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ABSTRACT

The physicochemical features of different Vanaspati Samples from various
commercials varieties were investigated. Fatty acid profile of different vanaspati
samples were studied and the trans fatty acids of different types of vanaspati
samples are discussed by many researchers. Gas chromatography is used to
evaluate the fatty acid profile.

The most prevalent fatty acid was palmitic acid, which was followed by oleic,
stearic, and linoleic acids. According to differential scanning calorimetry, the solid
fat content of the samples was 54—-67% solids at 20°C, 42-59% solids at 25°C, and
0.2-19% solids at 40°C. The melting point of the slide was between 39 and 40
degrees Celsius. The fat with the highest trans content had the highest hardness
index. There was no obvious link between fatty acid composition and consistency,
however.

Five different samples of vanaspati (vegetable ghee) were studied. Saturated FA,
cis monounsaturated FA, and cis PUFA content in vanaspati, TFA levels in
Vanaspati samples were much higher, ranging from 14.2 to 34.3 %.

Keywords: Trans Fatty acid, Vanaspati, Table Margarine, Elaidic acid,
Monounsaturated fatty acid, Polyunsaturated fatty acid.




INTRODUCTION

Speciality of fat with no trans fatty acids prepared by blending palm oil fraction with
rice bran oil showed melting characteristics similar to those of commercial vanaspati.
This fat is used in preparation of Indian traditional foods such as Mysorepak, Sohan
papdi and Badusha substituting vanaspati and the quality was evaluated in
comparison with those prepared using vanaspati. The appearance, texture and
sensory analyses of all the products prepared with speciality fat were similar and
comparable with those prepared with vanaspati. The products prepared with vanaspati
and commercial samples contain trans fatty acids (0.3 - 6.3%), whereas those
prepared with speciality fat did not contain any trans fatty acids. The study therefore
revealed that the trans-free speciality fat prepared using palm oil fraction and rice bran
oil could be used as vanaspati (trans fatty acids 17.7%) substitute to prepare a range
of traditional foods and thereby improve nutritional quality.

OILS and FATS

Oils and Fats form an important part of a healthy diet. Structurally, they are esters of
glycerol with three fatty acids (called either triacylglycerols or triglycerides). It is these
fatty acids that give the functionality to fats. Chemically, they can be divided into four
main types — saturated, cis- monounsaturated, cis-polyunsaturated and trans-fatty
acids.

In every broad term, saturated fatty acids and trans-fatty acids are solid at room
temperature while the cis-unsaturated are liquid at room temperature. Although no
naturally occurring fat is either 100% saturated or 100% unsaturated (but is a mix of
the two), fats are often referred to as ‘saturated’ or ‘unsaturated’ because of the
predominance of one or other type of fatty acid.

From a product functionality point of view, different groups of food products will have
different requirements. Bakery products (e.g., pastry and biscuits) require a fat with
a moderate amount (25- 40%) of solid fat to be present during dough preparation to
give a light texture without undue oil exudation in the final product. Chocolate needs
to be based on cocoa butter from both a legislative and functionality point of view
and any fats used to replace cocoa butter need also to conform to legislation and to
melt and crystallize in the same way as cocoa butter. Although the terms 'oils’ and
fats' are often used interchangeably, they are usually used to distinguish
triglycerides in the liquid state at ambient temperatures (oils) from those in the solid
state (fats). They are commonly of vegetable origin (e.g., palm oil, rapeseed oil,
soyabean oll, olive oil, cocoa butter, etc.) or animal origin (e.g., pork lard, beef tallow,
fish oils) as well as from animal milk fats.
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Fats are solid at room temperature, like Vanaspati, butter, bakery & shortening etc.
Solid fats mainly come from animal foods and can also be made from vegetable oils
through a process called hydrogenation.

Fats and oils are non-volatile in nature. Also, these are insoluble in water and soluble
in organic solvents. Oils and fats play a vital role in our bodies’ essential biochemical
processes which keep us alive and well as well as in storing energy and insulating
us. They are important nutrients in a normal, balanced, healthy diet and the body
needs them for a variety of reasons. Fats provide a concentrated source of energy
and is a carrier for fat-soluble vitamins A, D, E and K.

FATTY ACID

Fatty acid, important component of lipids (fat-soluble components of living cells) in plants,
animals, and microorganisms. Generally, a fatty acid consists of a straight chain of an even
number of carbon atoms, with hydrogen atoms along the length of the chain and at one end
of the chain and a carboxyl group (—COOH) at the other end. It is that carboxyl group that
makes it an acid (carboxylic acid). If the carbon-to-carbon bonds are all single, the acid is
saturated; if any of the bonds is double or triple, the acid is unsaturated and

more reactive. A few fatty acids have branched chains; others contain ring structures
(e.g., prostaglandins). Fatty acids are not found in a free state in nature; commonly they exist
in combination with glycerol (an alcohol) in the form of triglyceride.
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Figure 1- structure of fatty acid
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Fatty acids can be divided into four general categories: saturated, monounsaturated,
polyunsaturated, and trans fats. Saturated fatty acids and trans fats are associated with an
increased risk of coronary heart disease. Monounsaturated fatty acids and polyunsaturated
fatty acids are associated with a decreased risk of coronary heart disease, although these
associations are not uniformly supported in the literature. Omega-3 fatty acids, which are a
type of polyunsaturated fatty acid, have been studied as potential therapy for a variety of
medical conditions because of their suspected anti-inflammatory properties. Omega-3 fatty
acids have also been shown to provide some benefit to patients with cystic fibrosis, and may
have a protective effect against dementia. Physicians should counsel patients about the
importance of avoiding hydrogenated oils and foods containing trans fats because of their
association with coronary heart disease in observational studies.

Different forms of Fatty acids

One is Saturated fatty acids, and these forms are those that have all single bonds
(having the greatest number of hydrogen atoms).

Saturated fatty acids have a linear structure and are solidified at room temperature.
They are derived from animal fats. Example fats. Monounsaturated (one double bond)
or polyunsaturated (more than one double bond) fatty acids have one and more than
one double bonds.

Unsaturated fatty acids have a bent structure and are fluid at room temperature. They
are derived from plants. Example oils.

Saturated None

Monounsaturated One w

Polyunsaturated Multiple (>1)

Figure 2- types of fatty acid
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SATURATED FATTY ACIDS (SFA)

A saturated fat is a type of fat in which the fatty acid chains have all or predominantly single
bonds. Saturated fatty acids are extremely stable i.e., they do not easily become rancid,
meaning they have good keeping properties (shelf life). Saturated fat is solid at room
temperature, which is why it is also known as "solid fat."

Most animal fats such as meat, butter, cheese and cream contain relatively high levels of
saturated fat. Saturated fat is also in tropical oils, such as coconut oil, palm oil, and cocoa
butter. Foods made with butter, margarine, or shortening and many baked goods such as
cakes, biscuits, cookies, pastries and other desserts can also be high in saturated fat. Some
of these are:

Butyric (C4:0), Lauric (C12:0), Myristic (C14:0), Palmitic (C16:0), Stearic (C18:0), Arachidic
(C20:0), Behenic (C22:0).

Molecular Formula: C12H2402

Chemical Structure of Lauric Acid is:

o~

Figure 3. Chemical structure of lauric acid

UNSATURATED FATTY ACIDS

Unsaturated fatty acids have at least one or more double bonds in their chemical structure.
There are three types of unsaturated fatty acids:

e Mono Unsaturated (MUFA)

e Poly Unsaturated (PUFA)

e Trans Fatty Acid (TFA)

MONOUNSATURATED FATTY ACIDS (MUFA)

Fatty acids in this category have one double bond in their chemical structure. They are
relatively stable to oxidation and the development of rancidity and are now considered, in
nutritional terms, as being the best type of fat to eat.
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Monounsaturated fats are found in high concentrations in Olive, peanut, and canola oils.
Erucic (C22:1) and oleic (C18:1) acids are the most commonly found monounsaturated fatty
acids inedible oils.

