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ABSTRACT

Mustard oil is one of the most important edible vegetable oil in the market. It is the major
sources of beneficial unsaturated fatty acid which is important to human health. Due to the
high price in the market, it is usual to mix adulterant with it. This study was carried out at
Bangladesh Standard Testing Institute (BSTI), Khulna to evaluate the proper condition of
commercial mustard oil available in the market. To perform this study, the quality analysis
was done by physical and chemical assays. From the physical tests (moisture content, specific
gravity, refractive index and color), it was observed that the analyzed values of Radhuni,
Teer, Fresh and Local 3 among the experimental samples were within the acceptable range. In
chemical tests (acid value, iodine value, saponification value, peroxide value and iron
content), particularly Radhuni, Teer, Fresh and Local 3 samples fulfilled the required criteria
among the investigated samples. The adulterant tests (synthetic allyl isothiocyanate, argemone
oil, mineral oil}) were carried out which reflected that synthetic allyl isothiocyanate and
mineral oil were not added to any sample. As an adulterant, argemone oil was present in
Dolfin, Local 1, Local 2 and Local 4. Through the analysis of physical and chemical
parameters, four individual samples (Radhuni, Teer, Fresh and Local 3) out of eight were
found to satisfy the standard set out by BSTI.
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CHAPTER ONE

Introduction

Mustard oil is of vegetable origin and made from mustard seeds. The word mustard comes
from the Middle English mustarde, meaning condiment. Commercial mustard and rapeseed
are obtained from the Brassica genus belonging to the family Cruciferae. There are more than
forty different varieties of mustard plants, but three produce the seeds that are used to make
the mustard condiment. It is an annuaf crop. It can be produced from black mustard (Brassica
nigra), brown Indian mustard (Brassica juncea), and white mustard (Brassica hirta or
Sinapsis alba) (Weiss, 1983). Oil of Brassica campestris is known as rapeseed oil, and oil of

Brassica hirta, is known as mustard oil.

Mustard oil is the third largest edible oil produced in the world after Soy oil and Palm oil. It is
one of the most important oilseeds accounting for 30% of the oilseeds produced in
Bangladesh. Our country is the 12th largest producer of rapeseed over the last five years from
1998-99 to 2002-03, with production averaging 255 thousand metric tons per year (PS&D
Database, FAS/USDA; 2003). The total harvested area in the country was 816 thousand acres
in 1990, The harvested area has decreased 6 percent from 816 thousand acres in the early
1990s to 813 thousand acres at the beginning of this decade. In spite of this, rapeseed
production and yield have increased over the last decade by 9 percent in the country (FAO,
2005).

Our domestic production of mustard oil is 76,890 tones in 2001-02, 77,000 tones in 2002-03,
69,488 tones in 2003-04, 63,154 tones in 2004-05, 60,543 tones in 2005-06, and 79,200 tones
in 2006-07. This production cannot meet our demand, because our total consumption level is
169 thousand metric tons oil that would be extracted from 445 thousand metric tons seed per
year. On an average, our country has traditionally been importing rapeseed 189 thousand
metric tons rapeseed per year. This imported seed produces 72 thousand metric tons oil that
would be 38% oil extraction rate (Bangladesh Bureau of Statistics, Oil world, 2007). Local
output of oils and fats is decreasing gradually. This is partly due to limited availability of land
for oilseed crops; low application of technology; and farmers’ interest in more profitable
crops, among other factors.
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Worldwide production of rapeseed (including canola) rose to 46.4 million metric tons in 2005.
Major highest producing countries are China (13.0 million metric tons), Canada (8.4 million
metric tons), India (6.4 million metric tons), Germany (4.7 million metric tons), France (4.4
million metric tons), UK (1.9 million metric tons) and Australia (1.1 million metric tons)
(FAO, 2005).

Mustard oil is a good source of protein containing (28%-36%) and mostly composed of fatty
acid. It is a good source of vitamin A, vitamir E, vitamin C, vitamin K and beta-carotene. It
also contains vitamin B6, folic acid, magnesium, calcium, iron, niacin, and an excellent
source of phytochemicals (Cheong and Seng, 1998).

Table 1.1 Nutrient composition of mustard oil per 10 ml

Nutrient composition Range
Protein 1.88¢g
Dietary Fiber 1.08 g
Omega 3 Fafty Acids 020¢g
Calcium 38.92mg
Magnesium 2228 mg
Selenivm 9.96 mg
Vitamin b3 (niacin) 0.60 mg
Zinc 0.44mg
VitaminE 32 mg

Source: Agriculture Marketing Information Network (2004)

The phytochemicals are isothiocynate, phenolics, phytins and diathiol thiaones. Phenolics are
tocopherols, phospholipids and amino acids that retard oxidation of oil. The oil contains
phytins (2.3%) that has cariostatic property (Prakash et al, 2000). Mustard oil has anticancer
properties because containing various components of oil, such as curcumin, antioxidants, and
isothiocyantes (Ganesh, 2006). Antioxidants include vitamin E (tocopherol), selenium,
magnesium, and monounsaturated fatty acid. Dietary antioxidants prevent low density
lipoprotein (LDL) oxidation (Jha e al, 1995). This antioxident inhibits the growth of certain
yeasts and molds, enabling mustard to function as a natural preservative. It increases oxidative
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stability of the oil (Wagner et al, 2004). Mustard oil does not contain antigrowth factors or
antithyroid compound that found in soybeans (Prakash et al, 2000).

Mustard oil has about 60% monounsaturated fatty acids of which 42% erucic acid and 12%
oleic acid; additionally it has 21% polyunsaturates of which 6% is the omega-3 alpha-
linolenic acid and 15% omega-6 linoleic acid (USDA Food Data, 2000). Traditional rapeseed
oil contains higher amounts of erucic acid and glucosinolates, both of which were deemed
undesirable for human consumption by the United States Food and Drug Administration
(FDA, 1990).

Canola seed that is a variety of rape seed from which low erucic acid rapeseed oil and low
glucosinolate meal are obtained. Canola is a trademarked quality description of a group of
cultivars of rapeseed variants that is a heterogeneous mixture of several distinct Brassicae
species including B. Napus, B. Campestris, B. Juncea, B. Sarson and others. It is a genetically
engineered oilseed, developed in Canada in the 1960's and 1970's from the traditional
rapeseed (Downey, 1964). It is also known as "LEAR" oil (for Low Erucic Acid Rapeseed).
Canola was initially bred in Canada by Keith Downey and Baldur Stefansson in the 1970s.

Currently, canola oil contains 0.5 to 1% erucic acid, which is well below the 2 percent iim't

set by the Food and Drug Administration (http://www.mayoclinic.com/health/ ). e

Mustard oil is the so-called heart friendly oil, because it contains high amount of meno- .
unsaturated fatty acids and a good ratio of polyunsaturated and mono-unsaturated fatty acids.

It contains the least amount of saturated fatty acids, making it safe for heart patients. Thus, the
use of this oil can reduce the risk of coronary heart diseases (Manchanda, 2006).

Mustard oil contains omega 3 fatty acids (9-15%), which is also known as essential fatty acid.
It is one of the richest sources of essential fatty acid (Ganesh, 2006). This fatty acid is
indispensable to our health as our body cannot synthesize it by itself. It is the best source to
repair nerve cells and reduces the risk of chemically induced cancer. It aids the proper
development of the brain. It also sharpens our memory and vision in babies (Prakash et al,
2000). It has a beneficial role in prevention of hypertension, and inflammatory and immune
disorders such as rheumatoid arthritis (Schmidt, 1994). It helps to lower cholesterol and
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prevent clotted arteries that may result in strokes, heart attacks and thromboses (Kris-Etherton
et al, 2003).

Mustard oil is used for various therapeutic applications. It is used to improve blood circulation
and muscular development. It is considered helpful with the pain and discomfort associated
with arthritis (Khosla, 2000). It stimulates discharges and other systems, increases appetite,
keeps insects away, warming, increases perspiration helps cure rheumatism, boosts health and
immunity, Crohn's disease, asthma, cramps and adult diabetes (Mukherjee, 2002). Mustard
oil containing isothiocyanate stimulates enzymes that convert estrogen to a more benign type
and may block steroid hormones that promote breast cancers (Wattenberg and Loub, 1978;
Wattenberg et al, 1986).

Mustard oil has antimicrobial activity due to containing glucosinolates. It has anti-bacterial
(Brabban and Edwards, 1995; Delaquis and Mazza, 1995; Holley, 2003), anti-fungal (Mayton
et al, 1996; Olivier et al, 1999; Singh et al, 2008) and anti cancer (Nugon-Baudon and Rabot,
1994) properties.

Mustard oil is used as best cooking oil because of low saturated fatty acids (5.3%), high
monosaturated faity acids (64.3%) and alpha linolenic acid (10%). It has strong use for
cooking purpose as it contains thirty percent calcium, phenolics, phytins and protein
(Manchanda, 2006).

Mustard oil contains high amount of erucic acid that have significant value in industrial
applications (Sonntag, 1991, 1995; Leonard, 1994; Taylor et al,, 1994; Eskin et al, 1996).
Therefore, it offers many industrial uses such as rubber additives, lubricating agent, fat
liquoring of lather in tanneries, textile chemicals, detergent additives, plasticizers, candles,
polishes and water binding agent. It has been used as raw materials in the preparation of soap
products. This oil is also used as fuel oif (Ohlson, 1972).

The quality of the edible mustard oil can be considered from consumer acceptance and a food
technological view. The characteristics of the oil can be physical, such as density, color as
well as chemical like hydrolysis, oxidation, flavor and polymorphism (Smouse, 1994). For
studying oil quality and stability, primary analysis performed on oil is the determination of
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fatty acid composition. This gives a preliminary indication of the quality of oil (Mortuza,
2006). A complete fatty acid analysis requires an initial separation based on chain length or
unsaturation (Youngs et al, 1951).

In our country, mustard oil has a standard limit for each testing parameter that determined by
Bangladesh Standard Testing Institute (BSTT). This limit distinguishes the quality of oil from
adulterant one. In order to detect the purity of the oil, physical analysis like moisture content,
specific gravity, color and refractive index as well as chemical analysis such as acid value,
iodine value, saponification value, allyl isothiocyanate content and iron value was done on
commercially available local market oil. Standard acid value is 3.00 (max.) that determines
saturated fatty acid in mustard oil. In case of high content of free fatty acids, the oil turns into
sour as well as shows discoloration. Iodine value is 98 to 108 that indicate the number of
unsaturated fatty acids of the oil. When this range is changed, it indicates that the oil is
adulterated with another one. Allyl isothiocyanate test is one of the most important test,
because its higher presence in the oil indicates that synthetic ally] isothiocyanate is added to
the oil that gives a toxic effect to human health. Natural allyl isothiocyanate range in the oil is
0.3 to 0.6%. Therefore, in order to deiect the proper quality of mustard oil, physical and

chemical parameters analysis is essential for human consumption.

