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Abstract 

 

Phytotoxins may result from 

different sources such as plants (rosary pea, 

castor bean, tobacco, white snakeroot), 

microorganisms (fungi, bacteria, viruses, 

protozoa), human activity (herbicides), or 

natural chemical reactions. These 

phytotoxinsimpose danger not only to the 

plants but also to animals and humans that 

are exposed to it. Furthermore, the study of 

phytotoxins results in the development of 

new products having different biological 

properties. Complex processes require very 

costly and specialized equipment to identify, 

extract and detect phytotoxins. However, 

simple, low cost and effective bioassay 

methods are also available for the detection 

of plant toxins. Various methods have been 

adopted for the isolation and identification 

of phytotoxins. However, to be able to 

isolate and identify phytotoxin successfully, 

specific techniques must be employed. 

Herein, the study highlighted some of these 

techniques that may lead to the isolation and 

elucidation of a pure phytotoxin. 

Chromatographic techniques (thin layer 

chromatography, column chromatography, 

ion exchange chromatography, high 

performance liquid chromatography) are 

mostly used. Whereas, for elucidation, 

techniques like nuclear magnetic resonance 

spectroscopy, mass spectrometry, infrared 

spectroscopy, and X-ray diffraction are 

used. In addition, ELISA and PCR are 

highly utilized. In conclusion, for a 

phytotoxin to be isolated from a pool of 

organic compounds, selection of good and 

sensitive chromatographic techniques needs 

to be applied carefully. Additionally, the 

development of new advanced techniques 

which are based on biosensors, 

biochemistry, nanotechnology, and robotics 
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are needed in the future for the better 

understanding of phytotoxins and their 

functions.  

 

Keywords: Phytotoxin; mass spectrometry; 

isolation; X-ray diffraction; identification; 

elucidation; organic compounds; 

chromatography; microorganism. 
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I. INTRODUCTION  

 

Toxin is a substance poisonous for life and may have originated from a natural source 

such as plants, animals, or microorganisms. Cytotoxin showed a direct toxic effect on cells. 

For example, neurotoxins and nephrotoxins could damage the nervous system and kidney 

systems, respectively. Phytotoxins are poisonous substances originating from plants [1].  

Plants may appear harmless at first but some of them can cause harm to human or animal life 

through the production of chemical compounds generally referred to as phytotoxins [2]. 

Plants may produce phytotoxins as a part of their defense mechanisms, but they may also in 

one way or the other become a victim of toxins produced by certain fungi and bacteria using 

plants as their hosts. These toxins produced by bacteria and fungi diffuse into the plants and 

cause various abnormalities in the physiological and biochemical functions of the plant [3]. 

Fungi and bacteria are the most common plant pathogens that produce phytotoxins which aid 

in the progression of a disease [4]. 

 

After decomposition, organic matter of plants becomes an important component of 

soil. Phytotoxins may spread through soil to water stores and pollute them with toxins that are 

dangerous to life [5]. Over the years, several efforts have been made in research to isolate and 

identify the phytotoxins that impose danger to not only plant life but also that of animals and 

humans that consume them. It is therefore necessary to isolate and identify these phytotoxins 

so that they can be effectively countered using specific herbicides [6].  

 

 
 

Figure 1: Different Techniques for Identification of Phytotoxins 
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Various methods have been adopted to achieve the goal of isolation and identification 

of phytotoxins [7,8]. These methods include in-vitro cultivation of the phytopathogen to 

detect its phytotoxicity followed by the identification of its structure and chemistry. To 

isolate the pure phytotoxin, organic extracts of the culture media are fractionated using 

chromatography techniques such as vacuum column chromatography, thin layer 

chromatography, flash column chromatography, direct and reverse phase open column 

chromatography, gel filtration chromatography, ion exchange chromatography, high 

performance liquid chromatography and counter-current chromatography (figure 1).The 

advantages and limitations of these techniques have been highlighted in table 1. However, 

based on the quantity and chemical nature of a phytotoxin, different chromatographic 

techniques could be used for its isolation [9]. After a phytotoxin is isolated into pure form, 

the next step is to elucidate its structure. This could be done via several physical methods 

including mass spectrometry (MS), infrared spectroscopy (IR), ultraviolet-visible 

spectroscopy (UV-vis), X-ray diffraction or nuclear magnetic resonance spectroscopy [10]. 

