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REVIEW ARTICLE

Risk characterisation of constituents present in jamu to promote its safe use

Suparmi Suparmia,b , Dasep Wahidinc and Ivonne M. C. M. Rietjensa

aDivision of Toxicology, Wageningen University and Research, Wageningen, The Netherlands; bDepartment of Biology, Faculty of Medicine,
Universitas Islam Sultan Agung, Semarang, Indonesia; cBadan Pengawas Obat dan Makanan RI, Jakarta, Indonesia

ABSTRACT
Safety in use of jamu consumption, as part of traditional medicine from Indonesia, is dependent on the com-
plete and adequate assessment of potential hazards and risks of the botanicals and botanical constituents
included. This includes especially hazards and risks related to the presence in jamu of active pharmaceutical
ingredients (APIs) as well as of constituents that are genotoxic and carcinogenic. The present review presents
an overview of the current state-of-the art on these hazards and risks based on case reports on adulteration,
and the actual detection of genotoxic and carcinogenic ingredients of concern in jamu. Based on the overview
thus obtained, it appears that drug-adulteration presents important hazards responsible for potential adverse
effects, due to overdosing. The potential hazards of exposure to APIs mainly relate to the presence of constitu-
ents that may cause liver damage, renal impairment, kidney failure, steroid dependence or genotoxicity and
carcinogenicity. For these APIs, a risk characterisation was performed based on comparison of health-based
guidance values (HBGVs) and exposure, while for the genotoxic carcinogens the margin of exposure (MOE)
approach was used. Results of this risk characterisation should be used by risk managers to impose specifica-
tion for constituents of health concern to protect consumers. It is concluded that to manage the risks identified
and further improve the safety in use of jamu, a collaboration between farmers, manufacturer/producers, aca-
demia, government, health professionals, and consumers is indicated.

Abbreviations: AAs: Aristolochic acids; AAN: Aristolochic acid nephropathy; ABs: Alkenylbenzenes; ADI:
Acceptable daily intake; BEN: Balkan endemic nephropathy; BKO/APIs: Bahan Kimia Obat/active pharma-
ceutical ingredients; BMDL10: Lower confidence limit of the benchmark dose resulting in a 10% extra
effect; BPOM RI: Badan Pengawas Obat dan Makanan Republik Indonesia/The National Agency for Drug
and Food Control, Republic of Indonesia; CPOTB: Cara Pembuatan Obat Tradisional yang Baik/Good
Manufacturing Practice (GMP) for Traditional Medicine; DILI: Drug-induced liver injury; EDI: Estimated
daily intake; EFSA: European Food Safety Authority; GACP: Good agricultural and collection practices;
HBGV: Health based guidance value; HVOD: Hepatic veno-occlusive disease; MENKES RI: Menteri
Kesehatan Republik Indonesia/Ministry of Health, Republic of Indonesia; MPL: Maximum permitted level;
MOE: Margin of exposure; NOELs: No-observed-effect levels; NSAIDs: Nonsteroidal anti-inflammatory
drugs; PAs: Pyrrolizidine alkaloids; PA-ILI: PA-induced liver injury; RD: Reference dose; TCM: Traditional
Chinese Medicines; TLC: Thin layer chromatography
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1. Introduction

Jamu is the collective name for a traditional medicine system
from Indonesia. The therapeutic effects are mainly based on
empirical data, passed down across generations, while the
standardisation of the level of their active ingredients is not
required (BPOM-RI 2004a). Jamu preparations are generally
formulated from selected and mixed botanicals usually from
whole, fragmented or cut plants, or parts of plants. In 2019,
jamu was recognised by the Indonesian Ministry of Education
and Culture as part of Indonesia’s cultural heritage (Suprana
2019). Jamu is widespread in Indonesian and global markets,
being easily accessible to consumers via supermarkets, drug-
stores, natural health/food stores, herbal shops, and gyms
while there are also ample possibilities to purchase these
products via the internet. The easy accessibility of the prod-
ucts without a need for prescription and the trend of con-
sumers to favour natural products also stimulate the use of
herbal based jamu. The market demand for jamu keeps
growing, and as a result jamu increasingly provides economic
and perceived clinical benefits.

