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A total of 60 green turtle eggs were obtained from sampling sites in

Terengganu and Sabah, Malaysia. Isolation and identification of bacteria from

these eggs resulted in 12 genera of Gram-negative bacteria with 12 different

species. The most frequently isolated bacteria were Salmonella (30.9%) and

Proteus (23.7%). The rest of the microorganisms were Aeromonas, Escherichia,

Citrobacter, Enterobacter, Klebsiella, Morganella, Pseudomonas, Shigella,

Serratia and Photobacterium. A slight difference in total crude protein

content was recorded in the samples from Terengganu and Sabah, at 16.3%

Dry matter (DM) and 15.8% DM, respectively. Meanwhile, the crude fat content

found in the samples from Terengganu was 9.88% DM and 7.79% DM from

Sabah. In this study, a-linolenic acid, C18:3 n-3 (Terengganu: 16.87% DM) and

linoleic acid, C18:2 n-6 (Sabah: 15.19% DM) were the most prevalent fatty acids

in both samples. The green turtle egg samples from Terengganu showed

higher value of total saturated fatty acid, total C18:3 n-3 and C18:2 n-6 and

total polyunsaturated fatty acids as compared to green turtle eggs from Sabah.

The results also revealed that majority of the essential amino acids (EAA)

recorded in samples from both sampling sites was lysine (9.67% DM), with

higher value recorded in green turtle egg from Terengganu. However, there
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were no significant differences (p>0.05) in the nutritional compositions, fatty

acid contents and amino acid compositions of the samples between the two

sampling sites. Meanwhile, statistical analysis showed significant differences in

heavymetal concentrations between the two sampling sites for all the six heavy

metals detected in this study (Hg, Cd, Pb, Mn, Zn and Cu). The ranking of heavy

metals concentration in turtle eggs from both sampling sites, in decreasing

order is as follows: Zn > Cu >Mn > Pb > Cd >Hg. Overall, these results reveal the

contents and contaminations of a green turtle egg, whichmay raise concern on

public health risks. Findings from this study will also be beneficial for the future

conservation of green turtle population when the consumption of their eggs

should be stopped.
KEYWORDS

fatty acid, green turtle egg, heavy metal, nutritional composition, public health risk
Introduction

Peninsular Malaysia has historically supported large nesting

populations of green turtles (Chelonia mydas), predominantly

found in the east-coast state of Terengganu (Redang and

Perhentian Islands, Kemaman and Kerteh) and surrounding

islands. Green turtles recorded the highest nesting density, with

between 2,000 and 2,500 nests annually in that state. The species

can also be found in Melaka and some parts of Pahang (Chendor

and Cherating) and Perak (Pantai Remis), as well as the states of

Sabah and Sarawak in East Malaysia Borneo (Chan, 2006). The

green turtle was added to the IUCN (International Union for

Conservation of Nature) Red List of threatened species in 1982

and it is also listed in Appendix I of the Convention on

International Trade in Endangered Species of Wild Fauna and

Flora (CITES). This program basically prevents any marine

turtle parts or products from being misused or traded for

commercial purposes, as their population faces a high risk

of extinction.

In Malaysia, one of the most significant threats contributing

to the decline of green turtle nesting is the commercial harvest

for food and excessive collection of eggs for local consumption

(Aguirre et al., 2006; TRAFFIC Southeast Asia for WWF-

Malaysia, 2009; Jolis et al., 2015; Brei et al., 2016; Azlina et al.,

2019). The long-standing problem of local demand for turtle

eggs in the states of Sabah and Terengganu remains active. In

Terengganu, other species of marine turtle eggs are allowed to be

marketed except the eggs of leatherback turtle (Abd Mutalib

et al., 2013). Furthermore, state laws of different states differ with

regard to the sale and consumption of turtle eggs (TRAFFIC

Southeast Asia for WWF-Malaysia, 2009). Only Sabah and

Sarawak have total protection for these endangered marine

animals because they are totally prohibited from any trade in
02
marine turtles, parts and products due to the implementation of

the Sabah Wildlife Conservation Enactment 1997 and Sarawak

Wildlife Protection Ordinance 1998, respectively. Yet, illegal

collection and consumption of turtle eggs are stil l

uncontrollable due to insufficient man-power to monitor

the areas.

Consumption of turtle products (eggs, meat, adipose tissue,

organs and blood) is typical in some regions. Therefore, green

turtles are harvested and exploited for their parts, such as their

meat, eggs and organs, which are consumed as an important

source of protein for coastal communities, for religious and

cultural reasons as well as for traditional medicine purposes

(TRAFFIC Southeast Asia for WWF-Malaysia, 2009). The

consumption is believed to be related to fertility that works as

a natural aphrodisiac, although there is no scientific evidence to

prove it. Thus, turtles (meat and eggs) are among the many

species of reptiles that are most intensely abused worldwide

(Magnino et al., 2009; Hochberg and Bhadelia, 2016). Human

perceptions might be one of the challenges to extensively

publicizing the idea of marine turtle conservation. According

to a survey, majority of the respondents consume marine turtle

eggs due to its delicacy and the belief of nutritious and rare diet

(TRAFFIC Southeast Asia for WWF-Malaysia, 2009). Some of

them consume the egg just out of curiosity, especially the first-

timers. In addition, some older generation consumers are

unaware that marine turtle populations are declining as they

believe that marine turtles produce a large number of eggs in

each season (Abd Mutalib et al., 2013).

There are relatively few studies conducted on the quality of

these products, raising concerns about public health risks due to

pathogenic and environmental contaminants. Marine turtles are

known as an excellent biological indicators of heavy metals

because they can accumulate contaminants in the ecosystems
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they live in (Al-Rawahy et al., 2007; Yipel et al., 2017). Some

factors that influence the toxicity of heavy metals, whether

essential or not, include dosage, type of chemical, route of

exposure, along with gender, genetics, age and nutritional

status of the exposed individuals. According to a previous

study, persistent organic pollutants (POPs) were found

deposited in the turtle egg during vitellogenesis or

development of follicles, which later become eggs (Stewart

et al., 2011). It shows that pollutants can be transferred to the

egg through maternal transfer and contaminate the reproductive

organs where eggs are developed (Sinaei and Bolouki, 2017).

Lots of studies have been done and suggested that consumption

of sea turtle products (tissues, eggs, and blood) might pose a

number of public health concerns because of their high lipid

content and the presence of bacteria, parasites, and

environmental contaminants (Aguirre et al., 2006; Van de

Merwe et al., 2009; Warwick et al., 2013; Al-Musharafi et al.,

2015). Nursing women and children are most likely to be

affected following consumption of turtle eggs (Aguirre et al.,

2006). It is unacceptable to assume that consumption of these

products carries zero risk to health, even if well cooked, and

possibly creates potential health hazards if consumed raw. It is

vital to analyse the quality of green turtle eggs as a food source.

Apparently, egg consumption may pose a health threat to the

consumer and lead a population decline of green turtles.

Therefore, the present study was conducted to determine the

nutritional composition, pathogenic bacteria and heavy metal

contaminations of green turtle eggs from Terengganu and

Sabah, Malaysia.
Materials and methods

Sample collection and preparation

A total of 60 fresh green turtle eggs were collected from

nesting sites in Terengganu and Sabah, Malaysia during the

nesting season between April and September 2019. The samples

were placed in sterile plastic bags, stored in an icebox,

transported and analyzed within 24 h in the laboratory.

