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Abstract 

 
 

Branka Franicevic 
 

The Significance of the Depositional Microenvironment in the 

Decomposition of Dismembered Body Parts 

 
Keywords: Sus scrofa, Animal analogues, Microbial decomposition, Wrapped/ 

unwrapped, Frozen, Soil deposition, Forensic taphonomy 

 
A scarcity of experimental studies covering the decomposition of dismembered 

body parts has created a gap in knowledge of the effect of dismemberment on the 

estimation of post-mortem interval (PMI) and their post-mortem history in a 

forensic context. The aim of this study was to record the decay of detached body 

parts in some depositional settings where they are likely to be disposed of: burial, 

wrapping and freezing. 

 
A series of controlled laboratory experiments was carried out using Sus scrofa 

body parts and pork belly, to understand how ambient temperature, soil moisture, 

and wrapping and freezing of body parts affected their decomposition. Rates of 

decay were subject to a higher temperature and soil moisture level in a burial 

microenvironment, with metabolic microbial activity confirming the results. 



ii  

Temperature was a predominant factor in the decay rates of wrapped body parts, 

with a raised ambient temperature causing even higher temperature in the 

wrapped microenvironment, resulting in accelerated decay rates. Freezing 

decelerated the decomposition of body parts, retarding microbial growth and 

activity and causing differential decomposition between body parts. Freezing 

demonstrated morphological changes in body parts specific to this 

microenvironment. Predominantly Gram-negative bacteria that may be 

associated with body microflora were involved in decomposition in all three 

microenvironments. 

 
Taphonomic, chemical and microbiological analyses carried out in this study have 

a potential for forensic application in the examination of dismembered remains 

that have been deposited in freezing and indoor settings. Further experiments are 

necessary to understand buried decomposition patterns in field conditions. 
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CHAPTER ONE Introduction 
_______________________________________________________________ 
 

1.1 Foreword 

Human decomposition is a complex biochemical process that changes throughout 

degradation, making its classification often difficult. This is firstly due to intrinsic 

factors in the human body that affect decomposition patterns individually, such as 

cadaver age and size or the drugs, toxins, and diseases present in the body at the 

time of death Aggrawal (2016). Secondly, human behavioural factors can alter the 

growth, development, and activity of decomposing microbes and insects, by way of 

for instance mutilating the body, freezing it or wrapping it in various coverings (e.g. 

Micozzi 1996, Sukchit et al 2015, Scholl and Moffatt 2017). Finally, decomposition 

occurs in most environmental conditions and the pace at which these changes 

transpire, as well as their common appearance, hugely vary over different time 

scales (Galloway et al 1989). Some depositional environments, however, are more 

researched than others, possibly because some are subject to a higher frequency 

of body disposals (Konopka et al 2006). For instance, decomposition in soil has 

been studied in this context in some detail and has offered an attractive prospect for 

understanding human decomposition within forensic science for some time (e.g. 

Galloway et al 1989). However, most experimental and retrospective case studies 

have been based on the decay of whole corpses, leaving the topic of the 

decomposition of individual body parts barely researched. A different decomposition 

model for individual body parts may be possible because putrefaction is altered in 

the absence of necessary gastrointestinal organs responsible for bacterial action 

(Knight 1996, Mayer et al 1997). So, bacteria and fungi may or may not be mainly 

introduced from the environment. An alteration of putrefaction through 

dismemberment can cause more dependency on external factors in decomposition, 
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consequently modifying rates of decay. This study hence focuses on the taphonomic 

reconstruction of the decay of dismembered body parts. It has implications for the 

forensic investigations of clandestine disposals found in three depositional settings: 

burials, wrapped and frozen remains.  

 

1.2 Research Orientation 

While taphonomists have documented decomposition in different environments (e.g. 

Zuha et al 2016, Anderson and Bell 2014), under various climatic settings (Symes 

et al 2013), and body conditions (e.g. Bhandari et al 2015), the processes 

associated with the decay of dismembered parts are scarcely studied (Scholl and 

Moffatt 2017). Therefore, once investigators are faced with establishing the post-

mortem history of body parts, investigations are likely to be more difficult (Brickley 

and Ferllini 2007). This is not only because of the lack of research but also because 

body parts are easier to transport from the crime scene and easier to hide. Delay in 

the finding of a body and its identification is hence more likely. 

 

This gap in the research could be due to the fact that it has been presumed that 

whole and dismembered human bodies exposed to identical environmental 

conditions undergo similar microbiological processes and will have a similar 

decomposition pattern. How individual body parts decompose hence is not readily 

known. 

 

The present study investigates the early decomposition of body parts in three 

presumably common depositional microenvironments to make data available to a 

broader field of the medico-legal sphere, from pathologists to forensic 

anthropologists. Modification of the local microenvironment during decomposition is 



3  

expected to be significant, due to the release of body fluids and gases, where 

intrinsic factors may act to accelerate or buffer the effects of extrinsic factors. Thus, 

there should also be sufficient data for the analysis and for further replication 

purposes. Sus scrofa (domestic pig) is generally used as an animal analogue in 

forensic research, as it is believed to decompose similarly to human cadavers (e.g. 

Martin et al 2016), and it also has been utilised in this study.  

 

A combination of research methods is specifically chosen to maximise data 

concerning the hypotheses. Previous research focused on morphological 

(qualitative) changes of the decay (e.g. Rodriguez and Bass 1983). Also, 

quantitative methods of establishing time since death (Megyesi et al 2005), or 

microbiological studies explaining the causes of differential decomposition 

(Cobaugh et al 2015). This resulted in a partial picture of the taphonomic history. To 

maximise the accuracy of the results, the current research uses a combination of all 

three methods. 

 

1.3 Research questions, aims and objectives 

The research looks for answers concerning key questions of the post-mortem 

history of individual body parts, principally: 

 

1) What is the association between specific microenvironments and the 

decomposition pattern of dismembered remains? 

 

2) To what extent a constructed model of post-mortem interval estimation (PMI) 

might be used in cases of human dismemberments? 
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The first aim concerns the impact that ambient temperature and moisture have on 

the decomposition of buried body parts. The second aim explores whether a 

correlation exists between the decomposition rates of wrapped body parts and 

ambient temperature. The third aim concerns the effect of freezing on the decay of 

buried body parts. The fourth aim addresses the effect of freezing on the decay of 

wrapped body parts.  

 

The following objectives outline the specific steps taken to achieve the research 

aims:  

 Evaluation of how fresh and previously frozen buried remains decompose 

under two temperature and two soil moisture settings by ways of interpreting: 

body mass loss, soil pH, metabolic activity of soil microbes, viable count, 

Gram staining and the physiochemical analysis of compost.    

 Assessment of how fresh and previously frozen wrapped remains 

decompose under two temperature and two soil moisture settings by 

identifying: body mass, Gram staining and microbial viable count.  

 Estimation of post-mortem interval (PMI) for buried, wrapped and previously 

frozen body parts by quantifying and classifying rates of decomposition. 

 

The first hypothesis is that an increase in temperature and soil moisture will not 

result in an increase in rates of decay. The second hypothesis is that an increase in 

temperature will not result in an increased rate of decomposition.  The third 

hypothesis is that ambient temperature will not impact on the decay rates of frozen 

buried body parts. The fourth hypothesis is that ambient temperature will not affect 

the decay rates of frozen wrapped body parts.  

 



5  

1.4 Significance 

First, a systematic analysis of the decomposition of individual body parts has never 

been comprehensively tested before. As such, results from this study will fill a gap 

in the knowledge of taphonomy in cases of medico-legal investigations of 

clandestine disposals in three different microenvironments. This is significant since 

all previous research was based on the decomposition of whole carcasses and 

corpses. This study advances knowledge of the effect of microenvironment on the 

decomposition of unwrapped remains and also in the microenvironment formed by 

wrapping. Comparative analyses of the taphonomic history of dismembered body 

parts may also contribute towards a more accurate understanding of time since 

death and may provide a better understanding of the location and recovery of 

clandestine burials. In addition, analyses may provide an answer to the question of 

microbial processes in previously frozen remains and their effect on the rates of 

decomposition. Any visible changes different from previously unfrozen remains may 

benefit PMI calculations.  Finally, the results of this research may have relevance to 

a variety of taphonomic indicators to obtain a more complete understanding of post- 

mortem processes as they occur in three stated microenvironments. The study 

would hence advance scientific research with the evidence consisting of taphonomic 

and microbiological data in terms of a new methodology. 

 

1.5 Thesis structure  

A review of the relevant literature on forensic taphonomy is presented in Chapter 

Two. It is divided into three sections; the first concerns fundamental principles of 

human decomposition and its importance in reconstructing post-mortem history. It 

then summarises main quantitative PMI methods used in the field, and finally 

discusses the rise and the significance of taphonomy within the forensic frame. The 
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second part of the literature review deals with current techniques in the identification 

and PMI estimation of dismembered remains. The third section is a review of 

existing research covering three depositional settings relevant to the present 

contribution. Choices of methodological approaches used in this project are 

discussed in Chapter Three. Methodological procedures are discussed in Chapter 

Four. Sections are divided according to the utilised materials and methods, 

individual research designs and statistical analyses applied. Chapter Five includes 

the results concerning the decomposition patterns of buried, wrapped and frozen 

remains. Discussion of all findings can be found in Chapter Six. Summary and 

recommendations for further work are in Chapter Seven, and references are 

presented in Chapter Eight.  
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CHAPTER TWO Literature Review   
_____________________________________________________________ 
 

2.1 Introduction  

The following review of literature evaluates work on forensic taphonomy and related 

fields of pathology and microbiology that cover early stages of human 

decomposition. The first section offers a synopsis of the decay process and 

discusses the original concept of taphonomy and its application to forensic science. 

It is a broad overview relevant for comparisons of gross post-mortem changes in 

dismembered remains. A second part of the chapter focuses on current methods 

used in the examination of dismembered body parts. The relevance to the thesis is 

wider awareness of how body parts are identified in pathology, and how forensic 

taphonomy may contribute towards more accurate PMI estimation. The final section 

reviews the literature concerning the impact of three relevant microenvironments on 

decomposition. The application to the current contribution is that it provides a basis 

for comparison with the decay pattern of dismembered body parts.  

 

2.2 Human decay and taphonomy 
2.2.1 Post-mortem processes  

Human decomposition begins from the moment of death as ‘the act of disintegration; 

separation into constituents by chemical reaction and the decay of organic materials’ 

(Watkins and Huehnergard 2004: 118). Death as a process commences with the 

cessation of blood circulation and brain activity. Loss of the properties of living matter 

is a gradual and systematic process of disintegration where body organs and tissues 

cease functioning at various rates, according to their vulnerability to oxygen 

deficiency (Knight 1997). For instance, the liver is one of the first to commence the 

decay due to its high enzyme content as is the brain (with its high water content), 
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before it spreads to the rest of the cells (Polson et al 1985). Siegel and Mirakovits 

(2015) note that on the chemical level, initial body decay starts immediately after 

death and lasts up to three days. Knight (1997) gives details of the early 

decomposition with oxygen decreasing significantly, the level of carbon dioxide in 

blood rising, the pH also lowering where waste starts building up to destroy the cells. 

Concurrently, proteases, amylases, and other cellular enzymes start to break down 

the cells from the inside out. Once broken, body cells start releasing nutrient-rich 

fluids. Vass (2001) explains the process of anaerobic fermentation in basic terms 

where microbes break down the muscles into amino acids and convert them to 

volatile fatty acids. Fat and protein decomposition then proceeds into 3-methylindole 

and glycerols, indole and phenolic compounds.  

 

On the microbial level, early works of Evans (1963) recognised that gastro-intestinal 

bacteria play a large part in body decay during the early stages, due to the sheer 

amount of microorganisms living in the gut. This is because microbes can migrate 

to other body parts via lymphatic systems and blood vessels, collecting nutrients 

from different sources. Wilson (2005) gave a plausible explanation to this stating 

that from the moment of death, the immune system halts and body bacteria, external 

microbes, fungi, and insects start invading the body.  Masses of bacteria living in the 

gut commence breaking down the intestines and invading the rest of the body. 

Polson et al (1985) describe putrefaction as a consequent stage of decomposition 

with the initial breakdown of cells, allowing bacteria, protozoa, and fungi to break 

down body tissues under anaerobic conditions into simple molecules, gases, and 

liquids. Knight (1997) gave details of ‘marbleisation’. He describes it as red streaks 

and green skin colour that appear in the following decomposition stage when the 

bacteria enter the venous system and trigger the blood to haemolyse. Carter and 
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Tibbett (2008) further explain that following abdomen bloating, the body eventually 

ruptures because of the accumulation of fluids. The skin now allows oxygen access 

and aerobic decomposition commences. Fluids rich in nutrients get released 

thorough body orifices such as the anus or nose, attracting insects with their strong 

distinctive odours. Access into the body and onto an enlarged surface area for insect 

colonisation allows accelerated decomposition. 

 

On the macroscopic level, changes on the skin sometimes are of use to forensic 

anthropologists and taphonomists concerned with post-mortem Interval (PMI) 

estimation. The PMI represents the period elapsed from the time of death until when 

the individual was found (Shkrum and Ramsay 2007). Evidence of PMI is normally 

collected from two main sources: the body itself (corporal evidence) and the 

microenvironment where it was found, and information concerning the subject’s 

movements, habits and known activities (Ludwig 2002). Clark et al (1996) describe 

in some detail post-mortem changes in the first few days. The authors noted the first 

two hours after death as vascular changes, evident in the eyes progressing to blood 

clots, and prominent discolouration of the skin in the five hours post-mortem. Further, 

the blood will re-liquefy and the eye cornea will dry in the first 24 hours. During the 

first 48 hours, intravascular haemolysis will commence. By day three, the body will 

start losing hair and the nails will loosen. By day four, small blisters or bullae appear 

and skin slippage commences (Knight 1997). 

 

 DiMaio and DiMaio (2001) further elaborate in detail skin appearances of 

putrefaction and black putrefaction stages. These include skin colour becoming 

greenish and loose body fluids entering bullae evident on the skin, with the skin 

beginning to slip off. Putrefactive gases; putrescine (butanediamine), ammonia, 
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hydrogen sulphide, etc. form in the abdomen and drive faeces and liquids outside 

the body accompanied by swelling of the tongue and lips. The gases are passed 

through body cavities once ruptured. The colour of the body changes from green to 

black. All later stages of decomposition, however, are not uniform and can take place 

within a few days or even months post-mortem, depending on behavioural, intrinsic 

and external factors, according to Clark et al (1996). Manjit (2016) noted that they 

can even be noticed years after death if the body has been kept in anaerobic 

conditions.  

 

In forensic taphonomy, quantitative methods of PMI estimation derive from the 

above-mentioned decomposition stages and entomology and were first proposed 

by Megyesi et al (2005). The equations were based on a study by Vass et al (1992) 

that focused on the concentration of volatile fatty acids in the soil where cadavers 

were buried. In essence, it combines temperature and time to come to the 

Accumulated Degree Days (ADD) formula by means of refining decomposition 

scoring into a total body score (TBS).  

 

All quantitative methods, however, are based on the qualitative decomposition 

stages and as such are estimates only that further vary between different 

researchers. Mann et al (1990) for instance divided decomposition into four broad 

stages; fresh remains, active decay, advanced decay, and skeletonised remains. 

Fresh remains are described as generally exhibiting minimal signs of decay, such 

as any skin discolouration. During the active decay abdominal bloating is evidenced 

by a strong odour and the skin discolouration from green to light brown. In the next 

stage the caving, sagging and flaking off in most parts of the flesh is recorded as 

noticeable with bone exposure. The last stage of the decay is characterised with 
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mostly skeletonised remains. The authors based their findings on observing 

cadavers at the University of Tennessee Anthropological Research Facility. Their 

results further vary considerably according to the external, intrinsic and behavioural 

factors Clark et al (1996).   

 

The most assumed variables in the decay of the cadavers, from strongest to 

weakest, they concluded were; temperature, access by flies and depth of the burial, 

with the soil pH and the depositional surface. Given however that no two sets of 

circumstances are the same, coupled with the fact that the decomposition stages 

are assessed subjectively according to the appearance of decay, these are only 

used as guidelines. As decomposition progresses, a multitude of variables get 

involved, making it difficult to be precise as to PMI. These, therefore, are general 

and unspecific, less reliable and applicable normally in cases with an assumed PMI 

of months and years.  

 

2.2.2 Application of taphonomy to forensic science 

The word taphonomy is Greek in origin: taphos (τάφος) refers to burial and nomos 

(νόμος) to ‘law’ (Nawrocki 1996). Early actualistic and neotaphonomic works of 

Palaeontologists such as Richter (1928) and Weigelt (1927) were later defined by 

Ivan Efremov as ‘a label for the science of the laws of embedding, or the study of 

the transition (in all its details) of animal remains from the biosphere into the 

lithosphere’ (Efremov 1940: 85). Martin (2000) summarises the definition of 

taphonomy as a study of fossil preservation by ways of diagenesis, burial, decay or 

disarticulation. Brett (1986) split it into two main categories:  1) biostratinomy - 

processes from death until burial (transportation, fragmentation, disarticulation and 

other processes involved in breaking down the remains), and 2) fossil diagenesis 
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(Figure 1) - events post burial, such as the dissolution of skeletal remains and 

mineralisation.  

 

 

                   Figure 1: Process of Taphonomy. Adopted from McRoberts (1998). 

 

Lyman (2010) discusses in retrospect how the first applications of taphonomy 

beyond palaeontology were studies of faunal remains (zooarchaeology), kept in the 

original form until the 1970s. The author explains that from the middle 1980s, 

taphonomy expanded as a multidisciplinary concept used in several related fields to 

include geology, paleoecology or paleobiology, as a study of environmental 

influences on organic and inorganic materials including the fossil record. The main 

matter of dispute in his publication is the use of terminology and application of 

taphonomy. In archaeology, for example, the author states, it concerns ‘the 

formation and disturbance of the archaeological record and natural modification of 

artefacts’ (Lyman 2010: 1). The author argues that it is different from its original 

definition because it relates to both once-alive and never-alive material and the 

change from a living to a non-living state. Conversely, a wider application of 

taphonomy to other research fields is defended by others such as Domínguez-

Rodrigo et al (2011) who argue archaeology to have contributed towards expanding 

the scope of taphonomy in a meaningful way. The authors suggest that it helped in 

understanding the degradation of bones, particularly through cultural behaviour 
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such as human butchering, as well as the ecology of scavenging as outlined by 

Domínguez-Rodrigo et al (2011).  

 

From archaeological principles including stratigraphy, Dirkmaat et al (2008) 

suggests that taphonomy branched off as a distinct field of research in its own right 

in the late 20th century. Similarly, Reed (2010: 39) states that stratigraphy is based 

on one of the basic concepts of geology often summarised as: ‘the present is the 

key to the past’, the Principle of Uniformitarianism.  He elaborates, that 

Uniformitarianism assumes physical laws where processes that operate now in the 

universe are constant and essentially unchanging. This way, in forensic 

anthropology its role focuses on depositional environments in reconstructing the 

crime scene by ways of stripping the environmental variables from the evidence. 

However, because Uniformitarianism assumes uniform events that are continuous, 

it cannot be applied directly to forensic cases in deliberate man-made scenarios. 

The principle of Actualism or ‘modern Uniformitarianism’ on the other hand can be 

more relevant to forensic taphonomy. Reed (2010: 39) explains this is because ‘The 

principle of Actuality’ assumes a range of events instead.  

 

Bristow et al (2011) broaden the topic by arguing that taphonomy was applied to 

forensic anthropology with two main approaches. Firstly, Paleotaphonomy, that was 

used as a research tool, for instance, establishing a model of skeletal damage that 

may help understand its formation. Secondly, Actualistic studies (neotaphonomy) 

that encompassed field or lab-controlled experiments that represent post-mortem 

history in retrospect: processes resulted from the observation at present is how they 

occurred in the past. Here, Kowalewski and Labarbera (2004) list three methods of 

collecting data: 1) from the direct observation of processes in nature, 2) from 
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conducting experiments in nature, and 3) from conducting experiments in a 

laboratory-controlled environment. Mickleburgh (2018) notes that actualistic 

experimental taphonomy is still significant tool used in PMI estimations of buried 

bodies, in the detection of mass graves as well as in determining any post-mortem 

alterations of the remains.  

 

Domínguez-Rodrigo et al (2011: 6) describe the application of Efremov’s original 

concept of taphonomy to forensic anthropology as: ‘the study of the “embedding” of 

originally informative sets of elements or assemblages to reconstruct a targeted 

behaviour (post-mortem history in forensics), which may have been distorted by 

post-depositional processes’. Similarly, Haglund and Sorg (1996) write that its 

application to the medico-legal field concerns human decomposition and its 

influential variables. Further, the authors discuss the definition of forensic 

taphonomy in terms of distinguishing between perimortem and post-mortem events 

as ‘the study of post-mortem processes which affect: 1) the preservation, 

observation, or recovery of dead organisms, 2) the reconstruction of their biology or 

ecology, or 3) the reconstruction of the circumstances of their death’ (Haglund and 

Sorg 1996: 13). Nawrocki (1996) splits forensic taphonomy into two subfields:  

biotaphonomy, that comprise of behavioural factors affecting decomposition (e.g. 

dismemberment), environmental and individual factors (e.g. body size). Secondly, 

the division of geotaphonomy, that includes physical and bio-chemical soil 

characteristics and the analysis of soil disturbance. 

 

Taphonomic experiments shifted research from actualistic case studies to laboratory 

and field study, and in doing so strengthened the scientific component of forensic 

anthropology (Dirkmaat et al 2008). The emergence of forensic taphonomy 
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therefore was one of the key developments that ‘has dramatically changed the entire 

playing field of forensic anthropology’ (Dirkmaat et al 2008: 37).  

 

However, taphonomy out of the context of forensic anthropology was scarcely 

referenced three decades ago.  Haglund and Sorg (1996) noted that the key word 

was eliminated from the Journal of Forensic Science in 1987. Haglund (1991) adds 

that even after it was reinstated in 1989, it appeared only six times in the journal 

until 1993. Haglund and Sorg (1996) suggest three main reasons for the paucity of 

research in taphonomy per se: limitations in studying decomposition of human 

corpses in nature, restricted involvement of physical anthropologists or 

archaeologists in forensic cases, and insufficient knowledge of taphonomy among 

crime scene investigators. Taphonomy since then has become an established 

subfield of forensic anthropology. The other key developments that contributed to 

the rise of taphonomy according to Dirkmaat et al (2008) include, firstly the 

development of DNA analytical methods: polymerase chain reaction (PCR) and DNA 

sequencing. Also, Daubert criteria that assured taphonomic methods in courtroom 

added value to its scientific base. It is however feasible that the study of Dirkmaat 

referred to the more rigorous research in the field of Crime Scene Investigation and 

the effect of taphonomic variables on the perpetrator identification. DNA is less used 

in establishing PMI that is one of the primary goals of forensic taphonomy. A few 

studies have studied DNA degradation in view of rate of decay in relation to time. 

An example is a study of Andreson (2005) that focused on blood examination using 

controlled atmosphere and exposure to environmental effects. The results indicated 

that taphonomy markedly degraded the samples and suggested the amount of DNA 

present in sample to be used a way of quantifying DNA. The author suggested 

fluorescently labelled PCR products for comparison of degradation intensity against 
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time variable.   

 

Challenges and the definition of modern taphonomy is further still debated and 

discussed. Pokines and Symes (2013) for example view forensic taphonomy as a 

descriptive term with vague practical boundaries, and inadequately quantified and 

analytical. Schotsmans et al (2017) further note persisting challenges within forensic 

taphonomy, namely overlapping with other subfields, the lack of a standard 

terminology and lack of comparative forensic cases and case studies.   

 

One key significance of understanding decomposition within a forensic frame is to 

minimise error in establishing PMI, pattern, and cause of death, as well as the 

location of clandestine burials. Given such an important role, it is reasonable to ask 

why taphonomy was not applied to forensic science before. Haglund (1991) argues 

this is the case because of a lack of participation by forensic anthropologists in the 

past and because of the limitations on experimenting on human cadavers globally. 

Consequently, a combination of these events may give an indication of why 

taphonomic studies were mainly reviews and literature case studies up until a 

decade ago.  

