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Abstractɕ
Rice bran oil is an edible oil which is used in food preparationȢ In Thailandȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

standard conditions and methods in detecting mineral oil hydrocarbons ȳMOHȴ were notɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
regulatedȢ Therefore all rice bran oil quality and safety control was done abroadȢ Thisɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
research proposed determination conditions in detecting mineral oil hydrocarbon usingɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
an offȻline liquid chromatography with gas chromatography flame ionization detectorȢɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
This method was adapted from ISO 17780 Ȥ animal and vegetable fats andɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
oilsȻdetermination of aliphatic hydrocarbons in vegetable oilȢ Silver nitrate impregnatedɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
with silica gel was used to purify and separate mineral oil saturated hydrocarbon ȳMOSHȴȢɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
GCȻFID using pulse splitless injection system combining with pulse time at 0Ȣ5 minuteȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
inlet temperature at 250​°​Cȣ and inlet pressure at 30 psi were considered to be the bestɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
conditions due to the largest area under the graphȢ The hump in the chromatogramɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
represents the mass fraction of MOSHȢ This fraction is only presented in an eluent fractionɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
of 55 mL hexaneȢ Three crude rice bran oil samples were analysedȣ RBACTG25Aȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
RBACTF27Aȣ and RBACTF22AȢ Different levels of MOSH were detected with the highestɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
being RBACTF27A ȳ164Ȣ2 mgȯkgȴ followed by RBACTG25A ȳ90Ȣ5 mgȯkgȴ and RBACTF22Aɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
ȳ34Ȣ1 mgȯkgȴȢ The comparison between the result obtained and reference data showed aɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
slight difference due to the differences in sampling and injection method usedȢ Howeverȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
it gives out the same trend as the reference dataȢ ​The amount of C25ȻC35 MOSH which isɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
the target hydrocarbon is approximately 90ʂ which is considered to be high and can notɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
be refined to edible oilȢ 
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Chapter 1ɕ
Introductionɕ

¼�¼ InPNodQcPion Po Phe NeOeaNch pNoblem and Oignificance 
Agriculture is one of the main occupations of ThaiȢ Around 50ʂ of the land wasɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

used in the agricultural sectorȢ​1 Rice has been recognized as the most widely grownɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
agricultural product across the countryȢ Rice bran is a by Ȼ product of the rice millingɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
process obtained by scrubbing the membrane partȣ causing the rice to have a beautifulɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
white colorȢ Rice bran is also high in nutrientsȣ including proteinȣ fatȣ dietary fiberȣ ashȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
vitaminsȣ and mineralsȢ Due to this factȣ many brands of rice bran oil were launched intoɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
the marketȢ Moreoverȣ the higher demand of rice bran oil was found with greater healthɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
concernsȢ Rice bran oil was an alternative oil used for cooking and was an essentialɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
component in both cosmetics and pharmaceuticals industriesȢ ​Rice bran oil is extractedɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
from the hard outer brown layer of riceȢ It has a high burning point of 232 ʜC with mildɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
flavorȣ making it suitable for highȻtemperature cooking methods such as stir fryingȢ Riceɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
bran oil is mainly composed of long chain hydrocarbons and triacylglycerolsȢ It containsɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
several health benefitsȣ due to the unique fatty acid compositionȢ ​Gamma oryzanolȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
tocopherolsȣ and tocotrienols are antioxidants produced in rice bran oil that provide notɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
only higher nutraceutical value but also improving the nervous systemȣ preventingɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
stomach problemsȣ lowering cholesterolȣ minimizing cancer riskȣ and increasingɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
immunityȢ​2 Thailand produces more than 54ȣ500 tons of rice bran oil annuallyȢ This highɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
quality oil was exported throughout the worldȣ mainly to the United Statesȣ Australiaȣ andɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
South KoreaȢ Thai customs statistics​3 showed a total export volume of refined rice bran oilɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
of 34ȣ458 metric tons in 2019 with 1ȣ592ȣ304ȣ253 Baht of the total amount of FOB ȳFreeɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
on boardȴ in BangkokȢ The global rice bran oil market demand was expected to reach 1Ȣ78ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
million tons or around ɛ5Ȣ6 billions by 2025Ȣ The historical trends for the rice bran oilɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
industry were recorded and shown in FigȢ 1Ȣ1Ȣ ​The International Council of Rice bran oilɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
ȳICRBOȴ was formed in Thailand in order to establish a scientific standard focusing onɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
value added products of rice derivatives and promoting the commercial trade among theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
members of ICRBOȢ This will enhance the rice bran oil production of ThailandȢ Evenɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
though there is mass production of rice bran oilȣ only a small quantity of rice bran oil wasɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
used in edible oil productionȢ Since the degradation level was high due to the contactɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
between lipase enzymes and oil which causes the hydrolysis and the release of free fattyɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
acids and glycerolsȢ This reduces the quality of rice bran oils and shelf life​4​Ȣ Moreoverȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
rice bran oil contains contaminants such as mineral oil hydrocarbon ȳMOHȴ which isɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
harmful to health during processingȣ transportationȣ storageȣ and sourcesȢ Thereforeȣ theyɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
must be removed before releasing to the marketȢɕ
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Figure. 1.1 ​ Historical market and forecast of Rice bran oil​5ɕ
ɕ

ɕ
ɕIn mineral oil hydrocarbon determinationȣ liquid chromatography coupled with gasɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

chromatography and flame ionization detector ȳLCȻGCȻFIDȴ has become the preferredɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
method in analysing​6​Ȣ FID is a nonselective detector which is sensitive to all hydrocarbonsȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
the signals of which roughly depend on the number of carbon atoms making it a preferredɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
detector for quantificationsȢ Howeverȣ due to lack of selectivityȣ additional sampleɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
preparation techniques were required to eliminate interferenceȢ Bingning et alȢ ȳ2017ȴ​6ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
reported the use of GCȻFID for detecting contamination of mineral oil saturatedɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
hydrocarbon ȳMOSHȴ in vegetable oilȢ The experiment was performed to ensure theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
quality of vegetable oilsȢ This has proven the potential of GCȻFID in hydrocarbonɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
determinationȢ According to JRC EU 29666ȣ European commission regulates theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
requirements for analysis of mineral oil hydrocarbon​7​Ȣ In Thailandȣ all rice bran oil qualityɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
and safety control was performed on board which results in both money and timeɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
consumingȢ The procedure was complex due to the eliminating process of olefin fractionɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
present in the samplesȢ This research purpose is to provide suitable conditions for GCȻFIDɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
in hydrocarbon determination in ​rice bran oil​ for our countryȢ