Sample processing for determination of pathogenic

microorganisms was done as soon as the arrival of egg

samples to the laboratory. To analyze the sample of content,

the egg shell was sterilized using 70% alcohol before the content

was collected into a sterile plastic bag and labelled accordingly. A

food stomacher was used to homogenize the egg yolk and

albumen of each sample. The homogenized samples were

placed in Scott bottles and stored in a freezer overnight prior

to the 48-h freeze-drying process. The freeze-dried samples were

then finely ground using a mortar. Then, the samples were

stored in desiccators at room temperature and were ready to be

used to determine the nutritional composition, fatty acid and
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amino acid profiles, as well as the heavy metal composition of

turtle eggs.
Determination of nutritional composition

Dry matter and ash, moisture, crude protein and crude fat of

green turtle eggs were measured according to the procedures of

the Association of Official Analytical Chemists (Association of

Official Analytical Chemists – International, 2012). In brief, dry

matter and ash were measured after burning the sample in a

furnace at 550°C for 4 h. Moisture content was determined using

the air-dried oven method at 105°C for 24 h. The crude protein

in green turtle eggs was estimated by measuring the total

nitrogen via the Kjeldahl method and multiplying it by 6.25

protein factor. Meanwhile, crude fat from the sample was

extracted using the Gerhardt Soxhlet apparatus, and the

weight of the fat recovered was estimated. The energy content

(M/J kg) of green turtle eggs was determined by combusting the

samples in a bomb calorimeter (IKA C5003). All protocols were

carried out in triplicate.
Determination of pathogenic
microorganism

Bacterial isolations from the outer green turtle egg shell were

done using a sterile cotton swab that was scrubbed over the

surface of the eggs. To get samples of egg content, the shell was

sterilized using 70% alcohol before the content was collected into a

sterile plastic bag. The collected samples were then cultured onto

pre-enrichment culture (non-selective liquid media), buffered

peptone water and incubated at 37°C for 24 h. Buffered peptone

water was used for pre-enrichment to promote the recovery of

Salmonella spp. in the food sample prior to selective enrichment

medium. The pre-enrichment culture was then sub-cultured into

selective enrichment medium, the Rappaport Vassiliadis soy broth

(RVS) and incubated at 37°C for 24 h. One ml of the RVS was

then inoculated onto two selective agar media; the Xylose-Lysine

Desoxycholate (XLD) agar and Brilliant Green agar for the

isolation of Salmonella and incubated at 37°C for 24 h.

Salmonella colonies were identified on each agar media and

results were recorded. On the other hand, the pre-enrichment

culture of buffered peptone water was also sub-cultured onto

selective media of MacConkey agar to isolate the Gram-negative

bacteria and onto blood agar for growth of wide range of microbes

as well as detection certain bacteria through haemolytic pattern.

The bacterial morphology was identified, including size, shape,

colour and changes on various media. Pure isolates were

phenotypically characterized by Gram staining and examined

using light microscope at x100 with oil immersion. They were

further identified by using biochemical tests including TSI, Citrate
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Utilization, oxidase, Urease, SIM and Indole test. Meanwhile, for

identification of Salmonella sp, polyvalent O test was added to the

method of identification for initial identification of the primary

group of salmonella.
Determination of fatty acid composition

Green turtle eggs were analyzed for the fatty acid composition

according to the one-step method (Abdulkadir and Tsuchiya, 2008)

whereby fatty acid methyl esters (FAMEs) were prepared without

prior lipid extraction. Three replicates of each sample (200–300mg)

were mixed with 4 ml of hexane and 1 ml of internal standard

solution in a 15 ml Teflon-lined screw-cap. The internal standard

solution was prepared earlier by dissolving 100mg of 19:0 in 100ml

of hexane to obtain a final concentration of 1 mg/ml of 19:0. Then,

the head space of Teflon-lined screw-cap was flushed with nitrogen

gas after adding 2 ml of 14% boron trifluoride (BF3) in methanol.

The tube was closed tightly with a Teflon-lined screw-cap and

heated on a hot plate at 100°C for 120 min under continuous

stirring. After cooling to room temperature, 1 ml of hexane was

added, followed by 2ml of distilled water. The tube was then shaken

vigorously for 1 min and centrifuged for 3 min at 2500 rpm. Finally,

1 ml of the hexane layer containing the FAMEs was transferred

using a Pasteur pipette into a clean sample vial and injected to the

GC for FAME analysis. The FAMEs were separated and quantified

using a gas chromatography (GC-FID Agilent) equipped with a

flame ionization detector. Separation was performed with an

Zebron ZB-Fame GC capillary column (30 m × 0.25 mm internal

diameter, 0.20 mm film thickness) using hydrogen as a carrier gas.

After injection at 80°C, the oven temperature was raised to 150°C at

a rate of 40°C min-1, then to 270°C at 3°C min-1, and finally held

constant for 30 min. The flame ionization was held at 270°C. The

Shimadzu Labsolutions software was used to manage the system,

data and analysis of reports. The FAME peaks were identified by

comparing their retention times with those of authentic standards

(Supelco Inc.),. The fatty acid contents of the samples were

expressed as percentage of total component detected.
Determination of amino acid
composition

Amino acid profiles were determined using Waters AccQ-

Tag method. Approximately 0.2 g of sample was transferred into

a glass-stoppered test tube and hydrolysed with 5 mL of 6 M HCl

at 110°C for 24 h. Samples were cooled to room temperature

before being added to a 4 mL internal standard of 2.5 mM L-2-

Aminobutyric acid (AABA). Then, the mixtures were transferred

into a 100 mL volumetric flask, made up to 100 mL with

ultrapure water and mixed well. The hydrolysate solution of 1.5

mL was filtered using 0.45 µm polytetrafluoroethylene syringe
Frontiers in Marine Science
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filter and transferred into Eppendorf tubes. As for the

derivatization process, 10 µl of hydrolysate sample or standard

solution was transferred into a 1.5 mL Eppendorf tube. The

hydrolysate sample or standard was buffered to pH 8.8 with the

addition of 70 µl of borate buffer and vortex for several seconds.

Then, 20 µl of AccQ Fluor reagent was added and thoroughly

mixed by vortex for several seconds. The mixture stood for one

minute at room temperature before 10 µL of sample was

transferred into glass vials and heated at 55°C for 10 min.

Then, samples and standards were injected into HPLC of

Waters (Alliance e2695) equipped with a fluorescence detector

(2475-waters). Separation of all amino acids was carried out using

AccQ Taq (3.9 x 150 mm) and the flow rate was set at 1 mLmin-1.

Preparation of mobile phases that consisted of mobile phase A

was Eluent A (100 mL AccQ Taq with 1 L of ultrapure water),

mobile phase B (acetonitrile) and mobile phase C (Water).