 

2.3 Current methods of establishing post-mortem history of body parts 
2.3.1 Introduction 

Terminology involving the act of inflicting post-mortem trauma to the body often 

refers to either mutilation or dismemberment. Dorland’s Illustrated Medical 

Dictionary refers to it as: ‘the act of depriving an individual of a limb, member or 

another important part of the body; deprival of an organ; severe disfigurement’ so 

that the victim is unrecognisable (Rajs et al 1998: 536). Unlawful body 

dismemberment is indicative of homicide but rare as a method of killing (Häkkänen-

https://www.ncbi.nlm.nih.gov/pubmed/?term=H%C3%A4kk%C3%A4nen-Nyholm%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19570181
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Nyholm et al 2009, Porta et al 2016, Adams et al 2019). Nevertheless, they are likely 

to be highly complex cases with the potential to put pressure on police forces, 

forensic experts and relatively inexperienced pathologists, by causing difficulties in 

analyses and interpretations (Rutty and Morgan 2017). With this in mind, the 

following section aims to draw on somewhat limited observations from practitioners 

in the UK as well as from the US. Here, common patterns of body dismemberment 

will be discussed first. Next, current methods in autopsy examination will be 

reviewed, followed by the analysis and interpretation of sharp force trauma.  

 

2.3.2 Patterns of body dismemberment 

Understanding the motive is further essential in the forensic profiling that may also 

yield clues as to whether the body has been moved from the scene. Rajs et al (1998) 

published a comprehensive study that examined in some detail classification of the 

patterns of criminal dismemberments. They explained that motives behind exactly 

how the person is dismembered may vary but the reason for mutilation, in general, 

is, more often than not, to hinder the location and identification of a victim.  

 

The first classification of criminal dismemberments, according to their study is 

defensive mutilation where the body is destroyed with a view to hindering the 

individual’s identification (Rajs et al 1998). This type of body cutting is often referred 

to as dismemberment. A second category is aggressive mutilation, killing as a result 

of a fury expressed in mutilation, typically cutting off body parts such as the genitals 

or face (Rajs et al 1998). A third classification is offensive mutilation, often 

associated with lust killing and motivated either by sexual sadism or a necrophilic 

urge (Rajs et al 1998). This mutilation is likely to be perimortem, while the victim is 

still alive. The fourth type of dismemberment is necromantic mutilation, cutting up 

https://www.ncbi.nlm.nih.gov/pubmed/?term=H%C3%A4kk%C3%A4nen-Nyholm%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19570181
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the already-dead body with the motive of using body parts as a trophy, fetish or 

symbol (Rajs et al 1998). Di Nunno et al (2006) and Black et al (2017) both proposed 

the fifth category. The former claims it should be post-mortem mutilation with the 

intent to remove evidence of DNA, in order to prevent the subject’s and perpetrator’s 

identification. The latter work describes a form of ‘communication dismemberment’, 

where body parts are used to threaten gang members with killing and 

dismemberment to coerce individuals into confirming with the gang.  

 

In the review of New York City dismemberment cases from 1996 to 2017, Adams et 

al (2019) recorded that only half of the dismembered victims had their body parts 

recovered. This way, other questions to be considered include for instance; the 

location of the cuts on the body, the possible order of cuts, the tools used and where 

was it disposed of (Black et al 2017). The study of Delabarde and Ludes (2010) is 

one of the few that proposed patterns of mutilation according to the anatomical cuts 

of the body. For example, localised dismemberment according to the authors is the 

removal of the hands, fingers, or head. Furthermore, removal of the limbs and/or 

head, cutting through the torso, severing the joints, etc. is defined as generalised 

dismemberment. Rainwater (2015) in addition categorised modes of 

dismemberment into: disarticulation around the joints, and transections via sawing 

and chopping. Rutty and Hainsworth (2014) noted that the body is usually hacked 

into six elements. The head is detached between the 4th and the 5th cervical 

vertebrae, arms at the proximal humerus and legs at the upper part of the femur 

(Figure 2). Adams et al (2019) found that 53% of the cases included only transection, 

35% involved only disarticulation and 13% included a combination of transection 

and disarticulation. Tool class is recorded to be often saws (Sugiyama 2019) and 

knife (Di Nunno et al 2006). The majority of the mutilation patterns in the UK were 
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categorised as defensive and disposed of in the water (Black et al 2017).  

 

 
Figure 2: Generalised mode of dismemberment. Image modified from Freepik (2010). 

 
 
 
   

Porta et al (2016) provide some statistical records of the human dismemberments 

in Europe between 1998 and 2010. Table 1 demonstrates that mutilation cases are 

overall, uncommon. The study of Black (2017) supports their findings by showing 

that in the UK approximately 82 dismemberment cases were registered from 1985 

to 2016, an average of three cases per year. It is however possible that the number 

of dismemberment cases is higher than those documented in scientific literature.  

 

Table 1: Dismemberment and mutilation case reports in Europe 1998-2010 [modified from Porta et 
al 2016] 

Authors Year of publication Number of cases Country 
Rajs et al (1998) 1998 22 Sweden 

Reuhl and Bratzke (1999) 1999 1 Germany 
Madea and Driever (2000) 2000 1 Germany 

Türk et al (2004) 2004 3 Germany 
Konopka et al (2006) 2006 1 Poland 
Di Nunno et al (2006) 2006 3 Italy 
Konopka et al (2007) 2007 23 Poland 
Dogan et al (2010) 2010 1 Turkey 
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2.3.3 Identification 

In cases of dismemberments, the most important (and often difficult) part is 

identification of the victim (Rutty and Morgan 2017). The pathologist may only have 

a single or even an element of a body part to examine, in the morgue or at the crime 

scene. Nevertheless, Burton and Rutty (2010) note the process of examination that 

leads to the identification is similar to that of the whole body. Brough et al (2014) 

advise radiological examination and imaging techniques such as computed 

tomography (PMCT) to be completed first in order not to disturb the remains. Rutty 

et al (2013) suggest that this is also the case if a body part is still in the bin liner. 

Rutty and Morgan (2017) proposed that if a head is being autopsied, a Cone beam 

computed tomography (CBCT) scan should also be used for imaging of teeth. Other 

surface imaging methods used for the assessment of wrapping, sex, age, and sharp 

force trauma include; structure-from-motion photogrammetry, 3D laser scanning and 

structured light scanning. 

 

According to the authors, gross examination of the body part is further required for 

any evidence of the disposal such as corrosion or water. This includes all marks on 

the skin that can lead to identification such as; tattoos, scars, dysmorphic 

characteristics, skin disease or evidence of restraints. Depending on the body part, 

positive identification would also take findings into consideration from external 

examination (e.g. sex determination from a severed torso). Plastic wrapping, 

clothing, etc. are additionally examined for DNA or fingerprints. Also, post-mortem 

changes including taphonomic (e.g. animal gnawing) are recorded. Finally, blood if 

present is sampled for toxicology tests and DNA identification. Frozen body parts, 

however, would need a different approach. Kozawa et al (2010) noted that autopsy 
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of frozen bodies is not possible and they have to be thawed gradually in a fridge 

until they reach 37ºC. If defrosted quickly, the outside of the body would start to 

decompose while the internal organs are still frozen, and important evidence can be 

lost.  

 

2.3.4 PMI interval 

PMI can especially pose a challenge when examining a single body part. Rutty and 

Morgan (2017) suggest pathologists assess the morphological state of a body part 

first to give a broad PMI. If a limb is being autopsied, the isotopic analysis may help 

in establishing where the subject may have lived, and the time of death. If a 

pathologist is presented with a head, Madea (2015) proposes post-mortem CT 

(PMCT) and proton magnetic resonance spectroscopy (1H-MRS) that could assist 

in establishing decay changes to the brain. The methods may demonstrate a range 

of foreign bodies, fractures, major haemorrhagic injuries and allow the detection of 

endogenous tissue metabolites. The temperature in addition can be measured from 

the brain and the external auditory canal can indicate PMI.  

 

Wrapped microenvironments nevertheless can cause an additional burden, 

especially in the absence of DNA. Brickley and Ferllini (2007) for instance published 

a case of dismembered bodies found in bin liners where a large team of experts 

including a pathologist, a forensic psychologist, an anthropologist, an entomologist, 

and a microbiologist struggled to establish the PMI of subjects. A torn waste plastic 

bag containing a body part was found in Nice, France, by a road worker. Police 

tracked down an additional 14 bags, holding 23 body parts. Most of the remains 

exhibited early signs of decomposition with maggots present, but some were 

showing more advanced decay than others. Toxicology tests could not be carried 
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out, due to the absence of blood. Histopathology was undertaken from all body parts, 

to look for the presence of any disease and the age of the victim(s). Forensic 

anthropologists were called in to establish; the identity of the person(s) by obtaining 

a biological profile, identify tools used in dismemberment, the presence of other 

trauma, the minimum number of individuals (MNI) and to estimate PMI. The latter 

proved difficult, due to wide fluctuations of temperature in the mountainous area 

between night and day (ranging over at least 15ºC) and uncertainty as to how many 

times the body parts may have been moved. Methods used for establishing PMI 

were firstly, body temperature, which a pathologist attempted to determine: the 

temperature of each body part averaged 6.5ºC in comparison to the ambient 

temperature of 6.8ºC, indicating several hours since death in regular equation. A 

normal body temperature of 37.5ºC drops after death by about 1.5ºC per hour until 

it reaches the ambient temperature of the environment to which the body is exposed. 

However, these body parts were in plastic bags.  

 

PMI was complicated by the fact that histopathology showed different 

decomposition stages, ranging from early to advanced. Entomology was indicative 

of a few days only PMI, and forensic anthropologists gave a wide interval from zero 

to 15 days going by the gross observation of decomposition stages. The cause of 

death was established for only one person with a gunshot entry wound in the torso 

where toxicology also showed the presence of drugs in the body (cocaine and 

flunitrazepam). The manner in which the bodies were dismembered pointed to a 

possible surgeon or animal slaughterer with some knowledge of anatomy. 

Microscopic (SEM) analysis concluded that a knife was used to cut the skin and a 

hatchet and hand saw for the bones. Anthropologists were painstakingly comparing 

body parts to each other for weeks, to establish the MNI and sex of individuals from 
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stature and the presence of genitals. X-rays were also used for comparisons of body 

parts for similarities and differences in body features. The results indicated that three 

individuals were present. Two subjects had living relatives, whose DNA was 

compared. For the third individual, the judge ordered that the only known relative be 

exhumed for comparison of DNA. A possibility of freezing body parts is taken into 

consideration when body parts are absent or show different stages of decomposition, 

and both were the case here. Whether the parts had been frozen and defrosted was 

difficult to prove and lack of knowledge would have underestimated PMI. SCHAD 

(or short-chain 3-hydroxyacyl-CoA deshydrogenase enzyme) testing was 

recommended to the forensics and sourced back to Miras et al. (2001) whose study 

examined PMI interval of known or suspected previously frozen tissue. Their results 

suggested that activity of the SCHAD between frozen and thawed muscle tissues 

may give an indication of changes in temperature. 

 

Histopathology was also used to answer the question of potential freezing, where 

bursting of the cellular structures would indicate freezing conditions. None of it was 

detected. The lack of haemorrhage at the cut edges of the skin and muscle levels 

when viewed under the microscope suggested dismemberment was carried out 

post-mortem. Microbiological analysis of fungi and bacteria showed a variety in 

numbers and types of colonies according to the body part. The authors concluded 

that this was possibly due to a difference in the time of dismemberment between 

body parts, which perhaps limited the spread of bacteria to those body parts that 

were last to be dismembered. PMI was only agreed on when they established when 

body parts were moved from the mountainous area, which explained their variation 

in decomposition. Ultimately, the victims were identified and the perpetrator found. 
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Aggrawal (2016) draws attention to other factors that are likely to complicate 

establishing the post-mortem history of a subject especially in the cases of 

advanced or skeletonised stages of decay. The author proposes to analyse a group 

of biochemical properties, unique to each individual, that may affect decomposition 

through enzymatic and microbial degradation. These include age, drugs/ toxins, and 

diseases in the body. Firstly, if it is an older individual, blood will putrefy early, usually 

in the first two days, whereas blood from young subjects can remain relatively fresh 

until day five post-mortem. Archer (2004) notes that the decomposition of a stillborn 

baby that has never been fed and consequently is lacking in gut microflora, will 

proceed more slowly than that of a stillborn that has been subject to intravenous 

treatment where punctures will speed the spread of bacteria. Establishing the 

approximate age of an individual may narrow down PMI in dismembered cases, 

especially if only a single or part of a limb is present.  

 

Secondly, if toxicology tests indicate poisons in the blood, Aggrawal (2016) argues 

that pathologists should take into consideration their impact on decay. The study 

gave a detailed account of different categories of poisons to include Carbolic acid 

and heavy metal poisons known to affect decay rates. Arsenic, strychnine or zinc 

chloride, for instance, would delay putrefaction. On the other hand, barbiturates, 

cyanide, and nicotine may resist putrefaction.  

 

Similarly, if autopsy indicates a heavy intake of alcohol such as chronic alcoholism, 

the study points towards considerably accelerated putrefaction. The same applies 

to cocaine found in the blood that has been proven to accelerate the development 

of insects attracted to a dead body. Bourel et al (1999) for instance reported 

underestimation of the PMI of 24 hours when the larvae’s food source was affected 
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by morphine. Goff et al (1993) further observed differences of larval and pupal 

stages from insects feeding on bodies that had been treated with amitriptyline and 

reported alteration of PMI by up to 77 hours.  

 

Finally, terminal illnesses may impact on the decay pattern, such as extensive 

chemotherapy treatments exemplified in the taphonomic study of Hayman and 

Oxenham (2016). Stroke or intracranial haemorrhage, Zhou and Byard (2011) 

further add, will bring a high internal core temperature, similarly to hyperthermia 

caused by prescribed medication (or illegal drugs like ‘ecstasy’), and accelerate 

decay rates. Application of the abovementioned factors in establishing a biological 

profile is in the domain of the pathologists at present. Taphonomic research covering 

how intrinsic factors would affect the decomposition of individual body parts is not 

covered at present but may contribute greatly in cases where pathologist expertise 

is limited.   

 

2.3.5 Analysis of sharp force trauma  

Sharp force trauma includes injuries inflicted to the bone from cutting with different 

tools (e.g. knives) to chopping (e.g. axes) or chiselling (e.g. saws), all of which would 

leave individual tool marks (Reich 1998). Tool marks and in particular saw marks in 

bone have been analysed in dismemberment cases since the 1970s (for instance, 

the study of Bonte 1975). The effect that serrated and non-serrated knives have on 

the bone can be found in a more recent study of Gitto et al (2012). Tool class and 

its distinctive features is discussed in Symes et al (2010), and more recently in Love 

et al (2013). Haglund and Sorg (2001) explain that in the USA, it is not unusual for 

a forensic anthropologist to work alongside a coroner. This could be in cases of 

advanced decomposition or skeletonised remains, or when specialist knowledge of 
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sharp force trauma is needed. In cases of dismemberment, a pathologist is likely to 

focus on the cause of death. An anthropologist would, after a body part recovery, 

apply observation techniques for evidence of vital reaction of the bone such as bone 

remodelling to assess whether sharp force trauma is significant to the cause and 

manner of death. If so, they would apply appropriate tool mark analysis to 

understand aspects of dismemberment pattern/s from which he or she would draw 

interpretation in the role of an expert witness. A publication of Reichs (1998) 

discusses in detail the role of the anthropologist in the examination of dismembered 

body parts. One would be expected to do a gross analysis of a dismembered body 

part in five steps. Firstly, the bone is photographed. Secondly, the part of bone 

necessary for the analysis is removed. Thirdly, an incised notch in the bone surface 

is used for testing to establish a difference in marks before the analysis. Fourthly, 

part of the bone is defleshed, and finally, a mould and cast of incisions is made for 

better insight into the cuts.    

 

Komar and Buikstra (2008) extrapolate the protocol of tool marks examination. Here, 

by observing the tool marks under a scanning electron microscope, a better 

understanding of the tool marks in bones can be reached. For instance, the 

arrangement of striae may establish a direction in sharp force trauma. Reichs (1998) 

further adds that other aspects of tool marks analysis should be included, such as 

tool type, distribution of cuts, the sequence of cuts and body positioning. In addition, 

Thomson and Black (2017) note two significant factors to be considered; variation 

linked with the tool (e.g. handedness, confidence or experience) and the potential 

of taphonomic damage to the striae and movement during dismemberment.  
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2.4 Depositional settings of dismembered body parts 
2.4.1 Introduction  

The following section reviews the taphonomic literature covering three main body 

disposals; burials, wrapping, and freezing. Extreme or unusual conditions such as 

such as encasement in concrete or influence of different textiles on decomposition 

are outside of the scope of the thesis and are excluded from the literature critique. 

In addition to the aforementioned intrinsic factors, these taphonomic 

microenvironments may also have the potential of modifying the remains. However, 

how the decomposition will proceed is not readily known, posing an additional 

burden to pathologists and forensic investigators in assessing the post-mortem 

history of the remains. This is because the body parts are detached from the 

intestines where the majority of intrinsic bacterial decomposers are, making it 

uncertain whether the extrinsic factors will be mainly responsible for the 

decomposition pattern. The following literature review focuses on two main 

questions where the gap in the research is most evident, that prompted the present 

project. First is the issue of the principal variables that affect decay, and second is 

the accuracy of PMI methods. Due to the relatively low volume of publications 

covering dismembered body parts, the review mainly consists of studies that used 

whole human bodies or animal analogues.  

 

2.4.2 Burials 

A dead body placed into the soil is a nutrient source for microbial decomposers and 

as such it will affect the microenvironment as well as the other way round. It is widely 

accepted that the main micro-environmental factors necessary to accommodate the 

soil decomposers are: oxygen level, moisture level, soil pH and temperature (Caple 

2004).  
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How do the principal variables influence the decomposition pattern in soil? 

Oxygen is one variable necessary to understand in burial microenvironments since 

the decay of a human body is largely down to aerobic bacteria (Carter et al 2017). 

Some microbes are capable of using more than one strategy to obtain nutrients and 

energy. Those restricted to a single nutritional strategy are known as ‘obligates’ (e.g. 

aerobic microbes, dependent on oxygen). ‘Facultatives’ on the other hand are those 

microbes capable sustaining their metabolic function irrespective of the availability 

of oxygen. Kilham and Prosser (2007) elaborated this in detail.  Aerobes are 

microbes requiring oxygen in their metabolic strategy for survival and growth 

(obligate aerobes), such as Pseudomonas aeruginosa and Mycobacterium 

tuberculosis. By contrast, obligate anaerobes like Clostridium spp. do not tolerate 

oxygen. Staphylococcus aureus, on the other hand, is a facultative anaerobe that 

can grow with or without the presence of oxygen.  

 

Early stages of decay are likely to include a switch from anaerobic to aerobic 

microbial decay once the body is ruptured during the bloating stage, giving way to 

soil microbes to continue decomposition (Schotsmans 2013). Studies focusing on 

the role of fungi in the decay are relatively few. Javan et al (2016) for instance 

included fungi in the review of postmortem microbiome work. More recently, Fu et 

al (2019) analysed fungal composition of Sus scrofa and the succession patterns 

during the animal decay with high-throughput sequencing. The results demonstrated 

a pattern of specific fungal taxa such as Yarrowia lipolytica or Candida catenulate 

that correlated with particular PMI intervals offering a potential for PMI estimation in 

later decomposition stages.  Decay pattern and rates are further subject to the 

moisture level in soil necessary for the bacterial activity (Manzoni et al 2012). 

Galloway (1996) and Galloway et al (1989) describe how certain dry soils can cause 
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body desiccation and inhibit decomposition because the microbe metabolism is 

negatively affected. Soils with a high water content may accelerate decomposition. 

However, wetlands such as peat bogs can also contribute to a human body retaining 

all its internal organs and skin for centuries (Galloway et al 1989). The study of Lund 

and Goksoyr (1980) concluded that soil moisture largely depends on the soil’s 

physical characteristics. Soils that are fine textured can better keep their water 

content. This is the reason why a coarse textured soil with low moisture can cause 

body desiccation and retard decomposition for long periods. In addition Carter (2005) 

found that on the chemical level coarse soils have larger pores that can 

accommodate a high level of gas diffusivity and the quick drainage of moisture in 

the soil matrix. By contrast, Weaver (1994) argues that fine textured soils have low 

rates of gas diffusivity and allow a favourable moisture environment, necessary for 

aerobic soil microbes. Focusing on soil microbes, the authors explained this in more 

detail. Water in soil is necessary for the metabolism and activity of enzymes. It 

determines the mobility of microbial cells and the diffusion of gases to and from the 

microbial cells. How microbes will move depends on the level at which pores in soil 

are filled. With waterlogged soils, oxygen cannot disperse steadily, leaving less 

opportunity for aerobic microbes and allowing anaerobic ones to proliferate. In 

contrast, dry soils with small pores will only allow the bacterial activity to those 

microbes capable of physiologically adjusting to the extreme environment. Soil 

texture, however, can compensate for dry soils by way of matric potential (the soil's 

capability of retaining moisture between soil particles). For instance, the studies of 

Paul and Clark (1996) and Carter (2005) suggest that the highest microbial activity 

state was determined to be at a matric potential of -0.01 megapascals (MPa). The 

decline in matric potential below 0.01 MPa is associated with decreased metabolic 

activity and associated with a reduction in the rate of gas diffusion through the liquid 
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phase, as the rate of gas diffusion is lesser in water than in air.  

 

Previous studies such as those of Davidson and Janssens (2006) have also shown 

that temperature has a direct impact on the increase in microbial activity in the soil. 

Couteaux et al (2002) in their publication explain that the metabolism of soil 

microorganisms responds to specific temperature levels under which their biological 

activity operates. The authors claim that temperature further directly impacts on the 

mobility of soil microbes by way of controlling the rate of enzyme activity and 

impacting the diffusion and solubility of nutrients necessary for their growth. Vinolas 

et al (2001) in addition found that all microbes have an optimum temperature where 

their activity peaks, and although certain species are active at certain degrees, no 

microbes would be active throughout the whole range of temperatures. A window of 

0°C to approximately 60°C is the temperature range for commonly found soil 

microorganisms, with temperature ranges within 30°C for individual species 

(Nottingham et al 2019). An increase in temperature, up to 35°C in particular, will 

see an increase in the mesophilic microbial population that can be expected to be 

associated with the decomposition of pork belly tissue and body parts.  Carter and 

Tibbett (2006) also investigated how temperature affects microbial decomposition in 

a laboratory-controlled experiment. The study used skeletal muscle tissue of Ovis 

aries and based their findings on the measurements of mass loss, microbial biomass, 

soil pH, carbon dioxide evolution, nitrogen content, and metabolic content. The 

results confirmed decelerated rates of decomposition at lower temperatures but not 

as high as the authors expected.  However, since cubes of skeletal muscle tissue 

were used, the results are limited, if applicable at all. This was even acknowledged 

by the authors. It is further surprising to read that cuboid pieces of animal tissue 

weighing approximately 1.5 grams did not disintegrate in 42 days at 22°C, given 
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their size. It is also unclear how the meat pieces were dried after being washed for 

the purpose of weighing. Because the analogue size was small, an inappropriate 

drying method may have skewed the findings.  

 

Given that both temperature and soil moisture are necessary for microbial growth 

and activity, Carter et al (2010) tested whether microbial decomposers are more 

dependent on moisture or on the ambient temperature. The authors buried juvenile 

rats (Rattus rattus) in three contrasting soils in laboratory-controlled experiments. 

The measurements in the study included; cadaver mass loss, carbon dioxide- 

carbon evolution, microbial activity, and soil pH. The results indicated different 

decomposition rates between three tested soil types showing that soil moisture can 

modify the effect of temperature on decomposition rates. The results of the study 

were novel, introducing a new line of enquiry in taphonomic research. The study, 

however, suffers several flaws. Firstly, since they used juvenile rats the application 

of their results to the adult human body is difficult due to large surface area. Secondly, 

the study is laboratory-controlled giving little indication of whether the findings would 

be the same in the field conditions with fluctuations in temperature or soil moisture. 

Finally, the sample size is not clear, making it even more difficult for future replication.  

 

Soil pH may be linked with the detection of clandestine graves and PMI estimation. 

Vass et al (1992) noted that body decay can affect the solubility of compounds that 

can be associated with decomposition stages.  The production of Volatile Fatty Acids, 

are suggested, to be used in correlation with PMI, as they become volatile at low pH 

levels. Weitzel (2005) further reported acidic soil to accelerate decomposition, in 

contrast to alkaline soil because acid would potentially destroy bacterial DNA. This 

is in contrast to surface decomposition (proteolysis) that tends to be alkaline, 
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measuring on the surface over pH 9.0. Haslam and Tibbett (2009) also tested 

whether pH affects decomposition rates using three contrasting soils with different 

pH levels. The animal analogue used was tissue from Ovis aries. The methods 

included a comparison of soil type with mass loss, microbial respiration rates, pH, 

and microbial biomass. The authors reported soil type to have a considerable effect 

on decomposition with the tissue buried in acidic soil decomposing, three times 

faster than samples left to decompose in alkaline soils. The presentation of their 

study, however, suffers from limitations. The abstract is short and uninformative, with 

little detail given of the methods used. The research question is hardly supported by 

the findings from previous studies. The article is clear and concise and includes their 

usage of materials and methods and a thorough discussion. However, the 

explanation of the statistical approach is minimal. Applicability of their results is 

further affected as decay rates of lamb are hardly comparable with decomposition 

rates of the human body. 

