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PREFACE 
 

 

Flavonoids are one of the most important groups of dietary phenolics. 

They are widely present in vegetables, fruits, cereals and crops, but are 

not synthesized by the human body. Flavonoids are compounds with low 

molecular weight. Their structure is based on two benzene rings linked to 

a heterocyclic pyran ring containing oxygen. 

The loss of the effectiveness of antimicrobials, mainly due to 

inadequate prescription methods and misuse of antibiotics, represents a 

threat to human health. Hence, the search for new antimicrobials is 

mandatory. Flavonoids have been demonstrated to have various 

bioactivity properties in humans: antioxidant, anticancer, antiviral, anti-

inflammatory, anti-allergic, antimicrobial, antiproliferative and so on. 

The variety of flavonoids in nature along with their numerous 

bioactivities in humans have made researchers to put attention to the 

determination, extraction and characterization of flavonoids.  

Many analytical techniques can be found in the literature for the 

determination of flavonoids. With regard to their extraction, the chemical 

groups linked to the main flavonoids’ structure make them more complex 

to be extracted from their natural matrices, as well as to differentiate 

among them. Sammani and Cerdà provide in Chapter 1 a general 

overview of the main traditional and modern analytical techniques that 

have been used for flavonoids determination in their natural sources 
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along with their manufacturing. A detailed description of flow techniques 

and their evolution, together with their role in the automation of the 

sample pretreatment and its combination with separation techniques, is 

included. Finally, these authors highlight the advantages and 

disadvantages of the different techniques. 

With regard to the sources of flavonoids, plants are the primary 

source of flavonoids because of the ease of access and low cost. 

Medicinal plants are worldwide used for the treatment of various 

diseases. This is due to the presence of chemical constituents in plant 

extracts such as flavonoids. Since medicinal plants are natural products, 

the population believes they have fewer side effects and no toxicity, 

which is not entirely true. 

In the following six chapters, Dr. Lima and her research group 

characterize several natural plants in terms of phenolic and flavonoid 

content and assess their antioxidant activity and toxicity. Thus, Emediato 

et al. study in Chapter 2 the species Bidens subalternans DC, which 

leaves are used in traditional medicine to treat hepatitis, jaundice, fever, 

throat disorders, and coughs. Notwithstanding, the biological activity of 

this plant is still poorly known. Therefore, Emediato et al. performed the 

phytochemical screening, the determination of phenol and total flavonoid 

content, and to evaluate the larvicidal and antimicrobial activities of the 

ethanol extract from the leaves of B. subalternans DC, showing their 

antibacterial potential and that the extract is not toxic. 

In the following chapter (Chapter 3), Mano-Sousa et al. evaluate the 

extraction efficiency of phenolic compounds and flavonoids obtained in 

the flowers of Matricaria recutita L. (German chamomile) by Soxhlet 

extraction and ultrasound-assisted extraction as well as to evaluate the 

antioxidant and larvicidal potential of the extracts and their fractions. 

This plant is widely used by the population due to its therapeutic 

potential, which is attributed to the various phytochemicals present in this 

species, including flavonoids such as chlorogenic acid, apigenin, catechin 

gallate, and galangin. In spite of showing antioxidant and larvicidal 

activity, the authors point out that further studies are needed to assess the 

toxic effect and antioxidant activity for safe therapeutic use of the plant. 
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Similarly to Chapter 3, Azevedo et al. evaluate in Chapter 4 the 

extraction efficiency of phenolic compounds and flavonoids obtained 

from Psidium guajava L. fresh leaves by Soxhlet and ultrasound-assisted 

extraction as well as to the antioxidant and larvicidal potential of the 

extracts. These authors found phenolic compounds and flavonoids, such 

as gallic acid isomers and quercetin derivatives, in the leaves extracts, but 

the antioxidant activity of extracts could not be correlated with the total 

phenolic compounds and total flavonoids content. 

In the following chapter, Gonçalves et al. are focused on the species 

Tecoma stans (L.) Juss. ex Kunth (Bignoniaceae), originally from 

Mexico and the southern United States and that can be found in North, 

Central and South America. Data in the literature relates its biological 

activities with the phenolic compounds identified in the phytochemical 

analysis, highlighting the presence of flavonoids in different parts of the 

plant. Hence, the authors review in Chapter 5 the anti-hyperglycemic, 

anti-inflammatory and antinociceptive potential along with the 

antimicrobial, antioxidant effect, anticancer, wound healing and 

protective hepatorenal activities of T. stans. Further information about 

other plants of the family Bignoniaceae is provided in Chapter 10. 

Within this genus Smilax, the plants S. brasiliensis Sprengel and S. 

fluminensis Steud are endemic in Brazil, native to the Cerrado, and 

poorly studied. The same goes for the species Solanum lycocarpum, also 

found in the Brazilian Cerrado, In Chapters 6 and 7, Silva et al. and 

Amado et al. review the available literature on the phenolic and flavonoid 

compounds found in S. brasiliensis and S. fluminensis, and in S. 

lycocarpum, respectively, along the biological activities associated with 

them. As a result, it can be stated that S. brasiliensis Sprengel shows 

antioxidant, allelopathic, antimicrobial, anticancer, antihyperglycemic 

and antihyperlipidemic activities, S. fluminensis Steud exhibits toxic, 

antineoplastic, and antioxidant activities, and S. lycocarpum has 

antioxidant, antibacterial, anti-inflammatory, anti-tumor, anti-

nociceptive, allelopathic and larvicidal activities, which are correlated 

with the phenolic compounds and flavonoids present in these species. 
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In the following two chapters, Dr Castro and her research team 

extract and identify flavonoids from plants of the Bauhinia genus. Thus, 

in Chapter 8, Teixeira et al. evaluate and identify the flavonoids present 

in the leaves of B. holophylla, a woody species from the Brazilian 

Cerrado, finding the presence of flavonoid-O-glycoside derivatives, to 

subsequently attempt to relate them to the medicinal properties attributed 

to this species. In the following chapter (Chapter 9), Cardoso et al. 

establish calli cultures from leaf explants of B. variegata, an ornamental 

species originally from India, and produce phenolic compounds, 

especially flavonoids, in in vitro cultures. The authors conclude that 2,4-

dichlorophenoxyacetic acid and 6-benzylaminopurine, as well as the 

presence or absence of light, strongly influence the induction, growth, 

consistency, color and production of phenolic compounds in B. variegata 

calli. 

To finish this part of the book focused on plants as source of 

flavonoids, Carvalho et al. summarizes in Chapter 10 the occurrence of 

flavonoids in the tribe Bignonieae, the most diverse and abundant clade 

of lianas in the Neotropics comprising around 393 species and 20 genera. 

The authors study the biological activity of these compounds highlighting 

their pharmacological activity and the medicinal potential of members of 

tribe Bignonieae, being the antiprotozoal, antiradical, and antitumoral 

properties the main activities found in Bignonieae flavonoids. 

Finally, fruit are also another important source of flavonoids. Among 

them, oranges can be highlighted. In Chapter 11, Alés and Álvarez 

describe the history of the bitter oranges of Seville: i.e., when were 

introduced, their cultivation and myths. Subsequently, the chapter deals 

with the essential oils and naringin (a bioflavonoid) than can be extracted 

from bitter oranges, to finally focuses on the action of bioflavonoids 

against COVID-19. Thus, a certain intake of citrus fruits or their extracts 

could prevent or minimize COVID-19 infection. In the last chapter of this 

book (Chapter 12), Feng et al. overviews the recent findings in this field, 

highlighting the flavonoid hesperidin, which structure has been 

demonstrated to be able to bind to key proteins for the functioning of 

SARS-CoV-2 virus. 
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SAMPLE PRE-TREATMENT  

AND FLAVONOIDS ANALYTICAL 

METHODOLOGIES FOR THE QUALITY 

CONTROL OF FOODS  

AND PHARMACEUTICALS MATRICES 
 

 

Mohamad Subhi Sammani* and Víctor Cerdà 
Department of Chemistry, University of the Balearic Islands,  

Palma de Mallorca, Balearic Islands, Spain 

 

 

ABSTRACT 

 

The variety of flavonoids in nature, besides their numerous 

bioactivities in human and animal bodies, where they cannot be 

synthesized biologically, have increased the attention of scientists to 

include them in a suitable form to facilitate their consumption by 

humans and animals. 

                                                           

* Corresponding Author’s E-mail: m.s.sammani@hotmail.com. 
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Many products have been continuously found to serve these 

substances, securing the daily recommended need of flavonoids. 

Moreover, the notable prevention and treatment behaviour of these 

natural substances on non-communicable diseases raises the interest in 

the importance of knowing which are the influence compounds and 

their impact concentration on the daily consumption of foods. 

This variety of nature and the manufacturing productions of 

flavonoids requires strict control of the original source, the production 

stages as well as the final products. 

Therefore, the development of suitable analytical methodologies is 

the target of scientists to fulfil the requirements of quality control, 

achieving the requested accuracy and sensitivity. 

On the other hand, most of the flavonoids’ matrices required a 

pretreatment process before the analysis regarding their intricacy. This 

stage is considered tedious and the most consuming of time and 

solvents compared to the entire analysis process. In this context, the 

development of quicker pretreatment methods that can consume less 

solvents and time and produce less generated waste is interesting. 

In this chapter, the analytical techniques that have been developed 

and employed for the determination of flavonoids in nature, commercial 

products, pharmaceuticals, and dietary supplements are discussed 

focusing on the trend of analytical methodologies in this field. 

The required sample pretreatment procedures prior to the analysis 

stage are included, concentrating on the state-of-the-art systems that 

have been recently employed for the development of fully automated 

sample pretreatment methodologies for this purpose, such as flow 

analysis systems and microfluidic systems that have not yet been widely 

discussed in the literature concerning flavonoids’ determination. 

The advantages and disadvantages of each analytical and 

pretreatment technique are mentioned. The superiority of the developed 

flow analytical systems for the automation of the flavonoids’ sample 

pretreatment over the existing manual ones are also explained. 

 

Keywords: flavonoids, natural products, pharmaceutical formulations, 

food supplements, non-communicable diseases, analytical 

techniques, adsorption spectroscopic techniques, ultra-violet 

spectroscopy, visible spectroscopy, fluorescence spectroscopy, 

nuclear magnetic resonance spectroscopy, X-ray crystallography, 

circular dichroism spectroscopy, vibrational spectroscopic 

techniques, near-infrared spectroscopy, Raman spectroscopy, 

terahertz spectroscopy, hyperspectral imaging spectroscopy, mass 

spectroscopy, chromatographic techniques, paper chromatography, 
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thin-layer chromatography, gas chromatography, supercritical fluid 

chromatography, high-performance liquid chromatography, sample 

pretreatment techniques, solid-phase extraction, liquid-liquid 

extraction, liquid-liquid micro-extraction, dispersive liquid-liquid 

micro-extraction, hollow fibre liquid phase micro-extraction, solid-

phase extraction, solid-phase micro-extraction, dispersive solid-phase 

micro-extraction, matrix solid-phase dispersive extraction, 

maceration extraction, soxhlet extraction, hot water extraction, heat 

reflux extraction, microwave-assisted extraction, ultrasound-assisted 

extraction, pressurized liquid extraction, shockwave-assisted 

extraction, supercritical fluid extraction, high-speed counter-current 

chromatography, flow analysis systems, lab-on-valve, multisyringe 

flow-injection system, microfluidic systems, lab-off-chip, lab-on-

chip, paper-based microfluidic system 

 

 

INTRODUCTION 

 

The first flavonoid was discovered by Szent-Gyorgyi in 1937 and 

was classified as vitamin P [1]. This compound was later named 

flavonoid rutin and was known as an individual biochemical group, 

“flavonoids.” Then, they discovered its bioactivity decreased 

cardiovascular disease in the French population, which was associated 

with red wine consumption despite their popular diet that consisted of a 

high amount of saturated fat, as also known the French paradox [2], led to 

an attractive interest in the study of this bio-group. 

Flavonoids are larger widespread secondary metabolism compounds 

occurring in the plant kingdom [3]. The main skeleton of these 

compounds consists of two benzene rings (A and B) linked through a 

heterocyclic pyran ring (C) (Figure 1) and they share 15 carbon atoms in 

the phenylbenzopyran (C6-C3-C6) framework [4]. Regarding the linkage 

of the aromatic ring to the benzopyrano moiety, they are divided into 

three main groups: flavonoids (2-phenylbenzopyrans), isoflavonoids (3-

benzopyrans) and neoflavonoids (4-benzopyrans) (Figure 1). 
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Figure 1. The main skeleton of flavonoids, isoflavonoids and neoflavonoids. 

The classification of flavonoids is based on the oxidation and 

saturation degree on position 3 and/or position 4 in the C-ring and may be 

distinguished from many major subclasses: flavanes, flavones, 

isoflavones, flavanones, flavanonols, flavanols, flavonols, anthocyanidins 

and chalcones (Figure 2). 

The variation of flavonoid structures mainly regarding their 

hydroxylated positions 3, 5, 7, 3ʹ, 4ʹ and 5ʹ which are frequently found 

methylated, prenylated, acetylated, sulphated, or glycosylated [5]. 

Naturally, flavonoids can reside in plants as aglycone, or in a more 

stable form “glycoside” by linking one sugar molecule or more, 

fundamentally, L-rhamose, D-glucose, glucorhamnose, galactose or 

arabinose [6]. 

In nature, flavonoids are present in vegetables, fruits, grains and 

especially in the green leaves and located in their cell vacuoles in all 

plant parts (flowers, leaves, roots, seeds and fruits) [7]. They are directly 

responsible for the colour and aroma of fruits and flowers, and play a role 

in the interaction between the plant and the environment [8]. In addition, 
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they play the role of the first line of defense in plants against foreign 

factors and pollution such as UV-filters, temperature acclimation, frost 

hardiness and antibacterial functions [8]. 

 

 

Figure 2. The main subclasses of flavonoids. 

Flavonoids are not biologically synthesized in human bodies but they 

enter by the consumption of adequate rich-flavonoids foods. However, 

they have countless biological and pharmacological activities ranging 

between prevention, protection, treatment and reduce the risk of 

numerous chronic diseases e.g., communicable and non-communicable 

diseases [9]. The great property of almost all flavonoids is an antioxidant 

capacity that protects the body’s cells against reactive oxygen species 

(ROS) and free radicals [10]. Against the communicable diseases (CDs), 

they show anti-chronic inflammatory disorders activity [11], 

antimicrobial activity [12], antifungal activity [13] and antiviral activity, 

for instance, Herpes simplex virus type 1 and 2 [14] and HIV-1 and HIV-
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2 [15]. Recently, some works showed notable affection for Severe Acute 

Respiratory Syndrome (SARS) and Middle-East Respiratory Syndrome-

Coronavirus (COV) [16-18]. For non-communicable diseases (NCDs), 

the numerous actions of flavonoids can prevent cancer [19], diabetes 

[20], cardiovascular diseases [21], ageing, and neurodegenerative 

diseases [22]. Regarding all these considerable actions, these 

phytochemical compounds should be included in the human and animal 

daily diet. Whereas, the estimated mean daily total flavonoid intake in the 

USA is 189.7 mg per day and is much lower in adults than other 

generations, this directly depends on the diet, meaning consumption of 

vegetables, fruits, grains, coffee, tea, and much more besides personal 

income [23]. Increasing the daily intake level of flavonoids might cause 

opposite behaviours. The overdose level of flavonoids cannot be 

observed in the food because of their low toxicity (LD50 2-10 g) [10], 

while in the manufacturing of products, they usually exist in a high 

concentration and can reach potentially toxic levels [24]. 

On the other hand, it is difficult to reach the recommended daily 

intake dose of flavonoids (70 and 170 mg per day per human adult) [25] 

because of their low concentration in vegetables and fruits, and their low 

absorption in the human body. These are causing us to rely on 

pharmaceutical and food supplements that contain concentrated natural 

flavonoids (which can reach up to a 500 times higher concentration than 

food or plants), therefore, they offer easier consumption. 

To date, numerous dietary supplement products of flavonoids located 

in the market, besides, many pharmaceutical drugs have been found. 

Regarding the Drug Bank database [26], there are 11 flavonoids 

approved, 33 flavonoids and another 50 compounds that have been 

investigated and are in the experimental stage [26]. 

This variety of the natural sources of flavonoids and their commercial 

products lead us to continuously develop new analytical methods or even 

improve the existing ones to follow the development in the flavonoids 

products and to control the safety, quality, and efficacy of these products. 

On the other hand, research carried out over two decades has provided 

data suggesting that diet is an essential factor influencing the risk of 
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development of NCDs. The increasing knowledge on chemopreventive 

properties of certain food ingredients, in particular, flavonoid 

compounds, opened the door to extensive epidemiological and clinical 

studies of the role of these substances in the prevention of chronic 

diseases [27]. Different flavonoid compounds may have different effects 

on NCDs. The major flavonoids intake studies were carried out by the 

estimation of total flavonoids depending on the US or European phenol-

Explorer database [28]. However, values based on estimations using 

databases are only approximate and are inaccurate, as the content of 

flavonoids may vary significantly according to place, harvest time or 

food processing. In this sense, the exact knowledge of the applicable 

flavonoids and their real concentrations in food and pharmaceutical 

studied samples play an important role in the accuracy of the results in 

this type of studies. Furthermore, the studies of the relation between the 

intake of flavonoids and their effectiveness on the prevention and/or 

treatment of NCDs could not be accurate without the exact knowledge of 

the kinds and the concentration of flavonoids located in the tested 

samples, as well as their bioavailability in the hosted bodies. Hence, the 

extraction, purification, and analysis of these samples are essential to 

determine which flavonoid compounds are associated with the treatment 

of NCDs. 

Many analytical techniques have been applied for the determination 

of flavonoids in their different matrices. There is not an ideal technique to 

determine all flavonoids, the choice of a suitable one depends on the 

target analysts, the complexity of the matrix and the goal of this analysis. 

Sample pretreatment is mandatory prior to many analytical techniques 

and also depends on the complexity of studied matrices. 

In this context, the development of faster, effectiveness, costless, and 

more environmentally friendly methodologies are the target of analytical 

chemists. Nevertheless, the most of existing developed techniques are 

based on manual approaches involving time, money, and solvents 

consumptions as well environmentally pollutants. 

Flow analysis and microfluidic systems that are principally used for 

environmental pollution analysis have been recently implemented in the 
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case of flavonoids determination. These systems notably reduce time and 

generated solvents while increased the analytical throughput, accuracy, 

and sensitivity. Regarding their ability to automate the sample 

pretreatment process with the capability to online transferring of the 

eluent to the coupled analytical instrument or detection systems [29]. 

In this chapter, a general overview of the main traditional and 

modern analytical techniques, and sample pretreatment techniques that 

have been used for flavonoids determination in their natural sources, and 

their manufacturing products are extensively discussed. A detailed 

description of flow techniques and their evolution, together with their 

role in the automation of the sample pretreatment and its combination 

with separation techniques are mentioned. The advantages and 

disadvantages of these applied techniques are also included. 

 

 

SAMPLE PRETREATMENT TECHNIQUES OF FLAVONOIDS 

 

Sample preparation is the most important stage that emphasizes the 

accuracy of the analytical results and can also enhance the sensitivity of 

the analysis. This stage causes a major delay over other analytical steps 

[30]. The type of preparation depends on the complexity of the sample, 

the concentration of the target analytes, their chemical structure, their 

chemical behaviour, the analytical technique used, and the goal of this 

analysis. 

Sample preparation of flavonoids is quite diverse. In the case of 

pharmaceutical formations, direct dissolving and filtering helped by 

assistant tools such as shaking, vertexing or sonicating are usually used. 

These simple preparation approaches are generally employed for these 

types of formulations because the flavonoids are present in a pure form as 

an active pharmaceutical ingredient (API) with a relatively high 

concentration to be detectable, besides the non-significant effect of the 

existing excipients in the pharmaceutical drugs on the determination of 

these components [31]. 
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On the other hand, more complex samples such as plants, natural 

extracts, foods and food supplements require grinding, drying or freezing. 

As they contain several derivatives of each flavonoid and the target 

flavonoid might be in trace concentration, more complex sample 

preparation work is needed, for instance, solid-liquid extraction (SLE) 

[32], liquid-liquid extraction (LLE) [33] and solid-phase extraction (SPE) 

[34]. 

The physicochemical properties of the interested flavonoids play an 

important role in the choosing of the appropriate extraction solvents as 

well as the used extraction technique. Generally, flavonoid aglycons are 

poorly soluble in water while the attaching of sugar moieties increase the 

water solubility of these flavonoids’ glycoside forms, thus increasing the 

likelihood of using more extraction solutions [35]. The polarity also is 

focused here, the less polar flavonoids’ subgroups i.e., isoflavones, 

flavanones, are normally extracted by chloroform, dichloromethane, and 

ethyl acetate, while the more polar flavonoids are extracted by alcohol or 

a water-alcohol mixture [36]. Moreover, the stability of flavonoids is also 

a substantial consideration, some flavonoids are relatively stable under 

ambient conditions, whereas others such as anthocyanins are labile. 

Mainly, these compounds are sensitive to elevated temperature, light, air, 

mechanical processes that limit the available extraction options, 

collection samples procedures, sample storage conditions, and the applied 

extraction techniques [37]. 

Analytical techniques and the goal of analysis, the applied analytical 

technique depends on the objective of the analysis. For instance, in case 

the objective is the determination of total flavonoids content, total 

antioxidant power, the biological action studies of total flavonoids 

content in the sample, non-selective analytical techniques are still useful 

and simple preparation sample is sufficient i.e., the preparation sample 

before spectrophotometric techniques [38] and the study of total 

flavonoids intake associated with the prevention of some chronic diseases 

[39]. On the other hand, the individual flavonoids’ detection or the study 

of the biological behaviour of a specific flavonoid in the complex sample 

require separative and selective analytical techniques, such as 
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chromatographic techniques, where the isolation, extraction, and 

purification procedures are mandatory. For instance, the study of the 

effective specific flavonoids’ intakes from the Finnish local foods on the 

risk of the chronic diseases [40]. This type of study required extraction 

and selective analytical technique to exactly determine which flavonoids 

located in the test foods have an effective influence on the studied 

diseases.  

In this context, sample pretreatment techniques can be divided into 

conventional extraction techniques (CETs), assisted extraction techniques 

(AETs), alternative modern extraction techniques (AMETs) and 

automated extraction systems (AES). Each one includes a number of 

implemented techniques in the case of flavonoids extraction. In 

conventional techniques, they can include maceration extraction (ME) 

[41], Soxhlet extraction (SE) [42], hot water bath extraction (HWBE) 

[43], and heat reflux extraction (HRE) [44]. The assisted techniques 

consist of microwave-assisted extraction (MAE) [45], ultrasound-assisted 

extraction (UAE) [46], pressurized liquid extraction (PLE) [47], and 

shockwave-assisted extraction (SWAE) [48]. While in the modern 

techniques they include LLE [49], SPE [50] and their derivatives, 

supercritical fluid extraction (SFE) [51] and high-speed counter-current 

chromatography system (HSCCC) [52]. The automated systems that have 

been developed recently for flavonoids’ extraction are based on flow 

analysis [53] and microfluidic systems [54]. 

 

 

Conventional Extraction Techniques 

 

Maceration extraction (ME) is based on the soaking of a ground dried 

sample in a stoppered container with a proper solvent. Then, the mixture 

is frequently shaken and stands for up to 7 days [55]. This technique is 

usually carried out for plant samples in which the solvent softens and 

breaks the wall’s cells and releases the soluble flavonoids. Afterwards, it 

is followed by filtration of the mixture. Nowadays, this technique is not 
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often used in this field due to the long time needed, solvent consumption 

and the low resulting extraction yield. 

Reflux, HWBE, HRE, and SE are high-temperature extraction 

procedures. SE is the wider traditional method that has been carried out 

for flavonoids’ extraction from plants, vegetables, and fruits because of 

its ease of operation, cheap equipment and low cost of maintenance. 

Methanol, acetonitrile, acetone, and ethyl acetate are the common 

extraction solvents used in these techniques [56]. The extraction process 

is varied and can range between 2 and 48 h [41, 44, 57-59]. The main 

constraints of these techniques for flavonoids’ extraction are its long 

extraction time, elevated operational temperature, huge quantity of 

consuming solvents, and the required evaporation step to concentrate the 

extractant prior to its analysis in the case of reflux and SE techniques 

[42]. These inconveniences lead to a decrease in the extraction yield, 

increase detection errors, and environmental pollution. Regarding that, 

nowadays, CETs are less frequently applied for flavonoids applications.  

The optimization of operational conditions has great importance. In 

general, CETs’ main factors that should be optimized to avoid negatively 

affecting the extraction yield are the temperature, the type of extraction 

solvents, pH, and the extraction time. 

Many works have compared the CETs techniques concerning 

flavonoids extraction. The comparison between SE, ME and other AETs 

for the extraction of total phenols from Pinus radiata Bark [60] has been 

done. In this work, SE showed the best extraction yield of phenolic 

compounds while ME was the worst using the same quantity of 

extraction solvent (200 mL) and the same extraction time (180 min). 

Another work also showed that the SE technique provides a better yield 

than ME for the extraction of total flavonoids from Spirulina platensis 

sample [41]. Analyzing data, the higher yield of SE was performed in 

less extraction time (4 h) than ME (2 days). Another work has compared 

the ambient temperature extraction between HRE, and SE for the 

extraction of total flavonoids from Saussurea medusa Maxim [61]. The 

work concluded that the required extraction time decreased from the 
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ambient temperature extraction (24 h) to HRE (6 h), while SE was medial 

(20 h). On the other hand, SE showed the maximum yield (4.1%). 

In general, SE provided better recoveries than other CETs, but was 

still much less effective than AETs, AMETs and AES [60, 61]. Table 1 

shows the comparison between the recent CETs applied to flavonoids 

determination. The conveniences and inconveniences of these techniques 

are summarized in Table 6. 

 

Table 1. The comparison between the recent CETs applied to 

flavonoids determination 

 

Extract. 

Tech. 

Matrix Ext. Extraction conditions Yield 

(%) 

Refer. 

Solvent (mL) Temp. 

(°C) 

Time 

HRE S. medusa TFC 10 (80% EtOH) 90 6 h 3.9 [61] 

HRE T. chebula TFC 25 (EtOH) 40 2 h 0.47 [62] 

SE and 

ME 

C. album TFC (acet.) - 7 days 0.73 [55] 

SE S. medusa TFC 10 (EtOH) 90 20 h 4.1 [61] 

SE P. radiata Bark TPC 200 (acet.:water, 7:3 v/v) 82 180 

min 

12 [60] 

SE S. platensis TFC 100 (EtOH) 60-80 4 h 5.3 [41] 

SE M. oleifera L. TFC 4 (pure EtOH) 90 3 h 23.2 [63] 

ME P. radiata Bark TPC 200 (acet.:water, 7:3 v/v) 40 180 

min 

8.7 [60] 

ME S. platensis TFC 100 (EtOH) - 2 days 2.7 [41] 

ME Cassia alata TFC, 

KA 

1:20 ratio of 100% EtOH 60 2 h 7.0 

1.2 

[64] 

Acet.: acetone; EtOH: ethanol; Ext. extractant; Extract.: extraction; HRE: heat reflux extraction; KA: 

kaempferol; ME: maceration extraction; SE: Soxhlet extraction; TFC: total flavonoids content; 

TPC: total phenolic content; Temp.: temperature; Tech. technique. 

 

 

Assisted Extraction Techniques 

 

Some assistant tools have been developed in order to reduce the 

extraction time and solvent consumption of the CETs and to increase the 

contacting of the sample with the extracting solvents so to improve the 
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efficiency of the extraction. Those frequently used for flavonoids 

extraction are MAE, UAE, PLE, and recently SWAE. 

MAE and UAE are the common techniques carried out for the 

extraction of flavonoids from food and plant samples. 

MAE generates microwave energy in an electromagnetic spectrum of 

radiation between 300 MHz and 300 GHz (Figure 3) and is usually 

combined with HRE [62]. Microwaves directly heat the targeted 

materials based on their dielectric constants, followed by ionic 

conduction and dipole rotation of the molecules [65] causing higher 

yield, equilibrium concentration and effective diffusion coefficient of 

flavonoids [62]. Also, it has been reported that MAE effectively reduces 

the extraction time due to the increase of the mass transfer rate, resulting 

in less extraction solvents need, and therefore a less extraction cost than 

CETs [60, 61]. On the other hand, microwave energy generates heat in 

the solvents that lead directly to decomposing of the phytochemical 

compounds and a decrease in their biological properties thus reducing the 

extraction yield [66]. In this case, MAE is not suitable if the biological 

activity of flavonoids is the objective. 

 

 

Figure 3. A): microwave-assisted extraction technique combined with a reflux 

condenser, B): the simple microwave-assisted extraction instrument. 
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UAE generates ultrasound radiation based on the phenomenon of 

acoustic cavitation, which consists of the formation of gas bubbles caused 

by the passage of ultrasonic waves through the liquid and subsequently 

ruptures the plant cells and releases bioactive compounds from the cells. 

In this way, the analysts can diffuse easily and dissolve the analytes in 

the extraction solvent [67] (Figure 4). The potential of the UAE is its 

application in the food and pharmaceutical industries [68]. 

This technique reduces the required extraction time, solvents and 

increases the extraction yield of flavonoids compared to the CETs [60, 

61]. Nevertheless, MAE is still the preferable technique for the extraction 

of bioactive substances since it is much more effective, needs less time, 

and provides a higher extraction yield than UAE [60, 61, 64]. However, 

for the biological studies of flavonoids, UAE is the technique of choice 

since the ultrasonication is not using thermal generation power thus 

improving the biological properties of the extract [69]. Nonetheless, 

increasing the applied ultrasound frequency results in the free radical 

formation, producing unacceptable changes of extracting components, 

and increasing the temperature of the solvent that might lead to 

flavonoids’ degradation [70]. For all these considerable limitations, the 

affected factors in MAE and UAE should be optimized carefully to 

increase the extraction yield of flavonoids and prevent their degradation. 

The main factors are time, temperature, solid-solvent ratio, solvent 

volume, solvent polarity, irradiation, and frequency of intensity [68, 71]. 

PLE was developed as an alternative technique to the ones mentioned 

previously (Figure 5). It has also been named pressurized fluid extraction 

(PFE), accelerated solvent extraction (ASE) and pressurized solvent 

extraction (PSE) [67]. This technique is working under high pressure and 

temperature to maintain the solvent in the liquid state under a higher 

temperature than its boiling point. Working under these conditions lead to 

an increase in the mass transfer from the solid sample into the extraction 

solvent, providing a faster extraction process, less needed amount of 

solvent, and higher extraction yield.  
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Figure 4. The illustration of ultrasound-assisted extraction technique. 

 

Figure 5. A): The basic scheme of the pressurized liquid extraction technique. B): 

The diagram of used extraction cell. 
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On the other hand, the equipment is costly and needs a careful 

optimization of the PLE factors to avoid applying an elevated pressure 

and temperature that directly affects the degradation of flavonoids [72]. 

These variables are mainly the sample size, solvent composition, 

pressure, temperature, pH, flow rate (in case of dynamic mode) and the 

extraction time [73]. 

SWAE is the widely attained technique in medical and biomedical 

applications to mediate drug delivery, needleless injection, thrombus 

ablation, pain release, enhancement of bone fusion to treat skull bone 

defects, and gene transfection [74]. This technique is based on causing 

instantaneous high pressure to propagate plant media at rates exceeding 

the speed of sound. The pressure divides into penetration and reflected 

waves upon a change in density. These generate the splitting open of cell 

structures instantly generating multiple cracks on a cell’s wall. Thus, 

quickly reaching the biological compounds located in their storage [75] 

(Figure 6). As the result, it is a suitable technique for the extraction of 

biological components from plant tissues. This technique has been 

implemented recently to extract the flavonoids from plant matrices. It 

was reported for the first time, the extraction of total flavonoids and total 

phenolic acids from Eysenhardtia polystachya heartwood applying 1500 

shock waves producing 34.54% and 31.95% higher contents than Soxhlet 

and UAE, respectively. Extraction times using shock waves (5 min) were 

much shorter than all other tested techniques [48]. The main advantage of 

SWAE is the prevention of the degradation of flavonoids that can be 

faced off in a high-pressure operation due to a long applying time such as 

in the case of PLE, as well as a much shorter extraction time and solvent 

consumption compared to PLE, MAE and UAE. The reason is the fact of 

applying high pressure only for some microseconds. 

The recent applications of AETs for flavonoids extraction from food 

and plant materials are illustrated in Table 2. The benefits and 

disadvantages of these techniques are summarized in Table 6. 
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Table 2. The comparison between recent AETs techniques 

applied to flavonoids determination 

 

Extract. 

Tech. 

Matrix Ext. Extraction conditions Yield  

(mg g-1) 

Refer. 

Solvent (mL) Temp 

(°C) 

Time 

(min) 

 

MAE T. chebula TFC 200 (water) 100 1  23.4 [62] 

MAE H. sabdariffa Antho. 

flav. 

(water) - 8  1.3 [76] 

MAE T. foenum-

graecum 

TFC 1 (60% EtOH) 70 3  - [68] 

MAE C. alata TFC, KA 1:20 ratio of 

100% EtOH 

- 4 135.2 

17.6 

[64] 

MAE M. oleifera TFC 4 (52% EtOH) - 20 36.1 [63] 

UAE C. alata TFC, KA 1:20 ratio of 

100% EtOH 

- 5 86.7 

14.2 

[64] 

UAE Guayule TFC 25 (water or 

25% EtOH) 

25 60 14 [71] 

UAE Red grape 

skins 

19 flav. 1:80 ratio of 

mobile phase 

50 15 - [77] 

UAE C. tinctorius TFC 56.37 mL g 41.4 55.9 55.4 [78] 

UAE M. oleifera TFC 4 (52% EtOH) 30 20 44.0 [63] 

PLE Goldenberry QU, 

RU,  

MA 

1-3 mL min-1 

(70% EtOH) 

25 10-60 0.6 × 10-3 

1.2 × 10-3  

3.6 × 10-3  

[79] 

PLE Orange peel HES 2.37 g min-1 

(75% EtOH) 

65 5-40 19.3 [80] 

PLE Grape marc 15 Antho. 5 g min-1 (50% 

EtOH) 

40 220 10.2 [73] 

PLE L. citriodora 7 flav. (46% EtOH) 200 17 - [81] 

SWAE E. 

polystachya 

TFC 0.7 (water) 30 26 - [48] 

        

        

        

ACN: acetonitrile; Antho: anthocyanins; EtOH: ethanol; Ext. extractant; Extract.: extraction; Flav.: 

flavonoids; HES: hesperidin; KA: kaempferol; MA: mangiferin; QU: quercetin; RU: rutin TFC: 

total flavonoids content; Temp.: temperature; Tech. technique. 
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Figure 6. The illustration of underwater shock waves setup. 

 

Alternative Modern Extraction Techniques 

 

These techniques are the ones that have been developed as more 

effective alternative extraction techniques to the ones previously 

described. Generally, AMETs have enhanced the efficiency of the 

extraction of flavonoids, decreased the negative error that occurred 

through their degradation by applying elevated temperature and/or 

pressure along the processing time. These features not only allow for 

reducing the extraction time, cost, solvent consumptions, and waste, but 

they also increase the environmental sustainability, analytical method 

throughput, recovery, and sensitivity. Further, they can eliminate the 

interfering substances such as waxes, fats, terpenes and chlorophylls that 

are usually located in the natural samples. They clean-up and concentrate 

the analytes of interest, besides increasing the possibility to automate the 

extraction procedure. 

 

Liquid-Liquid Extraction 

Principally, LLE is based on the distribution of analyte according to 

its solubility in two different immiscible solvents [82] (Figure 7). It is one 

of the traditional extraction techniques of flavonoids from plants, 
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vegetables, and fruits depending on its ease of use, its simple apparatus, 

and saving time, solvent, and sample consumptions compared to the 

CETs [83]. Pure organic solvents such as methanol, ethanol, ethyl 

acetate, and acetonitrile are the common extraction solvents for less polar 

flavonoids, while the mixing of these solvents with water is a suitable 

extraction mixture for the more polar compounds conducted at room 

temperature [33]. Nowadays, the traditional LLE procedure is not 

implemented widely for the extraction of flavonoids. That’s because of 

its high consumption of toxic and expensive organic solvents, a relatively 

long processing time, low preconcentration factor, low selectivity, the 

need for an additional purification stage as the solvent evaporates to 

concentrate the analyst.  

 

 

Figure 7. Liquid-liquid extraction procedure. 

Moreover, it might be because of the non-suitability of the extraction 

solvent to the applicable analytical method, and also it’s a difficult phase 

separation compared to other AMETs [84]. For instance, the extraction of 

four flavanones (hesperidin, naringenin, naringin, and poncirin) from 

industrial, hand-squeezed orange juices and fresh-in-squeeze machines 

orange juices consumed 300 mL of ethyl acetate as an extraction solvent 

and 40 min were required [33]. After that, the evaporation task was 

carried out at 40°C before dissolving the analyte again in 10 mL of 

methanol. The extraction of total flavonoids from Aurea Helianthus 

flower required 75% ethanol, three times for a total time of 90 min 
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followed by an evaporation step for 20 h. Then the re-solved extract was 

purified by AB-8 macroporous resin [85]. On the other hand, pH, 

temperature, sample-solvent ratio, and the number and time intervals of 

individual extraction steps played an important role in this extraction 

procedure. 

Therefore, some improved LLE methods have been developed to 

simplify and miniaturize the sample preparation procedures. Liquid-

liquid micro-extraction (LLME) improves the efficiency of the extraction 

as the use of organic solvents in the level of microliters. Thus, it provides 

a high preconcentration factor, reduces the solvents and time 

consumption [86]. This technique was reported for the green extraction of 

quercetin from food samples at a trace level using 200 µL of N,N-

dimethyl-n-octylamine as the extracting solvent, needing 21 min 

including the vortex and the centrifugation of the solution [87].  

 

 

Figure 8. Dispersive liquid-liquid microextraction procedure. 

Dispersive liquid-liquid micro-extraction (DLLME) and hollow fibre 

liquid phase micro-extraction (HF-LPME) have been developed within 

the last decade as a derivative to LLME and recently have been used for 

flavonoids extraction. DLLME depends on preparing the mixture of 

solvent and dispersive solutions, then the microliters of this mixture are 
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rapidly injected into the aqueous sample solution as shown in Figure 8. 

These steps allowed the formation of a cloudy solution that can partition 

the analytes to the extraction phase instantaneously [88]. DLLME is an 

eco-friendly method regarding the small used organic solvents in the 

range of microliters that also lead to enhance the enrichment factor and 

high-recovery due to the concentrate of the analysts in these micro-drops 

of extraction solution. Thus the required extraction time is even less than 

LLME. For instance, the rapid DLLME method has been developed for 

the extraction of eight flavonoid aglycone compounds, baicalein, 

hesperitin, fisetin, naringenin, chrysin, myricetin, quercetin and 

kaempferol, from honey samples and related products. 1.5 mL of 

acetonitrile as disperser and 150 µL of chloroform as extractant were 

consumed and approximate 1 min for centrifugation was reported [89]. 

As observed above, the mentioned methods in almost all cases 

requested a centrifugation step to separate the extraction layer that 

showed difficulty to automate these procedures. Otherwise, the use of a 

lighter extraction solvent than water in DLLME shows the main 

limitation in the application of this technique manually. Solving this 

matter, Multisyringe flow injection analysis (MSFIA) was reported as an 

effective system for the automation of these extraction methods. It 

facilitates the collection of the extraction solvent’s micro-drops that settle 

in the bottom (solvent heavier than water) or in the upper (solvent lighter 

than water) of the extraction syringe (the syringe can be changed its 

position depending on each matter [90]. Regrettably, LLME and DLLME 

based-MSFIA have not yet been implemented for the extraction of 

flavonoids. Basically, HF-LPME relies on the migration of the target 

analytes through a membrane, and from there into an acceptor phase by 

passive diffusion [91] (Figure 9). This method provides a rapid and 

simple operation, much reducing the consumption of solvent, and time, 

ease of its automation, excellent sample clean-up, and not requiring any 

additional purification processes [92]. The main drawback is the 

possibility of fibre pores getting blocked, limited availability of the 

commercial system, and the contamination of the sample solution due to 

the contamination of the used magnetic stirrer [93]. As an example, the 
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efficient three-phase HF-LPME technique was developed for the 

extraction of 6 flavonoids (morin, naringenin, quercetin, luteolin, 

kaempferol and apigenin) from Echinophora platyloba DC. and Mentha 

piperita using 1-octanol as extraction solvent, and 30 µL of 100 mmol L-1 

borates as an acceptor [94]. This procedure was carried out in 80 min and 

achieved an acceptable recovery, between 92% and 99%. 

Overcoming the obstacles of harmful organic solvents and respecting 

the environmental concerns, alternative extraction solvents have been 

suggested, such as ionic liquids (ILs) and deep eutectic solvents (DESs) 

[95]. ILs consist of organic cations and organic/inorganic anions, 

consequently, the unique features are observed as negligible vapour 

pressure, high viscosity, thermal stability, high tunability, miscibility 

with water and organic solvents, good solubility for organic and 

inorganic substances, and the ability to efficiently transfer and absorb 

microwave energy [87, 92, 96, 97]. DESs have similar properties to ILs 

plus they have a comparatively lower melting point, are cheaper, and less 

toxic than ILs [98]. Recently, these alternative solvents have been widely 

used for flavonoids’ extraction. 

 

 

Figure 9. Hollow fiber liquid phase microextraction procedure. 
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Some of the recently developed works of LLE and its derivatives are 

accumulated in Table 3. The advantages and disadvantages of these 

techniques are summarized in Table 6. 

 

Table 3. Applicability of recent LLE methods for the extraction  

of flavonoids 

 

Extract. 

Tech. 

Matrix Ext. Extraction conditions Recov./ 

Yield 

(%) 

Refer. 

Solvent (mL) Time 

(min) 

LLE Orange Juice HES, NAR, 

NARIN, PO 

300 (ethyl acet. 40 98-107 [33] 

LLE Chinese 

herbal 

products 

FI, QU, IS, KA 0.37 

(heptanol:IL:water) 

4.3 51-95 [49] 

LLE A.Heliant-

hus flower 

TFC 1.30 g mL-1 ratio 

(75% EtOH) 

30 27.8 [85] 

LLME Food 

samples 

QU 200 μL (N,N-

dimethyl-n-

octylamine) 

21 97-105 [87] 

DLLME Human milk NARIN, HTIN, 

KA, QU, EP, 

EPG, EGCG, 

GE, DA 

550 µL ethyl acet. 

(extractant) and 

1100 µL ACN 

(disperser) 

5.1 94.3-103 [99] 

DLLME Honey BA, HES, FI, 

NARIN, CH, 

MY, QU, KA 

1.5 mL (ACN, 

disperser) and 150 

μL (chloroform, 

extractant) 

1 80 - 111 [89] 

HP-

LPME 

Faba beans CA, RU 300 μL NaCl (2 M) 180 - [100] 

HP-

LPME 

E.platyloba 

DC. and M. 

piperita 

QU, MO, 

NARIN, KA, 

AP, LU 

30 μL (borate) 80 92-99 [94] 

HP-

LPME 

Chinese 

medicines 

RU, QU, GA 40 μL (NaOH) 80 90.0–

106.3 

[101] 

Acet.: acetate; AP: apigenin; ACN: acetonitrile; BA: baicalein; CA: catechin; CH: chrysin; DA: 

daidzein; DLLME: dispersive liquid-liquid microextraction; EP: epicatechin; EPG: epicatechin 

gallate; EGCG: epigallocatechin gallate; Ext. extractant; Extract.: extraction; FI: fisetin; GA: 

galuteilin; GE: genistein; HES: hesperidin; HP-LPME: hollow fiber liquid-phase 

microextraction; HTIN: hesperitin; IL: ionic liquid; IS: isorhamnetin; KA: kaempferol; LLE: 

liquid-liquid extraction technique; LLME: liquid-liquid microextraction; LU: luteolin; MY: 

myricetin; MO: morin; NARIN: naringenin; NAR: naringin; PO: poncirin; QU: quercetin; RU: 

rutin; Recov.: recovery; TFC; total flavonoids content; Temp.: temperature; Tech. technique. 
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Solid-Phase Extraction 

SPE is a good choice to concentrate, separate, purify, and clean-up 

flavonoids from a crud plant, food, pharmaceutical samples in one 

operational step. It was introduced as an alternative greener extraction 

technique to LLE. The simplest SPE provides some advanced features 

over LLE, such as being faster, requiring less samples and solvents 

volume, centrifugation is not required due to automation, there is 

consistency in the choice of extraction sorbents, suitability of used 

solvents to HPLC, and the provided recoveries are notably higher than 

LLE [102]. Frequently, flavonoids acidified samples are used in the SPE 

procedure to prevent the ionization of these substances that prevent 

reducing their retention [34]. However, C18 is the widest sorbent used for 

the extraction of flavonoids from all kinds of matrices due to its own 

properties such as strong hydrophobicity, non-polarity and its 

functionality on a wide range of polarity compounds [103]. Oasis HLB 

has also been used for flavonoids extraction due to its RP-capability with 

a special “polar hook” that enhances the capturing of polar flavonoids 

[102]. Straightforward, a molecular imprinted polymer (MIP) is a sorbent 

that offers a quick and selective extraction phase for certain active 

compounds in the studied matrix [104]. Nevertheless, MIP is not the ideal 

choice for flavonoids’ extraction as the presence of several OH groups in 

their main structures and the source of hydrogen bonding and non-

localized electrostatic interactions between the OH groups [105]. In this 

direction, some attempts have been developed. The most common one is 

quercetin’s attempt that provides a high affinity to the same related 

flavonoids family (flavonol). This MIP attempt was widely used for the 

extraction of quercetin, rutin, kaempferol, isorhamnetin, and their related 

derivatives from ginkgo Biloba leaf samples. For instance, MIP sorbent 

was prepared from DES solvent using quercetin as a template and an 

ethylene glycoldimethacrylate as a crosslinker [104]. This MIP was 

successfully applied to extract the quercetin, kaempferol, and 

isorhamnetin from ginkgo Biloba leaves using 200 mg of MIP in the SPE 

column and 1 mL of methanol triplicate. 



