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ABSTRACT 

Fungal pathogens are the major contributors to losses of horticultural produce, which poses 

a threat to the global food security. The solution to reducing food decay caused by fungal 

pathogens mainly relies with crop and plant protection which include the aggressive usage of 

chemical fungicides and other cost-effective postharvest strategies which are associated with 

significant health, safety, and environmental implications. Numerous investigations have been 

undertaken on the effects of crude plant extracts as safe, cost-effective, and yet effective 

strategies for post-harvest management of fungal pathogens. According to Gurjar et al. (2012), 

under stressful conditions, plants strategically generate secondary metabolites for their defence 

strategy against predators. Some of these compounds have been tested and proven to exhibit 

intense activity against numerous fungal pathogens. This study aimed to utilize in vitro and in 

vivo of Helichrysum odoratissimum and Helichrysum patulum to identify potential bioactive 

compounds that can be used as alternatives fungicidal agents to synthetic chemicals for 

post-harvest management of Botrytis cinerea. Moreover, the influence of geographical 

harvest location, extraction solvent types, and processing methods were investigated. Detailed 

literature search on the plant extracts and natural compounds as potential alternative treatment 

for post-harvest fungal pathogens was performed.  

Targeted volatile study was also conducted to investigate the effects of processing and 

drying on the major class of compounds (terpenes) of Helichrysum odoratissimum. Plant 

processing significantly affected quantities of bioactive compounds present. The highest 

concentration of α-pinene (91.29 µg/L) was obtained in the crude ethanol extract compared to 

the freeze-dried extracts with ≈3.01 µg/L (p ≤ 0.05). Optimization study was also conducted 

using solvents of different polarities to identify the potential extraction solvent for maximum 

yield, characteristics, and in vitro antifungal activity of H. odoratissimum obtained from 

different geographical regions over two harvesting seasons. The highest polyphenol content 

(22.7 g GA 100 g-1) was determined in the aqueous extract, which exhibited no antimicrobial 

activity against B. cinerea. Acetone extracts exhibited the highest antimicrobial activity in the 

in vitro study, followed by ethanol extracts (52% and 35%, respectively). Harvesting season 

had a significant (p ≤ 0.05) impact, while the location had no influence on the total polyphenol 

and antioxidant capacity of the plant extracts. 

Furthermore, a comparative study of acetone and ethanol extracts of H. odoratissimum 

and H. patulum was conducted to gain insight into the chemical profile, phytochemical 
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properties, and antifungal efficacy against Botrytis cinerea. The crude 70% acetone extract of 

H. odoratissimum had the highest total polyphenol content (19.3 g GA 100 g-1 ± 0.76), and 

antioxidant activity (13251.5 µmol Trolox g-1 ± 700.55) compared to H. patulum (p ≤ 0.05). 

The ethanolic extract of H. patulum showed the highest antifungal efficacy (≈65%) 

against B.  cinerea (p ≤ 0.05) compared to all other crude extracts. The study showed that 

Helichrysum spp. differ in their potential as a source for bioactive compounds and antifungal 

treatments/formulations. The acetone extract of H. odoratissimum contained the most volatile 

compounds compared to the ethanol extract. Viridiflorol, β-caryophyllene, δ-cadinene, α-

curcumene, γ-curcumene, α-humulene, δ-guaiene, δ-cadinene, α-pinene, ledene and 

alloaromadendrene were the major components found in the acetone and ethanol extracts of H.  

odoratissimum. Viridiflorol was the major compound in both the acetone (26.2 ± 1.24%) and 

ethanol (16.8 ± 0.31%) extracts of H. odoratissimum. Similar pattern but with lower 

concentrations was observed for acetone and ethanol extracts of H. patulum. Gamma-terpinene 

(≈0.1%), α-amorphene (≈0.6%) α-gurjunene (≈1.4%), β-selinene (2.2 – 3.2%), γ-gurjunene 

(≈3.3%), and methyl cinnamate (≈20%) were detected only in the acetone and ethanol extracts 

of H. patulum. H. patulum had higher antifungal activity than H. odoratissimum (p ≤ 0.05) in 

vitro.   

Efficacy study against Botrytis cinerea using In vivo method was conducted for crude 

extracts of H. odoratissimum. Ethanol extracts were more effective (40% - 60% decay) than the 

acetone extracts (60 - 100% decay) as antifungal agents in vivo. Furthermore, the effects H. 

odoratissimum extracts on morphology of pomegranate fruit was investigated using fruit 

surface imaging analyses. The SEM results indicated that both extracts inhibited fungal 

sporulation, indicating the antifungal effects of both extracts. Scarring and burns were also 

observed on the skin surface of the fruit, thus indicating cytotoxic effects of the extracts on the 

skin of the fruit. This study demonstrated that, Helichrysum spp. is a potential source of 

antifungal agent against B. cinerea. The findings of this study provide the basis for further 

research on identification and purification of the active compounds and development of 

commercially viable formulations. 

Key words: Helichrysum, Botrytis cinerea, crude extracts, antifungal activity, viridiflorol, total 

polyphenols, sesquiterpenes 
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Chapter 1 

1.1 Introduction 

Foodborne diseases are one of the major causes of morbidity and mortality, especially 

in low-income countries with poor sanitation and inadequate healthcare facilities (World Health 

Organisation, 2022). According to the WHO (2015), the greatest contributor to global outbreaks 

of foodborne diseases is the consumption of unsafe food that is contaminated with harmful 

bacteria, viruses, fungi, prions, parasites, or chemical substances. These are associated with a 

vast number of diseases, ranging from diarrhoea to cancer. The Centres for Diseases Control 

and Prevention (CDC) estimated that each year roughly 48 million people get sick, while 

128,000 are hospitalized, and 3,000 die due to foodborne diseases (CDC, 2018).  Hoagland, et 

al., (2018) further reported horticultural produce (fresh fruits and vegetables) as the major 

contributor (48%) to foodborne disease outbreaks. Furthermore, Savary et al. (2012) and Gurr 

(2016) associated a global loss of about 40% of horticultural produce to 

opportunistic/pathogenic bacteria and fungi. This, therefore, highlights the need for improved 

management strategies of pre- and post- harvest pathogens for better control of postharvest 

diseases.   

Over the last two decades, the challenges of postharvest diseases have been combated  

through the aggressive use of synthetic chemicals. However, this conduct has been reported to  

have a negative environmental impact and cause potential harm to humans due to exposure to  

pesticides (Sales et al., 2016). Moreover, increased resistance by bacteria, fungi, weeds, and  

insect pests alike resulting from this mode of pathogenic control has been reported (Sernaite et  

al., 2020). In recent years, the interest has shifted towards plant extracts and plant-based  

products as a safer alternative to synthetic chemicals for postharvest disease management  

(Nabila and Soufiani, 2019). Many studies have reported that plants, as part of a defence  

mechanism when under stressful conditions, produce secondary metabolites and volatile  

compounds which are recognized for their potent antimicrobial activity (Pretorius et al., 2003;  

Yazdani et al., 2011; Sales et al., 2016; Nabila and Soufiani, 2019; Matrose et al., 2021). Thus,  

bioactive plant extracts could be considered alternative fungicides/ pesticides. Numerous  

studies carried out on the antimicrobial effects of Helichrysum sp. have mainly focused on the  

1 
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human health therapeutic effects of the essential oils of the plant species. According to 

our knowledge, less effort has been invested in evaluating the antimicrobial effects against 

plant pathogens. The aim of this study was then to evaluate the antimicrobial efficacy of 

Helichrysum spp. on postharvest diseases of the pomegranate fruit. In order to avert repetition, 

an extensive review of literature on the traditional uses and therapeutic properties of 

Helichrysum spp. was carried out (and is presented in chapter 2 of this thesis).   

Pomegranate (Punica granatum L.) is a fruit-bearing deciduous shrub of the family 

Lythraceae, and subfamily Punicoideae. In previous years, pomegranate fruit’s global  

production has been estimated to be about 2.5 million tons with India and Iran being the  

dominating producers, contributing about 76% of total production, while South Africa only  

contributed less than 1% (Melgarejo-Sanchez et al., 2015). However, in recent years, the South  

African pomegranate industry has shown remarkable growth. According to Pienaar (2021), the  

export value of pomegranate fruit has grown from R33 million in 2012 to R125 million in 2020. 

The economic contribution of the pomegranate industry in South Africa also indicates the  

opportunity for job creation across the value chain. The increase in commercial farming and  

consumption of pomegranate is owed to the numerous health benefits that are associated with  

this fruit. These include but are not limited to antioxidant, antimicrobial and inflammatory  

effects (Kandylis and Kokkinomagoulos, 2020). Nonetheless, significant postharvest  

pomegranate fruit losses due to several postharvest factors including physiological disorders  

and postharvest diseases have been reported (Munuweyi et al., 2016). The most challenging  

postharvest diseases in the pome fruit industry include grey mould (Botrytis cinerea), blue  

mould (Penicillium expansum) and bull’s eye rot, caused by Neofabraea alba (Giraud and  

Bompeix, 2021). Grey mould disease contributes to about $10 billion in annual global  

economic losses in the fruit industry (Hua et al., 2018).   

The objectives of the current study were, therefore, focused on the following; 

i) the screening of Helichrysum cultivars for antifungal efficacy.

ii) the determination of an optimal extraction method to obtain the maximum yield of

bioactive and antifungal compounds from the plant material.

iii) the in vitro and in vivo evaluation of the antifungal efficacy of the crude extracts of

Helichrysum spp.

iv) the determination of the antifungal efficacy of the plant extracts on structural

integrity of cells of pomegranate fruit infected with B. cinerea cellular image

analysis of treated and infected pomegranate fruit.
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1.2 Thesis layout 

This dissertation represents a compilation of published and submitted manuscripts on 

the study subject, with each chapter presented as a stand-alone article either already published 

or submitted for publication. As such, there is some repetition of the themes, particularly in the 

introduction/literature review and methodology of these chapters. Chapter one introduces the 

reader to the global impact of foodborne diseases on human health. It also highlights the role of 

food pathogens and food diseases as major contributors to foodborne disease outbreaks, and the 

economic costs of these to the fruit industry. Chapter two comprises of the manuscript titled 

Plant extracts as alternative sources for post-harvest management of fungal pathogens, 

published in the journal of Food Bioscience. It presents a review of the literature on alternative 

strategies for the management of postharvest diseases. Chapter three comprises of the 

manuscript titled Bioprospecting for active compounds: Impact of milling, extract 

fractions, and freeze-drying on targeted terpene compounds of Helichrysum 

odoratissimum (L.) Sweet published in the South African Journal of Plant and Soil. The article 

reports on the evaluation of the effect of different plant processing techniques on the 

phytochemical content and desired bioactivity of Helichrysum odoratissimum. Chapter four is 

a manuscript reports on the optimization of the yield of bioactive compounds with in vitro 

antifungal efficacy from H. odoratissimum using extraction solvents with a wide range of 

polarities. Chapter five comprises of the article titled Bioprospecting of Helichrysum species: 

Chemical profile, phytochemical properties, and antifungal efficacy against Botrytis 

cinerea, published in the journal of Plants. It reports on the comparative evaluation of the 

chemical profile and antifungal activity of two popularly used Helichrysum species 

(Helichrysum odoratissimum and Helichrysum patulum). Chapter six is comprised of the article 

titled Impact of spatial variation and extraction solvents on bioactive compounds, 

secondary metabolites, and antifungal efficacy of South African Impepho [Helichrysum 

odoratissimum (L.) Sweet], published in the journal of Food Bioscience. It reports on the effect 

of spatial and seasonal variation on the yield of selected bioactive compounds of the plants and 

also on the in vitro antifungal activity against B. cinerea. Chapter seven is a manuscript that 

reports on the study on the in vivo antifungal efficacy of the plant extract identified to possess 

the greatest antimicrobial activity from the findings of the study reported earlier in chapter four 

earlier in pomegranate fruit. Chapter eight provides an overall synthesis of the study and the 

conclusions on the significant findings of the study. The chapter also includes sections on the 

implications of the research and recommendations for future research.   
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Chapter 2 
Literature review 

 
 

Published as: Matrose, N.A., Obikeze, K., Belay, Z.A., & Caleb, O.J. (2021). Plant extracts 
as alternative sources for post-harvest management of fungal pathogens: A Review. Food 
Bioscience, 100840. https://doi.org/10.1016/j.fbio.2020.100840 

Abstract 
Over the years, post-harvest management strategies of fungal pathogens have depended on the 

aggressive usage of synthetic chemicals (fungicides). This conduct has been reported to have 

a negative environmental impact, cause potential harm to humans due to exposure to residues, 

and increase the risk of spoilage and pathogenic microorganisms resistant. These emphasises 

the need for safe and effective alternative treatments capable of preventing fruit infections and 

maintaining quality in order to minimize post-harvest losses. Ethno-pharmacological 

assessments of various plant extracts and other natural compounds such as active metabolites 

and enzymes produced by microorganisms have shown potential as fungi-static and/or -cidal 

agents against fruit pathogens. This review provides an overview on: the mechanisms and 

actions of fruit pathogens and the existing synthetic fungicides and biological control 

strategies. The potential of plant extracts as alternative control was discussed with emphasis 

on the phytochemistry of selected plant extracts with high efficacy against fruit pathogens to 

gain insight into their bioactive compounds. In addition, the implication of extensive spatial 

scale application of synthetic fungicides leading to fungal resistance was discussed and the 

importance of synergistic use of natural compounds were addressed. Challenges associated 

with upscaling plant extracts and other natural compounds from lab scale and 

commercialization were highlighted. 

 

 

2.1 Introduction 
 

Food security exists when every individual, at all times, has physical and economic access 
to sufficient, safe and nutritious food to meet their dietary needs and food preferences for an 
active and healthy life (FAO, 2015; Sales et al., 2016). According to the Food and Agricultural 
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Organization (FAO), the world population is expected to reach 10.5 billion by 2050 (FAO, 
2011). The projected increase in population translates to 33% more human mouths to feed, with 
the greatest demand and growth in the poor communities of the world. Thus, about 60- 70% of 
extra food production will be required to meet the food demand in 2050 (Godfray et al., 2010; 
Parfitt et al., 2010; Hodges et al., 2011). In addition, an imbalance between the growing global 
food demand and global food production has been reported (Savary et al., 2012). Fruit 
postharvest diseases, identified as the greatest contributors to losses of horticultural 
commodities, are caused by opportunistic bacteria and fungi that result in the rotting of the 
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produce (Munhuweyi et al., 2016). Approximately 40% of the current global food production 
is lost due to pathogens, animals, and weeds, which present the most urgent threat to global 
food security (Savary et al., 2012; Gurr, 2016). From these, the majority of postharvest loss 
occurs due to fungal pathogens, and fruits present a major contributor to the total loss (Singh 
and Sharma, 2018; Zhang et al., 2019b). Overall, these losses translate to about 1.3 billion 
tonnes of fresh produce that never get to the consumers’ table (Munhuweyi, 2012). This leads 
to critical financial and nutritional losses along the produce value chain (Savary et al., 2012). 
The solution to fruit diseases mainly relies on crop and plant protection, which is heavily 
dependent on orchard chemical spray regimes and Pack-house phytosanitary measures (Savary 
et al., 2012). Over the years, different approaches have been used to prevent, mitigate, or control 
fruit postharvest diseases and extensive literature is available on the roles of pre-harvest 
management practices and their important role in fruit disease control (Tyagi et al., 2017). 
Therefore, the scope of this review will be limited to crucial postharvest control strategies for 
fruit diseases. 

Recently, Palou (2016) documented the use of conventional chemical fungicides to control 
postharvest diseases of fresh fruit. Other cost-effective strategies that are commonly used for 
postharvest control of fungal pathogens include thermal (hot water or hot air) treatments (Arah 
et al., 2016; Palou, 2016); chlorinated solutions (Ibrahim et al., 2015; Tudela et al., 2019), 
natural fungicides; ionising radiation and biological control (Talibi et al., 2014). Fungicides are 
known to suppress disease development in fruit and vegetables. Massive and continuous use of 
these chemicals and technical strategies in the management of postharvest fungal pathogens is 
increasingly leading to significant problems (Murray et al., 2017). The widespread use of 
chemicals in commercial packing houses can lead to the proliferation of resistant strains of 
postharvest fungal pathogens. For instance, Arrebola et al. (2010) reported that the continuous 
use of fungicides such as imazalil, thiabendazole, and o-phenylphenol in citrus packing facilities 
has led to the development of resistant strains. The negative impacts of these fungicides and 
chemical residues on the environment, human health, and safety, amplifies the need for a shift 
from the routine use of high dose chemicals towards safer and eco-friendly alternatives for the 
control of postharvest fruit disease (Yazdani et al., 2011; Sales et al., 2016; Nabila and Soufiyan, 
2019). In this regard, the use of plant extracts and other natural compounds is gaining wider 
interest based on evidence in the literature. In recent years, various plant-derived products and 
other natural compounds, have been explored or investigated as alternatives to synthetic 
fungicides for postharvest application (Vera-Estrella et la., 1994; Salhi et al., 2017; Zhou et al., 
2018; Lara-Capistran et al., 2020). 

A distinction is made between plant extracts, essential oils (EOs), and secondary 
metabolites for the purposes of this review. Plant extracts are complex mixtures of compounds 
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of different chemical classes with bioactive properties. They are traditionally derived from 
either whole plants or parts (rhizome, root, stem, leaf, flower, and tissues/cell cultures) of the 
plant (Hao et al., 2015). These complex mixtures of bioactive compounds are removed from the 

plant or plant materials using a solvent. The most common solvents are water, acetone, acetic 
acid, ethanol, ethyl acetate, methanol, and hexane to list a few. It is noteworthy to state that, the 
choice of the solvent and experimental conditions of the extraction process could have a critical 
impact on the yield of extraction and the composition of constituents present (Cosa et al., 2006; 

Sasidharan et al., 2011). In contrast, essential oils (EOs) are oily aromatic solutions derived 
from various parts (roots, flower, buds, leaves, twigs, bark, herbs, wood bark and fibre, fruit, 
and seeds) of plant material (Burt, 2004). The oils are obtained by the process of enfleurage, 

expression, fermentation, and steam distillation, which is the most common method (Van de 
Braak and Leijten, 1999). Generally, secondary metabolites (SMs) are natural products 
produced mainly by bacteria, fungi and plants. They are low molecular weight compounds with 

diverse chemical structures and biological activities (Mosunova et al., 2020). These are 
compounds that are non-functional or not essential for the growth, development, or reproduction 
of the organism (Barrios-González, 2018). Secondary metabolites are synthesised to sustain the 
health, principal functions, and survival of the organism. Secondary metabolites have great 

diversity and function, hence, their application in agriculture, medicine and pharmaceuticals, 
as well as other productions like pigments and surfactants (Daley et al., 2017; Barrios-
González, 2018). Therefore, for the rest of this manuscript these three components are referred 

to as bioactive compounds or other natural compounds. 

Bioactive compounds extracted from plants, and other natural compounds such as 
metabolites, volatiles as well as active enzymes from selected microorganisms are a rich source 
of antifungal compounds, rendering them potential fungicides for the control of postharvest 
fungal diseases (Bhutia, 2015; Klein et al., 2013; Lopes et al., 2015; Yazdani et al., 2011). 
Plants’ antifungal activity is mostly attributed to the presence of secondary metabolites like 

alkaloids, phenols, flavonoids and terpenoids (Bhutia et al., 2015). Similarly, selected microbes 
found on fruit are capable of antagonistic behaviours via direct competition for nutrients (e.g. 
iron), biofilm formation on host/fruit surface, or production of volatiles (bioactive metabolites) 

and toxic proteins, as well as enzymes (glucanases, chitinases, proteases, and hydrolases) to 
inhibit fungal pathogens (Spadaro and Droby, 2016; Qin et al., 2017; Zhou et al., 2018). 

Furthermore, Shuping and Eloff (2017) in their review article showed that the complexity 

of the phytochemical matrix of plant extracts has an added advantage as different compounds 
may work in synergism/combination to inhibit the growth of phytopathogenic fungi. A recent 
review by Jiménez-Reyes et al. (2019), reported extensively on plant extracts, essential oils 
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(EOs), and secondary metabolites as antifungal agents, while Nabila and Soufiyan (2019) in 
their review article focused on the use of plant extracts in the postharvest management of fungal 
rots in apples, with emphasis on experimental results of in vitro and in situ application of 

bioactive compounds derived from plants. Similarly, Cruz et al. (2013) investigated the 
antimicrobial activity of plant extracts against anthracnose disease-causing pathogens of banana 
fruit. However, none of these reports addressed the role played by other natural compounds, the 
implication of fungal resistance and the synergistic effects of natural compounds as a strategy 

in the management of fungal pathogens. 
Therefore, the aim of this review of literature is to provide a critical analysis on the potential 

of natural compounds obtained from medicinal plants and microorganisms as alternative control 

strategies against fruit diseases. This review presents the mechanisms for the interactions 

between fruit and fungal pathogens. It provides an overview on the use of fungicides and other 

biocontrol strategies, and a summary on various plant extracts that have been reported to have 

antifungal activity against fruit pathogens. Furthermore, some of the causes for the slow 

commercialization rate of these plant extracts and natural substances will be discussed and 

future directions that could lead to the development of more diverse and effective biological 

controls for the management of fruit diseases is outlined. 

 

2.2 Pathogenic infection of fruit trees and fruit 
Fungal or fungal-like microorganisms cause approximately 85% of postharvest diseases of 

fruit (Isleib, 2012; Singh and Sharma, 2018). It is well documented that the major fruit losses 

at post-harvest are due to fungal pathogens, including genera such as Alternaria, Aspergillus, 

Botrytis, Colletotrichum, Diplodia, Monilinia, Penicillium, Phomopsis, Rhizopus, Mucor and 

Sclerotinia (Nebi et al 2017; Ahmed et al., 2017b; Singh and Sharma, 2018). However, Botrytis 

spp. has been identified as the most disastrous postharvest pathogen of fresh fruit and vegetables 

(Hua et al., 2018). A previous review by Romanazzi et al. (2016), ranked B. cinerea second 

amongst the world’s top 10 fungal pathogens based on scientific and economic importance. 

Table 2.1 presents a list of common post-harvest pathogens, the diseases caused and the most 

affected or susceptible fruit types. 

Fungal infections of fruit may occur during two stages of the plant life cycle. The first stage 

is at pre-harvest, wherein pathogens initiate infection on the surface of floral parts, and on 

healthy developing fruit. If the physiological conditions are not favourable to the pathogen (e.g. 

high resistance of the host cell to the pathogen), the infection remains dormant until after harvest 

(Singh and Sharma, 2018). On the other hand, the second instance of a pathogenic infection is 
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during postharvest handling of the fruit, where infection is aided by mechanical damages or 

bruises, such as, wounding of the peel of the produce (Singh and Sharma, 2018). This 

pathogenic infection commonly takes place during harvesting, subsequent handling, storage, 

marketing, and after consumer purchase (Romanazzi et al., 2016). 

Generally, fungal pathogens have made many adaptations that enable them to invade plant 
tissues, overcome their defence mechanisms, and colonize plant tissues for growth, survival, 
and reproduction (Horbach et al., 2011; Shuping and Eloff, 2017). For successful pathogenicity, 
fungi employ various infection strategies to breach the host cuticle (Ma et al., 2014). While 
some enter their host through wounds and stomata (Shuping and Eloff, 2017), others such as 
viral pathogens are usually introduced directly into the plant cells by insects (Agrios, 2012). 
Therefore, it is important to deeply understand the mechanisms of the pathogenesis of these 
pathogens in order to develop appropriate strategies to control or prevent postharvest diseases 
of fruit (Hua et al., 2018). The mechanism for infection with these pathogens is discussed further 
in the subsequent sub-sections. 
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Table 2.1. Summary of most common post-harvest pathogens, associated diseases and their symptoms on fresh fruit reported within the last 10 years.  

Pathogen genera Disease(s) Symptom(s) Selected fruit host Reference 

Alternaria Fruit rot, 

dark stop, 

sooty mould 

Circular, dry, firm, shallow 

lesions covered with dark, 

olive green to black surface 

mycelial growth. 

Apple, pear, peach, plum, 

cherry, papaya, grapes 

Ahmed et al., 2017b; Alam et al., 

2019; Kou et al., 2014; Moosa et al., 

2019; Wenneker & Thomma, 2020; 

Srivastava & Misra, 2017; Zhang et 

al., 2019b 

Botrytis Gray mould Grayish-colored soft, mushy 

spots on leaves, stems, 

flowers, and on produce. 

Strawberry, cherry, grapes, 

tomatoes, apple, pears, peach  

Ahmed et al., 2017b; Feliziani & 

Romanazzi, 2016; Wenneker & 

Thomma, 2020; Zhang et al., 2019b; 

Zheng et al., 2011 

Colletotrichum Anthracnose

, bitter rot  

Small, slightly sunken, dark 

yellow spots 

Banana, avocado, apple, guava, 

mango, strawberry, papaya, 

passion fruit  

Bhutia et al., 2016, Kou et al., 2014, 

Vilaplana et al., 2018, Liu et al., 

2017; Giblin et al., 2018; Cruz et al., 

2015; Feliziani & Romanazzi, 2016; 

Aktaruzzaman et al., 2018; Tozze 

Júnior et al., 2010 

Diplodia Stem-end 

rot, finger 

rot, crown 

rot, stalk rot 

White/gray mould on ears, 

generally starting at the base 

of ears and progressing toward 

tips 

Citrus fruit, avocado, mango, 

banana  

Garibaldi et al., 2012; Jahan et al., 

2019; Singh et al., 2014; Sriram & 

Poornachanddra, 2013; Zhao et al., 

2015 

Monilinia Brown rot, 

blossom and 

twig blight 

Capable of forming thick, 

compact and complex 

stromata 

Peaches, apples, sweet cherries Børve & Stensvand, 2015; 

Papavasileiou et al., 2020; Vasić et 

al., 2018, 

Penicillium Blue rot, 

green and 

blue mould, 

core rot 

Starts as a soft, light-coloured 

spot that spreads swiftly on 

the surface and deeply into the 

fruit tissue 

Pome and stone fruit, citrus 

fruit 

Louw and Korsten, 2016; Louw and 

Korsten, 2019; Moscoso-Ramírez et 

al., 2013; Wenneker & Thomma, 

2020; Hocking, 2014 
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Table 2.1 (Continued) 

Pathogen 

genera 

Disease(s) Symptom(s) Selected fruit host Reference 

Rhizopus Watery white rot, 

soft rot 

A water-soaked appearance in fruit tissues 

with brownish-grey to blackish-grey 

colonies. 

Apple, pears, peach, 

plum, grapes, 

strawberry 

Agyare et al., 2020; Khokhar et 

al., 2019; Kwon et al., 2011; 

Panahirad et al., 2012; 

Gonçalves et al., 2010; Sonker 

et al., 2016 

Mucor Juicy soft rot, 

mucor rot 

Typically originates at wounds in the 

cuticle, or at the stem or calyx end of the 

fruit. At early infection stages mycelium is 

long, coarse white or grey with pin-shaped 

dark spore heads that could be seen on fruit 

wound sites, splits, or lenticels. 

Tomato, strawberry, 

grapes 

Agyare et al., 2020; de Souza et 

al., 2015; Sonker et al., 2016 

Sclerotinia Soft watery rot  White fuzzy mycelial growth with dark 

lesions on the fruit surface containing black 

sclerotia. 

Citrus fruit, carrot Hanif et al., 2016; Wang et al., 

2015 

Geotrichum Sour rot Appears as water-soaked lesions on the fruit 

surface and extends deep into the tissue. 

Thereafter, the surface of diseased lesions 

could be covered with fluffy, white 

mycelium with a sour odour. 

Citrus fruit, carrot, 

oriental melon, 

tomato, cucumber, 

potato, pumpkin 

Hameed et al., 2019; Hao et al., 

2010; Kim et al., 2011; Wang et 

al., 2018 

Phomopsis Stem-end rot Pathogen produces a dark, circular lesion at 

the fruit peduncle (stem-end) with defined 

edges, which spreads relatively slowly but 

penetrates deeply into the flesh. Fruit 

becomes soft and lighter in colour. 

Citrus fruit, mango, 

kiwifruit 

Cerioni et al., 2017; Davidzon 

et al., 2010; Luongo et al., 

2011; Zhang et al., 2016;  
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2.2.1 Appressorium formation 

Appressorium formation involves the use of mechanical (turgor) pressure and chemical 

action (Shuping and Eloff, 2017). Once a pathogen lands on a host surface and contact is 

established, the diameter of the tip of the hypha or radicle in contact with the host increases and 

forms a flattened, bulb-like structure called the appressorium (Agrios, 2005; Ryder and Talbot, 

2015). This increases the area of adherence between the pathogen and the host and securely 

fastens the pathogen to the host tissue. Appressorium development (Figure 2.1) involves a series 

of stages, which includes i.) nuclear mitosis, ii.) first septum formation, iii.)  emergence of 

germling, iv.) tip swelling and v.) second septum formation. The first nuclear division occurs 

after surface attachment and a nucleus from the second round of cell division migrates into the 

hooked cell during tip swelling and before septum formation. A mature appressorium normally 

contains a single nucleus (Howard and Valent, 1996; Shaw et al., 1998).  Inside the 

appressorium turgor pressure increases and a fine growing point, called the penetration 

peg (penetration hyphae) develops and advances into and through the host cuticle and the cell 

wall (Meng et al., 2009; Li et al., 2015; Yan and Talbot, 2016). The penetration hyphae are 

crucial for the germ tube attachment and appressorium formation (Xiao et al., 1994).  The 

biology of appressorium development in plant pathogenic fungi has been investigated.  Ryder 

and Talbot (2015) investigated the developmental process on different model plant pathogenic 

species such as rice blast fungus M. oryzae and the corn smut fungus Ustilago maydis. The 

authors showed that, regardless of the diversity of these two species, a common 

developmental process requires a perception of physical and chemical cues from the plant leaf 

surface, coupled with control of both nuclear and cell division in both species. However, there 

is no literature available on plant extract-based bioactives that could prevent penetration of the 

host cell by fungal pathogens.  

Figure 2.1 A schematic representation of plant pathogenic fungal infection.  

[http://www3.botany.ubc.ca/bakkeren/rust%20infection%20process.htm].  
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2.2.2. Cell wall degradation  

It has been demonstrated that within the mucilaginous layer of the spores and germlings of 

different plant pathogenic fungi, cell wall degrading enzymes are released during plant 

pathogen interactions. These include enzymes such as cellulase, cutinase, DNase, esterase, 

invertase, pectinesterase and pectinlyase, peroxidase, polygalakturonase, and proteases (Lebeda 

et al., 2001). In other instances, fungal spores release cellulose degrading enzymes when in 

contact with the moist cell surface of the fruit, which helps the spores to adhere to the cell wall 

(Hua et al., 2018). Table 2.2 presents a summary of the various enzymes implicated in 

pathogenicity and their mode of action. These enzymes can degrade the structural 

polysaccharides of the host cell wall, thereby, allowing for easy penetration of the host cell by 

the fungal pathogen (Hua et al., 2018). Agrios (2005) further noted that the effects caused by 

pathogens on plants are almost entirely the result of biochemical reactions taking place between 

substances secreted by the pathogen and those present in or produced by the host tissue.  

