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üMineral oils are a complex mixture of hydrocarbons (> 100 

000 compounds) derived from petroleum.

üTechnical grade mineral oil hydrocarbons typically contain 

15-35 % aromatics (MOAH), the rest being almost 

exclusively constituted of mineral oil saturated hydrocarbons 

(MOSH).

üFood grade mineral oil hydrocarbon products are treated in 

such a way that the aromatic content is minimized.  

üLittle is known about the composition of commercially 

available products, as specifications are generally expressed 

in terms of physico-chemical properties (such as viscosity). 

Products with the same physico-chemical specification may 

vary considerably in their composition, depending on the 

source of the oil and its processing. 

What are mineral oil hydrocarbons(MOHs) ?



What are mineral oil saturatedhydrocarbons
(MOSH) ?
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ü MOSH consist of two major classes of compounds: 

- paraffins(comprising linear and branched alkanes), 

- naphthenes(comprising alkyl-substituted cyclo-alkanes)

ü For MOSH found in food, the number of carbon atoms typically ranges from 12 to 40



Sources of MOSH in food

üMOSH of natural origin

- e.g. n-alkanes from algae, plants and insects (with a predominance of odd 

number of carbon atoms

ü Environmental contamination 

- e.g. oil spills in marine and freshwater ecosystems, pesticide formulations

üFood processing 

- e.g. release agents in bakery, dust suppressant for grain, protective coating 

for raw fruits

üMOSH migrating from food contact materials

- Jute and sisal bags

- Waxed packaging materials

- Plastic materials

- Lubricating oils for cans

- Printing inks

- Recycled board

- Adhesives. 



MOSH toxicologicaltargets

üMOSH have low acute oral toxicity

üMOSH at high dose can cause moderate liver hypertrophy

üMOSH having carbon number between 16 and 35 may accumulate in 

different tissues including adipose tissue, lymph nodes, spleen and liver.

ü In rats, bioaccumulation of MOSH can lead to formation of microgranulomas

in liver and mesenteric lymph nodes (MLN). Microgranulomasin MLN are 

considered of low toxicological concern because they do not progress to 

adverse lesions. In contrast, liver microgranulomasare associated with 

inflammatory reactions.

üFood grade MOSH may differ in their bioaccumulation potential and in their 

ability to cause liver granulomas.

üThere is evidence from studies in experimental animals that at least some 

saturated hydrocarbons are able to induce autoimmune responses when 

administered at high concentrations via a parenteral route. 



A seriesof studiessupportedby EFSA

üTo investigate the accumulation and toxicity of a broad 

MOSH mixture representative of the whole MOSH range to 

which humans are exposed via the diet.

üTo identify the MOSH fractions and sub-categories with 

higher bioaccumulation potentials.

üTo analyse the correlation between accumulation and 

formation of hepatic microgranulomas. 

üTo study the potential immune perturbation of MOSH 

mixtures



Preparation of a broad MOSH mixture representative of 
the whole MOSH range to which humans are exposed.

A MOSH mixture with an approximately constant concentration of 
hydrocarbons per carbon atom was prepared by combining several 
white oils.
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Chromatogram(HPLC-GC-FID) of the broad
MOSH mixture

(overlaidwith that of n-alkanesto show the 
molecularmass distribution)
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For immune function analyses, 5 d 
before the end of the experiment, 
all rats exposed for 120 days were 
treated (iv injection) with an 
antigen (keyhole limpet 
hemocyanin). 



When the dose increased from 40 to 4000 mg/kg, the concentrations in the tissues increased 
by factors of 2.6-11.5 rather than by a factor of 100 

MOSH concentrations (mg/kg) in tissues versus time. 



HPLC-GC-FID chromatograms of MOSHin liver, 
adipose tissue, spleen and carcass. 

Å Maximum retention in liver and spleen at C29

Å Maximum retention in adipose tissue:  ҖC16



ü The broad MOSH mixture consisted of :

- 31% n-alkanes + little branched paraffins, 

- 9.9% multibranchedparaffins,

- 59% naphthenes. 

ü There was no significant change in this 

composition in liver and spleen, but a 

significant shift to the open chain 

hydrocarbons in the adipose tissue.

