
        
            
                
            
        

    
[image: Image 1]

[image: Image 2]

Trop J Nat Prod Res, May 2024; 8(5):7073-7081                 ISSN 2616-0684 (Print)                                                                                                                                                   ISSN 2616-0692 (Electronic) Tropical Journal of Natural Product Research 

 

Available online at https://www.tjnpr.org 

 Original Research Article 





Effect of Climate Change on the Phytochemical Constituents, Essential Oil Yield and Chemical Composition of  Inula viscosa Leaves Abdelouahid Laftouhi1, Anouar Hmamou1, Noureddine Bencheikh6, Amal Elrherabi3*, Mohamed A. Mahraz1, Mohamed Bouhrim4,5, Noureddine Eloutassi1, Zakia Rais1, Abdslam Taleb2, Mustapha Taleb1 



 1Laboratory of Electrochemistry, Modeling and Environment Engineering (LIEME), Sidi Mohamed Ben Abdellah University, Faculty of Sciences Fes, Morocco. 

 2Environmental Process Engineering Laboratory- Faculty of Science and Technology Mohammedia, - Hassan II the University of Casablanca, Morocco. 

 3Bioresources, Biotechnology, Ethnopharmacology, and Health Laboratory, Department of Biology, Faculty of Sciences, Mohamed First University, Mohammed VI Boulevard, P.O. Box: 717, 60000, Oujda, Morocco 4Biological Engineering Laboratory, Faculty of Sciences and Techniques, Sultan Moulay Slimane University, Beni Mellal, Morocco 5Laboratories TBC, Laboratory of Pharmacology, Pharmacokinetics and Clinical Pharmacy, Faculty of Pharmacy, University of Lille, 59000 Lille, France 6Laboratory of Bioresources, Biotechnology, Ethnopharmacology and Health, Department of Biology, Faculty of Sciences, University Mohammed First, 60000 

 Oujda, Morocco 



A R T I C L E   I N F O  

ABSTRACT 
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Climate  change  poses  a  threat  to  plant  and  animal  biodiversity.  It  induces  physiological  and Received  27 October 2023 

morphological changes in plants. This study aimed to assess the effect of climate change on the Revised  30 April 2024 

phytochemical constituents, essential oil yield and chemical composition of  Inula viscosa  leaves. 
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Three  samples  of   I.  viscosa  from  the  Taounate  region  of  Morocco  were  cultivated  in  a  closed Published online  01 June 2024   

chamber for three years under different climatic conditions: sample 1 ( I. viscosa  cultivated in the first year under normal temperature and precipitation conditions of Taounate region), sample 2 ( I. 

 viscosa   cultivated  in  the  second  year,  at  5°C  increase  in  temperature  and  50%  decrease  in precipitation), and sample 3 ( I. viscosa  cultivated in the third year, at 10°C increase in temperature and 75% decrease in precipitation). Phytochemical and mineral analyses of the three samples were done according to standard procedures. Essential oils were extracted from the leaves of the three samples  by  hydro-distillation  using  the  Clavenger  apparatus.  Chemical  composition  of  the Copyright: ©  2024  Laftouhi   et  al.     This  is  an  open-essential  oils  was  identified  by  gas  chromatography-mass  spectrometric  (GC-MS)  analysis. 

access  article  distributed  under  the  terms  of  the Phytochemical screening showed that moderately intensified climatic conditions (sample 2) led to 

Creative  Commons  Attribution  License,  which an increase in phytochemical content, mineral composition, and essential oil yield of  Inula viscosa permits unrestricted use, distribution, and reproduction leaves. However, at adverse climatic conditions (sample 3), the phytochemical content, mineral in  any  medium,  provided  the  original  author  and composition,  and  essential  oil  yield  of   Inula  viscosa  leaves  decreased  significantly.  GC-MS 

source are credited. 

analysis revealed that changes in climatic condition affected the content of major compounds in 

  

the  essential  oil  of   I.  viscosa  leaves.  Therefore,  climate  change  can  significantly  impact  the chemical composition of plants. 

  

  

  

 Keywords:    Primary  metabolites,  Secondary  metabolites,  Climate  change,  Essential  oil,    Inula viscosa.  

Introduction  

Presently,  climate  change  is  recognized  as  the  predominant  factor posing a threat to global biodiversity. Furthermore, beyond the global Climate  change  denotes  a  persistent  alteration  in warming already reaching 1.1°C over the last decade compared to the meteorological  parameters.  The  global  shifts  in  climate,  attributed  to pre-industrial  era,  the  impacts  on  ecosystems  surpass  both  the  extent human activities since the industrial revolution, has led to imbalance in and  magnitude  estimated  in  previous  assessments.3  Global  warming the  utilization  of  natural  resource  and  substantial  alterations  in  the induced  by  humanization  lead  to  imbalances  in  the  exploitation  of earth's temperature and overall precipitation levels, presenting alarming natural  resources  and  to  changes  in  meteorological  parameters.4,5 

consequences of climate change.1 These modifications primarily result Global warming are an alarming consequence of climate change.6 These from  the  heightened  emissions  of  greenhouse  gases.  Recent changes  are  the  result  of  the  intensification  of  greenhouse  gas investigations indicate that the current rate of greenhouse gas emissions emissions.7 In addition to the fact that global warming in recent years anticipates  a  temperature  surge  of  5.3°C  by  2100  unless  there  is have  already  reached  1.1°C  compared  to  pre-industrial  times,8  the intervention.2  

impacts on ecosystems have worsened over time. 9 This will most likely lead to the degradation of plant and animal biodiversity, and even global 

