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Abstract

The chemical properties of oil extracted from the seeds of Pterygota alata were investigated by
established methods. The seed oil was analyzed for acid value, saponification value and iodine
value. Oil was extracted from the seeds by solvent extraction process using Petroleum Ether (40-
60°C) as solvent. Amount of oil extracted from the seeds was 42.27% (£0.02) which indicates a
very high yield percentage. The properties of the oil extracted from Pterygota alata seeds were
observed as acid value 0.39 (x0.03) mg KOHY/g, iodine value of 0.955 (+ 0.036), and
saponification value of 207.84 (£1.05) mg KOH/g. The oil may not be suitable for consumption
as the iodine value is low which reflects a high degree of saturation. However, the high
saponification value and low iodine value indicated that the oil could be a potential raw material
for soap processing. The low acid value is a good indication to stability towards hydrolysis
during storage and processing of the oil.
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1.1 Chemistry of Fats and Oils

Fats and oils are made of water insoluble non-volatile organic substances called triglycerides
(or triacylglycerols) which are esters composed of three fatty acids linked to glycerol. The other
minor components of most of the fats comprise phosphatides, fat soluble vitamins such as
vitamin A & D, sterols, tocopherols, fatty alcohols, carotenoids & chlorophyll etc.! The terms
‘oils’ and ‘fats’ generally refer to the same group of compounds and can be used
interchangeably?. Usually, Fats are solid and Oils are liquid in room temperature. They are
commonly found from vegetable source (e.g. palm oil, sunflower oil, soybean oil, olive oil,
cocoa butter, etc.) or animal source (e.g., pork lard, fish oil, beef tallow, animal milk fats etc.).

Fatty acids are mainly saturated and unsaturated.
Unsaturated fatty acids are grouped by ( glycerol )( 3 fatty acids ) ( triglycerides )
monounsaturated, polyunsaturated and trans.
Saturated fatty acids contain single bonds
between carbon atoms. Monounsaturated fatty

acids contain one and polyunsaturated fatty acids OH-C R, SShE W
contains two or more double bonds between H=C—aH e 1 M=C=0—-C—R,
their C-C bonds. In case of trans fatty acids some A ‘

or all of the double bonds are in the trans H,0 ks rebensed

configuration. . . . .
g Figure 1.1: Basic Structure of Triglyceride

Fats which contain the largest proportion of saturated fatty acids are solid in room temperature.
These fatty acids are less chemically reactive and usually more stable than unsaturated fatty
acids. Most of the animal fats such as meat, cream, butter, cheese and vegetable oils like coconut
oil, palm oil etc. contain high proportion of saturated fat. Limitation of consuming these fats are
necessary.

Trans Fats are most commonly produced as a result of hydrogenation of fats and in used frying
oils. These are not acceptable in a healthy diet plan.

On the other hand, cis-unsaturated fatty acids are beneficial for human health as they increase the
beneficial HDL cholesterol and decrease the detrimental LDL cholesterol. Olive oil, sunflower
oil, rapeseed oil, soybean oil etc. are rich in unsaturated fatty acids.
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1.2 Importance of Fat in the Diet

Along with carbohydrates and proteins edible fats and oils are the major components of the
human diet. Compared to proteins and carbohydrates (4 Cal/g), Fats are the most energy-rich
molecules in the diet containing 9 calories per gram 2. Recent recommendation for total fat intake
is between 20 and 35% of total calories **. Fats and oils are the source of essential fatty acids
such as linoleic, linolenic acid to human. These Essential fatty acids must be consumed in the
diet as our human body cannot synthesize them on its own *. Linoleic acid (Omega-6/ N-6) and
a-linolenic acid (Omega-3/ N-3), both are essential for proper functioning of human body if they
are present in balanced proportion in the body. Omega -6: Omega-3 ratio should be 2:1 by the
recommendation of some specialists °.

According to WHO and FAO fats are important in diet for mainly 5 reasons ° :

1. Asenergy source

For cell structure and membrane function

As a vehicle for fat soluble vitamins

As source of essential fatty acids for cell structure and prostaglandin synthesis
For control of blood lipids

ok own

Besides most of the dietary fats contain significant amounts of Vitamin A,D. Almost all the
vegetable oils contain Vitamin E 8. For healthy eating, instead of animal fats plant-based
cooking oils should be selected because most of the plant-based oils contain higher amount of
polyunsaturated and monounsaturated fats which are beneficial for our heart health and contain
much lower proportion of harmful saturated fat which is bad for our hearts.

1.3 Adverse Health Effects of Fats and Oils

All the fats and oils are not good for our health. Some of the fats are responsible for creating
negative effect to our body:

» Limiting the consume of saturated fat is recommended as researchers have found that
consuming higher amount of saturated fat can increase the cholesterol level causing
cardiovascular diseases’®.

