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Chapter 1: General introduction  

 

An overview of quality control of traditional medicine and herbal medicines 

used in Ethiopia 
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1.1. Traditional medicines  

Traditional medicines (TM) have been used since antiquity and the interest among the 

community is ever-increasing, not only in developing, but also in developed countries. 

Traditional and complementary medicine is an important and often underestimated health care 

resource having diverse applications, especially in prevention and management of chronic 

diseases. The World Health Organization (WHO) defines traditional medicine as the sum of the 

knowledge, skills and practices based on the theories, beliefs and experiences indigenous to 

different cultures, even if not all effects are explicable. They are used in the maintenance of 

health, as well as in the prevention, diagnosis, improvement or treatment of physical and mental 

illnesses (1). Although, the terms complementary/alternative/non-conventional medicine are 

used interchangeably with TMs in some countries, WHO defines “complementary medicine” 

or “alternative medicine” as a broad set of health care practices that are not part of that country’s 

own tradition or conventional medicine and are not fully integrated into the dominant health-

care system (2). Hence, traditional medicine is a broad and diverse domain with different forms 

of indigenous healing methods.  For instance, traditional African medicine (TAM), one of the 

oldest and most used TM, is a holistic approach comprising diverse TM disciplines, mainly 

divination, spiritualism, and herbalism. Herbalism or herbal medicine is the oldest and still the 

most widely used kind of medicine (3).  

1.2.  Quality control of herbal medicines 

1.2.1. General aspects  

Traditional medicine, particularly herbal medicines (HM), have been increasingly used 

worldwide in recent years. At the same time, the demand for safe and qualitative HM has 

become a major concern of health authorities, pharmaceutical industries and the public at large 

(4). According to WHO, HM include herbs, herbal materials, herbal preparations and finished 

herbal products, that contain as active ingredients parts of plants, other plant materials or 

combinations (1). Although HM are being used for the treatment of a number of diseases with 

promising efficacy, many of them remain untested and their use is either poorly monitored or 

not even monitored at all (5).  

Among consumers, there is a widespread misconception that “natural” always means “safe”, 

and a common belief that remedies from natural origin are harmless and carry no risk. However, 

some medicinal plants are inherently toxic. Further, as with all medicines, HM are expected to 
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have side effects, which may be of an adverse nature. Some adverse events reported in 

association with herbal products are attributable to problems of quality (6). The overall quality 

of a HM may be affected by many factors, including seasonal changes, harvesting time, 

cultivation sites, post-harvesting processing, adulterants or substitutes of raw materials, and 

procedures in extraction and preparation (7). Moreover, other major causes of such events are 

adulteration of herbal products with undeclared ingredients like potent pharmaceutical 

substances. Adverse events may also arise from the mistaken use of the wrong species of 

medicinal plants, incorrect dosing, errors in the use of HM both by health-care providers and 

consumers, interactions with other medicines, and use of products contaminated with 

potentially hazardous substances, such as toxic metals, pathogenic microorganisms and 

agrochemical residues such as pesticides, fumigants and residual solvents possibly sourced 

from polluted air, soil and water, during cultivation/growth and/or manufacturing process (1, 

4). As a result, WHO promotes the safe and effective use of TM by regulating, researching and 

integrating these products, practitioners and practice into health systems and conducting an 

extensive phytovigilance to ensure the surveillance of safe use of HM and to minimize harm 

from their misuse (1).  

According to the European Medicines Agency (EMA) guideline on quality of herbal medicinal 

products, for herbal substances and herbal preparations consisting of comminuted or powdered 

herbal substances, the grade of comminution has to be given. Furthermore, the following has to 

be indicated: 

(i) in the case of standardisation: the quantity of the herbal substance/preparation shall be given 

as a range corresponding to a defined quantity of constituents with known therapeutic activity; 

(iia) in the case of quantification: the quantity of the herbal substance/preparation shall be stated 

as a distinct content and the content of the quantified substance(s) shall be specified in a range 

and  

(iib) for all other cases: the quantity of the herbal substance or the quantity of the genuine herbal 

preparation shall be stated as a distinct content (8).  

1.2.2. Quality control methods for HM 

Quality control (QC) of articles of botanical origin is an important issue (9-14) as plant 

materials have been among the top consumed products throughout developed and developing 

countries as home remedies, over-the-counter drug products and raw materials for the 

pharmaceutical industry. They represent a substantial proportion of the global drug market and 
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so the demand for quality is also rising. To ensure the quality of medicinal plant products by 

using modern QC techniques and applying suitable standards, WHO developed a manual that 

describes a series of tests such as determination of foreign matter, macroscopic and microscopic 

examination, thin-layer chromatography, determination of ash, determination of water etc. for 

assessing the quality of medicinal plant materials (12). Besides, WHO (1999) also adopted a 

monograph for medicinal plants with focus on identity tests, purity tests and chemical assay (9). 

Furthermore, EMA details universal tests and acceptance criteria for herbal substances 

(including leaves, herbs, roots, flowers, seeds, bark, etc), herbal preparations (such as simple, 

comminuted plant material as well as extracts, tinctures, oils and resins) and herbal medicinal 

products. This is completed by the definition (a qualitative statement of the medicinal plant), 

characters (a qualitative statement about the organoleptic character(s)), identification (such as 

macroscopical and microscopical characters), tests for contaminants (such as inorganic 

impurities and microbial limits) and assay of active markers (8).  

For QC of HM, selecting a relevant analytical method, from the many available, is a crucial 

point that mainly depends on the set analytical goals (10). Moreover, according to EMA, 

universal tests such as foreign matter, total ash and water content should always be applied to 

herbal substances, while tests such as extractable matter, residual solvents, microbiological 

testing and swelling index may be skipped (8).  

Moisture content, total ash, and acid-insoluble ash contents in HM are important indicators for 

any contamination by external sources that must be considered during QC of HM. High 

moisture content is a sign for a poorly dried and/or stored product and the possibility of stability 

issues and microbial contamination. Besides, total ash content indicates whether a given herbal 

medicine is free of contamination by foreign materials while acid insoluble ash content signals 

any contamination of heavy metals from soil and sand during the course of production (11, 12). 

Total ash and loss on drying methods are among the commonly used QC tests mentioned in 

herbal monographs of the European Pharmacopoeia (13). Percentage loss on drying and ash 

content of the herbal samples are calculated using equations (1.1) and (1.2), respectively: 

% 𝑙𝑜𝑠𝑠 =  
𝑤𝑒𝑖𝑔ℎ𝑡  𝑏𝑒𝑓𝑜𝑟𝑒 𝑑𝑟𝑦𝑖𝑛𝑔 − 𝑤𝑒𝑖𝑔ℎ𝑡 𝑎𝑓𝑡𝑒𝑟 𝑑𝑟𝑦𝑖𝑛𝑔

𝑤𝑒𝑖𝑔ℎ𝑡 𝑏𝑒𝑓𝑜𝑟𝑒 𝑑𝑟𝑦𝑖𝑛𝑔 
 × 100                (1.1) 

 

% 𝑎𝑠ℎ =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑎𝑠ℎ

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
 × 100                                                                          (1.2) 
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1.2.3. Herbal marker compounds in QC of HM 

Traditionally, qualitative (e.g., identification and chromatographic profile) and quantitative 

(e.g., content analyses) markers are applied for QC purposes. As reviewed by Klein-Junior et 

al., quantification of one or a few markers (sometimes randomly selected) remains the main 

instrument for quality assurance of HM although multivariate techniques have also been 

regularly applied in the study of natural products, especially for qualitative purposes (14). 

EMA defines herbal markers as chemically defined constituents or groups of constituents of a 

herbal substance, a herbal preparation or a herbal medicinal product, which are of interest for 

control purposes regardless whether they have any therapeutic activity. Besides, according to 

the EMA herbal quality guidelines, when a herbal medicinal product contains herbal substances 

and/or herbal preparations with ‘constituents with known therapeutic activity’, then these 

constituents should be used for identification and quantification (15). From harvesting to 

manufacturing, chemical markers play a vital role in evaluating the quality of herbal medicines. 

Moreover, chemical markers are useful for authentication of genuine species and purity 

determination (7). 

According to the WHO, the criteria for the selection of reference substances and QC of HM 

should consider that various ingredients may have different levels of influence on the final 

quality, safety and efficacy of the medicine. As a result, the order of selection of the substances 

for identification and quantification should be: first, therapeutically active constituents should 

be used as markers. If this does not work and if constituent(s) with recognized pharmacological 

activity (activities) is (are) known, they should be used as markers. If the above two scenarios 

are not applicable, the identity and quantity of herbal materials, preparations and medicines 

may be established by the production process and by analysing marker substance(s) containing 

other characteristic constituent(s) (16). 

During quality evaluation, often liquid chromatography (LC) is used. After proper sample 

treatment, the content of bioactive compounds in the portion of sample taken should be 

determined using equation (1.3): 

 Content = (
𝐴𝑢 

𝐴𝑠
) ×  𝐶𝑠  × (

𝑉

𝑊
)                                         (1.3)     

Where the content is expressed in mg of analyte per g of sample, Au is the peak area for the 

respective bioactive marker compound from the sample solution, As is the peak area for the 
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respective bioactive marker from the standard solution, and Cs is the concentration of the 

respective bioactive marker in the standard solution (mg/mL) taking also into account the purity 

of the standard, while V represents the final volume (mL) of the sample solution and W the 

weight of sample taken to prepare the sample solution (g). Unknown peaks should be quantified 

by using one of the known compounds as standard. 

1.2.4. Chromatographic fingerprinting of HM  

A chemical fingerprint is a unique pattern that indicates the presence of multiple chemical 

markers within a sample (7). A chromatographic fingerprint of a HM is a chromatogram of an 

extract containing chemical components (whether pharmacologically active or not), which 

create a characteristic profile of the sample including raw materials, slices, semi-finished and 

finished products after appropriate processing (17). 

Compared to the use of one or two markers or pharmacologically active components in herbs 

or herbal mixtures, chemical fingerprinting gives a more complete picture of a herbal product 

as multiple constituents are usually responsible for its therapeutic effects. Nevertheless, the 

approach using only a few markers is currently often employed for evaluating the quality and 

authenticity of herbal medicines, in the identification of the single herb or HM preparations, 

and in assessing the quantitative herbal composition of a herbal product (18). 

1.2.5. Quantitative analysis of multi-components by a single marker for QC of HM 

Quantitative analysis of multi-components by a single marker (QAMS) is a method also known 

as the simultaneous determination of multiple components or as the use of a single marker to 

determine multi-components. It is becoming a popular method in QC of HM such as in Chinese 

herbal medicine (CHM). The reason for the development of QAMS is the scarcity and high cost 

of high-purity reference substances. So, quantification of multiple components based on 

individual standards in routine QC is not convenient. QAMS is a low-cost method using a single 

standard which is inexpensive and easy to purchase. QAMS allows to calculate the contents of 

multiple components versus the single marker component on condition that the response factor 

of each component versus the marker has been determined.  QAMS has been adopted by the 

United States Pharmacopeia (USP), European Pharmacopoeia (Ph. Eur.) and Chinese 

Pharmacopoeia (ChP) to build QC specifications of HM (19). Besides, QAMS has been 

accepted as a strategy for the quality assessment of HM and preparations by the US Food and 

Drug Administration, State Food and Drug Administration of China, and EMA (20). Although 
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the use of multiple reference standards for the simultaneous determination of multiple 

components in HM is a more scientific and reasonable approach than a single component 

method, its application is restricted due to the availability of affordable standards (21). By using 

a single marker, QAMS reduces the operating costs (19, 20). To properly validate the method, 

the content of the components measured by QAMS should be compared with results using 

multiple standards (21, 22).  

1.2.6. Chromatographic methods for QC of HMs 

In general, one could use chromatographic techniques to obtain a relatively complete picture of 

an HM to illustrate the so-called phytoequivalence. Several chromatographic techniques, such 

as high performance liquid chromatography (HPLC), gas chromatography (GC) and thin layer 

chromatography (TLC) are recommended for the purpose of QC of HM. They indicate 

appropriately the “chemical integrities” of the HM and can therefore be used for their 

authentication and identification (18).  

HPLC (Figure 1.1) is one of the most widely used techniques for QC of HM. Among its 

advantages are: the ability to provide high resolution of a wide variety of analytes present in 

HM, the versatility   due to the range of stationary phases available, as well as the possibility to 

couple to different detector types. This way, it may provide different levels of selectivity and 

sensitivity (14, 18). 

 

 

Figure 1.1: Schematic overview of HPLC system (23). 
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The HPLC system comprises a solvent reservoir, a high-pressure pump, a sample injector and 

a stationary phase or column – an important component, sometimes called “the heart of the 

HPLC system”. As per the review by Žuvela et al., based on the mode of separation, there are 

several types of chromatography such as normal-phase (NP), reversed phase (RP), size-

exclusion (SEC), ion-exchange (IC) and hydrophilic interaction liquid chromatography 

(HILIC). RP columns are the most widely used stationary phases, covering for more than 90% 

of all separations conducted in several sectors, mainly pharmaceutical, environmental, food 

industry, clinical, biomedical and life sciences, including natural products analysis. This is 

attributed to their versatility to (simultaneously) separate nonpolar and polar compounds. 

Moreover, the mobile phase contains relatively safe and easily accessible solvents, like 

(buffered) water and a water-miscible mobile phase organic modifier, such as methanol or 

acetonitrile (24). Hence, column selection is a crucial step of RP-HPLC method development 

as the chromatographic performance considerably depends on the chosen column. Monolithic 

columns have proven to be a good alternative to particle packed columns. The high porosity of 

monolithic columns (Figure 1.2) leads to high permeability and low flow resistance, which will 

enable faster separation with shorter analysis times compared to particle packed columns. 

Physically, monolithic columns have better organic solvent resistances and are more robust. 

Owing to the high flow rate possible, monoliths have also great potential for the clean-up and 

preparation of complex mixtures. Online extraction possibilities are another advantage of 

monoliths. When only a limited amount of sample is available, miniaturized monolithic 

columns can be used (25-28).  

Hence, due to the relatively short analysis time, monolithic columns are used in several areas, 

such as in the analysis of prohibited drugs and their metabolites, complex mixtures such as 

food, food additives, environmental pollutants, biological samples, enantiomeric analytes, 

proteomics, as well as in the purification and analysis of bioactive natural products of plant 

origin (25, 28-30). 
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Figure 1.2: Pictures of the porous structure of monolithic silica columns (A); the mesoporous 

structure of the silica skeleton (B); and the macropores or throughpores (C) (29). 

According to the size and function of their pores, monolithic columns are biporous. The macro- 

pores are responsible for the permeability of the monolith and allow LC separations at low 

pressures while the mesopores are filled with the “stagnant” mobile phase, in which the solute 

molecules migrate to access the active adsorption sites (28). According to the International 

Union of Pure and Applied Chemistry (IUPAC), mesopores range from 2 to 50 nm, with sub-2 

nm pores being classified as micropores, and pores larger than 50 nm to be macropores (31). 

The inner pores of the particles in the packed columns correspond to the mesopores in the 

monolithic columns (28). The presence of mesopores increases the total pore surface area and 

sample capacity of monolithic beds. The structure of monolithic media can be represented as a 

network of small mesopores, which are responsible for the retention and separation selectivity, 

interconnected by large flow-through pores, and this should lead to higher permeability (28, 

32).  

1.3.  QC of HM in Ethiopia 

In Ethiopia and in Africa in general, TM and in particular HM are still widely used besides 

modern medicines. According to a WHO report, over 80% of the Ethiopian population still rely 

on TM for a whole gamma of diseases (33-35). However, QC on this kind of products is rather 

limited or even absent. Herbal products are often promoted to the public as being “natural” and 

completely “safe” alternatives to conventional medicines. However, many herbs are potentially 

toxic and the arguments are often commercially misused to increase the trade. Safety, efficacy, 

and quality of herbal medicines can be compromised by physicochemical and biological factors 

during any of the production stages. Some are even adulterated with modern drugs (36).    
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Though the policy on Ethiopian TM gives enough recognition and research in this domain is 

encouraged, it lacks strong regulation and HM are being sold with medical claims. Regulatory 

requirements for manufacturing and safety assessments are only in their draft phase. Even to 

date, the Ethiopian government does not effectively regulate TM. They are not included in an 

essential medicines list nor is there a post-market surveillance system. There is no restriction 

on the sale and no monograph or national pharmacopoeia is available for HM in Ethiopia (1, 

37). Many medicinal plants are also used as food plants in Ethiopia. For instance, Moringa 

stenopetala is an important food plant and usually named as “cabbage tree” as its leaves are 

nutritionally rich and it appears leafy towards the end of the dry season when other green 

vegetables are scarce. As a result, it is often promoted as potential tree for food supply in case 

of shortage, cultivated as food crop and consumed in different types of food formulations (38).  

In general, HM are categorized as non-prescription medicines, self-medication or over-the-

counter medicines, which are mostly sold in outlets other than pharmacies (1). Aloes and 

Moringa stenopetala are among those extensively used medicinal plants and will be discussed 

more in detail in this thesis (39-41). 

1.4.  Moringa and Aloe based Ethiopian HM 

1.4.1. Aloe based Ethiopian herbal medicines 

Aloe, from the Asphodelaceae family, is a perennial succulent or xerophyte plant known for a 

wide spectrum of treatment in folk medicine, as ingredient of food and food supplements and 

cosmetics. Aloe vera (Aloe barbadensis Miller) and Aloe ferox (Aloe capensis) are the most 

studied and commercialized aloe species with established monographs (9, 13, 42). Aloe leaves 

(Figure 1.3) consist of two liquid materials, a bitter yellow latex composed of mainly 

anthraquinone compounds and a clear mucilaginous gel consisting of polysaccharides as 

principal components (43, 44). Mechanical extraction of the inner aloe leaf pulp yields a 70% 

mucilaginous gel mainly (99–99.5%) composed of water (44). 

Aloe is a commonly used plant in traditional Ethiopian medicine for an array of diseases. There 

are 46 Aloe species identified in Ethiopia, out of which 67% are endemics (45). The yellowish 

sap, aloe leaf latex, has been traditionally used to treat different diseases like malaria, 

inflammation, burn, wounds, and diabetes mellitus (39). Aloe gel is commonly used in 

cosmetics, as food (the fresh gel is eaten as source of water in extremely hot areas) and as 
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medicine to treat an array of diseases such as wound, skin inflammation, skin and hair 

infections, burn, pain, gall stone, gastric problem, infertility and dehydration (45). 

According to Yeshak et al., different in vivo and in vitro biological tests showed that the 

Ethiopian aloes possess antimicrobial, antioxidant, antileishmanial and antimalarial activities 

that justify the traditional claims. Upon bioassay guided fractionation and characterization 

studies, glycosylated anthrones were found to be the principal components of the species (46). 

 

 

Figure 1.3: Illustration of aloe plant and its leaf composition 



 
 

  

12 
 

Aloe latex also called Aloe juice is a dry opaque mass ranging from reddish black to brownish 

black to dark brown in colour, and yellowish brown to dark reddish brown when powdered. 

Moreover, the dried latex possesses a characteristic and disagreeable odour and somewhat sour, 

nauseating and very bitter taste. The principal bioactive components of aloe leaf latex are 

hydroxyanthracene derivatives, where aloin (barbaloin), 1,8-dihydroxyanthracene-C glycoside, 

is the main bioactive which constitutes up to 40% of the aloe leaf latex by dry weight bases. 

The powder or dried juice and preparations thereof are traditionally used for the treatment of 

constipation, seborrheic dermatitis, peptic ulcers, tuberculosis, and fungal infections, and for 

reduction of blood sugar (glucose) levels (9, 44). Aloe leaves juice is sometimes also used to 

refer to the whole leaf extract (44). 

However, an overdose or chronic exposure of Aloe juice has been reported to cause different 

toxicities and side effects including griping and severe diarrhea with consequent losses of fluid 

and electrolytes (mainly potassium) (9), acute eczema, contact urticaria, and dermatitis in 

individuals who applied aloe-derived ingredients topically (47). Besides, the International 

Agency for Research on Cancer (IARC) put the whole leaf extract of Aloe vera under Group 

2B as possibly carcinogenic to humans (44). Hence, for the treatment of short-term occasional 

constipation, the standard oral dose for adults and children over 10 years old is limited to  40–

110 mg (Curacao or Barbados Aloe) or 60–170 mg (Cape Aloe) of the dried juice, 

corresponding to 10–30 mg hydroxy anthracenes per day, or 0.1 g as a single dose in the evening 

(9) or as per EMA, the maximum daily dose recommended is 1 to 3 coated tablets containing 

27.5-35.0 mg dry extract (corresponding to 10-30 mg hydroxy-anthracene derivatives 

calculated as aloin) for  adults and children > 12 years of age (48). Besides, in Aloe-derived 

ingredients used in cosmetics, regardless of species, anthraquinone levels should not exceed 50 

ppm (49).  

Freshly prepared Aloe vera gel has been traditionally used as a natural remedy for burns, the 

treatment of acne, haemorrhoids, psoriasis, anaemia, glaucoma, peptic ulcer, tuberculosis, 

blindness, seborrhoeic dermatitis, and fungal infections. Aloe vera gel is reported to possess 

different pharmacological activities such as wound healing, anti-inflammatory, and anti-burn. 

Medicinal Aloe gel is defined as fresh gel or preparations containing 10–70% fresh gel (9). 

Moreover, Aloe vera gel is used as ingredient in health foods and beverages, and hydrating 

ingredient in cosmetics. For medicinal use of Aloe vera gel, 25 to 100 mL per day of a 4.5:1 gel 

concentrate is suggested as typical oral dose range in adults (44) or a total daily consumption 
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of Aloe vera of 2–8 fluid ounces (59–237 mL) of single strength leaf gel (50). For topical use, 

pure Aloe vera gel is often used liberally on the skin. Besides, Aloe vera may be safely used as 

a flavouring substance in food according to FDA regulations and classified as a List 3 substance 

(inerts of unknown toxicity) and as an inert ingredient of pesticide products as per The 

Environmental Protection Agency (EPA) (44). However, Aloe gel could be contaminated by 

the latex containing aloin during collection and production stages leading to different side 

effects. As a result, different organizations such as the International Aloe Science Council 

(IASC) set a maximum limit for leaf latex expressed as aloins. According to IASC, aloin A and 

B are limited to 10 ppm in aloe leaf preparations for oral consumption (50).  

