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Abstract: The oils extracted from pumpkin seeds have been
distinguished as good nutrient vegetable oil. This study aimed to
study about the extraction of oils from pumpkin seed oils by
Soxhlet method using ethanol as a solvent. The effect of process
variables such as temperature, extraction time and particle size
were aimed to optimize for maximizing the yield of seeds ail using
response surface methodology (RSM). Optimization study showed
that the maximum extracted crude oil yield (56.2%) was obtained
at extraction temperature of 75 <, extraction time of 270 min and
particle size of 0.25 mm. The process model was developed for
relation between yield of oils and chosen the independent factors.
At optimize condition the extracted oils were subjected to
characterization. The interaction effect between different the
selected process parameter were also investigated against oil
extraction. In addition, the physico-chemical properties of the
crude and refined oils obtained at optimum optimal condition
were also determined. The FT-IR characterization on the
extracted oils showed the presence of functional groups of
carbohydrate, carbocyclic, alkane, carbonyl, alkene, aliphatic
amine, aromatic, alcohol and methyl ester. The GC-MS
characterization of the extracted oils was also investigated for
fatty acids composition.

Keywords: Fatty acids, FT-IR, GC-MS, Pumpkin seed oils,
RSM, Solvent extraction.

I. INTRODUCTION

Cucurbitaceae, aso known as cucurbits, native to
the Andes and Mesoamerica [1] are a plant family that
consisting about 965 species with 95 genera. The most
important genus of this family is Cucurbita. There are five
species are grown worldwide as edible fruit including
pumpkin. Pumpkin is one of the most nutritious fruits and has
flavorful seeds. Pumpkins are usually orange, dark green,
pale green, yellow, white and red. Pumpkins generally weigh
from 4-8 kg. Pumpkin seeds have interesting organoleptic
properties and are a rich source of biologically active
substances such as sterols, squalene, carote noids and
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tocopherols. They are available year round [2,3].
Cucurbitaceae used as vegetabl e and medicine throughout the
world [4-6]. Pumpkin fruit is physically composed of seed
[7]. Pumpkin seeds are white or brown and are consumed
directly by humans as a snack food [8]. The highest
proportion of the pumpkin seed oil is composed of fatty acids.
Test results of the fatty acids composition of the oil indicated
the presence of unsaturated fatty acids (linoleic, oleic,
pamitoleic and arachidic acid) and saturated fatty acids
(palmitic and stearic acid). They are also called as essential
oils that are aromatic liquids. Essentia oils used for many
purpose such as perfumes, cosmetics, lotion, food
preservation, food flavors, deodorants, pharmaceuticals,
medicinal and embalming antiseptic. On account of
increasing world population growth, there are notable
challenges in nutrient food consumption that stimulates the
growing interest in recognition and utilization of different
new natural and available food materials. Additionally, the
need of natural drug demand for pharmaceutical purposes
aso encourages scientific community to discover medicinal
plants recognized as efficient remedies. Extraction of
essential oils from pumpkin seeds stimulates a motivating
target because it has valuable pharmacological properties
with respect to treat wound healing [9]. These essential oils
are involved in international market and most industries.
Because of increasing numbers and types of individua oil
uses from day to day, researcher including pharmacists,
engineers, chemists and physicians were studying about the
physical, chemical, and medicinal properties of oils starting
a the middle of sixteenth century. Different researchers
studied the extraction and characterization of pumpkin seed
extracted oil using different extraction methods, but no work
has done on the factors that affect the chemical composition
of extracted oil. There are a lot of factors that affect the
chemical composition of extracted oil. The chemica
composition of observed oil isthe indication for the purity of
the oil yield and can be affected by different extraction
process and process parameters. This work focused on
Response Surface Methodology (RSM) based optimization
and to study the interaction effect of important process
parameters (temperature, extraction time and particle size)
for maximizing the yield of oil extraction from pumpkin
seeds. Additionally, the physico-chemical properties of
obtained pumpkin seed oil using optimal process parameters
were a so investigated.
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II. METERIALSAND METHODS
A. Raw Materials, Apparatus, Chemicals and Reagents