*Corresponding author. E mail: amal.rhe96@gmail.com extinction.10  Recent  studies  have  therefore  shown  that  these  climatic Tel: +212 634471496 

changes  affect  the  processes  and  functions  of  ecosystems  and  the 

 

multiple  interactions  between  them,11  as  well  as  the  chemical Citation: Laftouhi A, Hmamou A, Bencheikh N, Elrherabi A, Mahraz MA, composition  of  plants  and  essential  oils.12-14  Aromatic  and  medicinal Bouhrim  M,  Eloutassi  N,  Rais  Z,  Taleb  A,  Taleb  M.  Effect  of  Climate plants  are  widely  used  in  traditional  medicine  practices  in  different Change  on  the  Phytochemical  Constituents,  Essential  Oil  Yield  and communities  worldwide,  especially  in  rural  areas.15  In  Africa,  we Chemical Composition of  Inula viscosa  Leaves. Trop J Nat Prod Res. 2024; cannot talk about healing without mentioning aromatic and medicinal 8(5):7073-7081. https://doi.org/10.26538/tjnpr/v8i5.4  



plants.  Up  to  80%  of  the  population  in  Africa  use  aromatic  and Official Journal of Natural Product Research Group, Faculty of Pharmacy, medicinal plants to prevent and treat diseases.16  

University of Benin, Benin City, Nigeria 

 Inula  viscosa  have  played  a  primordial  role  in  the  daily  lives  of  the African  population  given  its  therapeutic,  cosmetic  and  biological 7073 
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revealed  a  nuanced  interplay  between  meteorological  parameters, viscosa  planted in the third year, at 10°C increase in temperature with temperature rise, precipitation reduction, and the ensuing changes in the 75% decrease in precipitation).   

chemical composition of plants. This connection elegantly broaden the discourse  on  global  climate  change  with  its  attendant  effect  on  plant Analysis of phytochemical constituents and mineral composition species. 

The  leaves  of   I.  viscosa  from  the  three  samples  were  subjected  to A  critical  issue  surfaces  regarding  the  direct  and  indirect  effects  of qualitative  phytochemical  screening  and  analysis  of  mineral meteorological parameters on biomass production and plant chemical composition  according  to  standard  procedures.19,20  Following  the composition.  This  unveils  the  multifaceted  nature  of  the  impact  of qualitative analysis, quantitative phytochemical analysis for the major climate change on ecosystems, emphasizing the intricate relationships secondary  metabolites  were  performed  following  standard between climatic factors and vegetation. 

procedures.21-23   

The main objective of this study is to deepen our understanding of how commonly  used  medicinal  and  aromatic  plants  respond  to  climate Extraction of essential oil 

change.  This  knowledge  isn't  just  academic;  it  holds  tangible The leaves of  I. viscosa were dried in the shade. The dried leaves (100 

significance for local populations. The call to provide recommendations g) were subjected to hydro distillation using a Clevenger-type apparatus for  adapting  to  climate  change  impacts,  based  on  the  chemical for three hours.   

composition of these plants, will creates a meaningful bridge between 

  

global climate concerns and actionable insights for communities. 

 Gas Chromatographic-Mass Spectrometric analysis (GC-MS) analysis of essential oil 

The chemical composition of the three essential oil samples obtained Materials and Methods 

from   I.  viscosa   cultivated  under  various  climatic  conditions  was Plantation 

analyzed  using  GC-MS  instrument  equipped  with  a  flame  ionization The  transplant  was  carried out  in  the Taounate region situated  in the detector  (FID)  and  two  DB-1  fused  silica  capillary  columns.  Helium northern  region  of  Morocco  (34°39'38"N  4°26'00"W,  815  m), served as the carrier gas at a flow rate of 0.8 mL/min with a temperature encompassing a landmass of 5,616  square kilometers  within the Fez-gradient 50 to 200°C at 5°C/min increment. 

Meknes  region.  The  fields  were  cultivated  a  few  weeks  before 

  

transplanting. Weeds were removed every week after transplanting to Statistical analysis 

ensure proper nutrition.   

The data were presented as mean ± standard error of mean (SEM), and Three samples of  I. viscosa from the Taounate region were planted in a were subjected to one-way analysis of variance (ANOVA) and multiple closed  chamber  for  three  years  under  different  environmental comparison  test  using  GraphPad  Prism-5  software.  P  ≤  0.05  was conditions (Table 1): sample 1 ( I. viscosa planted in the first year under regarded as statistically significant. 

normal  temperature  and  precipitation conditions  of Taounate  region), Table 1: Climatic conditions of transplantation 

  

 

The seasonal average temperature in °C 

Seasonal average precipitation in mm 

Spring 

Summer 

Autumn 

Winter 

Spring 

Summer 

Autumn 

Winter 

Sample 1 

16.25 

34 

21.25 

6.75 

42 

21.75 

70.25 

55.25 

Sample 2 

21.25 

39 

26.25 

11.75 

21 

10.87 

35.125 

27.625 

Sample 3  

26.25 

44 

31.25 

16.75 

14 

7.25 

23.41 

18.41 

 



Results and Discussion 

Table 3 and Figure 2 present the percentage amino acids content of the three  samples  of   I.  viscosa.  Certain  amino  acids,  including  arginine, Effect  of  temperature  and  precipitation  on  the  phytochemical alanine,  asparagine,  glutamine,  methionine,  pyrrolysine,  valine, constituents of Inula viscosa leaves 

threonine, Selenocysteine, tyrosine, and tryptophan were absent in one, The primary metabolites (carbohydrates, proteins, amino acids, fats and two  or  the  three  samples,  whereas,  amino  acids  such  as  aspartate, fibre) contents of the three  I. viscosa samples cultivated under different cysteine,  glycine,  glutamate  or  glutamic  acid,  histidine,  isoleucine, climatic  conditions  are  presented  in  Table  2  and  Figure  1.  The leucine,  lysine,  phenylalanine,  proline,  and  serine  were  consistently percentage protein content in sample 1 was 10.13%, while samples 2 

present in all three samples (Table 3). Predominantly, phenylalanine, and 3 had significantly (p < 0.001) lower protein content of 9.06% and leucine, serine, and proline emerged as the key amino acids in  I. viscosa 7.01%,  respectively.  Similar  trends  were  observed  for  fats, across the three samples: Leucine (sample 1: 2.36%, sample 2: 2.03%, carbohydrates,  and  dietary  fiber  contents,  all  exhibiting  a  successive sample 3: 1.15%), Phenylalanine (sample 1: 2.45%, sample 2: 1.42%, decline  with  increasing  temperature  and  decreasing  precipitation. 