Adulteration has been a problem in the oil and fat trade for long time (Williams, 1966).
Generally, expensive oil is intensively adulterated with the cheaper one (Shukla et al, 2005).
Adulterant mixing in locally available market oil is a common problem in Bangladesh. Thus,
our study was conducted on commercial mustard oil to analyze the quality of edible mustard

oil available in the market.
Objective of this study

e Comparative analysis of available mustard oil in local market

# Detection of adulteration in locally available market oil
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CHAPTER TWO

Literature review

Around the world, mustard oil is common edible oil. This oil is extracted from seeds of a
number of species belonging to the genus Brassica. It is therefore, difficult to identify the
species from which the oil is derived. It is largely consumed in our country for edible
purposes; small quantities are also used for pharmaceutical purposes. All manufacturers check
the mustard at each point in the process. Government food processing regulations set
parameters for cleanliness of standard oil preparation. In our research, we analyzed various
parameters of quality control of mustard oil. For this purpose, we reviewed available
information which supports the objectives of this research. Most of the literature is focused on
the followings:

2.1 Processing of Mustard

Muster oil can be made in two different ways. By pressing the mustard seeds we get a
vegetable oil. The other way is by grinding the seeds. It is then mixed with water and
extracted the oil by distillation. The mustard seed itself is not spicy: When mixed with water
or other cold liquid such as wine, vinegar, beer, a chemical reaction occurs between an
enzyme and a glucoside from the seeds, resulting in the production of the oil, allyl
isothiocyanate. Liquid oil and solid portion is then separated in filters. The solid portion,
known as oil cake, is sold as cattle feed. Edible oil is packed either in tins, jars or food grade
plastic pouches. The oil contents depend upon quality of seeds but the average recovery of oil
from seeds is in the range of 34% to 38% (Vaughan and Hemingway, 1959). The nutritional
value of the processed oils is lowered by processing, as nature designed foods so that
unsaturated fatty acids and vitamin E complex occurs together in the same food. Processing
destroys this vitamin (Gur and Harwood, 1991).
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2.2 Fatty acid composition of mustard oil and its health effect

Mustard is comprised primarily of protein and fat. The fatty acid composition of the oil
determines its nutritional quality. Oleic acid belonging to mono unsaturated fatty acid is
nutritionally desired, which gives stability to the oil, along with two essential fatty acids,
linoleic and linolenic. However, it also contains high amounts of erucic acid, which is
nutritionally undesired. So, low erucic acid Brassica oil has a nutritionally desirable fatty acid
profile, with low saturated fatty acids and significant levels of linolenic acid, an omega-3 fatty
acid (Eskin et al, 1996).

Table 2.1 Fatty acid composition of mustard oil

Fatty acid composition Range
Saturated fatty acid (SFA) 5.3%
Poly saturated ideal fatty acid (PSIFA) 4.7%
Mono unsaturated fatty acid (MUFA) 64.3%
Poly unsaturated fatty acid (PUFA) 24.8%
Cholesterol 0.0%

(Source: SAARC oils and fats in June & July, 2007)

2.2.1 Saturated fatty acid (SFA)

SFAs are those fatty acids, which have no double bonds in the carbon chain. It is 5.3% in
mustard oil while soybean oil is 13.1%. This oil contains such SFA namely palmitic acid,
stearic acid etc.

2.2.1.1 Health impact of SFA

SFAs are not good for health. Palmitic acid is the prime offender among all SFAs. Free fatty
acids are considered as bad for health because these can increase LDL cholesterol that carries
about 60-80% of the plasma cholesterol, which is called bad cholesterol (Gurr, 1992). High
levels of blood cholesterol, in particular LDL cholesterol, constitute a major risk factor in
coronary heart diseases (CHD) (Barr et al, 1992). The dietary consumption of saturated fats
has, in recent years, been regularly cited as a major factor in the pathogenesis of

7
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Chapter Two
Literature review

2.2.3.1 Beneficial effect of PUFA

PUFA has recently found to be very good for heaith. Tt has a positive role in vascular
diseases, inflammation, and allergic diseases and in platelet aggregation. Mustard oil has an
ideal ratio of Omega-3 and Omega-6 fatty acids, which are essential for human health. Omega
(n-3 and n-6) fatty acids are potent inhibitors of cancer. These may also lessen the severity of
some autoimmune diseases. PUFA reduce plasma triglycerides and increase blood-clotting
time. The omega (n-6 and n-3) fatty acids when substituted for saturated fatty acid lower
serum, total cholesterol and LDL cholesterol (Lichtenstein ez al, 1993). In addition to this,
these have antioxidant activity that fends off artery damage from LDL cholesterol, thus
benefiting the arteries. It is, therefore, used as a biological marker for healthy heart (Freese ef
al, 1997). So, it is reported that Omega-3 fatty acid is anti-thrombogenic where as Omega-6
fatty acid is anti-atherogenic (Failor ef o/, 1988).

2.2.3.2 Harmful effect of PUFA

High dietary PUFA causes bad impact on human heaith. The replacement of saturated fats by
vegetable oils containing high levels of PUFA may also render the individuals susceptible to
cardiovascular diseases (Lawson, 1997). High PUFA is shown to depress the response of
lymphocytes b mitogens and antigens. However, a very high n-6 PUFA to n-3 PUFA ratio
may increase the thrombogenicity through increased production of arachidonic acid and
thromboxane A2. This is because linoleic and linolenic acids use the same set of enzymes for
desaturation and chain elongation (Li e al, 1999). It results in a high degree of unsaturation in
membrane phospholipids, which in turn may increase lipid peroxidation, cholesterol
oxidation, free radical accumulation and membrane damage (Enig, 2000). The undesirable
effect of PUFA is increased susceptibility for peroxidation. Lipid peroxidation is an oxidative
deterioration of PUFA with the formation of highly toxic products such as peroxides and
aldehydes (Lauridson er al, 1999). It is suggested that dietary ingestion of thermally or
autoxidatively stressed PUFA rich culinary oils is more harmful compared with those
similarly treated oils rich in saturated fatty acids or MUFA (Prabhu, 2000).
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2.3 Analysis of testing parameters of mustard oil

On commercial oils and fats for various brands, Physical and chemical tests help to evaluate
the suitability of oils for a specific purpose. For checking purity, chemical tests were
developed long ago for their characterization. Every test has certain value in case of particular
oils, but this value would be changed by environmental condition, mechanical problem and
operation managing. So, physical and chemical tests are done to identify mixture of any other
oil (Grifen, 1927).

2.3.1 Physical properties of the oil

The physical properties are moisture content (Grifen, 1927), specific gravity (Hildich, 1949),
refractive index (Hildich, 1949) and color (Gardner, 1953) of the oil were determined using
the standard methods.

2.3.1.1 Moisture content

Moisture content is the percentage of water that is present in the oil. A small amount of water
is added to the processing of seed that indicates moisture content. In case of high moisture
content, it may be sensitive to contamination by ferrous and rust particles (http:/www.tis-
gdv.deftis_e/sitemap/sitemap.htm).

2.3.1.2 Specific gravity

Relative density is a simple ratio comparing the weight of oil to the weight of water. It is
closely related to specific gravity and is usually quoted at 15.5°C (60°F). The test temperature
must be quoted. The density may be used to convert mass to volume, giving invaluable
information for packing operations. It may be measured using a hydrometer or by using a
pyknometer (weighing bottle) (http://www._Seatons.com/). The specific gravity of practically
all fats and oils lies between 0.90 and 0.95 (Hildich, 1949). The observed specific gravity of
brassica seed oil at 25° C is 0.909 (Biswas et al, 2001).
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2.3.1.3 Refractive Index

Refractive index of oil has been reported to increase on autoxidation. A rapid refractometric
method has been used for the determination of light stability of oil. The pattern of changes in
the refractive indices of fats and oils on autoxidation is related to rancid odor development
(Arya et al, 2007). The refractive index of Brassica seed oil at 25°C is 1.470 (Biswas et di,
2001). The rate of autoxidation and development of off-flavors depend on glyceride
composition (percentage of linoleic acid), peroxidants, antioxidants, and handling and storage
condition employed (Salunkhe et al, 1986).

2.3.1.4 Color

The Lovibond method employs a complex series of red, yellow, blue and neutral slides which
are combined to give an exact match. The color of the sample is compared to standard glass
slides. The color of an oil has a direct bearing on the color of the end product and is therefore
of great importance to the customer (http://www.Seatons.con/).

2.3.2 Chemical propertics of the oil

The chemical properties are acid value (Williams, 1966), iodine value (Williams, 1966),
saponification value (Hildich, 1949), peroxide value (Jacobs, 1959) and iron value (Vogel,
1961) of the oil were determined by standard methods.

2.3.2.1 Acid value

Acid value (AV} is an important indicator of vegetable ocil quality. AV is expressed as the
amount of KOH (in milligrams) necessary to neutralize free fatty acids contained in 1 g of oil
(ISO 660, 1983; Firestone, 1996).

AV determines the standard limit of saturated fatty acid. So, the acid value of oil may be used
as a measure of quality. However, the acid value of the oil must not be too high, as this
denotes an excessively high content of free fatty acids, which causes the oil to turn sour.
Then, saturated fatty acid like palmitic acid turns into unsaturated form such as erucic acid
which has a toxic effect on health. This may occur in case of long time preservation in the
container. Discoloration may also occur (http://www tis-gdv.de/tis_e/sitemap/sitemap.htm).
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In commercial mustard oil, AV was determined 3.00 (max.) by BSTI (Personal
communication). Sultana er al, (1998) showed in their research that processed sarsoon oil
containing 39% erucic acid has an acid value of 2.80. They aiso found that canola oil
containing 7% erucic acid has an acid value of 3.90. Niewiadomski (1990) reported acid value
of 1.25 —2.30 of high erucic acid rapeseed oil which was lesser than 2.80 (Sultana ez al, 1998)
of sarsoon oil (high erucic acid). Sarsoon oil was processed prior to feeding to reduce erucic
acid (Mattil ef al, 1964). Biswas ef al, (2001) found that the acid values of brassica, linseed
and sesame seed oils are 1.06, 1.42 and 9.80, respectively. The percentages of free fatty acid
(as oleic) was calculated from acid value and were found to be 0.53%, 0.71% and 4.92%,
respectively. As high percentage of free fatty is a determinant or indication of unsuitability of
oil for edible purpose (Carroll and Noble, 1957), it seems that brassica and linseed oil may be
suitable for edible purpose but sesame seed oil is not (Biswas et al, 2001). High acid values
indicative of high free fatty acids obtained from sesame oil showed rancidity. Long storage of
the oil seeds before or after processing may have been responsible for rancidity (Okpuzor ez
al, 2009). Nowsheen (1994) observed in her study that high acid value of canola oil might be
due to improper handling or storage.

