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 Thraustochytrids samples were collected from submerged senescent mangrove leaves from Zamboanga del Sur particularly from the 
intertidal zone of Dimataling, San Pablo, Tukuran and Pagadian City. Four strains were cultivated (D1, D2, T and M) in yeast 
peptone at varying salinity, pH and carbon source. Basing on morphological characters the four isolates were assigned to genus 
Schizochytrium. Life history of the dominant strain revealed two types of development, type I and type II. Type I development is 
characterized by a mature thallus that directly develop into zoospores while type II development is characterized by a  mature thallus  tha
initially transforms into amoeboid-like cells, then develop into zoospores. Responses to physical and chemical conditions were st
subjecting the test organisms to varying pH, salinity, high and low concentrations of different 
sucrose).  Results of the univariate analysis of variance revealed that there is no significant difference in 
salinity with P > 0.05 among species (F = 1.598, df = 3, P > 0.21), among salinities (F = 1.122, df = 2, P > 0.34) as well as
species and salinity (F = 1.692, df =6 , P > 0.16).  Post hoc test showed a highly sign
T in relation to biomass production as affected by varying pH.  However, no significant difference was found between species 
> 0.01).  In terms of carbon source, all strains grew best in gluco
by species D1. For high carbon concentration, the highest value was produced by species D2 with a total biomass of 13.9 g/L f
species T with 9.9 g/L, species D1 8.7 g/l and 
increasing trend of average biomass with the doubling concentration of carbon sources. 
identification of relative amount of fatty acids
acids detected. However, polyunsaturated fatty acids were also detected in the four strains. Among the unsaturated fatty acid
linoleic acid (C18:2n6), arachidonic acid (C20:4n6), and docosahexaenoic acid. Polyunsaturated fatty acids   are produced in smaller 
amounts as compared to saturated fatty acids that includes lauric acid (C12:0) and margaric acid (C17:0) being the highest   
fatty acid produced 
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INTRODUCTION 
 
 The important role of food and food ingredients 
to our health and well-being is becoming a major 
focus in society.  Functional foods can provide 
health benefits above basic sustenance, examples of 
which are foods that are eaten today which contains 
added minerals, oils and other nutrients. Screening 
of marine organisms for a variety of applications in 
food, aquaculture, oil, health, cosmetics, 
engineering, waste treatment and diagnostics are 
among the current processes being explored 
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ABSTRACT 

mples were collected from submerged senescent mangrove leaves from Zamboanga del Sur particularly from the 
intertidal zone of Dimataling, San Pablo, Tukuran and Pagadian City. Four strains were cultivated (D1, D2, T and M) in yeast 

ng salinity, pH and carbon source. Basing on morphological characters the four isolates were assigned to genus 
Life history of the dominant strain revealed two types of development, type I and type II. Type I development is 

by a mature thallus that directly develop into zoospores while type II development is characterized by a  mature thallus  tha
like cells, then develop into zoospores. Responses to physical and chemical conditions were st

subjecting the test organisms to varying pH, salinity, high and low concentrations of different carbon sources (glucose, fructose and 
sucrose).  Results of the univariate analysis of variance revealed that there is no significant difference in biomass production in relation to 
salinity with P > 0.05 among species (F = 1.598, df = 3, P > 0.21), among salinities (F = 1.122, df = 2, P > 0.34) as well as
species and salinity (F = 1.692, df =6 , P > 0.16).  Post hoc test showed a highly significant difference P < 0.01 among species D1, D2 and 
T in relation to biomass production as affected by varying pH.  However, no significant difference was found between species 
> 0.01).  In terms of carbon source, all strains grew best in glucose and poorest on fructose with the lowest biomass value of 1g/L produce 
by species D1. For high carbon concentration, the highest value was produced by species D2 with a total biomass of 13.9 g/L f
species T with 9.9 g/L, species D1 8.7 g/l and the lowest total biomass of 6.3g/L produced by species M.  Generally there was an 
increasing trend of average biomass with the doubling concentration of carbon sources.  Gas chromatographic
identification of relative amount of fatty acids showed that species D2 had the highest fatty acid content and the highest number of fatty 
acids detected. However, polyunsaturated fatty acids were also detected in the four strains. Among the unsaturated fatty acid

rachidonic acid (C20:4n6), and docosahexaenoic acid. Polyunsaturated fatty acids   are produced in smaller 
amounts as compared to saturated fatty acids that includes lauric acid (C12:0) and margaric acid (C17:0) being the highest   