Reference standards consisted of 16 amino acids at 2.5 mM

certified concentration, Cystine at 1.25 mM certified

concentration, L – Hydroxyproline at ≥ 99%, 2.5 mM (MW =

131.13 g/mol) and L-2-Aminobutyric acid at ≥ 99%, 2.5 mM

(MW = 103.12 g/mol) as internal standard.
Determination of heavy metal content

Analysis of heavy metals in turtle eggs was performed

according to AOAC Official Method, 16th Edition Official

Method 985.01 (1995). Approximately 0.3 g of each freeze-

dried sample was added into a separate digestion vessel of

tetrafluorrmethaxil (TFM) vessel with 3 ml of nitric acid

(65%) and 2 ml of hydrogen peroxide (30%). The TFM vessels

were closed and placed in the polypropylene rotor body, in pairs

opposite each other. The screws on the polypropylene rotor body

were tightened with a wrench to ensure the vessels were locked

in their niche. The digestion of samples was carried out for about

30 min using Anton Paar microwave digestion. Following

digestion, the samples were left to cool and the pressure was

allowed to be released completely by loosening the screw. The

samples were collected from the vessels, transferred into 50 ml

volumetric flasks, then diluted up to volume with deionized

water. Element determination was accomplished by ICP-MS

(ELAN 9000). Calibration of the instrument was done before

proceeded with the samples.
Statistical analysis

All Statistical analyses were performed using statistical

analysis software package SPSS (Statistical Package for the

Social Science 25.0, Inc., Chicago, IL, USA) and were analyzed

by independent T-tests. Experiments were carried out in

triplicate and the results were presented as means. The level of
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significance among the two different groups, which involves

samples from Terengganu and Sabah was set at p<0.05.
Results

Pathogenic bacteria of green turtle egg

According to the geographic site of sampling, 64 (42.1%) and

88 (57.8%) bacterial isolates from a total of 152 isolates were

detected in the samples from Terengganu and Sabah,

respectively. A total of 74 isolates, which represented 10

different genera of bacteria with 10 species were identified

from the outer surface of green turtle eggs (Figure 1). The

dominant genera found in samples from Terengganu were

Salmonella (48%), followed by Escherichia (15%) and

Morganella (15%). Meanwhile, the most frequent isolates

found in samples from Sabah were Salmonella (44.2%),

followed by Aeromonas (14.7%) and Citrobacter (11.7%). Both

sampling locations showed high percentage of Salmonella, and

Salmonella enterica was the most common bacterial isolate of

both sites. Total percentage of bacterial isolation from

Terengganu was 26.3%, which was higher than the 22.4% from

Sabah (Figure 2).

Figure 3 summarizes the percentage of bacteria identified

from the green turtle egg contents collected from Terengganu

and Sabah. A total of 7 different bacterial species were identified

that represented 9 genera of bacteria. The most frequent isolates

in samples from Terengganu were Proteus (45.8%), followed by

Salmonella (29.1%), Aeromonas (8.3%) and Pseudomonas

(8.3%), while samples from Sabah also recorded Proteus
Frontiers in Marine Science 05
(36.6%) as the most frequent isolates, followed by Citrobacter

(18.5%) and Salmonella (11.2%).
Nutritional composition of green
turtle egg

The compositions of moisture, dry matter, ash, crude

protein, crude fat and energy value of green turtle eggs are

presented in Table 1 along with the characteristics of green turtle

eggs. All parameters of the green turtle eggs were from samples

taken from the two different sampling sites. The average weight

of green turtle eggs ranged between 31.81 g and 29.52 g, with

heavier samples from Terengganu. Meanwhile, the average

height and diameter of the egg yolk were dominated by

samples from Sabah, which ranged between 30.01 mm and

41.63 mm. Overall, the values of crude protein and crude fat

were higher in the samples from Terengganu (16.33% DM and

9.88% DM, respectively) and similar patterns were also detected

for moisture and ash contents. Meanwhile, slightly higher value

of dry matter content was recorded in the samples from Sabah.

However, there were no significant differences (p>0.05) between

the mean values of samples from Terengganu and Sabah for all

measured parameters.
Fatty acid composition of green turtle
eggs

Table 2 shows the fatty acid composition of green turtle eggs

from different sampling sites of Terengganu and Sabah. The
FIGURE 1

The percentage of bacterial isolation identified on the outer surface of green turtle eggs collected from Terengganu and Sabah.
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compositions were classified according to different fatty acid

length and saturation, namely saturated fatty acid (SFA),

monounsaturated fatty acid (MUFA) and polyunsaturated

fatty acid (PUFA). The total fatty acid contents in green turtle

eggs were higher in the sample from Terengganu (2827.3 mg/kg

DM) than in the sample from Sabah (1782 mg/kg DM). The

most abundant fatty acids in samples from Terengganu was a-
linolenic acid, C18:3 n-3 (16.87% DM) while linoleic acid, C18:2

n-6 was recorded for samples from Sabah (15.19% DM). Both

sampling sites reported C22:6 n-3, known as docosahexaenoic

acid (DHA), as the lowest value of fatty acid components

(Terengganu: 0.01% DM, Sabah: 0.13% DM). Turtle egg
Frontiers in Marine Science 06
samples collected from Terengganu recorded a higher value of

myristic acid, C14:0 (3.48% DM) from the total saturated fatty

acid of 15.57% DM, which was higher than the sample from

Sabah at 9.92% DM. The major component of polyunsaturated

fatty acid (29.55% DM) was a-linolenic acid, C18:3 n-3 (16.87%
DM), which was the highest fatty acid value. Meanwhile, Sabah

recorded a higher total value of monounsaturated fatty acids

(31.12% DM) with the value of palmitoleic acid, C16:1 (12.33%

DM) being the highest monounsaturated fatty acid in the

sample. There were no significant differences (p > 0.05) of fatty

acids between the two sampling sites except for linoleic acid,

C18:2 n-6. Overall, the green turtle egg samples collected from
FIGURE 3

The percentage of bacterial isolation identified in green turtle egg contents collected from Terengganu and Sabah.
FIGURE 2

The comparison of bacterial isolation percentages between samples of green turtle egg contents and the outer surface of the eggs from
Terengganu and Sabah.
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TABLE 2 The mean concentrations of fatty acid (% DM) in green turtle eggs collected from Terengganu and Sabah, Malaysia.

Fatty Acids Composition (% Total FA) Sampling sites SEM p-Values

Terengganu Sabah

C14:0 3.48 2.14 1.826 0.758

C15:0 0.70 0.65 0.206 0.922

C16:0 0.02 3.30 1.623 0.368

C17:0 6.60 0.15 2.464 0.222

C18:0 0.34 1.65 0.679 0.396

C20:0 2.62 0.63 0.988 0.370

∑SFAs 15.57 9.92 4.559 0.595

C14:1 5.60 5.45 2.943 0.983

C16:1 1.99 12.33 5.573 0.414

C18:1 n-9 1.52 8.85 4.312 0.458

C20:1 n-9 0.80 0.26 0.182 0.151

C18:2 n-6 5.03a 15.19b 2.765 0.045

C18:3 n-3 16.87 9.26 3.859 0.381

C18:3 n-6 5.92 9.02 4.190 0.754

C20:3 n-6 9.84 4.58 3.695 0.538

C20:4 n-6 1.41 0.76 0.335 0.393

C20:3 n-3 6.23 0.58 2.345 0.271

C20:5 n-3 0.33 0.34 0.151 0.972

C22:6 n-3 0.01 0.13 0.062 0.388

∑MUFAs 16.82 31.12 5.131 0.186

∑n-3 PUFA 23.04 18.75 6.733 0.788

∑n-6 PUFA 29.55 23.98 5.729 0.679

∑PUFAs 52.59 42.73 6.307 0.497

∑n-6/∑n-3 PUFA 5.06 18.54 8.428 0.486
Frontiers in Marine Science
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a,b values within a row with different superscripts are significantly different at p < 0.05. SEM ,standard error for the mean; ∑SFA, total saturated fatty acids; ∑MUFA, total monounsaturated
fatty acids; ∑n-3 PUFA, total n-3 polyunsaturated fatty acids; ∑n-6 PUFA, total n-6 polyunsaturated fatty acids; ∑PUFA, total polyunsaturated fatty acids; ∑n-6/∑n-3 PUFA, the ratio of total
n-6 polyunsaturated fatty acids to total n-3 polyunsaturated fatty acids.
TABLE 1 The characteristics of green turtle eggs and the mean concentrations of nutritional composition (% DM) in green turtle eggs collected
from two different sampling sites, Terengganu and Sabah, Malaysia.