2.3.2.2 Todine Value

Iodine value (IV) determines the number of double bonds that indicates the degree
unsaturation of the oil or fat. It is one of the most valuable parameter for differentiating or
identifying oils and readily serves to indicate the group to which the oil belongs. The
unsaturated acids (oleic, linolenic) absorb halogens to form mainly addition products. In order
to determine the degree of unsaturation, iodine is introduced to the oil. The iodine will attach
itself over a double bond to make a single bond in where an iodine atom is now attached to
each carbon atom in that double bond (Welter, 2007).

Higher iodine numbers do not refer to the amount of iodine in the oil, but rather the amount of
iodine needed to "saturate” the oil, or break all the double bonds. The higher the iodine value
the more double bonds are present, which consequently reflects the reactivity of the oil (http:
/lwww_Seatons.com/). The higher the IV the more unsaturated the oil, the faster it will oxidize
and the more it will polymerize. So, the unsaturated fatty acids of the oils are polymerized
(Addison, 2007). With high IV of oil, it shows that oils are more unsaturated with high
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unsaturated fatty acid containing oil. In case of low IV of oil, it is more saturated with high
saturated fatty acid containing oil (Welter, 2007).

The iodine value corresponds to the average number of double bonds in the oil (Anonymous,
1987). Standard iodine value is 96 - 107 (black mustard oil) or 92 - 108 (white mustard oil)
(http://www.tis-gdv.de/tis_e/sitemap/sitemap.htm). Youngs et al, has reported that original
iodine value of rapeseed oil is 104.1. lodine value was measured by the Wijs method with
one-half hour reaction time (Youngs et al, 1951). Iodine value of 81.4 for rapeseed oil
containing 43.3% erucic acid and 112 for canola oil (Jow erucic acid) has been reported
(Weiss, 1970). Ackman (1977) reported that higher iodine value in canola than sarsoon oil
indicates its higher degree of unsaturation. Sultana ef al, (1998) showed in their research that
processed sarsoon oil containing 39% erucic acid has an icdine value of 104.00. They also
found that canola oil containing 7% erucic acid has iodine value of 109.00. The iodine value
of brassica, linseed and sesame seed oils are 96.50, 190.00 and 105.00, respectively. The high
iodine value of oil indicates the abundance of unsaturated fatty acids in oil (Biswas ef al,
2001).

2.3.2.3 Saponification value

Saponification value (or "saponification number”, also referred to as "sap” in short, which
consists of the sodium salts of the fatty acids) represents the number of milligrams of
potassium hydroxide or sodium hydroxide required to saponify 1g of fat under the conditions
specified. It is a measure of the average molecular weight (or chain length) of all the fatty
acids present. As most of the mass of a fat/trimester is in the 3 fatty acids, it allows for
comparison of the average fatty acid chain length. The hydrolysis of a fat or oil is given the
particular name, saponification (http://www.Seatons.com/).

If more moles of base are required to saponify N grams of fat then there are more moles of the
fat the chain lengths are relatively small, given the following relation:

Number of moles = mass of oil/relative atomic mass
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Saponification equation
CH,O0OCR CH,OH

CHOH + 3 RCOONa

il

CHOOCR + 3 NaOH

CH;O0CR CH,OH

Oleic Acid, R = CHs (CHz)7 (CH) 2(CHy),
Plamitic Acid, R= CHj;(CH) 14
Stearic Acid, R= CH3(CHy) is

Youngs et al, (1951) has reported that original saponification value of rapeseed oil is 174.3.
Biswas ef al, (2001) has showed that saponification value of brassica, linseed and sesame seed
oil are 173.00, 191.00 and 196.00, respectively. These results indicate that brassica seed oil
contains more long chain fatty acids than other two oils (Biswas ef af, 2001). So, the
saponification value is used primarily as an identification aid to detect adulteration
(http://www_Seatons.com/).

2.3.2.4 Peroxide value

The number of peroxides present in a vegetable oil is an index of its primary oxidative level
and consequently of its tendency to go rancid. Unsaturated free fatty acids react with oxygen
and form peroxides, which determine a series of chain reactions that generate the production
of volatile substances that bring the typical rancid smell. Those reactions are accelerated by
high temperature and by light and oxygen exposure. The chemical analysis used to determine
the peroxide value of vegetable oils is an index of its status of preservation. In fact, the lower
is the number of peroxides; the better is vegetable oil quality and its status of preservation
(http://www.Seatons.com/).

Peroxide value is correlated with the organoleptic evaluation of rancidity. It is reported that

this value has its inherent limitations. Additionally, it does not precisely indicate the exact
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termination of the induction period (Arya et al, 2007). Oils and fats spoil by readily becoming
rancid. Rancidity is promoted by light, atmospheric oxygen and moisture that leads to change
in odor and taste. Thus, the tanks and barrels must be filled as full as possible, taking into

consideration the coefficient of cubic expansion.

The classical experiment of Geier (2004) has illustrated that the September 15 sample of oil
tested from the same batch as the July 18 oil, in which the peroxide value was significantly
higher after only 2 additional months in the bottle. The researcher observed that the maximum
allowable peroxide value is 1.0 meq/kg, much lower than the 3.01 (July 18) and 4.43 (Sept.
15) meg/kg. So, he concluded that high peroxide value is mostly due to the age of the seeds.
The value is correlated to spoilage that has already taken place in the oil, and thus time is the
enemy (Geier, 2004). The peroxide value is higher of canola oil which indicates higher
proportions of double bonds (Niewiadomski, 1990). Sultana e al, (1998) showed in their
research that processed sarsoon oil containing 39% erucic acid has peroxide value of 3.60.
They also found that canola oil containing 7% erucic acid has peroxide value of 5.10.

2.3.2.5 Iron value

Iron level is quite detrimental to the color and flavors stability of the oils. It leads to pro-
oxidative effects resulting in poor color and poor flavor stability in mustard oil. Relatively
high concentrations of iron often occur because of the inevitable contact of oils with iron in
the course of extraction, storage and transport.

In commercial mustard oil, the maximum iron content is 5.00 mg/kg determined by BSTI
(Personal communication). Biswas et al, (2001) has observed that iron content of brassica

seed oil, linseed oil and sesame seed oil are 8.44 mg, 13.55 mg and 9.00 mg, respectively.
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Table 2.2 BST1 Standards for mustard oil
Parameter | Serial | Characteristics Limits
no.
L. Moisture content, percent by weight 0.10 to 0.21% (mix.)
Physical 2. Colour in a 5% inch cell on lovibond scale | 30
max {Y+ 5R)
3. Refractive index at 40 ° C 1.4650 — 1.4670
4. Relative density (20° C/Water 20° C) 0.910 to 0.921
L. Acid Value 3.00 (max.), 0.6
mg/KOH per gram
. 2. lodine value (Wijs) 98 to 108
Chemical 0.6 mg/KOH per gram
3. Saponification value 169 to 176
4, Peroxide value, expressed as | 10 (mix.)
milliequivalents (meq.) oxygen per kg.
5. Iron value 5.00 mg/kg (mix.)
6. Allyisothiocyanate value (%) 0.3 to 0.6% (mix.)

2.4 Adulteration in mustard oil

Adulteration is a problem in mustard oil due to its high demand in the market. It is sometimes
deliberate and occasionally, it is accidental. Indeed, accidental contamination is hard to avoid
in modern bulk handling installations, where oils of different qualities must be pumped
through common valves and pipelines. However, generally expensive oil is intensively
adulterated with cheaper one (Shukla et al, 2005). Food safety is an essential public health
issue for all consumers. Adulteration of mustard oil makes the product quality low to cheat
the consumer is quite common. This can lead to heaith hazards and to financial losses for

consumers, families, communities, and countries.
2.4.1 Adulteration with argemone oil

Argemone oil (drgemone mexicana) is occasionally found as a contaminant in edible oils,

particularly in mustard oil. Argemone mexicana (Poppy Weeds) seeds that closely resemble
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mustard seeds are often mixed as an adulterant with it, while extracting oil for edible
purposes. Such oils are tremendous health hazard like epidemic dropsy. Mustard oil
contaminated with argemone oil contains a toxic alkaloid, sanguinarine. It interferes with the
oxidation of pyruvic acid which accumulates in blood (Govt. of India, Annual report, 2001-
2002). This oil causes dreadful maladies like dropsy, necrosis, high tension glaucoma,
diarrhea, vomiting and anemia (Shukla et al, 2005).

Babu et al, (2006) studied on safety level of contaminated mustard oil with argemone oil.
They reported that epidemic dropsy is a disease caused by the consumption of mustard oil
contaminated with argemone oil (AO). During 1998 dropsy in New Dethi, which is so far the
largest with more than 3000 victims and over 60 deaths, it was enquired at various scientific
and regulatory meetings about the maximum tolerated dose of AO. Hence, the study was
aimed to investigate the safety levels of AO in rats. Animals were given AO in diet at a dose
of 0.001%, 0.01%, 0.1%, 0.5% and 1% dzily for 90 days and the two control groups received
the standard diet with and without 1% mustard oil. A decrease in body weight gain (28-31%)
was observed in 0.5% and 1% AO groups; while significant increases in relative lungs and
liver weight was noticed in respective doses of 0.01% and 0.1% AO groups as well as in
higher dosage animals. Reduction in RBC count and hemoglobin content (p <0.05) was
noticed in 0.01% and 0.1% AO exposed animals. This effect was more pronounced in higher
AQ doses. Serum marker enzymes including alanine transaminase (ALT), aspartate
transaminase (AST), lactate dehydrogenase (LDH) and alkaline phosphatase (ALP) were
found to be significantly elevated in 0.01-1% AO groups. Further, a decrease in
albumin/globulin ratic (42—-78%) was observed in the serum of 0.01% to higher AO dose
groups. The levels of serum triglycerides and VLDL cholesterol were found to be enhanced
(p <0.05) in AO treated (0.01-1.0%) animals. Histopathological changes in lung were
observed at 0.01% dose of AO while liver, kidney and heart produced changes at 0.1% AO
and above doses. None of the parameters were found to be affected in 0.001% AO treated
animals, These results suggest that the no observed adverse effect level (NOAEL) dose of AQ
is 0.001% in rats and considering a factor of 100 for humans for highly toxic compound, the
safe limit of 0.00001% (100 ppb or 100 ng AO/g oil) AO can be implicated which shall
contain only 0.55% of sanguinarine equivalent to 0.6 ng sanguinarine per gram oil. However,
the minimum detectable limit of AO is 5 ppm (equivalent to 5 pug sanguinarine per gram oil)
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with the present existing HPLC method, thereby suggesting that mustard oil should be
absolutely free from AO contamination.

2.4.2 Adulteration with synthetic allyl isothiocyanate

The commercial value of mustard oil is quite often evaluated by the common man on the basis
of the degree of sharpness of smell and pungency exhibited by the oil. The smell and
pungency arise from the presence of allyl isothiocyanate (Shukla et af, 2002). Standard limit
of allyl isothiocyanate is 0.30 — 0.60% (Brand and Jacquot, 2002).

