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Abstract 

Part A of the study focuses on Siphonochilus aethiopicus, also known as African ginger, 

to determine its antiviral properties and the compounds responsible for the biological 

activity. African ginger is one of the most well-known medicinal plants in South Africa and 

is traditionally used to treat asthma, colds, coughs, flu, influenza, headaches and malaria. 

The biological properties of the plant have been extensively researched, however limited 

studies are reported on its antiviral activity and the compounds that contribute to this 

biological activity. Various compounds have been isolated from the plant, the most 

common being the sesquiterpenoid, siphonochilone, which is reported as the major 

compound of the plant, and its structurally similar compounds identified as lactones. The 

aim of this study was to prepare and identify a suitable extract, evaluate extracts for their 

antiviral properties against the influenza virus and isolate and purify the biologically active 

compounds. 

Chapter 2 describes the different methods and conditions of extraction to quantitatively 

and qualitatively obtain the most suitable extracts. Fresh rhizomes, freshly dried ground 

rhizomes and five-year-old dried ground rhizomes were extracted with different polarities 

of solvents and analysed using GC-MS. It was concluded that the five-year-old dried 

ground rhizomes were the most suitable plant material to use for extraction since it 

contained the targeted compounds: siphonochilone and its hydroxylated lactone.  

Different purification methods were used for the extracts of the five-year-old dried ground 

rhizomes for the isolation of the targeted compounds which is described in Chapter 3. In 

this chapter an automated SPE, liquid handler and HPLC was used to successfully isolate 

and purify adequate quantities of the hydroxylated lactone and was confirmed using NMR. 

Siphonochilone crystallized out during steam distillation, and its structure confirmed by 

NMR.  

The isolated compounds along with the essential oil and ethanol extract were used for 

biological evaluation for antiviral properties against the influenza virus which is described 

in Chapter 4. The results suggested that the pure compounds, siphonochilone, and its 
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hydroxylated lactone, showed significant inhibition against an Influenza A-type virus, at 

concentrations equivalent to the positive control, ribavirin. These results would suggest 

that siphonochilone and its hydroxylated lactone both could serve as possible natural 

antiviral drugs. 

Part B of the study focuses on the analysis of a natural insect repellent and the longevity 

of the active ingredients during diffusion. Chapter 5 discusses the analysis of Noot-a-Bug, 

sweet orange oil blended with a naturally sourced enzyme cocktail, as a possible natural 

insect repellent. GC-MS analysis was performed to confirm the conversion of nootkatone 

from valencene in the sweet orange oil. HS-SPME-GC-MS was used to analyse the 

continuous diffusion of Noot-a-Bug and confirm the presence of nootkatone in the 

vaporised sample over a period of 24-h in a controlled environment.  
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PART A: 

Development of Siphonochilus aethiopicus as a 

treatment for colds and influenza 

 

Chapter 1: General Introduction into Siphonochilus 

aethiopicus 

 

1.1 Background  

1.1.1 Natural Products 

Natural products are compounds derived from natural sources, like plants, animals or 

micro-organisms, and have been used to treat various ailments for thousands of 

years.[1,2] 

Fundamental research on living organisms in nature has revealed that they are of utmost 

importance towards forming new insights into understanding their biological mechanisms, 

analysing active ingredients and their pharmaceutical possibilities.[3-5] Society has 

become aware of the toxicity and side effects of some synthetic- and allopathic drugs and 

has reverted to natural products.[1,6] Medicinal products are used by 80% of the world 

population and there has been an increase in the demand for sustainable plant-based 

products in cosmeceuticals, household products, pharmaceuticals and wholefoods.[7,8]  

Throughout history, natural products have been used worldwide to treat various diseases 

and used in the development of medicinal products.[8,9] Before their biological effects were 

researched and used in pharmaceuticals, many of these plants were used as traditional 

medicine to treat various ailments.[10,12]  
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Medicinal plants are categorized into pharmaceuticals, which are plants used in 

pharmaceuticals or Western medicine, and traditional medicine, used by traditional health 

practitioners.[13] The competing or complementing tendency between the two has been 

discussed in many publications in order to integrate them and provide the best possible 

plant-based pharmaceuticals.[13] Many believe both can work together to produce better 

pharmaceuticals, but others believe that producing pharmaceuticals takes away the 

medicinal belief and cultural importance.[14,15] For many years traditional medicine was 

the most common health system in Africa, but this has changed over the years.[22] 

Integration of the two has allowed for proper research and commercialization of important 

pharmaceuticals.[14,17] 

After the discovery of antibiotics from penicillin in the 1920’s, a vast amount of research 

on natural compounds became more typical, resulting in plant-based 

pharmaceuticals.[1,8,11,18] Some well-known discoveries include the discovery of quinines 

from Cinchona calisaya and artemisinin from Artemisia annua for the treatment of malaria, 

taxol from Taxus brevifolia for the treatment of breast cancer and aspirin from the Salix 

spp. as a pain reliever.[17,20-22]  

African Traditional Medicine plays a big role in the health care system of people living on 

the African continent and it is important to recognize this as a suitable health care 

system.[5]  

 

1.1.2 African Traditional Medicine and their role in health care systems  

The use of medicinal plants in African Traditional Medicine is one of the oldest known 

health care systems in the world.[23,24] Africa is abundant in plants with different medicinal 

properties that are used to maintain health, promote healing or treat various illnesses 

such as cancer, coughs, colds, diabetes, fever, high-blood pressure, skin problems, 

stomach aches and wounds.[10,24,25] In South Africa more than 70% of the population 

makes use of traditional medicine for cultural and health care purposes.[25] Most people 

in developing countries or rural areas are limited to using traditional medicine due to 
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economic and cultural factors as a result of which they are the only source of affordable 

and accessible healthcare services.[6,23]  

Approximately 10% of the world’s plant species can be found in southern Africa with only 

10% of African plants being used for traditional medicine. [12,26,27] This significantly low 

number is due to limited available information on the plants’ morphology, genetics and 

chemical characters. With modern technology at our disposal, scientists can now 

investigate and develop more plant-based products.[12,26,28]  

Until the 1980’s, natural product discovery relied only on traditional knowledge. Since the 

20th century, active compounds have been isolated, identified and biologically evaluated 

with the aim of producing better pharmaceuticals.[13,17] All of this has only been possible 

due to the cooperation of traditional healers.[29] They hold the rights to the traditional 

knowledge of their medicine, but many of them have allowed for sharing of knowledge for 

the purpose of generating natural products, sharing of profits, and preventing the loss of 

knowledge.[15,30] It is important to protect traditional knowledge because it improves the 

livelihood of the healer and community, and changes peoples outlook of traditional 

medicine.[31]   

Even with the considerable amount of research already done on natural products, there 

is still an immense potential for commercialization of so many undiscovered species. 

Many plants in Africa are/have been researched of which many are found in South 

Africa.[12,27] 

 

1.1.3 Traditional medicine in South Africa and its commercialization  

More than 700 different plant species are traded in South Africa and approximately 230 

are sold at muthi markets.[32] Indigenous plants are used for the trading of medicinal – 

and spiritual plants and used to treat various ailments for example Hypoxis obtuse, 

Siphonochilus aethiopicus (African ginger), Drimia sanquinea (“Transvaal slangkop”), 

Helichrysum kraussii (Curry bush), Pelargonium sidoides (geranium) and Acacia 
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xanthophloea (fever tree).[26,32-34] The overexploitation of these plants can threaten the 

biodiversity of a country, and for a country like South Africa, which has a rich plant 

biodiversity, protection of these plants is very important.[32,34,35] If not protected this can 

result in price increases and the extinction of certain plants. If this is the case, the plants 

can no longer be used to treat certain ailments or be researched for commercialization. 

[32,34] 

The potential for production of natural products from indigenous plants has improved over 

the years.[28] Some of the most popular indigenous South African plants that have been 

used for commercialization include Aloe ferox (Cape aloe), Harpagophytum procumbens 

(Devil’s claw), Hoodia gordonii, Siphonochilus aethiopicus (African ginger), Artemisia afra 

(African wormwood), Athrixia phylicoides (Bushman’s tea) and Carpobrotus edulis (Sour 

fig).[12,26,27] 

Cape Aloe has been traditionally used for wound healing, treatment of arthritis, herpes, 

sore throats and ulcers. It has since been identified to have anti-oxidant, anti-

inflammatory, antimicrobial and anticancer properties, and has more recently been 

commercialized into gels to treat leg ulcers, cosmetics to relief sunburn and used as a 

flavouring agent in beverages and food.[36,37]  

Devil’s claw has been traditionally used to treat arthritis, blood diseases, diabetes, fever, 

pain and ulcers.[38] It has more recently been researched scientifically and used as an 

anti-oxidant, anti-inflammatory and antimicrobial.[38-40] It is also used to treat arthritis, heart 

diseases, kidney inflammation and tendonitis.[22,38] It is widely used in herbal products and 

different teas in countries like Germany, USA and Netherlands, and is the third most 

popular plant used in Germany and its demand keeps on increasing.[38]  

Hoodia was first used by the San people in South Africa as a source of food and water, 

and for the treatment of abdominal pain, tuberculosis and diabetes.[42] Research done on 

the plant at the Council for Scientific and Industrial Research (CSIR) reported the appetite 

suppressant properties and has the plant been traded worldwide for commercialization 

for the management of weight.[41,42] 
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One of the most popular indigenous medicinal plants is African ginger (Siphonochilus 

aethiopicus).[12] It has many traditional uses and has been significantly investigated to 

scientifically prove its medicinal properties, as discussed later (see section 1.1.5).[7,43,44] 

A considerable number of African ginger containing products are available and have been 

used by consumers: Relief  African ginger capsules to relieve allergies, hayfever, colds 

and coughs; Bioharmony Bio-African Ginger Tablets to relief headaches, colds, flu, sore 

throats and sinuses; and Phyto-Nova African Ginger Tablets used to treat headaches, 

influenza and sinuses.[45-47]  

African ginger has many traditional uses, but its active compounds have not been 

extensively researched .[27] It has many medicinal properties and it is important to keep 

on investigating indigenous plants such as African ginger.[26] 

 

1.1.4 Background to Siphonochilus aethiopicus  

Siphonochilus aethiopicus (Schweinf.) B.L. Burtt., better known as African ginger, grows 

naturally in tropical and southern African countries such as Malawi, South Africa, 

Zimbabwe and Zambia.[26,43,48] It is part of the ginger family, Zingiberaceae, which 

consists of 53 plant genera and more than 1200 species.[49,50]  

Two popular ginger species in South Africa are Siphonochilus aethiopicus (African ginger) 

and Zingiber officinale (commercial ginger).[9,51]  

The rhizomes of both species contain volatile oils that have very distinct smells.[4,51,52] 

There are many physical similarities to the plants, but they differ greatly in chemical 

composition such as the different types of terpenoids present in both species.[9,52] It is not 

only important to understand and investigate the physical characteristics of plants of the 

same family, but also their physiology and chemical composition.  
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1.1.4.1 Morphology  

African ginger is a bisexual plant with pink, purple or white, short-lived flowers that only 

appear at ground level (Figure 1.1).[12,53] They only flower annually in the spring/summer 

time before the leaves appear (October – December).[4,27,54]  

 

 

 

 

 

 

 

Figure 1.1 Bright pink or purple flowers of African ginger that appear at ground level. 

(Taken from Flora of Zimbabwe).[55] 

The large, light green and hairless leaves grow in the spring time and are often used for 

traditional medicine.[4,48,52] These flowers and leaves grow from the rhizomes and roots 

and the plant can reach a height of 0.4 m[7,27,48]  After the growing season the shoots are 

yellow in April, collapse in May and the plants then go into their dormant stage allowing 

the rhizomes and roots to grow and be harvested.[53,54] 

The aromatic, cone-shaped rhizomes and succulent roots enlarge during the dormant 

stage (Figure 1.2).[9,12] They are more popular for traditional use than leaves, however 

this leads to overexploitation of the plant.[7,57] Both the leaves, and rhizomes are 

harvested but during different seasons; leaves during summer (October – December) and 

rhizomes and roots during winter  (April – September).[4,54,57] During summer the rhizomes 

and roots are much smaller in size since water and nutrients are transported to the aerial 

shoots to assist in leaves, flowers and fruit growth.[54] 
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The rhizomes and roots have been researched more extensively and have shown good 

potential for different biological activities.[48,56] Traditionally they are more generally used 

than leaves, but in some cases they show better biological activity, depending on the 

medicinal use as discussed later in section 1.1.5.1.[7,56,58] The use of leaf material is more 

attractive to prevent eradication of the plant, but traditional healers prefer rhizomes and 

roots and do not want to deviate from traditional usage.[4,58]  

 

Figure 1.2  Cone-shaped rhizomes and succulent roots (Taken from The Department of 

Agriculture, Forestry and Fisheries (South Africa)).[59] 

 

1.1.4.2 Traditional uses  

African ginger is one of the most important traditional medicinal plants in South Africa and 

is generally used by traditional healers to treat various ailments.[7,9] Most popular 

traditional uses include chewing or brewing of fresh rhizomes and roots as a tea to treat 

colds, coughs, influenza, asthma and malaria.[7,9,21] Another is the hot and cold infusion 

of rhizomes, steaming and inhalation of the vapours to treat asthma, coughs, colds, 

malaria and sinus problems.[7,60]  

The plant is also traditionally used for protection against snakes and lightning.[58] It is also 

sometimes used to treat hysteria and epilepsy.[52,61]  

All of these traditional uses over the years have resulted in the overexploitation of the 

plant, resulting in it being placed on the Red Data List of South African plants.[43,45]  
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1.1.4.3 Conservation  

African ginger is a popular medicinal plant and is one of the most widely used plants in 

South Africa. Its popularity has caused for an increase in demand by people for its 

traditional – and scientific use.[45,46] This has also resulted in low supply and caused for 

more research into finding suitable solutions to prevent the plant from being completely 

eradicated.[27,54,58] 

Successful cultivation and propagation has been performed in warmer parts of South 

Africa provided it is in a well-drained, compost rich soil and warm shady environment.[27,62] 

Unfortunately, the lack of cultivation skills or the effect on the genetic diversity can be 

problematic during cultivation and the cultivated plant may not have the same biological 

activity as the wild plant.[4,9,45]  

Another investigation relates to the use of different plant parts for different medicinal 

uses.[45] Zschocke et al. (2000) investigated the difference in chemical composition and 

found that the rhizomes and roots consist of a similar chemical composition as the leaves 

and stems. This was done using thin-layer chromatography (TLC), but is not an adequate 

method of determining the chemical composition of different plant parts compared to more 

accurate methods like gas chromatography-mass spectrometry (GC-MS).[58] The studies 

revealed that both leaves and stems showed better in vitro anti-inflammatory activity, 

using a cyclooxygenase-1 (COX-1) assay, than rhizomes and roots. These results were 

also supported by Light et al. (2002) who concluded that depending on the medicinal use, 

the rhizomes and roots can be substituted with leaves and stems if this is supported by 

further scientific findings.[56,58] The traditional healers and patients often refrain from using 

leaves and stems since they do not believe it to have the same strength as rhizomes and 

roots.[59] The use of leaf material will prevent complete eradication and allow the plant to 

recover and continue growing to be used in the next dormant season.[9,56,58]  

It is also important to harvest the rhizomes during winter when they are larger, hydrated 

and nutrient-rich.[9,54] Harvesting the plant during summer, while rhizomes and roots have 

shrunk, can result in eradication of more plant material and cause over-exploitation.[54] 
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Communities and collaborators need to work together to prevent this plant from being 

over-exploited. Protection of indigenous plants such as African ginger is of the utmost 

importance, but changing its chemical composition defeats the purpose of cultivation. This 

makes the plant unusable since its chemical composition is what makes it valuable.   

  

1.1.5 Biological evaluation and phytochemical studies of African ginger 

Extensive scientific investigations into the traditional use of African ginger, as mentioned 

in section 1.1.4.2, have been undertaken with the intention of producing natural medicinal 

products for use.[7,43,44] Although the biological properties of the plant have been 

extensively researched, little has been done on the active ingredients and their mode of 

action.[21,61] In some instances, good activity might be due to synergism, but in other cases  

it might be due to a single active compound.[74,75]  It is important to investigate the 

biological properties of the plant, but also those of the active ingredients to significantly 

improve the biological activity and contribute to improved natural ingredients. 

 

1.1.5.1 Biological evaluation of African ginger 

Many of the biological properties, i.e. anti-allergic, anti-asthmatic, antibacterial, anti-

inflammatory and antifungal properties of the plant have been investigated and coincide 

with the traditional use.[21,56,58,62] 

The antibacterial and antifungal properties were investigated by Coopoosamy et al. 

(2000).[48] For the antibacterial activity, an aqueous, acetone and ethyl acetate extract of 

the leaves and rhizomes of African ginger were prepared. The extracts were tested 

against five gram-positive strains (Bacillus subtilis, Micrococcus kristinae, Bacillus cereus, 

Staphylococcus aereus and Staphylococcus epidermidis) and four gram-negative strains 

(Escherichia coli, Proteus vulgaris, Enterobacter aerogenes and Shigella sonnei).  It was 

found that the acetone and ethyl acetate extracts showed better inhibition than the 

aqueous extract against most of the bacteria. The study also showed that the leaves had 
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less inhibition than the rhizomes, which is possibly due to compounds being stored in the 

rhizomes and roots and not the leaves.[9,48,56,61]  

Aqueous and ethanol extracts of the bulbs and leaves were prepared and screened for 

their antifungal activity against Aspergillus flavus, Aspergillus glaucus, Candida albicans, 

Candida tropicalis, Trichophyton mentagrophytes and Trichophyton rubrum.[49] It was 

reported that the ethanol extract had better inhibition than the aqueous extract and that 

the rhizomes also had better inhibition than the leaves. This could suggest why traditional 

healers prefer the rhizomes above the leaf material.[9,48]  

The anti-inflammatory properties of the plant were investigated by Light et al. (2002) using 

a COX-1 and COX-2 assay.[56] The screening of an aqueous, ethanol and ethyl acetate 

extract of dried leaves, rhizomes and roots were performed using a COX-1 enzyme from 

sheep seminal vesicles and COX-2 enzyme from sheep placental cotyledons. It was 

reported that the aqueous extracts did not show any inhibition, but good inhibition was 

reported for the ethanol and ethyl acetate extracts.[56,61]  

Another investigation into the anti-inflammatory properties was performed by Stafford, et 

al. (2005).[61] They investigated the anti-inflammatory properties of dried rhizomes 

extracted with water, ethanol and n-hexane and screened against the COX-1 enzyme 

assay using sheep seminal vesicles.[63,64] The results showed that the ethanol extract had 

better inhibition than the water extract even after a one-year storage period, and 

concluded that different compounds were extracted depending on the polarity of the 

organic solvents used.[61,63,64]  

The anti-allergic and anti-inflammatory properties of the plant were investigated by 

Fouche et al. (2011) using mouse models.[62] Three extracts, diethyl ether, ethanol and 

water, were prepared using dried rhizomes and roots. The diethyl ether extract was 

purified by flash chromatography on silica gel for the isolation of siphonochilone (1). 

Screening for anti-asthmatic properties was done by screening the extracts and 

siphonochilone in a glucocorticoid and histamine H1 binding assay and a 

phosphodiesterase IV enzyme inhibition assay.[62] The in vivo efficacy of the extracts and 
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siphonochilone was tested against ovalbumin (OVA)-induced allergic airway disease in 

BALB/c mice. The study revealed that the diethyl ether extract and siphonochilone had 

the best anti-inflammatory activity in vitro and in vivo.[62] 

The plant is also traditionally known to treat influenza, coughs and colds, prompting 

investigation into the antiviral properties of the plant.[9,43] The activity of an aqueous 

extract was investigated against the herpes simplex virus types 1 and 2 (HSV-1 and HSV-

2) and the Influenza-A virus (strain Panama) by Light et al. (2002). However, no significant 

activity against HSV-1 and HSV-2 and the Influenza-A virus were observed.[56]  

 

1.1.5.2 Chemical composition and extraction of metabolites 

Very little was known about the chemical composition of the plant and has initiated more 

investigations into the isolation and identification of active ingredients.[9,43] Initially the 

active ingredients were isolated as essential oils, but were later extracted using organic 

solvents.[43,65] The major compound is usually a terpene or terpenoid, which is responsible 

for the biological activity of the plant.[28,66] Holzapfel et al. (2002) identified the major 

compound of African ginger to be a sesquiterpenoid, siphonochilone (1), and was also 

confirmed by Viljoen et al. (2002) to be the major compound since it contributes 20 – 30% 

of the essential oil.[43,44] 

Holzapfel was the first to investigate the chemical compounds by isolating and identifying 

pure compounds from the essential oil using flash chromatography with silica gel and 2% 

triethylamine and nuclear magnetic resonance spectroscopy (NMR).[43]  He identified 

monoterpenoids and isolated and identified three sesquiterpenoids (Figure 1.3): 

siphonochilone (1), 4aαH-3,5α,8aβ-trimethyl-4,4a,8a,9-tetrahydronaphtho[2,3b]-furan-8-

one (C15H18O2 , m/z = 230.13), the hydroxylated derivative of siphonochilone (2), 2-

hydroxy-4aαH-3,5α,8aβ-trimethyl-4,4a,8a,9-tetrahydronaphtho-[2,3b]-furan-8(5H)-one 

(C15H18O3 , m/z = 246.30) and   2-acetoxy-4aαH-3,5α,8aβ-trimethyl-4,4a,8a,9-

tetrahydronaphtho-[2,3b]-furan-8-one (3) (C16H20O4, m/z = 276.33). Compounds 1 and 2 
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were considered naturally occurring in the plant while compound 3 was obtained by 

reacting compound 2 with acetic anhydride and triethylamine.[43]  

Figure 1.3  The structures isolated by Holzapfel et al. (2002) of siphonochilone (1), the 

hydroxylated derivative (2) and the acetylated compound (3).   

Viljoen et al. (2002) investigated the chemical composition of the essential oil using a gas 

chromatography-flame ionization detector (GC-FID) where he identified the presence of 

1,8-cineole, (E)-β-ocimene, cis-allocimene and siphonochilone.[44]  Eucalyptol, or 1,8-

cineole (4)  is a naturally occurring, aromatic, monoterpenoid found in many essential oils, 

e.g. eucalyptus, and has been traditionally used to treat bronchitis, sinuses, coughs and 

colds.[67-69] It is the major ingredient in “Vicks” which is one of the most popularly branded 

used products to treat coughs, colds and flu.[70,71] It has more recently also been 

formulated as a decongestant or used for aromatherapy for sick patients.[69,72] 

  

(1) (2) 

 

(3) 
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Eucalyptol was more recently confirmed to be present in the vapour phase of the hot 

infusion of rhizomes and roots, coinciding with the traditional use.[7] The vapours from 

fresh rhizomes and roots were analysed through headspace-solid phase microextraction 

(HS-SPME) and gas chromatography time-of-flight mass spectrometry (GC-TOF-MS). 

Eucalyptol was identified as a major compound that can contribute to its traditional use 

as a decongestant.[60]  

Figure 1.4  Structure of eucalyptol (4).[60] 

Lategan et al. (2009) isolated and identified three other sesquiterpenoids using solid 

phase extraction (SPE), liquid-liquid extraction, high-performance liquid chromatography 

(HPLC) and NMR spectroscopy from dried, powdered rhizomes extracted with ethyl 

acetate. The three sesquiterpenoid lactones (Figure 1.5) were; 4aαH-3,5α,8aβ-trimethyl-

4,4a,8a,9-tetrahydronaphtho-([2,3b]-dihydrofuran-2-one)-8-one (5) (C15H18O3, m/z = 

247.13), 9aα-hydroxy 4aαH-3,5α,8aβ-trimethyl-4,4a,8a,9-tetrahydronaphtho-([2,3b]-

dihydrofuran-2-one)-8-one (6) (C15H18O4, m/z = 263.13) and  4aαH-3,5α,8aβ-trimethyl-

4,4a,8a-trihydronaphtho-([2,3b]-dihydrofuran-2-one)-8-one (7) (C15H16O3, m/z = 

245.12).[9]  

Zongwe et al. (2016) studied the decomposition of siphonochilone (1) into the 

sesquiterpenoid lactones previously reported by Holzapfel and Lategan using ultra-high 

performance liquid chromatography-quadrupole time-of-flight mass spectrometry (UPLC-

 

(4) 
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QTOF-MS ES+).[65] Fresh rhizomes and dried powdered rhizomes stored for nine months 

were extracted with (dichloromethane) DCM:hexane (1:1) and observed for any changes 

in the profiles. It was concluded that auto-oxidation of siphonochilone (1) from stored 

dried, powdered rhizomes took place and ultimately led to the formation of the lactones 

reported by Lategan et al. (2009) (5 – 7). The lactones are more stable and better to use 

than siphonochilone.[9] 

  

(5) (6) 

 

(7) 

Figure 1.5 The structures of the lactones isolated by Lategan et al. (2009).[9] 

These structural changes to siphonochilone can be due to environmental factors (pH, 

temperature and light) that can cause a chemical change in certain plant material resulting 

in decomposition and affect the biological activity of the plant.[73]  
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1.2 Problem statement and justification 

Due to the overburden of harvesting of medicinal plants from the wild, many plants are 

now being threatened in their natural environment and this leads to their extinction. Many 

harvesting practices use the roots and stems of the plants and the destructive harvesting 

is even more of a burden to the survival of the plants. One such plant is Siphonochilus 

aethiopicus that is close to extinction due to the use of the underground rhizomes and 

roots for traditional practices. The cultivation of medicinal plants offers a solution to wild 

harvesting. As part of the cultivation, it is essential to determine the chemical profiles of 

the plants and compare this to wild plant material. Often in traditional healing, traditional 

health practitioners do not use cultivated material since they believe these do not have 

the same “strength” as wild material.[58] Chemical analysis to show equivalence between 

wild and cultivated is one option since the pharmacological and toxicological properties 

are dependent on the phytochemicals in the plants. It is also well-known that the 

photochemistry of plants can vary from season to season and also with the geographical 

location.  

Studies on the cultivation of the plant has suggested that it is easy to cultivate and 

propagate provided it is in a well-drained, compost-rich soil and warm shady 

environment.[4,26,27] No studies have been undertaken to determine the differences or 

similarities in phytochemicals between different seasons as this is very important to 

determine the correct season or time for harvesting.  