Egg characteristics Sampling sites SEM p-Values

Terengganu Sabah

Egg weight (g) 31.81 29.52 1.116 0.123

Yolk Height (mm) 30.01 30.17 0.924 0.932

Yolk Diameter (mm) 40.53 41.63 1.147 0.635

Nutritional composition (%) Sampling sites SEM p-Values

Terengganu Sabah

Moisture 0.94 0.69 0.073 0.060

Dry matter 99.06 99.31 0.073 0.060

Ash 11.03 10.15 0.466 0.401

Crude fat 9.88 9.51 1.913 0.938

Crude protein 16.33 15.8 2.256 0.930

Energy (MJ/kg) 27.27 28.07 0.237 0.072
SEM, standard error mean; DM, dry matter.
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Terengganu showed higher value of total saturated fatty acid,

total n-3 PUFAs and n-6 PUFAs and total polyunsaturated

fatty acids.
Amino acid composition of green
turtle eggs

The amino acid compositions of green turtle eggs from

Terengganu and Sabah are summarised in Table 3. The results

revealed that the majority of essential amino acids (EAA)

recorded in samples from both sampling sites was lysine, with

higher value being recorded in green turtle eggs from

Terengganu. Lysine (9.67% DM) and isoleucine (7.63% DM)

were major components of the essential amino acid (EAA) in the

sample from Terengganu, followed by threonine (4.97% DM),

valine (4.95% DM) and leucine (4.63% DM), which made up the

total EAA of 40.73% DM. All the listed components were higher

in the samples from Terengganu except threonine and valine.

Moreover, there were significantly (p<0.05) higher

concentrations of threonine (5.03% DM) and valine (5.03%

DM) in the samples from Sabah than Terengganu (threonine,

4.97% DM and valine, 4.95% DM; p < 0.05). Meanwhile, the
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concentration of histidine was recorded significantly (p<0.05)

higher in the samples from Terengganu (2.64% DM) than Sabah

(2.58% DM; p < 0.05). Among the non-essential amino acids

(NEAA), glutamic acid was the highest in samples from both

sites (Terengganu: 12.66% DM; Sabah: 12.65% DM).

Comparatively, all components of NEAA detected in the

samples from Sabah were higher except for glutamic acid,

alanine, tyrosine and hydroxyproline. In addition, a

significantly higher concentration of serine was observed in

the samples from Sabah (9.94% DM) than Terengganu (9.18%

DM; p < 0.05). The results showed that samples from Sabah

contained higher values of total NEAA and EAA, while the total

NEAA values were more dominant in both samples.
Heavy metal concentrations in green
turtle eggs

Concentrations of heavy metals in turtle eggs collected from

Terengganu and Sabah are presented in Table 4. The differences

in mean concentrations of heavy metals (Hg, Cd, Pb, Zn, Mn

and Cu) between the two sampling sites were found to be

statistically significant (p < 0.05). A higher concentration of
TABLE 3 The mean concentrations of amino acid composition (% DM) in green turtle eggs collected from two different sampling sites,
Terengganu and Sabah, Malaysia.

Essential amino acids (%) Sampling sites SEM p-Values

Terengganu Sabah

Histidine 2.64a 2.58b 0.016 0.035*

Isoleucine 7.63 7.61 0.013 0.598

Leucine 4.63 4.61 0.007 0.294

Lysine 9.67 9.66 0.016 0.724

Methionine 1.85 1.84 0.007 0.315

Phenylalanine 4.39 4.38 0.013 0.637

Threonine 4.97a 5.03b 0.019 0.036*

Valine 4.95a 5.03b 0.023 0.009**

% ∑EAA 40.73 40.73 0.058 0.990

Non-essential amino acids (%) Terengganu Sabah SEM p-Values

Alanine 5.85 5.74 0.032 0.053

Arginine 7.52 7.52 0.017 0.983

Aspartic Acid 9.10 9.12 0.016 0.482

Cysteine 1.52 1.55 0.014 0.198

Glutamic Acid 12.66 12.65 0.017 0.931

Glycine 3.43 3.50 0.021 0.084

Hydroxyproline 0.10 ND 0.031 0.095

Proline 4.90 4.96 0.019 0.111

Serine 9.18a 9.94b 0.217 0.002**

Tyrosine 4.39 4.29 0.035 0.160

% ∑NEAA 58.64 59.27 0.217 0.163
fron
a,b values within a row with different superscripts are significantly different at p < 0.05. SEM, standard error for the mean; ∑EAA, total essential amino acid; ∑NEAA, total non-essential
amino acid; ND, not detected. Asterisks * indicates significant value at p < 0.05 and ** at p < 0.01.
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mercury, Hg was recorded in turtle eggs from Terengganu (0.011

mg/kg DM) than Sabah (0.002 mg/kg DM). Meanwhile,

cadmium (Cd), which is categorized as toxic metal together

with mercury (Hg) and lead (Pb) was found in relatively low

concentrations (Terengganu: 0.037 mg/kg DM; Sabah: 0.041 mg/

kg DM). Zinc concentrations were the highest in the turtle eggs

from both sampling sites, and relatively higher in Terengganu

(79.343 mg/kg DM) than Sabah (66.285 mg/kg DM). The

ranking of heavy metal concentration in turtle eggs from

Terengganu in decreasing order is as follows: Zn > Cu > Mn >

Pb > Cd > Hg. The trend was similar to heavy metal

concentrations found in turtle eggs from Sabah.
Discussion

Typically, green turtle egg is a soft-shelled egg with the size

of a ping-pong ball. However, the size of turtle eggs varies

amongst marine turtle species, with the Hawksbill turtle

having the smallest egg size of 3.8 cm in diameter and

weighing approximately 28 g, while the largest egg size belongs

to the Leatherback turtle at 5.3 cm in diameter and weighing

90 g. The development of green turtle eggs can be influenced by

both biotic and abiotic factors (Wallace et al., 2006). For

example, the dietary intake of female green turtles is essential

for the production of eggs, especially the egg yolk that contains

proteins, fatty acids, fat-soluble antioxidants (vitamins A, E and

carotenoids) and lipids. In fact, fatty acids and carotenoids are

vital for the development of embryonic tissues of the green turtle

egg. Other than seagrass, some green turtle populations in

certain habitats depend on marine algae, invertebrates, and

fish for their diets. Apparently, green turtle egg is an amniotic

egg, which consists of membranes that protect the embryo while

the eggshell allows for gas, heat and moisture exchanges with the

external environment (Ackerman, 1997; Robinson and Paladino,

2013). Therefore, any microbial or heavy metal contamination

will probably affect the composition of the eggs.
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Green turtle eggs are not commercially used for human

consumption as chicken eggs are. Chicken eggs are more suitable

as primary food for humans and are more preferred to consume

than turtle eggs due to the high nutritional quality (Réhault-

Godbert et al., 2019). Meanwhile, green turtle eggs have to be

protected solely for the continuity of the species. However, this

endangered species is getting popular for consumption,

especially the eggs. This raised a concern that the

phenomenon might trigger a public health risk due to

insufficient data on its nutritional properties. The present

study revealed that there was not much difference in the

overall turtle egg parameters collected from different sampling

sites of Terengganu and Sabah, although the average weight of

the green turtle egg was higher in Terengganu but lower in

height and diameter of the eggs.