sample 3: 0.3%), Proline (sample 1: 1.33%, sample 2: 1.03%, sample 3: Specifically, lipid content decreased successively from 1.56% in sample 0.51%),  and  Serine  (sample  1:  2.34%,  sample  2:  1.63%,  sample  3: 1 to 1.2% in sample 2, and 0.7% in sample 3, carbohydrates content 0.45%) (Figure 2).   

decreased from 8.21% in sample 1 to 7.55% in sample 2, and 6.3% in sample  3,  while  dietary  fiber  decreased  from  4.43%  in  sample  1  to Table 2: Primary metabolites of the samples of  I. viscosa 4.01% in sample 2, and 3.2% in sample 3.   

cultivated under different climatic conditions 

These  findings  agrees  with  the  findings  from  previous  studies;  for 

  

instance, Yang et al. (2022)25 reported similar results as obtained in this Primary metabolites 

Inference 

study,  while  others  reported  a  decrease  in  the  primary  metabolites, 

 

Sample 1 

Sample 2 

Sample 3 

antioxidant, and metabolic activities of plants due to a combined effect Proteins 

+ 

+ 

+ 

of  water  deficit  and  other  abiotic  stressors,  and  these  changes  were Carbohydrates 

+ 

+ 

+ 

attributed to drought-induced decrease in primary metabolite content.26-28 The consistency across these studies underscores the relevance of our Fats 

+ 

+ 

+ 

findings  and  strengthens  the  link  between  temperature,  precipitation, Dietary fiber 

+ 

+ 

+ 

and metabolic changes in the studied plant.   

+; indicates presence of constituents 
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glutamic acid, isoleucine, leucine, lysine, phenylalanine, proline, serine, viscosa cultivated under different climatic conditions tyrosine, and valine exhibited significant variations in the three samples 

  

with  a  successive  decrease  in  samples  2  and  3,  that  is  with  a  rise  in Amino acid 

Inference 

temperature and decrease in precipitation. This observation aligns with Sample 1 

Sample 2 

Sample 3 

previous studies that emphasized the adverse impact of climate change Asparagine  

- 

- 

- 

on plants, posing a serious threat to crop yields and food supply. These findings  further  corroborate  the  broader  effect  of  climate  change  on Alanine  

- 

- 

- 

plant biochemical composition.29-31  

Arginine  

- 

- 

- 

The secondary metabolites present in the three samples of  I. viscosa are Aspartate 

+ 

+ 

+ 

presented in Table 4 and Figure 3. The results revealed a significant (p 

< 0.001) disparity in the extraction capacity among the solvents used, Cysteine 

+ 

+ 

+ 

for  the  secondary  metabolites  with  ethanol  emerging  as  the  most effective solvent. Ethanol extracted the highest percentage of various Glutamate or Glutamic Acid 

+ 

+ 

+ 

secondary  metabolites,  including  alkaloids,  flavonoids,  saponins, Isoleucine  

+ 

+ 

+ 

tannins,  and  coumarins.  In  Sample  1,  the  percentage  contents  of secondary metabolites were as follows: alkaloids (13.3%), coumarins Glutamine  

- 

- 

- 

(4.36%), tannins (4.34%), flavonoids (6.83%), and saponins (6.33%). 

Glycine  

+ 

+ 

+ 

Sample  2  exhibited  percentage  content  of  alkaloids  as  15.1%, coumarins  (4.55%),  tannins  (4.99%),  flavonoids  (13.07%),  and Histidine  

+ 

+ 

+ 

saponins  (8.15%).  While  sample  3  showcased  alkaloids  (14.00%), Proline  

+ 

+ 

+ 

coumarins (4.44%), tannins (4.62%), flavonoids (9.58%), and saponins (7.00%). 

Phenylalanine 

+ 

+ 

+ 



Surprisingly,  the  results  did  not  reveal  a  significant  and  consistent Serine  

+ 

+ 

+ 

increase  in  secondary  metabolites  with  changes  in  temperature  and precipitation.  This  observation  contradicts  the  expectation  that Leucine  

+ 

+ 

+ 

alterations  in  abiotic  factors,  such  as  temperature  and  precipitation, Lysine  

+ 

+ 

+ 

would  directly  influence  the  production  of  secondary  metabolites. 

Nevertheless,  these  findings  align  with  prior  research  that  reported Methionine 

- 

- 

- 

similar outcomes, emphasizing the impact of modified abiotic factors Threonine 

- 

- 

- 

on  secondary  metabolites.32  However,  several  other  studies  have established  a  connection  between  abiotic  factors  and  secondary Selenocysteine 

- 

- 

- 

metabolite  modulation.33-36  Moreover,  existing  literature  consistently Pyrrolysine 

- 

- 

- 

supports the notion that increased temperature can lead to a reduction in  the  levels  of  secondary  metabolites.39

Valine  

+ 

+ 

- 

,40  This  inverse  relationship, 

indicates that environmental stresses, including temperature variations, Tyrosine  

+ 

- 

- 

may impede the production of secondary metabolites. This aligns with the well-established understanding that environmental stressors play a Tryptophan 

- 

- 

- 

pivotal  role  in  influencing  the  biochemical  composition  of  plants, 

+; indicates presence of constituents 

offering valuable insights into the intricate relationship between plant 

-; indicates absence of constituents 

physiology and external environmental conditions.   
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Figure  1:  Quantitative  primary  metabolites  (protein, As

Glut

carbohydrate,  fat  and  dietary  fiber)  content  of  samples  of   I. 



 viscosa cultivated under different climatic conditions Figure 2: Quantitative amino acids content of three samples of I. viscosa cultivated under different climatic conditions   



*** significant difference at p < 0.001; ** significant difference 

 

at  p  <  0.01;  *  significant  difference  at  p  <  0.05,  compared  to 

 

sample 1. 
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stress  on  the  major  compounds  of plants, highlighting  the  influential The  mineral  compositions  of  the  three   I.  viscosa  samples  cultivated role of environmental factors in shaping the chemical profile of plants.52 

under different climatic conditions are presented in Table 5 and Figure 

 