 

How accurate are the PMI methods used for buried remains?  

A myriad of methods are available in this setting but unfortunately, most and 

especially qualitative methods are lacking in accuracy. In one famous illustration of 

the dangers of relying on an assessment by appearances, the pioneering forensic 

anthropologist William Bass underestimated the PMI of Colonel William Shy by no 

less than 113 years (Shirley et al 2011), probably because the body had been 

embalmed. Rodriguez and Bass (1983), modified by Bass (1996) were among the 

first to establish stages of decay to aid in forensic cases. As discussed previously, 

stages were classified according to post-mortem changes on the skin and insect 

succession patterns. Suggested intervals were broad and generalised but were 

precursors of contemporary qualitative and quantitative PMI estimation methods.  
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The Accumulated Degree Days (ADD) method was first proposed by Vass et al 

(1992) in response to the shortcomings of generalised, subjective assessment of 

the stages of decay. The authors used seven surface decay human cadavers to 

measure volatile fatty acid (VFA) concentrations in soil that approximated to 

Accumulated Degree Days (ADD). Skeletonisation was estimated to occur at 

ADD=1285 for a carcass weighing 150 lbs (approximately 68 kg). The weight 

correction factor of 0.1667 was provided for bodies weighing, e.g. 0-50 lbs 

(approximately 23kg). Sample size, however, was too small for replication purposes 

and could not account for a number of taphonomic variables affecting the decay or 

weather conditions. The study also did not take into account that body parts could 

decompose at different rates. The method of quantifying the decay, however, was a 

landmark development in the field, and a base for further studies such as Megyesi 

et al (2005) or Moffatt et al (2016). The authors also influenced the quantification of 

decomposition in other environments such as the study of Heaton et al (2010) that 

tested the methods on bodies washed up in UK waters, or the work of Gruenthal et 

al (2012) that estimated a charred body scale (CBS) for burned remains. Proposed 

formula was developed for smaller bodies and was based on humans not animal 

analogues.  

 

Megyesi et al (2005) was one of the first studies that followed on from Vass et al 

(1992). The authors used forensic cases found in varieties of taphonomic 

environments, classified by Galloway et al (1989). The study created the scoring 

system based on visual observation of decomposition assuming that different 

regions of the body do not degrade at a uniform rate. Megyesi et al (2005) derived 

at the decomposition scoring system (Total Body Score or TBS), and formula relating 
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to ADD and the prediction of PMI. Unfortunately, the study suffers from several flaws. 

For instance, intra-observer fallibility arises in scoring body parts based on visual 

assessment of decomposition stages, where different scientists would interpret 

decomposition stages differently. Further, their PMI estimates are partly 

entomologically derived, meaning if decomposition was not subject to insects, the 

mathematical formula proposed would be an incorrect estimation of PMI. The 

authors used Celsius and Fahrenheit in measuring temperature simultaneously, 

potentially causing errors in other studies that used their formula. Further, the study 

gave an example of PMI estimation by using Fahrenheit instead of Celsius and 

consequently missing the PMI by 193 days. 

 

Moffatt et al (2016) followed on from the work of Megyesi et al (2005) proposing an 

improved TBS and ADD equation for PMI estimation. This was done by amending 

the original statistical calculations (independent and dependent variables were 

switched) and producing narrower confidence intervals. Also, by removing animal 

analogues found unsuitable for the new ordinary least squares linear regression 

model. Further, by providing a new formula with a TBS score table and allowing 

temperature data measurements in Celsius. However, by removing a large number 

of animal analogues form the database, the authors were left with small sample size. 

Also, similarly to Megyesi et al (2005), it is uncertain whether the proposed formula 

accounts for slender bodies or individual body parts. The paper is difficult to follow. 

Statistical jargon coupled with the new quantitative decay subscriptions do not 

amount to the clarification of the methods as intended, but rather make the results 

confusing.   
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A study by Vass (2011) in addition presented a universal PMI formula based on 

observations of hundreds of human remains at the University of 

Tennessee's Anthropology Research Facility, in Knoxville, in the last two decades. 

The author offered separate formulae for burials and surface decay, and based the 

equations on three assumed dominant variables; temperature, moisture and the 

partial pressure of oxygen. The formulae were intended for worldwide application to 

different environments aiming for refined results from scientists across the world. 

However, similar to the visual scoring of decomposition, the author proposed 

estimating the percentage of the decomposed remains. Consequently, this can also 

cause errors in PMI estimation and will depend on the judgement of the scientist.  

 

Simmons et al (2010) further compared published taphonomic rates of decay from 

various environments using the Accumulated Degree Days (ADD) formula and 

found no difference in decomposition progression. The conclusions of the study 

show major limitations. According to the authors, regardless of the 

microenvironment, time of year, body size, whether burials, aquatic or indoor 

decomposition, it was only insect succession that made a difference in decay rates. 

Scavenger and microbial activity were not taken into account. Also, not all 

experimental studies included undisturbed samples; some were subject to 

penetrating trauma, whilst others were case studies with small sample size.  Animal 

analogues used in the literature from which authors the sourced data varied from 

rats and rabbits to piglets and sheep, raising concerns as to the validity of the 

research.  

 

The role of microbes in PMI estimation is a relatively new research interest in 

taphonomy. Of recent studies, Shade et al (2013) for instance suggested that soil 

https://www.sciencedirect.com/topics/social-sciences/anthropology
https://www.sciencedirect.com/topics/social-sciences/scientific-facilities
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microbial ecology can demonstrate a variety of successional patterns of microbial 

communities depending on environmental conditions. Researchers in the past few 

years have also shifted their attention to soil genomic studies of bacterial abundance. 

In simplified terms, methods generally include swabbing of skin and the soil under 

the carcass at regular intervals. DNA is sequenced from microbes on the swabs to 

find out what microbes are expected to be present at certain intervals. By introducing 

a variety of different swabbing intervals, a picture is being built for when an unknown 

sample needs to be tested for PMI. This way it can be said that a sample swabbed 

from an unknown individual matches an interval that is in the database, hence PMI 

is estimated. High throughput, next-generation sequencing techniques are for 

instance used in the study of Pechal et al (2014) that focused on microbial 

succession patterns during decomposition. The results show how sequencing 

advances can help characterising bacterial communities throughout the process of 

decomposition. The data has a dual role, to understand the microbial ecology of 

human decay, and the possibility of using microbes as evidence in court. For the 

latter, testing the change of microbial community may improve the accuracy of PMI 

estimation. The change in microbial communities and its application to PMI 

estimation was also tested by Belk et al (2018). The study aimed to build Random 

Forest regression models of PMI estimation by testing; gravesoil, different types of 

human body gene markers, internal transcribed spacer regions and various 

taxonomic levels. The authors reported grave soil and skin data using the 16S rRNA 

genetic marker (phyla level) to produce the most accurate models for PMI estimation.  

However, although the sequence of the microbial changes per decomposition stage 

has the promising potential in medico-legal field, transitioning the new technologies 

into the justice system still require major improvements underlying microbial 

decomposition succession (Metcalf 2019).   
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The project of Cobaugh et al (2015) also used human remains to study the link 

between soil and human associated microbes during decomposition. They 

presented particular taxa associated with decomposition periods of increased 

microbial activity, and human-associated microbes leached in soil that can persist 

for a prolonged period. However, approximately eight million bacterial species per 

gram of soil are involved in the decay of a human body (Vass 2001). The soil is 

further heterogeneous meaning that the number and type of microbes will vary 

according to the season, region, etc., affecting the applicability of findings. Also, as 

suggested by Turnbaugh et al (2007), bacterial community structure is minimal in a 

person but varies considerably between people. In healthy human body, different 

bacteria are commonly localised in specific niches, for instance the small intestine 

or the nasal passage (Carter et al 2017). However, transmigration of the microbes 

such as Staphylococcus spp. As well as coliforms, fungi and anaerobes was 

observed by Melvin et al (1984) as being temperature dependent. Bacterial 

community transmigration during decomposition together with the structural 

changes of microbial species was also reported by Burcham et al (2019). The 

cadaver decomposition island (CDI) surrounding the carcass, therefore, is 

commonly tested for forensically significant bacteria (Weiss et al 2016). These may 

include for instance; Actinobacteria that is usually found in soil, Firmicutes that are 

associated with soil, skin and gastrointestinal tract and Proteobacteria that can be 

found in most environments (Carter et al 2017). The impact of temperature on 

biological activity is also tested by using ADD in microbiome studies (Hauther et al 

2015, Metcalf et al 2016), notwithstanding the issue of establishing a minimum 

developmental threshold (MDT). It is used as a variable to balance termination of 

biological activity in calculating ADD.  
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2.4.3 Covered remains 

Body parts are likely to be accompanied by various coverings (Galloway et al 1996). 

Plastic waste bags, in particular, are known to be used for concealing dismembered 

bodies (Gitto et al 2015). Manhein (1996) recorded a homicide with the subject 

wrapped in a vinyl tablecloth. The author also confirmed plastic to be the most 

commonly used for body wrapping. Komar (2003) reported a forensic case where 

wrapping was used to conceal a mass of body parts. Chui (2006) further, described 

a juvenile homicide where the body was found wrapped in nine layers of plastic. 

Piatigorsky (2006) detailed a suicide with the body wrapped in plastic and connected 

to gas tanks. In the UK, Black (2017) registered bin bags as a method of disposal 

to approximately 50% (40 out of 82) of dismembered cases between 1985 and 2016.  

 

How do the principal variables influence the decomposition of wrapped remains? 

Forensic journals are one of the main sources of information to forensic scientists 

as to how the wrapping may or may not affect the decomposition pattern. A recent 

rise in experimental studies, however, has not produced an agreement between 

researchers on whether and how body covering and wrapping affect decomposition. 

A study by Mann et al (1990) was one of the earliest to note that if a corpse is 

wrapped in plastic, such as cling film or a bin liner, it will decompose slower in 

comparison to unwrapped body parts. This way, its role may be first to limit access 

to insects, but once they have reached through to the body tissue, the wrapping may 

provide shelter from weathering conditions and allow faster decomposition. Pakosh 

and Rogers (2009) investigated the decay of 120 dismembered pig limbs wrapped 

in polyethylene plastic bags in an aquatic environment (a lake). Their results 

indicated retarded decomposition, possibly due to reduced oxygen supply and 



39  

bacterial inhibition. More recently, Sukchit et al (2015) observed stages of 

decomposition on dressed hanging Sus scrofa and reported faster decomposition 

during summers and monsoons. The results of two studies by Matuszewski et al 

(2014) and also Kelly et al (2009) indicated wrapping to have an insignificant effect 

on decomposition rates. The study of Teo et al (2013) suggests that the fabric of 

clothing itself makes no significant impact on the decomposition rates. However, a 

combination with arthropod succession that may find shelter under the covering can 

impact body decay. Varley (2014) conducted a study to find the effect of burial 

wrapping on the rates and processes of decay and concluded that differences in 

decomposition are likely to be due to different types of wrapping material, depending 

on whether it is porous or non-porous. Pokines and Symes (2013) noted that in the 

absence of flies decomposition is left to fungi and anaerobic or facultative bacteria 

due to a limited level of oxygen. Only a certain range of microbes is assumed to be 

involved in the decay because of the poor availability of H2O and sunlight. This way, 

bin liners as microenvironment may or may not provide taphonomic conditions akin 

to indoor decomposition.  

 

In the absence of scavengers and insects, microbial decomposition is expected to 

be predominant as affected by temperature and moisture. This way, intrinsic 

microbial decomposers active in the decay will vary with the body part. The results 

of the study of Rao (2013) suggests that the minimum body temperature necessary 

for putrefaction to commence is 10ºC with the optimum being between 21ºC and 

38ºC. According to the author, extreme temperatures of below 0ºC and above 48ºC 

will slow the decay to a great extent by limiting biochemical action in the body. 

Moisture further is necessary for biochemical action at the time of decay and during 

putrefaction. Aufderheide (1981) described the breakdown of body tissue as a 
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competition between decomposition and desiccation, with the human body initially 

containing between 60% and 80% water. According to Smith (1984) further, dry 

environment may preserve the body, possibly causing mummification, whilst a 

moister, hotter climate favours faster decay. Bin liners in high temperatures may 

produce a humid microenvironment; how the decomposition will proceed however 

is uncertain at present. If the wrapping is tight and without openings, it may slow 

down colonisation and oviposition. If loosely wrapped around the body parts with 

openings, it may provide shelter to blowflies and other insects and accelerate 

decomposition. Mann et al (1990) for example suggest that humidity supports insect 

succession to the body, hence speeding the decomposition process. Others such 

as Campobasso et al (2001) disagree, reporting humid environments to decelerate 

decay by soaking body tissues with water.  

 

How accurate are the PMI methods used for wrapped remains?  

Few experimental studies have been conducted on PMI of wrapped body parts. A 

study by Forman (2015) investigated whether body wrapping in two types of plastic 

bags can lead to overestimated or underestimated PMI. The results showed 

wrapping to produce a ‘greenhouse effect’ and variables other than time and 

temperature to have an impact on decomposition, rejecting Megyesi’s Total Body 

Score system for PMI. Dautartas (2009) studied the decomposition of various 

covering on human cadavers. The results showed no significant temperature 

variations between covered and uncovered bodies. Further, the study indicated 

similar ADD numbers, although the bodies showed evident differences in the stages 

of the decay. The author pointed to a potentially significant issue in estimating 

quantitative rates of decay for covered bodies.  
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Scholl and Moffatt (2017) carried out a field study with 24 dismembered pig body 

parts wrapped in bin liners. Analogues including heads, limbs, and torsos were left 

to decay in two different types of bin liners and compared to surface-exposed whole 

pig carcasses. The authors reported body parts to decompose more slowly in bin 

liners than exposed whole bodies and no significant difference between two types 

of bin liners. The authors used an ADD formula that was combined with that of 

Heaton et al (2010) designed for submerged bodies due to body fluids found inside 

bin liners. What the authors did not take into account is that bacterial decomposers 

found in aquatic settings and inside human bodies are deemed to be very different, 

leaving to speculation the accuracy of their PMI estimations. The whole animal 

bodies were also surface decay making it an unlikely comparison to the wrapped 

body parts. The study further did not report average temperatures to which remains 

were exposed, minimising the applicability of their results. Hence, so far, quantitative 

PMI estimates for wrapped body parts are not being established with any degree of 

accuracy.   

 

2.4.4 Frozen remains 

Van’t Hoff Law (the Arrhenius equation) asserts that decomposition is driven by the 

speed of chemical reactions: with each 10ºC rise in temperature, microbial activity 

will be doubled (Carter and Tibbett, 2006). Therefore, the lower the temperature, the 

slower the decay. A threshold of 0ºC minimum and 40ºC maximum applies to many 

micro decomposers that grow optimally between 15º and 40ºC (Carter et al 2017). 

Hence, higher temperatures allow a quicker action of microorganisms and enzymes 

in decomposing the body (eg. Pechal et al 2013, or Lauber et al 2014). Freezing on 

the other hand promotes the preservation of soft tissue, due to temperature levels 

uncongenial to the growth of most microbes, and the exclusion of scavengers or 
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insects. For instance, human bodies have been discovered preserved over long 

periods in varied preservation environments such as the Siberian Altai mountains 

and eastern permafrost zones, (Artamanov 1965, Rudenko 1970).  

 

How does the principal variable influence the decay of previously frozen remains? 

Micozzi (1986;1996) reported decomposition pattern of previously frozen remains 

from the outside in, with the preservation of the internal organs caused by the 

disruption of microbial growth. This is in contrast to the decay of fresh bodies, which 

mostly decompose anaerobically from the inside out (Micozzi, 1996). The author 

explained that while temperatures below 12°C may slow down bacterial 

development, freezing will stop the growth of bacteria and tissue will be preserved 

by influencing cell division time. Schäfer and Kaufmann (1999) further noted that 

during freezing, cells either shrink or freeze internally. The authors elaborated that 

freezing halts most bacterial growth, with ice crystal formation damaging bacterial 

cells. Here, soft tissue fibre contains water that with freezing creates tissue 

compartments, impacting on tissue degradation by altering the distribution and 

content of body moisture. Freezing damages the connections holding cells together 

and once thawed, these result in weakened intercellular junctions with soft and 

liquefied tissues. In turn, these are expected to have a direct impact on 

decomposition rates. Stokes et al (2009) in addition observed that approximately 80% 

of the water held by cells during freezing is pulled into occupying interstices and 

develops crystals when the temperature reaches -5°C, with cellular cytoplasm 

freezing between -10º and -15°C. As a result, a different decomposition pattern may 

be possible. It is, however, uncertain to what extent it damages tissue in ways that 

consequently may impact on the decomposition pattern. It is unclear whether the 

reduction of water from cells will result in a reduction in diffusion and material 
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transfer among cells, which in consequence retards chemical reactions.  

Consequently, it is not readily known how long a body part can be frozen, and at 

what temperature, before enteric bacteria is retarded. Londahl and Nilaaon (1993) 

note that it is uncertain whether microbes are capable of resuming growth activity 

once the tissue they occupy is thawed. This is because generally, thawing takes 

longer than freezing, during which period microbes are exposed to a range of 

temperatures that may or may not promote their growth.  

 

Zugibe and Costello (1993) reported freezing and thawing to favour aerobic 

decomposition, for reasons the authors stated as unknown. The authors also noted 

that the exterior of frozen remains displayed advanced soft tissue change in 

comparison to the core that remained frozen for longer. It is possible that freezing 

disrupts anaerobic decomposition from within the body, with low temperature killing 

gastrointestinal tract bacteria. Thawing then makes the cells more accessible to a 

wider range of organisms. This way, the internal process of decomposition that 

normally predominates in a fresh body is reversed, with environmental aerobic 

bacteria being responsible for the degradation of body cells when thawed.  

 

Schäfer and Kaufmann (1999) suggested that if freezing impacts the decay, it may 

be expected to slow down the decomposition by the disruption of microbial growth. 

These findings, however, contrast with others, such as Roberts et al (2017), whose 

study showed freezing to accelerate decay rates. Also, Stokes et al (2009) reported 

freezing not to have an effect on decomposition. The authors carried out a controlled 

laboratory study using Sus scrofa skeletal muscle tissue to test whether periodic 

freezing impacts on the decay rates prior to burial. They froze skeletal muscle tissue 

at -20°C and compared it with animal tissue refrigerated at 4°C. The experimental 
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design included monitoring microbial activity by using alkali (Na0H) traps throughout 

the experiment duration to understand CO2 production. Their results showed 

freezing not to make an effect on decomposition or soil chemistry, but the burial 

microenvironment did impact on microbial activity in the soil. The study was one of 

the first in the field to test the impact of previous freezing on decay rates that have 

incorporated microbial activity with soil chemistry. As such, it opened gates to further 

research in the area. The authors froze the remains for 48 hours. It is not certain 

however, whether the time limit was enough to retard and/or destroy the bacteria 

entirely. Further, no other freezing temperatures were included for comparison 

purposes.  

 

How accurate are the PMI methods used for previously frozen remains?  

The freeze-thaw cycle can be a confusing factor in estimating PMI. Any method, 

regardless of its accuracy in estimating PMI of previously frozen body parts, would 

be affected if the disposal microenvironment was not known. Micozzi (1986) found 

that freezing may not change the sequence of decomposition stages when 

compared to bodies that were killed but not frozen, but it may contribute towards 

faster disarticulation rates. Leygonie et al (2012) explain that this is because 

freezing temperatures will preserve soft tissue through a process of sublimation and 

largely reduced microbial activity. The body may have been accessible to insects 

before freezing and might have been frozen in different stages of decomposition. 

After thawing, succession also may differ from the pattern with fresh corpses, due 

to altered bacterial action and the delayed release of volatiles/odour. This way, if it 

is not detected that a body or body parts have previously been frozen, PMI 

estimations may produce inaccurate results, such as a shorter estimated decay 

period. This way, although the effects of freezing/thawing on microbial activity have 
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been researched in the past, results tend to vary, giving rise to inconsistencies in 

PMI for whole bodies and no PMI determination for body parts.  

 

2.5 Conclusions  

In summary, a comprehensive review of previous studies indicates three main areas 

of research necessary for a better understanding of taphonomic processes post-

dismemberment. First is the effect of the burial microenvironment on the decay of 

individual body parts. As shown in the literature review, there is a gap in research 

resulting in inadequate knowledge of the possible difference in PMI estimation and 

decomposition pattern. Because the parts are separated from the torso, would open 

wounds attract more soil decomposers? Conversely, would the separation of these 

parts act as a barrier of decay, because abdominal microbes are absent or in 

minimal numbers? It is not certain if the decomposition of individual body parts is 

predominantly driven by internal or soil bacteria; in particular, if soil moisture, 

temperature, and soil pH are driving variables in their decay.  

 

Secondly, it is evident from the criminal dismemberment cases in the UK that body 

wrapping is not uncommon as part of the concealment of remains (Black (2017). 

Similarly, it is not readily known how the decomposition would proceed. Wrapping 

may create a microenvironment that could slow down decomposition, by acting as 

a barrier to arthropods and aerobic microbes. On the other hand, it can accelerate 

the process by keeping the temperature constant and allowing anaerobic bacteria 

to decompose the body.  

 

Thirdly, whether freezing does impede decomposition once the tissue is defrosted 

and to what extent, has not yet been agreed upon. Microbial action on frozen and 
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thawed remains is little understood, as is the effect on PMI. The literature review 

further indicated that freezing may not necessarily affect rates of decay but is likely 

to have an impact on microbial activity. These findings are contradictory and require 

clarifying. Further research in these settings may aid a better understanding of the 

taphonomy of body parts and estimation of PMI.  
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CHAPTER THREE Methodology 
_______________________________________________________________ 
 

3.1 Introduction 

The purpose of this chapter is to give an outline of the rationale and assumptions 

underpinning the research materials and methods. It firstly provides the criteria for 

the choice of animal analogue and the ethical considerations that were followed in 

the process. Secondly, the methods used to analyse data are evaluated and justified. 

The evaluation of the choice of instrumentation used to collect data is discussed 

next. The fourth section reflects on the suitability of the methodological approach 

and it compares and contrasts the research design with alternate methods. Finally, 

the choice of statistical methods is discussed to include its reliability, validity, and 

objectivity in data interpretation. 

 

3.2 Usage of animal analogues in taphonomic research 
 
The selection of analogue in present contribution was of fundamental importance 

since the overall aim was to understand the decomposition of human body parts. 

This way, extra care and thought were put into utilising the most suitable analogue 

that would produce results suitable for mirroring human decomposition, for 

replication purposes. Sus scrofa (the domestic pig) was used in the experimental 

part of the project, as its decomposition is widely accepted to resemble closely that 

of human remains (Matuszewski, 2014). Pork belly, and pig heads and feet were 

used in the trials. The former allowed detailed microbial analyses during 

decomposition and the latter served for taphonomic analyses. 

 

Use of human remains in forensic context at present is in its infancy and limited to 

a few facilities globally, mostly in the USA, that have permission to use donor bodies 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Matuszewski%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24487775
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for taphonomic research (eg. the University of Tennessee, Western Carolina 

University, Texas State University, Sam Houston State University, Southern Illinois 

University and Colorado Mesa University). Recently, institutions in Australia (the 

Australian Facility for Taphonomic Experimental Research) and Holland (the 

Amsterdam Academic Medical Centre) have also been granted permission to carry 

out research on human bodies. Despite being the best match for taphonomic studies, 

the research based on human remains has also several limitations to date. Firstly, 

the experimental work largely depends on the donation of human bodies (including 

elderly, emaciated and individuals that were subject to various types of medication), 

with a small sample size affecting the replicability and reliability of results. Secondly, 

studies using human remains rely on what they have been given, often lacking a full 

biological profile of the individual subject. For instance, medical records and 

knowledge of the lifestyle of a cadaver’s donor may not be available, potentially 

affecting the accuracy of the results. Finally, bodies are likely to be kept in chillers 

and if they are transported away from the facilities; this potentially affects the early 

stages of decomposition in terms of, for instance, fly succession or early microbial 

action (Hayman and Oxenham 2016). Consequently, a range of animals is used as 

analogues in taphonomic experiments to mimic human decomposition. These 

include pigs (Stokes et al 2013) as well as sheep (Tibbett et al 2004), rats (Micozzi 

1986), dogs (Reed 1958) and/or rabbits (Adlam and Simmons 2007).  