Despite the wide medicinal values of aloes, different studies revealed an array of side effects 

and toxicities upon excessive use or chronic exposure to aloe preparations (47). Moreover, the 

synthesis and accumulation of phytochemicals in plants depend on several factors such as 

genetics, environmental conditions, harvest and processing operations, and storage factors (51) 

which result in variation in biological activities. 

1.4.2. Moringa based Ethiopian HM 

Moringa stenopetala (M. stenopetala) from the family of Moringaceae, is one of the 13 species 

that belong to the genus moringa. A genus that has been widely cultivated throughout Asia and 

Africa for its multiple uses (52). M. stenopetala, commonly called ‘African moringa’, is 

originating from the southern regions of Ethiopia and the northern part of Kenya (53).  

Moringa leaf preparations are widely used nowadays in tropical Africa as source of diet and 

medicine. In the Ethiopian and Kenyan traditional medicine, M. stenopetala leaves, both fresh 

and as dry powder, are extensively employed for the treatment of a range of illnesses such as 

diabetes, hypertension, stomach pain, malaria, leishmaniasis, leprosy, epilepsy, diarrhoea, 

asthma, colds (53) and flu (54) upon oral consumption of a boiled soup prepared from fresh 

leaves.  Moreover, M. stenopetala leaves were investigated and found to have various 

pharmacological activities such as antibacterial, antidiabetic, antioxidant, antimalarial, 

antihypertensive and anti-inflammatory (55). 

Phytochemical screening tests revealed that M. stenopetala leaves are reported to contain 

various bioactive phytoconstituents such as alkaloids, saponins, terpenoids, anthraquinones, 

flavonoids, polyphenols and phytosterols (56, 57), glucosinolates (58-60) and cyanogenic 

glucosides (61). Different bioactive compounds such as rutin, quercetin, chlorogenic acid (3-
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O-caffeoylquinic acid), neochlorogenic acid (5-O-caffeoylquinic acid), caffeic acid (58, 62, 

63), and glucomoringin (GMG) (58), are reported from the leaves of M. stenopetala. 

Although moringa leaf products are often promoted for their nutritional and medicinal values, 

different surveys (61, 64, 65) indicated an association between moringa leaf consumption and 

a negative effect on the thyroid function. Moreover, in vivo (mice and rat models) and in vitro 

studies (66-68) reported dose and time dependent liver and cellular toxicity of moringa leaf 

extract. Furthermore, as mentioned above, a cyanogenic glucoside was also encountered in M. 

stenopetala leaves although the amount was less than that expected to cause goitre. However, 

it may have a health risk in areas with high incidence of endemic goitre as an exacerbating 

factor if consumed for a long period of time (61).   

1.5.  Aim of the study 

Several people with chronic illness commonly use HM as an alternative to modern drugs. Due 

to increased consumer usage and media promotion, expectations by the public have been 

enlarged, leading to a more stringent demand for quality. It is not easy to have an overview of 

the total size of problems since those are not always reported, but it is known among users that 

safety and quality issues arise rather frequently. For this reason, QC needs to be carried out 

according to established principles. Moreover, it is also important that the government imposes 

certain quality demands, based on scientific results.  

Hence, this project was aimed to evaluate the quality of aloe and moringa leaves based herbal 

medicinal preparations sourced from different species and areas following general QC tests for 

HM such as loss on drying, ash content, and pH. Moreover, fast and easily applicable HPLC-

UV methods were developed and validated to determine bioactive marker compounds therein. 

The use of monolithic columns has been explored. It is also important that these methods can 

be easily executed in Ethiopian QC laboratories. This way, the study will contribute to the 

general health and well-being of the people in Ethiopia and at large in Africa. Moreover, since 

well trained personnel is scarce and resources are limited, tests should be rather simple and 

relatively cheap. So, techniques like for example ultra HPLC combined with mass spectrometry 

for routine analysis should be avoided.  
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Abstract  

Aloe leaf latex is a commonly used plant preparation in traditional medicine. However, quality 

control on the content of medicinally important constituents is often limited. Hence, 

establishing a reliable quality control method to identify and quantify bioactive markers is 

important to ensure safety and efficacy.  

In the present study, a novel liquid chromatographic (LC) method was developed and validated 

for efficient analysis of bioactive markers to evaluate the quality of aloe leaf latex. 

Quantification of marker compounds was possible in only 7 min on a monolithic column using 

gradient elution with 0.1% formic acid in acetonitrile and water as mobile phases. The major 

compounds (aloins A and B) could be baseline separated together with related compounds 

within 10 min. The method showed excellent linearity with determination coefficients (r2) of 

0.9999. Detection limits were 0.017 and 0.013 μg/mL, while quantification limits were 0.057 

and 0.043 μg/mL for aloin A and aloin B, respectively. Relative standard deviation (RSD) 

values for intra- and inter-day precision were less than 2% and recoveries for both aloins were 

close to 100%. The robustness was evaluated using an experimental design. The method was 

applied to some aloe leaf latex samples from Ethiopia. Aloin contents varied from 14 to 35% 

and two unknown peaks were tentatively identified as aloinoside and microdontin. 

 

 

Keywords: Liquid chromatography, Method validation, Aloe, Leaf latex, Aloin 
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2.1  Introduction 

The genus Aloe (A.), which comprises more than 500 species (1), is used as a traditional 

medicine for treatment of different diseases and as ingredient of food products and cosmetics 

(2). Aloin, the main anthraquinone-C glycoside found in a variety of aloe species, has been 

reported to constitute up to 40% of the aloe leaf exudates (3). Aloin occurs naturally as a mixture 

of two diastereoisomers termed as aloin A (barbaloin) (10S) and aloin B (isobarbaloin) (10R) 

(Figure 2.1) (3, 4). Due to its large amount in aloe species and multiple pharmacological 

properties, aloin is used as a marker compound to evaluate the occurrence of aloe in food, drinks 

and drugs (5, 6). 

 

Figure 2.1. Chemical structure of aloin A (1) and aloin B (2) 

Aloe is a commonly used plant in traditional medicine for a range of diseases. The inner sap, 

aloe leaf latex, has been traditionally used to treat different diseases like malaria, inflammation, 

burn, wounds and diabetes mellitus (7). However, different studies revealed an array of side 

effects and toxicities of leaf latex upon excessive use or chronic exposure (8). Due to this 

reason, different pharmacopoeias stipulated analytical methods for the detection and 

quantification of aloins and set limits in aloe based preparations. According to the United States 

Pharmacopeia (USP) (9), medicinal A. vera contains not less than 16% of aloin, while the 

European Pharmacopoeia (Ph. Eur.) (10) describes not less than 28% and 18% of 

hydroxyanthracene derivatives (expressed as aloin) in the dried juice of the leaves of A. 

barbadensis and A. capensis, respectively.  
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Only a few LC–UV methods and spectrophotometric methods have been described for the 

analysis of aloin and related compounds in raw and finished aloe-based products. The USP (9) 

uses an LC method for the assay of aloin in aloe leaf latex while the Ph. Eur. (10) prescribes 

spectrophotometry. However, the LC method of the USP with isocratic elution was not able to 

separate well aloin A from its epimer aloin B and from other related compounds. On the other 

hand, the spectrophotometric method described in the Ph. Eur. was found to be time consuming 

as it requires several sample preparation steps. Moreover, the method is not specific to aloins 

A and B as it quantifies total hydroxyanthracene derivatives.   

Reducing the overall analysis time is good practice nowadays, but this is not evident in 

phytochemical studies seen the complex nature of plant extracts (11). In this framework, 

Azaroual et al. (5) compared three reversed phase chromatographic methods using a 

conventional particulate column (150 mm × 3 mm, 5 µm), a monolithic type (100 mm × 4.6 

mm) and an ultra HPLC column (100 mm × 2.1 mm, 1.7 µm). The analysis times on the latter 

two columns were 5 and 10 times shorter respectively, compared to the first one with a total 

run time of over 40 min. In the present study, preference has been given to monolithic columns 

since they can be operated at high flow rates while maintaining high efficiency and low 

backpressure. As a result, they are compatible with classical LC systems (12, 13). 

Unfortunately, poor separation of aloins, low sensitivity (limit of detection (LOD) = 10 mg/L 

and limit of quantification (LOQ) = 33.2 mg/L), as well as considerable baseline drift were 

observed when we applied the method described by Azaroual et al. (5).  

Besides, most papers about the analysis of aloins did not report which aloin diastereoisomer 

they considered, took the sum or only one (mostly aloin A) into account. Possible differences 

in bio-activities and kinetics between aloins A and B were neglected. This is partially due to 

the lack of proper separation methods (14). 

In this work, it was the intention to develop and validate an LC-UV method that is able to 

separate well aloins A and B and related anthrones in a fast way without the need of ultra HPLC 

equipment or complicated sample pretreatment. So, the method should be easily applicable in 

low income countries like Ethiopia, where aloe leaf latex is commonly used, but barely 

controlled for the moment due to the absence of a suitable analytical method.   
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2.2  Materials and methods 

2.2.1 Materials 

Aloe (locally known as “ere”) leaf latex was collected from six aloe species, A. elegans Todaro, 

A. adigratana Reynolds, A. percrassa Todaro, A. megalacantha Baker, A. macrocarpa Todaro, 

and A. monticola Reynolds in 2019 from Tigray region, Ethiopia. Aloin reference standard 

(97%) was obtained from Alfa Aesar (Thermo Fisher Scientific, Karlsruhe, Germany). HPLC 

grade acetonitrile (ACN), methanol (MeOH), and formic acid (99.9%) were procured from 

Acros Organics (Geel, Belgium). A Milli-Q water purification system obtained from Millipore 

(Bedford, MA, USA) was used to further purify demineralized water.  

2.2.2 Methods 

2.2.2.1 Plant material extraction 

The yellowish sap was collected in situ by cutting cleaned leaves using a knife transversely near 

the bottom part and allowing to drain the exudates into plastic containers. The latex was then 

allowed to dry at room temperature for three days. Dried samples were powdered using mortar 

and pestle and stored in sealed amber colored bottles at 4 to 8 °C.  

2.2.2.2 Preparation of sample and reference solutions 

Accurately weighed powder (0.1 g) of each tested sample was transferred into a 100 mL 

volumetric flask, mixed with 50 mL methanol – water (50:50, v/v) and then sonicated (Branson 

ultrasonic, Danbury, CT, USA) for 10 min. After cooling to room temperature, the extraction 

solution was adjusted to volume using the same solvent mixture. Next, an aliquot of the sample 

solution was filtered through a 0.45 μm Chromafil® Xtra membrane filter (Düren, Germany) 

before analysis to remove particulates that can clog the chromatographic system, and discarding 

the first few mL of the filtrate to avoid any loss of the analyte due to adsorption to the filter 

membrane. A standard stock solution (1 mg/mL) was prepared by dissolving aloin standard in 

methanol – water (50:50, v/v). Moreover, the effect of filtration as sample pretreatment was 

investigated by comparing the peak areas of filtered with those of unfiltered standard solution. 

Working solutions were prepared by diluting the standard solution with the same solvent 

mixture immediately before chromatographic analyses. All test and standard solutions were 

stored in amber glass containers at -20 °C. 

 

  

 



 
 

  

28 
 

 

2.2.2.3 Instrumentation and chromatographic conditions  

LC analyses were performed on a Merck-Hitachi apparatus (Darmstadt, Germany) equipped 

with an intelligent pump (L-6200), autosampler (L-2200) and UV/VIS detector (L-2400). For 

data processing and acquisition, Chromeleon software version 6.70 from Dionex (Sunnyvale, 

CA, USA) was used. Chromatographic separations were achieved on a Chromolith performance 

RP-18e (100 mm × 3 mm, i.d.) column from Merck (Darmstadt, Germany). A Julabo EM 

immersion thermostat (Seelbach, Germany) was used to keep the water bath of the column at 

35 °C. The mobile phase was a gradient mixture of mobile phase A (0.1% formic acid in water) 

and B (0.1% formic acid in acetonitrile) pumped at a flow rate of 0.8 mL min-1. The gradient 

program (time (min), % B) was set as (0, 20), (2, 20), (5, 60), (7, 60), followed by a few minutes 

equilibration time to return to the initial conditions. The injection volume was 5 μL. 

Quantification was performed at a detection wavelength of 295 nm using the external standard 

method. 

2.2.2.4 Method validation 

The developed method was validated for its selectivity, sensitivity, linearity, precision, 

accuracy and robustness based on the ICH guidelines (15). 

2.2.2.4.1 Selectivity  

Selectivity of the developed method was examined for the separation of aloin A and aloin B 

from each other by comparing chromatograms of standard solution of aloin, aloe samples and 

the blank solvent consisting of methanol – water (50:50, v/v). 

2.2.2.4.2 Calibration curve, limits of detection and quantification 

The calibration curve for the quantification of aloin A, aloin B and the sum of aloins A and B 

in the studied aloe samples was established by diluting aloin standard solution. Twelve 

concentrations of standard solution ranging from the LOQ to 125% (1 mg/mL = 100%) were 

analyzed in triplicate. The calibration curve was represented by the equation y = ax + b, where 

y represents the peak area (mAU*min) and x the corresponding concentration (mg/mL) of the 

compound. The LOD and LOQ were determined at a signal-to-noise ratio (S/N) of 3 and 10, 

respectively.  

2.2.2.4.3 Precision  

Precision of the developed method was evaluated by the intra- and inter-day variations 

expressed as %RSD of peak areas for six repetitive injections of a sample solution with a 

concentration of 1 mg/mL (100%). For the intra-day precision, injections were made on the 
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same day. The inter-day precision of the method was evaluated from 18 injections of the same 

sample solution for three consecutive days, where results of the third day were obtained by a 

different analyst.   

2.2.2.4.4 Accuracy  

Accuracy, expressed as recovery of the developed method, was determined by adding four 

different concentration levels (80, 160, 240 and 320 µg/mL) of standard solution to a test 

sample. Samples were analyzed in triplicate at each level. The percent recoveries were 

calculated using equation (2.1): 

 

Recovery (%)  =
total amount after spiking−amount original

amount spiked
 × 100  (2.1)  

 

2.2.2.4.5 Robustness 

A robustness study was performed by means of an experimental design and multivariate 

analysis. In this study, three chromatographic factors (column temperature, concentration of 

formic acid in mobile phases A and B, and percentage of acetonitrile in the initial gradient step) 

were investigated. 

A two-level full factorial design was applied so that the number of runs is equal to 2k + n, where 

k is the number of factors and n is the number of times that the center point is repeated. Here, 

11 experiments, including 3 at the center point (nominal value), were performed. The lower and 

higher values for each factor in the design are given in Table 2.1. The mathematical relationship 

between a response y and the experimental variables xi, xj, ... can be represented as first order 

equation (2.2): 

 y = β0 + βixi + βjxj + βijxixj + … + E     (2.2) 

Where the letters β represent the regression coefficients and E is the overall experimental error. 

The linear coefficients βi and βj describe the quantitative effect of the experimental variables in 

the model while the cross coefficient, βij, measures the interaction effect between the variables 

xi and xj. As responses, the peak areas of aloins A and B as well as the resolution (Rs) between 

them were selected.  
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Table 2.1: Chromatographic parameter settings applied in the experimental design of the 

robustness study.  

Parameter  Low value (−) Central value 

(0) 

High value (+) 

Column temperature (°C) 33 35 37 

% Formic acid in mobile phase  0.09 0.1 0.11 

% Acetonitrile in initial gradient 

step  

19 20 21 

 

2.2.2.5 Quantification of aloin in aloe samples 

The percentage of aloin in the portion of aloe taken was determined using equation (2.3): 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑎𝑙𝑜𝑖𝑛 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 = (
𝐴𝑢

𝐴𝑠
) × 𝐶𝑠 × (

𝑉

𝑊
) × 100                    (2.3) 

Where Au is the peak area for aloin from the sample solution, As is the peak area for aloin from 

the standard solution, and Cs is the concentration of aloin in the standard solution (mg/mL) 

taking also into account the purity of the standard, while V and W represent the final volume 

(mL) of the sample solution, and the weight of aloe taken to prepare the sample solution (mg), 

respectively.  

2.2.2.6  MS characterization  

Identification of aloins in all species was achieved by comparison of retention times of aloin A 

and aloin B with the reference standard using LC. Additionally, MS analyses were performed 

on an Esquire 3000plus ion trap (Bruker Daltonics GmbH, Bremen, Germany) equipped with an 

electrospray ionization (ESI) source. Esquire control and Bruker compass version 1.3 software 

were used to control the equipment and for data analysis, respectively. MS experiments were 

performed with the ESI source operated in negative ion mode, using a capillary voltage of 4.0 

kV, end plate voltage of −500 V and nebulizing gas at 8.0 psi. Nitrogen gas was pumped into 

the ion source at a flow rate of 6 L/min and the dry gas temperature was set at 300 °C. The 

effluent from LC-UV corresponding to unknown peaks was collected and injected into the MS 

using a Hamilton 0.5 mL syringe (Reno, NV, USA). The syringe flow rate was set at 0.5 mL/h. 
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2.3  Results and discussion 

2.3.1 Aloe leaf collection and extraction  

To minimize contamination, sample leaves were cleaned, and the dried latexes collected from 

the leaves were stored in well-closed amber colored bottles. To assess the effect of extraction 

time on the extraction efficiency of the marker compounds, the leaf latex was treated with 

methanol – water (50:50, v/v) for 10, 20, 30 and 60 min. Results have shown that the marker 

compounds (aloins) were extracted within 10 min. A sonication time longer than 10 min did 

not significantly increase the quantity of aloins in the extracts. This was shorter than reported 

by Wu et al. (16) and Li et al. (17), where the sonication time was 30 and 45 min respectively, 

but in agreement with Azaroual et al. (5). As a result, test solutions were prepared by ultrasonic 

extraction with 50% methanol for 10 min.    

2.3.2 Development and optimization of the LC method 

To establish optimal and reliable chromatographic conditions for the separation of the targeted 

compounds, the effects caused by different mobile phase compositions, column dimensions, 

column temperature and detection wavelength were examined. In order to obtain fast separation 

with limited back pressure, Chromolith performance RP18e columns (100 mm × 4.6 mm i.d. 

and 100 × 3 mm i.d.) were evaluated. Both columns yielded comparable retention times. The 3 

mm column was selected for further study because of its higher peak response and lower mobile 

phase consumption which is interesting from an economic and ecological point of view. Next, 

different mobile phase compositions, flow rates and elution modes (i.e., isocratic and gradient) 

were investigated. It was found that the peak shape and separation efficiency of aloins and 

related compounds could be improved considerably using gradient elution. Good separation of 

aloins and related compounds was obtained using a gradient mixture of mobile phases A (0.1% 

formic acid in water) and B (0.1% formic acid in acetonitrile) pumped at a flow rate of 0.8 

mL/min. The gradient program (time, % B) was set as (0, 20), (2, 20), (5, 60), (7, 60), followed 

by a return to 80% of mobile phase A. Formic acid at a concentration of 0.1% (v/v) was added 

to improve the peak shape of the analytes. The effect of column temperatures (25, 30, 35 and 

40 °C) on the separation process was assessed too. It was found that at 35 °C, aloins and other 

peaks in the chromatogram were better separated. Samples monitored at 295 nm revealed a 

higher and more stable UV absorbance for aloins compared to 270 and 350 nm. Therefore, a 

wavelength of 295 nm was selected for detection of the studied anthrones. Stability of standard 

and sample solutions in the autosampler (kept at 5 °C) was checked at different time intervals: 
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0, 3, 6, 9, 12, 15, 18, 24 and 48 h after preparation. Results revealed that both solutions were 

stable over 48 h. Moreover, standard and sample solutions were found to be stable for at least 

a month in the freezer (-20 °C) and for 12 h at room temperature. Mean peak areas of filtered 

and unfiltered solutions were compared using a t-test and the difference was found to be 

statistically not significant.   

2.3.3 Chromatographic fingerprints of the leaf latex of aloe species  

Using the chromatogram of aloin standard, the peaks corresponding to aloins A and B in the 

test solution were identified. Moreover, MS based identification of the selected peaks was 

performed. The optimized LC method with UV detection was used for the separation, 

identification and simultaneous quantification of aloins and related compounds contained in the 

studied aloe leaf latex (Figure 2.2). 

 

Figure 2.2: Chromatographic fingerprints of aloin standard and plant samples; S: Aloin 

standard, A1: A. elegans, A2: A. macrocarpa, A3: A. monticola, A4: A. percrassa, A5: A. 

adigratana, A6: A. megalacantha, 1: aloin B, 2: aloin A, 3: unknown 1, 4: unknown 2. Peaks 

3 and 4 could later be characterized by MS as aloinoside and microdontin, respectively. 
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2.3.4 Method validation  

2.3.4.1 Selectivity  

An overlay of chromatograms of blank, standard solution of aloin and test sample showed no 

interfering peaks at the retention times of aloin. The peaks corresponding to aloins A and B 

were baseline separated. 

2.3.4.2 Calibration curve, LOD and LOQ 

Linearity of the detector response was examined using linear regression of the peak areas versus 

analyte concentrations. The residuals were randomly distributed around the horizontal zero axis 

suggesting that the linear model gives a good fit of the data (Table 2.2). Moreover, the 95% 

confidence interval of the intercepts included zero so that the intercepts are statistically not 

significant (18). Sensitivity of the method was evaluated based on the LOD and LOQ. The LOD 

values were 0.017 and 0.013 μg/mL, while the LOQ values were 0.057 and 0.043 μg/mL for 

aloin A and aloin B, respectively. The values indicate that the method is sensitive and enables 

to quantify small amounts of aloins in aloe samples.  

 

Table 2.2: Regression analysis for aloin A, aloin B and the sum of aloins A and B. 

Analyte  Range (mg/mL) Regression equation r2 Sy,x 

Aloin A 0.057 10-3 – 0.71 y = 107.19 x + 0.0034 0.9999 0.29 

Aloin B 0.043 10-3 – 0.54 y = 105.88 x - 0.0291 0.9999 0.25 

Aloins A+B 0.10 10-3 – 1.25 y = 106.63 x - 0.0258 0.9999 0.54 

 Sy,x: standard error of estimate; y: peak area (mAU*min); x: concentration (mg/mL); r²: 

determination coefficient 

2.3.4.3  Precision  

Precision of the developed method was evaluated for intra- and inter-day variations as %RSD 

on the peak areas (18). Results obtained are summarized in Table 2.3. The %RSD values for 

the intra-day (n = 6) and inter-day (n = 18) precision were found to be lower than 2.0%. The 

low RSD values of the peak areas indicate the good precision of the method.  
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Table 2.3: Results of intermediate precision determinations for peak areas of aloin A, aloin B 

and their sum, expressed as %RSD (n = 6). 