Thraustochytrids, , Schizochytriumsp, Fatty Acid,, Biomass.

The important role of food and food ingredients 
being is becoming a major 

focus in society.  Functional foods can provide 
health benefits above basic sustenance, examples of 
which are foods that are eaten today which contains 

inerals, oils and other nutrients. Screening 
of marine organisms for a variety of applications in 
food, aquaculture, oil, health, cosmetics, 
engineering, waste treatment and diagnostics are 
among the current processes being explored [9].   

 A wide variety of microorganisms are known to 
contain untapped reservoir of bioactive compounds 
and degrading enzymes which can be exploited for 
food innovations. Among the marine 
microorganisms are thraustochytrids which are 
presently considered to be one of the best s
sources of oils.Thraustochytrids are groups of non
photosynthetic, heterotrophic marine eukaryotes 
previously classified under the Kingdoms Fungi and 
Chromista. Currently, they are now classified in the 
phylum Heterokonta within the Kingdom 
Stramenopila [10]. They are called Stramenipilous 
organisms or  stramenipilanprotist.
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 Thraustochytrids uniquely produce essential 
fatty acids which are considered an important food 
source nutritionally for the growth of fish larvae. 
Fatty acids are long chain hydrocarbons that have a 
carboxylic acid moiety at one end. This group of 
compounds performs a number of functions in the 
human body. However, our body cannot synthesize 
some of these fatty acids and thus must be supplied 
in the diet; hence they are called essential fatty acids.  
Therefore, it is of great interest to study 
thraustochytrids being one of the dominant 
organisms in the mangrove ecosystem, considering 
their evident contribution in the transfer of fatty 
acids to the higher trophic level . It is because of this 
distinctive feature that the ecological importance of 
these microorganisms has been highlighted.  
 
2. Objectives:  
 The primary focus of the study was to 
established significant information in terms of fatty 
acid production of thraustochytrids isolated from the 
mangrove seafloors along Zamboangadel Sur, 
Western Mindanao, Philippines. Specifically, the 
study (1) Identified the thraustochytrids isolated 
from the mangrove areas at genus level;(2) 
Determined the life history of the superior 
thraustochytrid strain that produces high fatty acid 
compounds; (3) Correlated the effects of physico-
chemical parameters assay to biomass yield; and 
(4)Identified the Fatty Acids produced by 
thraustochytrids through Gas Chromatography 
Analysis . 
 
Materials and Methods 
 
Sampling Site:  
 Senescent mangrove leaves from which 
thraustochytrids were isolated were collected from  
the mangrove areas of the  municipalities  of 
Dimataling, San Pablo, Tukuran and Pagadian 
City,Zamboanga del Sur. 
 Adapting the methods of Kamlangdee and Fan 
the senescent fallen leaves of identified mangrove 
trees were collected and the leaf samples were 
placed into sterile plastic bags. Physical parameters 
such as pH, temperature and salinity of the collection 
locations were measured.  The leaf samples were 
placed in an ice chest and brought to the 
Biochemistry laboratory of MSU-IIT for  
thraustochytrid isolation within twenty four to forty 
eight hours after sampling.  
 None of the subjects in the present study had 
taken any corticosteroids or immunosuppressives 
during the previous 2 months to control oral lichen 
planus or other medical conditions. In addition, 
biopsies were not contraindicated for any of the 
subjects. None of the patients had lichenoid lesions 
due to contact with amalgam or drug lichenoid 
reactions [12]. 
 

