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Advisory Committee on Plant Preparations  

Review of essential oils in capsules  

Mentha x piperita L.  

1. Botanical Identification 
Mentha x piperita L. 

Family :  Lamiaceae 

NL: pepermunt 

FR: menthe poivrée 

EN : peppermint 

 

According to the Plant List, Mentha x piperita L. has more than 20 synonyms with a high confidence level1.  

Other sources mention as heterotypic synonyms Mentha aquatica x Mentha spicata, Mentha piperita, 

Mentha x piperita var. officinalis, Mentha x piperita var. officinalis f. rubescens2 

2. Used plant part 

Mentha x piperita L. is on list 3 of the Royal Decree of 29 August 1997, with the additional mention: “Only 

the use of the following plant parts is permitted: aerial parts”.  

3. Production method 

The aerial parts of the (flowering) plant can be used for the preparation of the essential oil (E.O.). 

This advice is valid for E.O. prepared from the aerial parts of the (flowering) plant by steam distillation 

4. Official monograph references 

European pharmacopoeia (Ph Eur) 10.2 (04/2019:0405). 

EMA/HMPC Herbal Monograph and Assessment Report (2020).  

AFNOR (NF T75-210 - 2008)- Oil of peppermint (Mentha x piperita L.)  

ISO 856:2006  

5. Status in other regulations 

The essential oil of Mentha x piperita is not considered as novel in food supplements (NOT NFS) and 

therefore falls outside the scope of Regulation (EU) 2015/2283 on novel foods  

Peppermint oil has GRAS status13. 
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6. Quantitative and qualitative composition 

Composition according to Ph Eur 10.2: 

–menthol: 30.0 - 55.0 %; 
–menthone: 14.0 - 32.0 %; 
–isomenthone: 1.5 - 10.0 %; 
–menthyl acetate: 2.8 - 10.0 %; 
–1,8-cineole: 3.5 - 8.0 %; 
–limonene: 1.0 - 3.5 %; 
–menthofuran: 1.0 - 8.0 %; 
–pulegone: maximum 3.0 %; 
–carvone: maximum 1.0 %; 
–isopulegol: maximum 0.2 %; 

The ratio of 1,8-cineole content to limonene content is a minimum of 2. 

The profiles of mint and peppermint oils are defined in the European Pharmacopoeia as well as in the ISO 

standards. The ISO standard distinguishes between US and other origins. 

Ph Eur  Menthofuran Pulegone 

Peppermint oil 1.0-8.0% max. 3.0% 

Mint oil not defined max. 2.5% 

 

ISO Menthofuran Pulegone 

Peppermint oil US 1.5-6.0% 0.5-2.5% 

Peppermint oil other 1.0-8.0% 0.5-3.0% 

Mint oil not defined not defined 
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The biosynthesis of pulegone and menthofuran is scientifically well investigated in peppermint plants 
(fig 1) 3.  
 

 
Fig. 1: Biosynthetic pathway of the main active constituents of peppermint essential oil (from Mahmoud, 
R. et al, 2003)3. 

7. Use  
Peppermint oil has been used for a long time as a medicine, orally, topically and for inhalation4. 

The following oral uses are documented in the EMA herbal monograph5: 

Traditional use:  Traditional herbal medicinal product used for  

- the relief of symptoms in coughs and colds  

- the symptomatic relief of localised muscle pain 

- the symptomatic relief of localised pruritic conditions in intact skin. 

For oral application in adolescents and adults, a posology of max. 0.48 ml per day, divided in 3 – 4 portions, 

is described. The use in children under 2 years of age is contraindicated. The use is not recommended in 

children between 2 to 11 years of age. 

Well established use: Herbal medicinal product for the symptomatic relief of  

- minor spasms of the gastrointestinal tract, flatulence and abdominal pain, especially in 

patients with irritable bowel syndrome  

- mild tension type headache 
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When used in a gastro-resistant form, a posology of max. 1.2 ml per day, divided in 2 – 3 portions is 

described. For the use in children between 8 to 11 years of age, a daily dose of 0.6ml is described, divided 

in 3 portions. The use is not recommended in children under 8 years of age. 

More details are given in the EMA Herbal Monograph5 and the EMA Assessment report4.  

8. Stability / degradation products 

When stored at lower temperatures, menthol can crystallize and precipitate, changing the original 

composition of the E.O. 

The use of dementholised peppermint oil is known14. 

For the use in food supplements, the composition of the E.O., including the menthol content, has to 

comply with the specifications as mentioned in the Ph Eur 10.2.  

9. Kinetics - Metabolism 

9.1 E.O. Mentha x piperita and Menthol 

Peppermint oil is relatively rapidly absorbed after oral administration and eliminated mainly via the bile. 

The major biliary metabolite is menthol-glucuronide, which undergoes enterohepatic circulation. The 

urinary metabolites result from hydroxylation at the C-7 methyl group and at C-8 and C-9 of the isopropyl 

moiety, forming a series of mono- and dihydroxymenthols and carboxylic acids, some of which are 

excreted in part as glucuronic acid conjugates. Studies with tritiated I-menthol in rats indicated about 

equal excretion in feces and urine. The main metabolite identified was menthol-glucuronide. Additional 

metabolites are mono- or di-hydroxylated menthol derivatives16. 

In humans, the rate of peppermint oil absorption and excretion following peroral administration, was 

determined by measuring urinary levels of menthol glucuronide. Menthol, a major component of 

peppermint oil, is primarily metabolized by reaction with glucuronic acid followed by elimination in the 

urine or feces. The glucuronic acid conjugate of menthol was detected in the urine of 19 male and female 

volunteers following oral administration of a 180 mg dose of peppermint. A significant amount of variance 

was found among individuals. It was estimated that between 37 and 116 mg of menthol corresponding to 

an average 40% of the administered menthol dose was excreted by each panelist within 14 hours15. 

