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 CHAPTER 1 


INTRODUCTION 


Coconut oil is an edible vegetable oil derived from the fruit of the Cocos nucifera 
 L.  tree  belongs  to  the  Aracaceae  family.  Copra  is  the  source  of  oil,  the  dried  coconut 
 meat  (endosperm)  part  that  contains  about  65-75%.  Coconut  oil  has  a  natural  sweet 
 taste  and  carries  high  percentage  of  saturated  fatty  acids  in  the  type  of  triglycerides 
 (90%).  In  addition,  it  is  composed  for  medium  chain  fatty  acid  (approximately  60%  of 
 total composition) [1][2]. 


Eighty  percent  of  the  world  production  of  coconut  oil  is  used  for  food,  whereas 
 approximately  14%  is  for  nonfood  uses  as  pharmaceuticals  and  cosmetics  like  insect 
 repellant  and  skin  moisturizer,  as  well  effective  against  viruses  [1].    The  fatty  acid 
 present in the coconut oil is responsible for the antiplaque, antiprotozoal, healing, anti-
 obesity  effects.  Medium  chain  fatty  acid  reduces  the  threat  of  atherosclerosis  and  to 
 supply energy for metabolism without increase the blood sugar level [2][3]. 


Coconut  oil  got  prevalence  as  of  late  after  the  roles  of  the  medium  chain  fatty  acids 
 have  been  uncovered.  Medium  chain  fatty  acids  have  noteworthy  job  in  human 
 wellbeing  as  antibiotics,  particularly  as  antiviral  and  source  of  quick  vitality  without 
 upsetting the glucose in the body [3]. 


Coconut  oil  contains  a  large  proportion  of  lauric  acid  a  saturated  fat  that  arises  total 
 blood cholesterol levels by increasing both the amount of high density lipoprotein (HDL) 
 cholesterol  and  low  density  lipoprotein  (LDL)  cholesterol.  Although  this  may  create  a 
 more  favorable  total  blood  cholesterol  profile  this  does  not  exclude  the  possibility  that 
 persistent  consumption  of  coconut  oil  may  increase  the  risk  of  cardiovascular  disease 
 through  other  mechanisms,  particularly  via  the  marked  increase  of  blood  cholesterol 
 induced by lauric acid. Because the majority of saturated fat in coconut oil is lauric acid, 
 coconut  oil  may  be  preferred  over partially  hydrogenated  vegetable oil  when  solid fats 
 are  used  in  the  diet.  Due  to  its  high  content  of  saturated  fat  with  corresponding  high 
 caloric burden, regular use of coconut oil in food preparation may promote weight gain.  


 Various fractions of coconut oil are used as drugs. Butyic acid is used to treat cancer, 
while lauric acid is effective in treating viral infections.[4]-[6]
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 TYPES AND PREPARATION  


Based on their mode of preparation, coconut oil largely classified as refined or unrefined 
 coconut  oil.  Refined  coconut  oil  include  the  solvent  extract  and  unrefined  include  the 
 virgin  coconut  oil  obtained  by  cold  pressed  and  hot  pressed  or  copra  coconut  oil. 


Refined  coconut  oil  obtained  from  dried  coconut  meat  after  washing,  bleaching  and 
 deodorization.  Cold  pressed  &  hot  pressed  coconut  oil  achieved  from  the  fresh  wet 
 coconut  meat,  by  crushing  at  room  temperature  and  next  at  40°C  respectively  by 
 physical or other natural ways. [2] 


Physical ways include pressing, washing with water, settling, filtering and centrifugation 
 and  natural  ways  include  fermentation  by  naturally  occurring  microorganism  [2]. 
 Expelling,  centrifugation  and  fermentation  through  and  devoid  of  heat  are  the  general 
 methods for the production of commercial virgin coconut oil. Virgin coconut oil produced 
 by the expeller method involves the extraction from air dried coconut meat by use of a 
 screw-type  press.  Production  by  fermentation  process  involves  oil  separation  from 
 aqueous  layer  of  coconut  milk  with  microorganism  those  present  naturally.  Phase 
 separation of coconut milk by a centrifuge involved in centrifuge process.[7] 


Fermentation method  


Fermentation  is  also  a  well-known  method  in  cold  process  for  the  extraction  of  virgin 
coconut oil from the coconut milk. Investigated the fermentation method to extract VCO 
by inoculating the pure culture of probiotic bacteria  (Lactobacillus plantarum 1041 IAM) 
in  different  ratio  of  coconut  kernel  to  water  (1:1  to  1:3)  at  different  temperature  (30  to 
70°C)  and  time  (2-6h).  The  results  revealed  that  inoculums  assisted  in  the  rapid 
breakage  of  emulsion  and  the  release  of  95%  of  the  oil  due  to  the  virulence  of  a 
Lactobacillus  plantarumstrain  in  coconut  milk  compared  to  Lactobacillus  delbrueckii 
inoculums. Extracted VCO uses bacterial cultures by adjusting the pH to destabilize the 
coconut milk emulsion. Similarly, also showed the improved quality and quantity of VCO 
by inducing fermentation method using Lactobacillus sp. under controlled condition in a 
bioreactor.  However,  the  main  disadvantages  of  fermentation  based  wet  process  are 
time  consuming  (24-48h)  and  poor  quality  of  oil  characterized  by  yellow  in  color  and 
fermented odour, which can mask the characteristic coconut flavor of the oil due to the 
presence of unwanted microorganisms and uncontrolled conditions.  
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 Chilling, freezing and thawing method  


The stability of coconut milk emulsion in this process is broken by chilling, freezing and 
 thawing, and thawed cream separated by centrifugation. The emulsion was centrifuged 
 before chilling and thawing to allow better packing of the coconut oil globules. Used the 
 temperature  10°C  and  -4°C  for  chilling  and  freezing  process,  respectively,  and  the 
 thawing  process  was  carried  out  in  a  water  bath  at  40°C  until  the  coconut  cream 
 reached  room  temperature  (25°C).  In  addition,  this  action  also  helps  in  removing  un-
 dissolved  solids  after  extraction.  The  removal  of  solids  present  in  high  percentages  in 
 the  dispersion  of  oil  seed  was  important  for  efficient  recovery  of  oil  by  centrifugation. 


The  centrifugation  step  was  followed  to  enable  the  packing  of  cream  oil  globule  to 
 crystallize on lowering the temperature. Centrifugation process as carried out from 2000 
 to 5000rpm up to 6min. During thawing, the oil coalesced due to loss of spherical shape 
 and formed large droplets of varying sizes. 


Wet process 


Boiling of coconut milk to separate coconut oil has been the major domestic process of 
 coconut  oil  extraction in India  until recently.  In  this  process,  coconut  kernel is  scraped 
 and  hand  pressed  with  water  to  obtain  coconut  milk.  This  coconut  milk  emulsion  is 
 heated until water is evaporated and the remaining oil is separated. The oil can also be 
 separated from the water while the coconut milk is still boiling. Heating breaks down and 
 deposits proteins at the bottom of the container. When the heating is continued, water in 
 the  emulsion  evaporates.  Due  to  its  high  boiling  temperature,  coconut  oil  does  not 
 evaporate significantly during this process. Finally, the coconut oil can be separated by 
 decanting from the residue containing proteins, carbohydrates and other substances. 