Protein and fat contents were slightly higher in Terengganu,

while moisture content was the lowest composition recorded in

the turtle eggs. This shows that protein is a major component of

the nutritional composition in green turtle eggs, likely due to the

consumption of seagrass as the main diet of female green turtles

(Wyneken et al., 2013). In fact, seagrass contains high protein,

especially during summer (Pradheeba et al., 2011) and

contributes to the nutritional composition of its consumers. A

previous study revealed similar protein and fat contents but

different moisture content in Hermann’s tortoise egg (Stvarnik

et al., 2017). On the other hand, moisture and protein contents

are the highest components in Olive ridley (Lepidochelys

olivacea) eggs (Castro-González and Romo, 2011). The

differences in nutritional compositions between different

species of turtle could be due to species variations in dietary

intake (Kabir et al., 2015). In fact, almost 95% of the mean gut

content biomass of green turtle male and non-breeding females

and 58% of gravid females were dominated by seagrass (Stokes

et al., 2019). However, diets of green turtles are different between

the Western South Atlantic and the tropical Pacific since there

are tropical reefs that become habitats for macroalgae and turf

algae (Goatley et al., 2012; Santos et al., 2015). Therefore,
TABLE 4 The mean concentrations of heavy metal composition (mg/kg) in green turtle eggs collected from two different sampling sites,
Terengganu and Sabah, Malaysia.

Elements (mg/kg) Sampling sites SEM p-Values

Terengganu Sabah

Hg 0.011a 0.002b 0.003 0.024

Cd 0.037a 0.041b 0.001 0.030

Pb 0.272a 0.180b 0.027 0.001

Zn 79.343a 66.285b 3.781 0.003

Mn 2.265a 2.502b 0.069 0.011

Cu 4.966a 5.220b 0.077 0.046
fron
a,b values within a row with different superscripts are significantly different at p < 0.05. SEM, standard error for the mean; Hg, mercury; Cd, cadmium; Pb, lead; Zn, zinc; Mn, manganese;
Cu, copper.
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nutritional compositions of green turtle eggs coming from

different regions might be different from the present study due

to disparities in food sources consumed by the gravid females.

Furthermore, the olive ridley turtle is a carnivorous species that

mainly feeds on shellfish and small crabs, and this may influence

the findings. Thus, the differences in nutritional values of these

reptiles depend on the diet, genetics, age, management and

feeding of the source animal (Yang et al., 2020). In this study,

the energy content of turtle eggs was around 25 - 29 MJ/kg,

which is similar to a previous study (Booth, 2003). The lipid and

protein contents in egg yolk act as sources of energy for the

development of the embryo (Thompson and Speake, 2002).

Nevertheless, the relatively low energy content found in these

samples was probably influenced by the low protein intake by

female green turtles.

In this study, 12 genera of Gram-negative bacteria consisted

of 12 species were identified. They are mainly represented by the

phylum of proteobacteria, and the most prevalent bacteria were

Salmonella and Proteus. Green turtle eggs can be contaminated

by potentially pathogenic microorganisms prior to oviposition or

even before the eggshell construction (Al-Bahry et al., 2009).

They are prone to being exposed to pathogenic microorganisms

due to the fact that their marine environment is subjected to a

variety of contaminants, including oil spills, chemical waste and

other debris. Furthermore, green turtles undergo dietary changes

throughout the ontogenetic shift. During their juvenile stage, they

are mostly omnivorous that commonly found in surface-pelagic

habitats, feeding on algae, seagrass, invertebrates and terrestrial

plants (Nagaoka et al., 2012). However, they eventually become

herbivorous once they grow into adulthood and move to neritic

habitats that consist of huge sources of seagrass that become the

major component of green turtles diets (Howell et al., 2016; Price

et al., 2017). This long-term exposure to contaminated feed leads

to an accumulation of poisons in the blood and organs of green

turtles. Similarly, pathogenic microorganisms like Salmonella are

ingested with contaminated feed or water, infecting the digestive

system that subsequently contaminate the eggs (Alkindi et al.,
Frontiers in Marine Science 10
2006). Other than that, the gut microbiome of green turtles and

other marine mammals can also be influenced by age, diet,

habitat and health status (Nelson et al., 2013). Since green

turtles have high mobility and their movement patterns vary

during migration between breeding and foraging habitats, this

facilitates long-term exposure to environmental toxicants along

their migratory routes.

Proteus is commonly found in nature, particularly in soil,

stagnant water and sewage, and in the gastrointestinal tract. This

study revealed that Proteus vulgaris and Proteus mirabilis

dominated the turtle egg contents collected from Terengganu

and Sabah, respectively. Keene (2012) suggested that the

bacterial contamination could affect the reproductive organs,

mainly the ovary and uterus (Keene, 2012). Therefore, it is also

possible that harmful microorganisms are transmitted to the egg

through maternal transmission and through cloacal passage

during oviposition (Gantois et al., 2009). However, a low

percentage of Proteus sp was isolated from oral and cloacal

samples of healthy loggerhead sea turtles (Gantois et al., 2009),

since cloacal microbial community is commonly dominated by

Citrobacter freundii, Edwardsiella tarda and Serratia odorifer

(Keene et al., 2014; Ahasan et al., 2017). More studies should be

conducted to understand the relationship between a female’s

infection status and the infection status of her eggs.

This study revealed that both Salmonella enterica spp

arizonae and Salmonella enterica dominated the turtle egg

surface. Green turtle eggs can be contaminated by a wide

spectrum of bacterial species while being incubated in the sand

since the nest chamber is also a potential source of microbial

infection of eggs. In fact, proteobacteria is the predominant

bacterial phylum commonly found in nesting sea turtles

(Scheelings et al., 2020), which includes Bacillus sp.,

Salmonella sp., Citrobacter freundii and Mucor sp. (Estika,

2013). It should be noted that the condition of the sand in the

nest chamber, such as high humidity, nutrients and warm

temperature influence bacterial growth in the sand that

subsequently contaminate the green turtle eggs. These
TABLE 5 Heavy metal concentration (mg/kg) in eggs of marine turtles from different location.

Species Hg Cd Pb Zn Mn Cu Location Reference

Green turtle 0.011 0.037 0.272 79.343 2.265 4.966 Terengganu
(Malaysia)

This study

Green turtle 0.002 0.041 0.18 66.285 2.502 5.220 Sabah
(Malaysia)

This study

Green turtle 0.006 0.450 3.310 33.880 – 2.480 Northern Coast of the Sea of Oman Sinaei and Bolouki (2017)

Green turtle 0.420 2.120 <0.23 70.360 <0.530 4.330 West Papua, Indonesia Tapilatu et al. (2020)

Green turtle – 0.610 9.460 106.230 3.840 25.740 Peninsular Malaysia Joseph et al. (2014)

Hawksbill turtle 0.011 0.479 6.070 37.570 – 6.090 Persian Gulf Ehsanpour et al. (2014)

Green turtle – 0.009 0.0310 15.340 – 0.5260 Peninsular Malaysia Van de Merwe et al. (2009)

Green turtle 0.310 0.090 0.003 14.000 0.310 0.500 Pacific coast of Panama Ross et al. (2016)

Olive ridley 0.350 0.070 0.004 16.000 0.350 0.600 Pacific coast of Panama Ross et al. (2016)
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environmental factors promote the filtration of microorganisms

into the eggs (Al-Bahry et al., 2009). It is easier for the

microorganisms to penetrate the egg when there are damages

on the eggshells (Al-Bahry et al., 2004). Furthermore, the longer

an egg remains in direct contact with contaminated sand, the

more likely bacteria penetrate the egg. Similarly, other

environmental variables such as rain and runoff, wave action

and the presence of organics provide significantly impact on the

prevalence of microorganisms in sand. A recent study showed

that the diversity of eggshell bacterial communities was

correlated with the bacteria found in the egg content. In this

study, Aeromonas, Citrobacter sp, Citrobacter freundii,

Enterobacter spp, Klebsiella pneumonia, Proteus vulgaris and

Salmonella enterica were found in both egg content and eggshell.