Mustard oil has often been labeled and sold as (natural)} mustard oil or adulterate mustard oil
with synthetic chemicals like allyl isothiocyanate. It is well known that allyl isothiocyanate is
a major component of the mustard oil. It can be synthesized at a much lower price than its
cost when extracted from mustard seeds. Therefore, the adulteration of mustard oil by adding
synthetic allyl isothiocyanate is very profitable (Jammy et al, 2003). The product obtained in
this fashion is sometimes known as synthetic mustard oil. Commercial oils, adulterated by
such synthetics, can often fool the less sophisticated nose, or satisfy those oif customers

buying to a price, where authenticity is sometimes not a primary consideration.

The mustard oil shortage in the market creates quite ofenly a state of biack marketing which
is followed by supply adulterated mustard oil in market. The synthetic mustard oil is
manufactured by colouring certain low priced vegetable oils with an oil soluble yellow dye
followed by the addition of requisite amount of synthetic allyl isothiocyanate. The finished oi}
looks and smells exactly like natural mustard oil, but price wise its manufacturing is quite
cheaper and profitable to the unscrupulous manufacturers and retailers (Shukla ez af, 2005).

2.4.2.1 Natural allyl isothiocyanate verses synthetic allyl isothiocyanate

Allyl (-CH;=CHCHy), an unsaturated bond, imparts a characteristic odor in some compounds.
Thiocyanate is a salt or ester of thiocyanic acid (HSCN). Allyl isothiocyanate is the
organosulfur compound with the formula CH,;CHCH,NCS (Romanowski and kienk, 2005).
The main ingredient of mustard oil is allyl isothiocyanate, It produced from glucosinolate
containing mustard seed. These glucosinolates are sulfur-containing molecules produced from
amino acids by the secondary metabolism (Nugon-Baudon and Rabot, 1994). Mustard seeds

contain an enzyme called myrosinase and a glucosinolate called sinigrin. These substances are
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stored in separate cells under normal conditions, but react when the seeds are subjected to
pressure or heat. In presence of water, myrosinase hydrolyses glucosinolates to form
isothiocyanate, which is a chemical compound responsible for smell, strong flavour and
pungency. Allyl isothiocyanate (in case of black mustard) has strong and pungent flavor, and
normal isothiocyanate (in case of white mustard) is also called p-hydroxy benzyt
isothiocyanate (PHBIT), has a pungent taste but is nearly odorless. Powdered mustard has
essentially no aroma until it combines to moisture. Isothiocyanate give pungency to mustard
oil (hitp://en.wikipedia.org/wiki/Ally]_isothiocyanate).

Synthetic allyl isothiocyanate is produced commercially by the reaction of allyl chloride and
potassium thiocyanate (Romanowski and kienk, 2005).

CH;=CHCH,CI + KSCN -+ CH,=CHCH,NCS + KC}

It is colorless or pale-yellow, very refractive liquid with a very pungent, irritating odor and
acrid taste (Budavari, 1996). It was produced in Germany, Japan, Mexico and the United
States (Chemical Information Services, 1995).

Synthetic allyl isothiocyanate is used as a flavouring agent, in medicine as a rubefacient
(counterirritant), as a fumigant, in ointments, in mustard plasters, as an adjuvant, as a
fungicide, as a repellent for cats and dogs and as a preservative in animal feed (National
Toxicology Program, 1991). It is also used as an intermediate to create a desired chemical
compound through a series of chemical reactions, including in the field of fungicide,
bactericide, wood  preservative, pharmaceutical and plastic and rubber
(http://en.wikipedia.org/wiki/Allyl isothiocyanate).

2.4.2.2 Health impact of natural isothiocyanate

Naturally occurring allyl isothiocyanate is so much important on human health. It can
interfere with the biotransformation of endogenous intermediates such as estrogen and
androgen epoxides to detoxification system (Timms et al, 1987). Glucosinolate derivatives
isothiocyanate inhibits mammary tumor (Wattenberg and Loub, 1978) and lung tumor
(Wattenberg et al, 1986; Yano et al, 2000). So, it is known to have anti-tumor and anti-
oxidant properties by inducing the activity of phase II detoxification enzymes in the urinary
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bladder (Nugon-Baudon and Rabot, 1994). {sothiocyanates which has an antibacterial activity
against the micro-organisms like Staphylococcus aureus, Bacillus cereus, Bacillus subtilis,
Escherichia coli and Salmonella typhi (Brabban and Edwards, 1995; Delaquis and Mazza,
1995; Holley, 2003; Singh et al, 2008). It has also effective antifungal activity against the
food-bormme fungi Aspergillus terreus, Aspergillus flavus, Penicillium purpurogenum,
Pencillium citrinum, Penicillium madriti and Fusarium graminarium and Neurosproa yeast
(Olivier et al, 1999; Singh et al, 2008).

2.4.2.3 Potential acute health effects of synthetic allyl isothiocyanate

Synthetic allyl isothiocyanate irritates the mucous membranes and induces eczematous or
vesicular skin reactions (Gaul, 1964). It is extremely hazardous in case of eye contact
(irritant). Inflammation of the eye is characterized by redness, watering, and itching. It is also
very hazardous in case of skin contact (irritant, corrosive, permeator), of ingestion, of
inbalation. Skin inflammation is characterized by itching, scaling, reddening, or occasionally,
blistering. This substance is toxic to kidneys, lungs, liver, and mucous membranes. This
highly toxic material may produce general deterioration of health by an accumulation in one
or many human organs. Repeated or prolonged exposure to this substance can produce target
organs damage. So, severe over-exposure can result in death (http://www.sciencelab.com/).

Shukla ef al, (2002) has conducted a simple non-instrumental technique to differentiate a
natural mustard oil sample from a synthetically made artificial mustard oil. Ally
isothiocyanate, either in pure form or blended with some other oil, when refluxed with an
aqueous solution of sodium azide (NaNs) produces 1-allyl-2-tetrazoline-S-thione (Hatt-5),
which upon reaction with a neutral or very slightly acidic solution of bismuth nitrate,
Bi(NOs)s, produces a characteristic deep yellow precipitate of a co-ordination complex,
(Bi(att-5)2 NO3). In place of bismuth nitrate, bismuth chloride solution can also be used. The
Allyl isothiocyanate content of the natural mustard oil, owing to some unknown reason, does
not react with sodium azide, hence the final reaction with bismuth nitrate gives no colour
reaction. However, synthetic or artificially-made mustard oil samples (to which allyl
isothiocyanate has been deliberately mixed with any other oil) easily give a colour reaction
with bismuth nitrate following heating with sodium azide solution. A synthetic mustard oil
containing as little as 0.1% allyl isothiocyanate can be easily identified by this technique.
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CHAPTER THREE

Materials and Methods

This study was conducted in the “Bangladesh Standard Testing Institute” (BSTD) at
Kbalispur, Khulna. To perform this study, eight commercial mustard oils available in
the market were chosen. Among them, four samples were taken from well-known
brand e.g., Radbuni, Dolphin, Teer and Fresh. The rest of four was taken from open
market.

3.1 Sampling

The sample was taken in the beaker that was previously cleaned and dried in the
electric oven. A cleaned glass rod was taken in the beaker that was used to transfer

sample for testing. The following precautions were taken for sampling -

e All sampling instrument, if made of coppet, brass or bronze, were nickel plated

e All sampling apparatus Wwere cleaned and dried when used. Sampling
instruments were cleaned with hot soapy water of other detergent

o Samples had never 1aken in an exposed place. The samples, the material being
sampled, the sampling instruments and the containers for samples were
protected from adventitious contamination. The test samples were placed in
suitable clean and dry containers

e Samples were stored in such manner SO that they were protected from light,
temperature fluctuations and other abpormal conditions

« Sample containers were S0 filled that the air space above the liquid level was 5
to 10 percent of the capacity of the containers

3.1.1 Preparation of standard 0.1 N NaOH

4.001 g NaOH was taken for each liter of solution. Then 50 m! of the solution was
taken into the pipette and titrated against 0.1IN HCl, using 2 drops of methy! orange
indicator. A second 30 ml of the solution was also titrated with phenclphthalein
indicator. The factor for each indicator should be written on the bottle. The factor is
obtained by multiplying the factor of 0.IN HCl by the aumber of ml of the latter used
in titration and dividing by 50.
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3.1.2 Preparation of standard 0.5 N HCI

18.233 g HCl was added to one liter of the solution or about 43 ml of concentrated
HCI. The solution is standardized against pure Na;CO;.The Na,CO; was best prepared
by heating sodium bicarbonate of the highest purity by the following method -

A platinum dish was filled with pure powdered NaHCO; and placed in an air bath
already heated to 200°C and raised the temperature to 270-280"C.This temperature is
remained at 30 minutes and then cooled in a desiccator and before getting quite cold,
transferred to a warm, dry, stoppered tube or bottle out of which it was weighed
rapidly when wanted. For standardization of 0.5 N acid, 1.1 g of NayCO; was
weighed out accurately.

Prepared Na;CO; was dissolved in about 100 mi of water and 2 drops of methyl
orange was added. Then the mixture was titrated with the acid to the end point where
the color was found to be from yellow to pinkish orange. For very accurate work the
end point had been matched against the color of 100 ml of distilled water saturated
with CO; and containing 2 drops of methyl orange solution.

3.1.3 Preparation of standard 0.1 N HCI

3.637 gm HCI was taken in one liter of H,O or about 8.45 mt of concentrated HCIL. To
standardize this preparation the same method was used as for 0.5 N HCL. About 1 g of
NayCO; was dissolved in 500 ml of water in an accurate volumetric flask and 100 m!
of this diluted solution was taken in the pipette and titrated against the 0.1 N HCL

3.1.4 Preparation of starch selution

Five gm of soluble starch was taken in cold water, poured into 1000 ml of boiling
water. Then this mixture was boiled for 5 minutes, cooled and filtered and 2 ml of
CHCl; was added as preservative. This solution was freshly prepared every time,

3.1.5 Preparation of 10% KI solution

This solution was prepared by dissolving 10 g of potassium iodide free from
potassium iodate in 90 ml of water.

3.1.6 Preparation of alcoholic KOH solution
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Thirty five to forty gm of KOH was dissolved in 20 ml distilled water and added
sufficient aldehyde-free ethyl alcohol (95% by volume) to make up to 1000 ml. It is
allowed to stand overnight, decanted the clear liquid and kept in a bottle closed tight
with cork or rubber stopper.

3.2 Parameters studied
The following physical, chemical and adulterant tests were carried for each mustard

oil that collected from market.

3.2.1 Physical tests
a) Moisture content
b) Specific gravity
¢) Refractive index
d) Color
3.2.2 Chemical tests
a) Acid value and free fatty acids
b) Iodine value (W1JS)
¢) Saponification value
d) Peroxide value
e) Iron (Fe) value
3.2.3 Adulterant tests

a) Synthetic allyl isothiocyanate test
b) Argemone oil
¢) Mineral oil test

3.3 Physical tests

3.3.1 Determination of moisture content (Air oven method)
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Moisture content includes the moisture and any other material contained in the oil
which is volatile under the conditions of the prescribed test.