Molecular Formula: C1sH3402

Chemical structure of oleic acid is:

Figure 4. Chemical structure of oleic acid

POLYUNSATURATED FATTY ACIDS (PUFA)

Polyunsaturated fatty acids contain two or more double bonds in their chemical structure.
They are least stable fatty acids to oxidation and as such are best used in cold applications.
Polyunsaturated fats are found in high concentrations in Sunflower, Corn, Soybean, and
Flaxseed (Linseed) oils. Most common polyunsaturated fatty acids found in edible oils are
linoleic (C18:2) and linolenic (C18:3).

Molecular Formula: C1sH320:2

Chemical structure of linoleic acid is:

U
A T R \)
VARV AV AVAVAVA

Figure 5. Chemical structure of linoleic acid
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Saturated fatty acid
(no double bonds)

Unsaturated — trans

(H atoms opposite)

Unsaturated — cis

(H atoms same side)

= bent configuration

O=C @€=0 ©=H

Figure 6 - Types of Fatty Acid Configurations

TRANS FATTY ACIDS (TFA)

T " OH
C—

N
| C—H
'E

O

H
I

I
0

H
I

o

H : i

“Trans’ fatty ac1d

Figure 7- Trans fatty acid

Trans fatty acids, more commonly called trans fats, are made by heating liquid vegetable
oils in the presence of hydrogen gas and a catalyst by the process called hydrogenation.
This process increases the shelf life of fat and makes the fat harder at room temperature.

Trans fats are rare in nature. Trans fats are also created during the manufacture of some
baked products such as pies, pastries, cakes, biscuits and buns. It is the trans fats that are
produced during food manufacturing that you should be most concerned about, not the small
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amounts of trans fats naturally found in healthy foods like low-fat dairy products. High
concentrations of trans are found in Vanaspati, shortening and margarine.

For instance, the trans fatty acid of oleic(C18:1) is Elaidic, trans(C18:1) and that of
linoleic(C18:2) is Linolelaidic, trans(C18:2).

cis (Oleic acid)
H H 0

H3C\/\/\/\)=</\/\/\)I\OH

trans(Elaidic acid)

HSC/\/\/\/\‘/‘\/\/\/\/U\OH

H

C18H3’102

Figure 8. Chemical structure of trans of oleic acid

FSSAI limits for Trans Fatty acids

FSSAI has set a limit for industrial TFAs in edible oils and fats of not more than 2%
effective.

January 1, 2021, and the limit would be further decreased in all fats and oils to not
more than 2% by January 1, 2022, as per its 2018 plan.

Beginning January 1, 2022, food products holding more than 2% industrial Trans Fatty
acids will be banned. With India's Food Safety and Standards Authority (FSSAI)
establishing a deadline of January 1, 2022 for restricting trans-fat levels in food items and
edible oils and fats to 2%, India will join a group of roughly 40 countries around the world
adopting policies to eliminate trans-fats from their food supply chains

HYDROGENATION

The process was originally introduced to convert some of the unsaturated fatty acids in
vegetable oils and animal fats to make them more stable to oxidation. In this process, the
unsaturated double bonds in the fatty acids of the oil molecules react with hydrogen atoms in
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the presence of a catalyst (as shown in the below reaction). Nickel catalyst is used in
commercial hydrogenation of edible oils.

HH

R R ) |
Sc=c” 7 +m, Nl R CCR
R/'f \“-\R -

Other catalysts, such as platinum, palladium, copper, etc., have also been applied in
hydrogenation applications. These are not used in commercial hydrogenation of edible oils.
Hydrogenation has been used for a long time to improve oxidative stability of vegetable oils
for improved shelf life and to modify the melting characteristics of the oil to formulate products
like shortening, margarine and Vanaspati with the desired physical properties.

ESSENTIAL FATTY ACID

Essential fatty acids, or EFAs, are unsaturated fatty acids that humans and other animals
must ingest because the body requires them for good health but cannot synthesize them in
the body and therefore must be obtained from the diet. Studies have shown that increasing
the intake of

Certain essential fatty acids, either alone or in combination with other fats and compounds,
can increase health, help in treating certain diseases, or even improve body composition,
mental and physical performance. They are:

e OMEGA-3
Fatty acids have the first double bond at the third carbon
Eicosapentaenoic (EPA) (C20:5n3)
Docosahexaneoic (DHA) (C22:6n3)
Alpha-Linolenic (ALA) (C18:3n3)
e OMEGA-6
Fatty acid have the first double bond at the sixth carbon atom
Linoleic Acid (C18:2n6)
e OMEGA-9
Fatty acids have the first double bond at the ninth carbon atom.
Oleic Acid (C18:1n9)
Erucic (C22:1n9)

GAS CHROMATOGRAPHY

Gas chromatography (GC) is a common type of chromatography used in analytical chemistry
for separating and analyzing compounds that can be vaporized without decomposition.
Typical uses of GC include testing the purity of a particular substance, or separating the
different components of a mixture.

17




In some situations, GC may help in identifying a compound. Only volatile compounds are
tested in GC. GC is the most sensitive and accurate method for fat analysis.
There are three components of GC, these are:

e Injector
e Oven
e Detector

[ ]
Also, there are two phases in GC:
e Stationary phase - Column (different types of columns according to the compounds).

e Mobile phase - Gas

The gases used in GC are Nitrogen, Hydrogen and Zero Air. Nitrogen goes in column and is
used as carrier gas. Hydrogen is the fuel gas while zero air is used for ignition and contains
20% O2.

In gas chromatography, the mobile phase is a carrier gas, usually an inert gas such as helium
or an unreactive gas such as nitrogen. Helium remains the most commonly used carrier gas
in about 90% of instruments although nitrogen is preferred for improved separations. The
stationary phase is a microscopic layer of liquid or polymer on an inert solid support, inside a
piece of glass or metal tubing called a column. The instrument used to perform gas
chromatography is called a gas chromatograph. The gaseous compounds being analyzed
interact with the walls of the column, which is coated with a stationary phase. This causes
each compound to elute at a different time, known as the retention time of the compound.
The comparison of retention times is what gives GC its analytical usefulness.

The process of separating the compounds in a mixture is carried out between a liquid
stationary phase and a gas mobile phase, the column through which the gas phase passes
is located in an oven where the temperature of the gas can be controlled. Finally, the
concentration of a compound in the gas phase is solely a function of the vapor pressure of
the gas. Gas chromatography is also similar to fractional distillation, since both processes
separate the components of a mixture primarily based on boiling point differences.

autosampler

regulator traps
= ]
D

detector

| L
e ' inlet = chromatogram
ga []

cylinde || | |

1

6

column oven
Inert carrier gas Gas Chromatograph (GC) Computer

Mobile phase Stationary phase Data

Figure 9. Diagram of Gas chromatography instrument
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REVIEW OF LITERATURE

Edible Oils are in 3 forms on the basis of processing viz. Crude Oil, Refined Oil and Vanaspati.
The uninitiated, based on the terms used, will perceive

e Crude oil is natural and not yet fit for consumption
« Refined oil is improved and made perfect for consumption
e Vanaspati, in Sanskrit means ‘lord of forest’, should be very healthy

This is where consumers are misguided by the names and their literal meanings. The fact
though is

o Crude Oil that is just filtered after extracting oil from the oil seed is the healthiest.
Unrefined oils still have healthy bioactive components, Vitamin E, flavour and
aroma.

« Refined Oil is highly processed with the use of chemicals and heat to just retain
the oil. Even oils extracted from lower quality oil seed can be refined. So, refined
oil though pure is not as healthy as corresponding crude/unrefined oil.

e Vanaspati is formed by partial hydrogenation of refined vegetable oil is extremely
harmful. They have Trans fats which are formed as a by-product of hydrogenation.

In India, of the total 13 million tons of edible oil consumed, 10% is in the form of Vanaspati
and 45% each in refined and unrefined form. Doctors and Health Departments warn
consumers against intake of saturated fats, but the real culprit for all the heart problems and
obesity are trans fats. Chemical analysis of trans fats gives a logical reason why trans-fats
are harmful.

Chemistry of fats

Fatty acids are characterized as either saturated or unsaturated based on the presence of
double bonds in its structure. If the molecule contains no double bonds, it is said to be
saturated; otherwise, it is unsaturated to some degree. A saturated fat has no double bonds,
has the maximum number of hydrogens bonded to the carbons, and therefore is “saturated”
with hydrogen atoms. The more double bonds in the fatty acid the more vulnerable it is to
rancidity, as free radicals attack double bonds.