» Trans fatty acids were found the most harmful of all the fatty acids as they increase the
levels of harmful LDL cholesterol and decrease the levels of beneficial HDL cholesterol °

» As a small amount of fat can provide high energy, excessive intaking of fat can cause
obesity as well as other health problem.
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1.4 Application of Fats and Oils

From annually produced Fats and Oils around 80% is used for human food, around 6% for
animal feed, and around 14% for the oleochemical industry °.

> In food applications they are consumed as butter, salad oils, shortening, margarine,
cooking oils, mayonnaise etc. Fats and Oils are used to make a lot of processed foods like
chocolates, ice-cream and bakery products like cake, biscuits, cookies etc.

» Oleochemicals (chemical compounds derived from natural fats and oils) are used to make
soaps, detergents, biodiesel, paints, lubricants, greases, pharmaceutical and cosmetic
products etc.

1.5 Overview of “Pterygota alata”

Pterygota alata, commonly named as Buddho narikel or Buddha coconut (family:
Malvaceae) is an evergreen or semi-deciduous large tree which can grow up to 30-35m. The
Trunk of the tree is erect and cylindrical, up to more than 1m diameter with grayish bark
based on tabular roots. Leaves are oval and heart-shaped, 10-30 cm long, 8-18 cm wide 1,
The most interesting thing is that it’s called Pagla Gach (mad tree) because every leaf of the
plant is differently shaped. This tree is found mainly in the hilly area of southern China,
India, Bhutan, Bangladesh, Myanmar, Thailand, Vietnam, Malaysia, Philippines *. In
Bangladesh it is also planted in parks and botanical gardens as an ornamental tree. Fruit is
big, round, hard, dehiscent, and brown in color containing numerous winged seeds. Raw or
roasted seeds are edible. Some narcotic properties were found in the seeds. It was claimed
that oil extracted from the seeds is nutritious 2. However, a very little scientific research
have conducted based on the seeds. Recently antioxidant properties have found from the
leaves and bark of the plant 34,

Figure 1.2: Fruits of “Pterygota alata”
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1.6 Origin of the study

Thesis or project report is a requirement for completing the Bachelor in Nutrition and Food
Engineering (NFE) at Daffodil International University. Department of NFE provides thesis
opportunity for students in the university laboratory. This report was made based on the
experiments conducted and by studying related data.

1.7 Purpose of the study
1.7.1 General Objective:

No oil from a particular source has been found to be suitable for all purposes because oils
from different sources have different characteristics. So, interest is growing in producing
oils from new sources. In this regard, plant seeds are known to be a good source of oils of
nutritional, industrial, and pharmaceutical importance. There are many rare and
unfamiliar plants whose seeds can be a good source of oils having unique characteristics.
Pterygota alata is such a rare plant. Characterization of Pterygota alata seed oil will help
to know and study the different characteristics of the oil and to determine which purpose
it should be used as it can be a valuable ingredient for the food and nonfood industries.

1.7.2 Specific Objectives:

to investigate the characteristics of oil extracted from Pterygota alata seed;
to know the storage stability of the oil;

to the learn methodologies of finding different characteristic of the oil;

to find out the applications of the oil; and

to fulfill the requirement of Bachelor in Nutrition and Food Engineering.

YV VVY

1.8 Limitation of the Study

> Due to the pandemic situation created for COVID-19 some important analysis could
not be done.

» Lacking of some chemicals and specific instruments is another reason to not able to
conduct some of the important tests.
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2.1 Method and Materials

All the experiments were carried out in triplicate by following standard methods and the
found data were expressed as the mean = (standard deviation).

2.1.1 Collection and Processing of Seeds:

Fully matured fresh fruits were harvested from Germplasm Center (GPC), Bangladesh
Agricultural University, Mymensingh, Bangladesh under the supervision of Prof. Dr. Md.
Abdur Rahim.

Major processing steps are described below:

Seeds were separated from the hard pod of the fruit by the help of knives.

Seeds were then separated from the shells.

Dirt and foreign materials were cleaned.

Seeds were then dried in the oven at 60°C for about 3 hours until the moisture

content is <8% as drying sample up to 8% moisture content was recommended for

better yield *°.

» After drying, homogenous powder was produced by grinding the seeds with a
food grinder.

» Powdered sample were packaged with airtight polyethylene bag and kept at -20°.

YV VYV

Figure 2.1: a) Seeds of Pterygota alata; b) Powdered seeds of Pterygota alata
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2.1.2 Extraction of Oil:

Extraction of oil was done by solvent extraction method with soxhlet apparatus. Oil was
extracted for 8h with Petroleum Ether (BP 40-60°C). Solvent-Sample Ratio was kept as
10:1. Solvent was evaporated with a rotary evaporator under low pressure at 40-45°C.

