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Abstract. Praja RN, Yudhana A, Haditanojo W, Oktaviana V. 2021. Short Communication: Antimicrobial properties in cloacal fluid of 
olive ridley sea turtle (Lepidochelys olivacea). Biodiversitas 22: 3671-3676. There were several speculations regarding the main 
purpose of sea turtle cloacal fluid, such as lubrication during egg deposition, which could help reduce egg speed as they are  dropped in 
nesting sand, or contain antimicrobial properties to protect their eggs from pathogenic microorganisms. However, the exact purpose of 

this fluid which is mucous-like in consistency remains unknown. This study aimed to identify antimicrobial properties in the cloacal 
fluid of olive ridley sea turtles. Cloacal fluid samples were collected during nesting season in Banyuwangi City coastal areas, East Java 
Province, Indonesia. Moreover, the Kirby-Bauer diffusion disk method recorded antimicrobial properties and tested against several 
bacterial colonies collected from sand in natural nesting chambers. This preliminary study also concluded that antimicrobial properties 
were recorded when presented against several bacteria colonies from natural nesting sands namely Escherichia coli, Salmonella spp., 
and Bacillus spp. Furthermore, the present study should be expanded to include other bacteria and fungi colonies. In addition, results 
from the present study could be used to develop methods in creating antibiotics similar to those found naturally in natural nesting areas 
to prevent microorganism contamination and globally increase hatchling success, which has a greater impact to support sea turtle 

conservation efforts as endangered species. 
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INTRODUCTION 

The olive ridley sea turtle (Lepidochelys olivacea) is 
threatened by fisheries bycatch, habitat degradation, and 

the unsustainable harvest of eggs and is listed by the IUCN 

as a vulnerable species (Abreu–Grobois et al. 2020). 

Bacteria and fungi contamination have been reported to 

reduce the hatchling success of sea turtle nests worldwide 

(Bezy et al. 2015; Caron et al. 2018; Gifari et al. 2018; 

Candan and Candan 2020; Hoh et al. 2020). Several 

bacterial species have even been shown up to 100% nest 

mortality (Booth and Dustan 2018). Several studies have 

suggested that sea turtle embryo mortality is associated 

with the high microbial load resulting from the 

decomposition of contaminated eggs during subsequent 
nesting events (Neves et al. 2015; Hoh et al. 2019; Gleason 

et al. 2020). In addition, nutrient loads and bacterial 

abundance in the sand at sea turtle nesting beaches are 

much higher than non-nesting beaches (Peay et al. 2016).  

Therefore, several studies reported bacteria and fungi 

have been cultured and isolated from nest sand and 

unhatched eggs and the cloacal fluid of nesting females 

(Rosado-Rodriguez and Maldonado-Ramirez 2016; Bezy et 

al. 2015). However, the literature on the detailed 

mechanism of infection in sea turtle eggs by microbes 

remains unknown. Microbial infection was traditionally 

assumed to be opportunistic and limited laboratory studies 

found no significant effect of bacteria or fungi on the 
hatchling production of olive ridley sea turtle eggs (Bezy et 

al. 2015; Smyth et al. 2019). In addition, several studies 

also suggested that the observed increase in hatching 

success in nests below the high tide line may be due to 

natural tidal washing, which could remove microbes that 

are intolerant to saltwater. In contrast, bacterial richness 

and diversity may increase in the low, middle, and high 

zones of beach with increasing nest density, probably due 

to the less stable osmotic environment caused by the tides 

(Neves et al. 2015; Hoh et al. 2019). 

Moreover, it has been suggested that the fluid which 

ovipositing females deposit with the eggs may contain 
antimicrobial properties, providing protection mechanism 

to developing embryos from potential pathogens in the 

sand (Soslau et al. 2011). These clear liquids are made up 

of glycoproteins secreted from the cloaca, and coat the eggs 

as they are deposited into the egg chamber. The exact 

purpose of this fluid remains unknown. However, one of its 

purposes is most likely to be lubrication during egg 

deposition, it has also been assumed that the purpose of the 

fluid is to suspend the eggs in a state of hypoxia to prevent 

embryos from reaching the stage of development where 

they are sensitive to movement-induced mortality as the 
rest of the clutch eggs are formed (Rafferty and Reina 
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2012). Glycoprotein cloacal secretions also exist in 

freshwater turtles and when they are absent, the eggs 

hatching success may be reduced. Lee (2020) reported that 

mucus plays role against pathogenic infections such as 

bacteria, which indicates the natural defense mechanism in 

the environment. Furthermore, Phillott and Parmenter (2012) 

discovered that cloacal fluids can decrease fungal growth 

for several days, thus if the fluid can defend against fungi, 

it may also be able to defend against bacterial growth.  