Pumpkin  seeds were obtaned from Kose,
Shola-Megenagna and Merkato vegitable market center,
Addis Ababa, Ethiopia. The seeds were detached from the
fruit and washed gently with pure double distilled water to
expel other component of pumpkin and impurities. For the
experimental studies, following apparatus used were: Rota
evaporator, measuring cylinder, burette, conica flasks,
standard flasks, round bottom flasks (250 and 500 ml),
pipettes, Screw-capped test tubes, heater, grinding mill,
coffee miller, sieve, water bath, magnetic stirrer, separation
funnel, Gas chromatography - Mass spectroscopy (GC-MS)
(SHIMADZU, GCMS-QP2020-NX), Fourier
Transform-Infrared Ray (FT-IR) (JASCO, FT/IR-4000),
digital weighting balance, beakers (100, 250, and 500 ml),
volumetric flasks (100, 250, and 500 ml), vibro-viscometer
(SV-10, Switzerland), condenser, Soxhlet apparatus setup,
oven, crucibles, centrifuge, refrigerator, and pH monitors.

Unless specified otherwise, al fine chemicals and media
components were obtained from HiMedia Laboratories
Private Limited (Addis Ababa, Ethiopia) and Merck (Addis
Ababa, Ethiopia), and were of analytical reagent. Water from
double distilled unit was utilized for carryout al solution.

B. Preparation of the Plant Materials

Pumpkin seeds shells were removed manually to get the
seeds. They were cleaned and washed for the removal of
foreign matter or extraneous impurities such as debris, plant
parts, and damaged seeds. They were dried in sun light for a
day. The seeds were then weighed accurately to control of oil
and cake yield. The shells (seed coat) were often removed
from the seed kernel. Then the known weight of sample was
taken to investigate the moisture content of the materials. The
presence of moisture in the sample was assessed by oven
drying at 150 °C for 3 h through the potential mass loss of
evaporation due to the drying. The shell contained seeds and
shell removed seeds samples are presented in the Fig. 1(a)
and Fig. (b), respectively.

Fig. 1. Pumpkin seeds sample (a) before and (b) after removal of shell

C. SizeReduction and Sieve Analysis of the Sample

Laboratory Mortar and pestle was used to crush the seed
kernels for reducing the sizes of the dry seeds. In order to
increase contact areain terms of volume to surface, they were
crushed until the particle size reaches desired point. Further,
the powdered sample was subjected to sieve using laboratory
ASTM sieves for getting different particle size of the plant
materials ranging from 0.25-1.25 mm. The sample powder
was stored at 4 °C for further experiment [10].

D. Extraction of oil and purification

Soxhlet procedure was used to extract oils from the
pumpkin seeds [11]. About 20g of crushed pumpkin seeds
were fed to lab-scale Soxhlet extractor with condenser and
250ml round bottom flask. Then, 200ml of the food grade
solvent (Ethanol) was added into round bottom distillation
flask. The Soxhlet apparatus was then heated up using a
heating mantle with temperature controller for controlling the
desire value of heating. After heating for the predetermined
time, the waded thimble of sample was obtained. The
condensed oil was collected into the flask. This extraction
process was carried out for predetermined time. The Fig. 2
illustrates the extraction procedure adopted in this work.
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After extracting, the flask containing the solvent and lipid
was removed through distillation process. To remove the
excess solvent, the solvent and extract mixture were placed
on water bath. Excess solvent (Ethanol) can be evaporated at
70 °C. Since the oils have low volatility, they retained in the
flask [12]. The oil extract mixture was found to be golden
yellowish color. Further, this mixture was allowed to settle
for 4 h to collect essential oils as extract and solvent as
raffinate. Observed essential oils was separated and kept in
refrigerator a 4 °C for further purification and
characterization [13]. The extraction experiments were
carried out for the predetermined combinations of process
variables with respect to design of experiments.

E. Experimental Design and Analysis

The optimal condition to get the maximized yield of oilsfrom
pumpkin seeds was determined by means of RSM. The
considered factors and their respective ranges of the
experiments are given in the Table-lI.

The optimization of chosen parameters using Box-Behnken
design was carried out about 16 numbers of experimental
runswith 5 center points.
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The combinations of selected parameters are given
Table-1l. The 3-factors, 3-level for al the three factors
(temperature, extraction time and particle size) experimental
design was used to investigate and validate extraction
parameters that affect the extraction yield. Each set of
experimental was conducted in duplicate. The software
Design-Expert 7.0.0 (Stat-Ease Inc., and Minneapolis, MN,
USA) was utilized for design of analysis of data, and to
construct a process model. The significance and statistical
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analysis of developed model was examined for 5%
probability level. The 3D plots of response surface were
developed by fixing one response variable at its optimal point
and plotting that against other two variables. The axial points
were omitted by making it to Face Centered Quadratic
Design. Because of they are out of ranges to which the
process parameters were projected to be studied.

