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Physico-chemical characterization, fatty acids
composition and microbial analysis of pumpkin
(Cucurbita maxima) seed oil harvested in
Bangladesh

Md. Rashedul Azim, Mohammad Zubairul Alalm, Md. Moazzam Hossain, Kazal Baran Nath and Mohammad Helal Uddin

Abstract—Vegetable oils are an abundant source of fatty acids and other bioactive substances that have a variety of positive effects on
human health. The seed oil of Pumpkin (Cucurbita maxima), was extracted using solvent extraction method and then characterized with
regard to various physical and chemical parameters because vegetable oils have grown in importance due to their positive impacts on
human health. It was observed that the pumpkin seed contained 40.87% oil. Fatty acid compositions of the oil sample were investigated by
Gas-Liquid Chromatography (GLC). Pumpkin seed oil was found to contain Capric acid (18.28%), Undecanoic acid (17.15%), Stearic acid
(29.81%) and Oleic acid (34.75%). The microbial activity of the oil sample was evaluated (seven bacteria were used for bacterial activity;
seven fungi were used for fungal activity). The de-oiled cake of Pumpkin seed was studied quantitatively for the determination of
percentage of ash, moisture, protein and minerals (N, P, Na, K, Ca and Fe) content. Consequently, it concludes with several significant
findings in terms of industrial, pharmacological, and nutritional components.
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1 INTRODUCTION

In addition to being used for many industrial and food

uses, vegetable oils are crucial for supplying the world's
nutritional needs [1]. Despite the wide variety of sources
for vegetable oils, soybean, palm, rapeseed, and sunflower
oils dominate global annual consumption with 31.6x109,
30.5%106, 15.5x10°, and 8.6x10° tons respectively [2]. Such
traditional vegetable oil sources can't keep up with the
rising needs of the domestic and industrial sectors. As a
result, finding additional sources to complement the
supplies is necessary. From this vantage point, non-
traditional oil seeds are very important to address this
issue. In order to meet the growing demand for vegetable
oil, the seeds of certain Cucurbitaceae species can beutilized
as sources of edible oil [3]. Pumpkins are a member
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of the Cucurbitaceae family. In addition to being the most
widely consumed vegetable in Bangladesh, pumpkin
(Cucurbita maxima), also known as "Mistikumra," is also
regarded as a useful food globally [4,5,6]. Despite being
typically viewed as agricultural waste, pumpkin seeds are
an amazingly rich source of bioactive compounds with
remarkable nutraceutical properties [7]. Additionally,
pumpkin seeds play a significant role in the human diet as
a supplier of carbohydrates, proteins, lipids, and other
nutrients required for maintaining good health [8].As
stated by former studies on pumpkin seed, they may be
beneficial for human health in a number of ways, including
preventing prostate growth and shrinkage, delaying the
development of hypertension, alleviating
arthritis and hypercholesterolemia, lowering bladder and
urethral pressure, relieving diabetes by boosting
hypoglycemic effects, and decreasing the level of colorectal,
gastric, breast, and lung cancer [9]. Many recent research
studies have emphasized the health benefits of pumpkin
seed oil against a variety of diseases, such as cancer,
diabetes, and hypertension [10,11,12]. The purpose of the
current study was to assess physico-chemical properties,
nutritional composition, fatty acid composition and
microbial activities of the oils extracted from pumpkin seed
in light of the significance of vegetable oils in human diets
and the lack of knowledge regarding less conventional
sources of oil.
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2MATERIALS AND METHODS
2.1 Collection and processing

Pumpkin  (Cucurbita  maxima), locally known as
“Mistikumra”, was collected from Timebazar, Banshkhali

Fig 1: Pumpkin (Cucurbita maxima) seeds.

2.2 Extraction of seeds oil

The dried seed were cleaned, de-hulled and crushed in a
glass mortar with a pestle. Using a continuous extraction
process in a soxlet apparatus and petroleum ether as the
solvent, oil from Cucorbita maxima seeds was extrasted in

(22° 01' 30.00" N, 91° 57" 15.12" E) in the district of
Chattogram, Bangladesh. The seeds were separated and
then dried in the sun for the following five days.

accordance with the procedure established by the AOAC in
1990. Rotary evaporator was used to recover the extraction
solvent at the end of operation.