The mucus of other organisms, such as fish, 
amphibians, and humans have been proven to contain 

antifungal and antibacterial properties (Dawson 2011). 

Moreover, several studies reported that the majority of skin 

mucus from fish such as Caspian (Rutilus frisii kutum), 

Indian carp (Catla catla), carp (Cyprinus carpio), and 

Hypophthalmichthys nobilis showed antibacterial effects 

(Raj et al. 2011; Tyor and Kumari 2016; Adel et al. 2018; 

Abbas et al. 2020). It is possible that similar proteins of 

antimicrobial could be present in cloacal fluid, thus having 

similar defenses to protect eggs, especially at the beginning 

of incubation when embryos are most vulnerable to 
bacterial infection. To determine the nature of the defense 

mechanism imparted by the cloacal fluid, the purpose of 

this study was to identify any antimicrobial properties in 

the cloacal fluid of olive ridley sea turtle. 

MATERIALS AND METHODS 

Sample collection 

Cloacal fluid samples were collected from every turtle 

found before starting laying her eggs in their natural nest 

area organized by Banyuwangi Sea Turtle Foundation 

(BSTF), East Java Province, Indonesia (114.369227 E; -

8.219233 S). Moreover, to obtain an uncontaminated fluid 
sample, aseptic care was taken to avoid bacterial 

contamination from nesting sand. Due to limitation 

conditions in field, cloacal fluid samples were taken and 

divided into four batches. First, sand samples were 

collected from nine different natural nests used by turtles to 

lay their eggs. For the next process, all obtained samples 

were placed in a transport medium (Becton-Dickinson, 

Maryland, USA), and kept on ice or 4°C until processing 

within 24 hours. 

Furthermore, thawed sand samples were processed by 

adding 2 mL of sterile distilled water and shaking for 30 

seconds manually. To obtain selective Gram-negative 
bacteria, MacConkey agar was used as the enrichment 

medium, spread-plated with 100 μL of the water from the 

sand suspension mixture and then quadrant-streaked. The 

compounds such as crystal violet and bile salts in 

MacConkey agar inhibit the growth of Gram-positive 

bacteria, and the presence of lactose and the pH indicator 

neutral red identifies colonies as lactose fermenters or non-

fermenters, which aids in colony identification (Soslau et 

al. 2011).  

Bacterial identification 

Preliminary bacterial identification from the nesting 
sand samples was completed on-site after purified using the 

standard confirmed bacteriological methods, Analytical 

Profile Index (API) strips (BioMerieux, Marcy-I’Etoile, 

France). API strips were inoculated with a suspension of a 

bacterial colony in a sterile solution and incubated using 

standard bacteriological method at 37°C for 24 hours. 

However, if there were no changes in the inoculated strip 

after incubation for 24 hours, the strips continued to 

incubate for another 24 hours, as indicated by Bio-Merieux. 

Furthermore, samples were sent to Laboratory of 

Veterinary Microbiology, PSDKU Banyuwangi, and then 
each sample was cultured into nutrient agar, MacConkey 

agar, eosin methylene blue agar, and Salmonella-Shigella 

agar (Remel, Lenexa, KS, USA). The bacterial colonies 

were obtained from each plate, then taken for further 

identification using Gram-staining methods. Bacterial 

identification methods in the laboratory were completed 

using semiautomated API 20 and API Staph systems (Bio-

Merieux) with IdBact software. During the identification 

process, bacterial isolates that were positively obtained 

from sand samples were then used for further diffusion 

tests to investigate the antimicrobial properties of cloacal 
fluid samples.   

