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Alkenylbenzene derivatives such as estragole, methyleugenol and safrole 

are listed in the International Agency of Research on Cancer (IARC) list as 

2B which is possible carcinogenic on human; causing liver cancer, 

hepatotoxicity and breakdown of central nervous system (CNS). Besides, 

they are known to be natural genotoxic and carcinogenic to human health. 

Thus, this study presents an overview of the risk possess by PFS containing 

alkenylbenzenes in Malaysian populations. 
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1.3. Study Justification 

This study is important to determine the presence of estragole and to 

quantify its level through the consumption of the PFS. It also acts a 

preliminary study to determine the risk from exposure to estragole via 

consumption of PFS obtained from Malaysian market. The Malaysian 

consumer were unaware of the presence of toxic ingredients in the PFS that 

they consumed may lead to adverse health effect. 

Malaysian perceived herbal medicines as safe and effective because they 

are 'natural' and do not contain any dangerous chemicals. This is not exactly 

true because many drugs are based on substances from nature, from 

paracetamol to modem forms of chemotherapy. On the flip side, many 

poisonous items, such as cyanide and estragole, can be found in nature. 

Besides, there are no specific guidelines or data for the manufacturer to 

comply on the control of the alkenylbenzenes' content in the PFS in 

Malaysia. This study could provide a baseline or reference that will help in 

developing the guidelines in the future. Consequently, this study could 

provide new information on the risk management plan of alkenylbenzenes 

exposure in PFS. 

Since the alkenylbenzenes group especially estragole are known to be 

genotoxic and carcinogenic, this study can create public awareness among 

the consumers in purchasing natural products. The consumers can choose a 

variety of other natural ingredients that are much safer and healthier for their 

own health. 
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1.4 Objective 

1.4.1. General Objectives 

To determine the risk from exposure to estragole in PFS in Malaysia. 

1.4.1. Specific Objectives 

i. To determine the mean differences of estragole level between

different samples . 

•• 

11. To determine the risk priority of estragole exposure from the

intake of PFS. 
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1.5 Research Question 

i. What is the level of estragole in PFS?

ii. What is the risk priority for risk management action in PFS containing

cstragolc? 

1.6 Hypotheses 

i. There are significant mean differences of estragole level between

samples. 

ii. There is risk associated with estragole present in PFS in Malaysia.
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Name 

Chemical 

classification 

Table 2.1: General information of estragole 

Estragole 

Alkenylbenzenes 

Molecular formula C 10H120 

CAS No 140-67-0

Molecular weight 148.2 g/mol 

Synonym l-Allyl-4-methoxybenzene; l-Methoxy-4-(2-

propenyl) benzene; 3-(p-methoxyphenyl) 

propene; Estragol; Estragon; 4-allylanisole; 4-

allyl-1-methoxybenzene; chavicol methyl ether; 

esdragol; p-Allyl anisole; Chavicyl methyl 

ether; Isoanethole; Methyl chavicol; p­

methoxyallylbenzene; 4-methoxy-

2 'propenylbenzene; p-allyl-methyl chavicol; 

tarragon 

Estragole can be found naturally in variety of botanical species such 

as Artemisia dranunculus L. (tarragon) with 60-75% of essential oil, 

Ocimum basilicum L. (sweet basil) with 20-43% of essential oil, 

Foeniculum vulgare Mill. (sweet fennel) with 5-20% of essential oil, 

Pimpinella anisum L. (anis vert) with 1 % of essential oil and Rlicium 

verum Hook f. (anis star) with 5-6% of essential oil (Van den Berg et al., 

2014; The Scientific Comittee on Food (SCF), 2001; Vincenzi et al., 2000). 

Estragole was identified in three samples of basil containing pesto sauce 

(Al-Malahmehet al., 2017), fennel-based teas (Van den Berg et al., 2014; 

Gori et al., 2012) and basil-containing plant food supplements (PFS) (Van 

Den Berg et al., 2013). Estragole is listed on the U.S. Environmental 

Protection Agency High Production Volume Chemicals list with an 
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estimated annual production volume of 2.8 to 3.8 million pounds (1,300 to 

1, 700 metric tons) (Masten & Tice, 1999)� 

2.1.2. Metabolism of Estragole 

Figure 2.1 shows the bioactivation pathway of estragole in the body. 

The genotoxic and carcinogenic activity of estragole in the body started 

with the bioactivation of estragole by the enzyme cytochrome P450, 

prompting development of 1 '-hydroxyestragole, and the following 

sulfonation of these 1 '-hydroxyestragole by sulfotransferases produce 

unstable DNA reactive 1 '-sulfoxyestragole. Then, the carbocation of this 

1 '-sulfoxyestragole will bind to the DNA and forming DNA adducts in the 

liver and eventually leads to tumour formation (Van Den Berg et al., 

2013b; Rietjens et al., 2008). Researchers use physiologically based 

biokinetic (PBBK) modelling respectively to study the bioactivation and 

detoxification of estragole and it is found that the organ that mostly 

contribute to the development of 1 '-hydroxyestragole is liver (Alhusainy et 

al., 201 O; Ning et al., 2018; Paini et al., 2012; Punt et al., 2009). 
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experiment time. Meanwhile, in the rat liver that treated with estragole, 

DNA adducts were detected, showing the induction of genotoxic activity. 

