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In this study, a new concept, the oiling-out éffa@s demonstrated and defined using a model.study
The oiling-out effect dramatically improved thei@éincy of extracting aroma compounds from edilifats
and high-fat foods using liquid-liquid extractidrE), which consists of hexane and methanol. Aedtiffe
method for extracting aroma compounds in edibigfait and high-fat foods based on the oiling-fiatewas
proposed.

Chapter 1: The importance of understanding thegenatoma profile in edible oils/fats and high-fat
foods was described. Fat is an essential nutfions and is mainly used for energy and a comgarferell
membrane. The fat-rich foods are palatable fonggneral. Volatile compounds in food affect thiatgdility
and eating behavior of the food. Conventional nuthbead-space solid-phase microextraction (HS-SPME
solvent extraction (SE), and solvent assisted fflavaporation (SAFE), for extracting volatile corapds in
oily samples were introduced and then their prakcams were organized. A large amount of fat irdfoo
interferes with the extraction and concentratiowalétile compounds. To reveal the native profiexmma
compounds in edible oils/fats and high-fat foodseffective approach is desired. | focused on @ajgof the
partition coefficient (logP) between medium- and long-chain triacylglyceraid &olatile compounds and
hypothesized that the volatile compounds and tghoerols could be separated by LLE.

Chapter 2: To demonstrate the oiling-out effeanoalel study was conducted. It was revealed teat th
distribution ratio of the hexane layer and methdengr on LLE was changed with increasing the amofin
cocoa butter, which consists of long-chain tridgglerols. In addition, the cocoa butter was inftegane layer,
and the volatile compounds were collected in thithame| layer. The recovery test showed that decaau
was pushed out from the hexane layer containedcadmatter to methanol layer. Although the Bgalue of
decanoic acid is closer to hexane than methamotdhtent of decanoic acid in the methanol laygeased
significantly. These results indicate that the iylaof the hexane layer decreased dramatically widded
cocoa butter, resulting in pushing out decanoid &cim the hexane layer to the methanol layer. &hes
phenomena described above were defined as thg-oilireffect.

Chapter 3: To establish an effective method faraeting volatile compounds in high-fat foods, the
extraction method based on the oiling-out effect Wamonstrated using dark chocolate. The hexane and
methanol bilayers named the oiling-out assistediditiquid extraction (OA-LLE) allowed us to separa
triacylglycerols and volatile compounds in dark abiate. As a result, the aroma extract was obtdiaea
only 5.0 g dark chocolate. Compared with SE andSRSIE, many and various kinds of volatile compounds
were extracted using OA-LLE. The recovery of seofitile compounds (exceeding retention index 2000)
were especially improved.

Chapter 4. To establish an effective method fdraeting volatile compounds in edible oils/fats,
OA-LLE was demonstrated using extra virgin cocaillEVCO). This method consists two small scald=l L
that is, it is a simple, rapid, no heating, and/ gesforming method. As with the dark chocolate, d#noma
extract was obtained by only 5.0 g of EVCO. Sensolysis revealed that the aroma extract from QB-L
maintained similar aroma of the reference sampC@®). The volatile compounds in EVCO were listed an
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the enantiomer ratio aflactones was revealed using a gas chromatograpky-spectrometry (GC-MS).
Using odor activity value, 14 of potent odorantsHYCO were also revealed. It was also demonsttastdhe
aroma extracts of olive oil and beef tallow werecsssfully obtained using OA-LLE. These resultscate
that OA-LLE is a powerful method for isolating il compounds from edible oils/fats (100% oil rxatr
which have the strongest matrix effect.

Chapter 5: Further application of OA-LLE was pragub using extra virgin olive oil (EVOO). Some
oily foods contain non-volatile compounds suchigpnt and flavonoids in addition to triacylglydsr&Vhen
the foods are extracted by OA-LLE, the aroma etgra@ contaminated by non-volatiles in some caseso
a solvent-based extraction. Indeed, the OA-LLEaeidr from EVOO showed dark green. To completely
remove the non-volatiles from the aroma extrac;LOE followed by SAFE (OA-LLE + SAFE) was
performed. The aroma extracts obtained by OA-LLEAFE showed no color. Using OA-LLE + SAFE, 41 of
volatile compounds were identified in the aromaaets obtained by only 5.0 g of EVOO (cv. Hojibland-or
gaining a deeper insight into the aroma profilE\O0, OA-LLE x 3 + SAFE was conducted. Using 15dj g
EVOO (cv. Hojiblanca), 59 volatiles were identifieg GC-MS. A wide range of volatile compounds in@&Y
was revealed using OA-LLE x n + SAFE, and this epghn should help to characterize the aroma quidlity
EVOOs.

Chapter 6: Overall summary, discussion, and ceiaciwere given. The oiling-out effect is similar t
the salting-out effect of chemicals in aqueoustisoilby adding sodium chloride. For the oiling-efiiect,
adding the medium- and/or long-chain triacylglyterohanges the polarity of the hexane layer (lolap
organic phase) and pushes out relatively hydroptoimpounds into the methanol layer (polar orgahase).
In terms of polarity, the oiling-out effect is andar concept to the salting-out effect. Furthedis in the field
of physical chemistry will be needed to fully expléhe oiling-out effect. The salting-out effectused for
many researches and industries. Here, the oilihgftect focused on the use for extracting aronmapomnds
in oily foods. In the near future, the oiling-otfeet should be useful for other researches angsirids as with
the salting-out effect.

The current extraction method has overcome tlmmgstmatrix effect of oil, resulting in that an
extraction efficiency of volatile compounds wasnogically improved. The method based on the otting-
effect is useful to understand the aroma profiledifle oils/fats and high-fat foods. The findisbsuld help to
investigate the native aroma profile of edible/faits and high-fat foods and will encourage re$esrin the
field of not only food science and its industry &lsb health science.