Generally, plant pathogenic enzymes such as cutinases, pectinases, and cellulases disintegrate 

the structural components of host cells, break down inert food substances in the cell, or affect 

components of its membranes and the protoplast directly. Thereby, interfering with the host’s 

functioning systems (Agrios, 2005). Furthermore, Hok et al. (2010) showed in their extensive 

review that, several fungal pathogens produce oxalic acid during the infection process, which 

induces the accumulation of potassium (K+) and the breakdown of starch in guard cells. These 

effects or actions trigger stomatal opening. Research toward ensuring food security should focus 

more on the fruit plant-fungal interaction specificity and fruit defence mechanisms against 

potential fungal pathogens using the integrated Omics approach. 
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Table 2.2. Cell wall degrading enzymes and their mode of action in fungal infections  

Enzyme Mode of action References  

Cellulase Catalyse the degradation of the β‐1,4‐glycosidic bonds in 

cellulose 

Ma et al., 2014 

Endoglucanases Hydrolyses internal glycosidic linkages, resulting in a 

rapid decrease in polymer length and a gradual increase 

in reducing sugar concentration; 

 

Exoglucanases Removal of cellobiose from reducing or non-reducing 

ends for rapid release of reducing sugars; 

 

β-glucosidases Cleaves cellobiose to glucose.  

Hydrolases  Kubicek et al., 2014 

Cutinase Hydrolyses cutin, facilitating fungus penetration through 

the cuticle 

 

Esterase Erosion of barely cutile of the host plant surface Lebeda et al., 2001 

Pectinesterase catalyses the de-

esterification of pectin into pectate and methanol 

Giovane et al., 2005 

Pectinlyase Catalyse the eliminative cleavage of de-esterified pectin Maroan-Rodroaguez 

et al., 2002 

Glycoside 

Hydrolases 

Cleaves glycosidic bonds in oligo- or polysaccharides Kubicek et al., 2014 

DNase Catalyses the hydrolytic cleavage of phosphodiester 

linkages in the DNA backbone 

 

Invertase Catalysing the cleavage of the transport sugar Sucrose 

into Glucose and Fructose 

Kocal et al., 2008 

Peroxidase Not specified Lebeda et al., 2001 

Polygalakturonase Not specified Lebeda et al., 2001 

Proteases All involved in the destruction of plant immune system    Kubicek et al., 2014 

Cysteine   

Serine   

Threonine  

Aspartic  

Hemicellulose Degrading Enzymes  

Hemicellulase Complete depolymerisation of three major classes of 

hemicellulose 

Kubicek et al., 2014 
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2.3 The use of synthetic fungicides and biological controls  

Synthetic fungicide treatments have been the primary strategy for managing post-harvest 

diseases (Romanazzi et al., 2016). The fungal pathogens, Botrytis and Penicillium are highly 

implicated in most post-harvest decay of fresh fruit (Lennox et al., 2003; Romanazzi et al., 

2016). The control of these pathogens remains a challenge, due to their broad host range, 

multiple modes of attack, and the ability of both their asexual and sexual stages to survive in 

favourable or unfavourable conditions (Hua et al., 2018; Spotts et al., 2008). According to the 

Food and Agriculture Organization, each year, plant diseases cost the global economy around 

$220 billion (FAO, 2020). In the year 2012, the annual global expenses directed particularly 

towards Botrytis control through synthetic fungicides exceeded €1 billion (Dean et al., 2012).  

Furthermore, Elad et al. (2016) estimated the annual losses associated with Botrytis infections 

of fruit costs at about $100 billion. Hence, Table 3 presents a summary of the mode of action 

and minimum inhibitory concentrations of selected registered synthetic fungicides that are used 

to control postharvest fruit diseases of Botrytis spp., Penicillium spp. and other pathogens. 
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Table 2.3. List of selected synthetic chemicals (used to control fungal pathogens during post-harvest handling) reported in literature over the last two decades. 

Mode of 

action** 

Synthetic fungicide Targeted pathogen Inhibitory concentration 

(MIC/EC50†) 

Fruit References 

Mitochondrial 

functions 

Pyrimethanil (PYR) B. cinerea, moderately 

resistance isolates 

0.625 – 1.25 mg L-1 b Table grapes (cv. 

Crimson seedless) 

Xu et al., 2018 

B. cinerea, highly

resistant isolates

2.25 mg L-1 b 

P. digitatum (Green

mold)

300 mg L-1 at 50 °C, 30 s Oranges (cv. 

Salustiana) 

Schirra et al., 2010 

Aspergillus niger ≈ 0.94 µg µL-1 a Cherry tomatoes Aleksić et al., 2018 

A. versicolor ≈ 0.12 µg µL-1 a 

A. fumigatus ≈ 0.0002 µg µL-1 a 

Trichoderma viride ≈ 0.47 µg µL-1 a 

B. cinerea, resistance

isolates

1.40 µg mL-1 † Köycü et al., 2012 

B. cinerea, sensitive

isolates

0.04 µg mL-1 † 

B. cinerea SP2-6 0.68 µg mL-1 b, † Hu et al., 2019 

Cyprodinil B. cinerea SP2-6 0.47 µg mL-1 b, † 

Azoxystrobin 

(AZX) 

P. digitatum (Green

mold)

300 mg L-1 at 50 °C, 30 s Oranges (cv. 

Salustiana) 

Schirra et al., 2010 

Anthracnose 250 g L-1 c Mangoes (cvs. Kent 

and Keitt) 

Diedhiou et al.., 

2014 
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Table 2.3 (Continued) 

Mode of action Synthetic 

fungicide 

Targeted pathogen Inhibitory concentration 

(MIC/EC50†) 

Fruit References 

  C. gloeosporioides 

(Anthracnose) 

0.5 mL L-1 b Mango Sundravadana et al., 

2006 

  T. viride, T. harzianum 0.1 % c Mango (cv. Alphonso) Manasa et al., 2018 

  C. gloeosporioides 

(Anthracnose) 

0.5 mL L-1 b, 2.0 mL L-1 c Mango Sundravadana et al., 

2007 

Membrane sterol 

biosynthesis 

Imazalil (IMZ) P. digitatum (Green 

mold) 

300 mg L-1 at 50 °C, 30 s Oranges (cv. 

Salustiana) 

Schirra et al., 2010 

  P. digitatum CCC-

102, B. cinerea CCC-

100, M. fruticola 

INTA-SP345, R. 

stolonifer LMFIQ-317 

> 250 µg mL-1 Selected fruit 

pathogens 

Di Liberto et al., 2020 

  P. digitatum PHI-26 0.8 µM b Rotten oranges López-Garcia et al., 2003 

  Alternaria sp. PHI-44 168 µM b Oranges  

  Geotrichum sp. PHI-

55 

336 µM b Rotten oranges  

  B. cinerea SP2-6 4.64 µg mL-1 b, †  Hu et al., 2019 

  P. digitatum, sensitive 25 mg L-1 b Mandarins (cv. 

Desiderio) 

D’Aquino et al., 2013 

 

 

Natamycin 

(Pimaricin) 

B. cinerea (Gray 

mold) 

0.7 – 1 a, 5 – 10 µg mL-1b Mandarin Saito et al., 2020 
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Table 2.3 

(Continued) 

Mode of action Synthetic 

fungicide 

Targeted pathogen Inhibitory concentration 

(MIC/EC50†) 

Fruit References 

Signal 

transduction 

Fludioxonil (FLU) B. cinerea D071295 

(Gray mold) 

100 mg L-1a Tomato (Solanum 

lycopersicum L. cv. 

Campari) 

Kim et al., 2019 

  P. digitatum (Green 

mold) 

300 mg L-1 b at 50 °C, 30 s Oranges (cv. 

Salustiana) 

Schirra et al., 2010 

  B. cinerea SP2-6 0.02 µg mL-1 b, †  Hu et al., 2019 

  B. cinerea S191  0.20 µg mL-1 b, † Strawberry Adnan et al., 2019 

  B. cinerea S111 2.45 µg mL-1 b, †   

  B. cinerea YD4 1.64 µg mL-1 b, †   

  B. cinerea S155 4.05 µg mL-1 b, †   

  B. cinerea YD3 3.86 µg mL-1 b, †   

Multi-site action* Resveratrol B. cinerea (Gray mold), 

moderately resistance 

isolates 

20 -80 mg L-1 b Table grapes (cv. 

Crimson seedless) 

Xu et al., 2018 

  B. cinerea (Gray mold), 

highly resistance isolates 

5 – 20 mg L-1 b   

 Thiram  B. cinerea SP2-6 1.59 µg mL-1 b, †  Hu et al., 2019 

 Chlorothalonil B. cinerea SP2-6 5.41 µg mL-1 b, †  Hu et al., 2019 
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Table 2.3 

(Continued) 

Mode of action Synthetic fungicide Targeted pathogen Inhibitory concentration 

(MIC/EC50†) 

Fruit References 

 Captan B. cinerea, P. expansum, 

R stolonifer, A. niger, C. 

herbarum 

400 mg L-1 d Table grapes (cv. 

Thompson Seedless) 

Serey et al., 2007 

  P. digitatum CCC-102, 

B. cinerea CCC-100, M. 

fruticola INTA-SP345, 

R. stolonifer LMFIQ-

317 

> 250 µg mL-1 a Selected fruit 

pathogens 

Di Liberto et al., 2020 

β-tubulins 

assembly 

Carbendazim (CBZ) P. digitatum CCC-102, 

B. cinerea CCC-100, M. 

fruticola INTA-SP345, 

R. stolonifer LMFIQ-

317 

> 250 µg mL-1 a Selected fruit 

pathogens 

Di Liberto et al., 2020 

  B. cinerea SP2-6 0.04 µg mL-1 b, †  Hu et al., 2019 

 Thiophanatemethyl B. cinerea SP2-6 0.36 µg mL-1 b, †   

 Thiabendazole 

(TBZ) 

P. digitatum PHI-26 1.5 µM b Rotten oranges López-Garcia et al., 2003 

  P. digitatum PHI-43 5 µM b Fruit surface  

Respiration Boscalid B. cinerea (Gray 

mold), sensitive 

isolates 

5.0 µg mL-1 a, > 25.0 µg mL-1 

b 

Apple Kim and Xiao, 2010 
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Table 2.3 (Continued) 

Mode of action Synthetic fungicide Targeted pathogen Inhibitory concentration 

(MIC/EC50†) 

Fruit References 

  B. cinerea (Gray 

mold), resistant 

isolates 

> 25.0 µg mL-1 b   

  B. cinerea SP2-6 0.08 µg mL-1 b, †  Hu et al. 2019 

 Kresoxim-methyl B. cinerea SP2-6 0.13 µg mL-1 b, †   

 Pyraclostrobin B. cinerea, (Gray 

mold) sensitive 

isolates 

0.5 µg mL-1 a, 5.0 µg mL-1 b Apple Kim and Xiao 2010 

  B. cinerea (Gray 

mold), resistant 

isolates 

100.0 µg mL-1 a, b   

 Pristine 

(combination of 

boscalid and 

pyraclostrobin) 

B. cinerea (Gray 

mold), sensitive 

isolates 

> 5.0 µg mL-1 a, b Apple  

  B. cinerea (Gray 

mold), resistant 

isolates 

> 100.0 µg mL-1 a, b Apple  

a Conidial/Spore germination; b Mycelial growth; c Field trial; d in vivo; † EC50; * This include DNA damage, cell division impairment, oxidative membrane damage, and 

metabolic enzymes inhibition (Ma et al., 2018; Vestergaard and Ingmer, 2019). ** Feliziani and Romanazzi (2016), Hahn (2014), Hu et al. (2019). In the references, MICs 

have been reported in the unit presented by the authors, whereby it cannot be assumed that EOs have the same density as water or solvents. 
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Nascimento et al. (2014) evaluated Imazalil as an alternative treatment to control post-

harvest decay caused by Penicillium in late season tangerines. In this study, the registered 

fungicide Imazalil (2 mL L-1) was tested in comparison with sodium bicarbonate (2 %, v/v), an 

antagonist (Bacillus subtilis), heat treatments, chloride dioxide, and/or tea tree oil (Melaleuca 

alternifolia) in combination with and without carnauba wax. Their study showed that decay 

control using either single or combined treatments of all other chemicals included was not very 

effective. However, a significant reduction of Penicillium spp. incidence was observed using 

Imazalil. Another study by Khan et al. (2001) compared the effects of antioxidants (ascorbic 

acid, benzoic acid, butylated hydroxyanisole (BHA), butylated hydroxytoluene, dimethyl 

sulphoxide, propionic acid, propyl gallate (PG), propyl paraben (PP) and thiourea) at various 

concentrations when applied alone to foranthracnose caused by Colletotrichum musae in banana 

and when in combinations with two chemical fungicides (imazil and thiabendazole). In their 

study, antioxidants showed high antifungal activity against C. musae and complete inhibition 

of the mycelia growth and synergistic effects with the combination of BHA and imazil at the 

lowest concentrations of 0.5 mM and 1.8 µM, respectively. Bhutia (2015) noted these 

fungicides as the primary means of controlling post-harvest diseases of banana fruits.  However, 

their use on harvested fruit increases the likelihood of direct human exposure to chemicals 

leading to adverse health effects due to, acute or chronic residual toxicity. The long degradation 

period also leads to environmental pollution from residues in treated commodities, 

phytotoxicity and off-odour effects and the development of resistance. However, their efficacy 

can improve, and negative effects reduced when used in combination with other natural 

antioxidants (Khan et al., 2001). This again highlights the need to search for more alternatives 

with such effects as these antioxidants to be applied in post-harvest management of fungal 

pathogens.   

Biological control methods for fungal pathogens, using antagonistic microorganisms, are 

also emerging as eco-friendly alternatives to the use of fungicides. The potential of microbial 

antagonists isolated from a diversity of natural habitats, for post-harvest disease suppression 

has been investigated. The use of yeasts as antagonists has been extensively studied, due to their 

high inhibitory capacity and the ability to colonize surfaces for a long period (Zhimo et 

al., 2016). Several mechanisms have been proposed as responsible for their antagonistic 

activity. These include competition for nutrients and space, parasitism of the pathogen, 

secretion of antifungal compounds, induction of host resistance, biofilm formation, and most 

recently, the involvement of reactive oxygen species (ROS) in defence response (Liu et 

al., 2013). For example, Zhimo et al. (2016) evaluated the biological efficacy of 29 

antagonistic yeast isolates against a number of post-harvest fruit pathogens including 

Colletotrichum musae, Fusarium 
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oxysporum, C. capsici, C. gloeosporioides and Aspergillus niger. Their study showed that 

mycelial growth of the pathogens was significantly reduced by the yeast isolates, showing 

above 20% mycelial growth inhibition. Amongst all yeast isolates tested, only 4 exhibited a 

broad spectrum of antagonistic activities against tested pathogens with an average MGI 

between 17.3 to 22%. This indicates the complexity of the mechanisms exerted by 

antagonists.   

A recent review by Carmona-Hernandez et al. (2019), reported on the use of bacterial 

antagonists for post-harvest management of fungal pathogens. Generally, the main 

mechanisms of the action exerted by antagonistic bacteria, are similar to that of fungal 

antagonists (Zhimo et al., 2016; Carmona-Hernandez et al., 2019). Despite the ecological 

benefit that derives from the use of biological control agents (BCA), their application and 

efficient use has been minimal at a global level. According to Carmona-Hernandez et al. 

(2019), the scope of biological controls shows some limitations, such as temperature, 

humidity, and a narrow range of activity.  The author further noted that this control strategy in 

the field is subject to significant variability, which constitutes an important limitation to 

their practical implementation. In addition, the commercialization of BCAs will require 

scale-up from laboratory to large-scale production, development of standard product 

formulation, adequate biosafety of selected microorganisms and registration (Nunes, 2012). 

Other recurring hurdles include regulatory barriers or requirements prior to registration 

and the high cost of scaling up production (Mari et al., 2014; Anuagasi et al., 2017). Bacterial 

and fungal species that have been used as biological controls of post-harvest fungal infections 

are presented in Table 2.4.  
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Table 2.4.   Biological control agents (bacterial and fungal species) used against postharvest diseases. 

Agents Microorganism(s) Diseases Target Phyto-

pathogens 

Host fruit References 

Bacteria Bacillus 

amyloliquefaciens 

Brown rot Monilinia sp. Apple Chen et al., 2016 

 Pseudomonas synxantha Brown rot M. fructicola, M. 

fructigena 

Peach Aiello et al., 2019 

 P. fluorescens Grey mould P. expansum Apple Wallace et al., 2018 

 B. megaterium (Marine 

strain) 

Damping-off Aspergillus flavus Peanut Kong et al., 2010 

 Stenotrophomonas 

rhizophila, B. subtilis, B. 

amyloliquefaciens 

Damping-off Pythium ultimum Ancho-type pepper Lara-Capistran et al., 2020 

 B. subtilis, Pantoea 

agglomerans 

Anthracnose C. musae Banana Fu et al., 2010, Khleekorn 

et al., 2014 

 Enterobacter cowanii  B. cinerea, F. 

verticillioides, 

Alternaria tenuissima 

Tomato Shi and Sun, 2017 

 B. pumilus, B. subtilis Black Sigatoka P. fijiensis Banana Cruz-Martín et al., 2018,  

Fungal Candida oleophila Green and blue mould P. digitatum, P. italicum Grapefruit, citrus fruit Perez et al., 2017 

 C. stellimalicola Blue mould P. italicum Citrus fruit Cunha et al., 2018 
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Table 2.4 (Continued) 

Agents Microorganism(s) Diseases Target Phyto-pathogens Host fruit References 

 Kluyveromyces marxianus 

with sodium bicarbonate 

Green mould P. digitatum Citrus fruit Geng et al., 2011 

 Saccharomyces cerevisiae 

– Six isolates 

Sour rot Geotrichum citri-aurantii Citrus fruit Ferraz et al., 2016 

 Saccharomyces cerevisiae  P. digitatum, P. italicum Citrus fruit Cunha et al., 2018, Platania 

et al., 2012 

 Saccharomyces cerevisiae Post-bloom fruit drop C. acutatum Citrus Lopes et al., 2015 

 

Fungal Aureobasidium pullulans, 

Cryptococcus magnus, 

Hanseniaspora uvarum, C. 

zeylanoides, C. sake, 

Rhodotorula mucilaginosa, 

P. aphidis 

Decay Aspergillus tubingensis Wine grapes (cvs. 

Cabernet sauvignon & 

Maratheftiko) 

Pantelides et al., 2015 

 H. uvarum with salicylic 

acid or sodium bicarbonate 

Gray mould B. cinerea  Wine grapes (cv. Kyoho) Qin et al., 2015 

 C. sake CPA-1 Gray mould B. cinerea Table grapes (cv. Reb 

Globe) 

Marín et al., 2016 

 Cryp. laurentii, 

Debaryomyces hansenii 

Damping-off Pythium ultimum Ancho-type pepper Lara-Capistran et al., 2020 

 Talaromyces variabilis Damping-off P. aphanidermatum Cucumbers, tomatoes Halo et al., 2019 

 D. hansenii, W. anomalus  M. fructicola Apples Czarnecka et al., 2019 

 D. nepalensis  C. gloeoporioides Mango Zhou et al., 2018 

 Cryp. Laurentii with 

cinnamic acid 

Blue mould P. italicum Citrus fruit Li et al., 2019 
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2.4 Use of plant extracts and derivatives as alternative controls of fruit diseases 

Plant extracts are obtained by the extractive action of a suitable solvent, on a plant or part 

of a plant, most often dry and ground. They contain the plant compounds solubilized by the 

solvent used (Nabila and Soufiyan, 2019). According to Gurjar et al. (2012), plant tissues have 

the ability to synthesize aromatic secondary metabolites, such as phenols, phenolic acids, 

quinones, flavones, flavonoids, flavonols, tannins and coumarins. The authors further 

noted that components with phenolic structures, like carvacrol, eugenol, and thymol, are 

highly active against pathogens. Hence, these compounds play a huge role as bioactive 

compounds in the plant’s defence mechanism. For the aforementioned reason, plant 

extracts and other natural compounds of plant origin have been explored as alternative 

antimicrobial agents to synthetic fungicides for post-harvest application. Some of these 

compounds have been tested and proven to exhibit intense activity against numerous fungal 

pathogens. Hence, this sub-section will consider three major successful types of 

alternative antimicrobial agents that have been extensively investigated and reported.  

2.4.1. Essential oils 

The use of plant essential oils (EOs) as part of the strategies for post-harvest management of 

fungal pathogens may provide a solution to the post-harvest losses. These EOs are volatile, 

natural, and complex compounds characterized by a strong odour formed by aromatic plants as 

secondary metabolites (Abdolahi et al., 2010). In addition, the antimicrobial activity of many 

plants is owed in part to EO fractions. Generally, EOs have low mammalian toxicity, they are 

biodegradable, multifunctional, non-persistent in the environment and relatively inexpensive to 

produce (Abdolahi et al., 2010).   

A number of studies have examined the antifungal activity of EOs. For example, a study by 

Abdolahi et al. (2010) investigated the antifungal effects of EOs from ajowan (Carum copticum 

L.), fennel (Foeniculum vulgare Mill.) and caraway (Carum carvi L.) against Penicillium 

digitatum and Alternaria alternate. The authors demonstrated the highest antifungal activity by 

ajowan and fennel EOs against A. alternata and P. Digitatum, respectively, while caraway 

exhibited poor antifungal activity against the two fungal pathogens. This could be due to factors, 

such as cultivar, storage temperature and time‐  

dependency of the oils (Lopez-Reyes et al., 2010).  

Several studies have identified carvacrol’s efficacy against Xanthomonas perforans, A.  

tomatophila, and Podosphaera xanthii (Liu et al., 2019; Zhang et al., 2019 a), and eugenol and 
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thymol antifungal activity against Botrytis cinerea (Wang et al., 2010; Olea et al., 2019; Zhang 

et al., 2019a). In addition, carvacrol and thymol were found to be predominant in oregano EO, 

while cinnamon EO was found to be rich in eugenol and cinnamaldehyde (Avila-sosa et al., 

2012). The antifungal activity exhibited by phenylpropanoids derived from these compounds is 

strongly related to their chemical structure, i.e., increasing activity has been obtained by the 

isomerization of the double bond or the introduction of a nitro group on the aromatic ring (Olea 

et al., 2019).  

Furthermore, the use of EOs as alternative antimicrobial agents, replacing synthetic chemical 

treatments, has attracted considerable interest from post-harvest scientists in recent years. These 

compounds have been tested and proven to exhibit intense activity against numerous fungal 

pathogens (Elshafie and Camele, 2016). Boyraz and Ozcan (2006) investigated the inhibition of 

A. mali and B. cinerea by EOs, hydrosols, ground materials, and extracts from summer savory 

(Satureja hortensis) growing in the wild in Turkey. The authors reported complete inhibition of 

mycelial growth of both pathogenic fungi by all doses of tested extracts. The study established 

the potential of S. hortensis as a strong antifungal agent.   

Tripathi et al. (2008) investigated the antifungal activity of EOs obtained from ten plants 

Chenopodium ambrosioides, Eucalyptus citriodora, Eupatorium cannabinum, Lawsonia 

inermis, Ocimum canum, O. gratissimum, O. sanctum, Prunus persica, Zingiber cassumunar, 

and Z. officinale against B. cinerea. The authors reported a 100% growth inhibition of B. cinerea. 

Besides the positive effects of each of the individual chemical constituents or volatiles of the 

EOs, several studies have indicated that there seems to be a synergistic effect between the 

individual chemical constituents. The synergism of these aromatic components functions to make 

them more effective and reduces the development of resistance by any pathogenic fungi (Elshafie 

and Camele, 2016). Furthermore, a study by Mbili (2015) investigated the efficacy of EOs as a 

post-harvest treatment against B. cinerea, P. expansum and N. alba on apples when applied by 

fumigation, dipping and thermal fogging. Their study suggested the possibility of using EOs in 

combination with cold storage regimes as natural fumigants for controlling postharvest diseases 

of apples. A list of EOs with their major active compounds and the pathogens they were tested 

against (in vitro or in vivo) are presented in Table 2.5. Karpińsk (2020) recently presented an 

extensive Table on the minimal inhibit concentrations (MIC) of various EOs against fungi.  

Essential oils possess great potential as alternative botanical fungicides for post-harvest 

management of fruit decay. However, various studies have shown that seasonal changes could 

have a crucial influence on the chemical profile and antifungal activities of EOs (de Macêdo et 
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al., 2020; Gourine et al., 2010; Tanoh et al., 2020). For instance, de Macêdo et al. (2018) 

investigated the impact of seasonal variability on the chemical composition of the Psidium 

salutare EO, its antifungal activity and its effect on the C. albicans morphogenesis. The authors 

demonstrated that the chemical composition of the EO varied during the analysed period. In 

addition, major compounds such as Terpinolene and γ-terpinene increased in percentage in 

milder sampling months, while P-cymene content was positively influenced in the warmer 

sampling period. De Macêdo et al. (2020) showed that chemical variations in P. myrtoides EO 

composition between the dry and rainy seasons significantly influenced the intrinsic minimum 

fungicide concentration against C. albicans and C. krusei. These findings emphasise the 

importance of timely or optimal harvesting of medicinal plants and aromatic plant materials for 

the best chemical composition and bioactive properties.  

Table 2.5. Essential oils and their active compounds tested against postharvest fungal 

pathogens. 

Essential oils  Major compounds  Fungal pathogens References 

Citral (from flavedo 

tissue of Citrus 

paradisi) 

Limonene and γ-

terpinene 

G. candidum var. citri-

aurantii,  

 

 B. cinerea 

Talibi et al., 2014  

Zhou et al., 2014   

Mbili et al., 2015  

Salvia officinalis, 

Origanum vulgare, 

Thymus vulgaris, O. 

majorana 

Carvacrol and thymol Xanthomonas perforans, 

Alternaria tomatophila, & 

Podosphaera xanthii 

Liu et al., 2019; 

Zhang et al., 2019b  

Verbena officinalis Limonene and 

carvone 

 Zamora et al., 2018; 

Magnolia liliflora   B. cinerea, Colletotrichum 

capisci, F. solani, P. capisci 

Bajpai and Kang, 

2012   

Syzygium 

aromaticum 

Monoterpene eugenol B. cinerea, M. fructigena 

Honey, P. expansum, and 

Phlyctema vagabunda 

Amiri et al., 2008; 

Wang et al., 2010; 

Olea et al., 2019  

Cymbopogon 

citratus 

 Anthracnose Duamkhanmanee, 

2008 

 β-Pinene and 

Eucalyptol 

Not specified Zhenhong, 2011  

2.4.2. Flowers and seed extracts  

Currently, various studies have investigated and revealed that plant products are an important 

source of agrochemicals used for the control of various post-harvest losses, which include diseases 
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as well as insect pests in general (Malik et al., 2016). Studies by Meaza et al. (2007) and Workneh 

et al. (2012) noted the use of ComCat® (a natural biocatalyst that contains extracts from seeds of 

plants) for its various plant-strengthening properties and the ability to improve growth and yield in 

different agricultural crops. The biocatalyst consists mainly of pathogen resistance-proteins with 

defence reactions; this includes amino acids, gibberellin, kinetins, auxin (Indole-3-acitic acid), 

brassinosteroids, terpenoids, flavonoids, vitamins, inhibitors, natural metabolites, and other signal 

molecules and cofactors (Schnabl et al., 2001; Meaza et al., 2007; Workneh et al., 2012). Another 

study by Saavedra et al. (2017), investigated the treatment of Chilean strawberry (Fragaria 

chiloensis) fruit with methyl jasmonate (MeJA), a fragrant volatile compound isolated from the 

flowers of Jasminum grandiflorum against grey mould decay caused by Botrytis cinerea. The 

authors showed that pre-harvest applications of MeJA had a long-lasting effect on the reduction of 

B. cinerea incidence during post-harvest. Methyl jasmonate is a plant growth regulator, which has

been reported to play an important role in the response to pathogens and wounds (Creelman et al., 

1992). Plant leaf and seed derived products are mainly used in the pre-harvest management of plant 

pathogens, as leaf extracts are more active than seed or flower extracts (Shuping and Eloff, 2017).  

2.4.3. Crude plant extracts  

A considerable amount of work has been carried out all over the world on the effects of plant 

crude extracts on the quality and shelf life of various fruit (Malik et al., 2012). Fielding et al. (2015) 

evaluated a number of plant extracts in search of alternative botanical Botryticides. The authors 

screened Artemisia afra, Elyptropappus rhinocerotis, Galenia africana, Hypoxis hemerocallidea, 

Siphonochilus aetheopicus, Sutherlandia frutescens, Tulbaghia violacea, T. alliacea, and Allium 

sativum for their fungicidal activity in comparison and in combination with a known fungicide 

Kresoxim-Methyl. According to their study, ethanol extracts of Galenia Africana and 

Elyptropappus rhinocerotis produced high inhibitory effects (> 50% at 500 mg mL-1) against B. 

cinerea. Their study indicated discrepancies in efficacy amongst plant species; however, synergistic 

interactions were observed when the most active extracts were tested in combination with Kresoxim-

Methyl. 

Similarly, Zabka et al. (2011) reported on methanol extracts of 46 plants previously reported to 

have antimicrobial activity for their potential as fungicides. The study reported that only 14 extracts 

showed positive inhibitory effects against six pathogens (Fusarium oxysporum, F. verticillioides, 

Penicillium expansum, P. brevicompactum, Aspergillus flavus and A. fumigatus). The authors 

further noted that only one of the plant extracts (from Grindelia camporum) showed significant 

activity against all target fungal species, whereas the other 13 showed selective activity. Table 2.6 
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provides a summary of studies conducted on the efficacy of crude plant extracts against fruit or plant 

pathogens. The extraction solvent(s) used and their effect on antifungal activity are also presented. 

Discrepancies in extract efficacy could be attributed to various reasons such as the processing steps 

employed prior to extraction, the type of extraction methods used, the parts of the plant processed 

and the age of the plant. Most importantly, not all plants possess antifungal properties and plant 

efficacy relies on their phytochemical compositions, which differ from one plant type to another, 

and within plants of the same species (Ncama et al., 2019). The authors further noted that plant parts 

differ in physical and physiological characteristics. These characteristics have an enormous effect 

on the contents of biological actives such as antioxidant, allelopathic and antimicrobial compounds. 

It is known that phenolic compounds are the main active compounds behind the antifungal activity 

of plant extracts, as these compounds target the cell wall of pathogens and may disrupt the 

permeability barrier of cellular membranes and inhibit respiration (Mbili, 2015). It is, therefore, 

recommended that in order to extract different phenolic compounds from plants with a high degree 

of accuracy, various solvents of different polarities must be used.  

Table 2.6. Plant species evaluated for antimicrobial activity and levels of activity against plant 

pathogen. 

Plant species  Pathogen  Extraction 

Solvent   

Level 

activity  

References  

Grindelia 

camporum 

 F. oxysporum, F. verticillioides, 

P. expansum, A. flavus, P. 

brevicompactum, A. fumigatus 

MeOH Not stated  Zabka et al. 

2011 

Magnolia liliflora  B. cinerea, C. apsici, F. 

oxysporum, F. solani, 

P. capsici, R. solani 

 S. clerotinia, sclerotiorum 

Hx, ChCl3, 

EtOAc. 

MeOH 

MeOH > 

50% 

Bajpai and 

Kang, 2013 

Allium sativum  B. cineria 

 P. expansum 

EtOH  Daniels, 2014 

Acacia albida  C. musae H2O & 

MeOH 

Not stated  Bazieet al., 

2014 

A. seyal  C. musae   

A. mexicana  C. musae   

C. procera  C. musae   

S. occidentalis  C. musae   

UWC https://uwcscholar.uwc.ac.za/



31 
 

Cynodon dactylon  C. musae   

D. stramonium  C. musae   

Doylist abyssinica  C. musae   

Lantana camara  C. musae   

Moringa oiler  C. musae    

Olea europaea  C. musae   

Petiveria alliacea  C. musae   

P. lanceolata  C. musae   

Prosopis juliflora  C. musae   

Ricinus communis  C. musae   

Schinus molle  C. musae   

V. sinaiticum  C. musae   

Solanum incanum  C. musae   

Galenia africana  B. cinerea EtOH > 50 %  Fielding et al., 

2015  

E. rhinocerotis  B. cinerea EtOH > 50 %   

Polyalthia longifolia  C. musae Hx, ChCl3, 

MeOH 

MeOH 

> 50 % 

Bhutia, 2015 

 

C. inerme  C. musae Hx, ChCl3, 

MeOH 

MeOH 

> 50 % 

Zingiber officinale  C. musae Hx, ChCl3, 

MeOH 

MeOH 

> 50 % 

 

Annona squamosa 

Linn 

 A. alternata 

F. solani, A. niger 

MeOH, ChCl3 

H2O  

Not stated Kalidindi et al., 

2015 

Tagetes spp  A. solani 

F. oxysporium 

H2O, EtOH, 

EtOAc 

EtOH > 50 

% 

Malik et al., 2016 

Melia azadrach  A. solani 

F. oxysporium 

H2O,  

EtOHEtOAc 

EtOH > 50 

% 
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Jiménez-Reyes et al. (2019) reported on the potential of secondary metabolites (such as 

phenolic, steroid and terpenoid compounds) as a sustainable alternative for phyto-pathogens control. 