 

How accurately can animal remains replicate human decomposition? Stokes et al 

(2013) compared the decomposition of human skeletal muscle tissues with Ovis 

aries (sheep), Bos taurus (cow) and Sus scrofa (pig) in a soil context. Their study 

demonstrated differences in decomposition between all species but also similarities 

in animal and human decay patterns. Ovine for instance decomposed similarly in 
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terms of levels of pH and nitrate, whilst porcine samples decayed similarly to human 

tissue based on electro conductivity. The authors advised care in the interpretation 

of the results but saw no major issues in using animal analogues free from antibiotics.  

 

The animal analogue chosen for this project is the domestic pig. This is firstly, 

because of all animals, the pig is most commonly used as a proxy for humans, based 

on the assumption that they decompose similarly on account of fat distribution, lack 

of fur, quantity of body hair, internal anatomy, omnivorous diet and skin type (Martin 

et al 2016, Catts and Goff 1992). Secondly, it is available widely at modest cost and 

in different sizes, allowing a large sample size. Thirdly, pigs are used successfully 

in genetics and skin research because of its MC4R polymorphism (melanocortin 4 

receptor). Its pigmentation, as well as its energy metabolism and melanocortin 

system, are similar to some humans (Andersson 2003) which is significant in 

understanding the post-mortem skin changes.  

 

3.2.1 Ethical considerations  

The pigs used in this study were destined for the food chain. They were killed culled 

using slaughter methods in slaughterhouses by bleeding to death. A large sample 

size was set to avoid bias on the reliability of estimates of error and maximise 

applicability of the findings. However, ethical considerations were a priority before 

choosing the samples size to assure that no more animals were killed than 

necessary.  

 

3.2.2 Legislative requirements 

Animal slaughter was carried out in the slaughterhouse according to the UK Food 

Standards Agency regulations. It was performed by staff holding a Certificate of 

Competence that qualifies them to carry out the animal slaughter. Under EU 
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regulations, slaughterhouses hold full responsibility for animal welfare and have to 

meet legislative requirements concerning methods of killing (Food Standards 

Agency 2017). European Council Regulation (EC) 1099/2009 on the protection of 

animals is in force from January 2013 after replacing the Council Directive 

93/119/EC of December 1993. England and Wales have in addition kept national 

legislation that affords greater protection to animals at the time of killing than the EU 

Regulation (Official Journal of the European Union 2009). 

 

3.3 Evaluation of the research methods 

Both, qualitative and quantitative taphonomic experimental methods were utilised to 

maximise research data and to minimise errors deriving from subjective analyses 

associated with the former. The multidisciplinary methodological approach of 

forensic taphonomy and microbiology allowed analyses from different angles, for a 

better understanding of the decomposition.  

 

3.3.1 Compost analyses 

In forensic cases, it is often necessary to establish how soil has affected the 

decomposition of a human body. The rich potential of soil as evidence in the forensic 

sphere is mentioned as early as the Sherlock Holmes novels of the 1890s. Because 

of their physical variation in terms of colour, texture, and structure, soils can inform 

us of their location and formation. Its complex material varies in the proportion of its 

inorganic and organic components and can change naturally or as a result of human 

activity, requiring specialist forensic analysis. The analysis of physicochemical 

properties of compost in the present contribution included: organic analysis (organo-

mineral characterisation), inorganic analysis (soil elemental analysis), soil bulk 

density and particle porosity, soil texture and type, soil water potential and retention. 
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All of which may have the potential to affect the decomposition of a body.  

 

Compost, as opposed to soil, was chosen for replication purposes and to determine 

a laboratory-controlled ‘textbook’ decomposition, not representative of any particular 

soil type or soil environment. Because soil is fundamental to understand in terms of 

the effect of burial microenvironment on the decay, the techniques used to analyse 

the compost were tailored from compilation of studies published in five volumes 

(Klute 1986, Weaver 1994, Sparks 1996, Dane and Topp 2002 and Ulery and Drees 

2008). They are used globally in soil science as standard and are suitable for all 

types of soils.  

 

Soil pH is likely to decide on how soil microbes will respond to the nutrients that 

become available during the decomposition (Haslam and Tibbett 2009). Initial pH of 

the soil will also affect the rise or fall of pH levels during the decomposition (Haslam 

and Tibbett 2009). Study of Damann et al (2012) showed that changes in soil pH 

that resulted from decomposition can last for years, making it a valuable tool in 

forensic taphonomy. For instance, in establishing PMI, where soil pH can affect the 

solubility of compounds (Vass 2001). Given its important role in burial 

microenvironment, care was put on choosing the technique and the instrument to 

assure correct recording of alkalinity and acidity. The method used for the 

assessment of the soil pH was adopted from the Association of Official Analytical 

Chemists (Kalra 1995). It is a reliable and effective technique used regularly in 

forensic science and soil science. 

 

The organic component matter is responsible for the disintegration of organic mat-

ter, with its microbial population contributing towards rates of decay (Sparks 1996). 
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It also influences other soil properties: for instance, it supplies available nitrogen to 

plants, evidence that may be used in matching the scene to flora found on the body 

(Dane and Topp 2002). Organic matter constitutes only a small amount of soil 

weight, approximately 10% (Dane and Topp 2002), and in order to calculate an ac-

curate percentage from the total soil amount, it has to be separated from the soil’s 

inorganic material. The method chosen was a Loss on Ignition (LOI) at high temper-

atures because it has fewer limitations in comparison with the oxidation of the or-

ganic contents with H2O2.  

 

Inorganic soil content is, in essence, the matter that is not a product of living organ-

isms, plants and animals such as metals, minerals, and rocks (Ulery and Drees 

2008). To understand what elements constitute the largest portion of compost, the 

analysis was completed with the scanning electron microscope (SEM). The tech-

nique was chosen because it defines well the structure of the soil including its par-

ticle characteristics and water potential, both important in allowing the growth and 

activity of the microbial soil community.  

 

All soils comprise of four main elements in different variations; a small percentage 

of organic material, approximately 40-60% of mineral matter, 20-50% of soil water 

and up to 40% of soil air (Weaver 1994). Bulk density represents soil compaction, 

with dry bulk density being inversely linked with the soil porosity; hence, lower bulk 

density comes with more pore space (Weaver 1994). In soil science, bulk density 

calculations are used as a basis for conversions of water percentage by weight to 

volume and for calculations of soil porosity. In forensic soil analyses, soil bulk density 

and porosity (that is, in essence, the open space between soil particles), are 

important to understand in their relation to soil microbial population and microbial 



53  

activities. The method was chosen because it is reasonably accurate and provides 

a measurement of both density and porosity together, saving time and resources. 

 

The texture of the soil determines its water content. Soils with fine textures retain 

moisture better than soils with coarse texture (Krogman and Işcan 1986). The 

significance of this in forensic science is that fine soil is also linked with the 

preservation of body tissues because rates of gas diffusivity are low and the 

moisture level is not enough for the growth and development of aerobic microbes 

(Carter 2005). In such a microenvironment, anaerobic microbes would prevail in 

decaying the body; these, however, are not as efficient as aerobic decomposers 

(Swift et al 1997). Soils with a coarse texture can also promote desiccation, due to 

low moisture levels (Fiedler and Graw 2003) and can cause the preservation of a 

body for thousands of years (Micozzi 1991). This is because these types of soils 

promote high rates of gas diffusivity, where moisture is removed fast through the soil 

matrix. The technique was chosen for several reasons. Firstly, it is a standard 

method, used widely. Secondly, it is relatively simple and economical to conduct. 

Thirdly, compost is not representative of any soil type and relatively easy to 

understand in terms of particle characteristics. Thus, the analysis could not produce 

large errors in terms of accurate soil representation.  

 

In field conditions available water in the soil is added either by rainfall or planned 

irrigation of plants. The importance of sufficient soil moisture lies with plant growth. 

Similarly, aerobic soil microbes will also depend on sufficient oxygen and water 

levels (Dane and Topp 2002). Waterlogged or dry soil conditions may, in contrast, 

simulate conditions where anaerobic microbes will thrive and in turn, will affect the 

decomposition pattern (e.g. preservation of the body rather than decomposition). 
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The method selected is a standardised part of soil analysis that is accurate and 

suitable for all soil types.  

 

Soil water content indicates the amount of water present. Soil water potential, on 

the other hand, shows how much is potentially available to an organic matter by 

calculating the energy potential of water in the soil to move around (Weaver 1994). 

The experiment aims to show that filter paper in a container with soil and low oxygen 

will reach equilibration with the soil in terms of the water potential. The method was 

chosen because it offers a simplified yet reliable technique with no need for 

specialised equipment and training. The advantage is that the method is simple and 

does not require specialist training. It can be used in the laboratories and in the field. 

Most importantly, it is suitable for small size experiments. 

 

Finally, water retention relates to permeability and it refers to the maximum amount 

of water that it can hold (Klute 1986). It depends on soil type, amount of organic 

content and particle characteristics (Klute 1986). This way, some soils such as 

sandy types have low water retention in comparison to clay soils that have high 

water retention potential. The technique is simple, accurate and economical.  

 

3.3.2 Microbiological analyses 

A microorganism can be analysed phenotypically and/or genotypically (Carter et al 

2017). The former approach includes the physical appearance of the organism that 

derives from its genetic structure such as colony morphology, colour and abundance 

(Slonczewski and Foster, 2013). The latter focuses on the specific genetic 

foundation that leads to the phenotype (Slonczewski and Foster 2013). The potential 

to identify microbes has significantly improved with the rise of genomic approaches 
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with reference to isolation of genera or species (Slonczewski and Foster 2013). 

These include sequencing techniques such as; 16S or 18S ribosomal RNA (rNA) 

and next-generation sequencing (NGS) (Gu et al 2015).  

 

The traditional way of understanding post-mortem history in forensic research is 

recording the effect of environmental factors on the physiochemical characteristics 

of the decay (Finley et al 2015). After the investigation of the anthrax attacks prior 

to September the 11th terrorist attack in the United States, the role of microbiology 

in forensic fields became more apparent (Kuiper 2016). A combination of NGS 

approaches with the newly emerging field focusing on microbial diversity for 

assessing soil and bacterial communities in humans, gave way to the rise of forensic 

microbiology (Carter et al 2017). NGS can now identify microbes that previously 

could not be cultured in a standard laboratory setting (Woese et al 2000) highlighting 

them as a driving force in human decay (Lauber et al 2014). 

 

This study has used the animal surrogate model to study microbe presence, 

abundance and transmigration with an aim to provide context of human microbiota 

in PMI estimation. Therefore, phylogenetic succession analysis of bacterial growth 

was not considered useful. Animals have different body microflora where species 

identification would contribute little for direct comparison against human body 

decomposers. Therefore, although decomposition rates and patterns of Sus scrofa 

may be similar to those of humans (Matuszewski et al 2019), different microbes are 

likely to be involved in the decay process. To this end, broad-spectrum enumeration 

techniques were chosen, as suggested by the study of Hopkins et al (2000). DNA 

methods in addition would overload the picture with unnecessary complexity where 

funds and applicability of the results are limited. 
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The viable count (VC) is a microbiological method to determine the number of micro-

organisms present (Weaver 1994). It is used to establish non-specific bacterial and 

fungi colonies on the scale of less than 100. The procedure of bacterial count is also 

called the ‘dilution plate method’ and comprises two main versions (Weaver 1994). 

First is the ‘pour plate’ method of dilutions in petri plates, where cooled agar is 

poured onto the plate and mixed with the material being tested. Second is the 

‘spread plate’ method of dilutions spread on an agar medium that was used in this 

project. The method involves enumerating organisms by inoculating relevant culture 

media on agar plates that promote the growth of bacteria and counting them after a 

certain incubation period. An estimated number of bacteria per gram of sample is 

calculated after taking the dilution factor into consideration. Bacterial numbers are 

calculated at the beginning, at specific intervals during the decay, and at the end of 

the trials. This is done to establish numbers of colonies involved in the decay; to test 

whether the growth of bacteria can be associated with decomposition pattern and 

whether mainly aerobes or anaerobes were involved in the breakdown of cells. Both 

‘spread plate’ and ‘pour plate’ methods are designed to obtain a number of viable 

cells present in a sample. Although they are both reasonably accurate, the former 

was chosen because it is designed for enumeration of aerobes only. The technique 

is an important part of the interpretation of the microbiological results. Therefore, for 

the sake of higher accuracy, anaerobic bacteria were counted separately in 

anaerobic containers in this project. The formula for determination of viable count of 

bacteria was adopted from a related project (Zaidi 2013) that has proven to be 

effective.   
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Gram staining is a microbiological method used to distinguish between Gram-

positive and Gram-negative bacteria (Holt et al 1994). By colouring the cells in either 

violet or red, Gram staining can differentiate between the two because of the 

difference in structure of their cell wall. Gram-positive bacteria can retain the crystal 

violet dye because of the thick layer of peptidoglycan in the cell wall. Gram-negative 

bacteria will only stain red because the peptidoglycan wall is thin and cannot retain 

the crystal violet colour (Holt et al 1994). Gram staining was chosen to differentiate 

between potential body and soil microbial decomposers.  

 

The analyses were completed on selected samples for an indication as to whether 

Gram-negative bacteria (commonly found in the human body) or Gram-positive 

bacteria (mainly living in the environment, such as soil) were predominant during 

the decay. To address the former, Gram staining was performed on the bacteria 

harvested from animal skin and muscle. For the latter, compost bacteria were used.  

 

In addition to obtaining viable numbers of potential microbial decomposers, the 

metabolic activity of soil microbes was further tested. This was done in order to learn 

whether the activity of the decomposing microbes can be associated with 

decomposition pattern. Significance of the protocol development was to support 

viable count of the microbes that may or may not only be present in numbers or may 

or may not also be active in the decay. The fluorescein diacetate hydrolysis (FDA) 

method was tailored from Adam and Duncan (2001) to suit this project and it 

included a reduced amount of chloroform-based solutions. This minimised exposure 

of the researcher to health hazards, and it reduced the accumulation of hazardous 

waste. Because it was tested on a relatively small sample size, the revision of the 

original method further avoided costly prolonged routine analysis.  
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3.3.3 Taphonomic analyses 

The taphonomic decomposition model was modified from Davis and Goff (2000) and 

Prieto et al (2004) to encompass a combination of gross post-mortem changes typ-

ical for buried and submerged environments. Classification of the decomposition of 

body parts was tailored for this project to include the appearance of the remains in 

submerged conditions. Setting up a new protocol for gross morphology assessment 

of the remains was found necessary for standardisation of potentially different de-

composition pattern and for the replication purpose. Morphology of the remains was 

discussed in terms of any differences in appearance that may be associated with 

the taphonomic microenvironment. 

 

Tinytag® Gemini TGP1200 dataloggers used to monitor ambient temperature were 

used successfully before at the University of Bradford in taphonomic experiments. 

For this project, they were found suitable as the samples were based in two adjacent 

rooms with different temperature settings adequate to cover several tested samples.     

 

Arguably, a mathematical algorithm can calculate how long the body has been 

decaying in retrospect from the date the body was found. It can also predict how 

long it would need under given conditions to decompose. However, at present, there 

are no established quantitative PMI formulas designed for dismembered remains. 

The three main methods that are used for PMI estimation of whole bodies were 

hence applied for comparative purposes. Firstly, the Accumulated Degree Days 

(ADD) method proposed by Vass et al (1992). Secondly, body decomposition 

scoring as a base of ADD prediction proposed by Megyesi et al (2005). Finally, 

edited quantitative PMI formula derived from Megyesi et al (2005), the study of 
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Moffatt et al (2016). 

 

3.4 Selection of growth media and solutions 

The media and solutions used were chosen specifically to maximise information 

needed on microbial analyses. Six types of media focused on gathering information 

on aerobic and anaerobic bacteria according to their characteristics, numbers, and 

activity in the soil.  

 

Dehydrated powdered Rose-Bengal Chloramphenicol Agar (Lab M) was used for 

the selective enumeration of colonies of fungi. It works on the principle that agar is 

absorbed by mould colonies, promoting enumeration. The medium is chosen be-

cause mostly Gram-negative bacteria are expected to be active throughout the de-

cay process and Chloramphenicol has an inhibitory action on Gram-negative bac-

teria. It also slows down the spreading of moulds, hence allowing counting of other 

thriving slow-growing species on the plate.  

 

R2A Agar (Melford) is used as a general culture medium. In the project, it was uti-

lised for Viable Count and also for a possible trace of pathogenic microbes such as 

coliform bacteria, commonly found in the intestinal tracts of animals and discharged 

with faeces. Nutritionally reduced, it is used to study drinking water bacteria; it is 

useful for culturing other bacteria that will not grow on complex organic media, both 

Gram-positive and Gram-negative.  

 

MacConkey Agar No.3 (Lab M) is a differential and selective medium used usually 

typically to isolate Gram-negative and enteric bacteria from the intestinal tract. In 

the project, it was used for the identification of Gram-negative bacteria such as 
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Coliform and Enterobacteriaceae, also enteric pathogens from intestines, and 

Gram-positive bacteria such as Enterococci and Streptococci. It works on the basis 

that bile salts and the crystal violet prevent the growth of Gram-positive bacteria, 

hence isolating Gram-negative ones. Number 3 MacConkey is modified from the 

original MacConkey medium with extra salt and specifically chosen bile salts for the 

differentiation of lactose and non-lactose fermented bacteria and the suppression of 

all Gram-positive bacteria.  

 

Finally, Fastidious Anaerobe Agar (Lab M) was used for anaerobic organisms. It 

was chosen as the isolation medium for fastidious microbes as it contains peptones, 

allowing for the highest growth simulation with promoting agent Cysteine (aimed at 

Bacteriodes fragilis, Fusobacterium necrophorum, etc). It works on the principle that 

Pyruvate aids hydrogen peroxide neutralisation. The high level of alcohols and acids 

that this would produce is avoided by the low amount of glucose that would hinder 

the development of colonies. Simultaneously, sodium succinate with vitamin K and 

0.1% glucose allow the growth of anaerobes.  

 

Antibiotic Lab M ‘Plus Chloramphenicol’ (one vial per 500ml of medium) was used 

for the isolation of fungi from the samples. Its antibiotic range destroys most con-

taminating bacteria and allows fungi to grow.  

 

Defibrinated Horse Blood (Oxoid) was used with Fastidious Anaerobe Agar (Lab M) 

for the isolation and cultivation of various fastidious anaerobes. Quarter-strength 

Ringer’s solution tablets (LabM) was used to produce a solution aiming to keep the 

balance for bacteria and microbial control of apparatus. 
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3.5 Internal and external validity of experimental methods 

The biggest advantage of the application of the decay stages for PMI purposes is 

that it is readily available and understood by a wide spectrum of police and forensic 

investigators with little specialist knowledge. This is particularly helpful when foren-

sic taphonomists, pathologists, and anthropologists are not available immediately. 

The largest drawback, however, is that the description of decomposition stages is 

subjective and may lead to errors in the estimation of PMI. Intra observer error aris-

ing from the Body Score (TBS) calculations, proposed by Megyesi et al (2005) was 

minimised by repeating the decomposition scoring twice by the researcher on two 

separate occasions. Variability in TBS was minimal with no statistical analysis nec-

essary. Intra observer error that may have arisen from the observations of gross 

morphology was also minimised by completing three sets of experiments twice (fro-

zen buried remains, wrapped remains and frozen wrapped remains).  

 

The inter observer variability rate of the observation of gross morphology of tissue 

was minimised by completing the assessment by two additional independent ob-

servers, from the photographs. The inter observer variability rate was measured us-

ing the Interclass correlation. 

 

To further support the shortcomings of the qualitative assessment of gross soft tis-

sue changes, decomposition was scored quantitatively by using three PMI ap-

proaches (Vass et al 1992, Megyesi et al 2005 and Moffatt et al 2016). In addition, 

validity of these approaches was tested with bespoke method designed for the pre-

sent contribution and was statistically analysed. 
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3.6 Contamination issues and measures applied 

Time of slaughter was recorded as reported by the butchers; errors, however, may 

have been made. Further limitations might have arisen in the slaughter phase, prior 

to the commencement of the experiment proper, to include the potential destruction 

of body bacteria during the chilling period in the fridge. It is also likely that 

contamination will have taken place between bacteria predominant in the guts of the 

animal and other parts of the body during and after slaughter, via knives and axes, 

as well as in the process of cleaning. Because any of the above is likely and 

probable, microbiological analyses to include viable count and the Gram staining 

were treated as qualitative in nature and used for guidance with no statistical 

analyses applied. Potential skewing of microbiological results is further minimised 

with the large sample size. Also, bodily Gram-negative bacteria expected to be 

involved in the decay would be predominantly anaerobic. Hence, if large scale 

contamination did take place, strict Gram-negative microbes would not survive in 

the presence of oxygen, limiting the possibility of error in results. For this reason, 

anaerobic bacteria were assessed separately in anaerobic conditions.        

 

3.7 Evaluation of statistical analyses 

A total of 22 statistical tests were employed in hypotheses testing. Biomass loss was 

analysed to understand the impact of microenvironment on decomposition rates of 

dismembered body parts. Repeated measures (RM) ANOVA compares three or 

above equal metric variables in one group. The test was relevant as its assumptions 

include independent and identically distributed variables, a multivariate normal 

distribution in the population, and equal difference scores in the population 

variances (Kshirsagar and Smith 1995). RM ANOVA was used for average 
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measures of overall significant differences between compost pH and microbial 

activity. If data normality failed, Friedman’s ANOVA was used instead.  

 

One-Way ANOVA compares three or more groups on one variable. The test was 

considered suitable as its assumptions are: a) variables are equally distributed and 

independent, b) variance of the dependent variable is the same within each 

population and c) the dependent variable is normally distributed in each population 

(Montgomery 2001). One-Way ANOVA was used for average measures for overall 

significant differences in analogue mass loss. When data did not pass the normality 

tests, The Kruskal-Wallis test was used instead. The test is non-parametric, 

meaning it does not assume a normal distribution. It was used as opposed to 

Whitney U because it allows more than one group of independent variables.  

 

The validity of the bespoke TBS was tested by Pearson coefficient to assess the 

level of measurement between TBS and ADD. All assumptions of the statistical tests 

were passed: variables were continuous, a pair of values was tested, there were no 

outliers, the relationship between the variables was linear and homoscedasticity was 

met. Weighted least squares model was used to test the impact of ADD on PMI. 

Linear regression was not applied as data did not pass all statistical assumptions 

(homoscedasticity), and because of the increased variances with ADD.  

 

Inter-observer reliability of gross morphology classification into decay stages was 

tested using Interclass correlation (ICC) that is commonly used to test inter-observer 

error (Koch 1982). The test was used to measure the consistency of measurements: 

how strongly the rating of the first observer resembled the ratings of the other 

observer. Data passed statistical assumptions of being continuous, independent 
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and normally distributed.  

 

To reduce the probability of making a Type I error, an alpha level was set at 0.05. As 

it is not possible to eliminate committing the error, the probability of rejecting the true 

null hypothesis was hence minimised to 5%.  Lowering the alpha level to 0.01 was 

not considered as it would risk the results not capturing the true difference of 

statistical tests. The possibility of Type I error altering the results was further 

minimised by letting the tests complete their intended course and by employing a 

high sample size. The latter also helped to avoid Type II error since the large sample 

size increased the power of the test to which the Type II error is closely related. 

Because lowering the probability of one type of error means increasing the other 

type, the aim was striking a balance in setting the statistical significance at 95%. 

 

3.8 Summary 

The aim of this chapter was to outline methodology that underpins the research 

questions. A discussion of the choice of animal analogue, the methods, laboratory 

equipment and research limitations grounded theory methodology that leads to the 

specifics of the study protocol and the research designs. 
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CHAPTER FOUR  Materials and Methods 
_____________________________________________________________ 
 

4.1 Introduction 

This chapter sets out a protocol for the laboratory experiments involving decompo-

sition of dismembered body parts in an early stage of decomposition. A series of 

experiments were conducted to answer research questions concerning the impact 

of buried, wrapped and frozen microenvironments on decay. Taphonomic analyses 

included qualitative and quantitative estimation of PMI. Microbiology trials consisted 

of Gram staining, viable count of microbes and soil microbial action. Soil analyses 

focused on physiochemical characteristics of compost. The following section of this 

chapter covers background information on animal analogues. The third part sets out 

a standard operating procedure that was followed to assess the decomposition. The 

fourth section focuses on the research designs and details how studies were set up 

and data was collected. The last part of the chapter is an evaluation of the statistical 

tests used for data analyses.    