ISampIe

Soxhlet Suction |

Extraction Filtration | |mpurities

|
ISolvent Oil &
Solvent ISoIven t
Degumming& Rotary
neutralization |Extracted | pyaporator
oil

Fig. 2. Process description for extraction and purification of pumpkin seeds ail

Table-I: Factorsand respective ranges of the experiments

Factor Name Units Low value High value
A Temperature °C 65 85
B Extraction time min 90 270
C Particle size mm 0.25 125

In the current study, factors considered were: temperature,
extraction time and particle size. The main effects of the
individual factors and the interaction effect of on the yield of
the extracted oils and the optimum va ue of the parameters
were investigated.

Table-I1. Combinations of selected parametersfor DoE

Run Temperature (°C) | Extraction time Particlesize
(min) (mm)
1 75.00 180.00 0.75
2 75.00 90.00 0.25
3 75.00 180.00 0.75
4 75.00 90.00 1.25
5 85.00 180.00 1.25
6 75.00 180.00 0.75
7 85.00 270.00 0.75
8 65.00 180.00 1.25
9 75.00 270.00 0.25
10 85.00 180.00 0.25
11 85.00 90.00 0.75
12 65.00 180.00 0.25
13 75.00 180.00 0.75
14 65.00 270.00 0.75
15 65.00 90.00 0.75
16 75.00 270.00 1.25

Using RSM, the factors with three levels for temperature,
extraction time and particle size, respectively, replicated two
times with a single response of percentage oil yield. There
were 16 experimental runs conducted. The obtained results
from 16 raw experimental data were fed in the response and
made randomized on the design expert software. The
ANOVA, the norma residuas plot, predicted vs. actual
values, residuals vs. predicted and, the plots of the individual
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factor and their interactions, the numerical solutions for
optimization were studied.

F. Purification of Essential Oils

The extracted oils obtained as extract contain different
impurities that should be removed. So that the extracted oils
to be refined for purification for more palatable, stable
against rancidity upon storage. The purification process was
performed by degumming, neutralization, bleaching and
deodorization. The presence of phospholioids creates
problems during oil processing and its different applications.
Part of these components can be removed by degumming
processes. For that, pumpkin seed oilswereinitially heated to
a temperature of 70 °C. Then 2 % (v/v to aoil) of citric acid
(30%) was added to the oil. This mixture was subjected to stir
for 20 min. Further, the mixture was retained at 80 °C for 15
min. Then, allowed to cool to room temperature. Then, water
(1%) was added and allowed to settle in holding vessel for 60
min. In order to separate acid degummed oil, the mixture was
subjected to centrifuge with 300 rpm for 20 min [14]. The
neutralization process for degummed oil was done by
pouring into a beaker followed by heating to 80 °C. NaOH
(0.1M) was mixed and stirred well to get uniform solution.
Followed by NaCl was added to settle out the soap formation.
It was removed by relocated into a clean separating funnel for
1 h. Soap remaining in solution was removed by adding hot
water to this solution.
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This oil was considered to be neutralized and taken for the
further analysis. The soapy wash water was separated by
centrifugation and neutral oil was vacuum dried as outlined
by Yesim et a., (2011) [5]. The oil was bleached using
powdered clay. Bleaching was carried about 20 min with clay
at range of 104 to 116 °C by applying vacuum (50 mmHg).
Consequently, the spent clay was separated by filtration out
from the bleached oil [15]. For deodorization, the oil was
heated up to 130-160 °C under a vacuum (2-10 mmHg).
Though this process, the non-triglyceride components were
removed from the oil.

G. Determination of Oil Yield

The oil yield depends on the processing parameters. The
yield of extraction was determined from the relationship of
oil extracted and the raw material used for the extraction. The
yield of oil (%) is calculated using (1).

Yield of Oil (%) = mlﬂ;f“ £100 verrernnenn. (1)

Where, m; denotes the samples weigh before extraction, and
M; denotes the sample weight after extraction which dried in
the oven.

H. Determination of Physical Properties of Oils

Pumpkin seeds were weighted before and after drying inan
oven at 150 °C for 3 h The percentage moisture in the seed

was calculated by adopting AOAC method using (2).

Moisture Present (%) = % * 100 .... (2)

Where, C;1= original weight of sample, and C; = weight taken
of the sample after drying. Moisture content in the extracted
oils determined by heating the oil sample at 1051 °C under
the conditions specified by adopting AOAC method.