The authors described these compounds as the best candidates for the control of fungal pathogens, 

as their concentrations after being produced by plants, rely on the environmental conditions and 

pathogen’s incidence. A summary of secondary metabolites that have been reported to possess 

antifungal activity against the common and troublesome phyto-pathogens in fruit is presented in 

Table 2.7. Regardless of their safety and effectiveness, the downside to these compounds is the low 

persistence in the environment and the low bioavailability compared to synthetic chemicals 

(Jiménez-Reyes et al., 2019). This highlights the need for the development of commercially viable 

formulations based on these compounds to improve and sustain their efficacy. 
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Table 2.7. Secondary metabolites identified as anti-fungal agents. 

Plant†  Major active compounds†* Mechanism of action* Pathogen†  Reference* 

Acorus gramineus β- and α-asarone, Isoasarone, 

caryophyllene, methyl 

isoeugenol, safrole, 

asaronaldehyde 

● Carcinogenic and spasmolytic 

effects 

● Mutagenic activity (reducing 

expression of genes) 

Phytophthora infestans, 

Rhizoctonia solani 

 

Jiménez-Reyes et al. (2019), Lee 

et al. (2004), Lee (2007), 

Mukherjee et al. (2007), 

Mukherjee and Wahile (2006) 

Allium sativum Allicin, ajoene, diallyl 

sulphide, diallyl disulphide, 

allyl methyl disulphide  

● Inhibitor of several thiol-

possessing enzymes, 

● Interact with free and protein-

bound thiol groups, disrupts 

signal transduction, 

● It has sulfhydryl-modifying 

activity and inhibits sulfhydryl 

enzymes, and 

● Affects essential cellular 

functions (diffusion across 

lipid bilayers). 

Magnaporthe oryzae, 

Hyaloperonospora 

parasitica, Aspergillus 

niger, Colletotrichum 

lindemuthianum 

Brandes et al. (2009), Charron et 

al. (2016), Jiménez-Reyes et al. 

(2019), Sarfraz et al. (2020) 
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Table 2.7 (Continued) 

Plant†  Major active compounds†* Mechanism of action* Pathogen†  Reference* 

 Calocedrus 

macrolepis var. 

formosan  

α-cadinol, T-muurolol, 

limonene, α-pinene, β-

myrcene, β-caryophyllene 

 

● T-muurolol and α-cadinol are 

sesquiterpernes with possible 

cytotoxic effect on eukaryotic 

cells 

R. solani, Fusarium 

oxysporum, 

F. solani, Pestalotiopsis 

funerea, C. 

gloeosporioides, 

Ganoderma australe 

Chang et al. (2008), Jiménez-

Reyes et al. (2019), Yoon et al. 

(2013) 

Capsicum annuum  Capsaicin ● Membrane disruption B. cinerea  Jiménez-Reyes et al. (2019), 

Silva and Fernandes Júnior 

(2010) 

Celastrus hypoleucus Pristimerin ● Capable of inducing a cytoplasmic-

vacuolation mediated cell death 

involving endoplasmic reticulum 

stress and protein ubiquitination in 

eukaryotic cells. 

Rhizoctonia solani 

Glomerelia cingulated 

Gullo et al. (2012), 

Cevatemre et al. (2018), 

Daucus caritas L. Carotol ● Phytotoxic and allelopathic activities Alternaria alternata Jasicka-Misiak et al. (2004), 

Jiménez-Reyes et al. (2019) 
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Table 2.7 (Continued) 

Plant†  Major active compounds†* Mechanism of action* Pathogen†  Reference* 

Origanum vulgare  Thymol, carvacrol ● Promote cell wall disruption and 

lysis, and disturbance of cytoplasmic 

membrane, 

● Disruption of proton motive force, 

electron flow, active transport, and 

clotting of cell contents. 

B. cinerea and 

Fusarium spp. fungus 

Burt et al. (2004), Jiménez-

Reyes et al. (2019), 

† Selected plants with secondary metabolites present and efficacy against fungal pathogens. * Selected literature associated with the reports on 

the mechanism of action of various active compounds.
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2.5. Fungal resistance and the synergistic effects of natural compounds  

2.5.1. Fungal resistance  

Excessive and continuous application of the same antifungal compound 

at an extensive spatial scale can lead to the emergence of fungicide resistance 

amongst pathogen populations, which could minimize the management efficacy 

for fruit plant diseases (De Miccolis et al., 2014; Yang et al., 2019). Furthermore, 

the application of fungicides has become a challenge due to the eukaryotic nature 

of fungal cells, and resistance to commercially available treatments has increased 

in recent decades (de Freitas et al., 2019, Morais-Braga et al., 2017). Similarly, 

there are important virulence factors employed by fungal pathogens. One known 

and important virulence factor is their ability to form biofilms on surfaces (either 

biotic or abiotic). These networks of microbial communities are embedded in an 

extracellular matrix that can adhere to living tissues or to other surfaces, such as 

acrylic resin prostheses (de Freitas et al., 2019, Tsang et al., 2012). The 

development of biofilms and the architecture presents a mechanism for the 

reduction in the susceptibility of microbes to active antifungal compounds and 

increases the virulence of the infection.   

Furthermore, based on the mode of action of synthetic fungicides 

presented in Table 2.3, synthetic fungicides can be broadly classified as site-

specific and site non-specific fungicides. Although site-specific fungicides have 

higher efficacy, leading to better disease mitigation at a very low dosage for 

specific fungal groups (Yang et al., 2019), it is generally believed that the risk of 

developing resistance is equally higher (Hahn, 2014). On the other hand, site non-

specific fungicides have broad-spectrum efficacy and can be used to prevent a 

wider range of plant pathogens (Yang et al., 2019). The mechanisms conferring 

fungicide resistance can be described in terms of qualitative and quantitative 

resistance (Deising et al., 2008). Qualitative resistance is based on genetic 

mutation due to UV irradiation. In this case gene encoding for the targeted protein 

is mutated, hence, the amino acid required for binding to the fungicide is 

eliminated and the inhibition of the protein by the active compound no longer 

occurs (Deising et al., 2008; Kim et al., 2003; Lesemann et al., 2006). Resistance 

to site-specific fungicides in most cases occurs because of qualitative resistance, 

due to changes in a single amino acid of the target protein in the pathogen. In 

UWC https://uwcscholar.uwc.ac.za/



37 

contrast, quantitative fungicide resistance is facilitated by limiting the 

intracellular accumulation of fungicide-active compounds below critical 

thresholds or concentrations. The mechanisms employed include modification of 

plasma membranes to reduce fungicide permeability into the cell, synthesis of 

efflux transporters that secrete drug molecules to the extracellular space, or by 

synthesis of enzymes that actively degrade fungicide molecules (De Sorbo et 

al., 2000; Jabs et al., 2001; Löffler et al., 2000). In other instances, 

pathogen populations that develop resistance to a specific active 

compound can simultaneously resist one or several other fungicides. This 

phenomenon is known as cross-resistance. It often occurs among fungicides 

with a similar mode of action (Yang et al., 2019). Thus, the synergism of 

natural compounds can be used to prevent fungal resistance.  

2.5.2. Synergistic effects of natural compounds 

The combined (synergistic) effects of different plants have been investigated 

in an effort to optimize their efficacy as an effective replacement for 

commercially available fungicides. For instance, Munhuweyi et al. (2017) 

investigated the effect of chitosan combined with EOs (cinnamon, lemon, and 

oregano) as edible films against the growth of Botrytis spp., Penicillium spp. and 

Pilidiella granati. The authors showed that chitosan-oregano or -cinnamon EO 

films with a concentration of 10 g L-1exhibited a complete inhibitory effect 

against all three pathogens. The maximum inhibitory effect of chitosan-

lemongrass films was dependent on EO concentration, with P. granati, Botrytis 

spp. and Penicillium spp. inhibited completely at 10, 50, and 50 g EO L-1, 

respectively. This study showed that chitosan-EOs applied as edible coatings or 

casted films can be used to control fungal pathogens associated with post-harvest 

fruit storage. However, the methods of treatment could have a crucial impact on 

the efficacy, as the inhibitory effect was higher for fruit directly dipped into the 

chitosan-EO emulsions as opposed to samples exposed to vapour contact via the 

films (Munhuweyi et al., 2017). Another study by Arrebola et al. (2010) reported 

on the use of natural volatile compounds produced by microorganisms as 

biological control of postharvest disease. Their study investigated the effects of 

volatile compounds produced by Bacillus strains; Bacillus subtilis PPCB001 or 

B. amyloliquefaciens PPCB004 and antagonist combination (PPCB001 +
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PPCB004) against different Penicillium spp. Higher percentage inhibition of 

radial mycelial growth was observed for the combination of the two antagonists 

than alone. Volatiles produced by both Bacillus strains showed different degrees 

of inhibitory effect on the tested Penicillium spp. The beneficial effects of using 

combined treatment cannot be overrated. This mainly increases the effectiveness 

of the treatment and decreases the negative effects of application with a lower 

dose compared to a single application (Jeong, 2014).  

2.6. Challenges of commercialization of plant extracts and other natural compounds 

Over the last four decades, there have been laboratory and pilot scale 

research, as well as bioprocess optimization studies of traditional methods to 

develop new biocontrol products from plant extracts and other natural 

compounds to manage post-harvest diseases. There have been 

considerable success stories of these products (Viñas et al., 1998; Kurtzman and 

Droby, 2001; Blachinsky et al., 2007; Janisiewicz and Korsten 2007; Massart 

and Jijakli, 2014; Lima et al., 2015; Torres et al., 2014). Bonaterra et al. (2012) 

and Bazioli et al. (2019) in their review provided an extensive list of biocontrol 

agents of microbial origins against pome fruit tree pathogens and diseases 

and postharvest phyto-pathogens of citrus, respectively. However, the 

number of commercialized products based on plant extracts and other natural 

compounds is very limited and their global market share of crop protection 

products is still negligible (Droby et al., 2016b; Usall et al., 2016; Bazioli et al., 

2019). The bio-fungicides market is valued at USD 1.6 billion in 2020 and is 

projected to grow at a CAGR 16.1% to the value of USD 3.4 billion by 2025. 

While in contrast, the global fungicides market is valued at USD 18.7 billion 

in 2019 with a projection of USD 24.5 billion by 2025 (Bio-fungicides 

market report, 2020).  Nunes (2012) characterized the development of 

biocontrol agents into two main stages: the discovery phase and the 

commercial development phase. The first phase of discovery involves the 

laboratory-based isolation, characterization of mode of action and efficacy 

testing of active compounds to process/production optimization and 

pilot trials, as well as patent applications for the active compounds 

extracted or the microorganism employed. The success of the first stage is 

well documented in literature. Scientific publications in this field 

exceeded 3000 publications in 2015 (Droby et al., 2016a). The second stage 
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which is the commercial development phase involves commercial scale trials 

including scaling-up of production, final product formulation, toxicology 

assessments, and product registration. The major challenges and constraints 

associated with the commercialization of plant extracts and other natural 

compounds are encountered at this stage and across the various steps involved 

(Droby et al., 2016b; Nunes, 2012; Mari et al., 2014; Abbey et al., 2019). Detailed 

discussions on the analyses and understanding of these constraints, complexities 

and shortcomings of biocontrol products can be found in previous papers (Nunes, 

2012; Droby et al., 2016b; Mari et al., 2014; Usall et al., 2016; Anuagasi et al., 

2017; Abbey et al., 2019). 

For instance, during commercial trials, the consistency of formulation, 

efficacy of the product (performance) under practical post-harvest conditions and 

shelf life are crucial factors for large-scale production success and marketability. 

Commercial production happens under different scenarios from what is 

obtainable at the laboratory scale, hence scale-up production is a complex process 

(Usall et al., 2010). In addition, adjusting the standard operation process and 

practices as well as modifying existing equipment, to suit new formulation or 

production is a major strain at the commercial scale. Therefore, compatibility 

with other products and equipment along the processing/production line is 

important (Usall et al., 2016). Another weak point in the commercial 

development stage is the storability and stability of the final products.  It is often 

desirable that bio-fungicides remain effective for at least six months and at most 

for two years. This may require optimal packaging design and storage conditions 

that ensure product integrity is maintained (Powell, 1992; Pusey, 1994). The 

narrow spectrum of antimicrobial activity also discourages commercialization, as 

most plant extracts and natural compound effects are host and pathogen specific. 

Often, a broad spectrum of action is more desirable for postharvest application. 

Similarly, during the discovery phase, very little attention is given to toxicology 

evaluation, which could become a limiting factor during registration.  

Finally, the high costs associated with biocontrol production (i.e. 

formulation, commercial trials, and toxicology screening), registration and 

marketing remain as constraints for these products to be commercially available. 

Similarly, the high regulatory barriers to registration in multiple countries 
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remains a hurdle that discourages investors or the commercialization phase 

(Nunes, 2012; Droby et al., 2016b; Mari et al., 2014; Usall et al., 2016; Anuagasi 

et al., 2017; Abbey et al., 2019). Often, the commercialization partners are small 

and medium-scale enterprises (SMEs) with limited financial resources and 

needed experience/expertise to complete the commercial development stage. 

However, the increasing global interest in green technologies for disease 

management has resulted in a number of acquisitions of SMEs specialising in 

biofungicides by big companies or enterprise. Recently, Baryer Crop Science 

introduced its first biofungicide, “Serenade” to crop protection products. These 

milestones demonstrate what is possible in the long term and the optimism ahead 

for the next decade of post-harvest biocontrol agents.  

2.7. Conclusion 

The post-harvest losses of fruit due to fungal pathogens remain a global 

challenge. Most of the existing post-harvest disease management strategies are 

heavily dependent on the use of synthetic fungicides, which are associated with 

health, safety and economic implications. Therefore, the need to develop more 

efficient and economically sustainable post-harvest disease management 

strategies is crucial. An extensive amount of work has been done on evaluating 

plant extracts and other compounds of plant origin as alternative control for post-

harvest fruit disease management. Most of these have been proven to be 

environmentally friendly and have no toxic effects on humans, plants and the soil. 

However, a concerted effort is required to scale up these laboratory outputs to 

commercial-scale production. Furthermore, various phytochemical studies have 

identified a vast number of active compounds that possess fungicidal properties. 

These compounds have low bioavailability compared to synthetic chemicals; 

hence, a concerted effort is needed for the development of commercially viable 

formulations based on these compounds to improve and sustain their efficacy. 

Plant extracts have a good potential as a solution to the challenges of disease 

management faced by the horticultural industry. Future research focused on the 

optimization and enhancement of bioactive compounds obtained from plant 

crude extract should be intensified, as well as investigation of phyto-toxicity.  

Based on available indigenous knowledge investment in education and 

training programmes for the role players (farmers/producers, marketers and 
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retailers) involved in the commercial application of postharvest biocontrols 

is needed. This will help integrate them into the commercial development step 

as the end users. Furthermore, to resolve the complexities around 

commercialization and market access for biocontrol compounds. There is a need 

for a paradigm shift from the existing haphazard practice, wherein the 

discovery and commercial development of these products are not tied together 

from the start. Therefore, a trilateral commission involving researchers, the 

agrochemical industry and policymakers is required to ensure that 

commercially viable bioproducts get to the end users.  
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Abstract 

The efficacy of plant extracts is highly dependent on the part of the plant, 

processing applied and the extraction end-product. This study investigated the effect 

of processing and freeze-drying on targeted volatile compounds (terpenes) of 

Helichrysum odoratissimum (L.) Sweet. Air-dried plant material was processed to 

obtain; (i) roughly ground leaves and stems; (ii) finely ground leaves and stems; and 

(iii) wool-like fractions. Terpene content of the air-dried fractions, crude ethanol 

extract (CE) filtrate and sediments, and freeze-dried (FDE) powders from the 

different processed fractions were identified and quantified via Gas 

chromatography-mass spectrometric (GC-MS) analysis. The results indicated that 

α-pinene, eucalyptol, β-Caryophyllene, pulegone and humulene were the most 

abundant in all samples. The highest concentration of α-pinene (91.29 µg/L) was 

obtained in the crude ethanol extract compared to the freeze-dried extracts with 

≈3.01 µg/L (p ≤ 0.05). Eucalyptol concentration was significantly high in the air- 

dried leaves (27.35 µg/L) prior to extraction in comparison to CE (4.04 µg/L) and 

FDE (0. 87 µg/L). In contrast, β-Caryophyllene, pulegone and humulene contents 

were significantly higher in the FDE samples (p ≤ 0.05). These results demonstrated 

that processing and extraction had a significant impact on the concentration of 

targeted terpenes. Processing of various parts of medicinal plants, type of extraction 

solvents used, and the value addition (e.g., via drying or encapsulation) are crucial 

steps to obtaining final products/formulation that is functional as a bioactive agent. 

This study demonstrated to all role players in the bioprospecting for active 

compounds from plant materials the significance of optimizing processing steps to 

retain the desired concentration of targeted compounds. Outcomes of this study will 

guide other researchers or processors in the isolation of bioactive compounds. 
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3.1. Introduction 

The use of medicinal plants and plant-derived products for medicinal, 

religious, and cosmetic purposes is ancient knowledge. Medicinal plants are rich 

sources of bioactive phytochemicals and/or bio-nutrients, which have been shown 

to have important pharmacological properties (Saxena et al., 2013). This explains 

the increased interest in natural plant products as sources of new chemical entities 

to serve as drug leads (Dias et al., 2012). Amongst the plants used historically as 

medicinal plants is ‘Impepho’, a collective navicular given to the Helichrysum 

(family Asteraceae) species in Southern Africa (Serabele et al., 2021). The aerial 

parts of ‘Impepho’ are traditionally used to treat ailments such as abdominal pains, 

coughs and colds, catarrh, headache, fever, menstrual disorders, and urinary tract 

infections (Akinyede et al., 2021). 

Several studies investigating the pharmacological properties and chemical 

composition of the Helichrysum species have reported high contents of volatile 

compounds, particularly terpenes and terpenoids (Asekun et al., 2007; Lawal et al., 

2015, de Canha et al., 2020). The plant’s terpenes have particularly attracted the 

interest of researchers due to the roles they play in biological systems. In a study 

investigating the chemical constituents of Helichrysum italicum essential oil 

obtained through the hydro-distillation of the air-dried and crushed aerial parts of 

the plant for their antimicrobial activity against gram-positive and gram-negative 

bacteria, filamentous fungi, and Candida albicans, Djihane et al. (2017) reported a 

0.44% (v/w) essential oil yield and the presence of 67 compounds, (accounting for 

99.24% of the oil) with oxygenated sesquiterpenes making up 61.42% of the 

compounds. This study agreed with the findings reported by Lawal et al. (2015) who 

reported that monoterpene hydrocarbons (72.9%) and sesquiterpene hydrocarbons 

(15.6%) were the prominent class of compounds present in the oil (obtained through 

hydro-distillation of air-dried and crushed leaves) of H. odoratissimum from 

KwaZulu-Natal, South Africa. Legault and Pichette (2010) evaluated the 

potentiating effect of β‐caryophyllene on the anticancer activity of α‐humulene, 

isocaryophyllene and paclitaxel against MCF‐7, DLD‐1 and L‐929 human tumour 
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cell lines. Authors reported the potential of the anticancer activity of α‐humulene 

and isocaryophyllene on MCF‐7 cells. Furthermore, the antibacterial activity of β- 

caryophyllene against Staphylococcus aureus and Staphylococcus epidermidis has 

been reported (de Canha et al., 2020). Furthermore, a GC-MS analysis performed 

by de Canha et al. (2020), identified the terpenes caryophyllene (8.12%), α- 

humulene (3.94%) and α-curcumene (3.74%) as major constituents of the 

methanolic extract of H. odoratissimum. 

According to Jiang et al. (2016), terpenes/terpenoids constitute one of the 

largest classes of natural products. This is due to the incredible chemical diversity 

that can arise from the biochemical transformations of the relatively simple phenyl 

diphosphate starter units. Asekun et al. (2007) demonstrated that the major bioactive 

compounds of H. odoratissimum could vary due to postharvest handling processes, 

with significant differences in the major components of the essential oils in the 

leaves processed using different methods of drying. In addition, the efficacy of 

medicinal plants has been shown to be highly dependent on the processing of the 

plant material and the extraction techniques employed (Abubakar and Haque, 2020). 

Improper processing and application of extraction solvents may lead to undesired 

results. 

Recently, Matrose et al. (2021) investigated the impact of spatial variation and 

extraction solvents on the changes in bioactive compounds and secondary 

metabolites, as well as the antifungal efficacy of H. odoratissimum. The authors 

identified a total of 18 chemical classes of metabolites and confirmed 

sesquiterpenoids as the most abundant class. However, this recent work did not 

consider the effects of processing dried plant materials on the targeted secondary 

metabolites. In addition, it is noteworthy, that the few studies on the effects of 

processing on the chemical profile of H. odoratissimum focus only on the essential 

oils and do not evaluate the effects on the crude extracts of the plant. As such, the 

aim of this study was to investigate the effect of processing and extraction on the 

presence of the major volatile terpene compounds of Helichrysum odoratissimum. 
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3.3. MATERIALS AND METHODS 

3.3.1. Plant material 
Fresh aerial parts (leaves and stems) of H. odoratissimum L. [Sweet] were 

obtained from the Botrivier area (-34°13'0.02": 19°12'0") in the Overberg region of 

the Western Cape (WC) province of South Africa. The samples were identified, 

authenticated, and documented by AfriNatural (Voucher No.: HO370), and the plant 

material stored at room temperature at the Agri-Food Systems, Postharvest 

Pathology Laboratory at the Agricultural Research Council (ARC), Infruitec- 

Nietvoorbij, Stellenbosch, South Africa until further processing and extraction. 

3.3.2. Processing and extraction 
3.3.2.1. Preparation of crude extracts (CE) 

Plant material (leaves and stems) of H. odoratissimum was air-dried at room 

temperature away from direct sunlight for 5 days. After drying, plant material was 

further processed according to the method described by Altemimi et al. (2017), by 

milling to obtain three major fractions: roughly ground plant material consisting of 

stems, leaves and wool; finely ground leaves and stems; and the wool-like fluff from 

the hairy leaves of H. Odoratissimum (Figure 3.1). 
 

 
(B)                                    (C) 

 
Figure 3.1. Processed products generated after milling Helichrysum odoratissimum. 
(A) Roughly ground plant material consisting of stems, leaves, and wool, (B) finely 
ground stems and leaves, and (C) Wool-like fluff from the leaves and stems. 

 
Extraction of the processed and non-processed (NP) plant material was 

carried out by maceration according to the method described by Alkhail (2005). To 

prepare crude aqueous and organic extracts, 100 g of the plant material was added 

to 2 L of distilled water and 70% ethanol (Sigma, South Africa) respectively, in a 5 

L glass jar and macerated at room temperature (24°C) for 72 h, with vigorous 

shaking at regular intervals (8 h) using a LABOSHAKE heavy-load shaker 

(
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(Gerhardt GmbH & Co. KG, Germany). Following maceration, the extracts were 

decanted through a tea strainer into a clean Schott bottle and thereafter filtered 

through a Whatman #4 filter paper (Whatman International, Ltd., Maidstone, UK). 

The filtrate was filtered further using a Sartorius® Cellulose Nitrate (Cellulose 

Ester) membrane 0.2 µm filter (Sartorius Stedim Biotech, Germany) to control 

bacterial and yeast contamination of the extracts. Aliquots of the crude extracts and 

residual plant material after extraction were stored aseptically at 4°C until further 

analysis. 

The crude organic extracts of the processed and non-processed plant material 

were further subjected to evaporation using a rotary evaporator (Heidolph, 

Schwabach, Germany) at 40°C to remove the excess ethanol (Bahrin et al., 2018). 

The crude aqueous extracts were freeze-dried using the Virtis Genesis 35ES freeze- 

drier to obtain the freeze-dried powder as annotated in Figure 3.2 (McCloud, T.G, 

2010). The freeze-dried powders were transferred into labelled 24 mL screw cap 

amber vials, sealed with a laboratory film (DEMIS flexible packaging, Demis, 

USA), and stored in 5 litter jars with silica gel added. The freeze-dried powder 

samples were stored at 4°C and reconstituted in distilled water before analysis. All 

extractions were conducted in triplicate (n = 3). Therefore, for the targeted analysis 

in this study the following samples were considered: (i) air-dried plant material 

(before milling and extraction), (ii) residual plant material after extraction 

(sediments), (iii) crude organic extract before evaporation of excess solvent, and (iv) 

freeze-dried extract (RGMHO, FGMHO and WMLHO) prepared from the different 

fractions of H. odoratissimum. A comprehensive description of each sample is 

presented in Table 3.1. 

Table 3.1. List of samples and their description. 
 

Sample Description 
Air-dried plant material Roughly ground leaves and stems, before extraction 

Sediments after extraction Remaining plant material after extraction (non-processed) 

Crude organic extract 70% Ethanol extract of plant material (non-processed) 

RGMHO Freeze-dried powder of roughly ground leaves and stems 

FGMHO 
Freeze-dried powder of the finely ground leaves and 

stems fraction 

WMLHO Freeze-dried powder of the wool fraction after milling 
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Figure 3.2. Ethanol extraction and freeze-drying of processed Helichrysum 
odoratissimum. 

 
 

3.3.4. GC-MS analysis for targeted terpenes 

Samples (dried plants, CE and FDE) were weighed (1 g) into individual 

SPME vials, dissolved in 5 mL of 12% ethanol, and 5 mL of 20% sodium chloride 

solution added to the solution. As the crude extract was in a liquid form, 10 mL of 

the undiluted sample (50 mg/mL) was used. Additionally, 20µL of 20ppm Anisole 

d8 (Sigma-Aldrich, USA) was added to all samples as an internal standard. 

Thereafter, SPME vials were equilibrated for 10 min at 50°C in an auto-sampler 

incubator at 250 × g, and a 50/30 μm SPME fibre coated with 

polydimethylsiloxane/divinylbenzene/carboxen/(PDMS/DVB/CAR) exposed to the 

sample headspace for 20 min at 50°C. After extraction, desorption of the volatile 

compounds from the fibre was carried out in the injection port of a gas 

chromatography/mass spectrometry (GC/MS) system for 10 min. 

Separation and quantification of the targeted volatile compounds was 

performed using the Thermo ScientificTM TSQTM 8000 Evo Triple Quadrupole GC- 

MS/MS (Thermo Fisher Scientific, TX, USA), operated in a single reaction mode 

(SRM). The GC-MS system was coupled to a Thermo Triplus RSH auto-sampler 

(Thermo Fisher Scientific, TX, USA). Chromatographic separation of the volatile 
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compounds was performed on a polar Zebron ZB (30 m, 0.25 mm ID, 0.25 µm film 

thickness) capillary column. Helium was used as the carrier gas at a flow rate of 1 

mL/min. The injector temperature was maintained at 250°C. One microliter of the 

sample was injected in a splitless mode. The oven temperature was programmed as 

follows: 35°C for 10 min; to a final ramp of 20°C/min up to 240°C and held for 4 

min. Both the source and transfer line temperatures were maintained at 250°C. The 

mass spectrometer was operated under electron impact mode at an ionization energy 

of 70 eV, scanning from 35 to 550 m/z. A calibration was developed for each of the 

targeted volatile compounds using commercial standards for α-pinene, eucalyptol, 

β-caryophyllene, pulegone and humulene (Sigma-Aldrich, USA) with a 

concentration range of 1-50 µg/L. The concentration for each compound was 

expressed in µg/L. 

 

3.5. Statistical analysis 
All processing and treatments were conducted in triplicate (n = 3). Statistical 

analyses were carried out using Statistica® v. 11.0 (StatSoft Inc., Tulsa, OK, USA). 

Data were subjected to a one-way analysis of variance (ANOVA) and means were 

separated by the Least Significant Difference (LSD, p ≤ 0.05) test. 

 

3.6. RESULTS AND DISCUSSION 

3.6.1. Effect of processing and organic extraction on the concentration of 

selected terpenes 

The plant material upon milling resulted in two distinct products: A fine 

milled powder consisting of stems and leaves of the plants and the woolly textured 

product resulting from the hairy leaves of the plant material (Figure 3.1). The results 

of the chemical analysis performed on the unprocessed air-dried plant material, the 

crude ethanol extract, and the residue following crude ethanol extraction is presented 

in figure 3.3 below. The targeted terpenes (α-pinene, eucalyptol, β-caryophyllene, 

pulegone and humulene) were identified in all the samples, with the crude extract 

containing the highest concentrations of the terpenes except for eucalyptol for which 

the highest concentration was found in the air-dried material. The highest 

concentrations of eucalyptol, α-pinene and pulegone (27 µg/L and 20.75 µg/L and 

15.02 µg/L, respectively) were quantified in the air-dried material, with smaller 
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concentrations of humulene and β-caryophyllene (4.31 µg/L and 3.64 µg/L, 

respectively) also identified. The sediments contained the least concentrations of the 

terpenes except for eucalyptol which had a higher concentration in the sediments 

than in the crude extracts. α-pinene was the terpene with the highest concentration 

in any of the products. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.3. Concentration of targeted terpenes in air-dried plant material prior to 
processing, the crude ethanol extract and the sediments. Air-dried plant material refers to 
leave and stems as described in Table3. 1. 

 
These findings corroborated those reported by Djihane et al. (2016) who 

identified α-pinene (3.78 %) as one of the major constituents of Helichrysum spp., 

in their evaluation of the chemical constituents of Helichrysum italicum essential 

oil. It is also noteworthy that, most studies reporting on the identification and 

quantification of α-pinene were carried out on essential oil extracts of Helichrysum 

spp., with limited or no literature available on the characterization of the crude 

extracts of the plant. Interestingly the concentration of α-pinene from the air-dried 

material reported in this study is about 6 times that of the terpene in the volatile oil 

as reported by Djihane et al. (2016). Although the effect of processing and 

distillation apparatus used on the type and concentration of compounds extracted is 

mostly not discussed in literature. Baj et al. (2015) reported a significant difference 

in the content of volatile compounds in essential oils extracted by drying and 
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Clevenger-type distillation apparatus. It is therefore possible that the 

distillation/extraction technique may have influenced the high concentrations of α- 

pinene obtained in their study. No significant difference in humulene and β- 

caryophyllene concentrations in the crude ethanolic extract and air-dried plant 

material was observed (Figure 3.3). It is noteworthy however that quantifiable 

amounts of all the targeted compounds were identified in the extraction residue, thus 

suggesting a series of extraction steps could still be considered to obtain the 

maximum yield of bioactive constituents. 

Asekun et al. (2007) identified p-menthone, pulegone and 1, 8-cineole as the 

major constituents of the fresh leaf oils of H. odoratissimum, while limonene, µ- 

caryophyllene and µ-pinene were the major constituents of the dried plant oils. In 

this study a similar difference in the concentrations of the major constituents was 

observed, with higher concentrations of α-pinene and pulegone found in the crude 

ethanolic extract than in the air-dried plant material. In contrast, however, the 

concentration of eucalyptol was significantly lower in the crude ethanolic extract 

and the residue (2.5 µg/L) than in the air-dried plant material. 