Day  Aloin A Aloin B Aloins A+B 

Day 1 1.4 1.8 1.4 

Day 2 1.5 1.7 1.5 

Day 3 0.9 1.8 0.8 

Day 1–3 1.3 1.9 1.3 

 

2.3.4.4  Accuracy 

Accuracy was determined as percent recovery of the known added amount of standard to the 

sample. It was checked for aloin A, aloin B, as well as the sum of aloins A and B, at four 

different concentration levels (80, 160, 240 and 320 µg/mL). The percent recovery values 

ranged from 98.8% to 101.6% with a mean recovery of 100.2%. This indicates that the marker 

compounds could be recovered completely from the plant leaf latex.  

2.3.4.5  Robustness study  

Variations in LC operating conditions were made deliberately to demonstrate the robustness of 

the method. The effect of small changes in the chromatographic parameters on the results was 

investigated by means of an experimental design using R software (version 3.6.3) from R Studio 

(Boston, MA, USA). The different chromatographic parameter settings in the design and the 

factors investigated were described in Table 2.1. The results are shown in Figure 2.3 where 

each bar indicates the 95% confidence interval of the regression coefficient corresponding to 

the respective variable. It can be drawn from Fig. 2.3 that the change of individual variables 

within the investigated ranges has no significant effect on the responses as most intervals 

include zero, except for the percentage of acetonitrile in the initial gradient step. The latter has 

a significant negative effect on Rs (Figure 2.3(a)), which means that the resolution between the 

peaks of aloins A and B will decrease by increasing the amount of acetonitrile, and vice versa. 

Concerning interactions between two variables, no significant effect was observed as all 

intervals included zero except for the interaction between acetonitrile and formic acid which 

resulted in a significant effect on Rs (Figure 2.3(a)). However, it can be derived from the 

response surface plot illustrating the response as a function of the amount of acetonitrile and 
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formic acid (Figure 2.4), that under the examined conditions, the resolution between aloins A 

and B is always above 2.4. This means that small variations in the chosen chromatographic 

conditions will not have a deleterious effect on the resolution between aloins A and B.  

 

Figure 2.3: Regression coefficient plots obtained from the robustness study for (a) Rs: 

resolution between aloins A and B; (b) peak area as sum of peak areas of aloins A and B. Temp 

stands for column temperature, ACN for acetonitrile and FA for formic acid. 
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Since quantification is based on the peak areas, it is good that none of the factors examined was 

found to have an influence on the peak areas (Figure 2.3(b)). Therefore, the developed method 

is considered as robust in the examined domain of these three variables. 

 

Figure 2.4: Response surface plot showing the influence of percentage of acetonitrile (ACN) 

and percentage of formic acid (FA) on Rs. Other parameters were kept constant at their central 

value. 

2.3.5 Quantification of aloin in aloe samples 

The developed LC method with UV detection was successfully applied for the quantification 

of aloins A and B in crude aloe leaf latex samples from the Tigray region in Ethiopia. From the 

results summarized in Table 2.4, it can be concluded that most samples contain around 30% 

(300 mg/g) of aloins, except A. monticola with only 14%. The minimum acceptance limit of 

aloins in aloe samples for medicinal purposes is generally accepted to be 16%, as also specified 

in the USP (9) for A. vera. Regarding the various encountered amounts of aloin in samples and 

the absence of an upper acceptance limit, it is advisable to calculate the dose of leaf latex to be 

processed in pharmaceutical formulations based on the aloin content. Unfortunately, this is not 

always common practice nowadays while high amounts of aloins can lead to unwanted side 

effects.  
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Table 2.4: Quantification results (n = 3) of aloins in the aloe samples. 

Sample name Aloin A  

mg/g (%RSD) 

Aloin B  

mg/g (%RSD) 

Aloins A+B 

mg/g 

(%RSD) 

Aloins A+B   

% 

ratio of  

aloin A/B 

A. elegans  284 (1.0) 51 (1.2) 335 (1.0) 33.5 5.6 

A. macrocarpa  315 (0.7) 34 (0.9) 349 (0.7) 34.9 9.3  

A. monticola 63 (1.4) 77 (1.6) 140 (1.3) 14.0 0.8  

A. percrassa  244 (1.5) 30 (0.7) 274 (1.3) 27.4 8.1 

A. adigratana  241 (1.2) 42 (0.9) 283 (1.1) 28.3 5.7 

A. megalacantha  279 (0.4) 49 (0.3) 328 (0.4) 32.8 5.7 

 

Viljoen et al. (19) reported that the two aloin isomers are usually found in a quantitative 

imbalance with less aloin B than aloin A. A similar finding was reported by Wu et al. (16) who 

wrote that aloin A was found to represent the largest portion of anthrones in A. barbadensis. 

The same trend was observed in the present study, except for the leaf latex of A. monticola, 

which showed a different profile.  

The quantity of a chemical marker is an indicator of the quality of a given herbal medicine (17). 

However, the types and levels of the chemical components present in the medicinal plants can 

vary depending on the geographical source or origin of the plants (20, 21). The Tigray region 

covers an area of over 50 000 km² with altitudes between 600 and 2500 m, with A. monticola 

collected from the higher areas. It has also been described that extracts of different species of 

the same genus can have a different composition (22), and plants of the same species occurring 

in different environmental conditions may differ significantly in their content of secondary 

metabolites (21). The variation on the content of aloins in the studied aloe species may be 

attributed to one or more of the factors mentioned above.  

2.3.6 MS characterization of unknown compounds  

MS analysis was performed in order to obtain structural information of unknown compounds 

corresponding to peaks 3 and 4 in Figure 2.2. The MS spectra of aloins A and B (corresponding 

to peaks 2 and 1 respectively in Figure 2.2) were used as interpretative templates.   
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The ESI-MS spectrum of Peak 1 (tr = 2.4 min) and peak 2 (tr = 3.0 min) showed a deprotonated 

molecule [M − H]– with a mass-to-charge ratio (m/z) of 417. Their MS/MS spectra gave rise to 

fragment ions at m/z 297 (= [M − H – 120]−) indicating the loss of C4H8O4 and m/z 268 (= [M 

− H – 120 – 29]−) as the result from an additional loss of CHO through the sugar moiety. These 

findings were in agreement with previously reported data for aloins A and B by Wu et al. (16) 

and Zhong et al. (23), who reported cleavages between C-1'/O and C-2'/C-3' as a characteristic 

fragmentation for C-glycosides (Figure 2.5A). 

The mass spectra of peak 3 (unknown 1, tr = 4.5 min) obtained in negative ion mode revealed a 

deprotonated molecule [M – H] − at m/z 563, indicating a relative molecular mass of 564. A 

fragment thereof was observed at m/z 443 (= [M – H – 120]−) indicating the loss of C4H8O4. 

Further fragmentation of the [M – H – 120]– ion resulted in the formation of ions with m/z 425 

(= [M – H – 120 – 18]−), m/z 251 (= [M – H – 120 – 164 – 28]−) and m/z 278 (= [M – H – 120 

– 165]−) (Figure 2.5B). The first could be formed by loss of an additional water molecule (18 

u). The second could be produced by loss of the rhamnosyl moiety (C6H12O5 = 164 u) and a 

carbonyl group (28 u). The loss of 164 Da for rhamnose was attributed to bond breaking at the 

O-glycosidic linkage. The third ion is probably also related to the combined loss of the 

rhamnosyl moiety (147 u), and water molecule (18 u) although there is a difference of 1 u.  

Similar MS data (including the ion with m/z 278) were reported by Wu et al. (16), so that this 

compound was analogously characterized as aloinoside. Peak 3 was present in all of the 

analyzed samples except in the leaf latex of A. monticola (Table 2.5). 
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Table 2.5: Content (n = 3) of unknown 1 and unknown 2 (corresponding to peaks 3 and 4 

respectively in the chromatogram of Figure 2.2) in the aloe samples expressed as aloin. 

Sample name unknown 1 

mg/g (%RSD) 

unknown 2 

mg/g (%RSD)  

unknown 1 

(%)  

unknown 2 

(%) 

A. elegans  132.0 (0.9) 242.0 (1.7) 13.2 24.2 

A. macrocarpa  120.0 (0.8) 141.0 (1.1) 12.0 14.1 

A. monticola ND 114.0 (1.0) ND 11.4 

A. percrassa  132.0 (1.2) 234.0 (0.3) 13.2 23.4 

A. adigratana  124.0 (0.8) 58.0 (1.9) 12.4 5.8 

A. megalacantha  116.0 (0.3) 203.0 (1.0) 11.6 20.3 

ND: Not detected  

Peak 4 (unknown 2, tr = 5.7 min), which was detected in all species investigated (Table 2.5), 

revealed a deprotonated molecule [M – H]– at m/z 563. MS/MS analysis showed fragment ions 

at m/z 399 (= [M – H – 164]–) produced by loss of a p–coumaroyl unit. In addition, a fragment 

ion at m/z 297 (= [M – H – 266]–) was observed. This could be due to the loss of a C13H14O6 

unit containing the p–coumaroyl group produced by a cross-ring cleavage in the hexosidic part 

between C-1'/O and C-2'/C-3' (Figure 2.5C). These mass data were comparable with those 

reported by Zhong et al. (23) for microdontin. So, peak 4 was tentatively identified as 

microdontin.  
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Figure 2.5: Schematic representation of the fragmentation of (A) aloin A/B, (B) unknown 1 

eluted as peak 3 and (C) unknown 2 eluted as peak 4 in Figure 2.2 and their proposed structures.  

These findings are in accordance with a paper of Viljoen et al. (19) on the taxonomic 

distribution of anthrones in Aloe, where different aloe species (including A. elegans and A. 

megalacantha) collected from Ethiopia were found to contain aloin, aloinoside and 

microdontin. Those compounds are considered among the major bioactive ingredients which 

were found to possess multiple pharmacological activities such as in vivo anti-inflammatory 

(24), antimalarial (25, 26), anti-constipation (27, 28) and in vitro antimicrobial activities (29). 
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Hence, it makes sense to consider these anthrones as characteristic components during quality 

control of aloe preparations.  

2.4  Conclusion 

The newly developed LC–UV method was able to quickly separate and quantify the 

pharmacologically active constituents (aloin, aloinoside and microdontin) in the leaf latex of 

aloe species. Hence, it can be applied to monitor quality consistency of different aloe species 

that are potentially used for commercialisation and for incorporation in aloe based medicinal, 

nutraceutical and cosmetic preparations. Moreover, the method does not require complicated 

sample pretreatment and it can be executed using a conventional LC apparatus, making it 

affordable for low income countries so that they can easily control their harvested aloe leaf 

latex. 
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Abstract  

Some easily applicable analytical methods were explored to evaluate the quality of personal 

care products containing aloe leaf gel. Aloins should be absent in these products in view of their 

side effects. To check this, liquid chromatography (LC) was applied. The LC method used a 

C18 monolithic column combined with gradient elution and ultraviolet (UV) detection. The 

mobile phase consisted of a mixture of 0.1% formic acid in water (A) and 0.1% formic acid in 

acetonitrile (B). The method was validated with respect to specificity, linearity, precision, and 

accuracy. Next, it was practically applied for the analysis of commercial samples. The results 

indicated that aloins were detected in 25% of the analysed commercial samples. In addition, the 

pH and moisture content were determined. It turned out that 42% of the test samples were found 

to be in the basic pH range and 33% of them contained excessive moisture. 

 

Keywords: control of aloins; quality evaluation; liquid chromatography   
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3.1. Introduction  

Aloe vera gel may be used as emollient and moisturizer in cosmetics and personal care products 

in concentrations which vary widely from less than 0.1% up to 20%. High quality gel is opaque, 

slightly off white in color, and viscous (1). However, during its production stage, the gel could 

be contaminated by the latex, which contains aloin, an anthraquinone-C glycoside. It can be 

prevented from entering the production process if the outer layers of the Aloe leaves, containing 

the highest quantities of aloin, are discarded before extracting the gel (2). Aloin occurs naturally 

as a mixture of two diastereoisomers termed as aloin A (barbaloin) and aloin B (isobarbaloin) 

(3, 4). Aloin has been reported to cause an array of side effects and toxicities upon excess use 

or chronic exposure (5) including acute eczema, contact urticaria, and dermatitis in individuals 

who applied aloe-derived ingredients topically (6).  

Anthraquinone rich Aloe vera extracts may appear yellow to yellowish green in color. Although 

they may function as absorbers of ultraviolet radiation in sunscreens, most of the manufacturers 

of Aloe vera gel for cosmetic use take care to supply a product containing not more than 50 

ppm of anthraquinones. This maximum level is also demanded in a safety assessment of the 

cosmetic industry (1). So, in Aloe-derived ingredients used in cosmetics, regardless of species, 

anthraquinone levels should not exceed 50 ppm (6). As part of the quality control of commercial 

Aloe vera gel products for cosmetic use, it should be checked whether the aloin content is not 

exceeded (1). To realise this, a validated and reliable analytical method is essential. 

Cosmetics containing Aloe vera gel are very common in several countries, among others the 

Ethiopian population. As these products have no medical indication, they are used without 

passing through strict safety evaluations or laboratory assessments. In view of the possible 

presence of aloin, this may possibly lead to unsafe cosmetic products which could pose public 

health risks to the consumers (7). In a cross-sectional study on utilization of cosmetics among 

university students and residents in Ethiopia, allergic reactions, acne, brittleness, breakage/loss 

of hair, sore on skin and face etc. have been reported (8, 9, 10). These adverse effects were 

found to be highly associated with traditional herbal cosmetics, often bought from local shops 

and supermarkets. 

Similarly, traditional medicine practitioners, pharmacists and druggists mentioned similar cases 

of adverse effects from their clients upon using cosmetics made from Aloe vera which are 
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among the top herbal preparations for topical use. These products from natural origin are often 

promoted as safe alternatives to treat a number of dermal problems.  

To carry out quality control of commercial Aloe vera gel products for cosmetic use, 

determination of the aloin content is recommended as well as control of the labelling. The pH 

of a topical formulation is also among the main parameters to be investigated. Indeed, acidic 

and alkaline solutions may cause hair problems, dehydration, irritability, etc. (11, 12). 

Excessive dilution with water is also a common problem as the moisture content is an important 

parameter determining the shelf life of a product (13).  

In this study, a fast, selective and sensitive LC method was applied to check for the absence of 

aloins in cosmetics containing Aloe vera gel. Focus was on samples produced and sold in 

Ethiopia. Besides LC, attention was also paid to visual inspection, labelling, pH and moisture 

content to assess the quality of the cosmetic products.  

3.2. Materials and Methods 

3.2.1. Materials  

3.2.1.1. Chemicals and reagents 

Aloin reference standard (97%) was purchased from Alfa Aesar (Thermo Fisher Scientific, 

Karlsruhe, Germany). HPLC grade acetonitrile (ACN), methanol (MeOH), and formic acid 

(99.9%) were procured from Acros Organics (Geel, Belgium). Glacial acetic acid (100%) was 

obtained from VWR Chemicals (Fontenay-sous-Bois, France). A Milli-Q water purification 

system obtained from Millipore (Bedford, MA, USA) was used to further purify demineralized 

water. pH-Fix 0-14 test strips were from Macherey–Nagel (Düren, Germany) 

3.2.1.2. Samples  

Twelve commercial cosmetic (skin and hair care) samples consisting of five different soaps 

(S1-S5), a hair conditioner (HC), two liquid shampoos (SH1, SH2), three Aloe vera powders 

(P1-P3) for multipurpose use and a treatment oil (TO) were purchased from local markets and 

retail drug outlets in Ethiopia. For this study, traditional healers and drug sellers were surveyed 

to identify the most utilized and locally made herbal cosmetics. Issues on traditional medicinal 

preparations reported by users were an additional motivation to select the products for 

investigation. The samples were from different brands. Their names are not shown for reasons 

of confidentiality. Samples were kept in their original containers at 4 to 8 °C until analysis. The 

labels on the packages did not indicate the presence of aloin. Before analysis, liquid samples 

were vortexed while soap samples were cut into pieces using a stainless steel spatula, and 
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levigated using mortar and pestle to obtain homogeneity. Finally, all samples were kept in 

amber coloured glass bottles to minimize degradation by light.  

3.2.2. Methods  

3.2.2.1. Preparation of standards and sample solutions 

Five of the previously mentioned samples (SH1, S1, TO, P2 and HC) were used for method 

optimization and validation. Except in P2, no aloins were detected.  A stock standard solution 

containing aloin A (570 µg/mL) and aloin B (430 µg/mL) was prepared using methanol – water 

(50:50, v/v) as solvent. From this solution, working calibration solutions for aloin A (0.057–

570 µg/mL) and aloin B (0.043–430 µg/mL) were prepared by proper dilution with methanol – 

water (50:50, v/v).  

Sample solutions were prepared by reverse pipetting 1 mL into a 10 mL volumetric flask for 

liquid samples or weighing 0.1 g into a 15 mL Falcon tube for solid samples, followed by adding 

6 mL of methanol – water (50:50, v/v). After that, the mixture was placed in an ultrasonic bath 

(100 W, 42 kHz) from Branson (Danbury, CT, USA) and sonicated for 10 min in order to 

achieve lixiviation of the analyte from the sample matrix. Next, the mixture was allowed to 

cool. The supernatant of the Falcon tubes was transferred into a 10 mL volumetric flask and 

made up to volume with methanol – water (50:50, v/v). Finally, all solutions were filtered 

through a 0.45 μm PTFE filter from Chromafil® (Düren, Germany) to remove non-soluble 

compounds, prior to injection in the LC-UV system. Samples P2 and P3 were ten times further 

diluted so that their amount of aloins fell within the validated linear range.  

3.2.2.2.  Liquid chromatographic analysis 

LC analyses were performed on a Merck-Hitachi apparatus (Darmstadt, Germany) equipped 

with a pump (L-6200), autosampler (L-2200) and UV/VIS detector (L-2400). For data 

processing and acquisition, Chromeleon software version 6.70 from Dionex (Sunnyvale, CA, 

USA) was used. Chromatographic separations were achieved on a Chromolith performance RP-

18e (100 mm × 3 mm, i.d.) column from Merck (Darmstadt, Germany). A Julabo EM 

immersion thermostat (Seelbach, Germany) was used to keep the water bath of the column at 

35 °C. The mobile phase was a gradient mixture of mobile phase A (0.1% formic acid in water) 

and B (0.1% formic acid in acetonitrile) pumped at a flow rate of 0.8 mL min-1. The gradient 

program (time (min), % B) was set as (0, 20), (2, 20), (5, 60), (13, 60), followed by a few 

minutes equilibration time to return to the initial conditions. The injection volume was 10 μL. 
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The detection wavelength was 295 nm. Calibration curves were constructed by plotting the peak 

area of the target analytes versus concentration.  

3.2.2.3.  Development and validation of the liquid chromatographic method 

The method is based on that described previously for the determination of aloins A and B in 

Aloe leaf latex (14). However, the extraction procedure had to be revised and the LC method 

had to be revalidated for the new matrices.   

Extraction of aloins from the complex matrix of the test samples was performed using methanol 

– water (50:50, v/v).  

The LC method was validated in terms of selectivity, sensitivity, linearity, precision and 

accuracy. The selectivity of the method was established by injecting aloin reference solution, 

sample solutions and blank to check for possible interferences and the resolution between aloins 

A and B. Samples wherein no aloins were detected were used as blanks for spiking. So, for a 

first screening of the suitability of the LC method, 1 mL of a 1 µg/mL solution of aloins A and 

B (0.57: 0.43) was added to 0.1 g of sample before dilution to 10 mL. This corresponded to 

spiking at a level of 10 ppm. 

The sensitivity is expressed as limit of detection (LOD) and limit of quantification (LOQ), 

determined at a signal-to-noise ratio (S/N) of 3 and 10, respectively. 

Linearity of the proposed method was determined using a ten-point calibration covering a range 

from LOQ to 1000 µg/mL of aloins A and B. Regression equations were obtained through linear 

regression analysis, using peak area as a function of concentration. The calibration curve was 

represented by the equation y = ax + b, where y represents the peak area (mAU*min) and x the 

corresponding concentration (µg/mL) of the compound.  

The accuracy of the method, expressed as percent recovery, was examined by spiking four 

different concentration levels of aloin standard solution to the validation samples (10, 20, 40 

and 60 µg of aloin per 100 mg of sample). Each concentration was injected three times. 

Precision of the method was evaluated by analyzing SH1, S1, TO and HC (each spiked with 10 

µg of aloin per 100 mg of sample) and P2 (which contained already aloins A and B). Each 

sample solution was prepared in duplicate. Both preparations were injected in triplicate (n = 6) 

and analysed on 2 consecutive days (n = 12). The within-day and between-day variations for 

aloin A and aloin B were calculated for each of the samples.  
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3.2.2.4. Determination of pH 

The pH of the products was determined as per the procedure described by Tarun et al. (12). 

Accordingly, a 1% soap solution and a 10% shampoo solution in water, producing as less as 

possible lather, were used for this test. The shampoo solutions were kept for 30 min and the 

soap solutions were left undisturbed for 24 h. Then the pH of each sample was measured using 

pH test strips with 4 colour panels. These were preferred because they are quick and easy to use 

and they are easily available in labs of low resource countries like Ethiopia, compared to a pH 

meter which is more expensive and has to be calibrated daily. The pH value of the powder 

samples was determined following the procedure for soaps while for the hair conditioner and 

treatment oil, the procedure of the shampoos was followed. 

3.2.2.5.Determination of moisture content 

The moisture content of the samples was determined by loss on drying as described in the 

European Pharmacopoeia (15) by taking 1.000 g of test sample and drying in an oven at 105 °C 

for 2 h. 

3.3. Results and discussion 

3.3.1. Liquid chromatographic method  

3.3.1.1. Extraction procedure  

Cosmetic formulae are too complex for complete extraction of all components by a single 

solvent. So, pre-treatment before quantitation is a key process for analysis (16).  In this study, 

water, methanol, and methanol – water (50:50, v/v) were investigated as extraction solvents. 

Among them, a mixture of methanol – water (50:50, v/v) was found to be an effective solvent 

to extract aloins from the samples followed by sonication. A single extraction was sufficient for 

almost complete recovery (at least 98.0% of both aloins A and B). Water was the least efficient 

and in addition, samples dissolved in water were foamy and yielded a high back pressure during 

filtration.     