Pharmacokinetic studies reveal that fractionated urinary recovery of menthol is dependent on the kind of 

formulation used for the application of peppermint oil. Optimal pH triggered enteric coated formulations 

start releasing peppermint oil in the small intestine extending release over 10-12 hours thus providing 

peppermint oil to the target organ in irritable bowel syndrome, i.e. the colon. The hypothesis is supported 

by anecdotal observations in patients with achlorhydria or ileostoma, respectively17.  
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9.2 Pulegone and menthofuran: 

Oral doses of 0.8, 8.0 and 80 mg/kg (1R)-(+)-β-pulegone were well absorbed in rats and mice, with mice 

excreting 85 – 100% in 24 hours and rats 59 – 81%, primarily in the urine and feces. There was 

accumulation in several tissues of both species on dosing 80 mg/kg once daily over four consecutive days. 

The accumulation in the liver was up to three times that of a single dose, that in the lungs was only slight, 

and there was no accumulation in the brain. In male rats only there was a substantial accumulation in the 

kidneys, suggesting male rat-specific toxicity (Chen LJ et al, 2003)7. 

More details about the complex metabolism of pulegone and menthofuran are given in the EMA Public 

Statement on the use of herbal medicinal products containing pulegone and menthofuran6. 

The first human study (Engel, 2003) investigated the metabolism of 0.5 mg (R)-(+)-pulegone or 1 mg (S)-

(−)-pulegone administered orally to six human volunteers. Menthofuran was detected in the urine, but 

only in trace amounts as was mint lactone, a metabolite of menthofuran. These findings suggest 

substantial differences between rodent high-dose human low-dose metabolism. Toxicity may not 

correlate linearly with dose, since high doses produce toxic metabolites that are produced only in traces, 

if at all, in low doses7. The author of the study concluded that menthofuran was not a relevant metabolite 

in humans for either enantiomer at these doses. However, menthofuran was present in the serum of two 

individuals hours after ingesting a large amount of pennyroyal oil (Anderson et al., 1996). Pulegone was 

found to be metabolized to menthofuran by expressed human liver CYPs, primarily by CYP2E1, and to a 

lesser extent by CYP1A2 and CYP2C19 (Khojasteh-Bakht et al., 1999). Menthofuran was metabolized to 

the greatest extent by CYP2E1 and to a lesser extent by CYP1A2, CYP2C19, and CYP2A6. Menthofuran, but 

not pulegone, was shown to inactivate human liver CYP2A6 (Khojasteh-Bakht et al., 1998, 1999)19. 

In 2015, the IARC classified pulegone as possibly carcinogenic to humans (group 2B). The mechanistic and 
other relevant data are summarized: “Pulegone is readily absorbed in humans. It is metabolized in humans 
and rodents to isomers of hydroxypulegone, predominantly by hepatic oxidation at the 5-, 9-, and 10-
positions. In rodents, 9-hydroxypulegone is further oxidized to menthofuran, which is converted to a 
reactive epoxide and a reactive aldehyde (γ-ketoenal). 5-Hydroxypulegone is converted to piperitenone 
which is then hydroxylated at the 9-position and further converted to an analogous furan metabolite and 
to the γ-ketoenal. Further metabolism of the γ-ketoenal produces 4-methyl-2-cyclohexenone and p-
cresol33.  

According to Chen, Xiao-Wu et al (2011), hepatic injury is largely caused by the covalent binding of γ-

ketoenal to cellular proteins39. This γ-ketoenal is generated as a major metabolite from both pulegone 

and menthofuran (fig 2)39.  
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Fig. 2. Metabolic activation of pulegone (from Xiao-Wu Chen et al, 2011)39. 

 

9.3 1,8-cineole7 

Test system  
(in vivo) 

Dose(s) Exposure 
time 

Pharmacokinetic 
parameters 

Metabolite(s) 

Human 19 µg/kg bw 10 hours Plasma concentration: 
2-hydroxycineole 86 nmol/l 
9-hydroxycineole 33 nmol/l 

2-hydroxycineole 
9-hydroxycineole 
3-hydroxycineole 
7-hydroxycineole 
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10. Overview toxicological data 

10.1 Acute toxicity 

10.1.1. Acute toxicity E.O. Mentha x piperita (totum) 

Overview LD50-data for the essential oil: 

Animals and administration 
route 

LD50-values (mg/kg) Reference 

Oral, fasted Wistar male rats, 

USP peppermint oil 

4441±653 mg/kg 
after 24 hours and 2426 

mg/kg after 48 hours 
Nair, 2001 cited by EMA4 

Oral, fasted mice 
Peppermint oil diluted in olive 
oil 

2410 mg/kg Nair, 2001 cited by Mahmoud, R3.  

Rats, ip 819 mg/kg 
Eickholt & Box cited by Tisserand & 
Young7 

Rat, oral 2650 mg/kg ECHA brief profile8 

Rabbit, dermal 5000 mg/kg ECHA brief profile8 

The acute oral LD50 has been reported as 4.44 g/kg in rats (Eickholt & Box 1965) and > 4g/kg in both rats 

and mice (Mengs & Stotzem 1989). In the latter study signs of toxicity were observed in both the liver and 

stomach of rats, but none were seen in mice. Both studies reported clinical signs of ataxia and convulsions, 

suggesting a central nervous target site. Elevated doses of peppermint oil (0.5 – 2 ml/kg, ip) produce 

convulsions and ataxia, with paralysis, loss of reflexes and very slowed breathing in rats (Eickholt & Box 

1965)7. 

Values for humans: 

A near fatal case due to suicidal ingestion of peppermint oil was reported (Nath et al., 2012). The patient 

ingested an unknown amount of peppermint oil (content of pulegone and menthofuran unknown) and 

came in a comatosed state and was in shock. After management with mechanical ventilation and 

ionotropes, her vital parameters reached normal within 8 hours and she became conscious by 24 hours. 

No evidence of nephrotoxicity (normal serum creatinine and absence of dyselectrolytemia) or 

hepatotoxicity (normal SGOT and SGPT) was observed6. 

