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Abstract 

The paper offers an overview of the distribution of the endemic species Campanula 

austroadriatica D. Lakušić & Kovačić in Bosnia and Herzegovina, based on the 

revision of herbarium specimens from the herbarium of the National Museum in 

Sarajevo (SARA), literature data, and our own field research. Additionally, a brief 

morphological description and photographs of the species are provided. The species 

Campanula austroadriatica D. Lakušić & Kovačić is present in Bosnia and 

Herzegovina in 23 localities spread over 13 UTM squares, all localities are located 

within the Mediterranean biogeographical region. 

Keywords: Campanula austroadriatica D. Lakušić & Kovačić, endemic species, 

distribution, habitat, Bosnia and Herzegovina. 
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1. Introduction 

The genus Campanula is the largest genus of the Campanulaceae family (Park et al., 
2006). However, when it comes to the number of species and lower taxonomic 
categories, there is considerable disagreement, with estimates ranging from 350 to 
450 species (Ančev, 1994; Lammers, 2007). These species are distributed from the 
Arctic and temperate zones of the Northern Hemisphere to the south to Eastern 
Africa, Southern Asia, and Northern Mexico. Presently, there are around 200 species 
of the genus Campanula in Europe (Fedorov and Kovanda, 1976). New species are 
constantly being described (Kovanda, 1999), and based on research, some change 
status (Lakušić and Conti, 2004). On the Balkan Peninsula, over 100 species and 
subspecies have been recorded (Fedorov and Kovanda, 1976; Kovačić, 2004; 
Škondrić et al., 2014), with a significant proportion being endemics (Kovačić, 2004; 
Škondrić et al., 2014). This is why the Balkan Peninsula is designated as one of the 
centers of diversity for the genus. In the past decade, several new species have been 
described in the Balkan Peninsula: Campanula austroadriatica D. Lakušić & Kovačić 
(Lakušić et al., 2013); C. skanderbegii Bogdanović, Brullo & D. Lakušić (Bogdanović et 
al., 2014a); C. teutana Bogdanović & Brullo (Bogdanović et al., 2014b); and C. 
aureliana Bogdanović, Rešetnik, Brullo & Shuka (Bogdanović et al., 2015).  

According to the Flora of Bosnia and Herzegovina (Beck-Mannagetta et al., 1983), 
the genus Campanula is represented by 24 species from two sections: sect. 
Campanula and sect. Rapunculus Dumort. Abadžić and Šilić (1990) later 
supplemented this list with two more species for the territory of Bosnia and 
Herzegovina (Campanula waldsteiniana Schult. and C. thyrsoides L.), and Šoljan 
(2001) added another two species (Campanula spicata L. and C. trichocalycina Ten.). 
In the meantime, new species have been described for Bosnia and Herzegovina 
(Maslo and Boškailo, 2015) and certain changes in names have been made. Authors 
Lakušić et al. (2013) conducted a detailed phylogenetic study of the Campanula 
pyramidalis L. complex by analyzing molecular data obtained by sequencing nuclear 
internal transcribed spacers (ITS) and three non-coding chloroplast regions (psbA-
trnH, psbZ-trnfM, trnG-trnS). The results of this study indicate the existence of three 
different groups of populations in the form of three well-supported phylogenetic 
branches in phylogenetic networks and trees. Specifically, the existence of a new 
species (Campanula austroadriatica D. Lakušić & Kovačić, sp. nov.) south of the 
Neretva River valley was noted. A herbarium specimen from the University of 
Belgrade Herbarium (BEOU) No. 31510 collected in the Risan locality, Boka Kotorska, 
Montenegro, was designated as the holotype of this species. Campanula 
austroadriatica is described as a long-lived plant with a densely interwoven rhizome 
from which several erect stems with numerous flowers emerge. The lower part of 
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the stem becomes woody. The leaves are serrated, somewhat fleshy, and the teeth 
have glandular edges. Basal leaves are ovate-heart-shaped to ovate-lanceolate. The 
upper leaves are sessile and taper towards the base. The widely bell-shaped flowers 
are almost sessile, clustered in a long inflorescence 30-100(-120) cm long. The corolla 
is bell-shaped, purple to light bluish-purple, usually with dark blue in the center, 
composed of five fused petals. There are five stamens. The fruit is a capsule with 
many small seeds, 0.9-1.0 x 0.4-0.5 mm in diameter. This species has been recorded 
in the following countries: Croatia (Nikolić, 2019), B&H (Maslo and Boškailo, 2015), 
Montenegro (Lakušić et al., 2013), and Albania (Barina et al., 2018).  

The main goal of this paper is to contribute to the understanding of the distribution 
of the species Campanula austroadriatica D. Lakušić & Kovačić in Bosnia and 
Herzegovina. 

 
2. Material and Methods 

Data on the distribution of the species were collected based on available literature 
sources, analysis of herbarium material, and the authors field research conducted in 
the period from 2016 to 2022. The determination was made using the key: Nikolić 
(2019). Nomenclature is harmonized with the Euro+Med PlantBase (2006-2023), the 
information system for the vascular flora of Europe and the Mediterranean. All 
collected data were georeferenced using the ArcGIS 10.4 software program. For 
displaying the distribution of the given species, the UTM grid 10 x 10 km (Lampinen, 
2001) was used with the dot method according to Walter and Straka (1970) for a 
more complete field coverage and ensuring a satisfactory level of exploration and 
thus objectivity in the representation of distribution status. 

 
3. Results 

The species Campanula austroadriatica D. Lakušić & Kovačić has been separated 
from the species Campanula pyramidalis L. in the territory of B&H (Maslo and 
Boškailo, 2015), where it is stated, that all findings of Campanula pyramidalis L. in 
Herzegovina are attributed to the species Campanula austroadriatica D. Lakušić & 
Kovačić. The first data on the presence of this species in the territory of B&H are 
mentioned by Vandas (1909), and then K. Malý (1910) confirmed it at the following 
locations: around Hrasno, Čapljina, Ravnog, and Zavala-Čvaljina. Autor Đuran in 
Beck-Mannageta (1983) mentions it for the area of Mountain Žaba near Hutovo. The 
following data are found after the year 2000, Maslo and Boškailo (2015) mention it 
for the following locations: Bivolje Polje, Počitelj, and one herbarium specimen is 
stored in the Herbarium of the National Museum of Bosnia and Herzegovina 
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(Čapljina: Počitelj, leg. et det. Boškailo, A. & Maslo, S., 22.10.2015, inv. no. 51435., 
SARA), and Boškailo et al. (2016) confirmed it at the locations: Ravno and near 
Ljubinj. Through new field research, it has been confirmed at the following locations: 
Čapljina - Hutovo blato, Neum - Klek, Neum, Klobuk (border crossing), Trebinje - 
Trebinjsko jezero, Trebinje - Stari Grad, Trebinje - near Donji Čičava, Trebinje – 
Skočigrm, Trebinje - Strujići, Čapljina - Cerovica, Čapljina - Dretelj, (Figure 1; Figure 
2; Table 1).  

Table 1: Findings of the species Campanula austroadriatica D. Lakušić & Kovačić in Bosnia and Herzegovina 

No. 
Wider 

locality 
Narrower 

locality 
Habitat Coordinate Altitude Source Year UTM 

1. Neum 
around 
Hrasna 

- 
42,95175 
17,91657 

335 m Malý, 1910;  1910 YH36 

2. Čapljina 
around 
Čapljine 

fissures in 
limestone 
rocks 

43,12214 
17,72075 

35 m 
Malý, 1910; 
Field finding 

1910 YH27 

3. Ravno Ravno 
fissures in 
limestone 
rocks 

42,8792 
17,9728 

256 m 
Malý, 1910; 
Field finding; 

1910 YH45 

4. Ravno 
Zavala-
Čvaljina 

fissures in 
limestone 
rocks 

42,86832 
17,97095 

331 m 
Malý, 1910; 
Field finding 

1910 YH44 

5. Neum Mt. Žaba 
fissures in 
limestone 
rocks 

42,95403 
17,80015 

391 m 

Beck-
Mannageta, 
1983; Field 
finding 

1983 YH26 

6. Čapljina Bivolje Polje 

fissures in 
vertical 
limestone 
rocks 

43,15737 
17,76030 

47 m 

Field finding; 
Maslo et 
Boškailo, 
2015; Maslo 
in Nikolić, 
2023 

2015 YH28 

7. Čapljina Bivolje Polje 

fissures in 
vertical 
limestone 
rocks 

43,15737 
17,76030 

47 m 
SARA!; Field 
finding 

2015 YH28 

8. Čapljina Počitelj 

fissures in 
vertical 
limestone 
rocks 

43,14526 
17,73430 

34 m 

Maslo et 
Boškailo, 
2015; Maslo 
in Nikolić, 
2023; Field 
finding 

2015 YH27 

9. Ravno Ravno 
fissures in 
limestone 
rocks 

42,89065 
17,99765 

327 m 
Boškailo et 
al.,  2016 

2016 YH45 



Annals of the Institute of Biology - University of Sarajevo 
AIBUS: 46: 1-9 
Original Article 

5 
 

No. 
Wider 

locality 
Narrower 

locality 
Habitat Coordinate Altitude Source Year UTM 

10. Ljubinje at Ljubinja 
fissures in 
limestone 
rocks 

42,92485 
18,05620 

573 m 
Boškailo et 
al., 2016 

2016 BN65 

11. Čapljina Hutovo  
fissures in 
limestone 
rocks 

42,96708 
17,79961 

457 m 

Field finding; 
Bukvić et al., 
2020; Maslo 
in Nikolić, 
2023; 

2016 YH27 

12. Neum Klek 
fissures in 
limestone 
rocks 

42,91230 
17,62297 

46 m 
Field finding; 
Maslo in 
Nikolić, 2023 

2016 YH15 

13. Neum Neum 
fissures in 
limestone 
rocks 

42,92955 
17,61008 

51 m Field finding 2016 YH15 

14. Trebinje 
Klobuk 
(border 
crossing) 

fissures in 
limestone 
rocks 

42,71121 
18,55403 

854 m Field finding 2016 BN93 

15. Trebinje 
Trebinjsko 
jezero 

fissures in 
limestone 
rocks 

42,70336 
18,39035 

309 m Field finding 2016 BN83 

16. Trebinje Stari Grad 
fissures in 
limestone 
rocks 

42,71009 
18,35116 

274 m Field finding 2016 BN83 

17. Trebinje 
at Donjeg 
Čičava 

fissures in 
limestone 
rocks 

42,67095 
18,34900 

420 m Field finding 2016 BN82 

18. Trebinje Skočigrm 
fissures in 
limestone 
rocks 

42,68735 
18,51973 

427 m Field finding 2016 BN92 

19. Trebinje Strujići 
fissures in 
limestone 
rocks 

42,88998 
17,99336 

268 m Field finding 2016 YH45 

20. Čapljina Cerovica 
fissures in 
limestone 
rocks 

42,98161 
17,79928 

349 m Field finding 2020 YH26 

21. Čapljina Dretelj 
fissures in 
limestone 
rocks 

43,13108 
17,72248 

51 m Field finding 2022 YH27 

22. Ravno Orahov Do 
fissures in 
limestone 
rocks 

42,82767 
17,92851 

343 m Field finding 2022 YH34 

23 Ravno Čvaljina 
fissures in 
limestone 
rocks 

42,868731 
17,970421 

354 m Field finding 2022 YH45 
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Figure 1: Campanula austroadriatica D. Lakušić & Kovačić: a) habitat of the species in the area of Klobuk near Trebinje; b) 

leaves; c) blossom (photo: Boškailo, A.) 

 

 
Figure 1: Distribution of the species Campanula austroadriatica D. Lakušić & Kovačić in Bosnia 

and Herzegovina 

a b 

c 
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Based on the current analysis of available herbarium, literature data, and authors 
field research in B&H, 23 findings have been recorded in 13 UTM squares (Table 1; 
Figure 2). Populations of Campanula austroadriatica can be found within the 
vegetation of rock crevices (Asplenietea rupestris), and less often within the 
vegetation of sedges (Drypetea spinose), on limestone, on altitudes from 0 to 1.000 
m. In urban habitats they can be found on old walls and fortresses (Lakušić et al., 
2013). 

Based on the provided map, it is evident that all findings are from the Mediterranean 
biogeographical region (European Environment Agency, 2002). Considering the fact 
that the species C. pyramidalis L. is listed on the Red List of protected species of flora 
and fauna of Republika Srpska (Anonymus, 2012) and on the Red List of the 
Federation of Bosnia and Herzegovina (Đug et al., 2013) under the category NT - 
Nearly threatened species, it is evident that the data from this study will represent a 
significant basis for assessing the threatened status of this species when creating the 
future Red List of Bosnia and Herzegovina. 

 

4. Conclusions 

The species Campanula austroadriatica D. Lakušić & Kovačić is present in Bosnia and 
Herzegovina across 23 distinct locations spread across 13 UTM squares, all situated 
within the Mediterranean biogeographical region. This species exhibits a preference 
for inhabiting cracks found within limestone rocks. The information highlights the 
importance of ongoing monitoring efforts, as there remains a significant likelihood 
of identifying additional locations where this species thrives within the 
Mediterranean biogeographical region. Such monitoring is crucial for understanding 
the distribution, ecology, and conservation needs of Campanula austroadriatica in 
Bosnia and Herzegovina. 
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Abstract 

In the eastern part of Bosnia and Herzegovina, on the territory of the Municipality of 
Srebrenica, in the middle course of the Drina River, lies the Drina National Park. 
Based on years of field research and existing literature sources, 635 taxa of vascular 
plants were identified in NP "Drina." Data analysis revealed 55 endemic taxa. 
Moreover, 43 taxa are included in the preliminary Red List of Bosnia and 
Herzegovina, 34 taxa are in the preliminary Red List of the Flora of the Federation of 
Bosnia and Herzegovina, while 48 taxa are in the Red List of the Republic of Srpska. 
The IUCN list includes 14 taxa, while 12 are in the CITES list. Particular value is added 
to NP "Drina" by the presence of Pančić spruce, an endemic, tertiary relict species.  
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1. Introduction 

On the territory of the Municipality of Srebrenica, in the middle course of the Drina 
River, lies the Drina National Park, spreading over 6,315.32 ha. The area forms a 
unique complex covering the Stari Vlah region and is also part of the central belt of 
the Dinaric Alps (Panić, 2015). The protected area essentially comprises the gorge-
canyon valley of the Drina River, including Perućac Lake and the mountain area of 
Sušica. The Drina National Park stretches 11 km south to north and 19 km west to 
east (Petrović, 2018). The highest point in NP "Drina" is located north of Luka village 
on the Grad viewpoint and measures 1,267 m.a.s.l. The lowest point is downstream 
of the river and is 291 m.a.s.l. (Panić, 2015).  