This indicates that microorganisms on the outer shells had

succeeded in penetrating the eggs through the eggshell pores

(Al-Bahry et al., 2011). Originally, the function of eggshell pores

is to modulate the movement of water and gases into and out of

the egg. However, certain conditions such as low temperatures

and high humidity promote the filtration of microorganisms

into the eggs (Al-Bahry et al., 2011).

Some proteobacteria have been associated poor percentage

of hatching success (Santoro et al., 2006; Elshafie et al., 2007;

Sarmiento-Ramirez et al., 2017). However, a recent study found

that microbiomes that are vertically transmitted to the eggs of

oviparous animals can decrease egg failure and inhibit fungal

growth on the eggshells (Bunker et al., 2021). Nevertheless, this

does not change the fact that being associated with the animal

and consuming green turtle products on a regular basis can

endanger human health (Aguirre et al., 2006). Coastal

communities of Mexico prefer sea turtles as a source of food,

medicine and decoration (Delgado, 2005). They usually

consume the entire animal, including blood and eggs as a

remedy for anaemia and asthma. Subsequently, there is an

issue related to sea turtle and chelonitoxin that leads to

chelonitoxism to the consumers who consume contaminated

sea turtles. It is harmful to infants and fetuses following maternal

poisoning through breast milk and transplacental transfer (Fussy

et al., 2007). In fact, a total of sixty-eight cases were reported,

with four deaths in association with the illness due to

consumption turtle meat and turtle meat soup (Ventura et al.,

2015). Therefore, marine turtles are one of the sources of

foodborne toxicity in humans.

Salmonella sp., Proteus sp., Aeromonas, Escherichia coli,

Citrobacter sp., Enterobacter sp., Klebsiella sp., Morganella

morganii, Pseudomonas aeruginosa, Salmonella sp. and Shigella

sp. are some of the pathogenic microorganisms found in this

study. Some of these microorganisms are common bacterial flora

of nesting green turtles (Santoro et al., 2006). In this study,

Salmonella sp. and Proteus sp. were the most common Gram-

negative microbes, but Salmonella infection in green turtles can

cause symptoms ranging from mild disruption of the

gastrointestinal tract to death. According to a group of
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researchers, Salmonella is commonly isolated from poultry (De

Freitas et al., 2010). However, a study reported cases of human

salmonellosis in Japan that occurred due to the consumption of

raw meat, blood and cooked meat of snapping turtles

(Fukushima et al., 2008). Meanwhile, Proteus species are parts

of human intestinal flora. However, it can cause severe infections

in humans along with Escherichia coli and Klebsiella sp. such as

urinary tract infections and gastrointestinal disease. Marine

turtle products are one of the typical routes of human

contamination either through consumption or contact.

Numerous studies have reported them as a significant

reservoir of potential pathogenic microbes and toxin

contaminations (Fussy et al., 2007; Soslau et al., 2011;

Domiciano et al., 2017; Mashkour et al., 2018). In lined with

this, this study was able to identify the potential pathogenic

microorganisms in the green turtle eggs that might be harmful to

consumers. The high demand for green turtle eggs for human

consumption has inhibited the growth of turtle population for

the past few years. Although conservation efforts have been

conducted thoroughly by responsible people, it is not enough

due to limited human resources and infrastructure.

There were no significant differences in fatty acid

composition between the two sampling sites except for linoleic

acid, C18:2 n-6. The current study revealed that among the

polyunsaturated fatty acids, (PUFAs), a-linolenic acid (ALA;

C18:3 n-3) was the dominant fatty acid of omega-3 (n-3) PUFAs

in Terengganu, while linoleic acid (LA; C18:2 n-6) of omega-6

(n-6) PUFAs in Sabah. This might be the outcomes of

consumptions of seagrass and algae, which are known sources

of ALA and LA. In fact, studies have shown that the sources of

ALA and LA are principally plant-based essential fatty acids, and

algae have proven as a good source of n-3 PUFAs (Peltomaa

et al., 2018; Harwood, 2019). Due to its nutritional value, algae

has been described as a “functional food” that benefits human

health (Wells et al., 2017). Sources of n-3 fatty acids include

water plants of algae, fish oil, vegetable oil and marine animals

(Rajaram, 2014). Alpha-linolenic acid acts as a precursor in the

human and animal body by converting into EPA and DHA

through desaturation and elongation reactions (Barcelo´-Coblijn

and Murphy, 2009). However, synthesis of these long-chain n-3

PUFA is inefficient. This explains the low levels of EPA and

DHA detected in the current study. Besides, the sources of EPA

and DHA mostly come from marine animals. On the contrary, a

previous study exhibited different fatty acid results where a-
linolenic acid was not detected in the eggs of green turtles caught

from the wild but showed a low value of LA (Craven et al., 2008).

Both n-3 and n-6 PUFAs are known as essential fatty acids,

which are required only in small amounts in the human diet.

However, an imbalance of n-6 and n-3 PUFAs (n-6/n-3) in the

diet can influence human health (Ristic-Medic et al., 2013).

Consequently, excessive dietary intake of PUFAs contributes to

the development of a variety of chronic diseases. Therefore, the

balanced ratio concept of n-6/n-3 was developed as a nutritional
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indicator in food (Simopoulos, 2008). It is recommended to

reduce the ratio of n-6/n-3 PUFAs to as close to a 1:1 ratio,

which is ideal for a healthy balanced diet (Bhardwaj et al., 2016).

However, this study has revealed contradicting results for n-6/n-

3 PUFAs when samples from Terengganu recorded three times

higher ratio than Sabah, and exceeded the recommended ratios.

The imbalanced n-6/n-3 PUFAs can trigger cholesterol levels in

humans, increase the tendency for blood clotting and lead to the

potential risk of having coronary heart disease (Swanson et al.,

2012; Sokoła-Wysoczańska et al., 2018). Saturated fatty acid

(SFA) has been known to have the potential of causing

cardiovascular disease (CVD) (DiNicolantonio et al., 2016;

Ruiz-Núñez et al., 2016). However, there is not much debate

about SFA of marine turtle eggs, especially when the total

saturated fatty acids reported in this study was low compared

to unsaturated fatty acid, similar to the eggs of snail-eating turtle

(Malayemys macrocephala) and quail (Coturnic coturnix

japonica) (Tunsaringkarn et al., 2013a; Tunsaringkarn et al.,

2013b). The current finding has reported that both myristic acids

(C14:0) and palmitic acids (C16:0) are the major components of

SFA, which apparently could lead to the increase of low-density

lipoprotein (LDL) cholesterol as one of the risk factors for

cardiovascular disease (Grundy, 2012; Mensink, 2016).

Therefore, saturated fatty acid should be consumed in low

quantities as it is not an essential fatty acid and replacing SFA

with PUFA and proteins, especially plant proteins could

probably reduce risks of CVD (Siri-tarino et al., 2010; Briggs

et al., 2017).

The amino acid profiles of green turtle eggs from

Terengganu and Sabah revealed that lysine was the most

abundant essential amino acids, which is in agreement with

the eggs of Hermann’s tortoise and snail-eating turtle

(Tunsaringkarn et al., 2013b). In fact, lysine was among the

highest amino acid found in chicken eggs (Attia et al., 2020).