 

Table 1: Advantages and disadvantages of chromatography methods  

 

Technique Advantages Disadvantages 

Thin layer 

chromatography 
 The separation process 

could be carried out in 

a short time. 

 Several samples could 

be analyzed 

simultaneously. 

 Low solvent usage 

(per sample). 

 High accuracy and 

precision. 

 The findings were 

hard to reproduce. 

 Not an automatic 

process, and this 

technique belongs to 

qualitative analysis. 

 The obtained results 

were strongly 

depending on 

temperature and 

humidity. 

High performance 

chromatography 
 High resolution. 

 Reproducible. 

 Automated analysis. 

 Reusable columns. 

 Costly. 

 Complexity. 

 Low sensitivity. 

Counter current 

chromatography 
 No on-column 

absorption. 

 The process was rapid. 

 The obtained results 

are versatile. 

 No expensive 

stationary phase is 

needed. 

 No solid phase 

disposal 

complications. 

 Flow rates were very 

low. 

 Poor mixing was 

observed. 

 

Flash column 

chromatography 
 Economical and fast 

process. 

 Large amounts 

 Irreversible adsorption 

of solute happened. 

 Time consuming. 
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(samples) could be 

separated. 

 A wide range of 

mobile phases could 

be employed. 

 Costly. 

Ion exchange 

chromatography 
 High flow rate could 

be observed. 

 The buffer was non-

denatured. 

 High yield could be 

seen. 

 Binding profile could 

be affected by pH 

value. 

 The resolution was 

influenced by particle 

size. 

 All the samples should 

be loaded at low ionic 

strength. 

Vacuum column 

chromatography 
 Efficient and rapid 

technique. 

 

 

In this book chapter, several techniques have been used to detect phytotoxins. The 

chromatography method biomass essay has been employed for the characterization of the 

obtained samples. Results will be briefly discussed based on the published papers.  

 

II. LITERATURE SURVEY 

 

Phytotoxic fungi can be identified and then isolated by direct and indirect means. 

Literature survey showed that, the direct means involves the transfer of the pathogenic 

element such as hyphae, spores, sclerotia, rhizomorphs from the host plant tissues infected 

after surface sterilization [11-15] while the indirect means involves selecting parts of the 

infected plant tissues to form colonies after surface sterilization. To achieve this, fungi are 

relocated to petri dishes (consisted of solid media) for the isolation and production of 

metabolites. It is cultured at a certain time for mycelial and spore biomass to be formed then 

the solid culture fragments are transferred to a growth medium to subculture the fungi [16-18] 

or a suspension of spores and mycelium can be transferred [19]. For this process to be 

cultivated properly, a liquid or solid culture medium could be used [20]. Improper use of 

culture media composition may result difficulty in isolating the phytotoxins. In this regard, it 

is preferred to use a medium which is synthetic or semi-synthetic. Also, some factors can be 

considered such as culturing the fungus under different conditions such as using various 

culture media.  

  

Several studies have reported that the production of phytotoxins can be affected by 

various factors such as the composition of the media, temperature, type of cultivation (static 

or shaken) as well as the time of cultivation. It is noticed that a fungus cultured in a 

malnourished media did not form as many phytotoxins as compared to when in a properly 

nourished media. Rao and co-workers [21] observed that the synthesis of fumonisin B1 from 

(Fusarium moniliforme) was affected by composition of the culturing media. 