The complex and varied geological, geomorphological, and pedological structure and 
specific climatic and vegetation characteristics have contributed to the formation of 
a rather picturesque landscape along the entire course of the Drina River. The most 
interesting part is the canyon-gorge valley of the Drina River with its grandiose over 
1000 m high limestone sections. The Drina River Canyon, with discovery sites of 
Pančić spruce and a considerable number of endemic and relict species, is a unique 
environment in the Drina National Park. The landscape value of the Drina River 
Canyon is contributed by the thermophile forests of downy oak and hop-hornbeam, 
hop-hornbeam and manna ash, black pine forests, limestone cracks, and creeps. The 
Drina River Canyon is among Europe's most conserved parts of nature (Petronić, 
2015). The area has been protected under the Drina National Park Law and the Study 
for the Proclamation of Protected Area - NP Drina adopted by the National Assembly 
of the Republic of Srpska ("Official Gazette of the Republic of Srpska" No. 63/17). 

 
2. Material and Methods 

The paper draws upon existing literature sources showing the diversity of the 
vascular flora Petronić (2015); endemic taxa of vascular plants were identified 
according to Lubarda et al. (2014), Šilić (1990), Šoljan (2023). The status of 
endangered species and levels of conservation are given according to the preliminary 
Red List of Endangered Species of Bosnia and Herzegovina (Šilić, 1996), the Red List 
of the RS (2012), the Decree on Strictly Protected and Protected Wild Plant Species 
of the RS (2020), the Red List of Flora of the FBiH (Đug et al. 2013), CITES (2023) and 
IUCN (2023). Species names have been harmonized with the Euro+Med PlantBase 
nomenclature (2006–2023). The species have been classified by taxonomic rank and 
family according to Tatić and Blečić (1996). 
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3. Results 

Based on years of field research and existing literature sources (Beck, 1903, 1927; 
Maly, 1936: Plavšić, 1936, 1937; Fukarek, 1951), 635 taxa of vascular plants were 
identified in the area of NP "Drina." Endemic and endangered vascular flora taxa 
were singled out from the NP "Drina" inventory (Petronić, 2015) and shown in (Table 
1.) 

Table 1. List of endemic and endangered species from classes Magnoliopsida (subclasses Asteridae, Rosidae, Dilleniidae, 
Ranunculidae, Caryophyllidae) and Liliopsida (subclasses Liliidae and Commelinidae) in the Drina National Park 

SPECIES E PRLBIH RLFBiH RLRS SPSRS CITES IUCN 

Class PINOPSIDA        

Pinaceae        

Picea omorika (Pančić) Purkynê   NT    EN 

Class: MAGNOLIOPSIDA        

SUBCLASS ASTERIDAE  

Asteraceae  

Centaurea derventana Vis. & Pančić + V DD +    

Cirsium candelabrum Griseb.  +       

Cirsium waldsteini  Rouy +       

Hieracium vilosum Jacq. +       

Hieracium waldsteinii Tausch subsp. waldsteinii + R EN +    

Jurinea mollis (L.) Rchb. +       

Senecio squalidus subsp. rupestris (Waldst. & Kit.) Greuter +       

Telekia speciosa (Schreb.) Baumg.  V VU +    

Acanthaceae  

Acanthus hungaricus (Borbás)Baen. + R  +    

Boraginaceae  

Onosma stellulata Waldst. & Kit. + R LC +    

Campanulaceae  

Edraianthus graminifolius (L.) A. DC. +   +    

Dipsacaceae  

Scabiosa cinerea Lam. subsp. cinerea + R LC     

Scabiosa ochroleuca L.    +    

Gentianaceae  

Gentianella ciliata (L.) Borkh.  R DD     

Lamiaceae  

Clinopodium alpinum subsp. hungaricum (Simonk.) 
Govaerts 

+       

Clinopodium menthifolium (Host) Stace subsp. menthifolium +       

Clinopodium thymifolium (Scop.) Kuntze +   +    

Satureja subspicata Bartl. Ex Vis. subsp. subspicata + V LC +    

Stachys anisochila Vis. & Pancic  + R  +    

Thymus praecox subsp. jankae (Čelak.) Jalas  +   +    

Orobanchaceae  

Melampyrum hoermannianum K. Malý  + V  +    

Rinanthus rumelicus Velen. +       

Plantaginaceae  

Digitalis lanata Ehrh. +  VU     

Callitriche cophocarpa Sendtn.    +    
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SPECIES E PRLBIH RLFBiH RLRS SPSRS CITES IUCN 

Rubiaceae  

Asperula taurina L.    +    

Asperula aristata subsp. scabra (J. Presl & C. Presl) Nyman +       

Scrophulariaceae  

Scrophularia heterophylla subsp. laciniata (Waldst. & Kit.) 
Maire & Petitm. 

+ R EN +    

Scrophularia scopolii Hoppe  R  +    

Valerianaceae  

Valeriana tripteris L.    +    

SUBCLASS ROSIDAE  

Acearceae  

Acer hyrcanum subsp. intermedium (Pančić) Bornm + R EN +    

Acer obtusatum Willd +       

Apiaceae  

Athamanta turbith subsp. haynaldii (Borbás & R. Uechtr.) 
Tutin 

+ R EN +    

Eryngium amethystinum L. +       

Seseli rigidum Waldst. & Kit. +       

Pimpinella serbica (Vis.) Benth. & Hook.f. ex Drude + R EN +    

Fabaceae  

Cytisus tommasinii Vis. + R VU +    

Genista januensis Viv.  +       

Genista sylvestris subsp. dalmatica (Bartl. ) H. Lindb. +   +    

Dorycnium pentaphyllum subsp . germanicum (Gremli) 
Gams 

+       

Lathyrus laevigatus (Waldst. & Kit.) Gren  V  +    

Vicia oroboides Wulfen + R LC +   LC 

Rhamnaceae  

Rhamnus alpina subsp. fallax (Boiss.) Maire & Petitm. +       

Rosaceae  

Sorbus austriaca (Beck) Prain & al.  R  +   LC 

Sanguisorba officinalis L.    +   LC 

Rutaceae  

Dictamnus albus L.    +    

Saxifragaceae  

Saxifraga marginata Sternb. + R NT +    

SUBCLASS DILLENIIDAE  

Brassicaceae  

Arabis procurrens Waldst. & Kit. +   +    

Erysimum carniolicum Dolliner +       

Erysimum linariifolium Tausch  +       

Noccaea praecox (Wulfen) F. K. Mey. +       

Ericaceae  

Erica carnea L. +       

Pyrola rotundifolia L.  R DD +    

Primulaceae  

Cyclamen purpurascens Mill.  V LC   + LC 

Primula elatior subsp. intricate (Gren. & Godr.) Ludi  + E LC +    

Lysimachia nemorum L.    +    

Thymelaeaceae  

Daphne laureola  R  +    

Daphne malyana Blečić + R EN +    
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SPECIES E PRLBIH RLFBiH RLRS SPSRS CITES IUCN 

SUBCLASS RANUNCULIDAE  

Berberidaceae  

Epimedium alpinum L. +       

Papaveraceae  

Pseudofumaria alba (Mill.) Lidén +   +    

Pseudofumaria alba subsp. leiosperma (P. Conrath) Lidén  + R EN +    

Ranunculaceae  

Helleborus odorus Willd. +       

Hepatica nobilis Schreb. + V VU    LC 

SUBCLASS CARYOPHYLLIDAE  

Caryophyllaceae  

Cerastium decalvans Schloss. & Vuk. + V LC     

Dianthus giganteus subsp. croaticus (Borbás) Tutin + V LC +    

Dianthus petraeus Waldst. & Kit. subsp. petraeus + V LC +    

Dianthus sylvestris subsp. bertiscus Rech. f. +       

Silene sendtneri Boiss. + R LC +    

SUBCLASS LILIDAE  

Amaryllidaceae  

Galanthus nivalis L.  V LC   + NT 

Asparagaceae  

Ruscus aculeatus L.    +    

Iridaceae  

Iris reichenbachii Heuff.  + R LC  +   

Liliaceae  

Convallaria majalis L.  V  +   LC 

Erythronium dens-canis L.  V LC     

Lilium martagon L.  V LC     

Orchidaceae  

Cephalanthera damasonium (Mill.) Druce   R   + + LC 

Cephalanthera longifolia (L.) R. M. Fritsch   R VU  + + LC 

Cephalanthera rubra (L.) Rich.   R VU  + + LC 

Dactylorhiza maculata (L.) Soó subsp. maculata  V  +  + LC 

Epipactis helleborine (L.) Crantz      +  

Listera ovata (L.) R. Br.      +  

Neottia nidus-avis (L.) Rich.       +  

Neotinea ustulata (L.) R. M. Bateman, Pridgeon & M. W. 
Chase 

   +  + LC 

Orchis mascula subsp. speciosa (Mutel) Hegi  V  +  + LC 

Platanthera bifolia (L.) Rich.  R NT  + + LC 

Traunsteinera globosa (L.) Rchb.   NT +    

SUBCLASS COMMELINIDAE  

Cyperaceae  

Eriophorum latifolium Hoppe    +    

Poaceae  

Calamagrostis villosa (Chaix) J. F. Gmel.    +    

Poa stiriaca Dörfl.    +    

Sesleria autumnalis (Scop.) F. W Schultz +       

Sesleria juncifolia Suffren        

Legend: 
E – endemic, PRLBIH – Preliminary Red List of Bosnia and Herzegovina, RLFBIH – Red List of the Flora of the Federation of 
Bosnia and Herzegovina, RLRS –Red List of the Republic of Srpska, SPSRS – Strictly protected species of the Republic of 
Srpska, CITES - Convention on International Trade in Endangered Species of Wild Fauna and Flora, IUCN – International 
Union for Conservation of Nature 
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According to the preliminary Red List of Endangered Species of Bosnia and 
Herzegovina (Šilić, 1996), 43 taxa have been singled out, of which 16 are in the 
category of endangered or vulnerable species (V), 26 are rare or potentially 
endangered species (R), and one subspecies is in category E (likely extinct).  

Class Pinopsida includes Pančić spruce, an endemic-relic species, which is found in 
the preliminary Red List of Bosnia and Herzegovina in the category of rare or 
potentially endangered species (R), in the Red List of Flora of the Federation of 
Bosnia and Herzegovina in the category of near threatened species (NT), is not found 
in the endangered category of the Red List of Strictly Protected Species of Republic 
of Srpska, and is classified in endangered species category (EN) in the IUCN list.  

Class Magnoliopsida is represented by five subclasses. Subclass Asteridae includes 
30 taxa, of which 20 (66.6%) are endemic, 13 (43.3%) are in the preliminary Red List 
of Bosnia and Herzegovina, 9 (30%) are in the Red List of the Federation of Bosnia 
and Herzegovina, while 17 taxa (56%) are in the Red List of Republic of Srpska. In 
subclass Asteridae, no taxa are found in the category of endangered species in the 
SPSRS, CITES, or IUCN list. The most represented taxa are from the Asteraceae family. 
Eight taxa were registered, of which seven are endemic (87.5%), and the Preliminary 
Red List of Bosnia and Herzegovina, the Red List of the Flora of the Federation of 
Bosnia and Herzegovina, and the Red List of Republic of Srpska include three taxa 
(37.5%) each. Of the registered taxa from the Lamiaceae family (6), all are endemic, 
two (33%) are in the Preliminary Red List of Bosnia and Herzegovina, one (16.67%) is 
in the Red List of the Flora of the Federation of Bosnia and Herzegovina, while four 
(66%) are in the Red List of Republic of Srpska (Figure. 1.) 

Subclass Rosidae includes 17 taxa, of which 13 are endemic (76%), eight (47.06%) 
are in the preliminary Red List of Bosnia and Herzegovina, six (35.29%) are in the Red 
List of the Flora of the Federation of Bosnia and Herzegovina, 11 (64%) are in the Red 
List of the Republic of Srpska. Three taxa (17.6%) are in the IUCN list in the least 
concern category. The most numerous taxa in this subclass are from the Fabaceae 
family, with six taxa, of which five (83%) are endemic. Three taxa (50%) are in the 
Preliminary Red List of Bosnia and Herzegovina, two (33.33%) are in the Red List of 
the Flora of the Federation of Bosnia and Herzegovina, and four taxa (66%) are in the 
Red List of Republic of Srpska, while one (16.67%) is in the IUCN list in the least 
concern category.  

Subclass Dilleniidae includes 12 taxa, of which eight (66%) are endemic. Six taxa 
(50%) are in the preliminary Red List of Bosnia and Herzegovina, four taxa (33.33%) 
are in the Red List of the Flora of the Federation of Bosnia and Herzegovina, while 
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seven taxa (58%) are in the Red List of Republic of Srpska. The CITES list includes one 
taxon (8.3%). One taxon (8.3%) is also found in the least concern category of the 
IUCN list. From the Brassicaceae family, there are four endemic taxa, and one taxon 
(25%) is in the Red List of the Republic of Srpska.  

Subclass Ranunculidae includes five taxa, all of which are endemic. The preliminary 
Red List of Bosnia and Herzegovina, the Red List of the Flora of the Federation of 
Bosnia and Herzegovina, and the Red List of the Republic of Srpska include two taxa 
(40%), while one taxon (20%) is in the IUCN list.  

The Caryophylaceae family, subclass Caryophyllidae, has five taxa represented, all of 
which are endemic. Four taxa (80%) are in the Preliminary Red List of Bosnia and 
Herzegovina and the Red List of Flora of the Federation of Bosnia and Herzegovina, 
while three taxa (60%) are in the Red List of the Republic of Srpska. 

 
Figure 1. Representation of taxa by different evaluation systems and conservation of species in subclasses of Class 

Magnoliopsida 

 
Class Liliopsida is represented by two subclasses, Lilidae and Commelinidae. Subclass 
Lilidae includes 17 taxa, of which one (5.88%) is endemic. There are 11 taxa (64.71) 
in the preliminary Red List of Bosnia and Herzegovina, eight taxa (47.06%) in the Red 
List of the Flora of the Federation of Bosnia and Herzegovina, and six taxa (35.29%) 
in the Red List of Republic of Srpska, five taxa (29.41%) are strictly protected in 
Republic of Srpska, while eight taxa (47.06%) are in the IUCN list. The CITES list 
includes 11 taxa (64.7%). The most numerous species are from the Orchidaceae 
family, of which ten taxa (90%) are in the CITES list, and six taxa (54.54%) are in the 
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preliminary Red List of Bosnia and Herzegovina. The Red List of Flora of the 
Federation of Bosnia and Herzegovina, the Red List of the Republic of Srpska, and 
the List of strictly protected species in the Republic of Srpska include four taxa 
(36.36%) each. The IUCN list includes six taxa (54.54%) as least concern. Taxa from 
subclass Commelilnidae include one endemic (20%) and three strictly protected 
species (60%) in the Republic of Srpska (Figure 2.).  
 