There are numerous reasons for the importance of determining the harvesting period in 

plant-based drug development. The first is to prevent extinction of the plant, depending 

on the plant part used for drug development. In the case of African ginger, the plant’s 

rhizomes and roots are very popular in traditional medicine and hence would be better to 

harvest during the winter when the rhizomes and roots have grown.[54] In the second 

instance harvesting during summer will result in a lower yield of plant material since the 

rhizomes and roots shrink during this season. The demand for more plant material during 

summer will result in a higher risk of eradication of the plant. Finally, as certain chemicals 
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are transported to the aerial parts of the plant during different seasons, there can be a 

change in the chemical composition of the rhizomes and roots.  

Majority of the studies done have been on the aqueous and organic solvent extracts and 

essential oils of the plant. A few monoterpenes, monoterpenoids and sesquiterpenoids 

have been isolated from the plant but their pharmacological properties have not been 

confirmed. Siphonochilone, the major compound from fresh plant material, and various 

other sesquiterpenoids were previously isolated from the plant but not extensively tested 

for any biological activity.[9,43] These sesquiterpenoid constituents were originally believed 

to be naturally occurring, but recent studies have suggested otherwise. It was reported 

that only siphonochilone occurs naturally in the plant and that the other sesquiterpenoids 

are lactones of siphonochilone that form due to auto-oxidation.[66] This also brought to 

light that storage time and other physical factors including light and oxygen exposure can 

change the chemical composition of the plant material. The question that arises is 

whether siphonochilone or one of its lactones are responsible for the pharmacological 

properties reported from extracts, or whether it is synergism that is responsible for the 

biological activity.  

African ginger holds many medicinal values and has been extensively researched to 

determine its pharmacological properties e.g. anti-asthmatic, antimalarial, antibacterial, 

antifungal and anti-allergic. However, limited research has been reported to determine its 

biological efficacy against influenza viruses that lead to colds, coughs and fever and to 

determine which chemical compounds are responsible for these pharmacological 

properties of the plant. Previous research on the antiviral activity has shown that the 

aqueous extracts of the plant does not show antiviral activity at the doses tested. The 

active ingredient for the pharmacological effect against the influenza virus has not been 

reported while cognizance of the auto-oxidation process has to be taken into account as 

well as synergistic affects.[56] The antiviral activity of certain extracts and pure compounds 

of the plant has not yet been investigated and it is necessary to find and evaluate its 

potential as suitable natural antiviral drug leads.  
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This study undertakes to investigate the impact various methods of extraction, solvents 

or solvent-systems and plant material plays on the chemical composition of the extracts 

of rhizomes from African ginger and the antiviral properties of extracts and pure 

compounds isolated from the plant. 

 

1.3 Aims and objectives 

The aim of the study was to investigate the differences and/or similarities in chemical 

composition of extracts of fresh, freshly dried ground and five-year-old dried ground 

rhizomes of African ginger; and to evaluate the antiviral effects of different extracts of the 

plant against the influenza virus including the isolation and identification of the active 

ingredient responsible for the activity. 

The overall objectives of the study are: 

• Extraction of fresh, freshly dried ground and five-year-old dried ground rhizomes 

using different methods of extraction and organic solvents; 

• Chemical analysis using GC-MS of different extracts and identify differences 

and/or similarities in chemical composition through comparison of the 

chromatograms; 

• Fractionation and isolation of active compounds, confirmation of their structures 

using NMR and antiviral bio-assaying of pure compounds; 

• Antiviral screening of extracts of African ginger against a strain of the Influenza A-

type virus (108 617). 
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Chapter 2: Chemical profiling of extracts of African ginger 

 

2.1 Background 

2.1.1 Secondary metabolites 

Plants have been around before humans and animals have roamed the Earth.[1] 

Throughout history, humans have been dependent on plants, not only for consumption, 

but also for medicinal use.[2] These plants are still being used worldwide especially in 

developing countries as a main source of medicinal care.[3, 4] It is only in the last century 

that developed countries have studied traditional medicine and used or synthesized these 

active compounds for pharmaceutical purposes.[2,3,5] The demand for plant-based 

pharmaceuticals have increased over the last few decades and these active compounds 

have extensively been used by the drug industry to enhance the quality of life.[3,4,6]  

These active compounds are known as the secondary metabolites produced by the plants 

as a result of the plant evolving and changing its internal chemistry for its own 

survival.[3,4,7]  

All plants contain primary and secondary metabolites, each responsible for different 

functions in the survival of the plant.[8,9] Primary metabolites are responsible for the basic 

life functions of the plant like growth, storage, development and reproduction, and was 

long thought to make up majority of the compounds of a plant.[9] It was only in the mid-

20th century that researchers discovered that secondary metabolites are more abundant 

and just as crucial to the survival of the plant.[8-11]  

Secondary metabolites are chemical and biological components of a plant responsible for 

the survival and protection against natural enemies (insects and predators) and 

environmental factors (growing site, precipitation and seasonal changes).[4,8,10] These 

metabolites have been proven to be responsible for various biological activities and has 

extensively been researched for drug development.[9,10] This research has resulted in the 

discovery of many well-known secondary metabolites for example alkaloids, flavonoids, 
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phenolics, tannins, terpenes and saponins.[4,9,11,12] These well-known groups are usually 

the major compounds in plants with structurally similar compounds, or derivatives, as 

minor compounds.[4,13,14]  

It is important to keep in mind that all plant species contain many different secondary 

metabolites at different concentrations.[4,15-17] The biological activity in a plant depends on 

the active compound(s) in the plant and may work synergistically or antagonistically to 

protect the plant.[18,19] This research is done by first extracting the main compound(s) from 

the plant through different methods of extraction, followed by isolation, purification and 

biological evaluation.[19,20] The biological evaluation will determine whether an extract, 

fraction or pure compound is responsible for the biological activity, and will therefore 

express the importance of the extraction process for the qualitative and quantitative 

analysis of the plant.[19,21]  

There are various factors to consider for the efficacy of the extraction: plant material, 

solvent type and method of extraction.[5,12,19] These factors all depend on the information 

one can collect from literature and traditional health practitioners to make an informed 

decision on the extraction process.[12] 

 

2.1.2 Plant material 

The first thing to consider before any extraction is the preparation of the plant to ensure 

adequate qualitative and quantitative analysis of the targeted compound(s).[1,5,12,22] The 

preparation of the plant includes the use of different plant parts (leaves, stems, bark, 

roots, flowers and fruit) as fresh or dried plant material in different forms (cut, ground or 

powder).[5,12,23] These different preparations and conditions have resulted in many studies 

confirming that various yields of extracts are obtained with different concentrations of 

biologically active compounds.[4,12,22,24]  
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The chemical composition and the concentrations of certain compounds differ in different 

plant parts as it contributes to the survival of the plant.[24-26] This can greatly affect the 

outcome of an extract when a specific biologically active compound is being targeted.  

Fresh and dry plant material also have an effect on the outcome of the extract. If the 

targeted compounds are volatiles, or thermally sensitive, it will be sensible to rather use 

fresh plant material.[5,12,15] Fresh plant material however, can hold the risk of compound 

degeneration and contamination by microbial organisms if it is stored and not used 

immediately.[5,12] Dried plant material is therefore preferred since the preparation of 

experiments can be time-consuming resulting in the loss of many valuable compounds 

when using fresh plant material.[5]  It also has a much lower water content, is easier to 

store and has a longer shelf life.[15,27] It is however advised to rather keep plant material 

stored for a short time to prevent the decomposition of compounds.[12,28]  

The particle size of dried plant material also has a quantitative effect on the extract.[5,19,29] 

Plant material can be cut into smaller pieces, ground or powdered, but the smaller the 

particle size the more surface area is available for solvent penetration.[5,12,15] This will 

allow the solvents more access to targeted compounds resulting in higher yields of the 

extract.[5,29]  

The preparation of plant material is important to ensure that biologically active compounds 

are still intact at reasonable concentrations.[5,24] This information is necessary before 

harvesting and preparation of plant material.[5[ After the appropriate preparation has been 

selected, then the solvent for extraction needs to be considered.   

 

2.1.3 Solvents 

Solvent extraction has been used in many plant-based drug developmental studies for 

the removal of targeted compounds from plant material using different organic 

solvents.[12,15] The first ever extractions performed were aqueous extracts where plant 

material was traditionally boiled in water.[19,22] This method of extraction was especially 
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used for bark and roots, that was more challenging to release biologically active 

compounds. It was only later that alcohol and other organic solvents were used for 

extraction.[12,22]  

If the chemical composition or chemical nature of the plant is unknown, it is necessary to 

perform different extractions to obtain a sufficient solvent or solvent-system.[30] There are 

many factors to consider when choosing a solvent or solvent-system to qualitatively and 

quantitatively produce the best extract.[16,24,31] 

A targeted compound might not be soluble in the chosen solvent due to its polarity and it 

is therefore important to know the characteristics and polarities of these 

compounds.[12,16,24] Different solvents have different polarities (polar, medium polar and 

non-polar) and a polar solvent cannot be used to extract non-polar compounds.[19,32] The 

popular phrase ‘like dissolves like’ is important to keep in mind when selecting a solvent-

system.[21,24,33] It is sometimes found that a solvent-system, of more than one solvent, 

with different polarities, can improve the solubility of the compounds and improve the 

extract quality, and can be used instead of a single solvent.[12,29]  

The duration and temperature of extraction is also an important factor to consider since 

this can improve the solubility.[12,29,34] It is important to consider the thermal stability of the 

targeted compounds since high temperatures can decompose the biologically active 

compounds.[19] It is also important to consider the boiling point of the solvent for later 

removal of the solvent from the crude extract. This evaporation should not disrupt the 

integrity of the targeted biologically active compound.[12,24]  

The solvent of choice will ultimately be responsible for the quantity (yield) and quality 

(presence of biologically active compounds) of the crude extract and is this the most 

important factor to consider before extraction.[5,12,21]  

It is a well-known fact that several extractions using small volumes of solvent are more 

efficient than one large volume (Azwanida et al. (2015).[5] There has been an increase in 

demand for more environmentally friendly solvents like water, ethanol and carbon dioxide 

in modern extractions due to the toxic and damaging effect of organic solvents to the 
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environment and humans.[35] It is clear that in the future green-chemistry will become 

more popular and the use of organic solvents will drastically decline in order to protect 

the environment.[36]   

 

2.1.4 Extraction methods 

Extraction is the separation of biologically active compounds from plant material using a 

preferred solvent or solvent-system to obtain a sufficient amount of the crude extract.[5,19] 

A few commonly known methods of extraction include maceration, infusion, Soxhlet 

extraction, ultrasound-assisted extraction (UAE), accelerated solvent extraction (ASE), 

supercritical fluid extraction (SFE), steam distillation, water distillation, liquid-liquid 

extraction and solid-liquid extraction.[5,12,19,31] Many of these methods require the use of 

large volumes of solvent and energy, are time-consuming or too expensive to use.[19] The 

method of extraction depends mainly on the nature of the targeted compounds and their 

characteristics and all factors should be taken into account to obtain the highest quality 

and quantity of crude extracts.[12]  

 

2.1.4.1 Solid-liquid extraction 

Solid-liquid extraction is one of the oldest, most popular and well-known, and easiest 

methods of extraction.[12,37] It allows for a mass transfer of biologically active compounds 

by extracting them from the plant material to the solvent of choice (aqueous or organic 

solvent).[5,19] The method is used to remove targeted compounds from contaminants in 

the plant and can take several steps of extraction to achieve this.[12] Solvents are then 

removed from the crude extract by increasing the temperature, resulting in an oily, sticky 

extract that can be used for further isolation.[19] 

Other factors to consider for solid-liquid extraction is stirring, extraction time and 

temperature.[19] Increasing the temperature, provided none of the targeted compounds 
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are thermally sensitive, will result in the increase in concentration of compounds and 

accelerated mass transfer.[19] 

The method has been reported to be the most popular means of extraction and is also 

used for industrial purposes.[5,37] There is however the chance of working with volatile 

compound where hydrodistillation, i.e. steam distillation, is a more effective method of 

extraction.[12,19] This method is also more environmentally friendly since only water is 

used, making this an efficient substitution for solid-liquid extraction.[19]  

 

2.1.4.2 Steam distillation  

Steam distillation is a popular method of extraction of volatile biologically active 

compounds from fresh plant material by producing essential oils.[15,19] These oils are 

traditionally used to treat various ailments and is also used in food, cosmetics, 

pharmaceuticals, toiletries and perfumes.[19,23,38]  

During steam distillation, water is boiled, releasing steam that allows the opening of the 

plant’s glands, thereby releasing the oils.[39] The oil and water are then collected after 

being condensed and form an immiscible layer making it easy to separate the oil.[12] 

Unfortunately, low yields of essential oils are produced upon steam distillation and can  

produce a problem for industrial purposes.[19]  

Essential oils are complex mixtures which consist of 20 – 60 (or more depending on the 

plant) compounds which include terpenes, terpenoids, phenylpropanoids and aromatic 

compounds, with one or two compounds being the highly concentrated major 

components.[12,38,40] Some of the compounds in the oils are thermally sensitive, which can 

result in the decomposition of some targeted compounds, depending on the structure of 

the compound.[19,38,40] This can result in a decline in the quality and quantity of the 

essential oil.[19,40] Depending on the preparation of the plant and how the oils are handled, 

it is possible that steam distillation may not be an effective method of extraction since it 

can decompose the targeted biologically active compound.[19,23,40] It is then necessary to 
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look at other methods including solid-liquid extraction which is better for the extraction of 

thermally sensitive compounds.[5]  

All steps in the preparation of an extract, from the plant material to the method of 

extraction, will have an effect on the chemical composition of the extract, ultimately 

affecting the qualitative and quantitative analysis of the extract.[12,19] There is no correct 

way of extraction but only to keep in mind all factors before conducting an extraction.[5] 

Even though all methods of extractions produce adequate amounts of crude extract, it is 

clear that these extracts still need isolation and purification before obtaining the targeted 

biologically active compounds.[5] Only once a method of extraction has been proven 

successful in extracting the targeted biologically active compound and adequate amounts 

of the crude extract, will it be possible for large-scale extraction.[12]  

  

2.1.5 Extraction of African ginger 

African ginger is well-known to contain monoterpenes and sesquiterpenoids, with a 

sesquiterpenoid as the major compound, siphonochilone (1).[41-43] The essential oil 

contains 20 – 30% of siphonochilone but it is unclear what the constitution of 

siphonochilone is in the different crude extracts since so many factors can come into 

play.[43] Holzapfel et al. (2002) reported two naturally occurring sesquiterpenoids in the 

plant extract, but was later proven differently by Zongwe et al. (2018). They reported that 

all structurally similar compounds of siphonochilone are formed due to auto-oxidation of 

the major compound.[28] These findings confirmed that sesquiterpenoids are sensitive to 

light and high temperatures, resulting in the decomposition of the compounds.[19,28] 

Derivatives of siphonochilone are discussed in Chapter 1, section 1.1.5.2, and have been 

researched and shown an increase in concentration the longer the plant is stored.[28,44]  

Other major compounds reported in the plant extracts of African ginger were 1,8-cineole, 

cis-ß-ocimene and cis-alloocimene.[17,43,45] 1,8-Cineole, better known as eucalyptol, (4) is 

also present in the plant.[45] Eucalyptol has been traditionally used to treat bronchitis, 

sinustitus and colds, and more recently formulated as a decongestant or used for 
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aromatherapy.[46,47] Eucalyptol can work synergistically with other compounds in the 

essential oil to improve the biological activity of the oils or extracts.[45]  

Many compounds are present in the essential oil and crude extracts from African ginger 

and there are many possibilities of further research into the biological activity of specific 

compounds, and not just the essential oil or extracts.  

The aim of the chapter is to focus on the extraction of African ginger plant material under 

different conditions using different organic solvents and methods of extractions to perform 

a qualitative study to determine the most suitable crude extract for further purification and 

biological evaluation.  

 

2.2 Methodology 

2.2.1 Chemicals 

2.2.1.1 Analytical grade chemicals 

n-Hexane (C6H14; 86.18 g/mol) and diethyl ether anhydrous ((C2H5)2O; 74.12 g/mol) were 

purchased from Radchem Laboratory Suppliers (Pty) Ltd. Dichloromethane (DCM) 

(CH2Cl2; 84.93 g/mol) was purchased from Sigma-Aldrich (Pty) Ltd. Methanol (CH3OH; 

32.04 g/mol) (ROMIL-SpS™ Super Purity Solvent) was purchased from ROMIL Ltd. 

(ROMIL-SpS™ Super Purity Solvent).  

 

2.2.1.2 Other chemicals 

99% Ethanol (C2H6O; 46.07 g/mol) and sodium sulfate (Na2SO4; 142.04 g/mol) were 

purchased from Radchem Laboratory Suppliers (Pty) Ltd. 
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2.2.1.3 Standards 

Siphonochilone (1) crystals were obtained during steam distillation (section 2.2.4) and 

their identities confirmed through NMR (Chapter 3, section 3.3.5.1). The crystals were 

used as standards for siphonochilone.  

A standard of the hydroxylated lactone (6) was previously isolated, purified and identified 

by Mr. Félix Junior Katele Zongwe as part of his MSc Thesis in the Department of 

Chemistry at the University of Pretoria and was available in pure form in the laboratory.[28]  

 

2.2.2 Sourcing and preparation of plant material 

The rhizomes used for the purpose of this research was sourced from Muthi Futhi. Muthi 

Futhi is a community business based in Dakeni, KwaZulu-Natal and is responsible for 

cultivation and processing of indigenous medicinal plants. Their market focuses mainly 

on nutrition, cosmeceuticals, pharmaceuticals and fragrances.  

A portion of fresh rhizomes were used for extraction with various organic solvents and 

steam distillation. The remaining portion of the plant material was dried and used for 

extraction with various organic solvents.  

Five-year-old dried ground rhizomes of African ginger was available in the laboratory in 

the Department of Chemistry at the University of Pretoria and was prepared by Mr. Félix 

Junior Katele Zongwe and used for extraction with various organic solvents.  

 

2.2.2.1 Fresh rhizomes for extraction and steam distillation 

Fresh rhizomes were kept in a cold room at arrival at the University of Pretoria and used 

immediately after storage. Rhizomes were cut into 2 – 4 mm slices and used for organic 

solvent extraction, steam distillation and labelled as fresh rhizomes.  
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2.2.2.2 Dried rhizomes from freshly harvested rhizomes for extraction 

Fresh rhizomes were cut into 2 – 4 mm slices and dried in a Prolab oven at 60°C for 4 

days and followed by grinding using a KinematicTM Polymix® PX-MFC 90 D grinder. An 

average of 75% moisture loss was recorded after 4 days in the oven. The fine powder of 

dried rhizomes was stored at room temperature at the University of Pretoria and labelled 

as freshly dried ground rhizomes.  

 

2.2.2.3 Five-year-old rhizomes for extraction 

Fresh plant material was cut and dried in an oven at 60ºC for 11 days and ground into a 

fine powder with a coffee grinder in 2015 at the University of Pretoria. The powder was 

stored at room temperature in closed packaging to limit oxidation and labelled as five-

year-old dried ground rhizomes.  

 

2.2.3 Organic solvent extraction  

All three sets of plant material: fresh rhizomes, freshly dried ground rhizomes and five-

year-old dried ground rhizomes were extracted with four different solvents or solvent-

systems.  

 

2.2.3.1 Diethyl ether as extractant 

The differently prepared plant materials (masses provided in Table 2.1) were extracted 

with 200 mL diethyl ether and stirred for 3 hours at room temperature (25°C). The extract 

was filtered through 110 mm Ø Whatman filter paper and the residual plant material was 

extracted twice more with diethyl ether. The combined diethyl ether extracts were dried 

with Na2SO4 and was filtered using Whatman filter paper to remove any residual plant 

material and Na2SO4. The diethyl ether was evaporated with a BUCHI rotary evaporator 

R-124 (Switzerland) at 30°C and weighed. 
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2.2.3.2 Ethanol as extractant 

The differently prepared plant materials (masses provided in Table 2.1) were extracted 

with 200 mL ethanol and stirred for 3 hours at room temperature (25°C). The extract was 

filtered through 110 mm Ø Whatman filter paper and the residual plant material was 

extracted twice more with ethanol. The combined ethanol extracts were dried with Na2SO4 

and was filtered using Whatman filter paper to remove any residual plant material and 

Na2SO4. The ethanol was evaporated with a BUCHI rotary evaporator R-124 

(Switzerland) at 40°C and weighed. 

 

2.2.3.3 Dichloromethane:methanol as extractant 

The differently prepared plant materials (masses provided in Table 2.1) were extracted 

with 200 mL DCM:methanol (1:1) and stirred for 3 hours at room temperature (25°C). The 

extract was filtered through 110 mm Ø Whatman filter paper and the residual plant 

material was extracted twice more with DCM:methanol. The combined DCM:methanol 

extract was dried with Na2SO4 and was filtered using Whatman filter paper to remove any 

residual plant material and Na2SO4. The DCM:methanol was evaporated with a BUCHI 

rotary evaporator R-124 (Switzerland) at 30°C and weighed. 

 

2.2.3.4 Dichloromethane:n-Hexane as extractant 

The differently prepared plant materials (masses provided in Table 2.1) were extracted 

with 200 mL DCM:hexane (1:1) and stirred for 3 hours at room temperature (25°C). The 

extract was filtered through 110 mm Ø Whatman filter paper and the residual plant 

material was extracted twice more with DCM:hexane. The combined DCM:hexane extract 

was dried with Na2SO4 and was filtered using Whatman filter paper to remove any residual 

plant material and Na2SO4. The DCM:hexane was evaporated with a BUCHI rotary 

evaporator R-124 (Switzerland) at 30°C and weighed. 
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Table 2.1 Masses (grams) of the differently prepared plant material used for extraction 

with 200 mL of different organic solvents or solvent-systems. 

 Mass of plant material used for organic solvent extraction (g) 

Plant material Diethyl ether  Ethanol DCM:methanol DCM:hexane 

Fresh rhizomes 30.14  30.04 - - 

Freshly dried 
ground rhizomes 

30.13 30.10 15.84 15.69 

Five-year-old dried 
ground rhizomes 

15.07 15.43 35.16 29.97 

 

2.2.4 Steam distillation 

A steam distillation setup, purchased from GlassChem, was used to extract volatiles from 

the fresh rhizomes of African ginger. 

Fresh rhizomes were cut into 2 – 4 mm slices and 6.43 kg was loaded into the storage 

glass container. Distilled water in the distilling flask was heated and boiled at 100ºC for 5 

hours. A polyurethane coated aluminum exterior and a high-quality knitted heating 

mantle, with glass fiber underlay for uniform distribution of heat, was used for heating 

(Glassco) (Figure 2.1). As the water boils, steam moves through the plant material in the 

storage container, opening microscopic protective glands and releasing the oils.[39] The 

steam and oil move through the still head through to the condenser where they are cooled 

down and collected in the separator (Figure 2.1). The separator allows for liquid-liquid 

extraction to partition oils and water based on their densities.  The crystals that formed in 

the condenser after cooling were removed by washing with n-hexane. The n-hexane was 

separately air dried to give remaining crystals (2.04 g; 0.03% w/w). These crystals were 

believed to be siphonochilone, the major compound of the essential oil, and was later 

confirmed as described in Chapter 3, Section 3.3.5.1.[43] The crystals were used as 

standards for siphonochilone (section 2.2.1.3) 
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The essential oil and water are immiscible and were easily separated. The water and oil 

were both separated through draining via the tap of the separator. Due to the limited 

quantity of the oil, it was dissolved in 8.00 mL hexane and dried with anhydrous Na2SO4. 

The solution was filtered with 110 mm Ø Whatman filter paper to remove all the Na2SO4. 

All hexane was evaporated off with a BUCHI Rotavapour at 40°C and the oil was weighed, 

using the analytical balance.  

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1  Illustration of the steam distillation setup used to isolate essential oil from 

African ginger. 

 

2.2.5 GC-MS analysis of the various extracts 

Analyte separation was done using a LECO Pegasus 4D GC–TOFMS including an 

Agilent 7890 GC (LECO Africa (Pty) Ltd., Kempton Park, South Africa) on an apolar Rxi-

5Sil MS 30 m×0.25 mm ID×0.25 μm df (Restek, Bellefonte, PA, USA) capillary column. 

The carrier gas, helium, was of ultra-high purity (UHP) grade (Afrox, Gauteng, South 
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Africa) and was set at a flow rate of 1.00 mL/min in the constant flow mode. An injection 

volume of 1.00 μL of sample was injected into the GC inlet set at 250°C. The GC inlet 

was operated in the split mode (50:1 split ratio for the standards and 10:1 split ratio for 

the extracts). The initial GC oven temperature programme was increased to 40°C (3 min) 

at 10°C/min to 300°C (5 min). The GC run time was 35.9 min. The MS transfer line 

temperature was set at 280°C and the ion source temperature was set at 230°C. The 

electron energy was 70 eV in the electron impact ionization mode (EI+), the data 

acquisition rate was 10 spectra/s, the mass acquisition range was 40–500 Daltons, and 

the detector voltage was set at 1750 V. The sample preparation before injection included 

0.50 mg of standards dissolved in 1.00 mL methanol and 1.00 mg essential oil and organic 

solvent extracts dissolved in 1.00 mL methanol. A NIST 14 Mass Spectral Library version 

2.2 was used to identify compounds detected based on their molecular ions and % 

similarity. 

 

2.3 Results and discussion 

Different factors need to be considered for the extraction process before isolation, 

purification and identification of targeted biologically active compounds can take place. 

These factors are considered to ensure the best quality and quantity of extracts: extract 

yield, plant material condition and type, solvent or solvent-system type and method of 

extraction.  

 

2.3.1 Extraction yields 

The comparison of the extraction yields was obtained by comparing the yields of the crude 

extracts with each other. After evaporation of the solvents, all the extracts had an orange 

to brown colour and sticky texture and were weighed on an analytical balance. Table 2.2 

shows the percentage yield (% w/w) of the crude extracts obtained from the differently 

prepared plant material using different solvents or solvent-systems for extraction.  
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There was an increase in the crude extract yields recovered from solid-liquid extraction 

of freshly dried ground rhizomes compared to the fresh rhizomes for the diethyl ether and 

ethanol extracts (Table 2.2). The diethyl ether extracts of the fresh rhizomes had a 0.95% 

yield whereas freshly dried ground rhizomes gave a 2.99% yield. The ethanol extracts 

gave a 1.83% yield for the fresh rhizomes and 3.49% yield for the freshly dried ground 

rhizomes. These differences are not surprising since dried plant material are known to 

produce higher extraction yields than fresh plant material since fresh plant material 

contains water in the rhizomes. Therefore making freshly dried plant material the 

preferred plant material for extraction.[5,12] The main reason for this is that drying fresh 

plant material results in desiccation and damaging of intact cells of the plant, allowing for 

the release and greater extractability of more secondary metabolites.[48-52] The results of 

higher crude extract yields are no different for African ginger.[5,19,48]  

Table 2.2 The percentage yield (%) of the differently prepared plant material extracted 

with different organic solvents. 