ɕ
1.2 Research objectivesɕ

To optimize conditions for analyzing mineral oil saturated hydrocarbons in riceɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
bran oil by offȻline LCȻGCȻFIDȢɕ
ɕ
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1.3 Literature searchɕ
ɕ

1.3.1 Rice bran oilɕ

Vegetable oil is mainly composed of long chain hydrocarbons with individual fattyɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
acid compositionȢ They are extracted from seeds such as soybean oil and also from otherɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
parts of vegetables such as rice oilȢ Rice bran oil is one of the healthiest types ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
vegetable oilȢ Rice bran oil was produced from the brown outer layer of rice coatingɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
ȳbranȴȢ This brown layer is removed during the milling process resulting in white riceȢɕ

ɕɕ

 ​Figure. 1.2 ​Structure of rice​13ɕ

The chemical and nutrient composition of rice bran depends on the variety of riceȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
treatment of grainȣ and the manufacturing processȢ Nutrient composition of rice bran wasɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
described in Table 1Ȣ1Ȣɕɕ

ɕ

Table 1.1 ​ Ȥ Nutrients Composition of Rice Bran​14Ȼ15ɕɕ

Nutrientsɕ Unitsɕ Raw rice bran ȳper 100gȴɕ

Moistureɕ gɕ 4Ȣ80ɕ

Proteinɕ gɕ 18Ȣ37ɕ



4ɕ

ɕ
In the food industryȣ vegetable oils usually consist of hydrocarbonsȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

triaclyglycerols or complex mixturesȣ and diacylglycerols​15​Ȣ The hydrocarbons can beɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
categorized into two categoriesȣ which are mineral oil saturated hydrocarbon ȳMOSHȴ andɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
mineral oil aromatic hydrocarbon ȳMOAHȴȢ MOSH can be used to distinguish the presenceɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
quality of mineral oilsȢ Rice bran oil normally contains around 20ʂ of oil contentȣ orɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
approximately 19ʂ of fatty acidsȢ The major fatty acid units of the lipids included linoleicɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
acid or omega 6ȣ alphaȻlinoleic acid or omega 3ȣ palmitic acidȣ and oleic acid as shown inɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
Table 1Ȣ2Ȣɕ

Table 1.2 : ​Fatty acids composition​16ɕ

Moreoverȣ rice bran oil contains bioactive minor components such as ​gammaɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
oryzanolȣ tocopherolsȣ and tocotrienolsȢ Gamma oryzanol was a mixture of 10 or moreɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
steryl ferulates​17​Ȣ Tocopherols and tocotrienols are different forms of vitamin EȢ All ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
them were considered to be good antioxidants with LDLȻcholesterolȻlowering activitiesȢɕɕ

Fatɕ gɕ 15Ȣ15ɕ

Insoluble dietary fibreɕ gɕ 17Ȣ13ɕ

Soluble dietary fibreɕ gɕ 1Ȣ98ɕ

Carbohydrateɕ gɕ 50Ȣ44ɕ

Calciumɕ mgɕ 51Ȣ11ɕ

Phosphorusɕ mgɕ 1185Ȣ30ɕ

Ironɕ mgɕ 27Ȣ90ɕ

Zincɕ mgɕ 5Ȣ95ɕ

Antioxidants activityɕ        mgɕ 67Ȣ00ɕ

Fatty acidɕ Content ȳʂȴ in total of lipidsɕ

Linoleic acidɕ 29 Ȼ 45ɕ

Alpha linoleic acidɕɕ �​ ​3ɕɕ

Palmitic acidɕ 12 Ȼ 22ɕ

Oleic acidɕ 35 Ȼ 50ɕ
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1.3.2 Mineral Oil Hydrocarbon (MOH)ɕ

Mineral oil hydrocarbon consists of a group of hydrocarbons with differentɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
structures and sizesȣ obtained mainly from crude oilȢ MOH is classified into mineral oilɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
saturated hydrocarbon ȳMOSHȴ and mineral oil aromatic hydrocarbon ȳMOAHȴȢ Theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
composition of MOH mixture determines its toxicity and strongly depends on MOAH dueɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
to its mutagenic and carcinogenic propertiesȢ MOSH are less toxicȣ but accumulated inɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
human tissues further forming microgranulomasȢɕ

1.3.2.1 Mineral Oil Saturated Hydrocarbon (MOSH)ɕ
Mineral oil saturated hydrocarbons are straight or branched open chain alkaneɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

ȳparaffinsȴ and largely alkylated cycloalkane ȳnaphthenesȴ that is synthesized from crudeɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
oil or coalȢ These paraffins and naphthenes were mainly MOSH fractionsȢ Short exposureɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
to MOSH will result in no health effectȢ Howeverȣ daily intake of MOSH will causeɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
bioaccumulation which leads to the formation of microȻgranulomas in the liver andɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
mesenteric lymph nodesȢ MOSH can be contaminated in rice bran oil due to theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
contamination of packagingȣ food addictiveȣ and transporting processes​18​Ȣ MOSH can beɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
accumulated inside the human body via inhalationȣ foodȣ and physical contactȢ​ɕɕ
 

