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Abstract 

Introduction Phytochemical standardization of herbal materials involves establishing consistent levels of one 
or more active ingredients or markers. It ensures the authenticity and quality of herbal materials, extracts, and their 
products. This research aimed to apply the herbal chemical marker ranking system (Herb MaRS) originally proposed 
for quality assurance of complex herbal products to establish markers for controlling the quality of herbal raw 
materials.

Methods The assessment of compounds for suitability as markers was based on the Herb MaRS, with minor modi-
fications as follows: for more objective scoring, evidence of biological activity of the potential marker compound(s) 
was determined at three levels based on the number of symptoms of the disease condition a compound can treat 
or alleviate: (i) one symptom (1 point), two symptoms (2 points), and 3 or more symptoms (3 points). The reported 
concentrations of the compounds were also scored as follows: concentration not determined (0 points), concentra-
tion ≥ 5 ppm (1 point), concentration ≥ 50 ppm (2 points) and availability of analytical standards (1 point). Finally, 
the compounds were scored for the availability of an analytical method (1 point). The compounds were scored from 0 
to 8, where 8 indicated the most suitable chemical marker.

Results The selected markers were as follows: aromadendrine, α-terpineol, globulol, and 1,8-cineol (in Eucalyptus 
globulus Labill. ); aloin, aloe emodin, acemannan (in Aloe barbadensis (L.) Burm.f. ), lupeol, lupenone, betulinic acid, 
betulin, and catechin (in Albizia coriaria Oliv.); mangiferin, catechin, quercetin, and gallic acid (in Mangifera indica 
L.); polygodial (in Warburgia ugandensis Sprague); azadirachtin, nimbin, nimbidin (in Azadirachta indica A. Juss. ); 
and 6,8,10-gingerols, and 6-shogaol (in Zingiber officinalis Roscoe).

Conclusions Herb MaRS can be efficiently applied to select marker compounds for quality control of herbal materi-
als. However, for herbs whose phytochemicals have not been sufficiently researched, it is difficult to establish evi-
dence of activity, and there are no analytical standards and/or methods; this is the case for plants exclusively used 
in Africa. The markers identified should be incorporated into chromatographic fingerprints, their quantitative meth-
ods developed, and evaluated for applicability at the various stages of the production chain of herbal medicines; then, 
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they can be included in future local plant monographs. There is also a need to build local capacity to isolate marker 
compounds, particularly those that are not sold by current vendors.

Keywords Markers, Phytochemical standardization, Quality control, Herbal materials, Herbal products

Introduction
Herbal materials vary greatly in chemical composition 
due to several factors, including climate, cultivation and 
harvesting practices, as well as genetic differences among 
cultivars of the same species [1]. To cater to this varia-
bility, herbal raw materials must be standardized before 
they are used for manufacturing medicinal products. 
Standardization involves activities that ensure that the 
materials and the resultant extracts are phytoequivalent. 
This ensures the reproducibility of the efficacy and safety 
of the materials and their products [1, 2].

The evaluation of chemical constituents of plant mate-
rial involves screening and quantification of the major 
phytochemical groups, the establishment of fingerprint 
profiles, and/or quantification of selected chemical mark-
ers. Once the phytochemical profile is established, the 
data are evaluated using chemometric methods such as 
principal component analysis and hierarchical clustering 
to confirm the phytochemical equivalence of the materi-
als (Fig. 1).

Markers may be measured in both raw materials and 
finished products to obtain useful information for vari-
ous applications. These include the identification and 
selection of raw materials where concentration limits are 

set, identification of adulterants and toxicants, assess-
ment of batch-to-batch uniformity of materials from 
different sources, control of the manufacturing process, 
assessment of the suitability of packaging and storage, 
standardization of physiological activities, and calcula-
tion of the dosage of raw materials to include in the prod-
uct formula [2–4] (Fig. 2).