2.1.3. Genotoxicity and Carcinogenicity ofEstragole 

The reported oral LDso values of estragole arc 1.2 and l.8g/kg for 

rats and 1.25 g/kg for mice (Bristol, 1991 ). Liver staining, mottling and 

blunting of lobe edges showed minor liver damage in rats exposed to four 

daily oral doses of estragole (Bristol, 2011 ). Several studies have been 

conducted to evaluate the mechanism of estragole carcinogenesis by 

examining DNA binding and characterising DNA adducts formed by 

estragole in mouse models (Paini et al., 2012; Suzuki et al., 2012; Liehr, 

2000). 

In a study conducted by Martins et al. (2012), they found that the 

adduct level was increase consistently after 2 hours of incubation of 

estragole in V79 cell. The study from Miller et al. (1983) showed that 61-

to 73% of the male mice treated with safrole and estragole developed 

hepatic tumours and for which the average multiplicities of tumours per 

liver were 1.7 to 3.S in about one year. Paini et al. (2012) also found that 

DNA-adduct formation was significantly higher in liver compared to the 

occurrence in metabolically active tissue such as lung and kidney in rat. 
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2.1.4. Plant Species Containing Estragole 

The list of plant species containing estragole were present in Table 

2.2 based on respective references. The references consist of journals, the 

statements from international agency and compendium from EFSA. 

Table 2.2: Information on plant species containing estragole 

Plant species 

Agastache 

/oeniculum 

(Anise hyssop) 

A.gastache rugosa 

Anthriscus 

cerefolium L 

(Garden) chervil 

Artemis/a 

dranunculus L 

(Tarragon) 

Remarks 

Estragole content: 555-

12.160 ppm (plant) 

Reference 

European Medicines 

Agency, 2014 

European Food 

Safety Authority, 

2012 

European Food 

Safety Authority, 

2012 

European Medicines 

Agency, 2014 

European Food 

Safety Authority, 

2012 

European Medicines 

Agency, 2014 

Artemisia vallesiaca European Food 
-------------------

Bos we II i a serrata Safety Authority, 

Roxb. 2012 

Cuminum cyminum 

L 
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Table 2.2 continue. 

Foeniculum vulgare Indicated in the EFSA European Medicines 

Mill compendium as 'genotoxic Agency, 2014 

(Sweet fennel) and carcinogenic in rodents. European Food 

Foeniculum vulgare 3.5-12% estragole in Safety Authority, 

Mill ssp. Vulgare essential oil 2012 

var. vulgare Van den Berg et al., 

(Sweet fennel) 2011a 

Foeniculum vulgare Seed essentail oil: estragole 

Mill. ssp. vulgare 3 .4-8.1 % Seeds approx. 

var. dulce (Mill.) 0.3% estragole. 

Batt. & Trab. 

(Sweet fennel) 

lllicium verum Indicated in the EFSA European Medicines 

Hook f., compendium as 'genotoxic Agency, 2014 

(Star anise) and carcinogenic in rodents' European Food 

Estragole content: 280-6500 Safety Authority, 

ppm (fruit), 0.6-6% 2012 

( essential oil) Van den Berg et al., 

Star anise oil: estragole 2011a 

0.34-5.04% 

Melissa officinalis European Medicines 

L Agency, 2014 

(Lemon balm) 

Myrrhis odorata Estragole (up to 75% in European Medicines 

(Sweet chervil) essential oil) Agency, 2014 

Fruit essential oil: estragole 

1.2-1.7% 

Myrtus communis L Essential oil estragole European Food 

content: 58-88ppm Safety Authority, 

2012 
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Table 2.2 continue. 

Ocimum basilicum Estragole content: 238-8780 European Medicines 

L. ppm (plant), 5-85% Agency, 2014 

(Sweet basil) (essential oil) European Food 

Safety Authority, 
Presence of high amounts of 2012 
estragole, genotoxic and Van den Berg et al., 
carcinogenic in rodents 201 la 

It contains also camphor 

estragole (0.4% in the herb) 

Leaves and flowering tops 

essential oil: estragole 20-

50% 

Indicated in the EFSA 

compendium as 'genotoxic 

and carcinogenic in rodents' 

Ocimum canum Essential oil estragole European Food 

Sims. content:98% Safety Authority, 

Ocimum nudicaule 
2012 

Benth. 