3.3.1.2. Method validation 

The selectivity was evaluated based on chromatograms from the injection of standard, solvent 

blank and samples with no detectable aloins, representing a shampoo (SH1), soap (S1), 

treatment oil (TO) and hair conditioner (HC). They showed no significant interference at the 

retention times (RTs) of the peaks of aloins A and B. When those samples were spiked with 10 

ppm of aloins A and B, peaks were clearly observed (matching the RTs of the aloin peaks 
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following injection of the standard solution) indicating that the method is specific (Figure 3.1). 

The gradient elution was continued up to 13 min in order to elute other constituents from the 

preparations.    

 

Figure 3.1: Representative overlay of chromatograms from 0 to 4 min, focussing on the region 

where aloins A and B are eluted. 1: solvent blank, 2: Aloin free shampoo, 3: 0.1 µg/mL standard 

mixture of aloins A and B (in a ratio 57:43), 4: Aloin free shampoo spiked with 10 ppm aloin 

(A + B), 5: Aloin free hair treatment oil, 6: Aloin free hair treatment oil spiked with 10 ppm 

aloin (A + B). 

The LOD and LOQ of the method were determined by measuring the S/N of aloin from standard 

solutions and from spiked placebo samples. The LOD values were found to be 0.017 µg/mL for 

aloin A and 0.013 µg/mL for aloin B, respectively, while the LOQ values were 0.057 µg/mL 

for aloin A and 0.043 µg/mL for aloin B, respectively. The low values indicate good sensitivity 

of the method (Table 3.1). Compared to a sample concentration of 10 mg/mL, the LOQ for 

aloin A corresponds to 5.7 ppm and this of aloin B to 4.3 ppm. Thus, determinations below the 

safety level of 50 ppm for anthraquinones are well feasible.   
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Table 3.1: Regression analysis, LOD and LOQ of the proposed LC method for the 

determination of aloins A and B 

 

Parameters Aloin A Aloin B 

Range (µg/mL) 0.057 – 570  0.043 – 430  

Regression equation y = 0.2038 x + 0.0299 y = 0.1989 x + 0.0238 

R² 0.999 0.999 

Standard error 0.154 0.109 

LOD (μg/mL) 0.017 0.013 

LOQ (μg/mL) 0.057 0.043 

 

Quantification of aloin A and aloin B was carried out following linear regression at ten 

concentration levels (from LOQ to 570 µg/mL for aloin A and from LOQ to 430 µg/mL for 

aloin B, respectively). The residual plots indicated a random distribution of residuals around 

the horizontal axis suggesting that the linear model gave a good fit of the data. Moreover, the 

95 % confidence interval of the intercepts included zero so that the intercepts were statistically 

not significant. The coefficients of determination (r2) were all ≥ 0.999. Therefore, the method 

is considered linear and acceptable for quantifying eventually present aloins in the different test 

materials.  

SH1, S1, HC, TO and P2 were spiked with aloins A and B at 4 levels. Next, those samples were 

analysed in triplicate and the percentage recoveries for the aloins were calculated (Table 3.2). 

The average recoveries were 98.5–101.6% for aloin A and 98.0–101.3% for aloin B. These 

were within the acceptable limit range of 98–102%.  
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Table 3.2: Recovery results (%) for aloin A and aloin B after spiking of a shampoo (SH1), 

soap (S1), hair conditioner (HC), treatment oil (TO) and powder (P2) 

 

Spike level 

(µg/100 mg) 

SH1 S1 HC TO P2 

Aloin 

A 

Aloin 

B 

Aloin 

A 

Aloin 

B 

Aloin 

A 

Aloin 

B 

Aloin 

A 

Aloin 

B 

Aloin 

A 

Aloin 

B 

10 100.7 99.7 99.7 98.1 97.0 100.7 100.5 99.7 99.1 100.6 

20 97.0 96.5 99.8 98.7 98.8 101.3 101.6 102.3 99.6 101.5 

40 97.3 97.1 100.1 98.3 99.3 100.7 102.5 101.8 99.4 100.4 

60 100.2 99.6 99.5 96.8 98.7 100.2 103.7 102.3 100.8 102.8 

Mean  

RSD (%) 

98.8 

1.9 

98.2 

1.7 

99.8 

0.3 

98.0 

0.9 

98.5 

1.0 

100.7 

0.4 

101.6 

1.3 

101.3 

1.2 

99.7 

0.8 

101.3 

1.1 

95% CI 95.7-

101.9 

95.6-

100.8 

99.4-

100.2 

96.7-

99.3 

96.9-

100.1 

100.0-

101.4 

99.4-

103.8 

99.3-

103.3 

98.5-

100.9 

99.6-

103.0 

CI: confidence interval 

Precision of the method was studied with respect to both within-day and between-day variations 

on the determination of aloins A and B in liquid and solid matrices. Test solutions were analysed 

using 2 preparations with 3 injections per preparation for two consecutive days with a total of 

12 determinations per sample. The relative standard deviations (RSD) for the intra and inter-

day precisions are shown in Table 3.3. RSD values lower than 2% indicate an acceptable 

precision of the developed method. 
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Table 3.3: Precision results for aloin A and aloin B after spiking 

 

 

 

 

Sample  

 

 

 

Formulation  

Precision 

Day 1 

%RSD 

(n = 6) 

Day 2 

%RSD 

(n = 6) 

Day 1-2 

%RSD 

(n = 12) 

Aloin A Aloin B Aloin A Aloin B Aloin A Aloin B 

SH1 Shampoo 0.4 0.1 1.3 0.4 1.4 1.8 

S1 Soap 0.8 0.8 1.4 1.4 1.1 1.8 

HC Conditioner 1.2 0.9 1.3 1.7 1.3 1.7 

TO Oil 0.5 1.6 1.3 0.8 1.2 1.3 

P2 Powder 0.8 0.9 1.2 1.1 1.0 1.0 

 

3.3.1.3. Stability of sample solutions 

The stability of spiked sample solutions was determined by storing them at room temperature 

for 24 h. After 24 h, the peak areas of aloins A and B in SH1, HC, TO and P2 and in the 

reference solution indicated an average difference of less than 1%.  However, the peak areas of 

aloin A and aloin B in soap (S1) decreased by about 25% and 44%, respectively. A similar 

observation was made for soap S2. It has been described that the aloin stability significantly 

decreased at alkaline pH (4). This could be the reason for the decrease in aloin peak areas in 

soaps which were found to be alkaline.  

Based on the above test results, solutions from the analysed skin care products were stable for 

24 h except for the soap solutions. Hence, it is better to prepare the soap solutions immediately 

before analysis.  
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3.3.2. Analysis of commercial samples 

Samples were prepared in duplicate and analysed in triplicate under the chromatographic 

conditions described in the method section. Sample chromatograms are shown in Figure 3.2.  

 

Figure 3.2: Overlay of sample chromatograms. 1: solvent blank, 2: shampoo (SH1), 3: soap 

(S1), 4: hair conditioner, 5: treatment oil, 6: powder (P2). 

The results of this study revealed that aloins were detected in five of the twelve samples 

analysed (Table 3.4). All powder samples were found to contain aloin contents above the 

tolerable limit for cosmetic products. According to the cosmetic ingredient review expert panel, 

in Aloe-derived ingredients used in cosmetics, regardless of species, anthraquinone levels 

should not exceed 50 ppm or 0.05 mg/g (6). However, in this study, 25% of the products (i.e. 

the powders), were found to contain more than the maximum limit for aloins in cosmetic 

formulations. Visual inspection of the powder samples learned that latex parts could be noticed 

in P2 and P3. Also, the characteristic smell of aloe latex was observed. Finally, SH1 and S1 

were found to contain traces of aloins. Hence, sufficient information should be included on the 

label describing the aloin content to safeguard users.  

The pH and moisture content are also important parameters to check the quality of cosmetic 

products (13). Acid balanced shampoos and soaps are generally recommended by experts to 

maintain physiological skin and hair pH values (12). The appropriate pH of shampoo (pH 5.5 

– 6.0) also helps in minimizing eye irritation, enhancing hair wellness and maintaining the 

physiology of the scalp (20). Results of this study revealed that 7 out of the 12 samples tested 

(58.3%) were found to have a pH within the range of the skin (pH 5 – 6) while 5 samples 
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(41.7%) had a basic pH deviating from the normal skin pH (Table 3.5). An alkaline pH is 

favorable for Propionibacterium, a bacterium involved in the pathogenesis of acne (12). 

Surprisingly, 3 soaps (S1, S3 and S4) promoted as anti-acne soaps, were found to show a basic 

pH.  

Table 3.4: Aloin content (n = 6) of cosmetic products 

 

Test sample Formulation  Content  

Aloin A, mean* (%RSD) Aloin B, mean* (%RSD) 

SH1 Shampoo <LOQ <LOQ 

SH2 Shampoo ND ND 

S1 Soap <LOQ <LOQ 

S2 Soap ND ND 

S3 Soap ND ND 

S4 Soap ND ND 

S5 Soap ND ND 

P1 Powder 0.61 (1.4) 0.56 (1.3) 

P2 Powder 195.8 (1.7) 64.3 (1.4) 

P3 Powder 170.5 (1.7) 56.9 (1.1) 

HC Conditioner ND ND 

TO Oil ND ND 

 

*mg/g for solid samples and mg/mL for liquid samples; ND: not detected; <LOQ: below limit 

of quantification 

The moisture content in soaps should be limited to avoid hydrolysis during storage leading to 

free fatty acids and glycerol. Moisture contents lower than 15% are in general considered as 

acceptable (13). The primary ingredient in all shampoos is water, which amounts to about 70-

80% of the entire formula (21). From the loss on drying results, all soap samples fall within 
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these limits, while the shampoos, the hair conditioner and one powder (P1) were found to 

contain too much water (Table 3.5). 

 

Table 3.5: Moisture content and pH values of aloe gel-based skin and hair care formulations 

 

Sample  Type pH Moisture 

content (%) 

(% RSD, n = 3) 

SH1 Shampoo 5 87.4 (0.1) 

SH2 Shampoo 6 91.0 (0.1) 

S1 Soap 8 12.6 (0.4) 

S2 Soap 10 4.8 (4.3) 

S3 Soap 9 7.1 (1.2) 

S4 Soap 9 4.5 (6.1) 

S5 Soap 10 4.9 (1.3) 

P1 Powder 5 33.4 (0.1) 

P2 Powder 5 8.6 (3.2) 

P3 Powder 5 8.2 (2.5) 

HC Hair conditioner 6 94.3 (1.4) 

TO Oil 6 0.4 (0.1) 

 

Reports from healthcare professionals and reports from consumers on adverse reactions are 

accepted as a serious source of information during pharmaco-vigilances of herbal medicines 

(17). This way, druggists, pharmacists, traditional medicine practitioners and consumers can 

help to avoid cosmetics with unwanted effects. So, cosmetic related adverse events were 

revealed by Jigjiga town residents in Eastern Ethiopia with allergic reactions, the appearance 

of acne, and hirsutism as the most common ones (10). For the samples used in this study, 

pharmacists and traditional healers mention regularly cases of adverse effects from their clients 

upon using Aloe powder.  

According to the Cosmetics Labeling Guide, information on the outer container should be 

shared on a principal display panel (PDP) and information panels (18). Cosmetics that bear 

false or misleading label statements or that are not labelled in accordance with the requirements, 
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are considered misbranded and may be subject to regulatory actions (19). Moreover, therapeutic 

claims such as antifungal, antiperspirant, and/or disinfectant, removing lice, relieving itches, 

removing earwax and treating acne, haemorrhoids, or swimmers ear, are drug claims and 

prohibited. In this study, nine out of 12 products were found to exhibit misleading information 

on the label.  

On the other hand, required information like species and part of plant used, origin, 

manufacturer, storing temperature and expiry date were often missing. Among the 12 cosmetic 

products selected, the powder formulations contain no expiry date, which could pose public 

health risks as consumers could use them at any time. The other products indicated a shelf life 

of 2-3 years with no clue on storing temperature. Such a case was reported on a correctional 

study where body care cosmetic products without ingredient label or expiry dates were sold in 

Jimma town, Ethiopia (7).  

3.4. Conclusions  

Most of the cosmetics studied here were found to contain aloin contents below the acceptance 

limit. However, adequate labeling should be considered taking into account the side effects and 

toxicities of aloin for those exceeding the limit (50 ppm), which was the case for 3 out of 12 

samples. In terms of pH content and loss on drying, 42% of test samples were found to be in 

the basic pH range and 33% of them contained excessive moisture.  

3.5. References  

1. International Agency for Research on Cancer (IARC) monograph-108. Evaluation of 

Carcinogenic Risks to Humans. Lyon, France; 2016. 

2. Lachenmeier K, Kuepper U, Musshoff F, Madea B, Reusch H, Lachenmeier DW. 

Quality control of Aloe vera beverages. Electron J Environ Agric Food Chem. 2005, 

4(4): 1033–1042.  

3. Brown PN, Yu R, Kuan CH, Finley J, Mudge EM. Determination of aloin a and aloin b 

in aloe vera raw materials and finished products by high-performance liquid 

chromatography: single-laboratory validation. J AOAC Int. 2014, 97(5): 1323–1328.  

4. Ding WJ, Wu XF, Zhong JS, Wan JZ. Effects of temperature, pH and light on the 

stability of aloin A and characterization of its major degradation products. Int J Food 

Sci Technol. 2014, 49: 1773–1779.  

5. Guo X, Mei N. Aloe vera: a review of toxicity and adverse clinical effects. J Environ 

Sci Health Pt C – Environ Carcinog Ecotoxicol Rev. 2016, 34: 77–96. 



 
 

  

60 
 

6. Cosmetic Ingredient Review (CIR). Final report on the safety assessment of Aloe 

andongensis extract, Aloe andongensis leaf juice, Aloe arborescens leaf extract, Aloe 

arborescens leaf juice, Aloe arborescens leaf protoplasts, Aloe barbadensis flower 

extract, Aloe barbadensis leaf, Aloe barbadensis leaf extract, Aloe barbadensis leaf 

juice, Aloe barbadensis leaf polysaccharides, Aloe barbadensis leaf water, Aloe ferox 

leaf extract, Aloe ferox leaf juice, and Aloe ferox leaf juice extract. Int J Toxicol. 2007, 

26(2): 1–50. 

7. Amasa W, Santiago D, Mekonen S, Ambelu A. are cosmetics used in developing 

countries safe? Use and dermal irritation of body care products in Jimma town, 

Southwestern Ethiopia. J Toxicol. 2012, 2012: 1-8.   

8. Dibaba H, Yadesa D, Legesse B, Shewamene Z, W/Gerima B. Cosmetics utilization 

pattern and related adverse reactions among female university students. IJPSR. 2013, 

4(3): 997-1004. 

9. Meharie BG, Ambaye AS, T/haimanot YM, Atnafe SA. A cross sectional study on 

assessment of cosmetics utilization and self-reported adverse reactions among Wollo 

University Dessie campus female students, Dessie, North East Ethiopia. EJPMR. 2014, 

2(2): 49-63. 

10. Bilal AI, Tilahun Z, Osman ED, Mulugeta A, Shekabdulahi M, Derbew Fikadu Berhe 

DF. Cosmetics use-related adverse events and determinants among Jigjiga town 

residents, Eastern Ethiopia. Dermatol Ther (Heidelb). 2017,7: 143–153. 

11. Krunali T, Dhara P, Meshram DB, Mitesh P. Evaluation of standards of some selected 

shampoo preparation. World J Pharm Pharm Sci. 2013, 2(5): 3622-3630. 

12. Tarun J, Susan J, Suria J, Susan VJ, Criton S. Evaluation of pH of bathing soaps and 

shampoos for skin and hair care. Indian J Dermatol. 2014, 59(5): 442-444.  

13. Mahesar SA, Chohan R, Sherazi STH. Evaluation of physico-chemical properties in 

selected branded soaps. Pak J Anal Environ Chem. 2019, 20(2): 177-183. 

14. Sibhat GG, Kahsay G, Van Schepdael A, Adams E. Fast and easily applicable LC-UV 

method for analysis of bioactive anthrones from Aloe leaf latex. J Pharm Biomed Anal. 

2021, 95:113834.  

15. European Pharmacopoeia. 10th ed. Strasbourg, France: EDQM Council of Europe; 2021.  

16. Wen KC, Chan SL, Liu IL, Lai PY, Lin YT, Hsiu SL, Chiag HM. An HPLC method for 

the simultaneous determination of marker compounds of Aloe and Scutellariae radix in 

cosmetics. J Food Drug Anal. 2010, 18(5): 328-338.  



 
 

  

61 
 

17. WHO guidelines on safety monitoring of herbal medicines in pharmacovigilance 

systems. Geneva, Switzerland; 2004.  

18. FDA; https://www.fda.gov/cosmetics/cosmetics-labeling-regulations/cosmetics-

labeling-guide. (Accessed on 16 April 2021). 

19. FMHACA; http://www.fmhaca.gov.et/wp-content/uploads/2019/03/cosmetics. 

(Accessed on 16 April 2021). 

20. Gubitosa J, Rizzi V, Fini P, Cosma P. Hair care cosmetics: from traditional shampoo to 

solid clay and herbal shampoo, a review. Cosmetics 2019,6(13):1-16.  

21. https://www.encyclopedia.com/science-and-technology/technology/technology-terms-

and-concepts/shampoo. (Accessed on 16 April 2021). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

  

62 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

  

63 
 

Chapter 4: Quality of African moringa (Moringa stenopetala) leaf 
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Abstract  

The aim of this study was to evaluate the quality of African moringa (Moringa stenopetala) leaf 

preparations using easily applicable analytical methods. For this purpose, a simple and fast LC-

UV method was developed and validated to determine the most common phenolic compounds. 

The method showed good linearity with determination coefficients (r2) ≥ 0.999. Detection limits 

were 0.2, 0.06, 0.3 and 0.4 µg/mL, while quantification limits were 0.6, 0.2, 1.0 and 1.2 µg/mL 

for rutin, quercetin, caffeic acid and chlorogenic acid, respectively. Relative standard deviation 

(RSD) values for intra- and inter-day precision were less than 2% and recoveries were close to 

100%. Robustness of the method was evaluated using an experimental design.  

The developed method was applied to analyse some commercial moringa leaf samples obtained 

from Ethiopia. Unknown compounds were tentatively identified as neochlorogenic acid and 

kaempferol 3-O-rhamnosylglucoside (KRG) by means of mass spectrometry (MS). Rutin was 

found to be the most important compound. Its content in samples varied from 2 to 18 mg/g. The 

amounts of (neo)chlorogenic acid and KRG were less than 2 mg/g, while quercetin and caffeic 

acid were not detected. The method allowed to observe differences in phenolic composition 

between regions. Results for loss on drying and ash content revealed that 40% and 50%, 

respectively, of the samples were not compliant.  

 

 

Keywords: Liquid chromatography; method validation; quality control; Moringa stenopetala 

leaves; phenolic compounds; MS characterization; loss on drying; ash content  
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4.1. Introduction  

Moringa stenopetala (M. stenopetala), commonly called ‘African moringa’, is originating from 

several regions in Ethiopia and the northern part of Kenya. Moringa leaf preparations are widely 

used nowadays in tropical African countries as source of diet and as medicine. In the Ethiopian 

and Kenyan traditional medicine, M. stenopetala leaves, both fresh and as dried powder, are 

extensively employed for treating a range of illnesses such as diabetes, hypertension, stomach 

pain, malaria, leishmaniasis, leprosy, epilepsy, diarrhoea, asthma and colds (1). Although 

moringa leaf products are often promoted for their nutritional and medicinal values (2), different 

survey studies (3,4,5) reported an association between moringa leaf consumption and a negative 

effect on the thyroid function. Moreover, in vivo (mice and rat models) and in vitro studies (6, 

7,8) reported dose and time dependent liver and cellular toxicity of moringa leaf extract.  

M. stenopetala leaves are reported to contain bioactive phenolic compounds such as rutin, 

quercetin, quercitrin (quercetin 3-O-rhamnoside), isoquercitrin (quercetin 3-O-glucoside), 

chlorogenic acid or 3-O-caffeoylquinic acid (3-CQA), neochlorogenic acid or 5-O-

caffeoylquinic acid (5-CQA) and caffeic acid (2,9,10). Variations in contents could be due to 

several reasons like environmental and agronomic conditions, harvest and processing 

operations, and storage factors (11). 

Pharmacologically active phytoconstituents should serve as marker substances for 

standardization and quality control of herbal medicines (12,13). Rutin, a common dietary 

natural flavonoid, is the principal phenolic constituent in M. stenopetala leaves. Respectable 

levels of 2.3% in M. stenopetala dry leaves have been reported, making it commercially 

interesting and distinctively different from Indian Moringa (1). Moreover, Habtemariam 

correlated antidiabetic and antioxidant effects of M. stenopetala with rutin (major active 

compound) and neochlorogenic acid (minor antioxidant compound) (2). Hence, rutin was used 

as major bioactive marker compound to differentiate commercial moringa leaf samples. 

Although plant flavonoids are described as common health-promoting and disease-preventing 

components with many potent biological properties ascribed to them, several in vivo, in vitro, 

and survey studies indicated possible toxicities and side effects of flavonoids. These could be 

individual and/or by interacting with several drugs and receptors upon (excessive) consumption 

(14-18). Rutin and its metabolic aglycone quercetin were reported to have mutagenic effects 
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(19). Moreover, an in vivo study with rats indicated the inhibitory effect of quercetin on the 

thyroid function (14).  

Hence, analysis of the bioactive phenolic compounds in M. stenopetala is important to control 

the quality of different moringa leaf preparations to assure their safety and efficacy. Dessalegn 

and Rupasinghe studied the phenolic compounds and antioxidant activity of M. stenopetala 

using LC-MS (20). However, this equipment is not very convenient for routine analysis in 

developing countries regarding its complexity and costs. LC with ultraviolet detection (LC-UV) 

is the most preferred technique for quality control of herbal medicines. Bennett et al. published 

an ion-pair reversed phase LC method using gradient elution for tissue profiling of M. oleifera 

and M. stenopetala (10). The mobile phases consisted of 0.1% v/v trifluoroacetic acid in both 

water and methanol. The analysis time lasted 40 min. Another reversed phase LC-UV method 

was developed by Habtemariam and Varghese for the analysis of rutin (eluted at 26 min) in M. 

stenopetala leaves (1). The mobile phase composition was a mixture of water and methanol 

with the latter rising from 10% to 90% over a period of 50 min. To the best of our knowledge, 

there were no other studies describing an LC method for quality control of phenolic compounds 

in M. stenopetala leaves and no monograph for the analysis of M. stenopetala could be found 

in official compendia. 

