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ABSTRACT 

Coconut extract (coconut liquid endosperum), with its many application is one of the world’s most versatile natural product. 
Coconut are associated by a number of fungi and bacteria pathogens such as Mucorsp, Rhizopussp, Fusariumsp, Trichodermasp and 
Klebsiella pneumonia, Staphylococcus aureus, Streptococcus pneumonia, Shigellasp and proteussp. We developed a semi solid 
media, termed natural source medium (NSM), to selectively and rapidly isolate fungi and bacteria pathogenic to and associated with 
coconut and some other fruits. Most strains of interest grow sufficiently on NSM in 24hrs at 37⁰C for bacteria and 48hrs at room 
temperature for fungi tentative identification based on colony morphology, Gram staining and Biochemical characteristic.  

Keywords: Coconut extract, Coconut pathogenic microbes, Microbial growth rate, NSM medium formulation. 

 
INTRODUCTION

he edible part of the coconut fruit (coconut meat 
and coconut water) is the endosperm tissue. 
Endosperm tissues undergo one of three main 

modes of development, which are the nuclear, cellular 
and helobial modes1 and the development of coconut 
endosperm belongs to the nuclear mode. Initially the 
endosperm is a liquid containing free nuclei generated by 
a process in which the primary endosperm nucleus 
undergoes several cycles of division without cytokinesis 
(the process in which the cytoplasm of a single eukaryotic 
cell is divided to form two daughter cells). Cytokinesis 
then occurs, progressing from the periphery towards the 
centre, thus forming the cellular endosperm layer. At 
first, the cellular endosperm is translucent and jelly-like, 
but it later hardens at maturity to become white flesh 
(coconut meat). Unlike the endosperms of other plants 
(e.g., wheat and corn), the cellularization process in a 
coconut fruit does not fill up the entire embryo sac cavity, 
but instead leaves the cavity solution-filled. This solution 
is commonly known as coconut water and it is of 
cytoplasmic origin.2 Coconut (Cocosnucifera L) water also 
referred to as coconut juice is a refreshing natural drink 
common and mostly consumed in the tropical regions of 
the world.3 It is a clear, colourless, sweet, naturally 
flavoured slightly acidic drink, with reported pH ranging 
between 4.2 and 6.0.4-5 Over six decades of research has 
shown that coconut water contains proteins, fats, and is 
rich in carbohydrates and nutritionally important 
elements (potassium being the most abundant).6 It is also 
a rich source of essential amino acids (lysine, histidine, 
tyrosine and tryptophan), fatty acids, glucose, fructose, 
cellulose, sucrose, and organic acids such as tartaric, citric 
and malic acids.7 Coconut water’s rich enzyme systems 
include very effective and selective reductase, polyphenol 

oxidase (PPO) and peroxidase (POD). These are involved 
in its development of a brownish colour when it is 
exposed to air for a long time.8 Based on its content and 
properties, coconut water has been used in the treatment 
of child and adult diarrhoea, and gastroenteritis as well as 
for urinary stone dissolution, short-term intravenous 
hydration and protecting against gastrointestinal tract 
infections.9 Assessing the risk of bacteria infections 
through the consumption of coconut water is made a 
difficulty since there are limited reports that show the 
survival and growth of pathogenic bacteria in coconut 
water. Considering the risk of bacteria contamination of 
coconut water in Ghana, the possibilities of survival and 
growth of bacteria in coconut water and the potential for 
the use of coconut water as a bacterial growth media in 
resource limited countries/laboratory like ours, we 
initiated this study. We studied some characteristics of 
coconut contaminated microbial pathogen.  