 Percentage yield of crude extract of different organic solvent 
extracts (% w/w) 

Plant material Diethyl ether  Ethanol DCM:methanol DCM:hexane 

Fresh rhizomes 0.95  1.83 - - 

Freshly dried 
ground rhizomes 

2.99 3.49 4.20 2.74 

Five-year-old dried 
ground rhizomes 

4.65 10.9 20.3 7.18 

 

It has been reported that the chemical composition of African ginger consists mainly of 

monoterpenes and sesquiterpenoids.[17,41,43,44] Drying of the fresh rhizomes allows for the 

release of sesquiterpenoids from the laticifers of the plant material, resulting in the 

extraction of more secondary metabolites.[48,53] Depending on the polarity of the solvent 

used for the extraction, this can result in a higher yield as was seen with the diethyl ether  
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and ethanol extracts in Table 2.2.[54,55] It has been suggested that dried plant material be 

used to extract biologically active secondary metabolites to ensure better quality and 

quantity of extracts.[56] 

There was also a significant difference in the crude extract yields recovered from freshly 

dried ground rhizomes compared to five-year-old dried ground rhizomes (Table 2.2). The 

data showed that for all solid-liquid extractions, there was a higher yield for the five-year-

old dried ground rhizomes than that of the freshly dried ground rhizomes. The probable 

reason for this is that the storage of dried plant material over a period of time can cause 

the formation of new oxidized compounds and more secondary metabolites trapped in 

the cells of freshly dried plant material might be released, resulting in higher yields of the 

extracts.[57-60] 

There was a significant increase in the extract yields using the more polar solvents, 

ethanol and DCM:methanol, as compared to the diethyl ether and DCM:hexane. The 

ethanol extracts from the five-year-old dried ground rhizomes had a 10.9% yield 

compared to that from the freshly dried ground rhizomes, which had a 3.49% yield. For 

the DCM:methanol extracts, the freshly dried ground rhizomes had a 4.20% yield whereas 

the five-year-old dried ground rhizomes had a significantly higher yield of 20.3%. This 

significant increase was attributed to certain compounds being insoluble in different 

polarities of organic solvents and are therefore not easily extractable.[61,62] More polar or 

medium polar compounds are usually extracted with polar solvents such as methanol, 

thereby increasing the extract yields. It is also possible that more polar or medium polar 

compounds oxidized during storage resulting in the extraction of additional compounds, 

resulting in the significantly higher yield.[58,59]  

Another method of extraction, steam distillation, was also performed using fresh 

rhizomes. During steam distillation of 6.43 kg of fresh rhizomes, a light-yellow oil was 

collected in the separator and removed. The light-yellow oil was dissolved in hexane since 

the quantity was too small to separate all the water droplets. The hexane containing the 

essential oil solution was dried with Na2SO4 to remove all the water. After drying, the 
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solution was filtered and evaporated using a BUCHI rotary evaporator R-124 

(Switzerland) at 30°C and the oil weighed 7.59 g (0.12% w/w).  

In addition, during steam distillation, clear white crystals formed in the condenser of the 

apparatus and were removed by washing these with hexane. After air drying of the 

hexane, 2.04 g of crystalline material (0.03% w/w) was obtained and later confirmed to 

be the major compound, siphonochilone (Chapter 3, section 3.3.5.1). The pure 

siphonochilone crystals were used as a standard for the qualitative analysis of the various 

extracts.   

Based on the yields of crude extracts and essential oil, it was determined that the best 

material and conditions for extraction was the five-year-old dried ground rhizomes 

extracted with DCM:methanol and ethanol.  

The chemical composition analysis of the crude extracts was performed using GC-MS as 

a measure to determine any relation to the extraction yields. 

 

2.3.2 Qualitative analysis of the extracts 

The qualitative analysis using GC-MS of the different extracts was performed to 

determine mainly the presence of two targeted compounds, siphonochilone (1) and its 

hydroxylated lactone (6). The analysis was also undertaken to determine if there was a 

change in the chemical composition due to different factors, including plant material 

condition and type, solvent or solvent-system type and method of extraction.   

 

2.3.2.1 GC-MS analysis of extracts of fresh wet rhizomes  

African ginger is known to contain volatile compounds and has been extensively 

researched to confirm its various traditional uses using different organic solvent extracts 

and essential oils.[41,43,44] For the qualitative analysis, the essential oil and diethyl ether 

extracts of fresh rhizomes were analysed using GC-MS for comparison of their chemical 

profiles. Selected compounds were identified and confirmed using standards and others 
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were based on mass spectral comparison with the NIST 14 Mass Spectral Library version 

2.2. 

In the first instance, the chromatograms of the crystals obtained from steam distillation, 

the essential oil and diethyl ether extracts, which were all produced from fresh rhizomes, 

were compared to each other focusing on the major peaks.   

For the GC-MS analysis 0.50 mg of the crystals were dissolved in 1.00 mL methanol and 

injected into a LECO Pegasus 4D GC-TOF-MS including an Agilent 7890 GC. Figure 

2.2.(1) shows the chromatogram of the crystals with an intense peak at 849.90 s. Since 

only one intense peak is observed, it would suggest that the crystals are a pure 

compound. Based on the mass spectral data from the NIST library, the peak had a 

molecular ion (m/z) at 230 which corresponded to a molecular formula of C15H18O2. The 

molecular formula of siphonochilone was reported by Holzapfel et al. (2002) to be 

C15H18O2 and the calculated molecular mass for siphonochilone is 230.30 g/mol. The m/z 

at 230 suggested the intense peak to be siphonochilone and was confirmed through 1-D 

and 2-D NMR as described in section 3.3.5.1. The crystals were further used as a 

siphonochilone standard for comparison purposes based on its retention times and 

confirmation of its presence in the extracts.  

Figure 2.2.(2) shows the chromatogram of the essential oil prepared from the fresh 

rhizomes. The peak at 839.28 s had a m/z of 230 corresponding to siphonochilone in the 

essential oil. Three other intense peaks at 143.80, 144.60 and 235.05 s were also 

observed. Based on the NIST library match (89.0%), the compound at 144.60 s was 

identified as eucalyptol and its presence in the essential oil was also confirmed by 

previous studies.[43,45] The other compounds at 143.80 and 235.05 s could not be 

identified since they did not show any acceptable mass spectral matches with any 

compounds from the NIST library. The intensities of the peaks in the chromatogram 

suggested that siphonochilone is not the major compound in the essential oil, which could 

have been attributed to a significant portion of the compound crystalizing in the condenser 

during the distillation process. The presence of eucalyptol is highly significant as this 
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compound is well-known for its uses in management of respiratory diseases and could 

through a synergistic effect with siphonochilone, which has also been shown to have 

similar effects, have much more significant pharmacological effects.[43,45, 63,64]  

The chromatogram of the diethyl ether extract from fresh rhizomes (Figure 2.2.(3)) had 

an intense peak at 841.80 s with a m/z of 230 corresponding to siphonochilone (Figure 

2.2.(3). The intensity of the peak suggested that siphonochilone is the major compound 

in the extract while the peak at 144.03 s corresponded to eucalyptol based on the NIST 

library match (83.6%). The results also showed that the peak corresponding to eucalyptol 

is significantly smaller in intensity compared to the siphonochilone peak indicating that 

eucalyptol is relatively low in the diethyl ether extract compared to that in the essential oil. 

It is also probable that the more volatile compounds are released with steam distillation 

than with organic solvent extraction, in this case, diethyl ether as solvent. [15,19,39]  

In the comparison of the chromatograms of the essential oil (Figure 2.2.(2)) and the diethyl 

ether extract (Figure 2.2.(3)), there were additional differences in the chromatograms as 

more distinct intense peaks were observed for the essential oil which was due to more 

volatile compounds being extracted with steam distillation since it allowed for the release 

of more volatiles than organic solvent extraction.[15,19,39]   

The use of fresh rhizomes showed that the targeted compound, siphonochilone, is 

present in both the essential oil and diethyl ether extract. It is also more feasible to use 

steam distillation to obtain the siphonochilone crystals since these crystallize out easily 

as opposed to isolating and purifying the diethyl ether extract to obtain the pure 

compound.  
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Figure 2.2 Chromatogram from the GC-MS analysis of (1) siphonochilone, (2) the 

essential oil and (3) the diethyl ether extract from fresh rhizomes.  
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2.3.2.2 GC-MS analysis of extracts from freshly dried ground rhizomes  

All the extracts prepared from the fresh dried ground rhizomes and standards, 

siphonochilone (1) and its hydroxylated lactone (6), were analysed by GC-MS for 

comparative purposes and confirmation of the presence of the two compounds. During 

this analysis, maintenance was performed on the GC column by having to trim the column 

before, which resulted in a change in the retention time of the siphonochilone (1) as 

compared to that reported in section 2.3.2.1 (foregoing section). 

The standards, siphonochilone (1) and its hydroxylated lactone (6), were injected into the 

GC-MS (0.50 mg in 1.00 mL methanol) and the retention times were used for comparative 

purposes to confirm their presence in the various extracts. Figure 2.3.(1) shows the 

chromatogram of siphonochilone with a retention time of 1273.60 s and m/z of 230. Figure 

2.3.(2) shows the chromatogram of the hydroxylated lactone with a minor peak at 

retention time 1495.30 s and a major peak at 1564.20 s with a m/z of 262, corresponding 

with the molecular formula of C15H18O4. Since the structure of the compound was 

previously confirmed by Zongwe et al. (2018) using NMR it was used for comparative 

purposes and to confirm its presence in the extracts.[44]  

Figure 2.4 shows the chromatograms of freshly dried ground rhizomes extracted with four 

different organic solvents: diethyl ether (Figure 2.4.(1)), ethanol (Figure 2.4.(2)), 

DCM:methanol (Figure 2.4.(3)) and DCM:hexane (Figure 2.4.(4)). The four different 

solvents and solvent-systems were used to determine whether there would be a 

difference in the chemical profiles of the extracts and to confirm the presence of 

siphonochilone and its hydroxylated lactone in the freshly dried ground rhizomes.  

The extracts (1.00 mg) were dissolved in 1.00 mL methanol and injected into the GC-MS. 

An intense peak was detected in all the extracts (1276.40 – 1278.90 s) with a m/z of 230. 

This confirmed the presence of siphonochilone in all the extracts based on the retention 

time of the standard and also being the major peak based on its intensity.  
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Figure 2.3 Chromatogram from the GC-MS analysis of (1) siphonochilone at 1273.60 s 

and (2) the hydroxylated lactone at 1564.20 s. 

The presence of the hydroxylated lactone was confirmed by comparison of the retention 

time of the standard (1564.20 s) and its m/z of 262 to that in the extracts (retention time 

1563.80 – 1565.40 s). Although the presence was confirmed, the peaks corresponding to 

the compounds were of low intensities suggesting that the compound is a minor 

compound in the extracts.  

The ethanol, DCM:methanol and DCM:hexane extracts (Figures 2.4.(2) – (4))  showed a 

higher peak intensity for the hydroxylated lactone compared to the diethyl ether extract 

(Figure 2.4.(1)) which showed a very minor peak indicating trace quantities of the 

compound.   
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There were a few minor compounds in all four extracts, with most of them unidentified 

due to their low percentage match using the NIST library. Eucalyptol, an important 

compound to substantiate the pharmacological properties of the plant, which was 

confirmed to be present mainly in the essential oil of the fresh plant material, was not 

detected at any significant levels in any of the extracts prepared after drying the plants.[45] 

This indicated that eucalyptol is more likely to be released through the steam distillation 

process as was also seen in low concentrations in the diethyl ether extract of fresh plants 

(non-dried). This was confirmed by Naude et al. (2016) who suggested that eucalyptol is 

present in a higher concentration in the essential oil than in the dried plant material.  

Overall, the chromatograms of all four extracts were qualitatively the same, except for the 

diethyl ether extract with lower intensity peaks in the retention time region from 1400 to 

1500 s. As more polar compounds occur in this region, such as the hydroxylated lactone, 

the more polar solvents such as DCM and ethanol would have extracted such compounds 

in higher concentrations than diethyl ether.  

These results confirm that siphonochilone is the major compound in the extracts of freshly 

dried ground rhizomes. The lower concentration of the hydroxylated lactone, confirms e 

that minimal auto-oxidation occurs in the fresh plant material as reported previously by 

Zongwe et al. (2018). The almost negligible concentrations of eucalyptol in the extracts 

does indicate that the extracts from the non-dried fresh plants, e.g., essential oil, would 

be expected to perform better in the biological assays. These results are discussed in 

Chapter 4, section 4.3.2. 
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Figure 2.4 Chromatogram from the GC-MS analysis of the (1) diethyl ether extract, (2) 

ethanol, (3) DCM:methanol and (4) DCM:hexane extract of freshly dried 

ground rhizomes. 
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2.3.2.3 GC-MS analysis of extracts from five-year-old dried ground rhizomes  

The chemical profile of five-year-old dried ground rhizomes extracted with four different 

organic solvents or solvent-systems were investigated to confirm the presence of the two 

targeted compounds, siphonochilone (1) and its hydroxylated lactone (6), and to compare 

their profiles. The chemical profiles were based on the chromatograms generated from 

the GC-MS and comparison to known compounds in the NIST library.   

All samples were prepared by dissolving 1.00 mg of each extract in 1.00 mL methanol 

and injecting into the GC-MS. Figure 2.5 shows the chromatograms of the four different 

extracts. Siphonochilone was present in all four extracts and was confirmed through its 

retention time (1275.90 – 1277.50 s), which compared favourably to the retention time of 

the standard. It was clear from the chromatograms that siphonochilone was not the major 

peak in the diethyl ether and ethanol extracts, based on the peak intensities (Figures 

2.5.(1) and Figure 2.5.(2)) since there were other more intense peaks present in the 

extracts. The DCM:methanol and DMC:hexane extracts (Figures 2.5.(3) and Figure 

2.5.(4)) however showed siphonochilone to be the most intense peak.  

Irrespective of the intensity of the peak, it was confirmed that siphonochilone is still 

present in the five-year-old dried ground rhizomes when extracted with different solvents 

or solvent-systems. The results indicated that the use of DCM is more conducive or 

suitable to the extraction of siphonochilone.   

In all four extracts, the presence of the hydroxylated lactone was confirmed through the 

retention time (1565.30 – 1568.10 s) as it compared favourably with the retention time of 

the standard compound in the GC-MS chromatogram. The intensity of the peak for the 

hydroxylated lactone in the diethyl ether and ethanol extracts (Figures 2.5.(1) and Figure 

2.5.(2)) showed this to be of higher intensity than that for siphonochilone and being the 

major peak in the chromatogram. However, it has a lower intensity peak in the 

DCM:methanol and DCM:hexane extracts (Figures 2.5.(3) and 2.5.(4)). The possible 

reason for this is that the common use of DCM may have resulted in more of the 

siphonochilone being extracted from the plants.   
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Figure 2.5  Chromatogram from the GC-MS analysis of the (1) diethyl ether extract, (2) 

ethanol, (3) DCM:methanol and (4) DCM:hexane extract of five-year-old dried 

ground rhizomes.  
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The NIST library match based on the mass spectra also confirmed the presence of 

eucalyptol in all extracts (513.40 – 513.90 s), all with >87% match. This was surprising 

as the results indicated that eucalyptol was also present in the five-year-old dried ground 

rhizomes and still intact after being stored over a long period. This also indicated that the 

storage of the plants over the five-year period has the same effect as steam distillation in 

the extraction of the volatile compounds.  

A qualitative comparison (chemical profile) of the chromatograms indicated that the 

diethyl ether and ethanol extracts were substantially similar to each other, while the 

DCM:methanol and DCM:hexane extracts were similar to each other. The possible 

reason for the difference seen between the two pairs of chromatograms could possibility 

be due to the use of DCM which resulted in more selected extraction of compounds or a 

higher extraction efficiency of siphonochilone.   

 

2.3.2.4 Comparison of freshly dried ground rhizomes and five-year-old dried 

ground rhizomes extracted with different organic solvents 

Fresh plant material is seldom the sample of choice for quantitative analysis, but is 

considered for the qualitative analysis if the targeted compounds are thermally 

sensitive.[5,19] Dried plant material is preferred over fresh plant material since it holds a 

lower risk of contamination, produces a higher yield and can be stored for a short period 

before usage.[5,19,48] It is also reported that plant material stored over a long period of time 

might cause decomposition of compounds resulting in the change in the chemical 

composition of the plant material.[12,28]  

Zongwe et al. (2018) investigated the auto-oxidation of siphonochilone in stored dried 

ground rhizomes of African ginger and proved that siphonochilone oxidizes to its 

hydroxylated lactone and other structurally similar lactones (Chapter 1, section 1.1.5.2) if 

stored for a long period of time.  
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In this section, the extracts of freshly dried ground rhizomes (Figure 2.4) and five-year-

old dried ground rhizomes (Figure 2.5) were compared to each other to identify changes 

or to recognize any changes in their chemical composition. This was done by comparing 

the area percentage (%) of the peaks of the total chromatogram for each of the 

compounds, siphonochilone, the hydroxylated lactone and eucalyptol in the extracts 

prepared from the freshly dried ground rhizomes and five-year-old dried ground rhizomes.  

Figure 2.6 shows the difference in area percentage of the total chromatogram of the 

freshly dried ground rhizomes and five-year-old dried ground rhizomes extracted with four 

different solvents or solvent-systems. The graph shows the different area percentages of 

the total chromatogram for siphonochilone, its hydroxylated lactone and eucalyptol.  

The diethyl ether extracts showed that siphonochilone has a significantly higher area 

percentage of the total chromatogram in freshly dried ground rhizomes. The hydroxylated 

lactone and eucalyptol only appeared to be present after storage, with the hydroxylated 

lactone being significantly higher in the five-year-old dried ground rhizomes.  

The ethanol extracts showed that siphonochilone concentration is higher in the freshly 

dried ground rhizomes than in the five-year-old dried ground rhizomes. The hydroxylated 

lactone showed a similar area percentage in the freshly dried ground rhizomes and five-

year-old dried ground rhizomes. This is possibly due to the oxidation of siphonochilone 

during extraction and drying and not just during storage of the plant material. The 

decrease in siphonochilone in the five-year-old dried ground rhizomes would suggest 

oxidation of siphonochilone to the hydroxylated lactone as reported by Zongwe et al. 

(2018).  

The DCM:methanol and DCM:hexane extracts both showed a high area percentage for 

siphonochilone for the freshly dried ground rhizomes, but decreased in the five-year-old 

dried ground rhizomes. Both extracts showed low quantities of the hydroxylated lactone 

in the freshly dried ground rhizomes which is possibly due to oxidation taking place during 

extraction and drying of extracts. The five-year-old dried ground rhizomes extracts 

showed an increase in the area percentage for the hydroxylated lactone which confirmed 



76 
 

that oxidation takes place upon storage of plant material as reported by Zongwe et al. 

(2018).  

Figure 2.6  Graph of the area percentage (%) of the total chromatogram of the different 

extracts (1 mg/mL) from freshly dried ground rhizomes and five-year-old dried 

ground rhizomes. 

 

Both eucalyptol and the hydroxylated lactone showed an increase in their area 

percentage of the total chromatogram from the freshly dried ground rhizomes to the five-

year-old dried ground rhizomes extracts.  
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extract. It can therefore not be used for quantitative analysis and only qualitative analysis 

to determine the presence of the compounds in the extract. The intensity is only a 

representation of how concentrated the compound might possibly be in the extract and if 

there was an increase in its intensity, meaning there is more of the compound present as 

with the hydroxylated lactone in the five-year-old dried ground rhizomes.   

 

2.4 Conclusion  

The extraction of plant material is one of the most important steps in the purification 

process of biologically active compounds. There are many factors to consider before 

quantitively and qualitatively obtaining an extract.  

African ginger is well-known for its many traditional uses in treating many ailments like 

influenza. The study focused on the scientific verification of these claims by biological 

screening of extracts and isolated pure compounds. The reported major compound, 

siphonochilone, is the first compound to consider since it is reportedly easy to isolate. The 

second is the structurally similar compound of siphonochilone, its hydroxylated lactone, 

which was isolated by Zongwe et al (2018). The aim of this chapter was to compare 

different extracts from differently prepared plant material and solvents for extraction to 

quantitatively and qualitatively obtain the best extract for further isolation and purification 

(Chapter 3) and biological evaluation (Chapter 4).  

Different factors were investigated and discussed. From the extracted yields it was found 

that dried plant material provided a higher yield of extracts than fresh plant material, and 

the five-year-old dried ground rhizomes had the highest overall yield. All four extracts of 

the five-year-old dried ground rhizomes showed the highest yields: 4.65% for diethyl 

ether, 7.18% for DCM:hexane, 10.9% for ethanol and 20.3% for DCM:methanol. The two 

most polar solvent-systems, ethanol and DCM:methanol, had the highest yields with 

DCM:hexane also with an acceptable yield. It was expected that more polar solvents 

would deliver a higher yield since it extracts medium and more polar compounds. Based 
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on the extractable yields, it was confirmed that five-year-old dried ground rhizomes are 

the best condition of plant material to use.  

Fresh rhizomes were used for steam distillation and solid-liquid extraction to produce the 

essential oil and a diethyl ether extract. The results concluded that siphonochilone was 

present in both extracts, but of lower intensity in the GC-MS chromatogram for the 

essential oil due to some of the compound crystallizing out during steam distillation. Since 

one of the targeted compounds is siphonochilone, the best way of obtaining it is through 

steam distillation.  The essential oil also included other compounds not detected in the 

diethyl ether extract which are most likely more volatile compounds only extracted through 

steam distillation.  

Both the freshly dried ground rhizomes and five-year-old dried ground rhizomes contained 

siphonochilone in their respective organic solvent extracts. The hydroxylated lactone was 

also present in all extracts from dried plant material but of different peak intensities in the 

GC-MS chromatograms. In the freshly dried ground rhizomes, the siphonochilone peak 

was more intense than the hydroxylated lactone since there were only trace amounts of 

the lactone in the GC-MS data. However, the intensity of the hydroxylated lactone peak 

increased in the five-year-old dried ground rhizomes and decreased for the 

siphonochilone. This would confirm Zongwe et al. (2018) that auto-oxidation of 

siphonochilone occurs, resulting in the formation of its hydroxylated lactone and possibly 

other lactones in stored plant material and will this be considered when targeting the 

hydroxylated lactone.   

Based on the qualitative and quantitative analysis of the different extracts, it was 

concluded that the five-year-old dried ground rhizomes can be used for extraction with 

any of the four solvents or solvent-systems.  Selection of the solvent or solvent-system 

predominantly depends on the safety of the solvents used and an ethanol extract would 

be the most suitable for further commercialization. After selection of the appropriate 

extraction of targeted compounds, can isolation and purification be undertaken.   
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Chapter 3: Isolation, purification and characterization of 

compounds from African ginger 

 

3.1 Background 

3.1.1 Isolation of compounds from plant extracts and African ginger 

For years people have shown interest in the medicinal properties of plant-based 

traditional medicine for the production of natural products.[1,2] These plants are used to 

produce standardized extracts or pure compounds with endless possibilities for 

commercialization.[2,3] Standardized extracts may contain many active compounds which 

can work synergistically or antagonistically towards the treatment of certain ailments.[4-6] 

It is important to identify, characterize, isolate and purify compounds for structure 

elucidation and biochemical characterization (toxicity assays, in vivo testing and clinical 

studies).[2,3]  

Some well-known biologically active compounds isolated from plants include artemisinin 

from Artemisia annua as an antimalarial, morphine from Papaver somniferum to treat 

Parkinson’s disease, cannabidoil from Cannabis sativa as a pain reliever and forskolin 

from Coleus forskohlii to treat obesity.[7] These compounds have been isolated through 

different means of chromatographic techniques including high-performance liquid 

chromatography (HPLC), thin-layer chromatography (TLC), column chromatography, 

centrifugal partition chromatography (CPC) and gas chromatography (GC).[2,8-10]  

There is a growing demand for novel compounds derived from plants to treat various 

diseases based on their traditional use.[11,12] African ginger is no different; it has many 

popular traditional uses and little research has been done on the biological assaying of 

the active compounds from the plant (Chapter 1, section 1.1.5).[13,14]  

The major compounds, siphonochilone (1), and structurally similar compounds (2, 3, 5 – 

7) (see Chapter 1, section 1.1.5.2) were isolated using techniques such as vacuum liquid 
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chromatography (VLC), flash and column chromatography, HPLC-SPE-NMR and 

preparative TLC.[13,17-20] Some of the techniques used for the purification can be time 

consuming and make use of hazardous solvents.[15,18,19] The excessive use of solvents is 

unfavourable for the environment and hazardous to human life.[20,21]  

In present times the search and use of healthy, safe, biodegradable and renewable 

resources are of the utmost importance to replace less environmentally friendly 

techniques, such as column chromatography, with cleaner or greener technologies.[22,23]  

These also aid in the prevention of the formation of artefacts which can form using harsher 

chromatographic  techniques.[19,24] It has also been shown that some of the compounds 

previously identified from extracts of African ginger, are formed through auto-oxidation 

which could also occur during harsh chromatographic steps.[21] 

 

3.1.2 Modern chromatographic techniques  

Natural products are known to potentially have active ingredients, making them very 

popular.[25-27] This popularity has however declined due to the time-consuming process of 

isolation and purification and has resulted in the demand for high-throughput automated 

technology and its revolutionizing way of fractionation, isolation and purification of active 

ingredients.[26-28] High-throughput technology is faster, more economical and 

greener.[11,29,30]  

One of the principles for green chemistry is limiting the usage of hazardous chemicals 

and replacing them with greener options.[20,31] Organic solvents are one of the biggest 

sources of waste and need to be replaced with gas and liquid chromatography.[30-32] This 

can be done by replacing the organic solvents with supercritical fluids such as CO2, which 

is often used alone without modifiers or with small quantities of organic solvents (ethanol 

or methanol).[32-34] These solvents assist in separation, making it a safer, more efficient 

and quicker method of purification.[31,33]  
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Using automated high-throughput systems or integrating them can assist in efficient use 

of energy and result in safer chemistry. [21,30,35] This can be done by combining techniques 

such as liquid handlers, SPE and HPLC to reduce the use of solvents and be more time 

efficient.[35] The rising demand for safe and environmentally friendly products and 

techniques have forced pharmaceutical companies and researchers to think innovatively 

on how to implement this in the production of natural products. [21,31,34]  

 

3.1.2.1 Supercritical fluid chromatography (SFC)  

Supercritical Fluid Chromatography (SFC) is a normal-phase chromatographic technique 

that allows solvents to perform under supercritical conditions to perform better than GC 

or HPLC.[26,36] The objective of the technique is to allow compounds to elute at subcritical 

temperature (35°C), without decomposing, and by introducing high pressures.[25,37,38]  

The technique was developed in the 1960’s, but was facetious since it was not reliable or 

sustainable because the instrument could not handle the supercritical conditions and CO2 

as a mobile phase.[38-40] It was only since the 1980’s that the instrument was compatible 

with the mobile phase and since 2012 the instrument was improved with better features. 