The highest essential amino acid composition in an egg would be

the combination of phenylalanine and tyrosine (Sakanaka et al.,

2000), with tryptophan at the lowest value (Attia et al., 2020).

The main functions of lysine are to support the immune system,

prevent osteoporosis through involvement in calcium

absorption, and enhance the release of growth hormone that

increases muscle mass. Meat, poultry, soy-based and dairy-based

products are some of the food sources that are rich in lysine. A

study has shown that valine is the highest amino acid in beef

meat, followed by lysine and leucine, which are higher than lamb

and pork (Ahmad et al., 2018). Meanwhile, among the ten non-

essential amino acids measured in this study, glutamic acid was

the dominant amino acid recorded in both sampling sites,

followed by serine and aspartic acid, similar to previous

studies (Tunsaringkarn et al., 2013b; Stvarnik et al., 2017).

These could be due to the dietary intake of female green

turtles that affect the composition of eggs (Craven et al., 2008;

Weber, 2010). Glutamic acid or its ionic form, glutamate has

some important roles in amino acid metabolism and
Frontiers in Marine Science 12
physiological processes in humans, mainly within the

intestines and the nervous system of the brain (Brosnan and

Brosnan, 2013). In general, this study revealed that the total non-

essential amino acids were more dominant that essential amino

acids in turtle eggs of both sites, which is similar to other

consumable eggs like Hermanns tortoise and snail-eating

turtle. Since relatively low levels of amino acids were recorded

in turtle eggs, it is perhaps not worth to consume turtle eggs on

daily basis. Insufficient or excessive intake of certain foods is not

recommended on a daily basis because it may cause certain

dysfunctional processes in the body and probably lead to some

diseases. The public is advised to have a moderate consumption

of nutrient intake and follow the guidelines of the food pyramid

in order to maintain good health.

The present study revealed that accumulations of heavy

metals do happen in turtle eggs other than the blood and

tissue of the animals. However, a study reported that there

were relatively low levels of trace elements and organic

contaminants in the tissues and blood samples of green turtles

than in vertebrates (D’ilio et al., 2011). Additionally, different

heavy metals were acquired in different samples obtained from

different locations (Hostetler et al., 2003). Toxic contaminants in

marine green turtles are most probably dependent on the

availability of food resources, particularly from the polluted

foraging grounds and through trophic transfer (Van de

Merwe, 2008). Trace elements normally accumulate in water

and sediment as well as algae and seagrass that become the main

diet of marine turtles (Wyneken et al., 2013). Therefore, they are

unintendedly more exposed to pollutions. In other words, they

are susceptible to any contamination coming from

their surroundings.

Numerous studies have suggested that female marine turtles

have the potential to excrete their toxic contaminants through

reproductive tract and is transferred to the egg (Guirlet et al.,

2008; Páez-Osuna et al., 2010; Stewart et al., 2011; Ehsanpour

et al., 2014; De Andrés et al., 2016). This process is called

vitellogenesis that takes place during the development of

follicles in female marine turtles where ingested nutrients from

the foraging ground as well as the contaminants that are present

in the lipid store of the animals are deposited into the follicles to

form the yolk of an individual egg (Van de Merwe, 2008).

Therefore, vitellogenesis usually occurs during breeding

seasons and is completed before the first nesting (Hamann

et al., 2002). However, it also depends on the species of turtle,

for example, Dermochelys coriacea has the highest reproduction

output among reptiles, so they transfer more energy, nutrients

and trace elements to the egg. Furthermore, their longevity gives

them the ability to accumulate diverse contaminants in a wide

range of migration areas.

The comparison of heavy metal concentration in eggs of

marine turtles of previous studies from different location is

presented in Table 5. The current findings revealed a high lead

concentration in samples from Terengganu but lower than green
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turtle eggs collected from the Northern Coast of the Sea of Oman

(Sinaei and Bolouki, 2017), moderately higher than Hong Kong,

Peninsular Malaysia and the Pacific Coast of Panama (Fussy

et al., 2007; Warwick et al., 2013; Rajaram, 2014). The

concentrations of Pb vary in different places and could be

influenced by the environment, especially those close to

anthropogenic sources like urban areas (Burger and Gochfeld,

2000). Zinc (Zn) was the highest level of heavy metal found in

this study, but the concentrations were similar to the green turtle

eggs collected fromWest Papua, Indonesia (Tapilatu et al., 2020)

and from other places in Peninsular Malaysia (Joseph et al.,

2014). However, some studies reported lower Zinc levels (Van de

Merwe et al., 2009; Ross et al., 2016), including in hawksbill

turtle eggs (Ehsanpour et al., 2014) and olive ridley turtle eggs

(Ross et al., 2016). Nevertheless, Zn is an essential heavy metal

other than magnesium (Mn) and copper (Cu) that is needed in

an adequate amount for the growth and metabolism of cells as

well as the development of foetus (Hostetler et al., 2003). Besides,

the differences might be caused by the different amounts of

heavy metals being discharged into the foraging ground by

natural or anthropogenic sources (Richir and Gobert, 2016).

Moreover, the chemical levels may vary depending on the

geographical area and the natural enrichment of trace

elements in that area (Ahmadi and Rahimi, 2011).

Mercury (Hg) and cadmium (Cd) are non-essential heavy

metals that are toxic, even at low concentration. Any foodstuff

containing Hg concentration higher than the permissible limit of

0.01 mg/kg could initiate potential toxicity in humans and

animals. In this study revealed low Hg concentration, well

below the detection limit of 0.02 mg/kg fresh weight of mercury

in food (WHO, 2000). Generally, the concentration of Hg tends to

be low in marine turtle eggs (Kaska and Furness, 2001; Lam et al.,

2006; Guirlet et al., 2008; Ehsanpour et al., 2014; Sinaei and

Bolouki, 2017) and a similar pattern was detected in current

studies. On the other hand, some of the previous reports

contradict this observation (Ross et al., 2016; Tapilatu et al.,

2020). They investigated selected heavy metals in green turtle

eggs and found Hg levels exceeded the maximum permissible

limit. This toxicant element is also hazardous for fish when

exposed to considerable amounts and might easily enter the

nervous system of humans in the form of methyl mercury

present in food (Tchounwou et al., 2012). Meanwhile, slightly

low levels of Cd were measured, well within the 0.01 to 0.05 mg/kg

acceptable levels and are comparable with previous studies (Van

de Merwe et al., 2009; Ehsanpour et al., 2014; Sinaei and Bolouki,

2017). Besides, kidney and liver are the target organs for Cd (D’ilio

et al., 2011; Yipel et al. (2017). In fact, highest bio-concentration of

Cd was found in kidney of green turtles collected from Australia,

Brazil, Hawaii, Japan and the Gulf of Mexico (Fraga et al., 2018).

Similarly, kidney and liver tissues are also the target tissues for

heavy metals in humans as they consume contaminated food

products, which are then distributed through the blood (Gall et al.,

2015; Engwa et al., 2019).
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Many studies have been conducted on sea turtles in relation

to the concentration of heavy metals in muscles, kidneys, and

liver (Barbieri, 2009; Ross et al., 2017; Yipel et al., 2017). Once a

contaminant enters the body, it is difficult to dissipate it from the

body, but it was concluded that excretion of contaminants via

eggs is not the main pathway for removing trace elements.

However, during the nesting season, concentrations of heavy

metals in the blood of female green turtles increased and to

reduce the amount of contaminants, parts of the contaminant

are transferred to the eggs (Van De Merwe et al., 2010). Usually,

essential metals are passed on into the yolk and available for

development of embryo. On the other hand, transfer of non-

essential metals is limited, hence they persistently accumulate in

the muscle, kidney, liver and pancreas of the mother (Kaska and

Furness, 2001). Indeed, heavy metals are harmful to mammals,

reptiles, fish and birds by disrupting the growth, immune

systems and reproduction (Gall et al., 2015).