Apparatus

s Moisture dish
¢ Desiccator
e Electric oven

Procedure

Ten gm of oil was taken into a moisture dish that had been dried previously, cooled in
the disiccator and then weighed. The dish was placed in electric oven for
approximately 3 hours at 105 & 1°C. The dish was removed from the oven cooled in
the desiccator to room temperature and weighed. This procedure was repeated but the
dish was kept in the oven for one hour each time until the difference between two
successive weighing does exceed 1 mg. The heated oil was preserved for the
determination of insoluble impurities.

Calculation

Moisture content, percent by weight: w_x100
w

Where, w = loss in weight in gm of the material upon drying
W = weight in gm of the material taken for the test

3.3.2 Determination of specific gravity

The specific gravity of vegetable oil was expressed as the ratio of the weight in air of a
given volume of the sample at 30°C to that of an equal volume of water at same
temperature.

Apparatus

¢ Westphal balance
e Spedomanometer or pycnometer

e Airoven
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Procedure

Spedomanometer was cleaned and dried in the oven. Then it was cooled and filled
with distilled water in such a manner as to prevent the entrapment of air bubbles. The
stopper was inserted into the bottle so that the entire bulb completely covered with
water. The Westphal balance was calibrated and spedomanometer with water was
weighted. After removing water, the bottle was filled with oil, holding the bottle on its
side in such a manner as to prevent the entrapment of air bubbles. The stopper was
inserted carefully so that any oil has not come out through the capillary opening. The
outer side of bottle was cleaned well and weighted it on the westphal balance.

Calculation

Specific gravity: W
w
Where, W- Weight in gm of the spedomanometer with oil

w- Weight in gm of the spedomanometer with water.

3.3.3 Determination of refractive index

Refractive index at a given temperature is the ratio of the velocity of light in the oil .It
expresses the ratio between the sine of the angle of incidence to the sine of the angle
of refraction when a ray of light of known wavelength passes from air into the oil.

Apparatus

¢+ Refractometer
» Light source
Procedure

The instrument was placed so that diffused day light or any form of artificial light
could be used for iflumination. The temperature was adjusted to the refratometer. For
oils, it would be 15, 20 or 25° C, depending on circumstances. The prism of the
refrctometer was opened by means of the screw head, cleaned and completely dried.
Then, a few drops of sample were placed on the lower prism. It was closed and tighted
firmly with the screw head and allowed to stand for 3-5 minutes to come to uniform
temparature. The alidade on the side scale was moved backward or forward until the
field of vision was divided into light and dark portions., The screw head of the

26



Chapter Three
Materials and Methods

compensator was rotated until a sharp colorless line was obtained between the fields,
then adjusted this line so that it was fallen on the point of intersection of the 2 cross-
hairs. The instrument was adjusted and lighted to obtain the most distinct reading
possible, and then determined the refractive index.

3.3.4 Determination of color
Apparatus

+ Lovibond tintometer or colorimeter
e Glass cell

s Filter paper

Procedure

The sample should be absolutely clear and free from turbidity. The glass cell was
cleaned of the desired size with carbon tetrachloride and allowed to dry. It was filled
with the clear filtered sample and piaced the cell in position in the tintometer. Along
side of it such red, yellow, blue or neutral lovibond glass slides as were necessary to
match the color shade of the oil, observing the colors of the oil and of the combination
of the glass slides through an eye-piece.

Calculation
Color: aY +5bR
Where, a- the sum of the various yellow (Y) slides used
b- the of total of the various red (R) slides used

3.4 Chemical tests

3.4.1 Determination of Acid value and free fatty acids

Reagent
s FEthyl alcohol- 95% (by volume) neutral to phenolphthalein indicator

¢ Phenolphthalein indicator solution- 1% (w/v) neutra! solution in ethyi alcohol
or rectified spirit
¢ Standard NaOH solution- approximately 0.1 N accurately standardized
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Procedure

Two to three gm of sample was taken in a 200 ml conical flask. Fifty ml of 95%
alcohol that was neutralized previously with 0.IN NaOH and phenolphthalein. The
sample was dissolved in it and was heated in hot plate till total oil was dissolved in
alcohol. Then the flask was agitated thoroughly and titrated against 0.1N NaOH using
phenolphthalein indicator until the pink colour persisted.

Calculation

Acid value: 56.1xVxN
W

Where, V- Volume in ml of standard sodium hydroxide solution used
N — Normality of standard sodium hydroxide solution used
W- Weight in gm of the sample taken for test

3.4.2 Determination of iodine value

Iodine value is the number of grams of iodine absorbed per one hundred grams of oil
when determined by using Wijs solution.

Reagent

¢ 10%KI solution

e Starch solution

¢ Standard sodium thiosulphate solution-0.1N
e Acetic acid solution

¢ WIS (iodine monochloride) solution-0.1N.

s Chloroform solution

Procedure

Sample of 0.1 to 0.5 gm was taken in iodine bottle. Fifteen mi chloroform was added
to it. 2.5 ml WIJS solution (0.1N) was also taken in the bottle and shaken well. Then it
was kept in the dark place for 45 minutes. After that 10% Kl solution was added to
each bottle that means 10 mi solution for each bottle. This mixture was titrated against
0.1 N sodium thiosulfate solution, running in rapidly at first until the color began to
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fade and then used starch as an indicator, titrating more slowly until the blue color

disappeared. The bottle should be stoppered and shaken violently during titration to

make sure that all excess of iodine was removed from the CHCls. Besides this a blank
test without sample was run out following exactly the same procedure.

3.4.3 Determination of saponification value

Sponification value is the number of milligrams of potassium hydroxide required to
saponify one of the oil.

Reagent
¢ Alcoholic KOH solution
o Phenolphthalein indicator solution- One percent in 95% ethyl alcohol (by
volume)
¢ Standard HC1 (0.5 N)

Procedure

The sample of 1 to 1.5 gm was taken in the conical flask. Twenty five ml alcoholic
KOH solution was added to the flask. A biank test was run out on 25 ml of the 0.5 N
alcoholic KOH by measuring the same pipette under the same conditions. The mixture
was connected to air condenser. Then the flask was heated on a water bath or an
electric hot plate for about few hours. The mixture was boiled gently or steadily until
the sample was completely saponified. After the flask and condenser were cooled,
they were washed down the inside of the condenser with ten ml of hot ethyl alcohol
neutral to Phenolphthalein. Then 1 mi of Phenolphthalein indicator solution was added
and titrated with standard hydrochloric acid. A blank test was also conducted at the

same time.

Calculation

Saponification value: 56.1(B-S) N
w

Where, B —Volume in ml of standard hydrochloric acid required for the blank.
S - Volume in ml of standard hydrochloric acid required for the sample
N — Normality of the standard hydrochloric acid, and
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W- Weight in gm of the sample taken for the test.
3.4.4 Determination of peroxide value

Peroxide value is the number of millmoles of peroxide in 1 kilogram of oil,

Reagent
e Acetic acid solation
e Chloroform solution
¢ 10% K1 solution
¢ Standard Na,S;0; { .005N)
¢ Starch indicator

Procedure

The sample of 5 to 6 gm was taken into the iodine bottle. Then, thirty ml acetic acid -
chloroform solution was added in which the ratio of acetic acid and chloroform was 6:
4. Next, 10% KI solution was added and titrated against NazS20; (0.005 N), in which

starch was used as an indicator.

Calculation

100X NX(B-8)
\'

Where, B = volume in ml of sodium thiosulphate solution required for the blank

Peroxide rancidity (mEq/kg) =

S = volume in ml of sodium thiosulphate solution required for the sample
N = strength of sodium thiosulphate solution

3.4.5 Determination of iron value
Apparatas

e 200 ml biker

+ Hot plate

* Separating funnel
e Beaurate
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Reagent

o Concentrated HC]
L HN03
e NHZHCN solution

e Fe solution

Procedure

About eight to tem gm of sample was taken in the 200 ml biker. Concentrated HCI and
water were added whose ratio was 1: 1 that means 10 ml of concentrated HCI was
taken in10 ml of distilled water. Then this mixture was heated in mild temperature,
keeping a glass rod with bikar.The duration of maintaing appropriate temperature was
3-4 hour. At this time, the appropriate level of the mixture was maintained; adding
with water. The mixture was cooled completely and at the same time 20-25 ml water
with 2-3 drops of HCI was heated for 15-20 min. Then, this mixture was transferred
into separating furmel. From this, liquid portion was collected and rest of the material
was discarded. Taken liquid sample was done previous volume by adding water and
added 2-3 drops of conc. HNQs; then heated for 15-20 min and cooled it. Afier that,
twenty five ml of water and twenty five mi of NHsHCN were mixed and this mixture
was used as indicator; the main sample solution was titrated against Fe solution. A
blank test was prepared before titration. The color of blank test was matched with
other sample solution test.

3.5 Adulterant test

3.5.1 Test for the presence of synthetic allyl isothiocyanate

Allyl isothiocyanate is produced commercially by the reaction of allyi chloride and
potassium thiocyanate. So, it can be synthesized at a much lower price than its cost
when extracted from mustard seeds. Therefore, the adulteration of mustard oil by
adding synthcﬁé allyl isothiocyanate is very profitable. The product obtained in this
fashion is sometimes known as synthetic mustard oil.
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Apparatus

® Separating funnel

¢ Hot plate

o Fiiter paper
Reagents

¢ Sodium azide solution

¢ Bismuth nitrate

Procedure

100 m1i of the commerciaf oi! sample suspected to be artificial or synthetic mustard oil
was taken into the conical flask. 100 ml of sodium azide solution (2.0 g per 100 ml)
was added to the flask, and reflux the mixture on the hot plate or by direct heating for
about 3 hours. The flask was cooled and transferred the contents of the flask to a 250
mi capacity separating funnel, and allowed the aqueous and oily layer to separate. The
lower aqueous layer was collected in a beaker, and removed the oily layer. The
aqueous layer was washed twice 50 mi of diethyl ether each time in order to remove
any residual oily content. Now this aqueous solution was filtrated and boiled it to
concentrate up to around half its volume. Now 1 m! of bismuth nitrate solution was
taken in a test tube and mixes with it 1 ml or more of the above concentrated solution.
A deep vellow precipitate was formed that indicated the tested oil sample contained
artificial or synthetic mustard oil.

3.5.2 Test for the presence of argemone oil

Argemone oil is occasionally found as a contaminant in edible oils, particularly in
mustard oil. Argemone seeds that closely resemble to mustard seeds and so it can be
casily mixed with mustard seed as an adulterant.