Selection of marker compounds
When choosing a marker(s) for routine quality con-
trol of herbal materials, the following factors should be 
considered: (i) local availability of effective and easy-to-
use analytical methods such thin layer chromatography, 
high-performance chromatography, and spectroscopy, 
(ii) availability of analytical standards of acceptable 
quality, (iii) relevance of the compounds to therapeu-
tic application of the herbal material, and (iv) suitability 
of the compound(s) as stability indicators. According 
to the WHO, constituents with known biological activ-
ity (related to the traditional use of the herbal material), 
if known and available, should preferably be selected as 
markers. Otherwise, compounds with recognized bio-
logical activities or characteristic constituents can be 
used [3]. In line with the WHO and other regulatory 

Fig. 1  A scheme for phytochemical evaluation of herbal materials
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guidelines, researchers at the National Institute of Com-
plementary Medicine, University of Western Sydney, 
proposed a Herbal Chemical Marker Ranking System 
(Herb MaRS) for selecting markers for quality control 
of complex herbal products. The Herb MaRS was aimed 
at providing a uniform and comprehensive guide for the 
selection of marker compounds for the quality control 
of polyherbal products. The authors validated this sys-
tem using an herbal product made from seven herbs. 
To determine the suitability of phytochemicals as mark-
ers, the Herb MaRS ranks the compounds on a scale of 
0 to 5. A compound scoring 5 is the most suitable; this 
is a compound with the highest pharmacological activity 
related to major symptoms of the disease as claimed by 
the manufacturer; present in relatively high concentra-
tion in the herb or finished product (at least 5  µg/mL); 
and bioavailable. In addition, it is mandatory to screen 
toxic compounds, so they are scored 5 by default [5].

In Uganda, comprehensive phytochemical standardiza-
tion of herbal materials is not yet mandatory since there 
are no relevant monographs. As such, the products pro-
duced from them are not registered; the National Drug 
Authority issues a “notification” status [6, 7]. For notifi-
cation, the manufacturer only presents results for gen-
eral phytochemical screening. Consequently, there have 
been reports of poor-quality herbal medicines on the 
market, including adulteration with conventional medi-
cines. The NDA draft guidelines for the regulation of 
herbal medicines disseminated in 2021, for comments, 
have recommended the quantification of markers and 
the establishment of chromatographic fingerprints with 

reference to the WHO guidelines (https:// www. nda. or. 
ug/ wp- conte nt/ uploa ds/ 2022/ 03/ Guide lines- on- Regul 
ation- of- Tradi tional- and- Local- Herbal- Medic nes- in- 
Uganda_ Draft-2. pdf ). However, since most plants have 
no monographs yet [8], manufacturers will not know 
what analytical markers and/or methods to use.

The aim of this work was to assess the applicability 
of the Herb MaRS to establish the quality control of 
herbal materials. To achieve this, a case study of the 
seven most commonly used plant species in the man-
ufacture of herbal medicinal products in Uganda was 
conducted. According to our previous study [7], Euca-
lyptus globulus Labill., Aloe barbadensis (L.) Burm.f., 
Albizia coriaria Oliv., Mangifera indica L., Warburgia 
ugandensis Sprague, Azadirachta indica A. Juss. and 
Zingiber officinalis Roscoe were the most frequently 
used plants (Fig. 3).

It is evident from Fig. 3 that the seven plant materials 
considered for this case study are as popular as the other 
25 plants combined.

Methods
Identification of potential marker compounds
The suitability of analytical markers was determined 
based on the WHO guidelines for selecting marker sub-
stances of herbal origin for quality control of herbal med-
icines [3] and on the Herbal Chemical Marker Ranking 
System (Herb MaRS) [5]. Both the WHO guidelines and 
the Herb MaRS give priority to a compound whose bio-
logical activity is related to the traditional use of the plant 
and can be identified and quantified by the analytical 

Fig. 2 Applications of markers at different stages of the herbal medicine production chain

https://www.nda.or.ug/wp-content/uploads/2022/03/Guidelines-on-Regulation-of-Traditional-and-Local-Herbal-Medicnes-in-Uganda_Draft-2.pdf
https://www.nda.or.ug/wp-content/uploads/2022/03/Guidelines-on-Regulation-of-Traditional-and-Local-Herbal-Medicnes-in-Uganda_Draft-2.pdf
https://www.nda.or.ug/wp-content/uploads/2022/03/Guidelines-on-Regulation-of-Traditional-and-Local-Herbal-Medicnes-in-Uganda_Draft-2.pdf
https://www.nda.or.ug/wp-content/uploads/2022/03/Guidelines-on-Regulation-of-Traditional-and-Local-Herbal-Medicnes-in-Uganda_Draft-2.pdf
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methods available. Additionally, the compound chosen 
should be available commercially in pure form.

