2011: 

520-529. 

https://www.researchgate.net/publication/268064090_Combi

nation_therapy_Synergism_between_natural_plant_extracts_

and_antibiotics_against_infectious_diseases 

[14] TRUTER M. 南非柑橘黑斑病的流行病学及其对植物

检疫贸易限制的影响。比勒陀利亚大学博士论文, 2010. 

https://repository.up.ac.za/bitstream/handle/2263/28968/Com

plete.pdf?sequence=7 

[15] KAPEPULA P. M., KABENGELE J. K., KINGOMBE 

M., VAN BAMBEKE F., TULKENS P. M., KISHABONGO 

A. S., DECLOEDT E., ZUMLA A., TIBERI S., SULEMAN 

F., TSHILOLO L., MUYEMBE-TAMFUM J.-J., ZUMLA 

A., 和 NACHEGA J. B. 蒿属植物新冠肺炎 治疗的衍生

物：轶事用途、政治炒作、治疗潜力、挑战和随机临床

试验路线图。美国热带医学与卫生杂志 , 2020, 103(3): 

960. https://doi.org/10.4269/ajtmh.20-0820 

[16] RANA D., BHATT A., LAL B., PARKASH O., 

KUMAR A., 和 UNIYAL S. K. 印度喜马偕尔邦昌巴区丘

拉分区的土著人民使用药用植物治疗不同的疾病。环境

、 发 展 和 可 持 续 发 展 , 2021, 23(2): 1162-1241. 

https://doi.org/10.1007/s10668-020-00617-0 

[17] KORIEM K. M. M. 马来西亚沙巴卡达山和杜顺社区

药用植物的抗高血脂活性：综述。亚太热带生物医学杂

志 , 2014, 4(10): 768-779. 

https://doi.org/10.12980/APJTB.4.2014C1144 

[18] SALIMPOUR F., MOSTAFAVI G., 和 SHARIFNIA F. 

伊朗车轴草属洛托亚科组种子的微形态学研究。巴基斯

坦 生 物 科 学 杂 志 , 2007, 10(3): 378-382. 

https://doi.org/10.3923/pjbs.2007.378.382 

[19] KOLODZIEJCZYK-CZEPAS J. 三叶草物种衍生物质

和提取物-生物活性和医学应用前景。民族药理学杂志, 

2012, 143(1): 14-23. 

https://doi.org/10.1016/j.jep.2012.06.048 

[20] AZIZ M. A., ADNAN M., KHAN A. H., REHMAN A. 

U., JAN R., 和 KHAN J. 对巴基斯坦南瓦济里斯坦机构拉

达分区土著社区实施的重要植物进行民族医学调查。民

族 生 物 学 和 民 族 医 学 杂 志 , 2016, 12(1): 1-14. 

https://doi.org/10.1186/s13002-016-0126-7 

[21] KHORASANI ESMAEILI A., MAT TAHA R., 

MOHAJER S., 和 BANISALAM B. 来自体内和体外生长

的红三叶草的各种溶剂提取物的抗氧化活性以及总酚和

类黄酮含量。国际生物医学研究中心 , 2015: 643285. 

https://doi.org/10.1155/2015/643285 

[22] CHI H., 和 HOLO H. 广谱细菌素加维菌素 KS与乳

链菌肽、金合欢醇和多粘菌素乙对革兰氏阳性菌和革兰

氏阴性菌具有协同抗菌活性。现代微生物学, 2018, 75(3): 

272-277. https://doi.org/10.1007/s00284-017-1375-y 

[23] PATIL L., 和 KALIWAL B. 微藻下加利福尼亚栅藻

BBKLP-07，具有体外药理学应用的生物活性化合物的新

来源。生物过程和生物系统工程, 2019, 42(6): 979-994. 

https://doi.org/10.1007/s00449-019-02099-5 

[24] LIN L.-Z., HE X.-G., LINDENMAIER M., YANG J., 

CLEARY M., QIU S.-X., 和 CORDELL G. A. 红三叶草（

红车轴草）黄酮苷丙二酸酯的电喷雾质谱仪研究。农业与

食 品 化 学 杂 志 , 2000, 48(2): 354-365. 

https://doi.org/10.1021/jf991002+ 

[25] KUMAR S., 和 ANDY A. 来自芸苔属的促进健康的

生物活性植物化学物质。国际食品研究杂志, 2012, 19(1): 

141. 

http://www.ifrj.upm.edu.my/19%20(01)%202011/(19)IFRJ-

2010-256%20Kumar.pdf 

[26] SILVA A. F. G., PEZENTI L., ABEL M. C. N., 和 

YUNES R. V. F. 樟科肉桂 (肉桂) 的抗氧化活性以及酚类

、类黄酮和总单宁的定量。科学与自然 , 2019, 41: 34. 