The notorious growth in the consumption of jamu has
been associated with the increasing demand for alternative
therapies, in part due to the mistrust in conventional medi-
cine and pharmaceutical drugs, and building on the percep-
tion that herbal products are “safe” and “natural” and thus
“healthy”, while at the same time facilitating the tendency for
self-medication aiming for increased control over one’s own
health (Hasler 2002; Rietjens et al. 2008; Vargas-Murga et al.
2011). As a result, there are a lot of jamu manufacturers that
keep developing their products and the related potential
health claims communicating the products and their poten-
tial benefits to consumers (Greger 2001). Unfortunately, the
increase of consumption has also brought health risks due to
the fraudulent adulteration with conventional pharmaceutical
drugs, drug analogues, and/or naturally occurring constitu-
ents of concern, which can lead to severe side-effects.

To date, no (governmentally supported) coordinated
safety assessment program has been implemented for jamu.
Lim and Pranata (2020) warned against the insidious threat
of jamu and unregulated traditional medicines since there is
no solid evidence that the core ingredients of jamu are bene-
ficial and/or safe. The toxicity data and knowledge on the
occurrence of adverse reactions as a result of jamu consump-
tion are still limited. As a result, the increasing use of jamu
has raised concerns among scientific and regulatory com-
munities especially given the case studies reporting adverse
health effects resulting from misuse, misidentification of the
botanical species or (deliberate) contamination with extrane-
ous plants or bioactive constituents (Ernst and Pittler 2002;
Walker 2004). Nevertheless, there is also a more recent case,
reported in 2018, when there were some unscrupulous man-
ufacturers and distributors who deliberately adulterated jamu
through the addition of active pharmaceutical ingredients
(APIs)/(Bahan Kimia Obat) (BKO) in order to increase product
effectiveness (BPOM-RI 2019). Such adulterations have also
been reported for other herbal products worldwide, includ-
ing, for example, herbal dietary supplements and traditional
Chinese medicines (TCM), Indian ayurveda, South African

traditional herbal remedies, herbal food supplement on the
Dutch market, health products in Canada, and herbal drugs
in Iran (Snyman et al. 2005; Posadzki et al. 2013; Reeuwijk
et al. 2014; Saberi et al. 2018; Crighton et al. 2019).

Botanicals may contain a wide variety of toxic constituents
(see EFSA compendium, https://www.efsa.europa.eu/en/
microstrategy/botanical-summary-report) and this may
include compounds that are both genotoxic and carcinogenic
(EFSA 2017). Genotoxic and carcinogenic compounds natur-
ally occurring in botanical preparations may include espe-
cially alkenylbenzenes (ABs), pyrrolizidine alkaloids (PAs), and
aristolochic acids (AAs) (van Den Berg et al. 2011). Our previ-
ous risk assessment studies on jamu and herbal products
from Indonesia reported the presence of these type of con-
stituents at levels that pose a concern for human health at
the proposed levels of daily use of jamu products when con-
sidering life-long use, indicating a priority for risk manage-
ment action of the corresponding herbal products (Suparmi
et al. 2018, 2019, 2020).

Although there are also some reported cases on potential
microbiological and metal/metalloid contamination in jamu
(Limyati and Juniar 1998; Ali et al. 2005; Paul et al. 2005;
Noveriza 2015; Wasita and Hendrayana 2016; Asra et al. 2019;
Latifa et al. 2020), the present review presents an overview of
the current state-of-the art related to the hazards and risks of
APIs as well as of constituents that are genotoxic and car-
cinogenic reported to be present in jamu. This overview
informs risk managers aiming at enabling prioritising of regu-
latory actions to support the safety in use of jamu.