Life History: 
 Life cycle development stages of young 
vegetative cells of the superior strain (based on fatty 
acid production) were investigated by microscopic 
analysis. Characterization was done by observations 
of zoospore formation and   amoeboid mode or 
shape.  
 
Optimum Growth Conditions: 
 The optimum growth conditions considered in 
the study were Salinity, pH and Carbon sources.  
Filtered sea water was used for the culture at 
different seawater with  salinity values of 15‰, 
20‰ and 35‰ prepared by diluting with   distilled 
water to lower the salinity value and by adding 
sodium chloride for increasing the salinity values.  
 Culture media at pH 5, 6.5 and 8 were prepared 
in triplicates. About 100 ml of the prepared media 
consisted of 1 g yeast extract, 1 g of peptone and 6 g 
of glucose whose pH was varied by the addition of 
hydrochloric acid to lower the pH value or addition 
of sodium hydroxide to increase the pH value. The 
values were measured with an electrode pH meter. 
 For testing of various carbon sources this was 
done by utilizing D- glucose, Fructose and Sucrose 
as substrates for the growing cultures. The 
concentrations used for each media were 30g/l (low 
carbon) and 60g/l(high carbon) in 15‰ seawater at 
pH 6.5.  
 
Biomass Determination:  
 Dry weight biomass determination was 
performed on the harvested cells in the cultures that 
were subjected to varied physico-chemical 
parameters . This was done by transferring the entire 
contents of the culture bottles into a pre-weighed 12 
ml falcon tube that was centrifuged at 3500 rpm for 
10 minutes. The supernatant was discarded and the 
wet thraustochytrid cells were placed in the oven for 
24 hours to dry before weighing in an analytical 
balance. Biomass was expressed as milligrams (mg) 
of oven dried weight per 100 ml of the medium. 
 
Lipid Extraction:  
 The oven -dried cells weighing approximately 
100 mg were homogenized with mortar and pestle, 
placed in a separatory funnel and extracted with 1:3 
methanol and hexane while being shaken for 20 
minutes. The mixtures were allowed to stand for 1 
hour and the fat layer was collected and placed in a 
pre- weighed round bottom flask. The solvent was 
removed by rotary evaporation and the remaining fat 
was weighed and was subjected to esterification. 
 
Gas Chromatographic Analysis of FAME(FattyAcyl 
Methyl Ester): 
 Fatty acid analysis was done at the Chemistry 
Department of MSU-Iligan Institute of Technology, 
Iligan City. Weighed dried FAMEs were 
resuspended in acetone prior to analysis.  The 
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components of the esterified fat were sepa 
 rated using the instrument GC -14 A gas 
chromatograph (Shimadzu, Kyoto, Japan) equipped 
with a flame ionization detector (FID), and fitted 
with 30 m (length) x 0.32 mm x 0.2µm (film 
thickness) SPB column (Supelco, PA,USA).  
 Sumoylation can regulate inflammation through 
the direct modulation of the activity of key 
transcription factors involved in inflammatory 
responses [11]. 
 
Results And Discussions 
 

Life Developmental Cycle:  
 Four thraustochytrid isolates from senescent 
mangrove leaves were collected for the study (Table 
1).All strains were found to belong under genus 
Schizochytrium. The physical parameters of the 
organisms were also observed.  
 For the study of the life developmental cycle   of 
the organism, a 48 hour culture Schizochytriumsp.D2 
(Fig.1A) grown on yeast extract-glucose-agar plates  
revealed a milky white, continuous colony with 
flattened  medium elevation and exhibiting  a fast 
growth development .  
 

 
Table 1:Thraustochytrid strains(Schizochytrium) collected from mangrove areas of Zamboanga del Sur . 

Strain Sampling site *Temp oC *pH Color of Pellets 
S.D1 Dimataling, 26 6 Milky white 
S. D2 San Pablo 25 7 Milky white 
S. T Tukuran, 27 7 Yellowish brown 
S.M Pagadian 26 8 Red Orange 

 

 
 
Fig. 1: Plate cultures of Schizochytrium D2 (A) 48- hr colony of cells. (B) Ring patterns of ectoplasmic net  

elements. 
 