Most bacteria, yeasts, and fungi do best when glucose is 
provided as the primary energy source because they may 
not be able to digest other carbohydrates. All bacteria 
found on and in animals and most of those found on 
plants and soils do well on glucose as the sole carbon and 
energy source. However, bacteria which use light or 
oxidation of minerals for their energy source may do 
better in relatively organic-free media. In water we find 
many little studied bacteria which do better in media 
containing only 0.5 gram of peptone and 0.5 gram of 
starch. Many general media such as nutrient agar(NA), LB 
agar, tryptic soy agar, yeast extract peptone agar(YP), and 
yeast extract calcium carbonate agar(YDC) have been 
used to isolate coconut pathogenic bacteria from coconut 
surface.10-15 Studied the use of potato processing waste as 
a fermentation substrate for the production of single cell 
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proteins (SCP) for use in supplementation of animal 
feeds.16 Comparisons were conducted using raw and 
steamed potato waste; both fermented using a single 
microbial strain and also the solid-state fermentation of 
wastes with a mixed microbial culture. Composition 
before and after fermentation was determined and this 
showed that the crude protein contents were 13.4, 18.53 
and 22.16%, for the raw steamed and solid-state 
treatments respectively. As the current research shows, 
the protein of raw potato wastes has been usable much 
more than steamed or solid-state wastes for 
microorganismsgrowth.16 A new marine medium was 
used by17 and a common commercial medium were 
evaluated for their effectiveness for promoting growth of 
different bacteria. Comparisons between the media were 
centred on the most important kinetic parameters of the 
corresponding cultures, that is, maximum biomass and 
specific growth rate, calculated by applying two widely 
accepted mathematical models (logistic and Gompertz 
equations) to measure data both in terms of dry weights 
and cell numbers. The parametric estimations allowed a 
classification of the results that demonstrated the 
effectiveness of all the media derived from fishery 
residues to meeting the proposed objectives. Growths 
were generally higher (up to 10 times in terms of cell 
numbers) than those from the common commercial 
medium, with the best results obtained from tuna.17 The 
conventional medium palm kernel agar (PKA) for the 
recovery of aflatoxigenic fungi from mixed cultures and 
the detection of aflatoxigenic fungi and direct visual 
determination of aflatoxins in agricultural commodities 
was assessed by.18 The medium was able to efficiently 
detect aflatoxin production through direct visual 
observation of fluorescence. It can be routinely used as 
an alternative culture medium for screening aflatoxigenic 
fungi and direct visual determination of aflatoxins in 
agricultural commodities since it is faster and has a 
unique pink background for easy identification. Culture 
media formulations for industrial application were 
patented by.19 The invention related to formulations of 
culture mediums for the industrial development of liquid 
starter cultures, is characterized by a larger number of 
microbial cells per volume unit of fermentation medium 
than the one of traditional liquid. The method for 
preparing a culture medium includes the addition of a 
suitable amount basic neutralizing agent preferably to 
any traditional culture medium, depending on the 
microorganisms. Potentials of cellulosic wastes in media 
formulation were investigated by.20 Two agar media, 
Czapek-Dox and Sabouraud, were modified by 
substituting their carbon sources with cellulose, sawdust 
and sugarcane pulps. The modified Sabouraud’s agar 
containing sawdust (Wood-Pep agar) and sugarcane pulps 
(Cane-Pepagar) yielded 84.4 – 100% of the maximum 
growth on Sabouraud’s agar. Cellulosecontaining media 
gave a lower level of growth (60.0 to 66.7%) of that 
obtained for the unmodified media. 

We aimed to develop a semi salt medium and broth to 
isolate, characterize and presumptively identify all 
mentioned coconut-pathogenic bacteria from coconut 
fruits. 

MATERIALS AND METHODS 

Coconut fruit micro flora preparation 

Coconut fruit (coconut meat and coconut water) is the 
endosperm tissue. Two to three pieces of unwashed 
coconut fruits were put in 200 ml sterile nutrient broth 
(NB) culture media and incubated on a laboratory shaker 
(95 rpm) at 37°C for 24hrs to increase the population of 
coconut fruit micro flora. Aliquots 0.1 ml of the NB 
culture was inoculated on the surface of plate count agar 
and incubated at 37°C for 24hrs. Microbial colonies were 
isolated and sub-cultured using NB and SDS as reported 
earlier. The procedure was carried out in duplicate for 
each isolate studied. Ultimately, the selected colonies 
were characterized by morphological and biochemical 
techniques.  

Development of coconut extract medium (NSM) 

Coconut extract was the main source of nutrients for 
(NSM), its natural source (NS). The pH of the medium was 
adjusted to 7.2 by addition of potassium phosphate salts, 
and sodium chloride was added to increase osmotic 
concentration.21-22 The medium was prepared as follows: 
coconut fruits washed with normal distil water and 
grained, then filtered through coarse filter paper, the 
following were added to the filtrate: 1 g of K2HPO4 
(anhydrous), 3.8 g of KH2PO4 (anhydrous). The volume 
was made up to 1 L by add it ion of high purity (HP) water. 
The pH was checked and adjusted to 7.2, if needed, by 
adding KH2PO4 or K2HPO4. Agar (20 g) was added before 
autoclaving at 121°C for 35 min. The medium was cooled 
to 55°C and poured into 15 mm-deep X 100 mm-diameter 
plastic Petri plates (20 ml/plate). Finally, the media was 
inoculated with the isolated micro flora of the coconut 
(five replicates /examination) according to agar dilution 
method as a recommended standard method.23 

Result produced from coconut sets compared with classic 
culture media containing (SDS) for fungi and plate count 
agar (NA) for bacterial cultures. The results were recorded 
after the incubation interval. 