Major steps of extraction process are mentioned below:

>
>

Calculation:

At first, weight of empty round bottom flask (RBF) was taken.

Then the weight of powdered seed sample (~ 25g) was taken and placed in
thimble and then thimble was inserted into the Soxhlet apparatus.

250 ml of solvent was taken into the round bottom flask and the flask was
connected with the Soxhlet apparatus.

The flask was then fitted with the heating mantel and it was heated at 55°C
for 8 hours.

After 8 hours the flask was removed from the apparatus and connected
with vacuum rotary evaporator and solvent was evaporated at low
pressure.

After finishing the evaporation weight of flask with remaining oil was
noted and collected oil was kept in airtight glass bottle and stored at -20°C
until further analysis.

Weight of RBF after evaporation — weight of empty RBF

% of Oil = x 100

weight of powdered seed sample

Figure 2.2: a) Soxhlet Extraction Process; b) Extracted Oil Sample
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2.1.3 Determination of Acid Value

Acid value (AV) is the milligrams of potassium hydroxide required to neutralize the free
fatty acids in one gram of fat or oil. As rancidity is usually accompanied by free fatty acid
formation, determination of acid value is used as a general indication of the condition of
oils. AV is determined by titrating a solution of the oil in solvent mixture with alcoholic
potassium hydroxide by following standard AOCS official method (AOCS cd 3d-63)*°.

Reagents:
e 0.1N KOH
e 1% phenolphthalein indicator
e Solvent mixture — Toluene: Isopropyl Alcohol = 1:1

Procedure:

» 125ml solvent mixture was taken in an Erlenmeyer flask and 2ml indicator was
mixed.

> Neutralization was done by titrating the solution with 0.1N KOH until faint
permanent pink color appeared.

» Then about 20g of oil was taken in another flask (as expected AV was 0-1) and
neutralized solvent mixture was added.

» The oil was mixed by shaking.

» Then titration is done by vigorous shaking against 0.1N KOH until permanent
pink color persisted 30s.

Calculation:
Formula used to calculate AV is shown below:

Where,

A= ml of KOH used in titration

B= ml of KOH used in titration of Blank
N= Normality of KOH

W= Gram of sample

(A-B)xNx56.1

Acid Value, mg KOH/g of sample = =
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Figure 2.3: (Acid Value Determination)
a) Blank Solution after Neutralization; b) Sample Solution before titration;
c) Sample solution after titration

2.1.4 Determination of lodine Value:

lodine value (1V) is the measure of the degree of unsaturation of an oil. It measures total
number of double bonds present in fats and oils. Number of g of iodine which reacts with
the double bonds of 100 grams of fat or oil is the IV of that particular fat or oil. The
iodine value was determined according to AOCS official method (AOCS Cd 1d-92) by
dissolving oil sample in a solvent mixture and then adding iodine monochloride (Wijs
solution)!®. After completion of the reaction, the excess iodine monochloride was
decomposed to iodine by the addition of aqueous potassium iodide solution, which was
then titrated with standard sodium thiosulfate solution.

Reagents:

Solvent Mixture- Glacial Acetic Acid: Cyclohexane = 1:1
10% Potassium lodide (KI) solution

1% Soluble Starch Solution

0.1N Sodium Thiosulfate (Na2S203) Solution
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Procedure:

Melted oil was filtered at 80-85°C

Then ~3g oil sample was taken into Erlenmeyer flask (as expected IV was <5)

15 ml solvent mixture was added and oil was dissolved by swirling.

25 ml of Wijs solution was dispensed and mixed by swirling and kept the mixture
in dark for 1 hour with keeping the glass stopper on.

After 1 hour 20 ml K1 solution and 100 ml dist. water was added.

Titration was done with adding starch solution until dark blue color has
disappeared.

» Titration of blank solution was also conducted with the same manner.

YV VYV

\ 4

Calculation:
(B-S)XNX 1269
lodine value = Weight of the sample (g)
Where,

B = Volume of Na>S,Ozused in titration of Blank
S= Volume of Na>S»03 used in titration of Sample
N= Normality of Na2S203

Figure 2.4: (Determination of lodine value)

a) Sample solution before titration
b) Sample solution after adding indicator
c) Sample solution after titration
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2.1.5 Determination of saponification value

The saponification value is the milligrams of potassium hydroxide required to neutralize
the fatty acids (including free fatty acids) resulting from the complete hydrolysis of 1g of
fat. Lower saponification value indicates higher mean molecular weight of fatty acids and
vice-versa. Saponification value of the oil was determined by following AOAC Official
Method (AOAC 920.160). The oil sample is saponified by refluxing with excess of
ethanolic KOH. Triglyceride reacts with Potassium hydroxide and glycerol is produced
along with soap (Potassium palmitate) (Fig: 2.5).