 Ring patterns were also observed in the 4 day 
old cultures with radiating plasmalemmal extensions 
(Fig.1b) known as ectoplasmic net elements. 
 Resulting from freshly encysted zoospores 
(Fig.2a), the young vegetative non- motile cells were 
spherical in shape and measured around 4-8µm in 
diameter. The cells usually form clusters in nutrient 
liquid medium. 

 On the process of maturation, vegetative cells 
became granular in appearance the size and volume 
increases that ranges from 18-48 µm in diameter.  
Cluster of vegetative cells were observed in the 
study which was also revealed a studby Honda et al., 
on Schizochytriumlimacinum from Micronesia.  
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 Observations under the microscope showed 
several features in the developmental stages of 
Schizochytrium D2, and during the fate of 
development within 10 hours) two different types of 
development were observed Type I and Type II (Fig. 
3).   
 Type I development is characterized by a mature 
thallus developing directly into a young thallus. 
Type II development on the other hand is 
characterized by an amoeboid mode where a mature 
thalli instead of developing into zoosporangia, began 
to assume an amoeboid shape. 
 Biomass production of the different 
thraustochytrid isolates at different salinity, pH and 
carbon sources grown on yeast extract peptone 
medium are summarized in Table 2.All strains 
showed positive growth in the YEP medium after 5 
days of incubation [14]. With respect to salinity, 
species D1 was the highest biomass producer with a 
total value of 6.6g/L followed by species M with 
6.5g/L, species D2 with 5.3g/L while species T grew 
poorly with a total biomass of 5.1g/L. 
 Biomass for pHshoweda different pattern with 
species D2 as the highest biomass producer with a 
total value of 22.6g/L and the lowest biomass 
producer was species T with a total value of 8.7g/L.  
 As noticed, increased growth of organism 
occurred in pH 8 which was characterized by basic 

condition. For high carbon, still species D2 was 
found to be the highest biomass producer with a total 
value of 13.9 g/L , followed by species T with 
9.9g/L species D1 with 8.7g/L and the lowest 
biomass producer was species M with 6.3 g/L [13].  
 This trend of growth was also observed in the 
study done by Fan et al., [5] on different 
thraustochytrid isolates from Hong Kong and in his 
study he concluded that most of the isolates had 
maximum growth at basic environment.  Low pH 
however, is not detrimental to the growth of the 
organisms. 
 Biomass for low carbon as shown in Table 4, 
revealed that species D2 was the highest biomass 
producer with a value of 4.3 g/L followed by species 
T with 3.9 g/L, species M with 3.6g/L and the lowest 
was species D1 having a value of 3.4 g/L.  
 
Fatty acid profiles: 
 Fatty acid production of the thraustochytrid 
isolates (D1, D2, T and M) at different salinity, pH 
and carbon sources are shown in figure 4. 
 The fatty acids consisted of a homologous series 
of saturated and unsaturated aliphatic rings ranging 
from 12 to 22 carbons in a chain .This was observed 
and based on area normalization peaks analyzed 
through the gas chromatography.   
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Fig.  4: Total Fatty acid  profile per unit dry biomass.  