Percentage weight of the moisture was cal culated from (xx)
wl — w2

Moisture content in the extracted oil =
wl — wo

Where, wq = weight of empty beaker, w, = weight of beaker
+ ail before drying, w, = weight of beaker + oil after drying.
The density of the oil was determined through specific
gravity calculation using (3).

__ (mass of sample in the density bottle)
mass of equal volue of water

Specific gravity(SG) =
)]

Kinematic viscosity of the oil was examined using a
vibro-viscometer (TA Instruments, ARES-G2). Dynamic
viscosity of oil was determined by vibro-viscometer further
the kinematic viscometer was calculated using (4).

dynamic viscosity of oil

Kinematic viscosity(9) =
y( ) density of oil

Refractive index of the oil was investigated using a
refractometer (PCE Intruments-DRB 10). Ash content in the
oil was determined by direct incineration of sample using a
Muffle Furnace (MF1/02, PCSIR, Pakistan). Determination
of crude protein in the oil was estimated by Kjeldhal
Apparatus (Model: D-40599, Behr Labor Technik,
Gmbh-Germany). Determination of crude fat content was
assessed using hexane as a solvent at Soxhlet Method
(Model: H-2 1045 Extraction Unit, Hoganas, Sweden). Crude
fiber was determined in fat removed samples by reacting with
1.25% H,SO, followed by treatment with 1.25% NaOH
solutions. Crude fiber of the samples was determined
Labconco Fibertech, (Labconco Corporation Kansas, USA).
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Carbohydrate was calculated according to the following
relation:
Carbohydrate % = 100 — (Moisture contents % + crude
protein % + crude fat % + crude fiber % + ash %).

|. Determination of Chemical Propertiesof Oils

To determine the acid value of the extracted oil, oil sample
(59) was taken in 250ml flask. The sample was dissolved in
alcohol (mixture of 25mi-diethyl ether and 25ml-ethanal).
Followed by 2-3 drops of phenolphthalein was added. The
free acid was titrated against standard KOH (0.1 N) solution
at a uniform rate of 30 drops/min. The end point was
considered to be the red coloration that did not fade within 10

seconds. The acid value was estimated using (5).
v*C*56.1

Acid value =

Where, ¢ = concentration of KOH, 56.1 = equivalent weight
of KOH, v = volume of KOH, w,= weight of ail.
Saponification, peroxide, and iodine values of the extracted
oil were determined by following AOAC method.

1. RESULTSAND DISCUSSION

A. Soxhlet Extraction According to DoE

Owing to optimize the process, the following parameters
were considered: extraction time, extraction temperature, and
particle size. Soxhlet setup was used for extraction of
pumpkin seeds oils. Using the combinations of chosen
parameters, as provided in Table-lll, experiments were
carried out. The obtained yield of oil (%) was determined by
duplicated experiments and mean value with standard
deviations are presented in the table as results.

Tablelll. Averageyield of pumpkin seeds oil extract

Run Averageail yield (%)
1 522+ 274
2 36.62+0.8
3 52.7 + 2.86
4 38.4+0.85
5 49.8+243
6 525+ 297
7 53.2 + 3.06
8 46.93+1.12
9 56.2 + 3.88
10 47.87+2.23
11 37.16 £ 0.81
12 46.7+1.84
13 52.56 + 2.62
14 44.02 + 1.66
15 35.78 £ 0.71
16 48.75+ 2.80

1790

B. Polynomial M odel for Extraction

e Statistical Analysisand Model Selection

Model selection is key point that needs for modeling,
analyzing the datistical significance of terms and
optimization for maximizing the oil yield. There were five
common types of model equation can be fitted as model of
response of the variables by Design expert software. The
Table-IV shows the observed values of mean sguare, sum of
squares, adjusted R-sguare, R-square (predicted), p-value,
F-value, lack of fitness, and significance for different models
when the oil yield (response) is eval uated based on ANOV A
analysis.
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Fromthe analysisresult, it cleared that the quadratic model
has greater value of significance model and F-value. Also,
lack of fitness indicated as non-significance. Thus, the
guadratic model can be considered to describeits correlation
with the independent factors. The quadratic model showed a
significance of F- value was predicted at 95% confidence
interval. Also, the F-value of 45.70 suggests the model is
quite significant than other models. The process modeling in
terms of quadratic model is presented in (6).

e Analysisof the Variance of the M odel

The Table-V shows analysis of variance (ANOVA)
obtained which explains the significance of different factors.
Therevealed that the hypotheses had no main effect on factor
A, no main effect on B, no main effect for factor C, no AB
interaction effect, no AC interaction effect and no BC
interaction effect on the yield of oils. The Table-V showsthe
analysis of variance for the data using a = 0.05.