 
Figure 2. Representation of taxa by different evaluation systems and conservation of species in subclasses of Class 

Liliopsida 

 
4. Discussion  

Fifty-four endemic species have been registered in the studied area. The endemic 
species are dominated by mesoendemic species, while stenoendemic species are 
much rarer. The number of endemics decreases from rock cracks and creeps toward 
forests, thickets, and meadows. The following endemic species are represented: 
Acer hyrcanum subsp. intermedium, Acer obtusatum, Athamanta turbith subsp. 
haynaldii, Cytisus tommasinii, Cirsium candelabrum, Cirsium waldsteinii, Daphne 
malyana, Iris reichenbachii, Clinopodium thymifolium, Pseudofumaria alba subsp. 
leiosperma, Satureja subspicata subsp. subspicata and others. 
 
The exceptional floristic importance of the Drina National Park is reflected in the 
presence of vascular plant species found in the preliminary Red List of Bosnia and 
Herzegovina, the Red List of Flora of the Federation of Bosnia and Herzegovina and 
the Decree on the Red List of Endangered Plant and Animal Species of Republic of 
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Srpska. All species give particular significance to the flora and vegetation of the 
studied area. These are endemic, rare and endangered species protected by national 
and global regulations.  
Species from the preliminary Red List of Bosnia and Herzegovina include Picea 
omorika (R), Cerastium decalvans (V), Dianthus petraeus (R), Silene sendtneri (R), 
Saxifraga marginata (R), Pyrola rotundifolia (R), Hieracium waldsteinii (R), Lilium 
martagon (V), Erythronium dens-canis (V) Convallaria majalis (V), Plathanthera 
bifolia (R), Gentianella ciliata (R) and others. 
Species from the Red List of Flora of the Federation of Bosnia and Herzegovina 
include Telekia speciosa (VU), Digitalis lanata (VU), Scrophularia heterophylla subsp. 
laciniata (EN), Pimpinella serbica, and others.  
According to the Decree on the Red List of Endangered Plant and Animal Species of 
Republic of Srpska, the following species are protected: Acanthus hungaricus, Allium 
victorialis, Arabis procurrens, Asperula taurina, Callitriche cophocarpa, Campanula 
sibirica, Equisetum sylvaticum, Primula elatior subsp. intricata, Vicia oroboides, and 
others.  
In the flora of the studied area, the following species from the Washington 
Convention CITES list were identified: Galanthus nivalis, Cephalanthera longifolia, 
Cephalanthera rubra, Dactylorhiza maculata subsp. maculata, Anacamptis morio, 
Traunsteinera globosa, Epipactis helleborine, Orchis mascula subsp. speciosa, and 
others. These species are listed in Appendix II of the CITES Convention. They are 
currently not threatened with extinction and are protected, but trade in specimens 
from natural habitats is prohibited, while it is allowed in nurseries and cultures. 
These species are endangered due to their decorative and medicinal value.  
 
5. Conclusion  

In the eastern part of Bosnia and Herzegovina, on the territory of the Municipality of 
Srebrenica, in the middle course of the Drina River, lies the Drina National Park. 
Based on years of field research and existing literature sources, 635 taxa of vascular 
plants were identified in the area of NP "Drina." Data analysis revealed 55 endemic 
taxa. Moreover, 43 taxa are included in the preliminary Red List of Bosnia and 
Herzegovina, 34 taxa are in the Red List of the Flora of the Federation of Bosnia and 
Herzegovina, while 48 taxa are in the Red List of the Republic of Srpska. The IUCN list 
includes 14 taxa, while 12 are in the CITES list. Particular value is added to NP "Drina" 
by the presence of Pančić spruce, an endemic, tertiary relict species.  
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Abstract 

This study was carried out to compare the growth and development of testicles in 

rainbow trout, Oncorhynchus mykiss (Walbaum, 1792) at the Royal fish and Magazin 

Maprim fish farms using pellet fish feed of various manufacturers. Two groups with 

30 individuals of the same age were examined. The males from the Royal fish farm 

were fed with Skretting feed while the Magazin Maprim fish farm used Coppens 

feed. Fish were fed twice a day at 5% body weight basis. Physicochemical parameters 

of water were within acceptable values for this species. The values of total length 

and total weight of the males from the Royal fish farm fed with Skretting feed 

showed a significant statistical difference compared to the males from the Magazin 

Maprim fish farm fed with Coppens feed. Also, mean weight of the testicles and 

gonadosomatic index of the males fed with Skretting feed did not show a statistically 

significant difference compared to the weight of the testicles and gonadosomatic 

indexof the males fed with Coppens feed. Histological assay of the testicles of 

rainbow trout subjected to experimental feeds showed a normal cell growth and 

spermatogenesis in both groups. The results indicate that there are differences in 
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the growth of rainbow trout between the observed groups in favor of Skretting feed 

manufacturer, which should be taken into account when selecting the feed for a 

more productive farming.   

Keywords: rainbow trout, growth, gonadosomatic index, testicles histology, pellet 

fish food. 
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1. Introduction 

Aquaculture in Bosnia and Herzegovina is in constant development, representing the 
fastest growing sector of animal agriculture. The growing trend of production has 
continued from year to year according to the available data of B&H Agency for 
Statistics. The most important fish species raised at fish farms in the Federation of 
Bosnia and Herzegovina is rainbow trout, Oncorhynchus mykiss (Walbaum, 1792). It 
was introduced in BiH for the first time in 1894, stocked some of our salmonid rivers 
(Korjenić, 2010). It is raised in concrete and cage ponds, which are two different 
biological environments in terms of the physicochemical properties of water. Under 
conditions of intensive farming, rainbow trout grows at a faster pace; it is extremely 
adaptable to the living environment and is significantly more resistant to parasitic 
and bacterial diseases relative to other species that reproduce and grow under 
artificial conditions. Also, its nutritional quality is excellent (Davies & Bromage, 2002; 
Davidson et al., 2011; Vranić et al., 2011). A right choice of parental material under 
intensive breeding conditions ensures high production parameters of the rainbow 
trout offspring (Vehviläinen et al., 2012). Intensive production of this fish species 
requires several factors that should allow the most favorable conditions for life and 
a fast growth of fish population, i.e. to contribute to a faster achievement of the 
planned production and placement of the final product on the market. The previous 
studies have shown that photoperiod, temperature and amount of dissolved oxygen 
i.e. their values during spawning significantly affect the production in aquaculture 
(Randall, 2001; Pornsoping et al., 2007; Jažić et al., 2011). Technology of breeding 
rainbow trout must provide elementary conditions: clean water that fulfills the 
oxygen requirement (9-11mg/l), an appropriate water temperature (8-12°C), pH of 
water (6,5-8,5) and a sufficient flow of water and a systematic diet with different 
types of industrial and natural feeds (Ćuk et al., 2006; Marković et al., 2006; McMillan 
et al., 2012). In artificial breeding of rainbow trout, diet is without any doubt the 
most difficult and complex undertaking. Complexity of the problem with diet comes 
not so much from the type and amount of feed, but more from the fact that it is 



Annals of the Institute of Biology - University of Sarajevo 
AIBUS: 46: 21-33 
Original Article 

 

23 
 

conditioned by a range of different factors. A high productivity is based on a balanced 
and proper diet with all components that support intensive growth and prevent 
diseases (Klontz, 1991; Willoughby, 1999; Akbary et al., 2010).  

Interesting biology and extreme economic significance of rainbow trout are the 
reasons behind intensive studies of many authors from our region (Mikavica et al., 
2005; Muhamedagić et al., 2010; Savić et al., 2013b). These authors mainly examined 
the growth (length and weight) of rainbow trout relative to diet or different 
conditions of habitat (Pelo et al., 2012). In addition, the studies of the health of 
salmonids, the quality and nutritional values of meat, a significance in human diet 
and monitoring of morphometric and hematological indexes were carried out 
(Jeremić et al., 2003; Baltić et al., 2009; Jažić et al., 2011; Vranić et al., 2011).  

Starting with an assumption that production and economic performance of salmonid 
species are affected significantly by artificial breeding, the goal of this study was to 
compare the growth, gonadosomatic index (GSI) and histological properties of the 
testicles in rainbow trout fed with pellet feed manufactured by two manufacturers, 
Coppens and Skretting. 

 
2. Material and Methods 

The studies monitored two groups of 30 rainbow trout males. The age of the 
specimen was determined on the basis of fish scales. Sampling of the rainbow trout 
males was carried out at two fish farms: Royal fish and Magazin Maprim. The Royal 
fish farm is located at Grabovica lake (lat: 43.626; lon: 17.751), hydroaccumulation 
of Neretva River, with intensive breeding in the floating cages. The Magazin Maprim 
fish farm with a classic intensive fish farming in concrete ponds is located at Ramički 
creek (lat: 43.89; 18.131), which flows into Bosna River (Figure 1.). 

 
Figure 1. Geographic distribution of investigated fish farms in B&H 
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Pellet fish feed manufactured by Coppens (Holland) was used at the Magazin 
Maprim fish farm, while Skretting (Italy) feed was used at the Royal fish farm. Fish 
were fed twice daily on a 5 % body weight basis.  
The measurements carried out at the fish farms included the basic physicochemical 
parameters of the quality of water (temperature, concentration of dissolved oxygen 
and pH values) and were done using a measurement device Multi 340i/SET 
(Germany). 
 

2.1. Morphometric parameters and gonadosomatic index (GSI) 
 

Sampled fish males were measured for the following morphometric parameters: 
total body length, total body weight and testicular weight. Total body length is a total 
length of a body, from head to the end of the tail. This parameter was measured 
using ichtiometer. Body weight of the males and the testicular weight were 
determined using a digital analytical scale (Tehtnica ET 1111) with a precision of two 
decimals, at the Histology Laboratory of the Faculty of Science Sarajevo. The data 
collected was used to calculate the gonadosomatic index (GSI) using the formula 
(Bolger & Connolly , 1989): 
 

GSI = gonad weight (g)/total fish weight (g)*100 

 
2.2. Histological analysis of the testicles 

 

For the histological examination, after the separation from the surrounding tissues, 
the testicles were fixated in 10% formaldehyde. Microscopic preparations were 
made and analyzed in the Histology and Embryology Laboratory of the Veterinary 
Faculty in Sarajevo. Sample processing, from fixation to molding with paraffinn, was 
carried out on a rotational tissue processor (MICROM model STP 120). After molding, 
the samples were cut using digital microtome (LEICA RM 2145), several serial cuts 
from 0,5 to 1,5 micrometer thick and stained with standard method of hematoxylin-
eosin (Bancroft & Cook, 1994). Examination of the histological preparations was 
done using a light microscope equipped with camera MOTIC TYPE 102M, under 
magnification of 100, 200 and 400x. The analyses of histological structures were 
carried out using a special program Motic Images Plus 2.0 ML.  
 

2.3. Statistical analysis 
 

Obtained results of measurement were statistically analysed using software 
Statistica 8.0 (©Copyright StatSoft, Inc. 1984-2007). The results of the morphometric 
measurements were presented as arithmetic means of measurements with a 
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standard deviation accompanied by minimum, maximum and coefficient of variation 
(%), (Microsoft Excel, 2007). One way ANOVA was applied to compare the observed 
parameters, after which a post-hoc Newman Keuls test followed. Linear regression 
analysis was used for modelling relationship between gonadosomatic index (GSI), 
total length, body weight and testicular weight. The analyses applied the level of a 
statistical significance of P < 0.05.  
 

3. Results 

3.1. Composition of pelleted fish feed and the parameters of the quality of water 

Values of nutrients in pelleted fish feed was used in the diet of rainbow trout at the 
examined fish farms, are presented in (Table 1.). The table shows that fish foods are 
approximately similar in composition. 

Table 1. Comparative illustration of pelleted fish feed composition 

 

The measured values of physicochemical parameters of water at the examined fish 
farms were within acceptable values for the rainbow trout breeding (Table 2.). 

Table 2. Values of physicochemical parameters of water at the examined fish farms 

Fish farm  Magazin Maprim Royal fish 

Temperture  11 °C 8 °C 

Concentration of dissolved oxygen  10 mg/l 9 mg/l 

Water pH  8.3 8.15 

 

3.2. Morphometric parameters and gonadosomatic index (GSI)  

Descriptive statistics of the morphometric parameters, weight testicular and 
gonadosomatic index is presented in (Table 3.). Our results show that the average 
values of a total length (34.80±1.86 cm) and a total body weight (563±53 g) of the 
males from the Royal fish farm fed with Skretting feed differ significantly from the 
values of a total length (26.70±2.05 cm) and a total body weight (237±62.46 g) of the 
males from the Magazine Maprim fish farm that used Coppens feed. The average 
testicular weight (13.56±4.18 g) of the males fed with Skretting feed did not show 
any significant difference as compared to the testicular weight (8.38±3.96 g) of the 

Manufactured 
Pelleted 
fish feed 

Crude 
protein 
(%) 

Crude fat 
(%) 

Crude 
fibre (%) 

Ash 
(%) 

Phosphorus 
(%) 

Vitamin A 
IU/kg 

Vitamin 
D3 IU/kg 

Skreting (Italy) 
Skreting 
optiline HE 
2P 

42 26 3 4,0 0,6 5000 1 000 

Cooppens 
(Holland) 

Ultra troco 43 28 1 8,3 0,9 15 000 3 000 
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males fed with Coppens feed. The gonadosomatic index (2,39±0,58) of the males 
from the Royal fish farm did not differ statistically from the gonadosomatic index 
(3,47±1,06) values of the males from the Magazin Maprim fish farm.  

Table 3. Total length, body weight, weight testicular and gonadosomatic index of rainbow trout in fish farms 

Fi
sh

 
fa

rm
 Statistical parameter Total length 

(cm) 
Body weight Testicular 

weight 
Gonadosomatic 
index 

Fl
o

at
in

g 
ca

ge
s 

p
o

n
d

s 
 

Mean 34.80* 562.80* 13.56 2.39 

Standard deviation 1.86 53.31 4.18 0.58 

Minimum 31.50 476.00 9.63 2.02 

Maximum 36.00 609.00 20.64 3.42 

Coefficient of variation - % 5.34 9.47 30.83 24.32 

C
o

n
cr

et
e 

p
o

n
d

s 
 

Mean 26.70* 237.00* 8.38 3.47 

Standard deviation 2.05 62.46 3.96 1.06 

Minimum 24.50 159.00 4.09 2.23 

Maximum 28.50 304.00 14.37 4.73 

Coefficient of variation - % 7.68 26.36 47.23 30.43 

Asterisk in superscript denotes significantly different mean values between groups (* P ≤0.05); P - values obtained by Newman 

Keuls test  

 
3.3. Relationship between the gonadosomatic index (GSI) and body parameters of 
Oncorhynchus mykiss 

The gonadosomatic index (GSI) of male Oncorhynchus mykiss fed Skretting feed 
showed a linear relationship with the total length (cm), total weight (g) and testicular 
weight (g). Power regression equation for the gonadosomatic index (GSI) and total 
length (cm), total weight (g) and testicular weight (g) of male Oncorhynchus mykiss 
fed Skretting feed is as follows: 

GSI=0.0987×-1.0482 (r²=0.0998, P>0.05) 
GSI=0.0057×-0.8156 (r²=0.2731, P>0.05) 
GSI=0.1355×-0.5494 (r²=0.952, P>0.05) 

 

The gonadosomatic index (GSI) of male Oncorhynchus mykiss fed Coppens feed 
showed a linear relationship with the total length (cm), total weight (g) and testicular 
weight (g). Power regression equation for the gonadosomatic index (GSI) and total 
length (cm), total weight (g) and testicular weight (g) of male Oncorhynchus mykiss 
fed Coppens feed is as follows: 

GSI=0.1986×-1.8316 (r²=0.1485, P>0.05) 
GSI=0.005×-2.2856 (r²=0.0875, P>0.05) 

GSI=0.2155×-1.6649 (r²=0.6525, P>0.05) 
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3.4. Histological analysis of testicles of rainbow trout  

Histological changes of the testicles during the maturation were similar in both 
examined groups. Interstitial tissue was well developed while the lobules were 
clearly separated. Tunica was very thin (Figure 2.). All stages of spermatogenesis 
classified as spermatocytogenesis, meiosis and spermiogenesis as well as the cells 
that belong to the respective stages were clearly visible in the semen tubes (Figure 
3.). There were also slight differences in a degree of the testicular maturation 
between the observed groups, and they are related to the spermiogenesis process 
that progressed in the semen tubes of the testicles of rainbow trout fished at the 
Royal fish farm.  