Ocimum selloi Estragole content: 51.1 % 

Benth. ( essential oil), 94.95% 

( essential oil from the 

leaves), 92.54% (essential 

oil of flower) 

Ocimum Estragole content: 39.950 

tenuijlorum L ppm (leaves) 

Origanum majorana Estragole content: 96-550 

L ppm 

Persea americana Essential oil from leaves: European Food 

Mill (Persea estragole content: 3-85% Safety Authority, 

drymif olia Sch ltd I. 2012 

& Cham) 

Pimenta racemosa Estragole content: 30-

(Mill.) 10.745 ppm 

23 

© C
OPYRIG

HT U
PM

 
UPM 



© C
OPYRIG

HT U
PM

 
UPM 



2.2. Plant Food Supplements (PFS) 

According to The European Union (EU) Directive on Food Supplements 

(2002/46/EC), food supplements arc foodstuffs containing the purpose of which is 

to supplement the normal diet and which are concentrated sources of nutrients or 

other substances with a nutritional or physiological effect, alone or in combination, 

marketed in dose form, namely forms such as capsules, pastilles, tablets, pills and 

other similar forms, sachets of powder, ampoules of liquids, drop dispensing 

bottles, and other similar forms of liquids and powders designed to be taken in 

measured small unit quantities (EFSA, 2005; Raats et al., 2014). Meanwhile, PFS 

are concentrated sources of dietary ingredients derived from various plants and 

herbal extracts (Al-Malahmeh et al., 2017). 

PFS arc well-known products and widely distributed. However, 

information regarding it risk is still limited (LUde et al., 2016). The availability of 

botanicals or PFS in food supplements has far surpassed the availability of 

scientific information on their benefits, adverse effects and drug interactions. 

Information on the benefits of the PFS were covered partly by the 'tradition of 

use', but it is difficult to evaluate possible adverse clinical effects due to plant 

properties, plant misidentification or their interaction with pharmaceutical drugs 

and nutrients (Di Lorenzo et al., 2015). 

In Malaysia, most of the food supplements arc imported, where it comes 

either in finished products or crude materials for local used. Local importers will 

cooperate with foreign manufacturers to obtain the private formulation and in the 
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the BMD will assure with 95% confidence that the value of the BMR will not go 

beyond the predefined value of, for example, 10% (EFSA, 2005). BMDL10 is the 

lowest confidence level of the benchmark dose giving 10% additional cancer 

occurrence (Abdullah et al., 201 7). Generally, a dose that gives 1 %, 5% or 10% 

extra tumour incidence compared to the background level is chosen. However, it is 

indicated that the use of a dose giving 10% extra cancer risk above the background 

level (BMDL10) is attended with the least uncertainties and is therefore preferred 

(Barlow et al., 2006). 

The BMD approach can be used to implement the recommendations in 

USEP A's Guidelines for Carcinogen Risk Assessment (2005) regarding modelling 

tumour data and other responses thought to be important precursor events in the 

carcinogenic process (USEP A, 2012). This mathematical modelling characterizes 

the BMD in regards of the benchmark response. The use of the lower limit of 

confidence interval on the BMD (the BMDL) was suggested that thus reflected 

uncertainties and statistical errors in the accessible dose-response data of cancer 

(Barlow et al., 2006). 

2.4. Estimated Daily Intake (EDI) 

The estimated daily intake (EDI) of the PFS selected is based on the daily 

intake recommended by the suppliers as stated at the packaging label on the 

supplements. EDls are evaluated using body weight of 62.65 kg. The body weight 

of 62.65 kg is the average body weight of 6,775 men and 3,441 women Malaysian 

aged 18 - 59 years (Azmi ct al., 2009). In previous study, the EDI was estimated 

using the content of alkenylbenzene in the food and a body weight of 60 kg, the 
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default value for adult weight as recommended by EFSA and the EDI was 

determined for specific compounds for all of the samples (EFSA, 2017; Van den 

Berg et al., 2014; Van Den Berg et al., 2013). However, there were other 

alkenylbenzene compounds that were founded in the samples. Therefore, the 

subsequent risk assessment and combined exposure assessment were also 

conducted on the samples (Al-Malahrneh et al., 2017). 

2.5. Margin of Exposure (MOE) 

MOE approach is recommended by expert groups of the European Food 

Safety Authority (EFSA), the Joint F AO/WHO expert committee on Food 

Additives (JECF A) and the International Life Sciences Institute (ILSD for risk 

assessment of exposure to compounds that are both genotoxic and carcinogenic 

(Van Den Berg et al., 2011; Barlow et al., 2006; EFSA, 2005). The MOE is 

defined as the ratio between this reference point, the BMDL10, and the estimated 

dietary intake (EDI) in humans (Rietjens et al., 2008). It is also expressed as the 

ratio between an appropriate Point of Departure (PoD) on the dose-response curve 

for a tumour response and a relevant estimate of human exposure (Edler et al., 

2014). MOE is a tool used by risk assessor to consider possible safety concerns 

due to both genotoxic and carcinogenic substances present in the food (EFSA, 

2012). EFSA concluded that the magnitude of an MOE could be used by risk 

managers for priority setting and was more informative than advising them that 

exposures should be reduced to ALARA (EFSA, 2005). 