Establishment of active compounds and evidence 
of biological activity
An extensive literature search to identify the bioactive 
compounds and to establish evidence of their biological 
activity relevant to the therapeutic claims made on the 
product label was performed for the seven most com-
monly used herbal materials. Such evidence included 
studies reporting on the ability of the compound(s) to 
treat or ameliorate one or more symptoms of the disease 
condition as indicated by the manufacturer. According to 
Kaggwa et al. [7], Albizia coriaria, Mangifera indica, and 
Zingiber officinale are exclusively used in cough syrups; 
Warburgia ugandensis in cough and anti-ulcer syrups; 
Eucalyptus globulus in mouth washes, cough syrups and 
pain balms; Aloe vera in mouth washes, cough syrups, lip 
balms and GIT cleansing tablets; and Azadirachta indica 
in cough, anti-ulcer syrups and lip balms. The same study 
established evidence of the efficacy and safety of the plant 

materials for these therapeutic applications. Table 1 sum-
marizes the diseases (or their symptoms) the products 
are indicated to manage.

A systematic search for articles was performed using 
search engines such as Google and indexes including 
PubMed, Google Scholar, ResearchGate, and Web of Sci-
ence. The search terms consisted of the chemical name, 
pharmacological or therapeutic activity of interest, such 
as “anti-inflammatory activity of 6-gingerol”, plant botan-
ical name and bioactive compounds thereof, such as 
“bioactive compounds in Mangifera indica leaves”, and 
“mechanism of action of mangiferin”. Only full-length 
articles published in English were reviewed. We did not 
limit the search to any timeline since evidence is consid-
ered valid until disputed by new findings.

Availability of analytical methods for the potential marker 
compounds
In addition to evidence of biological activity of the 
identified compounds, information regarding qual-
ity control methods recommended by existing 

Fig. 3 Popularity of herbal materials in Ugandan registered herbal products. The numbers indicate the percentage of products that contain 
the plant as active ingredient. modified with permission from [7]
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pharmacopoeial monographs was included, particu-
larly the WHO monographs on selected medicinal 
plants [9–13], the African Pharmacopoeia, the West 
African Herbal Pharmacopoeia [14] and the Pharma-
ceutical monographs for South African plants species 
[15]. Additionally, the availability of assay methods for 
the quantification of markers in the respective plant 
materials was crucial. The primary focus was on high-
performance liquid chromatography (HPLC) methods 
because they are highly sensitive, specific, versatile and 
readily accessible even in resource-limited countries. 
Where HPLC methods were not available or not suit-
able, such as for essential oils, high-performance thin 
layer chromatography (HPTLC), gas chromatography 
(GC) or ultraviolet/visible (UV/VIS) spectrophoto-
metric methods, and other available methods were 
considered. Both HPTLC-densitometry and spectro-
photometric methods are less sensitive for the quanti-
tative determination of markers than HPLC, although 
they are easier to use. On the other hand, GC-based 

methods are as sensitive as HPLC but are selective to 
only compounds that are volatile, such as essential oils, 
while some compounds can be derivatized to make 
them volatile, the analysis cost is escalated by expensive 
derivatization reagents.