Figure. 1.3 ​ Examples of MOSH​19ɕ

 
ɕ

1.3.2.2 Mineral Oil Aromatic Hydrocarbon (MOAH)ɕ
Mineral oil aromatic hydrocarbons are alkylated monoȯpolyȻcyclic aromaticɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

hydrocarbons with one or more ring systemsȢ MOAH are considered as carcinogenicɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
substances especially for polycyclic aromatic hydrocarbons ȳPAHȴ​20​Ȣ MOAH sources areɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
usually from the recycle packaging materialsȢ Since the materials were made fromɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
recycled paperboardȣ some may have mineral oil ink printed onȢ This mineral oil ink hasɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
genotoxic potentialȢɕ
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Figure. 1.4 ​ Examples of MOAH​19ɕ

 

1.3.3 Liquid Chromatography coupled with Gas Chromatography and Flame ionizationɕ
detector (LC-GC-FID)ɕ

GCȻFID has been used in various sectors including the food industryȢ In 2009ȣ theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
GCȻFID method was used to determine the mineral oil paraffins in foodȢ Combining it withɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
high performance liquid chromatography enhances the GCȻFID potential​8​Ȣ Later in 2010ȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
Florini et al reported that GCȻFID was a suitable determination method to detect mineralɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
paraffins in foodȢ This research was developed on vegetable oils and have been adjustedɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
and applied to dried fruit​9​Ȣ Moret et al ȳ2011ȴ reported that offȻline SPEȻGCȻFID based onɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
the use of silverȻsilica gel can determine only MOSH which showed good performance toɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
retain fat and retention of interfering olefin​10​Ȣ ​Alternativelyȣ pure offȻline mode could alsoɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
be used in separating the MOSH and MOAHȣ which requires an addition of silicaȯsilverɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
nitrate ȳAgNO​3​ȴ inside the glass column and manual sample separationȯcollection which isɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
very time consuming​6​Ȣ OnȻline LCȻGCȻFID was developed and used by Mondello et alɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
ȳ2012ȴ to detect saturated hydrocarbon contamination in baby food​11​Ȣ Moreoverȣ Weber etɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
al ȳ2018ȴ reviewed the use of onȻline LCȻGCȻFID on determination of MOSH and MOAHȢɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
OnȻline LCȻGC offers many advantagesȣ such as high separation efficiencyȣ low solventɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
consumption and reduced sample manipulation and contamination during sampleɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
preparationȢ LCȻGCȻFID will detect 2 fractions which are MOSH and MOAH which give outɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
a regular hump​12​Ȣ OffȻline mode requires a larger volume of samples and manual sampleɕ ɕ ɕɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
transfer to be injected in the GC system compared with the onȻline couplingɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
modeȢ​Thereforeȣ all evidence has proven the LCȻGCȻFID potential in MOSH determinationȢɕ 

1.3.3.1 Liquid chromatography on silica gel impregnated with silver nitrateɕ

ɕ The LC column was prepared in order to separate the complex mixture of alkanesɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
or other compounds such as MOSH and MOAHȢ SilverȻion chromatography method isɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
normally used for the separation of unsaturated compounds such as alkenes and preparedɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
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by impregnating silver nitrate on silica gelȢ This technique is based on the principle thatɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
unsaturated organic molecules react reversibly with transition metals such as silver toɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
form polar chargeȻtransfer complexesȢ A sigma bond is formed between the occupied 2pɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
πȭ electrons of the double bond and the free 5s and 5p orbitals of the silver ionȢ A πɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
acceptor back bond between the free antibonding 2p πȭ electrons of the double bond andɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
the occupied 4d orbitals of the silver ion is also involvedȢ The strength of the complex isɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
determined by accessibility of the electrons in the filled orbitals and steric hindrance ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
the orbitals​21​Ȣ The chromatographic retention and separation of unsaturated organicɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
compounds is based on the formation of weak and reversible complexes formed betweenɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
the silver ions impregnated on the silica gel surface and the doubleȻbonds in unsaturatedɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
compounds due to double bond are the most common functional group in organicɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
compounds and silver ions are highly selective to double bondsȢɕɕ

ɕ

1.3.3.2 Gas chromatography ​  
Separation in GC relies on different boiling points of the volatile compounds andɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

their partition between stationary phase and mobile phaseȢ The stationary phase remainsɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
static when a gas or liquid moves over its surface and separates out into its variousɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
componentsȢ The mobile gas phase which is an inert gas moves the sample through theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
systemȢ The sample is injected into the inlet through a septum which enables theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
injection of the sample mixture without leakingȢ The analytical column is held in theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
column oven which is heated during the analysis to elute the less volatile componentsȢɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
The outlet of the column is inserted into the detector which responds to the chemicalɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
components eluting from the column to produce a signalȢ The signal is recorded by theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
acquisition software in a computer to produce a chromatogramȢ FigȢ 1Ȣ5 illustrates theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
overall structure of GC​22​Ȣ Injection system of gas chromatography is the first appearanceɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
of chromatographic analysis to induce samples onto the columnȢ The amount injectedɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
must not be overloaded with the applied column and the width of the injected plug has toɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
be small compared to the spreading from the process otherwise the separation capabilityɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
will reduceȢ There are two common types of injection that are used for capillary columnsȥɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
split and splitless injectionȢ Split injection is the most widely used because of uniform flowɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
profileȣ sharpening peak shapes and removal of solventȢ The process of split injection isɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
critical and must take place almost instantaneouslyȣ accuratelyȣ repeatedly and withoutɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
loss of flow efficiencyȣ which allows only a small part of the vapor to enter the column in aɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
permanently hot vaporizing chamberȢ Splitless injection is a variation of split injection andɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
was designed particularly for trace analyses in highly diluted samples because nearly all ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
the sample vapor is transferred from the injector into the column for a certain period ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
injectionȢ The amount of solvent injected onto the column is many times larger comparedɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
to split injection​23​Ȣ In most splitȯsplitless GC injection systemsȣ there is a finite volumeɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
within the liner in which the gaseous sample occupiesȢ If the gaseous volume of theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
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sample exceeds the liner volumeȣ then backflash occursȢ Subsequent backflash injectionsɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
could involve reȻsolubilising some of this deposited materialȣ pushing it back into the inletɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
and ultimately onto the columnȢ This contaminates the injected sample vapourȢ In orderɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
to improve sensitivity and reproducibility in the analysisȣ pulsed pressure can be appliedɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
during the injection by increasing the pressure of the inletȣ which constrains theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
expansion of the sampleȢ The increased pressure applied within the inlet is typicallyɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
reduced prior to the end of the splitless injection period to reȻestablish the requiredɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
pressure and flow through the column for the separation​24​Ȣɕ