MOE is a dimensionless ratio based on a reference point obtained from 

epidemiologic or experimental data on tumour incidence, which is divided by the 
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estimated daily intake in humans (Abdullah et al., 2017). The MOE compares the 

exposure levels causing malignant tumours in experimental animals with dietary 

intake estimates (EDI) in humans, considering differences in consumption patterns 

(Al-Malahmeh et al., 2017). According to WHO, MOE is defined as the ratio of 

the no observed adverse effect level (NOAEL) or benchmark dose lower 

confidence limit (BMDL) for the critical effect to the theoretical, predicted, or 

estimated exposure dose or concentration (WHO, 2008). Thus, the MOE approach 

compares toxic effect levels with human exposure levels where it is considered a 

useful and pragmatic option for risk assessment of substances that may be both 

genotoxic and carcinogenic (Barlow et al., 2006). It allows comparison between 

compounds and prioritization of risk management actions, especially if the 

calculation of the MOE is accompanied by an appropriate narrative explaining 

inherent uncertainties (Van den Berg et al., 2011). The MOE approach was created 

to be used in situations where there is a requirement for an evaluation and guidance 

on the risks to the individuals who are, or have been, accidentally exposed, through 

food or substances that are both genotoxic and carcinogenic (Rietjens et al., 2008). 

An MOE value more than 10,000 express as low priority for risk management 

actions and does not have any concern from a public health opinion (Van den Berg 

et al., 2011). The EFSA Scientific Committee considered that an MOE of 10,000 

or more, based on animal cancer bioassay data, 'would be of low concern from a 

public health point of view and might reasonably be considered as a low priority 

for risk management actions" (EFSA, 2005). The value of 10,000 is interpreted 

based on recognizing many factors that can cause ambiguity in the MOE including 

(Van den Berg et al., 2011 ); 
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a) A factor of 100 for species diversity and human variability in

toxicodynamic and toxicokinetic. 

b) A factor of 10 for inter-individual human variability in cell cycle

management and DNA replacement. 

c) A factor of 10 because of the BMDL10 is not equal to a no observe adverse

effect level (NOAEL) when it is use as reference point. 

However, MOE does not give a numerical risk estimate that may be regarded 

as quantification of the actual risk. It only displays the ratio that the public may 

have difficulties in understanding it (Barlow et al., 2006). The calculation of MOE 

generally using equation below; 

Where; 

MOE= 
BMDL10 

BDI 

MOE= Margin of Exposure 

BMDL10 = Benchmark Dose 

EDI = Estimated Daily intake 
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CHAPTER3 

METHODOLOGY 

3.1. Research Design 

In this study, a cross sectional and experimental research was carried out. 

The level of estragole in PFS were measured by using Ultra High-Performance 

Liquid Chromatography (UHPLC) Flexar FX-1S UHPLC system (BetaTech 

Scientific Sdn. Bhd.). 

3.2. Sampling Technique 

The purposive sampling was applied in this research. Based on the 

literature, the PFS samples were selected based on plant species that may contain 

estragole compound. Ten (10) samples of PFS containing one or more plant 

species containing estragole (Table 3.1) were bought over the counter. 
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The calibration curve was constructed using six different 

concentrations of the standard which were 0µM, 50µM, I00µM, 150µM, 

200µM and 250µM. All the concentrations were injected from low to high 

concentration using the same method as above. Then, concentration vs area 

under curve (AUC) was constructed and used to calculate the concentration 

of the estragole in the samples. 

3.4. Benchmark Modelling 

The carcinogenicity data from Miller et al., ( 1983) was used to be analyse 

using different mathematical model of Benchmark Dose Software version 2. 7 

( downloaded from United States Environmental Protection Agency (USEP A) 

website). The models used are: Gamma, Logistic, Log-Logistic, Probit, Log­

Probit, Multistage, Weibull and Quantallinear model. 

3.5. Margin of Exposure (MOE) Calculation 

The risk assessment of estragole in PFS was performed using the MOE 

approach by dividing the BMDL10 values with estimated daily intake (EDI). The 

value of BMDL10 was obtained from the BMDL analysis. The calculation of the 

EDI for the PFS selected was based on the daily intake recommended by the 

manufacturers as stated at the packaging label on the supplements. EDis were 

evaluated by using average body weight of 6,775 Malaysian men and 3,441 

Malaysian women aged 18 -59 years old; which is 62.65 kg (Azmi et al., 2009). 
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Where; 

MOE = Margin of exposure 

MOE= 
BMDL10

BDI 

BMDL 1o = Lower confidence level of the benchmark dose giving 10% additional 

cancer occurrence 

EDI= Estimated Daily intake 

3.6. Quality Control 

There are several steps taken for quality control and assurance in this study. 