0 r
CHz-0-C-R pe=on K 6-¢-r
(o)
H—0-C-r +3 KOH _A, CH—OH + +_9
0 K'0-C-R
CHz- 0-('5— R CH2-0OH
+ =0
K 0-C-R
(Triglyceride) (Glycerol) (soap)

Figure 2.5: Production of Soap during saponification

Apparatus and Machineries:
e Reflux Condenser
e Round Bottom Flask
e Pipette

Reagents:
e Alcoholic Potassium Hydroxide Solution
e 1% Phenolphthalein Indicator
e Hydrochloric acid, 0.5 N

Procedure:

=

About 5g of oil sample was take in Round Bottom flask (RBF)

50 ml of Alcoholic KOH was added and the flask was connected with reflux
indicator.

RBF was placed in the heating mantle and Boiling was done for about 30 minutes
After cooling, 2 drops of indicator was added.

Titration was done against 0.5N KOH until purple color disappeared.

Blank titration was also done.

N

ok w
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Calculation:

Formula used for determination saponification value:
mg of KOH =28.05 (B-S) /g of oil

Where,
B= ml of HCL required by blank
S=ml of HCL required for sample

Figure 2.6 a) Refluxion during saponification; b) Sample Solution before saponification;

c¢) Sample Solution after saponification
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Oil Extraction:

Total yield of oil from the seed sample of Pterygota alata was 42.27% (+£0.02%), which is higher
than reported of Hibiscus esculentus (29.31%, + 0.83), Hibiscus sabdariffa (27.22, % + 0.17)
and lower than reported of Pterygota macrocarpa (63.97%, + 0.23) which all are the members of
Malvaceae family *-*°. The significant percentages of oil yield make the seeds suitable for the
application in oil industry.

Acid Value:

The acid value of the seeds of Pterygota alata obtained in this study was 0.39 (x0.03) mg

KOH/g oil which is a permissible value according to Codex Standard for Some Known
Vegetable Oils?°. The lower acid value indicates that the triacylglycerols of the oil have not been
hydrolyzed during the processing and storage time (about 3 weeks), which indicates that the oil
is stable enough. The oil could be a source towards industrial interest like soap manufacturing for
its good stability 2L,

lodine Value:

The iodine value represents the degree of unsaturation of the fatty acids of an oil or fat and that
can be used to quantify the amount of double bonds present in the oil which reflects the
susceptibility of oil to oxidation. The lodine Value of Pterygota alata seed oil was found 0.955
(£ 0.036), which reflects that the oil contains a very high amount of saturated fatty acids. As the
iodine value is lower than 100, this oil could be classified as a non-drying oil 22. The oil may not
be the healthy choice for eating as it has high amount of saturated fatty acids which are
unhealthy for human body. However, the oil can be used industrially for the production of hard
soaps, as non-drying oils don’t harden when they are exposed to air %,

Saponification Value:

Saponification Value found from the oil sample was 207.84 (£1.05) mg KOH/g. The high
saponification value indicates that the oil can be a good raw material for soap making 4. High
proportion of saponification value indicates high proportion of shorter chain fatty acids since
saponification value is inversely proportional to the average molecular weight or chain length of
the fatty acids®.
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Table 1: Chemical Analysis of the oil of Pterygota alata Seed:

Parameters Value
Acid Value (mg KOH/qg) 0.39 (x0.03)
lodine Value 0.955 (£ 0.036)
Saponification Value (mg KOH/qg) 207.84 (£1.05)
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Conclusion:

This study has been carried out to determine the yield percentage oil extracted from the seeds of
Pterygota alata and to assess the physicochemical properties of the oil. Total yield of the oil was
determined as 42.27% (+0.02%). Due to some inadequacy only acid value, iodine value and
saponification value were investigated and the result was obtained as 0.39 (+0.03) mg KOH/g,
0.955 (+£0.036), 207.84 (£1.05) mg KOH/g respectively. The oil was primarily found essential
for the raw material of soap production as it has high saponification value and low iodine value.
The low acid value is appreciated as it is an indication of the stability of the oil. The high yield of
oil from the seeds could draw the attention to use of the seeds in oil industry as the natural raw
material that are decreasing day by day. The oil may not be a good choice for consuming as an
edible oil for its low iodine vale which is a reflection of high saturated fatty acids content.
However, more study and research are needed to identify the other physicochemical properties of
the oil to understand and ensure its application range as well.
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