Fig 2: Extracted oil of pumpkin seed

2.3 Physical characterization

The amount of total extracted oil was measured
gravimetrically. The AOAC official method [13] was used
to determine the seed cake's moisture, crude protein, crude
fiber, crude fat and ash contents. The seed oil's moisture
content, specific gravity, viscosity and refractive index were
assessed using accepted techniques [14].

2.4 Chemical characterization

Numerous chemical properties of the oil sample were
ascertained using the particular criteria of the traditional
techniques. The oil's saponification value, saponification
equivalent value, amount of unsaponifiable matter, acid
value and free fatty acid (% as oleic acid), ester value, titre
value, iodine value, acetyl value, peroxide value, Henher
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value, Polenske value, Reichert-Meissl value, Elaiden test
and vegetable oil test were all determined using standard
methods [15-19].

2.5 Mineral Analysis
Using recognized methods, the mineral contents (N, P, Na,

K, Ca and Fe) of the pumpkin seed cake were determined
[20].

2.6 Analysis of fatty acid composition

The chromatographic technique, especially gas liquid
chromatography (GLC), has significantly improved the
possibilities for obtaining compositional information from
biological material. Because of ongoing advancements in
accuracy and sophistication, chromatographic
analyses have developed into a powerful evaluation
method. Due to their simplicity and quickness, a great
number of information on the fatty acid composition of oils
is now available. Methanolic sulphuric acid (85:15, v/v)
[21] was used to esterify the pumpkin seeds oil. Vials
containing the reaction mixture were heated in an oven set
to 80 °C for two hours. It was diluted with water after
cooling, and then extracted with diethyl ether before being
examined using gas liquid chromatography. The
methylated esters of fatty acids were investigated by GLC
and thus the fatty acid content of the oil sample was
quantitatively analyzed [22].

2.7 Microbial analysis

The microbial activities of pumpkin seeds o0il were studied
against seven human pathogenic bacteria and seven phyto-
pathogenic fungi.The antibacterial activities were assessed
by disc diffusion method [23], using pumpkin seed oil to
screen the experimental bacteria. In this case, Nutrient Agar
(NA) was used as primary medium.The antifungal
activities were evaluatedby food-poisoned technique,
treating pumpkin seeds oil to screen the test fungi. In such
case, Potato Dextrose Agar (PDA) was used as the
fundamental medium. Using chloroform as a solvent, the

Table 1: Physical parameters of the pumpkin seed oil

lipid sample was made into the desired solution. To retain
things in control, chloroform was used.

3 RESULTS AND DISCUSSION

The pumpkin seed oil (Cucurbita maxima) has been
examined for a number of physical and chemical
characteristics as well as microbial activities in order to
determine its nature and assess its suitability for a specific
application.

3.1 Physical characteristics

Knowledge of physical properties of fats and oils is
essential for various reasons. Whether a fatty material can
be used as an edible product or not, and many technical
applications of them depend upon their physical
properties. Table 1 presents the findings regarding the
physical characteristics of pumpkin seed oil that was
extracted.

The refractive index of the oil was observed to be 1.4675 at
30 °C, which is a comparatively high value and a symbol of
modest unsaturated fatty acid concentrations in the fatty
acid constituents. At 30 °C, the oil sample's specific gravity
was found to be 0.897. The viscosity of the oil solution was
determined to be 236.04 millipoise at 30 °C. From the data
on viscosity, we deduced something about the
intermolecular hydrogen bonding within pumpkin seed oil.
According to the results of the current investigation we say
that the oil sample may contain a few free acid molecules
and hydroxyl groups. This observation is supported by the
oil sample's minimal acid value and low acetyl value.The
activation energy of viscous flow of the oil sample is found
to be 24.64 JK-'mol!. According to the Maxwell-Boltzmann
distribution law the number of molecules possessing the
necessary energy of flow is related to the factor e-E/RT
where, E is the activation energy. Although other factors
are also important, in general, the higher the energy of
activation, the greater the viscosity of liquid.

Physical properties Experimental results
Physical state Liquid

Color Light yellow

Odor Odorless

Moisture content 2.2%

Refractive index (at 30 °C) 1.4675

Specific gravity (at 30 °C) 0.897

Viscosity (at 30 °C) 236.04 millipoise
Energy of activation 24.64 JK''mol!