Firstly, the extraction of the PFS and the estragole level quantification were 

repeated three times. The average value was then taken as data used in this study. 

Secondly, the extraction of the PFS and the quantification analysis was done on the 

same day. This is to avoid any estragole lost during analysis due its characteristics 

of high evaporability. Thirdly, the UHPLC were purged before the analysis and the 

solvent used were prepared fresh. 

3.7. Data Analysis 

The mean difference of the samples was analyse using IBM SPSS statistics 

Version 24. The normality of data was tested and One-way ANOV A analysis was 

used to analyse mean difference of estragole level between the samples. 
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CHAPTER4 

RESULTS 

4.1 Levels of Estragole in Plant Food Supplements (PFS) 

4.1.1. Calibration Curve 

Six different concentrations of pure standard of estragole were 

prepared and injected into UHPLC. A calibration curve was constructed to 

calculate the concentration of estragole in PFS. The calibration curve was 

plotted as concentration vs the AUC (Figure 4.1). The equation, y= 9477.Sx + 

3282.4 was used to calculate the concentration of estragole in the PFS. The R2

value, 0.9334 shows a strong correlation between the concentration and AUC. 
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Figure 4.1: Calibration curve of Estragole 
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4.1.2. Level of Estragole in PFS 

Figure 4.2 shows the ten samples of PFS that were analysed in the 

present study. The chromatogram (Figure 4.3) shows an example of the 

presence of estragole in sample number 8. It was shown that estragole was 

eluted at minutes 9 .1 while, the peak at minutes 3 .S that is marked with 

asterisk was an unidentified peak. 
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Figure 4.3: UHPLC chromatogram from sample 8. Peaks marked with asterisk (*) were 
not identified. The chromatogram was obtained at a wavelength of 201nm. 

Figure 4.4 shows the bar graph of the mean (±standard deviation) of the 

level of estragole in the samples while Table 4.1 presents the results for the level of 

estragole in all the PFS. One Way ANOVA analysis was carried out to determine 

the significant difference of mean of estragole in between samples. Based on the 

analysis, estragole was found in all samples. For results, the highest estragole level 

was detected in sample 3 with 1950.6 µgig (±1575.4 µgig) while the lowest 

estragole level was found in sample 10 with 371.8 µgig (±275.5 µgig). The data of 

estragole level was normally distributed with p value more than 0.05 (Shapiro­

Wilk). Based on the One-Way ANOV A analysis, there was no significant 

difference of the estragole level between the samples, where F[(9,20) = 0.754, p = 

0.658], p>0.05. 
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Figure 4.4: The mean and standard deviation of estragole level in PFS sample 

Table 4.1: The level of estragole in PFS as determined by methanol extraction 

Sample Estragole Level, F-statistics ( df) P-value*
Number µgig 

Mean (±SD) 

1 1585.0 (1131.7) 

1 1374.5 (2210) 

3 1950.6 (1575.4) 

4 596.7 (276.9) 

5 1534.0 (736.5) 

6 1142.1 (264.5) 0.754 0.658 

7 1499.2 (489.7) 

8 657.5 (566.3) 

9 979.3 (570.1) 

10 371.8 (275.5) 

*One-Way ANOV A
*p-value is significant at 0.05 level.

S10 

• Samples 1-5 is in capsules fonn while samples 6-10 is in paste/tablet forms
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4.2 Malignant Carcinogenicity Data and BMDL10 

Table 4.2 shows the carcinogenicity data represent the incidence of 

hcpacellular carcinomas in rodents that have been exposed to estragole from Miller 

ct al. (1983). This data was used determine the BMDL10 value using the 

mathematical model of Benchmark Dose Software version 2. 7 ( downloaded from 

United States Environmental Protection Agency (USEP A) website). Table 4.3 

presents the results of BMD analysis consists of seven model including Gamma, 

logistic, Log logistic, Probit, Log Probit, Multistage, Weibull and Quantal-linear 

models. The BMDL10 was ranged from 3.29 to 6.48 mg/kg bw/day. This is the 

same BMDL10 values used in van den Berg et al. (2011) study. 