In most naturally occurring unsaturated fatty acids (and all saturated fatty acids), the
hydrogen atoms are on the same side of the double bonds of the carbon chain (cis
configuration — from the Latin, meaning “on the same side”). However, partial hydrogenation
reconfigures most of the double bonds that do not become chemically saturated, twisting
them so that the hydrogen atoms end up on different sides of the chain. This type of
configuration is called trans, from the Latin, meaning “across.” The trans conformation is the
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lower energy form, and is favoured when catalytically equilibrated as a side reaction in
hydrogenation.

The trans configuration is straighter, while the cis configuration is noticeably kinked. Trans
fats have a much higher melting point (45 °C), due to the ability of the trans molecules to
pack more tightly, forming a solid that is more difficult to break apart. This notably means that
it is a solid at human body temperatures (37 °C).

In essence, hydrogenated oil/trans fats are stable making the food products last longer and
are solids at body temperature making it harder to digest.

Hydrogenated oils are more stable than corresponding natural oils with unsaturated fats.
Saturated fats are mostly found in animal sources (Butter, Ghee etc) which are scarce and
hence expensive. Oils from vegetable sources are mostly unsaturated, abundant and less
expensive. So, partial hydrogenation of less expensive unsaturated fats from vegetable
sources is an attractive commercial proposition. They are not only stable and make the fried
food product last longer but also adds to the taste. That is why we find widespread use in
commercial cooking in Breads, Cookies, Cream Biscuits, Sweets, fried snacks, chocolates
and ice creams.

Health Risk

The primary health risk identified for trans-fat consumption is an elevated risk of coronary
heart disease. The reason is trans-fat increases the level of LDL or bad cholesterol and
decreases HDL or good cholesterol. Other ill-effects are Alzheimer’s disease, Cancer,
Diabetes, Obesity, Liver dysfunction and infertility in women.

Prevention of Food Adulteration Act specifies that the melting point of Vanaspati be strictly
less than 41 °C. That means manufactures must ensure that hydrogenation is stopped before
melting point reaches that point. Also, the labels in packed food products must show the
amount of trans fats in the food sample. ITC, Britannia and the likes who are branded
manufacturers of such food products clearly mention that Trans fats are bad for health just
like Cigarette packs mention ‘Smoking is injurious to health’.

It is highly advised that consumers avoid all commercially prepared foods (Bakeries, Hotels
and Packed foods) to the extent possible. One should also carefully read the labels for its
ingredients and nutrition values. Food items containing Edible Vegetable Fat or having Trans
fats value more than 2% should be avoided.

Trans Fatty Acid

Trans fatty acid (TFA) is isomers of monounsaturated and polyunsaturated fatty acids
(MUFAs and PUFAs, respectively) and are not synthesized by the human body, nor are they
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essential to the human diet. Moreover, dietary intake of most TFAs is well recognized as an
independent risk factor for the development of cardiovascular diseases (CVDs) (Mozaffaria,
2016) and is also associated with mortality from all causes (Kiage et al., 2013). While some
TFAs are naturally produced by the bacteria in the rumen and as such found in the meat, milk
and dairy products of ruminants (MacGibbon and Taylor, 2006), their contribution to overall
TFA consumption is minimal (Allison et al., 1999). Industrially produced TFAs are considered
a major source of TFAs in the human diets in many countries.

TFAs, due to their molecular structure, possess the potential for closer packing and alignment
of their acyl chains, which results in decreased molecular mobility and reduced fluidity. For
these reasons, and also because of a consumer preference for vegetable fats (in comparison
to animal fats), hardened vegetable fats have become widely used. Although TFAs can also
be formed endogenously via oxidative stress and by free radicals (Hung et al., 2016), and
are commonly formed during preparation of food, particularly during frying (Cui et al., 2017),
industrially produced partly hydrogenated fats (PHFs).

Vegetable Oils in general contain mainly C18 unsaturated fatty acids (FAs), the PHFs being
prepared from these oils predictably consist of mainly trans-C18 isomers (Albers et al., 2008;
Alves et al., 2008).

An improved gas chromatography method for the simultaneous separation of 52 fatty acids
(FAs) has been developed. For both oleic acid and linoleic acid, a good resolution was
achieved for their positional and geometrical (cis/trans) isomers. This method was validated
to be precise, accurate and sensitive.

Fatty acids are comprised of hydrocarbon chains terminating with carboxylic acid groups.
Fatty acids and their associated derivatives are the primary components of lipids. The length
and degree of saturation of the hydrocarbon chain is highly variable between each fatty acid,
and dictates the associated physical properties (e.g., melting point and fluidity). Moreover,
fatty acids are responsible for the hydrophobic properties (insoluble in water) exhibited by
lipids. Fatty acids are composed of carbon chains containing a methyl group at one end and
a carboxyl group at the other.

The methyl group is termed the omega and the carbon atom situated next to the carboxyl
group is termed the a carbon, followed by the B carbon, etc. Fatty acid molecules also have
two chemically distinct regions:

i. A long hydrophobic hydrocarbon chain, which is not highly reactive.

ii. A carboxyl (-COOH) group, which is hydrophilic and highly reactive.
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TABLE 1.- LIST OF FATTY ACIDS

Carbon no. Fatty acid name | Carbon no. Fatty acid name
(C4:0) Butyric (C18:3) Alpha Linolenic
(C6:0) Caproic (C20:0) Arachidic
(C8:0) Caprylic (C20:1) Eicosenoic
(C10:0) Capric (C20:2) Eicosadienoic
(C11:.0) Undecanoic (C21:0) Henecosenoic
Gamma
(C12:0) Lauric (C20:3) ecosatetranoic
(C13:0) Tridecanoic (C20:4) Arachidonic
(C14:0) Myristic (C20:3) Eicostrienoic
(C14:1) Myristoleic (C20:5) EPA
(C15:0) Pentadecanoic (C22:0) Behenic
Cis -10
(C15:1) Pentadecanoic (C22:1) Erucic
(C16:0) Palmitic (C22:2) Docosadenoic
(C16:1) Palmitoleic (C22:4) Docosatetranoic
(C17:0) Heptadecanoic (C22:5) Docosapentanoic
Cis -10
(C17:1) Heptadecanoic (C23:0) Tricosanoic
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(C18:0) Stearic (C24:0) Lignoceric
(C18:1 trans) Elaidic (C22:5 n3) Docosapentanoic
(C18:1) Oleic (C22:6) DHA

(C18:2 trans) Linolelaidic (C24:1) Nervonic

(C18:2) Linoleic

(C18:3) Gamma Linoleic

GAS CHROMATOGRAPHY

Gas chromatography is a term used to describe the group of analytical separation
techniques used to analyses volatile substances in the gas phase. In gas chromatography,
the components of a sample are dissolved in a solvent and vaporized in order to separate
the analytes by distributing the sample between two phases: a stationary phase and a
mobile phase. The mobile phase is a chemically inert gas that serves to carry the molecules
of the analyte through the heated column. Gas chromatography is one of the sole forms of
chromatography that does not utilize the mobile phase for interacting with the analyte. The
stationary phase is either a solid adsorbent, termed gas-solid chromatography (GSC), or a
liquid on an inert support, termed gas-liquid chromatography (GLC).

A typical gas chromatograph consists of an injection port, a column, carrier gas flow control
equipment, ovens and heaters for maintaining temperatures of the injection port and the
column, an integrator chart recorder and a detector. To separate the compounds in gas-
liquid chromatography, a solution sample that contains organic compounds of interest in
injected into the sample port where it will be vaporized. The vaporized samples that are
injected are then carried by an inert gas, which is often used by helium or nitrogen. This
inert gas goes through a glass column packed with silica that is coated with a liquid.
Materials that are less soluble in the liquid will increase the result faster than the material
with greater solubility.
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PRINCIPLE

The sample solution injected into the instrument enters a gas stream which transports the
sample into a separation tube known as the "column.” (Helium or nitrogen is used as carrier
gas.) The various components are separated inside the column. The detector measures the
guantity of the components that exit the column. To measure a sample with an unknown
concentration, a standard sample with known concentration is injected into the instrument.
The standard sample peak retention time (appearance time) and area are compared to the
test sample to calculate the concentration.