 

4.2 Materials 
4.2.1 Sus scrofa background 

Adult pigs from two years of age that had reached a weight of 30 to 40 kilograms 

were utilised. The animals were slaughtered seven hours prior to the start of the 

experiments and were kept in refrigerated conditions before being transported in a 

van in plastic bags to the University of Bradford Taphonomy lab. The meat (animal 

body parts and belly slices) originated from a Yorkshire abattoir, John Penny & Sons 

in Leeds, and was purchased from a local butcher’s shop in Bradford. Samples of 

pork belly and other body parts were obtained from a single supplier to ensure that 

the analogues were closely matched in demographic traits and diet. All pigs had 
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been fed with processed protein-based food with added probiotics as protection 

against diseases. No antibiotics were given to animals used in the project. They 

were raised outdoors and taken care of by swineherds. Animals were kept in the 

rearing accommodation up to two years until they reached the necessary weight and 

were transferred to straw-bedded finishing houses.  

 

4.2.2 Sample size 

Eight experimental sets comprising 25 experiments were utilised in the 

decomposition analyses (Appendix 19). The trials were conducted separately on 

pork belly and body parts. The former analysed compost pH, VC and soil metabolic 

activity of microbes using different meat pieces in each trial.  The latter focused on 

taphonomic analyses (Appendix 16; 19) also using different body parts in each 

experiment.  

 

The overall number of animal samples in all experiments was 312 of which 188 were 

belly slices and 124 were body parts (62 heads and 62 feet). For belly slice trials, 

94 meat pieces were buried fresh, 50 samples were buried following freezing, 22 

were freshly wrapped and 22 were wrapped after freezing (Appendix 16; Table 2). 

In the body parts experiments, 28 body parts were buried fresh, 32 were buried 

following freezing, 32 were wrapped fresh and 32 were wrapped following freezing 

(Appendix 16; Table 2). 

 

4.2.3 Animal slaughter and dismemberment 

Animals were killed in slaughterhouses, first stunned by an electric current applied 

by electrode tongs, followed by their throats being cut. Animals were known to have 

been killed within seven hours from the start of the experiments, dismembered 

within 15 minutes from slaughter and kept chilled in fridges at 5°C. The parts were 
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delivered to the laboratory in vans, wrapped in double plastic bags to prevent insect 

succession. Dismemberment included five cuts to separate the head and the front 

and back limbs from the torso (Figure 3). The first cut, to detach the head from the 

rest of the body, is in the area of the cervical vertebrae. Second and third cuts are 

above the forelimbs and the last two cuts, above the hind limbs.  

 

Table 2 Summary of the overall sample size  
Sample Soil 

pH 
VC/Gram 

stain 
Soil mi-
crobial 
activity 

Mass loss/gross 
morphology 

To-
tal 

Fresh buried belly slices 48 22 24 -- 94 
Frozen buried belly slices 24 14 12 -- 50 
Fresh wrapped belly slices -- 22 -- -- 22 
Frozen wrapped belly slices -- 22 -- -- 22 
Fresh buried body parts -- -- -- 28 28 
Frozen buried body parts -- -- -- 32 32 
Fresh wrapped body parts -- -- -- 32 32 
Frozen wrapped body parts -- -- -- 32 32 

 

 

 

 
Figure 3: Butchery model of skeletonised adult pig. Image modified from Shutterstock (2016). 

 

 

 

4.3 Methods for assessing decomposition: soil analyses 

Physiochemical analyses of compost included eight techniques designed to provide 

an in depth understanding of a depository microenvironment the remains were 

exposed to during the decomposition. Each method in addition, aims to provide 

standardisation in recording and for replication purposes. 



68  

    

4.3.1 Compost pH 

The ratio used for compost-water pH measurement was 1:2.5. The suspension 

consisting of 4 grams of compost and 10ml of distilled water was vortexed and 

settled in 30ml/14.7g vials before measurement. The pH meter used was ‘Meter 

Toledo MP220’ with a probe that allowed two point pH calibration and display 

resolution of 0.01.  

 

4.3.2 Organic content of compost 

A Carbolite Eurotherm furnace oven and a Genlab oven were utilised in determining 

the organic content of soils. The procedure included heating the organic matter at 

high temperature, where the outstanding weight of the soil is accepted as a measure 

of the organic content. Firstly, sample of 10 grams of compost was placed in crucible 

and heated in a muffle furnace at 400°C for two hours. Cooling was allowed for 24 

hours before determining the weight. A second drying cycle involved heating at 

105°C for 24 hours and estimating the weight after cooling. A third drying cycle was 

at 400°C for 16 hours and determining weight after cooling. The procedure was 

repeated three times to assure accuracy. The weight of the samples was calculated 

by subtraction:  

 

LOI% = Weight105°C - Weight400°C X 100 
-------------------------------- 

Weight105°C 
 

 

4.3.3 Inorganic content of compost   

The estimated percentage of organic matter was first subtracted from 100 to arrive 

at the percentage of inorganic content of compost. Three samples of compost were 

prepared for Scanning Electron Microscopy (SEM) analysis having been dried and 
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2mm-sieved to eliminate outgassing from water and organic contamination. The 

samples were not highly conductive, so without a coating, the charge effect would 

trigger image distortion. During the process of SEM analysis, a number of electrons 

would strike the surface and need to be removed, or the sample may suffer damage 

from heat, causing also a high electric charge. Coating in carbon coder made them 

conductive and was hence applied at a thickness of approximately 20 nanometers. 

Electric coating, consisting of a conductive material applied to the material surface, 

is used to remove excess electrons to the ground that otherwise may cause charging. 

Following the coating, the soil samples were mounted on stubs by double-sided 

conductive carbon tapes connected from the top of the sample to the sample holder. 

Care was taken that samples should not be exposed for a long time to the vacuum 

chamber, in order to prevent contamination from inside that would show up as 

carbon deposition on the images. Coated soil samples were placed in the SEM 

sample chamber and an SEM picture was taken at 20 kV under 30X magnification. 

Elemental analysis was completed using Oxford Instruments Inca X-Sight hardware 

and Inca software, where spectrum analysis was created for samples and identified 

specific aspects to analyse for the presence of elements in the soil samples. 

Inorganic soil components were identified through a scanning electron microscope, 

FEI Quanta 400. Carbon coder FEI Quanta 400 was used for sample coating before 

SEM analysis. The elemental analysis was completed using Oxford Instruments 

Inca X-Sight hardware, and Inca software. Samples were dried by a Thermo Savant 

SC250EXP SpeedVac system.  

 

4.3.4 Analysis of the soil bulk density and porosity   

Bulk density calculations were based on dividing the dry weight of the bulk sample 

from the volume of soil core, the figure presented as grams per cubic centimetre 
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(Bulk density calculation in g/cm3):  

 
 
                   BD (g/cm3) = Dry soil weight of the bulk sample 

-------------------------------------     
        The volume of soil core 

 

Soil porosity was then calculated as 1 - (bulk density/ 2.65). The default value of 

2.65 is used as the average bulk density of rock with no pore space. 

 

4.3.5 Analysis of soil particle characteristics   

To establish the texture of compost, first 10 grams of sample was added to the jar 

to fill about three quarters, with water added to the rest of the jar, allowing airspace 

for mixing. The container was thoroughly shaken until all the soil moved from the 

bottom of the jar. Sand is heavier than silt and clay, so it settled first. The observation 

was taken after one minute, with a line drawn to mark where the sand settled in the 

jar. After an hour, another line was marked where silt had settled. After 24 hours, a 

line was marked where clay settled. The jar was then emptied and distances 

between the marks were measured in millimetres: first from the bottom of the jar to 

the first (sand) line, then the distance between the first and second (silt) line and 

finally between the second and the third (clay) line, noting all figures down. As 100% 

of soil texture is composed of sand, silt, and clay, they were calculated as 

percentages. All three figures were added to obtain a total number. To calculate the 

percentage of each soil component, the figure of each was divided with the total 

figure, times one hundred. The percentages revealed the texture of the soil. Soil 

textural analysis was then worked out according to the USDA classification scheme 

(Figure 4).  
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Figure 4: USDA classification of soil textural analysis. Adopted from Groenendyk et al (2015).  
 

 

Only two values were needed because sand, silt, and clay equal 100% of soil 

components. To use the triangle, the percentage of clay was marked first, with a line 

being drawn horizontally across the triangle. Secondly, the percentage of silt was 

marked and a line was drawn diagonally following the triangle lines. The point where 

the two lines intersected identified the type of soil tested.   

 

4.3.6 Determination of the soil water content  

The method of establishing water content in compost involved samples of 50g being 

passed through a 2 mm sieve and drying in the oven at 100°C for 24 hours. The 

weight of a crucible in grams (W1) was recorded first before the experiment started. 

The weight of the crucible and wet compost sample (W2) was recorded second. 

Weight of the crucible with a dry sample was noted third (W3). The weight of 

compost moisture was calculated as (W2-W3) grams and the weight of the dry soil 

as (W3-W1) grams. Finally, water content was calculated in percentage as the 

weight of water divided by the dried weight of soil particles multiplied by one hundred.  

 
Water Content w = W2 - W3 X 100(%) 

----------------------- 
W3 - W1 
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4.3.7 Analysis of the soil water potential 

The procedure included firstly collecting 200 grams of compost sample and 

immediately placing it in a jam-jar container, to avoid loss of water content. Samples 

were not sieved, to prevent altering the water potential. Approximately 10 millimetres 

of space was left at the top of the container when the jar was turned upside down. 

When reversed at the end of the experiment, space allowed the filter paper to fall 

away from the lid before collection. Whatman no. 42 ashless filter paper was placed 

at the top of the soil with tweezers before the lid was closed. The container was put 

in an insulated box, sealed with gaffer tape to minimise condensation that might 

affect errors in establishing the soil water content. The container was turned upside 

down to allow contact between compost and filter paper and left at room temperature 

for 24 hours. After the experiment, the container was reversed from the upside-down 

position and the filter paper was taken out with tweezers. Loose soil was brushed 

off the filter paper and placed immediately in a clean and empty oven-dried jar, with 

the lid on to prevent water evaporation from the paper. The clean jar and the filter 

paper were weighed; the lid was taken off and both jar and lid were left in the oven 

at 105°C for three hours. The lid was put back on the jar after it cooled and the dry 

filter paper was weighed with the jar. The formula used to measure the water content 

of the equilibrated filter paper was:  

 

Water content = (wet mass + jar mass) – (dry mass + jar mass) 
------------------------------------------------------ 

(dry mass + jar mass) – jar mass 
 

The mass of the jar was measured after it had been oven-dried because it can carry 

much more water than the filter paper.  
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4.3.8 Analysis of the soil water retention  

Funnels were placed in three 100ml measuring cylinders with Whatman no. 2 filter 

paper in them. 50 grams of compost was added in each funnel. 100 ml of water was 

then poured into each funnel and water allowed to drip into the measuring cylinder 

overnight. Water that passed through the filter paper overnight into the measuring 

cylinder (W2) was noted against the cylinder scale, deducted from the original 

amount of water added to the cylinder and calculated in percentages (W1-W2 = 

WR %).  

 

4.4 Methods for assessing decomposition: microbiological analyses  
4.4.1 Viable count of microbes  

For determination of VC from compost prior to the experiments, 0.5 grams of 

compost were sampled and kept in vials (5 x 30ml Polystyrene Containers) 

containing 0.5ml of Wash Fluid. For all other VC analyses, animal muscle and skin 

tissue were swabbed and also kept in the vials. The solution was a sodium 

phosphate buffer made of a mix of buffer solutions One and Two and 0.1% Triton X-

100. Preparation was completed in five steps: solution One included 12 g of 

NaH2PO4 that was mixed with 100ml of sterile distilled water. Solution Two had 142g 

of NaH2PO4 mixed with 1 litre of distilled water. 5.8ml of Solution One was mixed 

with 91.5ml of Solution Two that produced a final solution of pH 7.9. Fourthly, distilled 

water was topped up to make the solution up to 1 litre. Finally, 0.1% Triton X-100 

was added to complete the wash fluid. Prior to the microbial analyses, dilutants were 

mixed with 5ml of Ringer’s solution.  

 

An estimated number of bacteria per gram of the sample was calculated after taking 

the dilution factor into consideration. The procedure of bacterial count chosen was 

the ‘spread plate’. Once the vials with swabbed compost and tissue were brought to 
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the lag, tenfold serial dilution to 10-5 was prepared. This involved 4.5ml of Ringer’s 

solution pipetted into vials before adding 0.5ml wash solution. The remaining four 

vials were filled with 4.5ml Ringer’s solution. 0.5 ml was pipetted of the undiluted 

suspension to the diluted samples 1 x 10-1, 1 x 10-2, 1 x 10-3, 1 x 10-4, 1 x 10-5. 100ul 

of each was then plated and spread on Rose Bengal Chloramphenicol, MacConkey, 

R2A, and fastidious anaerobe plates.  

 

The method of microbial count involved enumerating organisms by inoculating 

relevant culture media on plates with the dilutions and counting them after a certain 

incubation period. Agar plates were incubated at 30°C for 24 hours to allow bacteria 

to grow. Colonies were then counted from the spread plates. The count of colonies 

on petri dishes (also called ‘colony forming units’, or CFU) is calculated per ml of the 

sample and it established total numbers of viable microorganisms in a sample. 

Readings for most samples were taken from the middle agar (3rd), to avoid outliers. 

Samples with over 100 colonies were marked as TMTC (too many to count). Counts 

were presented as CFU per ml of wash fluid in which the swabs were suspended. 

Colonies were counted by hand lens and then the number of bacteria present was 

calculated. The numbers of colonies on the replicate plates were averaged and the 

mean colony number was multiplied by the reciprocal of the dilution and expressed 

in CFU.  

 

4.4.2 Gram stain analyses 

Gram staining was carried out on the skin, muscle and soil colonies collected from 

representative samples. Reagents used were Crystal violet, Iodine solution, Ethanol, 

and Safranin. The method was completed in the following steps: Firstly, inoculating 

loop sterilisation by first flaming the slide with the stain (passing it quickly over a 
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Bunsen burner a few times). Then, smudging the colony with the water drop on the 

slide and leaving it to dry.  Secondly, the smear was flooded with Crystal violet 

solution that was allowed to remain for 60 seconds. Thirdly, the dye was then rinsed 

off with tap water and the slide flooded with Iodine solution. It was allowed again to 

remain for 60 seconds. Fourthly, the iodine solution was rinsed off with tap water 

and the slide was flooded with 90% alcohol for a few seconds. Fifthly, the slide was 

rinsed off with tap water and flooded with Safranin for 30 seconds. Next, the slide 

was again rinsed off with tap water and left to completely dry before emulsion oil 

was applied, prior to microscope examination. Finally, bacterial colonies were 

observed under a microscope with a 100X objective and oil immersion and divided 

into Gram-positive and Gram-negative according to their colour and shape.  

 

4.4.3 Metabolic activity of soil microbes 

Laboratory equipment used in the analyses was Spectrophotometer LKB Ultrospec 

II Biochrom; a Stuart Orbital Shaker S150, centrifuge Rotina 420 R Hettich and 

Genlab incubator. The procedure firstly involved placing five grams of sieved 

compost (<5 mm) in a 100 ml conical flask and 15 ml of 60 mM potassium 

phosphate before buffer of pH 7.6 was added. A stock solution of 0.2 ml 1000 μg 

FDA ml−1 was then added to start the reaction. Next, control of blank tubes was 

prepared that did not contain the FDA substrate. The flasks were thoroughly shaken 

before being placed in an orbital incubator for 15 minutes at the temperature of 30°C. 

15 ml of chloroform/methanol (2:1 v/v) was next added to terminate the reaction in 

the fume cupboard. Manually, flasks were shaken thoroughly with stoppers on them. 

50 ml centrifuge tubes were then filled with the content from the conical flasks and 

left to centrifuged at 2000 rev min−1 for 5 minutes. Whatman, No 2 filter paper was 

used in 100ml conical flasks to make the supernatants that were then measured at 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/centrifuge
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490 nm on a spectrophotometer. Finally, Fluorescein standard 0 μg ml−1 was 

utilised to zero the spectrophotometer every time samples and blanks were read. 

 

4.5 Methods for assessing decomposition: taphonomic analyses 
4.5.1 Monitoring of the microenvironments 

To minimise fluctuations in moisture level of treated samples at the start of the 

experiments, compost was dried together rather than individually at 50°C in a 

laboratory oven. Levels of water content were determined at 30-minute intervals by 

applying a ‘Determination of water content’ technique until the desired moisture level 

was reached. The technique refers to the water content calculation in percentage 

as the weight of water divided by the dried weight of soil particles multiplied by one 

hundred (see Section 4.3.6). Compost was used for the experiments as soon as it 

cooled down. Moisture levels and counteract evaporation during the trials were 

maintained roughly by daily sprinkling of the samples with de-ionised water. It was 

not possible for water content technique to be applied during the experiments as the 

microenvironments would alter due to disturbance. Moisture levels were tested at 

the end of the trials and have showed minimal levels of fluctuations in all samples 

however because moisture levels were not tested during the trials, some fluctuations 

were expected to happen.     

 

 Tinytag® Gemini TGP1200 data loggers programmed by its GLM version 2.6 

software were used to monitor ambient temperature hourly. To monitor the ambient 

temperature in the wrapped microenvironment, the thermometer was checked daily 

inside the transparent bin liners, to avoid opening the bin liners, hence changing the 

micro-environmental settings.  

 

 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/spectrophotometers
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4.5.2 Qualitative and quantitative assessment of decomposition   

Bespoke description of decomposition for the body parts was categorised into seven 

stages (Table 3) with inter observer variability rate being applied for qualitative 

assessment of the decay.  

 
Table 3: Description of decomposition stages for dismembered body parts 

Decay stage Description 

1. Fresh No discoloration or signs of lividity, intact skin. 
2. Putrefaction The pinkish appearance of the skin; cream to light brown discoloura-

tion of the skin with slight skin slippage 

3. Early  
disintegration 

Ash white with green and black stripes visible under the skin, ‘Fisher-
man's skin’, further skin slippage 

4. Active decay Skin colour dark red, skin texture crispy. Skin is sagging and flaking 
from most parts. Skin structure is leathery to stringy, with evident 

fatty tissues. 
5. Advanced  

decay 
Substantial greasy substance, decomposed tissues, cartilage, and 
tendons exposed. Formation of moisture, thin white-grey substance 
on bone trauma ends. Bone exposure of most of the samples with 

greasy substances and decomposed tissue. 
6.Skeletonisation Complete bone exposure with no tissue left. 

7. Desiccation Preserved and dried out tissue. 

 

Two independent observers that were not familiar with the decay process were 

asked to assess the decomposition stages by a percentage according to whether 

the photo matches the decay stage description. The scores were: 4 if it matches 

100%, 3, if the match is between 50 and 99%, 2 if the match is between 1 and 49%, 

and 0 if there is no correlation between the photo and the description. The observers 

were first showed example pictures of typical decomposition stages. The 

photographs of body parts were then given to the observers that represented four 

tested microenvironments, followed by the decay descriptions. Two observers 

scored the photographs separately at the same time.  The reliability between the 

ratings was analysed using Intraclass Correlation Coefficient in SPSS.  

 

For the quantitative assessment of decomposition, first method that was tested for 
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accuracy of PMI estimation of body parts was Accumulated Degree Days (ADD) 

proposed by Vass et al (1992). The study approximated that it takes the 1285 

Accumulated Degree Days (ADD) for a whole body weighing about 68kg to 

decompose. The study offered a weight correction factor (0.1667) for smaller bodies 

that was used in present contribution for the body parts.  The equation applied to 

calculate ADD was: 1285 ADD x 0.1667 = 214.2 ADD.  

 

The second method utilised to calculate PMI of body parts was from the study of 

Megyesi et al (2005) that used body decomposition scoring as a base of ADD 

prediction. The Total Body Score (TBS) for the present volume was calculated by 

assessing the stage of decomposition in three main areas of the body (trunk, head 

and neck, and limb areas) by proposed descriptions. ADD was then calculated from 

a predictive equation set by the study: Log10ADD = 0.002 (TBS*TBS) + 1.81 ± 

388.16. 

 

The third method applied to calculate PMI for body parts was from the study of 

Moffatt et al (2016) that edited quantitative PMI formula derived from Megyesi et al 

(2005). The improved equation used for the present contribution was: TBSsurf1.6= 

125 x log10ADD-212 with amended TBS scoring. For all three methods, PMI of the 

present volume was calculated the same way, by dividing the ADD with an average 

ambient temperature.  

 

A bespoke PMI curve was also established based on the ADD data of the current 

contribution. TBS scoring was modified to provide the best match for the decay 

stages and ADD data (Table 4). This was found necessary as the values proposed 

by the above mentioned methods were not found accurate in quantifying 
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decomposition of body parts. A validity of the bespoke TBS in estimating PMI for the 

body parts was tested first using Pearson coefficient.  A confidence level of the 

equation proposed by Megyesi et al (2005) was edited from 68% to 95% as per 

Moffatt et al (2016). Therefore, all estimates were calculated within ±761 ADD. 

 
Table 4: Summary of Total Body Score per decomposition stage  

Decay stage TBS score of animal 
heads 

TBS score for animal 
feet 

Fresh 0 0 
Putrefaction 20 21 

Early disintegration 21 22 

Active decay 22 23 
Advanced decay 23 24 

Skeletonisation and Desicca-
tion 

24 25 

 

Finally, the accuracy of bespoke ADD method against three above mentioned 

standard measures was statistically evaluated using linear regression. 

 

4.6 Research designs  
4.6.1 Introduction 

The following section includes research designs for eight experimental groups 

comprising of buried fresh and frozen pork belly, wrapped fresh and frozen pork belly, 

buried fresh and frozen body parts and wrapped fresh and frozen body parts. Both, 

belly slices and body parts were utilised to establish the decay rates and patterns, 

with the experiments taking place at the University of Bradford Taphonomy lab and 

at the University of Bradford Microbiology lab. Duration of all experiments was 28 

days (13 July to 13 October 2016).  Belly slices were exposed to four controlled sets 

of temperatures and soil moisture levels labelled B (20°C and 10% soil moisture), C 

(20°C and 40% soil moisture), E (30°C and 40% soil moisture) and F (30°C and 10% 

soil moisture). The samples were kept in incubators at designated heat level hence 

ambient temperature was not averaged. Pig body parts used were heads and feet, 
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and were exposed to two temperature and two soil moisture settings; an average of 

20.8°C and 10% soil moisture (category B) and 40% soil moisture (category C), an 

average of 26.1°C and 10% soil moisture (category F) and 40% soil moisture 

(category E). Similar to the experimental design for belly slices (see Table 5), frozen 

buried body parts were tested only in two categories, C and E. Also, freshly wrapped 

and frozen wrapped body parts were tested in categories A and D. Each 

experimental design details how the study was set up, and how data was collected 

and analysed. 

 

4.6.2 Experimental set up: buried belly slices 

A total of four controlled experiments were conducted on fresh pork belly to include 

the analyses of soil pH, microbial activity, and viable count (VC) with the trials 

completed at the University of Bradford Microbiology lab. The first set of experiments 

tested decomposition of freshly buried remains. 48 belly slices were used for 

compost pH, and a further 22 for the analyses of viable count and Gram stain (16 in 

aerobic and 6 in anaerobic conditions). Finally, 24 pieces of meat were utilised to 

measure the activity of soil microbes (Appendix 16). 

 

The fourth set of experiments were set up using belly slices to assess: a) soil pH; b) 

viable count of bacteria and Gram stain, and c) metabolic activity of soil microbes. 

Meat pieces cut to measure 5cm width x 5cm length were placed in autoclaved clear 

glass jam jars with proportions of volume 228ml, height 85mm, diameter 63mm with 

lid/neck of 63mm. Approximately 3cm of Levington Organic Blend Top compost was 

filtered through a 5mm sieve and added at the bottom of the jar under the meat 

slices and filled to the top. Jar lids were pierced to allow oxygen access. Compost 

water content was established at the start. For categories E and F, its compost 
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moisture level was kept it its original form, and in categories, B and C compost 

moisture was dried. Meat in the jam jars was finally left to decompose in incubators 

at designated temperatures.  