Availability of analytical reference standards 
for the potential marker compounds
Information on the availability of analytical standards 
and the prices for the smallest units was obtained, pref-
erably from the Sigma Aldrich ® website (https:// www. 
sigma aldri ch. com/ UG/ en). This was for two main rea-
sons: (i) from our experience, Sigma Aldrich is among 
the most reliable suppliers of high-quality chemicals, 
and (ii) they willingly display the prices for various 
grades and quantities of the same analytical stand-
ard. If the compounds were not available from Sigma 
Aldrich®, a general Google search to establish other 
potential sources was executed. Finally, the cost of 1 mg 
or mL of the marker was computed with an assumption 

Table 1 Disease conditions managed by the most commonly used herbal materials in herbal manufacturing in Uganda. Table 
modified with permission from [7]

No. Plant material 
Source of plant
Part of plant used

Dosage form of product 
containing the material

Indication(s) of the products containing the material

1 Eucalyptus globulus Labill. (Myrtaceae)
Wild, cultivated
Leaf oil

Mouth wash Toothache, bad odor, sensitivity, bleeding gums, (tooth) cavities, tooth 
decay, antibacterial, mouth sores

Cough syrups Cough, common cold, catarrh, sore throat, congestion from asthma, 
bronchitis, whooping cough, allergic conditions- sinusitis, rhinitis, 
mouth sores, hiccups, relieving fever, measles symptoms

Pain balm Pain relief

2 Aloe vera Burm.f. (Asphodelaceae)
Cultivated
Whole leaf

Mouth wash Toothache, bad odor, sensitivity, bleeding gums, (tooth) cavities, tooth 
decay, antibacterial,

Aloe tablets Cleanses GIT

cough syrup Cough, flu, sore throat, sinusitis

Lip balm Dry, cracked, and painful lips

3 Albizia coriaria Oliv. (Fabaceae)
Wild
Stem bark

(Cough) syrups Whooping cough, catarrh, sore throat,
congestion from asthma and bronchitis, relieving fever, sinusitis

4 Mangifera indica L. (Anacardiaceae)
Wild, cultivated
Stembark, leaves

Whooping cough, catarrh, sore throat,
congestion from asthma and bronchitis

5 Warburgia ugandensis Sprague (Canellaceae)
Wild, cultivated
Stem bark, leaves

Cough, flu, mouth sores, measles symptoms, common colds, sinusitis, 
rhinitis, asthma, catarrh, whooping cough, bronchial congestion, 
mouth sores, hiccups

(antiulcer) syrups (GIT) Ulcers

6 Azadirachta indica A. Juss. (Meliaceae)
Wild, cultivated
Stem bark, leaves

Cough syrup Cough, flu, sore throat, sinusitis

(antiulcer) syrups Gastric ulcers, stomach ulcers, flatulence, constipation

Lip balm Dry, cracked, and painful lips

7 Zingiber officinale Roscoe (Zingiberaceae)
Cultivated
Rhizome

cough syrups Allergic cough, smokers cough, whooping cough, productive cough, 
flu, lung cleaning, sore throat, sinusitis, bronchial asthma, relieving 
fever

https://www.sigmaaldrich.com/UG/en
https://www.sigmaaldrich.com/UG/en
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that this amount is sufficient for a single analysis to 
construct calibration curves. We believe that the cost 
of equivalent grades of standards from other vendors 
will differ only slightly.

Selection of the most suitable marker compounds
Using a modified Herb MaRS, compounds were given 
scores from 0 to 8, where 8 indicates the most suitable 
chemical marker. The Herb MaRS [5] does not elaborate 
on how the individual attributes of the compound are 
scored but rather gives a lumpsum mark after the over-
all assessment. Therefore, for more objective scoring, 
we modified the ranking system as follows: evidence of 
biological activity was divided into three levels based on 
the number of symptoms of the disease condition a com-
pound can treat or alleviate: (i) one symptom (1 point), 
two symptoms (2 points), 3 and more symptoms, with 
well-elucidated mechanisms of action (3 points). We also 
scored the reported concentrations of the compounds 
in the plant material (concentration not determined (0 
points), concentration ≥ 5 ppm (1 point), (concentra-
tion ≥ 50 ppm, 2 points) and availability of analytical 
standards (1 point); last, we scored the availability of an 
analytical method (1 point).