3.2 Chemical Characteristics

Study of chemical properties is a very important part of oil
analysis, as oils and fats are identified and distinguished by

tests shown in Table 2.The findings regarding the chemical
properties of the pumpkin seeds oil are presented in Table
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2.The relatively high values of 191.46 and 293.01 for
saponification and saponification equivalent, respectively,
show that the seed oil contains a higher proportion of fatty
acids with high molecular weight. The sample oil only
contains a small amount of tocopherols, unsaponifiable
sterols, hydrocarbons, vitamins A and D and other
substances, as evidenced by the minimal rate of
unsaponifiable matter (1.29%). The acid value and the
amount of free fatty acid (as oleic) were found to be 1.60
and 0.801%, respectively. The free fatty acid is produced by
the hydrolytic breakdown of the oil or fat. As a result, the
oil's low acid value and percentage of free fatty acids (as
oleic) indicate that it is safe for consumption. The ester
value for the sample oil was found to be 189.86. The
amount of ester in the lipid sample is indicated by this
number. The titre value of oils is the solidifying point of the
mixed fatty acids. It is a value for characterizing oils and
assumes the hardness. As shown table 3, the titre value of
Pumpkin seeds oil was found to be 29.5 °C. Both the iodine
value of 92.80 and the Elaiden Test demonstrate that the oil
is of the semidrying type and contains a moderate amount
of unsaturated fatty acid constituents. The acetyl value of
the experimental oil is found to be 6.35, which indicates
that the oil does not contain any fatty acid with hydroxyl
group and the number of free hydroxyl group in the oil are

Table 2: Chemical parameters of Pumpkin seed oil

low. The peroxides value is used as an indicator of
rancidity. It is also an indication of unsaturation of an oil or
fat. As shown in Table 3, the peroxide value the sample oil
was determined to be 20.23 which indicates that the oil
sample contain large amount of unsaturated fatty acids and
a little amount of saturated fatty acids.Henher value is the
measure of water insoluble fatty acids present in oil or fat.
The Henher value of the experimental pumpkin seeds oil
was 84.00%, which indicates the presence of higher
proportion of water insoluble fatty acids. The Polenske
value of the pumpkin seeds oil was found to be 1.002,
which indicates the presence of low amount of steam-
distillable water insoluble fatty acid. The Reichert-Meissl
value is a measure of the volatile, water-soluble acid
constituents of the oil or fat. The Reichert-Meissl value of
the sample oil was found to be 0.40, which indicates that
the oil contains very low amount of steam volatile fatty
acids. The low Reichert-Meissl value and low polenske
value of the pumpkin seed oil indicate the presence of
comparatively higher fatty acids in the oil. As per studies
examining the effects of storage time, peroxide and acid
values increase while iodine and R-M values decrease.
According to this, oils' quality deteriorates over time as
they are stored.

Chemical properties Values for the experimental oil
Saponification value (S.V.) 191.46
Saponification equivalent 293.01
Unsaponifiable matter (%) 1.29

Acid value 1.6

Free fatty acid (% as oleic acid) 0.801

Ester value 189.86

Titre value 29.50 °C

Iodine value 92.80

Acetyl value 6.35

Peroxide value 20.23

Henher Value (%) 84.00 %
Polenske Value 1.002
Reichert-Meissl Vaule 0.40

Elaiden test Semi-drying oil
Vegetable oil test Vegetable oil

3.3 Quantitative analysis of seed cake

3.3.1 Pumpkin’s de-oiled seed cake analysis

The de-oiled seed cake of Pumpkin has been studied by
quantitative analysis for the determination of percentage of
ash content, protein, and moisture content. The results were

given in Table 3. From the result as shown in Table 3, we
get an idea about the percentage ash content, protein and
moisture content of de-oiled seed cake of Pumpkin.

Table 3: Percentage of ash, protein and moisture content in de-oiled seed cake

Contents Values of seed cake (%)
Ash content 8.895
Protein 9.00
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| Moisture content

| 11.20 |

3.3.2 Minerals (N, P, Na, K, Ca, and Fe) analysis of de-oiled seed cake

Standard techniques were used to calculate the percentages
of N, P, Na, K, Ca and Fe in the de-oiled seed cake of the
pumpkin. The de-oiled seed cake of Pumpkin has been
studied by quantitative analysis for the determination of
percentage of minerals. The results are given in Table 4.
Serious problems with protein deficiency affect the majority
of people in Bangladesh. Table 4 makes it abundantly clear
that pumpkin seeds are properly balanced in contexts of
essential amino acids and have a sufficient amount (12.65%)
of protein (proteineous nitrogen). The de-oiled seed cake of
pumpkin seeds was determined to contain 2.4551 percent