2. Methodology

2.1. Data collection of hazards associated with jamu

2.1.1. Adulteration with APIs that are non-genotoxic
Information on adulteration of jamu with APIs that are inten-
tionally added was collected from an online report of BPOM-RI
(2006). A literature study was conducted to inform a narrative
review on hazards associated with jamu consumption based
on the presence of these constituents of concern in jamu.
Literature was collected via Pubmed, Scopus, and Google
Scholar using the following search terms: “jamu”,
“adulteration”, “adulterasi”, “active pharmaceutical ingredients”,
“bahan kimia obat”, “alkenylbenzenes”, “pyrrolizidine alkaloids”,
and “aristolochic acids”. Data were filtered from 1980 onwards.

2.1.2. Natural occurrence of constituents that are geno-
toxic and carcinogenic
Hazards of genotoxic carcinogenic constituents which may
naturally occur in botanical constituents of jamu were col-
lected based on literature reporting on the occurrence of
ABs, PAs, and AAs in jamu.

2.2. Exposure assessment resulting from the drinking of
jamu for constituents of concern

Levels of detected compounds and recommended dosages
of each of these jamu were retrieved from reported
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studies (Supplemental Material 1). From these data, the esti-
mated daily intake (EDI) was calculated to quantify the
potential exposure to constituents of concern according to
Equation (1).

EDI …
W � L

BW
(1)

where EDI values are expressed in mg/kg bw/day. W is the
weight of recommended daily use of these samples
(Supplemental Material 1) based on the information retrieved
from the labels and as presented in the literature expressed
in kg jamu/day. L is the detected level of the compounds of
interest expressed in mg/kg jamu. BW is the body weight for
which the default value used was 54 kg, the average body
weight for Indonesian male and female (FAO 2017).

2.3. Risk characterisation

2.3.1. Risk characterisation of APIs that are non-genotoxic
Given that the APIs detected were non-genotoxic constitu-
ents, to evaluate their risks, a percentage of deviation (D)
between the EDI as compared to an existing reference dose
(RD) was calculated according to Equation (2).

D …
ðEDI�RDÞ

RD
� 100% (2)

where the D values were expressed in %, EDI values,
expressed in mg/kg bw/day, were calculated by Equation (1),
and RD values, expressed in mg/kg bw/day, were available
RDs like for example an acceptable daily intake (ADI) in situa-
tions of repeated daily exposure. For some APIs, including for
example those in therapeutic classes of corticoids/glucocorti-
coids and nonsteroidal anti-inflammatory drugs (NSAIDs) ADI
values have actually been defined based on the no-observed-
effect levels (NOELs) established by the EFSA CONTAM panel
in their opinion on APIs present in food of animal origin
(EFSA 2018). When an ADI for an API is not available, the EDI
for an API can be compared to the known safe therapeutic
dose level of the drug as the RD to estimate if an effect can
be expected. When the D value of the API present in an
adulterated jamu exceeds 0 for a representative RD, a poten-
tial risk and/or pharmacological effect can no longer be
excluded. When the value is below 0 a potential pharmaco-
logical or adverse effect is not expected.

2.3.2. Risk characterisation of constituents that are geno-
toxic and carcinogenic
The risk characterisation of compounds that are both geno-
toxic and carcinogenic is generally performed by the so-
called margin of exposure (MOE) approach (EFSA 2005;
Barlow et al. 2006; Skovgaard 2007; Benford et al. 2010). The
MOE resulting from intake of the jamu samples during a
whole lifetime but also for exposure during 2 weeks every
year during a lifetime were obtained from our previous risk
assessment related to ABs, PAs, and AAs present in jamu
(Suparmi et al. 2018, 2019, 2020) (see Supplemental material
2). In these studies, potential exposure to ABs, PAs, and AAs
resulting from consuming the jamu was estimated based on

the levels of the constituents in individual jamu and the rec-
ommended daily use of these samples based on the informa-
tion provided on the label. The MOE is calculated by dividing
the BMDL10, which is the lower confidence limit of the
benchmark dose giving 10% extra tumour incidence above
background levels for the genotoxic carcinogen of interest,
by the EDI. An outcome of the MOE below 10 000 when
based on a BMDL10 from an animal study, is considered a pri-
ority for risk management while an MOE above 10 000 is
considered to be of low priority for risk management action
(EFSA 2005).