The resultant coconut oil gives a nice coconut aroma and the oil is free of water. This oil 
 can be kept for a very long time without forming oxidation products that cause rancidity. 


However,  due  to  caramelization  and  other  reactions,  the  coconut  oil  produced  by  this 
method  has  a  color.  One  disadvantage  of  this  method  is  the  high  amount  of  energy 
needed and relatively longer period of time taken to evaporate water from the coconut 
milk  emulsion.  In  addition,  there  are  no  machines  designed  to  produce  coconut  oil  in 
industrial scale using this method. Therefore, this method is limited to the preparation of 
coconut oil in small scale for household consumption. 
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 Solvent extraction 


Solvents can be used in the extraction of coconut oil from coconut kernel. n-Hexane is 
 considered  to  be  the  most  efficient  solvent  for  oil  extraction  as  oils  easily  dissolve  in 
 hexane.  It  is  the  most  suitable  solvent  also  because  of  the  low  boiling  point,  which 
 makes it easier to remove from the oil. It is also a relatively low cost solvent. However, 
 its  flammability,  mild  toxicity,  explosiveness  and  environmental  impacts  are  the 
 concerns  of  industrial  scale  solvent  extraction  of  coconut  oil.  The  solvent  extraction 
 leaves  low  levels  of  solvent  residue  in  the  oil,  which  is  safe  but  undesirable  for  food 
 purposes. The solvent in the meal is removed by heating to boil off the volatile solvent 
 and the solvent is recovered by condensation. Traces of solvent left in the meal and the 
 oil are removed by steam-stripping under reduced pressure. The efficiency of extraction 
 depends upon the temperature of the solvent, the ratio of the solvent to coconut flakes, 
 size and the porosity of the coconut flakes particles and contact time with the solvent.  


Hot extraction process  


In Hot extraction processes, coconut oil is extract from  coconut milk by heating. Due to 
 heating the proteins of coconut milk are denatured and destabilized the milk emulsion. 


Extracted  the  VCO  by  heating  coconut  milk  at  100-120°C  for  60  mints  until  the  water 
 was  completely  evaporated.  To  extract  the  VCO  from  coconut  milk,  the  protein  is 
 coagulate  by  slow  heating  in  VCO  cooker  and  releases  the  oil  that  separated  from 
 pertinacious  residue  by  filtering  through  muslin  cloth  and  remaining  residue  further 
 heated to remove more oil. 


CHEMISTRY OF COCONUT OIL 


Coconut  oil  contains  numerous  chemical  compounds,  including  fatty  acids,  fatty 
alcohols monoglycerides, diglycerides, triglycerides, cerebrosides, phosphatides, sterols 
and  terpenes  [4].  Fatty  acids  establish  the  fundamental        segment  of  triglycerides, 
phospholipids, monoglycerides. diglycerides and sterol esters. Vitamin E and Vitamin K 
also present in coconut oil [9]. 
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 Fatty acids 


Fatty  acids  (FAs)  categorized  primarily  according  to  the  existence  or  nonexistence  of 
 double bonds as saturated (without double bonds), monounsaturated (with one double 
 bond) and polyunsaturated fatty acids (with two or up to six double bonds) (Fig 1). Fatty 
 acids have the elements, such as carbon, hydrogen, and oxygen that are prearranged 
 as a long aliphatic carbon chain skeleton of uneven length with a carboxyl group at last 
 position [10](Figure 2). They are classified further as cis or trans based on the pattern of 
 the  double  bonds  and  as  n-3  or  n-6  PUFAs  depending  on  the  location  of  the  initial 
 double bond from the fatty acid methyl-end [11].  


Saturated fatty acids include lauric acid (45-52%), myristic acid (16-21%), caprylic acid 
 (5-10%),  capric  acid  (4-8%),  caproic  acid  (0.5-1%),  palmitic  acid  (7-10%)  and  stearic 
 acid (2-4%) & unsaturated fatty acids include oleic acid (5-8%), linoleic acid (1-3%) and 
 linolenic acid (0.2%)[7][9][12](Table 1). 


Figure 1. Saturated, monounsaturated and polyunsaturated fatty acids in Coconut oil 


Fig 2. Chemical structures of fatty acids 



(19)Department of Pharmaceutical Analysis. KMCH College of Pharmacy, Coimbatore   Page 6 
 S.No  Fatty acids  Common 


name 


Molecular 
 formula 


Saturation  Biological 
 activity 
 Medium chain fatty acids 


1  Hexanoic acid  Caproic acid  C6H12O2 Saturated   Flavoring 
 agent 


2  Octanoic acid  Caprylic acid  C8H16O2 Saturated  Antimicrobial  
 3  Decanoic acid  Capric acid  C10H20O2 Saturated  Antimicrobial 
 4  Dodecanoic 


acid 


Lauric acid  C12H24O2 Saturated  Antimicrobial 
 Long chain fatty acids 


5  Tetadecanoic 
 acid 


Myristic acid  C14H28O2 Saturated  Antimicrobial 


6  Hexadecanoic 
 acid 


Palmitic acid  C16H32O2 Saturated  Antimicrobial 


7  Octadecanoic 
 acid 


Stearic acid  C17H40O2 Saturated  Antimicrobial 


8  Cis-9-


octadecenoic 
 acid 


Oleic acid  C18H34O2 Monounsaturated  Antimicrobial 


9  Eicosanoic acid  Arachidic 
 acid 


C20H40O2 Monounsaturated  Plant 
 metabolite 
 Table 1. Fatty acids present in coconut oil and their biological activity 


PHYSICAL PARAMETERS 


Physical  constants  such  as  acid  value,  saponification  value,  iodine  value,  specific 
gravity, refractive index, unsaponifiable matter, mineral oil content and moisture content 
can be used in order to identify the purity of oil[2][13] 
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 Acid Value  


The acid value is defined as the number of milligrams of potassium hydroxide required 
 to  neutralize  the  free  fatty  acids present in  one  gram  of  fat.  It is  a relative  measure  of 
 rancidity as free fatty acids are normally formed during decomposition of oil glycerides. 


The  value  is  also  expressed  as  per  cent  of  free  fatty  acids  calculated  as  oleic  acid. 


[2][13][14] 


Principle:The  acid  value  is  determined  by  directly  titrating  the  oil/fat  in  an  alcoholic 
 medium against standard potassium hydroxide/sodium hydroxide solution.  