It was found that there are many insignificant model terms
(that may not counting those required to support hierarchy),
Inthisstudy A, B, C, D, BC, A%, B? C?were very significant
model terms and AB were significant model terms. AC had
P-Values greater than 0.1. That indicated the model terms
was not significant correlation. The non-significant
obseveation of "Lack of Fit F-value" (1.05) suggests the lack
of fit wasrelativeto the pure error. It was observd that thereis
a 5.053% chance of "Lack of Fit F-value" that could occur
due to noise. Thus, the model holds good for fit.

C. Diagnostic Testsfor Response

After analysing ANOVA, the predited model should be
diagnosed for statistical properties. There are different
techniques can be used for diagnostic detailstest. The widely
used diagnostic is the plot of normal probability vs residuals,
and predicted vs actual, the sameisgivenin Fig. 3. The data
points were observed to be fixed at linear. All the entire
response data were good line up on the linear line.

57.00 — (a)

51.00 — L~

33.00 —|

3372 2024 a4.096 50.58 56.20

X Actual
Y: Predicted

Fig. 3. Plot for predicted values ver sus actual values

(b)

T T T T T
274 -1.50 -0.z7 097 221

X: Internally Studentized Residuals
Y: Normal % Probability

Retrieval Number: D8420049420/20200BEIESP
DOI: 10.35940/ijeat.D8420.049420
Journal Website: www.ijeat.org

1791

International Journal of Engineering and Advanced Technology (IJEAT)
I SSN: 2249 — 8958 (Online), Volume-9 I ssue-4, April, 2020

Fig. 4. Normal probability plot of the studentized

residuals
200 (0
=
=1

1.50 — a

=}
L] =)
o
= m o =]
000 m _ = = g
[ ] m = =]
=] =]
=
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=]
-2.00
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Fig. 5. Residual value versus predicated value of
per centage oil yield

300 (@

T A )
Y

-3.00

L s B B B
1 (] 11 16 21 26 1

X: Run Number
Y: Internally Studentized Residuals

Fig. 6. Residualsvalueversusrun

Additionally, the relation between actual vaues and
predicted values illustrated that the actual values are
distributed relatively close to the straight line. That indicated
the model had good fitness. The normal distribution of the
error term (residuals) and the residuals verses predicted value
of the model data is presented in Fig. 4. Unless the model
should not satisfy this criteria it is not advisable to use the
model for different purpose. The plot of residuas verses
predicted value (Fig. 5) showed that the residuas did not
follow any pattern that means no serious deviation found on
the assumptions.
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Table-1V. Summary statistics of the models

Model Sum of Mean square F-value Adj Pred Significance Significance
sguare R-squared R-square of model lack of fitness

Mean 0.000 0.000 -0.0656 Significant

Linear 762.69 190.67 9.09 0.5108 0.4284 Significant Significant

2FI 862.80 86.28 3.89 0.4822 0.2876 Significant Significant
Quadratic 1289.86 99.22 45.70 0.9819 0.9494 Significant Not-Significant
Cubic 1304.93 59.32 22.23 0.9378 0.4340 Significant Not-Significant

The randomness of the plot implies that the model is
adequate and there is no indication of a severe problem. Oil yield (Y1) =

Therefore, the model equation can fit to design the model.
The plot of residuals versus run plot is given in Fig. 6. The
points were connected with one another and ffamed as visible
pattern.

It showed about the testing of accuracy of oil yield that was

—159.572 + (4.456 X Temperature) + (0.298 x
Extraction time) + (12.78000 X Particle size X
1.34583E — 003 x Temperature X Extraction time) +
(0.073000 x Temperature X Particle size — 0.0513 X
Extraction time X Particlesie) — 0.0304 X