Da Silva et al. (2012) investigated the antimicrobial activities of (+)-α- 

pinene and (+)-β-pinene against bacterial and fungal cells and reported significant 

microbicidal activity against the fungi and bacteria tested. The presence of high 

concentrations of α-pinene in the crude ethanolic extract in this study suggests that 

the ethanolic extract of H. odoratissimum may be a good source for the discovery 

of novel antimicrobial agents. 

 

3.6.2. Effects of processing and freeze drying on targeted terpenes 

3.6.2.1. Alpha-pinene 

Alpha-pinene is an important bioactive compound derived from the essential 

oils of various plant species including Helichrysum spp. (Djihane et al. 2016). Salehi 

et al. (2019) reported this terpenoid to exhibit diverse biological activities, resulting 

in various applications including as fungicidal agents, flavours, fragrances, antiviral, 

antimicrobial and phytopathogenic control of postharvest diseases. Freeze-drying 

the crude aqueous extract resulted in significant reductions in the concentration of 

α-pinene (from 91.29 µg/L in the crude aqueous extract to 3.07 µg/L, 2.90 µg/L and 

3.06 µg/L in the freeze-dried extracts of RGMHO, FGMHO and WMLHO, 

respectively) (Figure 3.4). Processing had no impact on α-pinene content being that 
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no significant difference in α-pinene concentrations amongst the freeze-dried 

samples obtained from the three products of processing was observed (p > 0.05). 

Alpha-pinene belongs to the class of monoterpenes, which are known to have low 

molecular weight, and thus are more volatile than any other class of terpenes. This 

would explain the significant reduction in the concentration of the compound 

observed following evaporation and freeze-drying of the crude extract (Hazrati et 

al., 2021). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.4. Effects of processing on targeted terpenes on obtained from freeze-dried 
powder A, B and C, representing roughly grounded; whole plant material (A), stems and 
leaves fraction alone (B), and woolly material (C) of Helichrysum odoratissimum. Air- 
dried plant material refers to leave and stems as described in Table 3.1. 

 
It is worth mentioning that due to the limited supply of raw plant material 

the effect of solvent evaporation on the targeted compounds could not be 

determined. The reduction in the latter compound can either be due to evaporation 

or freeze-drying, as the extracts were subjected to rotary evaporation before freeze-

drying. Moreover, studies reporting on the identification and quantification of α- 

pinene have so far focused on essential oil distillates and none have evaluated the 

crude plant extracts. Although Hosseini et al. (2020) reported on the quantification 

of α-pinene from the essential oil obtained by Clevenger-type hydro-distillation of 

Rosmarinus officinalis (rosemary) air-dried at room temperature and 
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in the dark for 2 weeks, the effects of processing and distillation types used, are 

mostly not discussed in the literature. A recent study by Matin et al. (2021) reported 

that the content of α-pinene in Helichrysum italicum essential oil was dependent on 

the source of the plant (organic versus wild grown) and distillation methods used 

(industrial scale versus laboratory scale). Baj et al. (2015) also reported a significant 

difference in the content of volatile compounds in essential oils extracted by drying 

and by Clevenger-type distillation apparatuses. Therefore, the extraction technique 

and solvent used in this study could have also influenced the concentration of α- 

pinene obtained. 

 
 

3.6.2.2. Eucalyptol 

The current results showed eucalyptol concentration (27.354 µg/L) to be 

highest in the air-dried roughly ground material, followed by the crude ethanolic 

extract (4.038 µg/L), while the FDEs contained the lowest concentrations of the 

compound (≈0.874 µg/L) (Figure 3.4). No significant difference in eucalyptol 

concentration was observed amongst the FDEs obtained from the different plant 

fractions. These findings corroborate those reported by Twilley et al. (2021) with 

the gas chromatography analysis of the ethanolic extract of H. odoratissimum. As 

with all natural volatile oils, eucalyptol concentration can be affected by source and 

extraction method (Granstrom, 2007). Since eucalyptol belongs to a class of 

monoterpenoids that is known to be miscible with organic solvents but insoluble in 

water, the 30% water content of the extraction matrix (70% ethanol) employed in 

this study could be responsible for the low concentration of eucalyptol obtained 

(PubChem, 2021). Eucalyptol has been reported to have anti-inflammatory and 

antioxidant effects in various diseases, including respiratory disease, pancreatitis, 

colon damage, and cardiovascular and neurodegenerative diseases (Seol and Kim, 

2016). A study by Hosseini et al. (2020) on the essential oils extracted from the air- 

dried aerial parts of Rosmarinus officinalis L. using Clevenger-type distillation, 

identified eucalyptol among the most abundant compounds. 

 
3.6.2.3. β-Caryophyllene 

Low concentrations of β-caryophyllene (2.3 µg/L to 3.7 µg/L) were 

observed in all samples before freeze-drying (Figure 3.4). In contrast, a significantly 
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higher concentration (5.485 µg/L) was found in the FDEs samples, but no significant 

difference in β-caryophyllene concentration was observed amongst the FDEs 

fractions (RGMHO, FGMHO and WMLHO). Beta-caryophyllene is classified as a 

bicyclic sesquiterpene, and sesquiterpenes are known to be less volatile in 

comparison to monoterpenes (Hazrati et al., 2021). This attribute could explain the 

minimal impact of processing on β-caryophyllene concentrations observed in this 

study. It is therefore conclusive that the freeze-drying step served to concentrate this 

compound. 

 
3.6.2.4. Pulegone 

The highest concentration (25.9 µg/L) of pulegone were quantified in the 

crude ethanolic extract compared to the air-dried material before extraction (15.02 

µg/L) (Figure 3.4). The finding was to be expected due to the extraction matrix (70 

% ethanol) used in this study, as this class of compounds are known for their high 

level of miscibility in organic solvents (PubChem, 2004). However, no significant 

reduction in pulegone concentrations was observed between the CE (25.9 µg/L) and 

the FDEs (27.8 µg/L). Furthermore, no significant difference was observed amongst 

the FDEs obtained from the 3 fractions (RGMHO, FGMHO and WMLHO). This 

indicated that the milling process had no effect on the concentration of the 

compound. Asekun et al. (2007) identified P-menthone (35.4%), pulegone (34.2%) 

and 1, 8-cineole (13.0%) as the main constituents of H. odoratissimum and reported 

an appreciable difference in the pulegone and p-menthone content with different 

processing methods (air, sun, and oven drying). On the contrary, in this study similar 

concentrations of pulegone were obtained in the crude extract and after freeze- 

drying, thus indicating the stability of the compound. 

 
 

3.6.2.5. Humulene 

Very low concentrations of humulene were quantified in all samples before 

freeze-drying, however, relatively higher concentrations were obtained from the 

FDEs approximately 6.43 µg/L (Figure 3.4). No significant difference in humulene 

concentrations was observed amongst the FDEs obtained from the 3 fractions 

(RGMHO, FGMHO and WMLHO). These findings were corroborated by previous 

studies. For instance, Mastelic et al. (2005), previously identified this compound 
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amongst others as one of the major constituents (3.8 %) in the essential oil of 

Helichrysum italicum. The widely used hydro-distillation Clevenger-type apparatus 

was employed in the study to the obtain essential oils, which was further fractionated 

in a silica gel column to obtain a pure humulene compound. Therefore, it is worth 

to note that, regardless of the extraction mode or the type of extract (CE or EO) 

analysed, humulene is a lesser abundant compound in both H. italicum and H. 

odoratissimum. 

3.7. CONCLUSION 

This study demonstrated that plant processing and freeze-drying (value 

addition) had a significant impact on the concentration of targeted terpenes in H. 

odoratissimum. Ethanolic extraction was found to significantly enhance the 

concentration of α-pinene and pulegone in the crude extract (p ≤ 0.05). Furthermore, 

freeze-drying was shown to have maintained the concentration of pulegone. Thus, 

this study highlighted the importance of understanding the chemical profile of 

medicinal plants and their active compounds, for the targeted biological effects and 

the need to optimize the processing steps. The effect of processing on the chemical 

constituents of the product is dependent on the volatility of the chemical 

constituents. There is a need for more scientific research on the crude extracts of H. 

odoratissimum as a source of bioactive compounds, to optimise the 

extraction/processing methods and get a full insight into the chemical profile of the 

plant material. 
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Chapter 4 

Effect of extraction solvents in maximising extractable solids, 

total polyphenol content, antioxidant and antifungal activities 

of H. odoratissimum  

 

4.1 Summary  

Experiments were performed to verify the yield of extractable solids (SS), total polyphenol 

content, antioxidant and antifungal activities of H. odoratissimum extracts obtained by 

maceration using solvents with different polarities (70% acetone,  99.8% chloroform, 95% 

ethanol, 86% hexane and distilled water). The results indicated that the extraction solvent had 

a significant (p = 0.05) effect on the total polyphenol content of H. odoratissimum crude 

extracts. Antioxidant capacity of H. odoratissimum extracts was strongly dependent on the 

extraction solvents used and the region from which the plant material was harvested. The 

highest polyphenol content (22.7 g GA 100 g-1) was obtained in the aqueous extract. Acetone 

extracts exhibited the highest antimicrobial activity (≈53% inhibition). The crude extracts of 

H. odoratissimum from both harvest locations and extracted with all the solvents exhibited 

significant in vitro antifungal activity against B. cinerea except for the aqueous extracts. 

 

Keyword: Medicinal plants, bioactives, crude extracts, antimicrobials 

4.2 Introduction  

Helichrysum spp. is amongst the medicinal plants that have been investigated for 

antimicrobial effects. Few studies that have reported on the antimicrobial efficacy of the 

species have mainly focused on the essential oils (EOs) extracts of plants from the specie. It is 

noteworthy that, EOs exhibit poor aqueous solubility and high volatility (Lahlali et al., 2022).  

A recent in vitro study by Matrose et al. (2021) has reported that the crude extract of H. 

odoratissimum possess high antifungal effects against B. cinerea. Even though previous studies 

have identified terpenes as the main class of compounds found in Helichrysum spp., its extracts 

nonetheless are still composed of complex mixtures of compounds of different chemical 

classes, including polar and non-polar compounds, with differing biological properties (Lawal 

et al., 2017). For the aforementioned reason this particular study therefore sort to optimise the 
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extraction methods through the use of different solvents with a wide range of polarities in order 

to optimise the yield of bioactive compounds from the plant.  

 

4.3 Materials and Methods  

4.3.1 Plant material   

Fresh plant material (areal parts: leaves and stems) of H. odoratissimum L. [Sweet] were 

collected from two harvest regions in South Africa: the Botrivier area in the Overberg region 

(Latitude: -34°13'0.02" Longitude: 19°12'0"), Hermanus, Southeast of Cape Town, supplied 

by AfriNatural (Voucher No.: HO370) and the banks of the Tugela River area in Dakeni, Zulu 

land, KwaZulu Natal (KZN) province (29°24’52”S 29°54’48”E), supplied by South Africa 

Muthi-Futhi (Voucher No.: MF-HEL-20148). Samples were collected over a period of two 

seasons: 2018-harvest (November) and 2019-harvest (November) periods. All the plant 

materials were delivered in dried form and stored at room temperature away from direct 

sunlight in the Agri-Food Systems, Postharvest Pathology Laboratory at the ARC Infruitec-

Nietvoorbij, Stellenbosch, South Africa until further processing and extraction. 

 

4.3.2 Processing and extraction of plant extracts  

The plant materials (leaves and stems) were immediately air-dried away from direct 

sunlight and roughly ground and then milled into finer powder using a kitchen blender (91-

357, Waring Blendor, USA). Extracts were prepared separately for individual solvents of 

different polarities by macerating 250 g of the milled powder of H. odoratissimum with 1 L of 

solvent (70% acetone (Ethanolsa, South Africa), 95% ethanol (Ethanolsa, South Africa), 

hexane and chloroform (both supplied by Kimix, South Africa), and distilled water) according 

to the method described by Alkhail (2005). The mixture for the individual extraction solvents 

were macerated at room temperature (24°C) for 72 h, with vigorous shaking at regular intervals 

(8 h) using a laboshake heavy load shaker (Gerhardt GmbH & Co. KG, Germany).  After 72 h 

of maceration, the extracts were decanted through a tea strainer into a clean Schott bottle, and 

thereafter filtered through Whatman #4 filter paper (Whatman International, Ltd., Maidstone, 

U K). The filtrates were filtered further using Sartorius® Cellulose Nitrate (Cellulose Ester) 

Membrane Filters, 0.2 µm (0613114071301823, Sartorius Stedim Biotech, Germany) to 

control bacterial and yeast contamination on the extracts. The filtrates were stored aseptically 

at 4°C until further analysis. All extractions were conducted in triplicate (n = 3). 

 

4.3.3 Determination of soluble solids  
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Soluble solid content of the extracts was gravimetrically determined by evaporating 

aliquots (20 mL) of each filtrate to dryness in the pre-weighed nickel moisture dishes on a 

steam bath. Thereafter, the moisture dishes were dried using a laboratory convection oven at 

100°C for 60 min. All gravimetric measurement were conducted in triplicate (n = 3). The 

moisture dishes were cooled to room temperature in a desiccator, weighed and the soluble solid 

(SS) content calculated and expressed as (mg 100 mL-1).  

 

4.3.4 Determination of phenolic composition  

The total polyphenol content (TPC) of H. odoratissimum extracts was determined using 

the BioTek Synergy HT multiplate reader (BioTek Instruments, Winooski, USA), according to 

the Folin-Ciocalteu method by Singleton and Ross (1965) and further adapted for micro-palate 

reader format by Arthur et al. (2011). Gallic acid (Sigma-Aldrich, USA) was used to prepare a 

calibration curve ranging in concentration from 1 mg L-1 to 10 mg L-1. The TPC was therefore 

quantified in gallic acid equivalence (GAE). The samples stock solutions (1 mg mL-1) were 

diluted (300 µL sample diluted to a final volume of 1000 µL with deionized water) to obtain 

absorbance values within the range of the calibration curve. Twenty microliters each of the 

gallic acid standards, samples and the assay control (deionized water) were transferred in 

triplicate into a 96-well polystyrene flat-bottomed micro-plate (Greiner bio-one, Germany). 

Folin-Ciocalteu’s reagent (10 x diluted; 100 µL) and sodium carbonate (7.5% w/v; 80 µL)  

(Merck, Germany) solution were added into the reaction mixture, followed by mixing of the 

well contents using an Eppendorf Mix Mate micro-plate shaker (Merck, Darmstadt, Germany). 

The micro-plates were incubated at 30°C for 2 h to allow for development of a blue-colour 

complex resulting from the oxidation of the phenolic compounds. The absorbance was 

measured at 765 nm and the total polyphenol content (TP) in each extract was expressed as g 

Gallic Acid Equivalents (GAE) 100 g-1 dry weight the plant material.  

 

4.3.5 Determination of antioxidant activity  

The antioxidant activity of crude extracts of H. odoratissimum was determined in this 

study using the method described by Arthur et al. (2011). The assay was prepared fresh daily 

by dissolving 5 mg of 2,2–Diphenyl-2-picrylhydrazyl (DPPH●, Sigma-Aldrich, USA) in 100 

mL methanol (Merck, Germany), and the solution covered with foil and sonicated for 5 min. 

The absorbance value of the DPPH●-methanol solution was adjusted to a range of 0.68 - 0.71 

for assay standardization purposes. A range (1 µg mL-1 to 10 µg mL-1) of Trolox standard 

(Sigma-Aldrich, USA) from stock solution (1mM) was used to prepare a calibration curve in 
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the reaction volume. Thirty microliters each of the Trolox standards, samples and assay control 

(deionized water) were transferred in triplicate into a 96 deep-well plate (Axygen Scientific 

Inc., USA) and 270 µL DPPH● solution (ca 0.7 absorbance value) was added. The plate was 

sealed with silicon mat to prevent evaporation of methanol. The contents in the 96 deep-well 

plate were then mixed for 30 s at 1650 rpm using an Eppendorf MixMate® micro-plate shaker 

(Eppendorf AG, Hamburg, Germany). The micro-plates were incubated in a dark cupboard at 

room temperature for 2 h (to allow scavenging of DPPH● by the antioxidants, leading to a 

decrease in absorbance of the free radical solution). Thereafter, 200 µL of the reaction mixture 

were transferred into corresponding wells of a polystyrene flat-bottom 96-well micro-plate 

(Greiner bio-one, Germany) and the absorbance measured at 515 nm using the BioTek Synergy 

HT multiplate reader (BioTek Instruments, Winooski, USA). The radical scavenging ability of 

the Trolox standard solutions was plotted against their concentration in the reaction mixture, 

giving a linear regression curve. The calibration curve was then used to calculate the total 

antioxidant capacity of the extracts and the radical scavenging ability was expressed as µmol 

Trolox Equivalents (TE) /g extract. The % inhibition caused by the Trolox standards and the 

sample extracts was calculated as follows:  

 

% inhibition = (AC-AS)/ AC *100  

Where: AC = absorbance of control  

             AS = absorbance of standards or samples.  

 

4.3.6 Determination of antifungal activity  

The fungal pathogen Botrytis cinerea (Accession number: PPRI 7338) isolated from 

infected plums was obtained from The Agricultural Research Council - Plant Protection 

Institute, Pretoria, South Africa. B. cinerea was cultured on potato dextrose agar (PDA, Merck, 

Johannesburg, South Africa) at 25°C for 3 days for mycelial plugs and 7 days to produce 

spores. The cultures of B. cinerea, were maintained on PDA slants at 4°C. Conidia were 

harvested from the medium surface with sterile distilled water together with Tween 80 (Batch 

No: 1006022, Merck, Germany) (0.05% W/V), and gently agitating the plates to dislodge the 

spores. The final inoculum concentration was adjusted to 1 × 105 conidia mL-1 using a 

haemocytometer (Marienfeld, Germany).  

 

4.3.6.1 In vitro antifungal activity  
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To evaluate the in vitro antifungal activity of the plant extracts against B. cinerea, the 

disc diffusion assay as described by Sharma (2002) was used and repeated in triplicate. 

Whatman #4 filter paper disks (4 mm, ø) were soaked in the respective crude extracts (250 mg 

mL-1) and in 0.005 mg mL-1 of Rovral®WP (Bayer Crop Science, Germany) as control. The 

PDA plates were spread-plated with 200 µL suspension of B. cinerea spores. The plates were 

allowed to dry before the treated discs were aseptically placed at the centre. Each plate was 

sealed with parafilm (DEMIS flexible packaging, Demis, USA), and incubated at 25°C for 5 

days. All screenings were conducted in triplicates. The zone of inhibition in diameter (mm) 

was measured using digital calliper (MAC-AFRIC- Adendorff Machinery Mart, South Africa) 

on day 5. Antifungal activity expressed as % Inhibition was calculated as follows: 

% Inhibition = [1 - (Control - Sample)/ Control] * 100  

Where: 

Control = Diameter of colony zone (mm) 

Sample = Zone of inhibition of extract (mm) 

4.5 Statistical analysis  

Two-way analysis of variance  (ANOVA) was performed using the General Linear Models 

Procedure (PROC GLM) followed by Fisher’s least significant difference to compare the 

significant difference between treatment means at the 5% level by SAS software (Version 9.4; 

SAS Institute Inc, Cary, USA). Pearson’s product-moment correlation was performed between 

variables using PROC CORR to measures the degree of correlation there may between SS, TP, 

antioxidant and antimicrobial efficacy by SAS software (Version 9.4; SAS Institute Inc, Cary, 

USA). Principal component analysis (PCA) with a correlation matrix was conducted to 

investigate the relationship between the treatments and the different variables measured using 

XLSTAT (Version 2015.1.03.15485, Addinsoft, Paris). 

 

4.6 Results and discussion  

4.6.1 Soluble solids (SS) composition 

Figure 4.1a presents the SS content of the extracts obtained using five extraction 

solvents of the different batches of the plant obtained from the different regions. Comparing 

the SS content of the extracts from different harvest regions and different seasons, the highest 

SS content was obtained from the chloroform (66.7 ± 0.399 mg 100 mL-1) and hexane (47.9 ± 
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0.50498 mg 100 mL-1) extracts  of the plant obtained from WC in the 2018 harvest season. The 

chloroform and hexane extracts of the 2018 harvested samples from KZN returned SS content 

of (43.9 ± 0.71933 mg 100 mL-1) and (37.7 ± 0.93874 mg 100 mL-1), respectively. On the 

contrary, a lower extraction efficacy of these solvents was observed for the 2019 samples from 

both WC and KZN. Samples harvested in 2019 from KZN had significantly higher SS content 

in the acetone, chloroform, hexane and water extracts, whereas acetone and water performed 

better as extraction solvents for samples collected from WC. Generally, the extraction solvent 

and harvesting season had a significant effect on the soluble solid content (Figure 4.1 b). These 

findings are similar to those in literature, with a study by Araujo et al. (2018) investigating the 

effects of pure ethanol, pure acetone, and pure isopropanol in comparison with hexane of the 

total soluble solid content from murici and pequi seeds, reporting a greater recovery of soluble 

solids from hexane than any other extraction solvent. This disparity in the soluble solid yield 

could be due to the polarity of the extraction solvents, as highly polar solvents are known  to 

result in high extract yield as compared to less-polar solvents (Nawaz et al., 2020; Matrose et 

al., 2021). The results obtained in this study could also suggest that the major compounds of 

H. odoratissimum are less polar and therefore immiscible in aqueous solvents.  Geographical 

differences could also be a major contributing factor as climate differences greatly influence 

the chemical composition of the plant spp. (Abdelgawad et al., 2014). Furthermore, it is 

noteworthy that the acetone extracts generally contained similar SS content independent of the 

harvest region or season, while ethanol extracts constantly reported lower SS contents for all 

samples. This highlights the importance of selecting the appropriate extraction solvent in order 

to obtain optimum yields of desired products (Borges et al., 2019). In general, the SS content 

of H. odoratissimum extracts were affected by the type of solvent used, the harvested season 

and location of harvest.
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Figure 4.1.(a) Gravimetrically determination of soluble solids (SS) of extracts of different solvents of H. odoratissimum obtained from different regions over 

2 seasons (2018 harvest; A and 2019 harvest; B). SS expressed in (mg 100 mL-1). Different lower-case letters are significantly different based on ANOVA t-

Test at p = 0.05. (b) Pareto analysis showing the effects of extraction solvent, variation in Spp., and interaction effects at 95% confidence indicated as the 

vertical red line. *Colour only online.

UWC https://uwcscholar.uwc.ac.za/



93 
 

4.6.2 Phenolic content 

Figure 4.2a presents the total polyphenol content (TPC) of the crude extracts using 

different solvents. The results indicated that the extraction solvent had a significant (p = 0.05) 

effect on the total polyphenol content of H. odoratissimum crude extracts. For the 2018-

harvested samples, aqueous extracts had significantly higher (p = 0.05) TPC for plants obtained 

from both WC (22.7 g GA 100 g-1) and KZN (26.5 g GA 100 g-1) provinces, followed by the 

acetone extract with the TPC of 19.3 and 18.2 g GA 100 g-1 for both WC and KZN, 

respectively. Ethanol extracts had a moderate TPC whereas the chloroform and hexane extracts 

had significantly (p = 0.005) low TPC. Generally, comparing TPC  all tracts across the 

harvesting periods, the 2019-harvest showed significantly (p = 0.05) lower polyphenol content 

than the 2018-harvest for both WC and KZN. The Patero analysis (Figure 4.2B) showed that 

extraction solvent and harvesting season had a significant effect on the TPC.  

The findings of this study were consistent with literature, with Kopjar et al. (2019) 

reporting a direct correlation between total polyphenol content and antioxidant activity of the 

aqueous extracts (olive leaves, green tea, red grape, red wine, pine bark PE 5:1, pine bark PE 

95 %, resveratrol). The authors reported a TPC ranging from 11.10 mg GAE100 mL-1 to 92.19 

mg GAE 100 mL-1, of which 8.89 mg to 61.75 mg CTE100 mL-1 was associated with total 

flavonoids. Polyphenols are polyhydroxylated phytochemicals that exemplify a wide variety 

of highly polar compounds, rendering this group of compounds to be water soluble (Rajbhar et 

al., 2015).   
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Figure 4.2. (a)Total polyphenol content (TPC) of extracts of different solvents of H. odoratissimum obtained from different regions over 2 seasons (Batch A- 

2018 harvest and Batch B – 2019 harvest); determined by the Folin–Ciocalteau Reagent (FCR) method; TPC is expressed in terms of gallic acid equivalents 

(GAE). Different lower case letters are significantly different based on ANOVA t-Test at p = 0.05. (b) Pareto analysis showing the effects of extraction solvent, 

variation in Spp., and interaction effects at 95% confidence indicated as the vertical red line. *Colour only online.
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4.6.3 Antioxidant content 

 As shown in Figure 4.3a the antioxidant capacity of H. odoratissimum extracts was 

strongly dependent on the extraction solvents used and the region from which the plant material 

was harvested. The chloroform extracts of H. odoratissimum harvested from both WC and 

KZN in 2018 had equally high (p=0.05) free radical scavenging activity across the regions, and 

no significant difference in free radical scavenging activity was observed (14205 ± 407. µmol 

TE g-1 and 14204.74 ± 4.122 µmol TE g-1). A similar pattern was observed for the acetone 

extracts from the samples that were harvested in 2018 (13251.48 ± 404.461 µmol TE g-1 and 

13251.48 ± 1.201 µmol TE g-1 from WC and KZN respectively). In addition, the aqueous 

extracts from both 2018 and 2019 obtained from WC exhibited significantly higher (12372.84 

± 3 µmol TE g-1   and 13573.84 ± 5 µmol TE g-1) free-radical scavenging capacity in comparison 

to the samples obtained from KZN (3541.35 ± 74 µmol TE g-1   and 4562.21 ± 6 µmol TE g-1) 

from the 2018 and 2019 harvesting period, respectively. Ethanol and hexane extracts exhibited 

a significantly lower free radical scavenging activity (p = 0.05) for both provinces and both 

harvesting periods. Generally, the antioxidant activity of H. odoratissimum is significantly 

affected by the choice of extraction solvent (Figure 4.3b). The seasonal differences observed 

in the antioxidant capacity of H. odoratissimum could be associated with climatic effects which 

could influence the chemical composition of plant material as was reported by Matrose et al. 

(2021). A previous study conducted by Qasim et al. (2016) investigated the effect of extraction 

solvent on polyphenols and the antioxidant activity of medicinal plants. The authors reported 

a strong to weak correlation of extractable compounds and antioxidant capacity and the polarity 

of extraction solvents. In addition, the current study’s findings were similar to those of a recent 

study conducted by Khiya et al. (2021), who reported a positive correlation of total polyphenol 

content with antioxidant activity of the hydromethanolic extract of Salvi Officinalis leaves and 

their fractions obtained from different regions of Morocco. The authors further observed 

different DPPH IC50 values for fractions of the ethyl acetate and butanol extracts of Salvia 

officinalis leaves in the Boulemane region while the butanolic and aqueous extracts of Salvia 

officinalis from Khenifra region showed the lowest antioxidant activity.   
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Figure 4.3. (a) DPPH● scavenging activity of extracts of different of H. odoratissimum obtained from different regions over 2 seasons (2018 and 

2019 harvest). Total antioxidant capacity (TAC) is expressed as µmoles Trolox equivalents (TE)/g extract). Different lower-case letters are 

significantly different based on ANOVA t-Test at p = 0.05. (b) Pareto analysis showing the effects of extraction solvent, variation in Spp., and 

interaction effects at 95% confidence indicated as the vertical red line. *Colour only online. 
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4.6.4 In vitro antifungal activity 

  The crude extracts of H. odoratissimum from both harvest locations and extracted with 

all the solvents exhibited significant in vitro antifungal activity against B. cinerea except for 

the aqueous extracts (Figure 4.4). The observed inhibition of fungal activity by the different 

batches from the different regions was highly variable, with the highest percentage inhibition 

(53%) obtained with the acetone extracts of H. odoratissimum harvested in the 2018 season, 

from WC. A 52% inhibition was observed with the ethanol extracts from the 2018 harvest 

season harvested in a different harvest location (KZN). Relatively similar percentage 

inhibitions (44-47%) were observed with the acetone and ethanol extracts of the 2019 harvest 

season harvested from both WC and KZN.  The n-hexane extracts showed a lower inhibitory 

activity (23-34%) which was relatively similar for both harvest seasons and locations. The 

aqueous extracts exhibited the lowest percentage inhibition irrespective of harvest region and 

season (figure 4.4). The low antifungal activity observed with the aqueous extracts compared 

to other solvents could be due to the high abundance of terpenes in the chemical matrix of 

Helichrysum spp. (Matrose et al., 2021). Although reported to possess high antimicrobial 

efficacy (Dilooksumpun et al., 2022), these compounds are reported to be highly hydrophobic 

(Martins et al., 2017), hence likely to have low extract yield using an aqueous extract.  

The principal component analysis presented in Figure 4.5, suggests a strong correlation 

between the total polyphenol content and the free radical scavenging capacity of the acetone 

and ethanol extracts. While positive correlation between soluble solids and chloroform extracts 

was observed from both WC and KZN. Also antifungal activity  was  strongly associated with 

soluble solid content of the chloroform extracts from both WC and KZN. These results were 

similar to that reported by Arif et al. (2022) who investigated the antifungal  activity of n-

hexane, ethyl acetate, n-butanol, methanol and the aqueous extracts of the stem and seed of 

Peganum harmala against Candida albicans in vitro.  
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Figure 4.4. In vitro antifungal screening of extracts of different solvents of H. odoratissimum (L.) obtained from different regions over 2 seasons (2018 and 

2019 harvests) by disk diffusion method against Botrytis cinerea. Mean values (n = 3) of percentage inhibition with standard error bars. Different lower-case 

letters are significantly different based on ANOVA t-Test at p = 0.05. 

 

 

 

UWC https://uwcscholar.uwc.ac.za/



99 
 

 
Figure 4.5. Principal Component Analysis (PCA) score plots indicating the correlation between total polyphenol content to the free radical scavenging capacity 

of the acetone and ethanol extracts.   

C 
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4.7 Conclusion and recommendation 

Overall, this study shows that the type of extraction solvent influences the soluble solid and 

total polyphenol content of H. odoratissimum extract, while the use of acetone, ethanol and 

water as extraction solvents resulted in extracts with high antioxidant capacity. Harvesting 

season had a significant impact, while the location had no influence on the total polyphenol 

and antioxidant capacity of the plant extracts. The study further confirms that acetone was the 

best extraction solvent for a H. odoratissimum extract with respect to antifungal activity against 

B. cinerea, while aqueous extracts of the plant exhibited no antifungal activity.  
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Chapter 5 

Bioprospecting of Helichrysum species: Chemical profile, 

phytochemical properties, and antifungal efficacy 

against Botrytis cinerea 
Published as: Matrose, A.N., Belay, Z.A., Obikeze, K., Mokwena, L., 

Caleb, O.J. (2022). Bioprospecting of Helichrysum species: Chemical 

profile, phytochemical properties, and antifungal efficacy against 

Botrytis cinerea. Plants, (12)58. 