Microbial growth rate in coconut broth 

Bacterial growth kinetic of different hours 

Bacterial growth level in different incubation time, 
consentient temperature at 37⁰C, was performed with 
100 ml of coconut broth in 500 ml of Erlenmeyer flasks 
were inoculated with different incubation times (6, 12, 
18, 24, 30, 36 and 42hrs). Samples were collected after 
different hours growth rate measured at 480nm.24 

Fungi growth kinetic of different hours 

Fungi growth level in different incubation times was 
performed with 100 ml of coconut broth in 500 ml of 
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Erlenmeyer flasks were inoculated with different 
incubation times (20, 40, 60, 80 and 100hrs). Samples 
were collected after different hours growth rate 
measured at 480nm. 

RESULTS AND DISCUSSION  

Development of NS Medium 

A broth derived from autoclaving diced coconut extract, 
adjusted in pH and salt concentration and supplemented 
with certain growth promoter and agar was found 
suitable for the medium and rapid growth of coconut-
pathogenic and fruits-associated bacteria in Petri plates. 
NSM was suitable for initial isolation of bacteria from a 
coconut fruits and some food pathogenic microorganism. 

Nutrition content of coconut extract such as water 
94.99(g/100g), protein 0.54(g/100g), lipid 0.15(g/100g), 
sucrose 9.18(mg/ml), glucose 7.25 (mg/ml), fructose 5.25 
(mg/ml), calcium Ca 31.64(g/100g), Iron Fe 0.02(g/100g), 
magnesium Mg 9.44(g/100g), phosphorus P 
12.77(g/100g), potassium K 257.52(g/100g), sodium Na 
16.10(g/100g).25 These nutrients were sufficient to 
support the growth of coconut pathogenic, fruits-
associated bacteria and fungi. 

Bacteria 

Gram positive bacteria 

Staphyolcoccusaureus 

This gram positive bacterium was susceptible to the 
coconut media culture components and its population 
was increased approximately by 76% after the incubation 
period (Figure 1). 

Streptococcus pneumonia 

The Streptococcus pneumonia was susceptible to the 
coconut media culture components its population was 
increased approximately by 68% after the incubation 
period (Figure 2) 

Gram negative bacteria 

Klebsiella pneumonia 

Klebsiella pneumoniagrowth was increased in the coconut 
media by almost 88% in comparison with NA media 
(Figure 3). Therefore, it appears that inexpensive coconut 
media can be used as an effective alternative to 
commercially prepared media for cultivation of Klebsiella 
pneumonia. 

Shigellasp 

This gram negative bacteria’s population, was somewhat 
restricted in its growth by the coconut components 
(Figure 4). The observed growth level was decreased in 
coconut medium. 

Proteussp 

Proteus growth was decreased in the coconut media by 
almost 25% in comparison with NA media (Figure 5). 

Therefore, it not suitable for cultivation ofproteusspin 
coconut media. 

 
Figure 1: Staphyolcoccusaureusgrowth in NMS 

 
Figure 2: Streptococcus pneumoniagrowth in NMS 

 
Figure 3: Klebsiella pneumoniagrowth in NMS 

 
Figure 4: Shigellaspgrowth in NMS 
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Figure 5: Proteus sp growth in NMS 

Fungi 

Mucorsp 

The results showed that coconut fruit components 
induced Mucorsp3.4 times more than (SDA). These results 
suggest that Mucorsp is an important fungus for Mucorsp 
fruit infection and spoilage; coconut had more suitable 
ingredients for Mucorsp growth as a culture media than 
SDA. Therefore, it appears that inexpensive coconut-
based media can be used as an effective alternative to 
commercially prepared media for cultivation of Mucorsp 
(Figure 6). 

Rhizopussp 

Coconut extract components helped Rhizopussp growth 
2.1 times more than SDS. Hence, it is concluded that 
Rhizopussp is a major infection factor for coconut and 
fruits products, coconut extract media can be used for the 
enrichment of Rhizopussp culture media in 
microbiological analysis. 