 

Before embarking on extracting a phytotoxin, it is wise to screen for the plant part that 

is rich with phytotoxins. Plant parts such as seeds, leaves, fruits are the richest with 

phytotoxins. When plant pathogens are being studied for their phytotoxins, the host plant can 
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be assayed for their toxicity. To extract phytotoxin compound, it should first be subjected to 

an aqueous medium which can be distributed in liquid and solid phases as reported by 

Barrow [22]. Then filter, by subjecting to filtration membranes such as nylon membrane or 

cotton cloth or gauze. Filter papers are used for further filtering the media [23, 24]. 

Centrifugation can also be used to separate the solid and liquid phases. The filtrate is then 

subjected to extraction techniques such as liquid-liquid extraction or liquid-solid extraction. 

Organic solvents are used for liquid-liquid extraction while polymeric adsorbent resins are 

used for liquid-solid extraction [25-28] Alternatively, the filtrate can be loaded onto the 

chromatographic column for separation and identification of phytotoxins using polymeric 

adsorbent resin [29, 30]. 

 

When performing the extraction with organic solvents, it is advisable to reduce the 

volume of culture filtrate to enhance the efficiency of the extractions. To achieve this, the 

filtrate is centrifuged in a vacuum. This can be done until a required volume is arrived and 

obtained [31]. Salts like sodium chloride or other inorganic salts can be added to the culture 

filtrates to enhance the efficiency of extracts and to help in preventing the emulsion 

formations between the aqueous phase and the organic solvent [32, 33]. Organic extracts 

have been found to contain some number of other organic compounds which may probably 

be a constituent of the fungi or the culture medium. To separate the phytotoxins, 

chromatography techniques are mostly deployed. 

 

To extract phytotoxin using chromatographic techniques, the filtrate obtained from 

the extraction is fractionated in a column chromatography where the eluents are then 

analyzed using analytical thin layer chromatography or ultraviolet-visible spectroscopy. At 

this point, the fractions obtained through these techniques may still contain a mixture of 

compounds and may interfere in the complete identification of phytotoxins. These fractions 

are then further subjected to fractionation until phytotoxins are completely isolated. On the 

other hand, another significant process is the use of ion exchange resins to determine the 

ionic nature of the phytotoxin [34]. Nonpolar solvents and organic solvents (methanolare) 

have been used to remove non-polar compounds and proteins, respectively [35, 36]. 

 

After partial isolation of phytotoxin, it is then subjected to bioassay technique to 

obtain a pure form. It is good to use a bioassay that is fast, inexpensive, simple, and 

reproducible [37]. This is because, if the concentration of phytotoxin is low in the culture 

media the bioassay is sensitive enough to detect the toxicity [38, 39]. For instance, a study 

was conducted to ascertain the causative agent of the leaf blight of garlic 

(Stemphyliumsolani).After determining its phytotoxicity, the toxin was extracted using ethyl-

acetate where its isolation was done via bioassay guided thin layer chromatography then 

purified using preparative liquid chromatography [40]. 

 

After successful isolation of a phytotoxin, it is necessary to get its full identity. 

According to researcher [41-43], this could be done by some physical methods including X-

ray diffraction technique, mass spectrometry (MS), infrared spectroscopy (IR), ultraviolet-

visible spectroscopy (UV-vis), and nuclear magnetic resonance spectroscopy (Figure 2). 

Other advanced techniques include ELISA and PCR. A successful study by Bultreysand co-

workers [44] used PCR to detect strains of pseudomonas syringae which produce toxic 

lipodepsipeptide in plants. PCR can be used alongside Restriction Fragment Length 

Polymorphism [45]. 
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Figure 2: Bioassay Techniques for Isolation of Phytotoxins 

 

Tyutereva and co-workers [46] reported that stagonolide A and herbarumin I have 

different mechanisms of action. HBI could inhibit carotenoid biosynthesis, while stagonolide 

A could inhibit intracellular vesicular traffic (could be observed from endoplasmic reticulum 

to Golgi). Table 2 shows several examples of phytotoxic 10-membered lactones. 