Results
Evidence of biological activity of potential chemical 
markers
For most plant materials, there are compounds with 
sufficient biological evidence relevant to the industrial 
application of the products in which the medicinal plant 
is contained. However, most of the compounds in War-
burgia ugandensis have not been individually evaluated. 
The most important bioactive compounds are shown in 
Fig. 4: E. globulus (1,8-cineol (1), aromadendrin (2), glob-
ulol (3) and α-terpineol (4)), A. barbadensis; (aloin A (5), 
aloin B (6), aloe emodin (7), acemannan (8) and man-
nose 6 phosphate (9)), A. coriaria; (lupeol (10), lupenone 
(11), betulinic acid (12), catechin (13)), M. indica; (cat-
echin (13), quercetin (14), mangiferin (15) and gallic acid 
(16)), Azadirachta indica; (azadirachtin (20), mahmoodin 
(21), nimbin (22), and nimbolide (23), Zingiber offici-
nalis; (gingerols (17), shogaols (18) and zingerone (19)), 
Warburgia ugandensis; (bemadienolide (24), muzigadial, 
polygodial (25), warbuganal (26), ugandensolide (27), and 
muzigadial (28).

The biological activities of these compounds and their 
mechanisms of action are summarized in Table 2 below.

Availability of analytical standards and assay methods
For Eucalyptus globulus, Aloe barbadensis, Zingiber offic-
inalis, and Azadirachta indica, monographs with well-
elaborated quality control methods have been published. 

Fig. 4 Bioactive compounds in the studied medicinal plants 
relevant to industrial application (the structures were generated 
with ChemDraw® software)
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In addition, analytical standards for the selected com-
pounds are available, and their assay methods have been 
developed. On the other hand, no monographs for Albi-
zia coriaria, Mangifera indica, and Warburgia ugandensis 
exist; for W. ugandensis, there are no analytical standards 
or assay methods to quantify the individual compounds. 
The cost per mg or mL of analytical standard ranged from 
€0.6 to 498 for α-terpineol and azadirachtin, respectively, 
with an average cost of €62.5 ± 101.5. The results are sum-
marized in Table 3.

Selection of markers
Most of the compounds scored at least 5 points out of 
8 except those for Warburgia ugandensis, which scored 
only one point. The scores of the markers for each plant 
are summarized in Table 4.

Discussion
Standardization is a key step in the quality assurance 
of herbal materials and their products; it is essential to 
ensure reproducibility of the biological activity and qual-
ity of the product. In this study, we established a list of 
compounds that can be used as markers for seven of the 
most commonly used plant materials in Uganda. Our 
emphasis was on compounds that are known to be active 
such that their determination informs both the quality 
and efficacy of the materials. We hope this information 
will be relevant to manufacturers once the new National 
Drug Authority (NDA) guidelines are put in force; quan-
tification of markers and establishment of chromato-
graphic fingerprints will be needed (https:// www. nda. or. 
ug/ wp- conte nt/ uploa ds/ 2022/ 03/ Guide lines- on- Regul 
ation- of- Tradi tional- and- Local- Herbal- Medic nes- in- 
Uganda_ Draft-2. pdf ).

With the use of a modified herbal marker ranking sys-
tem, compounds were identified that can be utilized to 
control the quality of herbal materials. Evidence of bio-
logical activity, availability of the analytical standard and 
availability of an analytical method are paramount. Thus, 
a compound should score at least 5 points to be suitable, 
that is, 3 points for biological activity and one point each 
for analytical standard and analytical method availability. 
The minimum concentrations of the markers in the plant 
material, if not already known, can be established by the 
manufacturer, and the compound assigned a qualitative 
(≤ 50 ppm) or quantitative (≥ 50 ppm) role depending 
on the concentrations in the plant material [5]. Another 
important factor to consider in quantitative analysis is 
the cost of the marker compounds. In this study, we high-
light unit costs and the costs of the smallest packs for 
each compound. It is important to note, however, that 
the final acquisition costs will include vendor or agent 
markups and so might be significantly higher. While 1 mg 

or 1 mL is considered sufficient for external calibration, 
other forms of calibration, such as standard addition, will 
require higher amounts of the marker. To show the rele-
vance of the selected markers, we list situations for which 
standardization of each plant material is needed.