Sample Pre-Treatment and Flavonoids … 25 

In spite of all these great features applying SPE, it still consumes 

more solvents and time. Its manual procedures also need many manual 

handling steps. The usual procedure steps of SPE are filling the 

extraction resin into a column or directly using commercial extraction 

cartridges. The conditioning, washing, sample loading, and eluting of the 

analytes are the necessary steps to success with the SPE approach (Figure 

10). Therefore, sometimes the evaporation step is applied to concentrate 

the analytes in the case of having to repeat the eluting step more than one 

time. For example, the extraction of flavonoids from various food 

matrices used a SPE-C18 cartridge. The extraction phase was conditioned 

by 3 mL of methanol followed by 3 mL of water as a washing step, then 

1 mL of the sample was aliquoted. The loaded cartridge was dried for 10 

min and let stand for 15 min to improve the extraction efficiency and 

selectivity. Later, the sorbent was washed by 1 mL of 5% methanol and 

eluted three times by 2 mL of 80% methanol. The collected eluents (6 

mL) were evaporated to dryness and reconstituted with 1 mL of 0.1 M 

formic acid in 80% methanol and injected into HPLC [106]. It is 

important to indicate that the total SPE procedure was achieved within 13 

min.  

 

 

Figure 10. The most common solid-phase extraction approach. 
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Figure 11. Solid-phase microextraction approach. 

The evolution of SPE has led to the rising micro-SPE extraction 

techniques that successfully increase the extraction efficiency with less 

time, solvent, sample, and money consumptions. Solid-phase 

microextraction (SPME) is based on the adsorption of the target analytes 

on a suitable sorbent coated on fibre and fixed on a supporting wire that 

could be made of stainless steel [107], copper [108], aluminium [109], 

titanium [110], zinc [111], and gold [112]. Then, it was followed by 

thermal adsorption (solvent-free) or by a small quantity of a desorption 

solvent [113] (Figure 11). It is a useful technique for the effective 

extraction of flavonoids from food samples. This technique is simple for 

its ease of performance, solvent-free (eco-friendly), a short extraction 

time, and high sensitivity and preconcentration factors are observed 

[114]. On the other hand, the main drawbacks of this method come from 

the unavailability of the commercial stationary phase, its relatively high 

cost, and the stripping of coatings, the instability, swelling in organic 

solvents, bending of the needle, breakage of the fibre, and the short 

lifetime of the fibre [115, 116]. The extraction of 16 phenolic 
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compounds, including five flavonoids, was carried out applying 

montmorillonite composites including ionic liquid to prepare a SPME 

fibre on the stainless steel wire as support [117]. The fibre was directly 

inserted into 20 mL of fresh fruit juice samples. Then the fibre was 

withdrawn into the needle after a certain extraction time, the adsorbed 

phenolic compounds were thematically eluted (solvent-free) by inserting 

the needle into the GC injection port after the derivatization process. In 

the case of HPLC, 500 µL of a mobile phase was used as an elution 

solvent before the HPLC determination. 

Dispersive solid-phase micro-extraction (DSPME) has been recently 

developed to overcome the inherent limitations of SPME. It is considered 

as a non-fibre SPME method. In this technique, the sorbent is directly 

poured into the sample solution and not fixed onto the fibre core. Then, 

the sorbent desorption in the sample solution (extract the analytes) and in 

the acceptor solution (elute the adsorption analytes) are needed to 

increase mass transfer. The desorption could be done using a stirrer, 

ultrasonic, vortex, or even microwave-, ultrasonic-assisted system [113] 

(Figure 12). In this procedure, the extraction time, desorption time, and 

the quantity of sorbent are significantly reduced, providing a high 

enrichment factor, and low consumption of sample solution. While the 

difficulty of the sorbent separation and the need for many manual steps 

limit its automation [118]. In particular, the extraction of seven 

flavonoids (vitexin, luteolin, wogonoside, apigenin, chrysoeriol, acacetin, 

and pectolinarigenin) from Veronicastrum latifolium using DSPME 

assisted with microwave irradiation was reported. Zinc oxide and 500 µL 

of ethanol were attained as an adsorbent and eluent solvent, respectively. 

The mixing time between the analytes and the adsorbent in the sample 

solution was 120 s. The achieved recoveries were more than 98.1% with 

a higher achieved sensitivity ≤ 0.078 μg mL−1 [119]. Whereas, reducing 

the limitation of DSPME, micro- or even nano-magnetic sorbents are the 

considerable novel sorbents in this method [120]. The ability to simplify 

the sorbent separation step helped with an external magnet providing a 

higher yield in a shorter extraction time due to the elimination of 

centrifugation or filtration steps. Additionally, it is easy to automate and 
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maybe online hyphenated with the analytical technique [121]. In the 

literature, the use of magnetic sorbent in extraction procedures is 

classified as an individual technique, magnetic solid-phase extraction 

(MSPE) [122] or magnetic dispersive solid-phase extraction MDSPE 

[123]. 

 

 

Figure 12. The main dispersive solid-phase microextraction approach. 

Matrix solid-phase dispersive extraction (MSPDE) is the latest trend 

in flavonoids sample preparation of fruits, plants, herbs and other natural 

matrices. This procedure depends on the direct mixing of the sorbent with 

a solid or semi-solid sample; blending and homogenizing steps are 

implemented. Next, the mixture will be transferred to the extraction 

column and the analytes adsorbed onto the sorbent are eluted by applying 

a suitable organic solvent [124] (Figure 13). MSPDE provides the 

complete interaction between the sample and the sorbent, reducing the 

matrix interferences to the minimum, and increasing the extraction 

efficiency. Nevertheless, the handling, manual works are the main 

disadvantages of this technique such as blending, homogenizing, and 

filling the mixture into the extraction column or a syringe resulting in the 

difficulty of its automatization [124].  
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For instance, a simple and sensitive MSPDE method was established 

for the extraction of chiral flavonoids from citrus fruits using 30 mg of 

C18 as a dispersant mixed with 25 mg of sample in a mortar and grounded 

together along 1 min. The mixture was placed in a centrifuge tube and 

eluted in a vortex with 2.5 mL of methanol for 5 min [125]. The eluate 

was diluted and centrifuged again for another 5 min before the mass 

spectroscopic determination. 

The comparison between all evaluated SPE methods concerning the 

extraction of flavonoids is illustrated in Table 4. The summarizing of 

SPE’s advantages and disadvantages are illustrated in Table 6. 

 

 

Figure 13. Matrix solid-phase dispersive extraction approach. 

Other Modern Extraction Techniques 

SFE is one of the modern and effective alternative techniques applied 

for a greener extraction of flavonoids from food and natural sources. This 

technique is similar to PLE, and the main difference is that SFE is based 

on the extraction of the analytes with solvents at temperature and 

pressure conditions above their corresponding critical points. Then these 

solvents will be at supercritical conditions, while PLE uses the 

temperature above the solvents boiling points and pressure enough to 

keep the extracting fluid in the liquid state. Regarding this point, the 

solvents acquire different unique physical properties such as the 
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possessing of diffusivities of gases while maintaining densities of liquids. 

These features are responsible for owning a unique character of SFE 

compared with other extraction techniques. As can be inferred, carbon 

dioxide CO2 is the most important extraction solvent implemented in 

SFE, even for the extraction of flavonoids. This gas possesses several 

very interesting characteristics for use as a supercritical fluid. For 

instance, but not limited to being cheaper than many other extraction 

solvents, it is environmentally friendly and since it is produced as a 

subproduct of different technological processes, no extra CO2 emission is 

needed, and it’s food-grade solvent. Additionally, the most important 

character regarding the analytical point of view is a solvent-free extract 

since it is a gas at atmospheric conditions. It totally evaporates due to the 

depressurization and leaves the extractant totally solvent-free and ready 

to be further analyzed, thus the ease of its being coupled with the analysis 

tools [134]. In the extraction of flavonoids, CO2 is considered a non-

powerful extraction solvent concerning its very low polarity. In this 

sense, the combination between CO2 and other polar organic solvents 

such as methanol, ethanol [135], and ethyl acetate [136] help it to 

encourage the enhancing of the extraction yield of flavonoids. In practice, 

the comparison between the yields of total phenolic content, total 

flavonoid content, and antioxidant activity, applying different SFE 

extractions solvents for a Brazilian variety of Humulus lupulus using 

CO2, CO2 + ethanol, CO2 + ethyl acetate, and compressed propane has 

been published. The results indicate that ethyl acetate increases the 

extraction yield with higher total phenolic content, total flavonoid 

content, and antioxidant activity values compared with other studied 

extraction solvents [136]. The extraction time ranged between 30 and 110 

min depending on the kind of solvents used, resulting in the faster 

extraction in the combination of (CO2 + ethyl acetate). On the contrary, 

pure CO2 was the longest process. This clearly depends on the polarity 

and the affinity of the solvents to the extraction compounds. Worthwhile, 

the evaporation step of the adding co-solvents needed 30 h (a long 

processing time), while the pure CO2 directly evaporated. Moreover, the 

comparison between the extraction of total flavonoids from S.purpurea, 
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S.viminalis, and P. nigra using pure CO2, CO2 + water, and pure water 

indicated that the highest yield was observed by using CO2 at 9 h of the 

extraction time, which indicates the hydrophobic nature of this group of 

chemicals present in the analyzed raw materials [137]. 

The chosen suitable extraction solvent plays an important role in the 

improvement of the enrichment factor as well as the optimization of the 

attained temperature and pressure [138]. In the case of the elevating of 

these physical factors, the possibility of the flavonoids’ degradation will 

be also increased. For that, these variables should be carefully optimized 

to enhance the sensitivity and the selectivity of the extraction. Otherwise, 

the main disadvantages of this technique are the higher maintenance cost, 

the requirement of special high-pressure vessels according to the high-

pressure operation conditions, and the difficulty to reach the equilibrium 

status between solute and solvent.  

HSCCC is a fast-growing separation and purification technique. It is 

similar to solid-phase chromatography (LC), but its support-free liquid-

liquid partition chromatography, thus its functionality in principle is a 

LLE procedure. In other words, the separation can be realized according 

to the different partition coefficients (K) of the target compounds 

provided by a suitable solvent system. HSCCC has a number of 

advantages over these similar mentioned techniques, such as its being 

more efficient than LLE, belonging to a great number of exchanges that 

perform between liquid phases providing a higher recovery and higher 

capacity, no irreversible adsorption and eliminating the possibility of the 

extraction column to be clogged by the impurities located in the crude 

samples compared with LC, and low risk of sample denaturation [139]. 

Recently, HSCCC has been carried out in the analysis, separation and 

preparative procedures of flavonoids from natural samples [140]. For 

example, the preparative extraction of five flavonoids from Caragana 

korshinskii Kom was developed using ethyl acetate: n-butanol: water 

(0.5% glacial acetic acid) (4:6:10, v:v:v) at a flow rate of 35 mL min-1 as 

a suitable solvent system. The separation was done in 400 min and the 

obtained purities were higher than 98% [141]. As another example, 

HSCCC based DSE solvent was developed for the extraction and 
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separation of five flavonoids from Malus hupehensis. Choline chloride: 

glucose-water-ethyl acetate (1:1:2, v/v) as separation liquid systems, 2 

mL min-1 of flow rate, and 240 min of extraction time were the best-

operating conditions [142]. 

From the literature, the most developed HSCCC have been carried 

out at a long extraction time that can reach up to 400 min applying a high 

flow rate [141], resulting in a high solvent and time consumptions. These 

points are the main drawback of the technique along with the non-

commercially available instrument, its low separation efficiency, and the 

difficulty to maintain the liquid stationary phase in a steady-state while 

the mobile phase is pushed through. The change in the composition of 

one liquid may induce a change in the other depending on the mechanism 

of HSCCC that is based on the diffusion process between liquids and the 

efficiency of the mixing phase. Therefore, the selecting of the stationary 

phase and the mobile phase must be taken with a lot of care [143]. 

However, owing to the limited peak capacity of unidimensional HSCCC, 

two dimensional (2D-HSCCC) has been exploited advancing its power 

on the separation of the similar polarities of flavonoids in the complex 

samples. The inherent drawbacks of the 2D approach are the need for the 

double extraction time that is already considered very long (off-line 

mode), over the required two expensive HSCCC instruments in on-line 

mode [144]. 

The main parameters that should be optimized in HSCCC are the 

composition of the solvent system, the operating temperature, the flow 

rate of the mobile phase, and revolution speed [145]. 

 

 

Automation of Extraction Techniques 

 

Due to the industrial revolution and increasing demands for quality 

control of the produced goods, the need for quick, costless, and effective 

sample preparation and analytical techniques have been the essential 

needs. These requirements aroused the beginning of another revolution to 

miniaturize and automate the analysis procedure. This term, reduces the 
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required time and effort for the analysis of each production batch and 

results in minimizing the production cost. The sample preparation step is 

considered a long and tedious step in the analytical procedure that can 

consume 80% of the completely analytical operation. Moreover, some 

analytical techniques are mandatory to clean-up the matrices before the 

analysis, such as all chromatographic systems. 

In this sense, the interest in the development of automated extraction 

procedures has recently been increased. However, the development of 

fully automated methods covering all processing steps, from the 

extraction to the detection stage, is not always possible and sometime 

needs intensive working-time for designing, creating, optimizing, 

programing, and also, in some cases needs additional expensive tools. 

Regarding flavonoids analysis, the majority of sample pretreatment 

techniques have been manually implemented; hence, some works have 

been illustrated as semi-automated extraction techniques of flavonoids 

from fruit and plant matrices. Semi-automated techniques mean that 

some works must be manually handled, such as the off-line connection of 

the extraction and detection systems that the extractants should be 

collected and manually transferred to the analysis tool [146, 147], and 

filling and replacing the extraction column in case of SPE [103, 146, 148-

150]. This can happen in either off-line or even on-line approaches. 

In principle, Flow analysis techniques (FATs), in all their 

generations, attempted to automate and integrate the sample pretreatment 

step with detection or separation instruments. Many FATs systems have 

been developed since the 1980s [151]. To their credit, FATs are fast, 

economic, more robust, more flexible than their batch counterparts. They 

reduce analytical costs and waste production by using samples and 

reagents sparingly, thus minimizing human intervention and decreasing 

their exposure to the solvents [152]. 

Since the first development of the FATs, numerous works and 

reviews have been focusing on the automation of the sample pretreatment 

steps and to integrate them (off-, on-, in-, at-line) with the detection 

and/or analytical instruments. Many works have been found in 
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environmental analysis, biological analysis, medical analysis, 

radiochemical analysis, among other analytical fields [153-160].  

In flavonoids, determination-based FATs, the first trail in this field 

was the online connection between flow injection analytical system (FIA) 

and capillary electrophoresis (CE). This system has been successfully 

implemented for the extraction and determination of three flavonoids 

(catechin, epicatechin, and quercetin), among other phenolic acids in 

different wine samples. The method is based on the continuous flow 

connection assisted by peristaltic pumps to simultaneously pump up the 

sample through the SPE-C18 minicolumn. Then, after their elution by 2 

mL of methanol, the analytes were transferred to the CE autosampler 

helped by a homemade programable arm [161]. 6.30 min was the 

required extraction time to reach the eluted analysts to CE. The achieved 

limits of detection and the recoveries were ≤ 0.36 mg L-1 and 92% -

110%, respectively.  

The following work in 1999 by Perez et al. [162] was for the online 

determination of hesperidin in orange samples. It was based on a 

coupling of the FIA system to a fluorescence detector. The method 

depends on the online formation of a fluorescent complex between 

hesperidin and Al+3. The detection limit was better than 79 µg L-1. 

It is worth mentioning that the most important and computerized 

FATs systems that can be benefit from the automation of sample 

pretreatments and on-line coupling to the analytical techniques are the 

multisyringe flow-injection analysis (MSFIA) and the lab-on-valve 

(LOV) tools. Much later, beginning in 2012, the interest in flavonoids-

based FATs determination increased. Wang et al. successfully applied a 

LOV-SPE-voltammetry method for an effective extraction of quercetin 

from human urine and red wine samples coupled with voltammetric 

detection [50]. The consumed solvent and time were 0.45 mL and 57.3 

min, respectively. The achieved sensitivity was 0.39 × 10-6 µg mL-1. 

Another LOV-µSPE-HPLC-DAD has been developed by Sammani et al. 

in 2019 [53].  
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The on-line extraction of hesperidin and diosmin from citrus juice 

and their related products was the target of this work. LOV was on-line 

coupled to the HPLC system. In this method, the repeatability, sensitivity 

and total procedure time were notably enhanced. The extraction and the 

analysis were carried out simultaneously in 25 min consuming only 0.27 

mL of extraction solvent. The achieved LODs were lower than 0.32 µg 

mL-1. 

Analyzing the previously mentioned data, several advantages 

belonging to LOV are observed. It is able to provide multi-

communication of reagents and samples, allowing to hold one of its 

micro-channels (a grafted micro-channel) by a small amount of extraction 

resin achieving a micro-SPE system (Figure 14). Hence, it greatly 

facilitates the automation of SPE mandatory steps including the filling, 

conditioning, washing, loading, eluting, and even replacing of the 

extraction column. Further, directly transferring the analytes to the 

separation/detection tools is also carried out by the net command of the 

controlling software [160]. All of these automated steps have been done 

assisted by a MSFIA. It is a powerful aid system that includes a 

conventional automatic titration burette headed with a fast-switching 

solenoid valve, adapted with one motor that can simultaneously move a 

metal bar with up to 4 syringes (Figure 15). MSFIA provides a 

programable aspiration and dispensing of solvents and samples using 

simple and powerful controlling software such as the Autoanalysis 

software developed by Sciware Systems-SL [163]. All these observed 

features led to achieving higher analysis throughput, a much greater 

reduction of the consumption of solvents, the required amount of 

extracting resin and the total analysis time compared to the existing 

manual pretreatment methods that can reach up to a 99% reduction [53]. 

Furthermore, the extraction beads can be used several times before their 

replacement, thus reducing the analysis time, analysis cost, waste 

generation and increasing the precision of the analysis [53]. 
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Figure 14. The diagram and real lab-on-valve (LOV) device. 

 

Figure 15. Multisyringe flow injection analysis system (MSFIA). 

Microfluidics is another dynamic scientific-technology constructed 

on a solid substrate (glass or plastic) containing a network of micro-sized 

channels, which are connected to the reagents or sample reservoirs 

allowing the manipulation of fluid volumes in the order of nano- or 

picoliters. This technology holds superior advantages compared to 

conventional macroscale technical systems. Microfluidics is an attractive 

system in many fields such as biological analysis (the most microfluidic 

applications have been done in this field concerning the separation and 

determination of DNA and RNA), food analysis, and medicinal analysis. 
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In the field of food chemistry, it plays an important role in the 

miniaturization and automatization of not only the sample pretreatment 

and the extraction of the analytes, but also the integration of the 

separation and detection tool in one small device. In addition, it greatly 

minimizes the consumption of solvents and time, increases the 

sensitivity, selectivity, and analytical throughput. Its valveless flow 

control and small scales provide the advantage to be used in the field. To 

date, there are a countless number of developed microfluidic systems 

with the purpose of the automation of the extraction stage such as lab-off-

chip, lab-on-chip and paper-based microfluidic system [164]. In sample 

preparation based microfluid, the use of off-chip sample pretreatment is 

very common in microfluidic analytical methods. This option is time-

consuming, leads to an undesirable loss of analytes, may introduce 

contaminants, and does not achieve a fully automated system [165]. To 

avoid these limitations and to automate the whole analytical process, on-

chip sample pretreatment methods are implemented integrating all of the 

required analytical processes, by loading, filtrating, mixing, extracting, 

separating, and making the final detection. The LLE-based microfluidic 

system offers the possibility of performing the separation without the 

need of stirring or agitation, owing to the high surface-to-volume and 

short diffusion distances typical in microfluidic environments [166]. The 

SPE-based microfluidic system has been implemented in two ways, 

coating channel walls with a solid sorbent, but in this case, the loading 

capacity of this approach was relatively low or filling the microchannels 

with a solid sorbent that leads to increase the capacity of the extraction. 

Figure 16 shows an example of the solid-phase extraction based on a lab-

on-chip device. Nevertheless, it is necessary to localize these particles in 

targeted regions of microchips and prevent their loss by the solvents flow 

using physical barriers, such as a sol-gel structure [167], two-weir design 

[168], and photopolymerized frit [169]. In this sense, the use of 

functionalized magnetic beads has shown its usefulness when applying 

SPE in microfluidic systems, making the packing, removal, and 

replenishment of the extraction beads straightforward. On the other hand, 

the main disadvantages of using these systems are the integration of all 
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analysis-required stages in one device, which is not always possible and 

sometimes impossible to achieve a functional device that can provide the 

fully automated tool. For this purpose, tedious work for designing, 

formatting, creating, testing, optimizing the factors in microscale is 

usually required. The complexity of food, biological, and environmental 

samples, does not always allow one to directly apply in a microfluidic 

device and needs some purification and filtration steps to avoid the 

clogging of the microchannels [170]. Another aspect that needs to be 

improved is the limited extraction length and optical path which led to a 

limited extraction capacity and detection limits [171]. 

 

 

Figure 16. The example of solid-phase extraction-based lab-on-chip. 

The analysis of flavonoids using microfluidic systems is quite 

limited. A lab-on-a-chip device coupled with a chemiluminescence 

detector has been developed for the simultaneous determination of total 

flavonoids and total phenolic acid in tea and honey samples using 20 mg 

of a magnetic zinc-imidazole framework (ZIF-4) as extraction sorbents 

[54].  
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The developed microfluidic device has notably reduced the 

consumption of solvents (0.7 mL) and time (21.1 min) providing good 

accuracy (95.6%-104%). Another developed work is based on the 

application of a porous polymer monolithic column for SPME of catechin 

in green tea using a fabricated lab-on-chip device with 

chemiluminescence detection [172]. Solvent-free elution, high recovery 

(90%-100%), high sensitivity (0.29×10-6 µg mL-1), and high enrichment 

factor (20 times) of catechin were achieved due to a short extraction time 

(5 min). 

A paper-based microfluidic system is a portable alternative 

compatible microfluidic analytical technique. In this technique, some 

zones (chromatographic or filtration paper) are placed onto a fixing tape. 

The flowing of the analytes between the zones is carried out with a 

power-free fluid transport via capillary forces [173]. Some of its 

advantages include low cost, easy to use, low reagent consumption, 

portability, biocompatibility, and biodegradability. This system has been 

recently developed for the determination of four flavonoids (rutin, 

quercetin, morin, and taxifolin) in hawthorn tincture and onion peel after 

their filtration, purification, and preconcentration onto the used paper in 

one step. The method consists of three applying paper zones (loading, 

preconcentration and detection). The sorbent (Hypercrosslinked 

polystyrene) was fixed on the preconcentration zone using a strong 

cylindrical magnet, which was put under the preconcentration paper. 

Flavonoid solutions were trickled down into the loading zone, a paper 

drain leading to a beaker was inserted instead of a detection zone for the 

elimination of the excess solution out of the paper, then this paper was 

replaced with a detection one and flavonoids were eluted with 50 μL of 

0.1 mol L−1 KOH ethanol solution. After that, elution profiles of 

flavonoids on magnets were determined by HPLC [174]. The methods 

were run out in 12 min and achieved LODs lower than 14 µg mL-1 and 

recoveries between 60% and 90%. 
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Finally, the automated sample pretreatment strategies draw serious 

attention in the field of flavonoids extraction and determination. 

Unfortunately, these techniques are still in their beginning stages 

regarding flavonoids matter and have not yet been widely applied in this 

field. Reviewing the literature, FATs have a future outcome as powerful 

alternative techniques in front of the conventional ones. It is also true for 

the microfluidic systems due to their ability to simplify and automatize 

the whole sample pretreatment of flavonoids within one commercially 

available instrument assembly benefiting from advantages of the 

coupling analytical techniques, especially the separative ones that can 

effectively separate and determine the desired extracted flavonoids in the 

complex samples. On the contrary, the developed lab-on-chip devices are 

based on the extraction of total flavonoid content [54] or one compound 

[172], being unable to separate and determinate flavonoids individually. 

Even though, paper-based microfluidic system’s developed work depends 

on the preconcentration of the analytes by drying the sample spot, 

nonetheless, the method achieved low recovery (60% – 90%) and poor 

sensitivity (14 µg mL-1) compared with the lab-on-chip or developed 

flow analysis methods, but it is still attractive if it is improved. On the 

other hand, the difficulty of integrating the extraction part into the 

microfabricated chip limited the applicability of these devices. That has 

caused most development microfluidic systems to focus on the 

determination of total flavonoids, total phenolic content or the total 

antioxidant property of the matrices by spectroscopy or 

chemiluminescent detection directly without relying on the extraction 

process [175-177]. 

The developed automated sample pretreatment methods applied to 

flavonoids extraction from food and plant matrices are illustrated in 

Table 5. The main advantages and drawbacks of all mentioned extraction 

techniques belonging to flavonoids extraction are summarized in Table 6. 
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Table 6. The summarizing advantages and disadvantages of 

extraction techniques of flavonoids 

 

Extract. 

Tech. 

Advantages Disadvantages 

MAE Ease of use, reducing the extraction time, 

and solvents than CETs, increasing the 

extraction yield. 

High-processing temperature may 

decompose the flavonoids, microwave 

radiation negatively affects the 

biological properties, low selectivity, 

consuming solvent and time. 

UAE Less degradation effect than MAE, does 

not affect the biological properties of 

flavonoids, increase the extraction yield 

from the plant materials. 

Elevated temperature produces 

flavonoids degradation, is difficult to 

maintain a constant temperature along 

the process, requires big solvent 

quantity and time, has low selectivity 

of flavonoids. 

PLE Increase the mass transfer rate, provides a 

high extraction yield, better flavonoids 

solubility, has the possibility of its 

automation. 

High pressure and temperature 

processing conditions lead to the 

degradation of flavonoids and 

decrease the extraction yield, high 

equipment’s cost, non-selective. 

SWAE Prevents the flavonoids degradation, very 

short extraction time, small extraction 

solvents’ quantity, eco-friendly, observes 

high extraction efficiency. 

Low sensitivity, unavailability. 

LLE Less solvent, sample, and time 

consumption than CETs, it has simple 

operation, does not requires complex 

apparatus, effective for some flavonoids’ 

subclasses. 

Tedious, time-consuming, large 

amount of toxic and expensive organic 

solvents are required, non-

environmentally friendly, low 

enrichment factor, low selectivity of 

some flavonoids’ subclasses, the 

difficulty of phase separation. 

LLME More eco-friendly than traditional LLE, 

higher recovery and higher enrichment 

factor than LLE, simple and rapid of 

operation, low operational cost. 

As LLE, is difficult to be applied to 

many sub-groups of flavonoids 

extraction, the difficult phase 

separation, requires centrifugation, the 

difficult its automation. 

DLLME Simple and rapid operation, effective in 

the extraction of flavonoids from aqueous 

matrices, achieves high enrichment 

factor, eco-friendly, not required 

evaporation before eluent’s analysis. 

Difficulty to completely separate the 

extraction solvents, low selectivity, 

limitation of solvents choice for many 

sub-groups of flavonoids, requires 

centrifugation, not appropriate for 

complex matrices. 
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Table 6. (Continued) 

 

Extract. 

Tech. 

Advantages Disadvantages 

HF-

LPME 

Simple, inexpensive, reducing a lot the 

consumption of solvents, environmentally 

friendly, tolerates a wide pH range, 

excellent sample clean up, high 

enrichment factor, easy of automation. 

Relatively long extraction time, 

possibility of blocked fibre pores, 

fibres commercially unavailable, fibre 

with a relatively high cost. 

SPE Less solvent and sample consumption 

than LLE, relatively short extraction time, 

diversity availability of sorbents, ease of 

automation, high reproducibility, high 

enrichment factor. 

Time and solvents consumption 

regarding the required operational 

steps, clogging the pores of the solid 

phase after several extraction times 

thus the efficiency is reduced and the 

using of new extraction beads is 

essential. 

SPME Simple, the separation is fast, high 

sensitivity, elution solvent-free, eco-

friendly, easy of automation. 

Lack of robustness, fibres 

commercially unavailable, relatively 

high cost, polymer is fragile and has a 

limited lifetime, the small coating 

surface reduces the extraction 

capacity. 

DSPME SPE column is not required, reducing the 

required amount of sorbent, the 

consumption solvents, the operational 

time, increasing the selectivity and the 

enrichment factor. 

Reducing the extraction capacity due 

to the limitation of the extractant 

amount, its automation is challenging 

since it requires centrifugation. 

MSPDE Centrifugation and filtration steps are not 

required, the solid or semi-solid sample 

can be used directly, dramatically reduces 

the consumption of solvents and time, the 

maximum contacting between the sample 

and the analytes is performed. 

Many manual steps are required, lack 

of its automation, further sample 

clean-up is almost required. 

SFE Eco-friendly, reducing the waste 

generation, unique physical features of 

using mobile phase in a corresponding 

critical point, high mass transfer, and 

high extraction yield. 

Required high temperature and 

pressure conditions, long processing 

time led to flavonoids degradation, 

high cost of required high-pressure 

vessels, high periodic maintenance 

cost, expensive equipment, difficult 

solvents equilibration. 

HSCCC Completely recovering sample, can be 

used for industrial extraction amounts, 

much less noise and the stability is 

effective, enhancing the throughput 

performance. 

Expensive equipment, unavailability, 

long processing time, low separation 

efficiency, difficulty to maintain the 

liquid stationary phase in a steady 

state. 
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Extract. 

Tech. 

Advantages Disadvantages 

FTAs Robust, closed solvents protecting loss of 

volatile organic solvents, non-transfer 

loss of analyses, higher recovery, highly 

reducing the required time and solvents, 

eco-friendly, increasing the analysis 

throughput, the extraction and separation 

procedures are performed simultaneously, 

effective automation of the whole 

analysis, provides a solution to the 

limitation of several procedures such as 

SPE and DLLME. 

Less flexible since the final elution 

conditions need to be compatible with 

the detection system due to the 

difficulty to apply the evaporation and 

centrifugation steps, high back 

pressure when using SPE extraction 

columns which could be led the 

leakage of the solvents from the 

system. 

MFS Microfabricated device, ease to handle, 

suitable for fieldwork, small lab’s space 

is required, reducing of the solvent and 

time consumptions, saving energy, eco-

friendly, enhancing the method 

throughput.  

Tedious work is required, difficulty to 

include all required processes in the 

same chip (the main objective of 

MFS), each analysis objective needs a 

new appropriate chip, low selectivity 

and sensitivity regarding the limited 

pathway.  

DLLME: dispersive liquid-liquid microextraction; DSPME: dispersive solid-phase microextraction; 

FATs: flow analysis technique, HSCCC: high-speed counter-current chromatography; HF-

LPME: hollow fiber liquid phase microextraction; LLE: liquid-liquid extraction; LLME: liquid-

liquid microextraction; MSPDE: matrix solid-phase dispersive extraction; MAE: microwave 

assisted extraction; MFS: microfluidic systems; PLE: pressurized liquid extraction; SPE: solid-

phase extraction; SPME: solid-phase microextraction; SFE: supercritical fluid extraction; UAE: 

ultrasound-assisted extraction. 

 

 

ANALYTICAL METHODOLOGIES OF FLAVONOIDS 

 

The determination of flavonoids in their natural sources and the 

knowledge of their exact concentration and the estimation of the quality 

of the origin has utmost importance regarding their remarkable 

therapeutic and pharmacological behaviours. On the other hand, 

concerning the vast differences’ characterization of flavonoids 

compounds in nature, their countless derivatizations, and the numerous 

linkage groups to the main framework of flavonoids, differentiate their 

ability to dissolve in aqueous and organic solvents, polarity, the 

complexity of the matrices, and their low concentrations in the natural 

samples, several analytical methodologies have been developed to fulfil 
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this purpose. Therefore, the objective of the analysis and the 

concentration of the target flavonoids in the sample play a significant role 

in the choosing of the appropriate analysis method. In general, if the 

determination of total flavonoids or the estimation of the matrix’s 

biological or antioxidant behaviour is a matter of concern, spectroscopic 

techniques are the one of choice belonging on their fast, simple, and low-

cost. When the individual estimation of flavonoids in the plants, food, 

dietary supplements, and pharmaceutical samples are the aim, separation 

analysis techniques are focused on regarding their high sensitivity and 

selectivity in the separation and determination of individual flavonoids. 

In the following paragraphs, the classification of the analytical 

techniques used in the field of flavonoids determination in plants, fruits, 

foods, and commercial products will be detailed. The benefits and the 

drawbacks of each technique will be also explained. The recent 

applications for this purpose will be mentioned. 

 

 

Spectrophotometric Assay 

 

Several absorptions and vibrational spectroscopic methods have been 

developed for the determination of flavonoids in their different sources. 

They include direct ultraviolet radiation (UV) [179], visible radiation 

(Vis) [180], fluorescence technique (FL) [181], nuclear magnetic 

resonance spectroscopic technique (NMR) [182], X-ray crystallography 

(XR) [183], and circular dichroism spectroscopy (CD) [184] as an 

absorption spectroscopic technique. On the other hand, the vibrational 

ones are near-infrared (NIR) [185], Raman spectroscopy (RS) [186], 

terahertz (THz) [187], and hyperspectral imaging spectroscopy (HSI) 

[188]. Also, the interesting applications of mass spectroscopy in the area 

of flavonoids’ determination cannot be forgotten [189]. 

In UV-VIS radiation techniques, flavonoids are well-defined 

compounds for their powerful absorption of UV radiation. In principle, 

the main skeleton of flavonoids provides two important absorption bands 

I (240-285 nm) and II (300-560 nm) from the absorption of ring A and B, 
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respectively (Figure 17) [183]. Almost all flavonoids have at least one 

maximum absorption wavelength in the range of these bands. In this 

sense, UV spectroscopy is the technique of interest to evaluate the 

flavonoids in different matrices. In terms of quickness, cost-effectiveness 

and environmentally friendly method comparing with chromatographic 

techniques, UV spectroscopy is the major technique for the evaluation of 

total flavonoids, total antioxidant power, and total biological behaviours 

in the natural samples and it has been widely accepted for these purposes 

during decades [184].  

 

 

Figure 17. The main ultraviolet absorption bands of flavonoids’ main framework. 

However, this technique is considered as a non-selective detection 

technique of flavonoids because of the maximum wavelength for most 

flavonoids located in narrow two range bands. Additionally, the linkage 

molecules to the flavonoid’s skeleton such as methyl, methoxy, non-

dissociated hydroxyl and sugar molecules, in the case of glycosides, have 

also overlapped the absorptions and effect negatively on the accuracy and 

the sensitivity of the analysis. On the other hand, natural sample 

endogenous’ unexpected absorptions have limited the application of this 

technique. Whereas, some works were found for direct determination of 

total flavonoids in their sources [179]. Whilst the colouration methods are 
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better than the direct UV estimation, it will not be disturbed by other 

unwanted components, as well as increase the selectivity to flavonoid 

groups [190], but still is not able to differentiate between the different 

flavonoids’ compounds located in the sample which affected the accuracy 

and reliability of the results [191]. For example, all anthocyanidins can 

form intensive blue compounds chelating with Al3+ [192]. Due to these 

properties, it is only used for total flavonoids determination in natural 

samples. The coloured flavonoids are usually done by complex formation 

of flavonoids with shift reagents such as 2.4-dinitrophenylhydrazine 

[193], 4-aminoantipyrine [194], oxidation with Cu (IV) [195], and 

aluminium chloride (AlCl3) [192]. In practice, AlCl3 is the most widely 

implemented reagent for total flavonoids evaluation. The principal 

procedure is based on the mixing of methanolic [196], ethanolic [197], or 

alkaline [191] sample medium with 1.5% to 10% of AlCl3 [198-200], 

then the mixture stands for incubation for the time ranging between 2 and 

60 min [198, 199] and then the mixture was directly measured at the 

appropriate visible-light wavelength depending on the solvent used. 

Otherwise, some flavonoids’ groups such as isoflavonoids, 

polymethoxylated flavones and flavonoids with a free hydroxyl in the C3 

position show a slight natural fluorescent behaviour [201]. In these 

groups, the FL technique provides a selective and useful choice for their 

total determination in natural complex matrices. In general, flavonoids 

are considered as good chelating compounds. Taking advantage of this 

feature, the enhancing of fluorescent behaviour of these groups as well as 

the other flavonoids’ groups that do not exhibit a native fluorescence, FL 

can be applied after the formation of the chelating complex with highly 

fluorescent chelating ions such as Al+3 [181], Tb+3 [202] and Cu+2 [203]. 

Of note fluorescently, Naturstoff reagent A (diphenylboric acid 2-

aminoethyl ester) has been reacted with some flavonoids to visualizing 

them in plant tissues and inhuman in vitro cell cultures [204]. This 

complexation is enhanced significantly by the fluorescent signal of 

studied flavonoids such as apigenin [205], kaempferol, naringenin and 

quercetin [204], but it has not been implemented yet outside the scope of 

tracking flavonoids at the cellular level. Hence, FL has notably improved 
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the sensitivity and the selectivity of the detection flavonoids’ groups but 

still required additional preparation time to form a chelating complex that 

can reach up to 60 min, plus it is poor selectivity for the determination of 

individual flavonoids. It should be noted here that these detection 

techniques have been deeply used for decades for the determination of 

total flavonoids in plants, foods, and human fluids, but nowadays, many 

other powerful tools are replacing these techniques in the determination 

of flavonoids. 

In the field of flavonoids’ structural elucidation, NMR [206], mass 

spectroscopy (MS) [189], XR [183], and CD [184], in addition to 

vibrational spectroscopic techniques are the common analytical 

techniques that have been implemented for this purpose. 

NMR is usually used in quality control and research for determining 

the content and purity of a sample along with its molecular structure. It is 

increasingly used to provide insight into a mixture of natural products 

simply and without time-consuming chemical degradations and syntheses 

[207]. NMR can quantitatively analyze known compounds. For unknown 

ones, it can either be used to match against spectral libraries or to infer 

the basic structure directly. The main application of NMR in flavonoid 

research is the structural elucidation of novel compounds, but the 

potential for its quantitative ability (qNMR) has recently increased. The 

qNMR method could simultaneously detect multiple components in a 

very short time (1–5 mins) using a very cheap internal standard reference 

[208]. On the other hand, the application of NMR for naturally occurring 

flavonoids, most of which are glycosides is limited, because of their low 

solubility in most organic solvents, common attached structures, such as 

methoxy and acetyl, that are generally not suitable for the NMR analysis 

because the signal pattern of the natural product is often obscured, in 

part, by the signals of the additional groups [209]. Regarding the limited 

dissolving properties of flavonoids in many aqueous and organic 

solvents, DMSO‐d6 is the optimal solvent among others to perform NMR 

of flavonoids that almost all kinds of flavonoids could be well dissolved 

in it, and solvent peaks rarely overlap the resonance signals of flavonoids 

[210]. In the implementation, NMR was used for the structural analysis 
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of flavonoids in herbs and medicinal plants matrices [206, 211]. 

Quantitative NMR (qNMR) was successfully applied for the quantitative 

analysis of three flavonoids (liquiritin, liquiritigenin, and isoliquiritinin 

glycyrrhizin) in Glycyrrhiza uralensis Fisch extract using DMSO as the 

solvent, and dichloromethane as the internal standard. The obtained LOD 

was less than 0.023 mg mL-1, the recovery ranged between 100% and 

108.8% [212]. qNMR is also utilized for the simultaneous determination 

of four flavonoids (baicalin, baicalein, wogonin, and wogonoside) in 

Scutellaria baicalensis Georgi Extract using 3,4,5-trichloropyridine as an 

internal standard [213]. 

Another important spectroscopic technique that has also been utilized 

for flavonoids identification is MS. This technique is a physicochemical 

method that has proved to be one of the most effective techniques for the 

identification and structural determination in biomedical research, 

especially when complex matrices must be analyzed. MS provides high 

sensitivity and high specificity, as it can separate molecules of the same 

molecular weight but different atom composition [214]. In the case of 

flavonoids, especially in glycoside forms, these compounds are polar, 

nonvolatile and thermally labile, which limit the application of MS 

without a prior derivatization process. Consequently, some MS 

techniques such as electron impact and chemical ionization require the 

analytes to be in gas form for ionization. In desorption ionization 

techniques, for instance, field desorption, direct chemical ionization, fast 

atom bombardment, and liquid secondary ions mass spectrometry, the 

analysis of flavonoid glycosides without derivatization became possible. 

However, the tedious preparation work and the low selectivity of MS 

toward flavonoids compounds seriously limited its applicability. 

Especially by using a single MS technique that will not be able to provide 

all necessary structural information allowing an unambiguous assignment 

of the structure to an unknown compound regarding flavonoids’ structure 

(the number of OH bonds, and the diversity of attached molecules) that 

increase the generated fragmented ions together with the overlapping and 

noisy resulting data [214]. These limitations can be prevented by the 
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coupling of MS with chromatographic techniques [215], which will be 

discussed later. 

In works of literature, the application of MS as a single analysis stage 

for the determination of flavonoids is quite low. Therefore, most 

application works are assisted by logarithm data analysis programs for 

the filtration, processing, and elimination of the overlapping in raw data, 

thus allowing for the accurate determination of studied flavonoids [189, 

216]. 

Other lower frequency absorption spectroscopic techniques that have 

been applied for flavonoids’ structural elucidations are XR and CD. XR 

is the technique that is able to provide crystal structures in challenging 

powders by detecting the arrangement of atoms within a crystal by the 

atom-induced diffraction of X-rays. XR reported works of flavonoids are 

very low because these substances only form crystals in sporadic 

conditions and the crystallization state is essential in XR to be performed 

[209]. As an example, the identification of the intermolecular π- π 

interactions of stacking parallel aglycones that form supramolecular 

layers, thus identify aminoacyl residues involved in the formation of 

protein-flavonoid complexes [217]. More recently, X-ray powder 

diffraction has been utilized as an important tool for obtaining structural 

data of solid-phase flavonoids such as catechins [218] and the 

identification of co-crystallization of flavonoids with caffeine [183]. 

CD allows the analysis of the differential absorption of left and right 

circularly polarized light. It can be used to determine the contribution of 

individual chromophores and to reach their possible substitution patterns 

that are confined to the narrow absorption range of each individual 

chromophore (the main strength over optical rotation measurements) 

[219]. Some CD configuration characterization of flavonoids has been 

reviewed [220]. In practice, CD has been used for the determination of 

the absolute configuration of flavonoid molecules, such as isoflavan-4-ols 

stereoisomers [184] and flavan-3.4-diols [221], in addition, to the 

interaction study of flavonoids with biomolecules in terms of 

biomolecules-drug studies, such as the interaction with DNA [222], 

proteins [223, 224], and haemoglobin [225] in biological samples. On the 
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other side, the CD is only used for qualitative analysis and the spectrum 

data cannot be able to provide quantitative information [226]. 

Concluding the applicability of previous techniques, UV-VIS is the 

most common, worldwide analysis technique for the determination of 

total flavonoids along with studying their antioxidant capacity in 

biological and medicinal plant samples. While the other absorption 

spectroscopic techniques have proved several limitations, relative long 

sample preparation time, or only used for concrete analysis objectives. 

Vibrational spectroscopic techniques have been effectively utilized 

for the qualitative and quantitative analysis of flavonoids in food 

samples. Generally, it is a non-invasive, non-destructive, very rapid, 

accurate, chemical-free, and environmentally friendly method. The 

additional main advantage of these techniques is that most do not require 

previous sample treatments [201], which are considered as the essential 

requirement before absorption spectroscopies or chromatographic 

techniques. 

IR, RS, and THz vibration spectroscopies can only provide point-

based spectral information. They are more often associated with the 

structural elucidation and furthermore with qualitative analysis of 

flavonoids [227-229] rather than it is with quantitative analysis [230]. 

The absolute band intensities are dependent on the analyte concentration 

and a number of other factors, such as emission source power intensity, 

position or band shape, temperature, impurities, and crystalline size 

[231]. By adjusting these factors and using a standard substance, the 

well-resolved spectra can be used for quantitative analysis. The 

quantitative assay through vibrational techniques is based on the 

predicting concentration (indirect estimation) from the extracted and 

processed raw data by special chemometric algorithms applications 

expressed by the correlation regression (r2) of the numerous detecting 

samples. How much r2 is closed to 1 expressed to the real predicted 

concentration? Anyway, this is still a big challenge and requires special 

and expensive chemometric applications. Also required are specialists in 

the field of vibrational spectroscopy who are able to read, extract, and 
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compare the bands in the spectral data, being that this is the main 

disadvantage of vibrational spectroscopic quantitative analysis. 

RS and IR spectroscopy are referred to as sisters since both are 

complementary techniques and usually are measuring the vibrational 

modes of a molecule. IR relies on the measurement of the interaction of 

infrared radiation with the matter by absorption, while RS is based on 

inelastic scattering from the interaction of incident radiations with 

vibrating molecules [232, 233]. Though the similarity between RS and 

IR, RS is the best for symmetric vibrations of non-polar groups, whereas 

IR is the best at the asymmetric vibrations of polar groups [233]. Both 

techniques are able to detect the flavonoids in all sample states, solid, 

liquid, or gas states, however, the absorption bands caused by OH 

stretching vibration are so intense in IR that these bands interfere with 

those of other vibrations. Therefore, IR spectroscopy cannot be applied to 

water-rich samples, as well as flavonoids are also reached by OH bonds, 

so the detecting of multi-components samples is difficult by IR. On the 

contrary, RS is non-sensitive to OH vibration, so it is more useful for the 

analysis of flavonoids in aqueous samples and multi-component samples 

over other analytical techniques, such as IR and UV-VIS absorption 

spectroscopies [234]. On the other hand, another advantage of RS over IR 

is that RS detects the sample directly without the need for previous 

preparation comparing to IR, thus a very fast detection method can be 

observed [235]. Moreover, the smallest particle that can be identified 

using IR is in the 35–50μm range, particles as small as 1–2 μm in 

diameter can be identified by the RS method. 

HIS is an innovative technique that integrates conventional imaging 

and spectroscopy to attain both spatial and spectral information from an 

object. It is often carried out in VIS/NIR range, it combines the main 

features of vibrational spectroscopy and imaging technique into one 

system, and it is the widely used approach for the analysis of food quality 

and safety such as contaminant detection, defect identification, 

constituent analysis and quality evaluation [236]. The main advantages of 

HIS over the previous vibrational techniques are the ability to provide 

both spatial and spectral information simultaneously, hence, giving 
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extensive information about both externals and internals of the sample, 

and it provides multi-constituent information and higher sensitivity to 

minor components [237]. On the contrary, its high cost, and relatively 

lengthy times necessary for hypercube image acquisition, processing, and 

classification compared with other vibrational techniques that can range 

from 2 to 4 min, while the others need seconds for the same purpose, are 

disadvantages. Likewise, processing and classification time requires 

better computer hardware and software capabilities to reduce the required 

processing time, which means additional cost [238]. 

THz spectroscopy exploits a part of the electromagnetic spectrum in 

far-infrared vibrational modes between the microwave and infrared 

region. To date, it has emerged for the analysis of biological molecules, 

but, generally, its application in food and flavonoids monitoring is very 

slight. THz is very sensitive to H bonds, thus when it is applied in rich-

water samples as food samples that have high moisture content high 

noiselevel is obtained [239]. This might be the main restriction point in 

food analysis. 