Loss on drying and ash content are among the mandatory tests recommended during quality 

check of herbal medicines. Excessive moisture is a sign of poorly dried and/or stored plant 

material. It has a negative impact on the stability and is conducive to microbial contamination. 

The total ash content points towards possible contamination by residues of extraneous matter 

(e.g. sand and soil) adhering to the plant surface while acid insoluble ash indicates the presence 

of silica, especially as sand and siliceous earth, which has a correlation with dangerous heavy 

metals (21,22).  

In this study, a fast and sensitive LC-UV method using a monolithic column was developed and 

validated for the analysis of phenolic compounds in M. stenopetala leaves. This was 

supplemented with loss on drying, total ash and acid insoluble ash. Hence, the methods can be 

easily used in low-income countries like Ethiopia, where moringa leaf is commonly consumed, 

but rarely controlled due to the absence of a suitable analytical procedure.  
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4.2. Methods and materials 

4.2.1. Materials and reagents 

Moringa leaf samples (MLS) were purchased from local markets in Ethiopia. MLS 1 to 4 were 

obtained from the central and southern part of Ethiopia while MLS 5 to 10 were from the north. 

Analytical standards used during this study were: rutin trihydrate (95%) and chlorogenic acid 

(98%) from Thermo Fisher (Kandel, Germany) and quercetin (99%) and caffeic acid (98%) 

from Sigma-Aldrich (Steinheim, Germany). HPLC grade acetonitrile (ACN), methanol 

(MeOH), formic acid (99.9%) and hydrochloric acid (37%) were procured from Acros Organics 

(Geel, Belgium). Ultrapure water was obtained in-house using a Milli-Q system from Millipore 

(Bedford, MA, USA).  

4.2.2. Methods 

4.2.2.1. Preparation of solutions for chromatography 

Coarse moringa leaf samples were powdered using an electric herb grinder (850 W, 50-300 

mesh) and passed through a 180-mesh sieve to obtain homogeneity. In order to obtain uniform 

mixtures, different blends were prepared, each consisting of three moringa samples from the 

same geographic origin and mixed in the same proportion. The mixed samples were stored in 

sealed amber colored bottles at 4 to 8 °C during the study. Before analysis, 100 mg of powdered 

sample was weighed (executed in triplicate and processed in parallel) and mixed with 3 mL of 

50% aqueous methanol and sonicated for 20 min (Branson ultrasonic (100 W, 42 kHz), 

Danbury, USA). Extraction of each sample was repeated three times to ensure maximum 

recovery. The three supernatants were collected in a 10 mL volumetric flask and made up to 

volume with methanol-water (50:50, v/v).  After that, an aliquot of each sample solution was 

filtered through a 0.45 μm Chromafil® Xtra membrane filter (Düren, Germany) into a 1.5 mL 

LC vial before analysis. 

Standard stock solutions of rutin (0.5 mg/mL), caffeic acid (0.5 mg/mL) and chlorogenic acid 

(0.5 mg/mL) were prepared by adding methanol-water (50:50, v/v) and vortexed for 30 s. A 

quercetin solution (0.3 mg/mL) was prepared in methanol as it did not dissolve well in 

methanol-water (50:50, v/v). All solutions were further diluted with the same solvent to obtain 

a series of standard solutions for the establishment of calibration curves.   
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4.2.2.2. Instrumentation and chromatographic conditions  

LC analyses were performed on a Merck-Hitachi apparatus (Darmstadt, Germany) equipped 

with an intelligent pump (L-6200), autosampler (L-2200) and UV/VIS detector (L-2400). For 

data processing and acquisition, Chromeleon software version 6.70 from Dionex (Sunnyvale, 

CA, USA) was used. Chromatographic separations were achieved on a Chromolith performance 

RP-18e (100 mm × 4.6 mm, i.d.) column from Merck (Darmstadt, Germany). During method 

development, a Zorbax Eclipse XDB C18 (250 mm × 4.6 mm, 5 µm) from Agilent (Santa Clara, 

CA, USA) was used too. A Julabo EM immersion thermostat (Seelbach, Germany) was used to 

keep the water bath of the column at 30 °C. The mobile phase was a gradient mixture of mobile 

phase A (0.1% formic acid in water) and B (acetonitrile) pumped at a flow rate of 1 mL/min. 

The gradient program (time (min), % B) was set as (0, 10), (1, 10), (12, 70), (15, 70), followed 

by some minutes to return to the initial mobile phase composition. The injection volume was 

10 μL. Quantification was performed at a detection wavelength of 254 nm. 

4.2.2.3.  Chromatographic method validation 

Following the ICH guidelines (23), the developed method was validated with respect to 

selectivity, sensitivity, linearity, precision, accuracy and robustness.  

Selectivity of the developed method was examined for possible interferences by comparing 

chromatograms of standard solutions, moringa samples and the blank solvent consisting of 

methanol – water (50:50, v/v). 

The limit of detection (LOD) and limit of quantification (LOQ) for rutin, quercetin, caffeic acid 

and chlorogenic acid were determined at a signal-to-noise ratio (S/N) of 3 and 10, respectively. 

The calibration curves for the quantification of these four compounds in the studied moringa 

samples were established by diluting the stock solutions of these reference standards. Six 

concentrations of standard solutions, namely, rutin (LOQ to 0.5 mg/mL), quercetin (LOQ to 0.3 

mg/mL), caffeic acid (LOQ to 0.5 mg/mL) and chlorogenic acid (LOQ to 0.5 mg/mL), were 

analyzed in triplicate. The calibration curve was represented by the equation y = ax + b, where 

y represents the peak area and x the corresponding concentration (mg/mL) of the compound.  

Precision of the method, expressed as RSD of peak areas, was evaluated by six repetitive 

injections of chlorogenic acid, caffeic acid, rutin and quercetin solutions. For the intra-day 

precision, injections were made on the same day. The inter-day precision of the method was 
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evaluated from 18 injections of the same solution over three consecutive days, where results of 

the third day were obtained by a different analyst. 

Accuracy, expressed as percent recovery (equation 4.1) of the developed method, was 

determined at three levels by spiking 50, 100 and 150 µg/mL of standard solutions to a test 

sample. Solutions were analyzed in triplicate at each level and the percent recovery of the 

amount added to the sample was calculated. 

Recovery (%)  =
total amount after spiking −  amount original   

amount spiked
×  100                        (4.1) 

To evaluate the influence of LC operating conditions on the responses, a robustness study was 

performed using a two-level full factorial design and multivariate analysis using R software 

(version 3.6.3) from R Studio (Boston, MA, USA). In this study, three chromatographic factors 

were investigated at two levels (-1 and +1) around their central level (0). The number of runs 

was equal to 2k+ n, where k is the number of factors and n is the number of times that the center 

point is repeated. Hence, 11 experiments, including 3 at the center point (nominal value), were 

performed in a random order (Table 4.1). As responses, the peak area of rutin as well as the 

resolution (Rs) between rutin and quercetin were selected. 

Table 4.1: Chromatographic parameter settings applied in the experimental design of the 

robustness study. 

Parameter  Low value 

(−) 

Central value 

(0) 

High value 

(+) 

Column temperature (°C) 25 30 35 

% Formic acid in mobile phase 0.09 0.1 0.11 

% Acetonitrile in initial gradient step 9 10 11 

 

The mathematical relationship between a response y and the experimental variables xi, xj, ... can 

be represented as first order equation (4.2): 

 𝑦 =  𝛽0  + 𝛽𝑖𝑥𝑖 + 𝛽𝑗𝑥𝑗 +  𝛽𝑖𝑗𝑥𝑖𝑥𝑗 +. . . + 𝐸                                                                                (4.2)  
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where the letters β represent the regression coefficients and E is the overall experimental error. 

The linear coefficients βi and βj describe the quantitative effect of the experimental variables in 

the model while the cross coefficient, βij, measures the interaction effect between the variables 

xi and xj.  

4.2.2.4. MS characterization of peaks 

MS investigations were performed on a Bruker Esquire 3000 Plus ion trap mass spectrometer 

(GmbH, Bremen, Germany) equipped with an electrospray ionization (ESI) source. Esquire 

control (version 5.2) and Bruker compass version 1.3 software were used to control the 

equipment and for data analysis, respectively. MS experiments were performed with the ESI 

source operated in negative ion mode, using a capillary voltage of 4.0 kV, end plate voltage of 

200 V and nitrogen as nebulizing gas at 10.0 psi. Nitrogen gas was pumped into the ion source 

at a flow rate of 5 L/min and the dry gas temperature was set at 300 °C. The column effluent 

from the LC-UV corresponding to the most important peaks (i.e. ≥ 0.2 mg/g) was collected and 

infused into the MS using a Hamilton 0.5 mL syringe (Reno, NV, USA) and a KD Scientific 

syringe pump (Holliston, MA, USA). The syringe flow rate was set at 0.2 mL/h. Mass spectra 

were recorded in full scan mode in the range of 50 –1500 m/z and manual MSn mode to obtain 

fragment ions.  

4.2.2.5. Quantification of phenolics in moringa samples 

The content of rutin, quercetin, chlorogenic acid and caffeic acid in the portion of moringa taken 

was determined using equation (4.3): 

 Content = (
𝐴𝑢 

𝐴𝑠
) ×  𝐶𝑠  × (

𝑉

𝑊
)                                          (4.3)     

Where the content is expressed in mg of phenolic per g of MLS, Au is the peak area for the 

respective bioactive marker compound from the sample solution, As is the peak area for the 

respective bioactive marker from the standard solution, and Cs is the concentration of the 

respective bioactive marker in the standard solution (mg/mL) taking also into account the purity 

of the standard, while V represents the final volume (mL) of the sample solution and W the 

weight of sample taken to prepare the sample solution (g). Unknown peaks were quantified 

using rutin as standard. 



 
 

  

71 
 

4.2.2.6. Loss on drying  

Loss on drying of samples was determined following the European Pharmacopoeia (24) by 

taking 1.000 g of test sample and drying in an oven (Memmert ULE400, Schwabach, Germany) 

at 105 °C for 2 h. The percentage loss on drying of the samples was calculated using equation 

(4.4): 

               % 𝑙𝑜𝑠𝑠 =  
𝑤𝑒𝑖𝑔ℎ𝑡  𝑏𝑒𝑓𝑜𝑟𝑒 𝑑𝑟𝑦𝑖𝑛𝑔 − 𝑤𝑒𝑖𝑔ℎ𝑡 𝑎𝑓𝑡𝑒𝑟 𝑑𝑟𝑦𝑖𝑛𝑔

𝑤𝑒𝑖𝑔ℎ𝑡 𝑏𝑒𝑓𝑜𝑟𝑒 𝑑𝑟𝑦𝑖𝑛𝑔 
 × 100                (4.4) 

 

4.2.2.7.  Total ash and ash insoluble in hydrochloric acid 

Total ash and acid insoluble ash of samples were determined following the procedure described 

in the European Pharmacopoeia (24). To determine the total ash, 1.00 g of powdered moringa 

leaf samples were examined by igniting to constant mass in a muffle furnace at 600 °C. Acid 

insoluble ash content of the samples was determined by adding 25 mL of hydrochloric acid 

(15%) to the crucible containing the residue from the determination of total ash. After the 

mixture was gently boiled for 10 min, it was cooled and filtered through a hardened ashless 

filter paper grade 540 (Whatman, England). The residue was washed with hot water until the 

filtrate was neutral. Then, the filter paper containing the insoluble matter was transferred to the 

original crucible, dried in an oven at 105 °C for about 1 h and ignited to constant mass until the 

difference between two consecutive weighings was not more than 1 mg. Finally, the percentage 

of acid insoluble ash was determined with reference to the sample weighed using equation (4.5):   

 

% 𝑎𝑠ℎ =
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑎𝑠ℎ

𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
 × 100                              (4.5) 

 

4.3. Results and discussion 

4.3.1. Optimization of the chromatographic determination 

The LC–UV method was initially developed for the simultaneous quantification of 4 phenolic 

compounds (chlorogenic acid, caffeic acid, rutin and quercetin) in M. stenopetala leaf samples. 

Those compounds were selected according to previous studies on moringa leaf samples and 

their availability as reference substances.  
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4.3.1.1.  Extraction procedure 

Factors such as solvent composition, extraction time, extraction temperature, solvent to solid 

ratio and extraction cycle may significantly influence the extraction efficiency (25, 26). In this 

study, to find optimum extraction conditions for phenolics, moringa leaf samples were extracted 

for 10, 20, 30 and 60 min using ethanol, water or 30, 50, 70 and 100% methanol. Each extraction 

was repeated 4 times. To enhance extraction, sonication was preferred over other techniques to 

reduce any loss of flavonoids due to oxidation, ionization, and hydrolysis during extraction that 

could be caused by conventional heating, boiling, or refluxing (27). An extraction by sonication 

using 50% methanol for 20 min was found to be effective for the selected compounds. The peak 

area of the major compound (rutin) in the extraction cycle was compared each time with the 

previous step. At the third extraction step, the peak area was found < 1% of the peak area in the 

second step. Hence, at that point the extraction was considered as complete so that the 4th step 

was omitted in further experiments.   

4.3.1.2.   Chromatographic method 

To select the initial chromatographic conditions, two methods for the analysis of phenolics in 

M. stenopetala leaves described in literature (1,10) were considered. Both papers used gradient 

elution with methanol as organic modifier and showed an analysis time of at least 40 min. 

Bennett et al. added trifluoroacetic acid as ion-pairing agent to the mobile phase. At the start of 

our study, effects due to mobile phase composition were evaluated using a Zorbax Eclipse XDB 

C18 column. It was found that more baseline drift and less well separated peaks were observed 

with methanol than with acetonitrile. Further, formic acid caused a more stable baseline than 

trifluoroacetic acid. So, further experiments were performed with acetonitrile as organic 

modifier and formic acid as volatile additive to install an acidic pH.  

Next, the different samples were screened and sample 1 (MLS 1) was included for further 

method development since it yielded most peaks. 

To reduce the analysis time, a monolithic column (Chromolith performance RP18e (100 mm × 

4.6 mm)) was investigated. Compared to particle packed columns, monolithic columns show a 

lower backpressure so that they can be used with a higher flow rate, resulting in a shorter 

analysis time (28,29).  

Next, various flow rates (i.e., 0.8, 1.0, 1.2 mL/min) and elution modes (i.e., isocratic and 

gradient with different mobile phase compositions) were investigated. A mixture of mobile 

phases A (0.1 % formic acid in water) and B (acetonitrile) using gradient elution at a flow rate 
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of 1.0 mL/min gave the best results in terms of separation efficiency. The low concentration of 

formic acid was added to mobile phase A to improve the peak shape of the phenolic compounds 

by restraining ionization. It was also found that at a column temperature of 30 °C, peaks were 

better separated compared to 25 and 35 °C. The detection wavelength was finally set at 254 nm 

as it was found to give a higher and more stable UV absorbance than 215, 270 and 350 nm, all 

selected after scanning the sample solution using a UV/VIS spectrophotometer in the range of 

200 to 800 nm. An example chromatogram of sample 1 obtained under the final conditions is 

illustrated in Figure 4.1. 

 

 

Figure 4.1: Chromatogram of moringa leaf extract (sample 1) obtained under the optimized 

chromatographic conditions. The elution times of caffeic acid and quercetin are indicated with 

an arrow, but were not encountered in any of the samples.  

Peak 1: unknown 1, peak 2: chlorogenic acid, peak 3: unknown 2, peak 4: rutin, peak 5: 

unknown 3. Peaks 1 and 5 were later characterized by MS as neochlorogenic acid and 

kaempferol 3-O-rhamnosylglucoside, respectively.  

 

Identification of chlorogenic acid, caffeic acid, rutin, and quercetin in the chromatogram was 

achieved by comparison of retention times with the respective reference.   

←
  c

af
fe

ic
 a

ci
d

 

←
  q

u
er

ce
ti

n
 



 
 

  

74 
 

Stability of the sample solution with respect to rutin (major bioactive marker) was verified at 

0, 24, 48 and 72 h at room temperature. After 72 h, peak areas of rutin decreased by less than 

2.0%, indicating that the sample solution was stable for 3 days. 

4.3.2. Chromatographic method validation  

Selectivity of the method was assessed by overlaying chromatograms of blank, standard 

solutions of rutin, quercetin, caffeic acid, chlorogenic acid and test sample. No interfering peaks 

were noticed at the retention times of rutin, quercetin, caffeic acid and chlorogenic acid, 

demonstrating the good selectivity of the method. 

 

Table 4.2: Method validation results for chlorogenic acid, caffeic acid, rutin and quercetin 

 

Compound  Linear equation* Range 

(µg/mL) 

r2 recovery, %  

(% RSD, n=3) 

LOD 

(µg/mL) 

LOQ 

(µg/mL) 

Chlorogenic acid   y = 0.165x – 0.192 1.2 - 500 0.9997 99.3 (1.9) 0.4 1.2 

Caffeic acid y = 0.262x – 0.731 1.0 - 500 0.9998 100.0 (1.3) 0.3 1.0 

Rutin  y = 0.235x + 0.490 0.6 - 500 0.9998 99.6 (0.9) 0.2 0.6 

Quercetin  y = 0.575x – 0.546 0.2 - 300 0.9989 99.7 (2.3) 0.06 0.2 

* with y: peak area and x: concentration (µg/mL) 

Sensitivity of the method was evaluated based on the LOD and LOQ. The values indicated that 

the method was sensitive and enabled to quantify small amounts of phenolic compounds in 

moringa leaf samples (Table 4.2).  

Linearity of the method was examined using linear regression of the peak areas versus analyte 

concentrations for rutin, quercetin, caffeic acid and chlorogenic acid. Results are given in Table 

4.2. In addition, analysis of the residuals of the regression line indicated that they were 

randomly distributed around the horizontal zero axis, suggesting that the linear model gave a 

good fit of the data. Moreover, the 95% confidence interval of the intercepts included zero so 

that the intercepts were statistically not significant.  
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Precision of the method was checked by six repetitive injections of the standard solutions. Intra- 

and inter-day variations expressed as RSD of the peak areas of rutin, quercetin, caffeic acid and 

chlorogenic acid were assessed (Table 4.3). In all cases the RSD was less than 2.0%, indicating 

good precision of the method.  

Accuracy of the method, determined as percent recovery, was close to 100% (Table 4.2) 

indicating that the marker compounds could be recovered completely from the leaf powder 

samples.   

Table 4.3: Results of precision studies for peak areas of chlorogenic acid, caffeic acid, rutin 

and quercetin, expressed as %RSD. 

Day  Chlorogenic acid   Caffeic acid Rutin  Quercetin  

Day 1 (n = 6) 1.2 1.2 1.3 1.8 

Day 2 (n = 6) 1.7 1.5 0.8 1.4 

Day 3 (n = 6) 1.4 1.0 1.8 1.3 

Day 1–3 (n = 18) 1.8 1.9 1.6 1.6 

 

In the robustness study, variations in LC operating conditions were made deliberately. The 

effect of small changes in the chromatographic parameters on the results was investigated by 

means of an experimental design. The results are shown in Figure 4.2 where each bar indicates 

the 95% confidence interval of the regression coefficient corresponding to the respective 

variable. It can be drawn from Figure 4.2 that the change of individual variables within the 

investigated ranges has no significant effect on the peak area of rutin as all intervals include 

zero (Figure 4.2(a)). Concerning the resolution between rutin and quercetin, the percentage of 

acetonitrile in the initial gradient step as well as the column temperature had a significant effect 

(Figure 4.2(b)). The column temperature showed a negative effect, which means that the 

resolution between the peaks of rutin and quercetin will decrease by increasing the temperature, 

and vice versa. The positive effect of the amount of acetonitrile implies that the resolution will 

increase by increasing the parameter, and vice versa. Concerning interactions between two 

variables, no significant effect was observed as all intervals included zero. Since quantification 
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is based on the peak areas, it is good that none of the factors examined was found to have an 

influence on the peak areas. In conclusion, it is important to consider the effect of temperature 

and acetonitrile when eventually transferring the developed method. The influence of 

temperature and acetonitrile on the peak area of rutin and the resolution between rutin and 

quercetin is illustrated in the response surface plots of Figure 4.3. 

 

Figure 4.2: Regression coefficient plots obtained from the robustness study for (a) peak area 

of rutin; (b) Rs: resolution between rutin and quercetin. Temp stands for column temperature, 

ACN for acetonitrile and FA for formic acid. 
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Figure 4.3: Response surface plots showing the influence of percentage of acetonitrile (ACN) 

and column temperature (Temp) on the peak area of rutin (upper) and the resolution (Rs) 

between rutin and quercetin (lower). Other parameters were kept constant at their central value. 

4.3.3. MS characterization of chromatographic peaks 

MS has the advantage of providing structural information about the eluted compounds based 

on their mass-to-charge ratio (m/z) and fragmentation behaviour. Negative ionization resulted 

in a higher sensitivity for phenolics than the positive mode (30). So, the former was used in this 

study. Mass spectra of chlorogenic acid and rutin, corresponding to peak 2 and peak 4 (Figure 

4.1) respectively, were used as interpretative templates in an attempt to characterize unknown 

compounds (peaks 1, 3 and 5 in Figure 4.1). 

Peak 2 (Fig. 4.1), which was detected in all the samples, produced a [M–H] − at m/z 353. Its 

MS/MS fragments at m/z 191 (= [M − H – 162]−) and m/z 179 (= [M − H – 174]−) indicated the 

presence of quinic acid and caffeic acid moieties. Additional fragment ions at m/z 135 (= [M − 
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H – 179 – 44]−) could be due to neutral loss of CO2 (Figure 4.4B). By comparing with the 

retention time and MS data of an authentic standard and the mass spectral data reported by (31) 

and (32), peak 2 was identified as 3-CQA or chlorogenic acid.  