INJECTOR

The injector can be used in one of two modes; split or split less. The injector contains a
heated chamber containing a glass liner into which the sample is injected through the
septum. The carrier gas enters the chamber and can leave by three routes (when

the injector is in split mode).

Septum Septum Purge

Syringe Meedle

“aporization

Chamber Carrier Gas

Zero Dead-
“olume
Connector

Column

Figure 10. A cross-sectional view of a micro flash vaporizer direct injector

COLUMN OVEN

Temperature in GC is controlled via a heated oven. The oven heats rapidly to give excellent
thermal control. The oven is cooled using a fan and vent arrangement usually at the rear of
the oven. A hanger or cage is usually included to support the GC column and to prevent it
touching the oven walls as this can damage the column.
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The injector and detector connections are also contained in the GC oven. For Isothermal
operation, the GC is held at a steady temperature during the analysis. In temperature
programmed GC the oven temperature is increased according to the temperature program
during the analysis.

3:51 PM

Figure 11. Column and Oven

DETECTOR

The detector responds to a physicochemical property of the analyte, amplifies this response
and generates an electronic signal for the data system to produce a chromatogram. Many
different detector types exist and the choice is based mainly on application, analyte
chemistry and required sensitivity — also on whether quantitative or qualitative data is
required. Detector choice include:

Flame lonization Detector (FID)
Nitrogen Phosphorus Detector (NPD)
Electron Capture Detector (ECD)
Thermal Conductivity Detector (TCD)

PhwnN PR

FLAME IONISATION DETECTORS

Mechanism: Compounds are burned in a hydrogen-air flame. Carbon containing
compounds produce ions that are attracted to the collector. The number of ions hitting the
collector is measured and a signal is generated.

Selectivity: Compounds with C-H bonds. A poor response for some non-hydrogen
containing organics (e.g., Hexachlorobenzene).

Sensitivity: 0.1-10ng

Linear range: 10°-107
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Gases: Combustion - hydrogen and air; Makeup - helium or nitrogen
Temperature: 250-300°C, and 400-450°C for high temperature analyses.

NITROGEN PHOSPHORUS DETECTOR (NPD)

Mechanism: Compounds are burned in a plasma surrounding a rubidium bead supplied
with hydrogen and air. Nitrogen and phosphorous containing compounds produce ions that
are attracted to the collector. The number of ions hitting the collector is measured and a
signal is generated.

Selectivity: Nitrogen and phosphorous containing compounds
Sensitivity: 1-10 pg.

Linear range: 10%-10-°

Gases: Combustion - hydrogen and air; Makeup - helium
Temperature: 250-300°C

ELECTRON CAPTURE DETECTOR (ECD)

Mechanism: Electrons are supplied from a 63Ni foil lining the detector cell. A current is
generated in the cell. Electronegative compounds capture electrons resulting in a reduction
in the current. The amount of current loss is indirectly measured and a signal is generated.

Selectivity: Halogens, nitrates and conjugated carbonyls
Sensitivity: 0.1-10 pg. (halogenated compounds); 1-100 pg.
(nitrates); 0.1-1 ng (carbonyls)

Linear range: 103-10*

Gases: Nitrogen or argon/methane

Temperature: 300-400°C

THERMAL CONDUCTIVITY DETECTOR (TCD)

Mechanism: A detector cell contains a heated filament with an applied current. As carrier
gas containing solutes passes through the cell, a change in the filament current occurs. The
current change is compared against the current in a reference cell. The difference is
measured and a signal is generated.

Selectivity: All compounds except for the carrier gas

Sensitivity: 5-20 ng

Linear range: 10°-10°

Gases: Makeup - same as the carrier gas

Temperature: 150-250°
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OBJECTIVES

Analysis of fatty acid for Vanaspati by using Gas Chromatography.

Analysis of Trans fat for Vanaspati by using Gas Chromatography.
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METHODOLOGY

The transfat analysis method utilized in this study consists of components of both
AOAC 996.06 and AOAC 996.33. The GC conditions, as well as the recognition and
guantification of trans fat in gas chromatography, are all subject to modifications
proposed to AOAC 996.06.

Many of the profile's minor components, however, are not available in conventional
materials. As a result, the AOAC methodology is utilized to identify particular key
isomers by comparing the profiles of the detected isomers. The peaks 12 trans, 18:2
(linolelaidate), 9 trans 18:1 (elaidate) and 9 trans is discovered and figured out using
external standards. The AOCS approach, which quantifies the regions of 18:2 and
18:1 transfat isomers as packed peaks, with the recognition supported by retaining
lengths of other identified peaks, is used to quantify additional 18:1 and 18:2 transfat
isomers The activation factors of elaidate and linolelaidate are used to quantify these
peaks. The peaks directly before 9 trans 18:1 elaidate (usually 4 trans—14 trans 18:1)
but before 9 cis 18:1, as well as 16 trans 18:1, are trans 18:1 isomer (which elute
after 9-cis 18:1). Trans 18:2 isomers are those with peaks within 15 cis 18:1 and 9
cis, 13 cis 18:2. A chromatogram of the 18:2 and 18:1 cis and trans isomers in
vanaspati is shown in Figure 6. Individual isomers are discovered, but they are mixed
by location to demonstrate that the method can accurately quantify 18:1 and 18:2
trans. Following that, these peak locations are examined to the external standard
that is the most comparable (elaidate for 18:1 trans, and linolelaidate for 18:2 trans).
The occurrence of 16 trans 18:1, which elutes between both the recognized 18:1 cis
peak, is an exception to the grouping measurement. These methods can be used to
report total 18:1 trans, total 18:2 trans, and total trans fatty acids. Study released in
Food Chemistry backs up this approach to the identification.

1. C18:1 A7tand C18:1 A 6t 6. C18:1 A 11c
2. C18:1 A9t 7. C18:1 & 12¢
3. 181 A 11t 8. Ci8:1 A 13c
4. C18:1 A 12, C18:1 A 6c, C18:1 A 7c and C18:1 A13t 9. C18:2 A 9t, 12t
5. C18:1 4 9c 10. C18:2 & 9¢, 12t
1i. C18:2 A9, 12¢
cisa <182 12. C18:2 A 9c, 12¢
4 9 13. C18:3 & 9, 12t, 15t

14. C18:3 A 9, 121, 15¢
1S. C18:3 & 9, 12¢, 15t
16. C18:3 A 9¢, 12t, 15tand Ci8:3 A 9¢, 12¢, 15t
17. C18:3 A 9c¢, 12t, 15¢
18. C18:2 A 9¢, 12¢, 15c
1 19. Ci8:3 A 9¢, 12¢, 15¢

Cc18:3
13

10 11
16
15

14

12
17 18

19

T T T T T T T T
24 26 28 30 32 34 36 38
Min

Figure 12- The cis and trans isomers of 18:1, 18:2 and 18:3
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Chemicals

* Methanol- for methylation

* Toluene- as a catalyst

» Boron trifluoride — for esterification
* Hexane

» Distilled water

AOAC Official Method 996.06

Fat (Total, Saturated and unsaturated) in Food Fat and fatty acids are extracted from
food by hydrolytic methods. Pyrogallic acid is added to minimize oxidative degradation of
fatty acids during analysis. Triglyceride, triundecanoin (C11:0), is added as internal
standard. Fat is extracted into ether, then methylated to fatty acid methyl esters (FAMES)
using BF3 in methanol. FAMEs are quantitatively measured by capillary gas
chromatography (GC) against C11:0 internal standards.

Total fat is calculated as sum of individual fatty acids expressed as triglyceride
equivalents. Saturated and monounsaturated fats are calculated as sum of respected
fatty acids.

APPARATUS AND MATERIALS

I. Glass Beaker — 100ml, 500ml
ii. Weighing Balance
iii. Micropipette - 100ul-1000pl

(\2 Micropipette-20ul-200pl

V. Micropipette tips

Vi. Water Bath with the temperature display
Vii. Test tube

viil. Heating Mantle

IX. Thermometer

X. 10.Vial (if auto sampler is used)
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REAGENTS

i. Methane — methylation

li. Toluene — as a catalyst

iii. Boron Triflorate— ester form
Iv. Hexane — volatile dissolve

v. Water — impurity settle down

FAME PREPERATION METHODS

Fatty Acid Methyl Esters (FAME) is the procedure of fatty acid profile sample preparation for
Gas Chromatography. The FAME preparation methods are based on (AOAC-996.06)
International standard.