 
 Among the detected fatty acids, the most 
abundant are lauric acid, margaric acid 
pentadecanoic acid, myristic acid, tridecanoic acid 
and palmitic acid with 12,17,15,14, 13 and 16 
carbons respectively belonging to saturated fatty acid 
family.  All isolates showed the same pattern of 
saturated fatty acid production. Lauric acid was the 
main saturated fatty acid identified in this study. 
This type of fatty acid is dominant in coconut oil and 
cinnamon oil. The recent uses of lauric acid are in 
the manufacture of soaps, shampoos and other 
surfaced active agents including special lubricants.  
 Margaric acid on the other hand is found on 
margarine, lard and shortening ingredients of baking 
products.  Pentadecanoic acids as the third fatty acid 
produced by the organisms are found on dairy 
products and milks while  myristic acid are also  
dominantly found in coconut oils. Palmitic acid is 
also one of the highest fatty acid produced and this is 
supported by the fact that fungi including 
thraustochytrids are known to be active in de novo 
biosynthesis of palmitic and stearic acid through 
reductive polymerization of acetate, resulting in 
abundance of fatty acids with 16 to 18 carbon acids.  
 Unsaturated  fatty acids on the other hand was 
also detected in all isolates with linoleic acid 
(18:2n6) as the principal and was found to be 
abundant in species M with the highest value of 14% 
cultured in  high concentration  of sucrose as its 
carbon source. 
 Trace amounts of Eicosapentanoic acid (EPA) 
was only found on species D2 cultured in high 
glucose concentration   with a value of 0.16% only. 
Docosahexaenoic acid (DHA) as one beneficial 
ingredient contained in fish oil was found to be 
present in species D1, T and having its highest value 
of 7.7% on species M  that was cultured in low 
glucose.  DHA was  absent in species D2.  
 In general, all studied species produces both 
saturated and unsaturated fatty acids (Figure 4). 
Species D2 was shown to have the highest saturated 
fatty acid producer of 71% as compared to species 
D1, T and M with 57% only.   
  

Conclusions:  
 Thraustochytrids used in the study were all 
isolated from submerged senescent mangrove leaves 
at various stages of decay collected from 
municipalities of Zamboanga del Sur specifically 
from the intertidal zone of Dimataling, San Pablo, 
Tukuran, and PagadianCity . 
 Four strains (D1, D2, T and M) were cultivated 
in Yeast Extract Peptone at varying salinity, pH and 
carbon source. Based on morphological 
characteristics the four isolates can be assigned to 
genus Schizochytrium because they produce 
zoospores and that the mature cells were divided by 
repeated binary division to form diads, tetrads and 
clusters.       
 The dominant strain based on biomass 
production was subjected to life historicity study. 
The study revealed two types of development, type I 
where a mature thallus directly developed into 
zoospores and type II development where a mature 
thallus instead of developing into zoospores assumes 
an amoeboid shape and movement.  
 In terms of biomass production, the  isolates 
produces cell biomass ranging from 1 to 8.5 g/L with 
D2 yielding the highest biomass at pH 8 of 8.5g/L. 
In general, optimum growth conditions of the species 
in this study were the following: (a) Salinity at 35‰, 
(b) pH at 8, and (c)  
3. Bremer, G.B. (Labyrinthulomycetes) and 
decay in of mangrove leaf litter. Hydrobiologia. 
295, 89-95. 
4. Carlile, M.J. Motility, taxis and tropism in 
Phytophthora. In: Erwin DC, Bartnicki-Garcia S, 
Tsao PH, eds. Phytophthora: its biology, taxonomy, 
ecology and pathology. St. Paul, Minnesota: APA 
press. p 95–107. 
Glucose as carbon source with 60g/L concentration. 
 For fatty acids, lauric acid (C12:0) and margaric 
acid (C17:0) were the dominant fatty acids present. 
The strains also produces trace quantities of 
polyunsatutared fatty acids with (C18:2n6) linoleic 
acid as the highest. These fatty acids are known for 
their valuable benefits in human nutrition.  
 Determination and identification of relative 
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amount of fatty acids produced by thraustochytrids 
was done through gas chromatography. The peaks in 
the chromatograms of the injected samples were 
identified by comparison of their corresponding 
retention times against the fish oil, mixed and DHA 
standards. 
 
References 
 
1. Bahnweg, G., F.K. Sparrow, 1974. Four 

new  species of Thraustochytrium from 
Antarctic  regions with notes on the 
distribution of  zoosporic fungi in the 
Antarctic marine ecosystems. Amer J Bot., 
61: 754-766. 