 

5.1. Summary 

 Variation in plant species and extraction solvents play a crucial role in the recovery of 

their bioactive compounds and antifungal efficacy. Thus, in this study, a comparative 

investigation was carried out using the extraction solvents 70% acetone and 95% ethanol to 

obtain crude aqueous extracts from Helichrysum odoratissimum and H. patulum. The crude 

extracts were screened using gas chromatography-mass spectrometry (GC-MS), to determine 

their chemical composition. Phytochemical properties (total polyphenols (TP) and radical 

scavenging capacity via 2,2-diphenyl-1-picrylhydrazyl (DPPH)), and antifungal activity 

against Botrytis cinerea of the crude extracts were evaluated. The fungicide (Rovral® WP) and 

extracting solvents were used as controls. Helichrysum spp. and extraction solvent used had a 

significant influence on the chemical composition, phytochemical property and antifungal 

activity. Some metabolites including γ-terpinene (≈0.1%), α-amorphene (≈0.6%) α-gurjunene 

(≈1.4%), β-selinene (2.2 – 3.2%), γ-gurjunene (≈3.3%), and methyl cinnamate (≈20%) were 

detected only in extracts of H. patulum. The crude 70% acetone extract of H. odoratissimum 

had the highest TP concentration (19.3 g GA 100 g-1 ± 0.76), and DPPH capacity (13251.5 

µmol Trolox g-1 ± 700.55) compared to H. patulum (p ≤ 0.05). The ethanolic extracts of H. 

patulum showed the highest antifungal efficacy (≈65%) against B. cinerea (p ≤ 0.05) compared 

to other crude extracts. The study showed that Helichrysum spp. differ in their potential as a 

source for bioactive compounds and antifungal treatments/formulations. 

Keywords: Phytochemicals, metabolites, antifungal, crude extracts 
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5.2. Introduction  

Crude extracts of medicinal plants have been demonstrated as rich sources of bioactive 

molecules with curative capability. This curative potential is attributed to the complex mixtures 

of bioactive compounds of different chemical classes (Matrose et al., 2021). Allopathic 

medicine is emerging as a new field of research globally as a potential source of novel 

active/functional compounds for new drugs (Rocchetti et al., 2019). In the agricultural sector, 

disease causing fungal pathogens result in serious deterioration of fresh horticultural 

commodities after leaving the farm gate and during storage. Synthetic fungicides and bio-based 

fungicides have been successful in mitigating the impact of these pathogens (Palou, 2016; Lara-

Capistran et al., 2020; Matrose et al., 2021). According to the Fungicides Global Market Report 

(2022), it is estimated that the global fungicides market will grow from a 2021 value of 

approximately $19.32 billion to $20.64 billion in 2022, and to $26.09 billion in 2026. This is a 

huge cost for the management of agricultural produce. Therefore, bioprospecting for new 

natural bioactive compounds with anti-fungal properties as alternatives to existing fungicides 

is crucial. 

Helichrysum (Asteraceae), locally known in South African traditional/folk medicine by a 

collective name as ‘Impepho’, is one of the most used species to combat ailments such as the 

treatment of wounds, burns, pimples, eczema, as well as coughs and colds (Swelankomo, 2004; 

Lourens et al., 2008). Traditional uses of the species also include the treatment of abdominal 

pains, catarrh, headache, fever, menstrual disorders, and urinary tract infections, suggesting 

that these plants possess anti-microbial and -inflammatory effects (Maroyi, 2019).  About 245 

– 250 species, from the genus consisting of roughly 500 - 600 species, are indigenous to South 

Africa (Lourens et al., 2008; Matrose et al., 2021). Several studies have reported on the 

different pharmacological properties of the Helichrysum spp. A recent study by Serabele et al. 

(2021), investigated the chemical profiling and antimicrobial activity of aqueous and methanol 

extracts of H. odoratissimum and H. petiolare. The authors reported significantly higher 

antimicrobial effects of the methanolic extracts obtained from H. odoratissimum against a 

larger selection of bacteria in comparison to H. petiolare extracts. The highest antimicrobial 

effect of the methanolic extracts was against Escherichia coli.  

Furthermore, based on ultra-performance liquid chromatography-mass spectrometry 

(UPLC-MS) analysis, the authors also observed high chemical variation within the two species. 

Moreover, Twilley et al. (2020) investigated the ethanolic extracts of H. odoratissimum as 

multifunctional ingredients in sunscreen formulations. Their study concluded that, H. 

odoratissimum could be considered as useful and viable additives to sunscreen formulations 
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due to its photoprotective effect, antioxidant and anti-inflammatory activity. A gas 

chromatography–mass spectrometry analysis performed by Acimovic et al. (2021) on essential 

oils (EO) of H. italicum detected a total number of 70 EO constituents. This was in support of 

a previous study by Djihane et al. (2017) who investigated the chemical constituents of H. 

italicum EO obtained through hydro-distillation of air-dried and crushed aerial parts of the 

plant and their antimicrobial activity against gram-positive and gram-negative bacteria, 

filamentous fungi, and Candida albicans. The study reported a 0.44% (v/w) EOs yield and the 

presence of 67 compounds (accounting for 99.24% of the oil) with oxygenated sesquiterpenes 

making up 61.42% of the compounds. Furthermore, a study by Lawal et al. (2015) reported 

that monoterpene hydrocarbons (72.9%) and sesquiterpene hydrocarbons (15.6%) are the 

prominent class of compounds present in the EOs (obtained through hydro-distillation of air-

dried and crushed leaves) of the species. The authors suggested that Helichrysum spp. could 

be classified based on the presence of monoterpene and sesquiterpene hydrocarbons.  

Helichrysum spp. has been reported as an ethnopharmacological treasure trove of bioactive 

compounds. Matrose et al. (2021) investigated the impact of spatial variation in H. 

odoratissimum and different extraction solvents (95% ethanol and 70% acetone) on extractable 

yield (soluble solids), total polyphenol content (TP), antioxidant (via 2,2-diphenyl-1-

picrylhydrazyl (DPPH)), and antifungal activity. Their study showed that acetone extracts had 

the highest soluble solids (SS), TP and DPPH capacity (p < 0.05) in comparison with the 

ethanol extracts. However, the authors did not account for the impact of specie variation on the 

activity of the crude extracts. For bioprospecting the Helichrysum spp. it is crucial to construct 

a high-quality database for the crude extracts, structural diversity of the secondary metabolites, 

active compounds, and antifungal/antimicrobial activities.  

Thus, the set hypothesis for this study was that (i) extraction solvents do not influence the 

extractable yield of the Helichrysum spp., and (ii) the antioxidant and antimicrobial activities 

of Helichrysum spp. would be influenced by the chemical composition. Therefore, the aim of 

this study was the comparative analysis of acetone and ethanolic extracts of H. odoratissimum 

and H. patulum. The specific objectives were to compare the secondary metabolite profile and 

phytochemical properties, as well as the antifungal efficacy of the acetone and ethanolic crude 

extracts obtained from H. odoratissimum and H. patulum. 

 

5. 3.  Materials and Methods 
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5.3.1. Plant material 

Fresh plant material (areal parts: leaves and stems) of H. odoratissimum L. [Sweet] 

(Voucher No: HO370) were collected from Botrivier area in the Overberg region, Hermanus, 

South Africa (Latitude: -34°13'0.02" Longitude: 19°12'0") and supplied by AfriNatural (Cape 

Town, South Africa). H. patulum (Voucher No: A9006) was collected in the Tygerberg Nature 

Reserve on the Tygerberg hills in the northern suburbs of Cape Town, South Africa (-33.8793° 

S: 18.5966° E). Figure 5.1 presents images of the Helichrysum spp. prior to processing. Plant 

material (leaves and stems) were immediately air-dried away from direct sunlight upon arrival 

and stored separately at room temperature in the dark at the Agri-Food Systems, Postharvest 

Pathology Laboratory at the ARC Infruitec-Nietvoorbij, Stellenbosch, South Africa until 

processing and extraction.  

 

 
Figure 5.1. Pictures of the two Helichrysum odoratissimum (A), and H. patulum (B) investigated in 

the study.  

 

5.3.2. Processing and extraction  

Using a kitchen blender (91-357, Waring Blendor, USA), air-dried plant materials were 

roughly ground and further milled into fine powder. For each processed Helichrysum spp. 

sample, 250 g was macerated in either 1 L of 95% ethanol (Ethanolsa, South Africa) or 70% 

acetone (Ethanolsa, South Africa), as descried by Matrose et al. (2021). Maceration was carried 

(A) 
(B) 
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out at room temperature (24 °C) with vigorous shaking at regular intervals (8 h) for 72 h using 

a laboshake heavy load shaker (Gerhardt GmbH & Co. KG, Germany).  Following maceration, 

the extracts were filtered through Whatman #4 (Whatman International, Ltd., Maidstone, U K) 

and transferred through a tea strainer into a clean Schott bottle. Further filtration was carried 

out with the use of Sartorius® Cellulose Nitrate (Cellulose Ester) Membrane Filters, 0.2 µm 

(0613114071301823, Sartorius Stedim Biotech, Germany) to eliminate microbial 

contamination. Filtrates were stored under aseptic conditions at 4 °C until further analysis. All 

extractions were conducted in triplicate (n = 3). 

 

5.3.3. Phytochemical analyses 

5.3.3.1. Soluble solids  

The gravimetric approach was used to quantify the soluble solid (SS) content of the crude 

extracts by evaporating aliquots (20 mL) of each filtrate to dryness in the pre-weighed nickel 

moisture dishes on a steam bath. Thereafter, the moisture dishes were dried using a laboratory 

convection oven at 100 °C for 60 min, cooled in a desiccator to room temperature then weighed 

and the SS content calculated and expressed as (mg 100 mL-1). All measurement were carried 

out in triplicate (n = 3).  

5.3.3.2. Total polyphenol analysis 

 BioTek Synergy HT multi-plate reader (BioTek Instruments, Winooski, USA) was used 

to quantify the total polyphenol content of all the crude extracts. The Folin-Ciocalteu method 

by Singleton and Ross (1965), which was further adapted for the micro-palate reader format 

by Arthur et al. (2011) was used in this study. Gallic acid (Sigma-Aldrich, USA) was used as 

the standard for the calibration curve ranging in concentration from 1 mg L-1 to 10 mg L-1. The 

samples stock solutions (1 mg mL-1) were diluted (300 µL sample diluted to a final volume of 

1000 µL with deionized water) to obtain absorbance values within the range of the calibration 

curve. Gallic acid standards (20 µL) with the samples and the assay control (deionized water) 

were transferred in triplicate into a 96-well polystyrene flat-bottomed micro-plate (Greiner bio-

one, Germany). Folin-Ciocalteu’s reagent (10 x diluted; 100 µL) and sodium carbonate (7.5% 

w/v; 80 µL)  (Merck, Germany) solution were added into the reaction mixture, followed by 

mixing of the well contents using an Eppendorf Mix Mate micro-plate shaker (Merck, 

Darmstadt, Germany). The micro-plates were then incubated for 2 h at 30°C to allow for the 

development of a blue-color complex resulting from the oxidation of phenolic compounds. The 
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absorbance was measured at 765 nm and the total polyphenol content (TP) in each extract was 

expressed as g Gallic Acid Equivalents (GAE) 100 g-1 dry weight of the leaves.  

5.3.3.3. Determination of antioxidant activity 

The antioxidant activity of the plant extracts against 2,2–Diphenyl-2-picrylhydrazyl 

(DPPH●) was determined using the method described by Arthur et al. (2011).  The methanolic 

(Merck, Germany) solution (0.05 mg/mL) of DPPH● (Sigma-Aldrich, USA) was prepared, 

covered with foil and sonicated for 5 min. Using the BioTek Synergy HT multiplate reader 

(BioTek Instruments, Winooski, USA), the DPPH●-methanol solution absorbance value was 

adjusted to the range of 0.68 - 0.71 for assay standardization purposes. Trolox (Sigma-Aldrich, 

USA) was used as a calibration standard. A dilution range (1 µg mL-1 to 10 µg mL-1) of Trolox 

standard from stock solution (1mM) was used to prepare a calibration curve in the reaction 

volume. Thirty microliters each of the Trolox standards, samples and assay control (deionized 

water) were transferred in triplicate into corresponding wells of a 96 deep-well plate (Axygen 

Scientific Inc., USA) and 270 µL DPPH● solution (ca 0.7 absorbance value) was added. The 

sample-loaded plate was then sealed with a silicon mat to prevent evaporation of methanoland 

contents mixed for 30 s at 1650 rpm using an Eppendorf MixMate® micro-plate shaker 

(Eppendorf AG, Hamburg, Germany). The micro-plates were then incubated in a dark 

cupboard at room temperature for 2 h (to allow scavenging of DPPH● by the antioxidants, 

leading to a decrease in absorbance of the free radical solution). Thereafter, 200 µL of the 

reaction mixture were transferred into corresponding wells of a polystyrene flat-bottom 96-

well micro-plate (Greiner bio-one, Germany) and the absorbance measured at 515 nm using 

the BioTek Synergy HT multiplate reader. The radical scavenging ability was expressed as 

µmol Trolox Equivalents (TE) /g extract. 

5.3.4. Secondary metabolites  

The relative abundance of secondary metabolites in the Helichrysum spp. extracts were 

quantified by pipetting ≈5 mL of each extract into 20 mL solid-phase micro-extraction (SPME) 

vials. Each vial was allowed to equilibrate for 5 min at 50 °C in the CTC auto-sampler incubator 

at 250 rpm. Volatile compounds trapped in the headspace of the vails were extracted using 

static headspace-SPME) method (Caleb et al., 2013). Subsequently, SPME fibre (50/30 µm) 

coated with divinylbenzene/-carboxen/-polydimethylsiloxane (DVB/CAR/PDMS) was 

exposed to the sample headspace for 10 min at 50°C. After volatile extraction from SHS of the 

vials, desorption of the adsorbed compounds from the fibre coating was carried out in the 
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injection port of the gas chromatography-mass spectrometry (GC–MS) for 10 min, with the 

injector temperature maintained at 250°C. Separation and quantification of the volatile 

compounds were performed on a gas chromatograph using Agilent 6890 N (Agilent, Palo Alto, 

CA), coupled with an Agilent mass spectrometer detector Agilent 5975 MS (Agilent, Palo Alto, 

CA). The system was equipped with a polar ZB-FFAP column (Model No.: ZB 7KM-G009-

17), with a nominal length of 60 m, 0.25 μm internal diameter, and 0.5 μm film thickness. 

Helium gas was used as the carrier gas for these analyses at a flowrate of 2 mL min−1 with a 

nominal initial pressure of 196.0 kPa and an average velocity of 36 cm sec-1. The oven 

temperature program was as follows: 35°C for 5 min; and then ramped up to 50°C at 3 °C min−1 

and held for 3 min, and again ramped up to 120°C at 3°C min−1 with a 5 min holding time. 

Finally, the temperature was ramped up to 240 at 8°C min-1 and held for 5 min. The MSD was 

operated in full scan mode and the ion source and quadrupole temperatures were maintained at 

230°C and 150°C, respectively. The transfer line temperature was maintained at 250°C. 

Compounds were tentatively identified by comparison of retention times (RT) and retention 

index (RI) with those registered in the National Institute of Standards and Technology (NIST 

v. 05, Gaithersbug, MD, USA) and the WHILEY 275 mass spectral libraries. Only compounds 

that occurred across the triplicates and with a correlation coefficient ≥ 80% from the NIST MS 

library were considered for further analysis. For quantification, the calculated relative 

abundances were used. 

 

5.3.5. Antimicrobial activity analysis 

5.3.5.1. Preparation of test fungal pathogens  

The fungal pathogen B. cinerea isolated from infected plums was obtained from 

Agricultural Research Council (ARC) - Plant Protection Institute, Pretoria (Accession number: 

PPRI 7338). South Africa. B. cinerea was cultured on potato dextrose agar (PDA, Merck, 

Johannesburg, South Africa) at 25°C for 3 days for mycelial plugs, and for 7 days to produce 

spores. The cultures of B. cinerea, were maintained on PDA slants at 4°C. Conidia were 

harvested from the medium surface with sterile distilled water, Tween 80 (0.05% W/V) (Batch 

No.: 1006022, Merck, Germany) and gently agitating the plates to dislodge the spores. The 

final inoculum concentration was adjusted to 1 × 105 conidia mL-1 using a haemocytometer 

(Marienfeld, Germany). 
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5.3.5.2. Antifungal activity  

To determine the antifungal activity of the crude extracts against B. cinerea, a disc 

diffusion assay as described by Matrose et al. (2021) was utilized. Sterile Whatman #4 filter 

paper disks (4 mm, ø) were soaked in the respective samples/standards/controls i.e. (a) 

respective crude extracts (250 mg mL-1); (b) in 0.005 mg mL-1 of Rovral®WP (Bayer Crop 

Science, Germany) as negative control (standard); and (c) in the extraction solvents as positive 

controls. The PDA plates were spread-plated with 200 µL suspension of B. cinerea spores. 

Inoculated plates were allowed to dry before the treated discs were aseptically placed at the 

centre. Each plate was sealed with parafilm (DEMIS flexible packaging, Demis, USA), and 

incubated at 25°C for 5 days. The zone of inhibition on day 5 was measured using a digital 

calliper (MAC-AFRIC- Adendorff Machinery Mart, South Africa), the percentage inhibition 

was calculated, and antifungal activity was expressed as % Inhibition. 

 

5.4. Statistical analysis  

The analysis of variance (ANOVA) was performed using the General Linear Models 

Procedure (PROC GLM) of SAS software (Version 9.4; SAS Institute Inc, Cary, USA). 

Fisher’s least significant difference was calculated at the 5% level to compare treatment means 

(Ott and Longnecker, 2010). A probability level of 5% will be considered significant for all 

significance tests. Pearson’s product-moment correlation was performed between variables 

using PROC CORR of SAS software (Version 9.4; SAS Institute Inc, Cary, USA). Principal 

component analysis (PCA) with a correlation matrix was conducted to investigate the 

relationship between the treatments and the different variables measured using XLSTAT 

(Version 2015.1.03.15485, Addinsoft, Paris). All screenings were conducted in triplicates. 

 

5.5. Results and discussion 

5.5.1. Soluble solids 

The results of this study showed that only extraction solvents had significant (p < 0.000) 

effects on the soluble solid (SS) content of both Helichrysum species (Table 5.1). For example, 

the soluble solid yield for H. odoratissimum obtained from the acetone extract (2.9 ± 0.003 g 

100 mL-1) was significantly higher than ethanol soluble solid yield (1.6 ± 0.002 g 100 mL-1). 

A similar pattern was observed for H. patulum, where a SS content of 2.9 ± 0.003 g 100 mL-1 

and 1.6 ± 0.002 g 100 mL-1 was obtained for the acetone and ethanol extracts respectively 
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(Table 5.1). The results of this study agree with the reports by Matrose et al. (2021) who showed 

that acetone as an extraction solvent resulted in higher SS compared to ethanol. The relatively 

higher SS yield obtained with aqueous acetone (70%) could be due to the polarity of the 

solvents as highly polar solvents are known to result in higher extract yield compared to less 

polar solvents.  

 In this study, the results clearly showed that the SS content was influenced by the type 

of extraction solvent, but not by the specie of Helichrysum.  This could be associated  with the 

nature of extraction solvent, and chemical composition of individual species (Hus and Nawaz 

et al. (2020). Several studies have reported the effect of solvents on the SS of plant materials. 

Nawaz et al. (2020) previously investigated the effect of solvent polarity on extraction yield 

and antioxidant properties of phytochemicals from bean (Phaseolus vulgaris) seeds. The 

authors also reported high extract yield obtained from polar solvents extracts and lower 

phenolic contend and compared to non-polar one.   

The polarity of the solvents and the availability of the extractable plant constituents are 

the major contributing factors to variations in extraction yields. Although the polarities of 

acetone and ethanol are 0.36 and 0.65, respectively (Abubakar and Hague, 2020), the polarities 

of the solvent mix were affected by the amount of water in the solvent mix used in the current 

study.  According to Kim et al. (2004), the addition of water to organic solvents increases the 

polarity of the solvents hence the higher SS yield observed in the 70% acetone-based extracts 

compared to the 95% ethanol extracts used in the current study. Matrose et al. (2021) further 

elucidated a significant correlation between highly polar solvents and high extract yield. The 

authors reported a 40% reduction in the soluble solid yield of 95% ethanol than those of 70% 

acetone-based extracts. Therefore, based on the current study and the other studies stated 

above, aqueous acetone was the better extraction solvent to obtain a higher SS from 

Helichrysum species.
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Table 5.1. Effects of variation in Helichrysum spp. and extraction solvents on the total polyphenol (TP), antioxidant capacity (TAC), and soluble solid (SS) 

yield on the crude extracts (on dry weight basis). 

Sample Extraction Solvent TP (g GA 100 g-1)  DPPH: TAC (µmol Trolox g-1) SS (g 100 mL-1) 

H. odoratissimum  Acetone 19.3 ± 0.76A 13251.5 ± 700.55A 2.9 ± 0.003A 

 Ethanol 14.5 ± 0.45B 9280.6 ± 704.01B 1.6 ± 0.002B 

     

H. patulum Acetone 4.9 ± 0.22C 5643.1 ± 259.09C 2.9 ± 0.001A 

  Ethanol 4.4 ± 0.09C 2926.0 ± 138.48D 1.6 ± 0.001B 

ANOVA (p-value)     

Species variation (Spp.)  0.000 0.000 0.405 

Solvent (S)  0.000 0.000 0.000 

Spp. * S   0.000 0.069 0.672 

Pearson Correlation are significant at (p < 0.05)  

Variable 

 

TP (g GA 100 g-1) 
 

 

DPPH: TAC (µmol Trolox g-1) 
 

 

SS (g 100 mL-1) 
 

 

TP (g GA/100g) 
 

1.00 0.97 0.21 

 

DPPH: TAC (µmol Trolox/g) 
 

0.97 1.00 0.43 

SS (g/100 mL) 0.21 0.43 1.00 

Mean values (n = 3) along the rows with different upper-case letters are significantly different based on Duncan's Multiple Range Test at p < 0.05.  

TP = total polyphenol content, DPPH: TAC = Total antioxidant capacity. P-values and R in bold are statistically significant. 
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5.5.2. Volatile compounds analysis  

 Gas chromatography-Mass spectrometry (GC-MS) results of the ethanol and acetone 

extracts of Helichrysum are shown in Table 5.2. In this study, a total of 71 volatile compounds 

belonging to 16 chemical classes were identified in both extracts.  Based on the result obtained, 

the contribution of individual chemical classes from the 70% acetone and 95% ethanol extracts 

of H. odoratissimum differed quantitatively (p < 0.05). The acetone extract of H. 

odoratissimum contained the most volatiles with sesquiterpenoids (40.2%), alkanes (10.6%), 

aromatic hydrocarbons (10.2%), sesquiterpenes (8.7%), monoterpenoids (4.3%), 

monoterpenes (1.8%), terpene (1.2%), epoxide (0.8%), phenylpropene and terpenoids (0.3%), 

and bromodiphenyl ethers (0.2%) were present. On the other hand, the most abundant classes 

of volatile compounds in the ethanolic extracts of H. odoratissimum were sesquiterpenoids 

(37.8%), sesquiterpenes (18.6%), oxanes (14%), alkane hydrocarbons (12.4%), terpene (3.3%), 

monoterpenes (1.9%), terpenoid (1.6%), epoxide, phenylpropene, and bromodiphenyl ethers 

(0.7%), monoterpenoids (0.6%), and aliphatic compounds (0.3%). A similar pattern was 

obtained for H. patulum for each given solvent with lesser percentage concentrations of the 

mostly commonly identified compounds. However, major constituents differed between the 

species.  The acetone extract of H. patulum contained sesquiterpenes (26.8%), sesquiterpenoids 

(19.5%), monoterpenes (12.2%), aromatic hydrocarbons (7.3%), alkane hydrocarbons (7.3%) 

and monoterpenoids (2.4%) as the most abundant classes of volatiles. The ethanol extracts of 

H. patulum showed a similar pattern with sesquiterpenes (29%), sesquiterpenoids (26.3%), 

monoterpenes (13.2%), alkane hydrocarbons (5.3%) and monoterpenoids (2.6%) as the most 

abundant classes of volatiles. Based on these results obtained, the contribution of individual 

chemical classes from the 70% acetone and 95% ethanol extracts of H. patulum  did not differ 

quantitatively (p < 0.05).   

Sesquiterpenoids are imperative derivatives of the terpene class of compounds.  These 

compounds have exhibited different pharmacological activity (Khor and Uzir, 2010), and thus, 

their presence in plant extracts signals a potential for therapeutic effects. Viridiflorol, a 

sesquiterpenoid, was the main compound identified in both Helichrysum spp. and in both 

solvent extracts tested. The relative percentage concentration of viridiflorol in the acetone and 

ethanol extracts of H. odoratissimum was 26.2% ± 1.24 and 16.8% ± 0.31 respectively. The 

relative percentage concentration of viridiflorol in the acetone (17.9% ± 2.15) and ethanol 

(17.0% ± 0.01) extracts of H. patulum was significantly (p < 0.05) lower than that obtained 

from the acetone extracts of H. odoratissimum. Relatively, higher concentrations of alkane 
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hydrocarbons such as tetradecane and hexadecane were identified in the H. odoratissimum 

extracts when compared to the H. patulum extracts regardless of extraction solvent used.  

Furthermore, compounds such as, Xylene, Para-xylene, and α-Pinene oxide were only 

identified in the acetone extracts of H. odoratissimum, whereas the monoterpene:  1,8-Cineole 

(13.6% ± 0.52) was only recorded in the ethanol extract of H. odoratissimum. While relative 

percentage of sesquiterpenes: α-gurjunene (1.2% ± 0.19 and 1.4% ± 0.08),  β-caryophyllene 

(1.2% ± 0.16 and 1.3% ± 0.03), β-selinene (2.2% ± 0.20 and 3.2% ± 0.01) and γ- gurjunene 

(3.2% ± 0.57 and 3.3% ± 0.08), were only identified in the acetone and ethanol extracts of H. 

patulum respectively.  In addition, a high concentration of a fatty acid methyl ester methyl 

cinnamate (cinnamic acid, methyl ester), which is a sesquiterpene was only identified in the 

acetone and ethanol extracts of H. patulum (20.6% ± 0.03 and 19.7% ± 0.05, respectively). On 

the contrary, δ-cadinene was identified as the second major compounds under the 

sesquiterpenoid category, however, significantly high concentrations of δ-cadinene (20.4% ± 

1.30 and 16.1% ± 0.49) were quantified in the acetone and ethanol extracts of H. patulum 

extracts than those of H. odoratissimum (5.5% ± 0.46 and 2.1% ± 0.20).  

UWC https://uwcscholar.uwc.ac.za/



115 
 

Table 5.2. Relative percentage composition of volatile compounds isolated from crude acetone and ethanol extracts of H. odoratissimum (H. od) and H. patulum (H. pat) from Western Cape, 

South Africa. 

 

Classification  Compounds  RT RI 

Samples and extraction solvent 

Acetone Ethanol 

H. od H. pat H. od H. pat 

Alkane hydrocarbons Undecane 16.39 180.44 1.1 ± 0.36A 0.4 ± 0.16C 1.8 ± 0.35A 0.5 ± 0.05B 

 Dodecane (CAS) 21.83 200.12 4.3 ± 0.29A 0.8 ± 0.17C 3.4 ± 0.39B 0.9 ± 0.06C 

 Tetradecane (CAS) 33.14 236.21 3.2 ± 0.69B 1.1 ± 0.20C 4.1 ± 0.06A nd 

 Hexadecane (CAS)  43.08 268.29 0.7 ± 0.02B nd 1.8 ± 0.05A nd 

 4,5-dimethyl-11-methylenetricyclo [7.2.1.0 (4.9)] dodecane 45.42 n/a 0.1 ± 0.00B nd 0.8 ± 0.09A nd 

Alkylbenzene Benzene, 1,2,3,5-tetramethyl- 35.18 1129.0 0.9 ± 0.00A 0.1 ± 0.02B nd nd 

 Benzene, 1,2,4,5-tetramethyl- (CAS)  34.68 1124.7 1.1 ± 0.02 nd nd nd 

 Benzene, 1,2,4-trimethyl- 27.32 1005.5 0.2 ± 0.08 nd nd nd 

Aromatic ether Diphenyl ether 53.12 1525.0 0.2 ± 0.00B 0.1 ± 0.11B  0.6 ± 0.14A nd 

Aromatic hydrocarbons Toluene 13.64 785.29 0.4 ± 0.04A 0.1 ± 0.02B nd nd 

 Benzene, ethyl- (CAS) 18.51 850.6 0.4 ± 0.08A 0.1 ± 0.03B nd nd 

 Para-xylene 19.02 852.1 0.8 ± 0.01 nd nd nd 

 M-xylene  19.42 848.4 3.8 ± 0.01A 1.1 ± 0.18B nd nd 

 Xylene 22.05 909.1 1.4 ± 0.69 nd nd nd 

Bicyclic hydrocarbon 6,7-Dimethyltetralin-1,5,8-trione 44.72 n/a nd nd nd 4.5 ± 0.18 

Epoxide α-Pinene oxide 48.63 948.55 0.3 ± 0.08 nd nd nd 

 Caryophyllene oxide 52.43 1578.0 0.2 ± 0.01B 0.2 ± 0.03B 0.5 ± 0.16A 0.7 ± 0.13A 

Fatty acid methyl esters  Methyl cinnamate (Cinnamic acid, methyl ester) 52.00 1399 nd 20.6 ± 0.03A nd 19.7 ± 0.05B 

Monoterpenes  β-pinene 16.90 985.97 0.8 ± 0.08B 1.2 ± 0.22AB 0.9 ± 0.18B 1.3 ± 0.10A 

 Limonene 22.31 1024.53 0.8 ± 0.01A 0.3 ± 0.05B 0.7± 0.07A 0.3 ± 0.02B 

 1,8-Cineole (Eucalyptol) 22.96 1027.66 nd nd 13.6 ± 0.52 nd 

 γ-terpinene 25.00 1055.82 nd 0.1 ± 0.03A nd 0.1 ± 0.06A 

 Trans-β-ocimene 24.60 1040.0 nd 0.2 ± 0.05  nd nd 

 Cis-β-ocimene 24.70 1095.0 nd nd nd 0.4 ± 0.05 

 o-cymene 26.54 1029.0 1.8 ± 0.35A 0.1 ± 0.02C 0.5 ± 0.03B nd 

 Para-cymene  26.76 1017.61 0.5 ± 0.02A nd nd 0.2 ± 0.01B 

 Neo-allo-ocimene 45.19 1135.0 0.2 ± 0.00A nd 0.2 ± 0.12A nd 

Monoterpenoids Terpinolene 27.10 1404.0 0.4 ± 0.07 0.1 ± 0.01 nd nd 

 Verbenyl ethyl ether 31.90 1382.0 nd nd nd 0.3 ± 0.01 
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Table  5.2 (Continued) 

Main Class  Compounds  RT RI 

Samples and extraction solvent 

Acetone Ethanol 

H. od H. pat H. od H. pat 

Naphthalenes Naphthalene, 1,2-dihydro-1,1,6-trimethyl 52.40 1454.0 nd 0.2 ± 0.06 nd nd 

Phenylpropene Methyl eugenol 52.93 1401.0 0.3 ± 0.02B nd 0.5 ± 0.08A nd 

Sesquiterpene α-copaene 37.46 1378.0 nd nd 0.8 ± 0.08B 1.9 ± 0.04A 

 α-gurjunene 39.40 1408.0 nd 1.2 ± 0.19A nd 1.4 ± 0.08A 

 Trans-α-bergamotene 42.60 1438.0 nd 2.4 ± 0.38 nd nd 

 α-guaiene 42.90 1440.0 nd 0.4 ± 0.04A nd 0.4 ± 0.02A 

 β-caryophyllene 43.35 1407.76 0.6 ± 0.01B 1.2 ± 0.16A 0.7 ± 0.39AB 1.3 ± 0.03A 

 β-selinene 46.10 1496.0 nd 2.2 ± 0.20B nd 3.2 ± 0.01A 

 γ-gurjunene 46.89 1479.0 nd 3.2 ± 0.57A nd 3.3 ± 0.08A 

 α-muurolene 46.96  1499.0 0.4 ± 0.16B nd 0.9 ± 0.01A 0.1 ± 0.07C 

 δ-guaiene  47.30 n/a 0.3 ± 0.01B 0.2 ± 0.02C 6.6 ± 0.81A 0.1 ± 0.00D 

 α-selinene 47.41 1505.0 0.5 ± 0.04A nd 0.6 ± 0.05A nd 

 β-bisabolene 47.52 1505.0 1.1 ± 0.01C 3.5 ± 0.42A 1.8 ± 0.07B 3.5 ± 0.06A 

 δ-cadinene 48.36 1500.0 5.5 ± 0.46C 20.4 ± 1.30A 2.1 ± 0.20D 16.1 ± 0.49B 

 1,2,3,4,4A,7-Hexahydro-4-Isopropyl-1,6-dimethyl-naphthalene  49.00 1515.0 nd 0.2 ± 0.01 nd nd 