In practical applications of vibrational spectroscopy, RS has recently 

been gaining a lot of interest in the field of quantitative analysis of 

flavonoids in different food and beverages samples. The quality 

analytical study of the Bulgarian wine using RS has been established. 

Total flavonoids content, anthocyanins, and catechins in red and white 

wine samples have been used as the indicator of wine’s quality. r2 was 

0.87 (526.6 mg dm-3 catechin equivalents) [240]. The comparison 

between IR, RS, and the integration between them IR-RS for the 

determination of total phenolic content and total antioxidant capacity of 

Chinese rice wine was also reported [241]. Good r2 ranged between 0.83 

and 0.96 was observed. Only 20s is the required time of each spectrum. 

IR was also widely used for total flavonoids’ prediction in herbs, 

foods, vegetables, fruits, and medicinal plants. The determination of total 

flavonoid, flavanols as the indicator quality of kiwifruit after their 

extraction by organic methanol was reported. r2 were relatively high 

(from 0.82 to 0.99) [242]. Total flavonoids’ content was estimated in 

coffee grounds by NIR directly in ethanolic extract. Good linearity with 
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r2 of 0.95 was observed [243]. Numerous other applications using NIR 

for the determination of total flavonoids content in several natural 

samples with high correlation regressions have been established, such as 

in honey [244], green tea [245], black tea [246], Chinese tea [247], 

matcha [248] rice grain [249], Ginkgo biloba [250], herbs [251], Goji 

berries [252], lyophilized durian, mango and avocado samples [253], and 

blueberry, grape, and blackberry [254]. 

Elsewhere, HIS was also attained for predicting total flavonoids 

content in Chrysanthemum morifolium. The method used 3g of dried 

sample in this evaluation, and a high correlation regression was obtained 

being over 0.9 [188]. 

Analyzing the data from all of the above-mentioned works, the best 

application of vibration spectroscopic techniques was for the 

determination of total flavonoids content and/or total antioxidant activity. 

Therefore, these techniques have been also utilized for the determination 

of individual flavonoids in food samples. The detection of quercetin in 

onion peel after its three hours extraction with heat ethanol and methanol 

was reported employing RS. The predicted quantity was 73 mg 100 g-1, 

LOD was 5 × 10−5 mol L-1 with a very high r2 of 0.9999 [255]. The 

determination of three flavonoids (chrysin, apigenin and luteolin) in 

Weld textile were obtained using citrate reduced Ag colloids was 

obtained. The sample was just hydrolyzed and dissolved in 50% ethanol 

then directly detected by RS [256]. IR and RS have been carried out for 

the predicting analysis of 13 catechins in tea powder. The samples were 

directly measured and the comparison between theoretical and practical 

regression results showed that these two techniques are implemented 

successfully for the analysis of catechins [257].  

NIR was successfully utilized for the direct detection of nine 

catechins in green tea. The calibration models for the studied catechins 

had high r2 (more than 0.90) [258]. Moreover, NIR was applied to 

determine the content of rutin in Tartary buckwheat. The predicted 

concentration was compared with this determined in HPLC. 15 g of 

sample powder was directly used in this detection, a good correlation was 

observed r2 = 0.76 [259]. 
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THz was performed for the quantitative prediction of 10 common 

flavonoids, including baicalein, baicalin, apigenin, quercetin, naringenin, 

hesperetin, daidzein, genistein, puerarin, and gastrodin, in a ternary 

mixture. The laboratory prepared mixtures of ternary flavonoids were 

mixed in a mortar with high-density polyethylene powder in a ratio of 

1:2. Finally, a slice with a thickness of 1 mm was prepared under a tablet 

press then detected by THz. r2 was over 0.99 [187]. 

As mentioned before, vibrational spectroscopic techniques are 

successfully and widely implemented for the structural elucidation and 

quantitative prediction of flavonoids concentration in their natural 

sources. RS and NIR are the most common and effective techniques that 

have been carried out for flavonoids’ determination with high correlation 

regression observed in almost all developed works in the kinds of 

literature, while THz and HIS have been in the earlier stage application in 

this area and have not yet been widely applied. Nevertheless, these 

techniques are a predictive matter and not direct detection methods, but 

all attained techniques showed robust, high accuracy and validity testing, 

quickness, and minimizing the using and the contacting with the harmful 

organic solvents and protect the environment. 

 

 

Chromatographic Techniques 

 

CTs are the most powerful separation techniques of flavonoids in 

almost all of their matrices. The coupling of CTs with detection 

techniques are required for the evaluation of separated substances 

individually. Generally, these techniques are strongly able to separate the 

different flavonoids, also the most similar molecule structures, isomers, 

and the closest derivatives of the same aglycone form from the complex 

matrices. Therefore, it provides the best solution of the facing barriers in 

spectroscopic determination techniques, constancy, increase the 

selectivity to identify flavonoids individually, and increasing the 

sensitivity of detection methods. In addition, it provides high reliability 

and accurate results, and the automation of most analysis steps. Almost 
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all existing CTs have been employed to determine flavonoids in their 

different formats. Some examples are; paper chromatography (PC), thin-

layer chromatography (TLC), gas chromatography (GC), capillary 

electrophoresis (CE), supercritical fluid chromatography (SFC), and 

high-performance liquid chromatography (HPLC). 

 

Paper and Thin-Layer Chromatography 

PC is the simplest chromatographic shape that has been carried out 

for flavonoids’ separation. Therefore, this technique is simple and can 

separate the flavonoids, but it loses the power to separate the complex 

forms along with affecting many environmental factors [260]. 

Furthermore, TLC is a more powerful technique than PC for flavonoids 

separation. It is easy to use, has inexpensive equipment, and several 

stationary phases can be used for this purpose. In literature, there are 

hundreds of developed works in this area [261, 262]. Silica gel layers are 

the most stationary phase that has been used to separate the flavonoids 

coupling with UV-light detector at 250-260 or 350-365 nm [263]. 

Nevertheless, nowadays, these techniques are not often relied on for 

flavonoids’ determination, mainly because of used detectors, the 

detection limit is much higher compared to other CTs. It provides 

unreliable results due to its being affected by the environmental 

surrounding conditions such as temperature and humidity. Its coupling is 

not possible with other systems such as MS, NMR or FT-IR, which have 

problems of selectivity with difficulty differentiating between 

overlapping bands, and have a negative environmental impact regarding 

the quantity and the evaporation matter of used organic solvents [152]. 

Recently, two-dimensional-TLC (2D-TLC) [264] and high 

performance-TLC (HPTLC) [262] provide great solutions for difficult 

separations by improving the sensitivity and reducing the analysis time 

and solvents consumptions. More recently, the innovative combination of 

TLC and vibration spectroscopic techniques provides rapid, accurate and 

sensitive determination technique of flavonoids. In workable 

applications, TLC-NIR has been applied for methoxylated flavones 

predicted amounts in phytomedicine samples taking advantages of 
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compound libraries for cluster analysis and to perform quantitative 

analysis of the same recorded spectrum [265]. 2D-TLC-Raman has also 

been employed for 14 citrus flavonoids determination, achieving better 

sensitivity from traditional TLC, as well as better detection efficiency and 

less analysis time than HPLC-UV applied for the same purpose [266]. 

 

Gas Chromatography 

Generally, GC is a very powerful separation technique of natural 

compounds regarding the higher given resolution power, especially when 

it combines with MS spectroscopic detection [267]. GC requires the 

analytes to be in a gas stage for their separation and detection. This is not 

the ideal condition in the case of flavonoid fields regarding their non-

volatile properties and their high boiling points (more than 300°C), 

accordingly, a derivatization process for converting flavonoids to volatile 

derivative shapes and improve their thermal stability is almost essential 

prior to sample GC injection [268]. 

Therefore, there are few works that run directly without the 

derivatization process [269], but several derivatization reagents  

have been employed in the most developed ones. In this sense,  

silylating or methylating reagents are the most famous, for  

example, trimethylchlorosilane and hexamethyldisilazane [268],  

N,O-bis(trimethylsilyl) trifluoroacetamide) [270], N-methyl-N-

(trimethylsilyl) trifluoroacetamide [271], N-methyl-N-(tert-

butyldimethylsilyl) trifluoroacetamide and trimethylanilinium hydroxide. 

This process is tedious, consuming time and solvents, leading to form 

multiple derivatives corresponding to flavonoids hydroxyl groups which 

add some difficulty in detection and increase the analysis errors [272]. 

For instance, the determination of 24 phenolic compounds in five 

different aromatic plants by GC-MS and HPLC-UV was established 

[273]. This work achieved better selectivity and sensitivity in a shorter 

analysis time (50 min) in GC compared to the HPLC method (120 min), 

but it still consumed more sample preparation time than HPLC, about 45 

min for the derivatives formation requirement.  
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The most widely utilized separation columns in GC for flavonoids 

analysis are 100% dimethyl polysiloxane [269], 5% phenyl 95% dimethyl 

polysiloxane [270], proprietary phase [274], 1,4-bis(dimethylsiloxy) 

phenylene dimethyl polysiloxane [275] as non-polar fused capillary 

columns, 50% cyanopropyl 50% dimethyl polysiloxane as polar column, 

and polyethylene glycol as high polar column [276]. In the detection 

stage, the MS detector is the most powerful used detection method 

coupled with GC for the identification of separated flavonoids, followed 

by a flame ionization detector [269]. 

 

Capillary Electrophoresis 

CE is a competent technique to separate and identify charged low and 

medium molecular weight substances in the presence of the electrical 

field effectively, rapidly, with a high-resolution power, and low sample 

and solvents volume consumptions [277]. According to its unique 

advantages and the charging of flavonoids molecules in usually basic pH 

range, CE is one of the most important separation methods that has been 

used smoothly and rapidly for flavonoids analysis in natural product 

research [278]. From the six CE modes, only three have been developed 

to analyze the flavonoids in their natural sources, capillary zone 

electrophoresis (CZE) [279], micellar electrokinetic capillary 

electrophoresis (MECE) [280] and capillary electrochromatography 

(CEC) [281]. 

UV [282], electrochemistry detector (ED) [283], fluorescence 

detector [284], amperometric detector (AD) [285], and MS detector [286] 

are the applicable ones with CE for flavonoids detection matter. 

Therefore, the benefits of CE, nonetheless, requires a long time for the 

equilibration of the separation column, low sensitivity trend to sample 

overload, and less quantitatively reproducible than HPLC. Additionally, 

the HPLC instruments are more widely used than CEmaking it the 

strongest separation technique of flavonoids [287]. As a comparing 

application between CE and HPLC for the separation of flavonoids, the 

determination of 9 flavonoids in grape wine was carried out using CZE-

UV and HPLC-UV [288]. In this work, the CE method achieved a better 
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detection limit and less analysis time (6 min) than HPLC (15 min), 

however, CE needs 80 min for column equilibration before analysis. 

 

Supercritical Fluid Chromatography 

SFC is the method that relies on CO2 as an essential component in 

the mobile phase and NP-beads as a stationary phase. It performs a highly 

efficient chromatographic platform allowing higher linear velocities due 

to faster diffusion and lower viscosities [289]. The use of CO2 as a 

unique component in the mobile phase due to flavonoids separation is 

very limited because of its highly non-polar behaviour against the 

polarity of target analytes [290]. To overcome this limitation, the adding 

of a polar organic solvent modifier is performed, such as methanol [291], 

acetonitrile [292], and ILs [293]. Some researchers have compared the 

power of SFC against HPLC for the separation of flavonoids. In practice, 

the comparison between ultra-SFC and ultra-HPLC for the separation of 

ten flavonoids in Radix hedysari was demonstrated. The required analysis 

time for successful separation of the target compound was 22 min in 

SFC, while HPLC needed 103 min to achieve the same objective [292]. 

The SFC’s required time for the separation of six flavonoids in Citri 

Reticulate Pericarpium was 10 min, while the HPLC that it was being 

compared to for the sample purpose needs 16 min to completely separate 

these six target flavonoids [291]. However, the non-availability of the 

wide polarity of separation column is another disadvantage of SFC, in 

this term, some works have studied the separation power of many column 

types. As for example, the comparison between four different stationary 

phases, including bridged ethyl hybrid, BEH, the same hybrid phase 

modified with 2‐ethyl pyridine, CSH fluorophenyl, and HSS C18 SB. The 

analytes included seven flavonoids. The CSH fluorophenyl column was 

observed as the most suitable with the fastest separation within 17 min 

using gradient elution with CO2 and methanol as a modifier. This column 

achieved a good resolution between all provided asymmetric peaks of 

1.41 [294]. In another work, six different separation columns have been 

compared: ZORBAX SB-C18 column, ZORBAX RX-SIL column, 

Venusil HILIC column, Venusil Imidazolyl column, Venusil ASB Phenyl 
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column, and Venusil NP column. The work showed that the ZORBAX 

RX-SIL column effectively separated 12 flavonoids within 20 min using 

CO2 and acidified methanol (0.1 phosphoric acid) in a gradient mode 

[295]. 

Analyzing the data showed that despite the limitation of SFC, it can 

effectively implement the separation of flavonoids from natural matrices 

realizing good resolution in a shorter analysis time than traditional 

HPLC, fulfilling high selectivity and reliable results. 

 

High-Performance Liquid Chromatography 

Among all chromatographic techniques, HPLC is the most 

convenient technique, which enables both separation and identification of 

flavonoids in the complex matrices, such as plants extracts, fruits, 

vegetables, honey, propolis, beverages, food supplements and 

pharmaceutical formulations accurately, sensitively, and selectively. 

The workability of the HPLC tool in the separation of flavonoids lead 

the concerned organizations to approve it and adopt it for adjusting the 

quality of flavonoids’ products, such as the world health organization 

(WHO) [296], U.S. Food and Drug Administration (FDA) [297], 

pharmacopoeias: United States [298], British [299] and European 

pharmacopoeia [300]. Further, the successfully developed techniques 

usually should be compared to HPLC to appear their advantages.  

HPLC is continuously improving to be more effective and reliable in 

the determination of flavonoids, many HPLC significant factors are being 

studied practically. To date, there are thousands of developed works, 

reviews, and books in this field. 

In the separation stage, the separation of flavonoids has been carried 

out on both normal (NP) and reversed (RP) phases. In spite of this there 

are some works that used silica column [301], polystyrene 

divinylbenzene [302], diol [303] and cyanopropyl-bonded phase [304] as 

a NP-column for separating flavonoids. The most separation approaches 

have been done on RP-columns, taking into account, the higher polarity 

of these flavonoids besides the highly-polarity of linkage groups as 
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saccharide molecules and the probability of their retaining inside NP-

column, besides the required long analysis time [301]. 

RP-C18 [31] and RP-C8 [305] columns are the most demonstrated 

stationary phase that have been used for flavonoids separation regarding 

the ability to separate deferent polarities of flavonoids effectively, with 

high-resolution power, and due to an acceptable analysis time usually less 

than 40 minutes [306]. As usual, 5 µm of separation beads’ diameter are 

used in column length between 100 mm and 250 mm [307]. More 

recently, both Fused-Core® (FC) and monolithic column technologies 

have been developed attaining effective flavonoids separation. FC 

depends on a fused-core silica substrate with a layer of coated porous 

silica, while MC consists of a porous silica rod. Both have been designed 

to offer the improvement in reducing diffusion path peak for allowing 

fast mass transfer, therefore, providing more selectivity, separation 

efficiency and high reproducibility in less analysis time and less 

backpressure than traditional columns. Practically, FC-C18 was carried 

out to separate 11 flavonols and flavones in Ginkgo biloba, Betula 

pendula, and a variety of Sorbus species at 30 min of analysis time 

achieving a high resolution between the pair peaks in plant materials 

[308]. Whereas FC-amid has been used for the separation of rutin, 

troxerutin, diosmin and hesperidin in food supplements at 5 min of 

analysis time [309]. Further, the MC-C18 column has been widely applied 

for flavonoids separation in different sources [310-313]. The employed 

MC-C18 column is usually done on 100 × 4.6 mm of column dimensions 

using high flow rates ranged between 1 and 2.1 mL min-1, in either 

isocratic [310, 313] or gradient modes [311, 312]. The observed results 

note that these conditions are able to effectively separate up to 17 

monomeric compounds in different complex foodstuffs due to short 

analysis time ranged between 7 and 30 min. 

On the other hand, the mobile phase typically comprises a binary 

solvent, both aqueous and organic phases. Less polar organic solvents are 

usually conducted, methanol and/or acetonitrile are the most famous 

organic mobile phase part [314, 315]. Whilst, aqueous phase often 

includes acidic modifier such as glacial acetic acid, formic acid, 
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phosphoric acid or trifluoroacetic acid for the purpose of maintaining the 

non-charged flavonoids molecules. Isocratic mode is rarely employed for 

flavonoids separation [316], while gradient mode is more suitable for the 

separation of closed flavonoids molecules in complex profiles [317]. 

In the detection stage, HPLC has been combined with several 

detection systems in terms of the quantification of the separated 

flavonoids. In fact, this combination can produce a powerful analytical 

technique supporting the advantages of used spectroscopic tools and 

overcoming many of their drawbacks, furthermore, increasing the 

selectivity of the detection step. In this sense, UV-VIS and its diode array 

(DAD) are the most usable detector of flavonoids compared with other 

detection systems [318], benefiting from the familiarity of flavonoids to 

the absorption of UV radiations as mentioned before in the spectroscopic 

essay paragraph. Following by MS detector regarding its advantages 

uses, in special when trace flavonoids in complex matrices should be 

analyzed and/or when the reference standards are not available [319]. 

Recently, the combination with NMR has significantly enhanced the 

prediction detection and elucidation perspective of separated flavonoids. 

NMR is indispensable for this objective. Overviewing, NMR is hindered 

by cost, complexity, throughput limitation, and the requirement of 

sufficient concentrations of relatively pure analysts that can be 

circumvented by the coupling with HPLC due to the separation of the 

closest compounds prior to their detection individually [320]. 

The less dependable implemented detection systems in this area are 

FL detector because of the low native fluorescence of flavonoids. It may 

require a prior treatment to form a fluorescent complex carried out post 

derivatization column located before the detection stage [303, 321]. Other 

detectors are rarely used for flavonoids’ detection such as coulometric 

[322], amperometric [323], and electrochemical detectors [324]. 

Otherwise, as the developing product of HPLC, hydrophilic 

interaction liquid chromatography (HILIC) has been introduced as an 

alternative HPLC mode that depends on the separation of polar 

compounds using both polar stationery and mobile phases. Unlike the 

mechanism separation on NP-HPLC, the stationary phase should be more 



Mohamad Subhi Sammani and Víctor Cerdà 66 

polar than the mobile phase, thus the solubility of polar analytes could be 

insufficient and lead to a strong retention behaviour of the analytes onto 

the more polar stationary phase, and vice versa in case of RP-HPLC that 

leads to less familiarity to retaining on the nonpolar stationary phase, 

hence less selectivity. HILIC employs traditional polar stationary phases, 

but the mobile phase is similar to those are used in RP-HPLC, which 

could solve the drawbacks of traditional RP- and NP- HPLC [325]. 

HILIC was increasingly applied for the effective separation of flavonoids 

from complex samples. Many investigations have been done in this area 

regarding the study of the separation efficiency and the retention of 

flavonoids in the HILIC polar stationary phase [326-328]. These pieces 

of literature observed that HILIC provides a powerful separation of many 

sub-groups of flavonoids due to an adequate analysis time of less than 30 

min. The main disadvantage of HILIC is the requirement of a high 

organic solvent content in the mobile phase to enhance the sensitivity and 

column retention of polar analytes that could harm the environment. 

On the other hand, the mandatory advanced extraction and 

purification procedure from the complex matrices prior to HPLC analysis 

encourages the emerging of two-dimensional HPLC (2DLC). 2DCL 

functionality depends on the elution of unresolved analytes in the sample 

by 1D then the separation of target analytes through 2D based on the 

differences in selectivity of the two dimensions [325]. This mode 

enhances the separation power of isomeric and enantiomeric compounds, 

improving their peak capacity, solving the overlapping peaks of similar 

structures, and decreasing the need for advanced sample pretreatment 

techniques before chromatographic separation. In the area of flavonoids, 

2DCL is carried out off-line [329] or on-line [330] and can consist of the 

combination between RP-HPLC×RP-HPLC [331], NP-HPLC×RP-HPLC 

[332], HILIC×RP-HPLC [333, 334], and HILIC×NP-HPLC [335]. The 

main drawbacks of 2DLC, especially in off-line mode, are the relatively 

time-consuming, labour-intensive multi-step procedure, losing or 

evaporating of the collected fractions, which lead to less accuracy and 

fewer precision results [336]. For instance, 51 min of analysis time is 
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required for the separation of five related flavonoids impurities of rutin in 

drug tablets using 2DLC-MS/MS [337]. 

The applicability, flexibility, and the diversity of separation columns 

and detection systems that can be coupled to HPLC technique in the 

objective of the separation of flavonoids put the HPLC on the top of the 

hierarchy of technical choices to separate and determinate the flavonoids 

in real-natural and artificial sources with highly accurate, reliable, and 

precious results. 

The advantages and disadvantages of using the analytical methods 

for the analysis of flavonoids are summarized in Table 7. 

The characterizations and the validation figures of merit of the 

developed analytical methods of flavonoids in food, beverages, plant, 

herbs, and commercial products are also collected in Table 8, in the term 

of the comparison between them. 

 

Table 7. Advantages and disadvantages of some used techniques for 

flavonoids determination 

 

Anal. tech. Advantages Disadvantages 

UV Quick and cost-effectiveness, can 

be applied for all flavonoid’s 

groups 

Non-selective, less accurate results, can be 

employed just for total flavonoids detection 

VIS Higher sensitivity, and selectivity 

than UV detection 

Non-selective for individual flavonoids, 

limitation of the accuracy and reliability, 

coloured complexation formation is 

required, long preparation time  

FL Selective to some flavonoid’s 

groups, high sensitivity 

Limited number of flavonoids exhibit 

native fluorescence, limited for total 

flavonoids determination, fluorescent 

complexation formation is required, long 

preparation time 

NMR No required reference standard, 

detect unknown flavonoids, 

structure elucidation, quick set up, 

fast analysis, ease of use, applied 

for solid and liquid samples, 

required minimal pretreatment 

procedure 

Lack of sensitivity, costly, sample should 

be stable, not volatile and does not include 

water, pure samples are needed to achieve 

an acceptable signal-to-nose level, not 

suitable for glycoside determination due to 

the linkage groups 

 



Mohamad Subhi Sammani and Víctor Cerdà 68 

Table 7. (Continued) 

 

Anal. tech. Advantages Disadvantages 

MS High sensitivity, specificity, and 

selectivity, structure elucidation 

Required volatile and thermally stable 

compounds, required derivatization 

process, tedious preparation work, single 

MS not able to provide all necessary 

structure information 

XR Relatively cheap and simple, 

structure elucidation into the 

atomic level, can yield a high 

atomic resolution 

The sample must be crystallizable, 

flavonoids only form crystals in sporadic 

conditions, tedious sample preparation and 

crystallization 

CD Examining different aspects of 

optically active flavonoids, 

molecules of any size can be 

studied, determines the absolute 

configuration of flavonoid 

molecules, useful for biomedicine 

interaction study, fast data 

collection. 

Only provide qualitative information, 

several aqueous buffers are not compatible 

due to their absorption in the studying 

range 

IR High and constant resolution, 

simple, rapid, non-destructive, 

quick sample preparation is needed, 

applied for structure elucidation 

and quantitative analysis, eco-

friendly 

Required standard substance and a 

complicated and expensive chemometric 

algorithms application for quantitative 

analysis, required a specialist to analyze the 

raw spectral data, sample should be stable, 

very sensitive to OH bands in water 

content, that interfere with analyte 

vibrational bands, not applicable for 

aqueous samples 

RS Suitable for any type, size or 

sample shape, direct analysis, no 

sample preparation is needed, 

solvent-free, non-destructive, not 

sensitive to OH bands, can be used 

for aqueous solutions, fast analysis  

The sample can be damaged by laser light, 

background fluorescence notorious that can 

even mask the spectra, low sensitivity, 

equipment cost and requires a chemometric 

algorithms application for quantitative 

analysis, required specialist to analyze the 

raw spectral data 

HSI High sensitivity, gives both spatial 

and spectral information 

simultaneously, provides an 

extensive information of the 

external and internal of the sample, 

multi-constituent information, 

quick sample preparation, non-

destructive, eco-friendly 

High cost, long hypercube image 

acquisition time, longer processing and 

classification time than other vibrational 

techniques, high computer hardware and 

software capabilities, requires a 

chemometric algorithms application for 

quantitative analysis, required a specialist 

to analyze the raw spectral data 
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Anal. tech. Advantages Disadvantages 

THz Environmentally friendly, non-

destructive, high sensitivity, not 

required a complex samples 

treatment, robust, accurate, quick 

analysis 

Very sensitive to OH bands in water 

content, highly noising data for moisture 

food samples, not applicable for aqueous 

samples, requires a chemometric algorithms  

application for quantitative analysis, 

required specialist to analyze the raw 

spectral data 

PC/ TLC Inexpensive equipment, simple, 

ease of use, diversity of stationary 

phase 

Low selectivity and sensitivity, limit of 

used detectors, the difficulty to hyphenate it 

with other systems, low-reliability results 

GC Sensitive, selective, high-resolution 

power 

A laborious derivatization process is 

required; thus, the errors of the analysis 

will be increased, difficulty in detection due 

to multiple derivatives fractions formation 

by flavonoids’ hydroxyl groups 

CE High-resolution power, low 

analysis time and low sample and 

volume consumptions 

Long column equilibration time, low 

sensitivity, sample overload, less 

quantitatively reproducibility than HPLC, 

non-availability 

SFC Fast separation, low solvent 

volume, high efficiency, good 

resolution between the peaks, eco-

friendly 

CO2 is highly non-polar, polar organic 

solvent as a modifier in the mobile phase is 

required, non-availability of the wide 

polarity of the separation column 

HPLC Flexibility, diversity of separation 

column and coupling detectors, 

separation efficiency, high 

sensitivity, selectivity, 

reproducibility, resolution, 

accuracy and extremely precise, not 

requires a preliminary 

derivatization 

Complex to use, costly, required large 

quantities of expensive organic solvents, 

non-environmentally friendly, coelution 

(depending on the used column and the 

polarity of the studied flavonoids) 

Anal. tech.: analytical technique; UV: ultraviolet radiation spectroscopy; VIS: visible radiation 

spectroscopy; FL: fluorescence technique; NMR: nuclear magnetic resonance spectroscopic 

technique; MS: mass spectroscopy; XR: X-ray crystallography; CD: circular dichroism 

spectroscopy; IR: infra-red spectroscopy; RS: Raman spectroscopy; THz: terahertz 

spectroscopy; HSI: hyperspectral imaging spectroscopy PC: paper chromatography; TLC: thin 

layer chromatography; GC: gas chromatography; CE: capillary electrophoresis; SFC: 

supercritical fluid chromatography, HPLC: high-performance liquid chromatography  
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CONCLUSION 

 

Flavonoids as secondary metabolism natural compounds are diverse. 

The attaching chemical groups to the main flavonoids’ framework make 

them more complex to be extracted from their natural matrices, as well 

adding more difficulties to differentiate between them and detect the 

target ones. Plus, the diversity of their solubility in organic and aqueous 

solutions and the different chemical behaviours that they show, lead to 

there being no ideal extraction and an analytical method for the 

determination of all kinds of flavonoids in the matrices. In this sense, the 

developing, modifying and implementing the ideal sample pretreatment 

and analytical method depend on the kind of target flavonoids, their 

concentrations, their chemical behaviour, the complexity of the matrix, 

and the goal of the analysis. 

Achieving simple, rapid, more environmentally friendly, and lower 

analysis cost methods to provide factories with more sensible and 

workable determination methods for their routine quality control are the 

main objective of developing a new sample pretreatment and analytical 

methods. 

Regarding these objectives, the simplest sample pretreatment 

procedure of flavonoids is direct dissolving in an appropriate solvent, 

filtering, and directly analyze the target flavonoids. This procedure is 

commonly utilized in pharmaceutical industries concerning the high 

concentration of flavonoids as active pharmaceutical ingredients among 

the simpler composition of the pharmaceutical forms compared to the 

natural samples or if the analysis objective is the determination of total 

flavonoids and/or total antioxidant capacity of these compounds. In more 

complex matrices, such as plants, food, food supplements, beverages, and 

biological samples, advanced sample preparation methods are required. 

LLE and SPE are the most common alternative sample pretreatment 

techniques used for flavonoids extraction. These techniques notably 

minimize the consumption of solvents and time compared to other 

extraction techniques, gained the advantages of working at an ambient 

temperature that protects the flavonoids from degradation. The 
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microextraction techniques of LLE and SPE have been taking the 

attention in the extraction of flavonoids from their complex matrices, 

greatly improving the extraction efficiency, increasing the sensitivity, the 

throughput of detection methods, decreasing the extraction time much 

more, and generating less waste. 

The automation of these techniques is the target of scientists these 

days. The automated procedures add more robustness, reliability, and 

accuracy to the manual ones. In this context, flow analysis and 

microfluidic techniques are the ones of concern. They may be online 

coupled with the analysis tools, thus providing more dynamic integrated 

instruments to fully automate the sample pretreatment step and online 

transferring of analytes to detection or analytical systems, achieving 

much fewer solvents and time consumption, high injection throughputs, 

plus reducing exposure under hazardous solvents, and protecting workers 

and the environment.  

Unfortunately, online coupled approaches have not yet been widely 

used for flavonoids determination in their biological, natural, and 

commercial sources lacking the benefit of clearly unique features of these 

coupling systems. Hence, these tools are continuously developing and 

applying in this field to miniaturize and automate the analysis methods of 

flavonoids. Covering more flavonoids and matrices that are still treated 

manually. Thus, providing workable and powerful tools for required 

routine quality control analysis of food and pharmaceutical factories and 

reducing their analysis cost and increasing environmental sustainability. 

On the other hand, the analytical step is the next important stage after 

the extraction of flavonoids. Spectroscopic systems are usually employed 

for a simple and effective determination of total flavonoids and their 

antioxidant capacity in biological and natural samples. Toward this 

objective, spectroscopic tools such as UV-VIS or FL (in the case of 

naturally fluorescence characters of some flavonoids’ groups) are quick, 

reliable and can be relied on for this purpose. Additionally, the power in 

the structure elucidation of new flavonoids molecules such as MS, RS, 

NIR, THz, and HIS cannot be missed. Furthermore, chromatographic 

techniques are the most effective analytical tools that have been used for 
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individual flavonoids determination of sensitively and selectively. HPLC 

is worldwide, flexible, and shows the diversity of its stationary phase and 

coupling detectors such as MS, NMR, and RS detections, making it the 

first-choice tool as an effective analytical technique for flavonoids’ 

determination by the ability to fulfil the requirements of separation and 

determination of most flavonoids in all their sources. The modern HPLC 

developed approaches such as SFC, HILIC and 2DCL have gained 

interest because of their powerful role in overcoming the difficulties of 

conventional chromatographic methods, decreasing the necessity to apply 

advanced extraction techniques before the analysis and consuming less 

solvents and time than traditional systems. 

In the analytical stage, the development of suitable methods that give 

a fast and effective approach for the determination of interested 

flavonoids sensitively and selectively continues to realize the best 

determination conditions with the minimum time and solvents 

consumptions regarding the goal of each analysis. 
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ABSTRACT 

 

The species Bidens subalternans DC, belonging to the Asteraceae 

family, is a typical plant from the Midwest, Southeast, and South 

regions of Brazil, and is popularly known as ‘carrapicho-de-pontas,’ 

‘coambi,’ ‘erva-picão,’ ‘fura-capa,’ ‘goambu,’ ‘picão,’ ‘picão-do-

campo,’ and ‘picão-preto.’ This species develops in areas occupied by 

annual or perennial crops and areas with fruit growing, where it 

becomes undesirable because it is a host to certain pests, as well as by 

the spinning edges of the fruits, which adhere to animals’ bodies. 

Continuing the study of this species, the objective of this work was 

phytochemical screening, the determination of phenol and total 

flavonoid content, and to evaluate the larvicidal and antimicrobial 

activities of the ethanol extract from the leaves of B. subalternans DC. 

The extract was obtained by turbo-extraction with ethanol 70% (v:v). 

The total phenol content was quantified with the Folin-Ciocalteu 

reagent and the flavonoids with aluminum chloride. Larvicidal activity 

with Artemia salina larvae was determined by their mortality when 

exposed to different concentrations of the extract (1000, 500, 250, and 

125 µg/mL). Antimicrobial activity by means of the minimum 

inhibitory concentration (MIC) and minimum bactericidal and 

fungicidal concentration (MBC and MFC, respectively) were evaluated 

by the broth microdilution method. Phytochemical screening revealed 

the presence of steroids, triterpenoids, flavonoids, alkaloids, and 

coumarins. The extract had a total phenolic compound content of 6.46 ± 

1.13 µg/mL and total flavonoid content of 33.13 ± 0.48 µg/mL. The 

results showed that there was no mortality of the larvae of A. salina, 

indicating that the extract was not toxic. The ethanol extract showed 

bactericidal and bacteriostatic action on Enterococcus faecalis, 

Aeromonas hydrophila, Escherichia coli EHEC, and Enterobacter 

cloaceae, with MIC and MBC values of 0.5 mg/mL and 1 mg/mL for E. 

faecalis, 0.5 mg/mL and 1 mg/mL for A. hydrophila, and 0.25 mg/mL 

and 0.5 mg/mL for E. cloaceae, respectively. There was no activity 

against Candida glabrata and C. infanticola. Therefore, the ethanol 

extract of B. subalternans leaves demonstrated an antibacterial potential 

on the tested species. 

 

Keywords: Bidens subalternans DC, larvicide, antibacterial 
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1. INTRODUCTION 

 

The prolonged and extensive use of antibiotics has resulted in the 

development of antimicrobial resistance. Since the beginning of the 21st 

century, resistance has become a global health problem requiring 

intervention [1]. Some factors that contributed to the increase in 

antimicrobial resistance were: inadequate prescription methods, misuse 

of antibiotics by doctors and patients, and inadequate diagnosis. 

Therefore, with this continuation of scenarios, common infections 

became the main cause of death [2]. 

The loss of the effectiveness of antimicrobials poses a threat not only 

to health but also to the economy, security, and development [3]. The 

search for new antimicrobial agents is urgent, and the production of drugs 

from natural products has been encouraged in several countries [4]. This 

is due to the presence of chemical constituents in plant extracts that serve 

as prototypes for the discovery of new drugs, and the development of 

herbal medicines [5].  

The chemical constituents, including secondary metabolites, have 

biological functions, such as defending against microorganisms, among 

other ecological roles, that can be used for various purposes, such as 

medicines, insecticides, and herbicides [6]. Millions of people across the 

planet use medicinal plants for the treatment of various diseases, which 

can be justified by the ease of access and low cost. Because these are 

natural products, the population believes they have fewer side effects and 

no toxicity [5]. 

However, several phytochemical compounds used or ingested on a 

daily basis can be toxic, producing harmful effects to the organism; thus, 

toxicological tests are developed that determine the effects of chemical 

substances on the biological system [7]. One of these tests is the bioassay 

on Artemia salina, which consists of assessing the acute toxicity of the 

extract. The assay has demonstrated good acceptability due to the fact 

that it is fast and easy to perform, in addition to having a low cost, and 

high sensitivity. Lethality on this organism has been used to identify 

.
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biological responses, where variables such as death or life are the only 

ones involved [8].  

In this context, the species Bidens subalternans is a good candidate. 

B. subalternans DC. (‘carrapicho-de-pontas,’ ‘coambi,’ ‘picão-preto’) is 

a weed native to South America, and infests annual and perennial crops. 

This species has a high similarity with the species B. pilosa L., which 

also belongs to the genus Bidens with wide incidence in agricultural 

fields. B. subalternans is used in traditional medicine to treat hepatitis, 

jaundice, fever, throat disorders, and coughs. However, the biological 

activities of B. subalternans have not been evaluated, and the traditional 

uses of this species need to be investigated [9]. 

 

 

2. MATERIALS AND METHODS 

 

2.1. Plant Material and Extraction 

 

Bidens subalternans DC fresh leaves were collected in Gafanhoto 

Park, Divinópolis City, Minas Gerais State, Brazil (20º 6’ 38.459”S, and 

44º 50’ 47.184”W). Fertile samples were collected, and the vouchers 

were identified by Andréia Fonseca Silva, and deposited in the PAMG 

Herbarium (PAMG 57686) at the Agricultural Research Company of 

Minas Gerais (EPAMIG). This study has access permission to the 

components of plant genetic heritage registered in the SisGen Platform 

(Register A6704FE), according to Brazilian Biodiversity Law 

(13.123/2015). 

The fresh vegetable material was dried in an oven at 40°C for seven 

days. After drying, the material was crushed in a knife mill, and extracted 

with 70% (v:v) ethanol (9:1 alcohol/plant material), using turbo-

extraction. After this period, the material was filtered, and solvent 

removed using rotatory evaporator. 
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2.2. Phytochemical Trial 

 

The presence of secondary metabolites was evaluated by specific 

experimental in assays tubes. Steroids and triterpenoids were evaluated 

by Lieberman-Burchard reaction. Flavonoids were evaluated with change 

the color to red, yellow or orange after addition of 13 sulfuric acid 

(H2SO4) drops. Saponins presence was evaluated with observation of 

persistent foam after 30 minutes of intense shake with water. Tannins 

was evaluated with precipitate formation after addiction of 3 Iron (II) 

chloride (FeCl2) drops. Alkaloids were evaluated by Dragendorff 

reaction. Coumarins and anthraquinones were evaluated with change the 

color to yellow or purple after addiction of 5 sodium hydroxide (NaOH) 

(1 mol/L) drops, respectively [10]. 

 

 

2.3. Total Phenolic Content (TPC) 

 

The total phenolic content was estimated using the Folin-Ciocalteu 

test [11] with modifications. The Folin-Ciocalteu aqueous solution (2250 

μL; 1:4 v:v) was added to samples (250 μL) and, subsequently, sodium 

carbonate (Na2CO3) solution (250 μL) was added. After vigorous 

shaking, these solutions were kept at rest for 30 min at room temperature. 

The absorbance was determined by spectrophotometry at 750 nm 

(Thermo Scientific Genesys 10S, USA), after 30 minutes of incubation at 

room temperature, with a blank sample as well as a standard solution and 

samples. Gallic acid was used as a reference compound, and the total 

phenolic content were expressed as micrograms of gallic acid equivalents 

per milliliter (mL). All assays were performed in triplicate. 

 

 

2.4. Total Flavonoid Content (TFC) 

 

The total flavonoid content was estimated according to the aluminum 

chloride (AlCl3) method [12]. Exactly 1900 μL of ethanol 50% (v:v) were 
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added 100 μL of extracts and fractions, and 500 μL of solution of 

aluminum chloride. The absorbance was read at 425 nm using a 

spectrophotometer (Thermo Scientific Genesys 10S, USA) after 30 min. 

Quercetin was used as a reference compound to produce a standard 

curve, and total flavonoid content were expressed as micrograms of 

quercetin equivalents per milliliter (mL). All assays were performed in 

triplicate. 

 

 

2.5. Artemia salina Larvicide Bioassay 

 

Artemia salina eggs were incubated in 400 mL of seawater  

(0.5 mg/mL) under artificial light at 28°C, pH 7-8. After incubation for 

48 h, 10 nauplii were transferred to assay tubes with 10 mL of the 

samples (in triplicate) in 1000, 500, 250, and 125 µg/mL concentrations. 

Negative controls containing seawater, and 1, 0.5, 0.25, and  

0.125 percent of DMSO were included in each experiment [13]. The 

number of survivors was counted after 24 h and recorded. 

 

 

2.6. Antimicrobial Effect 

 

The microorganisms used in this study originated from American 

Type Culture Collection (ATCC), and were provided by the 

microorganism reference laboratory of the Fundação Oswaldo Cruz 

(FIOCRUZ, Rio de Janeiro, Brasil). Five species were used: Gram-

positive bacteria (Enterococcus faecalis ATCC 14506, and Bacillus 

cereus ATCC 11778), and Gram-negative bacteria (Escherichia coli 

EHEC ATCC 43895, Enterobacter cloaceae ATCC 23355, and 

Aeromonas hydrophila ATCC 11036). In antifungal tests, Candida 

infanticola (UFSJ6A), and Candida glabrata (ATCC 2001) were used.  

 

 



Determination of Total Phenol and Flavonoid Content … 137 

The bacterial susceptibility test was performed according to the CLSI 

[14] document guidelines M100-S25. The bacterial inoculum colonies 

isolated from a 24-hour growth streak were transferred to tubes 

containing saline solution 0.85% (p:v). Inoculum was prepared by 

dilution of a suspension corresponding to 0.5 on the McFarland density 

scale (DO530nm = 0.19 - 0.21) in Mueller-Hinton broth (MH) (1:10) to 

obtain a final inoculum with 7.5 x 105 UFC/mL, which was used to assay. 

The fungal suspension was prepared in a similar way [15], to obtain a 

final inoculum with 1 x 103 UFC/mL, which was used to assay. Stretch 

marks of 48 h of growth were used to obtain the suspension in saline, and 

later adjusted to 0.5 on the McFarland scale (DO530nm = 0.19 - 0.21), 

representing a cell density of approximately 1 x 106 UFC/mL. To obtain 

the final inoculum, two dilutions were performed, produced by 

transferring 20 L of the suspension to 980 L of Sabouraud dextrose 

(SD) broth and, subsequently, from 1 mL of the resulting suspension to 

19 mL of SD broth. The samples were dissolved in 

water:dimethylsulfoxide (DMSO) (9:1 v:v), obtaining the initial 

concentration of 40 mg/mL. The MIC was carried out in 96-well 

polystyrene microplates containing 100 L of the liquid medium, 20 L 

of the samples solution (ranging from 2000 to 2 g/mL, dissolved in  

9:1 water:DMSO), and 100 L of the different microbial inoculum in 

each well. After microdilution, they were incubated in a bacteriological 

incubator (Nova Instruments) at 37°C for 24 h for bacteria, and at 28°C 

for 48 h for yeasts, and the minimum inhibitory concentration (MIC) was 

defined as the lowest concentration of samples without visible growth of 

microorganisms. Subsequently, the minimal bactericidal concentration 

(MBC) was defined as the lowest concentration of samples that inhibit 

bacterial growth, as described by Lyu et al. [16]. Cephalexin, 

ciprofloxacin, and ketoconazole were used as positive controls. 

Water:DMSO (9:1 v:v) was used as solvent control. The tests were 

carried out in triplicate wells, with three independent repetitions between 

them. 
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3. RESULTS AND DISCUSSION 

 

Phytochemical screening revealed the presence of 

steroids/triterpenes, flavonoids, coumarins, and alkaloids in the ethanol 

extract of B. subalternans. Phytochemical studies carried out with B. 

pilosa, another species of the Bidens genus, also detected the presence of 

terpenes and flavonoids in the plant extracts [17]. 

The total phenolic and flavonoid contents present in the ethanol 

extract were 6.46 ± 1.13 µg of gallic acid equivalents/mL, and 33.13 ± 

0.48 µg of quercetin equivalents/mL, respectively.  

Liu et al. [18] determined the total phenolic compound content in 

honey from B. pilosa flowers and B. subalternans leaves (0.822 ±  

0.03 mg/g, and 3.87 ± 0.47 mg/g, respectively). Comparing the results, 

the leaves of B. subalternans exhibited a higher content of phenolic 

compounds than the honey of B. pilosa flowers. Borella et al. [19] 

quantified an average flavonoid content of 0.080 ± 0.015% (m:m) in 

samples of B. pilosa under different forms of fertilization. Comparing the 

results, ethanol extract of B. subalternans presented a high content of 

total phenolic and flavonoid compounds. 

The toxicity of the extract was evaluated by the larvicidal assay on A. 

salina. In all concentrations evaluated (125, 250, 500, and 1000 µg/mL), 

there was no mortality of A. salina, indicating that the extract of B. 

subalternans leaves is not toxic. No reports of the larvicidal activity of B. 

subalternans on A. salina were found in the literature to compare to these 

results. 

The antimicrobial effect was evaluated on seven microorganisms. 

The results showed that the ethanol extract had no antifungal activity on 

C. glabrata and C. infanticola. Fabri et al. [20] demonstrated low activity 

of the ethanol extract of the leaves of B. segetum on Candida albicans. 

However, no reports of antifungal activity by B. subalternans on C. 

glabrata and C. infanticola were found for comparison with our results. 

Antibacterial activity was tested on five microorganisms, and the 

results are described in Table 1. 
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Table 1. Result of antimicrobial activity  

of ethanol extract of B. subalternans leaves 

 

Microorganisms MBC (mg/mL) MIC (mg/mL) 

B. cereus - - 

E. cloaceae 0.50 0.25 

A. hydrophila 1.00 0.50 

E. faecalis* 1.00 0.50 

E. coli EHEC 2.00 1.00 
*Enterococcus faecalis used to be classified as Streptococcus faecalis due to its 

morphology. 

 

The ethanol extract demonstrated bacteriostatic and bactericidal 

activity on E. cloaceae, A. hydrophila, E. faecalis, and E. coli EHEC. 

The best results were on E. cloaceae, A. hydrophila, and E. faecalis, with 

MIC values of 0.25, 0.50, and 0.50 mg/mL, respectively. Khan et al. [21], 

reported little antibacterial activity of B. pilosa on E. coli, and no effect 

on B. cereus, corroborating the results observed in this work. Unlike the 

study of Kahn et al. [21], which showed no activity on Streptococcus 

faecalis, the B. subalternans extract exhibited moderate activity. No 

reports of antibacterial activity of B. subalternans on E. cloaceae and A. 

hydrophila were found in the literature for comparison with our results. 