REAGENT USED

In FAME preparation methods we use 14% methanolic BF3 (Boron Trifluoride), Methanol &
Toluene in 1:1:1 ratio i.e., if we want to make 60ml M.T.B (Methanol, Boron Trifluoride,
Toluene) so we mix in 20:20 ratio. In this reagent we use BF3 for esterification of oil, Methanol
for methylation of oils and Toluene as a catalyst.

PROCEDURE:

e Take 200 mg oil sample in test tubes.

e Add 2ml MTB (Methyl, Toluene, and BF3) in ratio ofl1:1:1.

e Then the sample is kept in heater bath at 60°-70° C for 1hours.

e At 15 min interval, have to shake well.

e After completing 1hr, the sample is kept at room temperature for 5-10min.

e Add 1ml hexane and 1ml water in sample.

e Vortex it to shake well.

e Take 1ml sample from upper layer of sample in vial/Eppendorf with the help of micro
pipette.

e Inject 10 Micro Litre in GC.

e Analysis of fatty acids by graph.

e Calculate SFA, MUFA, PUFA & Trans.
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PRECAUTIONS

I. Glassware should be properly cleaned and rinsed with the solvent.
il BF3 is a carcinogen, use mask to avoid inhaling it directly.
iii. While shaking of separating funnel, release air pressure to avoid bumping and loss

of sample.
iv. Potassium hydroxide is extremely caustic and can cause severe burns, therefore
protect skin and eyes while performing the test.
V. Use fume removal device (spot extractors) to remove flammable vapors produced.
WATER BATH

For Our sample preparation we need a water bath at 65 C. So, we make it on Heating Mantle
with Beaker and filled half with water. In this way we make our water bath on heating mantle.

Fig.13 — WATER BATH
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THERMOMETER

General purpose laboratory glass thermometers Mercury liquid filling Packaged in square
plastic tubes for storage Vertical numbers for easy reading Permanent markings, numbers
and lines Partial immersion. Thermometers are designed to be used with laboratory
equipment. Calibrated against NIST standards to assure accuracy and reproducibility.

Fig.14 - THERMOMETER

VIALS

A vial is a small glass bottle, often used to store medication as liquids, powders or capsules.
They can be used as scientific sample vessels; for instance, in autosampler devices in
analytical chromatography. There are different types of vials such as a single dose vial and
multi-dose vials often used for medications. The single dose vial is only used once whereas

a multi-dose vial can be used more than once. The CDC sets specific guidelines on multi-
dose vials.
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WEIGHING BALANCE

FIG.15 - VIALS

A weighing balance is an instrument which is used to determine the weight or mass of an
object. Available in a wide range of sizes with multiple weighing capacities they are essential

tools in laboratories.

Fig.16 — WEIGHING BALANCE
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VORTEX

Vortex mixers are one of the primary technologies for mixing laboratory samples in test tubes,
well plates, or flasks. They use a fairly simple mechanism to agitate samples and encourage
reactions or homogenization with high degrees of precision. Motorized drive shafts beneath
the sample platform oscillate rapidly and transfer orbital motion to sample containers loaded
into the mixer. This causes sample fluids to circulate and undergo turbulent flow, otherwise
known as a vortex.

[ VORTEX SHAKER -

®

SPEED CONTRQL ~

Fig.17- VORTEX

INSTRUMENTATION

AIM: To study the gas chromatograph of different samples.
WORKING PRINCIPLE:

1 pL of sample is injected by a hypodermic needle through a self-sealing silicon rubber
septum into a heated metal block into the head of the column. The temperature of the sample
port is such that the sample is rapidly vaporized without decomposing the sample. The carrier
gas entering the sample injector sweeps off the vaporized sample and passes down the
temperature programmed column.
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GC PROGRAMMING

GC system with FID detector and packed inlet fixed with capillary column SUPELCO-2560
having the dimension 100m length,0.250mm diameter and 0.20mm inner diameter. 1ml/min
Nitrogen used as carrier gas. While the inlet temperature is kept 230 °C and detector
temperature is 240 °C.

OVEN PROGRAMMING

Keep the oven temperature at 140 °C for 5min raise to 240 °C at the rate of 4 °C /min for
15minutes.

Figure 18: Example of a typical gas chromatograph with insets showing the heated
injection ports—note the symbol indicating that it is hot—and the oven containing the
column. This particular instrument is equipped with an autosampler for injecting samples, a
capillary column, and a mass spectrometer (MS) as the detector. Note that the carrier gas is
supplied by a tank of compressed gas.
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RESULT AND DISCUSSION

RESULT:

CALCULATION

e Saturated Fatty Acid- Sum of all saturates without double bonds
e Monounsaturated Fatty Acid- Sum of all fatty acid with one cis double bond

e Polyunsaturated fatty acid - Sum of all fatty acid with two & more than two cis double
bonds.

e Trans Fatty Acids- Unsaturated fatty acid with one or more double bond in the trans
configuration.

0, 0,
e SFA (%Wt) — Area %*Fat %
100
A %+*Fat %
e MUFA (%wt) = —=2"22
100
A %=*Fat %
e PUFA (%wt)="2>"27
100
Area %+Fat %

e Trans fat (%owt.) = 100
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Analysis of Fatty Acid profile of Different Vanaspati Sample

Vanaspati Sample

Vanaspati Sample

Vanaspati Sample

TOTAL

1 2 3
Fatty acid 20210826-003-004 | 20210726-002-004 | 20210726-008-015
Lauric(C12:0) 0.515 0.294
Myristic(C14:0) 1.306 1.297 1.162
Palmitic(C16:0) 46.114 53.604 46.426
Palmitoleic(C16:1) 0.152
Stearic(C18:0) 4.443 4.555 7.356
Oleic(C18:1) 35.688 31.429 33.332
Linoleic(C18:2) 6.737 7.249 8.728
Linolenic(C18:3) 0.223 0.335 0.312
Aracidic(C20:0) 0.5
Eladic(C18:1) Trans 3.231 0.344 2.271
C9 T12 Linolenic 0.819 0.434 0.212
trans
T9 C12 Linolenic 0.723 0.459 0.2
trans
SFA 52.43 59.75 54.94
MUEA 35.84 31.43 33.33
BUFA 6.96 758 9.04
TRANS 4.77 1.24 2.68
100.00 100.00 100.00
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DISCUSSION

Within the different vanaspati samples, there was a greater difference in the FA
component's material, which might be different due to variances between the origins
of vegetable oils and the degree to which they have been hydrogenated.

For specific purposes, Vanaspati samples were divided into three major categories
depending on their palmitic and stearic acid levels, which was investigated by a
number of researchers. Here we categories the different vanaspati sample based on
their trans fatty acid (C18:1 9T Elaidic, c-9, t-12 linoleice (C18:2), t-9, c12 linoleic
(C18:2)). In vanaspati sample A we observed that trans is 2.049, in vanaspati sample
B, trans is 0.47 and in bakery margarine, trans is 0.044.

According to the FSSAI, the TFA of edible oil cannot exceed 3%, which is effective
only until 2021, after which the restrictions will drop to 2%. As a result, the first
vanaspati sample has more than 2% TFA, while the other two samples contain less
than 2% TFA.

As a result, vanaspati will be allowed on the market for the first time in 2021, after
which they would become unhealthy, according to the FSSAI. But other two
vanaspati sample B and bakery margarine have less % of TFA 2.049,0.044%
respectively, so these types of vanaspati will be allowed on the market in 2022 as
well.

Because TFA are unhealthy, we should limit our intake of them in our diet.

Low fat and oil consumption (less than 20% of energy ingestion) Vitamin E deficiency
is more likely as a result of this and essential fatty acid deficit, both of which can
cause changes in HDL and triglycerides. Usage of trans fats has been connected to
the following risks to human health.

Cardiovascular diseases Breast cancer, Colon cancer, Diabetes, Obesity.
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SIGNIFICANCE

Vanaspati, a form of vegetable ghee that is a Partially Hydrogenated Vegetable Oil (PHVO).
Vanaspati has an important role in our edible oil economy. Its production is about 1.2 million
tons annually. It has around 10% share of the edible oil market. Newer oils like soyabean,
sunflower, rice bran and cottonseed and oils from oilseeds of tree and forest origin had

found their way to the edible pool largely through vanaspati route.