  
Figure 2. Lobularity: expressed testicular parenchyma 

(HE×200) 
Figure 3. Spermatogenesis: green arrow - spermatogonia A; 

red arrow - spermatogonia B; yellow arrow - sperms 
(HE×400) 

 
4. Discussion 

Over the course of the previous period, the market in FBiH offered pellet fish feed of 
various manufactures with significant oscillations in terms of the percentage of raw 
materials in their composition. To assess the quality of the fish feed, besides the data 
on its chemical composition, the main criteria is a growth pace. Rainbow trout has 
one significant peculiarity that achieves a high biomass growth in a short span of 
time. Nutritional values of meat and reaching high values of biomass are sufficient 
reasons why rainbow trout has become one of dominant species at the world fish 
meat market. A growth of rainbow trout i.e. a pace of the length and weight growth 
in differing abiotic factors of the breeding environment and application of different 
feeds was the subject of many studies (Uysal, 2002; Guzel & Arvas, 2011; Kizak et al., 
2011; Pelo et al., 2012; Sevgili et al., 2012; Savić et al., 2013a).  

Based on the data on the growth pace of rainbow trout fed with pellet feed of various 
manufacturers, it was concluded that the examined types of the feed contained all 
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optimal values of nutritive materials necessary for the growth, and the growth pace 
depended on the variations of physicochemical parameters of water. 

Pelo et al. (2012) has showed that the composition of the feed and a number of 
feedings during the day play a key role in a growth of biomass of rainbow trout raised 
in a cage pond at water temperature between 7°C and 9°C and that growth of 
rainbow trout depends on small variations of physicochemical properties of water. 
The most intensive growth rainbow trout achieved at constant water temperature 
while significant temperature variations did not have a favorable impact on the 
biomass production. Similar results were achieved in the study by Ekanem et al. 
(2012). This group of authors came to a conclusion that various kinds of feed tested 
under the same physicochemical parameters of water lead to different mass growth, 
as a consequence of a different share of feed ingredients. Monitoring the impact of 
Unical Aqua feed and commercial feed manufactured by Coppens on body mass 
growth, gonadosomatic index (GSI) and morphology of gonads of African catfish, C. 
gariepinus, was carried out by Eyo et al. (2014). Based on their findings, the 
examined kinds of feed were quite alike in terms of their performance; only in terms 
of availability, Unical Aqua feed was more cost effective, which is why it is 
recommended to fish breeders. However, there was a significantly positive 
correlation among GSI index, gonads weight, total body length and total body weight 
in fish fed with both feeds, within physiological values of physicochemical 
parameters of water. The results of these authors are quite similar to the results of 
our study. The study that aimed to analyze the impact of the meal size on the growth 
of rainbow trout progeny (Oncorhynchus mykiss) was carried out by Savić et al. 
(2013). An increase in a meal size by 10% above the recommended values does not 
lead to any significant differences, but in in case this increase is above 10% 
statistically significant differences will appear in the body mass. Increasing the daily 
diet norms for rainbow trout should be in line with their genetic growth potential 
and conditions of the living environment. 

The studies showed that environmental factors such as water temperature, 
photoperiod, amount of dissolved oxygen and pH values of water significantly affect 
the intensity of gametogenesis (Campbell et al., 1994; Contreras-Sinchez et al., 
1998). Their value at times of spawning is extremely important for productive 
aquaculture (Bromage & Roberts, 1995). Pavlov et al. (2013) cite that the differences 
in the structure of reproductive system of rainbow trout can be attributed to 
hormonal effects and abiotic environmental conditions. The intensity of 
spermatogenesis in rainbow and brown trout, sampled at different locations, was 
the subject of the examination carried out by Mlaćo et al. (2014). Some significant 
microstructural differences were identified in the structure of the testicles as well as 
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in the intensity of spermatogenesis, which indicates that microclimate environment 
conditions and diet are important factors impacting the reproduction of salmonids. 
Based on the results of our study, we can agree with the claims of the previous 
studies. Hiro & Yamamoto (1987) noticed a significant increase of the number of 
mature sperm cells in Oncorhynchus keta during migration, which indicates that a 
gametes will mature faster in a colder water. This fact can explain a advanced 
process of spermiogenesis at the Royal fish farm (water temperature 8°C) as 
opposed to the Magazin Maprim fish farm (water temperature 11°C). In addition to 
water temperature and the type of feed, the fish farms used different types of 
breeding. Higher weight growth was recorded at the Royal fish farm with cage 
breeding compared to Magazin Maprim with concrete pond breeding. Our results 
are consistent with the literature data (Mikavica et al., 2005; Ćuk et al., 2006; Pelo 
et al., 2012; Pilić et al., 2018). 

 
5. Conclusions 

This study has shown that there are statistically significant differences in the growth 
of rainbow trout (Oncorhynchus mykiss) in favor of Skretting manufacturer. The 
values of gonadosomatic index (GSI) and the weight of the testicles along with 
histological properties of the testicles did not show any significant differences 
between the observed groups. In line with the results, we believe that choosing the 
right feed decreases the breeding period, increases productivity and has a positive 
impact on the fish health and the quality of meat. 
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Abstract 

Climate change is a term used to describe changes in overall weather patterns and 

an increase in global temperatures worldwide. The phenomenon of climate change 

is one of the biggest problems facing the majority of the world's population. Today, 

the popularization of this topic is more and more expressed in non-scientific circles 

(media), which requires a multidimensional approach in measuring knowledge about 

the mentioned topic at the academic level. This research gives us an insight into the 

knowledge of the students of the Department of Biology at the Faculty of Science in 

Sarajevo about the causes, consequences, and measures to mitigate the negative 

effects of climate change. In the academic year 2022/2023, a total of 45 respondents 

filled out the survey, which for practical reasons was divided into six cognitive levels. 

Descriptive statistics and multiple regression analysis were used for data analysis. 

The research showed that biology students are familiar with the basic processes 

associated with climate change (especially younger students). Also, the respondents 

are aware of the consequences of climate change and can relate them to the causes. 

As for mitigation knowledge, students are familiar with measures to mitigate the 

consequences of climate change but are uninformed about climate-friendly 

activities. Multiple regression analysis indicated the existence of a statistically 

significant difference in the knowledge of the respondents. In our case, students of 

mailto:*lekiibrahimi1997@gmail.com


Annals of the Institute of Biology - University of Sarajevo 
AIBUS: 46: 34-49 
Original Article 

35 
 

lower years of study and younger age showed better procedural knowledge than 

older colleagues. With regards to influence of gender on the respondents' 

knowledge, women are more familiar with the causes of climate change than men. 

Keywords: climate change knowledge, biology students, education. 

Received 03 March 2024; revision received 09 September 2024; accepted 1 November 

2024. Editor in Chief: prof. dr. Samir Đug.  

 
1. Introduction 

Climate change refers to a change in overall weather phenomena and an increase in 
global temperatures. It is generally understood as a long-term change in average 
weather patterns around the world. The expansion of the industrial production at 
the end of the 19th century led to an increase in the concentration of greenhouse 
gases (CFC12, HCFC22, SF6, CH4) in the atmosphere, which was the first sign of 
anthropogenic influence on the climate (Dhal, 2021). Most of the Sun's radiation 
(about 70%) is reflected, and greenhouse gases absorb it and thus heat the 
atmosphere. This means that the increased concentration of greenhouse gases in 
the atmosphere (especially CO2) causes an increase in air temperature on a global 
level (Dakić, 2020). Human activity contributes to greenhouse gas emissions through 
the transformation of chemical energy from fossil fuels into different types of 
energy-usable resources (electricity, heat and cold). Natural sources contribute to 
adverse emissions through changes in nature that include: water vapor, volcanic 
eruptions and biomass decay, and biological processes in the oceans (Perić & Šverko-
Grdić, 2017). According to the Intergovernmental Panel on Climate Change (IPCC), it 
is estimated that Bosnia and Herzegovina will be affected by global warming with an 
average temperature increase of 0.7°C-1.6°C. The general trend in B&H shows an 
average increase in temperature and an average decrease in precipitation volume, 
which results in drier summers and reduced precipitation volume during winter. A 
surplus in the amount of rainfall was recorded in the last decade in the central 
mountain zone, while a deficit in the amount of precipitation was registered in the 
southwestern parts of the country (Knežević & Suljić, 2012). The lack of snow cover 
in the winter period causes a disturbance in the ecological factors of the subalpine 
and alpine belt, which leads to a change in the habitat and ecological niches of plants 
and animals (Barudanović et al., 2015). An extreme drought was recorded in 2012 in 
the territory of Herzegovina, while strong floods in May 2014 threatened the 
existence of numerous towns in the local area. All the above had a very negative 
impact on agriculture and the supply of food to the population (Čustović et al., 2015).  
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There is very little interest in climate change research in B&H.  Nevertheless, the 
impact of climate change on public health and complete ecosystems is often the 
subject of debate in scientific and non-scientific circles- media (Jug, 2016). This 
research provides an insight into the knowledge of climate change phenomena 
among students of the Department of Biology at Faculty of Science Sarajevo. 

 
1.1. Dimensioning knowledge about climate change - trend or need? 

Learning how to live with climate change represents an ontological-existential 

problem, for the solution of which it is necessary to apply a special pedagogical 

approach to teaching (Verlie, 2019). For this reason, a completely new scientific 

subdiscipline - climate change pedagogy has developed as part of conventional 

pedagogy. The task of climate change pedagogy is to shape the individual's 

personality in such a way as to understand the causes, consequences, and the role 

of man in the occurrence of climate change. Applying climate change pedagogy 

means encouraging people to adopt an ecocentric attitude towards nature and its 

resources (Hadžiselimović, 2015). This implies the application of certain socially and 

professionally acceptable procedures, which will have a favorable effect on the 

climate of an area. Some of these practices include: waste disposal according to 

regulations, reducing the use of fossil fuels, preserving wetlands, climate-friendly 

actions such as reforestation (Bašić, 2001). 

Knowledge about climate change can be acquired through formal education (higher 

education institutions and schools), and through the influence of certain informal 

outlets of information such as media, museums visits, bookstores and zoos. 

Considering the increasingly evident consequences of climate change, the need for 

a new type of literacy has arisen, namely climate literacy (Miléř & Sládek, 2011). 

Climate literacy is part of the United Nation’s program for Sustainable Development, 

which serves as a "tool" for climate literacy of students of natural and related science 

profiles. This program integrates four thematic frameworks for Education about 

Sustainable Development: a) Science and knowledge about climate, b) Education 

about climate change, c) Climate change, cultural and biological diversity, and 

preservation of cultural heritage, and d) Ethical and social aspects of climate change 

(Reimers, 2021). According to previous research, the most comprehensive concept 

for measuring climate change knowledge was applied in the survey (Taddicken et al., 

2018). The original concept represents a five-dimensional approach to the 

knowledge of climate change phenomena. For practical reasons, the described 
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concept has been modified with an additional dimension that includes knowledge 

about readiness for mitigation, which is explained in (Table 1.). 

Table 1.  A conceptual approach to measuring climate change knowledge 

Basic 
knowledge 

It includes some basic scientific knowledge about C02, the greenhouse effect, and 
their connection with the occurrence of climate change. It doesn't include 
knowledge about specific climate models, which makes it acceptable to 
respondents who are not part of any of the sectors dealing with climate change.  

Causal 
knowledge 

It refers to knowing the most common causes of climate change. For this level of 
knowledge, the respondent should distinguish the causes and consequences of 
climate change and be aware that climate change is mostly caused by the 
irresponsible attitude of human towards nature. 

Effects 
knowledge 

A specific level of knowledge in which it is desirable that the respondent not only 
knows the facts about the increase in the global average air temperature, but also 
needs to understand the consequences that this increase has on an international 
level. For the respondent to know whether it is possible to expect the same 
amount of precipitation everywhere in the world (e.g., in the Philippines and in 
Bosnia and Herzegovina); it is necessary to continue his formal education in an 
appropriate higher education institution.  

Procedural 
knowledge 

The level of knowledge implies that the respondent is aware of the 
multidisciplinary of climate science. This level of knowledge allows the examinee 
to understand that the prognostic character of climate science is limited, and that 
we can't fully rely on just one source to monitor climate models. 

Action-
related 

knowledge 

This level of knowledge implies understanding which of our actions have a 
positive/negative effect on the climate (primarily on increasing CO2 
concentration), and how to revise them if they are not climate acceptable. 6. 
Mitigation knowledge. The level of knowledge is designed for the needs of this 
research. The task of this level of knowledge is to prepare respondents for a 
responsible professional and social contribution to solving and mitigating the 
consequences of climate change. 

Mitigation 
knowledge 

The level of knowledge is designed for the needs of this research. The task of this 
level of knowledge is to prepare respondents for a responsible professional and 
social contribution to solving and mitigating the consequences of climate change. 

 
 
2. Material and Methods 

2.1. Survey and sample 

The interest group for researching knowledge about climate change were 
undergraduate students of the Department of Biology at the Faculty of Science. An 
online questionnaire was used as a research instrument. The survey contains a total 
of 50 items, and for the sake of easier data processing, it is divided into two parts. 
Questionnaire used as a research instrument was created by Tadicken et al. (2018) 
for similar investigation conducted in Germany. The questions in the general part of 
the questionnaire were related to the socio-demographic characteristics of the 
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respondents, namely: year of study, field of study, gender and age of the 
respondents. 

From March to May 2023, a total of 45 students completed the survey. Students of 
the first year of study (16 respondents) and students of the second year of study (20 
respondents) had the greatest interest in participating in the research. The lowest 
response to the research was among students in the third (five respondents) and 
fourth year of study (four respondents). The schedule of responses according to 
socio-demographics is shown in (Table 2.). 