 

 

CONCLUSION 

 

The results were promising in relation to the antibacterial activity of 

B. subalternans. The biological activity of this plant species is still poorly 

known, making the results found in this study of great relevance. In 

addition, the B. subalternans extract was not toxic to A. salina. In this 

sense, it is necessary to perform futher research to evaluate the 

effectiveness of this species, and its use may be promising. 
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ABSTRACT 

 

Matricaria recutita L. (chamomile) is widely used by the 

population due to its therapeutic potential, which is attributed to the 

various phytochemicals present in this species. The aim of this study 

was to evaluate the extraction efficiency of phenolic compounds and 

flavonoids obtained in the flowers of M. recutita by two different 

extraction methods (soxhlet [SXT] and ultrasound assisted extraction 

[UAE]), as well as to evaluate the antioxidant and larvicidal potential of 

the extracts and their fractions. The extracts were obtained by extraction 

in a soxhlet apparatus (SXT) and extraction assisted by ultrasound 

(UAE) with ethanol. The fractions were obtained by partitioning the 

extracts with solvents of increasing polarity: hexane, dichloromethane, 

and ethyl acetate. The extract yield was directly influenced by the 

extraction method, which was more efficient when obtained by the SXT 

method. The ethanol extracts, hexane and dichloromethane fractions, 

showed traces of essential oils, suggesting the presence of α-bisabolol 

A/B oxide, bisabolol, and farnesene. In the samples analyzed by high 

performance liquid chromatography with diode array detector (HPLC-

DAD), it was possible to suggest the presence of catechin gallate, 

isoflavone, chlorogenic acid, undefined derivative of luteolin, apigenin, 

undefined derivative of apigenin, luteolin-3,’ 7’-di-O-glycoside, 

apigenin-8-C-glycoside, and galangin. Greatest Pearson’s correlations 

between antioxidant activity and flavonoids were found in the 

hydroethanol (SXT) and ethyl acetate (UAE) fractions, while the ethyl 

acetate (SXT), dichloromethane (SXT), hydroethanol (UAE) and 

dichloromethane (UAE) fractions showed greater correlations between 

antioxidant activity and phenolic compounds. However, there was no 

significant influence of the extraction method on the antioxidant 

activity using 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals and on 

the larvicidal evaluation using lethality tests in Artemia salina. The 

ethyl acetate and hydroethanol fractions exhibited antioxidant activity 

and showed no larvicidal potential against A. salina, which may 

indicate low toxicity of these samples. 

 

Keywords: antioxidant, extractive methods, chamomile, larvicidal, 

phenolic compounds 
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1. INTRODUCTION 

 

Matricaria recutita L. (German chamomile) is an herbaceous plant 

belonging to the Asteraceae family, which is native to southwestern 

Europe and western Asia, and is found throughout Europe, North 

America, Australia, and, most recently, in South America [1]. This 

species is one of the most popular and widely used plant in traditional 

medicine [2]. The flowers are mainly used for their anti-inflammatory 

and spasmolytic properties [3]. This species contains therapeutically 

active substances [2] that show antioxidant [4], anti-allergic [5], 

antimicrobial [6], anti-inflammatory, and anticancer activities [7]. 

Sesquiterpenes, flavonoids, phenolic compounds, and coumarins are the 

main bioactive compounds of this plant [8]. The sesquiterpenes found in 

chamomile have been correlated to various biological activities exhibited 

by the species [9]. 

The various biological activities presented by natural compounds 

have increased interest in the extraction, production, and use of these 

substances, leading to a greater need for the development of better and 

more efficient extractive methods for obtaining these compounds in a 

shorter time and at a lower cost. Therefore, it is important to evaluate the 

effectiveness of the method for extracting the bioactive compounds from 

the plant material [10]. 

Traditional methods used for extraction of plant materials include 

steam distillation (indicated for processing large quantities of plant 

material on an industrial scale) and extraction with organic solvents by 

percolation, maceration, or soxhlet techniques [11]. The phenolic 

compounds extracted from chamomile by different extraction methods 

have been investigated extensively in the last 10 years [12]. The main 

methodologies use ethanol, methanol, chloroform, or other organic 

solvents for extraction; however, the most efficient extractive method for 

chamomile compounds has not yet been defined [13, 14]. 

Thus, the objective of this study was to explore the use of two 

extraction techniques [soxhlet (SXT) and ultrasound assisted extraction 

(UAE)] to compare the yield of extracts from flowers of M. recutita and 
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to evaluate the antioxidant and larvicidal potential of the ethanol extracts 

and fractions obtained. 

 

 

2. MATERIALS AND METHODS 

 

2.1. Drugs and Reagents 

 

Folin-Ciocalteu reagent, 2,6-di-tert-butyl-4-methylphenol (BHT), 

1,1-diphenyl-2-picrylhydrazyl (DPPH), rutin, quercetin, 

dimethylsulfoxide (DMSO), gallic acid, and thin-layer chromatography 

(TLC) on Merck silica gel 60 F254 aluminium plates were purchased from 

Sigma-Aldrich Inc. (USA). All other reagents and solvents were of 

analytical grade were purchased from Vetec (Brazil). For the 

highperformance liquid chromatography with diode array detector 

(HPLC-DAD) analyses, methanol, and formic acid were purchased from 

J. T. Baker, and the ultrapure water (Milli-Q, Millipore®) was also used. 

 

 

2.2. Plant Material and Extraction 

 

Dried flowers of M. recutita were commercially purchased at 

Naturallis Suplementos in the Divinópolis City, Minas Gerais State, 

Brazil, in August 2018. This study has access permission to the 

components of plant genetic heritage registered in the SisGen Platform 

(Register AF2518F), according to Brazilian Biodiversity Law 

(13.123/2015). 

The material was extracted by two methods, UAE and SXT, using 10 

g of dried flowers and 200 mL of ethanol 96 ºGL in both methods. The 

cold method (UAE) was performed at room temperature (27 ± 2ºC), 

being extracted in ultrasound equipment for 30 minutes followed by rest 

for 30 minutes, until totaling 6 hours. The hot extraction (SXT) was 

carried out for 6 hours on heating at 65°C without intervals. After 
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filtration, the solvent was removed using rotatory evaporator. The yield 

obtained in the extraction processes was calculated from the equation: 

 

𝑌𝑖𝑒𝑙𝑑 =
𝐷𝑟𝑦 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 𝑤𝑒𝑖𝑔ℎ𝑡(𝑔)

𝐷𝑟𝑦 𝑝𝑙𝑎𝑛𝑡 𝑤𝑒𝑖𝑔ℎ𝑡(𝑔)
× 100   (1) 

 

Part of the extracts was solubilized in ethanol:water (7:3 v:v) and 

partitioned with hexane, dichloromethane and ethyl acetate to obtain 

hexane (Hex), dichloromethane (Dcm), ethyl acetate (Ac) and the 

hydroethanol (Hid) fractions, respectively. The fractions were filtered 

and solvents removed using rotatory evaporator. 

 

 

2.3. Extraction of Essential Oil 

 

The essential oil was extracted from 10 g of dried flowers of M. 

recutita with 200 mL of water by steam distillation in a Clevenger 

apparatus for 6 hours on heating at 65ºC without intervals. 

 

 

2.4. Thin-Layer Chromatography (TLC) Analysis 

 

The evaluation of the presence of essential oil in M. recutita in 

ethanol extracts and Hex and Dcm fractions was performed by thin-layer 

chromatography (TLC) on Merck silica gel 60 F254 aluminium plates, 

using toluene:ethyl acetate (93:7 v:v) as eluent and vanillin and sulfuric 

acid followed by heating at 100°C for 10 minutes as developer [15]. The 

essential oil of M. recutita was used as a standard for comparison 

between the samples applied in TLC plates. Compound determination 

was performed comparing the retention factor (RF) of samples and 

standards, as well as with data from literature [15, 16]. The RF was 

calculated by equation: 

 

RF =
distance spot moved 

distance solvent moved
  (2) 
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2.5. Color Determination 

 

The color naming was confirmed by the Sci-Chromus® 

(BR512019002743-4, UFSJ-CCO, Minas Gerais, Brazil) software, as 

proposed by Mano Sousa et al. [17]. This software was developed to 

standardize color names and eliminating human subjectivity in these 

names. 

 

 

2.6. High Performance Liquid Chromatography Analysis 

 

The chromatographic analysis was conducted using UFLC 

Proeminence chromatographic system (Shimadzu, Kyoto, Japan), 

composed of a binary pump system (LC-20AD), autosampler (SIL-

20AHT), communicator (CBM-20A) and degasser, controlled by the 

LabSolutions software (version 1.25, Shimadzu, Kyoto, Japan). The 

experiments were carried out in an air-conditioned room (14 ± 2ºC). The 

chromatographic column was a Kinetex C18 (5 µm, 100  2.1 mm, 

Phenomenex), eluted with methanol (solvent B) and ultrapure water 

added formic acid 0.1% (v:v). The elution profile applied was: 0-8.5 min: 

10 to 90% of B; 9-10 min: 90% of B and; 10-11 min: 10% of B. All 

samples (rutin, extracts and fractions) were solubilized (1 mg/mL) and 

filtered through a 0.45 mm PTFE filter syringe. The injection volume was 

10 μL of samples (rutin, extracts and fractions), and the flow rate was 0.5 

mL/min. The spectra were recorded in the range of 200 to 600 nm. 

Compound determination was performed comparing the retention times 

and spectrum in the UV region of the standards, and correlating with data 

found in the literature, according to Costa et al. [18]. 

 

 

2.7. Total Phenolic Compounds (TPC) 

 

The total phenolic content in the extracts and fractions was estimated 

using the Folin-Ciocalteu test described by Zielinski et al. [19] with 
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modifications. The Folin-Ciocalteu aqueous solution (2.250 μL; 1:4 v:v) 

was added to samples (250 μL) and, subsequently, sodium carbonate 

solution (250 μL) was added. After vigorous shaking, these solutions 

were kept at rest for 30 min at room temperature. The absorbance was 

determined by spectrophotometry at 750 nm (Thermo Scientific Genesys 

10S, USA) after 30 min of incubation at room temperature with a blank 

sample as well as a standard solution and samples. Gallic acid was used 

as a reference compound, and the total phenolic contents were expressed 

as micrograms of gallic acid equivalents (GAE) per milliliter (mL). All 

assays were performed in triplicate. 

 

 

2.8. Total Flavonoid Content (TFC) 

 

The total flavonoid content was estimated according to the aluminum 

chloride method [20]. Exactly 1900 μL of ethanol 50% (v:v) was added 

100 μL of extracts or fractions and 500 μL of solution of aluminum 

chloride. The absorbance was read at 425 nm using a spectrophotometer 

(Thermo Scientific Genesys 10S, USA) after 30 min. Quercetin was used 

as a reference compound to produce a standard curve, and total flavonoid 

contents were expressed as micrograms of quercetin equivalents (QE) per 

milliliter (mL). All assays were performed in triplicate. 

 

 

2.9. DPPH Radical Scavenging Assay 

 

The radical scavenging abilities of extracts and fractions were 

analyzed compared to standard, BHT based on the reaction with DPPH. 

The determination of antioxidant activity using the DPPH method was 

adapted for use with microplates [21, 22]. Briefly, a DPPH solution 

(0.002% w:v) was prepared in ethanol. Exactly 75 μL of the samples (1, 

10, 100, 250 and 500 μg/mL) was added to the wells in a 96-well flat-

bottom plate containing 150 μL of DPPH solution. The plate was then 

covered and left in the dark at room temperature (25°C). After 30 min, 
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the absorbance at 517 nm was measured with a spectrophotometer 

(Biotek Power Wave XS2, USA), and ethanol was used for the baseline 

correction. Scavenging ability was expressed as the inhibition percentage 

and was calculated using Burda and Oleszek [23] equation: 

 

Scavenging ability =
AbsControl−Abssample

Abscontrol
 × 100 (3) 

 

where Abs control = absorbance of DPPH radical in ethanol and Abs 

sample = absorbance of the extract or fractions in ethanol + DPPH. The 

antioxidant activity of all of the samples was expressed as IC50, which 

was defined as the concentration (in µg/mL) of sample required to inhibit 

the formation of the DPPH radicals by 50%. All assays were performed 

in triplicate. 

 

 

2.10. Artemia salina larvicide bioassay 

 

A. salina encysted eggs (200 mg) were incubated in 400 mL of 

seawater under artificial light at 28°C, pH 7-8. After incubation for 48 h, 

metanauplii were collected with a Pasteur pipette. The samples (in 

triplicate) to be assayed were dissolved in DMSO and diluted serially 

(25, 50, 100 and 200 μg/mL) in seawater. To each set of tubes containing 

the samples, 10 nauplii were added. Negative controls containing 

seawater and 0.025, 0.050, 0.1 and 0.2% DMSO were included in each 

experiment [24]. The number of survivors was counted after 24 h and 

recorded. 

 

 

2.11. Statistical Analysis 

 

The lethal dose (LD50) was calculated by simple linear regression 

using Probit analysis [25]. The data were subjected to an analysis of 

variance (ANOVA) followed by Tukey Test at a 5% probability level. 
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All statistical parameters were calculated using Sisvar software 5.4 [26]. 

The criterion for statistical significance was set at p < 0.05. The 

correlations of antioxidant test and phenol and flavonoid contents were 

calculated using Pearson’s correlation coefficient in the Microsoft Excel 

19 (Microsoft Office 2019, Redmont, USA). 

 

 

3. RESULTS AND DISCUSSION 

 

The extraction methods used in this study showed different yields for 

the ethanol extracts, with 11.6% by UAE and 24% by SXT. The results 

obtained suggest that the extraction method directly influences the yield. 

The SXT method demonstrated a higher extraction efficiency, similar to 

previously reported studies [27, 28]. Although the UAE method allows 

the compounds to dissolve more easily due to rupturing of the cell wall, 

causing an increase in the extraction yield in a shorter time [29], our 

results showed that the SXT technique was more efficient. 

Many compounds are sensitive to heat, while others may have 

irreversible structural changes at high temperatures, which can make hot 

methods unviable [30]. Contrary to expectations, the method with the 

highest temperature obtained the highest yield. This fact can be explained 

by the increased solubility promoted by heat in addition to the constant 

renewal of the solvent in contact with the plant material promoted by the 

SXT technique. 

The ethanol extracts and Hex and Dcm fractions were analyzed by 

TLC for the presence of essential oils. The extracts and fractions showed 

the same RF and colors in spots corresponding to α-bisabolol oxide A/B, 

bisabolol, and farnesene (0.2 - yellow-green; 0.35 - violet; 0.99 - blue-

violet, respectively) as described in literature [15]. From a qualitative 

point of view, it was observed that the chromatographic profiles obtained 

for the essential oil used as a standard, as well as for the samples 

(extracts, Hex and Dcm fractions) extracted by both methods, were 

similar to the profiles described by Wagner and Bladt [15]. The main 

compounds of M. recutita essential oil described are α-bisabolol oxide 
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A/B, α-bisabolol, camazulene, and α-farnesene [31, 32], confirming the 

presence of essential oil compounds in the extracts and fractions 

analyzed. This finding suggests that it is possible to detect traces of these 

compounds from M. recutita by these methods, even when heated for a 

long period (6 h) using organic solvents.  

The extracts and fractions were analyzed by HPLC-DAD. The 

chromatograms of the extracts and their fractions are shown in  

Figures 1-4.  

 

 

Figure 1. Chromatographic profile of Matricaria recutita ethanol extracts in high 

performance liquid chromatography (HPLC-DAD), 350 nm. (A) Soxhlet extract 

(SXT); (B) Ultrasound assisted extract (UAE). Suggested compounds: 1. Catechin 

gallate, 2. Isoflavone, 3. Chlorogenic acid, 4. Undefined luteolin derivative,             

5. Apigenin, 6. Undefined apigenin derivative, 7. Luteolin-3,’7’-di-O-glycoside,      

8. Apigenin-8-C-glycoside (Vitexin), 9. Galangin. 
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Based on the UV spectra obtained and comparison with published 

data, it was possible to suggest the presence of the following compounds: 

catechin gallate, isoflavone, chlorogenic acid, undefined luteolin 

derivative, apigenin, undefined apigenin derivative, luteolin-3,’7’-di-O-

glycoside, apigenin-8-C-glycoside (vitexin), and galangin [33-36]. 

 

 

Figure 2. Chromatographic profile of dichloromethane (Dcm) fractions of Matricaria 

recutita ethanol extracts in high performance liquid chromatography (HPLC-DAD), 

350 nm. (A) Soxhlet extract (SXT); (B) Ultrasound assisted extract (UAE). 

Suggested compounds: 2. Isoflavone, 4. Undefined luteolin derivative, 5. Apigenin, 

6. Undefined apigenin derivative, 7. Luteolin-3,’7’-di-O-glycoside, 8. Apigenin-8-C-

glycoside (Vitexin), 9. Galangin. 
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The presence of chlorogenic acid, apigenin, catechin gallate, and 

galangin have been reported in chamomile [13, 37-40]. The flavonoid 

luteolin-3,’7’-di-O-glycoside was also identified by Caleja et al. [33]; 

however, it is not a compound often found in M. recutita.  

 

 

Figure 3. Chromatographic profile of ethyl acetate (Ac) fractions of Matricaria 

recutita ethanol extracts in high performance liquid chromatography (HPLC-DAD), 

350 nm. (A) Soxhlet extract (SXT); (B) Ultrasound assisted extract (UAE). 

Suggested compounds: 3. Chlorogenic acid, 4. Undefined luteolin derivative,           

5. Apigenin, 6. Undefined apigenin derivative, 7. Luteolin-3,’7’-di-O-glycoside,       

8. Apigenin-8-C-glycoside (Vitexin). 
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Figure 4. Chromatographic profile of hydroethanol (Hid) fractions of Matricaria 

recutita ethanol extracts in high performance liquid chromatography (HPLC-DAD), 

350 nm. (A) Soxhlet extract (SXT); (B) Ultrasound assisted extract (UAE). 

Suggested compounds: 1. Catechin gallate, 2. Isoflavone, 3. Chlorogenic acid,          

4. Undefined luteolin derivative, 5. Apigenin, 6. Undefined apigenin derivative,        

7. Luteolin-3,’7’-di-O-glycoside. 

The antioxidant potential of the extracts and fractions (Table 1) was 

not significantly influenced by the extraction method. Extracts, fractions, 

and BHT had an inhibitory effect that was concentration dependent. The 

ethanol extract, Ac and Hid fractions of SXT, and Dcm, Ac and Hid 

fractions of UAE showed more potent antioxidant activity with lower 

values of IC50 (0.12 - 4.76 µg/mL) and displayed a greater activity than 

BHT (IC50 = 16.36 µg/mL, p < 0.001). 
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Table 1. 1,1-diphenyl-2-picrylhydrazyl (DPPH) scavenging activity of 

the ethanol extracts and fractions of dried flowers of M. recutita L. 

 

Sample DPPH-scavenging activity (%) 

1 µg/mL 10 µg/mL 100 µg/mL 250 µg/mL 500 µg/mL 

Ultrasound assisted extraction (UAE) 

EE 29.85 ± 0.29a 30.94 ± 0.21a 35.36 ± 0.29a 39.49 ± 1.06a 54.13 ± 1.64a 

Hex 24.81 ± 0.73a 26.90 ± 0.62 30.80 ± 1.27a 42.91 ± 0.57a 50.85 ± 2.77a 

Dcm 40.16 ± 0.93a 53.03 ± 0.57a 73.70 ± 1.89a 92.14 ± 0.85 97.08 ± 1.39a 

Ac 43.53 ± 1.93a 86.25 ± 2.69a 97.32 ± 0.37a 98.84 ± 0.50a 99.60 ± 0.24a 

Hid 42.77 ± 0.81a 53.13 ± 0.49a 70.99 ± 1.36a 94.09 ± 1.81a 97.79 ± 1.57a 

BHT 18.50 ± 0.65 25.90 ± 0.64 86.00 ± 0.56 91.40 ± 0.28 94.02 ± 0.51 

Soxhlet extraction (SXT) 

EE 41.58 ± 0.89a 79.74 ± 0,92a 92.61 ± 0.37a 96.27 ± 0.59a 99.07 ± 0.29a 

Hex 29.70 ± 0.21a 32.65 ± 1.16a 34.22 ± .53a 36.69 ± 0.67a 41.39 ± 0.87a 

Dcm 42.91 ± 1.29a 46.81 ± 0.97a 49.71 ± 0.37a 69.71 ± 1.15a 95.13 ± 1.57 

Ac 85.44 ± 1.53a 89.29 ± 0.21a 91.85 ± 0.41a 95.75 ± 1.02 99.36 ± 0.45a 

Hid 41.44 ± 0.62a 52.13 ± 1.26a 75.60 ± 0.67a 96.27 ± 0.29a 98.79 ± 0.87a 

BHT 18.50 ± 0.65 25.90 ± 0.64 86.00 ± 0.56 91.40 ± 0.28 94.02 ± 0.51 

Each value in the table is the mean ± standard deviation (n = 3). ap < 0.05 compared with BHT. 

EE: ethanol extract; Hex: hexane fraction; Dcm: dichloromethane fraction; Ac: ethyl 

acetate fraction; Hid: hydroethanol fraction. 

 

The samples with higher TPC had better antioxidant potential by 

DPPH inhibition (Table 2). The greatest correlations between antioxidant 

activity and flavonoids were found in the Hid (SXT) and Ac (UAE) 

fractions. Unlike flavonoids, there was an inversion of the methods in 

which the fractions of the phenolic compounds of chamomile obtained 

better correlations. In the SXT extraction method, the fraction Ac had a 

better correlation, followed by the Dcm fraction, while in the UAE 

method, this correlation was for Hid and Dcm fractions. 

Phenolic compounds are capable of sequestering or inhibiting the 

reactive oxygen species, transferring electrons to free radicals, activating 

antioxidant enzymes, and inhibiting oxidase enzymes [41]. These 

mechanisms play an important role in the prevention of oxidative stress, 

which is associated with diseases such as arteriosclerosis, diabetes, 

cancer, and neurodegenerative diseases [42]. 
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Table 2. Inhibitory concentration (IC50) values for the antioxidant 

activity, total flavonoid and total phenolic content of the ethanol 

extract and fractions of dried flowers of M. recutita L. 

 

Sample IC50
1 TFC2 TPC3 IC50 vs 

TFC4 

IC50 vs 

TPC4 

Ultrasound assisted extraction (UAE) 

EE 443.40 ± 29.27a 124.84 ± 0.26 915.32 ± 0.74 -0.503 0.504 

Hex 498.69 ± 33.95a - - - - 

Dcm 4.42 ± 0.32a 134.35 ± 0.42 1002.91 ± 1.05 -0.816 0.816 

Ac 1.30 ± 0.08a 78.69 ± 0.22 2851.45 ± 1.34 0.981 -0.201 

Hid 4.76 ± 0.17a 46.69 ± 0.16 1643.43 ± 2.58 0.530 -0.836 

BHT 16.36 ± 1.63 - - - - 

Soxhlet extraction (SXT) 

EE 1.53 ± 0.12a 176.56 ± 3.70 1398.90 ± 2.16 -0.147 0.147 

Hex 632.55 ± 51.23a - - - - 

Dcm 101.82 ± 4.95a 81.01 ± 1.21 220.00 ± 0.07 -0.875 0.872 

Ac 0.12 ± 0.00a 53.18 ± 0.29 2134.30 ± 3.17 0.255 -0.972 

Hid 4.14 ± 0.15a 29.53 ± 0.22 1172.62 ± 0.77 0.937 -0.334 

BHT 16.36 ± 1.63 - - - - 
1IC50: concentration (in µg/mL) of sample required to inhibit 50% the formation of DPPH 

radicals. 2Total flavonoids content (TFC): results expressed as µg of quercetin 

equivalents/mL of extract or fraction. 3Total phenolic content (TPC): results expressed as 

µg of gallic acid equivalents/mL of extract or fraction. Each value in the table is the mean 

± standard deviation (n = 3). ap < 0.05 compared with BHT. 4Pearson correlation 

coefficients. EE: ethanol extract; Hex: hexane fraction; Dcm: dichloromethane fraction; 

Ac: ethyl acetate fraction; Hid: hydroethanol fraction. 

 

The antioxidant activity of M. recutita by the DPPH method has been 

reported previously. Ethanolic extracts obtained by maceration of flowers 

exhibited an IC50 value of 26.7 µg/mL [43]. The decoction extract 

showed an IC50 value of 165 µg/mL [40]. Other studies have also 

demonstrated antioxidant potential with different extracts of M. recutita 

[44-46]. Our results showed a greater antioxidant effect than those 

reported in the literature. 

The brine shrimp (Artemia salina) lethality bioassay is an efficient, 

rapid, and inexpensive test that correlates well with toxic activity in some 

human solid tumours and with pesticidal activity [24]. The results 
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presented in Table 3 show the mortality rate of A. salina larvae exposed 

to samples of M. recutita. The larvae of A. salina were highly susceptible 

to the Hex (SXT) fraction at all concentrations tested, with a mortality 

rate between 96.66 - 100%. The Dcm (UAE) fraction and ethanol extract 

(SXT), at a concentration of 50 µg/mL, and ethanol extract (UAE), Hex 

(UAE) and Dcm (SXT) fractions, at a concentration of 100 µg/mL, had 

mortality rates higher than 50%. 

The lethal concentration required to kill 50% of A. salina larvae 

(LD50) was determined for each sample (Table 3). The samples of M. 

recutita exhibited LD50 values of 82.85, 77.98, 30.27, 48.21, 5.7, and 

86.72 µg/mL for the ethanol extract (UAE), Hex (UAE) fraction, Dcm 

(UAE) fraction, ethanol extract (SXT), Hex (SXT) fraction and Dcm 

(SXT) fraction, respectively. The results showed that lethal doses of the 

Ac and Hid fractions occurred above 1000 µg/mL, which indicate that 

these substances may not be toxic [24] (Table 3). The Dcm fractions 

(UAE and SXT) had a positive correlation with the TFC and LD50 (0.450 

and 0.445, respectively), while the ethanol extracts (UAE and SXT) had a 

positive correlation with LD50 and TPC (0.644 and 0.500, respectively). 

The Hex (UAE) fraction, Dcm (UAE) fraction, ethanol extract (SXT) 

and Hex (SXT) fraction showed high toxicity, and the ethanol extract 

(UAE) and Dcm (SXT) fraction exhibited moderate toxicity, according to 

Dolabela (1997). The following parameters should be considered: a 

sample with an LD50 of less than 80 μg/mL is highly toxic, between 80 

μg/mL and 250 μg/mL is moderately toxic, and above 250 μg/mL has 

low toxicity or is non-toxic. 

Few studies have shown the toxicity of metabolites of the Matricaria 

species on A. salina. The essential oil of the aerial parts of M. 

chamomilla exhibited toxicity on A. salina (LD50 = 31.7 µg/mL), which 

is a value similar to that found for the Dcm (UAE) fraction and higher 

than the Hex (SXT) fraction. The major compounds identified in the 

essential oil included (E)-β-farnesene (42.2%) and α-bisabolol oxide A 

(22.3%) [48]. Thus, the toxic effect of extracts and Hex and Dcm 

fractions on A. salina found in this study can be attributed, at least 

partially, to the presence of these substances. 
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Table 3. A. salina larvicidal bioassay of different concentrations  

of ethanol extracts and fractions of M. recutita L. 

 

Sample % Mortality LD50 

(µg/mL) Concentration (µg/mL) 

25 µg/mL 50 µg/mL 100 µg/mL 200 µg/mL 

 Ultrasound assisted extraction (UAE)  

EE 0.00a 13.33 ± 2.30b 63.33 ± 1.52c 100.00d 82.85 

Hex 16.66 ± 0.57a 30.00 ± 2.64b 50.00 ± 4.35c 90.00 ± 1.73d 77.98 

Dcm 33.33 ± 2.30 a 86.66 ± 0.57b 100.00c 100.00c 30.27 

Ac 0.00a 3.33 ± 0.57b 10.00 ± 1.73c 20.00 ± 0.00d ND 

Hid 0.00a 0.00a 3.33 ± 0.50b 16.66 ± 2.08c ND 

 Soxhlet extraction (SXT)  

EE 13.33 ± 2.30a 53.33 ± 0.57b 86.66 ± 1.52c 100.00d 48.21 

Hex 96.66 ± 0.57a 100.00b 100.00b 100.00b 5.7 

Dcm 0.00a 3.33 ± 0.57b 66.66 ± 1.15c 100.00d 86.72 

Ac 0.00a 0.00a 0.00a 0.00a ND 

Hid 0.00a 0.00a 0.00a 10.00 ± 1.00b ND 

The results are means ± Standard Error (SE) (n = 3). Means followed by the same letter on the 

same line do not differ according to the Tukey test (p ˂ 0.05). EE: ethanol extract; Hex: 

hexane fraction; Dcm: dichloromethane fraction; Ac: ethyl acetate fraction; Hid: 

hydroethanol fraction; ND: Not determined. 

 

 

CONCLUSION 

 

The results of our analysis showed that it is possible to differentiate 

the extraction potential of the employed methods, with the SXT method 

producing a higher yield. However, the extraction method did not 

influence the content of phenolic compounds and total flavonoids, as well 

as the biological tests. The samples of M. recutita showed antioxidant 

and larvicidal activity. The Ac and Hid fractions exhibited potential 

antioxidant effects and showed no larvicidal effect, which may indicate 

low toxicity of these samples. Finally, we emphasize that further studies 

are needed to evaluate the toxic effect and antioxidant activity for safe 

therapeutic use of the plant. 
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ABSTRACT 
 

Guava tree (Psidium guajava L.) is widely used by the population 

due to its therapeutic potential, which is attributed to the various 

phytochemical compounds present in this species. The aim of this work 

was to evaluate the extraction efficiency of phenolic compounds and 

flavonoids obtained from P. guajava fresh leaves by two different 

extraction methods (soxhlet [SXT] and ultrasound assisted extraction 

[UAE]), as well as to evaluate the antioxidant and larvicidal potential of 

the extracts and their fractions. The extracts were obtained by extraction 

in a soxhlet apparatus (SXT) and extraction assisted by ultrasound 

(UAE) with ethanol. The fractions were obtained by partitioning the 

extracts with solvents of increasing polarity: hexane, dichloromethane, 

and ethyl acetate. In the samples (SXT and UAE) analyzed by high 

performance liquid chromatography with diode array detector (HPLC-

DAD), it was possible to suggest the presence of phenolic compounds 

and flavonoids, such as gallic acid isomers and quercetin derivatives. 

The extraction method directly influenced the extract yield, with the 

SXT method being more efficient. However, there was no significant 

influence of the extraction method on the antioxidant activity using 1,1-

diphenyl-2-picryl-hydrazil (DPPH) radicals and toxicity on Artemia 

salina (brine shrimp). The antioxidant activity of extracts and fractions 

cannot be correlated with the total phenolic compounds and total 

flavonoids content. The ethanol extracts showed the highest levels of 

phenolic and flavonoid compounds, which corroborate the results 

obtained in the identification by HPLC-DAD analysis. The extracts of 

P. guajava fresh leaves did not show toxicity on A. salina except for the 

ethyl acetate fraction (UAE). 

 

Keywords: guava leaves, extractive methods, medicinal plants, brine 

shrimp 

 

 

1. INTRODUCTION 
 

Psidium guajava Linn, popularly known as “goiabeira” in Brazil, is a 

small tree belonging to the Myrtaceae family, which is native to Central 

America and found mainly in tropical regions [1]. Roots, bark, leaves, 

and fruits from P. guajava are widely used in traditional medicine against 
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anorexia, cholera, diarrhea, digestive problems, cutaneous inflammation, 

and sore throat, among others [2, 3]. 

Secondary metabolites of various classes have already been isolated 

from P. guajava leaves, such as quercetin, myricetin, guavinoside, and 

guavacoumaric acid, for example [2, 4]. Studies using its leaves showed 

antioxidant, anti-inflammatory, hepatoprotective, spasmolytic, and in 

vitro antitumor effects [2]. There are several methods of obtaining plant 

extract, which influence the extract yield and molecular profile. In 

addition, this difference can interfere with the chemical and biological 

effects of these extracts [5]. 

Thus, the objective of this work was to compare a hot [soxhlet 

extraction (SXT)] and a cold [ultrasound assisted extraction (UAE)] 

method, evaluating the yield, antioxidant and toxic potential of the 

ethanol extracts and fractions from P. guajava leaves. 

 

 

2. MATERIALS AND METHODS 
 

2.1. Plant Material and Extraction 

 

Psidium guajava L. fresh leaves were collected in Federal University 

of São João Del Rei, Campus Centro-Oeste Dona Lindu, in Divinópolis 

City, Minas Gerais State, Brazil, in August 2019. Fertile samples were 

collected and the vouchers were identified by Andréia Fonseca Silva, and 

deposited in the PAMG Herbarium (PAMG 58809) at the Agricultural 

Research Company of Minas Gerais (EPAMIG). This study has access 

permission to the components of plant genetic heritage registered in the 

SisGen Platform (Register A901EF7), according to Brazilian 

Biodiversity Law (13.123/2015). 

The material was extracted by ultrasound assisted extraction (UAE) 

and soxhlet extraction (SXT) methods, using 38.5 g of fresh leaves and 

400 mL of ethanol 96 ºGL in both methods. UAE was performed at room 

temperature (27 ± 2 oC), being extracted in ultrasound equipment for 30 

minutes, followed by rest for 30 minutes, totaling 5 hours. SXT was 
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carried out for 5 hours on heating at 65°C without intervals. After 

filtration, the solvent was removed using rotatory evaporator, obtained 

2.78 g of EE (UAE) and 4.32 g of EE (SXT). The yield obtained in the 

extraction processes was calculated from the equation: Yield = (fresh 

leaves weight (g)/extract weight (g)) x 100. 

Part of the ethanol extracts (EE) were solubilized in ethanol:water 

(7:3) and partitioned with hexane, dichloromethane and ethyl acetate to 

obtain hexane (Hex), dichloromethane (Dcm) and ethyl acetate (EAc) 

fractions. The fractions were filtered and solvents removed using rotatory 

evaporator. 

 

 

2.2. Phytochemical Trial 

 

The presence of secondary metabolites was evaluated by specific 

experimental in assays tubes. Steroids and triterpenoids were evaluated 

by Lieberman-Burchard reaction. Flavonoids were evaluated with change 

the color to red, yellow or orange after addition of 13 sulfuric acid 

(H2SO4) drops. Saponins presence was evaluated with observation of 

persistent foam after 30 min. of intense shake with water. Tannins 

presence was evaluated with precipitate formation after addiction of 3 

Iron (II) chloride (FeCl2) drops. Alkaloids were evaluated by Dragendorff 

reaction. Coumarins and anthraquinones were evaluated with change the 

color to yellow or purple after addiction of 5 sodium hydroxide (NaOH) 

(1 mol/L) drops, respectively [5]. 

 

 

2.3. Thin-Layer Chromatography 

 

The evaluation of the presence of essential oils was performed by 

thin-layer chromatography (TLC) on Merck silica gel 60 F254 aluminium 

plates, using toluene/ethyl acetate (93:7 v:v) as eluent, vanillin and 

sulfuric acid followed by heating at 100°C for 10 minutes was used as 

developer. The evaluation of the presence of phenolic compounds was 
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also performed by TLC using ethyl acetate/acetic acid/water (100:22:26 

v:v:v) as eluent, diphenylboric acid-β-aminoethyl ester (NP)/ 

polyethylenoglycol-4000 (PEG) (NP/PEG) solution was used as 

developer with λ = 254 and 365 nm [6]. 

 

 

2.4. High Performance Liquid Chromatography Analysis 

 

The chromatographic analysis was conducted using UFLC 

Proeminence chromatographic system (Shimadzu, Kyoto, Japan), 

composed of a binary pump system (LC-20AD), autosampler (SIL-

20AHT), communicator (CBM-20A) and degasser, controlled by the 

LabSolutions software (version 1.25, Shimadzu, Kyoto, Japan). The 

experiments were carried out in an air-conditioned room (14 ± 2 ºC). The 

chromatographic column was a Kinetex C18 (5 µm, 100 x 2.1 mm, 

Phenomenex), eluted with methanol (solvent B) and ultrapure water 

added formic acid 0.1% (v:v). The elution profile applied was: 0-8.5 min: 

10 to 90% of B; 9-10 min: 90% of B and; 10-11 min: 10% of B. All 

samples (rutin, extracts and fractions) were solubilized (1 mg/mL) and 

filtered through a 0.45 mm PTFE filter syringe. The injection volume was 

10 μL of samples (rutin, extracts and fractions), and the flow rate was 0.5 

mL/min. The spectra were recorded in the range of 200 to 600 nm. 

Compound determination was performed comparing the retention times 

and spectrum in the UV region of the standards, and correlating with data 

found in the literature, according to Sousa et al. [7]. 

 

 

2.5. Total Phenolic Content (TPC) 

 

The total phenolic content was estimated using the Folin-Ciocalteu 

test [8] with modifications. The Folin-Ciocalteu aqueous solution (2.250 

μL; 1:4 v:v) was added to samples (250 μL) and, subsequently, sodium 

carbonate (Na2CO3) solution (250 μL) was added. After vigorous 

shaking, these solutions were kept at rest for 30 min at room temperature. 
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The absorbance was determined by spectrophotometry at 750 nm 

(Thermo Scientific Genesys 10S, USA) after 30 min of incubation at 

room temperature with a blank sample as well as a standard solution and 

samples. Gallic acid was used as a reference compound, and the total 

phenolic content were expressed as micrograms of gallic acid equivalents 

per milliliter (mL). All assays were performed in triplicate. 

 

 

2.6. Total Flavonoid Content (TFC) 

 

The total flavonoid content was estimated according to the aluminum 

chloride (AlCl3) method [9]. Exactly 1900 μL of ethanol 50% (v:v) were 

added 100 μL of extracts and fractions and 500 μL of solution of 

aluminum chloride. The absorbance was read at 425 nm using a 

spectrophotometer (Thermo Scientific Genesys 10S, USA) after 30 min. 

Quercetin was used as a reference compound to produce a standard 

curve, and total flavonoid content were expressed as micrograms of 

quercetin equivalents per milliliter (mL). All assays were performed in 

triplicate. 

 

 

2.7. DPPH Radical Scavenging Assay 

 

The radical scavenging abilities of extracts and fractions were 

analyzed compared to standard, 2,6-di-tert-butyl-4-methylphenol (BHT) 

based on the reaction with 1,1-diphenyl-2-picrylhydrazyl radical (DPPH). 

The determination of antioxidant activity using the DPPH method was 

adapted for use with microplates [10, 11]. Briefly, a DPPH solution 

(0.002% w:v) was prepared in ethanol. Exactly 75 μL of the samples (1, 

10, 100, 250 and 500 μg/mL) were added to the wells in a 96-well flat-

bottom plate containing 150 μL of DPPH solution. The plate was then 

covered and left in the dark at room temperature (25°C).  
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After 30 min, the absorbance at 517 nm was measured with a 

spectrophotometer (Biotek Power Wave XS2, USA), and ethanol was 

used for the baseline correction. Scavenging ability was expressed as the 

inhibition percentage and was calculated using Burda and Oleszek’s [12] 

equation: Scavenging ability = {(Abscontrol - Abssample)/Abscontrol} x 100, 

where Abscontrol = absorbance of DPPH radical in ethanol and Abssample = 

absorbance of the extract or fractions in ethanol + DPPH. The antioxidant 

activity of all of the samples was expressed as IC50, which was defined as 

a concentration (µg/mL) of samples required to inhibit the formation of 

50% DPPH radicals. All assays were performed in triplicate. 

 

 

2.8. Artemia salina Larvicide Bioassay 

 

Artemia salina eggs were incubated in 400 mL of seawater (0,5 

mg/mL) under artificial light at 28°C, pH 7-8. After incubation for 48 h, 

10 nauplii were transferred to assay tubes with 10 mL of the samples (in 

triplicate) in 1000, 500, 250 and 125 µg/mL concentrations. Negative 

controls containing seawater and 1, 0.5, 0.25 and 0.125 percent of DMSO 

were included in each experiment [13]. The number of survivors was 

counted after 24 h and recorded. 

 

 

2.9. Statistical Analysis 

 

The lethal dose (LD50) was calculated by simple linear regression 

using Probit analysis [14]. 

The data were subjected to an analysis of variance (ANOVA) 

followed by Tukey Test at a 5% probability level, using ANOVA for 

balanced data. All statistical parameters were calculated using GraphPad 

Prism® 7.0 and only p < 0.05 were considered significant. 
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3. RESULTS AND DISCUSSION 

 

3.1. Extraction Methods and Phytochemical Trial 

 

The extraction methods used in this work showed different yields for 

the ethanol extracts, with 11.19% by SXT and 7.22% by UAE. The 

results obtained suggest that the extraction method directly influences the 

yield. The SXT method demonstrated higher extraction efficiency, with 

similar results as in literature. However, a dried leaves re-maceration 

showed higher yield (36.91%) than both these methods [15, 16, 17]. 

Phytochemical screening (Table 1) showed the presence of alkaloids 

in all samples, tannins in the ethyl acetate (EAc) fraction, coumarins in 

the hexane (Hex), dichloromethane (Dcm), and EAc fractions from SXT 

extraction, while UAE extraction showed flavonoids in the EE and Dcm 

fraction, alkaloids in the EE and Hex fraction, steroids in the Hex 

fraction, and coumarins in the Dcm and EAc fractions. 

 

Table 1. Phytochemical screening of ethanol extract  

and fractions from P. guajava L. leaves 

 

Secondary metabolites groups EE Hex Dcm EAc 

 Ultrasound assisted extraction 

Steroids - + - - 

Triterpenoids - - - - 

Flavonoids + - + - 
Tannins - - - - 

Alkaloids + + - - 

Coumarins + - + + 
Anthraquinones - - - - 

Saponins - - - - 

 Soxhlet extraction 

Steroids - - - - 
Triterpenoids - - - - 

Flavonoids - - - - 

Tannins - - - + 

Alkaloids + + + + 

Coumarins - + + + 

Anthraquinones - - - - 
Saponins - - - - 

Ethanol extract (EE), hexane (Hex), dichloromethane (Dcm) and ethyl acetate (EAc) fractions. (+) 

present, (-) absent. 
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3.2. Thin-Layer Chromatography and HPLC-DAD Analyses 

 

Thin-layer chromatography showed the presence of flavonoid and 

phenolic compounds in Dcm and EAc fractions of both extraction 

methods. These results are corroborated with those obtained with high 

performance liquid chromatography with diode array detector (HPLC-

DAD) (Figure 1) that suggest the presence of phenolic compounds and 

flavonoids (such as gallic acid isomers and quercetin derivatives) and 

literature that show a significant presence of quercetin derivatives and 

phenolic acids [2, 4]. Essential oils were not detected in the evaluated 

samples. 

 

 

Figure 1. Chromatographic profile of Psidium guajava ethanol extracts in high performance liquid 
chromatography with diode array detector (HPLC-DAD), 350 nm. Soxhlet extract (SXT); (B) 

Ultrasound assisted extract (UAE). Suggested compounds: 1. gallic acid isomers; 2. Quercetin 

derivatives. 
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3.3. Total Flavonoid and Total Phenolic Contents 

 

The assessments of total flavonoid (TFC) and total phenolic content 

(TPC) were performed using the reagents aluminum chloride and Folin 

Ciocalteu, respectively (Table 2). The results of these assays showed that 

the samples shared similar ranking (EE > Dcm > EAc), except for total 

flavonoids by samples obtained from UAE extraction. 

 

Table 2. Total flavonoid and total phenolic content of ethanol 

extracts and fractions from P. guajava L. leaves 

 

Sample Ultrasound assisted extraction Soxhlet extraction 

TFC1 TPC2 TFC1 TPC2 

EE 9.03 ± 1.17 20.17 ± 0.63 11.06 ± 0.84 16.05 ± 3.29 
Hex - - - - 

Dcm 0.68 ± 0.1 6.39 ± 1.68 3.85 ± 0.17 4.945 ± 0.44 
EAc 3.45 ± 0.7 2.36 ± 0.11 0.35 ± 0.04 4.045 ± 0.44 

Ethanol extract (EE), hexane (Hex), dichloromethane (Dcm) and ethyl acetate (EAc) fractions. 1Total 

flavonoid content: results expressed as µg of quercetin equivalents/mL of extract or fraction. 

2Total phenolic content: results expressed as µg of gallic acid equivalents/mL of extract or 
fraction. Each value in the table is the mean ± standard deviation (n = 3), (-) not determined. 

 

The highest concentration of TFC and TPC were exhibited by EE 

(SXT) and EE (UAE), respectively, with TPC = 11.06 g/mL quercetin 

equivalent and TPC = 20.17 g/mL gallic acid equivalent, respectively. 

In contrast, other studies showed high doses of TPC in the ethanol 

fraction (146.7 mg/g gallic acid equivalent) and ethyl acetate fraction 

(99.6 mg/g gallic acid equivalent) obtained from dried leaves [18]. 

Similarly, the dried leaves re-maceration ethanolic extract showed TFC 

of 118.90 mg/g quercetin equivalent [15]. With these results, it is 

observed that samples obtained from dry leaves have higher 

concentrations of phenolic compounds and flavonoids than those 

obtained with fresh leaves, as in the present study. 
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3.4. Evaluation of Antioxidant Activity  

 

The antioxidant potential of the extracts and fractions (Table 3) was 

similar in both extraction methods. All samples showed IC50 (0.98 - 5.29 

µg/mL), which were lower than the BHT (16.36 µg/mL). Among them, 

EAc showed the lowest IC50 (0.98 µg/mL for SXT and 0.99 µg/mL for 

UAE). No correlation was observed between the content of total phenolic 

compounds and total flavonoids with antioxidant activity. 

 

Table 3. DPPH scavenging activity and IC50 values 

for the antioxidant activity of ethanol extracts and fractions  

from P. guajava L. leaves 

 

Sample DPPH-scavenging activity (%) IC50 

1  
µg/mL 

10  
µg/mL 

100 
µg/mL 

250 
µg/mL 

500  
µg/mL 

 Ultrasound assisted extraction 

EE 49.31 ± 

0.48 a 

67.97 ± 

1.55 a 

96.29 ± 

0.74 a 

97.75 ± 

0.56 a 

97.90 ± 

1.21 a 

1.42 ± 

0.07 a 
Hex 49.65 ± 

0.80 a 

54.11 ± 

0.53 

81.68 ± 

1.62 

98.77 ± 

0.70 a 

99.07 ± 

0.80 a 

1.86 ± 

0.25 a 

Dcm 49.63 ± 

1.00 a 

62.66 ± 

0.28 a 

95.81 ± 

1.47 a 

98.23 ± 

0.27 a 

98.55 ± 

1.27 a 

1.57 ± 

0.11 a 

EAc 50.58 ± 

0.00 a 

61.51 ± 

1.75 a 

95.99 

±0.70 a 

97.23 ± 

0.92 a 

98.77 ± 

1.75 a 

0.99 ± 

0.09 a 
BHT 18.50 ± 

0.65 

25.90 ± 

0.64 

86.00 ± 

0.56 

91.40 

±0.28 

94.02 ± 

0.51 

16.36 ± 

1.63 

 Sohxlet extraction 

EE 47.37 ± 
1.28 a 

60.25 ± 
2.01 a 

96.14 ± 
0.00 a 

97.10 ± 
1.28 a 

98.39 ± 
1.01 a 

1.88 ± 
0.17 a 

Hex 48.27 ± 

1.39 a 

53.35 ± 

1.60 a 

73.21 ± 

2.11 a 

90.92 ± 

1.48 

96.15 ± 

3.47 

5.29 ± 

0.39 a 
Dcm 48.02 ± 

1.22 a 

60.57 ± 

1.55 a 

95.81 ± 

1.00 a 

96.94 ± 

0.28 a 

98.07 ± 

0.96 a 

1.80 ± 

0.13 a 

EAc 50.89 ± 
0.53 a 

65.82 ± 
0.80 a 

94.76 ± 
1.62 a 

97.38 ± 
0.53 a 

98.15 ± 
1.66 a 

0.98 ± 
0.08 a 

BHT 18.50 ± 

0.65 

25.90 ± 

0.64 

86.00 ± 

0.56 

91.40 

±0.28 

94.02 ± 

0.51 

16.36 ± 

1.63 

IC50: concentration (g/mL) of samples required to inhibit the formation of 50% DPPH radicals. 