CH2OCOR    CH2OH 


CHOCOR      + 3 KOH   CHOH +3 RCOOK 


CH2OCOR    CH2OH 


Oil  Glycerol 


Analytical  Importance:The  value is  a  measure  of the amount  of  fatty  acids  which have 
 been  liberated  by  hydrolysis  from  the  glycerides  due  to  the  action  of  moisture, 
 temperature and/or lypolytic enzyme lipase.[14] 


Saponification value 


The  saponification  value  is  the  number  of  mg  of  potassium  hydroxide  required  to 
 saponify 1 gram of oil/fat. 


Principle:The  oil  sample  is  saponified  by  refluxing  with  a  known  excess  of  alcoholic 
 potassium  hydroxide  solution.  The  alkali  required  for  saponification  is  determined  by 
 titration of the excess potassium hydroxide with standard hydrochloric acid.  


Analytical importance:The saponification value is an index of mean molecular weight of 
 the fatty acids of glycerides comprising a fat. Lower the saponification value, larger the 
 molecular weight of fatty acids in the glycerides and vice-versa. 


Iodine value 
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 The iodine value of an oil/fat is the number of grams of iodine absorbed by 100g of the 
 oil/fat, when determined by using Wijs solution.  


Principle:The oil/fat sample taken in carbon-tetrachloride is treated with a known excess 
 of  iodine  monochloride  solution  in  glacial  acetic  (Wijs  solution).  The  excess  of  iodine 
 monochloride  is  treated  with  potassium  iodide  and  the  liberated  iodine  estimated  by 
 titration with sodium thiosulfate solution.  


Analytical  importance:  The  iodine  value  is  a  measure  of  the  amount  of  unsaturation 
 (number of double bonds) in a fat. 


Refractive Index  


The  ratio  of  velocity  of  light  in  vaccum  to  the  velocity  of  light  in  the  oil  or  fat;  more 
 generally,  it  expresses  the  ratio  between  the  sine  of  angle  of  incidence  to  the  sine  of 
 angle  of  refraction  when  a  ray  of  light  of  known  wave  length  (usually  589.3  nm,  the 
 mean  of  D  lines  of  Sodium)  passes  from  air  into  the  oil  or  fat.  Refractive  index  varies 
 with temperature and wavelength.  


Principle:  When  a  wavefront  of  parallel  light  rays  enters  the  interface  between  an 
 optically denser material and an optically less dense material at the angle (α) one side 
 of the wavefront meets the interface earlier than the other side.  Because the material is 
 optically denser and the speed of light in it lower than in  other material, the left side of 
 the  wavefront  travels  a  longer  distance  than  the  other  side.  This  difference  in  the 
 distance forces the ray to change its direction. 


Significance:Refractive index of oils increases with the increase in unsaturation and also 
 chain length of fatty acids. 


Unsaponifiable matter 


The  unsaponifiable  matter  is  defined  as  the  substances  soluble  in  oil  which  after 
saponification  are  insoluble  in  water  but  soluble  in  the  solvent  used  for  the 
determination.  It  includes  lipids  of  natural  origin  such  as  sterols,  higher  aliphatic 
alcohols,  pigments,  vitamins  and  hydrocarbons  as  well  as  any  foreign  organic  matter 
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 nonvolatile at 100°C (e.g: mineral oil) which may be present. Light Petroleum or diethyl 
 ether is used as a solvent but in most cases results will differ according to the solvent 
 selected and generally the use of diethyl ether will give a higher result.  


Presence of mineral oil 


Mineral oil is any of various colorless, odorless, light mixtures of higher alkanes from a 
 mineral  source,  particularly  a  distillate  of  petroleum,  as  distinct  from  usually  edible 
 vegetable  oils. The presence of  mineral  oil is  indicated  by  the  development  of  turbidity 
 when hot distilled water is added to a freshly made alcoholic solution of the soap formed 
 by the oil. 


Moisture content 


Moisture  content  of  oils  and  fats  is  the  loss  in  mass  of  the  sample  on  heating  at 
 105±10°C under operating conditions specified. 


GAS CHROMATOGRAPHY  


Coconut  oils  analysis  can  give  valuable  data  with  respect  to  their  qualities.  Gas 
 chromatography,  a  common  investigative  procedure  in  various  research/modern  labs, 
 speaks  to  a  quick  and  compelling  technique for  analyze  coconut  oils [8].  The  fatty  acid 
 composition  can  be  determined  as  methyl  esters  of  fatty  acids  by  using  gas-liquid 
 chromatography [15]. 


Gas  chromatography  is  an  isolated  and  flexible  technique[12]  in  which  separations  are 
 attained  with  GC  by  a  series  of  separations  occurs  between  a  moving  mobile  phase 
 (gas) and a liquid stationary phase coated in the column after a mixture of compounds 
 injected in tiny amount. A detector attached with the instrument monitors the gas flow as 
 it  comes  from  the  analytical  column  and  the resultant  signals  gives  the  chromatogram 
 for interpretation [16].  


The  basic  principle  of  the  gas  chromatographic  separation  is  the  retardation  of  single 
parts  infused  into  the  instrument  enters  a  gas  stream  which  moves  the  sample  into  a 
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 division  tube  known  as  the  column.  Carrier  gas  moves  the  components  through  the 
 column which may be packed column or capillary column. Packed columns made up of 
 stainless  steel  or  glass  filled  with  diatomaceous  earth  layered  with  stationary  phase. 


Capillary  columns include  fused  silica  or  else  stainless  tubing  with  stationary  phases 
 layered on or else chemically bonded to their inner walls.[17][18] 


Columns  are  coated  with  a  volatile  liquid  in  Gas  liquid  chromatography  for  increased 
 surface  area  of  liquid  to  become  contact  with  the  gas.  In  gas  solid  chromatography 
 liquid coating replaced with solid material. [18]


Sample is introduced into the gas stream, which is hydrogen, helium or nitrogen. Mobile 
 phase  carries  the  sample  through  the  column  and it does  not interact  with  the  sample 
 like  other  chromatographic  techniques.  Different  components  split  inside  the  column 
 based  on  their  volatility  in  the  column.  The  easily  volatile  component  will  elute  first 
 because  it  spends  most  time  with  carrier  gas.  Like  this,  components  will  split  in  the 
 column and detector detects the amount of components that leaves the column. [17]-[19]


The  Gas  Chromatography  can  able  to  optimize  by  initialize  from  a  lower  temperature, 
 then gradually raising it to higher temperature during the analysis [7]. 