Reagent

e Hydrochloric acid
¢ Ferric chloride solution- 25% (w/v) in water to which sufficient hydrochloric
acid has been added to prevent hydrolysis
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Procedure

About 10 ml of oil was taken in a test tube and added 3 ml of hydrochloric acid. The
tube was immersed in a boiling water bath for about 2 minutes and mixed thoroughty
by shaking .This procedure was repeated twice and then placed the tube in the water
bath for about 5 minutes or until the acid and oil layers have been separated
completely. The oil layer was taken in the pipette as much as possible and slowly
added 1 ml of the ferric chloride solution along the sides of the care being taken to
prevent the mixing of the oil and acid layers by rotating the tube gently. The tube was
immersed in the water bath and allowed it to stand for about 10 minutes. An orange
red precipitate in the acid layer or at the interface indicates the presence of argemone

oil.

3.5.3 Test for the presence of mineral oil

This method is used for rapid detection of mineral oil in vegetable oils. The method is
sensitive when mineral oil is present to the extent of more than 4%. For quantitative

analysis, the method for the determination of unsaponifiable matter should be used.

Reagent

# Alcoholic KOH solution - approximatety 0.5 N

Procedure

About 2 g of the oil was taken in a 150 ml of conical flask which has been previously
thoroughly to ensure absence of water 25 mi of alcoholic KOH solution was added
and saponified the oil by keeping the flask, fitted with a glass bulb air condenser, on a
water bath for about 45 minutes. It was done carefully to ensure that saponification
was completed and also that there was no loss of alcohol during the process of
saponification. The conical flasks were cooled and added 120 ml of distilled water.
The development of turbidity indicates the presence of mineral oil.
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4.1 Physical Parameters

The physical tests were conducted at Bangladesh Standards and Testing Institution (BSTI),
Area Office, C. M Division, 62, Old Jessore Road, Khalishpur, Khulna to determine the
following parameters:

— Moisture content
— Specific gravity
— Refractive index
— Color

The data corresponding to the physical parameters of different brands and open market

sample of mustard oil are shown in Table 4.1.

Table 4.1: Physical parameters of different brands of experimental mustard oil
(Mean = SD)

Brands of mustard oil

Parameter | Radhumi | Dolfin Teer Fresh Tocal1 | Local | Local3 | Local4 | Level of
2 signific
ance

Moisture 012 +£(021 {025 #[029 £|625 +|032£)039 £|030 +|+
content (%) | 0.02 0.01 0.02 0.03 0.04 0.02 0.04 0.01

Specific 0916 £10926 = | 0921 £ 0922 £ 092610938 | 0917 +[0.943 = | *
gravity 0.002 0.003 0.001 0.001 0.007 + 0.001 0.003
0.002

Refractive 1.4667 1.4664 1.4669 1.4657 1.4670 | 1.4675 | 1.4670 1.4669 *
index ES + % + * + + +
0.0002 0.0004 | 0.0002 0.0002 | 0.0002 ; 0.0003 |} 0.0003 0.0002

Color 24.83 = | 3500 £) 255 +123.67 3933+ 3483 | 22.00 £][31.00 £} *
1.04 25 6.08 29 3.54 +225 [ 05 1.32

*= 1% Level of Significance
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4.1.1 Moisture Content (%)

Average moisture content with their standard deviation obtained from Radhuni, Dolfin, Teer,
Fresh, Local 1, Local 2, Local 3 and Local 4 mustard oil were 0.12 + 0.02, 0.21 £ 0.01, 0.25
+0.02, 0.29 £ 0.03, 0.25 + 0.04, 0.32 £ 0.02, 0.39 + 0.04, 0.30 & 0.01, respectively that were
presented in Table 4.1 and Figure 1. The standard range of moisture content in mustard oil is
0.25% (max.) as recognized by BSTI. The obtaining result showed that Fresh, Local 2, Local
3 and Local 4 did exceed the standard limit. Statistical analysis showed that there was
significant difference within the moisture content of different mustard oil samples
(Appendix-1). Mean value for moisture content was the highest in case of Local 3 (0.39
0.047) and the lowest in Radhuni (0.12 + 0.02). Moisture content promotes rancidity and
leads to changes in color (yellow to brown), odor and taste in mustard oil. Therefore, it may
be concluded that all of the market mustard oil samples for moisture content were not within

the standard limit due to the inadequate means of processing, packaging and storage.

Average moisture content (%)

athith

Radhuni Dolfin  Teer  Fresh locall Local2 Local3 Local4

Value of samples
° o o @
[ [*%) - h

=
-

(=]

Name of sample

Figure 1: Average moisture content of different mustard oil samples
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4.1.2 Specific gravity

The mean specific gravity for mustard oil samples of Radhuni, Dolfin, Teer, Fresh, Local 1,
Local 2, Local 3 and Local 4 were 0.916 + 0.002, 0.926 + 0.003, 0.921 + 0.001, 0.922 +
0.001, 0.926 + 0.007, 0.938 £+ 0.002, 0.917 + 0.001 and 0.943 + 0.003, respectively and these
values are presented in Table 4.1 and illustrated in Figure 2. Statistical analysis showed that
there was a significant difference of specific gravity of different mustard oil samples
collected from market (Appendix-2). The standard limit of specific gravity of mustard oil at
20° C is 0.910-0.921 according to BSTI. The obtaining result showed that Local 1 (0.926 +
0.007), Local 2 (0.938 + 0.002), Local 4 (0.943 + 0.003) and Dolfin (0.926 + 0.003) did
exceed the standard range. Biswas et al, (2001) observed that specific gravity of Brassica
seed oil at 25°C was 0.909. It was observed that Local 4 (0.943 + 0.003) and Local 2 (0.938 +
0.002) had the highest specific gravity and Radhuni (0.916 + 0.002) had the lowest specific
gravity. From this study it was found that Dolfin, Local 1, Local 2 and Local 4 did not
maintain standard specific gravity limit. It is assumed that these four samples of mustard oil
may contain other oil or adulterants. Therefore, it is said that specific gravity range of all

commercial mustard oil samples were not within the standard limit.

Average specific gravity

o
b 3
—

Value of samples
o 29
0o 28

Name of sample

Figure 2: Average value of specific gravity for different mustard oil samples
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4.1.3 Refractive index

Average refractive index with their standard deviations obtained from Radhuni, Dolfin, Teer,
Fresh, Local 1, Local 2, Local 3 and Local 4 were 1.4667 + 0.0002, 1.4664 + 0.0004, 1.4669
+ 0.0002, 1.4657 + 0.0002, 1.4670 + 0.0002, 1.4675 + 0.0003, 1.4670 + 0.0003 and 1.4669 +
0.0002, respectively that are presented in the Table 4.1 and figure 3. Statistically, there was a
significant difference of refractive index among different samples of mustard oil (Appendix-
3). The standard limit of refractive index in mustard oil is 1.4650-1.470 as recognized by
BSTI. The result showed that refractive index of Local 2 (1.4675 = 0.0001) was not within
the standard range. It was observed that mean value of refractive index was the highest in
Local 2 (1.4675 £ 0.0003) and the lowest in Fresh (1.4657 + 0.0002). The refractive index of
Local 2 was not within standard range and this variation was not so much important to
indicate autoxidation. Biswas ef al, (2001) found that refractive index of Brassica seed oil at
25°C was 1.470. Arya et al, (2007) reported that high value of refractive index related to
rancid odor development of the oil. So, it can be concluded that all of collected samples from

the market were not deteriorated.

Average refractive index
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Figure 3: Average value of refractive index for different mustard oil samples
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4.1.4 Color

The mean value with standard deviation of color for different brands and open market oil
samples such as Radhuni, Dolfin, Teer, Fresh, Local 1, Local 2, Local 3 and Local 4 were
24.83 + 1.04, 35.00 + 2.5, 25.5 + 6.08, 23.67 £ 2.9, 39.33 + 3.54, 34.83 £ 2.25, 22.00 £ 0.5
and 31.00 = 1.32, respectively. The standard limit of color of mustard oil is 30.00 (max.) as
recognized by BSTI. The obtaining result of color for Dolfin (35.00 + 2.5), Local 1 (39.33 +
3.54), Local 2 (34.83 + 2.25) was not within the standard limit. There was a significant
difference of color of different brands and Local samples of mustard oil (Appendix-4). It was
observed that average value of color was the highest in Local 1 (39.33 & 3.54) and the lowest
in Local 3 (22.00 + 0.5). In case of high value of color, the samples are contaminated with
iron due to mechanical processing and transporting. Thus, it can be concluded that all of the

commercial mustard oil samples were not within the standard limit.

Average color value

Value of samples
o258 888

Name of sample

Figure 4: Average value of color for different mustard oil samples
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4.2 Chemical Parameters

The chemical tests were conducted at Bangladesh Standards and Testing Institution (BSTI),
Area Office, C. M Division, 62, Old Jessore Road, Khalishpur, Khulna to analyze the
following parameters:

— Acid value

— lodine value

— Saponification value
— Peroxide value
~Iron value

The data corresponding to the chemical parameters of different brands of mustard oil are
shown in Table 4.2,

Table 4.2: Chemical parameters of different brands of experimental mustard oil (Mean

+ SD)
Parameters Brands of mastard oil

Radhuni | Dolfin Teer Fresh | Local | Local2 | Local3 | Local | Level of

1 4 signific
ance

Acid value 405+ 3.63x 311 25+ [33+ [42% 3.09+ 445 *

0.15 0.16 0.13 0.28 0.09 0.32 0.08 +

0.60

Todine value 101.91 7392+ | 105.36 101.2 | 100.0 | 122.53 1005+ | 1154 | *
+24 1.6 + 0.83 5+ +1.3 (2209 |21 7+
14 1.12

Saponification 172.02 | 180.5 173.28 | 172.8 | 1763 | 184.11 | 169.8+ | 186 + | *
value +207 | £5.1 1.5 +£21 |17 % 1.6 6.1 0.59

Peroxide value | 0.0 0o 0.0 0.0 0.0 45+ 0.0 0.0

0.02
fron value 503+ 663+ 519« 5.07 11.09 | 937 372+ 496 |~
2.07 1.62 0.34 x + 2.7 1061 0.11 *
0.17 0.34

* = 1% Level of Significance
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4.2.1 Acid Value

The average acid value of commercial mustard oil samples are presented in the Table 4.2 and
Figure 5. The mean acid value for mustard oil obtained from Radhuni, Dolfin, Teer, Fresh,
Local 1, Local 2, Local 3 and Local 4 were 4.05+0.15, 3.63 £ 0.16,3.11 £0.13, 2.5 + 0.28,
3.3+£0.09, 4.2+ 0.32, 3.09 = 0.08, and 4.45 + 0.60, respectively. The standard limit for this
value is 3.00 mg/g (maximum) as recognized by BSTI. Statistically it was found that there
were significant differences within the acid value of mustard oil samples (Appendix-5). It
was observed that Local 4 showed the highest acid value (4.45 + 0.60) and Fresh showed the
lowest acid value (2.5 + 0.28). From this study it was found that acid value of Radhuni (4.05
+ 0.15), Dolfin (3.63 + 0.16), Local 1 (3.3 £ 0.09), Local 2 (4.2 + 0.32) and Local 4 (4.45 +
0.60) were not within the standard range. In the obtaining result, high acid value of these
samples may be due to long shelf life. Okpuzor et al, (2009) reported that high acid value
indicative of high free fatty acid showed rancidity. So, it can be concluded that all of the

collected samples from the market were not within the standard limit.