Table 4: Percentage of minerals of de-oiled seed cake

phosphorus. The results of the experiment suggest that the
de-oiled seed cake may contain phospholipid. The de-oiled
pumpkin seed cake was found to have 1.33 percent
potassium content. People with low blood pressure may be
able to raise their readings by eating these pumpkin seeds.
As a result, treating low blood pressure might involve
using that one. The de-oiled seed cake of pumpkin seeds
contained 1.895 percent calcium, according to the analysis.
Children who eat pumpkin seeds during their growing
years may have stronger bones. Iron content in the de-oiled
seed cake of pumpkin seeds was found to be 0.017 percent.

Minerals Values of seed cake (%)
Nitrogen 12.650

Phosphorous 2.455

Sodium 2.207

Potassium 1.330

Calcium 1.895

Iron 0.017

3.4 Analysis of fatty acid composition

Gas Liquid Chromatography (GLC) was used to identify
and measure the fatty acids in the pumpkin seed oil, and
the results are shown in Table 5.It was found that the
sample contain the highest amount of Oleic acid (34.37%);
other fatty acids i.e. Undecanoic acid (17.15%), Stearic acid
(29.81%) and Capric acid (18.28%) were also found. From
this it is evident that the oil sample contains high
proportion of higher fatty acids. It has been found that the
oil sample contains mostly saturated fatty acids (65.24%)

and unsaturated fatty acids 34.75%. Diets enriched in
saturated fatty acids inhibit cytochrome P450_2E1 and lipid
peroxidation and ameliorate established alcoholic liver
disease. Vitamin E may also play a role in modulating lipid
peroxidation and liver injury. Additionally, plasma levels
of endotoxin liver mRNAs for pro-inflamatory cytokines
are also down regulated after treatment with saturated fatty
acids. Thus saturated fatty acids are a potential therapeutic
intervention in inflammatory liver injury [24].

Table 5: Fatty acid composition of the fatty acid methyl ester mixture derived from the Pumpkin seed oil obtained by GLC

analysis
Name of | Peak Types of | Name of the | Retention Area Relative area | Total composition
the oil Number fatty acid fatty acid time (RT) (%) (%)
The oil |1 Saturated Capric 6.08 1147 18.28 65.24
sample 2 fatty acids Undecanoic 8.43 1076 17.15
of 3 Stearic 25.17 1870 29.81
pumpkin | 4 Unsaturated | Oleic 34.75 2180 34.75 34.75
seed fatty acids

3.5 Microbial activities of the Pumpkin seed oil
Antibacterial activity of the seed oil sample was studied
against seven pathogenic bacteria. For antifungal activity,
the oil sample was also studied against seven plant
pathogenic fungus.

3.5.1 Bacterial activity test

As test organisms, three gram positive and four gram
negative pathogenic bacteria were used to assess the
antibacterial effects of the oil sample. The results are
presented in Table 5. We employed paper discs that had
been immersed in 5% and 10% sample oil solutions. It was
discovered that the oil sample solution had antimicrobial
activity against Escherichia coli, Staphylococcus aureus,
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Micrococcus luteus, Bacillus subtilis, Klebsiella pneumonia,
Kluyveromyces fragilis. The sample lipid showed a higher (20
mm) inhibitory zone against Klebsiella pneumonia when
Table 5: Antibacterial activity of Pumpkin seed oil

compared to other test bacteria. Pumpkin seed oil has no
inhibition on Pseudomonas aeruginosa.

Name of bacteria Type of sample After 48 hours, Inhibitory zone (diameter in mm)
Treatment Control Differences
Escherichia coli 10% 14 0 14
5% 7 0 7
Pseudomonas aeruginosa | 10% 0 0 0
5% 0 0 0
Staphylococcus aureus 10% 15 0 15
5% 7 0 7
Micrococcus luteus 10% 16 0 16
5% 8 0 8
Bacillus subtilis 10% 14 0 14
5% 6 0 6
Klebsiella pneumonia 10% 20 0 20
5% 10 0 10
Kluyveromyces fragilis 10% 18 0 18
5% 9 0 9

3.5.2 Fungal activity test

We examined the antifungal effects of the oil sample
against seven phyto-pathogenic fungi. The results have
been shown in the following Table 6.1t is evident from the
Table 6 that, when concentration of oil is low the
percentage of inhibition is low and when concentration is
high, the percentage of inhibition or stimulation is also high
(i.e. inhibition increases with increasing concentration of
the seed oil).The results indicated that Pumpkin seed oil
sample showed inhibition of mycelial growth of

Colletotrichum corchori,Alternaria alternata, Aspergillus niger.
The growth of Curvularia lunata, Aspergillus funiculosus,
Fusarium equiseti and Macrophomina phaseolina  was
stimulated by the oil sample. From the table highest
inhibition (32mm) was recorded in the case of Alternaria
alternate where the oil was used at 10% concentration and
highest stimulation (-154.04 mm) was recorded against
Macrophomina phaseolina at 10% sample concentration.