The time taken from injection to emergence is known as the retention time (Rt), and is 
 characteristic  for  each  substance  under  any given  set  of  conditions.  It  depends  on the 
 volatility of the substance, as well as the temperature of the column and its length and 
 diameter. [20] 


Having separated the components in the column so that they emerge individually, some 
method of detecting and measuring them is needed. Entirely different detectors can be 
used for the different kinds of applications. The detectors that can be used for the  gas 
chromatography  include  flame  ionization  detector  (FID),  thermal  conductivity  detector 
(TCD),  Electron  capture  detector  (ECD),  Nitrogen-  phosphorous  detector,  Flame 
photometric detector (FPD) and Photo ionization detector (PID). Two types of detector 
are commonly used: thermal conductivity and flame ionization. [20-22]
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 In  Flame  ionization  detector,  the  gas  emerging  from  the  column  is  burned  with  a 
 hydrogen and air mixture. The hydrogen-air flame alone creates few ions, but when an 
 organic  compound  is  burned  there  is  an  increase  in  ions  produced.  This  formed  ions, 
 which  conduct  an  electric  current  which  can  be  amplified  and  recorded  on  a  chart 
 recorder. This means that the total signal recorded on the chart recorder is proportional 
 to the amount of the chemical substance present. [20][22]


The flame ionization detector passes sample and carrier gas from the column through a 
 hydrogen-air  flame.  A  polarizing  voltage  attracts  these  ions  to  a  collector located near 
 the flame. The current produced is proportional to the amount of sample being burned. 


This  current  is  sensed  by  an  electrometer,  converted  to  digital  form,  and  sent  to  an 
 output device.[22] 


Advantages of gas chromatography 


Optimum qualitative and quantitative GC analysis of complex mixtures presupposes:  


1.  Good resolution by sharp and symmetric peaks 


2.  High repeatability and reproducibility of retention times 


3.  High precision and accuracy in quantitation based on peak area measurements, 
 i.e. no discrimination of components through volatility, polarity or concentration 
 4.  Minimum thermal and catalytic decomposition of sensitive sample components.  


The  use  of  fused-silica  capillary  columns  with  improved  surface  inertness,  thermal 
 stability and resolution best fulfils most of these requirements. In capillary GC the peak 
 resolution, expressed in terms of column efficiency, separation and retention factors is 
 primarily  affected  by  the  polarity  of  the  stationary  phase,  column  length,  internal 
 diameter and film thickness. The carrier gas, usually hydrogen, nitrogen or helium, and 
 its purity can also affect the resolution. [22] 


SAMPLE PREPARATION IN GAS CHROMATOGRAPHY ANALYSIS 


Gas  chromatographic  separation  can  be  possible  only  for  volatile  samples  and 
compounds  having  free  polar  groups  will  be  difficult  to  be  analysed  by  gas 
chromatographic  technique [23].  Free,  underivatized  type  of  fatty  acids  may  be  hard  to 
analyze by gas chromatography because the highly polar compounds likely to hydrogen 
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 bonds  formation,  leading  to  adsorption  issues.  Minimizing  the  polarity  will  make  the 
 compound  more  willing  for  analysis [24].  Since  coconut  oil  being  nonvolatile,  it  will  be 
 difficult  to  perform  GC  analysis  directly.  Derivatization  makes  the  coconut  oil  more 
 suitable for the analysis by changing the oil into volatile and thermally stable compound 


[11]. 


Derivatization 


Derivatization  is  the  process  of  chemically  modifying  a  compound  to  produce  new 
 compounds that are suitable for analysis using a GC. It changes the chemical nature of 
 analyte and improves analysis. Derivatization is generally required for fatty acid analysis 
 by  Gas  chromatography,  especially  for  fatty  acids  with  carbon  numbers  more  than  10 


[25]. 


Gas  chromatography,  a  technique  for  separation  of  volatile  compounds  which  are 
 thermally stable, is unfortunately not always easy to apply for compounds of biomedical 
 and environmental interest, particularly for those of high molecular weight or containing 
 polar functional groups. These groups are difficult to analyze by GC either because they 
 are not sufficiently volatile, tail badly, are too strongly attracted to the stationary phase, 
 thermally unstable or even decomposed.[26] 


Preparation  of  methyl  ester  derivatives  of  fatty  acids  must  be  by  far  the  commonest 
 chemical  reaction  performed  by  lipid  analysts.  There  is  no  need  to  hydrolyse  lipids  to 
 obtain  the  free  acids  before  preparing  esters,  as  most  lipids  can  be  transesterified 
 directly,  yet  some  approved  methods insist  on  this  step.  No  single  reagent  will  suffice, 
 and  one  must  be  chosen  that  best  suits  the  sample.  Esters  prepared  by  the  following 
 methods  can  be  purified  if  necessary  by  adsorption  chromatography.  Normally,  acid 
 derivatization methods can be useful to total fatty acids (including Free Fatty Acids and 
 esterified fatty acids); but, basic derivatization  methods are restricted to esterified fatty 
 acids[26] 


Esterification  


It is the method used for derivatization of alcohols and carboxylic acids. 


RCOOH + R’OH       RCOOR’ + H2O 


Acids can be esterified by treating them with an appropriate alcohol using an inorganic 
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 acid  to  catalyze  the  reaction.  Also,  a  portion  of  the  ancient  rarity  arrangement  during 
 acid  derivatization  could  be  decreased  by  abstaining  from  utilizing  high  response 
 temperatures  or  measures  of  derivatization reagent.  Notwithstanding  being  derivatized 
 after lipid extraction, the HCl, H2SO4 and BF3 derivatization strategies could likewise be 
 utilized  for  one-step  extraction-derivatization  approach.  A  higher  recovery  of  the 
 absolute FAMEs was accomplished in the one-step methodology 


 Acid derivatization methods  


Free  fatty  acids  are  esterified  and O-acyl  lipids  transesterified  by  heating  them  with  a 
 large excess of anhydrous methanol in the presence of an acidic catalyst. Hydrochloric 
 acid  (HCl),  sulfuric  acid  (H2SO4),  and  boron  trifluoride  (BF3)  are  the  reagents  by  and 
 large used for the acid derivatization.  


RCOOR’+CH3OH    RCOOCH3+R’OH 


RCOOH+CH3OH  RCOOCH3+H2O 


Hydrochloric acid derivatization is one of the well-known utilized fatty acid investigation 
 techniques  in  light  of  its  operational  straightforwardness.  In  HCl  derivatization, 
 methanolic HCl is added to the dried lipid extract and the arrangement is warmed for a 
 specific  period.  However,  because  of  the  dissolvability  of  specific  lipids  in  methanolic 
 HCl,  the  expansion  of  a  second  dissolvable  before  the  derivatization  step  might  be 
 essential.  The  H2SO4  derivatization  strategy  has  additionally  been  broadly  utilized  for 
 the  examination  of  fatty  acids  in  organic  examples.  The  response  methodology  is  like 
 that  of  other  derivatization  strategies.  Since  H2SO4  is  a  solid  oxidizing  specialist,  this 
 strategy isn't suggested for PUFA examination.  


Basic derivatization methods  


Basic  derivatization strategies provide the advantages of quick derivatization  times,  no 
 double bond isomerization issue, smooth operation and uses less competitive reagents, 
 however, they  arenot appropriate for  derivatizing  Free  Fatty  Acids.  The  sodium 
 methoxide (NaOCH3) derivatization method has been used in numerous studies [69,70]. 