VANASPATI PROVIDES ENERGY, The Energy value is the number of calories which body
obtains from the foods. Vanaspati ghee is high in calories. One tablespoon of vanaspati

ghee contains 122.4 calories as compared to 85.6 calories in desi ghee.

All the vanaspati brands were manufactured from PALM/ PALMOLEIN OILS, as declared
by them. Remember to check the nutrition facts label on packaged food items for their

trans-fat content.
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CONCLUSION

Many baked items employ hydrogenated vegetable oils to improve taste and texture.

Furthermore, these oils are more stable and resistant to oxidation, which occurs when fats
are exposed to heat and causes them to break down.

Because of their unique properties, trans fatty acids provide various advantages for
processed foods. Trans fatty acids have been related to the development of a a
variety of health problems, notably cardiovascular disease, fetal and new-born brain
development and growth, childhood infections, and so on, due to their different
structures. Zero- and low-trans fats are becoming more popular among food
manufacturers, and their consumption is increasing. However, removing all TFA
elimination would be detrimental to one's health because it would eliminate nutrition
trans fats like vaccenic acid. Calcium, protein, and iron are all difficult to obtain from
plants or other sources, are ample in dairy animal products like meat and dairy. The
restriction of these foods will hurt the general public, with the worst implications for
babies, for survival and prosperity, they require a diversity of fatty acids. To reduce
transfat intake, four different measures are required. Providers of healthcare, for
example, could educate their patients on ways to limit transfat consumption.
Consumers should be aware of trans fat-containing products and avoid them.
Alternative fats should be used in preparing food and manufacture by eateries
producers, and local, state, and governmental institutions should support these
attempts by enacting enacted regulations prohibits the use of trans fats. These
methods should aid in the reduction of trans fatty acids ingestion, which will have
considerable health benefits. Furthermore, more research is required to determine
the health-related the results of new TFA- free items, as replacing TFA with goods
that are just as dangerous, if not worse, is impractical.

40




REFRENCES

AOAC Official Method 996.06 (2005) Official Methods of Analysis of AOAC
INTERNATIONAL, 18th Ed., AOAC INTERNATIONAL, Gaithersburg, MD.

Federal Register (July 11, 2003) U.S. Food and Drug Administration,
Washington, DC.

AOCS Official Method Ce 1h-05 (2005) Official Methods and Recommended
Practices of the AOCS, The American Oil Chemists Society, Champaign, IL.

Golay, P.-A., Dionisi, F., Hug, B., Giuffrida, F., & Destaillats, F. (2006) Food
Chem. 101, 1115-1120.

Kohn, A., & Mitchell, B. (2006) Lipid Technol. 18, 279-282.

Ascherio A, Hennekens CH, Buring JE, Master C, Stampfer MJ, Willett WC.
Trans fatty acid intake and risk of myocardial infarction. Circulation. 1994,
89:94— 101. [PubMed] [Google Scholar]

Berghaus TM, Demmelmair H, Koletzko B. Fatty acid composition of lipid
classes in maternal and cord Plasma at birth. Eur J Pediatr. 1998; 157:763—768.
doi: 10.1007/s004310050931. [PubMed] [CrossRef] [Google Scholar]

FSSAI (2010) Food Safety and Standards Authority of India Proposes
Regulation of Trans Fatty Acids (TFAS) in Partially Hydrogenated Vegetable
Oils (PHVOs)
http://www.fssai.gov.in/Website/LinkClick.aspx?fileticket=SvU1nfLZR
rc%3D&tabid=94. Accessed 10 November 2010.

Ghafoorunissa G. Role of trans fatty acids in health and challenges to their
reduction in Indian foods. Asia Pac J Clin Nutr. 2008; 17:212— 215. [PubMed]
[Google Scholar]

Hornstra G. Essential fatty acids in mothers and their neonates. Am J Clin Nutr.
2000:;71:12625-1269S. [PubMed] [Google Scholar]

Hunter JE. Studies on effects of dietary fatty acids as related to their position on
triglycerides. Lipids. 2001; 36:655—-668. doi: 10.1007/s11745-001-0770- O.
[PubMed] [CrossRef] [Google Scholar]

41



https://www.ncbi.nlm.nih.gov/pubmed/8281700
https://www.ncbi.nlm.nih.gov/pubmed/8281700
https://www.ncbi.nlm.nih.gov/pubmed/8281700
https://scholar.google.com/scholar_lookup?journal=Circulation&title=Trans%2Bfatty%2Bacid%2Bintake%2Band%2Brisk%2Bof%2Bmyocardial%2Binfarction&author=A%2BAscherio&author=CH%2BHennekens&author=JE%2BBuring&author=C%2BMaster&author=MJ%2BStampfer&volume=89&publication_year=1994&pages=94-101&pmid=8281700
https://scholar.google.com/scholar_lookup?journal=Circulation&title=Trans%2Bfatty%2Bacid%2Bintake%2Band%2Brisk%2Bof%2Bmyocardial%2Binfarction&author=A%2BAscherio&author=CH%2BHennekens&author=JE%2BBuring&author=C%2BMaster&author=MJ%2BStampfer&volume=89&publication_year=1994&pages=94-101&pmid=8281700
https://scholar.google.com/scholar_lookup?journal=Circulation&title=Trans%2Bfatty%2Bacid%2Bintake%2Band%2Brisk%2Bof%2Bmyocardial%2Binfarction&author=A%2BAscherio&author=CH%2BHennekens&author=JE%2BBuring&author=C%2BMaster&author=MJ%2BStampfer&volume=89&publication_year=1994&pages=94-101&pmid=8281700
https://www.ncbi.nlm.nih.gov/pubmed/9776538
https://www.ncbi.nlm.nih.gov/pubmed/9776538
https://www.ncbi.nlm.nih.gov/pubmed/9776538
https://dx.doi.org/10.1007%2Fs004310050931
https://dx.doi.org/10.1007%2Fs004310050931
https://dx.doi.org/10.1007%2Fs004310050931
http://www.fssai.gov.in/Website/LinkClick.aspx?fileticket=SvU1nfLZRrc%3D&tabid=94
http://www.fssai.gov.in/Website/LinkClick.aspx?fileticket=SvU1nfLZRrc%3D&tabid=94
http://www.fssai.gov.in/Website/LinkClick.aspx?fileticket=SvU1nfLZRrc%3D&tabid=94
http://www.fssai.gov.in/Website/LinkClick.aspx?fileticket=SvU1nfLZRrc%3D&tabid=94
http://www.fssai.gov.in/Website/LinkClick.aspx?fileticket=SvU1nfLZRrc%3D&tabid=94
http://www.fssai.gov.in/Website/LinkClick.aspx?fileticket=SvU1nfLZRrc%3D&tabid=94
http://www.fssai.gov.in/Website/LinkClick.aspx?fileticket=SvU1nfLZRrc%3D&tabid=94
https://www.ncbi.nlm.nih.gov/pubmed/18296340
https://www.ncbi.nlm.nih.gov/pubmed/18296340
https://www.ncbi.nlm.nih.gov/pubmed/18296340
https://scholar.google.com/scholar_lookup?journal=Asia%2BPac%2BJ%2BClin%2BNutr&title=Role%2Bof%2Btrans%2Bfatty%2Bacids%2Bin%2Bhealth%2Band%2Bchallenges%2Bto%2Btheir%2Breduction%2Bin%2BIndian%2Bfoods&author=G%2BGhafoorunissa&volume=17&publication_year=2008&pages=212-215&pmid=18296340
https://scholar.google.com/scholar_lookup?journal=Asia%2BPac%2BJ%2BClin%2BNutr&title=Role%2Bof%2Btrans%2Bfatty%2Bacids%2Bin%2Bhealth%2Band%2Bchallenges%2Bto%2Btheir%2Breduction%2Bin%2BIndian%2Bfoods&author=G%2BGhafoorunissa&volume=17&publication_year=2008&pages=212-215&pmid=18296340
https://scholar.google.com/scholar_lookup?journal=Asia%2BPac%2BJ%2BClin%2BNutr&title=Role%2Bof%2Btrans%2Bfatty%2Bacids%2Bin%2Bhealth%2Band%2Bchallenges%2Bto%2Btheir%2Breduction%2Bin%2BIndian%2Bfoods&author=G%2BGhafoorunissa&volume=17&publication_year=2008&pages=212-215&pmid=18296340
https://www.ncbi.nlm.nih.gov/pubmed/10799400
https://www.ncbi.nlm.nih.gov/pubmed/10799400
https://scholar.google.com/scholar_lookup?journal=Am%2BJ%2BClin%2BNutr&title=Essential%2Bfatty%2Bacids%2Bin%2Bmothers%2Band%2Btheir%2Bneonates&author=G%2BHornstra&volume=71&publication_year=2000&pages=1262S-1269S&pmid=10799400
https://scholar.google.com/scholar_lookup?journal=Am%2BJ%2BClin%2BNutr&title=Essential%2Bfatty%2Bacids%2Bin%2Bmothers%2Band%2Btheir%2Bneonates&author=G%2BHornstra&volume=71&publication_year=2000&pages=1262S-1269S&pmid=10799400
https://scholar.google.com/scholar_lookup?journal=Am%2BJ%2BClin%2BNutr&title=Essential%2Bfatty%2Bacids%2Bin%2Bmothers%2Band%2Btheir%2Bneonates&author=G%2BHornstra&volume=71&publication_year=2000&pages=1262S-1269S&pmid=10799400
https://scholar.google.com/scholar_lookup?journal=Am%2BJ%2BClin%2BNutr&title=Essential%2Bfatty%2Bacids%2Bin%2Bmothers%2Band%2Btheir%2Bneonates&author=G%2BHornstra&volume=71&publication_year=2000&pages=1262S-1269S&pmid=10799400
https://scholar.google.com/scholar_lookup?journal=Am%2BJ%2BClin%2BNutr&title=Essential%2Bfatty%2Bacids%2Bin%2Bmothers%2Band%2Btheir%2Bneonates&author=G%2BHornstra&volume=71&publication_year=2000&pages=1262S-1269S&pmid=10799400
https://www.ncbi.nlm.nih.gov/pubmed/11521963
https://www.ncbi.nlm.nih.gov/pubmed/11521963
https://www.ncbi.nlm.nih.gov/pubmed/11521963
https://dx.doi.org/10.1007%2Fs11745-001-0770-0
https://dx.doi.org/10.1007%2Fs11745-001-0770-0
https://dx.doi.org/10.1007%2Fs11745-001-0770-0