When evaluating the risks of genotoxic carcinogenic con-
stituents detected in jamu by the MOE approach it is also of
importance to note that risk assessment by the MOE
approach is based on the assumption of daily exposure dur-
ing a whole lifetimes. To correct exposure estimates for use
during shorter periods of time, such as for example only dur-
ing periods of illness, it has been proposed to use Haber’s
rule as a first tier approach to correct for shorter than lifetime
exposure (Doull and Rozman 2000; Felter et al. 2011). Haber’s
rule states that the dose times the exposure duration is con-
stant ðk … C1 � T1 … C2 � T2, where k is the toxic outcome,
C is the concentration (or dose) of the toxic chemical, and T
is the duration of exposure. The numbers 1 and 2 indicate
two different exposure regimens, for example, lifetime expos-
ure to a dose C1 and 2 weeks yearly during a whole lifetime
exposure to a dose C2, respectively). This implies that one
could correct for shorter time of exposure in a linear way.
Using Haber’s rule, EDIs and resulting MOEs for shorter than
daily lifetime exposure were obtained.

3. Results and discussion

3.1. Emerging hazards and risk characterisation of APIs
that are non-genotoxic

Table 1 shows drug-adulterations presenting potential haz-
ards. This includes for example jamu “pegal linu” and jamu
“asam urat” that have been reported to be adulterated with
NSAIDs and corticoid drugs to improve their efficacy in treat-
ing arthritis and related musculoskeletal disorders. In some
cases, jamu advertised for slimming, erectile dysfunction, and
antidiabetic activity were reported to be adulterated with
sibutramine hydrochloride, sildenafil citrate, and glibencla-
mide, respectively. In the Supplemental Material 1, a more
extensive overview of the related APIs including the esti-
mated exposure and relevant RD values is presented. The
potential hazards of exposure to APIs mainly relate to the
presence of APIs that may cause blood dyscrasias, drug-
induced liver injury (DILI), liver damage, gastrointestinal
upset, central nervous system toxicity, peptic ulcers, cardio-
vascular diseases, renal impairment, kidney failure, or ster-
oid dependence.

The overview presented in Table 1 and Supplemental
material 1 clearly indicates the potential presence of API
adulteration in jamu. Many of the case reports summarised in
these tables lack details that would be important for a rigor-
ous hazard and risk assessment. For instance, some fail to
mention the exact level of the APIs detected in the samples
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showing their presence only by qualitative analysis using thin
layer chromatography (TLC) (Gitawati 2013; Wisnuwardhani
et al. 2013; Fauziah et al. 2015; Mustarichie et al. 2017), a
spot test (Hanum et al. 2017), or a qualitative chemical test
(Maesaroh 2020). Other issues hampering hazard and/or risk
assessment are the simultaneous presence of more than one
API (Lau et al. 2003; Doshi et al. 2009), or the lack of a
description of the recommended daily use of these jamu
samples to assess the potential exposure to APIs resulting
from consuming the jamu.

