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Abstract 

Endophytic microorganisms play an important role in the growth, stability and metabolism of plants, 

including medicinal species. The aim of this study was to isolate and identify strains of endophytic bacteria 

and fungi associated with licorice plants (Glycyrrhiza glabra and Glycyrrhiza uralensis) collected from 

different natural conditions. A total of 142 isolates were isolated, including 92 bacterial and 50 fungal. Their 

morphological and molecular identification was carried out, as well as an assessment of antagonistic activity 

against phytopathogens (Fusarium oxysporum, Alternaria alternata). The results show a high biodiversity of 

licorice endophytic microflora and confirm its potential use in biotechnology and agriculture. 
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1.Introduction 

"The process of isolating endophytic microorganisms from licorice roots 

(Glycyrrhiza glabra L.) and examining their biologically active compounds 

involves multiple steps. These include the aseptic collection of roots, surface 

sterilization, tissue homogenization, cultivation on nutrient media, 

purification of microbial cultures, their identification, and the evaluation of 

both the microorganisms and their metabolites for biological activity [1-5]. 

Licorice (Glycyrrhiza spp.) is one of the most important medicinal plants 

traditionally used in medicine and the pharmaceutical industry. The main 

pharmacologically active substances (e.g. glycyrrhizin) are produced largely 

in the root system, where intensive interactions between the plant and the 

microbiota occur. 

The genus consists of nearly 20 species, with some examples being: 

• Glycyrrhiza acanthocarpa (Lindl.) J.M. Black 

• Glycyrrhiza anthocarpa (Lindl.) J.M. Black 

• Glycyrrhiza aspera Pall., commonly known as Rough Licorice 

• Glycyrrhiza astragalina Hook. & Arn. 

• Glycyrrhiza bucharica Regel, or Bukhara Licorice 

• Glycyrrhiza echinata L., also called Licorice Bristlecone 

• Glycyrrhiza eglandulosa X.Y. Li 

• Glycyrrhiza eurycarpa P.C. Li 

• Glycyrrhiza foetida Desf. 

• Glycyrrhiza foetidissima Tausch 

• Glycyrrhiza glabra L., widely known as Licorice or Naked Licorice 

• Glycyrrhiza gontscharovii Maslenn., or Goncharov’s Licorice 

• Glycyrrhiza iconica Hub.-Mor. 

• Glycyrrhiza inflata Batalin 

• Glycyrrhiza korshinskyi Grig., also known as Korzhinsky's Licorice 

• Glycyrrhiza lepidota Pursh 

• Glycyrrhiza macedonica Boiss. & Orphanides, or Macedonian Licorice 
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• Glycyrrhiza pallidiflora Maxim. 

• Glycyrrhiza squamulosa Franch. 

• Glycyrrhiza triphylla Fisch. & C.A. Mey., commonly referred to as 

Trifoliate Licorice 

• Glycyrrhiza uralensis Fisch. ex DC., known as Ural Licorice 

Over the past five years, a series of reforms have laid the political, legal, 

socio-economic, and scientific-educational foundations essential for 

building the New Uzbekistan. As part of the state program for implementing 

the Development Strategy of New Uzbekistan—designated as the “Year of 

Human Dignity and Active Mahalla” for the period 2022–2026—the 

following objective has been outlined: the creation of a program to regulate 

the production of 17 types of compounds and biologically active substances 

derived from the processing of medicinal plants. In particular, to establish 

the production of biologically active substances based on the processing of 

83.8 tons of medicinal plant extracts (pomegranate peel, licorice root, 

chamomile fruits, grape seeds and skins) per year" [1]. Also, the tasks have 

been set for growing licorice root, modernizing production facilities, 

organizing the production of import-substituting and export-oriented 

products, rational use of natural resources, attracting investments from local 

and foreign companies for growing and increasing industrial processing of 

licorice root, organizing the production of export products with high added 

value, creating industrial plantations of up to 3970 hectares in the Republic 

of Karakalpakstan, 700 hectares in the Khorezm region by 2022. As well as 

harvesting licorice root up to 30,966 tons in the Republic of Karakalpakstan, 

and 5600 tons in the Khorezm region by 2026 [2]. Accordingly, it is 

important to use efficient and energy-saving technology to obtain highly 

concentrated biologically active substances from licorice root based on 

compressed CO2 gas at high critical pressures that meet international 

requirements. This dissertation research contributes, to some extent, to the 

implementation of the objectives outlined in various decrees, resolutions, 

and regulatory documents adopted in this field—such as the Presidential 

Resolution of the Republic of Uzbekistan No. PP-2492 dated April 12, 2016, 

"On measures to further improve the management structure of the food 

industry," and the Cabinet of Ministers Resolution No. 63 dated January 27, 

2018, "On measures to further develop the production and industrial 

processing of licorice and other medicinal plants in the Republic of 

Uzbekistan." 