4.  Analysis  of  the  results  revealed  significant  variations  in  the percentage mineral composition across the different samples. Calcium, Simple 1

potassium, magnesium, phosphorus, iron, and manganese were the most 14

predominant  elements  in  the  three  samples,  while  other  elements Coumarins

12

Flavonoïds

including sodium, chlorine, sulphur, lead, selenium, copper, zinc, and 10

Tanins

cobalt  were  found  in  lower  quantities.  In  sample  1,  for  instance,  the 8

Saponins

percentages of calcium, potassium, magnesium, phosphorus, iron, and 6

Alkaloïds

manganese  were  4.25%,  9.55%,  11.6%,  3.35%,  11.2%,  and  5.54%, 4

respectively.  Sample  2,  on  the  other  hand,  exhibited  calcium, 2

0

potassium, magnesium, phosphorus, iron, and manganese contents of 4.25%, 7.93%, 10.1%, 3.15%, 9.38%, and 3.81%, respectively, while E

C

ET 

sample  3  showed  the  predominant  elements  as  follows;  calcium (4.18%), potassium (5.6%), magnesium (9.01%), phosphorus (3.08%), iron (7.03%), and manganese (3.6%) (Figure 4). 

Simple 2

  

However,  a  noticeable  decline  in  these  elements  were  observed  in 16

Coumarins

samples  2  and  3.  This  decrease  is  unargueably  influenced  by  the 14

Flavonoïds

combined  effect  of  elevated  temperature  and  reduced  precipitation, 12

Tanins

10

which  significantly  (p  <  0.001)  impacted  all  mineral  compositions Saponins

8

except for calcium and phosphorus. Previous research has reported that Alkaloïds

6

the  content  of  certain  minerals  tends  to  decrease  with  rising 4

temperatures  and  increasing  water stress, as  observed  in this study.37 

2

These findings align with similar results of previous studies, providing 0

further validation and support for the impact of climate-related factors E

C

ET 

on the mineral composition of plants.38  

 

Simple 3

 Effect  of  temperature  and  precipitation  on  Inula  viscosa  leaves 15

 essential oil yield  

Coumarins

As shown in  Figure 5,  the essential oil yields were calculated for the Flavonoïds

three samples of  I. viscosa.  Specifically, the essential oil yield in sample 10

Tanins

Saponins

1 was approximately 0.38%, an increased yield was observed in sample Alkaloïds

2, and a decreased yield in sample 3 compared to that of sample 2, but 5

higher than that of sample 1. Overall, the rise in temperature and the decline in precipitation significantly (p < 0.001) influenced the essential 0

oil  yield  in  samples  2  and  3,  with  an  increase  in  sample  2,  and  a E

C

subsequent drop in sample 3. This fluctuation may be attributed to the ET 

detrimental impact of water stress and drought on essential oil yield, a 

 

phenomenon well-supported by existing literature, where water stress Figure 3: Quantitative phytochemical constituents of three have  been  reported  to  negatively  affects  essential  oil  yield.43,44  

samples of  I. viscosa cultivated under different climatic Furthermore,  numerous  studies  have  demonstrated  that  severe  water conditions  

stress can enhance the concentration of essential oils, with the highest E = Ether extract; C = Chloroform extract; ET = Ethanol extract 

yield occurring under conditions of moderate water stress,45-50  further 

 

reinforcing the findings from the present study. 



12

Sample 1

 Effect  of  temperature  and  precipitation  on  Inula  viscosa  leaves 

***

 essential oil composition  

10

***

Sample 2

GC-MS analysis of the essential oils from the leaves of three samples 

***

)

of   I.  viscosa  are  presented  in  Figures  6,  7,  and  8,  along  with  the (%  8

***

Sample 3

corresponding details in Table 6. The analysis identified 47 compounds e

***

g

in each sample. Notably, sample 2 was distinguished by the presence of ta

6

***

n

compound 17(β-selienene) which was absent in samples 1 and 3, and e

***

c

the  absence  of  compound  18  (10,11-epoxy-calamenene),  which  was re 4

*

**

***

present in samples 1 and 3. The GC-MS results underscore the impact P

*** ***

of  climatic  conditions  on  the  chemical  compositions  of  plants, 2

particularly the major compounds. 

***

  

***

***

***

***

***

***

***

***

***

***

***

The  findings  highlighted  a  notable  variation  in  the  chemical 

***

***

0

composition of  I. viscosa cultivated under different climatic conditions, particularly  the  major  compounds.  For  instance,  the  percentage  of S 







compound 28 [(E)-nerolidol] was 10.89% in sample 1, with a decrease Ca 

P 

K 

Na 

Cl

Mg

Fe

Mn 

Zn

Pb 

Se

Cu 

Co 

to  6.90%  in  sample  2,  and  to  6.87%  in  sample  3.  These  changes  in 

 

compound  percentages  are  in  line  with  established  knowledge  that Figure 4: Mineral compositions of three samples of   I. viscosa stresses,  including  climatic  conditions,  can  influence  the  content  of cultivated under different climatic conditions   

various  compounds  within  plants,51  which  emphasizes  the  dynamic 

*** significant difference at p < 0.001; ** significant difference at p < response of plant chemistry to environmental factors. Furthermore, the 0.01; * significant difference at p < 0.05, compared to sample 1. 
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Phytochemical  

Inference 

Sample 1 

Sample 2 

Sample 3 

E 

C 

ET 

E 

C 

ET 

E 

C 

ET 

Coumarins 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Flavonoids 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Tannins 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Saponins 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Alkaloids 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

E = Ether extract; C = Chloroform extract; ET = Ethanol extract  

 

 

Table 5: Mineral composition of three samples of  I. viscosa Conflict of Interest  

cultivated under different climatic conditions 
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Mineral 

Inference 

 

Sample 1 

Sample 2 

Sample3 

Authors’ Declaration 

Mn 

+ 

+ 

+ 
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+ 

+ 

+ 

original and that any liability for claims relating to the content of this Cl 

+ 

+ 

+ 

article will be borne by them. 