For the case studies for which quantitative data were
available, Figure 1 depicts the percentage of deviation (D)
between the EDI of the API resulting from use of the jamu
samples as compared to an existing RD. In general, it is
noted that the EDI of NSAIDs, phenylbutazone, piroxicam,
and paracetamol resulting from jamu consumption is lower

than the RD for their pharmacological activity. Illegal pres-
ence of methampyrone, mefenamic acid, and prednisone in
jamu is a public health issue because the EDIs of these API
constituents were above their RDs, so that occurrence of a
pharmaceutical effect cannot be excluded. Especially, the
data for prednisone raise a concern given that the D value of
131955.6% indicates that the EDI exceeds the RD 1320.6-fold.
The data presented in Figure 1 indicate that at the current
levels at which APIs were detected in jamu the adulteration
of sibutramine hydrochloride in slimming jamu and sildenafil
citrate in jamu for erectile dysfunction are also unlikely to
result in pharmacological effects. The use of antidiabetic
jamu containing glibenclamide as recommended is not
expected to produce toxic effects.

The results presented in Table 1 and Figure 1 indicate that
further investigation of the API adulteration in jamu would

Table 1. Reported adulteration of jamu with APIs and associated hazards and health risks.

References Associated hazards

Adulteration with phenylbutazone
EFSA/EMA (2013) and Lees and Toutain (2013) Blood dyscrasias
Sperling (1969) and Faich (1987) Nausea, vomiting, skin rash, oedema, stomatitis and peptic ulcer, haematological

disturbances such as agranulocytosis, leukopoenia, anaemia, and thrombocytopenia
Giam et al. (1986) Erythroderma with hepatitis, and Steven Johnson syndrome
Paul et al. (2005) Agranulocytosis
Doshi et al. (2009) Neutropenia and necrotising fasciitis
Adulteration with paracetamol/acetaminophen
James et al. (2003) and Ye et al. (2018) Drug-induced liver injury (DILI)
Agrawal and Khazaeni (2020) Skin reactions like Stevens-Johnson syndrome, toxic epidermal necrolysis, and acute

generalised exanthematous pustulosis are the side effects of paracetamol which are
extremely painful and can lead to blindness and death

Adulteration with piroxicam
Aronson (2016) Gastrointestinal upset and a more serious side effect is the onset of peptic ulcers
Lipscomb et al. (1998) and Aronson (2016) Headache, dizziness, drowsiness, fatigue, and sweating
Murray and Brater (1993) Blurred vision, burning eyes, permanent sensorineural hearing loss, tinnitus,

thrombocytopenia, leukopoenia, agranulocytosis, renal, and liver toxicity
Adulteration with methampyrone
Levy et al. (1995) Vomiting and excreting red urine
Andrade et al. (1998) Gastrointestinal disorders, such as somnolence, gastric discomfort and nausea,

agranulocytosis, aplastic anaemia, anaphylaxis, and serious upper gastrointestinal
complications

EMA (2018a) Fetotoxicity because its metabolite can pass into breastmilk
Adulteration with mefenamic acid
McKillop and Canning (1987) and Kamour et al. 2017) Central nervous system toxicity, especially convulsions, altered conscious level,

agitation, aggression, confusion, or disorientation
Baker et al. (1984) Interstitial nephritis and renal failure
Adulteration with prednisone
Ton et al. (2004) and Lim and Pranata (2020) Steroid-dependence which can cause an acutely life-threatening condition in a

sudden cessation
White (2019) Adrenal crisis, resulting in vomiting, diarrhoea, flu-like illness, infective gastro-enteritis,

and even death
Paul et al. (2016) Bone loss, osteoporosis, Cushing syndrome, cataract, hypertension, dyslipidaemia, skin

atrophy, failure to thrive, hypo-thalamo-pituitary-adrenal axis suppression, striae,
glaucoma, and a predisposition to life-threatening infections

Adulteration with sibutramine hydrochloride
James et al. (2000) and de Simone and D’Addeo (2008) Increase of systemic pressure and heart rate, which are symptoms associated with

cardiovascular effects
Chong (2010) Psychosis
Adulteration with sildenafil citrate
McMurray (2007) Headache, dyspepsia, rhinitis, flushing, abnormal vision, and dizziness
Nissan et al. (2016) Acute liver toxicity
Kloner (2007), Boden et al. (2012), and EMA (2016) A risk for people using antihypertensives such as nitrates (e.g. nitroglycerine, doxazosin,

and terazosin) and patients suffering from hypotension for whom use of PDE-5
inhibitors is contra-indicated