Figure. 1.5 ​Gas Chromatography systemɕ
ɕ
ɕ

1.3.3.3 Flame ionization detectorɕ
The flame ionisation detector ȳFIDȴ is the automotive emissions industry standardɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

method of measuring hydrocarbon ȳHCȴ concentration​25​Ȣ It is frequently used as aɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
detector in GCȢ Detector sensor works on the principle of detecting ions formed accordingɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
to combustion of organic compounds in the sampleȣ producing charged molecules thatɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
cause electrical conduction between two electrodesȢ The ions are attracted to a collectorɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
plate and induce a currentȢ The sample gas is introduced into a hydrogen flame inside theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
FIDȢ Any hydrocarbons in the sample will produce ions when they are burntȢ Ions areɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
detected using a metal collector which is applied with a high DC voltageȢ The currentɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
across this collector is thus proportional to the rate of ionisation which in turn dependsɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
upon the concentration of HC in the sample gasȢ The ionisation process is very rapidȣ soɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
the slow time response of conventional FIDs is mainly due to sample handlingȢ The overallɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
structure of FID was shown in FigȢ 1Ȣ6ɕ

ɕ
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ɕ
 Figure. 1.6 ​Flame ionized detector components​24ɕ

ɕ
ɕ

1.3.4 Interpret and calculate FID chromatogramɕ
The signal area in the FID chromatogram attributed to MOSH is calculated byɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

integration of the chromatogram covering the range of C10 ȻC35ȣ taking the baseline ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
the blank into accountȢ The calculation of the MOSH mass fraction​26 ȳW​HC​ȴ are performedɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
by using the following equationȤɕ

ɕ
ȣ ​whereWHC  A [ PiV 

A [ P [ 1000i iV  ɕ

Ai is the signal area attributed to MOSH and MOAHȳ total of CȻfractionȴ after theɕ
elimination of the identified sharp peaks above the humpȥɕ
AiV ɕ is the peak area of the internal standardȢɕ
PiV ɕ is the mass of the internal standard added to the sample in mgȢɕ
P is the mass of the test portion in gramȢɕɕɕ
The content of hydrocarbons ȳ ȴ is expressed as a mass fraction in mgȯkg andɕ ɕ ɕ ɕ  WMOSH ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
referred to the internal standard by using the following equationȤɕɕ
ɕ

ɯ Ȼ  ȣ ​whereWMOSH WHC1 WHC�  ɕ

 integrate manually the total signal composed of the hump and sharp peakȢ WHC1 ɕ
ɕ integrate tracing manually the valleyȻtoȻvalley baseline over the hump profile for WHC� ɕ

all the sharp peaksȢɕɕ
ɕ
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ɕ
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Chapter 2ɕ
Experimentalɕ

2.1 List of equipment and instrumentɕ
ȳ1ȴ   Glass column for chromatographyɕ
ȳ2ȴ   Glass rodsɕɕ
ȳ3ȴ   250mL and 500 mL RoundȻbottomed flasksɕɕ
ȳ4ȴ   Rotary evaporatorɕɕ
ȳ5ȴ   Automatic evaporatorɕɕ
ȳ6ȴ   10 mL Conical glass sample vialsɕ
ȳ7ȴ   Gas Chromatographɕ
ȳ8ȴ   Data acquisition systemɕ
ȳ9ȴ   Capillary columnɕ
ȳ10ȴ Analytical balanceɕ
ȳ11ȴ Pasteur pipetteȢɕ

ɕ
2.2 List of chemicals and reagentsɕ

ȳ1ȴ   Silica gel 60ɕ
ȳ2ȴ   Waterɕɕ
ȳ3ȴ   Anhydrous sodium sulfateɕɕ
ȳ4ȴ   nȻHexaneɕɕ
ȳ5ȴ   Internal standard Ȥ nȻOctadecane C18ɕ
ȳ6ȴ   nȻDecane C10ɕ
ȳ7ȴ   Ocatatetracontane C48ɕ
ȳ8ȴ   Silver nitrateɕ
ȳ9ȴ   Carrier gas for gas chromatographyɕ
ȳ10ȴ Auxiliary gases for flame ionization detectorɕ
ȳ11ȴ Alkane standard mixture C10ȻC40ɕ
ȳ12ȴ Viscous paraffin and highly liquid paraffinȢɕ

ɕ
2.3 Experimental and Procedureɕ

Sample preparation was developed from ISO 17780 animal and vegetable fats andɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
oilsȻdetermination of aliphatic hydrocarbons in vegetable oilsȢ The saturated aliphaticɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
hydrocarbons of the sample were isolated by LC using a glass column containing silica gelɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
impregnated with silver nitrateȢɕ

ɕ
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2.3.1 Chromatography column preparationɕ

2.3.1.1 Preparation of silver nitrate impregnated silica gelɕ
Chromatography columns were prepared by weighting 45 g of silica gel in a 500 mLɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

round bottomed flask using analytical balance then protected by aluminium foilȢ Theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
silver nitrate solution ȳ4Ȣ5 g of silver nitrate with 6 mL distilled waterȴ was added drop byɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
drop into the flask then continuously shaken the mixture for 30 min until beingɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
homogenized by using an automatic shakerȢ The mixture was kept at room temperatureɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
and covered with aluminium foil for 12 hours before use​. 