Table 2. Socio-demographic structure of the sample 

Year of study  Respondents (N) Frequencies (%) 

First year 16 36% 

Second year 20 44% 

Third year 5 11% 

Fourth year 4 9% 

Field of study 

Genetics 17 38% 

Microbiology 13 29% 

Biochemistry and physiology 8 18% 

Ecology 5 11% 

Teaching major 2 4% 

Gender 

Female 39 87% 

Male 6 13% 

Age 

19-20 27 60% 

21-22 15 33% 

23 3 7% 

 

The main part of the questionnaire contains a total of 46 items concerning the 
knowledge of biology students about climate change. In this part of the survey, 
respondents’ knowledge is grouped into six different dimensions, described above 
(Table 1). The statements in the main part were evaluated by students using a Likert 
scale, according to the previously established numerical-categorical pattern: 1-
Absolutely disagree, 2-Partially disagree, 3-Neutral, 4-Partially agree, 5-Absolutely 
agree. 

2.2. Research hypotheses 

Based on data from literature sources, and by analyzing the available theoretical 
knowledge on this topic, the following hypotheses were set: 

1. Biology undergraduate students have basic knowledge about climate change. 

2. Students are familiar with the causes of climate change, are aware of its 
consequences, and have knowledge about the possibilities for mitigating the 
negative impact of climate change. 
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3. Students of the first and second year of biology studies show a weaker knowledge 
of climate change phenomena than students of the third and fourth year. 

4. Students of the third and fourth year show a better acquired knowledge about 
climate change. 

2.3. Data analysis 

At the beginning we measured the Cronbach’s α of the entire questionnaire, as well 
as individual cognitive dimensions. Cronbach’s α for the entire survey was 0.74 which 
makes this research instrument sufficiently reliable and appropriate for use (Cohen 
et al., 2007). 

All data were analyzed using Microsoft Excel 2013. As the first step in the data 
analysis, descriptive statistics were applied, and for the purposes of this research, 
we defined the following individual and overall mean values: 1-1.80-Absolutely 
disagree; 1.81-2.70-Partially disagree; 2.71-3.40-Neutral; 3.41-4.10-Partially agree; 
4.11-5.00- Absolutely agree. 

The undergraduate study of biology lasts four years, so the application of exclusively 
descriptive statistics in the evaluation of students' knowledge is not sufficient. This 
was the indicator for the application of multiple regression analysis test (with 
significance level at 0.05), to determine whether differences in level of knowledge 
can be explained with selected socio-demographics such as: year of study, gender, 
and respondents’ age (Petz, 2007). 

 
3. Results 

In the following chapter we present our findings on climate change knowledge 
among biology students.  Descriptive statistics for all cognitive dimensions are 
presented in (Table 3.). 

Table 3. Descriptive statistics for six cognitive dimensions 

 

3.1. Basic knowledge 

Biology students showed very good basic knowledge. Respondents partially agree 
that CO2 is a greenhouse gas, and they are completely sure that burning oil increases 

Cognitive dimension  Overall mean (M) Overall standard deviation (SD) Cronbach's α  

Basic knowledge 3.41 1.34 0.09 

Causal knowledge 3.63 1.26 0.11 

Effects knowledge 3.51 1.39 0.31 

Procedural knowledge 4.09 0.98 0.76 

Action-related knowledge 3.40 1.11 0.43 

Mitigation knowledge 4.06 1.14 0.76 
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its atmospheric concentration. The majority of respondents are familiar with the role 
of greenhouse gases in retaining the Earth's heat radiation and show a tendency to 
partially agree with this statement. Students have a pronounced misconception 
about the connection between ozone holes and the greenhouse effect, so they are 
sure that statement is correct. The respondents are not sure whether CO2 is more 
harmful for the climate than CH4, so they are neutral about this item. As we can see 
in (Table 3.) all respondents tend to partially agree with all statements. Response 
frequencies for basic knowledge are available in (Figure 1.). 

3.2. Causal knowledge 

Our respondents seem to be aware that the concentration of CO2 has increased in 
the last 250 years, and that this has led to an increase in the average air temperature. 
Students are almost certain that climate change cannot be explained by changes in 
nature, and they are convinced that the human factor has the most influence on the 
mentioned phenomenon. Most respondents are uninformed that the 1990s were 
the warmest decade of the last century, and they declare themselves neutral. Overall 
mean indicates that most respondents partially agreed with all statements. 
Response frequencies for causal knowledge are shown in (Figure 2.). 

 
Figure 1.  Response frequencies for basic knowledge ((+) - correct statement) 
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Figure 2. Response frequencies for causal knowledge ((+) - correct statement) 
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on the quality of climate models and declare themselves neutral (Figure 4.). The 

value of the overall mean indicates that the students are well informed about almost 

all statements related to this cognitive dimension. 

 
Figure 3. Response frequencies for effects knowledge ((+) - correct statement) 

 

 
Figure 4. Response frequencies for procedural knowledge ((+) - correct statement) 

 
 

22

9

24

7

13

22

38

13

38

33

16

36

22

9

22

18

11

22

73

84

4

18

11

22

0% 20% 40% 60% 80% 100%

1. …an increase in extreme events, such as droughts, 
floods, and storms. (+)

2. …a warmer climate to increase the melting of polar 
ice, which will lead to an overall rise of the sea level. (+)

3. …a cooling-down of the climate.

4. …a warmer climate to increase water evaporation, 
which will lead to an overall decrease of the sea level.

5. …the climate to change evenly all over the world.

6. …a precipitation increase in every region worldwide.

For the next few decades, the majority of climate scientists expect…

Absolutely disagree Partially disagree Neutral Partially agree Absolutely agree

4

4

7

11

13

7

4

9

47

4

31

24

20

36

42

27

36

18

29

22

42

38

27

49

67

53

20

60

47

33

40

18

0% 20% 40% 60% 80% 100%

1. Climate sciences comprise a plurality of different science
disciplines. (+)

2. Forecasts about climate change can only be assumed to be
correct with a high probability, never 100 %. (+)

3. The findings of climate science are always afflicted with a
sense of uncertainty. (+)

4. Short-term observations of climate sciences can be
misinterpreted as trends. (+)

5. Climate is a complex construct, which is why it will not be
possible to ever understand all influencing variables. (+)

6. Partial results of climate sciences can be contradictory. (+)

7. In order to possibly predict the impact climate change has on
humans, global climate models need to be concretized by…

8. New measuring methods in climate sciences enable the
investigation of as yet unconsidered correlations. (+)

9. To control for the quality of climate models it is tested if the
current and past climates are reflected correctly. (+)

Absolutely disagree Partially disagree Neutral Partially agree Absolutely agree



Annals of the Institute of Biology - University of Sarajevo 
AIBUS: 46: 34-49 
Original Article 

43 
 

3.5.  Action-related knowledge 

In contrast to the German respondents, our respondents are almost completely 

uninformed about climatically unacceptable activities (see statements 1, 3, 4, 6, 7, 8 

and 9). Most students partly agree that the train is a more climate-friendly ways of 

transport than the car, and that the production of 1 kg of beef causes higher CO2 

emissions than the production of the same amount of wheat. The value of the overall 

mean indicates that the respondents were extremely uninterested in choosing 

grades for this level of knowledge and preferred to express themselves neutrally 

about almost all statements, which is shown in (Figure 5.). 

3.6.  Mitigation knowledge 

Biology students have excellent knowledge about measures to mitigate the 

consequences of climate change and show a tendency to absolutely agree with 

almost all statements. The respondents showed a high level of information about 

energy-efficient ways of organizing private and work activities. As we can see in 

Figure 6, most students would use fluorescent bulbs instead of conventional ones to 

light the rooms. Students are also aware of the climate benefit of walking and cycling 

to go to the workplace. The only thing the students are neutral about is whether 

instead of turning on the heating, we should wear warm clothes. This was to be 

expected, given that the claim is partially true. Namely, we must be aware that we 

cannot fully rely on blankets and clothes when the temperatures are extremely low, 

so the accuracy of this statement also depends on the individual assessment of the 

respondents. 
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Figure 5. Response frequencies for action-related knowledge ((+) - correct statement) 

 

 
Figure 6. Response frequencies for mitigation knowledge ((+) - correct statement) 
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3.7. Multiple regression analysis in research on influence of socio-demographic variables on 
students’ knowledge about climate change 

Three regression models were included in this research. As we can see in (Table 4.)  
a total of 26% of the variance in students' knowledge can be attributed to the year 
of study. If we look at individual coefficients for knowledge levels, we can conclude 
that only the difference in procedural knowledge can be explained by the year of 
study (p=0.01<0.05). The year of study does not significantly affect other levels of 
knowledge. The second regression model refers to gender.  As shown in (Table 5.), 
respondents’ gender explains a total 23% of the variance in knowledge levels. If we 
look at the individual coefficients, we can conclude that the only difference in causal 
knowledge can be explained by gender (p=0.04<0.05). In the third regression model 
(Table 6.), we can see that 31% of the variance in students' knowledge can be 
explained by age. Individual coefficients make as conclude that only the differences 
in procedural (p=0.04<0.05) and basic knowledge can be explained by the age of the 
respondents (p=0.01<0.05). 

Table 4.  Multiple regression analysis in researching correlation 
between students’ knowledge about climate change and year of study* 

*For this regression model we created following dummy variables: 1-First year, 2-Second year, 3-Third year, 4-Fourth year 

Table 5. Multiple regression analysis in researching correlation 
between students’ knowledge about climate change and gender* 

*For this regression model we created following dummy variables: 1-Male, 2-Female 

 
 
 
 

 
Coefficients P-value 

Year of study* 4.90 0.02 

Basic knowledge 0.04 0.46 

Causal knowledge -0.05 0.31 

Effects knowledge -0.01 0.73 

Procedural knowledge -0.05 0.01 

Action related knowledge -0.01 0.68 

Mitigation knowledge 0.00 0.97 

R2 = 0.26 

 
Coefficients P-value 

Gender* 1.41 0.05 

Basic knowledge 0.001 0.95 

Causal knowledge -0.039 0.04 

Effects knowledge 0.013 0.45 

Procedural knowledge 0.010 0.61 

Action related knowledge -0.017 0.24 

Mitigation knowledge 0.017 0.17 

R2 = 0.23 
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4. Discussion 

The phenomenon of climate change is one of the biggest problems facing most of 
the the world's population. According to (Umegbolu, 2020), climate change is a 
problem that started earlier, only today we are becoming aware of its consequences 
for people and ecosystems. Previous research on climate change phenomena (Tobler 
et al., 2012) is mainly devoted to the influence of the internet and other means of 
information on people's knowledge about climate change. Considering very little 
interest in researching climate change knowledge among biologists, we decided that 
biology students are appropriate group for this research. 

Based on overall mean values from research conducted by (Taddicken et al., 2018), 
we can see that biology students are similar in knowing basic facts about climate 
change (Table 3.). Multiple regression analysis showed that only the respondents age 
affects significantly on basic knowledge, so in this research the younger respondents 
showed better knowledge (Table 5.).  

It seems that biologists showed a little better causal knowledge than the German 
respondents (Table 3). However, we must notice that our respondents had a certain 
difficulty answering correctly on statement 4 (Figure 2.). That is the indicator for 
existing misconception. Multiple regression analysis indicates that only the 
respondents’ gender has an influence on this cognitive dimension (Table 5.) In our 
sample women are more familiar about causes of climate change than man. 

Biology students are mostly aware of the consequences of climate change (Figure 3., 
Table 3.). Just like Tadicken et al. (2018), they showed difficulties in answering. Most 
interesting is the fact that students are convinced in accuracy of statement 2, but 
they are not sure which grade to choose for items 3 and 4. The fact is that if 
statements 2 is correct, we can't expect a total opposite phenomenon, which is 
described in statements 3 and 4. Multiple regression analysis showed that selected 
socio-demographics doesn't significantly affect this cognitive dimension (Tables 4., 
5., 6.).  

Table 6. Multiple regression analysis in researching correlation between students’ knowledge about climate change and age 

 

 
Coefficients P-value 

Age 18.08 4.64E-11 

Basic knowledge -0.17 0.01 

Causal knowledge 0.04 0.45 

Effects knowledge -0.06 0.26 

Procedural knowledge 0.12 0.04 

Action related knowledge 0.05 0.26 

Mitigation knowledge 0.01 0.78 

                         R2 =0,31 
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Based on mean values for our sample, it is noticeable that biologists showed a lot 
better knowledge about specific climate models than Tadicken et al. (2018) (Figure 
4.; Table 3.). Considering the professional orientation of our respondents, that was 
expected. Multiple regression analysis for this cognitive dimension indicates that the 
students age and year of study affects significantly on procedural knowledge. 
According to the age, seems that younger students are more familiar with 
statements related to procedural knowledge (Table 5.).  According to the year of 
study, first and second year students are the most knowledgeable about facts related 
to this cognitive dimension (Table 4.). 

In contrast to Tadicken et al. (2018), it is noticeable that biologists in our research 
are uninformed about climate-friendly activities. Most surprising is the fact that 
students didn't choose grades wisely. Namely, it is impossible for respondents to be 
neutral about almost all statements (Figure 5.). Multiple regression analysis showed 
that selected socio-demographics doesn’t significantly affect this cognitive 
dimension (Tables 4., 5., 6.). 

Biology students are well informed about mitigation measures we can take to 
combat the consequences of climate change (Figure 6.).  As we can see in (Tables 4., 
5., 6.) any of selected socio-demographic variables doesn’t significantly affect 
mitigation knowledge.  This cognitive dimension was created for the needs of our 
research, so the results are very promising. Therefore, we recommend applying this 
cognitive dimension in further research with the aim of raising awareness about 
climate change. 

Although our article is a good guide for further research on this topic, we must point 
out its limitations. In contrast to German sample, this research was limited to one 
academic year, and our respondents were more uninterested to fill the survey. In 
this case that affected on smaller sample size. Therefore, our Cronbach's α values for 
all comparable cognitive dimensions are lower than the previous research.  

 
5. Conclusions 

Biology students showed very good knowledge about causes, consequences and 
ways to mitigate negative effects of climate change. However, it is a fact that 
students of lower years of study are more knowledgeable about some facts related 
to climate change than their older colleagues. The most challenging for the 
respondents was to answer correctly to statements related with action-related 
knowledge, so we can conclude that students were uninformed about climate-
acceptable activities. Devastating is the fact that students were neutral about 
statement 1 (Figure 5.). Respondents should remember that we are living in B&H, 
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and that we are facing extreme air pollution during winter. Overall mean values for 
causal and procedural knowledge, indicates that biologists are more knowledgeable 
on this cognitive dimension than the German respondents. Multiple regression 
analysis showed that year of study, as well as respondents age significantly affects 
procedural knowledge. The age of the respondents also affects significantly to basic 
knowledge. Respondent’s gender has a significant effect on causal knowledge. In its 
original form this research instrument is applicable for further research on climate 
change knowledge among students of natural and related scientific profiles (e.g., 
Faculty of Forestry, Faculty of Agriculture). With some adjustments this research 
instrument can be used in evaluating knowledge of different groups of respondents. 