Each value in the table is the mean ± standard deviation (n = 3). ap < 0.05 compared with BHT. 

2,6-di-tert-butyl-4-methylphenol (BHT), ethanol extract (EE), hexane (Hex), dichloromethane 
(Dcm) and ethyl acetate (EAc) fractions. 

 

Studies of antioxidant activity with P. guajava have already been 

reported. Methanol, chloroform, and hexane dried leaves extracts 
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presented IC50 of 89.82, 211.1, and 426.8 µg/mL, respectively [19]. The 

ethyl acetate fraction dried leaves showed an IC50 value between 40 - 80 

µg/mL, while the ethanol fraction was between 20 - 40 µg/mL [18]. The 

dried leaves re-maceration ethanolic extract exhibited antioxidant activity 

of 87.65% at 13.3 mg/mL [15]. The essential oil from P. guajava bark 

demonstrated antioxidant activity of 19.33% and 71.83% at 

concentrations of 0.1 and 0.2 mg/mL, respectively [20]. Thus, the 

samples tested in this work demonstrated higher antioxidant activity 

when compared to other studies. 

 

 

3.5. Artemia salina Toxicity 

 

P. guajava leaves samples were evaluated on Artemia salina nauplii. 

Only the EAc fraction obtained from the UAE method showed lethality 

(Table 4). The EAc fraction exhibited mortality of 23.33% and 66.66% at 

concentrations of 500 and 1000 µg/mL, respectively, on A. salina. 

According to Meyer and collaborators [13], EAc exhibited toxicity. 

 

Table 4. Larvicidal activity of different concentration of ethanol 

extracts and fractions from P. guajava L. leaves 

 

Sample % Mortality  

Concentration (µg/mL) 

125 µg/mL 250 µg/mL 500 µg/mL 1000 µg/mL 

 Ultrasound assisted extraction 

EE 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 

Hex 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 

Dcm 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 
EAc 0.0 ± 0.0 0.0 ± 0.0 23.33 ± 1.15 66.66 ± 0.57 

CTR 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 

 Sohxlet extraction 

EE 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 
Hex 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 

Dcm 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 

EAc 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 
CTR 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 

Control group (CTR), ethanol extract (EE), hexane (Hex), dichloromethane (Dcm) and ethyl acetate 

(EAc) fractions. 
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Few studies report the toxicity of P. guajava on A. salina. The 

essential oil from P. guajava barks showed high toxicity on A. salina 

(LC50 = 1.00 µg/mL) [20]. Aqueous extracts of dried leaves and barks 

showed LC50 values of 480.14 and 949.13 µg/mL, respectively, which 

indicates that the leaves are less toxic than the barks [21], which 

corroborates with our study. Methanol, chloroform, and hexane dried 

leaves extracts presented LC50 values of 63.81, 41.05, and 32.18 µg/mL, 

respectively [19]. Comparing the results, it is observed that the samples 

obtained from fresh leaves have less toxicity on A. salina. 

 

 

CONCLUSION 

 

The extraction method directly influenced the extract yield, with the 

SXT technique being more efficient. However, there was no significant 

influence of the extraction method on the antioxidant activity using 

DPPH radicals and toxicity on Artemia salina (brine shrimp). The 

antioxidant activity of extracts and fractions cannot be correlated with the 

total phenolic compounds and total flavonoids content. The ethanol 

extracts showed the highest levels of phenolic and flavonoid compounds, 

which corroborate the results obtained in the identification by HPLC-

DAD analysis. The samples of P. guajava fresh leaves did not show 

toxicity on A. salina except for the ethyl acetate fraction (UAE). 
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ABSTRACT 

 

Tecoma stans (L.) Juss. ex Kunth (Bignoniaceae) is a species that 

has arboreal or shrubby bearing, reaching up to 12 meters in height, 

popularly known as ipê-mirim or yellow bell. It is originally from 

Mexico and the southern United States, and can be found in North, 

Central and South America. In some countries, such as Mexico and 

India, the aerial parts of T. stans are used in traditional medicine. 

Research into the identification of phenolic compounds in plants has 

been growing worldwide because of their important biological 

potential. Currently, the therapeutic use of plants requires isolation, 

chemical characterization and bioactivity analysis of the 

pharmacologically active compounds present in plants. In this sense, the 

objective of this review is to report flavonoids and phenolic compounds 

already identified in T. stans and their biological potential. Data in the 

literature revealed that extracts of T. stans have anti-hyperglycemic, 

antimicrobial, antioxidant, anti-inflammatory, analgesic, anti-cancer, 

protective hepatorenal and wound healing properties. The studies 

related the biological activities with the phenolic compounds identified 

in the phytochemical analysis, highlighting the presence of flavonoids, 

flavones, glycosides, tannins, saponins, coumarins and anthraquinones 

in different parts of the plant. Thus, the T. stans species is promising in 

the production of new drugs, requiring the isolation of active 

substances, clinical analysis and toxicity of plant extracts and fractions. 

 

Keywords ipê-mirim, Bignoniaceae, flavonoids, phenolic compounds, 

biological potential. 

 

 

1. INTRODUCTION 

 

The species Tecoma stans belongs to the family Bignoniaceae, 

popularly known as “ipê-de-jardim,” “yellows,” “ipê-mirim,” or “bells-

yellow”; it has the arboreal or shrub bearing with a lot of ramifications. T. 

stans is originally from Mexico and the southern United States, and can 

be found in North America (southern Florida, southern Arizona and 

Mexico), Central America (including the Antilles) and South America (in 

the Andean region, in addition to Argentina and Brazil) [1]. In some 

countries, such as Mexico and India, the aerial parts of T. stans are used 
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in traditional medicine to reduce blood glucose, in the control of fungal 

infections, and as a diuretic, vermifuge and tonic. The infusion of flowers 

and leaves of T. stans is used to treat diabetes and digestive problems, 

and the decoction of flowers is used to improve stomach pain [2]. 

The plants produce various chemical compounds, such as secondary 

metabolites, the health benefits of which and their importance in 

preventing chronic diseases have been extensively investigated [3]. 

Among the phenolic compounds, the flavonoids that are associated with 

health promotion for humans and plant defense systems stand out [4]. In 

plants, flavonoids and other phenylpropanoids accumulate in the vacuoles 

of epidermal cells, preventing different biotic and abiotic stresses, in 

addition to providing immunity against various pathogens. The 

flavonoids present in the human diet are naturally occurring antioxidants, 

considered to be nutritionally valuable compounds in the prevention of 

chronic diseases [5, 6].  

Phenolic compounds provide several medicinal properties,  

such as anti-allergic, antioxidant, antimicrobial, anti-inflammatory, 

hepatoprotective, antiviral, anti-proliferative and anti-carcinogenic [7, 8]. 

The protective action of plant phenolic compounds has been well studied 

and has aroused the interest of scientists from all over the world for their 

medicinal activities. According to the WHO, among the countless plants 

used for medicinal purposes worldwide, few have been scientifically 

examined, so studies are needed to assess the effectiveness of medicinal 

plants and ensure their safe use [9, 10]. In this context, this work aims to 

review the phenolic compounds found in the species T. stans and the 

biological activities related to these metabolites. 

 

 

2. PHENOLIC COMPOUNDS 

 

The secondary metabolites of higher plants can be divided into three 

main groups according to their biosynthetic origins: terpenes, alkaloids 

and phenolic compounds [11]. The phenolic compounds are mainly 

produced through the L-phenylalanine and L-tyrosine chiquimate 
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pathway, and structurally contain one or more hydroxyl groups directly 

linked to the aromatic ring [12].  

The main classes of phenolic compounds are: simple phenols, 

benzoquinones (C6), hydroxybenzoic acids (C6-C1), hydroxycinnamic 

acids, phenilpropanoids (C6-C1), acetophenones, phenylacetic acids (C6-

C3), xanthones (C6-C1-C6), stilbenes, anthraquinones (C6-C2-C6), 

flavonoids, isoflavones (C6-C3-C6), lignans, neolignans (C6-C3)2, lignins 

(C6-C3)n, condensed tannins (C6-C3-C6)n, and hydrolyzable tannins (C6-

C1), (C6-C1)2 and (C6-C1)2. In the representation of structures, C is a 

carbon atom and the subscribed numbers are the carbon numbers [11]. 

These compounds have a defense function in plants against pests and 

diseases and are the most abundant secondary metabolites [12]. The 

search for new biologically active compounds for medical use is the 

reason why phytochemical research for the isolation of compounds is 

important [13].  

Some phenolic compounds obtained by different extractions methods 

and different parts of the plant have already been identified in T. stans. 

Flavonoids, tannins, saponins, and coumarins have already been reported 

in leaf extracts of T. stans [14-20]; coumarins, flavonoids, 

anthraquinones, saponins, and tannins in flower extracts [21-23]; and 

saponins, flavonoids, and tannins in the roots and stem bark extracts [24]. 

In the review by Anand and Basavaraju [25], various phenolic 

compounds were listed, such as phenolic acids (chlorogenic acid, 

cinnamic acid, ferulic acid, isoferulic acid, gallic acid, caffeic acid, 

vanillic acid, o-coumaric acid, p-coumaric acid, rosmarinic acid, 

protocatechuic acid, ellagic acid, p-hydroxybenzoic acid, 3,4,5-

trimethoxy cinnamic acid, and sinapic acid), verbascoside, pyrogallol, 

catechin, and flavonoids (flavonone, apigenin, chrysoeriol, kaempferol, 

luteolin, quercetin, rutin, naringin, quercitrin, hesperetin, 7-hydroxy-

flavone, 7,8-dihydroxy-4,6-dimethoxy flavone, rutin, luteolin 7-O-β-D-

neohespridoside, luteolin 7-O-β-D-glucopyranoside, luteolin 7-O-β-D-

glucuronopyranoside, diosmetin 7-O-β-D-glucopyranoside, diosmetin 

luteolin 7-O-β-D-glucopyranoside, and diosmetin 7-O-β-D-

glucuronopyranoside methyl ester).  
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3. BIOLOGICAL ACTIVITIES 

 

Bioassays allow analysis of the activity of natural compounds and 

indicate which are the most promising phytochemical compounds in 

plants. In addition, they guarantee proof of the potential of plants used in 

traditional medicine, and the investigation of the toxicity of extracts for 

the safe use of these compounds [26]. Studies have been found with the 

following biological activities for T. stans. 

 

 

3.1. Anti-Hyperglycemic Potential 

 

A study carried out in Egypt by Taher et al. [19] showed that 

methanol extract from T. stans leaves had an anti-diabetic effect. The 

results indicated that the crude methanol extract had the highest potential, 

followed by the methylene chloride fraction rich in alkaloid. In 

conclusion, the study suggested that alkaloids may act synergistically, as 

an anti-diabetic agent, with other bioactive compounds of T. stans, 

especially flavonoids. Flavonoids, glycosides, tannins and saponins were 

found in the extracts and fractions of T. stans. 

The fractions obtained from the ethanol extract leaves of T. stans 

showed a high content of flavonoids and a considerable inhibitory effect 

of the enzyme pancreatic lipase. The flavones identified (luteolin and 

chrysoeriol) exhibited the greater inhibition of this enzyme in a 

concentration-dependent manner. These results allow a new mechanism 

of action to be described for T. stans and may help to prevent the 

development of type 2 diabetes [14]. 

 

 

3.2. Antimicrobial Activity 

 

In Brazil, Gonçalves et al. [22] evaluated the antimicrobial potential 

of the ethanol extract and fractions obtained from flowers of T. stans by 

the broth microdilution assay on 10 isolates of clinical interest. The 
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samples demonstrated antibacterial activity and fungistatic potential on 

Proteus mirabilis, Proteus vulgaris, Staphylococcus aureus, 

Streptococcus mutans and Candida infanticola, in particular the ethanol 

extract and dichloromethane and ethyl acetate fractions, with values of 

minimum inhibitory concentration (MIC) between 500 and 2000 g/mL. 

In addition, this study showed the antimicrobial potential of combinations 

of T. stans samples with commercial drugs, with synergistic and additive 

effects. In the samples, phenolic compounds were found, such as 

coumarins, flavonoids and tannins, which may be related to the 

antimicrobial activity. 

A study carried out in India investigated the antimicrobial potential 

of methanol and ethanol extracts using the paper diffusion disk method, 

determining the zone of inhibition by the halo formed. The best effects 

were against Escherichia coli, Xanthomonas axanopodis pv. 

malvacearum, Clavibacter michiganensis sub sp. michiganensis, 

Staphylococcus aureus, Klebsiella pneumoniae, Pseudomonas 

aeruginosa, Pseudomonas fluorescens, Aspergillus niger, Aspergillus 

flavus, Alternaria carthami and Alternaria helianthi. The phytochemical 

screening revealed the presence of tannins, flavonoids, phenols and 

anthraquinones in the samples of T. stans [27]. 

Salem et al. [16] determined the antimicrobial activity of T. stans 

leaves by the MIC and disk diffusion methods. The methanol, ethyl 

acetate and chloroform extracts of T. stans showed a significant effect on 

the bacteria tested (Bacillus subtilis, Micrococcus luteus, Sarcina lutea, 

Staphylococcus aureus, Escherichia coli, Serratia marcescens, 

Salmonella typhi, Proteus vulgaris and Pseudomonas aeruginosa). 

Flavonoids and tannins were identified in this study. Thus, the extracts 

from T. stans indicated promising potential for the development of new 

antimicrobial agents. 
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3.3. Antioxidant Effect 

 

The search for compounds with antioxidant potential becomes 

increasingly important, since they can slow or prevent the oxidation of 

substrates and the formation of free radicals. In addition, they can prevent 

premature aging and the genesis of various diseases, such as cancer, 

diabetes and cardiovascular problems [28]. The analysis of the 

antioxidant activity of T. stans was evaluated in vitro by the ability to 

capture 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radicals and the 

Ferric Reducing Antioxidant Power (FRAP) method. The ethanol, 

methanol and aqueous extracts demonstrated strong activities in these 

assays [27]. Extracts and fractions of the leaves and branches of T. stans 

demonstrated antioxidant activity by the sequestering capacity of DPPH 

[19]. These studies indicated that T. stans is a promising candidate to be 

used as a natural antioxidant. 

 

 

3.4. Anti-Inflammatory and Antinociceptive Potential 

 

New potent analgesics and anti-inflammatories from natural sources 

without considerable side effects are being evaluated [29]. The anti-

inflammatory activity and anti-nociceptive potential of T. stans were 

assessed. 

Dash et al. [18] investigated the ethanol extract of T. stans leaves, 

highlighting the concentration of 400 mg/kg of sample, which inhibited 

49.38% of paw edema carrageenan-induced in vivo tests, and presented 

mild to moderate analgesic activity in the acetic acid-induced abdominal 

contortions. In the study of Prasanna et al. [20], the aqueous and 

alcoholic extracts of T. stans leaves were analyzed, and showed that the 

alcoholic extract at a concentration of 500 mg/kg showed the greatest 

anti-inflammatory effect (76.92%, after 24 hours), with inhibition of the 

nociceptive response. The study suggested that the presence of phenolic 

compounds and flavonoids may be responsible for the bioactive potential 

of T. stans [18, 20]. 
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The methanol extract of the flowers of T. stans was also evaluated 

and demonstrated anti-nociceptive and anti-inflammatory potential [23]. 

The study suggested that inhibition of the inflammation induced by 

carrageenan could be due to inhibition of the enzyme cyclooxygenase, 

and the subsequent inhibition of prostaglandin synthesis, while an 

analgesic effect could be due to inhibition of the prostaglandin pathway 

[23].  

The anti-inflammatory effect of T. stans can be attributed the 

presence of flavonoids, which are known to target prostaglandins that are 

involved in the late phase of acute inflammation and in the perception of 

pain [20]. 

 

 

3.5. Anticancer Activity 

 

Cancer is characterized by the uncontrolled division of cells, being 

represented by more than a hundred different types. It is one of the 

biggest causes of death in the world. [30]. Breast cancer is an important 

cause of human suffering and premature mortality among women 

worldwide [31]. There is an ongoing effort in the search for naturally 

occurring anticancer agents, which are responsible for preventing, 

combining or reversing the development of cancer [30]. A large number 

of plant-derived chemotherapeutic agents, such as vimblastine, taxol, 

camptothecin and podophyllotoxin, are used as anti-cancer agents [32]. 

Thirumal et al. [33] analyzed the anti-cancer activity of T. stans leaf 

ethanolic extract against the breast cancer cell line (MCF-7). Different 

concentrations of extract were tested in MCF-7 by 3-(4,5-

dimethylthiazol-2-yl) -2,5-diphenyltetrazolium (MTT) bromide assay. T. 

stans showed significant cancer cell anti-proliferative activity with a 

minimum inhibition of 14.6%, at a concentration of 7.8 µg/mL, and the 

maximum inhibition (95.9%) was observed at 1000 µg/mL. 

Phytochemical screening revealed the presence of saponins, flavonoids, 

tannins and other phenolic compounds. 
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The same authors [24] evaluated in vitro the anti-proliferative 

activity of crude ethanolic extract of the root (ERETS), stem bark 

(ESETS) and flowers (EFETS) of T. stans on cell lines of human breast 

cancer (MCF-7) in different concentrations to identify bioactive 

compounds for direct use as drugs or which can be used in the 

formulation of semi-synthetic drugs. Preliminary results attributed 

anticancer activity to the roots, stem bark and flowers of T. stans. 

Although all extracts have shown significant activity, the stem bark 

(ESETS) exhibited potential anti-cancer activity in vitro on the MCF-7 

cell line at increasing concentrations when compared to other extracts. 

The effective concentration (IC50) of the root extracts (ERETS), stem 

bark (ESETS) and flowers (EFETS) was 46.0 µg/mL, 42.0 µg/mL and 70 

µg/mL, respectively. Thus, the stem bark (ESETS) of T. stans may be a 

potential alternative agent for the therapy of human breast cancer [24].  

Therefore, it is suggested that T. stans is a plant with potential anti-

cancer activity, which can be considered for further studies. 

 

 

3.6. Wound Healing Activity 

 

Wound healing is a natural process that involves cellular, 

biochemical and molecular mechanisms to regenerate injured tissue. The 

research into pharmaceutical products seeks to improve the wound 

healing process with the objective of immunological protection and 

against infections. In addition, it is necessary to promote healing with 

minimal pain, discomfort, and scarring, in less time. Thus, the search for 

new agents with fewer side effects has fostered research in the field of 

natural products in recent decades [34]. 

The healing activity of T. stans wounds has been studied. The 

analysis was performed with methanol extracts obtained from the bark of 

T. stans to verify its healing activity in albino rats. The results suggested 

that the administration of methanol extract from the bark has shown more 

significant healing activity in wound excision and incision models and 

supports the popular use of wound plants in folk medicine. 
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Phytochemicals compounds, such as triterpene, phytosterol, glycosides, 

phenols, flavonoids, saponins and tannins, individually or in 

combination, can exhibit synergistic effects for wound healing [35]. 

 

 

3.7. Protective Hepatorenal  

 

The methanol extract and fractions of the leaves from T. stans were 

examined for their effects in subchronic doses on liver functions. In this 

study, it was observed that the levels of glutathione (GSH), which protect 

the body's cells against the toxic effects of lipid peroxidation, were 

significantly depleted in the liver tissue of the control group (diabetic 

animals) compared to healthy rats. Treatments with different preparations 

of T. stans samples for 28 days exhibited an increased GSH of the liver 

tissue, showing positive effects. Different phenolic compounds were 

identified, such as flavonoids, tannins and saponins, in this work. The 

high polyphenolic contents of T. stans preparations were correlated with 

this activity [19].  

Raju et al. [36] investigated the nephroprotective activity of the ethyl 

acetate fraction of T. stans dried flowers on gentamicin-induced 

nephrotoxicity in albino rats. Nephrotoxicity was induced by the 

intraperitoneal administration of gentamicin (80 mg/kg/day, for 8 days), 

concomitant with the ethyl acetate fraction (100, 200 and 300 mg/kg/day, 

orally). The results indicated that there was no toxicity and that the 

fraction significantly protected the kidneys of rats from the 

histopathological changes induced by gentamicin. Preliminary 

phytochemical studies revealed the presence of flavonoids, saponins, 

tannins and glycosides in the fraction [36]. 

 

 

CONCLUSION 

 

The pharmacological potential of T. stans is notable, which may be 

related to its phytochemical constituents, in particular phenolic 
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compounds. The species showed anti-hyperglycemic, antimicrobial, 

antioxidant, anti-inflammatory, analgesic, anti-cancer, hepatorenal 

protective and wound healing properties, being a source of compounds 

for the production of new drugs in the future. However, there is a need 

for further clinical studies and toxicity analyses of the extracts obtained 

from this species to ensure their safe use. 
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ABSTRACT 

 

The Smilacaceae family is constituted of approximately 350 

species, represented by five genera, Anikenton, Coprosmanthus, 

Heterosmilax, Nemexia, and Smilax. They are found in hot and humid 

climates in tropical and subtropical regions and are located in both 

hemispheres. Plants of the genus Smilax are popularly known as 

‘japecanga’ and/or ‘sarsaparilla’ in South American countries. The 

roots and aerial parts of these species are widely used in folk medicine 

to treat sexually transmitted infections, skin conditions, and 

inflammatory diseases. Within this genus, Smilax brasiliensis Sprengel 

and S. fluminensis Steud. are endemic in Brazil, native to the Cerrado, 

and poorly studied. The objective of this work was to verify the 

flavonoids and phenolic compounds present in S. brasiliensis Sprengel 

and S. fluminensis Steud. with those reported in the literature and to 

verify which biological activities are related to them. In the literature, it 

was reported that S. brasiliensis produces several phenolic compounds, 

such as flavonoids (rutin, 3-O-β-galactopyranosyl quercetin, 3-O-β-

glicopyranosyl quercetin, quercetin, naringenin, and kaempferol), 

tannins, and phenolic acids (chlorogenic acid, caffeic acid, p-coumaric 

acid, ferulic acid, trans-cinnamic acid, quinic acid, 3-O-E-caffeoyl 

quinic acid, O-feruloyl quinic acid, and O-caffeoyl shikimic acid). 

These phenolic compounds showed antioxidant, allelopathic, 

antimicrobial, anticancer, antihyperglycemic, and antihyperlipidemic 

biological activities. Phenolic compounds were also found in S. 

fluminensis. The obtained extracts allowed the identification of 

chlorogenic acid, caffeic acid, and ferulic acid in the methanol extract 

of roots, leaves, and rhizophores, rutin in the methanol extract of roots 

and leaves, ρ-cinnamic acid and trans-cumaric acid in the methanol 
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extract of roots, and taxifoline, quercitrin, rutin, quercetin, kaempferol, 

apigenin, agatisflavone, amentoflavone, quercetin-3-O-β-D-

galactopyranoside (hiperin), quercetin-3-O-α-L-ramnopyranosyl 

(1’’’→6’’)-O-β-D-glucopyranoside, and two unpublished phenolic 

metabolites in the ethanol extract of leaves. The biological effects 

observed were toxicological activity in Artemia salina with an LD50 = 

33.43 µg/mL and antioxidant activity quantified by the DPPH method 

with EC50 ranging from 4 to 50 µg/mL. 

 

Keywords: Smilax, flavonoids, phenolic acids, biological potential, 

Smilacaceae 

 

 

1. INTRODUCTION  

 

The Smilacaceae family is distributed in both hemispheres in tropical 

and subtropical regions and is rarely observed in temperate regions. It is 

represented by five genera, the Smilax genus being the most important 

and largest of the family, with approximately 310 species [1]. Among 

these species, 33 are distributed in Brazil [2], and 19 are endemic in the 

Brazilian territory [1]. 

The uses of plants in the genus Smilax are not only medicinal, but 

throughout the world, it has been used as a food from rhizomes, stems, 

and leaves and in the civil industry as fibers for construction. In popular 

medicine, it has been used since antiquity for presenting depurative, 

diaphoretic, diuretic, emollient, expectorant, aperitive, eupeptic, anti-

prose, myotonic, and sweat properties [3] and is widely used to treat 

sexually transmitted infections (STIs), skin conditions, vesicular and 

renal inflammatory diseases, and rheumatic diseases [4, 5]. 

Species of the genus Smilax are known by the same popular name, 

sarsaparilla, japecanga, or ijuapeca guasu [2, 6]. Sarsaparilla has several 

biological actions described in the literature, such as antioxidant, 

allelopathic, larvicidal, antimicrobial, analgesic, antidiabetic, cytotoxic, 

antimutagenic, cytoprotective, hepatoprotective, anti-inflammatory, 

immunomodulatory, antitumor, pesticide [4, 5, 7], hemolytic, anti-
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syphilitic, and anti-rheumatic properties [8]. This diversity of biological 

actions, presented by species of the genus Smilax, is associated with a 

variety of chemical constituents, with saponins being the main class 

synthesized by these plants [7]. 

Among the endemic species, S. brasiliensis Sprengel and S. 

fluminensis Steud. stand out, with few studies presenting the 

phytochemical profile and biological actions. 

 

 

2. SMILAX BRASILIENSIS SPRENGEL 

 

S. brasiliensis Sprengel is a plant native to the Brazilian Cerrado. 

This species belongs to the family Smilacaceae, of the order Liliales. It is 

monocotyledonous and dioecious, characterized by presenting oval 

leaves with a trio of central ribs, spine stems, a sclerenchymatic ring in 

continuous form throughout the length of the stem, and the presence of 

spherical and simple starch grains around the vascular bundle. It produces 

greenish flowers, globose berry fruits, and reddish seeds [4, 7]. 

 

 

2.1. Phenolic and Flavonoid Compounds of S. brasiliensis 

 

Throughout evolution, plants have developed defense and attraction 

mechanisms. The secondary metabolites are highly important for plant 

growth and development, being divided into three chemical groups, 

terpenes or terpenoids, phenolics or phenols, and nitrogen compounds [9, 

10]. 

Phenolic compounds have an aromatic ring and at least one hydroxyl 

group. Among these constituents, there are several structures of phenolic 

acids, derived from coumarin, flavonoids, lignins, and tannins [9, 10]. 

Flavonoids are a class of polyphenols widely distributed among 

secondary metabolites in plants and are biosynthesized by the 

phenylpropanoid route and have 15 carbon atoms in its fundamental 
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nucleus, in addition to the phenyl groups linked to a three-carbon chain 

[9]. 

In works with S. brasiliensis, the presence of phenolic and flavonoid 

components were related. A study on the stems identified the presence of 

coumarins, saponins, flavonoids, tannins condensed, rutin, quercetin, and 

chlorogenic acid in the ethanol extracts and fractions by thin layer 

chromatography (TLC) [4]. Rutin, chlorogenic acid, coumarins, 

flavonoids, saponins, and tannins were identified in the leaves [11, 12]. 

Analysis by liquid chromatography coupled with a diode array 

detector and mass spectrometry (LC-DAD-MS) identified phenolic and 

flavonoid compounds, such as quinic acid, galocatechin, 3-O-E-caffeoyl 

quinic acid, 5-O-E-caffeoyl quinic acid, O-feruloyl quinic acid,  

ferulic acid, O-methyl quercetin, O-methyl kaempferol,  

O-deoxyhexosyl-hexosyl luteolin, O-deoxyhexosyl-hexosyl quercetin, 3-

O-β-galactopyranosyl quercetin, 3-O-β-glucopyranosyl quercetin, 

quercetin, naringenin, and kaempferol [13, 14]. 

Analysis using LC-DAD and LC-MS techniques demonstrated the 

presence of phenolic substances, such as gallic acid, chlorogenic acid, 

caffeic acid, and flavonoids, including rutin and quercetin [15]. Martins 

et al. [16] studied the chemical composition of Smilax spp., including S. 

brasiliensis, by high performance liquid chromatography coupled with a 

diode array detector (HPLC-UV-PDA) and identified chlorogenic acid, 

caffeic acid, rutin, p-coumaric acid, ferulic acid, and trans-cinnamic acid 

in methanol extracts of the roots, rhizophores, and leaves. 

 

 

2.2. Biological Activities Associated with the Phenolic  

and Flavonoid Compounds of S. brasiliensis 

 

S. brasiliensis is a poorly studied species; however, there are reports 

that it has antioxidant, larvicidal [13, 17], anticancer [18], antimicrobial 

[19], anti-hyperglycemic, anti-hyperlipidemic [15], and allelopathic 

activities, cytotoxic, and antigenotoxic effects [14]. 
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The effects of phenolic and flavonoid compounds in relation to 

antioxidant activity are known. S. brasiliensis was evaluated by a 1,1-

diphenyl-2-picryl-hydrazyl (DPPH) radical assay. The ethanol extracts 

and fractions of leaves showed high antioxidant potential, with values of 

the effective concentration to decolorize 50% of DPPH radicals (EC50) 

between 2.73 and 11.75 µg/mL [11, 12]. Amado et al. [13, 17, 20] also 

demonstrated the antioxidant potential of methanol extracts and fractions 

from leaves with EC50 values of 0.70-14.01 µg/mL. These results can be 

correlated to the high content of phenolic and flavonoid compounds 

present in the samples and also to compounds identified by TLC and LC-

DAD-MS [11-13, 20].  

Ethanol extracts and fractions obtained from the stems showed high 

antioxidant potential, with EC50 values of 1.71, 1.91, and 2.77 µg/mL for 

ethyl acetate and dichloromethane fractions and ethanol extract, 

respectively. The antioxidant action was correlated with the presence of 

phenolic compounds, such as quercetin, rutin, chlorogenic acid, 

coumarins, flavonoids and tannins, in the extracts and fractions [4]. 

The antioxidant action of 26 species, including S. brasiliensis, were 

evaluated by three methods, namely DPPH, ferric reducing antioxidant 

power (FRAP), and nitric oxide (NO) assays, with EC50 values of 171.83, 

> 800, and > 800 μg/mL, respectively. The data were related to the total 

phenolic compounds, flavonoids, and coumarins of 1.47 ± 0.09, 0.32 ± 

0.00 and 1.14 ± 0.00 mg/g, respectively, and expressed as mg of tannic 

acid, rutin, and coumarin, respectively [19]. 

S. brasiliensis was also evaluated for antimicrobial potential. The 

species showed moderate activity on Enterococcus faecalis and a weak 

effect on Aspergillus fumigatus, with a minimal inhibitory concentration 

(MIC) of 400 and 800 µg/mL, respectively [7, 19]. Methanol, 

dichloromethane, and aqueous extracts of roots, leaves, and flowers were 

evaluated on strains of Candida albicans, C. glabrata, and C. 

parapsilosis. The extracts showed antifungal activity, and the best effects 

were observed for dichloromethane extracts obtained from the roots of C. 

albicans and C. parapsilosis, with an MIC value of 0.06 mg/mL [21]. 
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The methanol extract of S. brasiliensis was evaluated for its 

inhibition of tumor cell line proliferation (murine skin, human leukemia, 

human breast, and human colon), with greater inhibition for human breast 

(77.9%), leukemia (56.3%) and human colon tumor cells (53.6%) [18]. 

The allelopathic and cytotoxic activities were evaluated under the 

action of the methanol extracts and fractions of leaves, and quercetin and 

rutin were used as a positive control and glyphosate as a negative control. 

The extracts and fractions inhibited or promoted lettuce hypocotyl and 

radicle growth. The samples inhibited onion hypocotyl growth at all 

concentrations and inhibited or promoted radicle growth. The extracts 

and fractions did not cause a cytotoxic effect and showed antigenotoxic 

potential at all tested concentrations; however, they demonstrated 

genotoxic action [14]. Ethanol extracts and fractions from leaves of S. 

brasiliensis inhibited the growth of roots and hypocotyls of onion seeds 

at concentrations of 125, 250, and 500 µg/mL. For lettuce, the effect was 

diversified, showing inhibition and growth stimulus for roots and 

hypocotyls [11]. 

A study with the ethanol extracts and fractions of the stems showed 

an inhibitory effect on seed growth, especially onion seeds. During 

cytogenetic analysis, there was a cytotoxic effect. Genotoxic changes 

were not observed in meristematic cells of onions submitted to samples 

of S. brasiliensis, as the extracts and fractions were considered non-toxic 

[4]. 

S. brasiliensis and Herreria salsaparilha are known as sarsaparilla 

and were evaluated for metabolic activities. The species demonstrated 

high hypolipidemic potential, and the effects were attributed to the 

identified phenolic substances and saponins [7, 15]. 

Methanol extracts and fractions of the leaves from S. brasiliensis 

were evaluated for their larvicidal effect on Culex quinquefasciatus and 

were observed until adulthood. The dichloromethane fraction was the 

most efficient, killing the larvae in the highest concentrations evaluated, 

500 and 1000 µg/mL, with lethal concentration (LC50) values of 469.78 

µg/mL. Larvicidal activity on Artemia salina larvae was also evaluated, 

with a low mortality for dichloromethane and ethyl acetate at the highest 
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concentration tested (1000 µg/mL), while the other samples did not show 

larval mortality, as the samples of S. brasiliensis were considered non-

toxic [17]. 

 

3. SMILAX FLUMINENSIS STEUD 

 

S. fluminensis Steud. is a plant distributed in Central and South 

America, in Argentina, Brazil, Bolivia, Costa Rica, Colombia, Ecuador, 

Panama, Peru, and Venezuela. It has two synonyms - S. chinesa Vell. and 

S. syringoides Griseb - that belong to the Smilacaceae family and Liliales 

order. They are popularly known as japicanga, yuapeca guasu, salsa, 

salshina, zarzaparrilla, ijuapeca guasu, and vena [6, 22]. 

It is monocotyledonous and dioecious and characterized by having 

lanceolate, glabrous, coriaceous, or membranous oval leaves. Its 

inflorescences are umbelliferous and arranged in racemes with petals of 3 

to 5 mm; fruits are yellow-orange berries (8 to 10 mm in diameter) when 

ripe [23-26]. 

Although it is a poorly studied plant, there are reports that it has 

antioxidant, toxicological, and antineoplastic activity [27-29]. 

 

 

3.1. Phenolic and Flavonoid Compounds of S. fluminensis 

 

Some studies have observed the presence of flavonoids in S. 

fluminensis Steud. One study evaluated the ethanol extracts obtained by 

turbo extraction of leaves and roots using TLC, indicating the presence of 

flavonoids in the root extract [26]. Phytochemical screening revealed the 

presence of phenolic and flavonoid compounds in the ethanol extract of 

stems and leaves obtained by maceration. The dosage of total phenolic 

compounds and flavonoids were 145.91 mg/g of gallic acid and 49.23 

mg/g of quercetin, respectively. Analysis by TLC identified the presence 

of quercetin and two quercetin glycoflavonoids [28]. 
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The flavonoid profile of the ethanol extract from leaf maceration was 

performed by HPLC coupled to the dual wavelength ultraviolet detector 

(UV) and were identified as agatisflavone, amentoflavone, apigenin, 

kaempferol, quercetin, quercitrin, rutin, and taxifoline. The highest 

concentration was amentoflavone (44.1 µg/mL), followed by 

agatisflavone and apigenin, with 40.9 µg/mL and 38.5 µg/mL, 

respectively [27]. Another study with methanol extracts obtained by 

macerating the roots, rhizophores, and leaves of S. fluminensis Steud. by 

HPLC-DAD revealed the presence of caffeic, chlorogenic, and ferulic 

acids in all extracts, p-cinnamic and trans-cinnamic acids in root extracts, 

and rutin in the root and leaf extracts [30]. 

Petrica et al. [31], using HPLC coupled to an electro-spray  

ionization mass spectrometer (ESI-MS) and nuclear magnetic resonance 

(NMR) for 1H and 13C, identified two flavonoids: quercetin-3-O-α-L-

ramnopyranosyl(1’’’→6’’)-O-β-D-glucopyranoside and quercetin-3-O-β-

D-galactopyranoside [31, 32]. 

 

 

3.2. Biological Activities Associated with the Phenolic  

and Flavonoid Components of S. fluminensis Steud 

 

Studies evaluating the biological activity of S. fluminensis Steud are 

scarce, which encourages further research with this species. The 

antioxidant activity of ethanol extracts obtained by maceration from 

leaves and its twenty-two fractions were evaluated by the DPPH assay. 

The samples presented EC50 values ranging from 4 to 50 µg/mL. Among 

them, an extract and eight fractions were the best samples (EC50 = 4 

µg/mL) [29]. 

Activity of the hydroethanol extract on murine fibroblast (3T3) and 

murine melanoma (B16F10) cell lines was preliminarily evaluated by the 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT) bromide 

assay, with cytotoxic activity in both lines, being more toxic for B16F10 

at inhibitory concentrations (IC50) of 250 µg/mL, followed by IC50 = 500 

µg/mL for the 3T3 cell [29]. 
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Artemia salina toxicity was assessed with ethanol extracts by 

maceration from leaves and stems, which showed a LC50 value of 33.43 

µg/mL, a concentration considered to be very toxic [28]. 

 

 

CONCLUSION 

 

S. brasiliensis Sprengel showed antioxidant, allelopathic, 

antimicrobial, anticancer, antihyperglycemic, and antihyperlipidemic 

activities, and S. fluminensis Steud. exhibited toxic, antineoplastic, and 

antioxidant activities, which were correlated with the phenolic 

compounds and flavonoids present in these species. 

The results reported in this review show that both Smilax spp. have 

potential as sources for new biological effects and, consequently, new 

drugs. 
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ABSTRACT 

 

Plants have the ability to synthesize a wide variety of chemical 

compounds that perform or modify important biological functions. 

Many extracts prepared from plants have biological activities in assays 

in vitro and in vivo. Among the compounds found in nature are phenolic 

compounds, which can be present in vegetables in free forms or 

complexed with sugars. Solanum lycocarpum (Solanaceae), popularly 

known as “lobeira,” it is a shrub of about 2 to 5 meters, which blooms 

and bears fruit throughout the year; it is widely distributed in the 

Brazilian Cerrado and is used in folk medicine and for the manufacture 

of sweets and jellies. Phenolic compounds such as flavonoids (for 

example, apigenin, and kaempferol), which have the capacity to act as 

antioxidants, and capture free radicals and reactive oxygen species, and 

phenolic acids (for example, chlorogenic acid, caffeic acid, 3,5-di-O-E-

caffeoylquinic acid, 4,5-di-O-E-caffeoylquinic acid, O-coumaroyl 

caffeoylquinic acid, and 3,4,5-tri-O-E-caffeoylquinic acid), which are 

associated with the prevention of chronic diseases such as diabetes 

mellitus, cardiovascular disease and other diseases related to oxidative 

stress, in addition to other derivatives, have already been identified in 

the leaves and fruits of S. lycocarpum. Antioxidant, antibacterial, anti-

inflammatory, antitumor, antinociceptive, allelopathic and larvicidal 

activities have been reported for this species, suggesting that the 

presence of phenolic compounds in S. lycocarpum is responsible for the 

biological effects exhibited. This review comprehensively highlights 

aspects related to the extraction, characterization and biological 

activities of phenolic compounds from S. lycocarpum. 

 

Keywords: flavonoid, phenolic acid, Solanaceae, Brazilian Cerrado, 

Lobeira 

 

 

1. INTRODUCTION 

 

The species Solanum lycocarpum, found in the Brazilian Cerrado, is 

a shrub that develops in unfavorable conditions, such as acidic soil and 

ground poor in nutrients, and is resistant to long periods of drought and 

arid climates, in addition to burning. Its fruiting ranges from May to 

August, with approximately 40 to 100 fruits. The fruit is 13 cm in 
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diameter and green in color, but when ripening has brown tones, and 

presents several biological activities described in the literature [1].  

The ripe fruits can be consumed in natura, as well as in the 

manufacture of jellies and jams. The fruits have high amounts of vitamin 

C, total soluble sugars (AST), sucrose, phosphorus and iron when 

compared to other fruits such as pineapple, banana, orange, and mango, 

among others [2]. The powder form of green fruits is applied in the 

treatment of diabetes, and their components include the alkaloids, 

solasodine and solamargine, which contain a chemical structure similar to 

steroidal hormones [3]. 

Several secondary metabolites are commonly described in this 

species, making them important for the pharmaceutical industry. These 

substances, for the most part, are alkaloids such as atropine, scopolamine, 

hyoscyamine and solasodine, and are used in medicine for the treatment 

of various clinical conditions such as respiratory diseases, Parkinson's 

disease and anti-inflammatory disease [4]. 

The antioxidant activity for S. lycocarpum has already been described 

in the literature, and several compounds that promote this activity have 

been identified, such as chlorogenic acid and caffeic acid; these are 

associated with the prevention of chronic diseases such as diabetes 

mellitus, and cardiovascular diseases, as well as others related to 

oxidative stress [4]. 

This review comprehensively highlights aspects related to phenolic 

compounds found in this species and their biological activities. 

 

 

2. PHENOLIC COMPOUNDS 

 

Phenolic compounds, such as phenolic acids and flavonoids, are 

usually consumed by the population, being found in foods such as beans 

and fruits, or present in herbal medicines, and are considered safe 

because they have low toxicological activity [5]. These compounds have 

been investigated as therapeutic alternatives for the treatment of a large 
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number of pathologies [6]. Their chemical structure is formed by an 

aromatic ring with six carbons (C6) and may have one or more hydroxyl 

groups [7]. 

Phenolic compounds, such as flavonoids and phenolic acids, were 

previously described in S. lycocarpum species. The flavonoids apigenin 

and kaempferol have been identified in the leaves [4]. In the ripe fruits, 

phenolic acids such as chlorogenic acid, caffeic acid [2, 8], 3,5-di-O-E-

caffeoylquinic acid, 4,5-di-O-E-caffeoylquinic acid, O-coumaroyl 

caffeoylquinic acid, 3,4,5-tri-O-E-caffeoylquinic acid, O-coumaroyl 

dicaffeoylquinic acid and O-caffeoyl dicoumaroylquinic acid were found 

[9]. 

Phytochemical screening in several studies revealed the presence of 

flavonoids, saponins, tannins and coumarins in the leaves [10], ripe fruits 

[1, 11, 12], unripe fruits [3, 13], and plant drugs from fruits [14] of S. 

lycocarpum, with these compounds being correlated to many biological 

activities described for this species. 

 

 

3. BIOLOGICAL ACTIVITIES 

 

The species S. lycocarpum has been evaluated in relation to several 

biological activities. In part, the effects reported for this species have 

been attributed to the identified phenolic compounds. 

Morais et al. [2] evaluated the antioxidant, antibacterial and cytotoxic 

potential of ripe fruits of S. lycocarpum. In the assessment of antioxidant 

activity using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) method, 

dichloromethane and ethyl acetate fractions showed better antioxidant 

effects than the reference compound 2,6-di-tert-butyl-4-methylphenol 

(BHT). The extract and fractions exhibited an antibacterial effect on 

Listeria monocytogenes and Bacillus cereus. The samples were also 

active against Streptococcus mutans and Klebsiella pneumoniae (hexane 

fraction), Streptococcus pyogenes, Staphylococcus aureus and 

Enterococcus faecalis (dichloromethane fraction) and S. pyogenes 



Phenolic Compounds Identified in Solanum lycocarpum … 

 

221 

(hydroethanol fraction). The extract and hydroethanol fraction showed 

moderate cytotoxicity, while dichloromethane and ethyl acetate fractions 

exhibited little cytotoxic activity against the LLC-MK2 cell line [2]. In 

another study, Morais et al. [8] investigated the action of ethanol extract 

and ethyl acetate fraction on the inhibition of the growth of solid Ehrlich 

tumors. The extract and fraction, at concentration of 100 mg/Kg, 

significantly reduced the thickness of the paw of mice when compared to 

the control group, inhibiting between 49.2% and 61.3% of tumor growth, 

respectively [8]. These activities may be due to the presence of cinnamic 

acids, such as caffeic and chlorogenic acids, which were identified in 

extracts and fractions of ripe fruits [2, 8]. 

Costa et al. [4] demonstrated the antioxidant, antibacterial, anti-

inflammatory and cytotoxic potential of leaves of S. lycocarpum. The 

dichloromethane and ethyl acetate fractions were the most potent 

antioxidants. The hydroethanol fraction (75 and 150 mg/kg) and ethyl 

acetate fraction (150 mg/kg) exerted a significant anti-inflammatory 

action in the mice paw edema-induced carrageenan. The suppression of 

local edema by the highest dose of the hydroethanol and ethyl acetate 

fractions was 60% and 80%, respectively, 4h after the injection of 

carrageenan, and 67% and 75%, respectively, 6h after the inflammatory 

stimulus. The fractions showed antibacterial activity against Gram-

positive bacteria L. monocytogenes. The dichloromethane and 

hydroethanol fractions were also active against B. cereus, hexane fraction 

against S. aureus, S. mutans and E. coli, dichloromethane fraction against 

S. aureus and K. pneumoniae, and ethyl acetate fraction against P. 

aeruginosa. The ethyl acetate fraction presented less of a cytotoxic effect 

on the LLC-MK2 cell line, dichloromethane fraction showed moderate 

cytotoxic activity, and other samples exhibited the highest cytotoxicity. 

These activities can be attributed to the flavonoids apigenin and 

caempferol which were identified in the dichloromethane and ethyl 

acetate fraction, respectively [4]. 

Morais et al. [9] also evaluated the anti-inflammatory and anti-

nociceptive effect of ethanol extract obtained from ripe fruits. Ethanol 

extract showed significant anti-edematogenic activity in the model of 
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paw edema induced by carrageenan. At 1, 2, 4 and 6 hours after the 

administration of carrageenan, with a dose of 300 mg/kg, the extract 

inhibited paw edema by 80.00%, 76.92%, 88.89% and 90.91%, 

respectively. In the fourth hour after the administration, extracts at doses 

of 30 and 100 mg/kg inhibited paw edema by 42.22% and 37.78%, 

respectively. The ethanol extract promoted the inhibition of nociception 

induced by acetic acid. Abdominal contortions in mice were reduced by 

91.09%, 91.98% and 92.84% at doses of 30, 100 and 300 mg/kg, 

respectively, compared to the control group. In the formalin-induced 

nociception assay, the extract at doses of 100 and 300 mg/kg reduced the 

licking time by 53.85% and 81.04%, respectively, in the first phase. The 

extract also reduced the licking time in the second phase by 77.30%, 

79.50% and 99.35%, at doses of 30, 100 and 300 mg/kg, respectively. In 

the hot plate test, ethanol extract at a dose of 300 mg/kg significantly 

increased the latency of the reaction 90 and 120 minutes after treatment. 