No confirmed cases of liver damage caused by peppermint oil, mint oil or herbal preparations of 

peppermint leaves have been reported6. 
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10.1.2. Acute toxicity for menthol 

Overview LD50-data  

Animals and administration 
route 

LD50-values (mg/kg) Reference 

Oral, rat 3300 mg/kg Opdyke, 1976 cited by Tisserand & 
Young7 

Oral, cats 900 mg/kg  Opdyke, 1976 cited by Tisserand & 
Young7 

Oral, Mouse, l-menthol 4380 mg/kg FDA, 1977 cited by OECD9 

Rabbit, dermal ➢ 5000 mg/kg Opdyke, 1976 cited by Tisserand & 
Young7 

Rat, oral, l-menthol* 2426 – 2615 mg/kg Haarmann & Reimer, 1974 cited by 
OECD9 

Rat, oral, d-menthol* 2046 mg/kg Haarmann & Reimer, 1974 cited by 
OECD9 

Rat, oral, d/l-menthol* 2602 mg/kg Haarmann & Reimer, 1974 cited by 
OECD9 

Rat, oral, d/l-menthol 3180 mg/kg Jenner et al, 1964 cited by Tisserand & 
Young7 

Rat, oral, d/l-menthol* 940 mg/kg Bhatia et al, 2008 cited by Tisserand & 
Young7 

* LD50 values were evaluated in the same laboratory, using the same protocol 

All menthol isomers show low acute oral toxicity with LD50 values normally greater than 2000 mg/kg bw 

(rats and mice). Clinical symptoms were unspecific, and included apathy and reduced activity. A 

considerably lower LD50 of 940 mg/kg bw was determined in a single study with d/l-menthol in rats. 

Severe irritation of the mucosal lining of stomach and intestine was reported in this study. Such effects 

have not been reported by any other investigators, but may have contributed to the lower LD50 value9.  

Values for humans: 

Ingestion of high menthol doses may cause abdominal pain, convulsions, nausea, vomiting, vertigo, ataxia, 

drowsiness and coma (Dukes, 1980; Gleason et al., 1969). After drinking of about 200 – 250 mg 

menthol/kg bw a child became drowsy, somnolent, felt pain in the stomach and vomited. The symptoms 

were fully reversible within 4 days (Leiber, 1967). Oral intake of 8000 to 9000 mg of menthol (unspecified 

isomer) by three volunteers (corresponding approx. 120 mg menthol/kg bw) led to a cold burning 

sensation in mouth, throat and esophagus, a cold sensation on the mucous membranes of the nose, on 

the skin of the hand and feet, and fatigue (Schwenkenbecher, 1908). About 20 mg menthol/kg bw led only 

to a mild abdominal discomfort (Bolund, et al.,1967)9. 

The probable lethal dose for man is 50-500 mg/kg bw20. 
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10.1.3. Acute toxicity for menthone 

Overview LD50-data  

Animals and administration 
route 

LD50-values (mg/kg) Reference 

Mouse, subcutaneous 2180 mg/kg  Wenzel & Ross, 1957 cited by 
Tisserand & Young, 20147 

Rats, oral 2.18 ml/kg Levenstein, I. (1973a). cited by 
EFSA10 

Values for human: 

No data found 

10.1.4. Acute toxicity for 1,8-cineole 

Overview LD50-data  

Animals and administration 
route 

Toxicity / values LD50 Reference 

Rats Male, oral route 4700 mg/kg European Chemicals Agency 
(ECHA), 201521 

Rats Female, oral route 4300 mg/kg European Chemicals Agency 
(ECHA), 201521 

Rats & Mice, oral route 2400 mg/kg De Vincenzi et al. 200222 

Rats, Oral route 2480 mg/kg Jenner et al 1964, cited by 
Tisserand & Young7 

Rabbits, dermal 5000 mg/kg Tisserand & Young7 

10.1.5. Acute toxicity for pulegone & menthofurane 

Pulegone 

Animals and administration 
route 

LD50-values (mg/kg) Reference 

Oral, rat 470 mg/kg Opdyke, 1978 cited by Tisserand & 
Young7 

Mouse, intraperitoneal 150 mg/kg Grunschober, 1979 cited by 
Tisserand & Young 7 

Rabbit, dermal 3090 mg/kg Opdyke, 1978 cited by Tisserand & 
Young 7 

Mice, subcutaneous 1700 mg/kg Wenzel & Ross, 1957 cited by 
Tisserand & Young 7 

The rat acute oral LD50 of 470 mg/kg bw seems low considering that 400 mg/kg bw per oral caused no 

fatalities in rats, even when given daily for five consecutive days (Moorthy et al, 1989). The mouse ip LD50 



   
Directoraat-generaal  

Dier, Plant en Voeding  
Dienst  

Voedingsmiddelen, Dierenvoeders  
en Andere Consumptieproducten 

 

22.04.2021  10/23 

Advice Essential oil in capsules –Mentha x piperita L. 

of 150 mg/kg bw also seems low, considering that in a study nine of 16 mice dying within 24 hours from 

an ip dose of 400 mg/kg bw (Gordon et al, 1982)7. 

Acute exposure of rats to pulegone resulted in dose-related hepatotoxicity. Pulegone administered once 

at 100, 200, 300, or 400 mg/kg (0.66, 1.31, 1.97, or 2.63 mmol/kg) by gastric intubation to male IISc rats 

caused a significant decrease in hepatic cytochrome P450, 24 hours after treatment for all dose groups 

except 100 mg/kg (0.66 mmol/kg) (Moorthy et al., 1989). There was a significant increase in serum 

glutamate pyruvate transaminase (SGPT) and a significant decrease in heme in rats dosed with 200 or 300 

mg/kg (1.31 or 1.97 mmol/kg)24. 