2.3.1.2 Column packing   

Each of the Column was packed using 18Ȣ5 g of silver nitrate impregnated silica gelɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
in 40 mL of nȻhexaneȢ Tapping the column gently using a glass rod then add 0Ȣ5 cm to 1Ȣ0ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
cm of sodium sulfate on top of it and rinse using 60 mL of nȻhexane to remove impuritiesȢɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
The columns were covered by aluminum foil to protect oxidation of silver nitrate​. ​Theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ  ɕ
column of silver nitrate was shown in FigȢ 2Ȣ1ɕ

Figure. 2.1 ​ Chromatography column packed with silver nitrate impregnated with silica gelɕ
 

2.3.1.3 Elution of the hydrocarbon fractionɕ
The internal standard solution ȳC18ȴ was prepared by dissolving 50 mg ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

n ​Ȼoctadecane in 25 mL of ​n​Ȼhexane​� jhen Â ml of jhih holkjion qah dilkjed jo Æ mL bsɕ ɕ ɕ ɕ ɕ              

n ​Ȼhexane​� ​The rice bran oil sample ȳ1 gȴ was weighted and added into 1 mL of the ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
internal standard solutionȢ Tganhfegged jhih mir holkjion injo a chgomajoggadhic column andɕ ɕ        ɕ ɕ ɕ
then washed with 2 portions of 1 mL ​n ​ȻhexaneȢ The ​hydrocarbon fraction was diluted withɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ   ɕ ɕ ɕ ɕ ɕ
55 mLȣ 50 mLȣ 10 mL and 10 mL of ​n ​Ȼhexane​� gehdecjipels� ​with the rate of 15 drops withinɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ   ɕ ɕ ɕ ɕ ɕ ɕ ɕ
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every 10 seconds​� ​Each fraction was collected in a 250 mL flaskȢ The solvent wasɕ ɕ  ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
evaporated to result in 2 mL of the fraction with a rotary evaporator equipped with aɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
water bath at 35 ʜC and transferred into a 10 mL conical tubeȢ The solvent was furtherɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
concentrated to 0Ȣ5 mL under a stream of nitrogen using an automatic evaporatorȢ Lastlyȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
the dilution was done by adding 0Ȣ5 mL of paraffin into the prepared ​n ​Ȼhexane solutionȢɕ

 

ɕ

Figure. 2.2 ​ Flow chart of experimentɕ

2.3.1.4 Procedural blankɕɕ
A procedural blank sample which contains only internal standard was analysed inɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

order to test the purity of the reagents and other possible sources of contaminationȢ Theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
blank solution was prepared with the same procedures which was done on the rice bran oilɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
samplesȣ 1 mL of internal standard was used without mixing of any oil sampleȢɕ
ɕ
ɕ
2.3.2 GC-FID Setupɕ

The saturated aliphatic hydrocarbons of the sample are determined by GCȻFIDɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
using an internal standardȢ The injection end of the DB5ȻHT column and detection endɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
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were cut approximately 12 mm and 3Ȼ5 mmȣ respectivelyȢ The analysis was carried out byɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
injecting the sample and setting the initial oven temperature at 60​℃ held for 3 minȢ Theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
oven temperature was increased 350 ​℃ with the rate of 12​℃​ȯmin held for 10 minȢ Theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
carrier gas hydrogen head pressure was set at 100 kPa while the detector temperatureɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
was set at 370 ​℃ with the injection volume of 1 ​�​LȢ The result was compared using splitȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
splitlessȣ and pulsed splitless injection systemsȢ Gas chromatography conditions were allɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
varied to obtain the best result based on total area in the chromatogramsȢ The inletɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
pressure was varied from 30ȣ 45ȣ until 60 psiȢ The inlet temperature was varied at 250ȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
270ȣ 290ȣ and 300​℃​Ȣ Lastlyȣ pulse times of 0Ȣ1ȣ 0Ȣ2ȣ 0Ȣ5ȣ and 1Ȣ0 min were appliedȢɕɕ

ɕ
2.3.3 Determination of MOSH in crude rice bran oil sampleɕɕ

The best conditions for analysing were used to analyse the crude rice bran oilɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
samples ȳbatch number RBACTG25Aȣ RBACTF27Aȣ and RBACTF22AȢ The characteristic ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
crude vegetable oil is a dark brown colorȣ limpid with sedimentȣ and heterogeneousɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
solution without specific odour or tasteȢ The whole analysis was done 4 times on eachɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
sampleȢ The result obtained was compared with the reference result received from theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
foreign country​.  

Figure. 2.3 ​ Crude rice bran oil samplesɕ
 
 

2.3.3 Calculation of MOSH in sampleɕ

To determine mineral oil hydrocarbon of sample the two following equations wereɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
used Ȥɕɕ

ɯ Ȼ WMOSH  WHC1  WHC� ɕ

WHC  A [ PiV 

A [ P [ 1000i iV  ɕ
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Both equations were used to calculate signal area attributed to MOSH from C10 to C35Ȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
W​HC1 by integrating the total peak area composed of the hump and the sharp peaks aboveɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
the baseline ȳrange of retention time 14Ȼ 24minȴȢɕ ɕ

Figure. 2.4 ​ Chromatogram of ​W​HC1​ integrationɕ

ɕ
For W​HC2 ȣ the signal was integrated from one of the valleys to the next valley baselineɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
which was over the hump for all the sharp peaksȢ The value of A​i and A​is were obtainedɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
from the chromatogramȢɕɕ

Figure. 2.5 ​ Chromatogram of ​W​HC2​ integrationɕ

ɕ
The mass of the sample ȳ​m ​ȴ was weighted around 1 g and the mass internal standard Ȥ C18ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
ȳm​is​ȴ was 0Ȣ04 mgȯLȢ Data acquisition system was used manually to integrate the peakɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
areaȢ The sum of all calibrated peaks obtained from the system represented the A​i in theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
equationȢɕɕ

ɕ
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Table 2.1 : ​ Integration value of each peak from W​HC2ɕ

ɕ
ɕ
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Chapter 3ɕ
Result and Discussionɕ