2. Bongiorni, Lucia, LucreziaPignataro, and 
Giovanni Santangelo, 2004. 
Thraustochytrids (fungoid protist): an 
unexplored component of marine sediment 
microbiota. In Biological Oceanography  at 
the Turn of the Millennium. J.D. Ros, 
T.T.,Packard, J.M. Gilli, J.I.Pretus and 
DBlasco, eds. Sci., 68 (1): 43-4. 

3. Cavalier-Smith, T., E. Chao, 2006. 
Phylogeny and Megasystematics of 
PhagotrophicHeterokonts (Kingdom 
Chromista).Journal of Molecular 
Evolution, 20: 1-33. 

4. Fan, K.W., F. Chen E.B.G. Jones and 
L.L.P. Vrijmoed. Eicosapentanoic and 
docosahexaenoic acid production and 
okara- utilizing potential of 
thraustochytrids .Journal of Industrial 
Microbiology and Biotechnology, 27: 199-
202. 

5. Fan, K.W., L.L.P. Vrijmoed and E.B.G. 
Jones, 2005. Zoospore chemotaxis o 
mangrove thraustochytrids from Hong 
Kong. . Department of Biology and 
Chemistry, City University of Hong Kong, 
Tat Chee Avenue, Kowloon, Hong Kong 
Special Administrative Region, The 
People's Republic of China. 

6. Findlay, R.H., J.W. Fell, N.K. Coleman, 
J.R. Vestal, 1986 Biochemical indications 
of the role of fungi and thraustochytrids in 
mangrove detrital systems. In:  

7. Moss, S.T.,  ed. The biology of marine 
fungi. Cambridge, UK: Cambridge 
University Press, 91-103. 

8. Honda, D., T. Yokochi, T. Nakahara, M. 
Erata, T. Higashihara, 1998. 
Schizochytriumlinacinum sp. nov., a new 
thraustochytrid from mangrove area in the 
west Pacific Ocean. Mycol Res., 102: 439-
448.   

9. Ramaiah, N. and C. Raghukumar, 2001. 
Dynamics of thraustochytridprotists in the 
water column of the Arabian Sea. 
Aquat.Microb. Ecol, 24: 175-186. 

10. Patterson, D.J., 1989. Stramenophiles: 
Chromophiles from a protistan perspective: 
In: Green JC, Leadbeater BSC Diver WI 
(eds) The Chromophyte algae: problems 
and perspectives.Clarendo Oxford, 357-
379.  

11. Nagham, A., Jasim and Wesen A. Mehdi, 
2015. Correlation Between E3 SUMO-
Protein Ligase NSE2 (NSMCE2) with 5'- 
nucleotidase, XOR, Uric acid and Total 
protein in Patients with Atherosclerosis. 
Adv. in Nat. Appl. Sci., 9(2): 67-75. 

12. Ali Taghavi Zonouz, Masoumeh 
Mehdipour, Reza Tavakoli Ata Abadi, 
Javad Shokri, Mehrangiz Rajaee, Marziyeh 
Aghazadeh, 2015. Effect of the Use of 
Propolis on Serum Levels of Interleukin-17 
and Clinical Symptoms and Signs in 
Patients with Ulcerative Oral Lichen 
Planus. Adv. in Nat. Appl. Sci., 9(2): 39-
44. 

13. Alfred, A., Christy, 2015. Insights into the 
Chemistry of Adsorption of Water 
Molecules by Cyclodextrins as Studied by 
Near Infrared Spectroscopy. Adv. in Nat. 
Appl. Sci., 9(14): 7-13. 

14. Wael, M., Darwish, Morsy H.A. Abu Bieh, 
Afaf A. Nada, Hossam A. ELNazer, 
M.S.A. Abdel-Mottaleb, 2015. 
Spectrophotometric evaluation of 
photocatalytic activity of nanostructured 
N-TiO2 and N,F-TiO2 by oxidative 
degradation of phthalocyanine star 
polymer. Adv. in Nat. Appl. Sci., 9(12): 
105-115. 