Fusariumsp 

The results showed that coconut and SDA had a similar 
effect on the growth ofFusariumsp and coconut media did 
not have any additional effects. The population of this 
organism was the same in both culture media. Therefore 
indicating that, Fusariumsp was resistant to components 
of coconut extract. Coconut media can be used as a 
selective media for this microorganism. 

Trichodermasp 

The culturing results showed that Trichodermasp was 
susceptible to coconut extract components. The microbial 
populations were increased by 20% in coconut-base 
media when compared to SDA. It was concluded that, 
coconut extract has sufficient nutrition for fruits 
pathogenic microorganisms. 

Microbial growth kinetic  

The incubation time an important role in microbial cell 
growth. The microbial growth was tested with different 
incubation hours (6, 12, 18, 24, 30, 36 and 42hrs) for 
bacterial culture and (20, 40, 60, 80 and 100hrs) for fungi 
culture, it measured 480nm spectrophotometer. Further, 
the higher levels of bacterial population were recorded at 

24hrs (Figure 7) and higher level of fungi population were 
recordedat 80hrs (Figure 8). 

 
Figure 6: Fungi growth in NMS 

 
X axis = Time (hrs); Y axis = Number of bacterial growth 

Figure 7: Bacterial growth kinetic of different hours 

 
X axis = Time (hrs); Y axis = Number of cell growth 

Figure 8: Fungi growth kinetic of different hours 

CONCLUSION 

Coconut extract media that are the focus of this work 
have been shown to possess sufficient amounts of 
nutrients for support of the growth of microorganisms 
such as Mucorsp, Rhizobium sp and Klebsiella pneumonia, 
Staphyolcoccus aureus, Streptococcus pneumonia. It was 
also shown that, coconut extracts are capable of 
insufficient the growth of other fungi and bacteria. For 
example, the growth of the fungi Fusariumsp, 
Trichodermasp and the gram negative bacteria shigellasp 
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and proteussp were growth decreased compared to NA 
and SDA media. It is postulated that the decreased of the 
growth of some susceptible microorganisms may be due 
to the tartaric, citric, malic acids compounds existing in 
coconut components. 

The NS media naturally containing sufficient amount of 
glucose, fructose, cellulose and sucrose for bacterial fungi 
growth used in this study, can play an important role in 
the formulation of NS culture media for fungi as well as 
bacteria. This work has shown that, coconut extract 
products can be used efficaciously and economically for 
the cultivation of the fungi and bacteria that were 
reported in this work. Moreover, due to equal effect of 
NA, SDA and coconut culture media on the growth of 
Mucorsp, Rhizobium sp and Klebsiella pneumonia, 
Staphylococcus aureus, Streptococcus pneumonia sp, it is 
suggested that, coconut extract media can be used for 
cultivation of bacteria and fungi in research laboratory 
and industrial technology.  

Acknowledgment: We are thankful to the management 
and principal of Hindustan College of Arts and Science for 
supporting us to carry out this research work. 

REFERENCES 

1. Lopes MA, Larkins BA, Endosperm origin, development and 
function, Plant cell, 5, 1993, 1383–1399. 

2. Janick J, Paull RE, The Encyclopedia of Fruit & Nuts; CAB 
International: Wallingford, UK, 2008-2112. 

3. Fonseca AM, Monte FJQ, da Conceic M, de Oliveiraaão F, 
Coconut water (Cocosnucifera L.) – A new biocatalyst system 
for organic synthesis, Journal of Molecular Catalysis B: 
Enzymatic, 57, 2009, 78-82. 

4. Pradera ES, Fernandez E, Calderin O, Coconut water, a clinical 
and experimental study, Amer J Dis Child, 64, 1942, 977-995. 

5. DeSilva CC, Perera PM, Dias AP, Coconut water, PediatriaInt, 9, 
1959, 225. 

6. Campbell-Falck D, Thomas T, Falck TM, Tutuo N, Clem K, The 
intravenous use of coconut water, Am J EmergIed, 18, 2000, 
108-111. 

7. Pue AG, Riva W, Sundarao K, Kaluarin C, Singh K, Preliminary 
studies on changes in the coconut water during maturation of 
the fruit Sci, Edited by: New Guinea, M, 2, 1992, 81-84. 

8. Matsui KN, Gut JAW, de Oliveira PV, Tadini CC, Inactivation 
kinetics of polyphenol oxidase and peroxidase in green 
coconut water by microwave processing, Journal of Food 
Engineering, 88, 2008, 169-176. 