The metal concentrations in the present study were

considerably different as there were low concentrations

compared to previous study on green turtle eggs in Peninsular

Malaysia (Joseph et al., 2014). It is probably due to the short

period of time spent by those female marine turtles in polluted

places and the different diets in the habitats. Besides, the green

turtles are freely on the move to different foraging grounds that

are often remote, expansive and inaccessible. Thus, it is quite

challenging to trace the source of contamination. Their potential

traits of having high mobility and their movement patterns

during migration between breeding and foraging habitats

facilitate long-term exposure to environmental toxicants along

their migratory route. In fact, marine turtles have a long lifespan

of up to several decades. Consequently, it poses a health risk to

these animals due to their life pattern. Aside from that,

contamination by trace elements in their blood and tissues has

raised concern about public health risk, particularly for the

consumer of green turtle. Nevertheless, this made them an

excellent organism for contaminant biomonitoring of overall

health status of marine ecosystem. Further study on this topic

should be considered because the knowledge on this issue is

applicable to the management and conservation of

endangered species.
Conclusions

This study reveals the minor nutritional differences between

green turtle eggs collected from Terengganu and Sabah. Nutrient

contents including fatty acid and amino acid compositions varied

slightly. However, the heavy metal concentrations might raise a

concern about the public health risks. Furthermore, pathogenic

bacteria of human concern were also isolated from turtle eggs,

particularly Salmonella spp. The data contribute to public awareness

of consuming green turtle eggs. Instead of purchasing green turtle

eggs, the public has many options for healthier, more nutritious
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foods that are readily available. Further research is required on how

the consumption of green turtle eggs affects the health of

consumers. Perhaps this study is also helpful as a guideline for

the future conservation of the green turtle population.
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(Chelonia mydas) sampled in the cananéia estuary, Brazil. Braz. J. Oceanogr. 57 (3),
243–48. doi: 10.1590/S1679-87592009000300007

Barcelo´-Coblijn, G., and Murphy, E. J. (2009). Alpha-linolenic acid and its
conversion to longer chain n-3 fatty acids: benefits for human health and a role in
maintaining tissue n-3 fatty acid levels. Prog. Lipid Res. 48, 355–74. doi: 10.1016/
j.plipres.2009.07.002

Bhardwaj, K., Verma, N., Trivedi, R. K., Bhardwaj, S., and Shukla, N. (2016).
Significance of ratio of omega-3 and omega-6 in human health with special
reference to flaxseed oil. Int. J. Biol. Chem. 10 (1), 1–6. doi: 10.3923/ijbc.2016.1.6
frontiersin.org

https://doi.org/10.1016/j.ocecoaman.2013.03.015
https://doi.org/10.1016/j.ocecoaman.2013.03.015
https://doi.org/10.1016/j.jembe.2007.08.024
https://doi.org/10.1007/s10393-006-0032-x
https://doi.org/10.1016/j.marpolbul.2017.04.046
https://doi.org/10.5772/intechopen.71954
https://doi.org/10.1016/j.marpolbul.2008.12.018
https://doi.org/10.1016/j.marenvres.2010.12.005
https://doi.org/10.1016/j.tice.2005.10.001
https://doi.org/10.5281/zenodo.1100569
https://doi.org/10.3923/jbs.2007.925.930
https://doi.org/10.3390/ani10030406
https://doi.org/10.1590/S1679-87592009000300007
https://doi.org/10.1016/j.plipres.2009.07.002
https://doi.org/10.1016/j.plipres.2009.07.002
https://doi.org/10.3923/ijbc.2016.1.6
https://doi.org/10.3389/fmars.2022.948427
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Katni et al. 10.3389/fmars.2022.948427
Booth, D. T. (2003). Composition and energy density of eggs from two species of
freshwater turtle with twofold ranges in egg size. Comp. Biochem. Physiol. - A Mol.
Integr. Physiol. 134 (1), 129–37. doi: 10.1016/S1095-6433(02)00216-7
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blood, liver and kidneys of loggerhead (Caretta caretta) and green (Chelonia mydas) sea
turtles from the northeast Mediterranean Sea. Mar. pollut. Bull. 125 (1–2), 487–91.
doi: 10.1016/j.marpolbul.2017.08.011
frontiersin.org

https://doi.org/10.1371/journal.pone.0083655
https://doi.org/10.1007/s00244-010-9516-3
https://doi.org/10.3390/md16010003
https://doi.org/10.1371/journal.pone.0177642
https://doi.org/10.3945/ajcn.113.071514
https://doi.org/10.3390/nu11030684
https://doi.org/10.4172/2161-0525.1000349
https://doi.org/10.4172/2161-0525.1000349
https://doi.org/10.2298/JSC130402040R
https://doi.org/10.1016/B978-0-12-409548-9.04352-9
https://doi.org/10.1016/B978-0-12-409548-9.04352-9
https://doi.org/10.1016/j.rsma.2017.06.003
https://doi.org/10.1080/03601234.2016.1191888
https://doi.org/10.1016/j.jnutbio.2015.12.007
https://doi.org/10.1006/jfca.2000.0914
https://doi.org/10.1638/05-118.1
https://doi.org/10.3354/meps11276
https://doi.org/10.1017/S0025315416001478
https://doi.org/10.1186/s42523-020-00034-8
https://doi.org/10.1186/s42523-020-00034-8
https://doi.org/10.3181/0711-MR-311
https://doi.org/10.1007/s00244-017-0421-x
https://doi.org/10.1007/s00244-017-0421-x
https://doi.org/10.1007/s11883-010-0131-6
https://doi.org/10.3390/nu10101561
https://doi.org/10.1016/j.jembe.2011.10.018
https://doi.org/10.1016/j.marpolbul.2011.04.042
https://doi.org/10.1007/s00227-019-3584-3
https://doi.org/10.3945/an.111.000893
https://doi.org/10.3945/an.111.000893
https://doi.org/10.13057/biodiv/d211016
https://doi.org/10.13057/biodiv/d211016
https://doi.org/10.1007/978-3-7643-8340-4
https://doi.org/10.1016/S1095-6433(02)00188-5
https://doi.org/10.1289/ehp.0900813
https://doi.org/10.3354/meps08462
https://doi.org/10.5365/WPSAR.2015.6.1.003
https://doi.org/10.1016/j.cbpa.2006.08.040
https://doi.org/10.1177/2042533313475574
https://doi.org/10.1007/s10811-016-0974-5
https://apps.who.int/iris/handle/10665/107335
https://doi.org/10.5187/jast.2020.62.5.730
https://doi.org/10.1016/j.marpolbul.2017.08.011
https://doi.org/10.3389/fmars.2022.948427
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

	Nutritional compositions, pathogenic microorganisms and heavy metal concentration in green turtle eggs (Chelonia mydas) from Terengganu and Sabah, Malaysia
	Introduction
	Materials and methods
	Sample collection and preparation
	Determination of nutritional composition
	Determination of pathogenic microorganism
	Determination of fatty acid composition
	Determination of amino acid composition
	Determination of heavy metal content
	Statistical analysis

	Results
	Pathogenic bacteria of green turtle egg
	Nutritional composition of green turtle egg
	Fatty acid composition of green turtle eggs
	Amino acid composition of green turtle eggs
	Heavy metal concentrations in green turtle eggs

	Discussion
	Conclusions
	Data availability statement
	Author contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