f Average acid value
Y
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E

Name of sample

Figure 5: Average acid value of various mustard oil samples
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4.2.2 TIodine Value

Mean iodine value of mustard oil obtained from Radhuni, Dolfin, Teer, Fresh, Locall, Local
2, Local 3 and Local 4 were 101.91 £+ 2.4, 73.92 + 1.6, 105.36 +0.83, 101.25 £+ 1.4, 100.0 £
1.3, 122.53 + 2.09, 100.5 + 2.1 and 11547 + 1.12, respectively and these values are
demonstrated in Table 4.2 and illustrated in Figure 6. Statistical differences are highly
significant among those mean values (Appendix-6). The standard limit of iodine value for
mustard oil is 98 to 108 as recognized by BSTIL. From this study it was observed that iodine
value obtained from Radhuni, Teer, Fresh, Local 1 and Local 3 did not exceed the standard
limit. This result agreed with the work of Youngs er al, (1951) who reported that original
iodine value of rapeseed oil was 104.1. Another research work of Biswas et al, (2001)
showed that iodine value of Brassica seed oil was 96.5. Mean iodine value was the highest in
case of Local 2 (122.53 + 2.09) and the lowest in case of Dolfin (73.92 + 1.6). The obtaining
result also showed that iodine value of Local 2 (122.53 + 2.09), Local 4 (115.47 + 1.12) and
Dolfin (73.92 + 1.6) was not within the range of BSTI. So, these samples indicate the
probability of adulterant mixing to those. In case of low iodine value of mustard oil, it
indicates the oil is more saturated with high saturated fatty acid containing oil (Welter, 2007).
High iodine value of oil indicates the abundance of unsaturated fatty acid in oil (Biswas et al,
2001) that shows the more unsaturated with other oil. Thus, it can be concluded that all of the

commercial mustard oil samples were not within the standard range.
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Figure 6: Average iodine value for different mustard oil samples
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4.2.3 Saponification Value

Average saponification value with their standard deviation for mustard oil obtained from
Radhuni, Dolfin, Teer, Fresh, Local 1, Local 2, Local 3 and Local 4 were 172.02 + 2.07,
180.5+5.1,173.28 +1.5,172.86 +2.1,176.39 + 1.7, 184.11 + 1.6, 169.85 + 6.1, and 186.0 +
0.59, respectively that are presented in Table 4.2 and Figure 7. Statistical analysis showed
that differences were highly significant in the saponification value among different mustard
oil samples (Appendix-7). The standard limit of saponification value is 169 to 176 according
to BSTI. The result showed that the saponification value of Radhuni (172.02 + 2.07), Teer
(173.28 + 1.5), Fresh (172.86 + 2.17), Local 1(176.39 + 1.77) and Local 3 (169.85 + 6.1)
were within the standard limit. Youngs et al, (1951) has reported that saponification value of
rapeseed oil was 174.3. Another study of Biswas et al, (2001) showed that saponification
value of Brassica seed oil was 173 that supported the present result. It also showed that the
saponification value of Dolfin (180.5 + 5.1), Local 2 (184.11 + 1.6) and Local 4 (186.01 +
0.59) were not within the range. From this result it was observed that Local 4 (186.01 + 0.59)
had the highest saponification value and Local 3 (169.85 + 6.1) had the lowest saponification
value. Therefore, it can be concluded that all of the collected samples from the market were

not within the standard limit.
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Figure 7: Average saponification value of different mustard oil samples

42



Chapter Four

Result

4.2.4 Peroxide value

The average peroxide value of different mustard oil samples were presented in the Table 4.2
and figure 8. From the table it is observed that the mean peroxide value for Radhuni, Dolfin,
Teer, Fresh, Local 1, Local 2, Local 3 and Local 4 mustard oil were 0.0, 0.0, 0.0, 0.0, 0.0, 4.5
+0.02, 0.0 and 0.0 respectively. The standard range of peroxide value in mustard oil is 10.0
milliequivalents peroxide oxygen/kg as recognized by BSTI. The result showed that mustard
oil sample of Local 2 (4.5 £ 0.02) did not exceed the standard range of peroxide value. Arya
et al, (2007) have reported that peroxide value has its inherent limitations. This value is
correlated with organoleptic evaluation of rancidity. The oxidation process is called
rancidification and can make foods unpalatable. Peroxide value (POV) is highly correlated
with the total concentration of major odorants. Fatty acid oxidation produces free radicals
which have high reactivity with oxygen leading to rapid conversion to peroxides or hydro
peroxides (Addis, 1986). This breakdown mechanism is responsible for the production of
color defects, rancid taste, off flavors as well as the myriad of other reactions which reduce
shelf life and nutritional value of oil containing foods (White, 1991; Rodriguez et al, 1997).

So, it can be said that peroxide value of all of the samples did not exceed the range.
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4.2.5 Iron Content
Iron content with standard deviation of mustard oil obtained from Radhuni, Dolfin, Teer,

Fresh, Local 1, Local 2, Local 3 and Local 4 were 5.03 + 2.07, 6.63 + 1.62, 5.19 + 0.34, 5.07
+0.17, 11.09 £ 2.7, 9.37 £ 0.61, 3.72 £ 0.11 and 4.96 + 0.34, respectively that are shown in
Table 4.2 and Figure 9. It was found that there was significance different of iron content
among different brands of mustard oil (Appendix-9). The standard range of iron content in
mustard oil is maximum 5.00 mg/kg according to BSTI. The result showed that mustard oil
of Dolfin (6.63 + 1.62), Local 1 (11.09 + 2.7) and Local 2 (9.37 & 0.61) did exceed the
standard range. Biswas ef al, (2001) observed that iron content of brassica seed oil was 8.44
mg. From this result, it was observed that the mean value of iron content was highest in Local
1(11.09 + 2.7) and lowest in Local 3 (3.72 £ 0.11) mustard oil. Relatively high concentrations
of iron often occur because of the inevitable contact of oils with iron in the course of
extraction, storage and transport. Thus, it can be concluded that iron value of all of the

collected samples were not within the standard limit.
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4.3 Adulterant test for mustard oil

4.3.1 Test for synthetically made artificial mustard oil

The results of different mustard oil sample collected from market in regard to synthetic allyl
isothiocyanate presence are presented in Table 4.3. Shukla er ai, (2002) observed a simple
and reliable, non-instrumental technique which could differentiate natural (unadulterated) and
synthetically made mustard oijls. This technique was followed to detect the presence of
synthetic allyl isothiocyanate in commercial mustard oil. In order to detect such a fraud, the
detailed analysis of mustard oils obtained from market was done for adulterate analysis of

mustard oils.

Table 4.3: Test for the presence of synthetic allyl isothiocyanate in different commercial

mustard ofl samples

Mustard oil sample Test color results
Radhuni Yellowish color
Dolfin No color
Teer No color
Fresh Yellowish color
Local 1 Yellowish color
Local 2 Yellowish color
Local 3 Not analyzed
Local 4 Not analyzed

The obtaining results presented in the Table 4.3 showed that synthetic allyl isothiocyanate
was not found in the tested samples. Since synthetic allyl isothiocyanate is added to low
priced vegetable oil which is colored by oil soluble yellow dye in order to prepare artificial
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mustard oil, this test result shows a deep yellow precipitate. This test gives positive reaction
with artificial or adulterated oil containing down to 0.1% of added allyl isothiocyanate
(Shukla et al, 2005). In this study, except Local 3 and Local 4 all of samples are analyzed.
Although Local 3 sample was collected from open market, its quality was fulfill with BSTI
standard that is indicative of unadulterated oil. Its source of collection was reliable and its
preparation method was followed to classical processing. So, it is proved that it was not
artificially prepared. That is why, it could not be analyzed. Another sample Local 4 was not
analyzed due to limitation of collected sample. From this qualitative test result, it was found
that Radhuni gave yellowish color, and Teer gave no color that showed in the picture 10.
Appearance of no color in Dolfin and yellowish color in Fresh, Local 1 and Local 2 was
showed in the picture 11. So, from this result it can be concluded that all of the collected

samples except Local 4 contain natural allyl isothiocyanate and these samples were not

artificially prepared.

Figure 10: Appearance of yellowish color in | Figure 11: Appearance of no color in
Radhuni and no color in Teer Dolfin, yellowish color in Fresh, Local 1
and Local 2
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4.3.2 Test for argemone oil in mustard oil as adulterant

The results of different brands and open market mustard oil sample in regard to argemone oil
presence are presented in Table 4.4. This test is done to follow the method that determined by
BSTI.

Table 4.4: Test for the presence of argemone oil in different mustard oil samples

collected from market
Mustard oil sample Test color results
Radhuni No color
Dolfin Orange red precipitate
Teer No color
Fresh No color
Local 1 Orange red precipitate
Local 2 Orange red precipitate
Local 3 No color
Local 4 Orange red precipitate

The results are presented in the Table 4.4 that show the qualitative test of argemone oil in the
commercial mustard oil collected form the market. This test gives an orange red precipitate in
the acid layer or at the interface indicates the presence of argemone oil. In this study, brands
of Radhuni, Teer and Fresh, and Local sample 3 does not give any color. So, it indicates the
absence of argemone oil in those samples. But, Dolfin and other three open market samples
like Local 1, Local 2 and Local 4 give orange red precipitate thaf indicate the presence of
argemone oil. The consumption of mustard oil containing argemone oil causes health hazards
that occurs epidemic dropsy in human. Therefore, it can be concluded that all of the collected
samples were not free from argemone oil (adulterant).
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4.3.3 Test for mineral il in mustard oil as adulterant

The results of individual mustard oit sample in regard to mineral oil presence are presented in
Table 4.5. This test is done to follow the method that determined by BSTI. For quantitative
analysis, this method for the determination of unsaponifiable matter is also used.

Table 4.5: Test for the presence of mineral oil in different brands of mustard oil samples

Mustard oil sample Test color results
Radhuni No color
Dolfin No color
Teer No color
Fresh No color
Local 1 No color
Local 2 No color
Local 3 No color
Local 4 No color

The results presented in the Table 4.5 that show the qualitative test in different commercial
mustard oil samples. This test develops turbidity that confirms the presence of mineral oil. In
this study, all of the samples give no color. So, it can be said that no of the sample contain
mineral oil. Generally, mineral oil found in the mustard oil due to the poor transportation
procedure. The consumption of mustard oil containing mineral oil causes health hazards of
human. So, it can be concluded that all of the collected samples were free from mineral oil.
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CHAPTER FIVE

Discussion

We have taken eight different commercial mustard oil samples from Khulna local market to
analyze their quality and to detect the adulterant mixed with it. There are different well-
known brands and open market commercial mustard oil in our market and many of them are
suspected to fail in maintaining BSTI standard. This occurs generally because of the shortage
of mustard oil production and its high price. Despite of this, due to increasing awareness on
good health implications of mustard oil in our diets, peoples are now prefer to purchase this
cholesterol free vegetable oil. In our study, we have investigated the quality of saleable
mustard oil using various parameters are analyzed and compared the values with BSTI
standard. There are two types of characteristics like physical and chemical criteria are

analyzed.