Adulteration with glibenclamide
EMA (2018b) Abdominal pain, pain at the upper gastrointestinal tract, diarrhoea, vomiting, dyspepsia,

gastroenteritis, and hypoglycaemia.
Ching et al. (2012) and Holt and Johnston (2019) Lactic acidosis and heart failure
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be of use to ensure consumer safety. This may hold espe-
cially for adulteration of jamu with so-called phosphodiester-
ase-5 (PDE-5) inhibitors for the treatment of erectile
dysfunction, given that this type of adulteration is frequently
encountered also in other types of botanical preparations, for
which not only adulteration with sildenafil but also with
many illegal drug analogues has been reported (Reeuwijk
et al. 2013; Ahmed et al. 2015; Nissan et al. 2016; Saberi et al.
2018). In case of overdosing, or use of illegal sildenafil ana-
logues with higher potential than the approved drug, there
is a risk for especially people using antihypertensives such as
nitrates (e.g. nitroglycerine, doxazosin, and terazosin) (Boden
et al. 2012; EMA 2016) and patients suffering from hypoten-
sion (Kloner 2007) for whom use of PDE-5 inhibitors is con-
tra-indicated.

3.2. Emerging hazards and risk characterisation of
constituents that are genotoxic and carcinogenic

With respect to potential chronic adverse health effects,
especially the presence of jamu constituents that are geno-
toxic and carcinogenic raise a concern. ABs, PAs, and AAs
occur naturally in some of the plants used for the production
of jamu (Supplemental material 2). For these constituents, a
safe level of daily exposure cannot be defined because any
exposure is assumed to increase the risk of develop-
ing cancer.

The AB safrole is categorised in IARC group 2B, probably
carcinogenic to humans based on its carcinogenicity in
rodent bioassays at high dose levels (Miller et al. 1983), and
also estragole and methyl eugenol are considered to be gen-
otoxic and carcinogenic (SCF 2001a, 2001b, 2002; Zeller et al.

2009). Previously, substantial levels of hepatic methyl eugenol
DNA adducts were detected in the liver of human subjects,
most likely resulting from regular dietary exposure
(Herrmann et al. 2013). Twenty-nine out of 30 human liver
samples were reported to contain the N2-(trans-methylisoeu-
genol-30-yl)-20-deoxyguanosine adduct at levels up to 36.2
adducts/108 nts (Herrmann et al. 2013).

Acute exposure to PAs can cause hepatic veno-occlusive
disease (HVOD) with severe liver damage, in some cases with
fatal outcome (Mohabbat et al. 1976; Tandon et al. 1976;
Wiedenfeld and Roder 1991). Chronic exposure to PA-con-
taining jamu may lead to liver cirrhosis and pulmonary arter-
ial hypertension (EFSA 2011). Furthermore, 1,2-unsaturated
PAs, including lasiocarpine, monocrotaline, and riddelliine,
are considered as being possibly carcinogenic to humans
(category 2B) (IARC 2012). A possible concern upon chronic
exposure to PA-containing jamu is PA-induced liver injury
(PA-ILI). Gynura segetum, a PA-producing plant ingredient in
jamu (Suparmi et al. 2020) is reported as the cause of PA-ILI
in 15 patients in China after consumption of Gynura segetum-
containing Chinese herbal products for five days up to 2 years
(Lin et al. 2011).