These activities can be attributed, in part, to the presence of phenolic 

acids identified in the ethanol extract of S. lycocarpum [9]. 

Bahia et al. [11] investigated the antioxidant, antibacterial and 

allelopathic activities of methanol extract and fractions from ripe fruits of 

S. lycocarpum. The results indicated that the antioxidant activity was 

more pronounced for the dichloromethane fraction, which showed a 

better activity than BHT. In antibacterial activity, S. aureus was more 

sensitive to hexane fraction, with a minimal inhibitory concentration 

(MIC) value of 250 µg/mL. The allelopathic potential on Allium cepa 

seeds showed promising results, with predominant effects of the 

inhibition of hypocotyls and radicles in the lower concentration tested (50 

µg/mL). The best result for the inhibition of radicle and hypocotyl growth 

was found in the dichloromethane fraction at 100 µg/mL. Phytochemical 

tests revealed the presence of phenolic compounds, such as coumarins, 

flavonoids and tannins, which may have contributed in part to the 

detected biological activities [11]. 
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Mendes et al. [1] verified the phytotoxic potential of ethanol extract 

from ripe fruits on Lactuca sativa and Allium cepa seeds. The extract 

completely inhibited the growth of the hypocotyl and radicle of L. sativa 

in all tested concentrations (125, 250 and 500 µg per plate). For A. cepa 

seeds, the concentration of 500 µg per plate was able to inhibit the 

growth of the hypocotyl and radicle by 100%. Phytotoxic activity can be 

correlated to the presence of coumarins, flavonoids and condensed 

tannins present in the extract [1]. Another study showed the allelopathic 

activity of hexane and methanol extracts obtained from the unripe fruits 

of S. lycocarpum, with the samples exhibiting heterogeneous effects on 

the growth of the hypocotyl and radicle of A. cepa seeds, as well as 

inhibitory effects on L. sativa seeds. This allelopathic effect may be 

correlated to presence of flavonoids observed in the phytochemical 

screening [3]. Allelopathic activity was also evaluated for ethanol extract 

and fractions of leaves from S. lycocarpum tested at concentrations of 

250, 500 and 1000 µg/mL. The samples inhibited the radicle and 

hypocotyl growth of L. sativa and A. cepa seeds. These results can be 

attributed to presence of secondary metabolites, such as flavonoids and 

coumarins [10]. 

Pereira et al. [13] investigated the larvicidal activity of methanol 

extract and fractions of unripe fruits of S. lycocarpum on Culex 

quinquefasciatus larvae. The results demonstrated that the 

dichloromethane and ethyl acetate fractions exhibited the greatest 

larvicidal effect at a concentration of 200 mg/L (83.3 and 86.7%, 

respectively). The methanol extract and dichloromethane, ethyl acetate 

and hydromethanol fractions demonstrated an effect on C. 

quinquefasciatus, with lethal concentration (LC50) values of 126.24, 

75.13, 83.15 and 207.05 mg/L, respectively. The larvicidal effect was 

related to the presence of coumarins, flavonoids and tannins in the 

samples [13]. 

De Araújo et al. [15] evaluated the preliminary toxicity tests of 

ethanolic extract of Solanum lycocarpum fruits against brine shrimp 

larvae. The extract was fractionated with various solvents for toxicity 

testing against the Artemia salina larvae and the hydroalcoholic fraction 
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exhibited considerable cytotoxicity (LC50 = 285.546 g/mL). The 

phytochemical assays showed the presence of phenols, tannins, saponins, 

alkaloids and free steroids.  

Flavonoids, particularly apigenin and luteolin, have shown potent 

activity against oxidative stress [16]. Phenolic compounds, such as 

flavonoids, possess anti-inflammatory activity, which can be correlated to 

their antioxidant activity [17]. In addition, recent studies have shown 

anti-inflammatory, antimicrobial, and antioxidant properties for 

kaempferol and kaempferol rhamnosides [18, 19]. Cinnamic acids, such 

as caffeic and chlorogenic acids, are also well known for their antioxidant 

properties [20, 21]. Chlorogenic acid exhibits several important 

biological activities, including inhibition of the mutagenicity of 

carcinogenic compounds and the inhibition of HIV-1 integrase, as well as 

antioxidant and anti-inflammatory properties [22]. Caffeic acid presents 

important biological activities in the treatment of liver damage by 

inhibiting cyclooxygenases (COX-1 and COX-2) [23]. Phenolic 

compounds also exhibited allelopathic activity. They have the potential to 

affect the elasticity of the cell wall, in addition to blocking mitochondrial 

respiration [24]. Allelopathic effects are also mediated by coumarin 

compounds [25], which have previously been identified as potent 

inhibitors of both plant growth and seed germination, and have the ability 

to block mitosis [26]. 

 

 

CONCLUSION 

 

The antioxidant, antibacterial, anti-inflammatory, anti-tumor, anti-

nociceptive, allelopathic and larvicidal activities were confirmed, based 

on known information that is provided in different studies. Other groups 

suggest that the biological activities reported may be associated with the 

presence of phenolic compounds, especially flavonoids and phenolic 

acids, identified in the extract and fractions. The results reported in this 
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review show that S. lycocarpum could be a promising source of new 

drugs. 
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ABSTRACT 

 

Bauhinia holophylla, also known as “pata-de-vaca” or “unha-de-

vaca,” is a woody species from the Brazilian Cerrado, which leaves are 

used in folk medicine to treat infections and diabetes. Preliminary 

phytochemical studies showed the presence of steroidal glycosides, 
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triterpenes, lactones and flavonoids in the leaves. This work aimed to 

evaluate and identify the flavonoids present in the leaves of B. 

holophylla and to relate them to the medicinal properties attributed to 

this species. For the phytochemical study, the crude hydroethanolic 

extract was obtained by percolation, which was subjected to liquid-

liquid partition with n-hexane, chloroform, ethyl acetate and n-butanol. 

The isolation and identification of substances present in the ethyl 

acetate fraction were performed using the techniques of Classical 

Column Liquid Chromatography (CLC), monitored by Thin Layer 

Chromatography (TLC) and High Efficiency Liquid Chromatography 

coupled to DAD detectors and a mass spectrometer IES-Q-QTOF 

(HPLC-DAD-ESI-MS). Chromatographic analyses by HPLC-DAD-

IES-EM suggested the presence of myricetin, kaempferol, and  

quercetin derivatives such as myricetin-O-pentoside, myricetin-O-

deoxyhexoside, quercetin-O-hexoside, quercetin-O-xilopyranoside, 

kaempferol-3-O-glucoside, quercetin-O-pentoside, quercetin-O-

deoxyhexoside, isorhamnetin-3-O-hexoside, kaempferol-O-pentoside, 

luteolin-deoxyhexose, and isorhamnetin in the leaves of B. holophylla. 

From a medicinal point of view, quercetin and its derivatives have high 

antioxidant and anti-inflammatory activities. These results showed the 

biotechnological potential of B. holophylla to produce bioactive 

compounds of economic and medicinal interest and suggest more 

detailed studies aimed at the isolation and identification of phenolic 

compounds. 

 

Keywords: quercetin derivatives, Brazilian Cerrado, medicinal plant, 

phenolic compounds 

 

 

INTRODUCTION 

 

For many years, medicinal plants have played an important role in 

the prevention and treatment of human diseases and continue to be a 

source of innovation for the discovery of new drugs (Dar et al. 2017; 

Salehi et al. 2019). The Brazilian territory has a great diversity of plants 

and ranks sixth in the world in terms of biodiversity. With an area of 

approximately 2 million km2, the Cerrado biome covers about 22% of the 

country, being the second largest of the six biomes in Brazil, behind only 

the Amazon Forest (Ribeiro and Walter 1998). Among the countless 
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plant species of medicinal interest that inhabit the Cerrado, plants of the 

genus Bauhinia belonging to the Fabaceae family (Leguminosae) stand 

out, comprising approximately 300 species popularly known as “pata-de-

vaca,” “unha-de-vaca,” “unha-de-boi” or “bauinia”(Vaz and Tozzi 2003; 

Vaz et al. 2010). 

Several species of Bauhinia are used in Brazil for the treatment of 

infections, with analgesic, hypoglycemic, antidiarrheal, anti-

inflammatory, and diuretic properties (Cechinel Filho 2009; Bonilha et al. 

2015). Phytochemical studies indicate the presence of triterpenes, 

lactones, steroids, tannins, quinines, and flavonoids, to which therapeutic 

properties are attributed (Farag et al. 2015; Pinheiro et al. 2017; Schmidt 

et al. 2018). The hypoglycemic property of Bauhinia holophylla has been 

widely studied (Silva et al. 2015; Pinheiro et al. 2017; Camaforte et al. 

2019), in addition to other activities such as antiulcerogenic (Rozza et al. 

2015), antiviral (dos Santos et al. 2019) and cytotoxic, apoptotic and 

mutagenic/antimutagenic activity (Ribeiro et al. 2018). 

Flavonoids are considered one of the most prevalent classes of 

metabolites in Bauhinia species, with flavonols being the main subclass, 

followed by flavones, flavans and flavanones. Bioguided studies of 

extracts and fractions of the leaves of B. holophylla have led to the 

identification of several glycosylated flavonoids and aglycone (Rozza et 

al. 2015; Camaforte et al. 2019). 

Flavonoids are almost exclusively present as glycosides in plants. 

The substitution of sugars in the aglycone generally occurs through 

phenolic hydroxyl groups forming O-glycosides or linked through C-C 

bonds forming C-glycosides (Plazonic et al. 2009). There are complex 

glycosylated flavonoids with up to five sugar residues and some studies 

have shown that different glycosylated flavonoids perform different 

biological activities (Rochfort et al. 2006). Therefore, we highlight the 

importance of obtaining accurate structural information, including 

glycosylation positions, interglycoside bonds and the nature of aglycones 

and sugar rings (Qin et al. 2017; Lei et al. 2018). 

Flavonoids have characteristic absorption spectra in the ultraviolet 

(UV) spectrum determined by the common core of benzopyran, with two 
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absorption maximums, one occurring between 240–285 nm (band II) and 

the other at 300–400 nm (band I). In general, band II can be considered 

as derived from ring A and band I as derived from ring B. The more 

hydroxyl groups in the nucleus, the greater the bathochromic effect; and, 

consequently, the spectra shift towards the longest lengths of the wave. 

Regarding the methylation or esterification of the hydroxyl groups, these 

groups do not alter, in general, the spectra, except in the characteristic 

hydroxyl of the flavonoids (in C-3) or C-4', when a hypsochromic effect 

is observed in the band of higher wavelengths (Zuanazzi and Montanha 

2010). 

In addition to the characterization of flavonoids by UV spectroscopy, 

nuclear magnetic resonance (NMR) and mass spectroscopy (MS) 

techniques are generally the most used for structural elucidation of 

flavonoids and their glycosylated derivatives. However, in phytochemical 

analysis, it is difficult to isolate enough flavonoids for complete 

characterization by NMR. This is mainly due to the small amount of 

sample available and in this case, MS-based methods are required since 

they are quite sensitive (Vukics and Guttman 2008). Thus, several 

methodologies based on liquid chromatography-tandem mass 

spectroscopy (LC-MS/MS) have been developed to identify this class of 

secondary metabolites (Cuyckens and Claeys 2004; Vukics and Guttman 

2008; Lei et al. 2018). 

Among the most used techniques for obtaining mass spectra and 

structural investigation of flavonoids, electrospray ionization (ESI) stands 

out as it allows the cleavage of the C ring by the Retro-Diels-Alder 

(RDA) fragmentation mechanism, generating the ions ijA-/+ and ijB-/+ and 

providing the diagnostic fragments for identification of the flavonoids, as 

well as the number and type of constituents of the A and B ring (Ma et al. 

1997; Cuyckens and Claeys 2004). 

Therefore, this study aimed to evaluate and identify the flavonoids 

present in the leaves of B. holophylla using an HPLC-DAD-ESI-MS 

method and to relate them to the medicinal properties attributed to this 

species. 
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MATERIAL AND METHODS 

 

Plant Material 

 

Leaves of Bauhinia holophylla (Bong.) Steud. (Fabaceae: Cercideae) 

were collected in the Brazilian Cerrado, located in the municipality of 

Ijaci, south of the State of Minas Gerais, Brazil (21º09'97”S and 

44º55'65” W GRW, at 835 m altitude) in March 2014 (SISBIO n° 24542-

3). The samples were identified by Dr. Andreia Fonseca Silva and the 

vouchers were deposited at the PAMG Herbarium (PAMG 57021) of the 

Agricultural Research Company of Minas Gerais (EPAMIG). This study 

has permission to access the components of the plant genetic heritage (n° 

010500/2014-6/CNPq/CGEN/MMA) and is registered on the SisGen 

Platform (Register A12A940), according to the Brazilian Biodiversity 

Law (13.123/2015). The plant material was dried in a ventilated oven at 

40°C for 24h and pulverized in a knife mill. 

 

 

Obtaining the Extract and Fractions from B. holophylla Leaves 

 

The dried and powdered leaves (200 g) of B. holophylla were 

extracted by exhaustive percolation using 70% ethanol as the extraction 

solvent for 7 days. The solvent was removed on a rotary evaporator at 

50°C under reduced pressure, obtaining the crude hydroethanolic extract 

(CE, 23.30 g). 

The CE was solubilized in 70% ethanol (350 mL) and subsequently 

200 mL of this extract was subjected to liquid-liquid partition in a 

separating funnel with n-hexane, chloroform, ethyl acetate, and n-

butanol. The solvents were removed using a rotary evaporator at 50°C, 

under reduced pressure resulting in hexane (Hex, 1.48 g), chloroform 

(CHCl3, 0.14 g), ethyl acetate (EtOAc, 1.21 g), butanolic (ButOH, 0.55 g) 

and hydroethanolic fractions (EtOH, 2.64 g). 
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Purification of the EtOAc Fraction from B. holophylla 

 

The EtOAc fraction (0.60 g) was purified by Classical Column 

Liquid Chromatography (CLC, silica gel 60, 70-230 Mesh) using n-

hexane, ethyl acetate, methanol, and distilled water in a polarity gradient 

as eluents. A total of 62 fractions of approximately 10 to 20 mL were 

obtained, which were analyzed by Thin Layer Chromatography (TLC, 

silica gel 60 F254). Subfractions 26, 38, 46, 49, 50, and 57 were selected 

for analysis by High Performance Liquid Chromatography (HPLC) 

coupled to detectors with diode array (DAD) and Mass Spectrometry 

(MS). 

 

 

HPLC-DAD-EM Analyses of B. holophylla Subfractions  

 

A Shimadzu Prominence Liquid Chromatography (LC-20AD) 

coupled to a diode array detector (DAD) and a MicrOTOF-Q III mass 

spectrometer (Bruker Daltonics), monitoring between 200 and 800 nm 

and operating in positive/negative ionization mode (m/z 120–1300), were 

used to analyze B. holophylla subfractions. The mass spectra were 

obtained by electrospray ionization source and quadrupole and Time-Of-

Flight (TOF) analyzers. The chromatographic column was a Kinetex C18 

(4.6 x 2.6 mm, 100 Ǻ, Phenomenex). The injection volume was 1 μL of 

the sample (prepared at a concentration of 1 mg mL-1), the flow rate was 

0.3 mL min-1. The mobile phase was composed of acetonitrile (solvent B) 

and deionized water (solvent A) with the addition of 0.1% formic acid 

(v/v). The applied elution profile was: 0–2 min – 3% B, 2–25 min – 3 to 

25% B, 25–40 min – 25 to 80% B, 40–43 min – 80% B, 43–44 min – 3% 

B and 44–48 min – 3% B. For mass spectrometry analysis, nitrogen gas 

was used as a nebulizer (4 Bar), dry (9 L min-1) and collision gas. 

 

 

 

 



Flavonoids from Bauhinia holophylla (Bong.) … 

 

237 

RESULTS AND DISCUSSION 

 

Identification of the Compounds in the Subfractions  

of B. holophylla Leaves 

 

The subfractions 26, 38, and 46 of B. holophylla leaves were 

analyzed by HPLC-DAD-ESI-MS, and their constituents were identified 

based on ultraviolet (UV) spectra, high resolution mass spectrometry 

data, including fragmentation patterns data by ESI (-)-MS/MS, and by 

comparing results reported in the literature (Ablajan et al. 2006; Farag et 

al. 2015; Rozza et al. 2015; Camaforte et al. 2019; dos Santos et al. 

2019). The representative base peak chromatograms (BPC) are shown in 

Figure 1 and the main flavonoids identified from subfractions in Table 1. 

 

 

Figure 1. Base peak chromatogram (BPC) of the subfractions 26 (A), 38 (B), and 46 

(C) in negative ion mode. 

The patterns of fragmentation of markers reported in the literature 

compared to those obtained in the present study allowed us to infer that 

the flavonoids identified in the analyzed samples were flavonol-3-O-

glycosides such as quercetin, myrcetin, and kaempferol. For these types 
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of flavonoids, simple regular cleavages of consecutive glycosidic bonds 

in the ion [M – H]- under negative ionization mode are observed (Chen et 

al. 2015). Thus, flavonol-3-O-glycosides were deducted by the 

consecutive losses of aglycone fragment ions m/z 300, m/z 271, m/z 255, 

m/z 243 to isorhamnetin; and m/z 300, m/z 271, m/z 255, m/z 243, m/z 179 

for quercetin derivatives; m/z 316, m/z 287, m/z 271, m/z 179 for 

myricetin derivatives and m/z 285, m/z 255, m/z 227, m/z 179 for 

kaempferol derivatives from [M – H] glycosylated with different types of 

sugars.  

In addition to the fragmentation patterns observed for the samples 

analyzed, the UV-visible absorption profiles of the identified substances 

showed UV λmax absorption bands between 250 and 270 and 340 and 360 

for bands II and band I, respectively, which also characterizes 3-O-

substituted flavonols (Markham 1982). 

Using HPLC-PAD-ESI-MS, Rozza et al. (2015) and Camaforte et al. 

(2019) identified the presence of flavonol-O-glycosides derived from 

quercetin, myricetin, and kaempferol as the main chemical constituents of 

the hydroethanolic extract (EtOH:H2O; 7:3 v/v) of B. holophylla leaves. 

In the analysis of the mass spectrum of subfraction 26 it was possible 

to observe an intense ion corresponding to the deprotonated molecule of 

m/z 315 assigned to isorhamnetin (Figure 1A), as well as product ions of 

m/z 271 [M – 44 – H]- and m/z 243 [M – 72 – H]- that indicated the loss 

of the fragments [M – H – CO]- and [M - CO]-, respectively, after the loss 

of the methoxy group (-CH3) of the C-ring (Chen et al. 2015; Qin et al. 

2017; Camaforte et al. 2019).  

Justesen (2001) studied the fragmentation pattern of ten deprotonated 

methoxylated flavonoids in ESI-MS/MS in the negative ionization mode, 

and found that although these compounds are isomers they showed 

different behaviors in the fragmentation pattern; they concluded that the 

exact position of the methoxy group cannot be defined without 

comparison with Nuclear Magnetic Resonance (NMR) studies of the 

isolated substances. 
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Subfraction 38 presented as a mixture with two major compounds 

and in the analysis of the chromatogram obtained in HPLC-DAD, both 

substances presented UV-visible spectrum characteristic of 3-O-

substituted flavonoids (λmax ≈ 255 and 350 nm). Several peaks were 

detected in its mass spectrum in negative ionization mode: m/z 417, 431, 

433, 447, and 449, with ions m/z 433 (20.2 min.) and 447 (21.0 min.) 

predominating (Figure 1B). The MS/MS fragmentation of ions m/z 417 

and 431 produced mainly the product ion of m/z 285, indicating the loss 

of the pentoside and deoxyhexose units, respectively (Vukics and 

Guttman 2008). This fragment was also observed by Camaforte et al. 

(2019) in the analysis of the leaves of B. holophylla, being identified as 

kaempferol-O-pentoside [M – H]- in m/z 417 and luteolin-deoxyhexose 

for [M – H]- in m/z 431. The ions [M – H]- in m/z 433 at the retention 

times of 19.6 and 20.2 minutes showed the same fragments in m/z 300 [M 

– 133 – H]-, suggesting the loss of a pentoside unit, O-substituted in the 

flavonoid aglycone; in addition to the fragments in m/z 271 [M – 162 – 

H]-; m/z 255 [M – 178 – H]- e m/z 179 [M – 254 – H]-, this last product 

ion 1,2A- typical of RDA fragmentation in flavonols (3-OH) with 

dihydroxylated A-ring (Ma et al. 1997; Cuyckens and Claeys 2004), 

indicating the presence of quercetin-O-pentoside derivatives. The 

MS/MS fragmentation of m/z 447 was presented the fragment ion of m/z 

300 [M – 147 – H]-, after the loss of a deoxyhexoside unit moiety and the 

product ion m/z 271 [Yo – H – CO]-, characteristic of flavonol-3-O-

monoglycosylated (Ablajan et al. 2006), besides the fragments in m/z 255 

[Yo – 2H – COOH]- and m/z 179 [M – 268 – H]-, product ion 1,2A- (Ma et 

al. 1997; Cuyckens and Claeys 2004). This fragmentation pattern 

confirms the presence of quercetin-O-deoxyhexoside. The deprotonate 

molecule of m/z 449 [M – H]- produced a fragment of m/z 316 [M – 133 – 

H]- after the loss of pentoses, as well as the fragments of the product ions 

m/z 179 [M − H − CO − H2O]- and m/z 271, confirming the presence of 

myricetin-O-pentoside (Sobeh et al. 2017; dos Santos et al. 2018). 

In the mass spectrum of subfraction 46 it was possible to identify 

about nine peaks of deprotonated molecules [M – H]- in m/z 433 (19.6 

and 20.2 min.), 447 (20.1 and 21.0 min.), 463 (18.0, 18.4, and 18.8 min.), 
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and 477 (21.2 and 22.7 min.), with the most intense peaks of m/z 463 

(18.4 and 18.8 min.) and 447 (20.1 and 21.0 min.) (Figure 1C). The 

chemical profile of subfraction 46 differs from subfraction 38, mainly 

due to the presence of flavonoids with deprotonated molecules [M – H]- 

inm/z 463 and 477, in addition to the ion m/z 447 in 20.1 minutes that it 

presents a different fragmentation pattern than that found as predominant 

at 21.0 minutes in subfraction 38. 

The MS/MS fragmentation of m/z 463 (18.0 min.) produced a 

deprotonated aglycone, the ion of m/z 316 [M – 147 – H]-, indicating that 

such ion corresponds to a myricetin-O-deoxyhexoside (Camaforte et al. 

2019). For the other precursor ions [M – H]- in m/z 463 at 18.4 and 18.8 

minutes fragments were observed in m/z 300 [M – 163 – H]-, suggesting 

the loss of a hexoside unit, m/z 271 [M – 192 – H]-, corresponding to the 

presence of the product ion of the fragment [Yo – H – CO – H]- indicating 

the position of the sugar bond in the aglycone, characteristic of 3-O-

monoglycoside, m/z 255 corresponds to the fragment ion [Yo – 2H – 

COOH]- (Ablajan et al. 2006); finally, m/z 179 [M – 284 – H]-, product 

ion 1,2A- (Ma et al. 1997; Cuyckens and Claeys 2004). These data suggest 

the presence of quercetin-O-hexoside derivates. The MS/MS 

fragmentation of m/z 447 at 20.1 minutes produced mainly the product 

ion of m/z 255 [Yo – H – CO – H]-, confirming the presence of 

kaempferol-3-O-glucoside. The predominant presence of this fragment 

ion (m/z 255) allows differentiating the glycosylated 3-O and 7-O 

isomers of kaempferol since the 7-O glycosylated derivative presents the 

fragment ion abundant in m/z 257 [Yo – CO]- (Ablajan et al. 2006). 

For the precursor ion [M – H]- in m/z 477 at 21.2 minutes, ion 

fragments were observed in m/z 314 [M – 163 – H]-, suggesting the loss 

of a hexoside unit; m/z 299 [M – 178 – H]-, after the loss of the methoxy 

group (-CH3) of the aglycone; and other similar ions (m/z 271, 257, 243, 

and 227) to the fragmentation of isorhamnetin (Farag et al. 2015). The 

precursor ion m/z 477 at 21.7 minutes could not be identified. 
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Biological Potential of Bauhinia holophylla 

 

Some species of the genus Bauhinia are being studied regarding their 

chemical profiles and biological activity and thus several compounds 

have been isolated and identified, such as fatty acids, steroids, terpenoids, 

and flavonoids (Bonilha et al. 2015; Farag et al. 2015). In general, studies 

of species in this genus confirm their therapeutic properties, such as their 

high antidiabetic potential, and these effects were associated mainly with 

the presence of high contents of flavonoids, such as quercetin-3-O-α-(2″-

galloyl)-rhamnoside and kaempferol-3-O-α-(2″-galloyl)-rhamnoside 

(Gonzalez-Mujica et al. 2003; Estrada et al. 2005; Cechinel Filho 2009).  

Among the species most studied for antidiabetic activity is B. 

forficata; aqueous extracts of its leaves have been widely used as an 

adjuvant in the treatment of diabetes mellitus and the main bioactive 

compound is the kaempferol 3,7-di-O-α-L-rhamnoside, also known as 

kaempferitrin, the chemical and pharmacological marker responsible for 

hypoglycemic activity (Souza et al. 2018).  

The molecular mechanisms of the antidiabetic effect of flavonoid 

derivatives are not yet fully described, but some studies have shown that 

flavonoids can reduce the intestinal absorption of dietary carbohydrates, 

modulating the enzymes involved in glucose metabolism (inhibiting α-

glycosidase), improving β-cell function, and insulin secretion and action, 

besides their properties as antioxidant and anti-inflammatory agents 

(Dinneen et al. 1992; Iwai et al. 2006). 

In a study ofthe n-butanolic extract of the leaves of  

B. holophylla, Pieroni (2013) isolated and identified the flavonoids: 

litospermoside (gryphonin), myricetin-O-hexoside, myricetin-O-

pentoside, myricetin-3-O-α-L-rhamnopyranoside, quercetin-3-O-β-D-

galactopyranoside, quercetin-3-O-β-D-xylopyranoside, quercetin-O-

pentoside, quercetin-3-O-α-L-arabinofuranoside, quercetin-3-O-α-L-

rhamnopyranoside, kaempferol-O-pentoside, luteolin-O-deoxyhexose, 

quercetin, luteolin and isorhamnetin. These results are consistent with the 

identification of these substances in the present study. 
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Subsequently, extracts from the leaves of B. holophylla were 

evaluated for antiulcerogenic (Rozza et al. 2015), hypoglycemic and 

hypolipidemic (Camaforte et al. 2019), antidiabetic (Silva et al. 2015; 

Pinheiro et al. 2017), antiviral (dos Santos et al. 2019), cytotoxic, 

apoptotic and mutagenic/antimutagenic activities (Ribeiro et al. 2018). 

 

 

CONCLUSION 

 

The qualitative analysis of the chemical profile of an extract of  

B. holophylla leaves revealed the presence of flavonoid-O- 

glycoside derivatives, such as myricetin-O-pentoside, myricetin-O-

deoxyhexoside, quercetin-O-hexoside, quercetin-O-xilopyranoside, 

kaempferol-3-O-glucoside, quercetin-O-pentoside, quercetin-O-

deoxyhexoside, isorhamnetin-3-O-hexoside, kaempferol-O-pentoside, 

luteolin-deoxyhexose, and isorhamnetin. The results show the 

biotechnological potential of B. holophylla to produce bioactive 

compounds of economic and medicinal interest, in addition to suggesting 

further investigations aimed at the isolation and biological evaluation of 

isolated compounds. 
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ABSTRACT 

 

Bauhinia variegata L. (Fabaceae), popularly known as “pata-de-

vaca,” is a woody species that contains flavonoids, triterpenoids, and 

steroids as active compounds, which are distributed in different organs. 
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In folk medicine, the bark is astringent and used for skin diseases and 

ulcers. The stem has antimicrobial and anti-tumor activity. The roots are 

used as an anti-inflammatory agent, and the leaves have anti-diabetic 

and diuretic properties and reduce cholesterol. Plant tissue culture and, 

more specifically, callus culture techniques are an effective 

biotechnological tool that makes it possible to obtain bioactive 

compounds in vitro through the optimization of culture conditions, 

using different types and concentrations of plant growth regulators and 

light conditions. The aim of this work was to establish calli cultures of 

B. variegata and to produce phenolic compounds, especially flavonoids, 

in in vitro culture. For calli induction, leaf explants were placed on 

Murashige and Skoog (MS) medium supplemented with 30 g L-1 of 

sucrose, solidified with 7 g L-1 agar, added to 2,4-

dichlorophenoxyacetic acid (2,4-D) (4.52; 9.05; 18.10 μM) and 6-

benzylaminopurine (BAP) (0; 4.44; 8.88; 17.75 μM) and their 

combination, and grown in the presence and absence of light. The calli 

growth curve was established on MS medium with 30 g L-1 sucrose 

with 4.52 μM 2.4-D and 4.44 μM BAP in the presence of light. For the 

phytochemical study, the crude hydroethanolic extract of the dried 

callus was obtained by maceration. The quantity of phenols and 

flavonoids were evaluated by standard techniques. The identification of 

flavonoids and phenolic acid derivatives was performed by high 

performance liquid chromatography coupled to a diode array detector 

(HPLC-DAD). Calli induced on MS medium with 4.52 µM 2.4-D and 

4.44 µM BAP in the presence of light presented high growth and a high 

total phenol and flavonoid content. HPLC analysis showed the presence 

of different flavonoids (flavones, catechins, flavanone, flavonol), 

phenolic acid derivatives, and anthraquinone. In conclusion, it is 

possible to obtain different types of flavonoids and phenolic acids 

derivatives in callus cultures of B. variegata. 

 

Keywords: medicinal plant, in vitro culture, phenolic compounds, 

secondary metabolites 

 

 

INTRODUCTION 

 

The Bauhinia L. (Fabaceae) genus contains about 300 species 

represented by medium-sized trees with white or pink flowers, pod-like 

fruits, and uncinated leaves and are popularly known as “pata-de-vaca” or 

“unha-de-vaca.” About 57 species occur in Brazil, of which 37 are 
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endemic (Vaz 2015). Species of this genus are widely distributed in most 

tropical countries and have been used frequently in folk medicine. In 

Africa, Asia, and America, Bauhinia spp. are used as diuretic, 

hypoglycemic, tonic, and depurative agents (Duarte-Almeida et al. 2015). 

Phytochemical and pharmacological studies demonstrate the presence of 

several compounds of medicinal interest, such as triterpenes, lactones, 

steroids, tannins, quinones, and flavonoids, that have been isolated and 

identified from some Bauhinia spp. (Pinheiro et al. 2017; Schmidt et al. 

2018; Souza et al. 2018). 

Bauhinia variegata is an ornamental species, originally from India, 

that grows well in tropical regions all over the world. Chemical studies 

have demonstrated the presence of flavonoids (narigenin-5,7-dimethoxy-

4-ramnoglucoside, kaempferol-3-galactoside, kaempferol-3-ramno-

glucoside), triterpenoids (lupeol), and steroids (systeserol) (Reddy et al. 

2003) distributed in different parts of the plant. From an 

ethnopharmacological point of view, the bark is astringent and used for 

skin diseases and ulcers. The stem has antimicrobial and anti-tumor 

activity. The root is used as an anti-inflammatory agent (Fang et al. 

2010), and its leaves have antidiabetic, diuretic, and hypocholesterolemic 

action (Lorenzi and Matos 2008). 

Among the techniques of plant tissue culture, callus culture generates 

undifferentiated cells with relatively uniform development, which are not 

affected by microorganisms, in addition to having a reduced vegetative 

cycle that enables the production of metabolites of interest in a relatively 

short period of time (Ochoa-Villarreal et al. 2016; Hidalgo et al. 2018). 

Calli are partially differentiated structures represented by masses of 

irregular cells that multiply widely in response to chemical or physical 

injuries and could differentiate into tissues and organs (Ogita 2015). The 

growth and development of callus can be influenced by the plant material 

itself, the nutrient medium, and external factors, such as light and 

temperature, which act by accelerating, delaying, or even inhibiting cell 

proliferation (Smith 2012). According to Ikeuchi et al. (2013), for callus 

induction, it is generally necessary to have an exogenous supply of plant 

growth regulators. Induction is regulated by the interaction and balance 



V. Rodrigues Cardoso, M. C. Coimbra et al. 

 

254 

between the regulators provided and the hormones produced internally by 

the explant (Ji et al. 2015). Auxins have been widely used for the 

induction of callus, and in general, the use of high concentrations of 

auxins induce the formation of callus. The interaction between auxins and 

cytokinins is also widely used and often determinant for induction 

(Chandler and Werr 2015). Among the growth regulators most used in 

the induction of calli are the auxins 2,4-D (2,4-dichlorophenoxyacetic 

acid) and ANA (naphthalene acetic acid) and cytokinins BAP (6-

benzylaminopurine) and TDZ (tidiazuron) (George, Hall and De Klerk 

2008). 

Different plant compounds with broad biological activity have been 

obtained from callus culture, such as flavonoids (Bernabé-Antônio et al., 

2017; Coimbra et al. 2019), phenolic acids (Coimbra et al. 2017), 

cardenolides (Sahin et al. 2013), isoflavonoids (Gueven and Knorr 2011), 

lectins (Castro et al. 2018), anthocyanins (Wang et al. 2019), coumarins 

(Piovan et al. 2014), and rotenoids (Santos et al. 2007). 

The high chemical and medicinal potential of B. variegata stimulates 

the use of techniques that allow its sustainable use and the search for 

alternatives to produce metabolites of pharmaceutical interest, on a large 

scale, from other sources. The aim of this work was to produce and 

characterize flavonoid and phenolic acid derivatives in B. variegata calli 

cultures. 

 

 

MATERIAL AND METHODS 

 

Chemicals 

 

Chlorogenic acid, trans-cinnamic acid, caffeic acid, benzoic acid, 

gallic acid, rutin, (+)-catechin hydrate, quercetin, 2,4-

dichlorophenoxyacetic acid, 6-benzilaminopurine, ethanol, formic acid, 

Folin-Ciocalteu reagent, and agar were purchased from Sigma-Aldrich 



Production and Characterization of Flavonoids … 

 

255 

Co. (St. Louis, MO, USA). Water was treated in a Purite water 

purification system (Purite, Oxon, UK). 

 

 

Plant Material  

 

Leaf explants were obtained from Bauhinia variegata L. seedlings 

cultured in vitro. Seeds were collected in Divinópolis, Midwest Minas 

Gerais State, Brazil (20°10’45.9”S and 44°55’07.2”W GRW) (SISBIO 

no. 24542-3). Fertile samples were collected, and the vouchers were 

identified by Andréia Fonseca Silva of the PAMG Herbarium (PAMG 

56307) at the Agricultural Research Company of Minas Gerais 

(EPAMIG). This work was registered in the SisGen Platform (Register 

A56CD8E), according to Brazilian Biodiversity Law 13.123/2015. 

 

 

Callus Induction and Growth 

 

Leaf segments were placed on basal medium MS (Murashige and 

Skoog 1962) with 30 g L-1 sucrose and 2,4-D (4.52, 9.05, or 18.10 M) 

or BAP (4.44, 8.88, or 17.75 M) or their combination and solidified 

with 7 g L-1 agar. The pH was adjusted to 5.8 ± 0.1 after adding plant 

growth regulators, and the medium was sterilized at 120°C (1.37 × 105 

Pa) for 20 min. The explants were transferred to a growth chamber and 

kept at 27 ± 2°C under the presence of light (16:8 h light/dark regime, 

with a light intensity of 40 µmol m-2 s-1) or the absence of light.  

After 45 days of inoculation, callus induction (%), color, consistency, 

fresh and dry weight of calli, and total phenol and flavonoid content were 

evaluated. The chromatographic profile of phenolic compounds was 

determined by high performance liquid chromatography with a diode 

array detector (HPLC-DAD). A completely randomized design in a 

factorial arrangement of 15 × 2 (15 concentrations of 2,4-D and/or BAP 

and two conditions of light, presence or absence) was performed. The 
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controls were represented by the absence of growth regulators in the 

media. Each treatment was composed of 20 replicates. 

The growth pattern of callus cultures was followed using a growth 

curve with an interval of 7 days, for 105 days, corresponding to the 

decline phase, according to Smith (2012). The growth curve was 

established in complete MS medium supplemented with 30 g L-1 sucrose, 

solidified with 7 g L-1 agar, and included 4.52 μM of 2,4-D + 4.44 μM of 

BAP. Calli samples were taken to evaluate growth and the total phenol 

and flavonoid content. For assessing callus growth by determining the 

fresh and dry matter, the experimental design was completely 

randomized consisting of 25 repetitions. 

 

 

Hydroethanolic Extract Preparation  

 

The hydroethanolic extracts were prepared with 1g dry callus mass, 

extracted with 10 mL of 70% ethanol (70% EtOH), in an ultrasound bath 

at 35°C, for 30 min. This procedure was repeated 3 times. The extracts 

were dried at 45°C until the solvent was completely evaporated. The dry 

crude extract was then resuspended in 10 mL 70% EtOH and used for the 

following determinations (Brazil, 2019). 

 

 

Total Phenol Content 

 

Phenols were quantified with 100 µL of hydroethanolic extract 

according to Pastrana-Bonilla et al. (2003). The total phenol level was 

calculated using a calibration curve with 100 µg mL-1 gallic acid solution 

as the standard. Determinations were performed in triplicate, and the 

resultswere given in microgram equivalents of gallic acid per milligram 

of dry extract (µg GAEq mg-1 DE). 
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Total Flavonoid Content  

 

The total flavonoid assay was performed according to Woisky and 

Salatino (1998), and flavonoid content was calculated using a calibration 

curve with 100 µg mL-1 quercetin in a ethanol solution of 2% aluminum 

chloride as a standard. Determinations were performed in triplicate, and 

the results were given in microgram equivalents of quercetin per 

milligram of dry extract (µg QEq mg-1 DE). 

 

 

HPLC Analysis 

 

Chromatographic profiles were obtained in modular system liquid 

chromatography Shimadzu Prominence HPLC (Shimadzu Corp., Kyoto, 

Japan). The separation of compounds was performed with reverse-phase 

column Gemini C18 (4.6 X 250 mm, 5 µm, Phenomenex®, Torrance, CA, 

USA) conditioned at 35°C. The chromatographic conditions were 

obtained using mobile phases comprising A) water:formic acid (99.9:0.1) 

and B) methanol:formic acid (99.9:0.1) at the proportion of 10–20% B 

(0–4 min.); 20–50% B (4–6 min); 50–90% B (6–10 min); 90–10% B (10–

11 min); 10% B (11–14 min). A 20 µL injection volume and a flow rate 

of 1.0 mL min-1 were employed. Separations were monitored at three 

wavelengths to detect phenolic compounds, 254 and 328 nm for phenolic 

acids and flavan-3-ols, respectively, and 350 nm for flavones, flavonols, 

and chalcones (Sakakibara et al. 2003). The determination of phenolic 

compounds was performed by comparing retention times and UV spectra 

of standards that were previously injected and data from the literature 

(Matsubara and Rodriguez-Maya 2006; Sakakibara et al. 2003). The 

reference substances used were benzoic acid, caffeic acid, cinnamic acid, 

chlorogenic acid, gallic acid, quercetin, (+)-catechin hydrate, and rutin. 
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Data Analysis 

 

Data were subjected to analysis of variance by an F test at ap ≤ 0.05 

significance level using the Variance Analysis System of Balanced Data 

SISVAR 5.1 Software (Ferreira 2011). Mean rates were further separated 

by Tukey’s Test when differences were significant (P < 0.05). 

 

 

RESULTS AND DISCUSSION 

 

Callus Induction 

 

Callus induction occurred in response to 2,4-D and BAP at different 

concentrations and combinations in the presence and absence of light, 

with no induction in the absence of the plant growth regulators employed 

(Tables 1 and 2). When the balance between the growth regulators added 

to the medium and the endogenous concentrations of plant hormones is 

reached, there is a promotion or inhibition of the physiological and 

morphological processes in the plants (Chandler and Werr 2015). 

All treatments provided 100% callus induction (Tables 1 and 2). Calli 

showed a color that varied between yellow, green, and brown in the 

presence of light (Table 1) and green and brown in the absence of light 

(Table 2). In general, calli induced in the presence of light proved to be 

predominantly friable, and in the absence of light, calli showed compact 

consistency. Friable calli were observed in all treatments, where different 

concentrations of 2,4-D were used alone or associated with a higher 

concentration of BAP in the presence or absence of light and in 

treatments where BAP was used in the presence of light. According to 

Beigmohamadi et al. (2019), the color and consistency of the calli depend 

on the concentration, type and combination of growth regulators, and the 

constitution of the culture medium. 

The results showed that callus induction of B. variegata was 

influenced mainly by the exogenous plant growth regulators employed, 
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as well as by the presence or absence of light during culture. Higher 

growth of cultures was observed in the media supplemented with  

4.52 µM 2.4-D + 4.44 µM BAP (T7) in the presence of light (Table 1) 

and 18.10 μM 2.4-D (T3) and 4.52 µM 2,4-D + 4.44 µM BAP (T7) in the 

absence of light (Table 2). The positive effect of plant growth regulators 

on callus induction has been previously reported for several species. 

Auxins play an important role in the induction of calli, and cytokinins 

facilitate its effect (Mirzaee et al. 2016). The synergistic effects of plant 

growth regulators are critical in cell induction and differentiation (Shoja 

et al. 2010). Auxins and cytokinins are necessary for cell division, acting 

on the cell cycle, in the transition of the G1-S and G2-M intervals in plant 

cell cultures and in plants (Stals 2001). Auxins stimulate cell wall 

acidification, resulting in increased extensibility, and induce the 

transcription of specific mRNAs, which code for proteins associated with 

growth. In comparison, cytokinins act directly in the cell cycle by 

regulating the synthesis of proteins involved in the formation and 

operation of the mitotic spindle (Silveira et al. 2004). 

 

 

Total Phenol and Flavonoid Content 

 

The total phenol and flavonoid content varied according to the type, 

combination and concentration of plant growth regulators and light 

conditions (P < 0.05). In general, the total phenol content was higher in 

calli than those found in the initial explant, regardless of the type and 

concentration of the regulators used both in the presence and absence of 

light (P < 0.05) (Tables 1 and 2). Calli induced in treatments 8 and 9, in 

the absence of light, showed the highest levels of total phenols (121.01 ± 

0.34 µg EqGA mg-1 DE and 123.10 ± 3.08 µg EqGA mg-1 DE, 

respectively), with these values being about 8-fold higher than those 

found in the initial explant (15.94 ± 1.32 µg EqGA mg-1 DE) (Table 2). 

However, the calli induced by these treatments showed lower values of 

fresh and dry matter when compared to those obtained in treatment 7 in 
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the presence and absence of light, with 71.95 ± 0.59 µg EqGA mg-1 DE 

and 102.52 ± 0.31 µg EqGA mg-1 DE, respectively.  

In general, the total flavonoid content was lower in calli induced in 

the absence of light (Table 2). Calli induced in the presence of light 

predominantly showed higher values than those found in the initial 

explant, regardless of the type and concentration of the regulators 

employed (P < 0.05) (Table 1). Higher levels of total flavonoids were 

observed in calli induced in treatment 5 (24.62 ± 0.53 µg EqQ mg-1 DE), 

followed by treatments 6 (18.39 ± 0.41 µg EqQ mg-1 DE) and 7 (17.44 ± 

0.98 µg EqQ mg-1 DE) in the presence of light, with these being 4.25-fold 

(treatment 5) and 3-fold (treatments 6 and 7) larger than those found in 

the initial explant (5.80 ± 0.99µg EqQ mg-1 DE). However, the calli 

induced in treatments 5 and 6 showed low values of fresh and dry matter 

in comparison with those obtained in treatment 7. Therefore, in the 

presence of light, treatment 7 was chosen for the study of calli growth. 

The production of phenolic compounds by in vitro culture is well 

described in the literature, but there are major differences in relation to 

the production of individual compounds (Dias et al. 2016). The in vitro 

production of secondary metabolites offers several benefits when 

compared to the usual production in plants grown ex vitro (Karakas 

2020). As an example can consider the production of flavonoids in callus 

cultures of Phaseolus coccineus and Glycinemax (Fabaceae) (Dymarska 

et al. 2020), as well as the production of steroids, phenols, flavonoids and 

derivatives of gallic, benzoic acids, ferulic and p-coumaric in callus of 

Pyrostegia venusta (Bignoniaceae) (Coimbra et al. 2017; Coimbra et al. 

2019). The addition of different types, combinations, and concentrations 

of plant growth regulators on the culture medium has been reported to 

alter the production and accumulation of phenolic compounds (Karakas 

2020). The optimization of the culture medium by adding growth 

regulators, precursors, or elicitation are tools that can promote changes in 

the biosynthetic routes and cause an increase in the production of 

phenolic compounds (Gupta et al. 2016). 
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HPLC Analysis 
 

Samples of the initial explant and calli from treatments 5, 6, 7, 8, and 

9 in the presence and absence of light and 14 in the absence of light were 

subjected to analysis by HPLC-DAD. The results presented in Table 3 

suggest the presence of different flavonoids and phenolic acids in the 

samples by comparison with the retention times and UV spectra of the 

reference substances and data found in the literature. 

The results observed for the initial explant suggest the presence of 

two phenolic acid derivatives (gallic and chlorogenic acids), three types 

of flavonoids (flavone, theaflavin, and catechin), and anthraquinone 

(Table 3). 