3.1 Chromatography columnɕ
After transferring the solution of sample mixed with internal standard to theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

chromatographic columnȣ the sample penetrates into the stationary phase slower thanɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
flow rate of 15 drops every 10 seconds that setting from the beginning of the experimentɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
resulting in more time consuming and may affect all fractionsȢ Aluminum foils are used toɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
avoid oxidation of the silver nitrateȢ After elutionȣ Silver columns separate and turn intoɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
dark layersȢɕ

ɕ
Figure. 3.1 ​ Chromatography column after elution stepɕ

3.2 Quantitative of each elution hydrocarbon fractionɕ
Chromatograms obtained from fraction 2ȣ 3ȣ and 4ɕ elute with 50 mLȣ 10 mLȣ andɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

10 ml of hexane had extremely low humps area which cannot be used to analyse MOSHɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
because the value of ​W​MOSH close to 0Ȣ The hydrocarbons contain in fraction 1 elute withɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
55 mL of hexane because the sample separated through the silver column first​.ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ  
Thereforeȣ in this research only fraction 1 is used for MOSH analysisȢ The chromatogramsɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
shown in FigȢ 3Ȣ2 illustrated the influence of different fractionsȢ Howeverȣ If A​is wasɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
presented in any fraction of a chromatogramȣ all A​is values have to be summed up andɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
calculated​ ​Ȣɕɕ

ɕ
ɕ
ɕ
ɕ
ɕ
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ɕ
ɕ
ɕ
ɕ
ɕ

ɕ
Figure. 3.2 ​Chromatogram of each elution hydrocarbon fractionɕ

 

3.3 Purity testɕ
The mineral oil content of the blank solution was lower than 10 mgȯkg which wasɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

an acceptable contamination level of mineral oil contentȢ Only the internal standardsɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
peak are presented in the chromatogramȢ There were no impurities present since allɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
glassware used in the determination process were cleaned and rinsed with nȻhexaneɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
before all the procedures were doneȢɕ

ɕ
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ɕ
Figure. 3.3 ​ Chromatogram of blank portionɕ

3.4 GC-FID Conditions evaluationɕ
Different conditions of GCȻFID were varied which included the injection modesȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

inlet temperatureȣ inlet pressureȣ and pulse timeȢ The evaluation was performed to obtainɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
the suitable analysis conditions on detecting MOSH​. 

3.4.1 Different injection mode analysisɕ
The chromatograms of different injection approaches used in analysing rice branɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

oil were shown in FigȢ 3Ȣ4 where the injection approaches were varied with fixed inletɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
pressureȣ inlet temperatureȣ and pulse timeȢ The blue chromatogram represents splitɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
modeȣ red represents the splitless modeȣ and green represents pulseȻsplitless modeȢ Theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
analysis showed that each injection mode influences the chromatogramȢ Different modesɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
resulted in different chromatograms with different total areasȢ The hump represents theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
MOSH present in the sampleȢ The area under each graph was comparedȢ As a resultȣ theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
pulse splitless injection mode was considered to be the best injection mode due toɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
providing the largest area under the graphȢ This can be explained by the pulse splitlessɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
injection mode applied to the higher pressure introducing a larger amount of sample ontoɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
the columnȢ In additionȣ the high pressure significantly shortened retention times of theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
peaks eluting before 5 min due to the high column flow during the pulse injectionȢɕ ɕ
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Figure. 3.4 ​Chromatogram of Rice bran oil using different injection  modeɕ

ɕ
3.4.2 Inlet pressure analysisɕ

The pulsed splitless conditions were further investigatedȢ The inlet pulse pressureɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
was varied while the inlet temperature and pulse time were fixedȢ FigȢ 3Ȣ5 illustrated theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
chromatogram of pulsed splitless injection mode with different inlet pulse pressure variedɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
from 30 Ȼ 60 psiȢ The blue chromatogram represents inlet pressure at 30 psiȣ redɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
represents the inlet pressure at 45 psiȣ and green represents inlet pressure at 60 psiȢ Theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
inlet pressure at 30 psi was proven to provide the greatest performance as indicated byɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
the highest total peak area of the sampleȢ  
 

ɕ
ɕ
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ɕ
Figure. 3.5 ​Chromatogram of pulse splitless injection mode with different inlet​ ​pressureɕ

ɕ
3.4.3 Inlet temperature analysisɕ

Pulsed splitless injection mode with inlet pressure at 30 psi was used to analyse theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
MOSH in rice bran oilȢ Inlet temperatures varied from 250 Ȼ 300​℃ while pressure andɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
pulse time were constantȢ The chromatograms shown in FigȢ 3Ȣ6 illustrated the influenceɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
of different temperatures on the sampleȢ The blue chromatogram was inlet temperatureɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
at 300​℃​ȣ red at 250​℃​ȣ green at 270​℃​ȣ and pink was inlet temperature at 290​℃​Ȣ Due toɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
the chromatogram presentedȣ the red line or inlet temperature at 250​℃ has shown theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
largest area under the graph compared to othersȢ Thereforeȣ inlet temperature at 250​℃ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
could be concluded as the most suitable inlet temperatureȢ This indicated the sample lossɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
during the injection at higher temperature ȳ​eȢgȢ via ​backflash ​caused by the greater gasɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
expansionȴȢ Howeverȣ application of temperature of ɲ250 ​°​C is not recommended due toɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
the sample containing high boiling point components such as hydrocarbons above C30ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
and triacylglycerolsȢɕ
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Figure. 3.6 ​Chromatogram of pulse splitless injection mode with different inletɕ

temperatureɕ
ɕ

3.4.4 Chromatogram of pulsed splitless varies on pulse timeɕ
Effect of different pulse time on detecting MOSH was investigatedȣ with the pulseɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

time varied from 0Ȣ1 Ȼ 1 minȢ The pulse time of 0Ȣ5 min ȳgreen chromatogramȴ isɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
considered to be the best since it resulted in the largest total area under the graph asɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
shown in FigȢ 3Ȣ7Ȣ The blueȣ redȣ and pink chromatograms represent pulse time at 0Ȣ1ȣ 0Ȣ2ȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
and 1Ȣ0 minȣ respectivelyȢ It should be noted that too long pulse time of 1Ȣ0 min isɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
expected to result in a similar or higher total peak area compared with the 0Ȣ5 min pulseȢɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
Howeverȣ the 1Ȣ0 min condition showed significantly lower total peak area which can beɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
explained by the error or sample evaporationȯaggregation during the repeated injectionsȢɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
In additionȣ too long pulse time can cause peak retention time shift and decreaseɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
separation efficiency caused by the high column flow which should be avoided in GCȢɕɕ