Peak 4 (Figure 4.1) was the major peak in all samples and produced a deprotonated molecule 

[M –H]− at m/z 609, indicating a relative molecular mass of 610. The MS/MS spectrum 

produced a predominant ion at m/z 300 indicating the combined loss of rhamnose (Rha) and 

glucose (Glu) due to homolytic cleavage of the 3-O-glycosidic bond. The radical aglycone ion 

at m/z 300 (quercetin), further fragmented to yield product ions at m/z 271, m/z 255, m/z 179 

and m/z 151 (Figure 4.4C). These MS data were comparable with the papers of (15), (33) and 

(34). The latter proposed a fragmentation pathway for rutin explaining the different fragments 

that were formed. Hence, based on the retention time compared to the reference and mass 

spectral data, peak 4 was characterized as rutin.  

The ESI-MS spectrum of Peak 1 (unknown 1, Figure 4.1) showed a precursor ion [M − H]– at 

m/z 353 (Figure 4.4A). Its MS/MS fragment at m/z 191 (= [M − H – C9H6O3]
−) indicated the 

presence of a quinic acid residue and was formed by loss of caffeic acid. The spectrum also 

showed a fragment with very low abundance at m/z 179 (= [M − H – C7H10O5]
−) corresponding 

to caffeic acid and formed by loss of quinic acid. These mass data were comparable with those 

reported by (31) and (32) for 5-CQA (or neochlorogenic acid). The small signal at m/z 179 is 

characteristic for 5-CQA and a diagnostic ion to differentiate from its 3-CQA isomer (31,32). 

So, peak 1 was tentatively identified as 5-CQA.  

Peak 3 could not be characterized because the peak intensity was too low.  

Peak 5 (unknown 3, Figure 4.1) showed a [M – H] − at m/z 593, which was 16 u less than peak 

4 (rutin). The deprotonated molecule fragmented into the product ions at m/z 447 following the 

loss of a rhamnosyl moiety and a predominant ion at m/z 285 (= [M − H – 308]−) by cleavage 

of the 3-O glycosidic bond indicating the loss of the disaccharide rutinose (combined loss of 

glucosyl and rhamnosyl moiety). This is characteristic for the flavonol called kaempferol (35, 

34). MS³ of the ion at m/z 285 lost 29 u (H + CO) to m/z 256, with further loss of CO (28 u) 

yielding the ion at m/z 228 (Figure 4.4D).  
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Figure 4.4: Schematic representation of the MS fragmentation of (A) unknown 1, (B) 

chlorogenic acid, (C) rutin and (D) unknown 3, corresponding to peaks 1, 2, 4 and 5 respectively 

in Figure 4.1, as well as their (proposed) structures. 

5-O-caffeoylquinic acid

(neochlorogenic acid)

Peak 1 

353

191

(179)

A HOO
OH

OOH

OH

C

O

OH

OH

caffeic acid

quinic acid

Peak 2 

353

191

3-O-caffeoylquinic acid

(chlorogenic acid)

135
- CO2

B

OH

OHOH

OH

OHO

O

CHOO

caffeic acid

quinic acid

179

Peak 4 

609 300
- (Rha + Glu)

271

rutin

255

179

151

- 121 u

C

CH3

O

OH

O

OH

OH

OOH

OH

O
OH

OH

O
OH

O

OH

OH

rhamnose

glucose

quercetin

kaempferol 3-O-rhamnosylglucoside

Peak 5 

593

285 256 228

447

D

CH3

O

OH

O

OH

OOH

OH

O
OH

OH

O
OH

O

OH

OH

- 28 u- 29 u

rhamnose

glucose

kaempferol



 
 

  

80 
 

The mass data were comparable with the report of (15) and (33) reporting fragments at m/z 255 

and m/z 227. The difference of 1 u can be explained by the formation of a radical, as described 

for rutin by (34). So, unknown 3 was characterized as kaempferol 3-O-rhamnosylglucoside 

(KRG).  

4.3.4. Evaluation of commercial samples 

The developed LC method was applied for the quantification of neochlorogenic acid, 

chlorogenic acid, caffeic acid, rutin, quercetin and KRG, as well as an unknown compound in 

moringa leaf samples collected from Ethiopia. Chromatograms of the samples are shown in 

Figure 4.5.  

 

 

 

Figure 4.5: Chromatographic fingerprints of the 10 moringa leaf samples (MLS) that were 

investigated (peak numbering according to Figure 4.1). 

 

Applying a reporting threshold of 0.2 mg/g, the results are summarized in Table 4.4. The 

content of rutin varied from 2.4 mg/g to 17.9 mg/g. This corresponds to the results of (1) who 

reported 2.3% (or 23 mg/g) of rutin in M. stenopetala leaves. Assuming a consumption of 150 

g of moringa leaves per day, this results in maximum 2700 mg of rutin, which is clearly below 

the safety level of 2000 mg/kg body weight (36). Nevertheless, it would be good to indicate the 
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amount of rutin on the label of M. stenopetala leaf preparations so that people suffering from 

goiter can avoid the ones with higher amounts. Neochlorogenic acid, KRG and unknown 2 were 

present for not more than 2 mg/g (expressed as rutin), while quercetin and caffeic acid were not 

detected.  

 

Table 4.4: Content of phenolic compounds in Ethiopian moringa leaf samples. Quercetin and 

caffeic acid were not detected. RSD was calculated on 3 values. 

 

Sample  Neochlorogenic 

acid  

mg/g (% RSD) 

Chlorogenic 

acid  

mg/g (% RSD) 

Unknown 2 

mg/g  

(% RSD) 

Rutin 

mg/g  

(% RSD) 

KRG  

mg/g  

(% RSD) 

MLS 1 1.8 (1.1) 1.5 (0.2) 0.4 (1.6) 17.9 (1.5) 0.3 (0.7) 

MLS 2 1.7 (1.1) 1.2 (0.5) 0.4 (1.1) 15.2 (0.6) 0.3 (0.5) 

MLS 3 1.4 (1.8) 1.0 (1.1) 0.4 (0.4) 16.2 (1.9)  0.3 (1.0) 

MLS 4 1.7 (1.5) 1.2 (0.8) 0.3 (1.2) 16.1 (1.5) 0.3 (0.9) 

MLS 5 BT 1.3 (1.8) 0.2 (0.8) 2.7 (1.1) 0.5 (0.6) 

MLS 6 BT 1.2 (0.9) 0.4 (0.3) 2.4 (1.4) BT 

MLS 7 BT 0.6 (0.8) 0.3 (1.7) 3.8 (0.5) BT 

MLS 8 BT 2.0 (0.9) BT 5.1 (0.7) BT 

MLS 9 BT 1.3 (0.6) BT 7.4 (1.5) BT 

MLS 10 BT 1.3 (1.0) BT 7.8 (0.7) BT 

 BT: below threshold (< 0.2 mg/g). 

 

Concerning loss on drying, total ash and ash insoluble in hydrochloric acid, 10%, 14.0% and 

2.0%, respectively, are specified as maximum tolerable limit for a given herbal drug, according 

to the technical guide for the elaboration of monographs on herbal drugs and herbal drug 

preparations of the EDQM (37). In this study, 4 out of 10 samples exceeded the limit for 
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moisture content, and 5 out of 10 resulted in excessive ash, while all samples complied for acid 

insoluble ash (Table 4.5). 

Table 4.5: Loss on drying and ash content results of moringa leaf samples 

 

Sample Loss on drying (%)  Total ash (%) Acid insoluble ash (%) 

MLS 1 6.9  12.1 1.2  

MLS 2 6.4  13.0 1.9 

MLS 3 5.9  12.6 1.5 

MLS 4 3.3 12.3 1.0  

MLS 5 7.5 13.2 1.0 

MLS 6 13.4 16.4 0.8  

MLS 7 9.3 17.2 0.2 

MLS 8 11.8 17.9 1.0 

MLS 9 11.0 14.8 1.2 

MLS 10 13.9 15.3 0.7 

 

 

MLS 1 to 4 contain considerably higher amounts of rutin and neochlorogenic acid compared to 

MLS 5 to 10 (Table 4.4). In addition, their moisture content and total ash (Table 4.5) are lower. 

This can be explained by the fact that samples 1 to 4 originate from another geographical region 

than samples 5 to 10, as indicated in section 4.2.1. 

 

4.4. Conclusions  

In this work, a simple and sensitive LC-UV method was developed and validated for the 

potential determination of 6 bioactive phenolic compounds in M. stenopetala leaf samples. The 

analysis time was only 15 min. The method was applied to evaluate the quality of ten samples 

collected in Ethiopia. The content of rutin varied between 2 and 18 mg/g, while the contents of 



 
 

  

83 
 

four more compounds (including chlorogenic acid, neochlorogenic acid and KRG) were below 

2 mg/g. Quercetin and caffeic acid were not detected. Further, 4 and 5 out of 10 samples did 

not comply for moisture and ash content, respectively. The proposed tests gave a good 

indication of the quality and allowed to distinguish between samples from different regions. 
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Abstract 

In Ethiopia, Moringa stenopetala leaf powder is extensively used as food and medicine. These 

days, its use is still growing and being promoted as a potential plant to ensure food supply in 

case of shortage, as well as for preparation of nutraceuticals and herbal medicines. As a result, 

the demand for safety and quality product is an important issue. In this study, a fast and easily 

applicable LC-UV method was developed for simultaneous determination of glucosinolates and 

phenolics in Moringa stenopetala leaf powders. The method was linear with determination 

coefficients (r2) ≥ 0.998. Detection limits were below 1.5 µg/mL and quantification limits below 

5 µg/mL. Relative standard deviation (RSD) values for intra- and inter-day precision were less 

than 1.5% and recoveries were close to 100%. Besides the use of external standards, 

quantitative analysis of multicomponents by a single marker (QAMS), an emerging method for 

herbal materials analysis, was developed and applied to commercial moringa samples collected 

from Ethiopia. The correlation coefficient (r ≥ 0.9993) between the QAMS and the external 

standard method proved the consistency of the two methods. Rutin was used as single marker 

for the simultaneous determination of 5 bioactive components in Moringa stenopetala leaf 

samples. Furthermore, a radar plot was used to differentiate samples collected from different 

geographical origin. Analysis results of the commercial samples revealed that rutin was found 

to be the highest constituent (varying from 6.6 mg/g to 18.8 mg/g) among the phenolics while 

glucomoringin (varying from 0.2 mg/g to 4.2 mg/g) was the highest glucosinolate. 

Keywords: Liquid chromatography; QAMS method; quality control; Moringa stenopetala 

leaves; phenolic compounds; glucosinolates, MS characterization  
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5.1. Introduction 

Moringa stenopetala (M. stenopetala) belongs to the family of Moringaceae and is one of the 

13 species of the genus moringa (1). M. stenopetala, commonly known as cabbage-tree or 

locally as Aleko or Shiferaw in Ethiopia, is a perennial, drought resilient, multipurpose food 

plant with nutritious leaves. It is often promoted as a potential plant for hidden hunger and 

consumed in different ways, including boiled fresh leaves and leaf powder used in tea or mixed 

with other dishes (2, 3). Nowadays, M. stenopetala is one of the greatest socioeconomic plants 

for nutritional and medicinal use in Ethiopia and Northern Kenya due to its ability to grow in 

poor soil and its short harvest time (4). 

M. stenopetala leaves are reported to contain glucosinolates (GLSs) and phenolic compounds 

(5, 6, 7) which are widely reported for their diverse beneficial health effects. GLSs are sulfur-

containing secondary plant metabolites considered as botanical biomarkers and used as 

bioindicators of herbal freshness (8) and food flavor (9). GLSs and their break down products 

called isothiocyanates (ITCs) (Figure 5.1) are known for the prevention and management of 

oxidative stress-related diseases due to their capacity to activate detoxification enzymes. ITCs 

derived from moringa GLSs are stable compared to ITCs found in other crops as they contain 

an additional sugar in their structure (10). 

 

 

Figure 5.1. General structure of glucosinolates and their conversion to isothiocyanates.  

In the intact plant cell, GLSs are stable as they are separately found from the major degrading 

enzymes (myrosinase isoenzymes). In cases of plant damage or stress during harvest, storage 

and processing, as well as during chewing by animals, enzymatic and non-enzymatic reactions 
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yield various transformation products, including ITCs, thiocyanates, nitriles, epithionitriles and 

oxazolidinethiones (11, 8). 

In literature, some detrimental effects of GLSs and their ITCs have been described since they 

can interfere with the iodine uptake and the synthesis of thyroid hormones (triiodothyronine 

(T3) and plasma thyroxine (T4)), leading eventually to hypothyroidism and enlargement of the 

thyroid gland (goitre) (11). In addition to their potential to cause ''cabbage'' goiter, GLSs are 

also known for their antinutritive properties, especially indole glucosinolates (12). An in vitro 

study by Habza-Kowalska et al. (13) revealed that polyphenols such as chlorogenic acid, 

quercetin, and rutin are found to be thyroid peroxidase (TPO) inhibitors and are considered as 

etiological factors for hypothyroidism. Moreover, Giuliani et al., (14) reported an inhibitory 

effect of quercetin on the thyroid function in rats at 50 mg/kg/day i.p, for 14 days. These 

chemicals are also reported to be present in M. stenopetala leaves (5, 6, 15, 16). 

The European Food Safety Authority (EFSA) recommends an extensive control on plants that 

contain GLSs, as type and content of GLSs are dependent on many factors such as species, 

geographic origin, plant preparation methods etc. (11). It also states that the GLSs content in 

vegetables expressed in terms of daily needs and activity should be limited to 20 mg (17).  

Despite the high consumption of moringa leaves as food, medicine and nutraceutical, quality 

control to substantiate the claims is limited due to lack of validated analytical method for the 

determination of its bioactive chemicals such as GLSs and flavonoids. Hence, in this study, the 

most important GLSs and phenolic compounds were determined to ensure safety and efficacy 

of different moringa leaf preparations.  

Bennett et al. (6) used an ion-pair LC/UV-Vis method to analyze GLSs in M. stenopetala leaf 

samples with a total analysis time of 60 min. However, focus was on profiling and no validation 

data were reported. Habtemariam (18) developed an LC-UV method for the analysis of 

moringin, an ITC of glucomoringin, in M. stenopetala seed samples with a total analysis time 

of 50 min. Furthermore, Mekonnen and Dräger (7) used an LC-ESI-MS method for the 

quantification of desulpho-glucosinolates in M. stenopetala.  To the best of our knowledge, no 

validated LC method has been reported for the analysis of intact GLSs in M. stenopetala leaf 

powders. To avoid long analysis times, ion-pairing agents, complex sample preparation 

procedures and costly MS detectors, it would be interesting to develop a fast LC-UV method 
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that could be easily applied in low resource analytical laboratories like in Ethiopia. Hence, in 

this study, a fast and sensitive LC-UV method was developed and applied to determine 

simultaneously GLSs and phenolic compounds in moringa leaf powders from Ethiopia using 

external standards. Moreover, a quantitative analysis of multicomponents by QAMS has been 

developed as alternative method for quality control of moringa leaf preparations seen the 

scarcity and high cost of high-purity reference substances. 

5.2. Methods and materials 

5.2.1. Materials and reagents  

Moringa leaf preparations (MLP) were purchased from local markets in Ethiopia. MLP1 to 4 

were obtained from the central and southern part of Ethiopia while MLP 5 to 9 were from the 

North. Analytical standards used during this study were: rutin trihydrate (95%) and chlorogenic 

acid (98%) from Thermo Fisher (Kandel, Germany) and caffeic acid (98%) from Sigma-Aldrich 

(Steinheim, Germany), glucomoringin (99%) and progoitrin (98%) from Phytolab 

(Vestenbergsgreuth, Germany).  To perform the LC analysis, HPLC grade acetonitrile (ACN), 

methanol (MeOH), and formic acid (99.9%) were procured from Acros Organics (Geel, 

Belgium) and ultrapure water was obtained in-house using a Milli-Q system obtained from 

Millipore (Bedford, MA, USA).  

5.2.2.  Preparation of sample and reference solutions 

An amount of 50 mg of powdered Moringa samples, previously sieved (Fackelmann sieve 

18/10) and stored in the freezer, were transferred into a 1.5 mL Eppendorf tube. Extraction was 

performed in duplicate by adding 1 mL of 80% MeOH at 70°C (sample to solvent ratio 1:20 

w/v), vortexing for 10 s and using an Eppendorf thermo mixer (Hamburg, Germany) maintained 

at 1400 rpm for 30 min. After being cooled, the supernatants were combined and filtered using 

a PTFE filter (0.45 µm) into an HPLC vial for analysis. To optimize the extraction procedure, 

progoitrin (200 µL of 0.1 mg/mL) and quercetin (200 µL of 0.4 mg/mL) dissolved in 80% 

MeOH were used as glucosinolate and phenolic extraction standards, respectively. MLP1 (Arba 

Minch organic moringa) was used for method development as it was found to contain a higher 

number of peaks. Moreover, the product was properly labeled and most commercialized 

compared to the other samples collected.  

Stock solutions of progoitrin, glucomoringin, chlorogenic acid, caffeic acid and rutin references 

were prepared by dissolving each reference in 80% methanol and the working solutions were 
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prepared from the standard stock solutions by mixing an appropriate volume with water to the 

desired concentrations for the construction of calibration curves. All solutions were stored at    

-20 °C before use.  

5.2.3.  LC operating conditions 

LC analyses were performed on a Merck-Hitachi apparatus (Darmstadt, Germany) equipped 

with an intelligent pump (L-6200), autosampler (L-2200) and UV/VIS detector (L-2400). For 

data processing and acquisition, Chromeleon software version 6.70 from Dionex (Sunnyvale, 

CA, USA) was used.  

All samples were analyzed in triplicate using a Luna C18 column (150×4.6 mm, 5 µm) from 

Phenomenex (Torrance, CA, USA). The mobile phase solutions and extraction solvent were 

degassed using helium (Air Liquide, Brussels, Belgium).  A Julabo EM immersion thermostat 

(Seelbach, Germany) was used to keep the water bath of the column at 30 °C. The mobile phase 

was a gradient mixture of mobile phase A (0.1% formic acid in water) and B (acetonitrile) 

pumped at a flow rate of 1 mL/min. The gradient program (time (min), % B) was set as (0, 7), 

(2, 7), (10, 20), (17, 70), (18, 7) and (20, 7). The injection volume was 10 μL and the detection 

wavelength was set at 230 nm.  

5.2.4.  Method validation 

Following the ICH guidelines (19), the developed LC-UV method was validated with respect 

to selectivity, sensitivity, linearity, precision, accuracy, and robustness. Linear calibration 

curves were constructed by six different concentrations of mixed standard solutions. Limits of 

detection (LODs) and limits of quantification (LOQs) of progoitrin, glucomoringin, 

chlorogenic acid, caffeic acid and rutin were determined at signal-to-noise ratios of 3 and 10, 

respectively. Intra- and inter-day precision of peak areas expressed as relative standard 

deviations (RSDs) were evaluated by injecting six sample solutions on 3 days. Accuracy of the 

method expressed as percentage recovery (equation (5.1)) was evaluated by adding a known 

amount of standard solutions at different concentration levels.  

 

Recovery (%) =
total amount after spiking - amount original   

amount spiked
× 100                        (5.1) 
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To evaluate the effect of slight changes in LC operating conditions on the outcome variables, a 

robustness study was performed using an experimental design with three chromatographic 

factors at two levels (-1 and +1) around their central level (0). The number of runs was equal to 

2k+ n, where k is the number of factors and n is the number of times that the center point was 

repeated. Hence, 11 experiments, including 3 at the center point (nominal value), were 

performed in a random order (Table 5.1). The areas of glucomoringin and rutin were selected 

as response factors. Besides, the resolution (Rs1) between UNK1 and glucomoringin as well as 

the resolution (Rs2) between glucomoringin and neochlorogenic acid were also evaluated. 

The mathematical relationship between a response y and the experimental variables xi, xj, ... can 

be represented as first order equation (5.2): 

 𝑦 =  𝛽0  +  𝛽𝑖𝑥𝑖 +  𝛽𝑗𝑥𝑗 +  𝛽𝑖𝑗𝑥𝑖𝑥𝑗  +. . . + 𝐸                                                                                (5.2) 

where the letters β represent the regression coefficients and E is the overall experimental error. 

The linear coefficients βi and βj describe the quantitative effect of the experimental variables xi 

and xj in the model while the cross coefficient, βij, measures the interaction effect between the 

variables xi and xj.  

The stability of the sample and standard solutions at room temperature were examined at 0, 2, 

4, 6, 8, 12, and 24 h after preparation of the solution. 

Table 5.1: Chromatographic parameter settings applied in the experimental design of the 

robustness study. 

Parameter  Low value 

(−) 

Central value 

(0) 

High value 

(+) 

Column temperature (°C) 28 30 32 

% Formic acid in mobile phase 0.09 0.1 0.11 

% Acetonitrile in mid gradient step 19 20 21 

 

5.2.5.  MS characterization of peaks 

Full scan MS spectra were obtained using a Bruker Esquire 3000 Plus ion trap mass 

spectrometer (Bremen, Germany) equipped with an electrospray ionization (ESI) source 
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controlled by Esquire control (version 5.2). For data analysis Bruker compass version 1.3 

software was used. The ESI source was operated in negative ion mode and MS operating 

conditions were optimized by infusing glucomoringin standard (10 µg/mL) for glucosinolates 

and rutin (10 µg/mL) standard for phenolics at a flow rate of 180 µL/h. MS conditions were as 

follows: capillary voltage; 4.0 kV, nebulizing gas pressure; 15.0 psi, dry gas flow rate; 5 L/min, 

dry gas temperature; 300 °C, capillary exit voltage; 208 V, trap drive; 66 V, Oct 2 dc; 1.1 V.  

Accumulation time was set at 25 ms. For characterization of the peaks, the column effluent 

from the LC-UV corresponding to the most important peaks (i.e. ≥ 0.2 mg/g) was collected and 

infused into the MS using a Hamilton 0.5 mL syringe (Reno, NV, USA) and a KD Scientific 

syringe pump (Holliston, MA, USA). The syringe flow rate was set at 180 µL/h. Mass spectra 

were recorded in full scan mode in the range of 50–1500 m/z and manual MSn mode to obtain 

fragment ions.  

5.2.6. Quality evaluation of moringa leaf samples 

5.2.6.1. External standard method 

The content of GLSs and phenolics in the portion of moringa leaf taken was first determined 

by applying the external standard method (ESM) using equation (5.3): 

 Content = (
Au 

As

) × Cs × (
V

W
)                                           (5.3)     

Where the content is expressed in mg of bioactive marker per g of MLP, Au is the peak area for 

the respective bioactive marker compound from the sample solution, As is the peak area for the 

respective bioactive marker from the standard solution, and Cs is the concentration of the 

respective bioactive marker in the standard solution (mg/mL) taking also into account the purity 

of the standard, while V represents the final volume (mL) of the sample solution and W the 

weight of sample taken to prepare the sample solution (g). Unknown peaks were quantified 

using rutin for phenolics and glucomoringin for GLSs as standards. 