modeled through quajratic model. The plot of studentized Temperaturez — 7.9413E — 004 x Extractiontimez —
residuals vs run was carried out. In this study, the residuas 6.595 x Particle size2 ....... (6)
were scattered randomly with clear visible pattern around
+3.00. This was a good indication of good fitness of the
model observed from the experimental data.
Table-V. Data from analysis of variance
Source Sum of Squares df Mean Square F Value p-Value
Pron > F
Model 1289.86 13 99.22 45.70 < 0.0001 Significant
A 24.03 1 24.03 11.07 0.0037
B 597.19 1 597.19 275.08 < 0.0001
C 54.61 1 54.61 25.16 < 0.0001
AB 11.74 1 11.74 5.41 0.0320
AC 1.07 1 1.07 0.49 0.4925
BC 42.69 1 42.69 19.66 0.0003
A’ 74.30 1 74.30 34.22 < 0.0001
B? 331.02 1 331.02 152.47 < 0.0001
Cc? 21.75 1 21.75 10.02 0.0054
Residual 39.08 18 2.17
Lack of Fit 26.47 12 221 1.05 0.5053 Not significant
Pure Error 12.61 6 2.10
Cor Tota 1328.94 31

A=Temperature, B=Extraction time, C=Particle size

D. Interaction Effect of Process Variables and

Optimization

Fig.7 shows the effect of the independent variables,
temperature and time on oil yield. From the observations, the
yield of pumpkin seeds oil increases at various temperature
and extraction time interactions. The close observations
about the relationship revealed that increase in temperature
resulted inincrease of the oil yield. Theyield was more while
comparing to yield increases with respect extraction time.
From these observations, it was cleared that the more
steepness of the relation between temperature and oil yield
than extraction time. The interaction effect of independent
parameters, temperature and particle size on the ail yield is
presented Fig. 8. It showed the increased oil yield for an
increase with temperature but decreases the particle size. In
all combination increasing temperature up to maximum point
followed by more steepnessto the yield along with increasing
the extraction time with a decreasing the particle size. This
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study shows that maintaining temperature under considerable
amount will affect the amount of oil production significantly.
Thus, temperature should be taken as special attention on oil
extraction. As per the understandings from a combination of
variables, increasing extraction time and the temperature had
apositively correlation with the oil yield but the particle size
showed negatively correlated. The same kind of effect was
observes while studying the interaction between particle size
and extractiontime ontheoil yield (Fig. 9). It showed that the
positive correction with time nevertheless, negative
correlation with particle size. The increasing temperature up
to optimum point could help to achieve the maximum
extraction oil yield. The optimum temperature enhances the
solubility of the extraction compounds. From the 3D surface
graphs, the oil yield was found to be enhanced with
increasing temperature. The use of higher temperatures
supports to break the molecules of the sample that results the
higher ail yield.
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Owing to get the maximum yield, the optimization of
selected parameters was targeted. The point optimization
technique was used for all chosen independent variables.
Under the working conditions, al the responses and factors
(extraction temperature, particle size, and time) were
employed for the optimization analysis. Optimization was
targeted to maximize the yield of pumpkin seed oil when the
values of independent factors were taken in the range studied.
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To determine the optimum conditions, the process should
operate at values of high composite of desirability that
provides the maximum response. The factors with suitable
value of combination satisfy the ultimate goals of response.
In this study, combination of
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each of the factor gave the highest composite desirability
(0.957). The experimenta values and corresponding
predicted values for the yield under the optimum conditions
are presented in Table-VI.
Table-VI. The acquired optimal values

Variables Optimum results
Temperature (°C) 75
Extraction time (min) 270
Particle size (mm) 0.25
Experimental percentage of the oil yield (%) 56.20
Deviation in percent 0.33

The model predicted that 55.87% oil yield at extraction
temperature of 75 ‘C, extraction time of 270 min, and particle
size of 0.25 mm. The experimental value obtained at this
condition was observed to be 56.20%. Thisvalue revealed the
close agreement with predicted result from the model and
validated experimental findings under optimal condition.

E. Physico-Chemical Properties of Extracted Oils

The result obtained indicated that the oil was of high
quality. Sample of oil obtained from pumpkin seeds by
solvent extraction were subjected to various physica &
chemical characterizations (Table-VIlI and Table- VIII).
Mean values for physical parameters of extracted oail
including moisture content of oil, specific gravity, pH and
kinematic viscosity (m?/s) were: 0.91, 0.9109, 4.23 and 34.9,
respectively. The mean value for chemical properties, iodine
value, free fatty acid value, acid value and saponification
value were found to be 97.8+0.4 1, ¢/100g oil, 0.356+0.023,
0.713+0.07mg KOH/g oil and 175.8+3.71mg KOH/g oil,
respectively its clears he non-significant difference with
literature reports [16,17,18].