http://dx.doi.org/10.5902/2179460X35292 

https://doi.org/10.1016/j.indcrop.2018.09.027
https://doi.org/10.5897/JMPR09.030
https://doi.org/10.3390%2Fplants9070852
https://doi.org/10.3389%2Ffpubh.2014.00145
https://doi.org/10.1038%2Fclpt.2009.293
https://doi.org/10.3389/fpls.2022.843764
https://doi.org/10.1016/j.jddst.2021.102941
https://doi.org/10.1016/j.lfs.2007.11.007
https://doi.org/10.1016/j.fct.2020.111642
http://dx.doi.org/10.1016/j.jep.2021.114437
https://www.researchgate.net/publication/268064090_Combination_therapy_Synergism_between_natural_plant_extracts_and_antibiotics_against_infectious_diseases
https://www.researchgate.net/publication/268064090_Combination_therapy_Synergism_between_natural_plant_extracts_and_antibiotics_against_infectious_diseases
https://www.researchgate.net/publication/268064090_Combination_therapy_Synergism_between_natural_plant_extracts_and_antibiotics_against_infectious_diseases
https://repository.up.ac.za/bitstream/handle/2263/28968/Complete.pdf?sequence=7
https://repository.up.ac.za/bitstream/handle/2263/28968/Complete.pdf?sequence=7
https://doi.org/10.4269/ajtmh.20-0820
https://doi.org/10.1007/s10668-020-00617-0
https://doi.org/10.12980/APJTB.4.2014C1144
https://doi.org/10.3923/pjbs.2007.378.382
https://doi.org/10.1016/j.jep.2012.06.048
https://doi.org/10.1186/s13002-016-0126-7
https://doi.org/10.1155/2015/643285
https://doi.org/10.1007/s00284-017-1375-y
https://doi.org/10.1007/s00449-019-02099-5
https://doi.org/10.1021/jf991002+
http://www.ifrj.upm.edu.my/19%20(01)%202011/(19)IFRJ-2010-256%20Kumar.pdf
http://www.ifrj.upm.edu.my/19%20(01)%202011/(19)IFRJ-2010-256%20Kumar.pdf
http://dx.doi.org/10.5902/2179460X35292


69 

 

 

[27] SABUDAK T., 和 GULER N. 三叶草 L. ——植物化

学和药理学概况的综述。植物疗法研究：致力于天然产

物衍生物药理学和毒理学评价的国际期刊, 2009, 23(3): 

439-446. https://doi.org/10.1002/ptr.2709 

[28] AMEL Z., NABILA B.-B., NACÉRA G., FETHI T., 和 

FAWZIA A.-B. 黄连木叶、茎、果实和根提取物的植物

化学成分和抗氧化特性评估。国际生药学和植物化学研

究 杂 志 , 2016, 8: 627-633. 

https://www.researchgate.net/publication/303124274_Assess

ment_of_phytochemical_composition_and_antioxidant_prop

erties_of_extracts_from_the_leaf_stem_fruit_and_root_of_P

istacia_lentiscus_L 

[29] KANCHEVA V. D., 和 KASAIKINA O. T. 生物抗氧

化剂——其抗氧化活性和对人类健康有益作用的化学基

础 。 现 代 药 物 化 学 , 2013, 20(37): 4784-4805. 

https://doi.org/10.2174/09298673113209990161 

[30] DEMIRTAS I., ERENLER R., ELMASTAS M., 和 

GOKTASOGLU A. 从水溶性组分中分离出的葱黄酮的抗

氧化潜力的研究。食品化学 , 2013, 136(1): 34-40. 

https://doi.org/10.1016/j.foodchem.2012.07.086 

[31] KUMAR S., GUPTA A., 和 PANDEY A. K. 牛角瓜根

提取物具有对抗自由基介导的损伤的能力。国际学术研

究 通 知 药 理 学 , 2013: 691372. 

https://doi.org/10.1155/2013/691372 

[32] HAGGAG M., ABOU EL ELLA S., 和 ABOUZIENA 

H. 凤眼莲对某些植物病原体的植物化学分析、抗真菌、

抗 菌 活 性 及 其 应 用 。达 尼 尼 亚植物 , 2017: 35. 

https://doi.org/10.1590/S0100-83582017350100026 

[33] ABDULLAH S., GOBILIK J., 和 CHONG K. P. 狗牙

根 (L.) 珀斯 (百慕大) 各种提取物对选定病原体的初步

植物化学研究和抗菌活性。国际药学和药物科学杂志, 

2012, 4(5): 227-230. 

https://www.researchgate.net/publication/233905194_Prelim

inary_Phytochemical_Study_and_Antimicrobial_Activity_fr

om_Various_Extract_of_Cynodon_Dactylon_L_Pers_Bermu

da_Against_Selected_Pathogens 

[34] CARVALHO R., CAROLLO C., DE MAGALHÃES J., 

PALUMBO J., BOARETTO A., E SÁ NUNES I. C., FerrAz 

A. C., LIMA W. G., DE SIQUEIRA J. M., 和 FERREIRA J. 

来自王草(行进 和。施尔。)朝圣根的富含酚类化合物的

乙酸乙酯组分的抗菌和抗真菌活性：作用机制以及与单

宁和没食子酸的协同作用。南非植物学杂志, 2018, 114: 

181-187.  