P 

+ 

+ 

+ 

Mg 

+ 

+ 

+ 
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Fe 

+ 

+ 

+ 
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Pb 

+ 

+ 

+ 

 

S 

+ 

+ 

+ 

Co 

+ 

+ 

+ 

0.7

***

Zn 

+ 

+ 

+ 

0.6

)

**

Cu 

+ 

+ 

+ 

%( 0.5

 

Se 

+ 

+ 

+ 

eg 0.4

K 

+ 

+ 

+ 

atn

Ca 

+ 

+ 

+ 

0.3

ec

Ca: calcuim; P: phosphorus; K: potassium; Na: sodium; Cl: chlorine; S: r 0.2

e

sulfur; Mg: magnesium; Fe: Iron; Mn: manganese; Zn: zinc; Pb: Lead; P

Se: selenium; Cu: copper; Co: cobalt; 

0.1



0.0

Conclusion 

The results of the present study have revealed that alteration in climatic conditions  induces  a  variation  in  the  chemical  composition  of   Inula viscosa.  Particularly,  a  rise  in  temperature  and  a  decrease  in ple 1

ple 2

ple 3

precipitation have caused a significant modification to the primary and m

m

m

Sa

Sa

Sa

secondary metabolites, the mineral composition, as well as essential oil yield of the plant leaves. In addition, GC-MS analysis demonstrated that 

 

climatic  conditions  have  a  detrimental  impact  on  the  chemical Figure  5:  Essential  oil  yield  of  three  samples  of   I.  viscosa compositions  of  essential  oils.  Therefore,  it  could  be  affirmed  that cultivated  under  different  climatic  conditions.  ***  significant climate  change  currently  has  an  adverse  effect  on  the  ecosystem, difference  at  p  <  0.001;  **  significant  difference  at  p  <  0.01, emphasizing the need to consider climate change measures to mitigate compared to sample 1 

its detrimental effects on humanity as a whole. 



  

Table 6: Chemical composition of the essential oils of  three samples of  I. viscosa cultivated under different climatic conditions 

  

S/N 

Compound name 

Retention 

Literature 

Percentage composition (%) 

index HP5 

Retention Index 

Sample 1 

Sample 2 

Sample 3 

1 

1,8-dehydro-cineole 

992 

991 

0.09 

0.21 

0.17 

2 

n-nonanal 

1104 

1100 

0.09 

0.34 

0.21 

3 

para-mentha-1,5-diene-8-ol 

1168 

1170 

0.06 

1.92 

0.64 

4 

α-terpineol 

1191 

1188 

1.09 

2.45 

1.20 

5 

α-copaene 

1376 

1376 

3.28 

4.23 

2.45 
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(E)- β-damascenone 

1384 

1384 

2.37 

3.35 

1.97 

7 

(Z)- β-damascenone 

1388 

1387 

0.93 

0.03 

0.04 

8 

1-tetradecene 

1392 

1389 

1.88 

0.56 

1.79 

9 

α-cedrenes 

1418 

1419 

4.01 

1.95 

2.49 

10 

(E)-caryophyllene 

1443 

1441 

1.43 

2.05 

1.78 

11 

the aromatics 

1454 

1455 

0.09 

1.78 

1.11 

12 

geranylacetone 

1460 

1460 

1.61 

2.09 

1.43 

13 

allo-aromaticdendrines 

1472 

1467 

1.19 

2.05 

1.94 

14 

cis-support adiene 

1475 

1477 

0.04 

0.73 

1.05 

15 

  β-chamigrenes 

1476 

1479 

1.49 

0.51 

1.09 

16 

γ-muurolene 

1485 

1490 

0.05 

0.90 

1.07 

17 

β-selienene 

1490 

1491 

- 

0.57 

- 

18 

10,11-epoxy-calamenene 

1490 

1492 

3.98 

- 

2.85 

19 

δ-selienene 

1493 

1493 

2.43 

1.89 

1.56 

20 

cis- β-guaiene 

1498 

1500 

1.67 

0.98 

1.78 

21 

α-muurolene 

1501 

1501 

1.09 

0.07 

1.05 

22 

epizonarene 

1505 

1505 

0.71 

0.02 

1.03 

23 

α-cuprenene 

1523 

1523 

2.89 

1.89 

3.80 

24 

δ-cadinene 

1535 

1538 

0.01 

0.81 

1.08 

25 

α-cadienene 

1540 

1540 

1.96 

2.82 

2.07 

26 

 α-copaen-11-ol 

1542 

1545 

1.35 

0.05 

2.32 

27 

α-calacorene 

1565 

1563 

7.08 

26.07 

11.90 

28 

(E)-nerolidol 

1581 

1580 

10.89 

6.90 

6.87 

29 

caryophylleneoxide 

1592 

1589 

2.28 

1.95 

2.92 

30 

1-hexadecene 

1597 

1596 

3.05 

1.81 

1.06 

31 

phokienol 

1600 

1600 

1.95 

1.81 

1.85 

32 

guaiol 

1616 

1619 

10.3 

1.68 

1.39 

33 

isongifolan-7-α-ol 

1627 

1628 

0.06 

1.38 

1.09 

34 

1-epi-cubenol 

1627 

1631 

2.63 

0.05 

2.93 

35 

muurola-4,10(14)-diene-1- β. 

1630 

1632 

1.92 

3.06 

3.92 

36 

gymnomitron 

1641 

1640 

0.05 

1.54 

1.01 

37 

epi-α-cadinol 

1648 

1651 

1.45 

1.29 

2.27 

38 

cedr-8(15)-en-9-α-ol 

1653 

1653 

9.17 

4.75 

7.98 

39 

α-eudesmol 

1656 

1654 

1.39 

0.98 

1.01 

40 

α-cadinol 

1669 

1667 

0.02 

0.43 

0.04 

41 

14-hydroxy-(Z)- . 

1673 

1669 

0.91 

1.47 

1.61 

42 

14-hydroxy-9-epi-(E)- . 

