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Abstract
Background: Mineral oil aromatic hydrocarbon (MOAH) analysis in foods is a major analytical challenge. Quantification is associated with a high uncertainty. The sources of uncertainty are multiple, but the major one is related to data interpretation and integration, which is partially derived from insufficiently efficient sample preparation. Recently, an updated ISO method for the analysis of mineral oil in fats and oils and a standard operating procedure for infant formula analysis have been published. Both methods reported significantly different (up to 1.25) distributions of the internal standards used for quantification (i.e., tri-tert-butyl benzene (TBB) and 2-methyl naphthalene (2MN)) over the different solvent phases used in  the saponification step.  

Results: In this work, a microwave-assisted saponification and extraction method was optimized for MOAH analysis to solve the problem related to the MOAH internal standards partition. The paper examines the impact of the solvent mixture used, the concentration of KOH on the partition of TBB and 2MN, and the effect of the matrix and the washing step to extract the unsaponifiable fraction containing the mineral oils.  

Significance: The optimized procedure achieved a TBB/2MN ratio of 1.05±0.01 tested in five different fats and oils, namely, sunflower, rapeseed, coconut, palm, and extra virgin olive oils. The method can significantly contribute to reducing the uncertainty of the MOAH quantification when saponification is applied. 
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Table S1. Summary of the reference methods considered in this paper.
	
	
	Menegoz-Ursol et al 2022 [22]
	Bauwens et al 2022 [23]
	DGF/ISO- 20122 [18]
	JRC-IF [19]
	IOC Sterols [24]

	Brief description
	Saponification
	1g oil + 10 mL 1.5 M KOH (1.5 M)/MeOH + 10 mL C6. Saponification at 120 °C for 20 min.
	5 g of sample + 10 mL KOHsat/MeOH + 10 mL C6. Saponification at 120 °C for 20 min.
	3 g oil in 30 mL C6/EtOH (1:1 v/v). 10 mL of this added with 3 mL KOH in H2O (0.5 g/mL). Saponification at 60 °C for 30min
	5 g infant formula + 10 mL H2O. Add 10 mL of KOH (4.8 M) in EtOH/water (1:1 v/v) + 5mL EtOH. Saponification at 60°C for 30 min
	5g oil + 50 mL KOH (2M) in EtOH/H2O (4/1 v/v). Saponification: boiling for 20 min

	
	washing
	40 mL of H2O + 3 mL of MeOH added in the vessel. Store at -18 °C for 30 min. Collected the C6 lyer, concentrate to 4 mL and wash with 3 mL MeOH/H2O (2/1 v/v)
	40 mL of H2O + 2 mL of MeOH added in the vessel. Store at -18 °C for 30 min. 5mL of C6 concentrated for further analysis.
	Add 5mL C6 + 5 mL EtOH/H2O (1/1 v/v). Repeat twice and combine the C6 phases.
	15 mL C6 + 2.5 mL EtOH twice. Wash C6 with 15 mL of EtOH/ H2O (1/1 v/v)
	Unsaponifiable extracted with EtOH and washed with H2O

	Mass sample
	1g oil
	5 g of sample
	1 g oil in 10 mL C6/EtOH (1:1 v/v)
	5 g IF + 5 mL H2O
	5 g

	[KOH]
	1.5 M KOH
	saturated KOH
	~3.4 M
	4.8 M
	2 M

	Solvent mixture Sap
	MeOH (+ 10 mL C6)
	MeOH (+ 10 mL C6)
	EtOH/H2O (5/3 v/v) + (5mL C6)
	EtOH/H2O (3/2 v/v)
	EtOH/H2O (4/1 v/v)

	Apparatus
	MAS
	MAS
	Water Bath
	Water Bath
	Reflux

	Temperature
	120°C
	120 °C
	60 °C
	60 °C
	Boiling

	Time
	20 min
	20 min
	30 min
	30 min
	20 min
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Figure S1. LC-GC-FID MOSH and MOAH profile of the pure mineral oil hydrocarbons used for spiking, namely QC-10, Gravex and Omala.
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Figure S2. LC-GC-FID MOAH profile of the EVOO without epoxidation (pink) and with epoxidation (black).