F. FT-IR Analysis

The presence of functional groups in the pumpkin seeds oil
(obtained from optimal condition) was determined by FT-IR
spectrum analysis. Fig. 10 shows % Transmittance versus
wave length (cm™) graph of FT-IR analysis. Each peak
represents specific functional group present in the pumpkin
seedsoil. The oil composition affectsthe exact position of the
band and yields shifts when the proportion of the fatty acid
changes. The pumpkin seed oil spectra showed a peak at
3462.72 cm™ for N-H, sharp pesk at 3004cm™ for C-H
stretching vibration of the cis-double bond (=C-H), sharp
peaks a 29825 cm ™ for symmetric and asymmetric
stretching vibration of the alkanes, C—H stretching isfound to
be aldehydes and acids presence due to the appearance of
absorption peak at 2843 cm, O-H stretching indicates
carboxylic acid the band at 2127.9 cm * representing alkynes
indicates C=C stretching, a sharp peak at 1752.39 cm* for
ester carbonyl functional group of the triglycerides (C=0)
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and from 1700-1600 cm * asymmetric carboxyl stretching
and the peak is 1645.69 cm ‘indicate C-N aliphatic amine
free carboxyl group compound. The peaks below 1009.57
cm?® represent the fingerprint regions. 1167.57 cm*
represent stretching vibration of the C-O alkynes, 739.74
cm * represents overlapping of the CH, rocking vibration and
the out-of-plane vibration of cis-disubstituted olefins. The
characteristic functional groups in the oil sample were
examined. As well known, they are the responsible for
activities and behaviors which exhibit their therapeutic and
pharmaceutical applications[19].

G. GC-M S Analysis of Extracted Oils

The composition of fatty acids in the pumpkin seeds ail
was evaluated for its stability and nutritional quality.
Therefore, pumpkin seeds oil obtained at optimal condition
subjected to Gas Chromatography—Mass Spectroscopy
Analysis (Spectrum given in Fig. 11). From the observations,
a higher value of oil unsaturation provides the more
susceptible property to oxidative deterioration. In contrast,
there are significant data to recommend a reduction in
monounsaturated and a moderate increase in saturated and
n-3 and n-6 polyunsaturated fatty acids for nutrition. They
can be prevented coronary heart diseases. These fatty acids
composition varies depending on different parameters
including growing area, variety, climate and ripeness. The
fatty acid composition isamajor determinant of quality of the
oil. GC-MS results showed the fatty acid composition of
crude pumpkin seeds oils composed with 2,6-Octadien-1-ol,
3,7-dimethyl-, (2)-; 1H-Cyclopentg[c] furan-3 (3aH) -one,6,

6a-dihydro-1- (1,3-dioxolan-2-yl)-, (3aR,1trans,6a-Cis);
heptane, 2,2-dimethyl-3-methylene-, (15)-;
3,3-Dimethyl-4-methylamino-butan-2-one; Hydrazine,

1-(5-hexenyl)-1-methyl-; 2-(Prop-2-enoyloxy) pentadecane;
2-Propenoic  acid,  1-methylundecyl  ester; 9,12-
octadecadienoic acid (Z,Z) Bicyclo[10.1.0] tridec-1-ene; 11-
(2-Cyclopenten-1-yl) undecanoic acid. The fatty acid

composition of refined pumpkin seeds oil included:
2-(4-Fluoro-1H-imidazol -5-yl) ethylamine;
11-(2-Cyclopenten-1-yl) undecanoic acid, (+)-;

2-(4-Fluoro-1H-imidazol-5-y) ethylamine; pentadecanoic
acid, methyl ester; 1-Octadecanamine, N-methyl-; 9,12-
octadecadienoic acid, ethyl ester; heptane
6,6-dimethyl-2-methylene, 2-Octenal, (E)-; Heptadecanoic
acid ethyl ester; 24,6-Trimethyl-1,6-heptadien-4-ol;

dI-3,7-Dimethyl-3-hydroxy-1,6-octadiene;
9-octadecadienoic acid, methyl ester(E); 2-Propenoic acid,
ester;