H+ 
H+ 
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 Typically,  0.5 M  NaOCH3  in  anhydrous  methanol  is added to  the  lipid  extract,  and the 
 resultant  solution is  reacted  at 45° C  for 5min.  NaHSO4  (15%)  is  then delivered to 
 neutralize  the aggregate.  Finally,  the  FAMEs  are  extracted  with  a natural solvent  and 
 analyzed by  way  of GC.  Potassium  hydroxide  (KOH) also  can be  used 
 in simple derivatization techniques. The protocol is pretty simple, and the response time 
 is pretty short. When the use of KOH, methanolic KOH (2 mol/L) is delivered to the lipid 
 extract,  and  the aggregate is  incubated  at  room  temperature  or  heated  to  50  °C  for a 
 few  minutes for  fatty  acid  derivatization.  Then,  sodium  bisulfate  is added,  and  the 
 supernatant is gathered and analyzed via GC 


RCOOR’+CH3OH    RCOOCH3+R’OH 


VALIDATION OF METHOD 


Validation of an analytical method is the process by which it is established by laboratory 
 studies,  that  the  performance  characteristics  of  the  method  meet  the  requirements  for 
 the  intended  analytical  application.  Validation  is  required  for  any  new  or  amended 
 method  to  ensure  that  it  is  capable  of  giving  reproducible  and  reliable  results,  when 
 used  by  different  operators  employing  the  same  equipment  in  the  same  or  different 
 laboratories.[27-29] 


Typical parameters recommended by ICH are as follow:  


1. Specificity  


2. Linearity & Range  
 3. Precision 


4. Accuracy (Recovery)  
 5. Stability  


6. Limit of Detection (LOD)  
 7. Limit of Quantification (LOQ)  
 8. Robustness  


OH¯ 
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 Specificity 


Specificity  is  the  ability  to  assess  unequivocally  the  analyte  in  the  presence  of 
 components  which  may  be  expected  to  be  present.  Typically,  these  might  include 
 impurities, degradants, matrix, etc.  


Lack  of  specificity  of  an individual  analytical procedure  may  be  compensated  by  other 
 supporting analytical procedure(s). 


Linearity and range: 


The linearity of an analytical procedure is its ability (within a given range) to obtain test 
 results  which  are  directly  proportional  to  the  concentration  (amount)  of  analyte  in  the 
 sample.  A  linear  relationship  should  be  evaluated  across  the  range  of  the  analytical 
 procedure. 


The  range  of  an  analytical  procedure  is  the  interval  between  the  upper  and  lower 
 concentration  (amounts)  of  analyte  in  the  sample  (including  these  concentrations)  for 
 which  it  has  been  demonstrated  that  the  analytical  procedure  has  a  suitable  level  of 
 precision, accuracy and linearity. 


Precision:  


The precision of an analytical procedure expresses the closeness of agreement (degree 
 of  scatter)  between  a  series  of  measurements  obtained  from  multiple  sampling  of  the 
 same  homogeneous  sample  under  the  prescribed  conditions.  Precision  should  be 
 investigated  using  homogeneous,  authentic  samples.  However,  if  it  is  not  possible  to 
 obtain a homogeneous sample it may be investigated using artificially prepared samples 
 or a sample solution. The precision of an analytical procedure is usually expressed as 
 the variance, standard deviation or coefficient of variation of a series of measurements. 


Precision may be considered at three levels:  


  Repeatability 


  Interday and  


  Intraday Precision. 
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 Accuracy (Recovery) 


The  accuracy  of  an  analytical  procedure  expresses  the  closeness  of  agreement 
 between the value which is accepted either as a conventional true value or an accepted 
 reference value and the value found.  


Stability 


During  validation  the  stability  of  standards  and  samples  is  established  under  normal 
 conditions, normal storage conditions, and sometimes in the instrument to determine if 
 special  storage  conditions  are  necessary,  for  instance,  refrigeration  or  protection  from 
 light. 


Limit of Detection (LOD) 


The detection limit of an individual analytical procedure is the lowest amount of analyte 
 in a sample which can be detected but not necessarily quantitated as an exact value. 


Limit of Quantification (LOQ)  


The  quantitation  limit  of  an  individual  analytical  procedure  is  the  lowest  amount  of 
 analyte in a sample which can be quantitatively determined with suitable precision and 
 accuracy.  The  quantitation  limit  is  a  parameter  of  quantitative  assays  for  low  levels  of 
 compounds  in  sample  matrices,  and  is  used  particularly  for  the  determination  of 
 impurities and/or degradation products. 


Robustness 


The  robustness  of  an  analytical  procedure  is  a  measure  of  its  capacity  to  remain 
unaffected  by  small,  but  deliberate  variations  in  method  parameters  and  provides  an 
indication of its reliability during normal usage. 
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 CHAPTER 2 


REVIEW OF LITERATURE 


Ummi  Aqilah  Haron  et  al.,  (2019)  evaluated  Fatty  Acid  composition  and  Antimicrobial 
 Activity  of  Virgin  Coconut  Oil  and  Activated  Virgin  Coconut  Oil  on  Streptococcus 
 mutans.  Methyl esterified virgin coconut oil and activated virgin coconut oil used in the 
 GC-MS analysis was achieved by BF3-MeOH method. Elite 5 column used for analysis. 


Helium  was  used  as  carrier  gas  at  1.99  ml/min  flow  rate  and  1:10  split  ratio.  Injection 
 temperature set at 250ºC. The study revealed the presence of medium chain fatty acids 
 viz. caproic acid, caprylic acid, capric acid, and lauric acid and long chain fatty acids are 
 myristic acid, palmitic acid, arachidic acid and oleic acid. [30] 


Cansel et al., (2019) studied antifungal activity of fatty acids  of coconut oil on Candida 
 Albicans. The fatty acid composition of the coconut oil was analyzed using GC-FID and 
 GC-MS after esterification with potassium hydroxide. For the separation a silica column 
 (100 m X 0.25 mm X 0.2 μm) was used and nitrogen used as carrier gas at a flow rate 
 of 30 ml/min. Injection temperature and detector temperature maintained at 250ºC and 
 260ºC  respectively throughout  the  analysis.  Coconut oil  found  to  contain  large  amount 
 of lauric acid myristic acid. [31]


Van  Nguyen  et  al.,  (2018)  isolated  the  fatty  acids  from  virgin  coconut  oil  using  lipase 
 and fatty acids were confirmed by GC analysis. Hydrolysis of fatty acids carried out on 
 the  basis  of  four  parameters  like  buffer,  lipase  concentration,  pH  and  temperature. 