5.2.6.2. QAMS  

In a second stage, rutin was selected as single marker since it is an easily available and 

affordable component of M. stenopetala leaves. It was used to calculate the relative correction 

factor (RCF) (equation (5.4)) and content (equation (5.5)) of progoitrin, glucomoringin, 

chlorogenic acid and caffeic acid.  

𝑓𝑠𝑖 =  
𝐴𝑠 𝐶𝑠⁄

𝐴𝑖 𝐶𝑖⁄
 =

𝑎𝑠

𝑎𝑖
                                                                      (5.4) 
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𝐶𝑖 =  
𝐴𝑖 × 𝐶𝑠

𝐴𝑠
 × 𝑓𝑠𝑖                                                                      (5.5) 

 

where fsi   is the correction factor for component “i” versus the single marker “s”, As is the peak 

area of the single marker, Cs is the concentration of the single marker, Ai is the peak area of the 

tested component and Ci is the concentration of component i. The ratio of as and ai is also a 

measure of fsi where as is the slope of the calibration curve of the single marker and ai is the 

slope of the calibration curve of the measured component. 

 

5.3. Results and discussion  

5.3.1.  Optimization of the extraction procedure 

Until now, few studies reported on the analysis of GLSs and phenolics in M. stenopetala leaves. 

However, all of them used different extraction methods (6, 7, 15, 20).  To prevent myrosinase 

activity and subsequent loss of glucosinolates, extraction using 70-80% cold or hot MeOH or 

hot water (60–100°C) are reported as effective extraction methods to keep the GLSs intact (8, 

21, 22, 23). In this study, to compare extraction efficiencies, 50 mg of sample was extracted 

using 1 mL of 80% methanol, at room temperature or at 70°C. All samples were extracted for 

30 min. This was repeated three times to maximize yield. Although methanol extracts at room 

temperature were found to contain the targeted GLSs and phenolics, the yield was less 

compared to warm methanol extracts. Hence, 80% methanol at 70°C was preferred as extraction 

solvent for the samples.    

Measurement of desulfoglucosinolates, an alternative method for analyzing GLSs, was 

considered as time consuming due to its several sample processing steps such as enzymatic 

desulfation (24). Moreover, according to Förster et al. (25) desulfo glucosinolate extraction 

resulted in the production of artifacts and loss of acetylated GLSs. So, extraction of intact GLSs 

was recommended.  

5.3.2.  LC operating conditions 

Optimization of chromatographic parameters was done to reduce the overall analysis time while 

considering good separation among the GLSs and phenolics. Two solvent systems consisting 

of water – methanol and water – acetonitrile as mobile phases were tested during the preliminary 

studies. The combination of water and acetonitrile was found to give better separation of GLSs 
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and phenolics. To minimize ionization of GLSs and phenolics and enhance separation, 0.1% 

v/v of formic acid or 0.05% v/v of trifluoroacetic acid (TFA) were added. However, formic acid 

produced a more stable baseline than trifluoroacetic acid. As a result, formic acid was preferred 

as volatile additive to install an acidic pH. After screening different samples, MLP1 was 

employed for further method development as it yielded more peaks. A Luna C18 (150 mm × 

4.6 mm, 5 µm) column was used for the analysis as it was found to retain better early eluting 

analytes, especially the targeted glucosinolates, compared to a monolithic column (Chromolith 

performance RP18e (100 mm × 4.6 mm)). 

Better LC performance was achieved using a gradient mixture of mobile phase A (0.1% formic 

acid in water) and B (acetonitrile). The fine tuned gradient program is described in section 5.2.3. 

The injection volume was set at 10 μL as it was found to give better separation between analytes 

compared to 5 μL and 20 μL. Simultaneous determination of GLSs and phenolics was 

performed at a detection wavelength of 230 nm as it was found to give better and more stable 

absorbance for the GLS than at 215, 227 or 254 nm. Phenolics are typically detected at 254 nm, 

but since their absorbance was comparable with this at 230 nm, the latter was selected here. A 

better separation of peaks was achieved at a column temperature of 30 °C compared to 25 and 

35 °C. Using the optimum chromatographic conditions, it was possible to separate the five 

bioactive compounds within 20 min as shown in the chromatogram of Figure 5.2.  
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Figure 5.2: Chromatogram of M. stenopetala leaf extract (MLP1) under optimized 

chromatographic conditions (see section 5.2.3.). 1: UNK1, 2: glucomoringin, 3: neochlorogenic 

acid, 4: acetylated glucomoringin (see also section 5.3.4.), 5: chlorogenic acid, 6: rutin. 

Progoitrin and caffeic acid were not detected in any of the samples, but the position of their 

peaks in the chromatogram are indicated with an arrow. 

5.3.3.  HPLC method validation  

5.3.3.1. Linearity, LOD and LOQ 

The calibration curves of the five reference compounds were constructed using a series of 

dilutions of mixed standard solutions. Then the peak areas (y) vs. concentrations (x) were 

plotted to obtain a calibration curve (y = ax + b). Results are illustrated in Table 5.2. The high 

determination coefficient values (r2 > 0.998) showed a good linear relationship over the 

concentration range examined. The limits of detection (LOD) and limits of quantitation (LOQ) 

were determined at signal-to-noise ratios of 3:1 and 10:1, respectively. The low values of LOQ 

and LOD indicated that the method is sensitive and capable of determining small quantities of 

the compounds in the samples. 
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Table 5.2: Linearity, limit of quantification (LOQ), limit of detection (LOD) and relative 

correction factors (RCFs) vs. rutin for progoitrin, glucomoringin, chlorogenic acid and caffeic 

acid (n = 3) 

 

Analyte   Linear equation* Range 

(µg/mL) 

r2 LOD  

(µg/mL) 

LOQ  

(µg/mL) 

RCFs 

Progoitrin  y = 0.150 x – 0.184 1.3 - 200 0.9995 0.45 1.3 1.437 

Glucomoringin y = 0.273 x + 0.585 5.0 - 200 0.9986 1.5 5.0 0.792 

Chlorogenic acid   y = 0.214 x – 0.509 2.5 - 200 0.9988 1.0 2.5 1.022 

Caffeic acid y = 0.434 x – 0.925 2.5 - 200 0.9986 0.8 2.5 0.484 

Rutin  y = 0.216 x – 1.189 2.5 - 600 0.9996 1.0 2.5 1.000 

* with y: peak area and x: concentration (µg/mL) 

 

5.3.3.2. Stability, precision and accuracy 

Stability of the samples (MLP1) and standard solutions were investigated by storing them at 

room temperature for 0, 2, 4, 6, 12 and 24 h. The results indicated that all solutions were stable 

for at least 24 h. Intra-day precision of the method was checked by six repetitive injections of 

standard solutions containing progoitrin, glucomoringin, chlorogenic acid, caffeic acid and 

rutin while the inter-day precision was evaluated over 3 days. RSD values were not exceeding 

1.5%, indicating acceptable precision of the method. Accuracy of the method, determined as 

percent recovery, was close to 100% indicating that the compounds could be recovered 

completely from the leaf powder samples (Table 5.3).   
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Table 5.3: Precision, accuracy and stability test results for progoitrin, glucomoringin, 

chlorogenic acid, caffeic acid and rutin 

 

Analyte Precision (%RSD) Stability 

(%RSD, n = 3) 

24 h RT  

%Recovery 

(%RSD, n = 3) 

Intra-day     

(n = 6) 

Inter-day     

(n = 18) 

Progoitrin 1.3 0.8 0.1 100.6 (2.8) 

Glucomoringin 1.4 1.0 1.2 101.4 (2.4) 

Chlorogenic acid 0.7 1.2 1.0 98.6 (3.8) 

Caffeic acid 1.5 1.2 0.2 99.9 (0.2) 

Rutin 1.1 1.2 1.3 98.5 (0.6) 

 

 

5.3.3.3. Robustness  

The robustness of the developed method towards small changes that could be caused when 

changing between laboratories, instruments or analysts was investigated by intentionally 

varying the LC operating conditions. As can be seen in Figure 5.3 (a) and (b), the change of 

individual variables within the investigated ranges, has no significant effect on the peak area of 

glucomoringin as well as on the peak area of rutin since all intervals include zero. However, it 

was found that the resolution between the peaks due to UNK1 and glucomoringin (Rs1) (Figure 

5.3(c)) was found to be negatively affected by the percentage of formic acid in the mobile phase. 

On the other hand, the resolution between the peaks due to glucomoringin and neochlorogenic 

acid (Rs2) was impacted positively by the percentage of formic acid in the mobile phase and 

negatively by a change in column temperature (Figure 5.3(d)). Hence, by increasing the 

percentage of formic acid, the resolution between the peaks of UNK1 and glucomoringin will 

decrease while the separation between glucomoringin and neochlorogenic acid will increase 

and vice versa.   
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Figure 5.3: Regression coefficient plots obtained from the robustness study for (a) peak area 

of glucomoringin; (b) peak area of rutin; (c) Rs1: resolution between UNK1 and glucomoringin; 

(d) Rs2: resolution between glucomoringin and neochlorogenic acid. Temp stands for column 

temperature, ACN for percentage acetonitrile in mid gradient step and FA for percentage of 

formic acid in the mobile phase.   

 

Concerning interactions between two variables, no significant effect on the peak areas and 

resolutions was observed as all intervals included zero. Since quantification is based on the 
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peak areas, it is good that none of the factors examined was found to have an influence on the 

peak areas. So, it is important to consider the effect of formic acid and column temperature 

when eventually transferring the developed method.  

The response surface plots shown in Figure 5.4 visualize the influence of temperature and 

formic acid on the resolution between UNK1 and glucomoringin (Rs1), as well as on the 

resolution between glucomoringin and neochlorogenic acid (Rs2). In the examined range, Rs1 

was always above 1.5 and Rs2 above 2.5. 

 

(a) 

 

(b) 

Figure 5.4: Response surface plots showing the influence of percentage of acetonitrile (ACN), 

percentage of formic acid (FA) and column temperature (Temp) on Rs1 and Rs2; (a) resolution 

(Rs1) between UNK1 and glucomoringin, (b) resolution (Rs2) between glucomoringin and 

neochlorogenic acid. Other parameters were kept constant at their central value. 

5.3.4.  MS characterization of chromatographic peaks 

ESI-MS in negative ion mode was used to obtain structural information of the eluted 

compounds. Mass spectra of glucomoringin, chlorogenic acid and rutin, corresponding to peak 
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2, peak 5 and peak 6 (Figure 5.2) respectively, were used as interpretative templates to 

characterize unknown compounds (peaks 1, 3 and 4 in Figure 5.2).  

Peak 2, which was detected in all the samples, resulted in an intense deprotonated molecule 

([M–H] −) at m/z 570. Its MS/MS resulted in fragments at m/z 424 due to loss of a rhamnose 

sugar and at m/z 311 due to a combined loss of a glucose and hydrogen sulphate moiety. Further, 

a fragment ion at m/z 259 was produced by loss of 311 u. The ion at m/z 259 corresponds to 

glucose sulphate, a typical fragment ion and one of the diagnostic ions for GLSs as described 

by Fabre et al. (26). The MS data obtained corresponded to the report by Bennett et al. (6), 

Förster et al. (25) and Maldini et al. (27) for 4-(α-l-rhamnopyranosyloxy)-benzylglucosinolate 

or glucomoringin (Figure 5.5A). The identity of this compound was also confirmed by 

comparing with the MS data of the available standard.   

Peak 5, which was also present in all the samples, produced a [M – H] − at m/z 353. Its MS/MS 

fragments at m/z 191 (= [M − H – 162]−) and m/z 179 (= [M − H – 174]−) indicated the presence 

of quinic acid and caffeic acid moieties. Besides, a fragment ion at m/z 135 (= [M − H – 179 – 

44]−) was observed that could be due to neutral loss of CO2. By comparing with the retention 

time and MS data of an authentic standard and the MS data reported by Bennett et al. (6), Rainha 

et al. (28) and Ncube et al. (29), peak 5 was identified as chlorogenic acid (Figure 5.5D).  

Peak 6 was the major peak in all samples and yielded a [M – H]− at m/z 609. The MS/MS 

spectrum showed a predominant ion at m/z 300 indicating the combined loss of glucose and 

rhamnose as a result of 3-O-glycosidic bond cleavage. Further fragmentation of the product ion 

at m/z 300 (quercetin) resulted in fragment ions at m/z 271, m/z 255, m/z 179 and m/z 151. These 

MS data were comparable with the MS data reported by Li et al. (30), Chen et al. (31) and Wang 

et al. (32) for rutin. Further, the retention time and MS data were comparable with the reference. 

Hence, peak 6 was characterized as rutin (Figure 5.5E).  

Peak 1 could not be characterized because the peak intensity was too low.  

Peak 3 showed a precursor ion [M − H]– at m/z 353 (Figure 5.5B). Its MS/MS fragment at m/z 

191 (= [M − H – C9H6O3]
−) indicated the presence of a quinic acid residue and was formed by 

loss of caffeic acid. The spectrum also showed a fragment with very low abundance at m/z 179 

(= [M − H – C7H10O5]
−) corresponding to caffeic acid and formed by loss of quinic acid. These 

mass data were comparable with those reported by Bennett et al. (6), Rainha et al. (28) and 

Ncube et al. (29) for neochlorogenic acid.  
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Figure 5.5: Schematic representation of the MS fragmentation of (A) glucomoringin, (B) 

neochlorogenic acid, (C) Acetyl glucomoringin, (D) chlorogenic acid and (E) rutin, as well as 

their (proposed) structures. 

 

Peak 4 showed a deprotonated molecule [M − H]– at m/z 612 indicating a relative molecular 

mass of 613 (Figure 5.5C). Its MS/MS resulted in fragments at m/z 424, due to loss of an acetyl 

rhamnose moiety, and at m/z 353, due to a combined loss of a glucose and hydrogen sulphate 

moiety. Besides, a fragment ion at m/z 259 was produced. This could be due to the glucose 

sulphate ion which is characterstic for GLSs (26). The MS data agreed with those reported by 

Bennett et al. (6), Förster et al. (25) and Maldini et al. (27) for acetyl-4-(R-L-

rhamnopyranosyloxy)-benzylglucosinolate isomer III. Hence, peak 4 was tentatively identified 

as acetyl-glucomoringin Isomer III (Ac-GMG). Identification as isomer III was done based on 

the relative elution order and relative amount compared to isomer I and II, as reported by 

Bennett et al. (6) and Förster et al. (25). 

5.3.5.  Quality evaluation of moringa samples by ESM and QAMS 

The developed LC method was applied for the quantification of GLSs and phenolics in moringa 

leaf samples collected from Ethiopia. In this study, applying a reporting threshold of 0.2 mg/g, 

the assay results of the five components in all moringa leaf samples are presented in Table 5.4. 

Among the five components, rutin was the analyte with the highest mean concentration.  

Progoitrin, a goitrogenic and antinutritional indole GLS, was not detected although it is reported 

in the members of the cabbage family (Brassicaceae or Cruciferae). The results of this study 

complement this of Bennett et al. (6) who reported the absence of aliphatic and indole GLSs in 

the leaves of M. stenopetala. Caffeic acid was also not detected in any of the analysed samples. 
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Glucomoringin, an aromatic GLS, was present in all samples (Table 5.4). The content of 

glucomoringin ranged from 0.2 mg/g to 4.2 mg/g, while the content of acetyl-glucomoringin-

isomer III was maximum 1.2 mg/g. In this study, the contents of GLSs were found to be a bit 

higher than those published by Bellostas et al. (20), who reported 2.65 µmol/g in old leaves and 

< 5 µmol/g in young leaves of M. stenopetala. This corresponds to 1.6 mg/g and 3.0 mg/g, 

respectively when converted using MW (609 g/mol) for the potassium salt of glucomoringin. 

However, it was somewhat less compared to the paper of Bennett et al. (6) who mentioned 5.3 

mg/g in old leaves and 8.2 mg/g of glucomoringin in young leaves and total GLSs to be 11.5 

mg/g in old leaves and 21.4 mg/g in young leaves. Different extraction and analysis methods 

could be one of the reasons why results of this study varied compared to the previous studies. 

So, it is important to define well the extraction and analytical conditions before specifications 

can be set.  
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Table 5.4: Content of glucosinolates and phenolic compounds in Ethiopian moringa leaf powders determined using the ESM and QAMS method 

(mg/g (% RSD), n = 3).   

 

Sample  UNK1 

ESM  

GMG  

ESM   

GMG 

 QAMS 

Neochlorogenic acid  

ESM 

Ac-GMG 

 ESM 

Chlorogenic 

acid  

ESM  

Chlorogenic 

acid  

QAMS 

Rutin 

ESM 

MLP 1 1.7 (0.3) 2.3 (0.3) 1.8 (0.3) 3.3 (2.2) 0.9 (1.9) 2.6 (1.3) 2.6 (1.3) 18.8 (1.2) 

MLP 2 0.9 (0.8) 2.9 (1.5) 2.3 (1.5) 3.6 (1.3) 1.2 (1.9) 2.6 (0.6) 2.6 (0.6) 17.0 (1.7) 

MLP 3 0.9 (0.6) 3.5 (1.2) 2.8 (1.2) 3.4 (1.7) 0.9 (2.1) 2.6 (1.6) 2.6 (1.6) 18.4 (1.6) 

MLP 4 1.0 (2.3) 4.2 (0.5) 3.4 (0.5) 3.5 (0.5) 0.8 (2.0) 2.7 (0.9) 2.9 (0.9) 16.9 (1.7) 

MLP 5 2.2 (1.7) 0.4 (2.0) 0.3 (2.0) 0.5 (0.6) 0.4 (0.9) 0.4 (0.9) 0.4 (0.9) 11.0 (1.4) 

MLP 6 1.3 (0.7) 0.2 (1.9) 0.1 (1.9) 0.2 (0.2) 0.3 (1.1) BT BT 6.6 (0.5) 

MLP 7 2.2 (0.3) 0.2 (1.3) 0.2 (1.3) 0.8 (0.7) 0.3 (1.7) 0.4 (0.9) 0.4 (0.9) 7.0 (0.9) 

MLP 8 1.5 (2.0) 0.2 (1.7) 0.2 (1.7) 0.3 (3.2) 0.4 (0.2) 0.2 (2.1) 0.2 (2.1) 7.9 (0.7) 

MLP 9 2.3 (0.9) 0.2 (1.1) 0.2 (1.1) 0.5 (3.3) 0.5 (2.3) 0.5 (2.6) 0.5 (2.6) 9.3 (1.8) 

 BT: below threshold (< 0.2 mg/g), GMG: glucomoringin, Ac-GMG: acetylated glucomoringin isomer III 
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Bennett et al. (6) and Bellostas et al. (20) reported a higher content of GLSs and phenolics in 

young leaves compared to old leaves of M. stenopetala. The concentration of GLSs can further 

be influenced by growing conditions, the plant’s growth stage, harvesting, drying and storage 

conditions (6, 20, 25). Hence, the content variation observed in this study, could also be due to 

the reasons mentioned above, as the information related to agricultural and collection practices 

such as growth conditions, collection, production, post-harvest processing and storage was not 

indicated on the labels of the samples.  

According to EFSA, the GLS content in vegetables expressed in terms of daily needs and 

activity is limited to 20 mg (17). Hence, although there is a lack of adequate exposure 

assessment studies on moringa consumption in Ethiopia, it would be good to indicate the GLSs 

content on the label of moringa leaf preparations and precautionary information to avoid 

undesirable effects upon frequent and/or excessive consumption of moringa samples with 

higher contents of GLSs.  

The average content of rutin, the principal component, ranged from 6.6 mg/g to 18.8 mg/g. This 

finding was comparable with the findings by Habtemariam & Varghese (15) who reported 2.3% 

(or 23 mg/g) of rutin in M. stenopetala leaves and significantly higher than those published by 

Bennett et al. (6) and Dessalegn and Rupasinghe (16), which were 3.0 mg/g (highest in young 

leaves) and 1.155 mg/g (in methanol extract), respectively. Moreover, the content of 

neochlorogenic acid varied from 0.2 to 3.6 mg/g while the content of chlorogenic acid ranged 

from 0.2 mg/g to 2.7 mg/g. The content of neochlorogenic acid was found to be less compared 

to the results (4.2 mg/g and 6.2 mg/g in old and young leaves, respectively) obtained by Bennett 

et al. (6). On the other hand, chlorogenic acid was found to be higher than the results of 

Dessalegn and Rupasinghe (16) which were 0.165 mg/g in an aqueous extract and 0.159 mg/g 

in a methanolic extract. Varations among the findings could be explained due to differences in 

extraction methods, extraction solvents, analysis method and growth stages among others. 

A radar plot (also known as spider plot or web plot) is commonly used for quick discrimination 

of samples based on multiple parameters. It was used in this study to further evaluate the 

moringa samples collected from different regions based on the GLSs and phenolics contents. 

As can be seen from the radar plot in Figure 5.6, samples 1-4 collected from southern Ethiopia 

were found to contain a higher content of glucomoringin, neochlorogenic acid, acetyl-

glucomoringin, chlorogenic acid and rutin, compared to samples 5 to 9 collected from the 
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northern part of Ethiopia. Hence, radar plot analysis could be used to discriminate M. 

stenopetala leaf samples collected from different geographical origin. However, information 

about collection time and further processing were not available.  

 

 

Figure 5.6: Radar plots showing the distribution of glucosinolates and phenolics among 

moringa leaf samples collected from different regions in Ethiopia 

A component of a given herbal medicine that is stable, inexpensive, easily available, 

pharmacologically active and easy to separate under conventional chromatographic conditions 

is an ideal candidate for a marker compound (33). In this study, rutin, the most abundant and 

pharmacologically active component of M. stenopetala, was selected as single marker for the 

quantification of GLSs and phenolics in moringa leaves. Correction factors for each component 

in Moringa leaf samples were determined with respect to rutin (Table 5.2). 