Figure S3. Average of the TBB/2MN ratio obtained for each laboratory during the interalaboratory trial to validate the actual DGF/ISO-20122 method for fats and oils. The ratios are the average of 8 different samples, split blindly in 2 (so 16) all repeated in double for a total of 32 analysis. The samples were: refined grapeseed oil, refined palm olein, virgin coconut oil, refined rapeseed oil, extravirgin olive oil, cold pressed rapeseed oil spiked, refined sunflower oil spiked, virgin coconut oil spiked
TBB/2MN ratio in the DGF/ISO:20122

TBB/2MN	3.4735217671141891E-2	3.4735217671141891E-2	5.5515013226470143E-2	4.3639576113808871E-2	7.5788607153998971E-3	1.7627083764466485E-2	6.0199642139444627E-2	6.1171350671880592E-2	2.1382166887376666E-2	1.8542422409592287E-2	2.0630320620428317E-2	0.24708768218212834	4.4986847798530738E-2	8.4335771094047648E-2	2.4301860440602702E-2	3.5514028040537778E-2	7.3629360692739274E-2	0.17666301700999779	0.23660831332897558	2.370307918142683E-2	2.6745834594253268E-2	1.8856600790745259E-2	2.3807691047659313E-2	8.6940832037621679E-2	0.12326353261442266	2.6552831688040433E-2	5.3940904932577381E-2	5.0940867938913593E-2	0.82091035753725372	3.5815062999457276E-2	6.8097906750681267E-2	4.8488890749763966E-2	3.8620096554552792E-2	9.1621363418711091E-2	6.3456555807810469E-2	3.5098004921115492E-2	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	1.1335875211014399	1.1523439851787185	1.1523830734360745	1.0016100475311966	1.0952436904911644	1.1342128010571939	1.1268609985535116	1.0695298438737584	1.1325004919042565	1.1137780957749381	1.1146681706623676	1.1921506099211427	1.1810660198672631	1.1366014172209404	1.1607520287985407	1.2724915910469503	1.0779081181170644	1.285777615896855	1.1993130237083796	1.0690490503111403	1.1666913922592366	1.2578370894807174	1.0354933456967186	1.4965321626335233	1.1911740301258706	1.1468350140075287	1.1727317333547247	1.4527699614459229	1.0836500927495909	1.1377790079607657	1.236756102241368	1.0699875548012203	1.1293091531227728	1.326546866098794	1.154600873539664	TBB/MN-min-max	7.7733233615541186E-2	5.2784219949486788E-2	9.1711414752901899E-2	2.1191255400399456E-2	4.9141336246803391E-2	0.14324384634165011	0.16844101486930718	3.5072666586492662E-2	3.2148418507365717E-2	4.188228158355245E-2	0.55199849600429918	7.5308528266078367E-2	0.17361378308840214	6.3803441078654544E-2	8.3883164334506377E-2	0.11282950987048079	0.23637759616864984	0.69834936823012916	2.5586574685194652E-2	5.2902169201054727E-2	3.4366808798964588E-2	4.6924815281187415E-2	0.16450665430328137	0.30943798662020794	6.3727930658443066E-2	0.16188981820723636	7.7268266645275308E-2	2.975801467125506	7.6570901725547147E-2	0.17354174675621525	9.2689961898573481E-2	6.1262445198779547E-2	0	0.33015030633668685	0.12345313390120594	8.0693244107394868E-2	6.3820079240974659E-2	0.11388244671717995	5.7144978197979146E-2	8.0066360173374207E-3	1.8674012083813807E-2	6.2010634992211822E-2	7.0599655540807271E-2	4.1622867129572416E-2	3.9989478688397417E-2	5.4318636315478841E-2	0.66639230859340204	7.8289223782528783E-2	0.23714078622240331	3.8775330264418706E-2	5.2643920690432777E-2	0.13456055656419164	0.40745357266251903	0.2269540864850903	5.4151733385799039E-2	4.7543673967054279E-2	3.5801339903215545E-2	5.0940537756579474E-2	0.20899492298378475	0.11830866693151765	4.0914962768357599E-2	8.0168347340862089E-2	0.11223351271415538	0.63018931628463259	8.3650092749590899E-2	8.6496956678714598E-2	7.9275787280738141E-2	5.3727392199594215E-2	0	5.0657467729514405E-2	8.0622953055315749E-2	5.4600873539664141E-2	1.1335875211014399	1.1523439851787185	1.1523830734360745	1.0016100475311966	1.0952436904911644	1.1342128010571939	1.1268609985535116	1.0695298438737584	1.1325004919042565	1.1137780957749381	1.1146681706623676	1.1921506099211427	1.1810660198672631	1.1366014172209404	1.1607520287985407	1.2724915910469503	1.0779081181170644	1.285777615896855	1.1993130237083796	1.0690490503111403	1.1666913922592366	1.2578370894807174	1.0354933456967186	1.4965321626335233	1.1911740301258706	1.1468350140075287	1.1727317333547247	1.4527699614459229	1.0836500927495909	1.1377790079607657	1.236756102241368	1.0699875548012203	1.1293091531227728	1.326546866098794	1.154600873539664	expected ratio	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	1	Lab ID
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