Values for humans: 

Pennyroyal oil, an essential oil derived from the leaves of Mentha pulegium, consists of 62–97% of R(+)-

pulegone (Grundschober, 1979) and has been eaten by humans for centuries, mainly for its supposed 

abortifacient properties (Gunby, 1979), although its effectiveness, at least in the absence of severe 

toxicity, has been questioned (Centers for Disease Control, 1978). In several cases, ingestion of > 10 ml of 

pennyroyal oil resulted in moderate to severe toxicity, and ingestion of > 15 ml (approximately 250 mg/kg 

bw for a 60-kg woman) resulted in death (Anderson et al., 1996). The ingestion of large doses of 

pennyroyal oil by humans is followed by massive centrilobular necrosis, pulmonary oedema, internal 

bleeding, and weight loss (Sullivan et al., 1979). These effects have been attributed to the pulegone 

content of the oil, and similar effects have been produced after intraperitoneal injection of either 

pennyroyal oil or pulegone in mice (Gordon et al., 1982). In one case of fatal poisoning, the blood of the 

patient at autopsy contained both pulegone (at 18 ng/ml) and the proximate toxicant menthofuran (at 1 

ng/ml) (Anderson et al., 1996)23. 

Menthofuran 

There are no reported LD50 values for menthofuran. Gordon et al (1982) recorded that 5/15 mice died 

within 24 hours from an ip dose of 200 mg/kg, and 10/16 mice died from 300 mg/kg, which suggests a 

mouse ip LD50 of about 250 mg/kg bw7. 

Menthofuran induced a dose-related increase in hepatotoxicity in male IISc rats after gastric intubation 

of a single dose of 100, 200, 250, 300, or 400 mg/kg (0.67, 1.33, 1.66, 2.00, or 2.66 mmol/kg), as indicated 

by an increase in SGPT among all dosed rats at 24 hours after treatment (Madyastha & Raj, 1994). Doses 

of 200 mg/kg (1.33 mmol/kg) or greater were also associated with a significant decrease in hepatic 

cytochrome P450. Rats treated once with 250 mg/kg (1.66 mmol/kg) also showed significant decreases in 

glucose-6-phosphatase and aminopyrine N-demethylase, but cytochrome b5 and NADPH-cytochrome c 

reductase activities were not altered. (Madyastha & Raj, 1994)24 
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10.2 (Sub)Chronic toxicity 

10.2.1. (Sub)chronic toxicity for E.O. Mentha x piperita (totum) 

 

Animals and administration 
route 

Dose(s) NOAEL-value 
 (mg/kg/day) 

Reference 

Rat, oral, 35 days 20, 150, 500 
mg/kg bw/day 

/ Mengs and Stotzen, 1989 
cited by Tisserand & 

Young 7 

Dogs, 35 days 25, 125 g/kg 
bw/day 

 Mengs and Stotzen, 1989 
cited by Tisserand & 

Young 7 

Rat, oral, 90 days 0, 10, 40, 100 
mg/kg bw/day 

40 mg/kg bw/day Spindler and Madsen, 
1992 cited by Tisserand 

& Young 7 

Rat, oral  400 mg/kg bw/day ECHA brief profile8 

Peppermint oil was administered to groups of 10 male and 10 female Wistar SPF rats by gavage in daily 

doses of 0, 10, 40 or100mg/kg bw for 28 days (Thorup et al., 1983a). There were no significant differences 

in body weights and food consumption between test and control animals and a slight non-significant 

increase in water consumption in all test groups. Hematological examinations, blood chemical 

determinations and urine analysis revealed normal values. The only significant histopathological change 

was the appearance of cyst-like spaces in the white matter of the cerebellum at the 40 and 100mg/kg 

doses which were later determined to be an artifact of the tissue fixation procedure (Adams et al.,1996; 

Mølck et al.,1998)13. 

10.2.2. (Sub)chronic toxicity for menthol 

 

Animals and 
administration route 

Dose(s) NOAEL-value 
 (mg/kg/day) 

reference 

Rats, oral (gavage), 28 
days 

200, 400 and 800 
mg/kg bw/d L-

menthol in 
soybean oil 

Since no information is 
available as to the 
magnitude and the 

incidence of increased 
liver weights in the 

various exposure groups, 
the relevance of this 

finding is questionable 
and a NOAEL or a LOAEL 
cannot be deduced from 

this study 

Thorup et al., 1983a,b 
cited by OECD9 

Rat, oral, 5,5 weeks 0, 100, 200 mg/kg 
bw/d either L-
menthol either 

D/L-menthol 

NOAEL = 200 mg/kg/day Herken, 1961 cited by 
Tisserand & Young7 
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Animals and 
administration route 

Dose(s) NOAEL-value 
 (mg/kg/day) 

reference 

Rats, oral, 13 weeks 930 to 15000 ppm 
D/L-menthol 

NOAEL 937 mg/kg bw/d  
(male) and 998 mg/kg 

bw/d (female) 

Tracor Jitco, 1976, 
Project-No. 976-243 cited 

by OECD9 

Mouse, oral, 13 weeks 930 to 15000 ppm 
D/L-menthol 

NOAEL 1976 mg/kg bw/d 
(male) and 2386 mg/kg 

bw/d (female) 

Tracor Jitco, 1976, 
Project-No. 976-223 cited 

by OECD 9 

Rat, oral, 103 weeks 188 and 375 
mg/kg bw/d D/L-

menthol 

375 mg/kg bw/d for male 
rats 
188 mg/kg bw/d for 
female rats (based on 
slightly reduced body 
weight at 375 mg/kg bw). 

NCI, 1979 cited by OECD 9 

Mouse, oral, 103 weeks 334 and 667 
mg/kg bw/d D/L-

menthol 

667 mg/kg bw/d for male 
and female mice 

NCI, 1979 cited by OECD 9 

Rat, oral  188 mg/kg bw/day ECHA brief profile25 

 
JECFA concluded in its 51st report for menthol: “The committee noted that the highest dose of menthol 
used in the long term studies in mice and rats caused no specific toxic effects. As survival was reduced in 
mice given a dose of 600 mg/kg bw, the Committee allocated an ADI for menthol of 0 – 4 mg/kg bw/day, 
based on the NOEL of 380 mg/kg bw/day in the long term study in rats and a safety factor of 100”12. 