[38,40]  

SFC uses CO2 as the major component of the mobile phase instead of an organic 

solvent.[23,38,41] The mobile phase carries the substance through the stationary phase until 

it is collected.[22] Only a small quantity of organic solvent (ethanol or methanol) is used as 

a co-solvent to improve elution of polar compounds.[38] This reduces the use of hazardous 

solvents, decreases retention time and allows for more injections.[22,40,42] The stationary 

phase consists of a pre-packed column of different packaging; BEH 2-ethylpyridine, BEH 

(Ethylene-Bridged Hybrid), CSH Fluoro-phenyl, silica and silica 2-ethylpyridine (Viridis®), 

and can be used depending on the type of compounds that need to be separated.[43,44]  

This instrument can be used on an analytical or preparative scale. [22,45] Analytical scale 

is used for qualitative purposes for method development and must be transferable to 
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preparative scale.[22,33] A few parameters can affect the sensitivity and separation during 

analytical development; changing the co-solvent type, co-solvent percentage, flow rate 

and injection volume.[22,42,46] Once a method is developed, the user switches to 

preparative scale for quantitative analysis. This is used in the pharmaceutical, 

environmental, petroleum and polymer industry and used for fractionation of non-polar 

compounds. [22,23,47]  

The technique is more advantageous than normal GC and LC (liquid chromatography) 

for its low viscosity, high diffusivity, high density, low use of hazardous solvent waste, 

high separation efficiency, short analysis time and collection of more concentrated 

fractions.[22,34,40,46]  

This separation technique has not been used as frequently as GC or HPLC, but it has 

separated compounds for certain plant species and offers better separation and 

sensitivity for non-polar compounds [23,46,48] It is only recently that the instrument has been 

used on natural products and has resulted in the isolation of lipids, monosaccharides, 

saponins and flavonoids.[22,39,48] It is imperative to promote the use of greener chemistry 

such as SFC to reduce the use of hazardous solvents.  

 

3.1.2.2 Ultra-performance convergence chromatography (UPC2) 

Convergence chromatography (CC) refers to the combination of GC and LC into one 

system.[41,49] It is used to separate structurally similar chiral and achiral compounds and 

has improved on the resolution and selectivity of SFC.[23,50,51] It is a normal phase 

chromatographic technique which uses a polar co-solvent such as methanol instead of 

water, has lower retention times, which are prompted by a change in pressure and it 

retains polar compounds for a longer time.[36,49,51] 

Convergence chromatography uses a mixture of CO2 and mostly methanol as the mobile 

phase.[23,46] The former needs to be liquified/compressed to improve reliability and 

reproducibility by using an automated back pressure regulator (ABPR).[42,44,52] This allows 
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for elution of polar compounds and better separation and sensitivity.[23,49] CC is more 

sensitive than SFC and allows for more reliable and reproducible work.[42,49] This 

technique is perfect for the analysis of complex compounds from natural extracts, 

however the system is only available for analysis and not yet for fractionation or isolation 

of compounds.[37,45] 

 

3.1.2.3 Liquid handler and automated solid-phase extraction (SPE) 

Integrating different high-throughput components such as a liquid handler, automated 

SPE, HPLC and NMR, can improve productivity and reduce the time of fractionation, 

isolation and purification of plant extracts.[21,53-55]  

SPE has been widely used in natural product research and has shown good results in 

extraction of compounds.[56-58] It has been a very popular green technique used for 

fractionation of a sample to obtain a more concentrated fraction before being analysed, 

isolated and purified by more sensitive analytical methods such as GC or HPLC.[21,57,59] 

Over the years the technique has been easily automated to deliver high-throughput 

systems to aid in accuracy, consistency and reproducibility.[21,27,28,57]  

SPE was originally designed to replace liquid-liquid extraction by being more cost 

effective, less time-consuming, have a lower solvent consumption, fewer fractions and 

fewer errors.[21,59,60] The system uses SPE disposable column-like cartridges for 

fractionation and the type depends on the type of extract or SPE system that is being 

used.[21,54,58] The mobile phase passes through the cartridge by gravitational force or 

positive pressure (air or syringes) to wash the stationary phase and allow for 

fractionation.[54]  

This has however resulted in a lower recovery of analytes due to the low selectivity 

sorption between the samples and matrices.[59,61] Other disadvantages include the 

method development for the fractionation procedure that can take a longer time to 
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develop and the reproducibility of fractionation can take longer if the system is not 

automated.[61,62] 

These disadvantages have resulted in the manufacturing of automated SPE’s that has 

made it less time-consuming, safer in management of solvents and more consistent.[28] 

By integrating a liquid handler with an automated SPE has improved productivity since it 

is more user friendly, cost effective, quicker, and resulted in higher sample recovery and 

less solvent consumption.[34,54,63] The liquid handler aids in the movement of liquid 

(eluents) from one location to another.[63] It can have different numbers of robotic arms, 

pipetting heads/syringes, accessories and functionalities of the probes and is very 

important in improving the consistency and reproducibility of fractionation of plant 

extracts.[21,53,63]  

The integration of an automated SPE system and liquid handler was investigated by 

Thornburg et al. (2018) where they addressed and improved some concerns regarding 

the use of an automated robotic SPE system:   

• The sample mass and accurate dispensing of an aqueous:organic (95:5) solvent-

system is very important to prevent disrupting the reproducibility and to prevent 

low selectivity, 

• the sample is dissolved in an organic solvent-system and loaded onto cotton and 

dried to allow for cotton-absorbed samples for fractionation to prevent clogging of 

the SPE frit and matrix, and 

• the elution of the sample using polar solvents like water, methanol and acetonitrile 

for normal-phase fractionation to get a solvent system that had adequate elution 

strength for fractionation. [21,53,64-66] 

The integration of different techniques has been embraced by the pharmaceutical, 

cosmeceutical, food, pesticide and environmental industries for various uses and is the 

future of modern-day chemistry. [59,60]  
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3.1.2.4 High-performance liquid chromatography (HPLC) 

HPLC is very popular in the identification, quantification and purification of compounds 

from plant extracts.[67] It is used with the purpose of isolating compounds for structure 

elucidation through NMR with the hope of identifying a compound(s) with significant 

biological activity.[68,69]  

HPLC is a mainly reversed-phase chromatographic technique used to qualitatively and 

quantitatively resolve mixtures of compounds and separate and purify them based on 

their variable interaction with the stationary phase. [26,66,70,71] Using high pressure, the 

mobile phase containing the sample is pushed through an immobile stationary phase, 

resulting in different elution times.[66,70,72] The mobile phase is responsible for the 

separation of compounds using polar solvents like water, acetonitrile and methanol.[66,72] 

Separation is therefore possible due to the interactions between the analyte, mobile 

phase and stationary phase. The polar mobile phase and non-polar stationary phase 

favours the elution of polar compounds, therefor making it a reversed-phase 

chromatographic technique. [70]  

The use of HPLC for purification of plant extracts can either include using a crude extract 

or a fraction from a crude extract to do analytical development for qualitative analysis and 

preparative development for quantitative analysis as discussed with SFC.[73,74] The 

importance of analytical development is to confirm purity, develop an appropriate method 

and identify the targeted compound(s).[71,74] The method is then used on preparative scale 

for the collection of pure compound(s).[26,34,71,72] It has been reported to be successful in 

the isolation of secondary metabolites such as flavonoids, phenolic acids and 

steroids.[66,67,71,75,76]  

It is preferred over other high-throughput systems like SFC due to its consistency and 

robustness.[26] Automated high-throughput systems are becoming more popular and 

integrating them with different components such as HPLC and LC-MS improves its 

value.[25,28,53,65] It improves the fractionation, isolation and purification of active 

compounds by doing so much quicker and being more environmentally friendly.[35] It is 
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very clear that this technique has become very popular amongst pharmaceutical 

companies for drug discovery and  development, and is most certainly the future of natural 

product drug development.[28,65,66,70-72]  

 

3.2 Methodology 

3.2.1 Analytical grade solvents 

Acetone ((CH3)2CO; 58.08 g/mol), ethyl acetate (CH3COOC2H5; 88.11 g/mol) and n-

hexane (C6H14; 86.18 g/mol) were purchased from Merck. Dichloromethane (DCM) 

(CH2Cl2; 84.93 g/mol) was purchased from Sigma-Aldrich. Methanol (CH3OH; 32.04 

g/mol) and acetonitrile (C2H3N; 41.05 g/mol) were purchased from ROMIL (ROMIL-SpS™ 

Super Purity Solvent). Analytical grade H2O purchased from Microsep (ROMIL). Diethyl 

ether anhydrous ((C2H5)2O; 74.12 g/mol) was purchased from Radchem Laboratory 

Suppliers (Pty) Ltd. 

 

3.2.2 Other chemicals 

Acetone, DCM, 98% sulfuric acid (H2SO4; 98.08 g/mol), vanillin (C8H8O3; 152.15 g/mol) 

and trifluoroacetic acid HPLC (TFA) (C2HF3O2; 114.02 g/mol) were purchased from 

Radchem Laboratory Suppliers (Pty) Ltd. Silica gel 60 GF254 TLC plates from Merck. 

Silica gel MN-60 from Macherey-Nagel GmbH & Co. KG. Idodine resublimed from 

SAARCHEM.  

 

3.2.3 Other equipment and apparatus  

Glass polytops (26 mL) No. 6 was purchased from Listco Glassblowers, Johannesburg. 

An AB265-S/FACT DualRange analytical balance was purchased from Mettler Toledo. 

An EZ-2 Plus Genevac centrifugal evapourator was purchased from SP Scientific and a 

Spectroline ENF-240C/FE Handheld 4W Inspection UV Lamp (254/365 nm) from Lasec. 
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3.2.4 Solvent extraction of plant material  

The DCM:methanol (1:1) and DCM:hexane (1:1) extracts of five-year-old dried ground 

rhizomes were prepared as described in Chapter 2, section 2.2.3 and were used for the 

isolation and purification of compounds. The extracts were stored in the cold room (6 – 

8°C) prior to further analysis. The fresh and freshly dried ground rhizomes extracted with 

ethanol (Chapter 2, section 2.2.3.2) were used for UPC2 analysis as described in Section 

3.2.7.  

 

3.2.5 Standards for analysis 

The two standards, siphonochilone (1) and its hydroxylated lactone (6), were used to 

identify their presence in different extracts.  

Clear crystals of siphonochilone that crystallized during steam distillation, as described in 

Chapter 2, section 2.2.4, was used as a standard for siphonochilone (1). The hydroxylated 

lactone (6) was previously isolated, purified and identified by Mr. Félix Junior Katele 

Zongwe as discussed in Chapter 2, section 2.2.1.3. 

 

3.2.6 Purification using supercritical fluid chromatography (SFC) 

The analytical scale method development and semi-preparative purification Investigator 

SFC system from Waters was used for the fractionation of a DCM:methanol (1:1) crude 

extract. The system comprises of a 3.00x100 mm Viridis® BEH column, 130Å 1.70 µm 

analytical column (Ireland, Waters) for method development. A 19x150 mm Viridis® BEH 

Prep 2-EP OBD™ 5.00 µm semi-preparative column (Waters, Ireland) was used for 

fractionation and placed inside a thermally controlled oven. A temperature and pressure 

controlled back pressure regulator (BPR) was used to compensate for cooling during 

depressurization and pumps through the CO2 (Foodfresh by AFROZ) and co-solvent, 

methanol. The sample was manually injected at the Sample Manager, which has two well 

plates and holds 96 HPLC vials (1.50 mL each).  



96 
 

The system is coupled to a 2998 Photodiode Array (PDA) detector.[20] The collection 

system comprises twelve 500 mL collector bottles with 26 mL glass polytops. Figure 3.1 

shows a scheme of the Investigator SFC system from Waters used with all its 

components. The elution gradient (solvent A, CO2; solvent B, methanol) was constant, 

started at 1% of solvent B and ended at 1% solvent B after 15 min, with a constant flow 

of 7.00 mL/min. The back pressure was set at 140 bar and temperature at 40ºC. Detection 

of UV radiation absorbance of the crude was done at 210 – 270 nm.  

 

 

 

 

 

 

 

 

Figure 3.1  Illustration of the Investigator SFC system used to fractionate the crude 

extract.  

 

The presence of the targeted compounds, siphonochilone (1) and its hydroxylated lactone 

(6), was determined by separately injecting their standards (see section 3.2.5) into the 

SFC and comparing their retention times to the peaks of the DCM:methanol crude extract 

(see section 3.3.1). For both standards and the crude extract, 1.00 mg was dissolved in 

1.00 mL methanol and 7.00 µL was injected.  

For method development a sample was prepared using an analytical balance to weigh 

1.00 mg of the DCM:methanol crude extract and dissolved in 1.00 mL of methanol and 

7.00 µL was injected per run. For semi-preparative purification, a sample was prepared 
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with 40 mg of the DMC:methanol crude extract dissolved in 1.00 mL of methanol and 20 

µL was injected per run.  

Successive injections were accomplished until 438 mg of the crude extract dissolved in 

methanol was injected onto the column of the SFC system. Eleven fractions were 

collected, based on the peaks detected on UV radiation, in 26 mL glass polytops placed 

in the collector bottles (Figure 3.2). Due to the rather large volumes of fractions collected, 

they were first evaporated using the Genevac at low boiling point (30ºC) for 2 hours. The 

mass of each fraction was recovered and weighed, using the analytical balance, before 

further analysis using of TLC and the UPC2.  

All 11 fractions and the two standards were dissolved in hexane and spotted on TLC 

plates to determine which fraction contained the targeted compound, the hydroxylated 

lactone (6). The TLC plates were developed in ethyl acetate:hexane (2:3) and observed 

under UV radiation at 254 nm. One plate was stained with a vanillin stain (0.20 g vanillin, 

30 mL methanol and 1.00 ml H2SO4) and heated, and the other in an iodine chamber.  

The fractions were dried using the centrifugal evaporator at low boiling point (30ºC) for 2 

hours and used for analysis on the UPC2. 

 

3.2.7 Ultra-performance convergence chromatography (UPC2) 

After evaporation of the eleven fractions collected from SFC, only fractions 7 and 9 

contained sufficient quantities of the fractions and were the only fractions used for further 

analysis (Figure 3.2). TLC analysis showed fractions 7 and 9 to also have the most 

intense spots corresponding to siphonochilone (1) and the hydroxylated lactone (6) under 

UV light at 254 nm, and from the vanillin and iodine stain. From the two fractions, 1.00 

mg of each were dissolved separately in 1.00 mL of methanol and 1.00 µL of each fraction 

was injected onto a UPC2 system.  

The UPC2 system and chromatographic conditions of The Waters ACQUITY UPC2 

system was equipped with a binary solvent manager, fixed loop sample manager, 
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convergence manager with an ABPR, column manager and PDA detector. The qualitative 

analysis was performed at 50ºC using a 30×100 mm ACQUITY UPC2™ CSH Fluoro-

Phenyl 1.70 µm column (Waters, USA).  

The elution gradient (solvent A, CO2; solvent B, methanol) was constant starting at 2% of 

solvent B and ended with 2% of solvent B after 8.00 min, with a constant flow of 0.60 

mL/min. The back pressure was set at 1500 psi and peaks were detected at 215 nm.  

The presence of the targeted compounds, siphonochilone (1) and its hydroxylated lactone 

(6), was determined by two experiments (section 3.3.1). Firstly, by separately injecting 

their standards onto the UPC2 and comparing their retention times to the major peaks of 

the crude extract and fractions. Secondly, by confirmation of the presence of the 

standards through a “spiking” experiment, i.e., the addition of 200 µL of the standard 

hydroxylated lactone sample (1.00 mg in 1.00 mL methanol) to the fraction. Then re-

analysing the chromatograms by comparing the retention times and the area percentage 

of the total chromatogram of the peak of the chromatogram before and after the “spiking” 

experiment.   

Ethanol extracts of fresh (wet) and freshly dried ground rhizomes and roots were also 

analysed using UPC2 and compared to the crude extract to see if there was a change in 

the chromatograms and intensity of the siphonochilone (1) and its hydroxylated lactone 

(6) peaks. The samples were prepared by dissolving 1.00 mg of each extract in 1.00 mL 

of methanol and injecting 1.00 µL of each extract onto the UPC2 system. All samples that 

were analysed using UPC2 had the same concentration of 1.00 mg/mL.  

 

3.2.8 Purification of fractions using column chromatography  

Fractions 7 and 9 were combined and labelled as FR1 (48.96 mg, 11.17% w/w) and the 

methanol was evaporated using a centrifugal evaporator at low boiling point (30ºC) for 1 

h.  
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Column chromatographic separation of the combined fractions were performed with a 300 

mm internal diameter, 1000 mL glass column packed with silica gel. The column was 

prepared by pouring slurry of 185 g of silica gel in acetone:DCM (1:9) into the column. 

The combined fractions, FR1, were dissolved in acetone:DCM (1:9) (Figure 3.2) and 

loaded onto the silica gel. Elution was performed gradient-wise with acetone and DCM 

mixtures starting with 5% and increasing to 30% acetone in DCM. Fractions were 

collected until the targeted hydroxylated lactone eluted with 47 fractions being collected 

(Figure 3.2).  

The purification sample (FR1), two standards, siphonochilone (1) and the hydroxylated 

lactone (6), and the collected fractions were analysed by TLC and observed under UV 

radiation at 254 and 365 nm and then placed in an iodine chamber. The iodine stain 

revealed a distinct yellow spot for the hydroxylated lactone. Siphonochilone was detected 

under the UV light at 254 nm and by staining it with a vanillin stain. The hydroxylated 

lactone was detected with an iodine stain. After examining the column fractions using TLC 

with the various stains, fractions 6 – 10 was found to contain the siphonochilone, and 

fractions 12 – 16 the hydroxylated lactone. Fractions 12 – 16 were combined, evaporated 

and weighed to give 2.90 mg of the subfractions and labelled as FR2 and used for further 

purification (Figure 3.2). 

A second column was packed to isolate the hydroxylated lactone from fraction FR2 using 

a 300 mm internal diameter, 1000 mL glass column. Silica (55 g) was slurry-packed in an 

acetone:ethyl acetate:hexane (2:3:5) solvent-system and poured into the column. FR2 

(2.90 mg), dissolved in hexane, was loaded on the bed of the silica gel. Elution was 

through a gradient-wise solvent mixture of acetone:ethyl acetate:hexane starting with 

2:3:5 and ending with 1:4:5, resulting in the collection of 53 fractions. The fractions were 

analysed by TLC and stained in an iodine chamber, which revealed that the hydroxylated 

lactone was present in fractions 28 – 37 (Figure 3.2). The fractions were combined, 

evaporated using a rotavapour at 30ºC and labelled as FR3. A limited quantity (0.17 mg, 

0.05% w/w) of sample was obtained and analysed by 1H NMR spectroscopy. Due to the 

impurity and limited quantity, further purification could not be done.  
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Figure 3.2  Purification of the DCM:methanol (1:1) crude extract using SFC, UPC2 and column chromatography. 
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3.2.9 Solid-phase extraction (SPE) 

Figure 3.3 is an illustration of a VERITY GX-241 Aspec Liquid Handler and 4060 Single 

syringe pump (Gilson) programmed by Trilution LH v4.0 used for the solid phase 

extraction using an empty SPE cartridge (Phenomenex), SPE tube adapter (Lasec) and 

2.00 g HyperSep SPE cartridge (octyl, nonend-capped: 50 μm, 60 Å) (Thermo Scientific) 

cartridge for pre-fractionation. 

 

 

 

 

 

 

 

 

Figure 3.3 Illustration of the Liquid Handler, automated SPE and single syringe pump 

used for the solid phase extraction. 

The DCM:hexane (1:1) extract of five-year-old dried ground rhizomes of African ginger 

(290 mg and 276 mg) was separately dissolved in each of 4.50 mL methanol:ethyl acetate 

(3:2). The dissolved samples were adsorbed separately onto two cotton wools and dried 

in the centrifugal evaporator at low boiling point (30ºC) for 20 min before being transferred 

to an empty SPE cartridge.  

The cotton-adsorbed, lyophilized SPE sample cartridge was stacked above an adsorbent 

containing Hypersep SPE cartridge using a SPE tube adapter for individualized 

fractionation. At pre-fractionation, the HyperSep SPE cartridge was washed with 18 mL 

of 100% methanol, followed by equilibration with 18 mL of H2O:methanol (9:1), at a 

controlled rate of elution of 6.00 mL/min.  

Syringe pump 

Liquid handler 

Cartridge holder 

Solvent holder 
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Each of the dried extracts were separately pre-fractionated using the method of 

Thornburg et al. (2018) with modifications to give a better and improved separation. An 

elution gradient (solvent A, H2O; solvent B, methanol) started at 9:1 and ended at 1:4, 

resulting in the collection of 14 fractions, which were collected in 20 mL beakers and 

transferred to 26 mL glass polytops (Figure 3.4). The fractions were evaporated using a 

centrifugal evaporator at HPLC setting (51°C) for 8 h and weighed. After solvent removal 

the mass of each fraction was recorded, dissolved in 0.50 mL methanol and analysed 

using TLC. 

All 14 fractions were spotted on two TLC plates (acetone:ethyl acetate:hexane (1:4:5)) 

and viewed under UV light (254 nm). One plate was stained with vanillin and the other 

with iodine. The iodine stain showed the presence of the hydroxylated lactone in fractions 

3 – 5. The fractions were combined (labelled as FR4) and evaporated using a centrifugal 

evaporator at low boiling point (30ºC) for 1 h to reveal a dark yellow oily substance (146 

mg, 25.8% w/w) (Figure 3.4). FR4 was used for further purification using HPLC.  

 

3.2.10 High-performance liquid chromatography (HPLC) 

A HPLC-MS (Waters) chromatographic system apparatus consisted of a system fluidics 

organizer (Waters), binary gradient module (2545) coupled to a Waters PDA (2998). It 

was equipped with a Waters 2767 injector (20 µL/1000 µL sample loop) interfaced to a 

PC running MassLynx V4.1TM software (Waters, USA).  

The combined fractions from the SPE purification, FR4 (146 mg), was dissolved in 1.50 

mL methanol. Method development was done using an X-Bridge C18 column (150x4.6 

mm, i.d. 3.50 µm particle size) (Waters) operating at room temperature with a flow rate of 

1.00 mL/min. Elution was done using a gradient system (Table 3.1) of solvent A (H2O + 

0.1% TFA) and solvent B (Acetonitrile + 0.1% TFA). FR4 dissolved in methanol was 

injected onto the column (5.00 µL) with a run time of 18 min and a post-run of 1 min.  

The standard hydroxylated lactone (6), obtained as described in section 3.2.5, was used 

to determine the retention time of the hydroxylated lactone on HPLC and was compared 

to the chromatogram of FR4 to identify the peak representing the lactone based on its 
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retention time. This was done by dissolving 1.00 mg of the standard hydroxylated lactone 

(6) in 1.00 mL of methanol and analysing the solution using the same method applied for 

the analysis of FR4. 

  

The chromatogram of the hydroxylated lactone presented a well-resolved peak at 6.65 

min and corresponded to the major peak at 6.61 min for FR4 (see section 3.3.4). This 

confirmed the presence of the hydroxylated lactone (6) in FR4 based on its retention time.  

The gradient system for method development was adjusted to accommodate the 

purification on a semi-preparatory scale using a Preparative OBD columns calculator by 

Waters. Semi-preparatory purification was performed on a reversed-phase Waters X-

Bridge Preparative C18 column (19x250 mm, i.d. 5 µm particle size) (Waters) operating 

at room temperature with a flow rate of 17.06 mL/min. Detection was carried out from 220 

to 254 nm. Elution was done using a gradient system (Table 3.2) of solvent A (H2O + 

0.1% TFA) and solvent B (Acetonitrile + 0.1% TFA). FR4 (146 mg) dissolved in 1.50 mL 

methanol was repeatedly injected (200 µL) onto the semi-preparative column with a flow 

rate of 17.06 mL/min and a run time of 29 min and a 0.47 min post-run time.  

 

 

 

 

Table 3.1 Elution gradient used for the analysis of fraction FR4 on an X-Bridge C18 

analytical column. 

Time (min) 0 10 13 15 16 17 

Flow rate (mL/min) 1 1 1 1 1 1 

Solvent A (%)  90 0 0 90 90 90 

Solvent B (%) 10 100 100 10 10 10 
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Table 3.2 Elution gradient used for the purification of FR4 on a Waters X-Bridge 

Preparative C18 column. 

Time (min) 0 16.67 21.67 25.00 26.67 28.53 

Flow rate (mL/min) 17.06 17.06 17.06 17.06 17.06 17.06 

Solvent A (%)  90 0 0 90 90 90 

Solvent B (%) 10 100 100 10 10 10 

 

The retention times changed with the adjustments made for the semi-preparatory 

purification and the lactone eluted at 9.12 min after the injection of the pure standard 

using the same method as per Table 3.2. This retention time was used as a guide to 

collect four peaks based on a time-based collection as shown in Table 3.3. and the 

lactone was collected at 9.00 – 9.30 min.  

 

Table 3.3 Time-based collection of four peaks from FR4 on a Waters X-Bridge 

Preparative C18 column. 