Markers for Eucalyptus globulus oil
Eucalyptus globulus is known for the essential oils 
obtained from the leaves of the plant. The oil is used to 
manufacture products such as syrups used to manage 
symptoms of respiratory tract disorders (cough, com-
mon cold, catarrh, sore throat, congestion from asthma, 
bronchitis, allergic conditions- sinusitis, rhinitis, hic-
cups), fever and measles; pain balms applied topically to 
manage pain and inflammation; and mouth washes for 
conditions such as toothache, bad odor, sensitive teeth, 
bleeding gums, tooth cavities, tooth decay, and mouth 
sores [7]. Some of the most studied compounds that 
exhibit pharmacological activities to support the indica-
tions include aromadendrine, α-terpineol, globulol, and 
1,8-cineol (Table 2; Fig. 4), with scores of 7, 8, 6, and 8, 
respectively. Since all the compounds are available in 
pure form and several quantitative methods have been 
established (Table 3), these compounds are all suitable as 
markers. Aromadendrine is the most expensive, with a 
unit cost of €183), while α-terpineol is the cheapest, with 
a unit cost of €0.6. The WHO and the African pharmaco-
poeia recommend the use of 1,8-cineol as a standard for 
both chemical reaction and TLC fingerprint identifica-
tion methods [10, 13]; however, some studies have shown 
aromadendrine to be the major component, and perhaps 
a multimarker approach is more appropriate than deter-
mining only cineol [25]. These markers can be used to 
authenticate, determine phyto-equivalence and monitor 
the consistency in quality of oils obtained from different 
subspecies and geographical locations.

Markers for Aloe vera (Aloe barbadensis)
Aloe vera is used as the gel, latex or whole leaf extract. 
Whole leaf and latex products are used to treat constipa-
tion, to “cleanse” the GIT, and to treat wounds [7]. The 
main active ingredients are anthraquinone glycosides, 
notably aloin (barbaloin A and B) and aloe emodin [33] 
(Fig.  4). The efficacy of these compounds is well estab-
lished, their analytical standards are available, and many 
analytical methods have been published (Tables 2 and 3). 
Therefore, aloin A and B scored 8 points, while aloe emo-
din scored 7 points. The unit cost of analytical standards 
for aloin A is €44.0, that of aloin B is €60.5, and that of 
aloe emodin is €31.1. The WHO monograph recom-
mends chemical and TLC methods for the identification 
of anthracenes and spectrophotometric determination of 
total anthracene glycosides as barbaloin equivalents for 

https://www.nda.or.ug/wp-content/uploads/2022/03/Guidelines-on-Regulation-of-Traditional-and-Local-Herbal-Medicnes-in-Uganda_Draft-2.pdf
https://www.nda.or.ug/wp-content/uploads/2022/03/Guidelines-on-Regulation-of-Traditional-and-Local-Herbal-Medicnes-in-Uganda_Draft-2.pdf
https://www.nda.or.ug/wp-content/uploads/2022/03/Guidelines-on-Regulation-of-Traditional-and-Local-Herbal-Medicnes-in-Uganda_Draft-2.pdf
https://www.nda.or.ug/wp-content/uploads/2022/03/Guidelines-on-Regulation-of-Traditional-and-Local-Herbal-Medicnes-in-Uganda_Draft-2.pdf
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quantitative analysis [10]. These markers can be employed 
in identifying aloes obtained from different geographical 
regions, determining the best geographical sources of aloe 
vera gel products [123], and standardizing aloe products 
marketed for the treatment of constipation [10].

Because of suspected carcinogenicity [127], some 
regulatory authorities have banned the inclusion of aloe 
(whole leaf and latex) in oral over-the-counter nutraceu-
ticals and laxative products. For instance, the Interna-
tional Aloe Science Council set a limit of 10 ppm total 
anthraquinone glycoside concentration (as aloin), while 
the European Medicines agency and Food and Drug 
authority set the limit at 0 ppm [128, 129]. In this case, 
aloin and aloe emodin are negative markers and can be 
used to assess the quality of over-the-counter products. 
However, the Uganda National Drug Authority and 
Uganda Bureau of Standards have not published any reg-
ulations on the use of aloes.