 

Table 5: Overview of analysed data 
Duration Experiment 

groups 
Experiments 

 
Sample  

Size 
Microenvironments Tested 

 variables 
Controls 

 
28 days 

 
1. Buried  
belly slices 
 

 
1. Compost 
pH 
2. VC:  
aerobic 
3. VC:  
anaerobic 
4. Soil 
 bacteria 

 
94 

Burials 
B 20°C and 10% soil 
moisture 
C 20°C and 40% soil 
moisture 
E 30°C and 40% soil 
moisture 
F 30°C and 10% soil 
moisture 

 
Ambient 
temperature and 
soil moisture 

 
Surface  
Decay 

 
28 days 

 
2. Buried fro-
zen belly 
slices 
 

 
5. Compost 
pH 
6. VC: 
 aerobic 
7. VC:  
anaerobic 
8. Soil  
bacteria 
 

 
50 

Burials 
C 20°C and 40% soil 
moisture 
E 30°C and 40% soil 
moisture 
 

 
Ambient  
temperature and 
soil moisture 

 
Surface 
 Decay 

 
28 days 

 
3. Wrapped  
belly slices 

 
9. VC:  
aerobic 
10. VC:  
anaerobic 

 
22 

Wrapping 
A(20°C) 
D(30°C) 

 
Ambient  
temperature 
 

 
Double  
Wrapping 

 
28 days 

 
4. Wrapped 
frozen belly 
slices 

 
11. VC: 
 aerobic 
12. VC:  
anaerobic 

 
22 

Wrapping 
A(20°C) 
D(30°C) 

 
Ambient  
temperature 

 
Double 
 Wrapping 

 
28 days 

 
5. Buried  
body parts 
 

 
13. Mass loss 

 
28 

Burials 
B 20°C and 10% soil 
moisture 
C 20°C and 40% soil 
moisture 
E 30°C and 40% soil 
moisture 
F 30°C and 10% soil 
moisture 

 
Averaged ambi-
ent temperature 
and 
soil moisture 

 
Surface  
Decay 

 
28 days 

 
6. Buried fro-
zen body 
parts 
 

 
14. Mass loss 

 
32 

Burials 
C 20°C and 40% soil 
moisture 
E 30°C and 40% soil 
moisture 
 

Averaged ambi-
ent temperature 
and 
soil moisture 

 
Surface 
 Decay 

 
28 days 

 
7. Wrapped 
body parts 
 

 
15. Mass loss 

 
32 

Wrapping 
A(20°C) 
D(30°C) 
 

 
Averaged ambi-
ent temperature 
 

 
Double 
 Wrapping 

 
28 days 

8. Wrapped 
frozen body 
parts 

 
16. Mass loss 

 
32 

Wrapping 
A(20°C) 
D(30°C) 

 
Averaged ambi-
ent temperature 

 
Double  
Wrapping 

 

 

4.6.2.1 Compost pH 

Compost pH levels were established prior to the experiment, at weekly intervals and 
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at the end of the experiment for each category. Control included pH measurement 

of compost with no contact with the meat at the start, weekly intervals and at the 

end of the experiment. Samples were discarded once pH was established with the 

new sample always being tested for each category and harvest. Compost pH data 

was analysed statistically to show trends of how burial microenvironment reacts on 

the deposition of small organic material in the early stage of decomposition.  

 

 
4.6.2.2 Viable count of microbes under aerobic conditions 

VC was established from compost and from pork belly.  Microbial swabs were taken 

from the muscle and the skin areas of pork belly. Both VC and Gram stain 

techniques were applied to pieces of meat under aerobic conditions half-way 

through the experiment (day 14) and again at the end. Control sample for each 

category was a piece of pork belly left to decompose in jam jars with no contact with 

soil. Viable counts of bacteria and the Gram staining are qualitative microbiological 

methods unsuitable for statistical analyses. Data were hence collected and 

discussed in terms of approximate numbers and characteristics in terms of either 

supporting or contrasting statistically analysed methods. 

 

4.6.2.3 Viable count of microbes under anaerobic conditions 

Six fresh pork belly slices were further buried for the assessment of VC and Gram 

stain of anaerobic bacteria, three that were exposed to 20°C and three to 30°C. VC 

of anaerobic bacteria was not attempted half- way through the experiment as the 

samples were kept in the anaerobic chamber continuously for 28 days. Exposure to 

oxygen upon opening might have caused errors in numbers. Data were collected 

and discussed in terms of approximate numbers and characteristics in terms of 

either supporting or contrasting statistically analysed methods. 
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4.6.2.4. Metabolic activity of soil microbes 

Metabolic activity of soil microbes was assessed in compost before the experiment 

commenced. The activity was measured half-way through the experiment and at the 

end. To avoid disturbing soil microbial communities, belly slices that were sampled 

after 14 days were discarded and samples were tested after 28 days. Pork belly 

slices were decomposed in categories C and E. Control included measurement of 

microbial activity from compost that was not in touch with the organic material. 

 

4.6.3 Frozen buried belly slices 

A second set of experiments tested the decay of frozen remains. 24 belly slices were 

used for the compost pH measurements, 14 for VC and Gram stain analysis (8 for 

aerobic and 6 anaerobic conditions) and 12 for microbial activity (Appendix 16). 

Frozen belly slices were tested in only two soil conditions C (20°C and 40% soil 

moisture) and E (30°C and 40% soil moisture). This is because a drier soil moisture 

level was difficult to maintain due to the treatment of the samples. Compost pH and 

microbial activity data were analysed statistically to show trends of how burial 

microenvironment reacts on the deposition of small organic material in the early 

stage of decomposition. Viable counts of bacteria and the Gram staining are 

qualitative microbiological methods unsuitable for statistical analyses. Data were 

hence collected and discussed in terms of approximate numbers and characteristics 

in terms of either supporting or contrasting statistically analysed methods. 

 

The fourth set of experiments were set up to assess: a) soil pH; b) viable count of 

bacteria and Gram stain, and c) metabolic activity of soil microbes. Meat pieces cut 

to measure 5cm width x 5cm length were placed in autoclaved clear glass jam jars 
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with proportions of volume 228ml, height 85mm, diameter 63mm with lid/neck of 

63mm. Approximately 3cm of Levington Organic Blend Top compost was filtered 

through a 5mm sieve and added at the bottom of the jar under the meat slices and 

filled to the top. Jar lids were pierced to allow oxygen access. Compost water 

content was established at the start. For categories E and F, its compost moisture 

level was kept it its original form, and in categories, B and C compost moisture was 

dried. Meat in the jam jars was finally left to decompose in incubators at designated 

temperatures. Frozen belly slices were kept in the freezer on -18°C for 24 hours 

prior to the experiment and placed into jam jars and then in incubators immediately 

after.  

 

4.6.3.1 Compost pH 

Compost pH levels were established prior to the experiment, at weekly intervals and 

at the end of the experiment for each category. Control included pH measurement 

of compost with no contact with the meat at the start, weekly intervals and at the 

end of the experiment. Samples were discarded once pH was established with the 

new sample always being tested for each category and harvest.  

 

4.6.3.2 Viable count of microbes under aerobic conditions 

VC was established from compost and from pork belly.  Microbial swabs were taken 

from the muscle and the skin areas of pork belly. This was completed immediately 

after they were taken out of the freezer. Both VC and Gram stain techniques were 

applied to pieces of meat under aerobic conditions half-way through the experiment 

(day 14) and again at the end. Control sample for each category was a piece of pork 

belly left to decompose in jam jars with no contact with soil. VC of previously frozen 

buried samples was the same as with the fresh samples except that pork belly in 
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aerobic conditions was tested only in two categories (C and E). 

 

4.6.3.3 Viable count of microbes under anaerobic conditions 

VC of anaerobic bacteria was not attempted half-way through the experiment as the 

samples were kept in the anaerobic chamber continuously for 28 days. Exposure to 

oxygen upon opening might have caused errors in numbers.  

 

4.6.3.4 Metabolic activity of soil microbes 

Metabolic activity of soil microbes was assessed in compost before the experiment 

commenced. The activity was measured half-way through the experiment and at the 

end. To avoid disturbing soil microbial communities, belly slices that were sampled 

after 14 days were discarded and fresh samples were tested after 28 days. Frozen 

pork belly slices were decomposed in categories C and E. Control included 

measurement of microbial activity from compost that was not in touch with the 

organic material. 

 

4.6.4 Wrapped belly slices 

The third set of trials tested decomposition of wrapped meat pieces (Appendix 16). 

22 samples of pork belly were used for VC and Gram stain (16 in aerobic and 6 in 

anaerobic conditions). Freshly wrapped belly slices were exposed to two sets of 

ambient temperature: A (20°C) and D (30°C). Wrapped meat pieces cut to measure 

5cm width x 5cm length were placed in autoclaved clear glass jam jars with 

proportions of volume 228ml, height 85mm, diameter 63mm with lid/neck of 63mm. 

Jar lids were pierced to allow oxygen access. Compost water content was 

established at the start. Meat in the jam jars was left to decompose in incubators at 

designated temperatures.  
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4.6.4.1 Viable count of microbes under aerobic conditions 

For the VC and Gram stain meat pieces were left to decompose wrapped. Control 

sample used was a double wrapper. Samples were not re-wrapped after harvesting 

so as not to disturb body microflora, but new sets of belly slices were used for 

sampling at the end that were left to decompose for 28 days.  

 

4.6.4.2 Viable count of microbes under anaerobic conditions 

Belly slices were also used in anaerobic conditions. Samples were not harvested in 

the anaerobic chamber but left to decompose undisturbed; control samples were 

not used due to the nature of the treatment.  

 

4.6.5 Frozen wrapped belly slices 

Frozen wrapped belly slices were exposed to two sets of ambient temperature: A 

(20°C) and D (30°C). The fourth set of trials tested decomposition of frozen wrapped 

meat pieces (Appendix 16). 22 samples of pork belly were used for VC and Gram 

stain (16 in aerobic and 6 in anaerobic conditions). Freshly wrapped belly slices 

were exposed to two sets of ambient temperature: A (20°C) and D (30°C). Meat 

pieces cut to measure 5cm width x 5cm length were placed in autoclaved clear glass 

jam jars with proportions of volume 228ml, height 85mm, diameter 63mm with 

lid/neck of 63mm. Jar lids were pierced to allow oxygen access. Meat in the jam jars 

was finally left to decompose in incubators at designated temperatures. Frozen belly 

slices were kept in the freezer on -18°C for 24 hours prior to the experiment and 

placed into jam jars and then in incubators immediately after.  
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4.6.5.1 Viable count of microbes under aerobic conditions 

For the VC and Gram stain, meat pieces were left to decompose in fresh and frozen 

wrapped conditions. Control sample used was a double wrapper. Samples were not 

re-wrapped after harvesting so as not to disturb body microflora, but new sets of 

belly slices were used for sampling at the end that were left to decompose for 28 

days. 

 

4.6.5.2 Viable count of microbes under anaerobic conditions 

Belly slices were also used in anaerobic conditions for both treatments, fresh and 

frozen. Samples were not harvested in the anaerobic chamber but left to decompose 

undisturbed; control samples were not used due to the nature of the treatment. To 

understand what conditions soil microbes have been exposed to before the 

decomposition process started and during the decay, a complete physicochemical 

analysis of compost was completed first. 

 

4.6.6 Buried body parts 

For the first experiment that tested decomposition of fresh buried body parts 28 

samples were used. Body parts were weighed and photographed immediately after 

delivery from the butcher. Animal heads weighed an average of 5.25kg and animal 

feet 0.75kg. Body parts were weighed and photographed immediately after delivery 

from the butcher. Animal heads weighed an average of 5.25kg and animal feet 

0.75kg. All remains were deposited individually into IKEA fabric storage boxes (33 x 

38 x 33 cm). Those analogues chosen for burials were left in approximately five 

centimetres of compost in with compost added to cover up to one third of the bag. 

Samples exposed to a higher temperature were separated and kept in a heated 

room. Biomass loss was analysed statistically to understand the impact of 



88  

microenvironment on decomposition rates of dismembered body parts. Morphology 

of the remains was discussed in terms of any differences in appearance that may 

be associated with the taphonomic microenvironment.  

 

4.6.6.1 Carcass mass loss 

Skin and muscle tissues of animal heads and feet were swabbed at the start, and 

at the end of all experiments to ensure body flora and microbial numbers (VC and 

Gram stain) were in line with the parallel study of pork belly slices. All samples were 

left to decompose undisturbed. Tinytag® Gemini PT100 loggers were used to 

monitor ambient temperatures hourly. Transparent bin liners were used for wrapped 

remains with the thermometer left inside so that temperature could be recorded daily. 

Compost was sprinkled with sterilised water regularly to keep the moisture level 

steady. Control samples used in the trial involving burials were body parts left to 

decompose with no contact with compost, approximating surface decomposition. At 

the end of the experiment, samples were again visually observed by the researcher 

for any signs of insect succession. They were photographed, weighed and cleaned 

before being categorised into decomposition stages and the decay rates being 

calculated.  

 

4.6.7 Buried frozen body parts 

A second trial involving the decomposition of buried frozen body parts:  a total of 32 

body parts were utilised. The original sample size of was 16, however to assure the 

accuracy of the results the trial was repeated. The third and the fourth trials tested 

decomposition of wrapped fresh and wrapped frozen body parts the total of 32 

samples was used per experiment and each was repeated once. Body parts were 

weighed and photographed immediately after delivery from the butcher. Animal 
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heads weighed an average of 5.25kg and animal feet 0.75kg. Freezing treatment 

entailed leaving body parts in the freezer at -18°C for 24 hours and depositing them 

into compost or wrapping them immediately after being taken out of the freezer. All 

remains were deposited individually into IKEA fabric storage boxes (33 x 38 x 33 

cm). Those analogues chosen for burials were left in approximately five centimetres 

of compost in with compost added to cover up to one third of the bag. Samples 

exposed to a higher temperature were separated and kept in a heated room. 

Biomass loss was analysed statistically to understand the impact of 

microenvironment on decomposition rates of dismembered body parts. Morphology 

of the remains was discussed in terms of any differences in appearance that may 

be associated with the taphonomic microenvironment.  

 

4.6.7.1 Carcass mass loss 

Skin and muscle tissues of animal heads and feet were swabbed at the start, and 

at the end of all experiments to ensure body flora and microbial numbers (VC and 

Gram stain) were in line with the parallel study of pork belly slices. All samples were 

left to decompose undisturbed. Tinytag® Gemini PT100 loggers were used to 

monitor ambient temperatures hourly. Transparent bin liners were used for wrapped 

remains with the thermometer left inside so that temperature could be recorded daily. 

Compost was sprinkled with sterilised water regularly to keep the moisture level 

steady. Control samples used in the trial involving burials were body parts left to 

decompose with no contact with compost, approximating surface decomposition. At 

the end of the experiment, samples were again visually observed by the researcher 

for any signs of insect succession. They were photographed, weighed and cleaned 

before being categorised into decomposition stages and the decay rates being 

calculated.  
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4.6.8 Wrapped body parts 

Body parts were weighed and photographed immediately after delivery from the 

butcher. Animal heads weighed an average of 5.25kg and animal feet 0.75kg. Close 

attention was paid to avoiding insect succession and entry to the wrapper. Wrapping 

treatment included selected body parts being wrapped individually in heavy-duty 

plastic waste bags measuring 57 x 27 x 4 cm, sealed with gaffer tape.  All remains 

were deposited individually into IKEA fabric storage boxes (33 x 38 x 33 cm). Those 

analogues chosen for burials were left in approximately five centimetres of compost 

in with compost added to cover up to one third of the bag. Samples exposed to a 

higher temperature were separated and kept in a heated room. Biomass loss was 

analysed statistically to understand the impact of microenvironment on 

decomposition rates of dismembered body parts. Morphology of the remains was 

discussed in terms of any differences in appearance that may be associated with 

the taphonomic microenvironment.  

 

4.6.8.1 Carcass mass loss 

Skin and muscle tissues of animal heads and feet were swabbed at the start, and 

at the end of all experiments to ensure body flora and microbial numbers (VC and 

Gram stain) were in line with the parallel study of pork belly slices. All samples were 

left to decompose undisturbed. Tinytag® Gemini PT100 loggers were used to 

monitor ambient temperatures hourly. Transparent bin liners were used for wrapped 

remains with the thermometer left inside so that temperature could be recorded daily. 

Compost was sprinkled with sterilised water regularly to keep the moisture level 

steady. Control for wrapped remains were body parts left to decay double wrapped 
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in two plastic bags, the inner one packed top-up into the bottom of the outer and 

double sealed. At the end of the experiment, samples were again visually observed 

by the researcher for any signs of insect succession. They were photographed, 

weighed and cleaned before being categorised into decomposition stages and the 

decay rates being calculated.  

 

4.6.9 Wrapped frozen body parts 

Body parts were weighed and photographed immediately after delivery from the 

butcher. Animal heads weighed an average of 5.25kg and animal feet 0.75kg. Close 

attention was paid to avoiding insect succession and entry to the wrapper. Wrapping 

treatment included selected body parts being wrapped individually in heavy-duty 

plastic waste bags measuring 57 x 27 x 4 cm, sealed with gaffer tape. Freezing 

treatment entailed leaving body parts in the freezer at -18°C for 24 hours and 

depositing them into compost or wrapping them immediately after being taken out 

of the freezer. All remains were deposited individually into IKEA fabric storage boxes 

(33 x 38 x 33 cm). Those analogues chosen for burials were left in approximately 

five centimetres of compost in with compost added to cover up to one third of the 

bag. Samples exposed to a higher temperature were separated and kept in a heated 

room. Biomass loss was analysed statistically to understand the impact of 

microenvironment on decomposition rates of dismembered body parts. Morphology 

of the remains was discussed in terms of any differences in appearance that may 

be associated with the taphonomic microenvironment.  

 

4.6.9.1 Carcass mass loss 

Skin and muscle tissues of animal heads and feet were swabbed at the start, and 

at the end of all experiments to ensure body flora and microbial numbers (VC and 
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Gram stain) were in line with the parallel study of pork belly slices. All samples were 

left to decompose undisturbed. Tinytag® Gemini PT100 loggers were used to 

monitor ambient temperatures hourly. Transparent bin liners were used for wrapped 

remains with the thermometer left inside so that temperature could be recorded daily. 

Compost was sprinkled with sterilised water regularly to keep the moisture level 

steady. Control for wrapped remains were body parts left to decay double wrapped 

in two plastic bags, the inner one packed top-up into the bottom of the outer and 

double sealed. At the end of the experiment, samples were again visually observed 

by the researcher for any signs of insect succession. They were photographed, 

weighed and cleaned before being categorised into decomposition stages and the 

decay rates being calculated.  

 
4.7 Methods of data analysis 

Statistical methods used to analyse data included: One-Way ANOVA, Kruskal-Wallis 

test, (RM) ANOVA, Friedman’s ANOVA and Interclass correlation (ICC). SPSS 

11.0.1 and Microsoft Excel 2000 were utilised to carry out the statistics.  
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CHAPTER FIVE Results 
_______________________________________________________________ 
 
5.0 Introduction 

The aim of this chapter is to model early decomposition of dismembered remains by 

monitoring the short-term effects of the main environmental variables. A series of 

experiments were conducted under laboratory-controlled conditions (see Section 

4.6). This allowed more control over the microenvironment in terms of better 

monitoring of the decay and minimising other variables. A controlled environment is 

further important for the replication of microbiology experiments. Research designs 

including sample controls are detailed in Sections 4.6.2.1 to 4.6.9.1. The latter were 

set up according to the tested microenvironment to include no contact with soil for 

buried aerobic conditions or a double wrapper for aerobic wrapped conditions. 

Anaerobic microenvironments had no control samples due to the nature of the 

experiment. 

 

The chapter is divided into three sections that reflect the tested microenvironments. 

The first part addresses the decomposition of buried animal remains. The second 

section focuses on the decay of wrapped remains. The third and fourth parts 

concentrate on the decay of frozen wrapped and frozen buried animal body parts. 

The flow of the chapters includes work completed before experimentation, during 

the trials and upon the exhumation of the remains.  

 

5.1 The effect of temperature and soil moisture on the decay of buried remains 

The purpose of the first part of the chapter was to record how the remains 

decompose in the first tested microenvironment: burial (see Sections 4.6.2 and 

4.6.6). In doing so, the trial utilised 94 belly slices and 28 animal body parts (see 
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Table Five). The research question explored the effect of temperature and soil 

moisture on decay rates. The aim was achieved by measuring body mass loss, soil 

pH and microbial activity in four treated microenvironments; Categories B,C,E,F 

(see Section 4.6.1). Gram staining and VC tests were conducted in addition for the 

better clarification of the decomposition process. The depositional 

microenvironment was not expected to be significantly modified by the decaying 

organic matter, due to the limited numbers of enteric bacteria and insects present. 

However, although compost is more defined in its composition than standardised 

soil in the field, it also assures a standardised way of consistency and replicability 

of the results that different types of soil may not produce.  It was hypothesised that 

temperature and soil moisture would not make a significant impact on the decay 

rates of dismembered body parts.  

 

5.1.1 Condition of compost prior to burial  

Ambient temperature and soil moisture, as the main environmental factors, were 

tested in a burial environment to assess their impact on the decomposition of animal 

remains. The condition of the compost was analysed first, prior to the 

experimentation. This was done for the purpose of comparison with the analyses 

conducted during the trials, and at the exhumation stage. Compost is used widely 

as a soil supplement, to enhance the chemical and physical characteristics of soil 

and especially to improve drainage. Levington Organic Blend Top compost was 

used as a substitute for shallow-grave soil (up to 30cm deep).  

 

5.1.1.1 Physio-chemical characteristics of compost 

In order to establish compost condition, the physical properties of the compost, to 

include bulk density and particle porosity, were measured first. The former refers to 
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compost compaction that includes the volume of its particles and the volume of their 

pores, expressed in g/cm3. The ideal soil bulk density for testing physical properties 

depends on the soil type. For instance, in sandy soil, it is <1.6g/cm3 and for clayey 

soil, it is <1.10g/cm3. The calculation yielded an average of 1.44g/cm3, an ideal bulk 

density for silty soils (Table 6).  

 

Particle porosity refers to the amount of soil voids available for air and water filling. 

Its significance together with bulk density lies in their impact on aeration and 

drainage, depending on whether the soil is compacted or loose, that is necessary 

for the growth and activity of soil microbes. The typical percentage of porosity in 

healthy soil is between 40 and 60%. The results of compost porosity yielded 45.6%.  

 
Table 6: Compost condition prior to experimentation (sieved 5mm) 
 

Compost characteristics Analysis results 
Bulk density 1.44g/cm3 

Particle porosity 45.6% 

Soil structure and type Medium loam 

Soil texture 58.9% sand, 23.07% silt and 17.9% clay 

Soil water content 27% 

Soil water retention 40% 

Soil water potential -0.033MPa 

Percentage of organic content 12% 

Soil pH 7 

Main inorganic compost content Oxygen 48% 
Silicon 34.20% 

 

Three samples of composts weighing 5 grams were analysed for the percentage of 

organic content. Most soils have less than 20% of organic matter, which should be 

considerably higher in compost in order to aid soil health. The results, however, gave 

an average of 12% of organic content. 
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Soil texture of inorganic content was calculated next. It refers to the amount of sand, 

clay, and silt present in the soil. The three soil elements differ in size of particles, 

with sandy soil containing larger particles and clay and silt smaller sizes. The 

analysis indicated 58.9% of sand, 23.07% of silt and 17.9% of clay fitting into the 

medium loam soil category, often considered as an ideal soil type (Figure 5). This 

category is considered rich in organic matter and benefiting from the balanced 

moisture and water holding capacity that assures the availability of nutrients to 

plants. The analysis of water retention in compost yielded a good retention level of 

approximately 40%, sufficient for the growth and activity of soil microbes. Compost 

pH was also measured at the start and was repeated three times. The results yielded 

an average of 7 (6.8, 7.1, and 7.0), indicating a balanced acidity and alkalinity levels. 

 

It is further generally considered that available soil water is 50% of the water holding 

capacity, which is important to establish as the amount of water available for 

decomposing microbes. The results gave an average of 27% of water content in 

compost, leaving 13.5% available water for the microbes.  Soil water potential (Ψ 

soil) refers to a tendency of soil water to move, in other words, the potential energy 

of water in the soil. In general, as the soil water content diminishes, soil water 

potential declines because of evapotranspiration. Loam soil types (such as compost) 

have a high level of available moisture within a given scope of soil potential, which 

is why they are used regularly in agriculture. Measurement of the water potential 

yielded results of -0.033MPa. 

 

The qualitative results of SEM/EDX analysis of soil chemical composition revealed 

a good proportion of oxygen (O=48 %) and silicon (Si=34%), some aluminium (Al 

=5%), iron (Fe= 3%), potassium (K= 3%) and calcium (Ca= 3%) and small amounts 
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of sulphur (S=1%), magnesium (Mg= 1%) and chlorine (Cl= 1%). 

 
 Figure 5: Electronic image of the compost texture. 
  