1684 

1681 

1.03 

1.19 

1.17 

43 

ishwarone 

1695 

1699 

0.03 

0.48 

0.03 

44 

epi-nootkatol 

1745 

1747 

0.04 

0.69 

0.98 

45 

8-α-11-elemodiol 

1769 

1767 

0.06 

2.03 

1.72 

46 

  β-costol 

1769 

1768 

1.27 

1.28 

1.09 

47 

13-hydroxy-valencene 

1792 

1790 

2.79 

2.69 

2.89 







Total 

94.91 

96.84 

95.37 
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Figure 6: Gas chromatogram (GC) of essential oil extracted from sample 1  

  

  

Figure 7: Gas chromatogram (GC) of essential oil extracted from sample 2  

  

  

Figure 8: Gas chromatogram (GC) of essential oil extracted from sample 3  

7079 

© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 



                               Trop J Nat Prod Res, May 2024; 8(5):7073-7081                 ISSN 2616-0684 (Print)                                                                                                                                                   ISSN 2616-0692 (Electronic) References 

treatment  of  parasitic  diseases  in  Niger.  Afr  Sci. 

2018;14(5):390 - 399. 

1. 

Konte MA and Soumaoro T. impacts of climate change on 18.  Bouterfas  K,  Mehdadi  Z,  Latreche  A,  Hazem  Z. 

corn  production  in  Mali.  Ann  Univ  M.  NGouabi.  2021; Quantification  of  some  polyphenols  of  Marrubium  vulgare 21(2):132 – 155. 

L.  from  Mount  Tessala  (western  Algeria)  during  the  two 2. 

Kouamé  R.   Impact of the variability of climatic factors on periods  of  vegetation  and  flowering.  LABORATORY 

the development of the root system of rainfed rice on Arenic TECHNOLOGY.2015, Volume 9, N°38. 

gleyic soil in the Gbêkê region, Ivory Coast. Afr Sci. 2019; 19.  Laftouhi A, Eloutassi N, Ech-Chihbi E, Rais Z, Abdellaoui 15(1):83 – 96. 

A,  Taleb  A,  Mustapha  B,Hiba-Allah  N,  Ahmad  MS, 3. 

Podda A. Drought stress modulates secondary metabolites in Mohammed  B,and  Mustap  ha  T.  The  Impact  of 

 Brassica  oleracea  L.  convar.  acephala  (DC)  Alef,  var. 

Environmental Stress on the Secondary Metabolites and the sabellica L. J Sci Food Agric. 2019; 99(2019):5533-5540. 

Chemical  Compositions  of  the  Essential  Oils  from  Some 4. 

Chávez-Arias  CC,  Ramírez-Godoy  A,  Restrepo-Díaz  H. 

Medicinal  Plants  Used  as  Food  Supplements.  Sustainab. 

Influence  of  drought,  high  temperatures,  and/or  defense 2023;15(10):7842.   

against arthropod herbivory on the production of secondary 20.  Soulama  S,  Nacoulma  O,  Nagtiero  Meda  R,  Boussim  J, metabolites in maize plants. A review. Curr Plant Biol. 2022; Millogo-Rasolodimby  J.  Coumarin  contents  of  15  woody 32:100268. 

fodder  plants  from  Burkina  Faso.  Int  J  Bio  Chem  Sci. 

5. 

Messouli  PM.  Anticipation  and  management  of  risks  of 2014;7(6):2283. 

extreme climatic events. 

21.  Laftouhi  A,  Eloutassi  N,  Drioua  S,  Ech-Chihbi  E,  Rais  Z, 6. 

Albergaria ET, Oliveira AFM, Albuquerque UP. The effect Abdellaoui A, Taleb A, Mustapha B, Mustapha T. Impact of of  water  deficit  stress  on  the  composition  of  phenolic Water Stress and Temperature on Metabolites and Essential compounds  in  medicinal  plants.  S  Afr  J  Bot.  2020; Oil  of   Rosmarinus  officinalis  (Phytochemical  Screening, 131:12-17. 

Extraction,  and  Gas  Chromatography).  J  Ecol  Eng.  2023; 7. 

Pio DV, Engler R, Linder HP, Monadjem A, Cotterill FPD, 24(5):237-248. 

Taylor  PJ,  Schoeman  MC, Price  BW, Villet  MH,  Eick 22.  Beniaich G, Hafsa O, Maliki I, Bin Jardan YA, El Moussaoui G, Salamin N, Guisan A. Climate change effects on animal A,  Chebaibi  M,  Abdelkrim  A,  Otmane  Z,  Hiba-Allah  N, and  plant  phylogenetic  diversity  in  southern  Africa.  Glob Farid 

K, 

Mohammed 

B, 

Mustapha 

T. 

GC-MS 

Change Biol. 2014; 20(5):1538-1549. 

Characterization,  In Vitro Antioxidant, Antimicrobial, and  In 8. 

Gorgini  Shabankareh  H,  Khorasaninejad  S,  Soltanloo  H, Silico  NADPH  Oxidase  Inhibition  Studies  of  Anvillea Shariati  V.  Physiological  response  and  secondary radiata Essential Oils. Hortic. 2022; 8(10):886. 

metabolites of three lavender genotypes under water deficit. 

23.  Rodrigues  AM,  Jorge  T,  Osorio  S,  Pott  DM,  Lidon  FC, Sci Rep. 2021; 11(1):19164. 

DaMatta  FM,   Ana  I,   José  C,  Carla  A. Primary  Metabolite 9. 

Fatima A and Et-Touile H. Econometric study of the impacts Profile  Changes  in  Coffea  spp.  Promoted  by  Single  and of  climate  change  on  food  security  in  Morocco.  Afr  SJ. 

Combined  Exposure  to  Drought  and  Elevated  CO2 

2021; 3(4):  

Concentration. Metabol. 2021; 11(7):427. 

10.  Yang  H,  Xiao  X,  Li  J,  Wang  F,  Mi  J,  Shi  Y,  Fang  H, 24.  Pilon  R.  Dynamics  of  the  root  system  of  the  meadow Lianghua  C,  Fan  Z,  Xueqin  W.  Chemical  Compositions  of ecosystem and contribution to the soil carbon balance under Walnut ( Juglans Spp.) Oil: Combined Effects of Genetic and climate change. 2011. 

