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OUTLINE OF THE TALK

1. Background on Citrinin and RYR

2. Occurrence of CIT in RYR from the market

3. A tentative exposure assessment
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CITRININ

CIT was isolated for the first time in 1831 from a Penicillium citrinum
colture. It can be found in cereals, fruits, olives, nuts, seeds, and
fermented products in general.

It can be synthesised by Monascus fungi (i.e. M. purpureus and M.
ruber), often used for the production of supplements (i.e. red yeast
rice, RYR)

TK studies reported on a quick absorption in humans (up to 40%) followed by liver and kidney distribution, and urine 
excretion as isocitrinone.

CIT may act synergistically with PAT and OTA, co-occurring also in the same foods.

However, due to thermal degradation, its occurrence in food is of less relevance than other mycotoxins
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It has been observed that CIT
- affects the kidney function in different species, degenerating processes of the renal tubules
- induces micronuclei in HepG2 cells at levels of ≥10 μM
- decreases the percentage of binucleated cells in a dose-dependent way

➔ POSSIBLE GENOTOXICITY IN HUMANS AND ANIMALS

High percentage prevalence of CIT in biological fluids
(38% in plasma, 72% in urine)

According to EFSA, the major contribution to dietary exposure is due to cereals
BUT low levels found in cereals.
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RED RICE– often reported as red fermented rice (RFR), red mold rice (RMR) o red yeast rice (RYR), it is 
traditionally obtained by fermentation with Monascus spp. fungal starters, mainly M. purpureus, M. pilosus, 
or M. ruber.

RYR is traditionally used as natural supplement due to its content of monacolin K (MK), a fungal polyketide that 
competitively inhibit the activity of 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase, a key enzyme in the 
biosynthesis of endogenous cholesterol.

Fermentation leads to the species-
dependent accumulation of 

monakolins, pigments, and CIT



2011 EFSA HEALTH CLAIM
“Monacolin K from RYR contributes to the maintenance of 
normal blood cholesterol concentrations”

10 mg/die of MK required

XX Congresso Nazionale SITOX – Bologna, 25 – 27 ottobre 2021

The total amount required is expressed as MKA + MK

MK is prevalent in RYR due to the pH conditions, 
and than converted to MKA in the gut

Hypocholesterolemic activity in RYR 



XX Congresso Nazionale SITOX – Bologna, 25 – 27 ottobre 2021



XX Congresso Nazionale SITOX – Bologna, 25 – 27 ottobre 2021

According to the 2017 EFSA data 
collection, CIT occurrence in food is

generally low with the only exception
of RYR 
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Enforced by April 1st, 2020
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OUR STUDY (Sept 2020 – Feb 2021)

37 red fermented rice supplements
(8 RYR + 29 multi-ingredients)

24 purchased from the web + 13 purchased from shops
18 capsule + 15 tablets + 4 soft capsule

All the products declared the MKA content
4 products were labeled as «citrinin free»

CIT + OTA
Monacolin K
Monacolin profile
Pigment profile
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CITRININ OCCURRENCE
(38 out of 39 > 0.1 mg/kg)

Previous limit
2 mg/kg
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…POSSIBLE OCCURRENCE OF MODIFIED OTA?
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Perhaps from fermentation?
OTA is acutally one of the major mycotoxins in rice. It could
have been modified by Monascus

According to previous studies, it is
less toxic than OTA but it can 

competitively bind to HSA, thus
affecting OTA TK
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RYR CONTRIBUTION TO CIT DIETARY EXPOSURE

µg/g  ➔ µg/dose die ➔ µg bw ➔ TDI or MOE

(suggested daily dose from pack) (adult, 60 Kg)

Safety factor for 
threshold based

toxicity

Threshold for 
genotoxic

carcinogens

Level of no concern = 0.2 µg/kg bw
MoE

NOAEL: 20 µg/kg bw
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MKA+MK RANGE 
ON THE LABELS

MKA + MK CONTENT IN RYR SUPPLEMENTS

The actual MKA+MK value was highly 
variable.

Only 5 out of 39 supplements provide 
a daily dose comparable with the 
EFSA requirements. 
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MK

MKA

MK

MKA

During the fermentation process, the form responsible for the
inhibition of cholesterol synthesis (MKA) prevails, with a content of
approximately 80% on average. The final, drying step in RYR
production induces a partial cyclization of MKA.
Therefore, in the finished product, the acid: lactone ratio usually
varies from 6: 4 to 4:6.

ANY POSSIBLE ADULTERATION?

Natural RYR

? 80% of the supplements in our study showed a 
ratio < 0.3 suggesting the potential addition of 

MK from external sources
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OCCURRENCE OF MINOR MONACOLINS
AND MONASCUS PIGMENTS

Dellafiora et al. 2021, in preparation

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

MK MKA Sum of monacolins Sum of pigments

The HR-IMS fingerprint revealed an extreme variability among
supplements



RYR supplements are highly variable in terms of MKs composition (➔ pharmaceutical GMP?)
Minor MKs may exert some (antagonistic/synergistic) biological activity ➔ need to better understand
their role towards HMG-CoA inhibition

Concerning CIT occurrence, although largely cautionary, the MOE approach clearly shows that the
exposure to citrinin from RYR supplements may pose a risk for the consumers.
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TO SUM UP 1/2

It must be noticed that, compared to food the intake of RYR supplements is less affected by
variability ad a consequence of their pre-dosed form.
Users, often prompted by health-related issues, take supplements on a regular base according to
the suggested dosage, and often choose the same brand over time.
While the exposure assessment to contaminants may vary a lot between mean and high-
consumers of a certain food, in the case of RYR supplements the variability – and therefore the
associated uncertainty – is strongly reduced.
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Besides arguments related to public health and regulatory measures, our outcome is even more relevant in
terms of communication, when considering that a “citrinin-free” claim was reported on the label of four
batches samples in this study.

The halo of naturality of RYR supplements together with the
associated “claims”, may prompt the consumers to subjectively
increase the daily dosage without any perception of possible risk.
Therefore, such unsolicited claims should be strongly mistrusted
and carefully regulated

TO SUM UP
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