Table 4.2: Carcinogenicity data on the induction of hepatocellular in rodents (Miller et 

al., 1983) 

Rodent's gender 

Female mice 

Time-adjusted 

dose {mg/kg diet) 

0 

54 

107 

42 

Number of Cancer incidence 

animals 

so 0 

48 27 

49 35 
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Table 4.3: Results of BMD analysis based on data from table 4.2 

Model 

Full 

Null 

Gamma 

Logistic 

LogLogistic 

Probit 

LogProbit 

Multistage 

Weibull 

Quantal-linear 

No. of Log p-value Accepted* 
parameters Likelihood 

3 -62.21 

l -100.09

l -62.21 0.61 Yes 

2 -70.84 0.00 No 

I -62.21 0.99 Yes 

2 -70.14 0.00 No 

2 -62.21 1.00 Yes 

I -62.71 0.61 Yes 

l -62.71 0.61 Yes 

1 -62.71 0.61 Yes 

BMD10 

(mg/kg bw .day) 

8.03 

23.71 

4.71 

22.95 

4.86 

8.03 

8.03 

8.03 

*Criteria for acceptance included p>0.05 and the ratio between BMD10 and BMDL10
**ND-not determined, benchmark dose computation failed. Lower limit includes zero
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BMDL10 (mg/kg Ratio between BMD10 
bw .day) and BMDL10 

6.48 1.24 

3.29 1.43 

ND** 

6.48 1.24 

6.48 1.24 
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4.3 Estimated Daily Intake (EDI) 

The estimated daily intake (EDI) of the PFS selected was calculated based on 

the daily intake recommended as stated at the label on supplements packaging by the 

suppliers, Malaysian average body weight, 62.65kg (Azmi et al., 2009) and 74.8 of 

Malaysian life expectancy (Department of Statistics Malaysia, 2018). The total dose 

was calculate using the estragole level detected in the PFS. The EDI was calculated 

from the results of estragole level in PFS. As shown in Table 4.4, the EDI ranged 

from 0.021 to 0.117 mg/kg bw/day. Sample five recorded the lowest EDI with 0.021 

mg/kg bw/day while the highest EDI is from sample seven with 0.117 mg/kg bw/day. 

4.4. Margin of Exposure (MOE) 

The MOE was calculated where it shows all of the samples have MOE ranged 

less than 10,000 which indicate high priority for risk management action. This is 

regardless of the nature of the PFS; either in paste or capsule form. Sample seven 

recorded the lowest MOE with 20 - 60 while the highest MOE was 150 - 310 obtained 

from sample five. All of the sample have less than 10,000 value of MOE which 

ranged from 20 till 310 as in Table 4.4. 
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Tabk 4.4: EDI and tltt! rapt!clivt! MOE of tllt! PFS sampla 

Sample number Recommended daily intake (g) EDI* (mg /kg bw/ day) MOE** 
ofthePFS 

1 2.367 0.060 so -110 

2 1.427 0.031 100-200

3 2.407 0.01S 40-90

4 2.367 0.023 140-280

s 0.873 0.021 ISO-310 

6 4.9S1 0.090 30-80

7 4.893 0.117 20-60

8 3.393 0.036 90 -190 

9 4.027 0.063 SO- 110 

10 8.693 0.0S2 60-130

*EDI were calculated using average body weight of 62.6S (Azmi et al., 2009)
••MOE= BMDL10 (mg/kg bw/day)/EDI (mg/kg bw/day)
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CHAPTERS 

DISCUSSION 

According to EFSA, there are many type of plants that contain estragole 

being widely used in PFS (EFSA, 2012). This includes the fruits of fennel, star 

anise and sweet cumin, basil, shoot of tarragon, parsley and root of licorice 

(European Medicine Agency (EMA), 2014; Van den Berg et al., 2014; Godfrey, 

McNaughton, & Evans, 2013; EFSA, 2012; Gori et al., 2012; Bristol, 2011; The 

Scientific Comittee on Food (SCF), 2001; Masten & Tice, 1999; Douglas W. 

Bristol, 1991 ). 

In Malaysia specifically, herbs and spices like cinnamon, nutmeg parsley 

and lemongrass are commonly used in our delicacies and also as natural remedies. 

In Asia, a number of botanical products that contain genotoxic and carcinogenic 

alkenylbenzenes have been found in Chinese market with herbs like anise, fennel 

and basil (Ning et al., 2018). Meanwhile, Supanni et al. (2018) reported that 

cinnamon, betel pepper and ginger that are being used in Indonesian jamu is 

proved to contain genotoxic and carcinogenic alkenylbenzenes such as estragole, 

apiol and myristicin. 

In this present study, ten (10) PFS containing fennel (Foeniculum vulgare 

Mill.), black pepper (Piper nigrum L.), coriander (Coriandrum sativum L.), fennel 

(Nigel/a sativa L. ), anise (Pimpinella anisum L.) and long pepper (Piper longum 

L.) were selected from local market. Since there are many types of PFS being sold 

in the market, the sample only limited to PFS that arc in capsules form and also 
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paste or tablet form. The PFS were then purchased and the estragole level in the 

PFS were quantified and the MOE value were then calculated. 