To check the validity of QAMS, the contents of the components measured by QAMS were 

compared with those from the ESM method. Besides, similarity between the two methods was 

compared using a correlation test (r). The results obtained using QAMS for glucomoringin and 

chlorogenic acid were similar (r ≥ 0.9993) with the ESM contents (Table 5.4) demonstrating 

that QAMS was effective and reliable for quantitative analysis of glucomoringin and 

neochlorogenic acid in moringa leaf samples. Hence, in view of the cost and scarcity of 
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reference standards, this method could be applied as alternative method to ESM during quality 

control of moringa samples. However, it has to be remarked that the compounds should be 

available as standards during the QAMS method development to determine the RCF. Here we 

focused on the most important compounds. 

5.4. Conclusions  

In this study, a fast and easily applicable LC-UV method was developed and validated for the 

simultaneous determination of GLSs and phenolics in M. stenopetala leaf samples. Besides the 

ESM method, the QAMS method was developed as alternative for the analysis of GLSs and 

phenolics in M. stenopetala leaf samples. The two methods were found to give similar results. 

Hence, both can be applied for quality control and standardization of herbal medicines from M. 

stenopetala leaves. When comparing results or setting specifications, it is also impotant to 

define well the extraction conditions. Finally, radar plot analysis was applied to further 

discriminate the samples based on their geographical origin. 
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Chapter 6: General discussion 
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6.1. General aspects 

Herbal medicine is the oldest, and still a predominant part of African traditional medicine. 

Herbal medicines (HM) are also called botanical medicines, vegetable medicines, or 

phytomedicines and the traditional healer specialized in herbal medicine is called a herbalist 

(1). According to the WHO, HM include herbs, herbal materials, herbal preparations and 

finished herbal products, that contain as active ingredients parts of plants, or other plant 

materials, or combinations (2).  

Herbs include crude materials which could be derived from lichen, algae, fungi or higher plants, 

such as leaves, flowers, fruit, fruiting bodies, seeds, stems, wood, bark, roots, rhizomes or other 

parts, which may be entire, fragmented or powdered. Herbal materials include, in addition to 

herbs, fresh juices, gums, fixed oils, essential oils, resins and dry powders of herbs. In some 

countries, these materials may be processed by various local procedures, such as steaming, 

roasting or stir baking with honey, alcoholic beverages or other materials. Herbal preparations 

are the basis for finished herbal products and may include comminuted or cut herbal materials, 

or extracts, tinctures and fatty oils of herbal materials produced by extraction, fractionation, 

purification, concentration, or other physical or biological processes (3). 

Good agricultural and collection practices for medicinal plants is the first step in quality 

assurance of herbal medicinal products where the safety and efficacy are directly linked (4).   

The overall quality of a HM may be affected by several factors, including seasonal changes, 

cultivar variation, environmental factors (such as sunshine radiation, temperature variation and 

climatic circumstances) and agronomic conditions (such as sowing date, cultivation sites, 

fertilisation, irrigation and harvesting time), post-harvest processing operations, and storage 

conditions, adulterants or substitutes of raw materials, and procedures in extraction and 

preparation (5,6), leading to variations in secondary metabolites, a variety of bio active 

phytochemicals naturally occurring in different parts of plants (6). 

QC of articles of botanical origin, including plant materials, plant extracts, and HM, remains a 

challenge (7). As plant materials are still widely consumed products in developed and 

developing countries and as they represent a substantial proportion of the global drug market, 

the demand for quality is also rising. To ensure the quality of medicinal plant products by using 

modern QC techniques and applying suitable standards, WHO developed a manual that 

describes a series of tests such as determination of foreign matter, macroscopic and microscopic 
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examination, thin-layer chromatography, liquid chromatography, determination of ash, 

determination of water etc.  for assessing the quality of medicinal plant materials (8). 

According to the EMA guideline on quality of herbal medicinal products, for herbal substances 

and herbal preparations consisting of comminuted or powdered herbal substances, the grade of 

comminution has to be given. Furthermore, the following has to be indicated: 

(i) in the case of standardisation: the quantity of the herbal substance/preparation shall be given 

as a range corresponding to a defined quantity of constituents with known therapeutic activity. 

(iia) in the case of quantification: the quantity of the herbal substance/preparation shall be stated 

as a distinct content and the content of the quantified substance(s) shall be specified in a range. 

(iib) for all other cases: the quantity of the herbal substance or the quantity of the genuine herbal 

preparation shall be stated as a distinct content (9).  

Markers are chemically defined constituents of a herbal material utilized for control purposes. 

They may or may not contribute to the clinical efficacy. When they contribute to the clinical 

efficacy, however, evidence that they are solely responsible for the clinical efficacy may or may 

not be available. Markers are generally employed when constituents of known therapeutic 

activity are not known or are not clearly identified, and may be used to identify the herbal 

material or preparation or calculate their quantity in the finished product (3). 

Selecting a relevant analytical method for QC of HM, from the many available, is a crucial step 

that mainly depends on the set analytical goals. Herbal identity confirmation is an essential step 

during QC of HM. This can be done visually and/or through microscopic observation on the 

key morphological features of the species. Microscopic evaluation is a preferred method for the 

identification of similar species or the verification of adulteration as it helps to identify herbal 

materials at the cellular level. Besides, it is the only morphological alternative for the analysis 

of HM presented in the form of powders. However, microscopic authentication is not always 

useful for formulations and should be supported by chromatographic data for completeness. 

Thin-layer chromatography (TLC) and high-performance thin-layer chromatography (HPTLC), 

in combination with macroscopic and microscopic evaluations, are other herbal chemical 

profiling methods based on the affinity of chemicals in the mixture towards a stationary and 

mobile phase. HPTLC has become a reference method in modern pharmacopoeias for the 

identification of herbal drugs, in conjunction with macroscopic and microscopic examinations 

(10). For quantitative tests, LC is superior. According to EMA, universal tests such as foreign 

matter, total ash and water content should be applied to herbal substances while tests such as 
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extractable matter, swelling index and tests for contaminants (e.g. heavy metals, pesticides, 

mycotoxins, fumigants, microbial contamination and residual solvents) should be performed 

when found relevant (9). Besides, Ph. Eur. herbal monographs describe tests such as foreign 

matter determination, loss on drying, total ash, hydrochloric acid insoluble ash and assay of 

bio-active marker compounds for dry cut or powdered herbal samples (11). Loss on drying, 

total ash, and acid-insoluble ash are basic tests for evaluating the quality state of commercial 

HM (12). However, regulatory limits are not established for HM used in Ethiopia including 

Aloe and Moringa based products, making it difficult for QC of commercialized HM. 

According to the technical report by EFSA (2019), as there was lack of information on the 

quality and quantity of undesirable substances and the absence of an exposure assessment, 

EFSA didn’t conclude whether or not M. stenopetala leaf powder could be used as traditional 

food and raises safety objections to the placing on the market (13).  

Likewise, in this project, due to lack of local monographs and specifications and limited 

information on the label present on commercial Aloe and Moringa leaf based herbal products, 

it was a challenge to fully apply all quality evaluation parameters. As it was not feasible and 

convenient to do all QC tests, some tests such as residual solvent determination were skipped.  

Hence, in this project, relevant general QC tests for HM mentioned in WHO guidelines, EMA 

guidelines and Ph. Eur. were used as references to evaluate the quality of Aloe and Moringa 

leaf based medicinal products. As a result, macroscopic identification, the fastest and simplest 

method of authentication during quality evaluation of HM (14,15), like appearance or colour 

change, smell, and foreign matters were performed. Moreover, to further evaluate internal 

quality of the samples, selected tests like loss on drying, ash content, acid insoluble ash, and 

pH were performed depending on the nature of samples (solids/powders). Macroscopic 

identification was performed first by naked eye and using a hand lens (10× magnification). 

Besides, to further validate the genuinity of samples, botanical identification was also 

considered. Excessive moisture in a given HM indicates the likelihood that the sample may be 

degraded and/or contaminated by pathogenic microbes. On the other hand, excessive ash 

content indicates that the product is contaminated by sand or soil during the course of its 

production. Furthermore, LC methods were developed and applied to determine the content of 

bioactive constituents in the samples. To finally decide whether a sample is compliant or not, 

all test results should comply with the specifications.  
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6.2.  Specific aspects  

As the consumption of botanicals as medicine, functional foods and cosmetics is continuously 

growing, users are demanding for safe and qualitative herbal products and different 

stakeholders are promoting standardization and QC to ensure safety and efficacy of herbal 

materials. 

Despite the availability of a large number of traditional HMs in Africa, the legal basis for 

establishing them as part of the drug legislation is very limited. As a result, in most parts of 

Africa, HMs are being sold everywhere without any scientific proof of safety and efficacy. In 

the sub-Saharan African countries like Nigeria, South Africa, Ghana, and Uganda, many gaps 

have been identified in the policy design and practice. In Kenya, HMs are not registered and 

sold without any restriction. In Ethiopia, however, although policies, legislations and 

regulations about traditional medicines are recently established, many HMs are still sold 

without any restrictions in the open market without proven safety, efficacy and quality. Besides, 

there is no traditional healer licensed by the Ethiopian Food and Drug Administration (EFDA), 

a regulating agency, indicating a clear gap in controlling HMs (16). 

Moringa and Aloe are among the most used and scientifically studied medicinal plants in 

Ethiopia. Their leaves are used as food, medicine and in cosmetics in different ways. As a result, 

they are often promoted as potential plants for the development of medicines, nutraceuticals or 

incorporated into functional foods.   

In this project, quality of Moringa and Aloe based herbal products, which are widely used 

botanicals in Africa in general and in Ethiopia in particular, were evaluated following the 

general QC methods for identity, purity, and content of bioactive chemicals. General identity 

evaluation tests (such as botanical identification, colour, shape, odour), purity tests (such as 

foreign matter determination, loss on drying, ash content), stability tests (such as odour, pH) 

and assay of bioactive phytochemicals by LC were performed. 

LC-UV methods using monolithic columns were developed, validated, and applied to Moringa 

and Aloe leaves based herbal preparations to determine bioactive marker compounds such as 

glycosylated anthrones in Aloe and phenolic compounds in Moringa. For the determination of 

glucosinolates in Moringa stenopetala leaf powder, a Luna C18 column was found to be more 

suitable. A Luna column is compatible with highly aqueous mobile phases and capable of 
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separating highly polar analytes. So, it gave a better selectivity for the targeted compounds 

compared to a monolithic column.  

LC-UV was selected as it is known for its versatility, selectivity, and feasibility to determine a 

wide range of secondary phytochemicals. Moreover, in this project, monolithic columns were 

selected as it is becoming a popular type of stationary phase in different fields including herbal 

product analysis for their better performance (high selectivity and sensitivity), online cleaning 

and causing low back pressure compared to particle packed columns. Besides, monoliths are 

compatible with conventional LC systems making them feasible in low-income countries. 

In this study, a fast and easily applicable LC-UV method has been developed and validated for 

the determination of aloins in Aloe leaf latex and Aloe leaf gel based personal care products. 

According to the analysis results, the content of aloins in the leaf latex ranged from 14 to 35 %. 

Besides, aloins were detected in a quarter of the aloe gel based personal care commercial 

samples.   

Further, quality of commercial Moringa leaf preparations was evaluated using a validated LC-

UV method to determine GLS and phenolics, loss on drying, total ash and acid insoluble ash 

contents. Nearly half of the samples was found to be compliant. 

The developed LC-UV methods were found to differentiate samples from different sources 

indicating their feasibility for the analysis of commercial samples. 

Furthermore, quantitative analysis of multi components by a single marker (QAMS) method, 

adopted by different pharmacopoeias such as the European, United States and Chinse 

Pharmacopoeia for standardization and quality evaluation of HMs and becoming a preferable 

method over external standardization methods for its feasibility reason in herbal analysis, was 

applied in this project. 

The developed QAMS method for simultaneous determination of glucosinolates and phenolics 

in Moringa leaves was found to give comparable results with the external standard method.  

The results of this study will be disseminated to relevant stakeholders such as regional and 

national regulatory agencies like for example EFDA which is situated in the 9 administrative 

states. This will be done through capacity building trainings (hosted by Mekelle University, 

School of Pharmacy). They can then impose a more stringent regulation on Aloe and Moringa 

based preparations. This way, the project will contribute to the general health and well-being 
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of the people in Ethiopia and at large in Africa. Besides, the developed LC methods are state-

of-the-art, fast and easy applicable. Hence, they can be easily executed in Ethiopian QC 

laboratories to ensure efficacy and safety of users. Furthermore, the findings could be used as 

good input for standardization of raw materials and finished products and/or for developing 

monographs in local languages for Aloe and Moringa leaf based herbal products. Hence, they 

may play a big role in supporting the national direction towards commercialization and 

internationalization of quality HM.  

In addition, awareness creation to traditional medicine practitioners, herb growers, herbal 

sellers and consumers (the public in general) and establishing a QC lab for phytomedicines at 

Mekelle University will also be realized. This will be done in consultation with university level 

offices such as the center for research and development, and the office for knowledge and 

technology transfer. Hence, the results of this study will be used to prepare a protocol useful 

for standardization and QC of Aloe and Moringa formulations in the QC lab for 

phytomedicines.   

Finally, this study was somewhat negatively impacted by the corona crisis and ongoing civil 

war in Ethiopia. Otherwise, more samples could have been collected to perform a more 

extensive market surveillance study. This would allow to further finetune the specifications to 

be set.  
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Summary 

As the consumption of herbal materials is dramatically increasing worldwide, the demand for 

quality control is becoming a global issue. The quality could be compromised by genetic, 

physicochemical, and biological factors. More control on herbal medicines is especially evident 

in developing countries where this is limited or even absent due to a number of reasons like for 

example lack of state-of-the-art analytical instruments, relevant monographs, easily applicable 

methods and trained man power. Aloe and Moringa leaf based herbal products are commonly 

used and commercially important herbal products in Africa in general and in Ethiopia in 

particular. Despite their wide use for medicinal, food and cosmetic purposes, their quality is 

barely controlled. Hence, in this study, quality control of Aloe and Moringa leaf based herbal 

preparations collected from Ethiopia was performed.  

In chapter 1, a brief introduction on traditional medicine and herbal medicines as well as their 

quality control methods is presented. Besides, literatures on the traditional medicinal use, 

phytochemistry and pharmacological activities of Aloe and Moringa from Ethiopia were 

reviewed.   

In chapter 2, a fast and easily applicable LC-UV method for the determination of anthrone 

glycosides, the principal bioactive marker components in Aloe leaf latex, has been developed. 

The method used a monolithic column, a stationary phase known for advantages such as low 

back pressure, stability, fast equilibration and compatibility with conventional LC systems. The 

developed method was validated with respect to specificity, linearity, precision, accuracy, and 

robustness and practically applied to determine aloins and their derivatives in Aloe leaf latex 

(Aloe juice products) collected from Ethiopia. In this study, the aloin contents of the samples 

were found to vary from 14 to 35 %. Besides, two unknown peaks in the chromatogram were 

tentatively identified as aloinoside and microdontin. 

In chapter 3, the above developed LC-UV method has been applied to determine aloins and 

related anthrones in Aloe leaf gel based personal care products with a modification on the 

extraction procedure considering the new matrix. Aloe leaf gel-based products are expected to 

be free from any contamination by the latex seen the diverse dermal toxicities and side effects. 

Moreover, additional quality parameters such as pH, loss on drying and ash content were also 

applied. According to the results of this study, aloins were detected in 25% of the analysed 
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commercial samples. Besides, 42% of the tested samples were found to be in the basic pH range 

and 33% of them contained excessive moisture, indicating that their quality is compromized. 

In chapter 4, a sensitive LC-UV method with short analysis time has been developed to 

determine phenolics in Moringa leaf preparations. After validation, it was practically applied 

to products commercialized in Ethiopia. Moreover, loss on drying, total ash and acid insoluble 

ash contents of samples were determined too as part of the quality evaluation. Further, MS 

characterization of unknown peaks in the chromatogram was performed. In this study, rutin was 

found to be the principal component and its content in samples varied from 2 to 18 mg/g. The 

method allowed to observe differences in phenolic composition between regions in Ethiopia. 

Results for loss on drying and ash content revealed that 40% and 50%, respectively, of the 

samples were not compliant. 

In chapter 5, an LC-UV method with quantitative analysis of multicomponents by a single 

marker (QAMS) has been developed for simultaneous determination of glucosinolates and 

phenolics in Moringa leaves. Rutin, the principal bioactive component, was used as a single 

marker for QAMS – an emerging method for quality control of herbal medicines. The results 

obtained with the developed QAMS method were comparable with the external standard 

method, proving its validity and feasibility for use. From the analysis of commercial samples, 

rutin was found to show the highest concentration (6.6 mg/g to 18.8 mg/g) among the phenolics 

while glucomoringin (0.2 mg/g to 4.2 mg/g) was the most present glucosinolate. The two 

methods were capable of differentiating samples by geographical origin. Hence, in view of the 

cost and scarcity of reference standards, QAMS could be applied as alternative to the external 

standard method for quality control of Moringa leaf preparations. 
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Samenvatting 

Aangezien de consumptie van plantaardige preparaten wereldwijd aanzienlijk toeneemt, is de 

vraag naar kwaliteitscontrole een globale aangelegenheid. De kwaliteit kan beïnvloed worden 

door genetische, fysicochemische en biologische factoren. Meer controle van plantaardige 

geneesmiddelen is in het bijzonder van belang in ontwikkelingslanden waar deze beperkt tot 

nagenoeg onbestaande is omwille van een aantal redenen zoals een gebrek aan hedendaagse 

analytische instrumenten, relevante monografieën, eenvoudig toepasbare methoden en getraind 

personeel. Kruidenpreparaten op basis van de bladeren van Aloë en Moringa worden vaak 

gebruikt en zijn commercieel belangrijke plantaardige producten in Afrika in het algemeen en 

Ethiopië in het bijzonder. Ondanks hun wijd gebruik in geneesmiddelen, voedsel en cosmetica, 

wordt hun kwaliteit nauwelijks gecontroleerd. Vandaar dat in deze studie de kwaliteitscontrole 

van kruidenpreparaten of basis van de bladeren van Aloë en Moringa nader aan bod kwamen.  

In hoofdstuk 1 werd een korte introductie gegeven over traditionele geneeskunde en 

plantaardige preparaten, evenals over kwaliteitscontrolemethoden. Daarnaast werd ook 

literatuur over het traditionele medische gebruik, fytochemie en farmacologische activiteit van 

Aloë en Moringa uit Ethiopië weergegeven. 

In hoofdstuk 2 werd een snelle en gemakkelijk toepasbare LC-UV methode ontwikkeld voor 

de bepaling van antronglycosiden, de voornaamste bioactieve merkercomponenten in de latex 

van Aloë bladeren. De methode maakte gebruik van een monolithische kolom, een stationaire 

fase gekend omwille van voordelen zoals lage tegendruk, stabiliteit, snelle evenwichtsinstelling 

en verenigbaarheid met conventionele LC systemen. De ontwikkelde methode werd 

gevalideerd met betrekking tot specificiteit, lineariteit, precisie, accuraatheid en robuustheid. 

Ze werd praktisch toegepast voor de bepaling van aloïnes en hun derivaten in latex van Aloë 

bladeren (product met sap van Aloë) verzameld in Ethiopië. In deze studie werden aloïne 

gehaltes gevonden die varieerden van 14 tot 35%. Daarnaast werden 2 onbekende pieken in het 

chromatogram met grote waarschijnlijkheid geïdentificeerd als aloïnoside en microdontine. 

De hierboven ontwikkelde LC-UV methode werd in hoofdstuk 3 toegepast voor de bepaling 

van aloïnes en verwante antrones in persoonlijke verzorgingsproducten gebaseerd op gel van 

Aloë bladeren. Aangezien het een andere matrix betreft, werd een aanpassing van de 

extractieprocedure doorgevoerd. Producten gebaseerd op gel van Aloë bladeren worden 

verondersteld vrij te zijn van elke contaminatie door latex gezien de diverse huidproblemen en 
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neveneffecten die kunnen optreden. Vervolgens werden ook kwaliteitsparameters zoals pH, 

massaverlies na drogen en hoeveelheid as bepaald. Volgens de resultaten van deze studie 

werden in 25% van de geanalyseerde commerciële monsters aloïnes teruggevonden. Daarnaast 

waren 42% van de onderzochte monsters te alkalisch en 33% van hen bevatten te veel vocht, 

wat een negatieve invloed kan hebben op de kwaliteit. 

In hoofdstuk 4 werd een gevoelige LC-UV methode ontwikkeld om fenolen te bepalen in 

preparaten van Moringa bladeren. Na validatie werd de methode praktisch toegepast op 

producten gecommercialiseerd in Ethiopië. Bovendien werden ook massaverlies na drogen, 

totale verassing en in zuur onoplosbare hoeveelheden as in de monsters bepaald als onderdeel 

van de kwaliteitsevaluatie. Verder werden onbekende pieken in het chromatogram 

gekarakteriseerd met massaspectrometrie. Uit deze studie bleek dat rutine de meest 

voorkomende component was in hoeveelheden variërend van 2 tot 18 mg/g. De methode liet 

toe om verschillen waar te nemen in fenolische samenstelling tussen regio’s in Ethiopië. 

Resultaten voor massaverlies na drogen en hoeveelheid as brachten aan het licht dat 

respectievelijk 40% en 50% van de monsters niet voldeden. 

In hoofdstuk 5 werd een LC-UV methode met kwantitatieve analyse van meerdere 

componenten door een enkele merker (KAME) ontwikkeld voor de gelijktijdige bepaling van 

glucosinolaten en fenolen in bladeren van Moringa. Rutine, de belangrijkste bioactieve 

component, werd gebruikt als enkele merker voor KAME, een methode die opgang maakt voor 

de kwaliteitscontrole van plantaardige geneesmiddelen. De resultaten bekomen met de 

ontwikkelde KAME methode waren vergelijkbaar met de externe standaardmethode, wat de 

geldigheid en geschiktheid voor gebruik bewijst. Uit de analyse van commerciële monsters 

bleek dat rutine de hoogste concentratie (6,6 mg/g tot 18,8 mg/g) vertoonde voor de fenolen 

terwijl glucomoringine (0,2 mg/g tot 4,2 mg/g) het meest voorkomende glucosinolaat was. De 

twee methoden waren in staat om monsters te onderscheiden op basis van hun geografische 

oorsprong. Wanneer de kost en zeldzaamheid van referentiestandaarden beschouwd worden, is 

KAME een waardig alternatief in vergelijking met de externe standaardmethode voor de 

kwaliteitscontrole van bereidingen op basis van Moringa bladeren.     
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