[35] GUPTA K., KUMAR A., TOMER V., KUMAR V., 和 

SAINI M. 芋头叶在人类营养中的潜力：营养和植物化学

特性综述。食品生物化学杂志 , 2019, 43(7): e12878. 

https://doi.org/10.1111/jfbc.12878 

[36] SVOBODOVA B., BARROS L., CALHELHA R. C., 

HELENO S., ALVES M. J., WALCOTT S., BITTOVA M., 

KUBAN V., 和 FERREIRA I. C. 在特立尼达和多巴哥野

生生长的苦瓜药用植物的生物活性特性和酚类成分。工

业 作 物 和 产 品 , 2017, 95: 365-373. 

https://doi.org/10.1016/j.indcrop.2016.10.046 

[37] BARROS L., CALHELHA R. C., VAZ J. A., 

FERREIRA I. C., BAPTISTA P., 和 ESTEVINHO L. M. 葡

萄牙野生食用蘑菇甲醇提取物的抗菌活性和生物活性化

合物。欧洲食品研究与技术 , 2007, 225(2): 151-156. 

https://doi.org/10.1007/s00217-006-0394-x 

[38] AKINDAHUNSI A., & OYETAYO F. 食用菌、侧耳

（薯条）歌手的营养和抗营养分布。食品科学与技术, 

2006, 39(5): 548-553. 

https://doi.org/10.1016/j.lwt.2005.04.005 

[39] EDEOGA H. O., OKWU D., 和 MBAEBIE B. 一些尼

日利亚药用植物的植物化学成分。非洲生物技术杂志, 

2005, 4(7): 685-688. 

https://doi.org/10.5897/AJB2005.000-3127 

[40] YEN G.-C., 和 CHEN H.-Y. 各种茶提取物的抗氧化

活性与其抗突变性有关。农业与食品化学杂志 , 1995, 

43(1): 27-32. https://doi.org/10.1021/jf00049a007 

 

 1 

https://doi.org/10.1002/ptr.2709
https://www.researchgate.net/publication/303124274_Assessment_of_phytochemical_composition_and_antioxidant_properties_of_extracts_from_the_leaf_stem_fruit_and_root_of_Pistacia_lentiscus_L
https://www.researchgate.net/publication/303124274_Assessment_of_phytochemical_composition_and_antioxidant_properties_of_extracts_from_the_leaf_stem_fruit_and_root_of_Pistacia_lentiscus_L
https://www.researchgate.net/publication/303124274_Assessment_of_phytochemical_composition_and_antioxidant_properties_of_extracts_from_the_leaf_stem_fruit_and_root_of_Pistacia_lentiscus_L
https://www.researchgate.net/publication/303124274_Assessment_of_phytochemical_composition_and_antioxidant_properties_of_extracts_from_the_leaf_stem_fruit_and_root_of_Pistacia_lentiscus_L
https://doi.org/10.2174/09298673113209990161
https://doi.org/10.1016/j.foodchem.2012.07.086
https://doi.org/10.1155/2013/691372
https://doi.org/10.1590/S0100-83582017350100026
https://www.researchgate.net/publication/233905194_Preliminary_Phytochemical_Study_and_Antimicrobial_Activity_from_Various_Extract_of_Cynodon_Dactylon_L_Pers_Bermuda_Against_Selected_Pathogens
https://www.researchgate.net/publication/233905194_Preliminary_Phytochemical_Study_and_Antimicrobial_Activity_from_Various_Extract_of_Cynodon_Dactylon_L_Pers_Bermuda_Against_Selected_Pathogens
https://www.researchgate.net/publication/233905194_Preliminary_Phytochemical_Study_and_Antimicrobial_Activity_from_Various_Extract_of_Cynodon_Dactylon_L_Pers_Bermuda_Against_Selected_Pathogens
https://www.researchgate.net/publication/233905194_Preliminary_Phytochemical_Study_and_Antimicrobial_Activity_from_Various_Extract_of_Cynodon_Dactylon_L_Pers_Bermuda_Against_Selected_Pathogens
https://doi.org/10.1111/jfbc.12878
https://doi.org/10.1016/j.indcrop.2016.10.046
https://doi.org/10.1007/s00217-006-0394-x
https://doi.org/10.1016/j.lwt.2005.04.005
https://doi.org/10.5897/AJB2005.000-3127
https://doi.org/10.1021/jf00049a007