10.2.3. (Sub)chronic toxicity for menthone 

Animals and 
administration route 

Dose(s) NOAEL-value 
 (mg/kg/day) 

reference 

Rat, oral, 28 days 200, 400, 800 
mg/kg bw/day 

NOEL 200 mg/kg/day 
 

Madsen et al., 1986 cited by 
Tisserand & Young7 

 

Rat, oral  200 mg/kg bw/day ECHA brief profile26 

 
The oral toxicity of menthone was evaluated in an animal model. The decrease in plasma creatinine and 
the increase in phosphatase alkaline and bilirrubin were dose dependent, after levels of 0, 200, 400 and 
800 mg/kg bw per day. The non-observable- effect-level (NOEL) for menthone in this study was lower than 
200 mg/kg bw per day. A NOEL of 400 mg/kg bw per day was reported in a 28 day toxicity study in rats4. 
 

10.2.4. (Sub)chronic toxicity for 1,8-cineole 

Animals and administration route NOAEL-value 
 (mg/kg/day) 

Reference 

Wistar Han:RccHan:WIST strain rats, 
Male & Female – Oral route -  

600 mg/Kg/D 
28 days 

(ECHA); Registered substances, 
Cineole (January 2015)21
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Animals and administration route NOAEL-value 
 (mg/kg/day) 

Reference 

Wistar rats, Male & Female LOAEL-VALUE 
500 mg/kg/day 

50 days 

Caldas GF. Et al, 2016 27 

 
In the ECHA brief profile for cineole a DNEL value of 600 mg/kg bw/day for oral exposure is mentioned21  
 

10.2.5. (Sub)chronic toxicity for pulegone, menthofuran 

pulegone 

Animals and 
administration route 

Dose(s) NOAEL-value 
 (mg/kg/day) 

reference 

Rat,mice, oral (gavage), 
5 days/week for14 
weeks 

9.375, 18.75, 37.5, 
75, 150 mg/kg 

bw/day 

Rat: NOAEL values are 
either 18.75 or 37.5 
mg/kg depending on 
whether some small 
but significant tissue 

weight changes 
(relative liver and 
kidney weights, 

incidences of bone 
marrow hyperplasia) 

were regarded 
toxicologically 

significant. 

NTP 2011 cited by EMA6 
 

Rat, oral (gavage), 5 
days/week for 103 
weeks 

Male rats: 18.75, 
37.5, 75 mg/kg 

bw/d 
female rats: 37.5, 
75, or 150 mg/kg 

bw/d 

18.75 mg/kg bw. EMA, 20166 

Mouse, oral (gavage), 
103 weeks 

37.5, 75, or 150 
mg/kg bw/d 

/ EMA, 20166 

Rat, oral (gavage), 28 
days 

20, 80, 160 mg/kg 
bw/day 

/ Thorup et al, 1983 cited by 
EMA6 

Rat, female, 28 days 0, 160 mg/kg 
bw/day 

20 mg/kg bw/day Mølck et al., 1998 cited by 
EMA6 

menthofuran 

Animals and 
administration route 

Dose(s) NOAEL-value 
 (mg/kg/day) 

reference 

Rat, oral, 14 days 
 

23 mg/kg bw/day / Van Miller & Weaver, 1987 
cited by Tisserand & Young7 
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In its monograph, EMA concludes6: 

“Based on a 3-month repeated-dose toxicity study in rats, the NOAEL was taken as 37.5 mg/kg bw, due to 

liver and kidney toxicity. A plausible mechanism for toxicity is the formation of reactive metabolites when 

cellular levels of glutathione are depleted. Based on the results from this study, and considering an 

uncertainty factor of 50, an intake of pulegone+menthofuran up to 37.5 mg/person per day, for an adult 

of 50 kg body weight, can be accepted for herbal medicinal products as a lifetime intake. For children, the 

daily amount of pulegone + menthofuran has to be adjusted to the body weight of the age group: e.g. 

body weight of 20 kg would lead to an acceptable daily intake of 15 mg per day.” 

10.3 Genotoxicity 

10.3.1. Genotoxicity for E.O. Mentha x piperita 

In its assessment report, EMA concludes that the present evidence points to a very weak or totally absent 
genotoxicity of peppermint oil.4 
 

10.3.2. Genotoxicity for menthol 

The mutagenic potential of natural Brazilian menthol was tested in the cytogenetic assay (rats), the host-
mediated assay (mice), and the dominant lethal assay (rats). The assays were done with menthol doses of 
1.45, 14.5 and 145.0 mg/kg and in some instances, subacute and acute studies were done with doses of 
500, 1150 and 3000 or 5000 mg/kg. In the host-mediated assay, a weakly positive but significant response 
was noted with the acute high dose against Salmonella typhimurium TA1530, and elevated recombinant 
frequencies were noted with the subacute doses against Saccharomyces D3. All other assays were 
negative (Nair, 2001 citing Litton Bionetics, Inc. 1975)4. 
 
Neither (-)-menthol nor (±)-menthol was mutagenic in Ames tests, with or without metabolic activation. 
(-)-Menthol was also non-mutagenic in a Bacillus subtilis rec assay and in E.coli strain WP2uvrA. Neither (-
)-menthol nor (±)-menthol was genotoxic in Chinese hamster fibroblasts. (±)-Menthol showed no 
genotoxic effect in a mouse micronucleus test, an all cell comet assay, and a comet assay in Chinese 
hamster ovary cells. (-)-Menthol was not mutagenic in dominant lethal assay and was not clastogenic in a 
bone marrow CA test.7 

 
Several tests on genotoxicity in vitro and in vivo have been carried out8. The conclusions are  
- menthol and its isomers are considered non-genotoxic in in vitro bacterial and mammalian test 

systems. 

- L- and D/L-menthol have demonstrated no mutagenic potential in adequately performed dominant 

lethal and cytogenetic tests and in a bone marrow micronucleus test in mice. 

10.3.3. Genotoxicity for menthone 

Menthone exhibited mutagenic responses in several Salmonella tester strains, although responses were 
rather inconsistent in terms of concentration and requirement of S9. It was also positive in the wing 
somatic mutation and recombination tests (SMART) and genotoxic in D. melanogaster (Lazukta et al., 
2001). It was weakly positive in the host-mediated assay (mice), but not in cytogenetic or dominant lethal 
assays (rats) (Nair, 2001)4 
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Trans-menthone was genotoxic in an Ames test (Andersen and Jensen, 1984) and in a somatic mutation 
and recombination test (SMART) with D. melanogaster (Franzios et al., 1997). The observed effects were 
not very pronounced. Further, trans-menthone is easily converted to menthol, which is estimated to be, 
overall, negative in genotoxicity tests10. 