 

Overall, the analysis of the physical and bio-chemical characteristics of soil gave 

indications of potentially poor preservation of the remains. The high percentage of 

silicon allowed good soil mineral formatting, which together with organic matter and 

favourable pH controls the chemical and physical properties of compost. This 

compensated for a lower organic matter percentage.  

 

5.1.1.2 Compost microbiology  

Three samples of sieved compost weighing 5 grams were utilised to assess 

microbial composition (Table 7). A fluorescein diacetate method that measured the 

metabolic activity of bacteria in compost revealed a similar amount of fluorescein 

released between three samples, ranging from 0.06mg to 0.08mg. Gram staining 

indicated predominantly Gram-positive bacteria. Viable count of bacteria isolated 

from R2A agar showed a similar trend between the three samples.  
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Table 7: Summary of compost microbiology prior to experimentation 

Samples Microbial ac-
tivity 

(µg/mL) 

Gram staining 
 

Viable Count  
 

1 0.07 Gram + 6.8 X 105 

2 0.06 Gram + 7.1 X 105 
3 0.08 Gram + 6.7 X 105 

 

 

5.1.2 Qualitative and quantitative assessment of the remains prior to burial  

No body part exhibited insect or scavenging succession or visible signs of skin 

condition. Animal heads and legs were assessed against decomposition stage 

estimation criteria and classified into the ‘Fresh’ decomposition stage. Each body 

part was measured twice and individual starting mass recorded. Average mass for 

fourteen analogue heads was 5.25 kilograms and 0.75 kilograms for fourteen animal 

feet.    

 

5.1.3 Microbiology of the remains prior to burial 

As all microbial analyses were conducted on pork belly, the initial Gram staining and 

viable count results were compared with those of body parts. Pork belly is regularly 

used for microbial analysis, however as it forms a different body part and it has 

smaller mass, it was found imperative to have an initial overview of numbers and 

characteristics of its microbial composition. This was to learn whether the 

conclusions based on the analyses of pork belly can be drawn upon to learn about 

the decomposition of body parts. Because both microbial techniques are qualitative 

in nature, the results were used for indication only, and to supplement methods that 

were statistically analysed.  

 

Mainly Gram-negative bacteria were identified in aerobic conditions (Table 8). A 
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small portion of Gram-positive bacteria was found on skin as expected. Viable count 

was lower in numbers in pork belly slices in comparison with body parts. This also 

was expected due to the smaller mass of the samples. 

 

Table 8: Viable count and Gram staining cultured at the start of the experiment 
Sample Gram stain 

Muscle 
Gram stain  

Skin 
Viable count 

Muscle 
Viable count 

Skin 
Belly slice 1 G- G+ 3.6 X 105 2.1 X 105 

Belly slice 2 G- G- 3.9 X 105 2.3 X 105 

Belly slice 3 G- G- 4.0 X 105 1.8 X 105 
Head 1 G- G- 7.0 X 105 5.2 X 105 
Head 2 G- G- 6.5. X 105 6.1 X 105 
Head 3 G- G+ 5.4 X 105 6.2 X 105 

Foot 1 G+ G+ 6.3 X 105 5.4 X 105 
Foot 2 G- G- 7.1 X 105 5.8 X 105 
Foot 3 G- G- 5.8 X 105 4.3 X 105 

 

 

5.1.4 Micro-environmental monitoring during the decay 
5.1.4.1 Compost pH  

Comparisons of repeated measures for all categories were performed using 

Friedman’s ANOVA test (Appendix 1) showing a statistically significant difference 

between compost pH levels (X2= 17.62, p < 0.05). Compost was shown as 

moderately alkaline in all categories throughout the experiment (Figure 6; Appendix 

13). This was especially evident at the end of the experiment in the categories B, E 

and F. In comparison, compost acidity was shown in Category C at the end of the 

experiment.     
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Figure 6: pH value of the compost during the decomposition for pork belly. 
Treatments: Category B= 20ºC and 10% soil moisture; Category C= 20ºC and 40% soil moisture; 
Category E= 30ºC and 40% soil moisture; Category F= 30ºC and 10% soil moisture 
 
 

5.1.4.2 Metabolic activity of soil microbes 

Comparison of repeated measures of microbial activity was also conducted using 

Friedman’s ANOVA test (Appendix 1). The results yielded a statistically significant 

difference between harvests (X2= 24.00, p < 0.05). A fluorescein diacetate hydrolysis 

method that measured metabolic activity in compost (see Section 3.3.2) revealed a 

similar amount of fluorescein released at the start of the experiment between all 

categories ranging from 0.06mg to 0.08mg. Metabolic activity was the highest during 

harvests, in Category E with an average of 0.65 mg fluorescein released and lowest 

in Category B with 0.13mg fluorescein measured in compost (Figure 7; Appendix 

14). Fluorescein level was the lowest in all categories at the end of the experiment 

with not much difference between tested groups, averaging at about 0.04mg of 

fluorescein released in compost.  
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Figure 7: Metabolic activity of soil microbes associated with buried remains. 
Treatments: Category B= 20ºC and 10% soil moisture; Category C= 20ºC and 40% soil moisture; 
Category E= 30ºC and 40% soil moisture; Category F= 30ºC and 10% soil moisture 
 
 
5.1.4.3 Viable count 

Microbiological measurements on bacterial growth were run to establish a trend in 

aerobic and anaerobic microbial numbers on the remains at the start of the 

experiment, at the mid-point (day 14) and end of the experiment. Pork belly slices 

were utilised for viable count of anaerobic and aerobic microbes. Table 9 

demonstrates the general trend of anaerobic bacterial growth.  

 
Table 9: Viable count of anaerobic organisms at the end of the experiment 
 

Samples Category  Harvest End of exper-
iment 

1 A 4.7 X 105 3.1 x 105 

2 A 4.3 X 105 2.8 x 105 
3 A 3.9 X 105 2.1 x 105 
1 D 6.1 x 105 1 X 105 
2 D 6.7 x 105 1 X 105 
3 D 6.2 x 105 2 X 105 

Treatments: Category A= 20ºC and Category D= 30ºC 
 

 

The difference in VC is evident at the harvest stage between samples exposed to 
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20°C and 30°C temperatures with the higher trend of bacteria exposed to the higher 

temperature. The opposite trend is reflected in the numbers of bacteria counted at 

the end of the experiment, whereas the VC of anaerobic bacteria exposed at 30°C 

was reduced slightly compared to the bacteria exposed to 20°C.   

 

The bacterial count of the aerobic microbes exposed to 20°C temperature and soil 

moisture of 10% (Table 10) showed a similar trend of VC from the start to the harvest 

count that decreased at the end of the experiment. A number of colonies was higher 

in Category C, indicating that conditions were more favourable for bacterial growth 

(Table 11). Colonies of up to 100 were counted only for practical reasons.  

 
Table 10: Viable count from three pork belly samples, Category B 

Samples R2A 
Harvest 

Mac-
Conkey 
Harvest 

RB 
Harvest 

 

R2A 
End 

MacConkey 
End 

RB 
End 

1: muscle >5 X 106 >5 X 106 3.1 X 103 7.7 X 105 1.8 X 105 No 
growth 

1: skin >5 X 106 >5 X 106 3.3 X 103 3.0 X 105 4.5X 105 2.3 X 103 
2: muscle >5 X 106 >5 X 106 3.6 X 103 8.3 X 105 3.9 X 105 2 X 103 

2: skin >5 X 106 >5 X 106 4.1 X 103 4.2 X 105 3.2 X 105 No 
growth 

3: muscle >5 X 106 >5 X 106 2.8 X 103 7.7 X 105 3.5X 105 1 X 103 
3: skin >5 X 106 >5 X 106 2.9 X 103 6.9 X 105 4.4 X 105 2.1 X 103 

4: muscle 
control 

>5 X 106 >5 X 106 2 X 103 5.7 X 105 8.5 X 105 1 X 103 

4: skin con-
trol 

>5 X 106 >5 X 106 1.0 X 103 8.4 X 105 4.2 X 105 2.1 X 105 

Treatment: Category B= 20ºC and 10% soil moisture 
 
 
Table 11: Viable count from three pork belly samples, Category C 

Samples R2A 
Harvest 

MacConkey 
Harvest 

RB 
Harvest 

R2A 
End 

MacConkey 
End 

RB 
End 

1: muscle >5 X 106 >5 X 106 2.2 X 103 6.6 X 105 9.2X 105 No growth 
1: skin >5 X 106 >5 X 106 3.6 X 103 2.7 X 105 5.0X 105 3 X 103 
2: muscle >5 X 106 >5 X 106 3.4 X 103 8.0 X 105 9.6 X 105 1 X 103 
2: skin >5 X 106 >5 X 106 3.9 X 103 4.4 X 105 7.3 X 105 4 X 103 
3: muscle >5 X 106 >5 X 106 4.5 X 103 1.7 X 105 8.8X 105 No growth 
3: skin >5 X 106 >5 X 106 3.0 X 103 6.8 X 105 7.0 X 105 No growth 
4: muscle 
control 

>5 X 106 >5 X 106 4 X 103 12 1.5 X 105 1 X 103 

4: skin con-
trol 

>5 X 106 >5 X 106 1.2 X 103 33 2.0 X 105 6 X 103 

Treatment: Category C= 20ºC and 40% soil moisture 
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VC from the bacteria exposed to 30°C with 40% soil moisture (Table 12) and 30°C 

with 10% soil moisture (Table 13) also indicated a similar trend of bacterial growth, 

rising to a peak at the harvest and decreasing at the end of the experiment.  R2A 

and MacConkey bacteria could not be compared with the samples incubated at 

20°C during harvests due to high numbers of colonies for VC.  

 
Table 12: Viable count from three pork belly samples, Category E 

Samples R2A 
Harvest 

MacConkey 
Harvest 

RB 
Harvest 

 

R2A 
End 

MacConkey 
End 

RB 
End 

1: muscle >5 X 106 >5 X 106 1 X 103 5.7 X 
105 

9.8 X 105 1 X 
103 

1: skin >5 X 106 >5 X 106 5 X 103 8.7 X 
105 

6.1 X 105 5 X 
103 

2: muscle >5 X 106 >5 X 106 2 X 103 8.0 X 
105 

7.3 X 105 No 
growth 

2: skin >5 X 106 >5 X 106 4 X 103 6.2 X 
105 

9.1 X 105 3 X 
103 

3: muscle >5 X 106 >5 X 106 1 X 103 3.6 X 
105 

6.4 X 105 No 
growth 

3: skin >5 X 106 >5 X 106 >5 X 
104 

6.3 X 
105 

8.8 X 105 2 X 
103 

4: muscle  
control 

>5 X 106 >5 X 106 1 X 103 2.2 X 
105 

5.2 X 105 1 X 
103 

4: skin  
control 

>5 X 106 >5 X 106 2 X 103 2.6 X 
105 

2.5 X 105 6 X 
103 

Treatment: Category E= 30ºC and 40% soil moisture 
 
 
 
Table 13: Viable count from three pork belly samples, Category F 

Samples R2A 
Harvest 

MacConkey 
Harvest 

RB 
Harvest 

 

R2A 
End 

MacConkey 
End 

RB 
End 

1: muscle >5 X 106 >5 X 106 1 X 103 5.2 X 105 8.6 X 105 1 X 103 
1: skin >5 X 106 >5 X 106 5 X 103 7.9 X 105 5.1 X 105 2 X 103 
2: muscle >5 X 106 >5 X 106 1 X 103 7.4 X 105 7.9 X 105 No 

growth 
2: skin >5 X 106 >5 X 106 4 X 103 6.6 X 105 7.5 X 105 2 X 103 
3: muscle >5 X 106 >5 X 106 1 X 103 2.9 X 105 5.4 X 105 No 

growth 
3: skin >5 X 106 >5 X 106 7 X 103 5.0 X 105 3.1 X 105 X 103 
4: muscle  
control 

>5 X 106 >5 X 106 2 X 103 2.0 X 105 5.4 X 105 No 
growth 

4: skin control >5 X 106 >5 X 106 1.3 X 
103 

4.3 X 105 2.2 X 105 No 
growth 

Treatment: Category F= 30ºC and 10% soil moisture 
 

5.1.4.4 Gram stain  

Plates were examined at 24 hours for R2A and MacConkey agars, and 48 hours for 

Rose Bengal. Fungal colonies that grew on Rose Bengal spread plate varied in size 
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and colour, from large white and raised to small white and pink (Figure 8). Numerous 

bacteria were also noted on MacConkey spread plates where colony morphology 

varied from brown to white, flat to slightly raised (Figure 9). Colonies on R2A were 

present in the largest numbers, mostly white in colour with fewer colonies small and 

yellow (Figure 10). 

 

   
Figure 8: Typical Rose Bengal plate associated with buried pork belly muscle.  
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Figure 9: Typical MacConkey plate associated with buried pork belly skin.                                                                                                   
 
 

 
Figure 10: Typical R2A plate associated with buried pork belly muscle.                                                                                              
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5.1.5 Assessment of body part decomposition upon exhumation 

5.1.5.1 Carcass mass loss 

Animal analogues in categories B and C were exposed to an average of 20.8°C 

(Figure 11). Biomass loss average in Category B was 28.38% and in Category C 

31.02%. The control sample C however lost significantly less biomass (5.77%). 

Similarly, animal feet in Category B lost approximately 18.85% and those in 

Category C an average of 25.55%, however, the biomass of the control sample was 

not significantly higher (30.97 %).   

 

 
Figure 11: Ambient temperature recordings for sample categories B and C. 
Treatments: Category B= 20ºC and 10% soil moisture; Category C= 20ºC. 
 
 

Biomass loss measurements indicated that animal heads (Figure 12) did lose more 

weight in both temperature settings in comparison to feet (Figure 13). There was not 

much difference in the percentage of biomass loss between main head samples in 

categories B and C (Appendix 2).  
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Figure 12: Summary of tissue mass loss for buried heads. 
Treatments: Category B= 20ºC and 10% soil moisture; Category C= 20ºC and 40% soil moisture; 
Category E= 30ºC and 40% soil moisture; Category F= 30ºC and 10% soil moisture. 
 
 
 

 
Figure 13: Summary of tissue mass loss for buried feet. 
Treatments: Category B= 20ºC and 10% soil moisture; Category C= 20ºC and 40% soil moisture; 
Category E= 30ºC and 40% soil moisture; Category F= 30ºC and 10% soil moisture. 
 
 

Animal analogues in categories E and F were exposed to an average of 26.1°C 

(Figure 14). The decomposition rates of animal feet yielded a similar pattern of 

biomass loss between Category E samples (28.19%), Category F samples (28.51%) 

and the control sample (26.87%). A difference of biomass was shown between the 

main head samples left to decompose in Category E (29.73%) in comparison to 

Category F (14.98%) but little change when compared with the control sample 

(29.17%).  
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Figure 14: Ambient temperature recordings for sample categories E and F. 
Treatments: Category E= 30ºC and 40% soil moisture; Category F= 30ºC and 10% soil moisture. 
 
 

A Kruskal-Wallis test was used to measure differences in mass loss between 

categories before and after the experiment. It yielded significant results (Appendix 

1) for both the decay rates of animal heads (H= 4.92, p < 0.05) and animal feet (H= 

5.04, p <0.05). The null hypothesis stating that there will be no difference between 

two tested groups was therefore rejected and the alternative hypothesis accepted.  

 

Control sample for each category was a piece of pork belly left to decompose in jam 

jars with no contact with soil. Viable counts of bacteria and the Gram staining are 

qualitative microbiological methods unsuitable for statistical analyses. Data were 

hence collected and discussed in terms of approximate numbers and characteristics 

in terms of either supporting or contrasting statistically analysed methods. 

 

5.2 The effect of temperature on the decay of frozen buried remains  

If dismembered body parts are buried shortly after being taken out of the freezer, 

the depositional microenvironment is likely to differ from the remains that were not 
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concerned the effect of freezing on the decay of buried body parts (see Section 1.3). 

The aim was met by means of interpreting body mass loss, soil pH, metabolic activity 

of soil microbes, viable count, Gram staining and the physiochemical analysis of 

compost. It was hypothesised that temperature will not affect the decay rates of 

frozen animal body parts. 

 

5.2.1 Qualitative and quantitative assessment of the remains prior to burial  

Morphological assessment of body parts took place immediately after they were 

taken out of the freezer. All body parts were categorised into the first decomposition 

stage with no visible signs of skin decay or insect succession prior to freezing. 

Recorded average mass for sixteen animal heads was 4.7 kilograms and for animal 

feet 0.88 kilograms. Individual measurements of the starting mass of each specimen 

can be found in Appendix 3.  

 
Table 14: Viable count of frozen buried pork belly, Category C- start if trial  

Sample Gram stain 
of aerobic bacteria 

Muscle 
 

Gram stain  
of aerobic bacteria  

Skin 
 

Viable count 
Muscle 

 

Viable count 
Skin 

 

Belly slice 1 G- G- 2.0 X 105 3.1 X 105 
Belly slice 2 G- G- 1.5 X 105 4.0 X 105 
Belly slice 3 G- G- 2.5 X 105 2.6 X 105 

Head 1 G- G+ 3.2 X 105 3.4 X 105 
Head 2 G- G- 3.2 X 105 3.5 X 105 
Head 3 G- G- 2.7 X 105 2.8 X 105 
Foot 1 G- G+ 2.0 X 105 2.5 X 105 
Foot 2 G- G- 3.0 X 105 2.7 X 105 
Foot 3 G- G- 2.9 X 105 3.1 X 105 

Treatment: Category C= 20ºC and 40% soil moisture 
 

5.2.2 Microbiology of the remains prior to burial 

Gram staining of frozen samples at the start of the experiment revealed a similar 

trend to the fresh buried samples. Mostly Gram-negative bacteria were identified 

from belly slices and body part tissues (Table 14). Bacterial numbers, however, were 
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lower in comparison with the fresh samples. This was expected and assumed to be 

the case because of the low temperatures that either retarded the growth of or killed 

microbes.  

 

5.2.3 Micro-environmental monitoring during the decay 

5.2.3.1 Compost pH  

Friedman’s ANOVA test was used to compare the distribution of pH levels in two 

different temperature settings (Appendix 1). Statistical analysis yielded a significant 

difference between categories (X2=16.20, p < 0.05) showing that compost pH varies 

according to the temperature levels. Compost pH measured at the start of the 

experiment was neutral, 7.2. pH levels of samples incubated at 20°C ranged 

between 8.10 and 8.92 during each sampling interval, and dropped to between 7.00 

and 7.99 at the end of the experiment (Figure 15). Compost pH of the samples 

incubated at 30°C was higher, varying between 8.66 and 9.87 during harvests and 

lowering to 7.10 and 8.04 at the end of the trial (Appendix 13). In comparison, 

compost pH of Category C fresh meat pieces ranged between 8.00 and 8.20 during 

harvests and 5.72 to 5.80 at the end of the experiment (Figure 6). Compost pH of 

Category E samples was within the range of 8.62 and 9.10 during harvests and 9.01 

to 9.03 at the end of the trial. This way, there was not much difference in pH levels 

between fresh and frozen Category C samples during harvests, but compost acidity 

level was higher towards the end of the experiment with fresh samples. A similar 

pattern was also observed with Category E samples, where acidity level of compost 

during harvests was similar, but the compost was more alkaline with the fresh 

samples at the end of the trial while it was approximately neutral in numbers with 

frozen samples.  
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Figure 15: Compost pH recordings for frozen buried remains. 
Treatments: Category C= 20ºC and 40% soil moisture; Category E= 30ºC and 40% soil moisture. 
 

 

5.2.3.2 Metabolic activity of soil microbes 

Friedman’s ANOVA test was used to measure if there was a statistically significant 

difference in microbial metabolic activity between Category C and Category E 

samples.  The test yielded statistically significant results (X2=10.33, p < 0.05), 

indicating that metabolic activity of compost bacteria differed between samples 

incubated at 20°C and those incubated at 30°C (Appendix 1). Bacterial metabolic 

activity in the compost was the lowest at the start of the experiment, with not much 

difference in either group, varying from 0.07mg to 0.09mg of fluorescein released 

(Figure 16; Appendix 14). At sample recovery (day 14), three samples in Category 

E released between 0.79mg and 0.99mg of fluorescein, in comparison to Category 

C that released fluorescein in lower amounts, between 0.63mg and 0.96mg.  

 

At the end of the experiment, results showed that amounts of the chemical released 

dropped significantly, to lower figures than at the start of the experiment, with 

Category C releasing 0.05mg for the first two samples but yielding a higher amount 

for the third sample (0.60mg). Three samples that were incubated at 30°C yielded 

between 0.05mg and 0.06mg of fluorescein.  
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Given that there was no difference in soil moisture between samples but only in their 

incubation temperatures, the results are indicative that temperature was the driving 

factor for the level of metabolic activity. In comparison with the metabolic activity of 

microbes associated with decomposition of fresh pork belly, microbial activity on 

frozen remains was not drastically lower at the start of the experiment, as expected 

because of previous freezing.  

Interestingly, harvest figures were significantly lower in the frozen remains as well 

at the end of the trial.   

 
Figure 16: Metabolic activity of soil microbes - frozen buried remains. 
Treatments: Category C= 20ºC and 40% soil moisture; Category E= 30ºC and 40% soil moisture. 
 

 

5.2.3.3 Viable count 

Microbes from the buried remains incubated at 20°C did not show any fungal growth. 
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no fungi growth was noticed again, numbers were higher during the harvest and at 

the end of the experiment. Viable count was however low, compared to those of 

fresh remains from Category E. There was no significant difference in numbers 

between R2A and MacConkey agars, or between muscle tissue and animal skin. 

VC of the anaerobic colonies was higher in numbers during the sample interval in 

comparison to the end of the experiment (Table 17). This could indicate continuous 

bacterial activity that would not be associated with later stages of decomposition.   

 

Table 15: Viable Count from frozen pork belly, Category C - end of trial                                                                         

Samples R2A 
Harvest 

MacConkey 
Harvest 

RB 
Harvest 

 

R2A 
End 

Mac-
Conkey 

End 

RB 
End 

1: muscle 5 X 105 1.0 X 105 No growth 2.5 X 105 1.8 X 105 No 
growth 

1: skin 1.0 X 
105 

1.2 X 105 No growth 2.9 X 105 1.3 X 105 No 
growth 

2: muscle 1.2 X 
105 

6 X 105 No growth 3.6 X 105 1.0 X 105 No 
growth 

2: skin 1.7 X 
105 

1.4 X 105 No growth 2.2 X 105 6 X 105 No 
growth 

3: muscle 6 X 105 2.2 X 105 No growth 1.9 X 105 1.7 X 105 No 
growth 

3: skin 3 X 105 7 X 105 No growth 1.5 X 105 1.0 X 105 No 
growth 

4: muscle 
control 

5 X 105 6 X 105 No growth 9 X 105 8 X 105 No 
growth 

4: skin con-
trol 

5 X 105 8 X 105 No growth 1.1 X 105 3 X 105 No 
growth 

Treatment: Category C= 20ºC and 40% soil moisture 
 
Table 16: Viable count from frozen buried remains, Category E 

Samples R2A 
Harvest 

Mac-
Conkey 
Harvest 

RB 
Harvest 

 

R2A 
End 

MacConkey 
End 

RB 
End 

1: muscle 2.0 X 
105 

2.3 X 105 No growth 9 X 105 6 X 105 No growth 

1: skin 1.6 X 
105 

1.1 X 105 No growth 6 X 105 5 X 105 No growth 

2: muscle 2.2 X 
105 

1.4 X 105 No growth 3 X 105 7 X 105 No growth 

2: skin 1.8 X 
105 

1.9 X 105 No growth 5 X 105 1.0 X 105 No growth 

3: muscle 2.6 X 
105 

>5 X 106 No growth 2 X 105 3 X 105 No growth 

3: skin 1.3 X 
105 

>5 X 106 No growth 6 X 105 8 X 105 No growth 

4: muscle 
control 

7 X 105 2 X 105 No growth 3 X 105 2 X 105 No growth 

4: skin 
control 

9 X 105 6 X 105 No growth 3 X 105 1 X 105 No growth 

Treatment: Category E= 30ºC and 40% soil moisture 
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Table 17: Viable count from frozen buried remains, anaerobic conditions  
 
                 Sample        Category          Harvest         Finish 

1 A 4.1 X 105 2.1 X 105 
2 A 4.7 X 105 6.6 X 105 
3 A 3.6 X 105 7.5 X 105 
1 D 5.5 X 105 7.1 X 105 
2 D 6.9 X 105 6.5 X 105 
3 D 5.3 X 105 8.1 X 105 

Treatments: Category A= 20ºC and Category D= 30ºC. 
 