In Russia there are 7 species, mainly in the steppe, semi-desert and desert 

zones. The most common are Naked Licorice (Glycyrrhiza glabra) - in the 

south of the European part, the Caucasus and Ural Licorice (Glycyrrhiza 

uralensis) - in the south of the Urals and Western Siberia. 

Endophytes are microorganisms that colonize internal plant tissues without 

causing disease symptoms. They can stimulate plant growth, increase 

resistance to abiotic stresses and pathogens, and influence the metabolism of 

secondary compounds. In recent years, there has been increasing interest in 

the study of endophytic bacteria and fungi associated with medicinal plants, 

including the possibility of using them as biocontrol agents or biostimulants. 

However, despite the widespread use of licorice, its endophytic microbiota 

remains poorly understood. Therefore, the aims of this study are: 

(1) isolation and identification of endophytic microorganisms from various 

licorice organs; 

(2) evaluation of their antagonistic activity against phytopathogens. 

2. Materials and methods 

2.1. Collection and preparation of samples 

Glycyrrhiza glabra and Glycyrrhiza uralensis plant samples were collected 

in the natural conditions of the southern part of Khorezm and Karakalpakstan 

in June–July 2024. At least 5 individual plants were selected from each point. 

The selected samples were washed with running water, the roots, stems and 

leaves were separated. 

2.2. Sterilization and isolation of endophytes 

Surface sterilization was carried out according to the standard method: 

– 70% ethanol – 1 minute, 

– 2% sodium hypochlorite – 3 minutes, 

– three-fold rinsing with sterile distilled water. 

Sterility control was carried out by applying the last wash water to the 

nutrient media. Then, the sterile fragments were crushed in a mortar with the 

addition of sterile saline. 

The suspension was sown on: 

nutrient agar (NA), 

P2A medium – for bacteria; 

potato dextrose agar (PDA) – for fungi. 

Incubation was carried out at a temperature of 28 °C for 7-14 days. 

A study of the component composition of aqueous-alcoholic extracts of 

naked licorice and Ural licorice herb was carried out using the HPLC method 

with a detection wavelength of 290 nm. During the qualitative analysis using 

HPLC, the extracts were examined with the help of standard reference 

compounds: liquiritigenin (1), genistein (2), pinocembrin (3), and 

isoglabranin (4). A 2 μl sample volume was used for both the extracts of 

naked licorice and Ural licorice herb, as well as for the standard solutions of 

the mentioned flavonoids [3–8]. According to the results of the 

chromatographic analysis conducted in gradient mode (Table 10), it was 

determined that diagnostically significant flavonoids such as pinocembrin, 

liquiritigenin, genistein, and isoglabranin could be identified in the licorice 

herb extract (Figure 1). 

Time, min Area of fraction A, % Area of fraction B, % 

0-5 30 70 

5-15 50 50 

15-20 60 40 

20-25 80 20 

Table 1: Gradient elution profile for chromatographic analysis 



J. Clinical Case Reports and Studies                                                                                                                                                 Copy rights@ Mirzaeva Shokhista Usmonovna, 

Auctores Publishing LLC – Volume 7(2)-296 www.auctoresonline.org 
ISSN: 2690-8808                                                                                                                                                                                                                    Page 3 of 8 

 

Figure 1: HPLC chromatogram of licorice herb extract: 1 – liquiritigenin; 2 – genistein; 3 – pinocembrin; 4 – isoglabranin. 