Methanol extraction was used to allow total quantification of the estragole 

from the PFS since the PFS itself is taken as a whole pill or capsule. Methanol may 

extract some of the active ingredients but, others will remain bound to the matrix 

(Suparmi et al., 2018). Therefore, it is safe to assume that the estragole present in 

the PFS would be available in the gastrointestinal tract for further uptake. Due to 

this reason, the PFS were extracted with methanol to optimise the extraction. 

Methanol act as an ingredient in breaking down the cell wall thus releasing the 

cellular substance (Alajlouni et al., 2016). In addition, the ultrasonification used in 

the extraction process further destruct the cell wall and improve extraction 

efficiency (Zayas, 1986). The extraction efficiency is also affected by powder size, 

which is why the PFS were since previous studies from Alajlouni et al.(2016) and 

Van den Berg (2014) showed that extraction from fine cut material is higher than 

course material. 

The results show that estragole was present in all samples with the range of 

371.8±271.5 µgig to 1950.6±1575.4 µgig. The extraction of the PFS was done 

fresh before the UHPLC analysis to reduce the estragole degradation in the 

samples. A total of five (5) samples were in paste form while the rest are in 

capsules or pills form. Sample one till five were in capsules form while sample six 

to ten were in paste or tablet form. The daily intake of the PFS were once or twice 

daily, depending on the instruction. It is found that the consumers are exposed to 

higher level of estragole via consumption of PFS in capsules form as compared 

to paste or tablet form. 
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According to Van den Berg ct al. (2011 ), the level of estragole ranging 

between 0.07±0.005 to 241.56±62.02 mg/g showing that the current results are 

within the range found from the literature. In 2018, study from Ning ct al. found 

estragolc in 30 samples out of 71 samples from Chinese market meanwhile, 

Supanni ct al. recorded 23 out of 25 samples to contain alkenylbenzenes 

derivatives including cstragole. These samples from the studies were obtained from 

the botanical ingredients in the PFS and Indonesian jamu, respectively. Apart from 

that, studies from Ismaiel ct al. (2016) also found the level of estragole to be 

between 0.0074 mg to 16.74 mg in Fennel, Chinese and Japanese Star Anise. Van 

den Berg et al. (2011) also reported 0.07 to 241.56 mg/g PFS containing estragole. 

Sample ten contain the lowest level of estragole with 371.8 µgig while 

sample three have the highest estragole level with 1950.6 µgig; where both are in 

paste and capsule form, respectively. The p-value of the estragole level in PFS is 

0.658 using One-way ANOV A analysis which indicates that there was no 

significant difference of the estragole level between the samples. The 

recommended daily intake of both sample ten and three are 8.693g and 2.407g. 

This indicates that sample ten have the highest daily intake recommendation while 

sample five recorded the lowest with 0.873g. 

The EDI of estragole was calculated by using the recommended daily 

intake of the PFS as suggested by the manufacturer. This can be found at the back 

of the PFS bottle itself. Azmi et al. (2009) reported 62.65kg as Malaysian average 

body weight where this was used to calculate the EDI. This data has been used 

since the first study conducted on the risk assessment of estragole in Malaysia. 
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Meanwhile, EFSA (2012) suggested to use 70kg as default value for the European 

adult. 

The EDI of estragole from the consumption of PFS ranging from 0.021 

mg/kg bw/day to 0.117 mg/kg bw/day. The minimum value for EDI are from 

sample five which is in capsules form while the maximum value of EDI recorded 

from sample 7 that are in paste form. From the data, it can be concluded that the 

paste form of PFS contributes to higher EDI value than the PFS in capsules form. 

This is because the PFS in paste form usually have higher daily intake as compared 

to PFS in capsules form . 

Apart from that, study from Ning et al. (2018) recorded EDI values ranging 

from 0.02 to 278.0 µg estragole equivalents/kg bw/day. Van den Berg et al. (2011) 

on the other hand stated 0.001 to 4.78 mg/g PFS containing estragole in her 

research study. 

MOE is the ratio of the no-observed-adverse-effect level (NOAEL) or 

benchmark dose lower confidence limit (BMDL) for the critical effect to the 

theoretical, predicted, or estimated exposure dose or concentration (WHO, 2009). 

According to JECF A (2005), MOE is the preferred option in calculating risk 

management especially for genotoxic and carcinogenic substances since the 

NOAEL cannot be ruled out. Similarly, the EFSA concluded that the magnitude of 

an MOE could be used by risk managers for priority setting and was more 

informative than advising that exposures should be reduced to ALARA (EFSA, 

2005). 
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There are many advantages of MOE approach. One of it is that it sets a 

base in identifying priority of the botanical ingredient besides other priority in the 

area of genotoxic and carcinogenic compounds in food (Van den Berg et al., 2011 ). 

The MOE is the most scientifically reliable way to deal with the detailing of 

guidance since it includes the intake or exposure and the accessible data on the 

dose-response relationship are utilized without extrapolation or the generation of 

conceivably unverifiable risks estimates (Barlow et al., 2006). 