Climatic Factors. J For. 2022; 13(6):962. 

25.  Yang  H,  Xiao  X,  Li  J,  Wang  F,  Mi  J,  Shi  Y,  et  Fang  H  , 11.  Cabral IL, Teixeira A, Lanoue A, Unlubayir M, Munsch T, Lianghua C , Fan Z and Xueqin W. Chemical Compositions Valente J, Fernando A, Pedro Leal C, Frank S, Susana MP. 

of Walnut ( Juglans Spp.) Oil: Combined Effects of Genetic C,  Hernâni  G,  Jorge  Q.  Impact  of  Deficit  Irrigation  on and Climatic Factors. J For. 2022; 13(6):962. 

Grapevine cv. ‘Touriga Nacional’ during Three Seasons in 26.  Hessini K, Wasli H, Al-Yasi HM, Ali EF, Issa AA, Hassan Douro  Region:  An  Agronomical  and  Metabolomics FAS,  Kadambot  HMS.  Graded  Moisture  Deficit  Effect  on Approach. Plants. 2022; 11(6):732. 

Secondary Metabolites, Antioxidant, and Inhibitory Enzyme 12.  Jan R, Asaf S, Numan M, Lubna, Kim KM. Plant Secondary Activities  in  Leaf  Extracts  of   Rosa  damascena  Mill.  var. 

Metabolite  Biosynthesis  and  Transcriptional  Regulation  in trigentipetala. Hortic. 2022; 8(2):177. 

Response to Biotic and Abiotic Stress Conditions. Agron J. 

27.  Zandalinas  SI,  Balfagón  D,  Gómez-Cadenas  A,  Mittler  R. 

2021; 11(5):968. 

Plant responses to climate change: metabolic changes under 13.  Mahajan  M,  Kuiry  R,  Pal  PK.  Understanding  the combined 

abiotic 

stresses. 

J Exp Bot. 

2022; 

consequence  of  environmental  stress  for  accumulation  of 73(11):3339-3354. 

secondary  metabolites  in  medicinal  and  aromatic  plants.  J 

28.  Togola  I,  Konaré  MA,  Diakité  M,  Diarra  N,  Tounkara  F, Appl Res Med Arom Plants.  2020; 18:100255. 

Sanogo  R,  Doulaye  D.  Stages  of  development  of   Datura 14.  Bagues  M,  Zaghdoud  C,  Nagaz  K.  Phenolic  compounds, innoxia  Mill.,  A  plant  used  in.   Am  J  Innov  Res  Appl  Sci. 

antioxidant  activities  and  grain  yield  of  barley  ( Hordeum 2019 

 vulgare L.) “Ardhaoui” under salt water deficit irrigation in 29.  Alhaithloul  HA,  Soliman  MH,  Ameta  KL,  El-Esawi  MA, southern Tunisia. Arid Reg Rev. 2020; 1(46):211-220. 

Elkelish  A.  Changes  in  Ecophysiology,  Osmolytes,  and 15.  Rouibah K, Ferkous H, Delimi A, Himeur T, Benamira M, Secondary  Metabolites  of  the  Medicinal  Plants  of  Mentha Zighed  M, Ahmad  S, Tarek  L,  Krishna  K, Javed  K, Akil  

piperita and Catharanthus roseus Subjected to Drought and 

A,  Sumate  C,  Yacine  B .   Biosorption  of  zinc  (II)  from Heat Stress. Biomol. 2019; 10(1):43. 

synthetic wastewater by using  Inula viscosa leaves as a low-30.  Mareri L, Parrotta L, Cai G. Environmental Stress and Plants. 

cost  biosorbent:  Experimental  and  molecular  modeling Int J Mol Sci. 2022; 23(10):5416. 

studies. J Environ Gérer. 2023; 326:116742. 

31.  Baguia-Broune FDM, N’Gaman KCC, Mamyrbekova-Békro 16.  Rechek H, Haouat A, Hamaidia K, Pinto DCGA, Boudiar T, JA,  Virieux  D.  Saponins  from  the  roots  of   Securidaca Válega MSGA, David M,  Renato B, Arthur S.  Inula viscosa longipedunculata 

(Polygalaceae): 

quantification 

and 

(L.) Aiton Ethanolic Extract Inhibits the Growth of Human antioxidant evaluation. Nat Technol. 2018. 

AGS  and  A549  Cancer  Cell  Lines.  Chem  Biodiver.  2023; 32.  Ahmed S, Griffin TS, Kraner D, Schaffner MK, Sharma D, 20(3):e202200890. 

Hazel M, Alicia R, Colin M, Wenyan H, John R, Albert R, 17.  Hamadou HH, Kallo MS, Manzo LM, Moussa I, Adamou R. 

Corene  M,  Chunlin  L,  Dayuan  X,  Robert  F  and  Sean  B. 

Phytochemical screening and determination of polyphenols Environmental  Factors  Variably  Impact  Tea  Secondary from  Detarium  microcarpum  Guill.  and  Perr.  used  in  the 7080 

© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 



                               Trop J Nat Prod Res, May 2024; 8(5):7073-7081                 ISSN 2616-0684 (Print)                                                                                                                                                   ISSN 2616-0692 (Electronic) Metabolites in  the  Context of  Climate  Change.  Front  Plant Related  Gene  Expression:  A  Case  Study  in  Two   Thymus Sci. 2019; 10:939. 

Species. Agron. 2022; 12(5):1008. 

33.  Mirniyam  G,  Rahimmalek  M,  Arzani  A,  Matkowski  A, 44.  Khodadadi  F,  Ahmadi  FS,  Talebi  M,  Moshtaghi  N, Gharibi S, Szumny A. Changes in Essential Oil Composition, Matkowski  A,  Szumny  A, Mehdi  R. Essential  oil Polyphenolic  Compounds  and  Antioxidant  Capacity  of composition,  physiological  and  morphological  variation  in Ajowan ( Trachyspermum ammi L.) Populations in Response Salvia abrotanoides and   S. yangii  under drought stress and to Water Deficit. Foods. 2022; 11(19):3084. 

chitosan treatments.  Ind Crops Prod. 2022; 187:115429. 