Agar diffusion test 

The diffusion test was done using Kirby-Bauer disk 

diffusion method. A total of 75 μl from each cloacal fluid is 

dropped on a paper disk, and leave it for 15 minutes until it 

completely absorbs. During the previous process, Mueller-

Hinton agar (MHA) was prepared on a Petri dish. The 

bacterial suspension was taken with a 0.2 ml sterile pipette 

and then poured on MHA and scattered with a bent glass 

stirrer. The plates were allowed to stand for 20 minutes so 

the bacteria stick totally. Paper disk containing cloacal 
fluid was placed on the surface of MHA using sterile 

tweezers, then incubated for 24 hours at 37°C. The 

diameter of inhibitory zones that were formed in MHA, 

then measured by using Vernier calipers. Inhibition zones 

that formed slightly around paper disc were measured in 

millimeters (mm) unit length within vertical and horizontal 

areas.  

RESULTS AND DISCUSSION 

Three different bacterial colonies were identified from 

nesting sand samples based on the API test and 

identification using standard bacteriological examination 

methods. The three bacteria belonging to these colonies 
were Escherichia coli, Salmonella spp. and Bacillus spp. 

Macroscopically, all of the colonies were round in shape 

and different in terms of color. E. coli colonies were 

metallic green, Salmonella spp. colonies were black, and 

Bacillus spp. colonies were white in each agar plate. Gram 

staining showed that these colonies were identified as 

Gram-negative bacteria (i.e., Escherichia coli and 

Salmonella spp.). Gram-positive bacteria were also 

identified as Bacillus spp. Microscopically, the cell shape 

of those three different bacteria was rod-shaped with 

different sizes. E. coli was the most frequent among other 
bacteria isolated from sand samples. Moreover, all colonies 
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were used for diffusion test which possibly inhibited with 

cloacal fluid samples. Results from the Kirby-Bauer disk 

diffusion test run indicated antimicrobial properties in the 

cloacal fluid of olive ridley sea turtles at Banyuwangi 

coastal area when applied to Mueller-Hinton agar 

containing E. coli, Salmonella spp. and Bacillus spp. 

respectively. The zones formed on the plates from the 

cloacal fluid were not perfect circles if compared to Kirby-

Bauer disk diffusion which was completed with antibiotics 

and incubated at 37oC for 24 hours. Furthermore, zone 
diameters were measured twice for vertical and horizontal 

areas to analyze the results, and the average was recorded 

(Table 1). The results also show that Bacillus spp. colonies 

were inhibited the most, proved by measured diameters 

were widest (+7-8 mm on average) among the other 

colonies (Figure 1). Cloacal fluid was also recorded to have 

antimicrobial properties against E. coli and Salmonella spp. 

However, the zones formed among those two different 

bacteria were not significantly different (+6 mm on 

average). 

The lack of antimicrobial properties could be due to the 
majority of bacterial species used as samples in these 

studies was commonly present within the nesting 

environment, thus resistance mechanism to the cloacal fluid 

may have already built up for these species. Indeed, 

Bacillus spp. and coliform bacteria such as E. coli and 

Enterobacter cloacae were frequently found in unhatched 

eggs with E. coli also isolated from a natural nesting 

chamber. Other bacteria such as Staphylococcus aureus are 

also often found on human skin and nowadays Banyuwangi 

coastal area is a popular tourist destination in Indonesia. 

Moreover, sea turtles may have come into contact with 
multiple strains of S. aureus species, which also need 

further studies due to potentially building up resistance 

mechanism to cloacal fluid. Among others bacteria species, 

Salmonella spp. was categorized as the most pathogenic 

bacteria. In addition, the presence of Salmonella spp. in 

nesting chamber due to fecal contamination from domestic 

mammals. Since samples are well-known as tourism 

objects, there were many cats and dogs around that 

possibly laid their stool near-natural nest. Furthermore, 

those domestic animals not only stray but also pets, also 

there were local horses that were commonly used as horse-

riding objects. Therefore, the present study has different 
results from the previous study conducted by Keene 

(2012), which tested the antimicrobial properties of cloacal 

fluid against Pseudomonas aeruginosa. In addition, the 

different results were recorded possibly because different 

bacteria isolates used in the study were also different. 

Bacterial isolate sources in the present study were from 

natural nesting chambers, whereas the previous study 

collected from unhatched eggs. 