Flavonoid Retention time on chromatogram, min 

Standard sample Separation 

Liquiritigenin (peak 1) 6,57 6,52 

Genistein (peak 2) 7,43 7,64 

Pinocembrin (peak 3) 12,22 12,34 

Isoglabranin (peak 4) 21,60 21,54 

Table 2: Comparison of retention times between extract peaks and standard reference compounds 

The addition of a standard pinocembrin solution to the licorice herb extract resulted in an increased intensity of the pinocembrin peak, confirming the presence 

of this compound in the sample (Figure 2). 

 

Figure 2: HPLC chromatogram of naked licorice herb extract before and after the addition of pinocembrin: 1 – original naked licorice herb extract; 2 – 

naked licorice herb extract with added pinocembrin. 

A comparison between the chromatograms of naked licorice and Ural licorice herb extracts [5–12] reveals differences in their component composition 

(Figure 3). 

 

Figure 3: Comparative HPLC chromatogram of the extract of naked licorice and Ural licorice herbs: A – Ural licorice; B – naked licorice; 1 – pinocembrin 

SS. 

The comparative HPLC analysis revealed distinct differences in the 

component profiles of naked licorice and Ural licorice herbs. Notably, 

pinocembrin was identified as a key diagnostic flavonoid specific to naked 

licorice herbs. 

2.3. Identification of isolates 

Primary identification was carried out by morphological features (shape, 

color, colony structure). Then, DNA extraction and PCR amplification were 

carried out: 

• for bacteria – the 16S rRNA gene; 
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• for fungi – the ITS region. 

Sequencing and comparison with the NCBI BLAST database allowed us to 

determine the genus and species affiliation of the isolates [13]. 

2.4. Evaluation of antagonistic activity 

Antagonistic activity was determined in a double culture with 

phytopathogens Fusarium oxysporum and Alternaria alternata. The diameter 

of the pathogen growth inhibition zone was measured after 5–7 days of 

incubation. 

3. Results 

3.1. Total number of isolates 

A total of 142 endophytic isolates were isolated from 60 plant samples: 

• bacteria – 92 strains, 

• fungi – 50 strains. 

The frequency of endophyte isolation was higher in the roots than in the 

above-ground parts. 

It was observed that adding aluminum chloride to the test solution, as well 

as to pinocembrin and pinostrobin solutions, caused a bathochromic shift in 

the long-wavelength absorption spectrum. Additionally, differential 

spectrophotometry showed that the absorption maxima of pinostrobin and 

pinocembrin solutions overlap at 310 nm in the short-wavelength region 

(Figures 7 and 8), while their maxima differ in the long-wavelength region. 

This finding supports the recommendation of 310 nm as the analytical 

wavelength. When using pinostrobin CO, the total flavonoid content is 

recalculated for pinocembrin by applying a conversion coefficient in the 

formula [14–15]. If pinostrobin CO is unavailable, the experimentally 

determined theoretical specific absorption value of pinostrobin is used 

instead. 

 

Figure 4 : Electronic spectra of pinocembrin solution Designations: 1 – pinocembrin solution (direct spectrophotometry); 2 – pinocembrin solution with 

the addition of aluminum chloride 

 

Figure 5: Electronic spectra of solutions of water-alcohol extract from licorice grass Designations: 1 – extract solution (direct spectrophotometry); 2 – 

extract solution with the addition of aluminum chloride 
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Figure 6: Electronic spectra of pinostrobin solution Designations: 1 – pinostrobin solution (direct spectrophotometry); 2 – pinostrobin solution with the 

addition of aluminum chloride 

 

Figure 7: Electronic spectrum of pinocembrin solution (differential spectrum) 

 

Figure 8: Electronic spectrum of pinostrobin solution (differential spectrum). 
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Figure 9: Electronic spectrum of a solution of water-alcohol extract from licorice grass (differential spectrum) 

Experimental results showed that the most efficient extraction of flavonoids 

from naked licorice herb is achieved using 90% ethyl alcohol. The 

subsequent experiment identified the optimal raw material-to-extractant ratio 

as 1:50. Extraction time was then optimized, with maximum flavonoid 

extraction occurring within 60 minutes [23]. Finally, the ideal particle size 

for thorough flavonoid extraction was determined to be 2 mm. The 

relationship between optical density and pinostrobin concentration was 

represented by a linear regression curve over the concentration range of 

0.016 to 0.16 mg/ml (0.016; 0.032; 0.08; 0.16) using aluminum chloride at a 

wavelength of 310 nm (Figure 1). 