In summaryȣ the pulse time at 0Ȣ5Ȼminute with pulse splitless injection modeȣ inletɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
temperature at 250​℃ and inlet pressure of 30 psi would give out the best condition forɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
MOSH performanceȢɕ

 
ɕ
ɕ
ɕ
ɕ
ɕ

ɕ
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Figure. 3.7 ​Chromatogram of pulse splitless injection mode with different pulse timeɕ

3.5 Analysis of MOSH in crude rice oil samples​  

The parameters from the equation for W​MOSH determination was shown in Table 3Ȣ1ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
These parameters were obtained from a chromatogram of fraction 1 with 55 mL hexaneɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
from each sampleȢ Note that the error in value may occur from the sampling step becauseɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
the characteristic of  crude rice bran oil is heterogenous with sedimentȢɕ

Table 3.1 : ​ Data presented in each sampleȢɕ

ɕ
ɕ ɕ ɕ A​isɕ A​i​ for W​HC1ɕ W​HC1ɕ A​i​ for W​HC2ɕ W​HC2ɕ W​MOSHɕ

RBACTG25Aɕ

Methodɕ
Aɕ

1ɕ 1051Ȣ305ɕ 12190Ȣ534ɕ 410Ȣ675ɕ 5094Ȣ423ɕ 171Ȣ621ɕ 239Ȣ1ɕ

2ɕ 1062Ȣ585ɕ 11442Ȣ23ɕ 409Ȣ706ɕ 4713Ȣ009ɕ 168Ȣ756ɕ 240Ȣ9ɕ

Methodɕ
Bɕ

3ɕ 2440Ȣ499ɕ 11919Ȣ369ɕ 193Ȣ274ɕ 7569Ȣ274ɕ 122Ȣ737ɕ 70Ȣ5ɕ

4ɕ 1793Ȣ61ɕ 11692Ȣ947ɕ 256Ȣ806ɕ 6662Ȣ033ɕ 146Ȣ315ɕ 110Ȣ5ɕ

RBACTF27Aɕ

Methodɕ
Aɕ

1ɕ 903Ȣ732ɕ 10864Ȣ476ɕ 392Ȣ404ɕ 4343Ȣ112ɕ 156Ȣ865ɕ 235Ȣ5ɕ

2ɕ 1163Ȣ32ɕ 12836Ȣ609ɕ 388Ȣ77ɕ 5173Ȣ023ɕ 156Ȣ67ɕ 232Ȣ1ɕ

Methodɕ
Bɕ

3ɕ 1819Ȣ742ɕ 17520Ȣ406ɕ 378Ȣ722ɕ 6774Ȣ237ɕ 146Ȣ432ɕ 232Ȣ3ɕ

4ɕ 1222Ȣ762ɕ 10961Ȣ941ɕ 350Ȣ041ɕ 5821Ȣ300ɕ 185Ȣ888ɕ 164Ȣ2ɕ

RBACTF22Aɕ
Methodɕ

Aɕ
1ɕ 921Ȣ683ɕ 4688Ȣ162ɕ 195Ȣ183ɕ 3726Ȣ153ɕ 155Ȣ132ɕ 40Ȣ1ɕ

2ɕ 2661Ȣ313ɕ 7202Ȣ417ɕ 103Ȣ416ɕ 4596Ȣ266ɕ 65Ȣ995ɕ 37Ȣ4ɕ
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ɕ
Three crude rice bran oil samples with a batch number of RBACTG25Aȣ RBACTF27Aȣ andɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
RBACTF22A received from the rice bran oil export company in Thailand were analysedȢɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
Because the crude oil is not homogeneousȣ rather cloudy and sedimentȢ Each sampleɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
therefore was homogenized either by centrifugation ȳmethod Aȴ or sonication ȳmethod Bȴɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
before sampling to further separate by AgȻsilica gel columnȢ The test of each methodɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
was repeated to find the average valueȢ The first two testsȣ the sampling were taken fromɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
crude oil obtained by method A while the last two tests were sampling from crude oilɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
obtained by method BȢ Only the results ​from method B which gives a more homogeneousɕ ɕ ɕ ɕ ɕ ɕ  ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

substance than method A are shown in Table 3Ȣ1 and compared with the ones obtainedɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
from Chemiservice Laboratory ȳreference valuesȴȢ It is found that the average values ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
MOSH from the third and the fourth test of each batch are comparable to the referenceɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
ones  shown in Table 3Ȣ2Ȣɕɕ

Table 3.2 : ​MOSH quantity present in the crude rice bran oils samplesɕ

ɕ
It is interesting to note that the more of MOSH C25ȻC35ȣ the less of the edibleɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

oil can be producedȢ The contamination of target C25ȻC35 analyzed in this work for allɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
four testsȣ of each batchȣ are approximately 90ʂ of the total valuesȣ while the referenceɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
values are approximately 70ʂȢ One of the reasons that MOH of test number 1 and 2 wasɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
different from test number 3 and 4 is the homogenized oilsȣ another reason is theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
injection method usedȢ The injection method performed by the chemiservice laboratoryȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
Italy is onȻcolumn injection onȻline LCȻGCȻFID which nowadays is accepted to be the bestɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