Acidic  catalyzation  used  for  derivatization.  DB-FFAP  column  used  for  analysis  with 
 Helium as mobile phase. Injection temperature & detector temperature set at 250ºC. [32]


William  et  al.,  (2018)  compared  the lipid  profile of  coconut oil  and  other  oil by  GC-FID 
and Raman spectroscopy. Basic catalyzation used as derivatization method. CP-SIL 88 
column  used  for  separation.  Injection  temperature  programmed  at  250ºC.  Major  fatty 
acids  were  found in  lauric,  myristic,  palmitic, caprylic,  capric and  oleic  acid  which  give 
90% of saturated fatty acid composition. [33]
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 Idu  MacDonald  et  al.,  (2018)  studied  the  physicochemical  properties,  antioxidant 
 activities  of  cold  and  hot  pressed  coconut  oils  using  methyl  ester  extraction  method 
 published  by  AOAC.  Cold  pressed  oil  found to  contain high  quantity of  fatty  acids  and 
 acid  value.  Hot  pressed  oil  had  high  iodine  value,  peroxide  value  and  saponifiaction 
 value. Cold pressed oil had the highest quantity of lauric acid compared to hot pressed 
 oil and it had least physico-chemical properties with the exception of peroxide value. [2]


Alica  et  al.,  (2017)  developed  a  GC-MS  method  for  the  determination  of  fatty  acids  in 
 coconut  oils.  HP-  5  column  used  as  stationary  column.  Carrier  gas  used  was  Helium. 


280ºC  was  programmed  as  injection  and  detector  temperature.  It  was  found  that  the 
 major fatty acid methyl esters are lauric acid and myristic acid. In minor quantity, contain 
 capric acid, palmittic acid, oleic acid, linoleic acid and stearic acid. [10]


Julius  Pontoh  et  al.,    (2016)  examined  the  medium  chain  fatty  acids  in  coconut  oil  by 
 Acid  catalyzed  derivatization,  base  catalyzed  derivatization  method,  Boron  trifluoride 
 catalyzed derivatization. For the analysis Capillary Fused Silica Column (Rtx-Wax: 30 m 
 X 0.25 mm X 0.25 μm) was used with helium set at 75 kPa. Injection mode was set as 
 1:10 split mode at 250ºC. It was concluded that base catalyzed derivatization is efficient 
 with  highest  conversion  efficiency  and  lower  time  while  for  lower  medium  fatty  acids, 
 boron trifluoride catalyzed derivatization is the best. [3]


Dawrul  Islam  et  al.,  (2016)  studied  fatty  acid  composition  by  AOAC  method  in  edible 
 fats  and  oil  using  GC-FID  together  with  coconut  oil.  SP-2560  column  used  during 
 analysis and nitrogen worked as carrier. Detector temperature and injector temperature 
 were  260ºC  and  225ºC  respectively.  It  was  reported  that  coconut  oil  contains  high 
 amount  of  saturated  fatty  acids (60%)  and less  amount  of  mono  and  poly  unsaturated 
 fatty acids (5-8%). [24]


Diana  Moigraden  et  al.,  (2013)  quantitatively  identified  the  fatty  acids  from  coconut  oil 
 and  walnut  oils  using  GC-MS  method.  Boron  trifluoride  derivatization  employed. 


Stationary  phase  was  Zebron  ZB-FFAP  and  mobile  phase  was  helium.  Injection 
temperature  maintained  at  250ºC.  The  chromatographic  results  revealed  that  coconut 
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 oil is rich in saturated fatty acids with large fraction of lauric acid and myristic acid. The 
 study  showed  coconut  oil  contains  87%  saturated  fatty  acid  and  8%  unsaturated  fatty 
 acid. [34]


Vesna Kostik et al.,  (2013) studied twelve different varieties of vegetable oils including 
 coconut  oil.  Sulphuric  acid  used  as  acidic  derivatization  agent.  Nitrogen  carried 
 compounds  through  SPB-1  column.  280ºC  and  250ºC  were  detector  temperature  and 
 injector  temperature  respectively.  Besides  the  major  fatty  acid  lauric  acid,  other 
 saturated  fatty  acids  viz.  caprylic  acid,  capric  acid,  myristic  acid,  palmitic  acid  and 
 stearic acid were reported to be present in the oil. [35]


Mansor  et  al.,  (2012)  studied  the  physicochemical  properties  of  virgin  coconut  oil 
extracted  from  different  processing  methods.  Coconut  oil  extracted  from  the  pure  and 
fresh  coconut  milk  and  white  meat  by  fermentation  method,  chilling  and  thawing 
method,  enzymatic  treatment  and  fresh  dry  process.  Fresh  dry  method  extracted  the 
highest amount of oil. Basic catalyzation performed for derivatization.  Virgin coconut oil 
found to contain high content of medium chain fatty acids, majority with lauric acid (46-
48%). [25] 
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 CHAPTER 3 


NEED FOR THE PRESENT STUDY 


Coconut  oil  is  one  of  the  most  widely  used  vegetable  oils  for  several  hundred 
 years. However, coconut oil may also be considered as cooking oil whose chemical and 
 nutritional  aspects  are least  investigated.  Most  of  the  early  research  about  coconut  oil 
 was conducted in Western countries and the views presented over the health quality of 
 coconut  oil  are  controversial.  Most  of  the  predictions  and  the  interpretations  of  the 
 nutritional quality of coconut oil are based on the fatty acid composition of coconut oil. 


Unrefined edible oils contain a saponifiable fraction or a fraction with an ester functional 
 group  that  can  be  hydrolyzed  under  basic  conditions,  which  amounts  up  to  98  %  or 
 more of the weight of the oil. This fraction includes free fatty acids, triglycerides and all 
 other lipid forms. 


Coconut oil can be extracted from its kernel by the various following methods 
 1.  Pressing 


2.  Solvent extraction 
 3.  Fermentation 
 4.  Freeze thawing 
 5.  Heating  


Table 2. Oil recovery and purity of different extraction methods [36-37] 


Methods  Oil recovery  Free fatty 
 acid % 


Advantages and limitations 


Pressing  25%  0.1-0.2  Use  manually  operated  equipment 
 or manual pressing to produce oil 
 Produces  semi  dry  coconut  oil  that 
 has to dried or processed. 


Shelf life of oil is very short 
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 Solvent 


extraction 


17%  0.04-0.08  Produces  best  quality  of  oil  with 
 sweet coconut aroma. 


Can  only  be  produced  medium  and 
 large processing centres 


Fermentation  19.8%  0.1  Can be produced in ordinary kitchen 
 utensil  or  in  micro  scale  operation 
 using  semi  mechanized  equipment. 


Oil  produced  turn  into  sour 
 fermentation period is prolonged. Oil 
 must  be  properly  heated  to  dryness 
 after extraction to remove water and 
 prevent rancidity development  
 Freeze thawing  54%  0.08  Oil recovery and purity is high  


Heating  25%  0.05-0.08  Long shelf life of oil: 1 Year or more 
 Uses  mechanical  type  of  equipment 
 and  can  be  done  in  micro-scale 
 plant operation 


However, extensive literature survey, clearly revealed that extraction of coconut oil from 
the  kernel  of  coconut  using  n-hexane  and  ethyl  acetate  solvents  by  probe  sonication 
was  not  performed.  Hence  the  present  study  was  undertaken  to  assess  whether 
sonication process improve the percentage yield of the oil. 
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 CHAPTER 4 


AIM AND OBJECTIVES 
 Aim 


The  aim  of  the  present  study  is  to  prepare  coconut  oil  by  different  solvent  extraction 
 technique and to compare the fatty acid composition by gas chromatography. 