34.  Mohammadi H, Aghaee A, Pormohammad P, Ghorbanpour 45.  Ostadi A, Javanmard A, Amani Machiani M, Sadeghpour A, M,  Hazrati  S.  Physiological  reaction  and  chemical Maggi F, Nouraein M, Mohammad R, Christophe H, Jose M. 

composition  of   Stachys  schtschegleevii  Sosn.  essential  oil Co-Application  of  TiO2  Nanoparticles  and  Arbuscular under  water  deficit.  Acta  Sci  Pol  Hort  Cult.  2022; Mycorrhizal  Fungi  Improves  Essential  Oil  Quantity  and 21(2):103-114. 

Quality  of  Sage  ( Salvia  officinalis  L.)  in  Drought  Stress 35.  Qaderi  MM,  Martel  AB,  Strugnell  CA.  Environmental Conditions. Plants. 2022; 11(13):1659. 

Factors Regulate Plant Secondary Metabolites. Plants. 2023; 46.  Sarmoum R, Haid S, Biche M, Djazouli Z, Zebib B, Merah 12(3):447. 

O.  Effect  of Salinity  and  Water Stress  on  the  Essential  Oil 36.  Khalid  MF,  Zakir  I,  Khan  RI,  Irum  S,  Sabir  S,  Zafar  N, Components  of  Rosemary  ( Rosmarinus  officinalis  L.). 

Shakeel  A, Mazhar  A,Talaat  A, Sajjad  H. Effect  of  Water Agron. 2019; 9(5):214. 

Stress (Drought and Waterlogging) on Medicinal Plants. In: 47.  Keshavarz  H.  Study  of  water  deficit  conditions  and Husen,  A.,  Iqbal,  M.  (eds)  Medicinal  Plants.  Springer, beneficial microbes on the oil quality and agronomic traits of Singapore. 2023. 169-182 p. 

canola  ( Brassica  napus  L.).  Grasas  y  Aceites.  2020; 37.  Verma N and Shukla S. Impact of various factors responsible 71(3):373. 

for  fluctuation  in  plant  secondary  metabolites.  J  Appl  Res 48.  Rahimi  A,  Mohammadi  MM,  Siavash  Moghaddam  S, Med Arom Plants. 2015; 2(4):105-113. 

Heydarzadeh  S,  Gitari  H.  Effects  of  Stress  Modifier 38.  Jan R, Asaf S, Numan M, Lubna, Kim KM. Plant Secondary Biostimulants  on  Vegetative  Growth,  Nutrients,  and Metabolite  Biosynthesis  and  Transcriptional  Regulation  in Antioxidants  Contents of  Garden Thyme ( Thymus vulgaris Response  to  Biotic  and  Abiotic  Stress  Conditions.  Agron. 

L.) Under Water Deficit Conditions. J Plant Growth Regul. 

2021; 11(5):968. 

2022; 41(5):2059-2072. 

39.  Laoué  J,  Fernandez  C,  Ormeño  E.  Plant  Flavonoids  in 49.  Xu B, Gao M, Hu W, Zhao W, Wang S, Zhou Z. Individual Mediterranean Species: A Focus on Flavonols as Protective and interactive influences of elevated air temperature and soil Metabolites under Climate Stress. Plants. 2022; 11(2):172. 

drought  at  the  flowering  and  boll-forming  stage  on 40.  Babaei K, Moghaddam M, Farhadi N, Ghasemi Pirbalouti A. 

cottonseed yield and nutritional  quality.  The  Crop  J.  2022; Morphological, physiological and phytochemical responses 10(1):128-139. 

of Mexican marigold ( Tagetes minuta L.) to drought stress. 

50.  Aalipour  H,  Nikbakht  A,  Sabzalian  MR.  Essential  oil Sci Horticul. 2021; 284:110116. 

composition  and  total  phenolic  content  in   Cupressus 41.  Punetha  A,  Kumar  D,  Chauhan  A,  Suryavanshi  P,  Padalia arizonica G. in response to microbial inoculation under water RC,  Upadhyay  RK,     Venkatesha  KT.  Soil  moisture  stress stress conditions. Sci Rep. 2023; 13(1):1209. 

induced  changes  in  essential  oil  content  and  bioactive 51.  Aslani Z, Hassani A, Abdollahi Mandoulakani B, Barin M, compounds in German chamomile ( Chamomilla recutita L.). 

Maleki R. Effect of drought stress and inoculation treatments J Essent Oil Res. 2023; 35(1):1-7. 

on  nutrient  uptake,  essential  oil  and  expression  of  genes 42.  Mulugeta SM and Radácsi P. Influence of Drought Stress on related  to  monoterpenes  in  sage  ( Salvia  officinalis).  Sci Growth  and  Essential  Oil  Yield  of   Ocimum  Species. 

Horticul. 2023; 309:111610. 

Horticul. 2022; 8(2):175. 

52.  Jaouadi R, Boussaid M, Zaouali Y. Variation in essential oil 43.  Yousefzadeh K, Houshmand S, Shiran B, Mousavi-Fard S, composition within and among Tunisian  Thymus algeriensis Zeinali  H,  Nikoloudakis  N,  Gheisari  MM,  Fanourakis  D. 

Boiss et Reut. (Lamiaceae) populations: Effect of ecological Joint Effects of Developmental Stage and Water Deficit on factors  and  incidence  on  antiacetylcholinesterase  and Essential  Oil  Traits  (Content,  Yield,  Composition)  and antioxidant 

activities. 

Biochem Syst Ecol. 

2023; 

106:104543. 





7081 

© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 







cover_image.jpg
Ce]
d1722c59 9c2d-4

7 951-9e3d-4eeb80
058d72

EDOSTATE
§GD POLYTECHNIC @%





index-1_1.jpg





index-7_1.jpg





index-1_2.jpg
172z

=
Z
3






index-7_3.jpg





index-7_2.jpg