Peak number Time interval (min) 

1 7.61 – 7.84 

2 8.10 – 8.35 

3 9.00 – 9.30 

4 10.27 – 10.50  

 

After repeated injections, all collections corresponding to peak number 3 were combined 

(labelled as FR5) (Figure 3.4) and the solvent was removed using the centrifugal 

evaporator using the HPLC setting (51ºC) for 8 hours. The fraction FR5 was weighed (23 

mg, 4.1% w/w) and dissolved in hexane for TLC analysis. FR5 was spotted on a TLC 

plate (acetone:ethyl acetate:hexane (1:4:5)) and viewed under UV light (254 nm), stained 
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with vanillin and iodine. The iodine stain showed the presence of the hydroxylated lactone 

for FR5 and the fraction was evaporated using a centrifugal evaporator at low boiling point 

(30ºC) for 1 h to give a light-yellow oily substance. FR5 was analysed by NMR 

spectroscopy to confirm its structure.  

 

3.2.11 Nuclear magnetic resonance spectroscopy analysis (NMR) 

Compound confirmation and structure elucidation was done using a Bruker Avance III 

400 MHz magnetic operating at 400.21 MHz for 1H and 100.64 MHz for 13C, 1H, 13C and 

COSY NMR experiments were performed for compound confirmation of siphonochilone 

(1) and 1H, 13C, HSQC, HMBC, COSY and NOESY NMR experiments were performed 

using the Bruker Avance III 400M Hz for structure elucidation of the fraction (FR5) 

containing the hydroxylated lactone (6). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4 Process for the isolation of the hydroxylated lactone (6) using SPE, HPLC 

and NMR spectroscopy.  
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3.3 Results and discussion 

3.3.1 SFC purification of the hydroxylated lactone (6) from African ginger extracts 

and analysis using UPC2 

Siphonochilone (1) and the hydroxylated lactone (6) are two important compounds in the 

chemical composition of the plant and have been extensively reported by other 

researchers.[15,18,19] Zongwe et al. (2018) reported the presence of both compounds in the 

crude extract and purified both using silica gel column chromatography. In order to 

investigate the purification and isolation to determine that auto-oxidation is in fact due to 

the storage in the plant as reported by Zongwe et al. (2018), a milder purification 

technique was investigated. The presence of the two compounds in a DCM:methanol 

extract from five-year-old dried ground rhizomes was confirmed by GC-MS analysis 

(Chapter 2, Section 2.3.2.3, Figure 2.5.(3)). 

The purification of the DCM:methanol extract using the SFC was first evaluated through 

the development of a purification method on analytical scale using a 3.00×100 mm 

Viridis® BEH column, 130Å 1.70 µm analytical column. The standards of the two 

compounds, siphonochilone (1) and the hydroxylated lactone (6), were first injected and 

their retention times determined. The crude extract was then injected onto the SFC 

system using the same method and concentration (1.00 mg/mL in methanol) and 

compared to the chromatograms of the standards.  

Figures 3.5.(1) and Figure 3.5.(2) show the chromatograms of the standard hydroxylated 

lactone (3.93 min) and siphonochilone (2.60 min) with each showing one major peak. 

Siphonochilone (Figure 3.5.(2)) showed minor peaks which can be due to background 

noise or decomposition of the compound already occurring. The DCM:methanol crude 

extract of five-year-old dried ground rhizomes (Figure 3.5.(3)) revealed one major peak 

at 3.90 min, which corresponded to the hydroxylated lactone, and two minor peaks at 

2.61 and 5.41 min (Figure 3.5.(3)). The minor peak at 2.61 min corresponded to the 

siphonochilone (Figure 3.5.(1)). Overall, the chromatograms of the crude extract using 

the analytical method showed good separation of the two targeted compounds.   
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Figure 3.5  Chromatogram of (1) the hydroxylated lactone, (2) siphonochilone and (3)  

the crude extract at 210 – 270 nm from SFC analysis using an analytical 

column. 

 

Based on the method used on the analytical column, the crude extract was fractionated 

using the semi-preparatory method using a 19×150 mm Viridis® BEH Prep 2-EP OBD™ 

5.00 µm semi-preparative column (Waters, Ireland). The fraction collector was set to 

collect targeted peaks based on retention times (Table 3.4). 
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The chromatogram of the crude DCM:methanol extract is shown in Figure 3.6 and is 

similar to that of the analytical method indicating that the semi-preparatory method 

developed was suitable for the scale-up repeated purification of a larger quantity of the 

extract. Figure 3.6 showed a major peak at 7.65 min and three minor peaks at 5.30, 6.05 

and 10.80 min which were collected using time-based intervals (Table 3.4). The peak at 

7.65 min was the hydroxylated lactone and 5.30 min the siphonochilone. There was 

however a change in the retention times of the targeted compounds between the 

chromatograms from the analytical analysis (Figure 3.5.(3)) and semi-preparative 

columns (Figure 3.6). This was due to the differences in particle sizes of the stationary 

phases of the different columns and did this not affect the chromatogram, but only the 

retention times. [80]   

 

 

 

 

 

 

 

 

 

Figure 3.6  Chromatogram from SFC analysis of the crude extract at 210 – 270 nm with 

retention times 5.30, 6.05, 7.65 and 10.80 min using a semi-preparative 

column. 

After the successive injections of a total of 438 mg of the crude extract, 11 fractions were 

collected for each run and evaporated to dryness using the centrifugal evaporator at low 

boiling point (30ºC) for 2 h and a total of 60 mg of the fractions was recovered (Table 3.4). 

This suggested that 86% of the sample was lost during the purification in fractions that 
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were not collected, which were possibly fatty acids and oils that did not have a UV 

radiation absorbance in the 210 – 270 nm range.  

Table 3.4 The retention times and the mass of each fraction collected from the crude 

extract. 

Fraction 
number 

Collection start 
time (min) 

Collection end 
time (min) 

Mass of fraction (mg) 

1 5.10 5.59 3.73 

2 5.60 5.89 0.38 

3 5.90 6.20 0.82 

4 6.21 6.58 0.23 

5 6.59 7.00 0.91 

6 7.01 7.07 0.23 

7 7.08 8.00 28.15 

8 8.01 8.20 1.36 

9 8.21 9.20 20.81 

10 9.10 10.00 1.56 

11 10.01 11.6 2.47 

Total   60.65 

 

The purity of the fractions was investigated by means of TLC with ethyl acetate:hexane 

(2:3) as the mobile phase. The fractions were compared to the two standards 

(siphonochilone; Rf = 0.72, and its hydroxylated lactone; Rf = 0.39). TLC plates were 

observed under UV light (254 nm) and stained with vanillin and iodine. It was found that 

fractions 1 – 11 were impure and minimal significant differences with the presence of 

more than one compound in each fraction. The TLC analysis suggested that fractions 1 

– 9 contained the siphonochilone (Rf = 0.72) and fractions 7 – 11 the hydroxylated lactone 

(Rf = 0.39) and small traces of siphonochilone. These results suggested that SFC does 

not appear to separate structurally similar classes of compounds on semi-preparatory 
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scale even though the chromatograms appear to do so. As SFC is also a mild technique 

with limited quantities of methanol used, the presence of both compounds in these 

fractions was likely due to auto-oxidation of siphonochilone to its hydroxylated form as 

reported by Zongwe et al. (2008). [19,77] SFC is more commonly used to separate different 

classes of compounds than structurally similar compounds.[78,79] Based on the yields, only 

fractions 7 and 9 (Table 3.4) were in sufficient quantities to continue with further analysis.  

In order to further confirm the presence of the two compounds in the crude extract and 

fractions, these were analysed using the UPC2 instrument, at 215 nm. Due to the high 

level of sensitivity of the instrument, it provided some semi-quantitative information on the 

two compounds.   

The two standards and the DCM:methanol crude extract, used earlier for pre-fractionation 

with SFC, were dissolved in methanol (1.00 mg/mL) and separately injected directly onto 

the UPC2
. Figure 3.7.(1) shows the chromatogram of the standard hydroxylated lactone 

with a major peak at retention time 2.35 min, and siphonochilone with a major peak at 

1.23 min (Figure 3.7.(2)).  

There was a difference in the retention times of the hydroxylated lactone between the 

chromatograms of the SFC and the UPC2. As described earlier, the column packaging, 

column length and particle size all play a role in the change in the chromatograms and 

retention times of targeted compounds. The method developed for the UPC2 can still be 

used on the SFC, however the changes to the column need to be taken into account. [80]  

The crude extract was then injected using the same method and concentration as the 

standards (1.00 mg/mL) and two major peaks were identified at 1.23 and 2.20 min (Figure 

3.7.(3)). The peak at 0.77 min was identified as the methanol solvent peak and was 

present in all the chromatograms from the UPC2 analysis. The peaks with retention times 

1.23 and 2.20 min (Figure 3.7.(1) and Figure 3.7.(2)) correlated to the standards, 

siphonochilone and its hydroxylated lactone, respectively, and confirmed the presence of 

the two compounds in the crude extract.  
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Figure 3.7  Chromatograms of (1) the hydroxylated lactone, (2) siphonochilone and (3) 

the crude extract analysed using UPC2 at 215 nm. 

The pre-fractionated fractions 7 and 9 generated from the SFC were separately analysed 

by UPC2 to establish their levels of purity compared to the crude extract (Figure 3.8.(3)). 

This further confirmed the presence of the two terpenoid compounds. Figures 3.8.(1) and 

Figure 3.8.(2) shows the chromatograms of fraction 7 and 9 with two major peaks at 1.22 
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and 2.34 min and confirmed the presence of siphonochilone (1.22 min) and its 

hydroxylated lactone (2.34 min) in both these fractions. The results confirmed the earlier 

TLC analysis performed on these fractions. 

The chromatograms for the two fractions also showed a significant decrease in the broad 

peaks present in the crude extract eluting after 2.34 min (Figure 3.8.(3)). Even though the 

SFC did not separate the compounds into single chemical entities, it was successful in 

separating unwanted compounds from those that were targeted. 

Figure 3.8  Chromatogram at 215 nm of (1) fraction 7, (2) fraction 9 pre-fractionated from 

SFC and (3) crude extract analysed using UPC2. 
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Further confirmation of the presence of the hydroxylated lactone in Fraction 7 was 

undertaken through a “spiking” experiment. The “spike” was performed by adding 200 µL 

of the standard hydroxylated lactone (1.00 mg/mL) to fraction 7 and comparing the 

chromatograms and retention times of the peak that is believed to be the hydroxylated 

lactone. From the chromatograms in Figure 3.9, it was seen that there is a major peak at 

2.34 min (before “spiking” – Figure 3.9.(1)) and 2.35 min (after “spiking” – Figure 3.9.(2)). 

Both chromatograms showed a peak at the same retention time indicating that the peak 

at 2.34 min (Figure 3.8.(1)) was the, targeted, hydroxylated lactone (6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.9   Chromatogram at 215 nm of (1) fraction 7 before and (2) fraction 7 after 

“spiking” with standard hydroxylated lactone. 
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The major peak at 2.34 min in Figure 3.9.(1) was already more intense than the rest of 

the peaks in the chromatogram. After “spiking” fraction 7 increased fruther compared to 

the other peaks. There was also an increase in area under the peak as a percentage of 

the total chromatogram after the “spiking” experiment (Table 3.5). 

 

 

The results from the “spiking” experiment confirmed and concluded that the targeted 

hydroxylated lactone is indeed the peak at 2.34 min and is present in fraction 7. Since 

fraction 9 had the same or similar chromatogram of fraction 7, both were combined to 

give combined fraction labelled as FR1 (48.96 mg) and was used for further purification 

using silica column chromatography.  

Based on the excellent chromatographic separation capabilities of the UPC2, especially 

to separate closely related compounds (in this case sesquiterpenoids), analysis of the 

ethanol extracts prepared from fresh (wet) and freshly dried ground rhizomes and roots 

was also performed. The chromatograms of the extracts were compared to the crude 

extract prepared by DCM:methanol extraction of five-year-old dried ground rhizomes.  

The chromatograms at 215 nm for the three extracts are shown in Figure 3.10. The crude 

extract from the stored rhizomes (Figure 3.10.(1)) showed a far more intense peak for the 

hydroxylated lactone, at 2.20 min, compared to the ethanol extracts from the fresh 

Table 3.5 The results from the UPC2 analysis of Fraction 7 before and after addition of 

the standard hydroxylated lactone to confirm the presence of the compound 

confirmation. 

Targeted compound Retention 
time (min) 
before 
spiking 

Area under the peak 
as a percentage of 
the total 
chromatogram 
before the spike 

Retention 
time (min) 
after 
spiking 

Area under the 
peak as a 
percentage of the 
total chromatogram 
after the spike 

Siphonochilone 1.22 14.3 1.23 5.03 

Hydroxylated lactone 2.34 48.1 2.35 79.8 
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rhizomes (Figure 3.10.(2); 1.20 min) and freshly dried ground rhizomes (Figure 3.10.(3); 

1.22 min) when analysed at the same concentrations (1.00 mg/mL in methanol).  

The chromatogram of the fresh (Figure 3.10.(2)) and freshly dried ground rhizomes 

(Figure 3.10.(3)) showed the opposite to the crude extract, with a more intense peak at 

1.20 and 1.22 min, respectively. From Figure 3.7 it was concluded that siphonochilone 

elutes first, followed by the hydroxylated lactone. This concluded that the peaks at 1.20 

min (Figure 3.10.(2)) and 1.22 min (Figure 3.10.(3)) was siphonochilone and the peaks at 

2.29 min (Figure 3.10.(2)) and 2.34 min (Figure 3.10.(3)) was the hydroxylated lactone. 

These chromatograms (Figure 3.10.(2) and Figure 3.10.(3)) showed that the peak 

corresponding to siphonochilone is the most intense peak, which suggested that there 

was more siphonochilone present in the fresh rhizomes. This was also confirmed in 

Chapter 2, section 2.3.2.4.   

These results showed that in fresh plant material, siphonochilone is the major compound 

with traces of the hydroxylated lactone already present in the extract (Figure 3.10.(2) and 

Figure 3.10.(3)). This does however differ for the plant material stored over a period of 

time. Once more, these studies confirmed the findings of Zongwe et al. (2018) that 

siphonochilone decomposes or oxidizes into the structurally related compounds reported 

by Holzapfel et al. (2002) and Lategan et al. (2008).[15,18,19] These compounds (Chapter 

1, section 1.1.5.2) (2,3 and 5 – 7) in all likelihood, auto-oxidize during storage and do not 

occur naturally in the plant as previously reported and were confirmed by the UPC2 

analysis.[19]  
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Figure 3.10  Chromatograms of (1) the crude extract, (2) fresh rhizomes – and (3) freshly 

dried ground rhizomes ethanol extract analysed using UPC2 at 215 nm. 

 

Further purification of the fractions was performed in an attempt to purify the hydroxylated 

lactone and confirm its presence in the stored plant material.  
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3.3.2 Purification of the combined fractions 7 and 9 (FR1) using silica column 

chromatography 

The isolation and purification of the hydroxylated lactone (6) was attempted using the 

milder and greener technique, SFC. Since the pre-fractionation using SFC did not give 

good separation into pure compounds, silica column chromatography was then attempted 

for the fractionation and isolation of the pure compound. The same methods used by 

Zongwe et al. (2018) was used for fractionation and isolation.  

Combined sample FR1 (48.96 mg) was fractionated by silica column chromatography 

using acetone:DCM and eluting gradient-wise from 5% to 30% acetone in DCM and 47 

fractions were collected. Each fraction was concentrated by evaporating the fractions in 

the centrifugal evaporator at low boiling point (30º) for 2 h and dissolving in small volumes 

of hexane. The fractions were spotted on TLC plates and developed in acetone:DCM 

(1:9). The two standards of siphonochilone (1) and the hydroxylated lactone (6) were used 

to identify the targeted compounds in the fractions collected.  

The TLC plates were observed under the UV light (254 nm) and stained using vanillin to 

identify siphonochilone. The standard siphonochilone had an Rf value of 0.73 and when 

compared to all fractions, showed its presence in fractions 1 – 7.  

TLC plates spotted with all fractions and the standard hydroxylated lactone were placed 

in an iodine chamber to identify the hydroxylated lactone containing fractions. This was 

done by comparing the standard of the hydroxylated lactone (Rf = 0.43) to all the fractions 

and revealed fractions 12 – 16 (Rf = 0.43) to contain the hydroxylated lactone. Fractions 

12 – 16 was not pure as there were other spots also visible on TLC and further purification 

was required. Fractions 12 – 16 were combined and evaporated into the subfraction FR2 

(2.90 mg).   

FR2 was dissolved in small volumes of hexane, and was spotted with the standard 

hydroxylated lactone (6) on a TLC plate and developed in acetone:ethyl acetate:hexane 

(1:4:5). The iodine stained TLC revealed three spots for subfraction FR2 with Rf values 

of 0.43 (most intense), 0.58 and 0.73 (minor spots) and one spot for the standard with Rf 

value of 0.43. This suggested that the hydroxylated lactone was the major compound in 

subfraction FR2 and however needed further purification.  
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Subfraction FR2 was purified by silica column chromatography using acetone:ethyl 

acetate:hexane, eluting gradient-wise from 2:3:5 tot 1:4:5, resulting in the collection of 53 

fractions. Each fraction was concentrated by evaporation and dissolving in small volumes 

of hexane, and spotted on TLC plates and developed in acetone:ethyl acetate:hexane 

(1:4:5). The subfractions were compared with the standard hydroxylated lactone (6) to 

identify which subfractions contain the hydroxylated lactone. The plates were stained with 

iodine, overall revealing three spots with Rf values of 0.44, 0.58 and 0.73. Fractions 28 – 

37 had a distinct spot with an Rf value of 0.44, corresponding with the standard 

hydroxylated lactone (Rf = 0.44), confirming fractions 28 – 37 as the hydroxylated lactone 

containing subfractions. Subfractions 28 – 37 were combined and labelled FR3 (0.17 mg).   

FR3 was dissolved in a small volume of hexane to spot on a TLC and developed in 

acetone:ethyl acetate:hexane (1:4:5). The plate was stained with iodine and revealed one 

distinct spot with an Rf value of 0.44 which confirms the hydroxylated lactone. However, 

there were some impurities in FR3 as detected by TLC and due to the limited quantities 

(0.17 mg) no further purification was attempted as insufficient material was obtained for 

NMR analysis.  

Significantly low yields of fractions were collected during pre-fractionation after injecting 

480 mg of crude extract onto the SFC and recovery of only 60.65 mg of fractions. This 

can be attributed to compounds still being retained on the column or compounds 

discarded as waste due to the poor separation of the extract on the SFC. [81] Recovery of 

low yields continued during purification using column chromatography, which was due to 

compounds being retained on the column and not eluting. It can be concluded that these 

methods of fractionation and purification were not completely successful.[81]  

 

3.3.3 Semi-purification using automated SPE of DCM:hexane extract of five-year-

old dried ground rhizomes of African ginger 

The use of SFC was ineffective in the fractionation, isolation and purification of sufficient 

quantities of the hydroxylated lactone (6) from the crude extract. The use of silica gel 

column chromatography resulted in the use of excess of organic solvents and did not 

support the purpose of substituting less greener methods in combination with SFC. In 
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order to avoid repeated chromatography using silica gel and organic solvents as it 

became clear that the pure compounds could only be obtained through this method, an 

alternative automated SPE system and a liquid handler was attempted. This resulted in 

lower consumption of organic solvents and semi-purifying over a shorter time period.  

Two separate samples of five-year-old dried ground rhizomes extracted with 

DCM:hexane (1:1), with a final quantity of 566 mg, were absorbed onto cotton wool after 

drying in the centrifugal evaporator and placed into an empty SPE cartridge. The cartridge 

was stacked above a Hypersep SPE cartridge and used for fractionation with 

H2O:methanol from 9:1 to 1:4 resulting in 14 fractions. Each fraction was dried using the 

Genevac and weighted to have a total recovery of 502.48 mg (88.64%) which indicated 

a much-improved recovery of the fractionation compared to that of SFC.  

The 14 fractions, dissolved in small volumes of hexane, along with the standard 

hydroxylated lactone (6), were spotted on TLC plates using acetone:ethyl acetate:hexane 

(1:4:5) as the mobile phase. One TLC plate was stained with iodine and the other with 

vanillin. The different fractions were compared to the standard hydroxylated lactone (Rf = 

0.44) and the iodine stained TLC confirmed that the lactone was present in fractions 3 – 

5 (labelled FR4).  

Fractions 3 – 5 were combined and spotted on a TLC plate with the same mobile phase 

and revealed three spots at Rf = 0.31, 0.44 and 0.62. The intense spot at Rf = 0.44 

corresponded to the standard hydroxylated lactone (Rf = 0.44), which further confirmed 

the presence of the hydroxylated lactone in the combined fractions. The combined 

fractions (labelled FR4) were evaporated using the centrifugal evaporator, weighed 

(146.49 mg), and was used for further purification using HPLC.  

 

3.3.4 Preparative HPLC purification of SPE fractions (fraction labelled as FR4) 

HPLC was used for the final purification of the SPE combined fraction (FR4) since column 

chromatography resulted in high losses of sample (see section 3.3.2).  

A method was first developed using an analytical method which consisted mainly of H2O 

and acetonitrile using an X-Bridge C18 column to ensure good separation. The 
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chromatograms of the pure standard of the hydroxylated lactone (Figure 3.11.(1)) was 

initially used to determine its retention time followed by identifying the corresponding peak 

in the labelled FR4 fraction (Figure 3.11.(2)).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.11  HPLC chromatograms at 220 nm of (1) the standard hydroxylated lactone  

 and (2) the combined fractions, FR4, obtained from SPE at 220 nm combined 

fractions (FR4) during the analytical study and method development. 
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The results showed that the standard eluted at 6.65 min and the major peak in the FR4 

fraction corresponded to this at 6.61 min. Based on this separation a semi-preparatory 

method was then developed using the instrument automated scale up functionality. 

The use of the semi-preparatory HPLC method consisted mainly of H2O and acetonitrile 

using a reversed-phase Waters X-Bridge Preparative C18 column to ensure good 

separation. FR4 (146.49 mg) was dissolved in 1.50 mL methanol and 200 µL of the 

sample was injected to give the chromatogram shown in Figure 3.12. The sample was 

then repeatedly injected 7 times. A gradient wise system (Table 3.3; Section 3.2.10) was 

used to isolate and purify FR4 with a run time of 29 min and 0.47 min post-run time.  

A major peak was observed at 9.21 min and from the method development it was 

confirmed that the major peak is the hydroxylated lactone (Figure 3.12). Four fractions 

were collected based on time-based intervals (Table 3.6). 

 

Table 3.6 The time intervals of fractions collected using HPLC and their collected 

mass (mg). 

Fraction 
number 

Time intervals (min) Mass (mg) 

1 7.61 – 7.84 3.92 

2 8.10 – 8.35 3.71 

3 9.00 – 9.30 23.15 

4 10.27 – 10.50 3.77 

Total  34.55 

   

The fractions were evaporated and weighed before being analysed by TLC (Table 3.6). 

Small portions of the four fractions (dissolved in hexane) and the standard hydroxylated 

lactone (6) were spotted on a TLC plate and developed in acetone:ethyl acetate:hexane 

(1:4:5) and stained with iodine. Fraction 3 showed only one spot at Rf = 0.30 and 
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compared to the standard hydroxylated lactone (Rf = 0.30). No impurities were detected 

by TLC and this confirmed that fraction 3 was the hydroxylated lactone.  

 

 

 

 

 

 

 

 

 

 

Figure 3.12  HPLC chromatogram at 220 nm of combined fractions, FR4, for purification 

with semi-preparative column. 

 

Fraction 3 (labelled FR5), which was a light-yellow, oily compound and weighed 23.15 

mg (4.08% w/w), and the siphonochilone, which were clear crystals that crystallized out 

during steam distillation (see Chapter 2, section 2.2.4), were analysed by NMR for final 

confirmation of their structures.   

SPE and HPLC were more efficient in fractionation, isolation and purification of the 

hydroxylated lactone than SFC and column chromatography. The SPE was much faster 

in the pre-fractionation step than SFC, it had a better recovery yield of the sample injected 

and was easier to use. The final compound isolated and purified using SPE and HPLC 

was purer than the final compound obtained using the SFC and column chromatography 

approach, and it had a much higher yield of the possible hydroxylated lactone. Even 

though SFC is reported to be a greener method of isolation of compounds, it resulted in 

the use of more organic solvents, took much longer and resulted in a lower yield of 
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targeted compound, the hydroxylated lactone, (0.04%) compared to that collected using 

SPE and HPLC (4.08%). 

 

3.3.5 Structure elucidation of siphonochilone (1) and the hydroxylated lactone (6) 

using NMR spectroscopy 

The NMR structure elucidation of both siphonochilone (1) and the hydroxylated lactone 

(6) have been previously reported and was used to confirm the structure of the two 

compounds.[15,18,19]  

The structures of both compounds are given in Figure 3.13 with their atom numbers to 

use in the assignment of protons and carbons. The molecular mass and – formula of both 

compounds were confirmed in Chapter 2, Section 2.3.2.2, using GC-MS from the NIST 

library. 

   

(1) (2) 

Figure 3.13 Structures of (1) siphonochilone and (2) its hydroxylated lactone with 

numbering of atoms. 

 

3.3.5.1 Compound and structure confirmation of siphonochilone (1) 

The clear crystals of siphonochilone (1) (Figure 3.13.(1)) were easily obtained through 

crystallization during steam distillation as described in Chapter 2, section 2.2.4. Based on 

the mass spectral data the compound showed a m/z at 230 based on the data from the 

GC-MS (Chapter 2, section 2.3.2.2, Figure 2.3.(1)) indicating a molecular formula of 
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C15H18O2. Only the 1H NMR, 13C NMR and COSY experiments were performed and 

compared to literature data by Holzapfel et al. (2002) to confirm the structure of the 

compound.  The formula was further confirmed by the number of protons in the 1H NMR 

and of carbon atoms in the 13C NMR spectrum. 