Morphological changes could be seen in the root cells (Arabidopsis seedlings). Experimental 

results (figure 3) confirmed that significant destructive effect in the presence of stagonolide 

A, while herbarumin I resulted in few cells of elongation zone (partially plasmolysis). 

Mathieu and co-workers [47] studied three phytopathogenic fungi (Table 3) in vitro anti-

cancer activity. They observed that radicinin has potential to be used as bioherbicides and 

anticancer agents if compared to other fungal phytotoxins (figure 4). Samperna and co-

workers [48] pointed out that SeiridiumCupressi could form two major toxins, namely 

cyclopaldic acid (figure 5) and seiricuprolide. Cyclopaldic acid was synthesized using fungal 

(Seiridium), indicated herbicidal, insecticidal, and fungicidal properties. The biochemical 

assays indicated this metabolite inhibited root proton extrusion in vivo, induced ion leakage, 

leaf chlorosis and hydrogen peroxide production. The secondary metabolites (Fusarium 

oxysporum) were isolated from the plant (Aglaonema hookerianum Schott) as described by 

Hoque and co-workers [49]. Several compounds (compound 1,2, 5) were found to be 

cytotoxic agents (figure 6), while other compounds (compound 3, 4) were acted as highly 

mutagenic based on silico analysis. The obtained results showed that compound 1 could 

protect kidney cells. Compound 2 has hydroxyl moiety, resulting in great impact on the 

absorption and solubility profiles. Compound 5 was identified as lipophilic, active against 

pancreatic carcinoma, breast adenocarcinoma and glioblastoma cells. 
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Table 2: Structure, Formula and Molecular Weight of Phytotoxic 

 

 
Structure 

Molecular 

formula 

Molecular 

weight 

stagonolide A 

 

C12H18O4 226.27 g/mol 

herbarumin I 

 

C12H20O4 228.28 g/mol 

putaminoxin 

 

C12H20O3 212.28 g/mol 

pinolidoxin 

 

C18H26O6 338.4 g/mol 

Pyrenolide A 

 

C10H10O4 194.18 g/mol 

stagonolide H 

 

C10H12O4 196.2 g/mol 
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pyrenophorol 

 

C16H24O6 312.36 g/mol 

pyrenophorin 

 

C16H20O6 308.33 g/mol 

10,11-

dehydrocurvula

rin 

 

C16H18O5 290.3 g/mol 

curvularin 

 

C16H20O5 292.33 g/mol 

brefeldin A 

 

C16H24O4 280.36 g/mol 

 

 
 

Figure 3: Morphological changes of Arabidopsis seedlings (in the root cells), in the presence 

of stagonolide A or herbarumin I. [46] 
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Table 3: Metabolites Isolated From Three Phytopathogenic Fungi, Namely 

Kalmusiavariispora, Cochliobolusaustraliensis, and Hymenoscyphusfraxineus [47]. 

 

 
 

 
 

Figure 4: Several types of fungal phytotoxins with different carbon skeletons [47]. 

 

 
 

Figure 5: Structure of cyclopaldic acid 
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Figure 6: Several compounds could be isolated from Fusarium Oxysporum [49] 

 

III.  CONCLUSIONS 

 

Phytotoxins are chemical compounds secreted by some microorganisms hosted by 

plants or by the plants as their defense mechanism. These chemical compounds on the other 

hand may impose danger on the plants or to animals and humans that are exposed to it. 

Herein, techniques for both identification and isolation of phytotoxins are highlighted. 

Chromatographic techniques or ultraviolet-visible spectroscopy are most used for the 

identification and isolation of phytotoxins while ultraviolet-visible spectroscopy, nuclear 

magnetic resonance spectroscopy, mass spectrometry, infrared spectroscopy, X-ray 

diffraction among other are highly used for the elucidation. Careful and diligent applications 

of these techniques may lead to successful identification, isolation, and elucidation of 

phytotoxin from the pool of other compounds for effective utilization. 
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