Objectives 


  To  extract  coconut  oil  from  coconut  flakes  by  probe  sonication  method  using  n-
 hexane & ethyl acetate as solvents. 


  To  investigate  physico  chemical  parameters  of    the  coconut  oil  obtained  by  probe 
 sonication method 


  To compare the fatty acid composition in the prepared coconut oil sample using gas 
chromatography   
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 CHAPTER 5 


PLAN OF WORK 


1.  Literature Review 


2.  Extraction of coconut oil 


  Solvent extraction 


  Wet process 


3.  Physical parameters evaluation 


  Acid value 


  Saponification value 


  Iodine value 


  Specific gravity 


  Refractive index 


  Unsaponifiable matter 


  Mineral oil 


  Moisture content 
 4.  Extraction of fatty acids 


  Base catalyzed derivatization 
 5.  Gas chromatography 


Optimization of chromatographic condition 


  Selection of column 


  Optimization of initial separation condition 


  Selection of sample injection mode 


  Optimization of oven temperature 


  Optimization of detector temperature 
 6.  Validation of method 


  Precision 


  Robustness 


  Ruggedness 
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 CHAPTER 5 


MATERIALS AND METHODS 


5.1. MATERIALS USED FOR THE STUDY  


Table 3. List of instruments used in the study 
 S. No   Instruments   Manufactured  by 


1  Gas chromatograph*  Perkin Elmer 


2  Analytical weighing balance   Shimadzu 


3  Hot air oven  Narang scientific works  


4  Probe sonicator  Sonics Vibra cell 


5  Electric sonicater   Sonica 


6  Abbe refractometer  


*Perkin  Elmer-Clarus  590  Gas  chromatograph  with  Elite-5  capillary  column,  (5  % 
 phenyl,  95%  dimethyl  polysiloxane)  30  m  x  0.25  mm,  0.25  µm  and  Flame  ionization 
 detector. 


 List of solvents and chemicals used in the study 


  Hexane  


  Ethyl acetate 


  Methanol  


  Ethanol 


  Ether 


  Conc. HCl 


  Sodium hydroxide 


  Potassium Hydroxide 


  Iodine  


  Phenolphthalein 


  Sodium thiosulphate 


  Carbon tetra chloride 
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 5.2 METHODOLOGY  


5.2.1 EXTRACTION OF COCONUT OIL 


a)  Extraction of coconut oil using Hexane  


Twenty-five g of coconut flakes taken in a 250 ml beaker and 100 ml of hexane 
 added to it. The mixture was sonicated for 20 minutes in a probe sonicator. After 
 optimization,  the  amplitude  of  sonication  set to  70%  and  the  time  interval  set to 
 10:10. The temperature was maintained at 35 ± 1°C. After sonication, the solvent 
 layer  was  filtered  out  using  Whatmann’s  filter  paper.  The  coconut  oil  was  then 
 collected  by  natural  evaporation  method.  This  procedure  was  repeated  for  10 
 times and % yield was calculated for 250 g of coconut flakes. 


b)  Extraction of coconut oil using Ethyl acetate  


Twenty-five  g  of  coconut  flakes  taken  in  a  250  ml  beaker  and  100  ml  of  ethyl 
 acetate added to it. The mixture was sonicated for total of 20 minutes in a probe 
 sonicator. After optimization, the amplitude of sonication set to 70% and the time 
 interval  set  to  10:10.  The  temperature  was  maintained  at  35    ±  1°C.  After 
 sonication, the solvent layer was filtered out using  Whatmann’s filter paper. The 
 coconut  oil  was  then  collected  by  natural  evaporation  method.  The  procedure 
 was  repeated  for  10  times  and  %  yield  was  calculated  for  250  g  of  coconut 
 flakes. 


5.2.2 PHYSICAL CONSTANTS  


In  order  to  confirm  the  purity  of  obtained  oils,  physical  constants  such  as  acid  value, 
 saponification  value,  iodine  value,  specific  gravity,  refractive  index,  unsaponifiable 
 matter, mineral oil content and moisture content were determined. 


a)  Acid value 


Weighed accurately 5 g of oil sample in a 250  ml conical flask and added 50 ml of 
neutralized acid free ethanol-ether mixture (25+25 ml) previously neutralized with 0.1 
M  potassium  hydroxide  solution.  Shaken  well  and  titrated against  0.1  M  potassium 
hydroxide solution using phenolphthalein  solution as indicator. The experiment  was 
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 repeated  twice  to  get  concordant  values.    Measured  the  volume  of  potassium 
 hydroxide  titrant  used  and  calculated  the  acid  value  according  to  the  following 
 equation:  


Acid value = 5.61 VM / W 


Where, V = Volume of potassium hydroxide consumed (mL) 
  M = Molarity of potassium hydroxide solution 


 W = Weight of coconut oil taken for analysis (g) 
 b)  Saponification value 


About  1.5  to  2.0  g  of  coconut  oil  weighed  into  a  250  ml  Erlenmeyer  flask  fitted 
 with  a  reflux  condenser. Twenty  five  ml  of  0.5  M  alcoholic  potassium  hydroxide 
 was added to it. The mixture was refluxed on a water bath for 30 minutes. Cooled 
 and  titrated  immediately  with  0.5  M  hydrochloric  acid  using  phenolphthalein 
 solution  as  indicator  (a).  Experiment  was  repeated  by  omitting  the  substance 
 being  examined  (blank)  (b).  The  experiment  was  repeated  twice  to  get 
 concordant  values.  Measured  the  volume  of  hydrochloric  acid  titrant  used  and 
 calculated the acid value according to the following equation: 


Saponification value= 28.05 (b-a) / w 


Where, b = Volume in ml of hydrochloric acid required for blank (mL).  


  a = Volume in ml of hydrochloric acid required for the sample (mL)  
   w = Weight of coconut oil being examined (g) 


c)  Iodine value 


Five  g  of  oil  accurately  weighed  into  a  500  ml  conical  flask  with  glass  stopper,  to 
 which 25 ml of carbon tetrachloride have been added. The contents were mixed well 
 and added 25 ml of Wij's solution and replaced the glass stopper. For proper mixing 
 swirled the solution and kept the flasks in dark for half an hour. After standing, added 
 15 ml of potassium iodide solution, followed by 100 ml of freshly boiled and cooled 
 water,  rinsing  in  the  stopper  also.  Liberated  iodine  was  titrated  with  standardized 
 sodium  thiosulphate  solution,  using  starch  as  indicator  until  the  blue  colour  formed 
 disappears. Blank determinations conducted in the same manner without oil sample. 