 α-cadinene 49.21 1541.0 nd nd  nd 0,1 

 Cycloisolongifolene 49.40 n/a nd 0.5 ± 0.01A  5.0 ± 0.02A nd 

Sesquiterpenoids α-Bergamotene 41.70 1438.0 nd 0.4 ± 0.07B nd 1.2 ± 0.02A 

 6,10,11,11-tetramethyl-tricyclo [6.3.0.1(2,3)] undec-1(7)ene 43.52 n/a 0.8 ± 0.08B 0.6 ± 0.06C 2.0 ± 0.54A 0.6 ± 0.03C 

 (+)- Aromadendrene 43.74 1453.6 2.7 ± 0.00A nd 0.3 ± 0.05B nd 

 Valencene 45.00 1715.0 nd nd nd 0.2 ± 0.17 

 Alloaromadendrene 45.18 1635.0 1.2 ± 0.02C 1.9 ± 0.23B 1.0 ± 0.04D 3.0 ± 0.17A 

 α-humulene 45.99 1446.0 nd 0.1 ± 0.01A nd 0.1 ± 0.01A 

 Trans-β-farnesene 46.36 1723.0 0.4 ± 0.02C 2.1 ± 0.25A 1.4 ± 0.03B 2.1 ± 0.02A 

 α-amorphene 46.50 1681.0 nd 0.6 ± 0.07A nd 0.6 ± 0.01A 

 α-cubebene 46.55 1351.0 nd 1.3 ± 0.85 nd nd 

 Ledene 46.77 1570.0 5.6 ± 0.08A 3.5 ± 0.18B 2.8 ± 0.07C 3.1 ± 0.07C 

 Calarene 48.43 1544.0 0.3 ± 0.001B nd 4.8 ± 0.55A 0.2 ± 0.19B 

 1S, Cis-calamenene 50.08 1526.0 0.4 ± 0.01B nd 0.7 ± 0.05A 0.4 ± 0.01B 

 Geranyl acetone 50.38 1452.0 0.2 ± 0.03 nd nd nd 
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Table  5.2 (Continued) 

Main Class  Compounds  

RT RI 

Samples and extraction solvent 

  Acetone Ethanol 

  H. od H. pat H. od H. pat 

Sesquiterpenoids α-Calacorene 51.80 1538.0 nd nd  nd 1.5 ± 0.02 

 Cadina-1(2),4-diene 54.04 1515.0 nd 0.1 ± 0.07B 0.4 ± 0.08A nd 

 Viridiflorol 54.25 1593.0 26.2 ± 1.24A 17.9 ± 2.15B 16.8 ± 0.31B 17.0 ± 0.01B 

 Valeranone 55.00 1668.0 nd nd nd 0.1 ± 0.26 

 Epi-bicyclosesquiphellandrene 55.41 1488.0 nd nd 0.4 ± 0.06 nd 

 T-Muurolol 55.57 1640.0 0.3 ± 0.08B nd 0.8 ± 0.25A 0.2 ± 0.00B 

 Pogostol 55.97 1656.0 nd 0.5 ± 0.05B 2.9 ± 0.42A 0.4 ± 0.07B 

 1,4-dimethyl-7-(1-methylethyl) azulene 56.30 1772.0 nd 0.2 ± 0.03C 0.6 ± 0.17A 0.3 ± 0.00B 

 10,10-Dimethyl-2,6-dimethylenebicyclo [7.2.0] undecan-5β-ol 57.11 1644.2 nd nd 0.2 ± 0.09 nd 

Terpene α-pinene 12.19 917.0 0.8 ± 0.001B 0.9 ± 0.16B 1.6 ± 0.25A 1.9 ± 0.14A 

 2-Pentadecanone, 6,10,14-trimethyl-  54.34 1844.0  0.2 ± 0.08B nd 0.8 ± 0.03A nd 

Terpenoids Azulene 48.19 1311.0 0.3 ± 0.03B 0.1 ± 0.02C  1.9 ± 0.05A nd 

Mean values (n = 3) along the rows with different letters are significantly different based on Duncan's Multiple Range Test at p ≤ 0.05. All volatile compounds were 

tentatively identified by comparing the data of the MS with spectral data from the NIST v. 05 and the WHILEY 275 mass spectral libraries. RT: Retention time (min), nd: 

implies not detected or below MS detection level, na: implies not available, *ortho-fused.
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In this study, the concentration of alkylbenzene and aromatic hydrocarbons in the ethanol 

extracts of both H. patulum and H. odoratissimum were below the detection limit, suggesting 

that the type of solvent could affect the volatile compound composition of the extracts. This 

could be due to the high concentration of ethanol (95%) in the extraction solvent. Feng et al. 

(2022) reported that high ethanol concentration leads to protein denaturation, preventing the 

dissolution of polyphenols leading to lowered extraction rate. In addition, acetone has the 

ability to dissolve both polar and nonpolar substances while ethanol amongst other solvents 

can only dissolve one or the other. The findings from this study are consistent with the results 

of De Canha et al. (2020), who reported a relatively high abundance of sesquiterpenoids and 

sesquiterpenes in the crude methanolic extracts of H. odoratissimum obtained from KwaZulu 

Natal. An earlier report by Gundidza and Zwaving (1993) also reported similar results in H. 

odoratissimum from Zimbabwe, with sesquiterpenoids (> 22.6%) as major components. 

Similarly, Bougatsos et al. (2003) reported the sesquiterpenoids (β-caryophyllene, 30.7%) as a 

major component of both H. kraussii and H. rugulosum, respectively. It is noteworthy that, the 

phytochemistry reported for the crude plant extract of H. odoratissimum and H. patulum in this 

study differs in the relative abundance of major and minor chemical classes from those reported 

in the literature for essential oil. For instance, Najar et al. (2019) identified α- and β-pinene 

(27.6% and 44.9%, respectively) as the major compounds in the essential oils of H. patulum. 

It is, however, noteworthy that factors such as extraction solvent, plant parts, extraction 

method, sample type (crude extracts or essential oils), geographical location and species used, 

play a crucial role in the extract yield and chemical constituents (Matrose et al., 2021).  

5.5.3. Total polyphenol content (TP) 

Table 5.1 presents the TP content of the acetone and ethanol extracts of H. 

odoratissimum and H. patulum. The plant species and extraction solvent had a significant 

impact on the TP content, with the highest TP content (19.3 g GA 100 g-1 ± 0.76) found in the 

acetone extracts of H. odoratissimum (p = 0.000). Overall, TP content for the acetone and 

ethanolic extracts of H. odoratissimum (19.3 g GA 100 g-1 ± 0.76 and 14.5 g GA 100 g-1 ± 0.45, 

respectively) were significantly higher than that in H. patulum for both extracts (4.9 g GA 100 

g-1 ± 0.22 and 4.4 g GA 100 g-1 ± 0.09), respectively. 

These findings were consistent with the literature, as previous studies have also reported 

that different extraction solvents significantly affected the extraction yield of TP (Nguyen et 

al., 2020). There is limited data about the TP content of Helichrysum species stem and leaf 

extracts. Matrose et al. (2021) reported a 25% difference in the TP content of extracts of the 
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stems and leaves of H. odoratissimum obtained with 70% acetone and 95% ethanol. This 

discrepancy could be related to the polarity of the solvents used, as Iloki-Assanga et al. (2015) 

reported that the extractable phenolic compounds depended on the type of solvent used, its 

polarity index and solubility of phenolic compounds in the extraction solvent. Another study 

by Borges et al. (2019) reported a reduction in the active compounds obtained using 90% 

ethanol for pomegranate (peel, leaf, mesocarp and seed) extracts compared to the 50% and 70% 

ethanol extracts. The reduction in TP was associated with the highest solvent concentration of 

ethanol. Generally, high ethanol concentration leads to protein denaturation, preventing the 

dissolution of polyphenols leading to a lowered extraction rate (Feng et al., 2022).  Ngo et al. 

(2017) also observed the highest extraction yield of TP using 50% (v/v) water- methanol, 

methanol and acetone for Saptarangi (S. chinensis L.). The authors reported that the 50% 

acetone extract had high levels of bioactive compounds compared to 50% methanol and 

ethanol, thus confirming that 50% acetone was the most efficient solvent. In addition, Iloki-

Assanga et al. (2015) reported the highest TPs from Bucida buceras extracted using pure 

acetone, and the highest TPs from Phoradendron califonicum using water and pure methanol.  

The differences observed could be owed to the solubility and selectivity of plant compounds 

by solvents regardless of their similarity of the solvent’s polarity index.   

 

5.5.4. Antioxidant activity 

The results obtained in this study showed that the DPPH scavenging capacity of H. 

odoratissimum and H. patulum extracts were strongly dependent on the extraction solvents 

(Table 5.1). Generally, H. odoratissimum had the highest free radical scavenging capacity 

(13252 μmol TE g− 1 ± 701 and 9281 μmol TE g− 1 ± 704) in the extracts obtained with 70% 

acetone and 95% ethanol, respectively (p < 0.05). In contrast, extracts from H. patulum showed 

lower scavenging activity (5643 μmol TE g− 1 ± 259 and 2926 μmol TE g− 1 ± 139, for 70% 

acetone and 95% ethanol, respectively). It is also noteworthy that acetone was the better solvent 

for extracting compounds with antioxidant activity from both Helichrysum species. Results in 

the current study were supported by various studies that reported on the influence of extraction 

solvents and discrepancies in the chemical profiles on the antioxidant capacity of different 

plants of the same genus. Even though the two species were obtained from the same agro-

climatic zones, the differences observed in their antioxidant capacity could be due to a couple 

of factors (i.e., variability in the chemical composition of each plant species, selectivity of 
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solvents and the solubility of plant chemical compounds), which affects extraction yield (Kallel 

et al., 2014; Iloki-Assanga et al., 2015; Azabou et al., 2020; Matrose., et al., 2021).  

Lim et al. (2019) investigated the correlation between the extraction yield of mangiferin 

and the antioxidant activity, total phenolic and total flavonoid content of Phaleria macrocarpa 

fruits and reported significant (p < 0.05) correlations between the extraction solvent 

(methanol), extraction method, extraction yield of mangiferin and DPPH scavenging capacity. 

In addition, Swarts (2006) investigated the chemical profile of essential oils obtained from H. 

patulum, the author reported high antioxidant activity of the oils which is allied to the presence 

of the phenolic constituent, arbutin. An earlier study by Takebayashi et al. (2010) also reported 

on the weak antioxidant activity of arbutin, with the authors reporting that the antioxidant 

potency of the compound was directly dependent on the type of assay employed. Furthermore, 

there are several studies that showed a strong correlation between DPPH and TP content, which 

could explain the higher DPPH scavenging ability of H. odoratissimum than H. patulum. For 

instance, the results of this study indicated a significant (p < 0.05) correlation between the total 

polyphenol content and the DPPH scavenging capacity of the extracts (Table 5.1).  

In addition, the GC-MS analysis in this study identified higher concentrations of the 

alkane hydrocarbons (tetradecane and hexadecane) in the H. odoratissimum extracts. These 

could be responsible for the higher antioxidant activity obtained from the H. odoratissimum 

extracts than the H. patulum extracts. This could be supported by the findings of Ashraf et al. 

(2018). The authors compared the chemical composition, antioxidant and antimicrobial 

activities of essential oils obtained from different parts (leaves and stems) of Daphne 

mucronata Royle. Their study reported a significantly higher antioxidant activity in the 

essential oils obtained from the leaves than that of the stems and linked that to the presence of 

the alkane hydrocarbons - pentadecane (12.75%), 2-methyl hexadecane (8.90%), 7,9-dimethyl 

hexadecane (8.90%), tetradecane (7.32%), 5-Propyl decane (6.16%), 2,3,5,8 tetramethyl 

hexadecane (5.81%), 2-methyl6-propyl dodecane (5.11%), 5-methyl tetradecane (5.10%). 

Generally, most of these compounds are reported to exhibit high antioxidant and high microbial 

effects (Subramaniam et al., 2012). 

5.5.5. Antifungal activity 

The extracts obtained from H. odoratissimum and H. patulum using acetone and ethanol 

exhibited the highest percentage inhibition of B. cinerea growth (Fig. 5.2). The percentage 

inhibition obtained with the ethanol extracts of H. patulum and H. odoratissimum (65% and 
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51% respectively), were higher than the inhibition observed with the acetone extracts (35% 

and 53% respectively). The antifungal effects produced by the positive control Rovral® WP 

(91%) against the B. cinerea was however significantly higher (p < 0.05) than all plant extracts,  

while no growth inhibition was observed with the negative controls (i.e., extraction solvents). 

These observations indicated that the extraction solvents did not play a role in the inhibitory 

effects of the crude extracts. 
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Figure 5.2. (A) Antifungal screening of aqueous acetone and ethanol extracts of H. odoratissimum (L.) and H. patulum by disk diffusion method against Botrytis cinerea. Mean 

values (n = 9) of microbial percentage inhibition with standard error bars. Different letters are significantly different based on Duncan's Multiple Range Test at p < 0.05. (A) 

Pareto analysis showing the effects of extraction solvent, variation in Spp., and interaction effects at 95% confidence indicated as the vertical red line. *Colour only online.
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Generally, H. patulum exhibited a greater antifungal effect in comparison with H. 

odoratissimum. The findings of the current study were in support of the previous study by 

Louranse et al. (2008). The authors showed that H. patulum had antimicrobial activity against 

Staphylococcus aureus in the disc diffusion assay that was comparable to that of the positive 

control: ciprofloxacin. Phytochemical studies conducted in H. patulum extracts or essential oils 

evidenced the presence of different compounds with high microbicidal activity. The observed 

antifungal effects of the ethanol and acetone extracts of H. patulum could be attributed to the 

abundant content of methyl cinnamate (cinnamic acid), as fatty acid methyl esters have been 

reported to possess high microbicidal effects (Chadrasekaran et al., 2008). In addition to that, 

high levels of δ-cadinene detected in the acetone and ethanol extracts of H. patulum (20.4% ± 

1.30 and 16.1% ± 0.49, respectively) could also be responsible for the antimicrobial effects 

observed as this compound has been indicated as a major compound in numerous plant extracts 

that showed high antimicrobial effects. Khundu et at. (2013), evaluated 5 cadinene derivatives 

(cadinan-3-ene-2,7-dione, 7-hydroxycadinan-3-ene-2-one, 5,6-dihydroxycadinan-3-ene-2,7-

dione, cadinan-3,6-diene-2,7-dione, and 2-acetyl-cadinan-3,6-diene-7-one) fractionated from 

the ethyl acetate extract of the leaves of Eupatorium adenophorum, with all compounds 

exhibiting a high but selective antifungal activity.    

According to Najar et al. (2020), sesquiterpenes are evident antimicrobials. The authors 

further noted compounds such as the epoxide; caryophyllene oxide, and the sesquiterpenoid; 

viridiflorol as having high antimicrobial activity. Interestingly in the current study, a high 

presence of the latter compound was detected in all extracts tested. A previous study by 

Gonzalez et al. (2012), identified δ-cadinene as a major compound in the methanol extracts of 

Xenophyllum poposum, with the authors associating the high antifungal activity of the extracts 

with the presence of the compound. As aforementioned, even though not in high 

concentrations, β-selinene and γ-gurjunene were only identified in H. patulum extracts. High 

antimicrobial activity of these sesquiterpenes has been reported by Salleh et al. (2015), with 

the authors further noting a direct correlation between total polyphenol content of the extracts 

and the antimicrobial activity. 

5.6. General conclusion 

This study showed that based on the Pareto analysis, the extraction solvent had a greater 

impact on the antifungal efficacy (percentage inhibition) against B. cinerea than the specie of 

Helichrysum. The GC-MS profiling of H. odoratissimum and H. patulum showed a distinct 

variation in the presence of secondary metabolites. Viridiflorol, a sesquiterpenoid with known 
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antimicrobial activity was most abundant in the 70% acetone crude extract of H. 

odoratissimum. Similarly, δ-cadinene was most abundant in the 70% acetone crude extract of 

H. patulum. The fatty acid methyl ester (methyl cinnamate) was only detected in the ethanolic

extract of H.  patulum. In addition, H. odoratissimum had the highest free radical scavenging 

capacity for the extracts obtained with 70% acetone and 95% ethanol, while extracts from H. 

patulum showed lower scavenging activity than those from H. odoratissimum. High 

antioxidant activity was consistent with the total polyphenol content. Thus, this study 

emphasises the importance of species variation in bioprospecting for new plant-based bioactive 

compounds. Also, extraction solvents play a crucial role in the availability, bioactivity, and 

antifungal efficacy of bioactive compounds. 
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Chapter 6 

Impact of spatial variation and extraction solvents on bioactive compounds, 

secondary metabolites and antifungal efficacy of South African Impepho 

[Helichrysum odoratissimum (L.) Sweet]. 
Published as: Matrose, A.N., Belay, Z.A., Obikeze, K., Mokwena, L., Caleb, 

O.J. (2022). Impact of spatial variation and extraction solvents on bioactive 

compounds, secondary metabolites and antifungal efficacy of South African 

Impepho [Helichrysum odoratissimum (L.) Sweet]. Food Bioscience, 4 

2.101139 

6.1 Summary 

Extracts of indigenous plants and bioactive compounds isolated from them have been 

explored as a control for several diseases and pathogens of plants and fruit. This study 

investigated the impact of spatial variation and extraction solvents on the antioxidant 

properties, secondary metabolite profile and antifungal activity (against Botrytis cinerea) of 

Helichrysum odoratissimum (L.). Fresh H. odoratissimum were harvested from two different 

agro-climatic sites of South Africa: Western Cape (WC) and KwaZulu Natal (KZN) provinces. 

Crude extracts were prepared using 95% ethanol and 70% acetone as solvents and the 

secondary metabolite content of the extracts quantified using gas chromatography-mass 

spectroscopy (GC-MS). Rovral® WP was used as the positive control in the antifungal study. 

A total of 18 chemical classes of secondary metabolites were identified in the extracts. 

Sesquiterpenoids were found to be the most abundant class of compounds (31% - 40%), 

followed by sesquiterpenes (9% - 40%) and alkanes (7% - 12%). The acetone extract of H. 

odoratissimum from KZN had the highest concentration of sesquiterpenes, and the highest 

abundance of viridiflorol was found in the extracts of the plant collected in the WC (26% and 

16.8% for acetone and ethanol extracts respectively). The acetone extracts of H. odoratissimum 

from WC and KZN had the highest soluble solids (SS), total phenols (TP) and DPPH radical 

scavenging capacity (p ≤ 0.05). All extracts of H. odoratissimum exhibited considerable 

inhibition of the growth of B. cinerea when compared to the control.  

Keywords: Sesquiterpenoids, crude extracts, total phenols, scavenging capacity, alkanes 
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6.2. Introduction  

Helichrysum (Asteraceae) is a large genus consisting of approximately 500 - 600 species, 

of which about 245 – 250 are indigenous to South Africa (Hillard, 1983). Several. The most 

common Helichrysum species found in South Africa include H. asperum, H. callicomum, H. 

cymosum, H. dasyanthum, H. excisum, H. felinum, H. odoratissimum, H. petiolare, and H. 

rosum (Reddy, 2007; Lourens et al., 2008).  H. odoratissimum (L.) Sweet (HO) is an aromatic 

herbaceous shrub commonly known as ‘Impepho’ in Xhosa and Zulu, and ‘Kooigoed’ in 

Afrikaans. It flowers throughout the year producing bright yellow flowers, which gives rise to 

the genus name, which refers to the flowers’ golden colour (Twilley et al., 2017). As shown in 

Figure 6.1, H. odoratissimum (L.) [Sweet] is widely distributed throughout South Africa and 

the neighbouring countries, across different agro-climatic zones (Swelankomo, 2004; De 

Canha et al., 2019). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.1. Geographical distribution of H. odoratissimum. (Average annual weather report - 

https://www.worldweatheronline.com/). 

 

Helichrysum species have been reported to be used traditionally to combat a vast number 

of ailments including the treatment of wounds, burns, pimples and eczema as well as coughs 

and colds (Swelankomo, 2004; Lourens et al., 2008). In addition, Helichrysum sp. is reported 

to be used for various cultural or religious purposes. Leaves and stems are widely used as 

incense to invoke the goodwill of the ancestors, and the smoke is considered a sedative and 

helpful for insomnia. Furthermore, in the Eastern Cape of South Africa, locals inhale it as a 
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protective cleanser (Hutchings et al., 1996; Twilley et al., 2017; Akaberi et al., 2019; De Canha 

et al., 2019). In Lesotho, leaves and stems of the plant is burned to fumigate sick rooms as a 

repellent for parasitic insects (Swelankomo, 2004; Lourens et al., 2008). Helichrysum has a 

strong distinct smell, which substantiates its wide use in perfumes (Lawal et al., 2015). 

Although many research and review articles have reported on the pharmacological 

properties of the Helichrysum sp., few studies have investigated the pharmacological properties 

and chemical composition of H. odoratissimum extracts. Legoale et al. (2013) reported about 

the antioxidant properties of flavonoids from the n-hexane, dichloromethane and acetone 

extracts of H. odoratissimum flowers. Furthermore, Watcho et al. (2019) investigated the 

anticancer effects of the aqueous and methanolic extracts of H. odoratissimum in 

cyclophosphamide-induced reproductive toxicity in male rats. The authors reported a 

significant reversal of cyclophosphamide-induced reproductive toxicity in male rats treated 

with H. odoratissimum extracts. Investigating the anti-acne potential of the methanolic extracts 

of H. odoratissimum, de Canha et al. (2020) reported a potent antimicrobial activity against 

Cutibacterium acnes, with a minimum inhibitory concentration (MIC) of 7.81 µg mL-1. The 

gas chromatography-mass spectrometry (GC-MS) analysis performed in the same study, 

identified caryophyllene (8.12%), α-humulene (3.94%) and α-curcumene (3.74%) as the major 

constituents of the methanolic extract. Extensive research conducted on H. odoratissimum from 

African countries has further indicated that monoterpenoids and sesquiterpenoids are the 

prominent class of compounds obtained from the oil extracts of the species (Asekun et al., 

2007; Lawal et al., 2015). For instance, Lawal et al. (2015) reported monoterpene hydrocarbons 

(72.9%) and sesquiterpene hydrocarbons (15.6%) as the prominent class of compounds present 

in the oil (obtained through hydro-distillation of air-dried and crushed leaves) of H. 

odoratissimum from KwaZulu Natal, South Africa. The authors highlighted the influence of 

geographical location and extraction method on the chemical composition of the extracts. 

Asekun et al. (2007) demonstrated that the major bioactive compounds of H. odoratissimum 

could vary due to postharvest handling processes.  

To the best of our knowledge, most of the studies on H. odoratissimum have been focused 

on the essential oil extracts. Therefore, the objectives of this study were to investigate the 

influence of geographical location (agro-climatic zone) of H. odoratissimum and solvents used 

in the extraction (ethanol and acetone) on: (a) the presence of bioactive compounds, (b) the 

relative abundance of various chemical constituents, and (c) the antifungal activity against B. 

cinerea isolated from infected plums. The hypotheses for this study were: (a) that spatial 

variation (i.e. growing regions) and the solvents used in extraction would have a crucial impact 
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on the antioxidant capacities, relative abundance of prominent classes of volatile compounds 

and antifungal activities of H. odoratissimum. 

 

6.3 Materials and Methods 

6.3.1 Plant material 

Fresh plant material (aerial parts: leaves and stems) of H. odoratissimum L. [Sweet] from 

the Western Cape (WC) province were collected from the Botrivier area in the Overberg region, 

Hermanus, Southeast of Cape Town (Latitude: -34°13'0.02" Longitude: 19°12'0") and supplied 

by AfriNatural (Voucher No.: HO370). The samples from KwaZulu Natal (KZN) province 

were collected from the banks of the Tugela River area in Dakeni, Zulu land,  KZN (Latitude: 

29°24’52”S  Longitude: 29°54’48”E) and supplied by South Africa Muthi-Futhi (Voucher No.: 

MF-HEL-20148). The average annual weather report for these regions is summarized in Figure 

6.1. The plant material was delivered in dried form to Agri-Food Systems, Postharvest 

Pathology Laboratory at the ARC Infruitec-Nietvoorbij, Stellenbosch, South Africa. 

 

6.3.2 Processing and extraction  

The plant material (leaves and stems) was immediately air-dried away from direct 

sunlight. After drying, the plant material was roughly ground and further milled into finer 

powder using a kitchen blender (91-357, Waring Blendor, USA). To prepare the acetone and 

ethanol extracts, 250 g of the milled powder of H. odoratissimum was macerated with 1 L of 

70% acetone (Ethanolsa, South Africa) and 95% ethanol (Ethanolsa, South Africa) 

respectively, according to the method described by Alkhail (2005). Maceration occurred at 

room temperature (24 °C) for 72 h, with vigorous shaking at regular intervals (8 h) using a 

Laboshake heavy-load shaker (Gerhardt GmbH & Co. KG, Germany). After 72 h of 

maceration, the extracts were decanted through a tea strainer into a clean Schott bottle and 

thereafter filtered through a Whatman #4 filter paper (Whatman International, Ltd., Maidstone, 

U K) at room temperature. The filtrates were filtered further using Sartorius® Cellulose Nitrate 

(Cellulose Ester) Membrane Filters, 0.2 µm (0613114071301823, Sartorius Stedim Biotech, 

Germany) to control bacterial and yeast contamination of the extracts. Aliquots of the filtrates 

were stored aseptically at 4 °C until further analysis.  

 

6.3.3 Determination of soluble solids  

The soluble solid content of the extracts was gravimetrically determined by evaporating 

aliquots (20 mL) of each filtrate to dryness in pre-weighed nickel moisture dishes on a steam 
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bath. Thereafter, the moisture dishes were dried using a laboratory convection oven at 100 °C 

for 60 min. The moisture dishes were cooled to room temperature in a desiccator, weighed and 

the soluble solid (SS) content calculated and expressed in mg 100 mL-1. All gravimetric 

measurements were conducted in triplicate (n = 3). 

 

6.3.4 Gas chromatography-Mass spectrometry (GC-MS) analysis  

To quantify the relative abundance of secondary metabolites of H. odoratissimum 

extracts obtained from WC and KZN, ≈5 mL of extract was pipetted into 20 mL vials. Each 

vial was allowed to equilibrate for 5 min at 50 °C in the CTC auto-sampler incubator at 250 

rpm. Volatile compounds trapped in the headspace of the vails were extracted using the static 

headspace solid-phase micro-extraction (SHS-SPME) method (Caleb et al., 2013). 

Subsequently, SPME fibre (50/30 µm) coated with divinylbenzene/-carboxen/-

polydimethylsiloxane (DVB/CAR/PDMS) was exposed to the sample headspace for 10 min at 

50 °C. After volatile extraction from SHS of the vials, desorption of the adsorbed compounds 

from the fibre coating was carried out in the injection port of the gas chromatography-mass 

spectrometry (GC–MS) for 10 min. The injector temperature was maintained at 250 °C. 

Separation and quantification of the volatile compounds were performed on a gas 

chromatograph using Agilent 6890 N (Agilent, Palo Alto, CA), coupled with an Agilent mass 

spectrometer detector Agilent 5975 MS (Agilent, Palo Alto, CA). The system was equipped 

with a polar ZB-FFAP column (Model No.: ZB 7KM-G009-17), with a nominal length of 60 

m, 0.25 μm internal diameter, and 0.5 μm film thickness. Helium gas was used as the carrier 

gas for these analyses at a flow of 2 mL min−1 with a nominal initial pressure of 196.0 kPa and 

an average velocity of 36 cm sec-1. The oven temperature program was as follows: 35°C for 5 

min; and then ramped up to 50 °C at 3 °C min−1 and held for 3 min,  and again ramped up to 

120 °C at  3°C min−1 with a 5 min holding time. Finally, the temperature was ramped up to 240 

at 8 °C min-1 and held for 5 min. The MSD was operated in full scan mode and the ion source 

and quadrupole temperatures were maintained at 230 °C and 150 °C, respectively. The transfer 

line temperature was maintained at 250 °C. Compounds were tentatively identified by 

comparison of retention times (RT) and retention index (RI) with those registered in the 

National Institute of Standards and Technology (NIST v. 05, Gaithersbug, MD, USA) and the 

WHILEY 275 mass spectral libraries. Only compounds that occurred across the triplicates and 

with a correlation coefficient ≥ 80 % from the NIST MS library were considered for further 

analysis. For quantification, the calculated relative abundance values were used. 
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6.3.5 Total polyphenol analysis 

The total polyphenol content of H. odoratissimum extracts was determined using the 

BioTek Synergy HT multiplate reader (BioTek Instruments, Winooski, USA), according to the 

Folin-Ciocalteu method by Singleton and Ross (1965) and further adapted for micro-palate 

reader format by Arthur et al. (2011). Gallic acid (Sigma-Aldrich, USA) was used to prepare a 

calibration curve ranging in concentration from 1 mg L-1 to 10 mg L-1. Stock solutions (1 mg 

mL-1) of the plant extracts were prepared by maceration as described in section 2.2 of chapter 

2. Three hundred microliters of the stock solutions were diluted to a final volume of 1000 µL 

with deionized water to obtain absorbance values within the range of the calibration curve. 

Twenty microliters each of the gallic acid standards, samples and the assay control (deionized 

water) were transferred in triplicate into a 96-well polystyrene flat-bottomed micro-plate 

(Greiner bio-one, Germany). Folin-Ciocalteu’s reagent (10 x diluted; 100 µL) and sodium 

carbonate (7.5% w/v; 80 µL)  (Merck, Germany) solution were added into the reaction mixture, 

followed by mixing of the well contents using an Eppendorf Mix Mate micro-plate shaker 

(Merck, Darmstadt, Germany). The micro-plates were incubated at 30 °C for 2 h to allow for 

the development of a blue colour complex resulting from the oxidation of the phenolic 

compounds. The absorbance was measured at 765 nm and the total polyphenol content (TP) in 

each extract was expressed as g Gallic Acid Equivalents (GAE) per 100 g  of dry weight of the 

leaves.  

 

6.3.6 Determination of antioxidant activity 

Free radical scavenging activity of the H. odoratissimum extracts was determined in 

triplicate using the method described by Arthur et al. (2011). The assay was prepared fresh 

daily by dissolving 5 mg of 2,2–Diphenyl-2-picrylhydrazyl (DPPH●, Sigma-Aldrich, USA) in 

100 mL methanol (Merck, Germany). The solution was covered with foil and sonicated for 5 

min and the solution absorbance value was adjusted to the range of 0.68 - 0.71 for assay 

standardization purposes. A range (1 µg mL-1 to 10 µg mL-1) of Trolox standard (Sigma-

Aldrich, USA) from stock solution (1mM) was used to prepare a calibration curve in the 

reaction volume. Thirty microliters each of the Trolox standards, samples and assay control 

(deionized water) were transferred in triplicate into a 96 deep-well plate (Axygen Scientific 

Inc., USA) and 270 µL DPPH● solution (ca 0.7 absorbance value) was added. The plate was 

sealed with a silicon mat to prevent the evaporation of methanol and the contents mixed for 30 

seconds at 1650 rpm using an Eppendorf MixMate® micro-plate shaker (Eppendorf AG, 

Hamburg, Germany). The micro-plates were incubated in a dark cupboard at room temperature 
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for 2 hours (to allow scavenging of DPPH● by the antioxidants, leading to a decrease in 

absorbance of the free radical solution). Thereafter, 200 µL of the reaction mixture were 

transferred into corresponding wells of a polystyrene flat-bottom 96-well micro-plate (Greiner 

bio-one, Germany) and the absorbance was measured at 515 nm using the BioTek Synergy HT 

multiplate reader (BioTek Instruments, Winooski, USA). The radical scavenging ability was 

expressed as µmol Trolox Equivalents (TE) per g of extract. 

