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Introduction
Crocodilians gulp their food in large pieces, including bones 

with little mechanical breakdown. The main reduction in size 
and chemical degradation of the feed occurs at the level of the 
stomach [1]. The main physiological events in the stomach of the 
scavenging carnivores comprises of 

a)	 Secretion of highly concentrated hydrochloric acid, 

b)	 Secretion and activity of proteolytic enzymes and 

c)	 Rhythmic contractions [2,3]. 

The highly concentrated hydrochloric acid (pH < 2) [4] 
provides an adequate ambience for the action of the digestive 
enzymes [5]. The acid also serves as a primary agent for the 
degradation of bones and other hard structures included in the 
diet such as calcareous exoskeletons and shells [6]. 

A sterilizing effect through inhibition and/or destruction of 
putrefying bacteria is also attributed to the acid secretion [7]. 
The pepsins present in the stomach and other digestive enzymes 
along the digestive tract further degrade the food mass. Gastric  

 
contractions assures faster contact of the food mass with the 
enzyme secretions and further enhances the grinding effects of 
gastroliths found in the lumen of the stomach of some reptiles 
like the crocodile [4,8]. A post-mortem carried out on a crocodile 
uncovered bone remains in the crocodile’s stomach. There was 
considerable difficulty encountered in DNA genotyping of the 
bones for successful identification of the prey. This review also 
focuses upon bone degradation by chemical deterioration in the 
crocodile’s gut and the impact upon the survival of biomolecules 
like DNA in the bone.

Materials and Method
Five pieces of bone were submitted to the Department 

of Chemistry Malaysia Forensic DNA laboratory in Kuching, 
Sarawak after a post-mortem was carried out on a crocodile. DNA 
extraction was carried out using the standard phenol/chloroform 
protocol. There were detectable amounts of DNA for only two of 
the bone pieces when quantified by QuantifilerTM Human DNA 
Quantification Kit. Only one bone piece yielded amplifiable 
amount of DNA. STR (Short Tandem Repeats) amplifications 
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were carried out in 20 µl reaction volumes using the maximum 
possible DNA template with three types of PCR markers kits 
namely, AmpFlSTR® Identifiler® Plus, AmpFlSTR® Yfiler® 
and AmpFlSTR® MinifilerTM. The amplicons were separated on 
Applied Biosystems 3130xl Genetic Analyzer using GeneMapper 
ID v3.2.1 software. A detection threshold limit of 50 rfu was used 
to designate alleles.

Results and Discussion
Only one piece of bone had amplifiable amounts of DNA to 

yield partial DNA profiles with the AmpFlSTR® Identifiler® Plus 
and AmpFlSTR® Yfiler® Amplification Kits. DNA genotyping 
failed with the other four pieces of bone. A complete profile at 
16 STR loci was successfully obtained on further amplification 
of the bone DNA extract with the AmpFlSTR® MinifilerTM 
PCR kit. Clearly, bone mineral (hydroxyapatite) is in profound 
disequilibrium with the acidic environment in the crocodile’s 
digestive tract. Under extreme low pH conditions that exist in 
the crocodile’s gut, the first fateful step in the deterioration of 
the mineral phase takes place [9]. There occurs dissolution of 
the mineral phase of the bone. Removal of the mineral phase 
permits access to the bone collagen by digestive enzymes leading 
to accelerated chemical and biological degradation of the bone. 
However, the high acidity in the stomach might retard microbial 
attack [7]. 

The chemical deterioration of the bone mineral and collagen 
leads to deterioration of the protective bone matrix which 
houses biomolecules such as cellular lipids and DNA within 
the physiological spaces within bone. Acid hydrolysis of DNA 
proceeds by depurination of DNA which leads to destabilization 
of the phophodiester bond of the DNA backbone resulting in 
strand breaks [10]. Fragmentation of bone DNA by acid assault 
in the crocodile’s gut is evident when standard STR typing failed 
for the larger amplicons in the AmpFlSTR® Identifiler® Plus 
and AmpFlSTR® Yfiler® marker systems. The use of mini-STRs 

that targets the larger loci successfully amplified the DNA from 
the compromised DNA.

The exhaustive digestion and harsh acidic stomach of the 
crocodile is expected to severely compromise the quality and 
quantity of amplifiable DNA from the remains of the prey. Tough 
and hardy biological materials such as bone with its protective 
hard matrix are not spared from the gastric assault. The 
availability of robust DNA typing markers and technology today 
like mini STRs and SNPs can provide solutions for successful 
identification of the compromised skeletal remains.
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