10.3.4. Genotoxicity for 1,8-cineole 

Animals and administration 
route 

Antimutagenic dose   

Ames test 
S. typhimurium TA97a, TA98, 
TA100, TA102 with and 
without S9 

2500 µg/plate 
 

Negative 
 

Gomes-Carneiro 
M.R. et al., 1998 28

 

Ames test  

S. Typhimurium TA98 hisD3052 
rfa ΔuvrBbio-/pKM101, TA100 
hisG46rfa bio-/pKM101 & TA102 
hisG428/pAQ1 rfa/pKM101 with 
and without S9 

5000 μg/ml Negative 
 

Vuković-Gačić B.  
et al., 2006 29

 

Sister chromatid exchange 
Chinese hamster ovary cells 
(CHO K1) 

78.7 micromole Negative 
 

Sasaki Y-F. et al, 
1989 30 

 
A positive result was seen in a sister chromatid exchange study on the supporting substance 1,8- cineole 
[FL-no: 03.001] (Galloway et al., 1987). This study was only positive without S9 activation and at levels of 
1,8-cineole of 200 and 500 micrograms/ml which induced cell cycle delay and therefore were cytotoxic. 
There are several other genotoxicity tests on this substance, including another sister chromatid exchange 
study (although the concentrations of test substance were much lower in this study), that have given 
negative results. In the light of these results in several genotoxicity studies at gene and chromosomal level 
the positive result in the sister chromatid exchange assay by Galloway (Galloway et al., 1987) is considered 
not to be of relevance for the overall evaluation. It is therefore concluded that 1,8-cineole is not 
genotoxic11. 

10.3.5. Genotoxicity for pulegone and menthofuran 

An analysis of the totality of the mentioned genotoxicity studies suggests that pulegone is devoid of 
genotoxic potential also in those studies in which the production of short-lived reactive intermediates and 
their scavenging by cellular protection mechanisms has been taken into consideration. A slight increase 
in tail intensity by high-dose menthofuran in the comet assay is most likely due to cytotoxicity. Despite 
some (weak) positive findings in some studies the overall conclusion is that pulegone and menthofuran 
do not possess genotoxic potential6. 
 

10.4 Carcinogenicity: 

10.4.1 Carcinogenicity of E.O. Mentha x piperita 

The Final report on the Safety Assessment of Mentha piperita (2001) presents a carcinogenicity study of 

toothpaste and its components, where groups of 52 male pathogen-free CFLP (ICI-redefined) mice were 

dosed by gavage with 4 or 16 mg peppermint oil/kg per day, 6 days a week for 80 weeks. A 16- to 24-week 
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observation period followed treatment. An untreated group of 52 male mice and a vehicle group of 260 

male mice that received the toothpaste base (which did not contain chloroform, eucalyptol, or 

peppermint oil) were maintained as controls. Body weight gain was initially reduced in animals of the 16-

mg/kg per day group. At least one neoplasm at any site was observed in 73%, 69%, 65%, and 71% of mice 

of the low dose, high-dose, untreated-control, and vehicle-control groups, respectively. Malignant 

neoplasms were noted in 39%, 35%, 23%, and 31% of mice of the low-dose, high-dose, untreated control, 

and vehicle-control groups, respectively. The incidence of neoplasms of the lungs and kidneys were 

comparable among mice of the treated and non-treated groups. 

This report mentioned also the study by Roe et al. (1979), where hepatic cell tumor incidence for 

peppermint oil–dosed mice (25%) was comparable to the incidence for mice of the vehicle-control group 

(27%); the incidence for the untreated group was 19%. Malignant lymphoma was found in 25%, 21%, 10%, 

and 14% of mice of the low-dose, high-dose, untreated, and vehicle-control groups, respectively. The 

researchers did not discuss if the difference in the incidence rate was significant. (Nair, 2001) 

A review of the study by the British Industrial Biological Research Association (1992) noted that it was not 

designed to examine the carcinogenic potential of peppermint oil and thus “would have had only a very 

limited sensitivity to this particular component” (Nair, 2001)4. 

Peppermint, peppermint oil, and peppermint oil’s major components are not classified as carcinogenic by 

the International Agency for Research on Cancer (IARC 2014); are not on the California Proposition 65 list 

of known carcinogens (Cal-EPA 1997); and do not appear on the Toxics Release Inventory (TRI) Basis of 

OSHA Carcinogens (US EPA 2015)31. 

10.4.2 Carcinogenicity of menthol 

The National Cancer Institute found no evidence of carcinogenicity after dosing Fisher 344 rats with 3750 

or 7500 ppm oral dose (equivalent to 190, and 380 mg/kg bw/d, respectively), or B6C3F1 mice with 2000 

or 4000 ppm d, l-menthol (equivalent to 300 or 600 mg/kg bw/d, respectively) in a two year study, in 

1979. In female mice, dose related increased deaths were noted (US National Cancer Institute, 1979)4. 

In male and female mice given 20 ip injections of menthol in impure tricaprylin in a total dose of 0.5 or 

2.0 g/kg over 24 weeks the incidence of primary lung tumors was no higher than in the control group 

(Stoner et al, 1973)7 

IARC and CMR classification : Not classified. 

10.4.3 Carcinogenicity of menthone 

In male and female mice given 19 ip injections of menthone in impure tricaprylin in a total dose of 1.9 or 

4.75 g/kg over 24 weeks the incidence of primary lung tumors was no higher than in the control group 

(Stoner et al, 1973)7 

10.4.4 Carcinogenicity of 1,8-cineole 

There is no indication that 1,8-cineole is carcinogenic7. 