Two phenolic acid derivatives were detected in calli induced in 

treatment 5 in the absence of light, which were cinnamic and benzoic 

acids. In addition to these compounds, flavonol was found in the calli 

induced in treatment 8 in the absence of light, with all three substances 

belonging to the group of phenolic compounds. A chromatographic 

pattern like that of the initial explant was verified for the hydroethanolic 

extracts of calli induced in treatments 5 (in the presence of light), 6, and 7 

(in the absence of light). Gallic and clorogenic acids derivatives and 

anthraquinone were detected in all samples, both in the presence and 

absence of light, except in treatment 5 in absence of light. Flavonol had a 

more restricted occurrence and was detected ony in the hydroethanolic 

extracts of calli from treatment 8 in absence of light. However, despite 

theaflavin occurring quite frequently in B. variegata calli, this substance 

was not detected in calli grown in media containing 8.88 µM BAP 

(treatment 5) in the absence of light and 4.52 μM 2,4-D + 4.44 μM BAP 

(treatment 7) in the presence of light, as well as catechin, which was not 

detected in the hydroethanolic extracts of calli from media supplemented 

with 8.88 µM BAP (treatment 5) in the absence of light and 4.52 μM 2,4-

D + 8.88 μM BAP (treatment 8) in the presence or absence of light 

(Table 3). 
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Bauhinia spp. have a chemical constitution containing triterpenes, 

lactones, steroids, tannins, quinones, and flavonoids (Silva and Cechinel-

Filho 2002; Pinheiro et al. 2017; Schmidt et al. 2018). Flavonoids are 

considered the major compounds responsible for the main therapeutic 

activities attributed to different Bauhinia spp. (Cunha et al. 2010). 

According to Farag (2015), flavonols represent the most abundant 

subclass, followed by flavones, flavans, and flavanones. In folk medicine, 

different Bauhinia spp. are used to treat pain, inflammation, infections, 

anddiabetes (Silva and Cechinel-Filho 2002). Recently, Santos et al. 

(2019) showed that leaf-derived extracts of B. holophylla, a native 

medicinal plant from the Brazilian Cerrado has potent activity against the 

Dengue virus. Different Bauhinia spp. have demonstrated antidiabetic 

properties, especially B. forficata, whose flavonoid kaempferol, obtained 

from the leaves, has hypoglycemic and antioxidant effects (Toloza-

Zambrano et al. 2015). 

Several glycosylated and aglycone flavonoids, such as quercetin, 

rutin, apigenin, apigenin 7-O-glucoside, and triterpene saponins, have 

been reported from different plant parts of B. variegata (Shahana et al. 

2017), which are primarily responsible for antinociceptive, anti-

inflammatory (Mohamed et al. 2009), cytotoxic (Sharma et al. 2019), and 

antidiabetic (Shahana et al. 2017) activities attributed to this species. 

 

 

Callus Growth 

 

Callus growth followed a sigmoidal pattern with a tendency to gain 

biomass due to the increase in culture time. The growth curve showed 

five distinct phases: lag (0–14th day), exponential (15th to 56th day), linear 

(57th to 70th day), stationary (71th to 91th day), and decline (from 92th day), 

represented by the regression equation y= -3E-07x3 + 2E-05x2 +  

0,0032x + 0.0006 (R2= 0.9509) (Figure 1). During the establishment and 

growth of cultures, compact calli were obtained with three distinct colors: 

yellow, green, and brown. 
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The lag phase occurred until the 14th day of culture with a growth 

rate of 13%. At this stage, the initial calli were yellow at seven and 

fourteen days of culture. According to Smith (2012), the lag phase is a 

phase of greater energy production, where cells are prepared for division. 

The mobilization of metabolites and synthesis of proteins and specific 

compounds begins. This phase results in low growth of the callus. The 

exponential phase, the period represented by the highest rates of cell 

division, extended from the 15th to the 56th day after inoculation with a 

growth rate of 61%. Calli showed compact consistency and exhibited a 

green color at 21 days, returning to yellow until the 56th day. At 42 and 

49 days of cultivation, the calli had a friable consistency. The exponential 

phase is biosynthetic with greater growth, due to the highest rate of cell 

division, characteristic of this period; the number of cells increased 

(Smith 2012). From the 57th to the 70th day, the calli showed a period of 

slow growth, represented by the linear phase, with a decrease in cell 

division and metabolic activity with a growth of only 5% but with an 

increase in cell volume. At 63 and 70 days of the culture, the calli 

maintained compact consistency and were yellow with darkened portions 

of brown, indicating the beginning of the oxidation process of the cells 

and, consequently, the beginning of calli senescence. According to 

Plazek and Dubert (2010), the darkening occurs due to oxidation caused 

by the release of phenolic compounds in vitro by the injured tissue, which 

modifies the composition of the culture medium and the absorption of 

metabolites. 

The deceleration phase, represented by the stationary phase was 

observed between the 71st and 91st days of culture presenting a growth 

of 21%. In this phase, the cultures must be transferred to another media 

due to the reduction of nutrients, production of toxic products, drying of 

the agar, and reduction of oxygen inside the cells. In the stationary phase, 

there is greater accumulation of bioactive compounds, especially 

secondary metabolites (Smith 2012).  
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Figure 1. Callus growth curve from B. variegata leaf explants on MS medium 

supplemented with 4.52 μM 2,4-D + 4.44 μM BAP, during 105 days of culture in 

presence of light. 

 

Figure 2. Total phenols (A) and flavonoids (B) of the B. variegata calli from leaf 

explants on MS medium supplemented with 4.52 μM 2,4-D + 4.44 μM of BAP 

during 105 days of culture in the presence of light. 
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The calli showed an intensification in brown coloring and compact 

consistency. The darkening of the tissue, in addition to other 

characteristics, such as necrosis and drying of the medium, are normal 

‘signs’ present in callus culture that indicate senescence and the reduction 

of cell growth (Jaskani et al. 2008). After the 92nd day, the calli reached 

the decline phase, with a 35% reduction in biomass and an increase in the 

darkening of the callus and the culture medium. 

 

 

Total Phenol and Flavonoid Content  

 

The total phenol and flavonoid production along the calli growth 

curve is shown in Figure 2. From a quantitative point of view, a 

significant difference was observed between the total phenol (Figure 2A) 

and flavonoid content (Figure 2B), being that the concentrations of these 

metabolites varied significantly over the 105 days of culture in relation to 

the initial explant and callus growth phases (P < 0.05). 

The highest total phenols and flavonoids content were observed in 

the exponential phase, 42 days after the establishment of the growth 

curve (31.05 ± 2.02 µg EqGA mg-1 DE and 7.01 ± 0.87 µg EqQ mg-1 DE, 

respectively) (Figure 2). According to Santos et al. (2007), it is in the 

stationary phase that the callus reaches the maximum accumulation of 

secondary metabolites, since without cell division or weight gain, these 

compounds are a priority in cell metabolism. In the period when there is a 

reduction in cell division and the culture remains constant, the primary 

metabolites produced in the growth phases and the sources of nutrients 

that remain in the medium are directed towards the production of 

secondary compounds.  

This pattern was not observed for B. variegata calli. In the stationary 

phase (71–91 days) (Figure 1), which coincides with greater callus 

growth, the total phenol and flavonoid content were low, especially at 84 

days of the culture, suggesting an inverse relationship between the 

phenolic compound levels and the dry weight of the callus, as there is a 

marked investment of cells in the production of biomass from the callus 
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and the availability of lesser amounts of precursors for phenolic 

compound production. Thus, the decrease in phenolic compound 

production during callus growth may be associated with the consumption 

of sucrose present in the culture medium over the time of establishment 

of the curve, requiring periodic subcultures for the renewal of carbon 

sources for the construction of new molecules, especially those 

originating from secondary metabolism (Naik et al. 2010). Ong et al. 

(2011) reported that the level and shape of the carbon supply in the 

culture medium can have a strong effect on the secondary metabolism of 

cells in culture. The effect of sugars on secondary biosynthesis may result 

in a specific carbon input or may reflect changes in metabolism due to 

changes in the carbon/nitrogen balance, depending on the type of sugar 

involved. In addition, somoclonal variations generated in vitro, which 

occur relatively frequently in callus culture, also determine the 

production of secondary metabolites that are often variable, thus the need 

for subculturing (Murthy et al. 2014). In several cases, the accumulation 

of these compounds, especially phenolic compounds, can be influenced 

by genetic and biochemical changes in cells under in vitro culture 

conditions (Costa et al. 2015). 

 

 

CONCLUSION 

 

Auxin (2,4-D) and cytokinin (BAP), as well as the presence or 

absence of light, strongly influence the induction, growth, consistency, 

color, and production of phenolic compounds in B. variegata calli. The 

results encourage additional agronomic and biochemical studies to 

understand the mechanisms involved in the regulation of bioactive 

compounds production in B. variegata calli, with the perspective of 

developing new protocols to obtain in vitro cell cultures with high 

concentrations of bioactive flavonoids from a biotechnological approach. 
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ABSTRACT 
 

Flavonoids constitute a large group of polyphenolic compounds 

with a benzo-𝛾-pyrone structure that are ubiquitously found in plants. 

The tribe Bignonieae is the most diverse and abundant clade of lianas in 

the Neotropics comprising around 393 species and 20 genera and 

constituting the largest tribe in the Bignoniaceae. Phytochemical studies 

of a variety of Bignonieae species have documented a large chemical 

diversity of flavonoids with a plethora of biological activities. This 
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chapter summarizes the occurrence of flavonoids in Bignonieae and 

describes the biological activities investigated for these structures in the 

literature. We further investigate the distribution of flavonoids through 

major clades of tribe Bignonieae based on the most recent phylogeny of 

the group. Almost one hundred flavonoids characterized by 

polymethoxylated structures have been documented in Bignonieae. 

Dimeric flavonoids are restricted to two genera, Fridericia and Mansoa. 

Antiprotozoal, antiradical, and antitumoral properties are the main 

activities described for Bignonieae flavonoids. 

 

Keywords: flavones, dimeric flavonoids, lianas, bioactivities 

 

 

INTRODUCTION 

 

The Bignoniaceae comprises 82 genera and approximately 840 

species (Lohmann and Ulloa, 2006 onwards) that are distributed through 

the Tropical regions of the globe, especially in dry and rainforests, with 

72% of species found in the Neotropics (Gentry, 1980). Species of this 

family are commonly used as ornamentals and wood sources, as well as 

are used in folk medicine and indigenous rituals (Gentry, 1992). Due to 

the medicinal and economic importance of some species of 

Bignoniaceae, phytochemical studies have been carried out and several 

classes of natural products have been described (Cipriani et al., 2012). 

The family includes eight main clades: the tribes Bignonieae, 

Catalpeae, Jacarandeae, Oroxyleae, Tecomeae, Tourrettieae and the 

informally named “Paleotropical clade” and “Tabebuia alliance” 

(Olmstead et al., 2009). Bignonieae is the largest tribe, with around 393 

species and 20 genera (Lohmann & Taylor, 2014; Lohmann & Fonseca, 

2019). The monophyly of the tribe is supported by molecular data and 

morphological synapomorphies (Lohmann & Taylor, 2014). Species of 

Bignonieae generally have 3-foliolate leaves or 2-foliolate leaves with the 

terminal leaflet modified into a tendril (Souza-Baena et al., 2014). The 

showy Bignonieae flowers have a cupular calyx and 5-lobed corollas, 

typically infundibuliform or occasionally tubular, associated with several 

pollinators such as bats, bees, butterflies, hawkmoths, hummingbirds, and 
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wasps (Lohmann, 2004). The wood anatomy composed of 4-32-

discontinuous phloem wedges in cross sections is a synapomorphy of 

Bignonieae (Pace et al., 2009). Fruits are septicidal capsules and seeds 

are generally winged and wind dispersed or in some cases corky and 

water dispersed (Lohmann & Taylor, 2014). 

Some species of Bignonieae are used in folk medicine to treat illness. 

For example, Fridericia chica (Bonpl.) L.G.Lohmann known to treat 

inflammation and skin infections in the Brazilian Amazon (Gemelli et al., 

2015). Mansoa alliacea (Lam.) A.H.Gentry, on the other hand, is 

traditionally used for the treatment of rheumatism, fever, and influenza 

(Faccin et al., 2017). Martinella iquitoensis A. Samp. is used to treat 

inflammation and eye irritation by Amazon tribes in Peru and Brazil 

(Gentry & Cook, 1984). 

Phytochemical and pharmacological studies of Bignonieae have 

shown a large diversity of natural products and a plethora of bioactivities. 

Among these compounds, flavonoids are common secondary metabolites 

identified in several species of the tribe. Flavonoids are the largest group 

of natural polyphenols, with more than 9.000 compounds described 

(Yonekura-Sakakubara et al., 2019). Flavonoids are biosynthesized 

through two distinct routes (shikimate and acetate pathways), resulting in 

the formation of basic structure of two benzene rings (rings A and B) 

linked by a three-carbon chain (usually found as ring C), simplified as 

C6-C3-C6 (Figure 1). 

Flavonoids are formed from a cinnamoyl-CoA starter unit, with chain 

extension using three molecules of malonyl-CoA. These reactions are 

catalyzed by a particular PKS-III enzyme yielding a polyketide structure 

that can be cyclized in two different ways furnishing stilbenes or 

chalcones. Chalcones act as precursors for a vast range of flavonoid 

derivatives. Most flavonoids contain a six-membered heterocyclic ring, 

formed by Michael-type nucleophilic attack of a phenol group onto the 

,-unsaturated ketone to give flavanones, such as hesperetin (36). 

Subsequently, several enzymes can modify flavanone structures, resulting 

in diversified flavonoid classes like flavones, flavonols, anthocyanidins, 

and catechins (Dewick, 2009; Figure 2). Eight groups of skeletons 
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(anthocyanidin, 3-desoxyanthocyanidin, catechin, dihydroflavonol, 

flavanone, flavone, flavonol, and isoflavone) generate flavonoid 

structures based on oxidation, unsaturation, and cyclization. These basic 

structures are usually modified by enzymes, resulting in additional 

hydroxylation, glycosylation, methylation, prenylation, and sulfation 

(Tsimogiannis et al., 2007; Yonekura-Sakakubara et al., 2019). 

 

 

Figure 1. Scheme of flavonoid biosynthetic routes.  

Adapted from Santos et al., 2020. 

In plants, the production of flavonoids is related to multiple 

biological functions, such as UV protection, phytopathogenic response, 

signalization of nodulation, fertilization, auxin transportation, and 

pollinator attraction (Koes et al., 2005; Treutter, 2006). Thereby, 

flavonoids are widely distributed in the plant kingdom, including 

microalgae lineages (i.e., Cyanobacteria, Chlorophyta, Rhodophyta, 

Haptophyta, and Ochrophyta) (Goiris et al., 2014). The distribution of 

these compounds among several clades suggests a diversification in 

biosynthetic genes, which has occurred in a series of steps during the 

evolutionary history of plants (Yonekura et al., 2019), turning flavonoids 

into useful chemophenetic characters to understand relationship among 

taxa. 
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Figure 2. Scheme of flavonoid classes formation. ANS: Anthocyanidin synthase, 

ANR: Anthocyanidin reductase, DFR: dihydroflavonol-4-reductase, F3H= flavanone 

3β-hydroxylase, FLS: flavonol synthase, FNR: Flavanone 4-reductase, FNS=flavone 

synthase, 2HIS-2-hydroxyisoflavone synthase, IFD=isoflavone dehydratase.  

Adapted from Santos et al, 2020. 

Due to the importance of the Bignonieae for the Neotropical flora, its 

broad diversity of flavonoids, and importance in folk medicine, this 

review aims to synthesize the current knowledge and biological activity 

of Bignonieae flavonoids documented to date. The meaning of these 

metabolites for taxonomy is evaluated in the light of the most recent 

phylogeny of tribe Bignonieae. 

 

 

METHODS 

 

A systematic search of flavonoids and their biological activities was 

carried out in July 2021 in the SciFinder database, using each of the 20 

genera of Bignonieae as keywords. All articles published in Portuguese, 

English, and Spanish were compiled. Following this search, all 
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flavonoids recovered in members of Bignonieae were classified into six 

groups: (i) anthocyanidin and anthocyanins, (ii) chalcones, (iii) dimeric 

flavonoids, (iv) flavones, (v) flavanones, and (vi) flavonols. Compound 

names were synthesized and organized in alphabetical order (Table 1). 

The chemical structure of the flavonoids identified were represented 

using ChemDraw Ultra 12.0. The distribution of compounds per species 

is summarized in Table 2. 

 

Table 1. Flavonoids identified in Bignonieae species 

 

Structures Compounds Species Plant parts References 

Anthocyanins and anthocyanidins 

1 3'-Hydroxy-

carajurone 

Fridericia chica Leaves (Devia et al., 2002) 

2 3'-Hydroxy-carajurin Fridericia chica Leaves (Devia et al., 2002) 

3 Carajurin Fridericia chica Leaves and 

Flowers 

(Devia et al., 2002) 

(Scogin, 1980) 

4 Carajurone Fridericia chica Leaves (Devia et al., 2002) 

5 Cyanidin-3-O-

glucoside 

Amphilophium 

buccinatorium  

Flowers (Scogin, 1980) 

Bignonia capreolata  Flowers (Scogin, 1980) 

Dolichandra dentata  Flowers (Scogin, 1980) 

Dolichandra unguis-

cati  

Flowers (Scogin, 1980) 

Fridericia chica Leaves and 

Flowers 

(Devia et al., 

2002), (Scogin, 

1980) 

Fridericia 

platyphylla 

Flowers (Scogin, 1980) 

Mansoa alliacea  Flowers (Scogin, 1980) 

6 Cyanidin-3-O-

rutinoside 

Amphilophium 

buccinatorium  

Flowers (Scogin, 1980) 

Fridericia chica Flowers (Scogin, 1980) 

Fridericia 

platyphylla 

Flowers (Scogin, 1980) 

7 Pelargonidin-3-O-

glucoside 

Amphilophium 

buccinatorium  

Flowers (Scogin, 1980) 

8 Pelargonidin-3-O-

rutinoside 

Amphilophium 

buccinatorium  

Flowers (Scogin, 1980) 
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Structures Compounds Species Plant parts References 

Chalcones 

9 3',4'-Dihydroxy-

3,4,5'-trimethoxy-

chalcone 

Fridericia 

platyphylla 

Flowers (Rezende-Júnior et 

al., 2020) 

10 3,4-Dimethoxy-

chalcone 

Fridericia 

platyphylla 

Flowers (Rezende-Júnior et 

al., 2020) 

11 3'-Hydroxy-3-

acetate-4-methoxy-

chalcone 

Fridericia 

platyphylla 

Flowers (Rezende-Júnior et 

al., 2020) 

12 4'-Hydroxy-3,4-

dimethoxy-chalcone 

Fridericia 

platyphylla 

Flowers (Rezende-Júnior et 

al., 2020) 

Dimeric flavonoids 

13 Brachydin A Fridericia 

platyphylla 

Roots (Rocha et al., 

2014) 

14 Brachydin B Fridericia 

platyphylla 

Roots (Rocha et al., 

2014) 

15 Brachydin C Fridericia 

platyphylla 

Roots (Rocha et al., 

2014) 

16 Brachydin D Fridericia 

platyphylla 

Roots (Rocha et al., 

2017) 

17 Brachydin E Fridericia 

platyphylla 

Roots (Rocha et al., 

2017) 

18 Brachydin F Fridericia 

platyphylla 

Roots (Rocha et al., 

2017) 

19 Brachydin G Fridericia 

platyphylla 

Roots (Rocha et al., 

2017) 

20 Brachydin H Fridericia 

platyphylla 

Roots (Rocha et al., 

2017) 

21 Brachydin I Fridericia 

platyphylla 

Roots (Rocha et al., 

2017) 

22 Brachydin J Fridericia 

platyphylla 

Roots (Rocha et al., 

2017) 

23 Catuabin A Anemopaegma 

arvense  

Stem bark (Tabanca et al., 

2007) 

24 Cinchonain Ia Anemopaegma 

arvense  

Stem bark (Tabanca et al., 

2007) 

25 Cinchonain IIa Anemopaegma 

arvense  

Stem bark (Tabanca et al., 

2007) 

26 Kandelin AI Anemopaegma 

arvense  

Stem bark (Tabanca et al., 

2007) 

27 Mansoin A Mansoa hirsuta  Fruits (Campana et al., 

2014) 

28 Mansoin B Mansoa hirsuta  Fruits (Campana et al., 

2014) 
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Table 1. (Continued) 

 

Structures Compounds Species Plant parts References 

Dimeric flavonoids 

29 Mansoin C Mansoa hirsuta  Fruits (Campana et al., 

2016) 

30 Mansoin D Mansoa hirsuta  Fruits (Campana et al., 

2016) 

31 Mansoin E Mansoa hirsuta  Fruits (Campana et al., 

2016) 

32 Mansoin F Mansoa hirsuta  Fruits (Campana et al., 

2016) 

Flavanones 

33 5,5'-Dihydroxy-

3',4',7-

trimethoxyflavanone 

Dolichandra 

quadrivalvis  

Stem bark (Lima et al., 2005) 

34 Alpinetin Fridericia speciosa  Leaves (Milani et al., 

2020) 

  Fridericia 

triplinervia  

Leaves (Leite et al., 2006) 

35 Hesperidin Pyrostegia venusta  Roots (Ferreira et al., 

2000) 

36 Hesperetin Amphilophium 

crucigerum  

Seeds (Prá et al., 2017) 

Flavones 

37 7-O-Glucuronide 4′-

methoxy-scutellarein 

Adenocalymma 

imperatoris-

maximilianii 

Leaves, 

stems, and 

roots 

(Oliveira et al., 

2017) 

38 3',4'-Dihydroxy-

5,6,7-

trimethoxyflavone 

Fridericia 

platyphylla 

Leaves (Alcerito et al., 

2002) 

39 4'-Hydroxywogonin Bignonia 

callistegioides 

Leaves (Castillo et al., 

2013) 

40 4'-O-Methyl 

scutellarin 6-O 

apiosyl galactoside 

Dolichandra unguis-

cati  

Unflowering 

aerial part 

(Aboutabl et al., 

2008) 

41 5-O-Methyl-

scutellarein 

Fridericia chica Leaves (Lima et al., 2020) 

42 6-Hydroxyapigenin-

7-O-glucoside 

Mansoa difficilis  Leaves (Guilhon et al., 

2012) 

43 6-Hydroxyluteolin Fridericia chica Leaves (Siraichi et al., 

2013) 

44 6-Hydroxyluteolin-

glucoside 

Cuspidaria pulchra  Aerial parts (Alvarenga et al., 

2015) 
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Structures Compounds Species Plant parts References 

Flavones 

45 6-Methoxy-apigenin-

7-O-glucoside 

Dolichandra unguis-

cati  

Unflowering 

aerial part 

(Aboutabl et al., 

2008) 

46 6-Methoxy-acacetin-

7-O-glucoside 

Dolichandra unguis-

cati  

Unflowering 

aerial part 

(Aboutabl et al., 

2008) 

47 7-O-Methyl-

scutellarein 

Mansoa alliacea  Flowers (Rao & Rao, 

1982) 

48 8-Methoxy-acacetin-

7-O-glucoside 

Dolichandra unguis-

cati  

Unflowering 

aerial part 

(Aboutabl et al., 

2008) 

49 Acacetin Bignonia 

callistegioides 

Leaves (Castillo et al., 

2013) 

50 Acacetin-7-O-

glucoside 

Pyrostegia venusta  Flowers (Veloso et al., 

2010) 

51 Acacetin-8C-

rutinoside 

Amphilophium 

paniculatum 

Leaves (Samy et al., 2015) 

52 Apigenin Amphilophium 

paniculatum 

Leaves (Nassar et al., 

2013) 

Fridericia chica Leaves (Siraichi et al., 

2013) 

Fridericia 

platyphylla 

Leaves (Blatt et al., 1998) 

Fridericia speciosa  Leaves (Milani et al., 

2020) 

Mansoa alliacea  Leaves (Faccin et al., 

2017) 

53 Apigenin 7-O-

glucuronide 

Mansoa alliacea  Flowers (Rao & Rao, 

1980) 

54 Apigenin 7-O-β-D-

glucuronopyranoside-

methyl ester 

Mansoa alliacea  Flowers (Rao & Rao, 

1980) 

55 Carajuflavone Fridericia chica Leaves (Takemura et al., 

1995) 

56 Chrysin Fridericia formosa  Leaves, 

stems, and 

fruits 

(Brandão et al., 

2017) 

Fridericia 

samydoides  

Leaves and 

stems 

(Pauletti et al., 

2003) 

57 Chrysoeriol Fridericia chica Leaves (Silva-Silva et al., 

2021) 

58 Cirsiliol Cuspidaria 

convoluta  

Leaves (Torres et al., 

2018) 

Fridericia 

platyphylla 

Leaves (Alcerito et al., 

2002) 
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Table 1. (Continued) 

 

Structures Compounds Species Plant parts References 

Flavones 

59 Cirsimarin Dolichandra unguis-

cati  

Aerial parts (Liu et al., 2015) 

  Fridericia chica Leaves (Vasconcelos et 

al., 2019) 

60 Cirsimarin B Dolichandra unguis-

cati  

Aerial parts (Liu et al., 2015) 

61 Cirsimaritin Dolichandra unguis-

cati  

Aerial parts (Chen et al., 2017) 

  Fridericia 

platyphylla 

Leaves (Alcerito et al., 

2002) 

62 Corymboside Dolichandra unguis-

cati  

Leaves and 

Stems 

(Duarte et al., 

2010) 

63 Cosmosiin 

(Apigenin-7-O-

glucoside) 

Amphilophium 

paniculatum 

Leaves (Samy et al., 2015) 

Mansoa alliacea  Flowers (Rao & Rao, 1980) 

Mansoa difficilis  Leaves (Guilhon et al., 

2012) 

64 Diosmetin Amphilophium 

crucigerum  

Seeds (Prá et al., 2017) 

Fridericia speciosa  Leaves (Milani et al., 

2020) 

65 Galangustin Bignonia 

callistegioides 

Leaves (Castillo et al., 

2013) 

66 Hispidulin Fridericia chica Leaves (Vasconcelos et 

al., 2019) 

Fridericia 

platyphylla 

Leaves (Alcerito et al., 

2002) 

67 Isoscutellarein Fridericia chica Leaves (Siraichi et al., 

2013) 

68 Isovitexin Martinella obovata  Leaves (Arevalo et al., 

2011) 

69 Katchimoside Tynanthus 

panurensis  

Bark (Plaza et al., 2005) 

70 Linarin (Acacetin-7-

O-rutinoside) 

Amphilophium 

elongatum  

Leaves (Simões et al., 

2011) 

Amphilophium 

paniculatum 

Leaves (Nassar et al., 

2013) 
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Structures Compounds Species Plant parts References 

Flavones 

71 Luteolin Cuspidaria 

convoluta  

Leaves (Torres et al., 

2018) 

Fridericia chica Leaves (Takemura et al., 

1995) 

Fridericia 

platyphylla 

Leaves (Blatt et al., 1998) 

Fridericia speciosa  Leaves (Milani et al., 

2020) 

Mansoa alliacea  Flowers (Rao & Rao, 1980) 

72 Luteolin-7-O-

glucoside 

Amphilophium 

paniculatum 

Leaves (Samy et al., 2015) 

73 Orientin (Luteolin-

8C-glucoside) 

Adenocalymma 

imperatoris-

maximilianii 

Leaves, 

stems, and 

roots 

(De Oliveira et al., 

2017) 

Martinella obovata  Leaves (Arevalo et al., 

2011) 

74 Pectolinarin Amphilophium 

elongatum  

Leaves (Simões et al., 

2013) 

75 Phegopolin 

(Apigenin-7-methyl 

ether-4′-glucoside) 

Amphilophium 

paniculatum 

Leaves (Nassar et al., 

2013) 

76 Scutellarein Fridericia chica Leaves (Siraichi et al., 

2013) 

77 Scutellarin 

(Scutellarein-7-O-

glucuronide) 

Mansoa alliacea  Flowers (Rao & Rao, 1980) 

Fridericia chica Leaves (Siqueira et al., 

2019) 

78 Sorbarin Fridericia elegans  Leaves (Krebs, 1987) 

79 Vicenin-2 Adenocalymma 

imperatoris-

maximilianii 

Leaves, 

stems, and 

roots 

(Oliveira et al., 

2017) 

Amphilophium 

paniculatum 

Leaves (Nassar et al., 

2013) 

Bignonia binata Leaves (Samy et al., 2021) 

Dolichandra unguis-

cati  

Unflowering 

aerial part 

(Aboutabl et al., 

2008) 

Fridericia chica Leaves (Barbosa et al., 

2008) 

80 Vitexin Martinella obovata  Leaves (Arevalo et al., 

2011) 
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Table 1. (Continued) 

 

Structures Compounds Species Plant parts References 

Flavonol 

81 4'-Hydroxy-3,7-

dimethoxyflavone 

Fridericia chica Leaves (Barbosa et al., 

2008)1 

82 4'-Methyl-6-methoxy 

kaempferol-7O,8C-

diglucoside 

Dolichandra unguis-

cati  

Unflowering 

aerial part 

(Aboutabl et al., 

2008) 

83 Acacetin-7-O-

glucosyl-8-C 

rhamnosyl 3-O-α-

arabinofuranoside 

Dolichandra unguis-

cati  

Unflowering 

aerial part 

(Aboutabl et al., 

2008) 

84 Cacticin 

(Isorhamnetin-3-O-

galactoside) 

Adenocalymma 

peregrinum 

Leaves and 

roots 

(Grassi et al., 

2005) 

85 Hyperin (Quercetin-

3-O-galactoside) 

Adenocalymma 

peregrinum 

Leaves and 

roots 

(Grassi et al., 

2005) 

86 Isoquercetin 

(Quercetin-3-O-

glucoside) 

Fridericia 

platyphylla 

Leaves (Blatt et al., 1998) 

87 Kaempferol Fridericia chica Leaves (Barbosa et al., 

2008)1 

88 Quercetin Bignonia 

aequinoctialis  

Leaves (Harborne, 1967) 

Dolichandra unguis-

cati  

Aerial parts (Attia, 1999) 

Fridericia 

platyphylla 

Aerial parts (Bertanha et al., 

2020) 

89 Quercetin 3-O-

robinobioside 

Anemopaegma 

arvense  

Leaves (Costanzo et al., 

2013) 

Pyrostegia venusta  Flower (Pereira et al., 

2014) 

90 Quercetin-3-O-

methyl ether 

Dolichandra unguis-

cati  

Aerial parts (Attia, 1999) 

91 Quercitrin Dolichandra unguis-

cati  

Leaves and 

Steams 

(Duarte et al., 

2010) 

Mansoa alliacea  Leaves (Faccin et al., 

2017) 
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Structures Compounds Species Plant parts References 

Flavonol 

92 Rutin Anemopaegma 

arvense  

Leaves (Costanzo et al., 

2013) 

Fridericia chica Aerial parts (Gemelli et al., 

2015) 

Fridericia 

platyphylla 

Leaves (Blatt et al., 1998) 

Mansoa alliacea  Leaves (Faccin et al., 

2017) 

Pyrostegia venusta  Leaves (Blatt et al., 1998) 

93 Spireoside Martinella obovata  Leaves (Arevalo et al., 

2011) 

 

Table 2. Distribution of compounds identified in  

Bignonieae species 

 

Genera Species Compounds 

Adenocalymma A. imperatoris-maximilianii (Wawra) 

L.G.Lohmann 

37, 73, 79 

A. peregrinum (Miers) L.G.Lohmann 84, 85 

Amphilophium A. buccinatorium (DC.) L.G. Lohmann 5-8 

A. crucigerum (L.) L.G. Lohmann 36, 64 

A. elongatum (Vahl) L.G. Lohmann 70, 74 

A. paniculatum (L.) Kunth 51, 52, 63, 70, 72, 75,79 

Anemopaegma A. arvense (Vell.) Stellfeld ex J.F. Souza 23-26, 89, 92 

Bignonia B. aequinoctialis L. 88 

B. binata Thunb. 79 

B. callistegioides Cham. 39, 49, 65 

B. capreolata L. 5 

Cuspidaria C. convoluta (Vell.) A.H. Gentry 58, 71 

C. pulchra (Cham.) L.G. Lohmann 44 

Dolichandra D. dentata (K. Schum.) L.G. Lohmann 5 

D. quadrivalvis (Jacq.) L.G. Lohmann 33 

D. unguis-cati (L.) L.G. Lohmann 5, 40, 45, 46, 48, 59-62,79, 82, 

83, 88, 90, 91 

Fridericia F. chica (Bonpl.) L.G. Lohmann 1-6, 41, 43, 52, 55, 57, 59, 66, 

67, 71, 76,77, 79, 81, 87, 92 

F. elegans (Vell.) L.G. Lohmann 78 

F. formosa (Bureau) L.G. Lohmann 56 

F. platyphylla (Cham.) L.G. Lohmann 5, 6, 9-22, 38, 52, 58, 61, 66, 71, 

86, 88, 92 

F. samydoides (Cham.) L.G. Lohmann 56 
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Table 2. (Continued) 

 

Fridericia F. speciosa Mart. 34, 52, 64, 71 

F. triplinervia (Mart. ex DC.) L.G. 

Lohmann 

34 

Mansoa M. alliacea (Lam.) A.H. Gentry 5, 47, 52-54, 63, 71, 77, 91, 92 

M. difficilis (Cham.) Bureau & K. 

Schum. 

42, 63 

M. hirsuta DC. 27-32 

Martinella M. obovata (Kunth) Bureau & K. Schum. 68, 73, 80, 93 

Pyrostegia P. venusta (Ker Gawl.) Miers 35, 50, 89, 92 

Tynanthus T. panurensis (Bureau) Sandwith 69 

 

 

RESULTS AND DISCUSSION 

 

Flavonoids of Bignonieae 

 

Flavonoids were reported in the literature in 55% of all Bignonieae 

genera recognized (11 out of 20 genera), i.e., Adenocalymma Mart. ex 

Meisn. emend L.G. Lohmann, Amphilophium Kunth. emend L.G. 

Lohmann, Anemopaegma Mart. ex Meisn., Bignonia L., Cuspidaria DC., 

Dolichandra Cham. emend L.G.Lohmann, Fridericia Mart. emend L.G. 

Lohmann, Mansoa DC., Martinella Baill., Pyrostegia C. Presl, and 

Tynanthus Miers. Overall, 93 flavonoids were documented in 

Bignonieae, representing 133 occurrences of multiple types of flavonoids 

including anthocyanins and anthocyanidins, chalcones, dimeric 

flavonoids, flavanones, flavones, and flavonols (Table 1). Overall, 

flavonoids occur either as aglycones, C-glycosyl, and O-glycosyl 

derivatives. Their structures contain hydroxyl, methoxyl, and glycosyl 

groups mainly located at C-3, C-5, C-7, C-3’’, and C-4’’. Several 

compounds with oxidation at the C-6 position were identified, this feature 

is characteristic of members of the Bignoniaceae (Alcerito et al., 2002). 
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Anthocyanins and Anthocyanidins 

Anthocyanins and anthocyanidins (1–8; Figure 3) are reported in 

species of Amphilophium, Bignonia, Dolichandra, Fridericia, and 

Mansoa. In Fridericia chica (Bonpl.) L.G. Lohmann, an unusual 3-

deoxyanthocyanidins (1–4) that are hydroxylated and methoxylated at 

C6, C2’, C3’, and C4’ were documented (Devia et al., 2002; Zorn et al., 

2001). While these compounds have only been described for F. chica, 

three varieties of F. chica showed qualitative differences in 

anthocyanidin profiles (Moraga-Tellis et al., 2020; Schiozer et al., 2012). 

It is worth noting that different extraction methods can enhance the 

content of such compounds. For example, extraction with supercritical 

carbon dioxide (scCO2) leads to highly selective extraction of carajurin 

(3), although resulting in a low yield extraction (Paula et al., 2013, 2014). 

On the other hand, enzymatic treatment with xylanase on leaves yielded 

higher contents of anthocyanidins (Taffarello et al., 2013). It is 

interesting that the anthocyanidins documented in F. chica were 

described from leaves of F. chica, an uncommon feature since this class 

of flavonoids is generally described from flowers. The accumulation of 

foliar anthocyanins occurs under specific conditions such as in young and 

expanding foliage, in autumnal foliage of deciduous species, in response 

to nutrient deficiency or ultraviolet (UV) radiation exposure, and under 

damage or defense against browsing herbivores or pathogenic fungal 

infection (Close & Beadle, 2003). Macerated leaves of Fridericia chica 

produce a strong red dye that are commonly used as body paint or to dye 

basketry fibers (Gentry, 1992). The red coloring might be explained by 

the anthocyanins and anthocyanidins found in its leaves. 
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Figure 3. Anthocyanins (1-4), anthocyanidins (5-8) and chalcones (9-12) identified 

from Bignonieae species. 

Additional compounds (5–8) were found in flowers of 

Amphilophium, Bignonia, Dolichandra, Fridericia, and Mansoa. These 

floral pigments were responsible for the corolla color observed in the 

studied species (Scogin, 1980). 

 

Chalcones 

Four chalcones (9–12; Figure 3) were reported exclusively in 

Fridericia platyphylla (Cham.) L.G. Lohmann. These compounds were 

isolated from the dichloromethane phase of ethanol extract of flowers, 

and their structures are methoxylated and hydroxylated in the B ring. 

Chalcones play an important role in plant defense, especially against 

phytopathogens (Dao et al., 2011). 

 

Dimeric Flavonoids 

Bignonieae is a rich source of dimers of flavonoids, with 20 different 

compounds (13–32; Figure 4) described in Anemopaegma, Fridericia, 

and Mansoa. Biflavonoids include two units of flavonoids linked through 

C-C or C-O bonds from symmetric or asymmetric forms, providing a 

great diversity of these compounds (Gonjito et al., 2017). In Bignonieae, 

each one of the three genera produced distinguished skeletons and 

structures. 
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Figure 4. Dimeric flavonoids (13-32) identified from Bignonieae species. 

Four compounds (23–26) identified in Anemopaegma arvense (Vell.) 

Stellfeld ex J.F. Souza are composed by a linkage between C8 and C3 

positions of two catechins. Also, eleven biflavonoids (13–22) described 

from F. platyphylla were structurally distinguished by a rare 

configuration [benzopyran[4,3-b]benzopyran] that was only known from 

Uvaria dependens Engl. & Dies (Annonaceae). Dimeric and trimeric 

flavonoids were also reported in Mansoa hirsuta DC., six of which (27–

32) show flavanone core linked through C-6 and C-9 positions with a 

chalcone unit. 

 

Flavanones 

Only four flavanones (33–36; Figure 5) were reported in species of 

Amphilophium, Dolichandra, Fridericia, and Pyrostegia. These 

compounds were identified in roots and aerial parts, such as leaves, stem 

barks, and seeds. A unique glycosylated compound (35) was identified 

from Pyrostegia venusta (Ker Gawl.) Miers. All flavanones recovered 

from Bignonieae show at least one methoxy group. 
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Figure 4. Flavanones (33-36) identified from Bignonieae species. 

Flavones 

Flavones (37–80; Figure 6) are ubiquitously distributed in 10 genera: 

Adenocalymma, Amphilophium, Bignonia, Cuspidaria, Dolichandra, 

Fridericia, Mansoa, Martinella, and Tynanthus. The same genera in 

which flavonoids were identified except Anemopaegma. However, this 

genus is poorly known chemically as a single species out of 45 (i.e., A. 

arvense) was studied phytochemically thus far; additional studies are still 

needed to investigate whether flavones are indeed lacking in 

Anemopaegma. Among the 43 flavones identified in the tribe, 

glycosylated flavones (25 compounds) occur more frequently than 

aglycones (18 compounds); glycosylated flavones were found in the 10 

genera. Overall, O-glycosylated flavones are more frequently found in 

Bignonieae than C-glycosylated flavones. On the other hand, sugar 

moieties are linked to aglycones through a C-C glycosidic bond in 

compounds like corymboside (62) identified in Dolichandra unguis-cati, 

isovitexin (68) in Martinella obovata, orientin (73) in Adenocalymma 

imperatoris-maximilianii and M. obovata, vicenin-2 (79) in A. 

imperatoris-maximilianii, Amphilophium paniculatum, Bignonia binata, 

Dolichandra unguis-cati and Fridericia chica, and vitexin (80) in M. 

obovata. The prevalence of flavones over other flavonoids has been 

previously noted in Bignonieae (Cipriani et al., 2012). 
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Figure 6. Flavones (37-80) identified from Bignonieae species. 

Flavonols 

Flavonols (81–93; Figure 7) were found in Adenocalymma, 

Anemopaegma, Bignonia, Dolichandra, Fridericia, Mansoa, and 

Martinella. Most of these compounds were identified in aerial parts, such 

as leaves and flowers, although cacticin (84) and hyperin (85) were 

described in root extracts of Adenocalymma peregrinum (Miers) L.G. 

Lohmann. 

 

 

Figure 7. Flavonols (81-93) identified from Bignonieae species. 
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Biological Activities of Flavonoids from Bignonieae 

 

Flavonoids are known to possess multiple biological activities such 

as antioxidant, anti-inflammatory, and antitumoral, presenting an 

important medicinal potential (Tungmunnithum et al., 2018; Ullah et al., 

2020). Flavonoids isolated from Bignonieae were considered effective 

agents in inflammatory diseases, as well as useful for antibiotic, 

antifungal, antioxidant, and cytotoxic activities. These compounds also 

have shown antiparasitic effects on Leishmania amazonensis Lainson & 

Shaw, and Trypanossoma cruzi Chagas. In addition, insecticidal 

properties were reported in Bignonia callistegioides Cham. These studies 

highlight the importance of members of Bignonieae as a source of new 

bioactive flavonoids. 

 

Antibiotic Activity 

Natural products represent important sources of new antibiotics 

(Igarashi, 2019). A high potential of F. platyphylla to inhibit NorA and 

MepA efflux pumps that act in different antimicrobial agents was 

detecting, highlighting the potential of this species against resistant 

strains of Staphylococcus aureus Rosenbach (Andrade et al., 2020). The 

chemical composition of F. platyphylla is well-documented, which is 

composed mainly of chalcones (9–12) and dimeric flavonoids (13–22) 

(Rezende-Junior et al., 2020; Rocha et al., 2014, 2017). Although 

chalcones had shown low activity against S. aureus, these compounds 

potentialized the effect of Norfloxacin action against SA1199B strain. 

The chalcone 3’,4’-dihydroxy-3,4,5’-trimethoxy-chalcone (9) showed the 

highest modulate effect for both norfloxacin and ethidium bromide 

resistance, indicating this compound as an inhibitor of NorA. Molecular 

docking also confirmed the binding of chalcone with the hydrophobic 

cavity of NorA and MepA. These results indicated that inhibition of 

NorA by chalcones can be higher with an increase of methoxylation on 

such compounds (Rezende-Júnior et al., 2020). Similarly, the presence of 

methoxylation in the B ring of brachydins also influences NorA 

resistance, since brachydin B (14) was more efficient to modulate 
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norfloxacin-resistance, reducing four-fold the Minimum inhibitory 

concentration (MIC) of norfloxacin, when compared to brachydins A and 

C (Andrade et al., 2020). 

The synergic effects of antibiotics such as ampicillin, gentamicin, 

and oxacillin with flavonoids was tested against resistant strains of 

Staphylococcus aureus. The combination of luteolin (71) and ampicillin 

showed a strong antibacterial activity against methicillin-resistant S. 

aureus strains (25, 50 and 100 µg.mL-1 respectively), leading to a 

reduction between 4 and 8-fold when these strains were co-incubated 

(0.031, 0.063 and 0.25 µg.mL-1) (Torres et al. 2019). 

Furthermore, scutellarein (76) and a carajurone-enriched fractions of 

F. chica were tested against non-resistance strains of Staphylococcus 

aureus Rosenbach, Streptococcus pyrogenes Rosenbach, and 

Staphylococcus epidermidis (Winslow and Winslow) Evans. While 

compound 76 was inactive against all bacteria tested, the carajurone-

enriched fraction showed antibacterial effects against all bacteria 

evaluated (MIC=100, 50, and 50 µg.mL-1, respectively) (Violante et al., 

2020). 

 

Antifungal Activity 

The antifungal capacity of five flavonoids isolated from A. arvense, 

F. platyphylla, and P. venusta were investigated. Quercetin-3-O-

robinoside (89) was active against wild and mutant strains of 

Trichophyton rubrum (Castell.) Sabour. (MIC=0.5 mg.mL-1) and against 

Candida albicans (Robin) Berkhout OF M7-19 strain (MIC= 6 µg.mL-1) 

(Costanzo et al., 2013; Pereira et al., 2014). In addition, rutin (92) also 

showed activity against the same strains of Trichophyton rubrum (MIC= 

0.25 mg.mL-1) (Costanzo et al., 2013) indicating that glycosylated 

flavonoids can be promising antifungal agents. Similarly, the flavones 

3’,4’-dihydroxy-5,6,7-trimethoxyflavone (38), cirsiliol (58), and 

cirsimaritin (61) (1µg of each) inhibited the growth of Cladosporium 

sphaerospermum Penz.. However, a dose ten times higher of hispidulin 

(66) was less active against the same fungi (Alcerito et al., 2002). 
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Anti-Inflammatory Activity 

Anti-inflammatory and antinociceptive agents have been reported 

from species of Bignonieae. For example, F. chica is traditionally used 

by Amazon tribes to treat inflammatory diseases. More specifically, 

hydroethanolic extract and isolated compounds from F. chica decreased 

the modulation of inflammatory processes (Zorn et al., 2001; Lima et al., 

2020; Vasconcelos et al., 2019; Takenaka et al., 2020). Furthermore, the 

flavone 5-O-methylscutellarein (41) reduced total leukocytes and 

leukocyte migration into the peritoneal cavity, decreasing TNF-α and IL-

1𝛽 (Lima et al., 2020). Molecular docking of flavonoids reported in the 

extract showed a good interaction (hydrogen bond and van der Waals 

interaction) with active site of COX-2 (Vasconcelos et al., 2019). 

Moreover, bioguided-fraction studies of this species furnished four new 

anthocyanidins (1–4), including carajurin (3) which inhibited the DNA 

binding activity of NF-κB (Zorn et al., 2001). 

Anti-inflammatory effects were also identified in extracts of 

Amphilophium paniculatum (L.) Kunth. and Bignonia binata Thunb. In 

vivo study of ethanol extracts from leaves of B. binata significantly 

inhibited proinflammatory cytokines CCl4-mediators (p<0.001). The 

ethanol extract of B. binata was composed by flavonoid glycosides such 

as schaftoside and/or isoschaftoside and vicenin (79). On the other hand, 

acacetin-8C-rutinoside (51) was the main compound in A. paniculatum 

extract suggesting this glycosylated flavone as a promisor anti-

inflammatory agent. 

Occurrences of dimeric flavonoids like brachydins (14, 15, and 16) 

and mansoins (27, 28, and 32) were documented in Fridericia platyphylla 

(Cham.) L.G. Lohmann and Mansoa hirsuta DC. Despite structural 

differences between brachydin and mansoin skeletons, both compounds 

have anti-inflammatory activity. Mansoins A (27) and B (28) inhibited 

TNF-α release (IC50 of 48.1 ± 1.8 μM and 20.0 ± 1.4 μM, respectively). 