GCxGCplots of the broad MOSH 
mixture added to the feed

MOSH composition in broadclasses



Effectof the broadMOSH mixture on bw, 
spleen and liver weights



Granulomas/cm2 in livers from rats fed for 30 (A), 60 (B),90 (C),120(D)
days with control feed or feed containing MOSHmixture 40, 400 and
4000mg/kg, or for 90d with the test feed+ 30d of control feed (E).
The dots represent the value for the individual animals while the bars represent the group median value.

Significant group differences are denoted by p-values.



üThe increasein granulomaformation at the highestdoseappearedto

be accompaniedby increasednumberof lymphoid clustersin the liver

parenchyma,

üNo significantchangesdueto MOSH exposurewereobservedfor

theKLH-specificIgM concentrationsin serum.

Effects of the exposure to MOSH broad mixture 
on other targets (liver, immune system) 



ÅS-C25: Fluka

Paraffin wax 

Ph Eur, low 

viscosity, 76233

ÅL-C25: Fluka

Paraffin wax 

Ph Eur, high 

viscosity, 76234

ÅL-C25W: 1:1 

(w:w)

mixture of L-C25 

and wax,411663 

(Sigma-Aldrich) 

(mp Ó65ÁC)

Preparation of 3 MOSH mixtures
Rationale : to distinguish MOSH below (S-C25) and above C25 (L-C25) and to check 
whether not accumulated hydrocarbons (in particular n-alkanes) have an impact on 
granulomaformation, using mixtures having the same composition in terms of 
branching and cyclic constituents as in the previous experiment. 



ExperimentII: «narrow » MOSH mixture
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MOSH concentrations (mg/kg) in tissues and carcass 



Effectof MOSHon the weightof animalsandorgans
Valuesare in gramsandaremeansfrom 8 animals± SD; HSI= hepatosomaticindex(liver/bodyweight ratio).
*= significantlydifferent from control (p<0.05); ** = significantlydifferent from control (p<0.01);
Å*** = significantlydifferent from control (p<0.001)



MOSH in feed
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Granulomas/cm2 in livers from rats exposed to 
variousMOSH mixtures 

(dietary exposure to 400, 1000 and 4000 mg/kg feed for 120 days). The dots represent 
the value for individual animals while the lines represent the group median value. 
Significant differences between controls and exposed rats are denoted by * (p<0.05).



Effects of the exposure to various MOSH mixtures 
on other targets (liver, immune system) 

üThe numbers of lymphoid cell clusters in the liver parenchyma and in 
the liver portal tract were not affected by any dose of L-C25, but were 
significantly increased for the highest dose of the S-C25 mixture. 

üFor the L-C25W mixture a significant increase of the numbers of 
lymphoid cell clusters in the parenchyma was observed at low and 
medium doses, whereas the effect was significant only at the highest 
dose in the portal tract

üIrrespectiveto the mixture tested, no significant differenceswere
observedfor the KLH-specificIgMconcentrationsin serum.



Conclusions (I) 

üAccumulationof MOSHoccursmainly in the liver and to a lesser
extent in adiposetissue.

üAccumulationdependson the compositionof the MOSHmixture.

üStrongdifferencesexistbetweenliver and adiposetissuein terms of
accumulation profile: whereas in adipose tissue the accumulated
fraction correspondsto the most volatile part of the administered
mixture, in the liver, the most volatileaswell asthe highestboilingpart
of the mixturearealmostabsent.

üThedepurationperiod resultsin a significantdecreaseof the MOSH
concentrationin the liver,but not in the adiposetissue.

üNot only n-alkanes, but also iso-alkanesaccumulate in liver and
adiposetissue



Conclusions (II) 
üAs previouslyshownMOSH exposureresultsin a significantincrease

in absoluteandrelativeliver weight.

üThere were large differencesin the ability of the different MOSH

mixturesto induceliver granulomas.

üVery stronggranulomaformationwasobservedafter ingestionof the

wax-containing L-C25W mixture, suggestingthat n-alkaneshave an

impacton this toxicologicalendpoint.

üThis patternappearedto be similar for the lymphoid cell clustersin

theparenchymaandtheportaltract.

üNo significant differenceswere observedfor the KLH-specific IgM

concentrationsin serumdueto MOSH exposure.

üTheclassificationof MOSH by molecularmassesbelowandaboven-

C25 (with high tolerancefor thoseaboven-C25) is not supportedby the

presentfindings.
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