9. Mandal SM, Dey S, Mandal M, Sarkar S, Maria-Neto S, Franco 
OL, Identification and structural insights of three novel 
antimicrobial peptides isolated from green coconut water, 
Peptides, 30, 2009, 633-637. 

10. Azad HR, Holmes GJ, Cooksey DA, A new leaf blotch disease of 
Sudan grass caused by Pantoeaananatis and Pantoeastewartii, 
Plant Dis., 84, 2000, 973–979. 

11. Coutinho TA, Preisig O, Mergaert J, Cnockaert MC, Riedel KH, 
Swings J, Wingfield MJ, Bacterial blight and dieback of 
Eucalyptus species, hybrids and sclones in South Africa, Plant 
Dis., 86, 2002, 20–25. 

12. Coutinho TA, Venter SN, Pantoeaananatis: an unconventional 
plant pathogen, Mol. Plant Pathol., 10, 2009, 325–335. 

13. Walcott RR, Gitaitis RD, Castro AC, Sanders Jr, FH Diaz-Perez JC, 
Natural infestation of onion seed by Pantoeaananatis, causal 
agent of center rot. Plant Dis., 86, 2002, 106–111. 

14. Kido K, Adachi R, Hasegawa M, Yano K, Hikichi Y, Takeuchi S, 
Atsuschi T, Takikawa Y, Internal fruit rot of netted melon 
caused by Pantoeaananatis (=Erwiniaananas) in Japan, J. Gen. 
Plant Pathol., 74, 2008, 302–312. 

15. Kido K, Hasegawa M, Matsumato H, Kobayashi M, Takikawa Y, 
Pantoeaananatis strains are differentiated into three groups 
based on reactions of tobacco and welsh onion and on genetic 
characteristics, J. Gen. Plant Pathol., 76, 2010, 208–218. 

16. Qiyun SH, Liang QI, Study on the production of SCP feed from 
potato mash residue, Cereal Feed-Ind, 9, 2004, 32-33. 

17. Vázquez JA, González MP, Murado MA, New marine medium: 
Use of different fish peptones and comparative study of the 
growth of selected species of marine bacteria, Enzyme Microb. 
Technol., 35(5), 2004, 385-392. 

18. Atanda O, Akpan I, Enikuomehin OA, Palm kernel agar: An 
alternative culture medium for rapid detection of aflatoxins in 
agricultural commodities, Afr. J. Biotechnol., 10, 2006, 1029-
1033. 

19. Giovanni M, Culture media formulations for industrial 
application, International Patent Classification: C12N 1/00 
(2006.01); C12N 1/20 (2006.01). Agent(s): Hoffmann Eitle; 
Association No. 151 Arabellastr. 4 81925 Munich (DE), 
Information valid as of: 05 December, 2008. 

20. Chinedu N, Okochi VI, Omidiji O, Omowaye O, Adeniji BR, 
Olukoju D, Chidozie F, Potentials of cellulosic wastes in media 
formulation, 2009. 

21. Cyzeska FJ, Seiter JA, Marks SN, Jay JM, Culture medium for 
selective isolation and enumeration of Gram-negative bacteria 
from ground meats, Appl. Environ. Microbiol., 42, 1981, 303–
307. 

22. Kawanishi T, Shiraishi T, Okano Y, Sugawara K, Hashimoto M, 
Maejima K, Komatsu k, Kakizawa S, Yamaji Y, Hamamoto H, 
Oshima K, Namba S, Newdetection systems of bacteria using 
highly selective media designed by SMART: selective medium-
design algorithm restricted by two constraints, PLoS One, 6, 
2011, 1–10. 

23. Brown DFJ, Developments in antimicrobial susceptibility 
testing, Rev. Med. Microbiol., 5, 1994, 65-75. 

24. Sathiya Vimal S, Vasantha Raj S, Hemashenpagam S, 
Antagnostic activity of bacteriocin producing lactobacillus from 
different cattle feed sample, Inter. Jour. of. Rec. scie. Res., 
2013, 538-586. 

25. Jean WH, Yong, Liya Ge, Yan Fei Ng, SweeNgin Tan, The 
chemical composition and Biological properties of coconut 
(cocosnucifera) water, Molecules, 14, 2009, 5144-5164. 

 

Source of Support: Nil, Conflict of Interest: None. 

  