The main components of the gel are carbohydrates 
such as glucomannans and sugars [103]). One of the main 
compounds, acemannan, scored 8 points. Its biological 
activity is well studied, analytical markers are available 
and analytical methods have been developed (Tables  2 
and 3). The main sugar, mannose 6 phosphate, scored 
only 3 points since its bioactivity is not well studied, and 
there are no analytical methods; thus, its concentration 
in the gel has not been reported. The unit cost of aceman-
nan is approximately €20.8. For quality assurance of Aloe 
vera gel, the WHO monograph recommends a chemical 
test for carbohydrate and polysaccharide analysis by GC/
MS. A molecular exclusion chromatographic method and 
a UV‒Vis spectrophotometric method for polysaccha-
rides have also been published and are more affordable.

Assay methods for acemannan can be used to select 
high-yielding plant varieties, the best cultivation sites, suit-
able agronomic practices, and harvest seasons [130, 131].

Markers for Albizia coriaria
The dried stem bark is the plant material of interest for 
medicinal purposes. Commercial products are used 
for managing symptoms of respiratory tract disorders 
(whooping cough, catarrh, sore throat, congestion from 
asthma bronchitis, fever, sinusitis) [7]. Some pharma-
cologically active compounds, such as triterpenoids, 
lupeol, lupenone, betulinic acid and betulin [132, 133] 
(Fig. 4), have been elucidated with scores of 8, 6, 8, and 
8, respectively. These compounds possess biological 
activities relevant to the commercial uses of the prod-
ucts, are available in pure form and have been quanti-
fied in many Albizia species, although assay methods 
specific to A. coriaria are scarce. The unit costs range 

between €68 for betulinic acid and €9.5 for betulinic 
acid.

There are no pharmacopoeial methods or monographs 
for A. coriaria materials. The identified markers can be 
used to monitor the batch-to-batch consistency of raw 
materials [134, 135] and to evaluate the efficiency of 
extraction methods.

Markers for Mangifera indica
The pharmacologically active compounds are obtained 
from extracts of the stem bark and leaves of Mangif-
era indica. The products containing these extracts are 
used for the management of respiratory tract disorders 
(whooping cough, catarrh, sore throat, congestion from 
asthma and bronchitis) [7]. Several phenolic compounds 
have been characterized and shown to possess biologi-
cal activity relevant to the medicinal use of the materi-
als. Mangiferin, catechin, quercetin and gallic acid scored 
8. The unit costs of these markers ranged from €1.8 for 
quercetin to €34.5 for gallic acid. While epicatechin 
scored 5 points, its analytical standard is not readily 
available.

The identified markers can be used to monitor the 
batch-to-batch consistency of raw materials, to select the 
most suitable plant cultivars to source from [111] and to 
control the extraction and processing methods. There are 
no monographs for M. indica materials [7].

Markers for Azadirachta indica
The seed oil, leaves and stem bark are used as herbal 
materials. Products containing these herbal materials 
are used to manage respiratory tract disorders (cough, 
flu, sore throat, sinusitis), gastrointestinal disorders 
(gastric ulcers, flatulence, constipation) and lip balms 
(dry, cracked, and painful lips) [7]. The most impor-
tant compounds are the limonoid azadirachtin and the 
tetranortriterpenes [84] nimbin, nimbidin, nimbolide 
and mahmoodin (Fig.  4). Most compounds scored 7 
and above and are therefore suitable markers. The unit 
costs of these markers range from €105 to 289 for nim-
bin and azadirachtin, respectively. Although nimbolide 
and mahmoodin scored 5 points, they lack analytical 
standards and assay methods. According to the WHO 
monographs, high-performance liquid chromatography 
quantification of oxidized tetranortriterpenes in oil and 
leaf materials can be used for quality control [11]. Assays 
of these markers can be applied to select habitats for cul-
tivation of neem, determine the best harvesting season 
and ensure consistency of materials obtained from vari-
ous sources [115, 136, 137].
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Markers for Zingiber officinalis (Ginger)
Herbal material is obtained from the rhizome, and the 
products are used to manage symptoms of respira-
tory tract disorders (cough, flu, sore throat, sinusitis, 
bronchial asthma, and fever) [7]. Gingerols and their 
dehydration products, shogaols (Fig.  4), have been 
extensively studied [89]. The compounds possess sev-
eral pharmacological activities relevant to the appli-
cation of the products; their analytical standards are 
readily available (apart from 12-gingerol), and analyti-
cal methods have been published. Thus, all compounds 
scored between 6 and 8 points and are thus suitable 
as markers. The unit cost of the analytical standards 
ranges between 50 and 60 euros. The WHO mono-
graphs recommend TLC fingerprinting with gingerols 
and shogaols as standards and GC and HPLC assay 
methods [10]. Since gingerols are dehydrated to form 
shogaols during storage and upon exposure to heat 
[138], the ratio of gingerols to shogaols can be used to 
determine the freshness of the ginger samples and opti-
mize storage conditions. The quantities of the markers 
can be applied to optimize extraction processes and to 
study the phyto-equivalence of gingers obtained from 
different sources [139].