Table 6: Percent growth of seven phyto-pathogenic fungi by the Pumpkin seed oil

Name of Fungi Concentration of oil sample (%) % inhibition of Pumpkin seed oil
(after 5 days)

Colletotrichum corchori 1% 23.5

10% 16.8
Curvularia lunata 1% -12

10% -18.4
Macrophomina phaseolina 1% -129.78

10% -154.04
Aspergillus niger 1% 44

10% 0
Alternaria alternate 1% 28.7

10% 32
Aspergillus funiculosus 1% -41.5

10% -22.12
Fusarium equiseti 1% -51.4

10% -47

Due to lack of laboratory resources and facilities, it was not
possible to continue the further research of the antibacterial
and antifungal activities of the lipid sample. From the result

we can conclude that this research work will provide
valuable information about the prospect of derivation of
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pesticides and pharmaceuticals from the oil of Pumpkin
seed.

4 CONCLUSIONS

Physico-chemical Characterization and microbial studies of
pumpkin seed (Cucurbita maxima) oil have been done in this
investigation. The presence of significant amount of
unsaturated fatty acids in the pumpkin seed oil sample was
confirmed by Refractive index and lodine value. Sterols,
vitamins A, D, and E are taken into consideration based on
the value of Unsaponifiable matter (%); and the sample's
low hydroxyl group content was confirmed by its acetyl
value. Gas liquid chromatographic analysis supported the
presence of a significant amount of higher fatty acids in
pumpkin seed oil. The results of the current study showed
that bacterial and fungal growth was inhibited by pumpkin
seed oil. As a result, the extracted pumpkin seed oil can be
used to produce pesticides and pharmaceutical components
(such as antibiotics, germicides, antifungal ointments,
antibacterial creams, etc.) with further research. Protein and
other important minerals (N, P, Na, K, Ca and Fe) also
found with significant values in the pumpkin seed oil
Considering their values as nutraceuticals and food
supplements, pumpkin seeds should be encouraged to be
consumed.

5 ACKNOWLEDGEMENT

The authors are grateful to Professor Dr. Mohammed Abul
Manchur, Department of Microbiology, University of
Chittagong for his magnificent help during microbial
analysis. We also thank Mr. Enayet Ul Islam, Principal
Scientific Officer, BCSIR Laboratories, Chattogram for his
support in the GLC and mineral contents analysis. The
Chittagong University Research and Publication Cell's

contribution of funding for this study is greatly
appreciated.
REFERENCES

1. Idouraine, A., Kohlhepp, E. A. and Weber, C.W.
(1996) ‘Nutrient Constituents from Eight Lines of
Naked Seed Squash (Cucurbita pepo L.)'. J. Agric.
Food Chem, 44: 721-724.

2. Stevenson, D. G, Eller, F. J.,, Wang, L., Jane, J. L.,
Wang, T. and Inglett, G. E. (2007) ‘Oil and
Tocopherol Content and Composition of Pumpkin
Seed Oil in 12 Cultivars’. J. Agric. Food Chem, 55:
4005- 4013.

3. Esuoso, K., Lutz, H., Kutubuddin, M. and Bayer, E.
(1998) ‘Chemical Composition and Potential of
Some Underutilized Tropical Biomass. I: Fluted
Pumpkin (Telfairia occidentalis)’. Food Chem, 61:
487-492.

4. Adams, G.G,, Imran, S., Wang, S., Mohammad, A.,
Kok, S., Gray, D.A., Channell, G.A., Morris, G.A.

10.

11.

12.

13.

14.

15.

16.

17.

IJSER © 2023
http://www.ijser.org

347

and Harding, S.E. (2011) “The hypoglycemic effect
of pumpkins as anti-diabetic and functional
medicines’. Food Res. Int, 44: 862-867.