Siphonochilone (10 mg) was dissolved in CD2Cl2, as CDCl3 was known to decompose the 

compounds, and the NMR data was acquired from the Bruker Avance III 400 MHz 

magnetic operatinging at 400.21 MHz. Furthermore, the 1H NMR spectrum  suggested 

that the compound was a sesquiterpenoid and the following features were observed: a 

singlet, which was assigned to the proton on position H-2 (δH 6.98, 1H) and a double 

doublets for each of H-6 (δH 6.63, 1H, J = 10.07, 2.02) and H-7 (δH 5.83 1H, J = 10.09, 

2.81),   all three showing distinct olefinic hydrogens based on the chemical shifts; a double 

doublet of doublets for H-4a (δH 1.76, 1H, J = 10.49, 10.37, 5.37) and a multiplet for H-5 

(δH 2.36); two doublets each integrating for three protons (δH 1.86 and 1.15) characteristic 

of 3-Me and 5-Me and a singlet at δH 0.96 integrating for three protons characteristic of 

8a-Me, all three showing distinct methyl hydrogens at their respective positions.  

The 13C NMR revealed 15 signals with different features and were compared to the 

literature data to assign signals:[15] a ketone group on C-8 (δC 203.16), a methyl group on 

C-3, C-5 and C-8a (δC 5.60, 16.53 and 14.49), a methylene group at C-4 and C-9 (δC 

20.76 and 30.49), tertiary carbons at C-4a and C-5 (δC 43.66 and 32.92), a methine group 

at C-2, C-6 and C-7 (δC 136.25, 154.18 and 124.44) and quaternary carbons at C-3, C-

3a, C-8a and C-9a (δC 117.77, 113.59, 43.51 and 147.55) .  

The assignments for the proton and carbon atoms were compared to that published by 

Holzapfel et al. (2002) and compared favourably (Table 3.7) to conclude that the crystals 

that crystallized out during steam distillation is indeed siphonochilone as expected.  
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3.3.5.2 Structure elucidation of the hydroxylated lactone (6) 

The compound was a light-yellow oil obtained through SPE and preparative HPLC 

purification and was identified as the hydroxylated lactone (6) (Figure 3.13.(2)) by 

comparing the compound with the standard on TLC. The final confirmation was done by 

NMR spectroscopy using 1-D and various 2-D NMR experiments i.e. 1H, 13C, HSQC, 

Table 3.7 1H and 13C data of siphonochilone in CD2Cl2 compared to published data in 

CDCl3.[15] 

1H and 13C data of siphonochilone 1H and 13C literature data [15] 

Position 1H (ppm, J in Hz) 13C (ppm) COSY 1H (ppm, J in Hz) 13C (ppm) 

2 6.98 (1H, s) 136.25  7.02 (br m) 137.50 

3  117.77   119.00 

3a  113.59   114.60 

4eq 2.04 (dddd, J = 15.84, 

11.02, 3.00, 1.70) 20.76 

H-4a, H-4ax 2.12 (dddd, J = 

15.70, 10.80, 3.00, 

1.40) 

22.50 

4ax 2.64 (ddd, J = 15.15, 

7.21, 1.56) 
20.76 

H-4a, H-4eq 2.68 (ddd, J = 

15.70, 5.40, 1.60)  
22.50 

4a 1.76 (1H, ddd, J = 

10.49, 10.37, 5.37) 

43.66 H-4ax, H-4eq, 

H-4a, H-5 

1.81 (ddd, J = 

10.80, 10.20, 5.40) 

45.00 

5 2.36 (m) 32.92 5-Me 2.40 (ddqd, J = 

10.20, 7.10, 2.70, 

2.10) 

34.20 

6 6.63 (1H, dd, J = 

10.07, 2.02) 

154.18 H-7 6.66 (dd, J = 10.10, 

2.10) 

154.20 

7 5.83 (1H, dd, J = 

10.09, 2.81) 

124.44 H-6 5.91 (dd, J = 10.10, 

2.70) 

126.60 

8  203.16   204.00 

8a  43.51   44.90 

9ax 2.62 (d, J = 16.72) 
30.49 

H-9eq 2.64 (br d, J = 

16.70)  
31.90 

9eq 2.65 (dd, J = 15.85, 

1.57) 
30.49 

H-9ax 2.73 (dd, J = 16.70, 

1.40) 
31.90 

9a  147.55   149.30 

3-Me 1.86 (d, J = 1.22) 5.60  1.90 (d, J = 1.30) 8.10 

5-Me 1.15 (d, J = 7.18)   16.53 H-5 1.21 (d, J = 7.10) 18.70 

8a-Me 0.96 (s) 14.49  1.02 (s) 16.60 
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HMBC, COSY and NOESY NMR experiments. Based on the mass spectrometry data 

obtained from the GC-MS (Chapter 2, section 2.3.2.2), the compound showed a m/z at 

262 which indicated a molecular formula of C15H18O4. The molecular formula was also 

supported by the number of protons on the 1H NMR and carbon atoms on the 13C NMR. 

The compound (23. 15 mg) was dissolved in CD2Cl2 and the NMR data were acquired. 

The 1H NMR spectrum suggested that the compound was a sesquiterpenoid 

(supplementary data 1, p. 197) and the following features were observed: a double 

doublet of doublets at H-4a (δH 1.52, 1H, J = 13.43, 9.80, 3.67) and a multiplet at H-5 (δH 

2.44), a doublet integrating for three protons (δH 1.18) characteristic of a methyl group at 

5-Me, a singlet integrating for three protons (δH 1.29) characteristic of a methyl group at 

8a-Me and a doublet integrating for three protons (δH 1.75) characteristic of methyl group 

for 3-Me. All three showing distinct methyl hydrogens at their respective positions. Two 

double doublets to H-6 (δH 6.59, J = 10.07, 1.95) and H-7 (δH 5.81, J = 10.08, 2.74), both 

showed olefinic hydrogens at their respective positions. 

The 13C NMR revealed 15 signals with different features: one oxygenated carbon C-9a 

(δC 103.49), two ketones C-2 and C-8 (δC 172.08 and 202.89, respectively), methylene 

groups C-4 and C-9 (δC 24.15 and 43.73), methine groups C-6 and C-7 (δC 153.61 and 

126.12), tertiary carbons C-4a and C-5 (δC 49.95 and 33.84), methyl group on  positions 

C-3, C-5 and C-8a (δC 8.23, 18.16 and 16.70) and three quaternary carbons C-8a, C-3a 

and C-3 (δC 44.91, 158.47 and 122.41). 

The carbons bearing protons are confirmed through HSQC, long range correlation 

between protons and carbon atoms confirmed by HMBC. The assignments for the proton 

and carbon atoms compared favorably to that published by Lategan et al. (2009) as 

shown in Table 3.8. 
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Table 3.8 1H, 13C and HMBC data of the hydroxylated lactone in CD2Cl2 compared to 

published data in CD3CN.[18] 

1H and 13C data of the hydroxylated lactone 1H and 13C literature data [18] 

Position 1H (ppm) 13C (ppm) HMBC 1H (Lit.) (ppm) [18]  13C (Lit.) 

(ppm) [18]  

2 
 

172.08  
 

174.20 

3  122.41   119.70 

3a  158.47   160.10 

4ax 2.33 (m) 
24.15 

C-3, C-3a, C-4a 2.36 (dd, J = 13.50, 

13.30) 
25.30 

4eq 2.77 (dd, J = 13.55, 

3.70) 

24.15 C-3, C-3a, C-

4a, C-9a 

2.90 (dd, J = 13.30, 

3.60) 

25.30 

4a 1.52 (ddd, J = 13.43, 

9.80, 3.67) 

49.95 C-8a, 8a-Me 1.62 (ddd, J = 9.00, 

9.00, 3.60) 

51.10 

5 2.44 (m) 33.84 C-8a 2.53 (tq, J = 7.20, 

2.40) 

35.30 

6 6.59 (dd, J = 10.07, 

1.95) 

153.61 C-4a, C-5, 5-

Me, C-8 

6.74 (dd, J = 10.20, 

1.80) 

156.00 

7 5.81 (dd, J = 10.08, 

2.74) 

126.12 C5, C8a 5.81 (dd, J = 10.20, 

3.00) 

126.80 

8  202.89   204.30 

8a  44.91   46.40 

9eq 1.65 (d, J = 14.54) 
43.73 

C-8, C-8a, 8a-

Me, C-9a 

1.60 (d, J = 14.10) 
44.80 

9ax 2.60 (d, J = 14.48) 43.73 C-3a, C-4a, C-

8a, 8-Me, C-9a 

2.49 (d, J = 14.10) 44.80 

9a  103.49   104.50 

3-Me 1.75 (d, J = 1.36) 8.23 C-2, C-3, C-3a 1.78 (d, J = 1.2) 8.90 

5-Me 1.18 (d, J = 7.18) 18.16 C-4a, C-5, C-6 1.22 (d, J = 7.20) 18.90 

8a-Me 1.29 (s) 16.70 C-4a, C-8, C-

8a, C-9 

1.30 (s) 17.80 

9a-OH 3.42 (s)   4.84 (br s)  
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Figure 3.14 Selected NOESY interactions of the hydroxylated lactone (6). 

Figure 3.14 shows the NOESY correlations between selected hydrogen atoms to assist 

in assigning stereochemistry. A NOESY correlation between the protons on the methyl 

group on C-5 and the H-4a was seen, suggesting both these are in the same plane. The 

assignment of the two diastereotopic protons at H-4 was based on their NOESY 

interaction with H-4a. As a correlation was seen between H-4a and the proton at 2.77 

ppm, this proton was on the same plane as H-4a and the methyl group at C-5. By default, 

the proton at 2.33 ppm will be on the opposite plane.   

As no correlation was seen in the NOESY between H-4a and the methyl group at C-8a, 

implied that these two are on the opposite plane.   

Another two diastereotopic protons are present at C-9 which were assigned based on 

their NOESY interactions.  As a correlation was seen between 8a-Me and the doublet at 

2.60 ppm, this proton was assigned as being on the same plane as Me-8a allowing its 

assignment. By default, the proton at 1.65 ppm will be on the opposite plane. The spatial 

relationship between the methyl groups on C-5 (δC 18.16) and C-8a (δC 16.70) are based 

on the HMBC and NOESY correlations. 1H – and 13C NMR and HMBC correlations are 

recorded in Table 3.8.  

Based on the assigned protons and carbons, and the literature, fraction 3, labelled FR5, 

can be confirmed to be the hydroxylated lactone (6). 
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3.4 Conclusion 

Different methods of fractionation, isolation and purification were used to obtain 

siphonochilone (1) and its hydroxylated lactone (6). Siphonochilone was easily obtainable 

since it crystallized out during steam distillation as described in Chapter 2, section 2.2.4. 

The hydroxylated lactone was however more difficult to isolate, but various greener 

methods of fractionation and isolation were used that resulted in the successful isolation 

of the lactone.  

The first method included the use of SFC for fractionation and UPC2 for analysis of a 

DCM:methanol extract of five-year-old dried ground rhizomes. SFC however did not 

successfully separate the structurally similar compounds and confirmed that SFC is not 

sustainable in the separation of structurally similar compounds, but more useful in 

separating different classes of compounds. SFC also gave a low recovery yield from the 

crude extract of the sample that was purified (60.65 mg; 13.84%). The UPC2 analysis 

confirmed that no separation occurred and that only some impurities, possibly fatty acids, 

were separated and discarded as waste. Fractionation using SFC took much longer, used 

more methanol than expected and had a low recovery yield. Repeated silica gel column 

chromatography still had to be used to isolate the compound and only resulted in a 0.04% 

recovery of the possible hydroxylated lactone. Due to the low quantities recovered of the 

fractions possibly containing the hydroxylated lactone, no NMR was performed for 

structure elucidation.  

Using SFC as a possible greener technique of fractionation and column chromatography 

for isolation was not suitable for the specific extract and did not efficiently separate the 

structurally similar compounds.  

The method of using a liquid handler, automated SPE and HPLC for fractionation, 

isolation and purification was much more suitable for the extract of African ginger. The 

SPE was used for pre-fractionation and had a much higher recovery yield of 88.64% 

based on the crude extract. The hydroxylated lactone containing fractions were identified 

using TLC and were further isolated and purified using HPLC.  

The HPLC chromatogram had one distinct major peak which was identified to be the 

hydroxylated lactone. Using a time-based collection method, the peak was isolated and 
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23.15 mg of the hydroxylated lactone was obtained. This provided sufficient material for 

NMR analysis compared to the SFC technique. Various NMR experiments were 

performed on the pure compound obtained by preparative HPLC purification and on the 

crystals, as described in Chapter 2, section 2.2.4, to complete the compound confirmation 

and structure elucidation. The NMR data also confirmed that both compounds were semi-

pure and that the crystals were indeed siphonochilone and the fraction isolated from 

HPLC was the hydroxylated lactone.  

This SPE and HPLC method had a much higher yield of the pure hydroxylated lactone 

(4.08%) compared to the SFC (0.04%) approach. The technique had a higher recovery 

rate, higher yield, use of lower volumes of organic solvents and faster method of 

purification of active compounds from plant extracts.  
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Chapter 4: Biological evaluation of extracts and compounds 

from African ginger against Influenza A-type virus 

 

4.1 Background 

4.1.1 Influenza virus 

The influenza virus has been around since Hippocrates, 2 400 years ago, with numerous 

outbreaks throughout history.[1] It is a serious global health challenge causing 1 billion 

cases, resulting in 290 000 – 650 000 fatalities annually. It is a respiratory infection that 

is most common amongst old people (>65 years), children (<2 years) and pregnant 

women and if not treated on time, it may cause bacterial pneumonia, sinus infections and 

cardiovascular diseases, eventually leading to death.[2,3] It is important for these patients 

to get treated/vaccinated annually to prevent the risk of infection.[4-6]  

There are four types of influenza viruses; three known to affect humans (Influenza A, B 

and C) and only one known to affect animals (Influenza D).[4,7] Influenza A and B are 

members of the Orthomyxoviridae family and is responsible for the seasonal spread of flu 

amongst humans.[4,8] 

Type A is the most common of the four and is an enveloped single negative-strand RNA 

virus and can only survive by reproducing in a living cell and infecting it.[9,10] It causes an 

infectious disease, better known as flu, resulting in high fever, sore throat, headaches, 

cough, sneezing, tiredness, and muscle pain.[4,10,11] 

Many influenza viruses are seasonal with new strains surfacing annually in the winter time 

and can spread easily through coughing and sneezing in a crowded place.[4,12,13] The 

identification of these new strains is important in order for it to be included into the 

production of vaccines for the upcoming influenza season.[14] With the growing increase 

in influenza viruses, it is important to try and prevent an epidemic through any means 

necessary. 
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4.1.2 Prevention of Influenza 

It is important to prevent infection since these viruses form an immunity towards vaccines 

as they mutate. Prevention is most effective in the form of vaccination and has been used 

for more than 60 years. This proves as protection against infection of circulating viruses 

and it is important for high risk patients to get vaccinated annually.[4,5,13] It strengthens the 

immune system and protects the human body usually against three different seasonal 

viruses.[6,14] 

To prevent spreading of the virus the patient must stay home, get plenty of rest and fluids, 

and take a drug to relieve the fever and sinus pains (e.g.. paracetamol).[13,15] Antibiotics 

are ineffective since they are only useful against bacterial infections and failure to treat 

the virus can result in high replication efficiency leading to organ failure or pneumonia, 

and ultimately death of the patient.[4,11,16] 

Antiviral drugs can also be used since they cover a wider range of the viruses, whereas 

vaccines are only effective against three or four viruses.[17] In the case of a pandemic 

outbreak, various measures can be made to prevent spread such as wearing a facemask 

and gloves and closing of public places. This might not be effective and a vaccine may 

take too long to be developed and approved, therefore presenting antiviral drugs as a first 

line of defence.[2,18] 

 

4.1.3 Antiviral drugs 

Antiviral drugs are administered to unvaccinated, high-risk, or already infected patients 

by limiting the infection in a certain timeframe.[16,19] An antiviral drug is the most 

appropriate to use in pandemic situations and its production and formulation is quicker 

than vaccines.[20,21] 

Viruses use their host cells to replicate, making it difficult for antiviral drugs to target only 

the virus and not damage the cell.[10,22] This can be done by targeting only the viral protein, 

overlooking other proteins and preventing side effects when using the drugs.[16] Currently 

two types of synthetic antiviral drugs are used: proton channel inhibitors and 

neuraminidase inhibitors.[16] 
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4.1.3.1 Proton channel inhibitors 

M2 proton channel inhibitors are known as first generation antiviral drugs which include 

amantadine (8) and rimantadine (9).[23,24] They inhibit the functioning of M2 proteins by 

blocking acidification of the M2 channel and interrupting replication of the virus.[23,25] M2 

channels are only available in Influenza A-type viruses, therefor only making the drugs 

effective against Influenza A-type viruses.[2,16,23]  

Amantadine (SymmetrelTM) was previously considered one of the best antiviral drugs, but 

toxicity in patients has refrained people from using it.[23,26] Rimantadine is more popular 

since it shows fewer side effects such as nervousness, nausea, insomnia, dizziness and 

anxiety.[27,28]  

 
 

(8) (9) 

Figure 4.1   Structures of (8) amantadine and (9) rimantadine.[29] 

 

4.1.3.2 Neuraminidase inhibitors 

Neuraminidase inhibitors (NAI’s) are known as second generation antiviral drugs which 

attempt to prevent the activation and initiation of the influenza virus.[24,30] It has proven 

effective against Influenza A – and B-type viruses and include drugs like zanamivir 

(Relenza) (10), peramivir (11) and oseltamivir (Tamiflu) (12).[18,30,31] These drugs have 

showed only minor side effects including dizziness, nausea and headaches and have less 

viral resistance than proton channel inhibitors.[16,25,30] 

The virus can easily replicate and it is important to focus on the development of selective 

inhibitors of the viral neuraminidase enzyme of the virus.[2] The enzyme attaches to the 
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sialic acid of the cell membrane, removing it and releasing the virus to penetrate the 

mucus layer of the respiratory tract.[32] The drug binds to the active site of the cell where 

the neuraminidase is attached, inhibits if from infecting other cells, weakening the virus 

and then inhibiting replication.[16,25,30] Inhibiting viral replication is the main function of 

these drugs and it is important to focus on the development of inhibitor enzymes by using 

effective drugs.  

Zanamivir (Relenza) is a potent inhibitor that is inhaled and used to treat patients with 

Influenza A – and B-type viral infections.[33,34] It has fewer side effects, reduces the time 

of symptoms and have a quicker recovery rate than other NAI’s.[33]  

Oseltamivir, available as Tamiflu, is one of the most well-known and widely used antiviral 

drugs on the market.[25,35] It has a fast recovery rate and is taken orally to treat patients 

with bronchitis and pneumonia.[35,36] This makes it more popular than zanamivir, which 

needs to be inhaled to be effective, increasing the demand for Tamiflu.[36] The drug has 

been around for many years, but unfortunately viral resistance has started to occur in the 

past decades due to mutation or use of higher concentrations.[37] This viral resistance has 

urged users to use alternative NAI’s or anti-influenza drugs.[35,37]  

Another well-known NAI is peramivir. It is a potent influenza inhibitor and has shown 

significantly better antiviral inhibition in animal – and human studies compared to 

zanamivir and oseltamivir.[30,31,38] It has however shown to take longer to relief the patient 

of symptoms and has shown low blood levels. Regardless of this, the drug still has 

potential to act as an antiviral drug that can replace zanamivir and oseltamivir if resistance 

occurs.[30,39]  

NAI’s have been the more popular antiviral drugs with a broader spectrum of activity, less 

resistance and side effects, and higher potency.[16,18,33] Unfortunately, after the H1N1 

Pandemic (H1N1pdm09 virus) in 2009, these drugs, especially Tamiflu, have become 

less effective due to the growing resistance and mutation of the virus.[40,41]  

The demand for more effective antiviral drugs has increased, and since 2009 there has 

been an emergence of new strains of Influenza A-type viruses. These have shown natural 

resistance towards known proton inhibitor channels and NAI’s.[41] This makes all known 

antiviral drugs ineffective and is there still a high demand for effective antiviral drugs.[18,42] 
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(10) (11) 

 

(12) 

Figure 4.2   Structures of zanamivir (10), peramivir (11) and oseltamivir (12).[29] 

 

4.1.3.3 Ribavirin  

Ribavirin (13) is a synthetic nucleoside analogue and antiviral drug effective against most 

DNA and RNA viruses.[43-45] It is also a polymerase inhibitor that ceases the synthesis 

and capping of viral RNA and mRNA.[18,44,46] It was synthesized in 1972 and has been 

used to treat Influenza A – and B-type viruses.[44,,47,48] It is more effective, shows little 

drug-resistance and crosses the blood-barrier easier than other known drugs.[44,49] It is 

also a safer and less resistant antiviral drug, which comes in the form of an oral – or 

aerosol formulation.[43,47] The aerosols showed better and faster recovery than drugs 

taken orally.[44]  
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Ribavirin has a broad spectrum of antiviral activity, with clinical studies showing limited 

resistance for certain cell lines of hepatitis C, polio and other respiratory syncytial 

viruses.[,43,44,47,50] Different strains of influenza viruses and other viruses were tested on 

animal models (Influenza A – and B type viruses, and parainfluenza in mice and Influenza 

A-type and Lassa fever virus in monkeys) and showed effective, dose-dependent 

treatment of the virus, making it to clinical trials.[44,49,51] 

 

(13) 

 Figure 4.3 Structure of ribavirin (13).[44]  

 

Ribavirin is however a much stronger drug when combined with other drugs like 

Symmetrel and Tamiflu, suggesting that the synergistic interaction between these drugs 

show better in vitro antiviral activity.[26,51-53] Tamiflu is a very popular and well researched 

antiviral drug but ribavirin has proven better. The former is not as good because it is less 

stable and has a higher recurrence of drug-resistance.[37,51]  

Ribavirin is effective against most NAI resistant viruses, making it the better antiviral drug 

and most effective as a control for this study.[18,38] The growing resistance from different 

strains of influenza viruses toward synthetic antiviral drugs have resulted in the demand 

for plant-based pharmaceuticals.[24] They have fewer side effects, are less toxic, better 

for the ecosystem and easily available and affordable, making them the next generation 

of antiviral drugs.[24,54,55] 
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4.1.4 Natural antiviral drugs 

Natural antiviral drugs are known as the third generation of antiviral drugs, an alternative 

to synthetic drugs.[24] The production of antiviral drugs can be very complex because they 

should invade the cell, prevent viral reproduction and be non-toxic to the host cell and 

adjacent cells.[10,22] The drugs should also either directly restrain the virus or indirectly 

inhibit it by strengthening the immune system.[10] 

The antiviral properties of various South African plants have been researched with the 

purpose of producing natural antiviral drugs.[55,57] These plants include: Aspalathus 

linearis, Burkea africana, Clerodendrum glabrum, Cussania spicata, Pelargonium 

sidoides, Pittosporum viridiflorum, Psidium guajava, Rapanea melanophloeos, 

Tabernaemontana ventricosa and Siphonochilus aethiopicus.[55,58,59] In most cases only 

the extracts or essential oils of the plant was biologically screened, but active compounds 

were not identified.  

Identification of active ingredients are important for pharmacological purposes. These can 

be obtained through various methods of fractionation, isolation, purification and structure 

elucidation of the plant extracts or oils resulting in novel antiviral compounds.[24] The most 

common compounds responsible for antiviral activity are alkaloids, anthocyanin, 

flavonoids, glycosides, phenols, saponins, tannins and terpenoids.[60-62] 

 

4.1.5 Previous research on the antiviral efficacy of African ginger 

Siphonochilus aethiopicus, African ginger, is one of the most popular medicinal plants 

and is traditionally used to treat coughs, colds, flu and influenza.[63-65] Little research has 

been done on the traditional use of African ginger for its antiviral activity.[58]  

Light et al. (2002) investigated the antiviral properties of the aqueous extracts of the fresh 

leaves, rhizomes and roots by performing a cytotoxicity and Influenza A-type (strain 

Panama) antiviral assay. Vervet monkey kidney (VK) cells were used for antiviral testing 

and seeding in 96-well microtitre plates with 200 μL of 105 cells/mL cell suspension.  

The aqueous extract showed high levels of cytotoxicity at concentrations 3.90 – 1000 

µg/mL which increased as the days passed. The aqueous extract also showed no 
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noteworthy antiviral activity against the Influenza A-type virus at concentrations 3.90 – 

500 µg/mL. [58]  

As compounds often work synergistically to have good antiviral activity, it is possible that 

pure compounds can work better antagonistically.[66, 68] The antiviral activity of the 

essential oil, ethanol extracts and pure compounds; siphonochilone (1) and its 

hydroxylated lactone (6), have not yet been screened and is the essence of this chapter.  

 

4.2 Methodology 

The bioassaying was made possible with the support of the Department of Biomedicine, 

University of Basel, Switzerland. Special thanks to the strong collaboration of Prof. 

Thomas Klimkait and Ms. Lorena Urda for the training they provided in the bioassay 

studies which were performed in a BSL–2 laboratory during my research visit to their 

facility.  

The in vitro screening of selected samples against a strain of the Influenza A-type virus 

was performed followed by evaluation of their toxicity (Figure 4.4). A plaque assay was 

first developed to determine the viral titre as plaque-forming units per mL (pfu/mL) of two 

strains of Influenza A-type viruses (108 617 and 61332 065) (Figure 4.4). This was then 

followed by a Cytopathic Effect Reduction Assay against Influenza A (CERA-I) to 

determine the inhibition and toxicity of the test samples against the selected strain from 

the plaque assay.  
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Figure 4.4  Layout of the methodology for the antiviral screening of test samples. 

 

4.2.1 Buffers, chemicals and reagents 

Dulbecco’s Modified Eagle Medium (DMEM) High Glucose with stable Glutamine, FBS 

(Fetal Bovine Serum), Dulbecco’s PBS (Phosphate buffered-saline) without Ca++ / Mg++ 

and TPCK-treated trypsin was purchased from Sigma. Agarose was purchased from 

Biorad. Penicillin-Streptomycin was purchased from BioConcept.  

 

4.2.2 Apparatus and consumables 

Neubauer chamber and Light Microscope from Leika. ABgene storage 24 well-plates (24-

wp) from Sarstedt and ABgene storage 96 well-plates (96-wp) from Lubio Science.  