Methodɕ
Bɕ

3ɕ 1260Ȣ306ɕ 4892Ȣ553ɕ 154Ȣ803ɕ 3905Ȣ010ɕ 123Ȣ457ɕ 31Ȣ3ɕ

4ɕ 1370Ȣ179ɕ 4787Ȣ698ɕ 139Ȣ432ɕ 3827Ȣ747ɕ 111Ȣ934ɕ 27Ȣ5ɕ

ɕ ɕ Batch numberȳMethod Bȴɕ Batch number ȳreferenceȴɕ
ɕ ɕ RBACTG25Aɕ RBACTF27Aɕ RBACTF22Aɕ RBACTG25Aɕ RBACTF27Aɕ RBACTF22Aɕ

Resultɕ
MOSHɕ

ȳmgȯkgȴɕ

MOSHɕ
C10ȻC16ɕ

3Ȣ9ɕ 6Ȣ7ɕ 2Ȣ0ɕ 1ɕ 1Ȣ4ɕ ɲ 1ɕ

MOSHɕ
C17ȻC24ɕ 3Ȣ1ɕ 6Ȣ9ɕ 1Ȣ5ɕ 44Ȣ5ɕ 37Ȣ9ɕ 6Ȣ5ɕ

MOSHɕ
C25ȻC35ɕ

83Ȣ5ȳ92ʂȴɕ 150Ȣ6ȳ92ʂȴɕ 30Ȣ6ȳ90ʂȴɕ 81Ȣ6ȳ64ʂȴɕ 100Ȣ5ȳ72ʂȴɕ 23ȳ78ʂȴɕ

MOSHɕ
totalɕ

90Ȣ5ɕ 164Ȣ2ɕ 34Ȣ1ɕ 127Ȣ1ɕ 139Ȣ8ɕ 29Ȣ5ɕ
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analysing method for determination of mineral oil hydrocarbonsȢ Howeverȣ there is noɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
such expensive equipment available in Thai laboratoriesȢ Usuallyȣ C10ȻC25 MOSHɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
contents in crude rice bran oil can be evaporated during the processing and further usedɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
to produce edible oilȣ and C25ȻC35 MOSH contents are considered as waste that left inɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
crude oil is still cannot be eliminated without affecting nutrients and some antioxidantsɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
and therefore used for biodiesel purposesȢɕɕ

To obtain better resultsȣ more samples and more tests including the validationɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
needed to be performed to reach better statistical dataȢɕ

ɕɕ

ɕ

ɕ
ɕ
ɕ
ɕ
ɕ
ɕ

ɕ

ɕ
ɕ

ɕ

ɕ

ɕ

ɕ

ɕ

ɕ
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Chapter 4ɕ
Conclusionɕ

ɕ
Rice bran oil is widely used due to health benefitsȢ The increase in consumptionɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

requires quality and safety control to ensure the safety of rice bran oilȢ Mineral oilɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
saturated hydrocarbon ȳMOSHȴ is a contaminant found in vegetable oil during processingȣɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
transportationȣ storageȣ and sourcesȢ In our researchȣ an offȻline Liquid chromatographyɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
with gas chromatography flame ionization detector ȳLCȻ GCȻFIDȴ is a standard methodɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
modified from ISO 17780 ȳanimal and vegetable fats and oilsȻdetermination of aliphaticɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
hydrocarbons in vegetable oilȴ for determination MOSH in rice bran oilȢ LC was done toɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
reduce interference in the analysisȢ LC analysis was conducted using 18Ȣ5 g silica gelɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
impregnated with silver nitrate in a glass columnȢ Silica gel impregnated with silverɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
nitrate separates the complex mixture of MOSHȢ Gas chromatography with flameɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
ionization detector ȳGCȻFIDȴ was done to determine the mass fraction of MOSH from FIDɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
chromatogramȢ GCȻFID condition was optimized resulting in a pulse splitless injectionɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
system combining with pulse time at 0Ȣ5Ȼminuteȣ inlet temperature at 250​℃​ȣ and the inletɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
pressure of 30 psi which are the best conditions for GCȻFID performance in hydrocarbonɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
analysisȢ These best conditions were selected by the chromatogram that gives out theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
largest area under the graph since the largest area represents the highest MOSH contentȢɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
Only the eluted MOSH fractions of 55 mL with hexane were used to calculate MOSHɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
content because it gives out the highest hump and largest area under the graphȢ Theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
content of MOSH in crude rice bran oil RBACTF27Aȣ RBACTG25A and RBACTF22A samplesɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
were analysed using the optimized conditionsȢ The averaging MOSH content ofɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
RBACTF27Aȣ RBACTG25A and RBACTF22A are 164Ȣ2 mgȯkgȣ 90Ȣ5 mgȯkgȣ and 34Ȣ1ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
mgȯkgȣrespectivelyȢ The amount of MOSH detected in this research is slightly differentɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
from chemiservice laboratoryȣ Italyȣ due to the differences in sampling and injectionɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
method usedȢ Howeverȣ the MOSH content in the obtained results showed the same trendɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
as the reference MOSH contentȢ The amount of C25ȻC35 MOSH which is the targetɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
hydrocarbon is approximately 90ʂ which is considered to be high and can not be refinedɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
to edible oilȢ Thereforeȣ it was more suitable to be used for biodiesel purposesȢɕ

ɕɕ
ɕ

Suggestion for future workɕ
More samples should be tested to get better statistic dataȢ LODȣ LOQ must beɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ

determinedȢ Using comprehensive twoȻdimensional gas chromatography ȳGCxGCȴ for theɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
determination of both MOSH and MOAH is suggestedȢɕ

ɕ
ɕ
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25Ȣ Fast FID principles ȷonlineȸ httpsȤȯȯwwwȢcambustionȢcomȯproductsȯɕ ɕ ɕ ɕ ɕ
hfr500ȯfastȻfidȻprinciples ȳaccessed Nov 10ȣ 2020ȴɕ

26Ȣ Thailand industrial standard instituteȢ Animal and vegetable fats and oils Ȼɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
Determination of aliphatic hydrocarbons in vegetable oilsȢ ​International standardɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ ɕ
ȳISOǱǷǷǸǰȴȢ ​2015ɕ
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