Likewise, mansoin F (32) inhibited TNF-α release by lipopolysaccharide-

stimulated THP-1 cells (IC50 of 19.3 ± 1.3 μM) and mansoin A (27) 

reduced the phosphorylation levels of p-65-NF-κB, when assayed at 50 

μM (Campana et al. 2016). 
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Among the three brachydin aglycones (14–16), brachydin A (14) was 

less active (IC50=33g.mL-1) than brachydin B (15) and brachydin C (16) 

(IC50=9 and 10 g.mL-1, respectively) in the anti-inflammatory activity 

assay with human fibroblast like synoviocytes (HFLS). Hydroxylation on 

the C ring in the structure 14, ascribed a higher polarity than compounds 

15 and 16, affecting bioavailability and bioactivity (Salgado et al., 2020). 

These results provide additional support for using F. platyphylla to treat 

pain and inflammation. Oral treatment in male Swiss mice with 

dichloromethane fraction from roots (30 mg.Kg-1), mainly composed by 

brachydin aglycones, further showed an antinociceptive response, 

apparently related to the opioid system (Rodriguez et al., 2017). 

The dichloromethane fraction of A. crucigerum seed extract was 

composed by diosmetin (64) and hesperetin (36) as major compounds 

(Prá et al., 2017). It is reported that hesperetin may induce 

antinociceptive effect by antagonizing the transient receptor potential 

melastatin-3 (TRPM3) channel (Aswar et al., 2014). In turn, the 

antinociceptive properties of diosmetin seems to occur via the transient 

receptor potential vanilloid 1 (TRPV1) antagonist in mice (Adamante et 

al., 2019). 

During the inflammation process, lipoxygenases were produced to 

metabolize arachidonic acid, playing an important role in the 

pathogenesis of inflammatory diseases (Bertanha et al., 2020). Alvarenga 

et al. (2015) studied the inhibitory activity of isolated compounds from 

Cuspidaria pulchra (Cham.) L.G. Lohmann against the 15-lipoxygenase 

(15-LOX), a lipoxygenase that belongs to a class of oxygenases that 

metabolize polyunsaturated fatty acids. The authors described IC50 values 

of 2.35 mM for the flavone 6-hydroxyluteolin-glucoside (44), close to 

those reported for the positive control Zileuton®, which had an IC50 of 

1.54 mM. 

 

Anti-Insect Properties 

The flavonoids acacetin (49), 4’-hydroxywogonin (39), and 

galangusin (65) recovered from methanol extracts obtained from leaves 

of Bignonia callistegioides Cham showed anti-insect properties (Castillo 
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et al., 2013). Biological assays against Myzus persicae Sulzer and 

Rhopalosiphum padi Linnaeus (Hemiptera: Aphididae) revealed the 

significant activity of acacetin against R. padi (PI = 0.3 ± 0.1). Further, 

galangustin (65) exhibited a better deterrence activity on the settling of 

both aphids (PI = 0.4 ± 0.1 and 0.8 ± 0.1 for M. persicae and R. padi, 

respectively), meanwhile, 4’-hydroxywogonin did not exhibit significant 

activity against neither of aphids (Castillo et al., 2013). 

 

Antioxidant Activity 

Antioxidant activity in flavonoids is ascribed by its complex ring 

system, which provides the capacity to transfer electrons of free radicals 

(Agati et al., 2020; Tungmunnithum et al., 2018). In Bignonieae, five 

flavones (52, 58, 69, 71, 76) were evaluated by their antioxidant 

properties through different assays, as DPPH [Diphenyl-1-picrylhydrazyl 

radical] and ABTS+ [2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonate 

radical] scavenging activities, and TRAP (Total reactive antioxidant 

potential) assay. 

Extracts of Cuspidaria convoluta (Vell.) A.H. Gentry, Fridericia 

caudigera (S. Moore) L.G. Lohmann, and F. chica containing flavones 

showed high scavenging activity through the ABTS+ method (IC50= 

77.93, 130.18 and 57.84 µg.mL-1, respectively). Two flavones with 

antioxidant activities were identified from C. convoluta, luteolin (71) and 

cirsiliol (58) (Torres et al., 2018). The antioxidant activity of these 

flavones has been primarily attributed to a 3’,4’-dihydroxy structure in 

the B ring (catechol group), recognized as the most active moiety in 

flavonoid molecules (Ahmadi et al., 2020). Similarly, different reactive 

antioxidant potentials were found in apigenin (52) and scutellarein (76), 

both flavones isolated from F. chica (2.33 ± 0.09 and 3.54 ± 0.14 µM in 

the Trolox assay). This difference was attributed to electronic parameters 

on the A ring of scutellarein, which contains a hydroxyl group at C-6, 

enabling a higher scavenging on the reactive oxygen species (ROS) 

(Siraichi et al., 2013). Furthermore, glycosylated compounds, such as 

luteolin-7-O-glucoside (72) (IC50=4.70 ± 0.90 µM) and katchimoside 

(69) (0.855 ± 0.033 TEAC, Trolox equivalent antioxidant capacity) were 
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identified as highly reactive compounds in scavenging DPPH and ABTS+ 

radicals, respectively (Plaza et al. 2005; Samy et al. 2015). 

 

Antiparasitic Activity 

Fridericia was the only genus of Bignonieae ever tested for 

antiparasitic activity. Flavonoids with trypanocidal and leishmanicidal 

properties were recovered from extracts, fractions, and isolated 

compounds of F. chica, F. platyphylla, F. speciosa Mart., and F. 

triplinervia (Mart. ex DC.) L.G. Lohmann (Leite et al., 2006; Da Rocha 

et al., 2014; Rocha et al., 2018; Silva-Silva et al. 2021). 

Dimeric flavonoids like brachydins A, B, and C were tested as 

treatments for Trypanosoma and Leishmania parasites. Brachydin A (14) 

(IC50<20µM) was inactive against the Y-strain of T. cruzi 

(trypomastigote and amastigote forms), L. amazonensis, L. braziliensis, 

and L. infantum. However, brachydins B and C (15 and 16) showed 

considerable activity against T. cruzi trypomastigote (IC50= 5.3±1.15 and 

6.6±0.39 µM, respectively) and amastigote forms (IC50=6.0±0.33 and 

6.8±0.41 µM, respectively), when compared to benznidazole, the 

reference drug. Furthermore, brachydin B reduced blood parasitemia in 

vivo in 92%, representing a promising alternative treatment for Chagas 

disease (da Rocha et al., 2014). 

Similarly, the intense activities against promastigote forms of L. 

amazonensis, L. braziliensis, and L. infantum were identified for 

brachydin B (15) and C (16) at the concentration of 0.25µM. Brachydin 

B was considered highly active against amastigote forms of L. 

amazonensis (IC50=6.25± 1.28) and ultrastructural analyses indicated that 

this compound induces cell lesion on parasites. When the three 

brachydins were compared (14 to 16), the outstanding activity on 15 was 

attributed to higher lipophilicity, considering the presence of methoxy 

group in the C ring of this compound (Rocha et al., 2019). This data 

corroborated the earlier finding that the increasing of lipophilicity 

improved the membrane penetration of the compounds (Buates et al., 

1999; Jaramillo et al., 2011; Rocha et al., 2019). Despite that, in vivo 
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studies did not reproduce the elevated activity found in the in vitro assay 

(Rocha et al., 2018). 

Alpinetin (34), the only flavanone identified in Fridericia, showed 

high activity against L. amazonensis, inhibiting promastigote forms in 

40.2%, which is a much higher efficiency than that observed in flavones 

luteolin (71; 26.8 ± 2.5%), apigenin (51; 24.8 ± 4.1%), and diosmetin 

(64; 1.0 ± 1.4%) (Milani et al., 2020). However, these compounds did not 

show any activity when tested against Y and CL strains of T. cruzi (Leite 

et al., 2006). 

The four anthocyanidins (1–4) recovered from F. chica have not been 

tested against T. cruzi. However, leishmanicidal tests showed high 

correlation between this bioactivity and the presence of carajurin on 

extracts of F. chica (Moragas-Tellis et al., 2020). Also, two flavones 

identified in F. chica, apigenin (52) and luteolin (71), showed an anti-

leishmania activity against promastigote form (IC50= 168.7 μM; 110.08 

μM, respectively), being 71 highly active against intracellular amastigote 

(IC50= 41.15 μM) (Silva-Silva et al. 2021). In addition, the 

anthocyanidins 3'-hydroxy-carajurone (1), carajurin (3) and carajurone 

(4) were also considered active against promastigotes (IC50= 22.70, 3.66 

and 28.28 μg.mL-1, respectively), however only carajurin was consider a 

potential biological marker of antileshmanial activity, by its high activity 

against intracellular amastigote (IC50=7.05 μg.mL-1). 

 

Antiviral Activity 

Molecular docking with SARS-CoV-2 were tested with 

Amphilophium paniculatum (L.) Kunth compounds. Among the chemical 

classes, flavonoids were the most effective with bind affinities with 

Energy scores (kcal/mol) of -9.54 for luteolin-7-O-glucoside (72), -8.54 

linarin (70), and -8.34 luteolin (71) (Sami et al., 2021). 

Ethanol extracts from leaves, fruits, and stems of Amphilophium 

elongatum (Vahl) L.G. Lohmann showed antiviral activity against human 

herpes virus type 1 (HSV-1) and dengue virus 2 (DENV-2). These effects 

were attributed to pectolinarin flavonoids (74) and acacetin-7-O-

rutinoside (70) isolated from fruits. The mixture of both compounds 
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showed a high anti-DENV-2 activity (EC50 11.1 ± 1.6 µg.mL-1) (Simões 

et al., 2011). 

 

Cytotoxic Activity 

Two species of Bignonieae (F. platyphylla and Dolichandra unguis-

cati (L.) L.G. Lohmann) were investigated for their cytotoxic activity 

over cancer cell lineages. The dimeric flavonoids brachydins A, B, and C 

(14–16) showed, respectively, IC50 of 23.41, 4.28, and 4.44 µM and were 

shown to represent cytotoxic agents against human prostate cells (PC-3 

cell line), due to its potential to induce apoptosis and necrosis (Nunes et 

al., 2020). 

Five compounds were recovered from bioguided cytotoxic assays 

with aerial portions of D. unguis-cati, two of which were flavonoids (59 

and 61). The flavonoid cirsimaritin (61) displayed a low cytotoxic 

activity against Bel7402 (liver cancer cell line) and Chang-liver cell lines 

(normal hepatocyte Chang-liver cells) with IC50 of 234.55 ± 23.98 μM 

and 226.88 ± 35 μM, respectively (Chen et al., 2017). 

Mutagenicity, cytotoxicity, and genotoxicity are important 

parameters to guarantee safety use of plant extracts for medicinal 

purposes (Nasri and Shirzad, 2013). Hydroethanolic extract of F. chica 

was considered safe as a medicinal treatment. Cell viability tests of CHO-

K1 (ovary cell, hamster) showed that carajurone lacks cytotoxicity effects 

(IC50> 40 µg.mL-1) though (Violante et al., 2020). Furthermore, the 

compounds alpinetin (34), apigenin (51), diosmetin (64), and luteolin 

(71) showed low toxicity for human lung fibroblast cells, indicating low 

toxicity for normal cells (Milani et al., 2020). 

 

Gastroprotective Effects 

Gastroprotective (included hepatoprotective) effects were identified 

in Fridericia platyphylla and Bignonia binata Thunb. (Samy et al., 2015). 

The root extract of F. platyphylla was shown to represent a powerful 

gastroprotective in studies treating gastric injury in vivo (Rocha et al., 

2017). This activity was associated with the higher accumulation of 

brachydins (Rocha et al., 2017). On the other hand, ethanol extracts from 
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leaves of B. binata were administered to rats along with the drug 

silymarin for six consecutive days showing a significant (p<0.001) 

reduction in the serum levels of alanine aminotransferase (ALT), 

aspartate aminotransferase (AST), lactate dehydrogenase (LDH), 

bilirubin, cholesterol, and triglycerides, while increasing albumin levels, 

which is indicative of improved liver functions. These effects were 

attributed to the high contents of antioxidants such as flavonoid 

glycosides vicenin-2 (79) and schaftoside and/or isoschaftoside (Samy et 

al., 2021). 

 

 

Distribution of Flavonoids in Bignonieae 

 

Overall, 66 studies describing flavonoids from Bignonieae species 

were reviewed. The number of occurrences was obtained by counting the 

number of times a compound had been described for each species. If a 

unique compound was isolated of two different species, consequently it 

was counted twice (Ferreira et al., 2004). In these studies, 93 compounds 

and 133 occurrences were distributed in 29 Bignonieae species belonging 

to 11 genera. Flavonoids are widely distributed in the plant kingdom and 

their biosynthetic genes reflect their evolutionary history (Yonekura-

Sakakibara et al., 2019). Thus, the distribution of these compounds can 

provide valuable information about phylogenetic relationships. The 

flavonoid distribution on Bignonieae is presented in Table 2 and 

summarized on a Heatmap (Figure 7). 

Flavones are the main flavonoid class found in Bignonieae, with 43 

compounds, followed by dimeric flavonoids with 19 structures, 12 

flavonols, 9 anthocyanins and anthocyanidins, four flavanones, and four 

chalcones. Within the tribe, the predominant compound is cyanidin-3-O-

glucoside (5), which has been described in seven species (Table 1), 

followed by apigenin (52), rutin (92), vicenin-2 (79), and luteolin (71) 

which were identified in five species each. 
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Figure 8. Heatmap of flavonoids identified from different Bignonieae genera per 

flavonoid class. 

Among the genera of Bignonieae, Fridericia has the highest number 

of flavonoids with 51 compounds, including all classes described here. 

Fridericia belongs to the “Arrabidaea and allies clade” (Lohmann, 2006) 

which also comprise Cuspidaria, Tynanthus Miers, Lundia DC., 

Tanaecium, and Xylophragma. Flavonoids were reported in Cuspidaria, 

but not in Tanaecium, Tynanthus, or Xylophragma; no studies have been 

conducted with Lundia. The “multiples of four clade” represents another 

major lineage in Bignonieae (Lohmann, 2006). This clade is composed of 

six genera (i.e., Amphilophium, Anemopaegma, Bignonia, Dolichandra, 

Mansoa, and Pyrostegia), four of which showed the production of 

anthocyanidins and anthocyanins (i.e., Amphilophium, Bignonia, 

Dolichandra, and Mansoa). The two genera in which anthocyanidins and 

anthocyanins were not found (i.e., Anemopaegma and Pyrostegia) have 
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been under investigated chemically; indeed, the flavonoid composition 

has only been investigated in A. arvense and P. venusta. 

Dimeric flavonoids were identified in Anemopaegma, Fridericia, and 

Mansoa. Although methoxylated flavonoids are commonly found in the 

plant kingdom (Buckingham, 2009), the highly production of such 

compounds, specially methoxylated flavones, could be a typical feature 

in Bignonieae. Furthermore, the oxidation position in the ring A of the 

flavone structure and the ratio flavonol/flavone are of chemophenetic 

importance. The presence of oxidation at C-8 position and the high ratio 

flavonol/flavone are thought to be plesiomorphic (Harborne, 1977). The 

preponderance of oxidation on the position C-6 instead of the position C-

8 in the studied species of Bignonieae, as well as the high proportion of 

flavones in its flavonoid chemistry might represent a synapomorphy of 

the tribe. Although some flavonoids identified into Bignonieae are 

distinctly distributed among the tribe, the scarce of phytochemical studies 

among members of the tribe prevents detailed analyses of flavonoids in 

Bignonieae. 

 

 

CONCLUSION 

 

Here, we summarized the current state of knowledge of flavonoids 

from Bignonieae. Overall, 133 occurrences from 93 flavonoids were 

reported to Bignonieae, belonging to six distinct flavonoid classes: (i) 

anthocyanidins and anthocyanins, (ii) chalcones, (iii) dimers, (iv) 

flavanones, (v) flavones, and (vi) flavonols. A summary of the biological 

activity of these compounds highlights their pharmacological activity and 

the medicinal potential of members of tribe Bignonieae. Nevertheless, 

new phytochemical studies are still needed for a comprehensive 

understanding of the chemical diversity and biological activities of 

flavonoids of tribe Bignonieae. 
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ABSTRACT 

 

Since ancient times, the different parts of the bitter orange of 

Seville have been used as food or for healing. One of its current main 

applications is the obtaining of a wide range of flavonoids which, after 

years of research and development, have proved to provide numerous 

benefits for human health including action against COVID-19, which is 

under research at laboratory level. Among the flavonoids found in the 

bitter orange of Seville naringin can be highlighted, which is very 

beneficial for human health. On the other hand, essential oils have been 

extracted and used since ancient times, from ritual and religious uses to 

the current uses in cosmetics, perfumery, food and health. This chapter 

overviews the history of the bitter oranges of Seville, the essential oils 
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and naringin (a bioflavonoid) that can be extracted from them and their 

potential applications. 

 

Keywords: flavonoids, bitter oranges, essential oils, naringin 

 

 

1. INTRODUCTION 

 

The smell of orange blossom that surrounds and characterizes the city 

of Seville (Spain) is indisputable. It is something that defines the 

Andalusian capital and is part of its identity. Orange tree is one of the 

trees that we can most appreciate in the Sevillian countryside, giving 

light and color to its green meadows. All of this is thanks to the bitter 

oranges of Seville. In this chapter we want to convey the origins of the 

orange cultivation in Seville, i.e., when and why it started to be planted. 

In Greek mythology, we can find the origin of this fruit, the bitter 

orange of Seville, and its relationship with Andalusia, especially its place 

in the capital. Hercules, the founder of Seville in Greek mythology, 

carried out a series of tasks ordered by Euristeo. One of the tasks was to 

cross into Africa and get the golden apple of immortality, which is linked 

to the orange. Today we know that the orange was introduced by some 

sailors from Genoa that came from Asia. In Asia, the orange was 

associated with a state of happiness, spirituality and physical satisfaction. 

During the Arab reign in southern Spain and knowledgeable about this 

belief, Arabs planted numerous orange trees to achieve the desired 

happiness. At the time, the Arab population wanted the current capital of 

Andalusia to be a benchmark of perfumery worldwide. In 1970 there 

were more than five thousand orange trees planted across our lands. That 

is why in the 12th century the Patio de Los Naranjos of Seville (orange 

gardens) was built. Today we can visit the orange gardens inside the 

cathedral. Therefore, the orange tree, from which bitter orange is 

extracted, is a tree of Asian origin that in the 10th century was introduced 

in our country and that gradually acquired a key significance in the city. 

It was also discovered that it had great medicinal properties among 
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others. This use is still given to the fruit of bitter orange nowadays. In 

addition, like the bitter orange of Seville, there are many other citrus 

fruits that also characterize the city; these are sweet orange, lemon, 

grapefruit, lime and so on. 

Bioflavonoids are biologically active members of a group of 

polyphenolic compounds that come from plants. These polyphenolic 

compounds are found in citrus fruit, mainly in the peel and the pulp. Each 

fruit contains a type of flavonoid in different proportion and quantity. 

Among the different flavonoids that can be found in the bitter orange, 

neohesperidin can be highlighted. This compound is a very potent 

sweetener in the food industry that stands out if we compare it with other 

sweeteners such as aspartame, sucralose, etcetera. Neohesperidin, like 

many other flavonoids, is extracted from the peel of the citrus fruit and 

can be found in different formats: fine cut, thick cut, quarters, strips, like 

granulated peel, diced and so on [1].  

The following compounds and health benefits can be obtained from 

the citrus peel: 

 

 Hesperidin, which is a type of flavonoid that has the fundamental 

characteristic of helping to metabolize fluids in the blood and to 

reduce fat to make it easier to be eliminated from the body. 

 Naringin, which gives bitterness to food products. 

 Diosmin, which has heart-healthy benefits. 

 Neohesperidin, the main flavonoid present in the bitter orange. 

 Pectins, which are natural fibers that preserve stable sugar levels 

and protect the body from stomach problems. 

 A very high vitamins content that helps the immune system of 

the human being, being a great antiseptic. 

 A high content of essential oils, which have important 

applications in the cosmetic, perfume and agro-food sectors. 
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Under different formats, there is a wide range of uses of citrus peel in 

the food sector such as infusions, citrus chips, candies, candied peel and 

jams. 

The pulp is key in the orange industry. This part of the fruit is 

separated from the peel and seeds through a manual or industrial process. 

It is made through a combination of puree, pieces of the fruit itself or 

even the peel. The pulp is obtained from fresh fruits, selected, cleaned 

and in an optimal stage of maturation. There are numerous benefits that 

this food product has for the health of the human being, since the 

organism will receive both the pulp and the peel contributions. One of its 

best-known and most recognized applications is marmalade, to be 

specific bitter orange marmalade [1]. Besides, it also has many other uses 

such as for fruit juices, ice creams, smoothies, salad toppings, sweets, 

purees, as well as frozen citrus pulp. As it can be seen, the pulp is such a 

rich product that it can be used for numerous products in the food sector. 

To be specific, citrus fruit, as the raw material for the production of fruit 

juice, jams and jellies industry, is responsible for millions of jobs around 

the world, providing huge benefits [2, 3]. 

 

 

2. ESSENTIAL OILS 

 

Essential oils have been flavoring human life since the beginning of 

civilizations. Their goodness and therapeutic power have been more than 

demonstrated over time. In the Mediterranean countries we can find 

plants, fruits and trees from which essential oils are extracted, among 

which we can highlight the bitter and sweet oranges, lavender, rosemary, 

aniseed, clove, lavender, mint, fennel, laurel and lemon. 

Nature in Spain is described by the aroma of its fields, by the 

Mediterranean Sea and by the sunlight. All this encourages the growth 

and cultivation of certain fruits, plants and trees, from which the essential 

oils that characterize the Mediterranean basin are extracted.  
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The history of essential oils has accompanied the development of 

humanity. It was in the Middle Ages when these oils with healing 

properties were used, then they were exported to Egypt, China, Greece 

and Rome. The Arabs were also very interested in these products and 

their great properties and, finally, in the Europe of the Modern Age until 

the present time. 

The human being has used these oils in both religious and magical 

rites, as well as a form of cure and remedy. In ancient Egypt, their 

antiseptic properties were used in the embalming of mummies. Similarly, 

they were used in fumigation. The use of aromatherapy for medicine, 

cosmetics and even religion then began. Each civilization gave its 

particular use to essential oils that were very important for the 

population. They have been used as healing elements, also to drive away 

bad spirits. The Chinese population, later, made use of aromatic plants 

and herbs, although they were used mainly for medicinal purposes. The 

Greeks included aromatic plants in their baths, food, hygiene, medicine 

and religious rites. Of note is the insatiable search that there was at that 

time for finding the elixir of eternal youth, therapies in which essential 

oils were key. Later, the Romans bet on hygiene to achieve better health, 

so they turned to aromatherapy and its benefits. Then the Arabs were who 

specialized in the extraction of essential oils from plants. They even 

improved the distillation of essential oils by introducing refrigeration 

throughout the production process. 

Already in the 20th century, the Frenchman Gattefossé introduced 

aromatherapy to natural medicine [4]. He discovered the great healing 

properties of lavender essential oil due to a serious incident in his 

laboratory. It is well known that in many cultures, plants have been used 

to cure illnesses and to calm wounds. By studying ancient knowledge, 

much progress has been made in natural medicine and in the therapy of 

the body and mind. New vital ingredients are still found in nature today, 

so that traditions that have been practiced for centuries are still being 

reinforced. 

Essential oils are currently being rediscovered and therefore new 

applications are being found to them. The main use of these is, nowadays, 
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in perfumery. There is a wide range of essential oils, among which the 

following ones can be highlighted: 

 

 The essential oil of sweet orange. 

 The essential oil of bitter orange. 

 The essential oil of clove. 

 The essential oil of lemon. 

 The essential oil of rosemary. 

 The essential oil of lavender. 

 The essential oil of laurel. 

 The essential oil of mint. 

 

The most romantic vision of aromatherapy and essential oils tells 

how they define the life force of plants and this force is equivalent to the 

human spirit. Numerous companies research on aromatherapy, since it 

has become one of the most natural techniques to calm the ailments of the 

human organism; it serves to cure and to prevent diseases and disorders. 

Before explaining the benefits and properties of the main essential oils of 

the Mediterranean basin, it is necessary to define what an essential oil is. 

This is a product obtained from a vegetable raw material, either by 

distillation with water or steam or from the outer layer of citrus fruit 

through a mechanical process [4]. Distillation can also be dry, so the only 

way to extract this essential oil is by a physical means. Most essential oils 

are obtained by hydrodistillation. Essential oils are very aromatic, 

volatile, light and non-greasy chemicals; hence, all skin types and people 

of any age tolerate them. Essential oils can be obtained from different 

parts of plants: from the flowers, the leaves, the root, the wood, the resin, 

the bark of the fruit and even from the whole tree. There are plants from 

which more than one essential oil can be extracted. Each oil extracted has 

a different name depending on the area of the plant from which it was 

obtained. With regard to the bitter orange of Seville, for example, the 

essential oil of orange blossom is extracted by distillation of its flowers. 

Furthermore, the essential oil of Petitgrain, the essential oil of the orange 
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tree, as well as the essential oil of Neroli are obtained by distillation of 

the fruit and from the peel of the orange. 

In Seville, the fruit par excellence is the orange from which this 

pleasant and beneficial essential oil is obtained. This oil relaxes the mind 

and spirit, improves circulation and nourishes the skin. The essential oil 

of the orange tree is extracted from the peel of the fruit and some of its 

most well-known benefits are: 

 

 For the skin, it improves oily skin and acne. It also helps the 

disappearance of blemishes. 

 For coughs and flu, the inhaling of steam from this essential oil 

improves congestion. 

 For tension and nervousness, it helps to calm the nervous system 

and to remove stress. 

 For fluid retention, a gently massage with orange tree essential 

oil improves the circulation of body fluids.  

 

There are numerous applications for the essential oil of the Seville 

orange because it is an oil that blends very well with almost all other 

essential oils, thus increasing its possible uses. It is very common to find 

it in creams, gels, soaps and as a formulation of aesthetic treatments, 

since it largely helps to the nutrition of the skin in cosmetics. As 

perfumes additive it is, likewise, very much in demand.  

Rosemary should also be highlighted as an essential oil, as it is key in 

the Mediterranean basin, as well as lavender. The essential oil of 

rosemary is extracted from its leaves and flowers. With regard to its 

properties, it should be noted the benefit that this oil gives to the brain 

function and the relaxation it provides to the muscles, also improving 

blood circulation, relieving pain in the joints, raising the mood and 

helping hair growth by stimulating it, among other benefits.  

Finally, a special mention must be dedicated to lavender. Its aroma 

has as many benefits as its essential oil, which has healing and relaxing 

properties. It is one of the most demanded scents and oils in the market 

due to its versatility and polyvalence. Those who are starting to get into 
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the world of aromatherapy start with lavender and its essential oil. The 

good reputation of lavender essential oil as a natural relaxant goes back 

to ancient times, when it was already used for aromatic baths, to calm 

nervousness and for insomnia. The skin also receives great improvements 

from the use of lavender because this essential oil is both revitalizing and 

soothing.  

 

 

3. NARINGIN 

 

Naringin is a yellow powdered flavonoid responsible for the 

bitterness of citrus fruits such as the bitter orange of Seville [1], 

grapefruit, lemon... so it is used in soft drinks and in bakery and 

confectionery products. Like the rest of the flavonoids, it has antioxidant, 

anti-inflammatory and antimicrobial properties. In addition to protecting 

the heart and its rhythm, this bioflavonoid promotes thermogenesis. For 

all these reasons, naringin is incorporated into supplement formulations 

in certain weight loss diets. In the food and animal welfare industry, this 

flavonoid is considered essential for enhancing the taste of food products 

and is found primarily in grapefruit and bitter orange peel, but is also 

present in lemon and sweet orange peel [5] and in the pulp and juice of 

these. Naringin gives citrus fruits a bitter taste and the amount of naringin 

in citrus depends on the fruit in question. It is more abundant, generally, 

in immature fruits. This flavonoid is used, on the other hand, in 

perfumery, cosmetics and to give flavor to sweets, apart from the uses 

already mentioned. Naringin helps to improve the lipid profile, reducing 

the levels of LDL cholesterol and triacylglycerols, while increasing the 

levels of HDL cholesterol and thus protecting against atherosclerosis. It 

has similar properties to insulin, such as lipid reduction. All this indicates 

that it is a very important product, and very much in demand, in the 

market.  

Naringin improves the metabolic syndrome, which is a disease in 

which there is an insulin disorder in the metabolism, so that glucose is 
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altered and can cause obesity or hypertension. In the same way, it is 

related to the development of type two diabetes resulting in 

cardiovascular disease. Naringine helps to correct these disorders and 

considerably improves this type of disease. Naringine is also a powerful 

antioxidant and has anti-inflammatory properties. 

Flavonoids, including naringin, are bioactive natural products, which 

have been used as functional foods for years. The citrus fruit with the 

highest concentration of naringin is grapefruit. These fruits also contain 

fiber and pectin, which help to reduce the level of cholesterol in the blood 

and to improve gut motility. On the other hand, it is a great source of 

magnesium, vitamin B6, lycopene, potassium, calcium, folic acid and 

iron, among other nutritional contributions.  

Some of the potential uses of the citrus peel in the food industry are: 

infusions, citrus fruit chips, candies, candied peel, jams and all the 

formats in which peel can be present, as mentioned previously. 

 

 

4. BIOFLAVONOIDS AGAINST COVID-19 

 

Citrus bioflavonoids are a type of flavonoid extracted from citrus 

fruits. These flavonoids, like all other flavonoids, provide various health 

benefits to animals and humans. One of the bioflavonoid mixtures 

available in the marked is the Citrus Bioflavonoid Complex (CBC) [6]. It 

has been proven that it helps to prevent COVID-19, especially because of 

its vitamin C content, as well as to fight this disease by strengthening the 

human immune system.  

Citrus Bioflavonoid Complex is tailor-made, so it has become a great 

attraction for different industries. They are designed and manufactured 

with care and attention to meet all industry customer requirements and to 

provide the desired function within health. Citrus bioflavonoids have 

pharmacological, biochemical applications and are used for therapeutic 

purposes. 
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CBC contain as active principle bioflavonoids with numerous 

properties, the most significant of which are: 

 

 Cardiovascular protection. 

 Regulation of peripheral circulatory disorders. 

 Improvement of cholesterol. 

 Weight control. 

 Antioxidant power. 

 Sun protection. 

 Richness in vitamin C. 

 

Citrus fruits are recognized as a source of significant amounts of 

vitamin C, but they are also an essential source of natural bioflavonoids. 

Each citrus fruit contains different types of flavonoids, which are found 

in different amounts and concentrations. The citrus fruits mentioned 

above contain high concentrations of the following bioflavonoids: 

 

 Diosmin. 

 Hesperidin. 

 Neohesperidin. 

 Rutin. 

 Naringin. 

 Quercetin. 

 Nobiletin. 

 Narirutin. 

 Tangerine. 

 Nobiletin. 

 

The versatility of these typse of bioflavonoid makes them a perfect 

complement for different applications such as food, dietary supplements, 

beverages, personal care products and animal feed formulations. The 

functions of each CBC will depend on the individual characteristics of 

each flavonoid, as well as the synergies created by forming the blend. 



Bitter Oranges of Seville 

 

335 

Another way to refer to citrus bioflavonoids may be vitamin P, citrus 

flavonoids or citroflavonoids. These nomenclatures should be kept in 

mind as they can be found in the food and pharmaceutical label if we are 

looking to purchase this product. This type of bioflavonoid stands out for 

being a non-nitrogenous plant substance present mainly in citrus fruits. It 

is present in almost all citrus fruits, however, the content will vary greatly 

from one fruit to another, as well as, within the fruit, from one part to 

another (peel, pulp, seeds). Most of the bioflavonoid are in the white part 

of the inside of the fruit skin. Its ability to help improve the consumer’s 

health, so that it is highly demanded and widely used at present.  

The beneficial effects associated with citrus bioflavonoids are very 

numerous. Among these: 

 

 They strengthen the walls of blood vessels, as well as provide 

them with flexibility. This makes it possible to fight against 

cardiovascular diseases and diseases of the lymphatic system. For 

example, they are beneficial for hemorrhoids, varicose ulcers, 

nosebleeds, lymphedema following breast cancer surgery, 

chronic venous insufficiency, appearance of bruises... 

 They provide a great antioxidant action, necessary to prevent the 

negative effects of free radicals. On the other hand, this 

contribution helps prevent oxidation of blood vessels and 

promotes the absorption of vitamin C by the human body.  

 

The antioxidant and anti-inflammatory properties of citrus 

bioflavonoids stand out because they favor the expulsion of free radicals, 

thus preventing and reducing oxidative stress.  

Mention should also be made to their synergistic power. Vitamin C is 

usually extracted from the same citrus fruits as the bioflavonoids, so both 

have antioxidant activity separately and this means that this activity is 

considerably increased when they act together.  

In addition, they stimulate the immune system. Numerous studies 

have already shown that citroflavonoids contribute to maintaining and 

improving the state and functions of the immune system. Among these, 
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the ability to provide a correct and rapid immune response by the human 

body to a possible disease or virus is now a reality. This is currently 

being demonstrated with COVID-19, as the citroflavonoids, with their 

vitamin C supply, are helping to avoid contracting the disease, apart from 

fighting it.  

Healthy circulation is another great advantage of citrus bioflavonoids 

that provides general health benefits for the circulatory system, as it 

prevents and treats various vascular diseases, and improves blood 

circulation. 

The anti-allergic potential of citroflavonoids should also be 

highlighted. Diseases caused by allergies are usually associated with an 

excess of oxidative stress in the human body, and citrus bioflavonoids 

help stabilize reactive oxygen species, eliminating free radicals from the 

body. 

Capillary resistance is another of the contributions that bioflavonoids 

give to the industry. It has been shown that certain citrus bioflavonoids 

can increase capillary resistance and strengthen the walls of blood 

capillaries. This is directly related to their ability to protect collagen. 

Finally, the benefits of citroflavonoids in people with high 

cholesterol and obesity should be taken into account. They have the 

ability to regulate blood cholesterol levels and, therefore, produce 

beneficial effects on human obesity. 

 

 

CONCLUSION 

 

There are compounds in nature, such as the flavonoids and essential 

oils in bitter oranges of Seville, that have been used throughout history 

without really knowing why, including healing, relaxing and religious 

applications. With the development of knowledge through research, the 

actual wide benefits of these compounds have been known and 

demonstrated. Therefore, the bitter orange of Seville is not only a fruit 

that grows in its trees but it should be regarded as a source of different 
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compounds that are nowadays prime products for both health and 

nutrition. 
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ABSTRACT 

 

A large amount of biologically active compounds, including 

phenolic acids and flavonoids, are present in the citrus fruits’ peel. If 

these compounds can be fully extracted from waste citrus peels and 

utilized, this could not only transform them into value-added by-

products and cut the economic costs, but also reduce the environmental 

problem of their disposal. Flavonoids, which possess anti-cancer, 

antimicrobial, antioxidant, and anti-allergic properties, have been 

extensively applied in the pharmaceutical industry and skincare 

products. They have also been reported to potentially inhibit 

coronavirus. In this chapter, the properties of flavonoids will be first 

discussed. The bioavailability of flavonoids will also be covered. 

Following this, their potential capacity to inhibit COVID-19 will be 

illustrated. This chapter offers detailed information from recent studies 

focused on flavonoids and their extraction and widespread application 

in the food and pharmaceutical fields. As a starting point for 

therapeutics against COVID-19, the intake of certain amount of citrus 

fruits or their extracts could contribute to the prevention of COVID-19. 

 

Keywords: citrus, COVID-19, flavonoids, hesperidin, viral receptor 

angiotensin-converting enzyme 

 

 

INTRODUCTION 

 

Flavonoids are widely presented in fruits, vegetables, cereals and 

crops and are one of the most important groups of dietary phenolics. 

They consist of two aromatic rings, linked via a 3-carbon bridge and 

usually in a heterocyclic ring form. Six distinct subclasses, i.e., flavonols, 

flavanols, flavones, flavanones, isoflavones and anthocyanidins are 

generated from the alteration in the heterocyclic ring’s substitution 

pattern (Balasundram et al., 2006). Flavonoids have antioxidant, 

anticancer, anti-inflammatory, antimicrobial, and antiproliferative 

properties. (Feng et al., 2020) and at least 300 different flavonoid 

compounds are usually consumed via human diet (Bondonno et al., 

2020). Hereto, a great attention has been paid due to their positive effects 
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on health, especially to the potential therapeutics against Coronavirus 

disease 2019 (COVID-19).  

 

 

FLAVONOIDS IN THE FOODSTUFFS 

 

In most edible plants, flavonoids are present as O-glycosides with 

sugars such as glucose and/or rhamnose linked to the phenolic hydroxyl 

group. Flavonols, one subclass from flavonoids, are commonly present in 

whole organs of vegetables, fruits, grains and are abundant in green 

leaves (Terahara, 2015). Rutin, isoquercitrin, and quercitrin are the major 

flavonoids and are largely present in cranberry (Vaccinium 

macrocarpon), apple (Malus sylvestris), kale (Brassica oleacea), leaves 

of sweet potato (Ipomoea batatas), lettuce (Lacuca sativa), and red 

pepper (Capsicum annuum). Onion (Allium cepa) contains 4’-O-

glucosides and 3,4’-di-O-glucosides of isorhamnetin and quercetin whilst 

spinach (Spinacia oleracea) contains rutin, spinacetin glycosides and 

patuletin glycosides (Terahara, 2015).  

As for flavones, their main form in edible plants is glycosides of 

apigenin, luteolin, and diosmetin and can be mainly found in parsley 

(Petroselinum crispum), celery (Apium graveolens), and sorghum 

(Sorghum bicolor). The flavone apigenin has demonstrated a positive 

action against to the cancer cells in vitro (Shankar et al., 2017) and can 

enhance the inflammatory response according to studies with flavones on 

animals (Nicholas et al., 2007). Green pepper, paprika, lettuce, red 

pepper (Capsicum annuum), some herbs and even citrus fruits contain the 

glycosides of apigenin and luteolin. Vitexin, isovitexin, orientin, and 

isoorientin, as parts of C-glucosyl flavones, commonly occur in citrus 

fruits, peels, as well as cereals (Terahara, 2015).  

It is known that 50% of flavonoid content of fruits and vegetables 

may decrease as a result of food preparation or processing such as water 

leaching or removal of the inedible parts but rich in flavonoids. The 

concentration of flavonoids is higher in colourful nutritional components. 
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It should be noted that the white pulp between the fruit and peel of citrus 

contains more flavonoids than the peel and red pulp parts.  

 

 

FLAVONOID BIOAVAILABILITY  

 

Bioavailability is defined as the part of the digested flavonoids that is 

uptaken and metabolized through regular pathways (Kamiloglu et al., 

2020). It is an important parameter when the function of flavonoids in 

health of humans is investigated. The symptoms of flavonoids deficiency 

in the human being are easy bleeding, frequent bruising which takes long 

time to recovery, easy swelling after injured and so on. The deficiency of 

flavonoids may probably result in immunologic weakness, leading to 

susceptibility to cold or other infections. According to people’s eating 

and cultural habits, the intake of flavonoids varies from 70 to  

170 mg/day. Five to ten percent of the total intake of flavonoids can be 

absorbed in the small intestine with the structures of monomeric and 

dimeric. The residual part of flavonoids that reaches to colon is later 

metabolised to compounds with different physiological significance by 

the enzymatic action of the gut microbiota (Kamiloglu et al., 2020). 

There are two transformations (phases I & II) for ingested flavonoids in 

the human body. Phase I involves oxidation, reduction and hydrolysis 

whilst phase II is related to conjugation reactions where different 

metabolites (e.g., methyl, glucuronic and sulphate derivatives) are formed 

(Grootaert et al., 2015). Compared to phase I, phase II occurs more 

frequently and takes place in the liver and mostly in the intestine 

(Kamiloglu et al., 2020).  

It is well described in the work of Kamiloglu et al. (2020) that both 

macronutrients (e.g., carbohydrates, lipid, proteins) and micronutrients 

(e.g., vitamins, minerals, etc.) can greatly improve the bio-accessibility 

and bioavailability of flavonoids in the gastrointestinal tract (Jakobek, 

2015). For example, the bioavailability of flavan-3-ols is positively 

affected by the presence of sucrose in chocolate (Neilson et al., 2009).  
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EFFECTS OF FLAVONOID ON COVID-19 
 

Coronaviruses are single-stranded RNA viruses (Lai et al., 1997) 

with large, enveloped and positive senses that can infect both animals and 

humans. Coronaviruses negatively influence the lifestyle of humans. Up 

to date, the human coronaviruses are regarded as one of the rapidly 

evolving viruses derived from their characteristic high genomic 

nucleotide replacement rates and recombination (de Wit et al., 2016). The 

common symptoms of COVID are coughing, high fever (over 38ºC), 

chills, convulsions, headaches, dizziness, progressive radiographic 

changes of the chest, lymphopenia and so on (Jo et al., 2020).  

There is a high demand to investigate new approaches or to exploit 

pharmaceutics to cure these diseases. Flavonoids in orange peel have 

antioxidant, anti-cancer, antiviral, anti-inflammatory, anti-allergic, 

antimicrobial and antiproliferative properties (Feng et al., 2020), and 

have been reported to potentially inhibit coronaviruses (Jo et al., 2020; Li 

et al., 2020). Figure 1 illustrates the main steps of Severe Acute 

Respiratory Syndrome Coronavirus (SARS-CoV)-2 virus invasion of the 

lung. By binding the spike glycoprotein of the virus with its receptor 

(ACE2) on the cell membranes, the viral particle is internalised in a 

vesicle, rendering the genomic RNA to be released into the cytoplasm 

(Figure 2). After replication, the sub-genomic RNAs produced via 

transcription are translated into structural protein. After being assembled 

with positive-sense RNA, new copies of the virus are generated and 

spread into environment, infecting other cells and organs in the body and 

forming a chain expansion. In order to halt the invasion of SARS-CoV-2, 

substances with a possible beneficial effect in coronavirus infection may 

act in various stages: 1) preventing the binding of the virus to the normal 

cells, 2) inhibiting viral replication by blocking, for instance, RNA 

polymerase, proteases or new particle assembly. It has been discovered 

that the molecule of hesperidin has a chemical physical structure that is 

suitable for binding to the key protein in the functioning of the SARS-

CoV-2 virus (Bellavite & Donzelli, 2020). After testing 1066 natural 

substances with potential antiviral effect, hesperidin was reported to be 
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the most suitable compound to bind to the “spike,” resulting in the 

disruption of the interaction of ACE2 with receptor binding domain 

(RBD) complex (Wu et al., 2020). The most recent available literature 

also shows that flavonoids (e.g., hesperidin and rutin) possess a better 

binding affinity to the main protease of COVID-19 than nelfinavir and so 

they could be regarded as the starting point for therapeutics against 

COVID-19 (Adem et al., 2020). 

The protease “3Clpro” (also called “Mpro”) is the main enzyme that 

enables the processing of the first proteins that are transferred from the 

viral genome (pp1a and pp1ab) into functional proteins in the host cell. 

Thus, the protease “3Clpro” is regarded as a second theoretical site of 

low energy binding of SARS-CoV-2 with hesperidin (Wu et al., 2020). 

For this reason, this enzyme is currently used in the formulation of new 

chemical antiviral drugs. From the virtual screening among 7173 

purchasable drugs, the active sites on chain A and chain B, derived from 

a catalytically active dimeric model, were screened by AutoDock Vina 

(an open-source program for doing molecular docking) independently. 

Hesperidin is reported to be the second most efficient for binding to chain 

A, with a free energy of -10.1 kcal/mol. The energy for binding to chain 

B is reported to be -8.3 kcal/mol (Chen et al., 2020). Besides, a further 

research study has proved that hesperidin can strongly bind to SARS-

CoV-2 main protease as well as to the viral receptor angiotensin-

converting enzyme 2 (ACE-2), compared with other natural molecules 

(Joshi et al., 2020). Jo et al., (2020) investigated the effects of flavonoids 

on inhibiting SARS-CoV 3CL protease and discovered that herbacetin, 

rhoifolin and pectolinarin efficiently blocked the enzymatic activity of 

SARS-CoV “3CLpro”.  

A number of researches regarding in vitro and in vivo studies have 

demonstrated the antioxidant activity of hesperidin, which not only limits 

its free radical scavenger activity but also induces enhanced cellular 

defence against oxidative stress and reduces inflammation makers via the 

ERK/Nrf2 signalling pathway (Roohbakhsh et al., 2015). Although the 

reasons why the severity COVID-19 disease varies from different ages 

are unknown, it may be probably explained by the high antioxidant 
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capacity of children and the redox imbalance of elderly subjects with low 

antioxidant capacity. It is assumed that the intracellular redox 

environment changes the presentation of antigens and the expression or 

function of ACE2 (Delgado-Roche and Mesta, 2020; Keles, 2020).  

Although flavonoids possess potential capacity to inhibit COVID-19 

and provide good information for pharmaceutical industry for making 

medicine against COVID-19, the dose-response relationship between 

intake and disease still merits to be paid attention. Taking vitamin C for 

example, intravenous high doses of vitamin C has proved a 

complementary therapeutic effect on COVID-19 (Cheng, 2020) and 

clinical trials are currently undergoing (Liu et al., 2020). However, high 

doses of ascorbate may also be detrimental to human health (Lehene et 

al., 2020). Therefore, many preliminary studies and deep assays in actual 

conditions are still needed before an industrial production. A commercial 

therapeutic utilization of medicines containing flavonoids against 

COVID-19 needs to be developed. 

 

 

Figure 1. Invasion of SARS-CoV-2 virus into lung (from Li et al., 2020). 
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Figure 2. Cellular cycle of invasion of SARS-CoV-2 virus and the inhibition 

(indicated by “X”) of virus-induced cellular and systemic pathology by hesperidin 

and vitamin C (from Bellavite & Donzelli, 2020). 

 

CONCLUSION 

 

This chapter overviews some recent discoveries and highlights the 

effects of flavonoids on COVID-19. With antioxidant, anticancer, anti-

inflammatory and antimicrobial properties, flavonoids have been widely 

applied to the pharmaceutical industry. Recently, their effects on 

COVID-19 have aroused scientific interest: the suitable structure of 

hesperidin to bind to the key proteins in the functioning of SARS-CoV-2 

virus. There is still a long way to confirm their effects on COVID-19, 

such as the effective dose, the flavonoids’ bioavailability, in vivo 

metabolization and so on. Future studies regarding preclinical, 

epidemiological and clinical aspects are requested to corroborate the 

hypothesis that a certain intake of citrus fruits and their extracts could 

effectively contribute to the prevention of COVID-19. 
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