Markers for Warburgia ugandensis
The bark of the stem is used as a drug for the treatment 
of respiratory tract disorders (cough, measles symptoms, 
common colds, sinusitis, rhinitis, asthma, catarrh, bron-
chial congestion, and hiccups) and gastric ulcers [7]. 
While many compounds have been elucidated, the most 
important being the drimane sesquiterpenes bemadi-
enolide, muzigadial, polygodial, warburganal, uganden-
solide, and muzigadial [99] (Fig.  4), specific bioactivity 
studies are rare.

Only polygodial, muzigadial muzigadiolide, warburga-
nal, and ugandensidial have been shown to possess some 
antimycobacterial activity [99]. In addition to limited 
pharmacological evidence, most of these compounds are 
not available in pure form for use as analytical standards, 
and no assay methods have been published. Thus, the 
compounds scored between only 1 and 3 points and are 
therefore not suitable quality control markers accord-
ing to the Herb MaRS. In such cases, the WHO recom-
mends the use of other constituents, whose biological 
activities are known even though the relevance of such 
activities to the traditional use of the plant may not be 
well established [3]. Thus, compounds such as linoleic 
acid, myrcene, and linalool, which are known compo-
nents of W. ugandensis [140], can be used for its quality 
control; such evaluation will not be relevant to phar-
macological standardization of the plant materials. This 

lack of pharmacological data, analytical methods and 
standards is common to plants that are exclusively used 
in Africa [8].

Conclusions
This study has demonstrated the applicability of the Herb 
MaRS to the quality assurance of herbal materials. Mark-
ers have been identified for the phytochemical stand-
ardization of the six most common medicinal plants in 
Uganda. The selected markers were as follows: (aroma-
dendrine, α-terpineol, globulol, and 1,8-cineol) (in Euca-
lyptus globulus Labill. ); (aloin, aloe emodin, acemannan) 
(in Aloe barbadensis (L.) Burm.f. ), (lupeol, lupenone, 
betulinic acid, betulin, and catechin) (in Albizia coriaria 
Oliv.); (mangiferin, catechin, quercetin, and gallic acid (in 
Mangifera indica L.); (azadirachtin, nimbin, nimbidin (in 
Azadirachta indica A.Juss. ); and (6,8,10-gingerols, and 
6-shogaol (in Zingiber officinalis Roscoe). For W. ugan-
densis, the compounds with known biological activity 
were not suitable as markers because they lack analytical 
standards and/or analytical methods. This implies that 
the Herb MaRS is only applicable for plants that have 
been extensively researched, such that it is possible to 
establish evidence of efficacy and/or safety. The method 
is also only applicable to plants whose phytochemical 
ingredients have analytical standards and corresponding 
analytical methods.

Recommendations
Markers for the other twenty-five (25) plant materials 
should be established using the same approach. The iden-
tified markers should be evaluated for suitability at the 
various stages of the production chain of herbal medi-
cines in Uganda, i.e., from authentication and quality 
control of raw materials to evaluating reproducibility in 
the efficacy, safety, and stability of finished products noti-
fied by the National Drug Authority. Information about 
marker evaluation can be included in future Ugandan 
medicinal plant monographs and/or product databases 
to guide their quality assurance. In addition to the quan-
tification of marker compounds, the construction of fin-
gerprint databases for various plants is encouraged. The 
standardized fingerprints can then be used for routine 
quality assessment of the plant materials.
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