The physical characteristics are moisture percentage, specific gravity refractive index and
color. The average moisture content of Radhuni, Dolfin, Teer, Fresh, Local 1, Local 2, Local
3 and Local 4 mustard oil are 0.12, 0.21, 0.25, 0.29, 0.25, 0.32, 0.39, 0.30, respectively in
which BSTI maintains 0.10 to 0.25% standard range. Among these result, Fresh, Local 2,
Local 3 and Local 4 crosses the BSTI standard. This may be due to the inadequate means of
processing, packaging and storage.

The mean specific gravity for Radhuni, Doifin, Teer, Fresh, Local 1, Local 2, Local 3 and
Local 4 are 0.916, 0.926, 0.921, 0.922, 0.926, 0.938, 0.917 and 0.943, respectively. The
standard limit of specific gravity of mustard oil at 20° C is 0.910-0.921 according to BSTL
The result of Radhuni, Teer, Fresh, and Local 3 show within the standard limit that support
the study of Biswas et al (2001) in which, they observed that specific gravity of Brassica seed
oil at 25°C was 0.909. But Dolfin, Local 1, Local 2, and Local 4 go over the standard range
that indicate the mixing of other oil or aduiterant.

Average refractive index of Radhuni, Dolfin, Teer, Fresh, Local 1, Local 2, Local 3 and
Local 4 are 1.4667, 1.4664, 1.4669, 1.4657, 1.4670, 1.4675, 1.4670 and 1.4669, respectively.
The standard limit of refractive index in mustard oil is 1.4650-1.470 as recognized by BSTL
The values of all of the samples except Local 2 maintain the BSTT standard. These results
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also support the study of Biswas et al, (2001) in which, they found that refractive index of
Brassica seed oil at 25°C was 1.470.The result of Local 2 is not present within the standard
range. Although the refractive index of Local 2 crosses the range, this value is not a
significant indicator of autoxidation. Arya et ol (2007) has reported that high value of
refractive index related to autoxidation that develops rancid odor in the oil. Common edible
oils exposed to florescent light test show that refractive index range is 1.4776. An increase
order (0.001 =+ 0.0003) of that range shows the stage of development of perceptible rancid
odor.

The mean value of color for Radhuni, Dolfin, Teer, Fresh, Local 1, Local 2, Local 3 and
Local 4 are 24.83, 35.00, 25.5, 23.67, 39.33, 34.83, 22.00 and 31.00, respectively. The
standard limit of color of mustard oil is 30.00 (max.) as recognized by BSTI. The result of
color for Dolfin, Local 1 and Local 2 does not show within the standard limit. In case of high
value of color, the samples are contaminated with iron due to mechanical processing and
transporting.

The chemical characteristics are acid value, iodine value, saponification value, peroxide value
and iron value. The mean acid value for Radhuni, Dolfin, Teer, Fresh, Local 1, Local 2, Local
3 and Local 4 are 4.05, 3.63, 3.11, 2.5, 3.3, 4.2, 3.09, and 4.45, respectively. The standard
limit for this value is 3.00 mg/g (maximum) as recognized by BSTI. The value of Teer, Fresh
and Local 3 does not cross the limit that support the research work of Sultana ef a/ (1998) in
which, they showed that processed sarsoon oil containing 39% erucic acid has an acid value
of 2.80. Another report on acid value is 1.25 -~ 2.30 of high erucic acid rapeseed oil that
observed by Niewiadomski (1990). Biswas e al (2001) has found that the acid value of
brassica seed oil is 1.06. The result of acid value of Radhuni, Dolfin, Local 1, Local 2 and
Local 4 go over the standard range. Okpuzor ef al (2009) reported that high acid value
indicative of high free fatty acid showed rancidity that may be due to long storage of the oil
seeds before or after processing. So, it can be said that high acid value of these samples may
be due to long shelf life. Mustard oil has a shelf life of up to one year.

The Mean iodine value of Radhuni, Dolfin, Teer, Fresh, Locall, Local 2, Local 3 and Local 4
are 101.91, 73.92, 105.36, 101.25, 100.0, 122.53, 100.5 and 115.47, respectively. Standard
iodine value determined by BSTI is 98 to 108. In our study, iodine value of Radhuni, Teer,
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Fresh, Local 1 and Local 3 were found within the standard limit. The result of these samples
agreed with the work of Youngs et af (1951) who has reported that iodine value of rapeseed
oil is 104.1. Sultana ef al (1998) has confirmed in their research work that processed sarsoon
oil has an iodine value of 104.00. Another rescarch work of Biswas ef al (2001) has showed
that iodine value of Brassica seed oil is 96.5. In the obtaining result, iodine value of Dolfin,
Local 2 and Local 4 goes beyond the range of BSTL In case of low iodine value of mustard
oil, it is more saturated with other oil containing high saturated fatty acid (Welter, 2007). So
from this logic, it can be said that Dolfin may be adulterated with saturated fatty acid
containing oil. Biswas ef al (2001) has stated in their study that the high iodine value of oil
indicates the abundance of unsaturated fatty acids in oil. Therefore, high iodine value
containing oil like Local 2 and Local 4 may be adulterated with high unsaturated fatty acid
containing oil. So, it can be said that these samples indicate the probability of adulterant

mixing with other oil.

Average saponification value of Radhuni, Dolfin, Teer, Fresh, Local 1, Local 2, Local 3 and
Local 4 are 172.02, 180.5, 173.28, 172.86, 176.39, 184.11, 169.85, and 186.0, respectively.
Standard saponification value established by BSTI is 169 to 176. In our study, saponification
value of Radhuni, Teer, Fresh, Local 1 and Local 3 sustain the standard limit. The report on
saponification value of rapeseed oil is 174.3 that presented by the research work of Youngs ef
al (1951). Anocther study of Biswas ef af (2001) showed that saponification value of Brassica
seed oil is 173 that support the present result. The saponification values of Dolfin, Local 2
and Local 4 exceed the range. Thus, it can be said that high saponification value containing
samples may be adulterated with other oil.

The mean peroxide value for Radhuni, Dolfin, Teer, Fresh, Local 1, Local 2, Local 3 and
Local 4 are 0.0, 0.0, 0.0, 0.0, 0.0, 4.5, 0.0 and 0.0 respectively. The standard range of
peroxide value in mustard oil is 10.0 milliequivalents peroxide oxygen/kg as recognized by
BSTI. In this study, all of the peroxide value except Local 2 does not show any resuit. Only
Local 2 gives a result that is within the standard range of peroxide value. Geier (2004) has
illustrated in his classical experiment that high peroxide value is mostly due to the age of the
seeds. Another research report of Arya et al (2007) showed that peroxide value is correlated
with the organoleptic evaluation of rancidity. So, none of the samples used for this study does
not show rancidity.
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Average iron content of Radhuni, Dolfin, Teer, Fresh, Local 1, Local 2, Local 3 and Local 4
are 5.03, 6.63, 5.19, 5.07, 11.09, 9.37, 3.72 and 4.96, respectively. The standard range of iron
content in mustard oil is maximum 5.00 mg/kg according to BSTIL. The result of Dolfin,
Local 1 and Local 2 go over the standard range. Biswas et af (2001) observed that iron
content of brassica seed oil is 8.44 mg that support the result of Dolfin. fron level is quite
detrimental to the color and flavors stability of the oils. It leads to pro-oxidative effects
resulting in poor color and poor flavor stability in mustard oil. So, relatively high
concentrations of iron often occur because of the inevitable contact of oils with iron in the

course of extraction, storage and transport.

The detailed analysis of commercial mustard oils obtained from market is done for adulterant
analysis of mustard oils. There are three types of adulterant analysis is done in this study. In
our study, the test of synthetic allyl isothiocyanate that is used to prepare artificially made
commercial mustard oil is most valuable. All of the samples except Local 3 and Local 4 show
the absence of synthetic allyl isothiocyanate. So, our finding from this study is that all of the
samples used for this test are not artificially prepared. The finding of argemone oil
contamination with mustard oil shows that four samples like Dolfin, Local 1, Local 2 and
Local 4 are adulterated with this oil. Shukla et af (2005) in their review have stated that
mustard oil containing argemone oil causes epidemic dropsy in human. The research work
done by Babu et al (2006) report on heaith hazards that occurs epidemic dropsy in human.
The result of adulteration with mineral oil gives us that all of the samples included for the test
are not contaminated with mineral oil. Generally, mineral oil found in the mustard oil due to
the poor transportation procedure.

In conclusion, it can be said that the overall quality of Radhuni, Teer, Fresh and Local 3 is
good, Among the samples taking for analysis, comparatively the quality of Dolfin, Local 1,
Local 2 and Local 4 is poor. Thus, the quality studies can ensure whether oif producers and
marketers are correctly supply their products in the market or not.
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Appendix 1: Analysis of moisture content for various samples

ANOVA
Degree
Parameter Sum of | of Mean Significance
Squares | freedom | Square F value | level
Between +
Groups 139 7 020 21.923
Within Groups | .014 16 .001
Total .153 23
* Significance at 1% level
Appendix 2: Analysis of specific gravity for various samples
ANOVA
Degree
Parameter Sum ofof Mean Significance
Squares | freedom | Square F value | level
Between
Groups 002 7 .000 23675 |*
Within Groups | .000 16 .000
Total 002 23
* Significance at 1% level
Appendix 3: Analysis of refractive index for various samples
ANOVA
Degree
Parameter Sum ofjof Mean Significance
Squares | freedom | Square F value |level
Between
Groups .000 7 000 10.043 *
Within Groups | .000 16 .000
Total 000 23




* Significance at 1% level

Appendix 4: Analysis of color value for various samples

ANOVA
| Degree
Sum of!of Mean Significance
Parameter Squares | freedom | Square F value |level
Between *
Groups 857.073 |7 122.439 13.495
Within Groups | 145.167 | 16 9.073
Total 1002.240 | 23
* Significance at 1% level
Appendix 5: Analysis of acid value for various samples
ANOVA
Degree
Parameter Sum of | of Mean Significance
Squares | freedom | Square F value |level
g“’tw““ 13401 |7 1.914 33.888 | *
roups
Within Groups |.904 16 056
Total 14.305 23
* Significance at 1% level
Appenrdix 6: Analysis of iodine value for various samples
ANOVA
Degree
Sum of {of Mean Significance
Parameter Squares | freedom | Square F value |level
Between *
Groups 4216.347 | 7 602.335 201.188
Within Groups | 47.902 16 2,994
Total 4264.249 | 23
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