 

6.3.7 Antifungal activity  

The fungal pathogen B. cinerea (Accession number: PPRI 7338) isolated from infected 

plums was obtained from The Agricultural Research Council - Plant Protection Institute, 

Pretoria, South Africa. B. cinerea was cultured on potato dextrose agar (PDA, Merck, 

Johannesburg, South Africa) at 25°C for 3 days for mycelial plugs and 7 days for the production 

of spores. The cultures of B. cinerea, were maintained on PDA slants at 4°C, and conidia were 

harvested from the medium surface with sterile distilled water together with Tween 80 (Batch 

No.: 1006022, Merck, Germany) (0.05% W/V), and gently agitating the plates to dislodge the 

spores. The final inoculum concentration was adjusted to 1 × 105 conidia mL-1 using a 

haemocytometer (Marienfeld, Germany).  

To evaluate the antifungal activity of the extracts against B. cinerea, the disc diffusion 

assay as described by Sharma (2002) was used and repeated in triplicate. Whatman #4 filter 

paper disks (4 mm, ø) were soaked in the different crude extracts (250 mg mL-1) and in 0.005 

mg mL-1 of Rovral®WP (Bayer Crop Science, Germany) as control. The PDA plates were 

inoculated with 200 µL suspension of B. cinerea spores using the spread-plate method. The 

plates were allowed to dry before the treated discs were aseptically placed at the centre. Each 

plate was sealed with parafilm (DEMIS flexible packaging, Demis, USA), and incubated at 

25°C for 5 days. All screenings were conducted in triplicates. The zone of inhibition on day 5 

was measured using a digital calliper (MAC-AFRIC- Adendorff Machinery Mart, 

South Africa), and the percentage inhibition was calculated, and antifungal activity was 

expressed as % Inhibition. 

 

6.3.8 Statistical analysis 

All the data obtained were subjected to factorial analysis of variance (ANOVA) using 

Statistical software (vr. 13, StatSoft Inc. TIBCO Software Inc., USA). Effects of growing 

location (L), extraction solvents (S) and their interactions (L*S) on the soluble solids (SS), total 
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polyphenol (TP), antioxidant activity, volatile composition and antifungal activities were 

analysed. The Duncan's Multiple Range Test (Post-hoc test) was used to test the statistical 

differences observed in mean values at p ≤ 0.05. The Pearson correlation matrix was used to 

test the relationship between TP, antioxidant activity and SS. All experimental data obtained 

were in triplicate and the result presented as mean values (n = 3) ± standard deviation (SD). 

 

 6.4 Results and discussion 

6.4.1 Soluble solids  

The results of this study showed that both extraction solvents and spatial variation had 

significant (p ≤ 0.05) effects on the soluble solid content of H. odoratissimum extracts (Table 

6.1). Acetone-based extracts of H. odoratissimum had higher concentrations of soluble solids 

(28.7 ± 0.00 mg 100 mL-1 and 28.3 ± 0.00 mg 100 mL-1 for WC and KZN sourced plants 

respectively), compared to the ethanol-based extracts (16.07 ± 0.002 mg 100 mL-1  and 15.98 

± 0.012 mg 100 mL-1 for WC and KZN sourced plants respectively). The soluble solid yield 

from H. odoratissimum with ethanol was about 40% less than that from acetone for both WC 

and KZN – sourced plants (Table 6.1). The results indicate a significant difference in the 

soluble solid yield from H. odoratissimum between acetone and ethanol, which indicates a 

strong dependency on the type and/or nature of the extraction solvent. This might be due to the 

difference in the availability of extractable plant constituents and the varied chemical 

composition of the extracts obtained (Hsu et al., 2006).  

The polarity of the solvents is a contributing factor to the difference observed. Highly polar 

solvents have been reported to result in higher extract yields when compared to non-polar 

solvents (Nawaz et al., 2020).  In addition, no significant difference was observed in the soluble 

solid content between plants harvested from WC and KZN for both extraction solvents. This 

could indicate that there was no regional variability in the context of climatic and soil nutrient 

effects from plant primary-growth until the harvesting season (Li et al., 2018).   
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Table 6.1. Effects of location and extraction solvents on the soluble solid (SS) yield, total 

polyphenol (TP) and antioxidant capacity (TAC) on the crude extracts of H. odoratissimum (on 

dry weight basis). 

Treatments SS (mg 100 mL-1) TP (g GAE 100 g-1) DPPH: TAC (µmol TE g-1) 

A-WC 28.66a ± 0.005  19.30a ± 0.759 13251.48b ± 700.547 

EtOH-WC 16.07b ± 0.002  14.52b ± 0.455 9280.61d ± 704.008 

A-KZN 28.26a ± 0.013  18.21a ± 0.610 14204.74ab ± 432.399 

EtOH-KZN 15.98c ± 0.012 13.72b ± 1.307 10715.50cd ± 929.432 

p - value    

Location (L) 0.0084 0.0888 0.0199 

Solvents (S) 0.00000 0.000013 0.000018 

L * S 0.0576 0.7783 0.5750 

Each parameter represented by mean values (n = 3) and different letters are significantly different at p ≤ 0.05. WC 

– Western Cape and KZN - KwaZulu-Natal. EtOH-KZN = Ethanol extract obtained from KwaZulu-Natal, EtOH-

WC = Ethanol extract obtained from Western Cape, A-KZN = Acetone extract obtained from KwaZulu-Natal, A-

WC = Acetone extract obtained from Western Cape. 

  

The results obtained from this study were in agreement with those reported by Borges 

et al. (2019), where the authors observed a lower content of soluble solid yield using 90% 

ethanol than 70% ethanol, but a higher content with 50% ethanol as solvent. According to 

Azabou et al. (2020) extraction yield increases with the increasing polarity of the solvents used, 

and the addition of water to organic solvents results in an increased solvent polarity (Kim et 

al., 2004). Factors such as solubility, selectivity/polarity, pH, safety and cost should be 

considered in the selection of solvents (Zhang et al., 2018).  

 

6.4.2 Total polyphenol 

The type of extraction solvent had a significant effect on the extraction yield of total 

polyphenol (TP) from H. odoratissimum (Table 6.1). The plant material obtained from WC 

showed the highest extraction yield of TP from the acetone-based extract than the ethanol-

based extract (19.3 ± 0.75 g GAE 100 g-1 and 14.5 ± 0.45 g GAE 100 g-1, respectively).  

Similarly, higher TP content (18.2 ± 0.61 g GAE 100 g-1and 13.7 ± 1.03 g GAE 100 g-1, 

respectively) was obtained from the  acetone-based extract than ethanol-based extract from the 

plant material obtained from KZN.  The results clearly confirmed that extraction solvents play 

an important role in the extraction of phenolic compounds. However, the data analysis showed 
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that spatial variation for a given extraction solvent had no significant effect on the extraction 

yield of TP (p > 0.05).  

These findings were supported by previous studies, which have also reported that 

different extraction solvents significantly affected the extraction yield of TP. Borges et al. 

(2019) reported a reduction of active compounds obtained using 90% EtOH for pomegranate 

(peel, leaf, mesocarp and seed) extracts compared to the 50% and 70% EtOH filtrates. The 

reduction in TP content was associated with the highest solvent concentration of EtOH. 

Generally, high ethanol concentration can cause protein denaturation, preventing the 

dissolution of polyphenols and influencing the extraction rate.  Ngo et al. (2017) observed the 

highest extraction yield of TP using 50% (v/v) water with methanol (MeOH), EtOH and 

acetone for Saptarangi (S. chinensis L.). The authors reported that the extract prepared from 

50% acetone had higher levels of bioactive compounds compared to that prepared from 50% 

MeOH and EtOH, thus confirming that 50% acetone was the most efficient solvent.  

Iloki-Assanga et al. (2015) reported the highest TP content from Bucida buceras 

extracted using pure acetone extraction solvent and the highest TP content from Phoradendron 

califonicum extracted using water and pure methanol. Siddhuraju and Becker (2003) 

designated aqueous mixtures of ethanol and methanol as effective solvents for the extraction 

of phenolic compounds from drumstick tree (Moring oleifera Lam.) leaves obtained from three 

different agro-climatic origins. The extractable phenolic compounds depend on the type of 

solvent used, its polarity index and the solubility of phenolic compounds in the extraction 

solvent (Iloki-Assanga et al., 2015). Although the polarity index of solvents used was similar, 

it could be inferred that the solubility and selectivity of plant compounds by solvents played a 

major role. Furthermore, the geographical location, genetic variability and postharvest 

handling processes have been reported to influence the nature and amount of extractable 

phenolic compounds (Siddhuraju & Becker, 2003). However, in the current study, the 

geographical location of the H. odoratissimum plants evaluated did not impact on the TP 

content.  

 

6.4.3 Antioxidant activities 

As shown in Table 6.1, the antioxidant capacity of H. odoratissimum extracts obtained 

from WC and KZN was strongly dependent on the extraction solvent used. The greatest free 

radical scavenging activity was observed with the acetone extracts, with the extracts of plants 

from KZN having a greater activity (14205 ± 432 µmol TE g-1) than those from WC (13251 ± 

701 µmol TE g-1). The ethanol extract of plants from WC had the least (9281 ± 704 µmol TE 
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g-1) radical scavenging activity. Overall, the DPPH radical scavenging capacity of the acetone 

extracts from both agro-climatic zones was significantly higher than that of the ethanol extracts.  

Various studies reported the influence of extraction solvents on the antioxidant capacity 

of different plants. Ngo et al. (2017) observed the highest antioxidant capacity of S. chinensis 

using 50% acetone followed by 50% EtOH, and 100% MeOH, however, the lowest antioxidant 

capacity was reported using absolute acetone. In this study, it was observed that the extracts 

with the highest soluble solid yield and TP contents also produced the highest antioxidant 

activity. This suggests that the polyphenols may have contributed to the radical scavenging 

activity of H. odoratissimum extracts (Table 6.2) (Azabou et al., 2020). This correlation was 

also reported by Siddhuraju and Becker (2003) and Turkmen et al. (2006) between the 

polyphenols extraction yield and DPPH radical scavenging activities for leaves extracts and 

bark of Moring oleifera Lam. and mate tea extracts, respectively.  

 

Table 6.2. Summary of correlation test between total phenolic compounds, antioxidant activity 

and soluble solids of H. odoratissimum. 
 

 Variables Correlation matrix (Pearson) 

 TP (g GA 100 g-1) DPPH: TAC (µmol Trolox g-1) SS (g 100 mL-1) 

TP  1 0,862 0,944 

DPPH: TAC  0,862 1 0,907 

SS  0,944 0,907 1 

 Coefficients of determination (R²) 

TP  1 0,743 0,891 

DPPH: TAC  0,743 1 0,823 

SS  0,891 0,823 1 

 p-values 

TP  0 0,000 0,000 

DPPH: TAC  0,000 0 < 0.0001 

SS  < 0.0001 < 0.0001 0 

 

6.4.4 Secondary metabolites  

6.4.4.1 Chemical profile of H. odoratissimum   

The chemistry of this Helichrysum genus is complex with a wide variety of chemical 

classes as reported in publications dating back to 1980 (Lourine et al. 2008). In this study, 17 

chemical classes were identified in the extracts of H. odoratissimum investigated. 

Sesquiterpenoids were the most abundant class of compounds (31% - 40%), followed by 

sesquiterpenes (9% - 40%), and alkanes (7% - 12%) (Figure 6.2). For the acetone extract of H. 

odoratissimum obtained from WC, the most abundant classes were sesquiterpenoids (40.2%), 
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alkanes (10.6%), aromatic hydrocarbons (10.2%), sesquiterpenes (8.7%), monoterpenoids 

(4.3%), monoterpenes (1.8%), terpenes (1.2%), epoxide (0.8%), phenylpropene (0.3%), 

terpenoid (0.3%) and bromodiphenyl ethers (0.2%) (Appendix 6.1). For the acetone extract of 

H. odoratissimum obtained from KZN, the most abundant chemical classes included 

sesquiterpenes (40.6%), sesquiterpenoids (36.5%), alkanes (10.1%), cyclic olefins (4.8%), 

aromatic hydrocarbons (2.6%), monoterpenoids (2.2%), bromodiphenyl ethers (1.9%), terpene 

(1.5%), monoterpenes (1.1%), oxanes (0.9%), aliphatic compounds (0.6%), fatty alcohol esters 

(0.6%), organic oxides (0.5), epoxide (0.2%) and phenylpropene (0.2%) (Appendix 6.1).  

 

 

The ethanol extracts of H. odoratissimum from WC contained sesquiterpenoids (37.8%), 

sesquiterpenes (18.6%), oxanes (14%), alkane hydrocarbons (12.4%), terpene (3.3%), 

monoterpenes (1.9%), terpenoid (1.6%), epoxide (0.7%), phenylpropene (0.7%), 

bromodiphenyl ethers (0.7%), monoterpenoids (0.6%), and aliphatic compounds (0.3%). On 

the other hand, the EtOH extracts of H. odoratissimum from KZN contained sesquiterpenes 

(33.6%), sesquiterpenoids (31.3%), alkane hydrocarbons (7.1%), monoterpenes (1.9%), 

terpene (1.9%), phenylpropene (1.5%), oxanes (1.1%), and monoterpenoids (0.95%) 

(Appendix 6.1). The KZN acetone extract was the only sample that contained cyclic olefins, 

fatty alcohol esters, organic oxides and phenolic glycosides, while the acetone extract from 

WC was the only extract that did not contain oxanes. In addition, 6,7-Dimethyltetralin-1,5,8-
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trione was only identified in the ethanol extract of H. odoratissimum from KZN. Both the 

growing region and extraction solvent had a significant impact on the chemical profile of the 

extracts of H. odoratissimum. The presence of individual chemical class in the extracts of H. 

odoratissimum harvested from WC and KZN differed (Appendix 6.1).  

The findings of this study are consistent with those reported in literature from various 

studies. De Canha et al. (2020) reported a relatively high abundance of sesquiterpenoids and 

sesquiterpenes in the methanolic extracts of H. odoratissimum obtained from KZN, South 

Africa. Gundidza and Zwaving (1993) reported similar results in H. odoratissimum obtained 

from Zimbabwe, with sesquiterpenoids (> 22.6%) as the main components. Similarly, 

Bougatsos et al. (2003) reported the sesquiterpenoid β-caryophyllene as the major component 

of both H. kraussii (30.7%) and H. rugulosum (12.6%). 

The crude plant extracts of H. odorutissimum in this study differed in the relative 

abundance of major and minor chemical classes from the essential oil obtained from the same 

plant. These findings highlight the role of metabolomics, which offers a swift classification 

method (chemotaxonomy) of plant chemical diversity. Chemotaxonomy allows for the 

identification of the chemical constituents and bioactive compounds with pharmacological 

potential (Singh, 2016). Chemotaxonomic classification approach, when appropriately and 

systematically applied provides phytochemical inputs (such as ecological biomarkers and 

synapomorphic characters) that is more useful than morphological- and anatomical-based 

classifications (Singh, 2016; Zidorn, 2019).  

According to Lawal et al. (2015), H. odoratissimum yielded a low content of essential oil 

(0.10% v/w) calculated on a dry weight basis. The authors identified eighteen compounds in 

the extracted oil with monoterpene and sesquiterpene hydrocarbons contributing 72.9% and 

15.6%, respectively of the contents. Couladis et al. (2003) reported a similar outcome as Lawal 

et al. (2015) for the essential oil of H. rumeliacum subsp. apollinis (Boiss. & Heldr.). The major 

constituents were α-pinene (43.8%), β-pinene (9.82%), dehydro-aromadendrene (6.81%) and 

α-copaene (5.41%). The variations in the chemical profile of the essential oil products 

compared to crude plant extracts differ not only in the number of compounds but also in the 

stereochemical types of molecules extracted. This could be attributed primarily to the substrate 

or plant material part used and the type of extraction solvent. The extraction product can vary 

in quality, quantity and in the composition according to climate, soil composition, plant organ, 

age and vegetative cycle stage (Angioni et al., 2003, 2006; Figueiredo et al., 2008). 
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6.4.5 Effects of spatial variation and extraction solvents on individual secondary 

metabolites 

Based on the GC-MS analysis of the acetone and ethanol extracts of H. odoratissimum 

(L.) Sweet, a total of 85 volatile compounds were tentatively identified across both growing 

locations. Spatial variation and extraction solvent were found to play a significant role in the 

differences between some of the tentatively identified compounds (p ≤ 0.05). For the acetone 

extract of H. odoratissimum obtained from WC and KZN, 53 and 63 compounds were 

identified, respectively. In contrast, for the ethanol extracts, samples from WC and KZN 

contained 38 and 35 compounds, respectively (Appendix 6.1). Thus, 70% acetone as an 

extraction solvent performed better than 95% ethanol, due to the lower polarity. Similarly, 

aqueous acetone was reported to be better sufficient for extraction in comparison to aqueous 

ethanol (Do et al., 2014).   

Based on the percentage relative abundance of the sesquiterpenes, the acetone and 

ethanol extract of H. odoratissimum (L.) Sweet from KZN had the highest content of β-

caryophyllene, contributing approximately 15% of their total sesquiterpenes. In addition, the 

relative abundance of β-caryophyllene was significantly higher in these samples compared to 

both extracts from WC H. odoratissimum (p ≤ 0.05). Kuiate et al. (1999) reported in H. 

odoratissimum (L.) Less growing in Cameroon, the percentage contribution of β-caryophyllene 

as one of the main constituents of the essential oil from the leaves. Sabulal et al. (2006) 

investigated the chemical characterization and antimicrobial activity of Zingiber nimmonii. In 

this study, caryophyllene was identified as the major (42.2%) compound in the essential oil of 

the plant material. In addition, the authors reported significant inhibitory activity of Z. 

nimmonii against the fungi, Candida glabrata, C. albicans, Aspergillus niger, Bacillus subtilis 

and Pseudomonas aeruginosa. This suggests that β-caryophyllene could have played a role as 

an antimicrobial agent in addition to the previously reported anticancer and antioxidant 

properties (Dahham et al., 2015).  The sesquiterpenes, δ-cadinene was most abundant in the 

acetone extract (5.5 ± 0.46%), followed by the ethanol extract (2.1 ± 0.20%) of H. 

odoratissimum obtained from WC. Both WC samples had significantly higher δ-cadinene 

compared to samples from KZN, and only the acetone extract from KZN was 1%, while the 

ethanol extract was below detection. Vukovic et al. (2007) reported δ-cadinene as the bioactive 

constituent of various plants with antibacterial or antifungal activity.  

Furthermore, within the sesquiterpenoid chemical class, it was observed that α-

curcumene was the most abundant for acetone (14.3 ± 0.49%) and EtOH (12.7 ± 0.32%) 

extracts from KZN. However, viridiflorol was the major compound in both the acetone (26.2 
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± 1.24%) and ethanol (16.8 ± 0.31%) extract of H. odoratissimum from WC (p ≤ 0.05). 

Consistent with literature and based on GC and GC-MS analyses, Kuiate et al. (1999) reported 

α-curcumene as one of the major constituents of H. odoratissimum Less grown in Cameroon. 

Besides agro-climatic effects, harvesting time and solvent specificity, the differences observed 

in chemical composition within H. odoratissimum could be attributed to eco-physiological trait 

or broadly phenotypic variation within the species independent of their phylogenetic 

relatedness (Kalisz and Kramer, 2008; Rios et al., 2014). Phenotypic variation can be described 

as the divergence in phenological, developmental, morphological and biochemical traits that 

are expressed within and among individual taxa (Kalisz and Kramer, 2008). Developmental 

plasticity due to changes in environmental factors can induce genetic shifts that can result in 

phenotypic variation (West-Eberhard, 2005; Rios et al., 2014). Hence, further investigation 

into the variation in H. odoratissimum functional traits at the population level, and the 

phylogenetic structure, can provide insight to differences observed in chemical composition. 

A recent study by Da Silva et al. (2015), investigated the antimicrobial attribute of α-

curcumene and its synergism with imipenem. Their study showed the strongest effect against 

Saccharomyces cerevisiae with estimated values of MIC and MFC 0.8 mg/mL and synergistic 

effects in the concentrations of 1 mM and 5 mM, respectively was reported. Similarly, Trevizal 

et al. (2016) reported viridiflorol as one of the major constituents of Allophylus edulis (A. St.-

Hil., A. Juss. & Cambess.) Radlk essential oil. The extract has been shown to possess effective 

anti-inflammatory, antioxidant and anti-Mycobacterium tuberculosis activity. In addition, (+)-

aromadendrene (2.7 ± 0.00%) and ledene (5.6 ± 0.08%) were significantly higher in the 70% 

acetone extract from WC in comparison to the other samples. Alloaromadendrene (2.3 ± 

0.70%), α-humulene (5.1 ± 0.09%), and 1S, cis-calamenene (0.9 ± 0.05%) were most abundant 

in the ethanol extract of H. odoratissimum from KZN (p ≤ 0.05), while α-muurolene (0.9 ± 

0.01%), calarene (4.8 ± 0.55 %), and pogostol (2.9 ± 0.42 %) were dominant for ethanol extract 

from WC. In contrast to the current study, the major constituents in the methanolic extract of 

H. odoratissimum (L.) [Sweet] leaves and stems reported by De Canha et al. (2020) were oleic 

acid amide (11.33%), linoleic acid (9.16%), palmitic acid (8.52%), caryophyllene (8.13%), 

oxalic acid allyl nonyl ester (8.13%), 5,5- diethoxy-2-pentanone (4.74%), stigmasterol 

(4.36%), asitosterol (4.28%), α-humulene (3.94%), α-curcumene (3.74%), and valencen 

(3.23%).  

On the other hand, the following set of sesquiterpenoids; α-cubebene, β-chamigrene, 

cadina-1,4-diene, helminthogermacrene, selina-3,7(11)-diene, calacorene, 12-nor-caryophyll-

5-en-2-on, and eremophilene were only identified in the aqueous acetone extract from WC. 
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Reidel et al. (2017) investigated the aroma profile and essential oil composition of H. 

arenarium, H. nudifolium, and H. graveolens. Their study confirmed the previously reported 

dominance of sesquiterpene hydrocarbons in Helichrysum spp.; however, monoterpenes were 

completely missing in H. nudifolium samples. These differences in the H. odoratissimum’s 

crude extracts and essential oil supports the need for further investigations of plant extracts and 

other natural derivatives of plant origin as alternative antimicrobial agents in the management 

of plant pathogens and diseases (Matrose et al., 2021). Hence, further studies on H. 

odoratissimum towards identifying key functional metabolites is required. 

 

6.4.6 Antifungal activity 

The ethanol extracts of H. odoratissimum were more effective than the acetone extracts 

as shown by the zone of inhibition against B. cinerea (Figure 6.3). The diameter of the zone of 

inhibition produced by the plant extract against the B. cinerea was the largest for the positive 

control Rovral® WP with ≈ 46.6 mm, while the smallest zones were observed for the negative 

controls (i.e. the solvents). The smallest zones recorded for the negative control indicated that 

these solvents did not play a role in the inhibitory effects of the extracts. The antifungal activity 

of the ethanol-based H. odoratissimum extracts obtained from KZN and WC against B. 

cinerea was significantly higher than the acetone extracts (p ≤ 0.05). These results showed that 

extraction solvents played a crucial role compared to the agro-climatic regions. The results 

indicate that the extracts of H. odoratissimum possessed antifungal activity, exhibiting a 

fungistatic effect on the growth of B. cinerea. The findings obtained from this study were in 

agreement with those reported in literature. For instance, van Vuuren et al. (2006) reported 

antimicrobial activity with the crude acetone extract of H. cymosum. Similarly, Lourens et al. 

(2011) demonstrated the antimicrobial activity and in vitro cytotoxicity of selected South 

African Helichrysum species. The major components found in the aqueous, acetone and ethanol 

extracts (viridiflorol, β-caryophyllene, δ-cadinene, α-curcumene, γ-curcumene, α-humulene, δ-

guaiene, δ-cadinene, α-pinene, ledene and alloaromadendrene) of H. odoratissimum have been 

demonstrated to possess antimicrobial properties. Viridiflorol was the major compound in both 

the acetone (26.2 ± 1.24%) and ethanol (16.8 ± 0.31%) extracts of H. odoratissimum. 

Viridiflorol has been identified as one of the major constituents of plant extracts and has been 

shown to be effective against B. cinerea (Rahman et al., 2011; Yilmaz et al., 2016). β-

caryophyllene, a natural bicyclic sesquiterpene has been shown to produce membrane 

disruption of microorganisms by acting as an ion exchange resin (Francomano et al., 2019), 

and mild cytotoxic effects (Selestino Neta et al., 2017).  
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Pharmacological studies have suggested that low exposure to α-pinene could result in 

anti-inflammatory activity via the suppression of mitogen-activated protein kinases (MAPKs) 

in eukaryotic cells (Kim et al., 2015). It has also been shown that α-pinene has potential 

antimicrobial properties (Kovač et al., 2015). Similarly, δ-cadinene, α-curcumene, γ-

curcumene, α-humulene, δ-guaiene, and ledene have been shown to possess antifungal 

properties (Cakir et al., 2004; Hadadi et al., 2020; Johann et al., 2010; Merghache et al., 2014; 

Maksimovic et al., 2017; Nicoletti, 2002). Phenylpropene groups such as methyl eugenol 

occurred as minor constituents of the plant extracts. Polyphenolic compounds have been 

reported to interact with membrane proteins and periplasmic enzymes, leading to deformations 

in the membrane structure and functions (Munhuweyi et al., 2017). The antifungal potential of 

H. odoratissimum extracts could thus be due to the high abundance of secondary metabolites 

such as sesquiterpenoids and sesquiterpenes, which are reported to have antimicrobial activity 

(Chen et al., 2019; Fukuyama et al., 2011). In addition, the antifungal activity exhibited by the 

extracts of H. odoratissimum could be due to the high TP and antioxidant capacity results 

presented in this study. Based on the obtained results in the antifungal efficacy treatment, it 

was possible to confirm the antifungal potential of H. odoratissimum extracts. However, this 

effect cannot be attributed solely to its major compounds but demonstrated a possible 

synergistic effect among all the constituents of the extracts.  

 
Figure 6.3. Antifungal screening of aqueous acetone and ethanol extracts of H. odoratissimum (L.) by disk 

diffusion method against Botrytis cinerea. Mean values (n = 10) of diameter zone (mm) with standard error bars. 

Different lower-case letters are significantly different based on Duncan's Multiple Range Test at p ≤ 0.05. 

Concentration of extracts and control: * (0.005 mg mL-1) and ** (250 mg mL-1). WC – Western Cape and KZN - 

KwaZulu-Natal. EtOH-KZN = Ethanol extract obtained from KwaZulu-Natal, EtOH-WC = Ethanol extract 

obtained from Western Cape, A-KZN = Acetone extract obtained from KwaZulu-Natal, A-WC = Acetone extract 

obtained from Western Cape. 

 

6.5 Conclusion and recommendations  
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The results presented showed that extraction solvents had a more significant impact than 

the geographical location on soluble solids, total polyphenol content and antioxidant capacity 

of H. odoratissimum (L.) [Sweet]. This study profiled the secondary metabolites of the leaves 

and stems of H. odoratissimum (L.) [Sweet] obtained from two different agro-climatic zones 

in South Africa. A total of 86 secondary metabolites were tentatively identified from the crude 

aqueous acetone and ethanol extracts. Viridiflorol, β-caryophyllene, α-curcumene, δ-cadinene, 

(+)-aromadendrene, ledene, alloaromadendrene, and α-humulene were found to be the main 

components of H. odoratissimum. Furthermore, the result from this study demonstrates that 

spatial variation (agro-climatic zones) and extraction solvents played a crucial role in the 

volatile composition of H. odoratissimum (L.) [Sweet] leaves and stems. Based on the 

antifungal disc diffusion results against B. cinerea, aqueous acetone and ethanol extracts 

exhibited considerable fungistatic efficacy. The ethanol extracts showed relatively higher 

efficacy compared to the aqueous acetone. These results highlight to all the role players along 

the value chain of medicinal plants that when investigating bioactive extracts careful 

consideration should be given to spatial variation amongst the sample population (plant 

materials). Further research is required to address extraction optimization of H. odoratissimum 

(L.) [Sweet] leaves and stems for bioactives with a recommendation to consider broader range 

of solvents with various polarity and selectivity.   
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Chapter 7 
Climatological, seasonal variation, and extraction solvents impact 

on the biological activity and antifungal efficacy of Helichrysum 

odoratissimum against Botrytis cinerea on pomegranate fruit 

   
7.1 Summary  

Pomegranate (Punica granatum L.) is an emerging crop in the southern hemisphere, 

due to favourable climatic conditions. The crop is one of the most popular fruits around the 

world for its high levels of antioxidants and various health benefits.  It is affected by several 

pathogenic fungi, in pre- and post-harvest phases including grey and blue moulds, black heart 

and black spot, anthracnose, dry rot, and various soft rots.  The limited number of fungicides 

available poses a challenge to the production of the crop. The aim of this article was to evaluate 

the role of harvest location, seasonal variation, and extraction solvents on the antifungal 

efficacy of Helichrysum odoratissimum against Botrytis cinerea on pomegranate fruit. 

Biological screenings were performed to verify the antifungal activities of H. odoratissimum 

extracts obtained using different extraction solvents (70% acetone, chloroform, 95% ethanol, 

hexane and water). Plant material was harvested from different geographical regions over 2 

seasons. Ethanol extracts were more effective (40% - 60% decay) than the acetone extracts (60 

- 100 % decay) as antifungal agents in vivo. 

 

Keywords: Punica granatum L., postharvest pathology, decay, biocontrol, grey mould 

 

7.2 Introduction  

The pomegranate (Punica granatum L.) is a fruit-bearing deciduous shrub in the family 

Lythraceae, subfamily Punicoideae. It is a high-value and extensively studied crop, due to its 

high content of powerful bioactive compounds such as ellagitannins and anthocyanins.  These 

compounds are known to possess a vast number of beneficial medicinal properties include that 

of high antioxidant, anti-inflammatory, anti-mutagenic, antihypertension activities, and the 

ability to reduce liver injury (Caleb, 2013; Caleb, 2015; Sorrenti et al., 2019). Pomegranate is 

a non-climacteric fruit that possesses low respiration and ethylene production rate after harvest 

(Erkan and Kader, 2011).  

Pomegranate diseases are caused by several fungi and bacteria primarily in the field, but 

also during postharvest phases (Munhuweyi et al., 2016; Mincuzz et al., 2022). The most 
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common fungal pathogens that cause postharvest decay of pomegranate fruit include, Botrytis 

cinerea, Alternaria alternata, Penicillium implicatum, Coniella granati and Aspergillus niger 

(Munhuweyi et al., 2016). Amongst these, Botrytis cinerea is one of the most extensively 

studied fungal pathogens that cause grey mould rot, leading to significant economic loss 

(Savary et al., 2012; Munhuweyi., 2016; Hua et al., 2018). In addition, this necrotrophic fungal 

pathogen was ranked second for its scientific and economic significance (Ahmed et al., 2017; 

Dean et al., 2012; Williamson et al., 2007). A multiparametric study on the diversity of B. 

cinerea conducted by Srivastava et al. (2012), associated the phyto-pathological global-impact 

with its necrotrophic effects. This grey mould disease is more abundant in pomegranate fruit 

due to the common optimal storage conditions of high humidity (Elmenofy and Ketta, 2021). 