 
6. References 

1. Barudanović, S., Mašić, E. & Macanović, A. (2015). Biodiverzitet i ekosistemski 
servisi Bosne i Hercegovine. Univerzitet u Sarajevu. Prirodno-matematički 
fakultet.  

2. Bašić, M. (2001). Metodika nastave biologije (1 izd.). Zenica, Dom štampe (pp. 
44-48). 

3. Cohen, L., Manion, L. & Morrison, K. (2007). Research Methods in Education (6th 
ed.). Routledge. https://doi.org/10.4324/9780203029053 

4. Čustović, H., Ljuša, M. & Sitaula, B. K. (Ur.). (2015). Adaptacija na klimatske 
promjene u sektoru poljoprivrede-vrijeme je da reagujemo odmah (pp. 97-98). 
Univerzitet u Sarajevu. Poljoprivredno-prehrambeni fakultet.   

5. Dakić, E. (2020). The impact of climate change on water resources in Bosnia and 
Herzegovina. Electron Collection Papers Faculty Civil Eng 19 (10), 30-38. 
https://doi.org/10.47960/2232-9080.2020.19.10.30 

6. Dhal, P. K. (2021). Education for Climate Change, Environmental Sustainability 
and World Peace. Social Science Research Network. 
https://dx.doi.org/10.2139/ssrn.3981679 

7. Hadžiselimović, Dž. (2015). Klima se mijenja, a mi… (prilozi psihologiji klimatskih 
promjena).  Pula, Društvo psihologa Istre (pp. 107;173).  

8. Jug, D. (2016). Poljoprivreda-dionik kauzalnosti klimatskih promjena. 
Diacovensia Journal: teološki prilozi 24 (1), 65-79.  

9. Knežević, A. & Suljić, V. (2012). Adaptacija klimatskim promjenama u Bosni i 
Hercegovini. Proceedings No. 22 293-307. https://doi.org/10.5644/proc.bd-
01.18 

10. Microsoft Corporation (2018). Microsoft Excel. Retrieved from 
https://office.microsoft.com/excel 



Annals of the Institute of Biology - University of Sarajevo 
AIBUS: 46: 34-49 
Original Article 

49 
 

11. Miléř, T. & Sládek, P. (2011). International Conference on Education and 
Educational Psychology (ICEEPSY 2010) The climate literacy challenge. Procedia 
Social and Behavioral Sciences 12 (2011), 150-156. 
https://doi.org/10.1016/j.sbspro.2011.02.02  

12. Petz, B. (2007). Osnovne statističke metode za nematematičare (7 izd). 
Jastrebarsko. Naklada Slap. (pp. 237) 

13. Perić, J.  & Šverko Grdić, Z. (2017). Klimatske promjene i turizam. Sveučilište u 
Rijeci. Fakultet za menadžment u turizmu i ugostiteljstvu.  

14. Reimers, F. M. (2021). The role of Universities Building an Ecosystem of Climate 
Change Education. In: Reimers F., M., (Ed.). Education and Climate change pp. 3-
14. Massachusetts: Harvard University. https://doi.org/10.1007/978-3-030-
57927-2  

15. Taddicken, M., Hoppe, I. & Reif, A. (2018). What do people know about climate 
change-and how confident are they? On Measurements and analyses of science 
related knowledge. Journal of Science Communication 17 (03) (2018) (A01), 1-
26. https://doi.org/10.22323/2.17030201  

16. Tobler, C., Visschers, V. H. M. & Siegrist, M. (2012). ‘Consumers’ knowledge 
about climate change’. Climatic Change 114 (2), pp. 189–209. 
https://doi.org/10.1007/s10584-011-0393-1. 

17. Umegbolu, E. (2020). Awarness and Knowledge of Health Implications of Climate 
Change in Oji River Lga of Enugu State, Southeast Nigeria. European Journal of 
Pharmaceutical and Medical Research, 7 (7) 204- 210.  

18. Verlie, B. (2019). Bearing Worlds: Learning to Live-with Climate Change. 
Environmental Education Research 25 (5), 751–766. 
https://doi.org/10.1080/13504622.2019.1637823  
 



 

 

© 2024 The Author(s). 
 

Open Access, licensed under CC BY 4.0 
https://creativecommons.org/licenses/by/4.0/ 

 

Annals of the Institute of Biology - 
University of Sarajevo 

ISSN: 0350-2163 (Print)  
ISSN: 2831-0705 (Online) 

http://aibus.pmf.unsa.ba/ 
AIBUS: 46: 50-77 DOI: 10.35666/2831-0705.2024.46.50  
Review  
UDC 633.88:578.8(497.6) 

02 December 2024 

 

A Review of Bosnia and Herzegovina Medicinal 
Plants with Promising Antiviral Properties 

Tutmić, L.1, Parić, A.1, Jerković-Mujkić, A.1, Muratović, E.1*  

1 University of Sarajevo - Faculty of Science, Department of Biology, Laboratory for Research and 
Protection of Endemic Resources, Zmaja od Bosne 33-35, 71000 Sarajevo, Bosnia and Herzegovina 

*edina.muratovic@pmf.unsa.ba 

 

Abstract 

The study explored the antiviral potential of ethnobotanical plants in Bosnia and 

Herzegovina, aiming to identify plants with promising antiviral properties and 

commonly used plant organs and preparations. Three plant families, Lamiaceae, 

Compositae and Rosaceae showed significant antiviral potential based on the 

number of species mentioned in the literature. The most studied viruses were herpes 

simplex virus (HSV), influenza virus (Influenza), and SARS-CoV-2. Tea was the most 

popular herbal preparation, and aerial parts and leaves were the most frequently 

used for therapeutic applications. These findings highlight the potential of plants as 

natural sources of antiviral compounds, paving the way for further research and new 

therapeutic approaches. 
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1. Introduction 

Viral infections present a significant health problem due to the high rate of morbidity 
and mortality. Numerous viruses, such as human immunodeficiency virus (HIV), 
hepatitis A, B and C (HAV, HBV and HCV), and influenza virus, have been virulent and 
life-threatening pathogens for decades. 

Viral infections have caused many pandemics throughout world history. The 
deadliest pandemic, the Spanish flu of 1918, infected around 500 million people 
worldwide and have killed 20 to 50 million. Other notable pandemics include the 
Ebola virus, between 2013 and 2016, resulting in 11,323 deaths (Trilla et al., 2008), 
as well as the Severe Acute Respiratory Syndrome (SARS) in 2003, the Middle East 
Respiratory Syndrome (MERS) in 2015 (Zumla et al., 2015), and in 2019 Coronavirus 
(COVID-19) pandemic, which has led to more than 776,471,644 infections and over 
7,068,677 deaths (World Health Organization, 2024).   

The major portion of diseases that do not have a cure are viral diseases (Choudhary 
et al., 2024). In recent decades, advanced scientific research has led to the discovery 
of many synthetic antiviral agents that effectively combat various viral infectious 
diseases. These synthetic agents have been reported to cause numerous adverse 
effects and become ineffective against new virus strains over time (Kurokawa et al., 
2010). Even though more and more antiviral drugs have been approved in clinic 
studies, long-term use can easily lead to the emergence of drug resistance and side 
effects (Zhao et al., 2023). One of the global problems of viral infections is the cost 
of treatment, and there is a need to develop new strategies that will enable finding 
affordable and effective antiviral drugs (Bachar et al., 2021). The emergence of the 
severe acute respiratory syndrome-coronavirus (SARS-CoV)-2 pandemic has 
highlighted our ability to swiftly and resolutely respond to a potential outbreak 
(Tournier and Kononchik, 2021). As a result, the search for new antiviral agents is 
now focusing not only on synthetic combinations but also on plant-origin 
metabolites (Perera and Efferth, 2012). 

Medicinal plants have been used for centuries for healing, although their use has not 
always been scientifically supported. Today, they form the basis of the system of 
traditional medicine. Traditional medicine includes health practices, approaches, 
knowledge and beliefs about herbal, animal and mineral drugs, spiritual treatments, 
and manual procedures applied individually or in combination to diagnose, treat or 
prevent disease or maintain health (World Health Assembly, 2003). This knowledge 
is consolidated and available to the public thanks to ethnobotanical research. In 
recent years, scientists, along with new technologies and research methods, have 
been discovering new bioactive components and therapeutic possibilities of plants, 
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contributing to the development of innovative solutions in the treatment and 
prevention of diseases. This constant progress in plant research enables the wider 
use of herbal products in modern medicine (Beressa et al., 2021, Najmi et al., 2022). 

 This study aimed to summarize data from the literature on the antiviral effects of 
plants that were/are traditionally used in Bosnia and Herzegovina, as well as 
investigate the relationship between the traditional use of these plants and their 
potential antiviral properties. 

 
2. Material and Methods 

In this retrospective analysis, previously published ethnobotanical studies were used 
to gain insight into the use of plants in traditional medicine in Bosnia and 
Herzegovina (Zovko, 1890; Glück, 1892; Fazlagić, 1894, 1895; Kulinović, 1898; Bratić, 
1903, 1908; Medić, 1904 a, b; Dragićević, 1909; Filipović-Fabijanić, 1964; Filipović-
Fabijanić, 1968; Filipović-Fabijanić, 1969/1970, 1971; Redžić, 2007, 2010; Šarić- 
Kundalić et al., 2010 a,b, 2011, 2015, 2016; Fereier et al., 2015; Ginko et al., 2023); 
as well as the study Muratović and Parić (2023) combined these studies to provide 
an overview of plant species used throughout history until today. Relevant 
databases, like Web of Science, Scopus, and ScienceDirect (Elsevier), were used to 
search for medicinal plants with antiviral activity using keywords such as "antiviral 
activity" and "bioactive compounds." 

 
3. Results 

Out of the total number of 145 ethnobotanically researched and documented plant 
species (Muratović and Parić, 2023), this paper focuses on 56 taxa scientifically 
proven to have antiviral potential in addition to ethnobotanical use (Table 1.). This 
selection provides a better understanding of plants that, based on traditional 
knowledge, were used to treat various diseases and showed significant potential in 
combating viral infections. 

Based on the data in (Table 1.), research has been conducted on the antiviral 
properties of various plant families, and some of them were dominant. The most 
prominent family was Lamiaceae, with ten species investigated for their antiviral 
potential. The Asteraceae family takes second place with eight plant species, while 
Rosaceae ranks third with six species. The Fabaceae family follows them with three, 
and the rest of the families have two or one plant species each. 

 

Table 1. Medicinal plants in traditional use in Bosnia and Herzegovina (Muratović and Parić, 2023) and their antiviral potential 
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hypertension, 
hepatitis, 
antiseptic for 
skin diseases. 

in
fu

si
o

n
, f

re
sh

 

ju
ic

e,
 

in
fu

si
o

n
 

in
 v

in
eg

ar
 

SA
R

S-
C

o
V

-2
 

W
n

o
ro

w
sk

a 

et
 a

l.,
 2

0
2

2
 

Centaurea 
benedicta (L.) 
L.  

C
o

m
p

o
si

ta
e

 

b
la

že
n

i 

čk
al

j 

leaf 

cancer of 
stomach, 
strengthen of 
liver and spleen. In

fu
si

o
n

, 

ti
n

ct
u

re
 

SA
R

S-
C

o
V

-2
 

A
lh

ad
ra

m
i 

et
 a

l.,
 2

0
2

1
 

Ceratonia 
siliqua L. 

Fa
b

ac
ea

e
 

ro
ga

č,
 

ro
ži

ća
k,

 

ka
lu

b
er

 

fruit 

sore throat, 
dysmenorrhea, 
gastritis, 
diarrhea in

fu
si

o
n

 

H
SV

 

D
ar

w
is

h
 e

t 

al
.,

 2
0

2
1

 
 
 
 
 
Chelidonium 
majus L. 

P
ap

av
er

ac
ea

e
 

ro
so

p
as

, 

za
ra

st
o

va
ča

,  

zm
iji

n
o

 m
lij

ek
o

 

aerial part 
dermatitis, 
rheumatism. 

ju
ic

e 
fr

o
m

 t
h

e 

st
e

m
 

H
SV

 H
IV

 H
P

V
 

M
o

n
av

ar
i e

t 

al
.,

 2
0

1
1

; 

M
u

si
d

la
k 

et
 

al
.2

0
2

2
;S

al
eh

i  

et
 a

l.,
 2

0
1

8
 

Cornus mas L. 

C
o

rn
ac

ea
e

 

d
ri

je
n

ak
, 

d
ri

je
n

, 

d
ri

je
n

jin
a 

fruit, sap 
from a tree 

antipyretic, 
diabetes, 
diarrhea, 
respiratory 
disease, vitamin 
C deficiensis. 

ju
ic

e,
 

in
fu

si
o

n
 

H
SV

 H
IV

 

La
vo

ie
 e

t 
al

.,
 

2
0

1
7

; O
ku

d
a 

2
0

0
5

 

Crataegus 
monogyna 
Jacq. R

o
sa

ce
ae

 

gl
o

g,
 b

ije
li 

gl
o

g leaf, flower, 
fruit 

arteriosclerosis, 
cardiotonic, 
hypertension. 

in
fu

si
o

n
 

H
SV

 1
 

O
rh

an
 e

t 

al
.,

 2
0

0
7
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ie

n
ti

fi
c 

N
am

e
 

Fa
m

ily
 

V
e

rn
ac

u
la

r 

n
am

e
 

P
ar

t(
s)

 o
f 

u
ti

liz
at

io
n

 

Th
e

ra
p

e
u

ti
c 

u
se

s 

M
o

d
e

 o
f 

u
ti

liz
at

io
n

 

A
n

ti
vi

ra
l 

p
o

te
n

ti
al

 

R
e

fe
re

n
ce

s 

Equisetum 
arvense L. 

Eq
u

is
et

ac
ea

e
 

liv
ad

sk
a 

p
re

sl
ic

a,
 

p
re

sl
ic

a,
 

aerial part 

anti-anemic, 
antiinfective, 
diabetes, 
diuretic, 
rheumatism. 

in
fu

si
o

n
 

IA
V

 

M
o

ra
d

i e
t 

al
.,

 

2
0

1
7

 

Fagus 
sylvatica L. 

Fa
ga

ce
ae

 

b
u

kv
a 

leaf antiinflammatory 

in
fu

si
o

n
 

H
SV

 

P
u

jo
l e

t 
al

.,
 

2
0

1
6

 

Ficus carica L. 