 

Figure 10: Dependence of the optical density values of the pinostrobin solution with aluminum chloride on the concentration of pinostrobin 

(differential variant) 

3.2. Molecular identification 

The most common bacterial genera were: 

• Bacillus subtilis, 

• Bacillus amyloliquefaciens, 

• Pseudomonas fluorescens, 

• Streptomyces spp. 

The most common fungi were: 

• Trichoderma harzianum, 

• Penicillium spp., 

• Aspergillus niger. 

3.3. Antagonistic activity 

Seven isolates showed high antagonistic activity (>15 mm inhibition zone): 

• B. amyloliquefaciens Gg-27 suppressed the growth of both test pathogens, 

• T. harzianum Gu-11 effectively inhibited F. oxysporum. 

4. Discussion 

The obtained data demonstrate a significant biodiversity of the licorice 

endophytic microbiota, especially in the root system. The prevalence of 

Bacillus and Trichoderma strains correlates with their known ability to 

produce antibiotic substances and stimulate plant growth [16-22]. The results 

are consistent with the literature on the importance of these genera in 

biocontrol. 

The identified endophytes can promote the synthesis of secondary 

metabolites, including flavonoids and saponins, which is especially 

important for the pharmacological quality of raw materials. Further studies 

are aimed at identifying metabolic pathways and interactions of 

microorganisms with the host plant at the molecular level. 

5. Conclusion 

In the course of the work, endophytic microorganisms from Glycyrrhiza 

Glabra L. collected in natural conditions were isolated and characterized for 

the first time. A number of strains demonstrated significant antagonistic 
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activity against phytopathogens and have high potential for use in plant 

biotechnology and environmentally friendly means of protection. 

Acknowledgments 

The authors sincerely thank the team at the Accredited Microbiological 

Testing Laboratory of the Institute of Microbiology, Academy of Sciences 

of the Republic of Uzbekistan, for their support in performing the molecular 

analyses. 

References 

1. Decree of the President of the Republic of Uzbekistan "On the 

development strategy of the New Uzbekistan for 2022-2026" 

PU-60 dated January 7, 2022. 

2. Resolution of the President of the Republic of Uzbekistan 

dated May 16, 2017 No. PP-2970 "On measures to increase the 

production and industrial processing of licorice root in the 

Republic of Uzbekistan". 

3. Hardoim, P.R., et al. (2015). The hidden world within plants: 

Ecological and evolutionary considerations for defining 

functioning of microbial endophytes. Microbiol. Mol. Biol. 

Rev., 79(3), 293–320. 

4. Strobel, G., Daisy, B. (2003). Bioprospecting for microbial 

endophytes and their natural products. Microbiol. Mol. Biol. 

Rev., 67(4), 491–502. 

5. Wang, Q., et al. (2007). Naive Bayesian classifier for rapid 

assignment of rRNA sequences. Appl. Environ. Microbiol., 

73(16), 5261–5267. 

6. Sh.U. Мirzaeva, International Journal of Advanced Research 

in Science, Engineering and Technology 6(4), 8939-8946 

(2019). 

7. K. Gafurov, B. Muhammadiev, Sh. Mirzaeva, F. Kuldosheva. 

(2020). Chemistry of food products and materials 14(1), 47-

53.  

8. K. Gafurov, B. Muxamadiev, Sh.U. Мirzaeva, Production 

ingredients from plant raw materials by CO2 extruction, 

(Lambert Academic Publishing, Monograph, 2018). 

9. Sh.U. Mirzaeva, Zh. Zhumaev Improving the process of 

licorice root extraction in a CO2 environment (Durdona 

Publishing House, Monograph 2023). 

10. Egamberdieva D, Shurigin V, Alaylar B, Wirth S, Bellingrath-

Kimura SD. Bacterial endophytes from horseradish 

(Armoracia rusticana G. Gaertn., B. Mey. & Scherb.) with 

antimicrobial efficacy against pathogens. Plant, Soil and 

Environment. -2020. P. 309 - 316.  

11. Egamberdieva D, Wirth SJ, Shurigin VV, Hashem A, 

Abd_Allah EF. (2017).  Endophytic bacteria improve plant 

growth, symbiotic performance of chickpea (Cicer arietinum 

L.) and induce suppression of root rot caused by Fusarium 

solani under salt stress. Frontiers in Microbiology. 8:. P. 1887.  