 

4.2.3 Plaque Assay 

4.2.3.1 Seeding of MDCK cells 

Madin-Darby Canine Kidney epithelial cells (MDCK) were seeded in a T75 flask for 24 

hours before being counted. The cells were seeded in Complete Dulbecco’s Modified 

Eagle Medium (cDMEM) (complete DMEM with 10% FBS, 1% Penicillin-Streptomycin) 

CERA-I 2 with two pure 
compounds 
(siphonochilone and its 
hydroxylated lactone) 

Plaque Assay 

Two Influenza A-type virus strains 
(108 617 and 61332 065) 

CERA-I 1 with three test 
samples (essential oil, 
ethanol extract and 
siphonochilone) 

Influenza A-type virus (108 617) 

Readout of 
CERA-I 1 

Readout of 
CERA-I 2 
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and 1.00×106 cells/mL were counted using a Neubauer chamber (number/mL) and light 

microscope. A total of 1.6×107 MDCK cells in 16 mL of cDMEM were seeded after the 24 

h.  

After the cells were counted, they were washed with 500 µL PBS and 500 µL of the cells 

were suspended to each well in a 24-well plate (wp). A 24-wp was preferred over a 96-

wp for the plaque assay to ensure more precise screening at higher volumes.  

Different seeding conditions were used to determine which conditions allow cells to be 

confluent in the negative control when the plaques are counted. These conditions 

included the suspension of seeds to a 24-wp, 24 h and 48 h before infection. The cells 

suspended 48 h before infections only had 2.00×105 cells/well and cells suspended 24 h 

before infections were assumed to have doubled in the 24 h (4.00×105 cells/well).  

Both seeding densities showed confluency at the different conditions so either one could 

have been used. For the plaque assay, cells were seeded for 24 h and suspended to a 

24-wp, 24 h before infection (4.00×105 cells/well). 

 

4.2.3.2 Infectious media for viral growth 

An AgDMEM-T solution (0.30% Agarose/DMEM/1 µg/mL DMPK treated with trypsin) was 

prepared for a 24-wp (20 mL) to keep cells stable and limit virus spread:  

2.00 mL of 3% Agarose in DMEM was autoclaved and 18 mL of DMEM (no FCS (foetal 

calf serum)) was heated in a microwave to 45ºC for 20 – 30 minutes. The agrose and 

DMEM was combined. Cells were washed once with 500 µL PBS and 400 µL of TPCK-

treated trypsin (final concentration of 1.00 µg/mL) was added to the heated DMEM. 700 

µL of the media was pipetted into each well of the 24-wp.  

 

4.2.3.3 Virus dilution 

Two strains of the Influenza A-type virus (108 617 and 61332 065), both available at the 

Department of Biomedicine at the University of Basel, Switzerland, were used for the 

plaque assay to determine which has the highest titre and is most suitable for the 
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Cytopathic Effect Reduction Assay against Influenza A (CERA-I). Well numbers 1-12 

were infected with strain 108 617 and well numbers 13 – 24 with strain 61332 065. A viral 

dilution of each strain was prepared with 10 µL of the virus stock and 990 µL DMEM, 

starting with a 1:100 dilution and followed by a 1:5 serial dilution in 500 µL DMEM (without 

FBS). The plate was left to incubate at 37ºC with 5% CO2 for 4 days. 

 

4.2.3.4 Read out of viral growth 

Growth and cytopathic effect (CPE) formation was observed regularly. Cell confluency as 

monolayer in the negative control wells and clear CPE with plaque formation (30 – 60%) 

in the infected wells were verified under the microscope. 

After 4 days, the agarose was removed by turning the plate over a liquid waste container 

with pre-added 1% Korsolex for virus deactivation. The cells were fixed by adding 250 µL 

of 3.60% formaldehyde (1:10 dilution from 37% in PBS) to each well and incubated for 45 

min at room temperature. The formaldehyde was removed and the cells were stained with 

0.50% crystal violet and incubated for 5 min at room temperature. Excess dye was 

removed and washed with distilled H2O and the blue stained plaques were counted.  

 

4.2.3.5 Titre calculations 

The titre of a virus stock was reported as plaque-forming units (PFU) per mL:      

Count plaques in highest dilution at which plaque count is reliable (10 – 100 plaques).  

Calculations: 

PFU/well = counted plaques x highest dilution 

PFU/mL = PFU/well x factor (1.00 mL/well volume in mL) 

The TCID50/mL (Median Tissue Culture Infectious Dose) was calculated using the 

Spearman Karber Formula.[67] 
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4.2.4 Test samples 

The essential oil from fresh rhizomes and ethanol extract prepared from freshly dried 

ground rhizomes, and siphonochilone (1), were first screened for antiviral activity using a 

CERA-I assay. In a follow-up, both pure compounds identified as described in Chapter 3, 

siphonochilone (1) and the hydroxylated lactone (6), were separately tested in the same 

assay.   

 

4.2.5 CERA-I bioassaying using the essential oil, ethanol extract and 

siphonochilone (1) as test samples  

CERA-I was used to study the inhibition and cytotoxicity of the test samples against a 

strain of an Influenza A-type virus (108 617) as determined by the plaque assay in Section 

4.2.3 (Figure 4.4). 

For the CERA-I a 96-wp was used instead of a 24-wp as with the plaque assay. This does 

not affect the outcome of the results since the titre calculations in the plaque assay were 

expressed as per mL and with the appropriate factor per mL the results would have been 

the same with a 96-wp for the plaque assay. The volume and values can be adjusted to 

a 96-wp by using the correct factor and calculations.   

For each CERA-I, a 96-wp was prepared for the inhibition study containing the MDCK 

cells, virus, infectious media and the test samples. The following controls were included: 

virus control (cells that were only infected with the virus, but not treated with the test 

samples), cell control (cells that were not infected with the virus or treated with the test 

samples), solvent control (cells that were only treated with 20 µL of 0.50% DMSO), and 

the positive controls (virus-infected cells treated with ribavirin).  

A separate 96-wp was prepared for the cytotoxicity study containing the MDCK cells, 

virus, infectious media and the test samples. The following controls were included: cell 

control, solvent control (20 µL of 10% DMSO) and test samples.   
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4.2.5.1 Seeding of MDCK cells 

MDCK cells were seeded in a T75 flask and incubated with 5% CO2 at 37°C for 48 h 

before infection. A Neubauer chamber (number/mL) was used to count the seeds: 

3.00×106 cells in 10 mL DMEM for one 96-wp. To have enough cells for all the well plates 

to perform the inhibition and cytotoxicity studies, the MDCK cells were resuspended in 20 

mL DMEM and 6.00×106 cells were available.  

100% of the cells were confluent and 19.80 mL were suspended with DMEM (200 µL) to 

make up 20 mL for all the well plates. The cells were thoroughly washed twice with PBS 

and 100 µL were suspended to each well (3.00×104 cells/well) of a 96-wp.    

 

4.2.5.2 Infectious media for viral growth 

The infectious media (DMEM-T) was prepared for all plates by adding 49 mL of DMEM 

(without serum) with 1.00 mL of 0.10% TPCK treated trypsin (final concentration of 1.00 

µg/mL). The media (100 µL) was dispensed to each well of the 96-wp.  

 

4.2.5.3 Virus dilution 

From the plaque assay, Influenza A-type virus strain 108 617 was selected and used for 

the virus dilution. The TCID50 of the virus was determined during the plaque assay and 

10 mL of virus stock was prepared per 96-wp, MOI 0.001 (multiplicity of infection). Each 

well was infected with 190 µL of the viral stock, except for six wells, which include the cell 

– and solvent controls.  

 

4.2.5.4 Dilution of test samples 

Test samples were resuspended in 0.50% DMSO and the dilution was performed starting 

at 50.0 µg/mL, and were prepared as 10-fold concentrations with a serial dilution of 1:4, 

up to 0.05 µg/mL. For each plate 1.00 mL of each dilution was prepared and 10 µL was 

dispensed to each well. Each test sample dilution was done in duplicate for reproducibility. 
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4.2.5.5 Dilution of positive control (Ribavirin) 

Ribavirin was used as a positive control (10 mg/mL in H2O) starting at 100 µg/mL and 

ending at 0.025 µg/mL. The control was diluted with a 3-step serial dilution of 1:10. Each 

dilution of the control was done in duplicate. 

The plate was left to incubate at 37ºC with 5% CO2 for 2 days. 

 

4.2.5.6 Read out of viral growth 

A cell titre blue protocol (Thermo Fisher) was used for the readout of viral growth and 20 

µL was used to stain the cells. The well-plate was incubated for 1 h in the BSL-2 incubator 

and measured using a TecanSaphire II spectrometer with excitation at 545 nm and 

emission at 590 nm, both with a bandwidth of 20 nm, integrating for 40 min. 

Measurements were again taking 4 – 6 h after incubation. The reaction was stopped and 

stabilized with 3% SDS and again measured 24 hours later.   

 

4.2.6 CERA-I using siphonochilone (1) and its hydroxylated lactone (6) as test 

samples   

Siphonochilone and the hydroxylated lactone were further studied for their antiviral activity 

at different concentrations based on the results obtained from the first CERA-I (Figure 

4.4). 

 

4.2.6.1 Seeding of MDCK cells 

MDCK cells were seeded in a T75 flask and incubated with 5% CO2 at 37°C for 48 hours 

before infection. A Neubauer chamber was used to count the seeds: 3.00×106 cells in 10 

mL for one 96-wp. To have enough cells for two well plates to perform the inhibition and 

cytotoxicity studies, the MDCK cells were resuspended in 10 mL and 6.0×106 cells were 

available.  
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All cells were confluent (100%) and 7.90 mL were suspended with DMEM (2.10 mL) to 

make up 10 mL per well plate. The cells were thoroughly washed once with PBS and 100 

µL were suspended to each well (3.00×104 cells/well) of a 96-wp.    

 

4.2.6.2 Infectious media for viral growth 

The infectious media (DMEM-T) was prepared for all plates by adding 49 mL of DMEM 

(without serum) with 1.00 mL of 0.10% TPCK treated trypsin (final concentration of 1.00 

µg/mL) and dispensing 100 µL of media to each well of the 96-wp.  

 

4.2.6.3 Virus dilution 

Influenza A-type virus strain 108 617 was selected and used for the virus dilution. The 

TCID50 of the virus was determined during the plaque assay and 10 mL of virus stock was 

prepared per 96-wp, MOI 0.001. Each well was infected with 190 µL of the viral stock, 

except for six wells that represent the cell – and solvent controls.   

 

4.2.6.4 Dilution of pure compounds (test samples) 

Siphonochilone and its hydroxylated lactone were resuspended in 0.5% DMSO before 

dilution. Twelve dilutions were made, starting at 50, 40 and 30 µg/mL, and were prepared 

as 10-fold concentrations with a 3-step serial dilution of 1:2. For each plate 1.00 mL of 

each dilution as prepared and 10 µL was dispensed to each well.  

Each compound dilution was done in triplicate to produce reproducibility.  

 

4.2.6.5 Dilution of positive control (Ribavirin) 

Ribavirin was used as a positive control (10 mg/mL in H2O) starting at 100 µg/mL and 

ending at 0.025 µg/mL. The control was diluted with a 3-step serial dilution of 1:10. Each 

dilution of the control was done in triplicate. 

The plate was left to incubate at 37ºC with 5% CO2 for 3 days. 
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4.2.6.6 Read out of viral growth 

A cell titre blue protocol was used for the readout of viral growth and 20 µL of titre blue 

was used to stain the cells. The plates were incubated 1 h in the BSL-2 incubator and the 

solution’s absorbance in each well was measured using a TecanSaphire II spectrometer 

with excitation at 545 nm and emission at 590 nm, both with a bandwidth of 20 nm. The 

plates were again measured after 4 – 6 h. The reaction was stopped and stabilized with 

3% SDS and again measured 24 h later.  

 

4.3 Results and discussions 

The activity of a direct inhibiting virus was tested through in vitro testing by examining the 

survival of MDCK cells against a strain of an Influenza A-type virus (108 617) after 

introducing essential oil, ethanol extracts and siphonochilone from S. aethiopicus.[45]   

Before the inhibiting effects of test samples were evaluated, a plaque assay was done to 

determine the strain and concentration of the virus that was needed. This assay was then 

followed by two CERA-I studies using the influenza strain and the virus concentration was 

calculated in the plaque assay. The aim of the first CERA-I was to study the inhibition and 

cytotoxicity of the essential oil, ethanol extract and isolated siphonochilone from S. 

aethiopicus against the Influenza A-type virus (108 617) selected from the plaque assay. 

The second study was done to determine the effect of the pure compounds, 

siphonochilone (1) and its hydroxylated lactone (6), for comparative purposes. The dose-

response relationship of these test samples was investigated and the biological activities 

are discussed.   

 

4.3.1 Plaque Assay 

The plaque assay was performed to determine which strain of an Influenza A-type virus 

had the highest titre based on the virus concentration and the number of pfu/mL. This 

information was needed for the in vitro testing of the samples.  
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After 72 h of incubation, dead cells were observed at the lower dilutions and after 96 h 

the plaques were counted and the titre calculations were performed (Table 4.1).  

Figure 4.5 shows the readout of the 24-wp that was stained with a blue dye and incubated 

for 4 h. There was a noticeable change in plaques forming in the less diluted wells (well 

numbers 1 – 4, 13 and 14), which was the focus point of determining the virus 

concentration.  

Table 4.1 gives the plaque assay readout of the two strains including the final dilution 

factor in 500 µL, the plaques counted for each well and the plaques forming units per 

millilitre. 

 

 

 

 

 

 

 

Figure 4.5  The 24-well plate after 4 h of incubation the two strains of viruses on the 

MDCK cells from the plaque assay. 

Table 4.1 shows the titre calculations and best titre for each strain based on the highest 

dilution at which the plaques counted can still be reliable. It was observed that wells 1 – 

5, which contained strain 108 617, had more plaques forming in the higher concentrations 

(100, 70, 6, 4 and 1 plaques) than strain 61332 065 (50 and 11 plaques). At all 

concentrations, strain 108 617 had a higher pfu/mL (9.92×104 pfu/mL, 1:13 000 dilution 

factor) than the highest pfu/mL for strain 61332 065 (1.10×104 pfu/mL, 1:500 dilution 

factor). Even though well 5 had a higher pfu/mL (1.25×105 pfu/mL, 1:62 500 dilution 

factor) than well 4, it only had one plaque forming compared to the 4 plaques that formed 

in well 4. This made the pfu/mL for well 5 unreliable and was the dilution from well 4 used 

for further bioassaying (Figure 4.5).  

Well 
numbers 

 
1-6 

 
 

7-12 

 
 

13-18 

 
 

19-24 
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Table 4.1 Plaque assay readout of the two strains (pfu/mL in blue indicate the highest 

pfu/mL for each strain of virus).  

Strain: 108 617 

Well number 1 2 3 4 5 6 

Final dilution factor (500 
µL) 100 500 2500 1.3x104 6.25x104 3.13x105 

Counted plaques 100 70 6 4 1 0 

Plaque forming units per 
mL (pfu/mL) 2.00x104 7.00x104 3.00x104 9.92x104 1.25x105 0 

Well number 7 8 9 10 11 12 

Final dilution factor (500 
µL) 

1.56x106 7.81x106 3.91x107 2.0x108 9.77x108 4.88x109 

Counted plaques 0 0 0 0 0 0 

Plaque forming units per 
mL (pfu/mL) 0 0 0 0 0 0 

Strain: 61332 065 

Well number 13 14 15 16 17 18 

Final dilution factor (500 
µL) 100 500 2500 1.3x104 6.25x104 3.13x105 

Counted plaques 50 11 0 0 0 0 

Plaque forming units per 
mL (pfu/mL) 1.00x104 1.10x104 0 0 0 0 

Well number 19 20 21 22 23 24 

Final dilution factor (500 
µL) 

1.56x106 7.81x106 3.91x107 2.0x108 9.77x108 4.88x109 

Counted plaques 0 0 0 0 0 0 

Plaque forming units per 
mL (pfu/mL) 0 0 0 0 0 0 
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At 9.92×104 pfu/mL, with a 1:13 000 dilution factor, strain 108 617 showed a MOI of 0.001 

and was therefore used for further CERA-I studies of the test samples.  

The volume of the virus dilution for CERA was calculated by Ms. Lorena Urda to be 90 

µL/well. These calculations are based on the calculations made by the Department of 

Biomedicine (University of Basel, Switzerland) and the Spearman Karber Formula.[67]  

 

4.3.2 The effect of the essential oil, ethanol extract and siphonochilone (1) in the 

Cytopathic Effect Reduction Assay against Influenza A (CERA-I) 

The first CERA-I assay was conducted to study the inhibition and toxicity of different test 

samples from African ginger, against a strain of Influenza A-type virus (108 617). The 

seeded MDCK cells used for the assay were 100% confluent before infection started and 

were treated in a dose-response manner at different concentrations (0.05, 0.20, 0.80, 

3.10, 12.5 and 50.0 µg/mL) of the test samples. The aim of this assay was to determine 

the best antiviral activity of these test samples at different test concentrations.   

Figure 4.6 presents the results of the inhibition and cytotoxicity study of the three test 

samples and the control, ribavirin, against the strain of influenza using the CERA-I. 

Essential oil (Figure 4.6 – blue bars) showed no/minimal activity, with <20% inhibition of 

the virus at 50.0 µg/mL and <5% or no inhibition at the lower test concentrations, some 

of them even having negative inhibition, which can suggest viral replication. The 

cytotoxicity assay showed toxicity was minimal, but higher than the viral inhibition at all 

concentrations. Compared to the positive control, ribavirin (Figure 4.6 – orange bars), the 

essential oil showed no/minimal activity with significantly higher toxicity (Figure 4.6).  

The ethanol extract (Figure 4.6 – pink bars) showed no inhibition at any of the test 

concentrations, however it showed cytotoxicity (<35%) at all test concentrations which 

would have had an effect on the antiviral properties. The zero inhibition was consistent 

with the findings by Light et al. (2002) who reported that an aqueous extract showed little 

to no inhibition.[58] Compared to ribavirin, the ethanol extract showed no activity with 

significantly high toxicity. Both the essential oil and ethanol extract showed higher toxicity 
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and no/minimal viral inhibition thereby not substantiating its use as an anti-influenza 

treatment.  

Siphonochilone (Figure 4.6 – green bars) only showed inhibition at 12.5 µg/mL with 

>100% inhibition and no inhibition at the rest of the test concentrations. This compared 

well to ribavirin, at an equivalent test concentration. Ribavirin showed >100% inhibition of 

the virus at test concentrations of 100, 50 and 25 µg/mL (Figure 4.6 – orange bars), 

however at 10.0 µg/mL it had <20% inhibition as compared to siphonochilone which had 

>100% inhibition at 12.5 µg/mL. Based on this, the data suggests that siphonochilone 

performed the same as ribavirin at similar test concentrations.  

 

Figure 4.6  Percentage inhibition and cytotoxicity (red bars) of the test samples; essential 

oil, ethanol extract and siphonochilone isolated from African ginger, and the 

control, ribavirin (orange bars). 
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The cytotoxicity study for siphonochilone only showed high toxicity at 50.0 µg/mL, but 

minimal at the rest of the test concentrations. The lack of antiviral activity at the highest 

test concentration of 50.0 µg/mL was attributed to the high cytotoxicity of the compound 

at this test concentration. It was concluded that siphonochilone only had significant 

antiviral activity at 12.5 µg/mL with minimal toxicity and should be tested in another 

CERA-I assay at test concentrations closer to 12.5 µg/mL range.   

Ordinarily extracts from different plant species show better antiviral activity since several 

compounds act synergistically to inhibit viral growth, but in some occurrences it is possible 

that only a single/pure compound is responsible for the antiviral activity.[66,68] This seems 

to be the case for S. aethiopicus since the essential oil and ethanol extract showed 

no/minimal inhibition of the influenza virus. Even though the essential oil (Figure 2.2.(2); 

Chapter 2, Section 2.3.2.1) and ethanol extract (Figure 2.4.(2); Chapter 2, Section 

2.3.2.2) contained siphonochilone, it is possible that it was of low concentration in the oil 

and extract. This is possible since a significant quantity of the siphonochilone crystallized 

out during steam distillation (Chapter 2, section 2.2.4), leaving only small quantities 

remaining in the oil for efficacy. For the ethanol extract, the low concentrations might have 

been due to several other polar compounds being extracted resulting in low 

concentrations of the compound (dilution effect). Another possibility could be the poor 

solubility of the essential oil and ethanol extract in the DMSO and these test samples may 

not have fully dissolved during the dilutions, resulting in no efficacy.  

 

4.3.3 The effect of siphonochilone (1) and the hydroxylated lactone (6) in the 

Cytopathic Effect Reduction Assay against Influenza A (CERA-I) 

As siphonochilone and its hydroxylated lactone are compounds of similar structural types, 

with the main difference being the ketone on C-2 and the hydroxyl group on C-9a of the 

hydroxylated lactone (6), they were both evaluated for their antiviral activity at the same 

test concentrations using the CERA-I assay for comparative purposes.  

Figure 4.7 shows the antiviral efficacy of siphonochilone and its hydroxylated lactone in 

MDCK cells infected with Influenza A-type virus (strain 108 617). Treatment was at 
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different concentrations with 3 steps of serial dilution of 1:2 at a dose-response manner 

from 50.0 to 3.75 µg/mL. 

Siphonochilone (Figure 4.7 – green bars) showed inhibition at concentrations from 50.0 

to 10.0 µg/mL with >100% and >20% at 10.0 µg/mL, respectively, with no/minimal toxicity. 

The significant inhibition of >115% at 50.0 µg/mL compared very well to ribavirin with 

>105% inhibition at equivalent test concentrations. 

 

Figure 4.7  Percentage inhibition and cytotoxicity (red bars) of pure compounds, 

siphonochilone and its hydroxylated lactone, and the control, ribavirin (orange 

bars), against a strain of Influenza. 

 

The hydroxylated lactone (Figure 4.7 – purple bars) exhibited excellent antiviral activity 

at all test concentrations with >100% and >30% inhibition at 50.0 µg/mL and 3.75 µg/mL, 
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respectively, with no toxicity. It also showed better inhibition than siphonochilone at all 

test concentrations. At 50.0 µg/mL the lactone showed >123% inhibition which compared 

well with ribavirin, >105% inhibition, at the equivalent test concentration (Figure 4.7). 

Both pure compounds reported significantly good activity against the Influenza A-type 

virus and showed good antiviral activity compared to the ribavirin. As with the two 

compounds, and ribavirin, there was a gradual decrease in the inhibition as the test 

concentrations decreased. Using the test concentrations and percentage inhibition of 

each of these compounds and ribavirin, the IC50 was calculated using GraphPad Prism. 

This resulted in the IC50 results of siphonochilone as 21.0 µg/mL (R2 = 0.82) (Figure 

4.8.(1)), the hydroxylated lactone as 9.20 µg/mL (R2 = 0.71) (Figure 4.8.(2)) and ribavirin 

as 2.16 µg/mL (R2 = 0.79) (Figure 4.8.(3)). 

 
 

(1) (2) 

 

(3) 

Figure 4.8 IC50 curve of the percentage inhibition and logarithmic concentration of (1) 

siphonochilone, (2) the hydroxylated lactone and (3) ribavirin. 
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These results suggested that siphonochilone has a higher IC50 (21.0 µg/mL) than the 

hydroxylated lactone and ribavirin. The hydroxylated lactone had a lower IC50 of 9.20 

µg/mL than siphonochilone and performed better than siphonochilone. Both pure 

compounds have a higher IC50 than ribavirin (2.16 µg/mL), but are in the same order of 

magnitude as ribavirin, with no cytotoxicity.  

The results suggested both compounds have possible antiviral activity and that further 

investigation such as medicinal chemistry approaches should follow to research the 

antiviral properties of the pure compounds form African ginger. 

It was demonstrated that the hydroxylated lactone is present in stored dried plant material 

and limited in fresh plant material (Chapter 2, section 2.3.2.4). It is known that the plant 

is commonly traded in muthi markets which often may be as stored dried plants. This 

implies that the hydroxylated lactone would be present in the plants used by traditional 

health practitioners and is in fact the main active ingredient for the treatment of influenza 

virus.  

 

4.4 Conclusion 

The use of plants in ethnomedicine provide valuable lead to their pharmacological 

properties. One of the most popular traditional uses of S. aethiopicus is its use against 

the influenza virus and credible scientific data is needed to supports its use. Its traditional 

use includes the hot and cold infusion of the rhizomes and roots or steaming and 

inhalation of the vapours. This has previously been investigated and showed that an 

aqueous extract was screened and showed no significant activity against a strain of 

influenza virus. Various factors can affect the medicinal properties of a plant, including 

type of extract, solvents used for extraction, harvesting time, concentration of extracts 

and exposure time. Different extracts and isolated compounds of the plant were tested 

for their antiviral properties and its inhibition and cytotoxicity was determined through a 

CERA-I assay. 

The essential oil, ethanol extract and pure siphonochilone was screened against a strain 

of Influenza A-type virus to determine its antiviral activity. The essential oil and ethanol 
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extract showed no/minimal inhibition towards the virus and significant toxicity towards the 

cells. These results are in agreement with those of Light et al. (2002) where they reported 

that an aqueous extract had no/minimal inhibition.  

The pure siphonochilone showed more interesting results with significant inhibition at 12.5 

µg/mL (>100% inhibition), compared to the control ribavirin with <20% inhibition at 10 

µg/mL. At the concentrations higher and lower than 12.5 µg/mL there was no/minimal 

inhibition and was it necessary to investigate the activity of the compound at 

concentrations closer to 12.5 µg/mL.  

The results from the first CERA-I concluded that the traditional use of the plant in the form 

of various extracts, did not show significant antiviral activity. It is widely known that 

synergism between various compounds of a plant extract is often responsible for its 

biological activity. In the case of African ginger extracts, it is possibly acting 

antagonistically since the pure compounds showed activity and not the extracts.   

From a second CERA-I assay, both test samples, siphonochilone (1) and its hydroxylated 

lactone (6), showed significantly good activity and no/minimal toxicity. At 50 µg/mL 

siphonochilone showed >115% inhibition and its lactone >123% inhibition. Both 

compared well against the control, ribavirin, which had a 100% inhibition at the same test 

concentration and had no/minimal toxicity. Both compounds showed a gradual decrease 

in inhibition with a decrease in concentration, however they still had good IC50 values; 

20.97 µg/mL for siphonochilone and 9.20 µg/mL for the hydroxylated lactone.  

The hydroxylated lactone has a better inhibition than siphonochilone at the higher 

concentrations and it had a lower IC50 value than siphonochilone, which made it a better 

and more suitable compound for further development as an antiviral.  

Since the hydroxylated lactone was mainly present in stored plant material, and limited in 

fresh plants, this has to be taken into consideration for its further development.  This data 

also provided some evidence on the use of the plants in the muthi market since these are 

often dried and stored plant material.  