Antimicrobial properties in cloacal fluid may be present 

in various populations or individuals; also, dilution 

methods are more suited for preliminary study for 
antimicrobial properties, as supported by the previous 

results from Dawson (2011). The presence of antimicrobial 

properties is possibly present in three initial samples in this 

study that were used to test the methods. It is also possible 

that antimicrobial properties can present and record 

different results when tests with different bacteria or fungi 

species. Previous study in Australia found 97% of the 

hatched eggs were infected with microorganisms, and 

concluded there would be no need for defenses against 

bacterial species that are not potentially pathogenic, and 

perhaps cloacal fluid only targeted those that are pathogens 
to embryos (Dawson 2011). However, it is unclear, if the 

fluid can defend eggs against microorganisms once it dries 

because of natural processes. Other antimicrobial proteins, 

such as those found in the albumen of eggs, have been 

proven to defend against microorganisms. 

Moreover, the lowest concentration of bacteria was 

found in the albumen of the eggs, and this process was 

related to this observation regarding antimicrobial chemical 

defense properties of the albumen proteins (Blasi et al. 

2020; Phillot and Parmenter 2012). The present study 

assumed that cloacal fluid has a similar defense mechanism 
to protect eggs, especially at the beginning of the 

incubation process when embryos are most vulnerable to 

contamination of microorganisms. There are various ways 

in which sea turtle cloacal fluids could obtain antimicrobial 

properties, first method is through the use of peptides, a 

common method utilized by plants. Second method is 

through mutualistic relationships with other bacteria, as 

occurs in the human cervical mucus, where antibodies 

passed which can then be passed from mother to offspring, 

a method often used in mammals. Moreover, it can be 

gained from their diet since many sea turtle food organisms 

produce antimicrobial compounds (Pelegrini et al. 2011; 
Torow et al. 2017; Dawson 2011).   

 

 

   
A B C 

Figure 1. Kirby-Bauer experiment for cloacal fluid from olive ridley sea turtle incubated for 24 hours at 37°C on Mueller-Hinton agar. 
The bacteria on each plate are A. Bacillus spp., B. Escherichia coli, C. Salmonella spp. 
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Table 1. Results of Kirby-Bauer disk diffusion test with Escherichia coli, Salmonella spp., Bacillus spp. and olive ridley sea turtle 
cloacal fluid 

 

Nesting sand Bacterial isolates 
Average inhibition zone (mm) 

Cloacal fluid A Cloacal fluid B Cloacal fluid C Cloacal fluid D 

1. Escherichia coli 6.56 6.53 6.52 6.54 
2. Escherichia coli 6.44 6.15 6.72 6.84 
3. Escherichia coli 6.97 6.225 6.32 6.61 

Total average (mm) 6.66 6.3 6.52 6.66 
4. Salmonella spp. 6.87 6.63 6.63 6.43 
5. Salmonella spp. 6.55 6.3 6.28 6.78 
6. Salmonella spp. 6.5 6.66 6.53 6.53 

Total average (mm) 6.64 6.53 6.48 6.58 
7. Bacillus spp. 7.61 7.75 7.86 8.19 

8. Bacillus spp. 7.66 7.64 7.76 7.88 
9. Bacillus spp. 7.84 8.14 7.2 8.39 

Total average (mm) 7.703 7.84 7.61 8.15 

 
  

 

Previous studies in flatback, green, hawksbill, and 

loggerhead sea turtles recorded that cloacal fluids had 

antifungal properties, but the defenses mechanism against 

fungi colonies did not last more than a few days. Plants are 

also known to contain peptides that can protect against 

fungi during natural conditions. Whereas, the mucus of 

other organisms, such as fish, amphibians, and humans 

have been proven to contain antifungal and antibacterial 

properties (De Andrés et al. 2014; Bezy et al. 2015). 