M
o

ra
ce

ae
 

sm
o

kv
a 

leaf diabetes 

in
fu

si
o

n
 

H
SV

 H
P

V
 

A
y 

an
d

 

D
u

ra
n

, 

2
0

1
8

; 

G
h

an
b

ar
i 

et
 a

l.,
 2

0
1

9
 

Filipendula 
vulgaris 
Moench R

o
sa

ce
ae

 

kr
al

jic
a 

p
o

lja
 

aerial part 
circulation, 
cough, fever, 
rheumatism  

in
fu

si
o

n
, 

fr
e

sh
 ju

ic
e

 

H
IV

 

Ja
m

es
 e

t 

al
.,

 2
0

0
3

 

Foeniculum 
vulgare Mill. 

A
p

ia
ca

ea
e

 

ko
m

o
ra

č 

aerial part 

antianemic, anti-
inflammatory, 
antipyretic, 
diarrhea, 
hypertension.   

in
fu

si
o

n
, s

yr
u

p
 

H
SV

 IA
V

 

SA
R

S-
C

o
V

-2
 

Ib
ra

h
im

 a
n

d
 

M
o

u
ss

a,
 

2
0

2
1

; 

O
rh

an
 e

t 

al
.,

 2
0

1
2

; 

K
u

lk
ar

n
i e

t 

al
.,

 2
0

2
0

 
Fragaria 
vesca L. 

R
o

sa
ce

ae
 

šu
m

sk
a 

ja
go

d
a 

leaf, 
rhizome, 

fruit 

anti-anemic, 
antitussive, 
arteriosclerosis, 
dyspepsia, 
gastritis, 
hypertension, 
vitamin C 
deficiensis. 

in
fu

si
o

n
 

IA
V

 C
V

B
1

 E
V

C
 

N
ik

o
la

ev
a-

G
lo

m
b

 e
t 

al
.,

 2
0

1
3

 

Geranium 
macrorrhizum 
L. 

G
er

an
ia

ce
ae

 

zd
ra

va
c 

p
la

n
in

sk
i 

rhizome 

menstruation 
disorders, 
stomach 
disorder. in

fu
si

o
n

, 

d
ec

o
ct

io
n

 

H
SV

 IA
V

 

C
h

o
i e

t 
al

.,
 

2
0

1
9

; 

Se
rk

ed
jie

va
  

al
 a

l.,
 1

9
9

8
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e
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ar

t(
s)

 o
f 

u
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liz
at

io
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Th
e

ra
p

e
u

ti
c 

u
se

s 

M
o

d
e

 o
f 

u
ti

liz
at

io
n

 

A
n

ti
vi

ra
l 

p
o

te
n

ti
al

 

R
e

fe
re

n
ce

s 

Glycyrrhiza 
glabra L. 

Fa
b

ac
ea

e
 

sl
ad

ić
 

root 

hepatitis, 
hysteria, 
stomach 
disorders, sore 
throat, stone and 
sand in the 
kidney.  in

fu
si

o
n

, e
xt

ra
ct

 in
 

o
il 

o
liv

e
 

H
SV

 H
IV

 H
B

V
 

SA
R

S-
C

o
V

-2
 

Sa
to

 e
t 

al
.,

 1
9

9
6

; 

G
o

to
h

 e
t 

al
.,

 

1
9

8
7

; 
Ta

ka
h

ar
a 

et
 

al
.,

 1
9

9
4

;  
 

Se
ki

za
w

a 
et

 a
l.,

 

2
0

0
1

; H
o

e
ve

r 
et

 

al
.,

 2
0

0
5

; A
b

e 
et

 

al
.,

 1
9

8
2

; P
o

m
p

ei
 

et
 a

l.,
 1

9
7

9
 

Hedera helix 
L. 

A
ra

lia
ce

ae
 

b
rš

lja
n

 

leaf 

anti-emetic, anti-
inflammatory, 
diuretic, 
hypertension, 
rheumatism.   

in
fu

si
o

n
 

IA
V

 

H
o

n
g 

et
 a

l.,
 

2
0

1
5

 

Helichrysum 
italicum 
(Roth) G. Don 

C
o

m
p

o
si

ta
e

 

sm
ilj

e
 

flower 
antianemic, 
antipyretic, 
migraine. 

in
fu

si
o

n
 

H
IV

 

C
h

ie
n

 
et

 
al

.,
 

2
0

0
4

 

Hypericum 
perforatum L. 

C
lu

si
ac

ea
e

 

ka
n

ta
ri

o
n

, b
o

go
ro

d
ič

in
a 

tr
av

a,
 iv

an
o

va
 t

ra
va

 

aerial part 

analeptic, 
antianemic, 
antiinfective, 
antifungal, 
asthma, 
diarrhea, 
dysmenorrhea, 
gastritis, hepatic, 
migraine, 
rheumatism. 

in
fu

si
o

n
, o

il 

SA
R

S-
C

o
V

-2
   

   
H

IV
 

M
o

h
am

ed
 

et
 

al
.,

 
2

0
2

2
; 

Zh
an

g 
et

 a
l.,

 2
0

1
7

 

Juglans regia 
L. 

Ju
gl

an
d

ac
ea

e
 

o
ra

h
 leaf, 

immature 
fruits 

dermatitis, 
diabetes, 
gastritis, hypo-
hyperthyroidism, 
rheumatism. 

in
fu

si
o

n
, s

yr
u

p
, 

h
o

n
ey

 

H
IV

 E
V

C
 

C
V

B
1

 H
A

d
V

 

D
'A

n
ge

li 
et

 

al
.,

 2
0

2
1
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ar

t(
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 o
f 

u
ti

liz
at

io
n

 

Th
e

ra
p

e
u

ti
c 

u
se

s 

M
o

d
e

 o
f 

u
ti

liz
at

io
n

 

A
n

ti
vi

ra
l 

p
o

te
n

ti
al

 

R
e

fe
re

n
ce

s 

Juniperus 
communis L. 

C
u

p
re

ss
ac

ea
e

 

kl
ek

a,
 s

m
re

ka
 

galbulus, 
yang shots 

antianemic, 
antiinfective, 
anti-
inflammatory, 
diabetes, 
dyspepsia, 
gastritis, 
hepatics, 
laxative, 
rheumatism, 
scurvy.  

in
fu

si
o

n
, j

u
ic

e,
 t

in
ct

u
re

 

IA
V

 

N
aj

ar
  e

t 
al

.,
 2

0
2

2
 

Laurus nobilis 
L. 

La
u

ra
ce

ae
 

lo
vo

r 

leaf, fruit 
antitussive, 
flatulence, 
gastritis. 

in
fu

si
o

n
 

H
SV

1
 

SA
R

S-
C

o
V

-

2
 

K
h

o
d

ja
 e

t 

al
.,

 2
0

2
3

 

Lavandula 
angustifolia 
Mill. subsp. 
angustifolia La

m
ia

ce
ae

 

d
es

p
ik

, 

la
va

n
d

a 

aerial part 

analeptic, 
cardiotonic, 
gastritis, 
hypertension, 
migraine, 
rheumatism 

in
fu

si
o

n
, o

il 

IA
V

 

A
b

o
u

 e
t 

al
.,

 

2
0

2
1

 

Marrubium 
vulgare L. 

La
m

ia
ce

ae
 

o
b

ič
n

a 

m
ar

u
lja

, 

o
ča

jn
ic

a,
 

sm
rd

u
ša

 

aerial part antiseptic 

in
fu

si
o

n
 

H
SV

 

Fa
yy

ad
 e

t 

al
.,

 2
0

1
4

 

Matricaria 
chamomilla L. 

C
o

m
p

o
si

ta
e

 

ka
m

ili
ca

 

leaf, flower 

antianemic, anti-
inflammatory, 
antipyretic, 
arthritis, 
antispasmodic, 
dermatitis, 
diarrhea, 
diuretic, 
flatulence, 
gastritis, 
hypertension, 
migraine. 

in
fu

si
o

n
 

H
SV

 E
V

C
 

Su
ga

n
d

a 
et

 a
l.,

 1
9

8
3
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ac
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P
ar

t(
s)

 o
f 

u
ti

liz
at

io
n

 

Th
e

ra
p

e
u

ti
c 

u
se

s 

M
o

d
e

 o
f 

u
ti

liz
at

io
n

 

A
n

ti
vi

ra
l 

p
o

te
n

ti
al

 

R
e

fe
re

n
ce

s 

Melissa 
officinalis L. 

La
m

ia
ce

ae
 

m
el

is
a,

 m
at

ič
n

ja
k,

 

p
če

lin
ja

 lj
u

b
ic

a,
 

lim
u

n
či

ć 
aerial part 

analeptic, 
antiviral, asthma, 
cardiotonic, 
dyspepsia, 
gastritis, 
hypertension, 
laxative. 

in
fu

si
o

n
 

H
SV

 H
IV

 S
A

R
S-

C
o

V
-2

 

B
eh

za
d

i 
et

 
al

.,
 

2
0

2
3

 

Mentha 
pulegium L. 

La
m

ia
ce

ae
 

ve
re

m
 

tr
av

a 

aerial part 
analeptic, anti-
inflammatory, 
gastritis. 

in
fu

si
o

n
 

H
SV

 

P
ar

sa
n

ia
 e

t 

al
.,

 2
0

1
7

 

Nigella 
damascena L. 

R
an

u
n

cu
la

ce
ae

 

ču
ro

ko
t,

 

m
ač

ko
v 

b
rk

 

seed 
analeptic, 
hepatic. 

in
fu

si
o

n
 

SA
R

S-
C

o
V

-2
 

Im
ra

n
 

et
 

al
.,

 

2
0

2
2

 

Origanum 
vulgare L. 

La
m

ia
ce

ae
 

d
iv

lji
 

o
ri

ga
n

o
, 

m
ra

vi
n

ac
, 

vr
an

ilo
va

 

tr
av

a 

aerial part 

analeptic, 
antipyretic, 
dyspepsia, 
gastritis, hepatic. in

fu
si

o
n

 

SA
R

S-
C

o
V

-

2
 

Zh
an

g 
et

 

al
.,

 2
0

1
4

 

 
Petasites 
hybridus (L.) 
G. Gaertn. & 
al. C

o
m

p
o

si
ta

e
 

lo
p

u
h

, v
el

ik
i 

či
ča

k,
 r

ep
u

h
 

root, leaf rheumatism 

in
fu

si
o

n
 

SA
R

S-
C

o
V

-2
 

U
rd

a 
et

 a
l.,

 

2
0

2
2

 

Plantago 
media  

P
la

n
ta

gi
n

ac
ea

e
 

tr
p

u
ta

c,
sr

ed
n

ja
 b

o
kv

ic
a 

leaf 

antianemic, anti-
hemorrhagic, 
anti-
inflammatory, 
antipyretic, 
diarrhea, 
gastritis, 
hepatics, 
rheumatism. 

in
fu

si
o

n
 

H
SV

 

H
A

d
V

 

Zh
ak

ip
b

ek
o

v 
et

 a
l.,

 

2
0

2
3

; M
u

sa
rr

a-
P

iz
zo

 e
t 

al
.,

 2
0

2
1

 



Annals of the Institute of Biology - University of Sarajevo 
AIBUS: 46: 50-77 
Review 

59 
 

Sc
ie

n
ti

fi
c 

N
am

e
 

Fa
m

ily
 

V
e

rn
ac

u
la

r 

n
am

e
 

P
ar
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 o
f 

u
ti

liz
at
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Th
e

ra
p

e
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ti
c 

u
se

s 

M
o

d
e

 o
f 

u
ti

liz
at

io
n

 

A
n

ti
vi

ra
l 

p
o

te
n

ti
al

 

R
e

fe
re

n
ce

s 

Polygonatum 
odoratum 

A
sp

ar
ag

ac
ea

e
 

p
o

ko
sn

ic
a 

rhizome 

blooding from 
trachea, cough, 
hemorrhoids, 
leucorrhea, liver 
disorders, uterus 
disorders, 
wound. 

fr
e

sh
 ju

ic
e,

 in
fu

si
o

n
 

IA
V

 

P
an

g 
et

 a
l.,

 2
0

2
0

 

Primula veris  

P
ri

m
u

la
ce

ae
 

ja
gl

ac
, 

ja
gl

ik
a 

aerial part 
analeptic, 
migraine, 
rheumatism. 

in
fu

si
o

n
 

IA
V

 

El
io

p
o

u
lo

s 
et

 

al
.,

 2
0

2
2

 

Prunella 
laciniata 

La
m

ia
ce

ae
 

b
ije

la
 

ce
lin

či
ca

 

aerial part 

asthma, 
diarrhea, liver, 
strengthen of 
heart 

d
ec

o
ct

io
n

, 

in
fu

si
o

n
 

H
IV

 

O
h

 
et

 
al

., 

2
0

1
1

 

Punica 
granatum  

Ly
th

ra
ce

ae
 

n
ar

 

bark, fruit diarrhea 

in
fu

si
o

n
 

H
SV

2
 IA

V
 

A
ru

n
ku

m
a

r 
et

 a
l.,

 

2
0

1
8

; 

M
o

ra
d

i e
t 

al
. 2

0
1

7
 

Rosmarinus 
officinalis 

La
m

ia
ce

ae
 

ru
zm

ar
in

, 

zi
m

ra
d

 

leaf 

analeptic, 
cardiotonic, 
gastritis, 
hepatics, 
rheumatism 

in
fu

si
o

n
 

H
SV

 

A
l-

M
eg

ri
n

 

et
 a

l.,
 2

0
2

0
 

Rubus idaeus  

R
o

sa
ce

ae
 

m
al

in
a 

leaf 
antiinfective, 
gastritis 

in
fu

si
o

n
 

IA
V

 C
V

B
1

 

EV
C

 

N
ik

o
la

ev
a-

G
lo

m
b

 e
t 

al
.,

 2
0

1
3

 

Ruta 
graveolens 

R
u

ta
ce

ae
 

ru
ta

 

aerial part 
cardiotonic, 
laxative, 
rheumatism 

in
fu

si
o

n
 

H
SV

1
 

Eb
ra

h
im

i 

et
 a

l.,
 2

0
2

1
 

Salvia 
officinalis 

La
m

ia
ce

ae
 

ka
d

u
lja

, 

ža
lf

ija
 

aerial part 

anti-
inflammatory, 
antipyretic, 
diabetes in

fu
si

o
n

 

IA
V

 

A
b

o
u

 

B
ak

er
 e

t 

al
.,

 2
0

2
1
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M
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 o
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ti

liz
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A
n

ti
vi

ra
l 

p
o

te
n

ti
al

 

R
e

fe
re

n
ce

s 

Sambucus 
ebulus 

V
ib

u
rn

ac
ea

e
 

ap
to

vi
n

a,
 a

p
t,

 

b
u

rj
an

 
leaf, root, 

fruit 
antipruritic 

ju
ic

e
 

H
SV

1
 

G
h

af
fa

ri
 e

t 
al

.,
 

2
0

2
1

 

Sinapis 
arvensis 

B
ra

ss
ic

ac
ea

e
 

go
ru

ši
ca

, 

h
ar

d
al

a 

seed asthma 

w
it

h
 h

o
n

ey
 

H
SV

1
 

Sh
ar

if
i-

R
ad

 e
t 

al
.,

 2
0

1
7

 