1,8-cineole showed moderate in vitro cytotoxic activity against five human cell lines: CTVR-1, MOLT-4 

(leukemia), K562 (myeloneous leukemia), HeLa (cervical adenocarcinoma) and HepG2 (hepatocellular 

carcinoma) with IC50 values ranging from 0.1-6.7 g/L after 24 hours incubation 32.  
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10.4.5 Carcinogenicity of pulegone and menthofuran 

Pulegone 
In a 2-year gavage study, groups of 50 rats were administered (1R)-(+)-β-pulegone at 37.5 or 75 mg/kg 
bw/day, five days per week. In addition, males were dosed 18.75 mg/kg and females at 150 mg/kg. Due 
to excessive morbidity and mortality, 75 mg/kg males and 150 mg/kg females were given no further 
pulegone after week 60. A total of 42 glands, organs or tissues were examined. There were increased 
incidences only of urinary bladder papilloma or carcinoma in the 150 mg/kg females.  
When mice were dosed with 37.5, 75 or 150 mg/kg bw/day (1R)-(+)-β-pulegone in a similar study, there 
was an increased incidence of liver tumors.  
The highest doses causing no benign tumors were 150 mg/kg for male rats, 75 mg/kg for female rats and 
mice, while none could be established for male mice. 
The highest doses that did not cause malignant tumors were 37.5 mg/kg for male mice and 75 mg/kg for 
male rats, female rats and mice (National Toxicology Program, 2009)7  

Pulegone was not mutagenic in standard bacterial assays, either with or without exogenous metabolic 
activation24.  

Studies in humans and rodents indicated that some of the pulegone metabolites deplete hepatic levels of 
glutathione and can bind to cellular proteins. This may result in chronic regenerative cell proliferation, 
which may be related to the carcinogenicity observed in the liver and urinary bladder in experimental 
animals33. 

EMA concludes that  the mode-of-action of pulegone in producing tumors in experimental animals is most 
likely the regenerative cellular proliferation after high dose-dependent overt tissue toxicity. Thus it is 
plausible that at lower exposure levels cellular protective mechanisms, trapping by glutathione and other 
scavengers of reactive metabolites, would constitute a threshold below which no overt toxicity would 
become manifest. Consequently, in this case a scenario to be used in risk assessment would be the 
threshold-based limit use of an uncertainty factor6. 

10.5 Reproductive toxicity 

10.5.1. Reprotoxicity of E.O. Mentha x piperita (totum) 

No data found 

10.5.2. Reprotoxicity of menthol 

The OECD SIDS document on menthol9 mentions that there are no fertility studies with menthol or its 

isomers available. Examinations of reproductive organs in repeated dose studies can however be used to 

evaluate adverse effects on reproductive organs. There is no evidence indicating a potential of D/L-

menthol to interfere adversely with reproduction. Histopathological examinations of the reproduction 

organs of rats and mice showed no changes in repeated dose toxicity studies with D/L-menthol and also 

in carcinogenicity studies with D/L-menthol. 

Teratogenicity studies with L-menthol were conducted in rats, mice, hamsters and rabbits (FDA,1973). In 

all four developmental toxicity studies, maternally toxic dose levels were not used. The dose levels (max. 

218 mg/kg bw/d for rats, max. 185 mg/kg bw/d for mice, max. 425 mg/kg bw/d for rabbits, max. 405 
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mg/kg bw/d for hamsters) were, however, sufficiently high to allow an initial assessment of this endpoint. 

It was concluded that l-menthol was not embryo- or fetotoxic and had no teratogenic properties in well 

performed gavage studies in various species (rat, mouse, rabbit, hamster) at not maternally toxic doses 

(185-425 mg/kg bw). A similar result in developmental toxicity studies would reasonably be expected from 

studies with D-menthol, the racemate or the unspecified menthol isomer9. 

10.5.3. Reprotoxicity of menthone 

In the ECHA brief profile on menthone, a NOAEL of 425,29 mg/kg bw/day is mentioned26.  

10.5.4. Reprotoxicity of 1,8-cineole 

Animals and administration route Results Reference 

MFC-7 cells 
In vitro  

No estrogenic activity Nielsen 2008 cited by 
Tisserand & Young7  

Female rat tissue 
  Ex vivo 

Did not bind with estrogen 
receptors 

Blair et al. 2000 cited by 
Tisserand & Young 7 

Pregnant rodents NOAEL : 101 mg/kg/10 days (sc) 
500 mg/Kg/4 days : fetotoxic (sc) 

682 mg/kg/18 days (ip) : 
maternally & feto-toxic 

 
Tisserand & Young 7 

10.5.5. Reprotoxicity of pulegone and menthofuran 

No data found.  
 

10.6 Other(s) 

10.6.1. Dermal irritation and sensitization 

Clinical dermal testing demonstrated that 8% peppermint oil was not a sensitizer and 2% gave a small 

number of positive reactions in dermatitic patients35. 

10.6.2 Immunotoxicity 

It was found that mice treated with 625 or 1250 mg/kg peppermint oil and inoculated with Listeria 

monocytogenese (isolated from a clinical case of meningitis) had decreased survival times (7.5 and 2.8 

days respectively) compared to those mice who received no peppermint oil (9.7 days). The decreases were 

significant, suggesting an increased susceptibility to bacterial-induced deaths and/or immunosuppression 

(Gaworski et al 1994)35. 

10.6.3. Phototoxicity 

No effects were produced after the application of 100% peppermint oil on the back of hairless mice, 

irradiated with light from a fluorescent black light at an integrated UVA. The same result was obtained on 

a second experiment using the same protocol with two miniature swine (Research Institute for Fragrance 

Materials, 1996)35. 



   
Directoraat-generaal  

Dier, Plant en Voeding  
Dienst  

Voedingsmiddelen, Dierenvoeders  
en Andere Consumptieproducten 

 

22.04.2021  19/23 

Advice Essential oil in capsules –Mentha x piperita L. 

10.7 Interactions / cumulative effects with other EO or chemicals 
Peppermint oil appears to increase ciclosporin and felodipine levels. In vitro experiments suggests 

peppermint oil is a moderate inhibitor of nifedipine metabolism. Foods and antacids may compromise the 

enteric coating of peppermint oil capsules36.  