Insects, such as Genus of Drosophila have been also shown 

to produce antifungal peptides (De Andrés et al. 2014) and 

antibacterial peptides (Wu et al. 2018).  Antibacterial 
peptides have been used by South African clawed frog 

(Xenopus laevis) to defend against bacteria and the 

pathogenic fungus Batrachochytrium dendrobatidis, which 

is commonly known to cause Chytridiomycosis, a major 

lethal disease in frogs (Gammill et al. 2012). Several fish 

species such as eel (Anguilla spp.), Asian swamp eel 

(Monopterus albus), and marine stingray were reported 

using antibacterial mechanisms through their skin which 

also have potential effects against pathogenic bacteria such 

as Salmonella spp. (Bragadeeswaran and Thangaraj 2011; 

Vennila et al. 2011; Nurtamin at al. 2016; Hilles et al. 
2018). Moreover, common freshwater fish such as carp 

also developing antibacterial properties on epidermal skin 

which related to their health status and protection 

mechanism against pathogenic microorganisms (Dash et al. 

2018; Reverter et al. 2018; Kumari et al. 2019). Similar 

peptide mechanisms also have been found in human 

amniotic fluids as an important part of the immune 

response to microbial infection in the amniotic cavity 

(Kang et al. 2019). The best method to scientifically 

understand the mechanism in which peptides could 

potentially inhibit microorganisms is through bacteria. 
Unlike eukaryotes, bacterial membranes contain negatively 

charged phospholipids on the outer surface, moreover, the 

peptides which have positively charged terminals could 

bind to the negatively charged bacterial membranes, to 

disrupting the membrane structure and causing 

depolarization of the cell (Somma et al. 2020). Other 

theories include the binding of peptide nisins to the fatty 

acyl proteoglycan anchor in the bacterial membrane, where 

it can diffuse throughout the rest of the membrane (Vestby 

et al. 2020). This similar strategy is used by plant defensins 

(Sathoff et al. 2019). It remains questionable how exactly 

the presence of peptides kills the bacterial cells, however, it 

has been hypothesized that it is caused by the 

depolarization of the bacteria cell itself, creates several 

holes in the membranes which lead to cell content escape, 

degradation of the cell walls or disturbing membrane 

functions, or even damaging intracellular targets after 

internalization of peptides. Unlike conventional antibiotics, 

it is more difficult for bacteria to build up resistance 

mechanisms to these peptides because they would have to 
reorganize their membrane structures, which is considered 

a costly defense for microorganisms (Somma et al. 2020). 

Whereas, antibiotics affect microorganisms in five 

ways: (i) inhibiting cell wall synthesis, (ii) disrupting the 

cell membrane function, (iii) inhibiting protein synthesis, 

(iv) inhibiting nucleic acid synthesis, or (v) through 

antimetabolites (Nassar et al. 2019). Moreover, antibiotics 

can be activated through killing (bactericidal) or inhibiting 

the growth of cells (bacteriostatic). Although most of the 

antibiotics purchased over the drug stores, today are 

categorized as semisynthetic, the original antibiotics used 
to treat various diseases existed naturally, and their 

properties are what synthetic antibiotics are derived from. 

For example, Avermectin is an important antibiotic in both 

human and veterinary medicine, but is produced as 

secondary metabolite found in the common soil bacterium 

namely Streptomyces avermitilis (Quinn et al. 2020). 

Cloacal fluid, which has mucous-like in consistency, 

previously has been hypothesized that it plays roles in 

reducing egg speed as they are dropped in natural nesting 

chamber, also cloacal fluid allows sand to stick to the 

outside of the eggshell and prevent sand and other 
contaminants from moving and filling up the spaces 

between eggs, causing air pockets. Olive ridleys estimated 

drop 250-500 mL of fluid on a single nest, potentially 

providing natural protection if antimicrobial properties are 

present (Keene 2012). Since, olive ridleys are one of the 

smallest sea turtle species, it is possible that larger species 

secrete more fluid to protect their eggs against pathogenic 

microorganisms. 
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In conclusion, eventually, this study becomes 

preliminary report that demonstrated antimicrobial 

properties in the cloacal fluids of olive ridley sea turtles in 

Banyuwangi, Indonesia. Future studies should be 

conducted using different methods for detecting the cloacal 

fluid molecular compounds and which proteins that mostly 

play role as antimicrobial properties. In addition, future 

studies should be conducted using other bacteria and fungi 

found in the nesting sand and eggs. The presence of 

antimicrobial properties could be used to preliminary 
methods in creating natural antibiotics applicable in the 

nesting chamber to prevent microorganism contamination 

and globally increase hatchling success and scientifically 

have a greater impact on sea turtle conservation efforts as 

endangered species. 
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