Skeaff CM. Feasibility of recommending certain replacement or alternative fats.
Eur J Clin Nutr. 2009;63: S34—-S49. doi: 10.1038/sj.ejcn.1602974. [PubMed]
[Google Scholar]

Judd JT, Clevidence BA, Muesing RA, Wittes J, Sunkin ME, Podczasy JJ.
Dietary trans fatty acids: effects of plasma lipids and lipoproteins on healthy
men and women. Am J Clin Nutr. 1994; 59:861—-868. [PubMed] [Google

Scholar]

Keys A. Coronary heart disease, and the diet. Acta Med Scand. 1980; 207:153—
160. doi: 10.1111/j.0954-6820.1980.tb09697.x. [PubMed] [CrossRef] [Google

Scholar]

Lichtenstein AH, Ausman LM, Jalbert SM, Schaefer EJ. Effects of different
forms of dietary hydrogenated fats on serum lipoprotein cholesterol levels. N
Engl J Med. 1999; 340:1933-1940. doi: 10.1056/NEJM199906243402501.
[PubMed] [CrossRef] [Google Scholar]

Mensink RP. Metabolic and health effects of isomeric fatty acids. Curr Opin Lipidol.
2005; 16:27-30. doi: 10.1097/00041433-200502000-00006. [PubMed] [CrossRef]
[Google Scholar]

Mozaffarian D, Katan MB, Ascherio A, Stampfer MJ, Willett WC. Trans fatty acids
and cardiovascular disease. N Engl J Med. 2006; 354:1601-1613. doi:
10.1056/NEJMra054035. [PubMed] [CrossRef] [Google Scholar]

Mozaffarian D, Aro A, Willett WC. Health effects of trans-fatty acids: experimental
and observational evidence. Eur J Clin Nutr. 2009;63(2): S5-S21. doi:
10.1038/sj.ejcn.1602973. [PubMed] [CrossRef] [Google Scholar]

Pax J, Douglass L, Sampugna J. Effects of linolenic and trans-fatty adics on
neonatal survival of C57BL/6 Mice. J Nutr Biochem. 1992;3(7):342—-348. doi:
10.1016/0955-2863(92)90025-E. [CrossRef] [Google Scholar]

Stender S, Dyerberg J, Hglmer G, Ovesen L, Sandstrom B (1994) Transfedtsyrers
betydning for sundheden. A report from the Danish Nutrition Council. Publ No. 2.
Copenhagen 1994

Sugano M, Ikeda |. Metabolic interactions between essential and trans-fatty acids.
Curr Opin Lipidol. 1996; 7:38—-42. doi: 10.1097/00041433-199602000- 000089.
[PubMed] [CrossRef] [Google Scholar]

Tsuzuki W (2010) Cis—trans isomerization of carbon double bonds in
monounsaturated triacylglycerols via generation of free radicals. Chem Phys Lipids
163:741-745 [PubMed]

Wahle KWJ, James WPT. Isomeric fatty acids and human health. Eur J Clin Nutr.
1993; 47:828—-839. [PubMed] [Google Scholar]