Rozyto, K. (2014) ‘Wheat bread with pumpkin
(Cucurbita maxima L.) pulp as a functional food
product’. Food Technol. Biotechnol, 52: 430-438.

AlJahani, A. and Cheikhousman R. (2017)
‘Nutritional and  sensory  evaluation of
pumpkinbased (Cucurbita maxima) functional

juice’. Nutr. Food Sci, 47: 346-356.

Patel, S. (2013)'Pumpkin (Cucurbita sp.) seeds as
nutraceutic: a review on status quo and scopes,
Mediterr’. J. Nutr. Metab, 6: 183-189.

Alfawaz M.A. (2004) ‘Chemical composition and
oil characteristics of pumpkin (Cucurbita maxima)
seed kernels’. Food Science and Agriculture
Research Center, King Saud University, Saudi
Arabia, pp. 5-18.

Stevenson, D. G., Eller, F. J.,, Wang, L., Jane, ]J. L.,
Wang, T. and Inglett, G. E. (2007) ‘Oil and
Tocopherol Content and Composition of Pumpkin
Seed Oil in 12 Cultivars’. J. Agric. Food Chem, 55:
4005- 4013.

Bardaa, S., Halima, N.B., Aloui, F., Mansour, R.B.,
Jabeur, H., Bouaziz, M., Sahnoun, Z. (2016) “Oil
from pumpkin (Cucurbita pepo L.) seeds: Evaluation
of its functional properties on wound healing in
rats’. Lipids Health Dis,15: 73-84.

Medjakovic, S., Hobiger, S., Ardjomand-Woelkart,
K., Bucar, F., and Jungbauer, A. (2016) ‘Pumpkin
seed extract: Cell growth inhibition of hyperplastic
and cancer cells, independent of steroid hormone
receptors’. Fitoterapia, 110: 150-156.

Wang, S, Lu, A., Zhang, L., Shen, M., Xu, T., Zhan,
W., Jin, H, Zhang, Y., and Wang, W. (2017)
‘Extraction and  purification of pumpkin
polysaccharides and their hypoglycemic effect’.
Int. J. Biol. Macromol, 98:182-187.

AOAC, Official Methods of Analysis of AOAC
International, 17th Edn., AOAC International,
Maryland 2002.

Ranganna S. (2nd Edn). (1991) Handbook of
Analysis and Quality Control for Fruit and
vegetable Products.New Delhi, India: Tata
McGraw-Hill Publishing Company Ltd., 3-226.
Griffin R.C. (Edn 2). (1972) Technical Method of
Analysis. New York: McGraw-Hill Book Company
Inc, 309, 319, 342.

Morris B.J. (1965) The Chemical Analysis of Foods
and Food Products. New York: D. Van Nostrand
Company Inc, 375-382.

Ranganna S. (2nd Edn). (1991) Handbook of
Analysis and Quality Control for Fruit and
vegetable Products. New Delhi, India: Tata
McGraw-Hill Publishing Company Ltd., 3-226.


http://www.ijser.org/

International Journal of Scientific & Engineering Research Volume 14, Issue 1, January-2023

ISSN 2229-5518

18.

19.

20.

21.

22.

23.

24.

Das RK. (Part II). (1989) Industrial Chemistry.
New Delhi, India: Kalyani Publishers, 250-259.
Williams K.A. (Edn 4). (1966) Oils, Fats and Fatty
Foods. J. & A. Churchill Ltd, 124, 275, 329, 334, 356,
391.

Basett ], Denney R.C, Heffery G.H, and Mendham].
(1978) Vogel's Textbook of Quantitative Inorganic
Analysis. Longman Group UK Ltd, 837.

Nelson G.J. (1962) ‘The lipid composition of
normal mouse liver’. J. Lipid Res., 3: 71.

Horwing, E.C., Ahrens, EH., and Lipsky, S.R.
(1964) ‘Quantitative analysis of fatty acids by gas-
liquid chromatography’. ] Lipid Research, 27:5.
Ahmed, S, Rahman, M., Chowdhury, J.U,
Begum, J., and Anwar, M.N. (1998) *Antimicrobial
activities of seed extracts and crude alkaloids of
algae marmelos (L) Corr’. Chittagong Univ. J. Sci.,
22:77-81.

Asia Pacific Journal of Clinical Nutrition (1997),
6(1): 46-48

IJSER © 2023
http://www.ijser.org

348


http://www.ijser.org/