The MOE value for the PFS were calculated by using computed BMDL10 

and the calculated EDI value. From the results, all PFS have MOE value less than 

10,000 indicate that there is priority for risk management action. Interestingly, all 

of these samples recorded MOE value ranging from 20 to 150 for 3 .29 mg/kg 

bw/day of BMDL10 and 60 to 310 for BMDL10 with 6.48 mg/kg bw/day showing 

high priority of risk management. This is proven through sample seven that 

recorded highest EDI, therefore contribute to lowest MOE value that indicates 

highest priority of risk management. 

This is in accordance with studies from Suparmi et al. (2018), where the 

MOE value of alkenylbenzenes in Indonesian jamu ranging from 11 to 21,191. 

Besides, Van Den Berg et al. (2011) reported MOE values range between 3 to 

20,000 for estragole in fennel containing PFS and 1 to 2000 for estragole in basil 

containing PFS. Meanwhile, studies from Van den Berg (2013) shows MOE values 

ranging between 200 to 1000 and 1 to 40 for PFS consisting powdered basil 

material or its oil essence. 
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In contrast, MOE identify the priority for risk management action but it 

docs not provide a quantitative estimate of risk. Therefore, it might be 

misinterpreted as giving measure of a risk (Barlow et al., 2006) where further 

explanation should be included. MOE provide guidance on priority setting for the 

risk management actions (Barlow et al., 2006) and it is a method that can be used 

by risk assessors to prioritize the risk from the exposure estragole via consumption 

of PFS. The effects of estragole are likely to be less when estragole is consume in a 

PFS compared to pure estragole as it goes through many chemical process that 

might lessen its reactivity. The carciniogenicity data for the B:MDL10 analysis 

(Miller et al., 1983) was administered pure estragole to the rodents. This may result 

in overestimation of the risk management priority (Van Den Berg et al., 2013) 

The result of MOE for all PFS involved shows that there is high priority for 

risk management action. This is because the MOE value for the samples does not 

only lower than 10,000 value but also less than 1,000. Prompt action should be 

plan and taken in order to minimize the risk of genetic mutation and also cancer 

among the PFS consumer due to consumption of these samples. 
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CHAPTER6 

CONCLUSION, STUDY LIMITATION AND RECOMMENDATION 

6.1 Conclusion 

In conclusion, there is a high priority for risk management actions due to 

exposure of estragole via consumption of PFS. Consumers are exposed to 0.021 

mg/kg bw/day to 0.117 mg/kg bw/day estragole from consumption of the PFS. 

This is considered high as all of the PFS have MOE value less than 10,000 

regardless of the nature of the PFS; either in capsule or paste form. All parties 

including the consumer, manufacturer, related agencies or authorities and 

government are held responsible in creating safe environment and products or all. 

Awareness is among of the key factor in risk management action of estragole in 

PFS. This can be done to health campaign, talk or advertisements through mass 

media to communicate the risk of consumption of PFS containing estragole. Risk 

management plan can be conducted by the government and also related authorities 

or agencies in dealing with this issue while the consumers should be able to have 

the knowledge on the presence of genotoxic and carcinogenic chemical by reading 

the PFS label thus avoid consuming any PFS that contain estragole. 
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6.2 Study Limitation and Recommendation 

There are a few limitation that could have been improved in this study. 

First, limited number of samples being used in this study that covers only a small 

percent of the PFS available in Malaysian market. This includes only PFS that 

comes in capsules or pills form and also paste form while there are vast of other 

form of PFS sold in Malaysia such as in tea bag and sachets as well as in liquid 

fonn. 

Apart from that, the accuracy and percentage of recovery of the estragole 

experiment was not satisfied due to limited research time. This is needed for the 

correction of the estragole amount that lost during the extraction procedure. This 

will determine a more validated result in regards with the chemical properties of 

the estragole that are easily evaporated. 

Based on the findings, these are some recommendations for future study. 

Extensive range of PFS should be selected which includes both local and imported 

PFS. Next, one should consider to sample a variety of plant species _containing 

estragole before choosing the sample. The experiments should also be repeated or 

replicated for more accurate data. This includes the analysis for the recovery and 

calibration curve of the model compound, as it is a critical steps to determine the 

level of estragole in the PFS. In addition, it is recommended to use food frequency 

questionnaire for the consumers to identify the most popular PFS used among 

Malaysian and also their real intake of PFS. 
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The result from this study confirms that high priority for risk management 

action should be taken against the level of estragole in PFS. Thus, responsible 

parties such as Ministry of Health Malaysia could develop a proper risk 

management plan in order to educate the consumers regarding this issue as well as 

to control the amount of natural products that may contain genotoxic and 

carcinogenic estragole in PFS . 
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Appendix 1: The BMDL Modelling Analysis 
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Appendix 2: The chromatograms of the samples 
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