This signifies a global risk to the economy of the pomegranate industry (Sanchez et al., 2020).  

Crude plant extracts have been exploited as an innovative method to control postharvest 

decay due to their antimicrobial and antifungal activity (Choudhury et al., 2018). For example, 

Allam et al. (2017) evaluated crude ethanol and hydrochloric extracts of Mangifera indica, 

Thymus vulgaris, Origanum majorana, Salix mucronata, Cinnamomum cassia and Zingiber 

officinale as alternative control agents for grey mould disease on pomegranate fruit. The 

authors reported a 100% radial growth inhibition of B. cinerea from the crude extract of Thymus 

vulgaris and Zingiber officinale at a concentration of 30000, 20000 and 30000 ppm, 

respectively. An earlier study by Daniel et al. (2015) investigated the effects of aqueous-ethanol 

and ethanol extracts of garlic on Botrytis cinerea, Penicillium expansum and Neofabraea alba. 

The authors reported a concentration (40% to 80%) dependent inhibition of mycelial growth, 

representing a percentage inhibition ranging from 92% to 100% against B. cinerea and 80% to 

99% against P. expansum.  

Helichrysum spp. is amongst the medicinal plants that have been investigated  for 

antimicrobial effects, and most studies that have reported on the antimicrobial efficacy of the 

species have mainly reported more on essential oil extracts than crude extracts. It is noteworthy 

that, EOs exhibit poor aqueous solubility and high volatility (Lahlali et al., 2022).  It is therefore 

important to investigate the efficacy of the crude extracts against plant pathogens.  However, a 

recent in vitro study by Matrose et al. (2021) has reported that the crude extract of H. 

odoratissimum possesses high antifungal effects against B. cinerea.  A review by Munhuweyi 

et al. (2016) provided insight into strategies that are employed in the management of major 

diseases of pomegranate fruit. Their study showed the necessity for pre- and post- harvest 

management of pomegranate disease and highlighted the demand for ‘green’ and cost-effective 
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strategies in substitution of chemical fungicides. Thus, this study was designed to investigate 

the role of harvest location, seasonal variation, and extraction solvents on the efficacy of 

Helichrysum odoratissimum against B. cinerea in pomegranate fruit as an in vivo model.      

    

7.3 Materials and Methods  

7.3.1 Plant material   

Fresh plant material (areal parts: leaves and stems) of H. odoratissimum L. [Sweet] were 

collected from two harvest regions in South Africa; from the Botrivier area in the Overberg 

region (Latitude: -34°13'0.02" Longitude: 19°12'0") Hermanus, Southeast of Cape Town and 

supplied by AfriNatural (Voucher No.: HO370) and samples from KwaZulu Natal (KZN) 

province were collected from the banks of the Tugela River area in Dakeni, Zulu land, KZN 

(29°24’52”S 29°54’48”E) and supplied by South Africa Muthi-Futhi (Voucher No.: MF-HEL-

20148). Samples were collected over a period of two harvest seasons with Batch A collected 

in November 2018 and Batch B collected in November 2019. All the plant materials were 

delivered in dried form and stored at room temperature away from direct sunlight in the Agri-

Food Systems, Postharvest Pathology Laboratory at the ARC Infruitec-Nietvoorbij, 

Stellenbosch, South Africa until further processing and extraction. 

 

7.3.2 Processing and extraction of plant extracts  

The plant materials (leaves and stems) were immediately air-dried away from direct 

sunlight and roughly ground then milled into finer powder using a kitchen blender (91-357, 

Waring Blendor, USA). Extracts were prepared separately for individual solvents of different 

polarities using 250 g of the milled powder of H. odoratissimum and 1 L of 70% acetone 

(Ethanolsa, South Africa), 95% ethanol (Ethanolsa, South Africa), hexane and chloroform 

(both supplied by Kimix, South Africa). Distilled water was also included as an extraction 

solvent, and the extraction method was executed as described by Alkhail (2005). Extraction 

with each individual extraction solvent was carried out via maceration at room temperature 

(24°C) for 72 h, with vigorous shaking at regular intervals (8 h) using a Laboshake heavy load 

shaker (Gerhardt GmbH & Co. KG, Germany).  After 72 hours of maceration, the extracts were 

decanted through a tea strainer into a clean Schott bottle and thereafter filtered through a 

Whatman #4 filter (Whatman International, Ltd., Maidstone, U K). The filtrates were filtered 

further using Sartorius® Cellulose Nitrate (Cellulose Ester) Membrane Filters, 0.2 µm 

(0613114071301823, Sartorius Stedim Biotech, Germany) to control bacterial and yeast 
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contamination on the extracts. The filtrates were stored aseptically at -4°C until further 

analysis. All extractions were conducted in triplicate (n = 3). 

 

7.3.3 In vivo antifungal activity 

Based on the findings of the in vitro experiments and the consistency of factors that 

were measured, the extract that exhibited the highest in vitro antifungal activity (47% and 45%, 

acetone and ethanol, respectively) were selected and further evaluated for their antifungal 

effects on pomegranate fruit against B. cinerea. The pomegranate fruits (cv. Acco) were 

procured from the Robertson valley farm, Western Cape (33°48’0”S, 19°53’0”E), South 

Africa. On arrival, the fruits were immediately stored at 10°C until the next day. Fruits were 

surface disinfected using 75% ethanol and allowed to air-dry at room temperature. A wounding 

technique was employed, where the whole fruit was injured on one side using a sterile cork-

borer and dipped into a solution of the test/controls for one minute. Acetone and ethanol were 

included as negative controls, while Rovral®WP was used as a positive control.  The wounds 

were thereafter inoculated with 200 µL of B. cinerea spore suspension (105 spore/ml). The 

samples were stored at 20°C for 17 to 22 hours to allow for spore germination, then later stored 

at 15°C for 15 days, with the fruit monitored continuously (day 1 to day 15) for cytotoxic 

effects and fruit decay. On the 15th day, fruits were evaluated for decay and the percentage of 

decay incidence of the extract/control treated fruits was calculated as follows:  

 

Decay incidence (%) = [(Number of decayed fruits / Total number of fruits)] ×100  

 

7.3.4 Fruit surface imaging  

The impact of the crude H. odoratissimum extracts (70%  acetone and 95% ethanol) on 

the effect of B. cinerea on the morphology of the surface of pomegranate fruit was conducted 

using field emission gun scanning electron microscopy (Zeiss Merlin FEG SEM, Germany) 

operated at 3 kV. For control samples, pomegranate fruit without inoculation (healthy fruit) as 

well as B. cinerea inoculated fruit without pre-treatment were prepared. The sample 

preparation process for SEM included chemical fixation with 2.5% glutaraldehyde for a 

minimum of 4 hours, dehydration ethanol series 20-100% (15 min interval),  and air drying 

with hexamethyldisilane (HMDS). Specimens were mounted on an aluminium stub with 

carbon tape, coated with 10nA gold by sputter coater Leica EM ACE200 and observe using 

Zeiss Merlin FEG SEM. 
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7.4 Statistical analysis  

Two-way analysis of variance  (ANOVA) was performed using General Linear Models 

Procedure (PROC GLM) followed by Fisher’s least significant difference to compare the 

significant difference between treatment means at the 5% level by SAS software (Version 9.4; 

SAS Institute Inc, Cary, USA). Pearson’s product-moment correlation was performed between 

variables using PROC CORR to measure the degree of correlation between SS, TP, antioxidant 

and antimicrobial efficacy by SAS software (Version 9.4; SAS Institute Inc, Cary, USA). 

Principal component analysis (PCA) with a correlation matrix was conducted to investigate the 

relationship between the treatments and the different variables measured using XLSTAT 

(Version 2015.1.03.15485, Addinsoft, Paris). 

 

7.5 Results and discussion 

7.5.1 In vivo antifungal activity 

 Depicted in Figure 7.1 are the physiological effects of the acetone and ethanol extracts 

of H. odoratissimum on the exocarp of pomegranate fruit (cv. Acco) inoculated with B. cinerea, 

with no visible increase in the lesion size observed for the first nine days of storage. This could 

be due to the effectiveness of the extracts or the hardness of the exocarp, but could also be 

associated with the number, and arrangement of the epidermal cells, as longitudinally elongated 

epidermis cells and high cell density increase the peel’s resistance to cracking due to high cell-

to-cell contact (Joshi et al., 2021). High mineral contents (calcium, potassium, sodium, 

magnesium, nitrogen and phosphorus) in the pomegranate peel could be another contributing 

factor to this observation, as they play a huge role in the hardness of the skin. Mineral content, 

particularly that of Ca2+, along with pectin value, has significant effects on the mechanical 

properties of the cell membrane and low-methylated pectin molecules crosslinked with Ca ions 

make cell walls stiffer and consequently increase tissue firmness (Joshi et al., 2021). In addition 

to that, pomegranate peels are rich in anthocyanins which are known for high anti-

inflammatory effects (Zarfeshany et al., 2014). These could have been released by the peel in 

response to the wounding technique that was employed in the current study, thus leading to the 

healing of the wound.  There were however a number of changes observed on the skin of the 

fruit upon introduction of the extract. These include larger micropores, larger microstructural 

cracks, and burns due to the cytotoxicity of the extracts. 
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Figure 7.1. Effects of acetone and ethanol extracts of H. odoratissimum (L.) on the peel of pomegranate (Punica granatum L.) from day 0 to day 

15 of storage at 10 °C after the dipping treatment and infection with B. cinerea.
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Figure 7.2 presents the antifungal effects (% decay incidence) of the acetone and 

ethanol extracts of H. odoratissimum harvested from WC and KZN in two seasons and 

compared with the positive and negative controls. The results indicated 100% decay incidence 

for samples treated with pure acetone and ethanol, confirming that the solvents used in this 

study alone did not play an inhibitory role against B. cinerea. The % decay incidence on fruit 

treated with Rovral (20%) and ethanol (40%)  extracts from WC from batch A and batch B (S2 

A and S2B) was significantly lower (p = 0.05) than for the rest of the samples.  

Comparing all crude extract treated samples (S1A-acetone extract from Cape Town 

batch A, S1B- acetone extract from Cape Town batch B, S2A-ethanol extract from Cape Town 

batch A, S1B- ethanol extract from Cape Town batch B. S3A-acetone extract from KwaZulu 

Natal batch A, S3B- acetone extract from KwaZulu Natal batch B, S4A-ethanol extract from 

KwaZulu Natal batch A, S4B- ethanol extract from KwaZulu Natal  batch B), ethanol extracts 

showed high antifungal activity against B. cinerea than the acetone extracts. Figures 7.2 and 

7.3 therefore, present the effects of the acetone and ethanol extracts on fungal growth on the 

endo/mesocarp of the fruit. Ethanol extracts were more effective (40% to 60% decay) than the 

acetone (60 to 100 % decay). These results were in contrast with the results obtained earlier in 

chapter 4. The in vitro study indicated the ethanol extracts to exhibit strong antifungal effects 

against B. cinerea. It is noteworthy that, physiological disorders were also observed for both 

extraction solvents. 
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Figure 7.2. Effects of acetone and ethanol extracts of H. odoratissimum (L.) on the arils of pomegranate (Punica granatum L.) day 15 of storage after the 

dipping treatment and infection with B. cinerea. Controls: Ac-acetone, EtOH-ethanol, RV-Rovral®. S1A-acetone extract from Cape Town batch A, S1B- 

acetone extract from Cape Town batch B, S2A-ethanol extract from Cape Town batch A, S2B- ethanol extract from Cape Town batch B. S3 A-acetone extract 

from KwaZulu Natal batch A, S3 B-acetone extract from KwaZulu Natal batch B, S4A-ethanol extract from KwaZulu Natal batch A, S4B- ethanol extract from 

KwaZulu Natal  batch B. 
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Figure 7.3. Percentage decay due to the effects of acetone and ethanol extracts of H. odoratissimum (L.) and controls on the arils of pomegranate 

(Punica granatum L., cv. Acco) infection with B. cinerea after 15 days of storage at 10 °C.  
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7.5.2 Fruit surface image 

Figure 7.4 presents the effects of the plant extracts on the impact of B. cinerea inoculation 

on pomegranate fruit sampled on the 7th day of storage. The cellular microstructure difference 

was observed when comparing the uninoculated, inoculated but untreated and inoculated then 

treated samples. The SEM micrograph showed a smooth surface and intact cell membrane for 

the control (healthy/T1) pomegranate fruit peel at day 12. Furthermore, no fungal growth was 

detected on the control (T1) and on the extract-treated samples (T3 and T4), this indicates the 

efficacy of the extracts against B. cinerea. However, the cytotoxic effects, such as scarring of 

the fruit skin, from the extracts were also detected (Figure 7.5).  The SEM results of the 

untreated sample (T2) showed fungal sporulation/ hyphae by day 7 (Figure 7.4) and more 

conidia by day 15 (Figure 7.5) is observed. This was a confirmation of the presence of fungal 

infection. Botrytis cinerea, through hyphae, produces vast quantities of asexual spores known 

as conidia which, when they land on a plant surface, germinate and form an appressorium and 

penetration peg that breaches the plant cuticle (Boddy, 2016). Figure 7.6 presents a life cycle 

of B. cinerea where airborne asexual conidia spores produced from mature conidiophores serve 

as infection transmitters.   
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Figure 7.4: Fruit surface imaging after injecting B. cinerea (1 × 105 conidia mL-1) into the controls and extract-treated fruit. Sampled at Day 3. T1 

= Healthy untreated fruit on the sampling day, T2 = Untreated but inoculated with pathogen, T3 = Treated with S1A, T4 = Treated with S2A. 
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Figure 7.5: Fruit surface imaging after injecting B. cinerea (1 × 105 conidia mL-1) into the controls and extract-treated fruit. Sampled at Day 15 

of storage. T1 = Healthy untreated fruit on the sampling day, T2 = Untreated but inoculated with pathogen, T3 = Treated with S1A, T4 = Treated 

with S2A. 
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Figure 7.6: The microscopic structures of a septate fungus showing asexually produced conidia that leave the fungus and germinate to produce a 

new mycelium. [https://www.cliffsnotes.com/study-guides/biology/microbiology/the-fungi/structure-and-physiology-of-fungi].
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7.6 Conclusion and recommendation 

Overall, this study shows that ethanol-based extracts of H. odoratissimum exhibited strong antifungal 

effects than acetone-based extracts against B. cinerea. In contrary to the in vitro reported in chapter 4, this 

study reported a constantly high antifungal activity from the acetone across all samples, in some cases higher 

than that of the ethanol. In conclusion, H. odoratissimum possess antifungal effects and may be a source for 

bioactive compounds that could be used to improve the quality of pomegranate products and to extend their 

shelf life during postharvest storage. This finding provides the basis for further research on the identification 

and purification of the active compounds responsible for the antifungal effects of the plant extracts.  
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Chapter 8 
Overall Synthesis and Conclusions 

 
 

Horticultural produce (mainly through fruit diseases) has been identified as the major contributor to 

foodborne diseases outbreaks and has a distinct effect on global post-harvest losses (Macieira et al., 2021). 

The solution to fruit diseases mainly relies with crop and plant protection which include the aggressive usage 

of chemical fungicides and other cost-effective postharvest strategies which are associated with significant 

health, safety and environmental implications (Sales et al., 2016). Numerous investigations have been 

undertaken on the effects of crude plant extracts as safe, cost-effective and yet effective strategies for 

postharvest management of fruit diseases. According to Gurjar et al. (2012), under stressful conditions, plants 

strategically generate secondary metabolites for their defence strategy against predators. Some of these 

compounds have been tested and proven to exhibit intense activity against numerous fungal pathogens. For 

the mentioned reasons, this study explored the extracts of Helichrysum spp. as alternative fungicidal agents 

to synthetic fungicides for postharvest applications. This study screened two Helichrysum spp. against the 

most disastrous postharvest pathogen on pomegranate fruit: Botrytis cinerea. 

A review in the literature on postharvest disease management strategies highlighted challenges faced 

by the food industry and identified plant extracts and derivatives as alternative controls for fruit diseases. As 

the efficacy of a medicinal plant is highly dependent on the plant part, processing methods and extraction 

methods employed, this study further investigated the effect of processing and freeze-drying on selected 

major constituents (terpenes) of Helichrysum spp. that are reported to exhibit antifungal properties and other 

biological activities. Plant processing either significantly increases or decreases the quantities of bioactive 

compounds present. The highest concentration of α-pinene (91.29 µg/L) was obtained in the crude ethanol 

extract compared to the freeze-dried extracts with ≈3.01 µg/L (p ≤ 0.05). The study further, optimised the 

extraction method by employing solvents of different polarities to maximize yields and increase the efficacy 

of these extracts. The study, determined the yield of extractable solids (SS), total polyphenol content, 

antioxidant and antifungal activities of H. odoratissimum extracts obtained by maceration using solvents with 

different polarities (70% acetone, 99.8% chloroform, 95% ethanol, 86% hexane and distilled water). The 

highest polyphenol content (22.7 g GA 100 g-1) was determined in the aqueous extract, which exhibited no 

antimicrobial activity against Botrytis cinerea. Acetone extracts exhibited the highest antimicrobial activity 

in the in vitro study amongst all extracts, followed by ethanol extracts (52% and 35%, respectively). These 

two extracts were selected and further investigated for their antifungal activity in an in vivo study model. In 

contrast to the results of the in vitro antifungal study, the ethanol extract showed higher antifungal efficacy 
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than the acetone extracts in the in vivo study (≈50 and 80% decay, respectively). Fruit surface imaging 

analyses was performed to further determine the effects of the crude acetone and ethanol extracts of H. 

odoratissimum on the effect of B. cinerea on the morphology of the surface of pomegranate fruit. The SEM 

results indicated that both extracts inhibited fungal sporulation, indicating the antifungal effects of the 

extracts. Scaring and burns were also observed on the skin surface of the fruit, thus indicating cytotoxic 

effects of the extracts on the fruit. 

To gain insight into the chemical composition of these most active extracts (acetone and ethanol 

extracts), chromatographic analysis was also performed. This study determined that, the acetone extract of 

H. odoratissimum contained the most volatile compounds compared to the ethanol extract. Sesquiterpenoids 

were the most abundant class of compounds for both extracts and major components found in the acetone 

and ethanol extracts (viridiflorol, β-caryophyllene, δ-cadinene, α-curcumene, γ-curcumene, α-humulene, δ- 

guaiene, δ-cadinene, α-pinene, ledene and alloaromadendrene) of H. odoratissimum have been demonstrated 

to possess antimicrobial properties. Viridiflorol was the major compound in both the acetone (26.2 ± 1.24%) 

and ethanol (16.8 ± 0.31%) extracts of H. odoratissimum. Viridiflorol has been identified as one of the major 

constituents of plant extracts and has been shown to be effective against B. cinerea (Rahman et al., 2011; 

Yilmaz et al., 2016). This suggest that Viridiflorol may play a role in the observed antifungal effects of this 

species. 

Generally, this study demonstrated that Helichrysum odoratissimum is a potential source of 

antifungal agents against B. cinerea. The findings of this study provide the basis for further research on the 

identification and purification of antifungal compounds from the plants. Overall, the conclusion of this study 

is that H. odoratissimum can be used as a source for bioactive compounds that could be used to improve the 

quality of pomegranate products and to extend shelf life during postharvest storage. 
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APPENDICES  

Appendix 6.1: Relative percentage composition of volatile compounds isolated from crude acetone and 

ethanol extracts of H. odoratissimum from Western Cape (WC) and KwaZulu-Natal (KZN). Mean (n 

= 3) values are approximated to one decimal place. 

Class Compounds RT RI 
Acetone Ethanol 

WC KZN WC KZN 

Aliphatic 

compounds 

10,10-Dimethyl-2,6-

dimethylenebicyclo[7.2.0

]undecan-5β-ol 

57.11 1644.2 nd 0.6 ± 0.02a 0.2 ± 0.09b nd 

Alkane 

hydrocarbons 
Undecane 16.39 180.44 1.1 ± 0.36ab 0.6 ± 0.18b 1.8 ± 0.35a 1.6 ± 0.42a 

 Dodecane (CAS) 21.83 200.12 4.3 ± 0.29a 1.7 ± 0.06c 3.4 ± 0.39b 1.4 ± 0.48c 

 Tetradecane (CAS) 33.14 1659.8 3.2 ± 0.69a 1.6 ± 0.04b 4.1 ± 0.06a 1.4 ± 0.09c 

 Hexadecane (CAS) 43.08 268.29 0.7 ± 0.02c nd 1.8 ± 0.05a 1.5 ± 0.42b 

 

4,5-dimethyl-11-

methylenetricyclo[7.2.1.

0 (4.9)]dodecane 

45.42 n/a 0.1 ± 0.00b 5.5 ± 0.05a 0.8 ± 0.09b nd 

 Junipene 46.90 1427.0 nd 0.2 ± 0.01 nd nd 

Aromatic 

hydrocarbons 
Para-cymene 26.76 1017.6 0. 5 ± 0.02 nd nd nd 

 M-cymene 50.88 1028.7 nd 0.2 ± 0.04 nd nd 

 Toluene 13.64 785.29 0.4 ± 0.04a 0.2 ± 0.03b nd nd 

 Para-xylene 19.02 852.1 0.8 ± 0.01 nd nd nd 

 M-xylene 19.42 848.4 1.9 ± 0.01a 0.8 ± 0.13b nd nd 

 Xylene 22.05 909.1 1.4 ± 0.69 nd nd nd 

 

 
Benzene, ethyl- (CAS) 18.51 850.6 0.4 ± 0.08a 0.2 ± 0.002b nd nd 

 Benzene, 1,4-dimethyl- 18.85 848.4 nd 0.5 ± 0.009 nd nd 

 Benzene, 1,3-dimethyl- 19.42 852.1 1.9 ± 0.00 nd nd nd 

 
Benzene, 1,2,4,5-

tetramethyl- (CAS) 
34.67 1124.7 0.8 ± 0.09a 0.1 ± 0.07b nd nd 

 
Benzene, 1,2,3,5-

tetramethyl- (CAS) 
35.17 1129.0 0.9 ± 0.01 nd nd nd 

Bromodiphenyl 

ethers 

Benzene, 1,1'-oxybis- 

(CAS) 
53.12 1616.2 0.2 ± 0.00c 1.8 ± 0.14a 

0.6 ± 

0.14b 
nd 

Cyclic 

olefins/alkanes 

Cyclopentane, 1,3-

dimethyl-, cis- 
30.73 680.4 nd 4.0 ± 0.67 nd nd 

Epoxide α-Pinene oxide 48.63 948.55 0.3 ± 0.14 nd nd nd 

 Caryophyllene oxide 52.43 1578.0 0.2 ± 0.01b nd 
0.5 ± 

0.16a 
nd 

 Humulene oxide 53.82 2038. nd 0.2 ± 0.009 nd nd 

Fatty alcohol 

esters 
Octen-1-ol, acetate 32.21 1192.0 nd 0.5 ± 0.01 nd nd 

Monoterpenes l-β-pinene 16.83 981.73 0.8 ± 0.08a nd 0.9 ± 0.18a nd 
 Limonene 22.31 1024.53 0.8 ± 0.01a 0.9 ± 0.12ab 0.7± 0.07b 1.1 ± 0.27a 

 Camphene 53.43 956.38 nd nd nd 0.4 ± 0.03 
Monoterpenoids Benzene, 1-methyl-2-(1-

methylethyl)- 
26.54 1029.0 1.8 ± 0.35a nd 0.2 ± 0.35c 0.8 ± 0.06b 
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Appendix 6.1 (Continued) 

Class Compounds 
RT RI 

Acetone Ethanol 

  WC KZN WC KZN 

 α-terpinolene 27.08 1083.0 0.4 ± 0.07a 0.2 ± 0.04b nd nd 

 Benzene, 1,2,4-trimethyl- 27.32 1005.5 0.2 ± 0.08a 0.1 ± 0.01a nd nd 

 Benzene, 1,2,4,5-tetramethyl- 34.68 1124.7 0.3 ± 0.02a 0.1 ± 0.01b nd nd 

 Benzene, 1,2,3,5-tetramethyl- 35.18 1129.0 0.9 ± 0.00a 0.1 ± 0.01b nd nd 

 Benzene, 1-ethyl-2,4-dimethyl- 37.61 1070.8 nd 1.3 ± 0.90 nd nd 

 Neoalloocimene 45.19 1135.0 0.2 ± 0.00a nd 0.2 ± 0.12a nd 

Organic oxides Trans-1-(p-methoxyphenyl)-

2,3,4-trimethyl-1-cyclobutene 
52.49 n/a nd 0.4 ± 0.06 nd nd 

Oxanes 1,8-Cineole 22.96 1027.66 nd 0.9 ± 0.01b 13.6 ± 0.52a 0.9 ± 0.09b 

Phenylpropene Methyl eugenol 52.93 1401.0 0.3 ± 0.02bc 0.2 ± 0.02c 0.5 ± 0.08b 1.4 ± 0.08a 

Sesquiterpenes α-copaene 37.46 1378.0 nd 2.0 ± 0.10b 0.8 ± 0.08c 4.4 ± 0.25a 

 γ-curcumene 40.31 1480.0 nd 2.3 ± 0.01b nd 4.4 ± 0.42a 

 α-zingiberene 42.68 n/a nd 1.3 ± 0.00b nd 3.2 ± 0.34a 

 α-guaiene 42.95 1438.0 nd 1.5 ± 0.75a nd 1.3 ± 0.03a 

 β-caryophyllene 43.35 1400.0 0.6 ± 0.01b 15.0 ± 0.35a 0.7 ± 0.39b 14.7 ± 0.55a 

 β-selinene 44.05 1496.0 nd 3.4 ± 0.02a nd 0.8 ± 0.06b 

 γ-selinene  46.15 1497.0 nd 0.4 ± 0.05b nd 1.3 ± 0.02a 

 

 
δ-guaiene  47.30 n/a 

0.3 ± 0.01d 2.6 ± 0.81b 6.6 ± 0.81a 1.4 ± 0.03c 

 

 
α-selinene 47.41 1505.0 0.5 ± 0.04b 1.7 ± 0.02a 0.4 ± 0.25b nd 

 β-bisabolene 47.52 1505.0 1.1 ± 0.01b nd 1.8 ± 0.07a nd 

 δ-cadinene 48.36 1500.0 5.5 ± 0.46a 1.0 ± 0.02c 2.1 ± 0.20b nd 

 γ-cadinene 48.46 1496.6 nd 3.3 ± 0.03 nd nd 

 α-cadinene 49.21 1541.0 nd 3.4 ± 0.14 nd nd 

 Cycloisolongifolene 49.39 n/a nd 0.4 ± 0.02b 5.0 ± 0.02a nd 

 
(5R)-2-cyano-5,9-

dimethyldeca-2,8-dienenitrile 
56.56 n/a nd 0.3 ± 0.04a nd 0.3 ± 0.19a 

Sesquiterpenoids α-ylangene 37.14 1373.0 nd nd nd 0.4 ± 0.01 

 

6,10,11,11-tetramethyl-

tricyclo[6.3.0.1(2,3)]undec-

1(7)ene 

43.52 n/a 0.8 ± 0.08b nd 2.0 ± 0.54a nd 

Sesquiterpenoids (+)-Aromadendrene 43.74 1453.6 2.7 ± 0.00a nd 0.3 ± 0.05b nd 

 Alloaromadendrene 45.18 1635.0 1.2 ± 0.02b 0.7 ± 0.02c 1.0 ± 0.04b 2.3 ± 0.70a 

 α-humulene 45.99 1446.0 nd 1.3 ± 0.03b nd 5.1 ± 0.09a 

 Trans-β-farnesene 46.36 1723.0 0.4 ± 0.02c 0.9 ± 0.14b 1.4 ± 0.03a 1.3 ± 0.12ab 

 α-cubebene 46.55 1351.0 nd 0.6 ± 0.05 nd nd 

 Ledene 46.77 1505.0 5.6 ± 0.08a 1.1 ± 0.09c 2.8 ± 0.07b 1.3 ± 0.60c 

 γ-Gurjunene 46.89 1479.0 nd 0.4 ± 0.02b nd 0.6 ± 0.06a 

 α-Muurolene 46.96  1499.0 0.4 ± 0.16b nd 0.9 ± 0.01a nd 

 β-Chamigrene 47.11 1478.0 nd 0.3 ± 0.01 nd nd 

 Cadina-1,4-diene 47.80 1527.0 nd 2.3 ± 0.52 nd nd 

 Helminthogermacrene 48.26 1503.0 nd 0.6 ± 0.08 nd nd 

 Calarene 48.43 1435.0 0.3 ± 0.001b nd 4.8 ± 0.55a nd 

 Selina-3,7(11)-diene 48.58 1545.0 nd 1.1 ± 0.10 nd nd 

 α-curcumene 48.75 1445.0 nd 14.3 ± 0.49a nd 12.7 ± 0.32b 

 1S,Cis-Calamenene 50.08 1526.0 0.4 ± 0.01c 0.2 ± 0.01d 0.7 ± 0.05b 0.9 ± 0.05a 
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Terpene α-pinene 12.19           917.0 0.8 ± 0.001 
1.5 ± 

0.02a 
1.6 ± 0.25a 1.4 ± 0.53a 

 
2-Pentadecanone, 6,10,14-

trimethyl-  
54.34 

          1844.0

  
0.2 ± 0.08a nd 0.5 ± 0.3a nd 

Terpenoids Azulene 48.19            1311.0 0.3 ± 0.03b nd 1.5 ± 0.55a nd 

*Bicyclic 

hydrocarbon 

6,7-Dimethyltetralin-1,5,8-

trione 
44.72 n/a nd nd nd 0.2 ± 0.02 

Mean values (n = 3) along the rows with different letters are significantly different based on Duncan's Multiple Range Test at p ≤ 0.05. All volatile 

compounds were tentatively identified by comparing the data of the MS with spectral data from the NIST v. 05 and the WHILEY 275 mass spectral 

libraries. RT: Retention time (min), nd: implies not detected or below MS detection level, na: implies not available, *ortho-fused. 

Appendix 6.1 (Continued) 

Class Compounds  RT RI Acetone Ethanol 

    WC KZN WC KZN 

        

 Geranyl acetone 50.38 1452.0 0.2 ± 0.03c 1.3 ± 0.26a nd 0.5 ± 0.06b 

 Calacorene 51.71 n/a nd 0.4 ± 0.04 nd nd 

 12-Nor-caryophyll-5-en-2-on 52.62 1472.0 nd 1.0 ± 0.03 nd nd 

 Eremophilene 53.19 1486.0 nd 0.1 ± 0.01 nd nd 

 

Naphthalene, 1,2,3,4,4a,7-

hexahydro-1,6-dimethyl-4-(1-

methylethyl)- 

54.04 

1515.0 

nd 1.3 ± 0.37a 0.4 ± 0.08b 0.4 ± 0.06b 

 Globulol 54.17 1579.0 nd 2.5 ± 0.16a nd 0.4 ± 0.08b 

 Viridiflorol 54.25 1593.0 26.2 ± 1.24a 0.8 ± 0.05d 16.8 ± 0.31b 1.4 ± 0.84c 

 (+) Spathulenol 54.82 1575.0 nd 0.7 ± 0.02a nd 0.1 ± 0.02b 

 Epi-bicyclosesquiphellandrene 55.41 1488.0 nd 0.5 ± 0.09a 0.4 ± 0.06a 0.2 ± 0.01b 

 T-Muurolol 55.57 1640.0 0.3 ± 0.08b nd 0.8 ± 0.25a nd 

 Pogostol 55.97 1656.0 nd 1.1 ± 0.06b 2.9 ± 0.42a 0.4 ± 0.07c 

 
1,4-dimethyl-7-(1-

methylethyl)azulene 
56.30 1772.0 

nd 0.2 ± 0.01b 0.6 ± 0.17a nd 
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