42



https://www.ncbi.nlm.nih.gov/pubmed/19424217
https://www.ncbi.nlm.nih.gov/pubmed/19424217
https://www.ncbi.nlm.nih.gov/pubmed/8147331
https://www.ncbi.nlm.nih.gov/pubmed/8147331
https://www.ncbi.nlm.nih.gov/pubmed/8147331
https://scholar.google.com/scholar_lookup?journal=Am%2BJ%2BClin%2BNutr&title=Dietary%2Btrans%2Bfatty%2Bacids%3A%2Beffects%2Bof%2Bplasma%2Blipids%2Band%2Blipoproteins%2Bon%2Bhealthy%2Bmen%2Band%2Bwomen&author=JT%2BJudd&author=BA%2BClevidence&author=RA%2BMuesing&author=J%2BWittes&author=ME%2BSunkin&volume=59&publication_year=1994&pages=861-868&pmid=8147331
https://scholar.google.com/scholar_lookup?journal=Am%2BJ%2BClin%2BNutr&title=Dietary%2Btrans%2Bfatty%2Bacids%3A%2Beffects%2Bof%2Bplasma%2Blipids%2Band%2Blipoproteins%2Bon%2Bhealthy%2Bmen%2Band%2Bwomen&author=JT%2BJudd&author=BA%2BClevidence&author=RA%2BMuesing&author=J%2BWittes&author=ME%2BSunkin&volume=59&publication_year=1994&pages=861-868&pmid=8147331
https://scholar.google.com/scholar_lookup?journal=Am%2BJ%2BClin%2BNutr&title=Dietary%2Btrans%2Bfatty%2Bacids%3A%2Beffects%2Bof%2Bplasma%2Blipids%2Band%2Blipoproteins%2Bon%2Bhealthy%2Bmen%2Band%2Bwomen&author=JT%2BJudd&author=BA%2BClevidence&author=RA%2BMuesing&author=J%2BWittes&author=ME%2BSunkin&volume=59&publication_year=1994&pages=861-868&pmid=8147331
https://scholar.google.com/scholar_lookup?journal=Am%2BJ%2BClin%2BNutr&title=Dietary%2Btrans%2Bfatty%2Bacids%3A%2Beffects%2Bof%2Bplasma%2Blipids%2Band%2Blipoproteins%2Bon%2Bhealthy%2Bmen%2Band%2Bwomen&author=JT%2BJudd&author=BA%2BClevidence&author=RA%2BMuesing&author=J%2BWittes&author=ME%2BSunkin&volume=59&publication_year=1994&pages=861-868&pmid=8147331
https://scholar.google.com/scholar_lookup?journal=Am%2BJ%2BClin%2BNutr&title=Dietary%2Btrans%2Bfatty%2Bacids%3A%2Beffects%2Bof%2Bplasma%2Blipids%2Band%2Blipoproteins%2Bon%2Bhealthy%2Bmen%2Band%2Bwomen&author=JT%2BJudd&author=BA%2BClevidence&author=RA%2BMuesing&author=J%2BWittes&author=ME%2BSunkin&volume=59&publication_year=1994&pages=861-868&pmid=8147331
https://scholar.google.com/scholar_lookup?journal=Am%2BJ%2BClin%2BNutr&title=Dietary%2Btrans%2Bfatty%2Bacids%3A%2Beffects%2Bof%2Bplasma%2Blipids%2Band%2Blipoproteins%2Bon%2Bhealthy%2Bmen%2Band%2Bwomen&author=JT%2BJudd&author=BA%2BClevidence&author=RA%2BMuesing&author=J%2BWittes&author=ME%2BSunkin&volume=59&publication_year=1994&pages=861-868&pmid=8147331
https://www.ncbi.nlm.nih.gov/pubmed/7368981
https://www.ncbi.nlm.nih.gov/pubmed/7368981
https://dx.doi.org/10.1111%2Fj.0954-6820.1980.tb09697.x
https://dx.doi.org/10.1111%2Fj.0954-6820.1980.tb09697.x
https://dx.doi.org/10.1111%2Fj.0954-6820.1980.tb09697.x
https://www.ncbi.nlm.nih.gov/pubmed/10379016
https://www.ncbi.nlm.nih.gov/pubmed/10379016
https://dx.doi.org/10.1056%2FNEJM199906243402501
https://dx.doi.org/10.1056%2FNEJM199906243402501
https://dx.doi.org/10.1056%2FNEJM199906243402501
https://www.ncbi.nlm.nih.gov/pubmed/15650560
https://www.ncbi.nlm.nih.gov/pubmed/15650560
https://dx.doi.org/10.1097%2F00041433-200502000-00006
https://dx.doi.org/10.1097%2F00041433-200502000-00006
https://dx.doi.org/10.1097%2F00041433-200502000-00006
https://www.ncbi.nlm.nih.gov/pubmed/16611951
https://www.ncbi.nlm.nih.gov/pubmed/16611951
https://www.ncbi.nlm.nih.gov/pubmed/16611951
https://dx.doi.org/10.1056%2FNEJMra054035
https://dx.doi.org/10.1056%2FNEJMra054035
https://www.ncbi.nlm.nih.gov/pubmed/19424218
https://www.ncbi.nlm.nih.gov/pubmed/19424218
https://www.ncbi.nlm.nih.gov/pubmed/19424218
https://dx.doi.org/10.1038%2Fsj.ejcn.1602973
https://dx.doi.org/10.1038%2Fsj.ejcn.1602973
https://dx.doi.org/10.1016%2F0955-2863(92)90025-E
https://dx.doi.org/10.1016%2F0955-2863(92)90025-E
https://dx.doi.org/10.1016%2F0955-2863(92)90025-E
https://www.ncbi.nlm.nih.gov/pubmed/8925188
https://www.ncbi.nlm.nih.gov/pubmed/8925188
https://www.ncbi.nlm.nih.gov/pubmed/8925188
https://dx.doi.org/10.1097%2F00041433-199602000-00009
https://dx.doi.org/10.1097%2F00041433-199602000-00009
https://www.ncbi.nlm.nih.gov/pubmed/20599852
https://www.ncbi.nlm.nih.gov/pubmed/20599852
https://www.ncbi.nlm.nih.gov/pubmed/8156980
https://www.ncbi.nlm.nih.gov/pubmed/8156980
https://scholar.google.com/scholar_lookup?journal=Eur%2BJ%2BClin%2BNutr&title=Isomeric%2Bfatty%2Bacids%2Band%2Bhuman%2Bhealth&author=KWJ%2BWahle&author=WPT%2BJames&volume=47&publication_year=1993&pages=828-839&pmid=8156980
https://scholar.google.com/scholar_lookup?journal=Eur%2BJ%2BClin%2BNutr&title=Isomeric%2Bfatty%2Bacids%2Band%2Bhuman%2Bhealth&author=KWJ%2BWahle&author=WPT%2BJames&volume=47&publication_year=1993&pages=828-839&pmid=8156980
https://scholar.google.com/scholar_lookup?journal=Eur%2BJ%2BClin%2BNutr&title=Isomeric%2Bfatty%2Bacids%2Band%2Bhuman%2Bhealth&author=KWJ%2BWahle&author=WPT%2BJames&volume=47&publication_year=1993&pages=828-839&pmid=8156980
https://scholar.google.com/scholar_lookup?journal=Eur%2BJ%2BClin%2BNutr&title=Isomeric%2Bfatty%2Bacids%2Band%2Bhuman%2Bhealth&author=KWJ%2BWahle&author=WPT%2BJames&volume=47&publication_year=1993&pages=828-839&pmid=8156980
https://scholar.google.com/scholar_lookup?journal=Eur%2BJ%2BClin%2BNutr&title=Isomeric%2Bfatty%2Bacids%2Band%2Bhuman%2Bhealth&author=KWJ%2BWahle&author=WPT%2BJames&volume=47&publication_year=1993&pages=828-839&pmid=8156980

sampugna, j., l.a. pallansch, m.g. enig, and m. keeney, rapid analysis of trans fatty
acids on sp-2340 glass capillary column, j. chromatogr. 249:245-255 (1982).

klaus, w., w.j. peacock, and i.l. lesley, effect of trans fatty acids on platelet
aggregation, world rev. nutr. diet. 75:183-186 (1994).

houwelingen, v., c. adrian, and h. gerard, trans fatty acids in early human
development, 75:175-178 (1994).

king, j.m., and p.j. white, impact of processing on formation of trans-fatty acids, adv.
exp. med. biol. 459:51-65 (1999).

kummerow, f.a., g. zhou, and m.m. mahfouz, effect of trans fatty acids on calcium
influx into human arterial endothelial cells, am. j. clin. nutr. 70:832—838 (1999).
martjin, k.b., and z.l. peter, trans fatty acids: the current position, lipid nutr. curr. hot
top., proc. conf.:71-79 (1996).

kritchevsky, d., trans fatty acids and cardiovascular risk, prostaglandins leukotrienes
essent. fatty acids 57:399-402 (1997).

mensink, r.p., and m.b. katan, effect of dietary fatty acids on serum lipids and
lipoprotein. a meta-analysis of 27 trials, arterioscler. thromb. 21:911-919 (1992).

food and agriculture organization, fats and oils in human nutrition, report of a joint
expert consultation, un food and agriculture organization and world health
organization, rome, october 19-26, 1993, food and nutrition paper no. 57 (1994).

stender, s., j. dyerberg, g. holmer, I. ovesen, and b. sandstrom, the influence of trans
fatty acids on health: a report from the danish nutrition council, clin. sci. (london)
88:375-392 (1995).

arici, m., t. tasan, u. gecgel, and s. ozsoy, determination of fatty acid composition
and total trans fatty acid of turkish margarines by capillary glc, j. am. oil. chem. soc.
79:439-441 (2002).

alonso, I., m.j. fraga, m. juarez, and p. carmona, fatty acid composition of spanish
shortenings with special emphasis on trans unsaturation content as determined by
fourier transform infrared spectroscopy and gas chromatography, 79:1-6 (2002).

bayard, c.c., and r.l. wolff, trans-18:1 acid in french tub margarine and shortenings:
recent trends, 72:1485-1489 (1995).

iupac standard methods for the analysis of oils, fats and derivatives, 6th edn., edited
by c. paquot, pergamon press, oxford, United Kingdom, 1979, pp. 96-98.

solfrizzi, v., f. panza, f. torres, f. mastroianni, a. delprigi, a. venezia, and a. capurso,
high monounsaturated fatty acids intake protects against age-related cognitive
decline, neurology 52:1563-1569 (1999).

43




	ABSTRACT
	OILS and FATS
	Figure 2- types of fatty acid
	FSSAI limits for Trans Fatty acids
	NITROGEN PHOSPHORUS DETECTOR (NPD)
	ELECTRON CAPTURE DETECTOR (ECD)
	THERMAL CONDUCTIVITY DETECTOR (TCD)
	Chemicals
	APPARATUS AND MATERIALS