Collectively, the data provides evidence substantiating for the continued investigation of 

the in vitro testing of pure compounds from African ginger in search of new efficacious 
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and safe antiviral drugs. The assays alone cannot be reliable to predict dose requirements 

and animal testing or clinical trials necessary for further investigation.   
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PART B: Insect Repellent Analysis 

 

Chapter 5: GC-MS and HS-SPME-GC-MS analysis of a natural 

insect repellent in a formulation 

 

5.1 Background 

5.1.1 Insect repellents 

Over the years people have used insect repellents in and around their homes to ward off 

unwanted insects.[1,2] These insects have learnt to adapt by feeding in the outdoors where 

they are in a less human-controlled environment and have better access to their meals.[1,2] 

To ward off or as protection, individuals make use of insect repellents.[2] An insect 

repellent is a chemical, or a combination of chemicals, that is applied to the skin or surface 

area to prevent insects from coming into contact with the surface.[1,3]  

Synthetic insect repellents are widely used and are effective against almost all insects, 

but like many synthetic compounds, they cause many side effects and health issues.[2,4,5] 

Some of the most common synthetic insect repellents are dichlorodiphenyltrichloroethane 

(DDT) (1) and N,N-diethyl-m-toluamide (DEET) (2).[3,6]  

 
 

(1) (2) 

Figure 5.1  Structures of DDT (1) and DEET (2).[7,8] 
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DEET (2) has been the most widely used synthetic insect repellent on the market. With 

each new generation, insects build a resistance towards synthetic compounds and are 

manufacturers are required to increase the concentration of these compounds.[6] This 

increase in DEET concentration has caused the absorption of the compound through the 

human skin, resulting in many health issues.[6] These health issues have caused concern 

and has increased the demand for more natural insect repellents.[2,9,10]  

 

5.1.2 Natural insect repellents 

There are about 344 species of plants already discovered with insect repellent properties, 

but it is possible that many more are still undiscovered[11,12] In some cultures, people have 

been using plant-based insect repellents long before synthetic compounds were 

introduced.[10,11,13] They are considered to be safe, trustworthy and better for the 

environment, but are in some countries the only affordable and available solution.[13-15] 

Most plant-based insect repellents are used in the form of essential oils since they are 

easily isolated and environmentally friendly.[3,15] Some of these oils include citronella, 

lavender, peppermint, eucalyptus, orange and lemon essential oils and are very popular 

worldwide.[12,14,16] Figure 5.2 shows four commercialized insect repellents sold in South 

Africa containing essential oils with repellent properties: 

• Wild Basil & Lemongrass Mosquito Repellent (3): basil, thyme, camphor, 

eucalyptus and lavender. 

• Earthsap Bugs Away Roll-on (4): lemongrass, citronella, eucalyptus, mint and 

camphor. 

• The Apothecary Insect Repellent Spray (5): citronella, lemongrass, lavender, 

cinnamon and eucalyptus. 

• Natural Orange House Hold Insect repellent (6): orange, lemongrass oil and 

eucalyptus. 
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Essential oils have also been researched for their insect repellent properties with the aim 

of identifying their active compounds for commercialization.[13,15,16] These compounds are 

known as the secondary metabolites that protects the plant against its natural enemies.[17-

19] The activity of these metabolites are dependent on their concentration in the plant or 

extract.[20-22] Many of these compounds have been identified and used for 

commercialization but the demand for more has increased over the years.[3,13,23,24]  

 

5.1.3 Noot-a-Bug 

In this chapter a natural insect repellent sample was provided from Applied Protein 

Biotechnologies (Pty) Ltd. (APBio). The company owns and have trademarked the Noot-

a-Bug product, which contains a proprietary essential oil. The essential oil was prepared 

through the reaction of natural sweet orange oil blended with a naturally sourced enzyme 

cocktail. 

   
 

(3) (4) (5) (6) 

Figure 5.2    Commercialized insect repellents containing different essential oils; Wild           

Basil & Lemongrass mosquito repellent (3), Earthsap Bugs Away roll-on 

(4), The Apothecary insect repellent spray (5) and Natural Orange House 

Hold insect repellent (6).  



174 
 

The purpose of the analysis of Noot-a-Bug was to confirm the conversion of valencene, 

a precursor to nootkatone in the sweet orange oil with the help of the naturally sourced 

enzymes. Nootkatone is a well-known insect repellent, but its synthesis is very expensive 

and there is a need for more economical methods for the production of the compound.[25] 

Once the conversion is confirmed, the essential oil containing nootkatone could be used 

as a natural insect repellent in households, restaurants and food markets by means of 

diffusion of the essential oil.  

 

5.1.3.1 Nootkatone as an insect repellent compound 

Nootkatone (7) is a popular natural aromatic compound from citrus fruit and grapefruit 

peels and is used for its insect repellent properties.[26-29] It has been the targeted 

compound by many synthetic biological companies for large-scale production.[23,24,30,31] 

This has proven problematic because of low yields and the danger its isolation poses to 

the environment.[31,32]  

The synthetic production of nootkatone by the oxidation of valencene has also proven 

troublesome.[23,24,31,33] Up to recent times there has been no easier, sustainable, natural 

conversion of valencene to nootkatone. One possibility of achieving this conversion is by 

using an essential oil known to contain valencene.  

Sweet orange oil was selected since it’s well-known for its insect repellent properties and 

contains valencene, and many other repellent compounds.[16,34] Valencene was used for 

the conversion to nootkatone, resulting in the production of Noot-a-Bug.  

 

5.1.3.2 Sweet orange oil 

Sweet orange oil has an aromatic, sweet smell and is used in fragrances.[21,35] The 

essential oil contains about 100 compounds whereas 85 – 99% are volatiles and 1 – 15% 

non-volatiles.[21,35,36] It is well-known for containing many compounds with repellent 

properties that acts better synergistically for the plant’s protection.[20,21,34] The oils contain 

different classes of compounds with repellent properties. The most popular compounds 
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are monoterpenes, such as α-pinene (8), β-myrcene (9), cymene (10), linalool (11), 

carvone (12) and limonene (13) and the sesquiterpene valencene (14).[29,37,38]]  

Limonene (13) is the main constituent of the essential oil of sweet orange oil and other 

citrus fruit, and is therefore the major compound.[26,27,39,40] It is one of the most economical 

insect repelling compounds in nature and works best synergistically with other repellent 

compounds.[40,41]  

Valencene (14) is a very popular, inexpensive, commercially available and easily 

accessible repellent compound.[27] It is used in the natural conversion to nootkatone by 

the allylic hydroxylation of valencene.[24,42] 

 
 

  

(7) (8) (9) (10) 

   

 

(11) (12) (13) (14) 

Figure 5.3  Active compounds with insect repellent properties.[27,38,40,43]  

There is an increase in demand for more natural products, as synthetic compounds are 

slowly being replaced by natural compounds.[3] The use of sweet orange oil for the 

production of nootkatone is no different. The analysis of Noot-a-Bug to confirm the 

conversion was done through gas chromatography-mass spectroscopy (GC-MS) and for 
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the commercial diffuser formulation, through headspace-solid phase microextraction (HS-

SPME).  

The use of natural insect repellents however results in the loss of effective repellency due 

to the short-lived volatile compounds.[2,3] It is thus necessary to investigate how long the 

active compound, nootkatone, is still present in the Noot-a-Bug sample upon release as 

a vapour using HS-SPME. This will assist in detecting the presence of the compounds in 

the vapours after being diffused into the open air for a known period of time.[44]  

 

5.1.4 GC-MS and HS-SPME analysis 

GC‐MS is the method of combining gas‐liquid chromatography and mass spectrometry 

to qualitatively and quantitatively determine phytochemical substances within a sample. 

[45,46] It is used for drug detection, environmental analysis, explosives investigation, and 

identifying unknown samples.[46,47]  

GC-MS analysis can be used to identify the presence of a specific compound or determine 

the chemical composition of an essential oil or extract. [48,49] Compounds are charged with 

a high beam of energy that separates the ions into charged fragments. These fragments 

have a certain mass/charge ratio which is detected and provides the relative abundance 

of the compounds. [50,51] Compounds are then identified by comparing retention times and 

mass spectra of compounds to known compounds in a data library.[45,48,49] This method 

was used to determine the chemical profiles of the sweet orange oils and Noot-a-Bug to 

confirm the conversion of nootkatone.  

HS-SPME has many applications including environmental, food, fragrances, forensics, 

pharmaceuticals and natural products.[52-54] It is a preparative technique used to 

qualitatively and quantitatively identify compounds of a solid or liquid sample.[53] The 

vapour of the sample is directly exposed to a solid coated fibre, the compounds adsorb 

onto it and then gets inserted into the GC for analysis and identification.[54-56] It is solvent 

free and an effective method of analysing essential oils to identify volatile compounds that 

are more concentrated.[57-59]  
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Essential oils are mostly used as natural insect repellents and are used in many 

households. These essential oils are used in diffusers and vaporised into the open air.  

Many consumers use candles as well, but previous research has confirmed that diffusers 

are more effective than candles as insect repellents.[60] Air sampling has become very 

popular and can be used to determine the compounds released from the vapours of 

essential oils.  

To our knowledge HS-SPME has not yet been used to confirm the presence of 

compounds with repellent properties in essential oils that are being released into the open 

air as a vapour from a diffuser or vaporiser and as this investigated.  

 

5.2 Problem statement and justification 

Nootkatone is a compound with repellent properties of low yield, high cost and its 

synthesis can be dangerous to the environment. Nootkatone can easily be oxygenated 

from valencene by using sweet orange oil and a naturally sourced enzyme cocktail. This 

makes for an easier, natural and cost-effective method of producing nootkatone. The 

chapter constists op two parts: 1) Analysis of the sweet orange oil and Noot-a-Bug 

through GC-MS to confirm the oxygenation of valencene to nootkatone and 2) investigate 

the longevity of nootkatone in Noot-a-Bug in its vaporised form, after being diffused, 

through HS-SPME-GC-MS. The continuous diffusion of Noot-a-Bug over 24 hours was 

investigated to confirm nootkatone and other repellent compounds were still being 

released after this time.  

 

5.3 Goal and objectives 

• To investigate the profiles of sweet orange oil and Noot-a-Bug using GC-MS; 

• To use the GC-MS data to confirm the conversion of valencene to nootkatone in 

the samples; 

• To identify other repellent compounds in both samples using the NIST library; 

• To diffuse Noot-a-Bug into a controlled room over 24 h and use HS-SPME-GC-MS 

to analyse the vapours diffused at fixed time intervals; 
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• To identify whether active compounds are still being diffused after 24 h by analysing 

the GC-MS data; and  

• Confirmation of the presence of other repellent compounds during and after the 24 

hours of diffusion.  

 

5.4 Methodology 

5.4.1 Standards  

Valencene (C15H24; 204.36 g/mol) and nootkatone (C15H22O; 218.34 g/mol) both had a 

purity >98% and were purchased from Sigma Aldrich. The compounds were used as 

standards to confirm their presence in the oils.  

 

5.4.2 Noot-a-Bug 

The Noot-a-Bug samples provided by Applied Protein Biotechnology (Pty.) Ltd 

(www.apbio.co.za). They own and have trademarked the Noot-a-Bug sample. It was 

prepared by blending neutral sweet orange oil with a naturally sourced enzyme cocktail.  

 

5.4.3 GC-MS analysis for identification of targeted compounds 

Standards, valencene and nootkatone, sweet orange oil and Noot-a-Bug were directly 

injected into the GC-MS to determine the presence of the targeted compounds. The same 

sweet orange oil used to manufacture the Noot-a-Bug, was used for GC-MS analysis to 

identify presence of valencene and nootkatone. The standards and sweet orange oil were 

prepared by dissolving 1.00 mg of sample in 1.00 mL hexane (1.00 mg/mL) and Noot-a-

Bug by dissolving 1.00 mg in 1.00 mL methanol, and injecting 1.00 μL into the inlet of the 

GC at 250°C. 

Analyte separation was done using a LECO Pegasus 4D GC–TOF–MS including an 

Agilent 7890 GC (LECO Africa (Pty) Ltd., Kempton Park, South Africa) on an apolar Rxi-

5Sil MS 30 m×0.25 mm ID×0.25 μm df (Restek, Bellefonte, PA, USA) capillary column. 

The carrier gas, helium, was of ultra-high purity (UHP) grade (Afrox, Gauteng, South 

http://www.apbio.co.za/
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Africa) and was set at a flow rate of 1.00 mL/min in the constant flow mode. The GC inlet 

was operated in the split mode (50:1 split ratio). The GC oven temperature program was 

held for 3 min at 40°C to 5 min at 300°C at 10°C/min, with a run time of 35.9 min. The MS 

transfer line temperature was set at 280°C and the ion source temperature was set at 

230°C. The electron energy was 70 eV in the electron impact ionization mode (EI+), the 

data acquisition rate was 10 spectra/s, the mass acquisition range was 40–500 Daltons, 

and the detector voltage was set at 1750 V. A NIST 14 Mass Spectral Library version 2.2 

was used to identify and confirm compounds detected based on their molecular ions and 

percentage similarities (%). 

After confirmation of nootkatone in the Noot-a-Bug sample it was used to determine the 

longevity of the compound in the sample after being diffused over a period of 24 hours.  

 

5.4.4 Diffusing of Noot-a-Bug into the environment 

An ALUMI-China, Aroma Nebulizer Rechargeable Battery Inside Diffuser was used for 

continued diffusion of the insect repellent into the environment. The experiment was 

conducted in a controlled 3.00 m3 fume hood and the diffuser’s airflow was set at its lowest 

area coverage (10 m3). The repellent was diffused for 24 h at which air samples were 

taken at different times (0 h, 1 h, 2 h, 4 h, 6 h and 24 h).  

 

5.4.5 HS-SPME-GC-MS for identification of targeted compounds in the diffused 

vapour  

The longevity and sustainability of the Noot-a-Bug sample was determined by using HS-

SPME and inserting it into the GC-MS. Sorptive extraction was done with a SPME device 

which was fitted with a 2 – 50/30 μm DVB/Carboxen/PDMS StableFlex fiber (Supelco, 

Sigma-Aldrich (Pty) Ltd. Kempton Park, South Africa). The fiber was exposed to the head 

space above the exit of the diffuser for 5 min at each time interval, sampling the vapours 

of the Noot-a-Bug being released in its vapour form. After extraction the compounds were 

desorbed from the SPME fiber for 5 min in the injection port of a GC–MS at 250°C.  



180 
 

The same method used to analyse the standards and samples above (section 5.4.4), was 

used for the HS-SPME-GC-MS analysis.  

 

5.5 Results and discussions 

5.5.1 GC-MS analysis of insect repellent 

Nootkatone is one of the most well-known insect repellent compounds around, but 

unfortunately has proven troublesome with synthesize.[26,27,31] The oxygenation from 

valencene to nootkatone has also presented its own problems and a more sustainable 

method of production of nootkatone is necessary.[23,24,31] This was attempted by APBio 

who blended sweet orange oil with a naturally sourced enzyme cocktail to produce Noot-

a-Bug. The aim of this conversion was to produce a natural insect repellent in diffusers 

for the hospitality industry or household use. To achieve this the conversion to nootkatone 

first had to be confirmed and was done through GC-MS analysis. The chemical profile of 

sweet orange oil and Noot-a-Bug was determined to confirm the presence of valencene 

and nootkatone in both samples.  

The first analysis was performed by injecting the standards of the targeted compounds, 

valencene and nootkatone. The retention times and MS data drom the NIST library of the 

standards were also used to identify the compounds it he oil samples.  

Figure 5.4.(1) shows the chromatogram of the standard valencene with an intense peak 

at 134.50 s, which is the solvent peak of hexane. There is also another intense peak at 

1015.80 s, a m/z of 204 and molecular formula C15H24.[26,61] The peak had a 94% match 

to the NIST library to valencene and was used for further analysis to confirm valencene 

in the oils.   

Figure 5.4.(2) shows the chromatogram of the standard nootkatone with an intense peak 

at 132.30 s, which is the solvent peak of hexane. A less intense peak at 1258.60 s was 

matched as nootkatone based on the NIST library (94%). It showed a m/z of 218 and 

molecular formula C15O22O.[62]  
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The retention times and NIST library matches of both standards were used to confirm the 

presence of two compounds in the sweet orange oil, Noot-a-Bug and the vapours diffused 

(section 5.5.2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.4  Chromatograms from GC-MS analysis of (1) valencene; 1015.80 s and  

 (2) nootkatone; 1258.60 s. 

Figure 5.5.(1) shows the chromatogram of the sweet orange oil. The two intense peaks 

at 126.90 and 129.40 s were the solvent peaks of hexane. The intensity of the peak 

caused the splitting of the peak, therefore the two peaks were seen for hexane.  Two 

other distinct peaks were observed at 531.50 and 1016.10 s. The peak at 1016.10 s was 

confirmed to be valencene when compared to the standard (1015.80 s) (Figure 5.4.(1)). 
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The NIST library also matched the compound to valencene which was present in Noot-a-

Bug. 

The NIST library matched the peak at 531.50 s to limonene (13) (91% match) with a m/z 

of 136 and molecular formula of C10H16. Based on the intensity of the peak, this indicated 

it to be the major compound and was also confirmed by literature.[26,27,39,40]  

No nootkatone was found in the sweet orange oil, but other compounds with repellent 

properties were identified by the NIST library in the sweet orange oil:  α-pinene (8), β-

myrcene (9), cymene (10), linalool (11) and carvone (12). However, these compounds 

were not confirmed by the retention times of their standards. 

Figure 5.5.(2) shows the chromatogram of the Noot-a-Bug sample indicating a very 

distinct peak at 518.00 s which was confirmed by the NIST library to be limonene (93% 

match), the major compound of sweet orange oil. The NIST library also confirmed the 

presence of valencene, at 1015.00 s, with a less intense peak than limonene. This was 

also confirmed by the standard at 1015.80 s. 

The NIST library confirmed the presence of nootkatone (93% match) at 1259.50 s, which 

was a minor peak. This was also confirmed by the standard at 1258.60 s (Figure 5.4.(2)). 

This suggested that nootkatone was present in the in the Noot-a-Bug sample, confirming 

the successful conversion of valencene to nootkatone.  

Other compounds with repellency properties identified by the NIST library to be present 

in the Noot-a-Bug sample were: α-pinene (8), β-myrcene (9), cymene (10), linalool (11) 

and carvone (12). Most of these compounds were only present in small amounts in the 

oil based on the intensities of the peaks, however could contribute to the repellent 

properties of the oil.[63]  

The area percentage (area %) of the total chromatogram of each of the peaks 

corresponding to the compounds with repellent properties was also investigated and 

shown in Table 5.1. The table shows the percentage area for the compounds of the total 

chromatographic area for sweet orange oil and Noot-a-Bug.  
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Figure 5.5  Chromatograms from GC-MS analysis of (1) Sweet orange oil and (2) Noot-
a-Bug. 

 

The area percentage of the total chromatogram for valencene in the sweet orange oil was 
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successful there was still valencene present (1.35%) in the Noot-a-Bug sample indicating 

that the conversion does not go to completion (Figure 5.5.(2)) and hence further 

optimization of the enzyme conversion should be investigated.  

Table 5.1 The area percentage of the total chromatogram of valencene, nootkatone 

and other compounds with known repellency properties. 

 Area percentage of the total chromatogram of each repellent compound 

Sample Valencene Nootkatone Limonene β-myrcene Linalool Carvone 

Sweet orange 
oil 

1.07 Not detected 6.25 0.21 0.04 0.02 

Noot-a-Bug 1.35 0.18 14.2 0.02 0.01 0.01 

 

Limonene (13) showed a significantly high area percentage of the total chromatogram in 

both the sweet orange oil (6.25%) and Noot-a-Bug (14.2%) which confirmed it to be the 

major compound in both samples.[21] Smaller amounts of other compounds with 

repellency properties are also shown in Table 5.1. The large differences in the area 

percent of the compounds between the sweet orange oil and the Noot-a-Bug was 

attributed to the formulation and the addition of various other ingredients such as 

enzymes, co-factors and media that were added to Noot-a-Bug. 

 

5.5.2 HS-SPME-GC-MS analysis of Noot-a-Bug released as a vapour  

The successful conversion of nootkatone from valencene in Noot-a-Bug was confirmed 

and further investigated to determine the longevity of nootkatone and other repellent 

compounds in the sample. One of the major problems with natural insect repellents is the 

lack of longevity of the active compound(s).[6]  

The presence of nootkatone and other repellent compounds in the insect repellent was 

determined by HS-SPME-GC-MS over a period of 24 h of continuous diffusion. The insect 

repellent was diffused in a fume hood and a fibre was exposed to the continuous release 



185 
 

of vapours at the outlet of the diffuser. This was injected into the GC-MS where 

nootkatone, valencene and other repellent compounds were determined.  

Figure 5.6 shows the chromatograms of the vaporised Noot-a-Bug sample released from 

the diffuser at different time intervals and shows that nootkatone is present in all the 

chromatograms at different times. At the start of the experiment (0 h) nootkatone showed 

a low intensity peak (Figure 5.6.(1)) and was continuously present as the experiment 

progressed including the 24-h time point. This indicated that the compound is present in 

the vapours as the oil is vaporised using the diffuser suggesting that the repellency 

properties will be effective over a 24-h period. 
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Figure 5.6  Chromatograms from GC-MS of Noot-a-Bug at (1) 0 h, (2) 1 h, (3) 2 h, (4)   

   4 h, (5) 6 h and (6) 24 h. 
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Table 5.2 shows the area percentage of the total chromatogram of nootkatone, valencene 

and other repellent compounds released from the diffusion of Noot-a-Bug at different time 

intervals and shows that at all time intervals, nootkatone was consistently being released. 

At the start of the experiment there was no valencene detected by the GC-MS (Figure 

5.6.(1)), but was detected as the experiment progressed. Even though valencene had a 

more intense peak and area percentage of the total chromatogram than nootkatone in 

Noot-a-Bug (Figure 5.5.(2)), this ratio changed when the sample was vaporised and 

released into the air, in all likelihood due to the difference in the volatility of the two 

compounds.  

Other repellent compounds were also released and identified through the NIST library. 

Table 5.2 shows that based on the area percentage of the total chromatogram of 

limonene, it was still the major compound in the vaporised Noot-a-Bug. Other minor 

repellent compounds like α-pinene (8), β-myrcene (9), cymene (10), linalool (11) and 

carvone (12) were also still being released at trace amounts after the continuous diffusion 

of 24 h. Only cymene was not detected after 4 h of diffusion. The release of these repellent 

compounds will improve the repellency of Noot-a-Bug since the compounds could work 

synergistically to repel insects. 

The analysis of the results obtained from the HS-SPME-GC-MS confirmed that there is a 

continuous release of nootkatone over a 24-h period and the sample should be used for 

further repellency testing on life specimens.  
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Table 5.2 The retention time and area percentage of the total chromatogram of 

repellent compounds in Noot-a-Bug diffused over a 24-h period. 

 
% Area of the total chromatogram at different time intervals 

(hours) 

Name 0 h 1 h 2 h 4 h 6 h 24 h 

α-Pinene 0.14 0.62 0.81 0.31 0.43 0.05 

β-myrcene 0.34 2.42 3.24 1.22 1.85 0.68 

Cymene 0.01 0.06 0.08 - - - 

Limonene 27.9 6.37 4.91 29.8 4.09 8.03 

Linalool 0.28 0.61 0.46 0.40 0.53 0.56 

Carvone 0.39 1.23 0.67 0.59 1.04 1.30 

Valencene - 0.01 0.002 0.01 0.004 0.01 

Nootkatone 0.05 0.13 0.07 0.25 0.10 0.07 

 

5.6 Conclusion 

The demand for natural insect repellents have increased over the years since synthetic 

compounds hold many side effects to the human body and the environment. This demand 

has led to the search for naturally occurring repellent compounds for which certain 

essential oils are very popular for this use. A very popular insect repellent compound, 

nootkatone, is used as an insect repellent and can be synthesized or converted from 

valencene, a cheaper precursor. The main problem with nootkatone availability is that its 

synthetic and natural production are very expensive.  

APBio a privately owned company investigated the oxygenation of valencene present in 

sweet orange oil into nootkatone using an enzyme cocktail and trademarked the final 

ingredient as Noot-a-Bug. Noot-a-Bug with nootkatone, being one of the compounds in 

the product, could then be used as an insect repellent.  The success of the conversion 

was investigated through the use of analysis using GC-MS of the Noot-a-Bug sample.  

The results of this study confirmed the presence of the valencene in the sweet orange oil 
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which was used for the conversion. This provided the evidence that the pre-cursor 

compound was present in sufficient levels in the oil for any successful enzyme 

conversion. The analysis of the Noot-a-Bug sample indicated the presence of nootkatone 

thereby confirming the success of the enzymatic conversion.  However, although this was 

not a quantitative study, the area percentage of the nootkatone of the total area of the 

chromatograms indicated this was not a major compounds and large amounts of the 

valencene remained unconverted and that further optimization of the enzymatic 

conversion would be recommended.   Other known compounds with reported repellency 

properties were also identified in small levels in Noot-a-Bug which could support a 

synergistic effect of the various compounds towards repelling insects.  

The longevity of the nootkatone during diffusion (release) was analysed using HS-SPME-

GC-MS. The sample was vaporised from a diffuser over a period of 24 h and vapours 

absorbed onto a SPME fiber at different time intervals (0 h, 1 h, 2 h, 4 h, 6 h and 24 h), 

and introduced into the GC-MS.  

The GC-MS data and comparison of the mass spectral data with the NIST library 

confirmed that nootkatone and other insect repellent compounds were being diffused after 

24 h of diffusion.  
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Supplementary data 1: 1H NMR spectrum of siphonochilone 
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Supplementary data 2: 13C NMR spectrum of siphonochilone  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



199 
 

Supplementary data 3: 1H-1H COSY data of siphonochilone  
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Supplementary data 4: 1H NMR spectrum of the hydroxylated lactone 
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Supplementary data 5: 13C NMR spectrum of the hydroxylated lactone 
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Supplementary data 6: 1H-1H NOESY data of the hydroxylated lactone 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   



203 
 

Supplementary data 7: 1H-1H COSY data of the hydroxylated lactone 
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Supplementary data 8: HSQC data of the hydroxylated lactone 
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Supplementary data 9: HMBC data of the hydroxylated lactone 

 

 

 

 

 