12. Joseph B, Priya RM. (2011).  Bioactive compounds from 

endophytes and their potential in pharmaceutical effect: A 

review. American Journal of Biochemistry and Molecular 

Biology. P. 291 - 309.  

13. Mora-Ruiz M.D.R, Font-Verdera F., Díaz-Gil C. Moderate 

halophilic bacteria colonizing the phylloplane of halophytes of 

the subfamily Salicornioideae (Amaranthaceae). Systematic 

and Applied Microbiology. -2015. P. 406 - 416.  

14. Shurigin V, Alaylar B, Davranov K, Wirth S, Bellingrath-

Kimura SD.et al. (2021).  Diversity and biological activity of 

culturable endophytic bacteria associated with marigold 

(Calendula officinalis L.). AIMS Microbiology. 7(3):. P. 336 - 

353.  

15. Shurigin V, Egamberdieva D, Li L, Davranov K, Panosyan 

H.et al. (2020).  Endophytic bacteria associated with halophyte 

Seidlitzia rosmarinus Ehrenb. ex Boiss. from arid land of 

Uzbekistan and their plant-beneficial traits. Journal of Arid 

Land. P. 730 - 740.  

16. Strobel G, Daisy B. (2003).  Bioprospecting for Microbial 

Endophytes and Their Natural Products. Microbiology and 

Molecular Biology Reviews. P. 491 - 502. 

17. Sh.U. Mirzayeva, L.T. Yuldoshov,  N.T. Xodjiyeva. (2024). 

CO2 - extraction of glycyrrhizic acid from licorice root: 

optimization of extraction conditions using RSM, BIO Web of 

Conferences 113, 01004 (2024) Interagromash  

18. B.T. Muxamadiev, Sh.U. Mirzayeva, (2024). Theoretical 

Foundations of the Extraction Process. Perspective Chapter, 

IntechOpen,  

19. Khalilov, F. Abdullayeva, N. Xodjiyeva, Sh.U. Mirzayeva,  

Optimization of the process CO2 - extraction of plant raw 

material, BIO Web of Conferences 141, 01030 (2024) 

Agricultural Science 2024. 

20. Sh.U. Mirzayeva, (2025).Theory and practice of production 

and application of CO2 extracts, Publishing house "Durdona" 

Bukhara. 

21. Shcherbakov A.V. (2013).Endophytic communities of 

sphagnum mosses as a source of bacteria – effective associates 

of agricultural crops: diss. candidate of biological sciences. 

22. Chebotar V.K. (2015).  Endophytic bacteria in microbial drugs 

that improve plant develop ment// Applied Biochemistry and 

Microbiology.Vol. 51. № 3.P. 271–277. 

23. Belova, O.A. (2023). Development of approaches to 

standardization of the grass naked licorice (Glycyrrhiza glabra 

L.) / O.A. Belova, V.A. Kurkin, E.A. Smirnova, M.V. Egorov 

/ Postgraduate Bulletin of the Volga Region. . - V. 2, No.23. - 

P. 53-59. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 



J. Clinical Case Reports and Studies                                                                                                                                                 Copy rights@ Mirzaeva Shokhista Usmonovna, 

Auctores Publishing LLC – Volume 7(2)-296 www.auctoresonline.org 
ISSN: 2690-8808                                                                                                                                                                                                                    Page 8 of 8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 This work is licensed under Creative    
   Commons Attribution 4.0 License 
 

 

To Submit Your Article Click Here: Submit Manuscript 

 

DOI:10.31579/2690-8808/296

 

 

Ready to submit your research? Choose Auctores and benefit from:  
 

➢ fast, convenient online submission 

➢ rigorous peer review by experienced research in your field  

➢ rapid publication on acceptance  

➢ authors retain copyrights 

➢ unique DOI for all articles 

➢ immediate, unrestricted online access 

 

At Auctores, research is always in progress. 
 
Learn more https://auctoresonline.org/journals/journal-of-clinical-case-

reports-and-studies 

file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://auctoresonline.org/submit-manuscript?e=77
https://auctoresonline.org/journals/journal-of-clinical-case-reports-and-studies
https://auctoresonline.org/journals/journal-of-clinical-case-reports-and-studies