10.8 Contra-indications4 
The adverse events reported in the doses recommended for the therapeutic indications, in non-allergic 

adults were generally mild and transient.  

People with hypersensitivity to peppermint preparations or menthol should not use/ take this essential 

oil. 

When used orally, it may cause heartburn, perianal burning, blurred vision, nausea and vomiting. 

Heartburn is related with the release of the oil in the upper GI tract, which relaxes the lower oesophageal 

sphincter, facilitating the reflux. The same occurs in the cases of hiatal hernia. This particular undesirable 

effect is minimised by an appropriate pharmaceutical formulation administration.  

People with gallbladder disease, severe liver damage, gallstones and chronic heartburn should avoid the 

intake of peppermint oil. Menthol and peppermint oil caused burning mouth syndrome, recurrent oral 

ulceration or a lichenoid reaction, by contact sensitivity in the intra-oral mucosa, in sensitive patients. 

Use in infants or children is not recommended, when inhaled, taken by mouth or if applied on open skin 

areas, the face or chest, due to the potential toxicity of the product. Menthol can induce reflex apnoea 

and laryngospasm in children under 2 years. Administration to children with a history of seizures (febrile 

or not) is contra-indicated. For oral application, the use is not recommended in children between 2 to 11 

years of age. 

Because there is a lack of information about the safety during pregnancy and breastfeeding, the use is not 

recommended. Some studies were performed to assess the prevalence and pattern of herbal medicines 

use during pregnancy, in each trimester (Bishop et al., 2011; Nordeng et al., 2011, Glover et al., 2003, 

Pallivalapila et al, 2015), but no safety data about the intake of peppermint oil was included. According to 

one source only 0.063% of the maternal dose of menthol would be transferred to breastmilk37. Hausner 

et al. confirm that volatiles from the diet are transferred selectively and in relatively low amounts18. 

Essential oils rich in pulegone, like pennyroyal oil (M. pulegium or H. pulegoides) have been used to induce 
menstruation and abortion6, 34.  

11. Permitted claims for E.O. from Mentha x piperita 

Health claims must be in accordance with the general principles of regulation 1924/2006 and the relevant 

regulations. You can find more information about this on the web page "Permitted claims" of the FPS 

Public Health. 
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12. Recommendations for use 

The gastro-resistant solid dosage forms should be swallowed as a whole, i.e. not broken or chewed, 
because this would release the peppermint oil prematurely, possibly causing local irritation of the mouth 
and oesophagus. 

Patients, who already suffer from heartburn or hiatal hernia have sometimes an exacerbation of this 
symptom after taking peppermint oil. Treatment should be discontinued in these patients. 

Patients with gallstones and any other biliary disorder should be cautious using peppermint oil. 

Peppermint oil should be used only under medical supervision in inflamed and ulcerated conditions of the 
gastrointestinal tract. 

13. Conclusion  

Considering the different values advised for a maximum daily dose of peppermint oil, for adults, ranging 

from 152 mg/day7 to 0.8 ml/day (about 720 mg)38 ; the lower value is based on the limits of menthofuran 

and pulegone as mentioned in the EMA monograph6, in combination with the maximum values of these 

substances according to the specifications of the Ph Eur. This value does not take into account the 

possibility of differences in composition (less pulegone and menthofuran);  

Considering the conclusion in the EMA public statement, limiting the daily dose pulegone + menthofuran 

for an adult to 37.5 mg/person/day6. 

Considering the Joint FAO/WHO Expert Committee on Food Additives who derived an acceptable daily 

intake (ADI) for l-menthol and dl-menthol of 4 mg/kg bw/day12 (corresponding to 240 mg/day for an 60-

kg individual).  

Considering the NOEL value of 200 mg/kg bw/day4 for menthone and applying a safety factor of 100 

(consisting of a factor 10 for the extrapolation from animal to man and another factor 10 taking into 

account inter-individual variation within the human population; minimal value proposed by WHO), the 

acceptable daily intake (ADI) for menthone is 2 mg/kg bw/day (corresponding to 120 mg/day for a 60-kg 

individual).  

Considering the advices the Committee has previously issued during the sessions of 15th January 2020, 

27th August 2019, 11th April 2019, 19th February 2019, 9th October 2018, 20th February 2018, 12th June 

2018, 26th September 2017, 29th November 2016, 27th September 2016, 12th April 2016, 16th February 

2016, 15th December 2015, 10th November 2015, 22nd September 2015, 29th January 2013 and 1st June 

2010, 
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The Advisory Committee on Plant Preparations decides at the meeting of 22nd April 2021 the following: 

 
The use of the E.O. of Mentha x piperita in encapsulated dietary supplements is permitted under the 
following conditions: 
 

- The E.O. of Mentha x piperita should comply with the specified composition as mentioned in 
the Ph Eur 10th ed. Monograph. 
 

- The daily intake of the sum of pulegone + menthofuran by Mentha x piperita essential oil and 
other sources thereof that may be present in the preparation should not exceed 37.5 mg 
 

- The daily intake of menthol by Mentha x piperita essential oil and other sources thereof that 
may be present in the preparation should not exceed 240 mg 
 

- The daily intake of menthone by Mentha x piperita essential oil and other sources thereof 
that may be present in the preparation should not exceed 120 mg  
 

- It is recommended to spread the maximum daily dose of the E.O. over several portions per 
day, this will contribute to an optimal tolerance and activity of the product.  
 

- Except for use as an aroma, the use of this E.O. is not suitable 
o during pregnancy and lactation and for children younger than 12 years 
o in case of problems with liver, bile, pancreas, gastroesophageal reflux and in case of 

gastro-intestinal sensitivity 
 

- The use of this E.O. in food supplements should be limited to a maximum of 14 days; medical 
advice is warranted if prolonged use is considered. 
 

- The use of a gastro-resistant coating is recommended for prolonged use or for users with a 
sensitive stomach. 
 

- Regardless the coating used, this E.O. should only be used under medical supervision in case 
of inflamed and ulcerated conditions of the gastrointestinal tract. 

 

 

The Advisory Commission on Plant Preparations reserves the right to re-examine this advice in the light 

of new considerations 
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