AAs, including AA-I and AA-II, are nephrotoxic and carcino-
genic compounds (Kumar et al. 2003). They are classified as
group 1 carcinogens and belong to the most potent 2% of
known carcinogens (IARC 2007; Stiborova et al. 2009).
Aristolochic acid nephropathy (AAN) is potentially a crucial
problem in the Asian area since a lot of people in this region
still are convinced that traditional Chinese herbal medicines,
which frequently contain AA producing plants, are safer than
chemically produced “Western” drugs (Hong et al. 2006). AAN
was reported in Belgium in 1991, where over 100 young
women suffered from end-stage renal disease and in several
cases cancer in the kidneys and the upper urinary tract due
to the confusing nomenclature, resulting in a replacement of
Stephania tetrandra (“Han Fang Ji”) by Aristolochia fangchi
(“Guang Fang Ji”) in a Chinese herb-based weight-loss prep-
aration (Gillerot et al. 2001). Similar to incidences of AAN,
Balkan endemic nephropathy (BEN) occurring in Balkan
regions in the 1950s, was ascribed to flour contaminated
with Aristolochia clematitis (Arlt et al. 2002; Jelakovi�c et al.
2014). More cases of AAN were reported in other countries
including Spain, Japan, France, Belgium, UK, Taiwan, USA,
Germany, China, Korea, Hong Kong, Australia, and
Bangladesh (Gillerot et al. 2001; Jadot et al. 2017). Due to the
severity of AAN and the past incidences, the use of AA-con-
taining botanicals, especially Aristolochia sp.
(Aristolochiaceae) is banned since 2001 in many countries
worldwide (Debelle et al. 2008; Heinrich et al. 2009), includ-
ing Indonesia (BPOM-RI 2001).

ABs, AAs, and PAs were actually detected in jamu sold on
the Indonesian market. The ABs, methyl eugenol, myristicin,
safrole, and estragole were detected in 23 out of 25 samples
of Indonesian jamu collected by a targeted approach, at lev-
els ranging from 3.8 to 440 lg/g. Methyl eugenol was the
major AB detected in most (91.3%) of the samples testing
positive for the presence of ABs in Indonesian jamu (Suparmi
et al. 2018). Later, Suparmi et al. (2019) reported that methyl
eugenol at levels amounting to 2.6–443.7 lg/g was detected

Figure 1. Risk characterisation of adulteration of jamu with APIs based on D
values obtained by Equation (2), using the EDIs and the existing reference doses
(RD) (Supplemental material 1). The vertical dashed line represents the RD value
of 0 as a threshold for risk evaluation. The inserted graph shows the D value for
prednisone. Note that there is a different X axis.
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in 49 out of 114 samples of herbal beverages (including 30
samples of jamu). PAs were detected in 34 out of 35 jamu
containing PA-producing botanicals, in the range of
12.3–235.4 lg/kg. A total PA level of 5.9–3.4 lg/kg was found
in 17 out of 23 jamu made of non-PA-producing botanicals
pointing to contamination with PA-producing plants
(Suparmi et al. 2020).

Figure 2 depicts the lowest to highest MOE values
obtained for use of the jamu preparations on a daily basis
during a lifetime and when assuming use for only 2 weeks
every year during a lifetime as reported in our previous stud-
ies (Suparmi et al. 2018, 2019, 2020). Overall, the MOE values
obtained for these jamu, collected based on a targeted sam-
pling strategy (collecting jamu listing on their label botanicals
that could contain the constituents of concern), were gener-
ally <10 000, indicating a priority for risk management when
assuming daily life-long consumption. Using Haber’s rule, it
was estimated that exposure to ABs, including methyl
eugenol, to PAs, and to AAs via the majority of products ana-
lysed, would be of low concern when the herbal preparations
would be consumed for less than 2 weeks per year during a
lifetime, although some samples still raised a concern, also
when considering such limited use.