Iodine value was calculated using the equation 
Iodine value = 12.69 (B-S) N / W 
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 Where,  B = Volume in ml of sodium thiosulphate solution required for blank (mL) 


S = Volume in ml of sodium thiosulphate solution required for the sample (mL)  
 N = Normality of the standard sodium thiosulphate solution (N)  


W = Weight of coconut oil used for analysis (g) 
 d)  Specific gravity 


Dry  specific  gravity  bottle  was  filled  with  the  oil  in  such  a  manner  to  prevent 
 entrapment  of  air  bubbles.  Inserted  the  stopper  and  weighed  the  oil  at  30°C  ± 
 0.2°C.  In  a  pre-weighed  specific  gravity  bottle,  weight  of  water  at  30°C  ±  0.2°C 
 was weighed. 


Specific Gravity at 30°C / 30°C = A-B / C-B 


         Where, A = Weight of specific gravity bottle with oil (g)  
 B = Weight of empty specific gravity bottle (g)  
 C = Weight of specific gravity bottle with water (g) 
 e)  Refractive index 


After cleaning the nicol prisms, few drops of oil was placed on the prism. Closed 
 the prisms and allowed to stand for 1-2 min. Turned on the light source. The eye 
 piece micrometer screw  was adjusted to focus the boundary between the bright 
 and  dark  regions.  Refractometer  scale  adjusted  to  place  the  cross  wire  of  the 
 telescope  exactly  on  the  boundary  between  the  bright  and  dark  regions.  Read 
 the index of refraction using the telescope scale. 


f)  Unsaponifiable matter 


Five  g  of  oil  was  weighed  accurately  into  a  250  ml  conical  flask  and  50  ml  of 
alcoholic potassium hydroxide solution was added to it. The contents were boiled 
under  reflux  air  condenser  for  one  hour.  Then  the  saponified  mixture  was 
transferred to a separating funnel, washed the saponification flask first with some 
ethyl alcohol and then with cold water, using a total of 50 ml of water to rinse the 
flask.  Then  the flask  was  cooled  to  20  to  25°C.  Fifty  ml  of  petroleum  ether  was 
added  to  the  flask,  shaken  vigorously,  and  allowed  the  layers  to  separate.  The 
lower  soap  layer  transferred  into  another  separating  funnel  and  repeated  the 
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 ether extraction for another 3 times using 50 ml portions of petroleum ether. The 
 combined ether extract  was  washed three times  with 25  ml portions of aqueous 
 alcohol followed by washing with 25 ml portions of distilled water to ensure ether 
 extract  is  free  of  alkali.  Ether  solution  was  transferred  to  250  ml  beaker,  rinsed 
 separator  with  ether,  added  rinsings  to  main  solution.  The  solutions  were 
 evaporated  to  about  5  ml  and  transferred  to  50  ml  Erlenmeyer  flask  previously 
 dried and weighed. Ether was evaporated out. When all ether has been removed, 
 then 3 ml of acetone was added and heated on water bath completely to remove 
 solvent. To remove last traces of ether dried at 100°C for 30 minutes till constant 
 weight  is  obtained.  The  residue  was  dissolved  in  50  ml  of  warm  ethanol  and 
 neutralized to a phenolphthalein. The solution was titrated with 0.02N NaOH and 
 percentage of unsaponificable matter was calculated by the following formula. 


Unsaponifiable matter =100 (A-B) / W 
 Where, A = Weight of the residue (g) 


B = Weight of the free fatty acids in the extract (g)  
 W = Weight of coconut oil (g) 


g)  Presence of mineral oil 


Twenty five ml of the alcoholic KOH solution poured in a conical flask and added 
 1 ml of the sample of oil to be tested. The contents were boiled on a water bath 
 in a reflux condenser till the solution becomes clear and no oily drops are found 
 on the sides of the flask. The flask taken out from the water-bath, transferred the 
 contents to a wide mouthed warm test tube and carefully added 25 ml of boiling 
 distilled water along the sides of the test tube. Kept shaking the tube lightly from 
 side  to  side  during  the  addition.  Turbidity  produced  indicates  the  presence  of 
 mineral  oil  and  the  depth  of  turbidity  depends  on  the  percentage  of  mineral  oil 
 present. 


h)  Moisture content 


Weighed  in  a  previously  dried  and  tared  dish  about  5-10  g  of  oil.  Mixed 
thoroughly by stirring. Loosed the lid of the dish and heated, in an oven at 105 ± 
1°C for 1 h. Removed the dish from the oven and closed the lid. Cooled the dish 
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 in  a  desiccator  containing  phosphorus  pentoxide  or  equivalent  desiccant  and 
 weighed.  Heated  in  the  oven  for  a  further  period  of  1  h,  cooled  and  weighed. 


Repeated  this  process  until  change  in  weight  between  two  successive 
 observations does not exceed 1 mg.  


Moisture content= W1 X 100 / W 


Where, W1 = Loss in weight of the material on drying (g) 
   W = Weight of coconut oil used for the analysis (g) 


Table 4. Physical parameters and specification for coconut oil 


Parameters  Specification as per FSSAI / IS 542 


Acid value  Max 5.0 


Saponification value  Min 250 


Iodine value  7.5-10.0 


Specific gravity  0.915-0.920 


Refractive index  1.4480-1.4490 


Unsaponifiable matter  Below  0.8% 


Mineral oil  Absent 


Moisture content  Maximum 1% 


5.2.3 EXTRACTION OF FATTY ACIDS 
 Base catalyzed derivatization method  


Fifty mg of coconut oil was weighed in a screwed cap test tubes (10 mL) and 400 uL of 
 0.5  M  methanolic  NaOH  was  added.  The  mixture  was  then  heated  at  50°C  for  20 
 seconds.  One  mL  of  hexane  was  added  to  the  mixture  and  vortexed  for  30  seconds. 


After settling, the top layer was collected in a clean tube and to that solution 400 µL of 
(2  N)  methanolic  HCl  was  added  which  was  then  mixed  using  vortex.  The  same  top 
layer was used for the chromatogram analysis. 
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 5.2.4 GAS CHROMATOGRAPHY (GC) METHOD DEVELOPMENT 


Optimization of chromatographic conditions 
 Selection of column 


The selection of the proper capillary column should be based on four significant factors 
 which are stationary phase, column internal diameter, film thickness, and column length. 


The differences in the chemical and physical properties of injected organic compounds 
 and their interactions with stationary phase are the basis of separation process. When 
 strength of the analyte-phase interactions differs significantly for two compounds, one is 
 retained longer than the other.  


Thirty  meter  capillary  column  (Internal  diameter  0.25  mm,  0.25  µm)  coated 
 internally with 5 % phenyl, 95% dimethyl polysiloxane  


Selection of initial separation condition 


Different  chromatographic  conditions  are  applied  for  the  optimization.  Particularly  by 
 changing the stationary phase, mobile phase, column oven temperature  


 Initial oven programming 


Rate (°C /min)  Temperature (°C)  Hold (Min) 


50  1 


8  240°C  1 


Rate (°C /min)  Temperature (°C)  Hold (Min) 


50  1 


5  140  1 


10  270  1 


Selection of injection volume 
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