Taraxacum F. 
H. Wigg. sect. 
Taraxacum 

C
o

m
p

o
si

ta
e

 

m
as

la
ča

k,
 ž

u
ća

n
ik

 

root, leaf, 
flower 

antianemic, 
antispasmodic, 
diabetes, 
eczema, 
hemorrhoids, 
hepatic, 
hepatitis, 
laxative, 
rheumatism 

in
fu

si
o

n
,  

h
o

n
ey

 

H
C

V
 

R
eh

m
an

 e
t 

al
.,

 2
0

1
6

 

Teucrium 
chamaedrys 

La
m

ia
ce

ae
 

d
u

p
ča

c,
 

st
u

p
ča

c,
 

m
ra

va
k,

 

su
h

o
vr

h
 

aerial part 

antibacterial, 
diabetes, 
diarrhea, 
gastritis in

fu
si

o
n

 

H
SV

 

To
d

o
ro

v 
et

 

al
.,

 2
0

1
5

 

Urtica dioica  
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e
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, k
o

p
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whole plant 

analgesic, 
antianemic, 
antipyretic, 
arteriosclerosis, 
dermatitis, 
diabetes, 
diuretic, 
dysmenorrhea, 
hepatics, 
rheumatism 

in
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o

n
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n
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Vaccinium 
myrtillus  

Er
ic

ac
ea

e
 

b
o

ro
vn
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a,

 v
ri

si
n

je
 

leaf, fruit 

antianemic, anti-
inflammatory, 
arteriosclerosis, 
diabetes, 
diarrhea, 
dyspepsia, 
gastritis, vitamin 
C and E 
deficiencies 

in
fu
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o

n
, j

u
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e
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V

B
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R
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0
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Vaccinium 
vitis-idaea 

Er
ic
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ea

e
 

b
ru

sn
ic

a 

leaf, fruit 
antiinfective, 
diuretic, 
rheumatism 

in
fu
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o

n
 

IA
V

 

N
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o
la

ev
a-

G
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m
b

 e
t 
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.,
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0

1
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Veronica 
officinalis 

P
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n
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n
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ea

e
 

če
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o
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d
o

b
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či
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leaf, flower 
antipruritic, 
gastritis, 
rheumatism 

in
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o

n
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V

 

M
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u
rk

o
va

 e
t 

al
.,

 2
0

2
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Viola odorata  

V
io

la
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b
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a 

m
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leaf, flower antitussive 
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0
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Viscum album  

Lo
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n
th
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ea

e 
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el

a 
b
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la

 

aerial part 

analeptic, 
cardiotonic, 
dysmenorrhea, 
hypertension 

in
fu
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o

n
, t

in
ct

u
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H
P

IV
 

K
ar
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ö

z 
et
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Vitex agnus-
castus  
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m
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ce

ae
 

fr
at

ar
sk

i b
ib

er
, 
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n

o
p

lji
ka

 

aerial part, 
seed 

against high 
potency, for 
nervous balance, 
hysteria, 
menstrual 
disorders 

in
fu

si
o

n
, 

d
ec

o
ct

in
, p

o
w

d
er

 

H
SV

 H
IV

 

Is
la

m
 e

t 
al

.,
 

2
0

2
4

 

*Acronym of virus: HBV (Hepatitis B virus), HCV (Hepatitis C virus), SARS-CoV-2 (Severe Acute Respiratory Syndrome 

Coronavirus 2), HSV-1 and 2 (Herpes simplex virus 1 and 2), EV (Enterovirus).  CVB1 and B3 (Coxsackie virus B1 and B3), EVC 

(poliovirus -Enterovirus C), IAV (Influenza A virus), HIV (Human immunodeficiency virus), HPV 1 (Human papilloma virus), HPV 

(Human papilloma virus 2), HAdV (Human adenovirus), HPIV (Human parainfluenza virus) 
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The most common form of utilization (Table 1.) is infusion, for which 53 plant species 
are used. Infusion is prepared by pouring hot water over plant parts, and it is one of 
the simplest and most widespread ways of preparing medicinal plants. Nine plant 
species are used for fresh juice. It is frequently prepared from fresh parts of the plant, 
such as leaves, stems or roots, and is used due to the high concentration of bioactive 
substances. The tincture, which involves alcohol to extract the plant components, is 
prepared from four plant species. Three plant species are used for decoction (the 
plant material boiled in water), two for syrup, honey and oil, and one for honey. 
These data clearly showed that infusion dominates, while the other forms have less 
frequent usage. 

The distribution of bioactive compounds varies in different parts of plants. According 
to (Table 1.), it was obvious that in folk medicine, the aerial part of plants is 
predominantly utilized (confirmed for 22 plant species). Additionally, leaves of 21 
species are used in preparations, fruits of 10, and flowers and roots of seven species. 
Less commonly used plant organs, such as tree bark and rhizomes, were found to be 
employed for three taxa and young shoots for two. Finally, unripe fruits, seeds, fresh 
juice, tree sap and the whole plant were confirmed for only one plant species. 

Based on the available literature data on the antiviral potential of plants (Table 1.), 
we selected the most relevant viruses against which these plants showed activity. 
Among the findings, 28 plant species showed antiviral potential against the herpes 
simplex virus (HSV-1 and HSV-2), 17 showed an inhibitory effect on the influenza 
virus, 13 on SARS-CoV-2, and 11 against the human immunodeficiency virus (HIV), 
etc.  

In the reviewing literature, the Lamiaceae family showed the most pronounced 
antiviral potential on 13 different viruses, followed by Compositae, Rosaceae, 
Fabaceae, etc. (Table 1.). 

 
4. Discussion 

Regarding the antiviral properties of plant families, Lamiaceae, Compositae, and 
Rosaceae are the most extensively studied. It was expected since they are rich in taxa 
and contain various bioactive compounds known for their antiviral properties. The 
leaves of these families' members are sources of flavonoids and phenolic acids, such 
as 4-Hydroxybenzoic acid, vanillic acid, and chlorogenic acid (Sytar et al., 2018). 

The plants from these families have been used in folk medicine for centuries, and 
modern research has confirmed their effectiveness in combating viruses. Behzadi et 
al. (2023) reported that Melissa officinalis has an antiviral effect against HSV, HIV, 
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SARS-CoV-2, CPV, HBV, and HCV (Table 1.). Additionally, its effectiveness as an 
alternative therapy for several viral infections has been confirmed by Muratović and 
Parić (2023). M. officinalis is rich in organic active compounds, mainly essential oils 
(including citronellal, menthol, eugenol, linalool, and geraniol) and polyphenols 
(including rosmarinic acid, caffeic acid, chlorogenic acid, salicylic acid, ellagic acid, 
and quercetin). Its significant antiviral effect is due to the presence of rosmarinic acid 
in its methanol extract (Chen et al., 2017). 

Another example is Vaccinium myrtillus, a species with significant antiviral potential 
against various viruses such as poliovirus type 1 (PV-1), coxsackievirus B1 (CV-B1), 
human respiratory syncytial virus A2 (HRSV-A2), influenza virus A/H3N2, SARS-CoV-
2, and Coxsackie virus (Nikolaeva-Glomb et al., 2014). This species contains phenolic 
compounds, including chlorogenic acid, quercetin and arbutin, which have 
outstanding antioxidant capacity both in vitro and in vivo. These compounds are 
present in different representatives of the Ericaceae family (Colak et al., 2017; 
Ștefănescu et al., 2019). The Juglans regia has a wide range of applications in daily 
life (Muratović and Parić, 2023). This taxon has been proven to have antiviral activity 
against HIV, Poliovirus, Coxsackievirus B1, Adenovirus, Sindbis virus (SINV), and 
herpes simplex virus (HSV) due to its active components quercetin, myricetin, and 
naringenin (Bhat et al., 2023). Additionally, Glycyrrhiza glabra has been found to have 
significant antiviral effects against HSV, HIV, HBV, SARS2, and H5N1 viruses due to its 
active compounds glycyrrhizin and glycyrrhetinic acid, which belong to the group of 
triterpenoids (Wang et al., 2015). 

Although more than 200 human viruses have been discovered, antiviral medications 
are available only for a limited number of infections that target proteins encoded by 
a single virus (such as influenza A and B, hepatitis B and C, herpes, and HIV), providing 
a narrow spectrum of coverage (Karim et al., 2023). The emergence or re-emergence 
of viruses with epidemic or pandemic potential, such as Ebola, SAR-CoV-1, and SAR-
CoV-2, has repeatedly reminded us of the importance of developing broad-spectrum 
antiviral drugs (Geraghty et al., 2021). In this context, our results highlight the 
diversity and complexity of antiviral potential among different plant families. 

Table 2 shows the relationship between ethnobotanical research in Bosnia and 
Herzegovina and the research about the antiviral potential of selected plants. Local 
communities noticed that certain plant species help in the treatment of specific 
symptoms. Microbiological studies have proven that the plants used in traditional 
medicine also have antiviral potential and that the symptoms caused by these viruses 
can be identified with the symptoms recognized by folk medicine for the same plant 
species. 
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One of the examples is the already mentioned blueberry, which has proven antiviral 
potential against the SARS-CoV-2 virus, whose most common symptoms are 
hemorrhage, high temperature, diarrhea, anemia, sore throat, cough and diabetes 
(Table 2.). At the same time, it is important to emphasize that in the traditional 
medicine of B&H, this plant is used for antianemic, anti-inflammatory, 
arteriosclerosis, diabetes, diarrhea, dyspepsia, gastritis, vitamin C and E deficiency 
(Table 1.). 

However, it is important to emphasize that the symptoms of viral infection are often 
subjective and can vary from person to person. For example, hepatitis B virus and 
hepatitis C virus can cause chronic infections. Viral hepatitis can cause a wide 
spectrum of clinical presentations from a benign form with quite mild or no 
symptoms to acute liver failure and sometimes liver cancer or death (Cheung and 
Kwo, 2020).  

Various host factors collectively shape an individual's response to pathogens such as 
age, genetic factors, immune system function, nutritional status, microbiome, 
underlying health conditions as well as environmental factors including living 
conditions, socioeconomic status and exposure to pollutants and various other 
aspects (Hayward, 2023). Therefore, these results highlight the complexity of the 
relationship between traditional knowledge and modern scientific findings in the 
context of the treatment of viral infections. 

 
 

Table 2. Antiviral potential of the plants with ethnobotanical use in Bosnia and Herzegovina 

Virus (symptoms) 
Plant species (Muratović et Parić 
2023) 

Reference 

Herpes simplex virus 
(skin disorders, eczema,  
dermatitis, sore throat,  
inflammation, elevated  
temperature, migraine,  
asthma, diarrhea, gastritis) 

Angelica archangelica, Anthyllis vulneraria, Arctium 
lappa, Artemisia vulgaris, Betula pendula, Ceratonia 
siliqua L, Chelidonium majus, Cornus mas, Fagus 
sylvatica, Ficus carica, Foeniculum vulgare, Glycyrrhiza 
glabra, Laurus nobilis, Melissa officinalis, Matricaria 
chamomilla, Mentha pulegium, Plantago media, Punica 
granatum, Sinapis arvensis, Teucrium chamaedrys  

Xiao et al., 2024; 
Banerjee et al., 2007; 
McMillan et al., 1993; 
Napier et al., 2018; 
Zhang et al., 2022; 
Colemont et al., 1990 
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Influenza virus 
(high fever, anemia,  
diarrhea, cough) 

Arctium lappa, Foeniculum vulgare, Fragaria vesca, 
Hedera helix, Juniperus communis, Polygonatum 
odoratum (Mill.), Punica granatum, Rubus idaeus, Salvia 
officinalis, Vaccinium myrtillus, Vaccinium vitis-idaea, 
Veronica officinalis 

InformedHealth, 2006; 
Rice et al., 1998; Boktor 
et al., 2024 

Severe acute respiratory 
 syndrome coronavirus 2 
(hemorrhages, high fever,  
diarrhea, anemia, sore throat,  
cough, diabetes) 

Alchemilla vulgaris, Foeniculum vulgare, Glycyrrhiza 
glabra, Hypericum perforatum, Laurus nobilis, 
Vaccinium myrtillus, Viola odorata  

Steenblock et al., 2023; 
Cornea et al., 2022; 
Bergamaschi et al., 2021; 
Juthi 2023; Waliszewska-
Prosół et al., 2021; 
Rai et al., 2023 

Human immunodeficiency virus  
(hypertension, diarrhea,  
dermatitis, fever and elevated 
temperature) 

Betula pendula, Chelidonium majus, Cornus mas, 
Filipendula vulgaris, Helichrysum italicum, Hypericum 
perforatum, Juglans regia, Prunella laciniata, Urtica 
dioica  

Nguyen et al., 2022; 
Garg and Snke, 2017; 
Harimenshi et al., 2022; 

Poliovirus 
(flu-like symptoms, cough) 

Fragaria vesca, Matricaria chamomilla, Vaccinium 
myrtillus 

Wolbert et al., 2024 

Coxsackie virus 
 (dermatitis, diarrhea) 

Juglans regia, Vaccinium myrtillus  
Valestra et al., 2016; 
Trayer and Gore, 2020 

Hepatitis B virus 
(hepatitis, stomach problems) 

Agrimonia eupatoria, Glycyrrhiza glabra  Liu et al., 2022 

Human papillomavirus 
(no data) 

No data No data 

Adenovirus 
(gastrointestinal disturbances) 

Juglans regia, Plantago media  Kumthip et al., 2019 

Enterovirus 
 (No data) 

No data No data 

Hepatitis C virus 
 (hepatitis) 

Taraxacum sp. Basit et al., 2023 

Human parainfluenza virus 
(no data) 

No data No data 

 

Among the plants that have been used throughout history in folk medicine and today 
are completely forgotten, there are the following: Anagalis arvensis, Fritillaria 
meleagris, Galanthus nivalis, Hioscyamys niger, Rubia tinctorum (Muratović and 
Parić, 2023). The antiviral effect of these plants was proven in different studies. Thus, 
the Anagalis arvensis has an antiviral potential against Herpes simplex and Poliovirus 
(Amoros et al., 1987), Fritillaria meleagris against the Influenza virus (Kim et al., 
2020), Galanthus nivalis against Hepatitis C virus (Ashfaq et al., 2011), Hioscyamys 
niger against Respiratory Syndrome Coronavirus 2 (Kosari et al., 2021, 2024) and 
Rubia tinctorum against rotavirus (Sun et al., 2016). 

 

5. Conclusions 

In recent years, there has been a growing interest and need for antiviral drugs due 
to the latest pandemic. Consequently, medicinal plants are receiving increased 
attention. Research has demonstrated that the long-standing use of medicinal plants 
in folk medicine can offer valuable insights for further studies into their active 
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components. This study highlights the importance of a multidisciplinary approach, 
which can provide a broader perspective and better solutions for this and other 
issues. 
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