1-methylundecyl
5-Cyclopropylcarbonyloxypentadecane;
3,7-Dimethyl-octa-1,6-dien-3-al.
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From the analysis results the saturated fatty acids (SFA)
were found to be: Myrigtic acid (C14:0), Palmitic acid
(C16:0) and Steric acid (C18:0), the monounsaturated fatty
acids (MUFA) include Oleic acid (C18:1) while the
polyunsaturated fatty acid (PUFA) include Linoleic acid
(C18:2) and Eicosenoic acid (C20:1) were found in the
pumpkin seeds oil. They consisted more than 90% of the total
oil obtained. This profile was reported by severa
investigators [20,21]. GLC analysis of oil showed that the oil
contained highest amount of oleic acid (40.58%). It was
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observed that stearic acid, pamatic acid and linoleic acid
contents were found to be 27.06%, 17.39% and 14.97%,
respectively [22].The seed oil contained 21.5% and 26.2%
saturated fatty acids for crude oil and refined oil respectively,
with the major one being mystric acid (1.83-3.61%); palmitic
acid (5.6%-15.4%) and stearic acid (3.85%-12.38%), while it
was high in unsaturated fatty acids with a total content of
72.3%, and 64.57%. The unsaturated fatty acids content of
was similar to that of the other studies on pumpkin seed in
Cucurbitaceae species [23].
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Table-VII. Physical property of pumpkin seeds crude and refined oil

Physical parameter Value
Crude Refined
Color Dark-brown Golden-blue
Specific gravity (g/om?®) 0.9109 0.9103
pH 4.23 5.81
Kinematic viscosity (m?/s) 35.13 34.67
Density (kg/m°) 910.9 910.3
Moisture content of oil (%) 1.09 0.73
Refractive index (at 40 °C) 1.53 1.37
Table-VIIIl. Chemical properties of pumpkin seeds oil
Chemical parameter Value
Crude Refined
Freefatty Acids 0.59+0.07 0.123+0.006
Acid Value (mg KOH/g) 1.18+0.14 0.246+0.013
Saponification value (mg KOH/g) 174.3+4.28 176.6+3.72
Peroxide value (meg. O,/Kg Qil) 3.22+0.14 0.91+0.08
lodine Value (I g/100 g Oil) 98.36+0.51 96.84+0.39
Qil Yield (overall at optimal) 0.59+0.07 0.123+0.006

The unsaturated fatty acids, oleic acid and linoleic acid in
the crude and refined oil were found to be 37.64 & 26.93 %
and 40.6 & 31.7%, respectively. In most other studies on the
fatty acid composition of C. pepo, the percent of linoleic acid
was quite higher (43.1-55.6%) than that of oleic acid
(20.4-37.8%). Nevertheless, the percentages of linoleic and
oleic acids for crude and refined oil were observed to be
nearly the same (406 & 31.7 % and 37.64 & 26.93%,
respectively). High degree of unsaturation has made it a
suitable for use as valuable drying agent. The lower free fatty
acid content showed the suitability of the oil for probably
edible purpose. Also, the level of other fatty acids in the ail
was low. That coincides with different reports reported else
ever [24-26]. This results were in agreement with other
studies which, observed that, linoleic acid was the principal
fatty acid followed by oleic acid in pumpkin seed oil. The
amount of linoleic acid present in seeds ail is high, so, it
suggests that the pumpkin seed oil is highly nutritious. The
polyunsaturated fatty acids (PUFAS) have an impact on
human health in the prevention of cardiovascular diseases,
coronary heart diseases and cancer. Additionally, thrombotic,
inflammatory, and autoimmune disease; diabetes type two,
renal diseases, hypertension; and rheumatoid arthritis,
ulcerative colitis, and Crohn’s diseases can also be prevented.

IV. CONCLUSION

This study aimed to optimize the extraction of essentia
oils from pumpkin seeds. The extraction was carried out
using Soxhlet extractor. Ethanol was used as a solvent, and
the processing parameters, namely, temperature, extraction
time and particle size were chosen as the main factors to be
optimized. RSM method was used to develop a model for
processing of extraction and optimize the parameters whereas
to archive the maximum yield of oils. The experimental
results obtained through Box-Behnken design were fitted
with the analysis. As per the predictions, the maximum yield
is 56.2 percent by mass was found at extraction temperature
of 75 °C, extraction time of 270 min and solid particle size of
0.25 mm. The quadratic model of polynomial process
equation was developed. The ANOVA anadysis on the
modeling confirmed that the extraction temperature,
extraction time and particle size are showing a significant
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effect on the oil yield. In addition, using optimal condition,
essential oils were extracted then purified further they were
subjected to analysis for physical and chemical properties.
The functional groups were analyzed through FT-IR. The
chemical compositions of extracted oilswere identified using
GC-MS. The major constituents of the observed oils were
possessed with ketones, alkenes. This kind of vegetable il
can be a quality and stability contained products which
promise a consumer acceptance and sales.
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