3.3. Future perspectives in supporting the safety
of jamu

The emerging hazards and risks upon consumption of jamu
assessed in this review indicate that a further risk assessment,
as well as risk management actions and related risk commu-
nication actions have to be considered by the Indonesian
authorities. The challenge for the future is to systematically
research this area to minimise the risk. Actions considered
should focus on the adverse health effects to the consumers
caused by API-adulterated jamu (Figure 1) and risks due to

jamu containing genotoxic carcinogens like ABs, PAs, and
AAs (Figure 2). Collaborations between farmers, health pro-
fessionals (physicians, pharmacists, and nurses), consumers,
academia, industry, risk managers, and government are
needed to promote the safety of jamu (including generation
of analytical data). Some actions to be considered by these
stakeholders are presented in Supplemental Material 3.
Consumers, health care practitioners, and the manufacturers
can contribute to improvement of the pharmacovigilance
databases to increase the quantity and quality of adverse
reaction reports suspected to be associated with jamu.
Pharmacies, hospitals, points of sale can actively contribute
to the community-based surveillance to detect cases related
to jamu related hazards or risks (Niggemann and Gr uber
2003; Jordan et al. 2010). To tackle the circulation of jamu
that may contain constituents of concern in the global mar-
ket, joint efforts of consumers, industries, and regulatory
bodies are required, such as case reporting, audits of jamu
manufacturers, and information sharing among regulatory
authorities.

Risk managers have to set up specifications including
maximum permitted level (MPL) of toxic compounds. BPOM-
RI (2016) has stipulated an MPL of 10 mg/kg for estragole
and of 0.1 mg/kg for safrole based on Regulation of Head
BPOM RI No. 22, while MPLs for methyl eugenol and PAs
have not (yet) been established. As discussed previously
(Suparmi et al. 2019), an MPL value of 0.1–1 mg/kg can be
considered to reduce the exposure to methyl eugenol via
consuming the herbal products to a level that would no lon-
ger raise a concern. In addition, to reduce the exposure to
PAs an MPL of 0.1 mg PAs/kg jamu would result in an MOE
above 10 000 and thus would no longer raise concern for
human health (Suparmi et al. 2020).

Furthermore, the high level of PAs detected in a large pro-
portion of especially the Gynura-based jamu, indicates that

Figure 2. Risk characterisation of jamu based on MOE values obtained for the consumption of the preparations based on daily lifetime exposure (grey bars) and
2 weeks a year during a lifetime (shaded bars). The vertical dashed line represents the MOE value of 10 000 as a threshold for risk management action (EFSA 2005).
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banning the use of Gynura sp. as botanical constituent in
herbal products will increase consumer safety. The level of
PAs in Gynura-based jamu was three times higher than the
level of PAs detected in dried farfara (Tussilago farfara) flos
(Suparmi et al. 2020), which was also relatively high. Based
on these results, the regulation HK.00.05.23.3644 (BPOM-RI
2004b) can be refined by adding Gynura sp. and Tussilago
farfara to the list of banned ingredients in Indonesian trad-
itional medicines.

To reduce the exposure to ABs and PAs, also the labelling
regulations can be refined by adding restrictions on the rec-
ommended daily dose, the duration of consumption, and
information on the adverse effects upon prolonged con-
sumption on the label of herbal products to further support
consumer safety. The labelling is useful not only for consum-
ers and risk assessors, but also for general practitioners, so
they can prescribe the product in the appropriate dose for
an appropriate duration. So far, on the label of Indonesian
herbal products there is no information about the limitation
of consumption duration or use levels.

4. Concluding remarks

Case reports on adulteration or contamination of jamu, and
the occurrence of natural constituents of concern like geno-
toxic and carcinogenic compounds in jamu, as presented in
this review, remind us to be more aware of the hazards and
risks posed by jamu consumption. Risk management actions
including prioritising regulatory actions to reduce potential
risks connected to the exposure to genotoxic carcinogens via
consumption of herbal products from Indonesia, especially
jamu, is urgently required to support the safety in use of
jamu. A collaboration between farmers, manufacturers/pro-
ducers, academia, risk managers, government, health profes-
sionals, and consumers may be essential to prevent the risk
of potential adverse health effects of these botanical
preparations.
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