In appearance, bacteria from buried frozen remains resembled those from frozen 

wrapped remains. Examination of MacConkey agar plates showed small, purple and 

brown, slightly raised colonies, round in shape (Figure 17). R2A plates had the most 

colony counts but not much difference in appearance was noticed, being mainly 

small, white and round in shape (Figure 18).  

 
Figure 17: Typical MacConkey plate - buried frozen tissue, Category C .                                                                                        
Treatment: Category C= 20ºC and 40% soil moisture.  
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Figure 18: Typical R2A plate - buried frozen tissue, Category C.                                                                                                     
Treatment: Category C= 20ºC and 40% soil moisture.   
 
 
 

5.2.3.4 Gram stain  

Gram staining of bacteria cultured anaerobically showed predominantly Gram-

negative bacteria to be associated with the decomposition of buried frozen remains. 

This was more prominent on the soft tissue of remains incubated at 30°C (Figure 

19). Bacteria were rod-shaped and showed up in large numbers. A combination of 

fungi and Gram-negative bacteria was shown on Gram staining of the anaerobic 

samples incubated at 20°C (Figure 20). Fungi prefer lower temperatures; maybe 

this is why not many appeared on Gram staining of Category E samples. Yeasts 

were cocci shaped and dark in colour. Gram-negative bacteria were cocci shaped 

and densely populated.  

 

A similar pattern was shown with the main samples, with Gram staining of remains 
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incubated at 30°C showing predominantly Gram-negative bacteria (Figure 21). 

Gram stain of the main samples incubated at 20°C however demonstrated a mix of 

Gram-positive and Gram-negative bacteria, shown in the highest numbers of all 

Gram staining from mixed colony formation on plates (Figure 22). It was difficult to 

establish whether Gram-positive or Gram-negative colonies were predominant, due 

to the density of numbers.   

 
Figure 19: Gram-negative bacteria- anaerobic conditions, Category E                                                                                                     
Scale: 100μm.Treatment: Category E= 30ºC and 40% soil moisture. 
 

 
Figure 20: Gram-negative bacteria and fungi- anaerobic conditions,  
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Category C. Scale: 100μm.Treatment: Category C= 20ºC and 40% soil moisture. 
 
 

 
Figure 21: Figure 21: Gram-negative bacteria - anaerobic conditions, Category E. Category E. 
Scale: 100μm. Treatment: Category E= 30ºC and 40% soil moisture. 

 
 
 

 
Figure 22: Gram-positive/ Gram-negative anaerobes, Category C. 
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Scale: 100μm.Treatment: Category C= 20ºC and 40% soil moisture. 
 

 

5.2.4 Assessment of body part decomposition upon exhumation 

5.2.4.1 Carcass mass loss 

Category E feet samples lost the most biomass (62.35%) followed by the head 

samples of the same Category (30.7%). The largest difference in biomass was 

between animal feet in Category E (Figure 23; Appendix 4) and Category C 

(21.75%). One-Way ANOVA showed a significant effect of temperature on the decay 

of analogue feet at the p < 0.05 level between Category C and Category E [F (3, 12) 

=8.23, p= 0.003]. However, there was not a significant effect of temperature on the 

decomposition rate of animal heads at the p < 0.05 level between Category C and 

Category E [F (3, 12) =1.40, p=0.291]. Hence, the null hypothesis stating there will 

be no difference in decomposition rates between two temperature settings of frozen 

remains is accepted and the alternative hypothesis that stated that it will be, is 

rejected.  

 

 
  Figure 23: Summary of tissue mass loss of frozen remains (%).                                                                                                
Treatments: Category C= 20ºC and 40% soil moisture; Category E= 30ºC and 40% soil moisture. 
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5.3 The impact of wrapping on the decomposition of animal remains  

The following section focuses on the early post-mortem history of wrapped remains 

(see Section 4.6.4 and 4.6.8). It explores how the microenvironment shapes the 

decay pattern in the absence of flies and soil bacteria, where decomposition of the 

remains may be dominated mainly by body microbiota. The third aim of the chapter 

was to establish the decomposition pattern of wrapped remains in two temperature 

settings, Category A and D (see Section 4.6.1). The aim was achieved by 

establishing the effect of temperature on decay rates. The measure of 

decomposition was loss of tissue mass. It was hypothesised that an increase in 

temperature will not result in an increased rate of decomposition. 

 

5.3.1 Qualitative and quantitative assessment of the remains prior to wrapping 

All body parts were inspected for any signs of fly and insect infestation first. 

Morphological changes on animal skin were next inspected and body parts were 

photographed. All remains were categorised into ‘Fresh’ decomposition stage. The 

average weight of animal heads was 4.45kg and for animal feet 0.95kg (Appendix 

3). 

 

5.3.2 Microbiology of the remains prior to wrapping 

The bacterial population densities of the pork belly before the experiment were 

similar to those analysed at the start of the trial of the buried body parts. Swabbed 

belly slice muscle areas had a higher number of bacterial colonies (average 4.3 x 

105) in comparison to the tested belly slice skin (average 3.1 x 105). Predominantly 

Gram-negative bacteria were also identified from the tested samples (Table 18). 

Positive bacterial colonies were found mainly on swabbed skin areas from both belly 

slices and animal heads and feet albeit in small numbers.  
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Table 18: Viable count and Gram staining at the start of the experiment for wrapped remains 
 

Sample Gram stain 
Muscle 

Gram stain  
Skin 

Viable count 
Muscle 

Viable count 
Skin 

Belly slice 1 G- G- 3.2 X 105 1.6 X 105 

Belly slice 2 G- G- 2.9 X 105 2.2 X 105 

Belly slice 3 G- G+ 3.1 X 105 4.1 X 105 
Head 1 G+ G- 2.6 X 105 3.3 X 105 
Head 2 G- G+ 7.0. X 105 5.7 X 105 
Head 3 G- G- 1.8 X 105 5.5 X 105 
Foot 1 G- G- 5.3 X 105 4.3 X 105 
Foot 2 G- G- 6.4 X 105 3.9 X 105 
Foot 3 G- G- 6.4 X 105 4.1 X 105 

 

 

5.3.3 Micro-environmental monitoring during the decay  

5.3.3.1 Viable count 

Microbial growth on the agar representative of aerobic and anaerobic conditions 

was used in establishing viable count of bacteria half-way through the experiment 

and at the end of each trial. As per Table 19, all six samples left to decompose in 

anaerobic conditions showed a similar pattern of microbial growth, rising in numbers 

from the start to the harvest point and declining at the end of the experiment. 

Bacterial colonies on the samples exposed to the higher temperature were higher 

in numbers during harvest time and lower in numbers at the end of the experiment.  

 

Table 19:  Viable count from three pork belly samples- anaerobic conditions                                                                               
 

Samples 
 

Category 
 

Harvest 
 

End of experiment 

1 A 6.2 X 105 2.8 X 105 
2 A 6.0 X 105 1.8 X 105 
3 A 6.8 X 105 1.7 X 105 
1 D 8.5 X 105 9 X 105 
2 D 7.9 X 105 1.1 X 105 
3 D 8.2 X 105 8 X 105 

Treatments: Category A= 20ºC and Category D= 30ºC 
 

The increase of bacterial number in pork belly pieces incubated wrapped at 20°C 

was noticeable (Table 20) from the start of the experiment, with numbers over 100 
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per swab during the harvest time, while little or no bacteria were recorded growing 

on Rose Bengal agar.  

 

Table 20: Viable count from three pork belly samples, Category A 
Samples R2A  

Harvest 
MacConkey 
Harvest 

RB 
Harvest 
 

R2A 
End 

MacConkey 
End 

RB 
End 

1: Muscle >5 X 106 >5 X 106 No growth 7.6 X 105 2.6 X 105 No growth 
1: Skin >5 X 106 >5 X 106 1 X 103 5.2 X 105 2.4 X 105 No growth 
2: Muscle >5 X 106 >5 X 106 No growth 3.4 X 105 1.5 X 105 No growth 
2: Skin >5 X 106 >5 X 106 No growth 1.9 X 105 1.1 X 105 No growth 
3: Muscle >5 X 106 >5 X 106 No growth 1.2 X 105 1.7 X 105 1 X 103 
3: Skin >5 X 106 >5 X 106 No growth 2.2 X 105 2.2 X 105 No growth 
4. Control mus-
cle 

>5 X 106 >5 X 106 5 X 104 3.3 X 105 5.1 X 105 5 X 104 

4. Control skin >5 X 106 >5 X 106 5 X 104 2.6 X 105 2.5 X 105 5 X 104 
Treatment: Category A= 20ºC  
 

The pattern of microbial growth was similar to agars incubated at 30°C of Category 

D (Table 21), with harvest figures recorded over 100 each. Fungi grown on Rose 

Bengal agar were again minimal although in large varieties (Appendix 5), which was 

also the case with bacteria. VC of control samples was similar to the VC of the main 

samples and different in respect of fungi growth that was noticed, but in smaller 

numbers than in Category A. The main difference between VC in two 

microenvironments hence was the number of bacteria counted at the end of the 

experiment, with lower numbers counted on the 30°C agar plates.   

 

Table 21: Viable count from three pork belly samples, Category D 
Samples R2A 

Harvest 
MacConkey 

Harvest 
RB 

Harvest 
 

R2A 
End 

MacConkey 
End 

RB 
End 

1: Muscle >5 X 106 >5 X 106 1 X 103 3.4 X 105 1.5 X 105 No growth 
1: Skin >5 X 106 >5 X 106 No growth 2.2 X 105 5 X 105 No growth 

2: Muscle >5 X 106 >5 X 106 No growth 1.3 X 105 1.2 X 105 No growth 
2: Skin >5 X 106 >5 X 106 No growth 1.0 X 105 1.1 X 105 No growth 

3: Muscle >5 X 106 >5 X 106 No growth 4.3 X 105 1.7 X 105 No growth 
3: Skin >5 X 106 >5 X 106 No growth 2.3 X 105 9 X 105 No growth 

4. Control mus-
cle 

>5 X 106 >5 X 106 3.6 X103 1.2 X 105 5.5 X 105 2.0 X103 

4. Control skin >5 X 106 >5 X 106 1.1 X103 2.4 X 105 3.7 X 105 9.0 X103 
Treatment: Category D= 30ºC 
 

Agar plates were further examined for the appearance of bacteria grown. Visual 
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examination of petri dishes confirmed a variety of colony types associated with the 

decay. For instance, bacteria swabbed from pork belly muscle Category D were 

raised, medium-sized, round in shape and either creamy or burgundy in colour 

(Figure 24).  

 

 
Figure 24: Typical MacConkey plate from wrapped pork belly muscle, Category D.  
Treatment: Category D= 30ºC.    
 

In contrast, a single colony counted on Rose Bengal plate Category A (Figure 25) 

was raised, over-sized and mushroom cup shaped.  Bacteria grown on R2A plate 

also from muscle tissue in Category A were smaller in size and mostly white/creamy 

in colour (Figure 26).  
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Figure 25: Typical Rose Bengal plate- wrapped pork belly, Category A.   
Treatment: Category A= 20ºC.    
 
 

 
Figure 26: Typical R2A plate from wrapped pork belly muscle, Category A.   
Treatment: A= 20ºC.     
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5.3.3.2 Gram stain   

Gram staining of pork belly analysed from MacConkey agar incubated at 20°C 

exhibited mostly Gram-negative bacteria (Figure 27). Gram stain of a double-

wrapped control sample incubated at 20°C (Figure 28) exhibited purple coloured 

large fungi (yeast). Gram stained microorganisms were grown on R2A agar with 

minimal access to oxygen, suggesting facultative anaerobes. 

 

 
Figure 27: Gram-negative bacteria- surface of animal tissue, Category A. Scale: 100μm. 
Treatment: Category A= 20ºC.   
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Figure 28: Fungi from surface of animal tissue, Category A control. Scale: 100μm. 
Treatment: Category A= 20ºC  
 
 

Gram stain of pork belly incubated at 30°C on R2A plate (Figure 29) also revealed 

pink rods, suggesting Gram-negative bacteria being engaged in the decay process 

similarly to the samples left to decompose at 20°C.  Gram staining of the double 

wrap control sample incubated at 30°C (Figure 30) showed a mixture of bacteria on 

R2A plate. Pink sphere colonies and purple rods and yeasts were present, together 

with dark sphere-shaped colonies assumed to be engaged in the decay of pork belly 

tissue. Because of the reduced oxygen level, it is also presumed that largely 

anaerobic and facultative bacteria were the main decomposers. It is possible that a 

larger variety of bacteria were present due to a higher temperature that might be 

reflected in the decay rates of the tissue.  
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Figure 29: Gram-negative bacteria, the surface of animal tissue, Category D. Scale: 100μm. 
Treatment: Category D= 30ºC. 
 
 
 
 

Figure 30: Gram-negative bacteria from the surface of animal tissue, Category D control. Scale: 
100μm. Treatment: Category D= 30ºC 
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Because of the complexity of shapes and colours of colonies grown on samples 

incubated at 20°C and 30°C, additional Gram stain analysis was performed under 

anaerobic conditions to establish whether mainly Gram-positive or Gram-negative 

microbes were active in the absence of or in low levels of oxygen. Samples 

incubated in Category A under anaerobic conditions were mainly decomposed by 

Gram-negative bacteria, exemplified by sphere and rod colonies (Figure 31). 

However, Gram stain analysis of anaerobic condition in Category D (Figure 32) 

showed Gram-positive thick bacilli (usually characteristic of Clostridium spp.).   

 

 
Figure 31: Gram-negative anaerobic bacteria- the surface of animal tissue, Category A. Scale: 
100μm.Treatment: Category A= 20ºC.  
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Figure 32: Gram-positive anaerobic bacteria- surface of animal tissue, Category D. Scale: 100μm. 

Treatment: Category D= 30ºC. 
 

 

In summary, mostly Gram-negative bacteria were found on the main wrapped 

samples exposed to two sets of temperatures. Control samples (a double wrapper) 

from both conditions however indicated different colony diversity when pork belly 

was exposed to microenvironments with less oxygen: mostly Gram-negative and 

fungi with 20°C samples, and a mix with 30°C samples. Further Gram stain analysis 

of samples decomposed under anaerobic conditions pointed to the difference in 

Gram-positive samples incubating at 30°C and Gram-negative samples left to 

decompose in the incubator at 20°C.  

 

5.3.4 Assessment of body part decomposition at the end of the trial 

5.3.4.1 Carcass mass loss  

The Kruskal-Wallis test was used to measure the difference in biomass loss 

between two microenvironments (Appendix 6). The statistics yielded significant 
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results for wrapped heads (H= 8.23, p= 0.04) and wrapped feet (H= 11.44, p= 0.01). 

The null hypothesis stating that there will be no difference between two tested 

groups was therefore rejected and the alternative hypothesis accepted.  

 

As per Figure 33, there was not much difference in the percentage of biomass loss 

between wrapped heads decomposing at an average of 20.8°C and the control 

samples. However, control samples of animal feet in the same Category lost over 

twice the amount of biomass (average of 38.20%) than samples decomposing in 

regular bin liners (average of 16.27%). The decomposition pattern in Category D 

was the opposite (Appendix 2). Heads left to decompose at an average of 26.1°C 

lost over double the amount of biomass (average of 53.85%) compared to the 

control samples (average of 25.80%). However, a small difference in the mass loss 

was shown between the main feet samples and the control ones, with the latter 

losing 2.62% more biomass. Biomass loss measurements finally indicated that 

animal heads lost more weight in both temperature settings in comparison to feet. 

 
 
Figure 33: Percentage of biomass loss for wrapped body parts.  
 
Treatments: Category A= 20ºC and Category D= 30ºC 
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Thermometers inside the bin liners recorded the difference in temperature in 

comparison with the ambient temperature (Figure 34 and Figure 35).  

 
Figure:34 Comparison of ambient and bin liner temperatures, Category A.   
 

Figure:35 Comparison of ambient and bin liner temperatures for Category D. 
 
 

As per Figure 36, a pattern of temperature rising from the start of the experiment 

was demonstrated, with the peak being week 3 for all samples and falling towards 

the end of the trial. In Category A, the head sample decomposed at an average of 

22.3°C inside the bin liner, approximately 1.5°C above ambient temperature, and a 

foot sample at an average 21.2°C with about half a degree more. In Category D, a 

head sample decayed at approximately 28.1°C, two degrees above ambient 

temperature, and foot sample just above the temperature outside the bin liner 

(26.8°C). Therefore, the average difference in an ambient temperature between two 
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microenvironments was 5.3°C, with temperature higher inside the wrapper than the 

ambient temperature by up to two Celsius degrees.   

 

 
Figure 36: Average weekly temperature inside the bin liners. Treatments: Category A= 20ºC and 
Category D= 30ºC. 
 

 

5.4 The impact of wrapping on the decomposition of frozen animal remains  

The purpose of this section was to help understand the role of freezing in PMI 

estimation and the post-mortem history of frozen remains (see Sections 4.6.5 and 

4.6.9). Wrapping frozen body parts in bin liners is likely to introduce a high level of 

moisture in the microenvironment; however, how these unique circumstances would 

affect decomposition is uncertain. An aim was to understand whether ambient 

temperature affects the rates and pattern of post-mortem change in frozen wrapped 

remains. The aim was met by exposing body parts to decompose in two depositories 

and two sets of temperatures, Category A and D (see Section 4.6.1). The aim was 

achieved by observing morphological changes of soft tissue and calculating the 

rates of decay. Gross morphological observations were conducted to document any 

features that are not indicative of other types of microenvironments. It was 

hypothesised that ambient temperature will not impact on the decay rates of 
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previously frozen wrapped remains. 

 

5.4.1 Qualitative and quantitative assessment of the remains prior to wrapping 

Body parts were inspected for insect/fly infestation prior to freezing. Body parts were 

photographed and categorised according to the decomposition stage criteria. As 

with other experiments, all body parts were classified into ‘Fresh’ decomposition 

stage. Animal heads weighted an average of 5.01kg, whilst animal feet measured 

an average of 0.91kg (Appendix 3).  

 

5.4.2 Microbiology of the remains prior to wrapping 

Predominantly Gram-negative bacterial colonies were identified from the body parts 

and tested belly slices at the start of the experiment (Table 22). Viable count showed 

numbers that are in line with the frozen samples tested before burials, but fewer in 

numbers in comparison with the viable count of fresh pork belly samples and body 

parts. 

Table 22: Viable count and Gram staining of frozen samples at the start of the trial 
Sample Gram stain 

of aerobic bacteria 
Muscle 

 

Gram stain  
of aerobic bacteria  

Skin 
 

Viable count 
Muscle 

 

Viable count 
Skin 

 

Belly slice 1 G+ G- 1.6 X 105 2.0 X 105 
Belly slice 2 G- G+ 1.2 X 105 2.6 X 105 
Belly slice 3 G- G- 1.5 X 105 3.3 X 105 

Head 1 G- G- 4.2 X 105 4.5 X 105 
Head 2 G- G- 3.4 X 105 4.6 X 105 
Head 3 G- G- 5.7 X 105 3.9 X 105 
Foot 1 G- G+ 3.8 X 105 3.4 X 105 
Foot 2 G- G- 3.0 X 105 4.5 X 105 
Foot 3 G- G- 2.6 X 105 4.9 X 105 

 

5.4.3 Micro-environmental monitoring during the decay  

5.4.3.1 Viable count 

The viable count of wrapped anaerobic microorganisms from Category D belly slices 

showed a pattern of growth similar to that in the freshly wrapped remains. This was 
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exemplified by first escalating in numbers from start to harvest, then decreasing at 

the end of the experiment (Table 23).  

 

Table 23: Viable count of anaerobic microorganisms Categories A and D 
Sample Category Start Harvest End of ex-

periment 

1 A 1.0 X 105 3.1 X 105 1.3 X 105 

2 A 8 X 105 2.9 X 105 >5 X 106 

3 A 1.2 X 105 3.2 X 105 >5 X 106 
1 D 1.5 X 105 4.2 X 105 6.7 X 105 
2 D 1.0 X 105 5.0 X 105 7.0 X 105 

3 D 1.1 X 105 4.3 X 105 5.6 X 105 

Treatments: Category A= 20ºC and Category D= 30ºC 
 
 
However, the viable count of anaerobic microorganisms of the experiment in 

Category A was considerably larger in numbers from that in freshly wrapped remains. 

This was evident mostly at the end of the trial. Viable count of aerobic organisms 

incubated at 20°C (Table 24) was lower by comparison to the Category A fresh 

samples. No fungi growth was noticed on the Rose Bengal agar during the harvest 

and at the end of the experiment.  

 
Table 24: Viable count from three pork belly samples, Category A 

Samples R2A  
Harvest 

MacConkey 
Harvest 

RB 
Harvest 
 

R2A 
End of 
trial 

McConkey 
End of trial 

Chlormph-
nicol 
End of trial 

1: muscle 3.2 X 105 2.4 X 105 No growth 2.1 X 105 1.2 X 105 No growth 
1: skin 2.0 X 105 1.5 X 105 No growth  1.3 X 105 2 X 105 No growth 

2: muscle 1.3 X 105 2.2 X 105 No growth 9 X 105 1.0 X 105 No growth 
2: skin 2.3 X 105 2.5 X 105 No growth 7 X 105 1.3 X 105 No growth 

3: muscle 1.9 X 105 1.7 X 105 No growth 1.1 X 105 1.1 X 105 No growth 
3: skin 1.1 X 105 9 X 105 No growth  5 X 105 6 X 105 No growth 

4: Control 
muscle 

1.8 X 105 2.2 X 105 No growth  5 X 105 1.6 X 105 No growth 

4: Control 
skin 

1.2 X 105 1.9 X 105 No growth  6 X 105 1.7 X 105 No growth 

Treatment: Category A= 20ºC  
 
 

Lack of fungi grown on the Rose Bengal agar was also evident with the samples 

incubated at 30°C (Table 25). Viable count of aerobic organisms was higher than 

those from Category A but significantly smaller in number from fresh samples in 



134  

Category D. Accuracy of the plate counts, however, might have been affected by the 

profusion of colonies.     

 
Table 25 Viable count from three pork belly samples, Category D 

Samples R2A  
Harvest 

Mac-
Conkey 
Harvest 

RB 
Harvest 
 

R2A 
End 

McConkey 
End 

Chlormphenicol 
RB  
End 

1: muscle 4.0 X 
105 

2.5 X 105 No growth  3.3 X 
105 

2.5 X 105 No growth 

1: skin 2.6 X 
105 

3.0 X 105 No growth 2.1 X 
105 

2.9 X 105 No growth 

2: muscle 5.8 X 
105 

7.3 X 105 No growth 1.2 X 
105 

2.2 X 105 No growth 

2: skin 2.6 X 
105 

3.8 X 105 No growth 1.5 X 
105 

1.9 X 105 No growth 

3: muscle 5.9 X 
105 

7.7 X 105 No growth 1.2 X 
105 

2.2 X 105 No growth 

3: skin 6.1 X 
105 

4.2 X 105 No growth 1.9 X 
105 

3.2 X 105 No growth 

4: Control muscle 2.9 X 
105 

3.3 X 105 No growth  1.6 X 
105 

1.5 X 105 No growth 

4: Control skin 2.1 X 
105 

2.8 X 105 No growth  1.7 X 
105 

2.5 X 105 No growth 

Treatment: Category D= 30ºC 
 
In comparison to the fresh remains, colonies from previously frozen remains grown 

on agars were not only smaller in number but also smaller in appearance. This was 

the case on both MacConkey and R2A agars. Most bacterial growth on the latter 

was flat, small, round in shape and either white or pale yellow in colour. Colonies 

that grew on MacConkey also did not differ significantly in shape. Most were round, 

raised and dark purple coloured (Figure 37).    
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Figure 37: Typical MacConkey agar plate- frozen wrapped belly slice muscle, Category D. 
Treatment: Category D= 30ºC.   
 
 
 

5.4.3.2 Gram stain   

Gram stain analysis from previously frozen samples incubated at 30°C 

demonstrated predominantly Gram-negative bacteria present in large numbers 

(Figure 38), with a combination of bacilli and cocci shaped colonies. Large numbers 

of colonies and mostly bacilli shaped can be seen in a control sample of the same 

Category (Figure 39). Just as with fresh remains, abundant numbers are evident 

despite the freezing temperature and double wrapping. The bacteria are expected 

to be anaerobic or facultative, as samples incubated at 30°C under anaerobic 

conditions yielded the same results, mainly Gram-negative rods in high numbers.  

MacConkey agar exemplified numerous and mainly Gram-negative rods in Category 

A (Figure 40). However, R2A agar indicated possible Gram-positive cocci, diplococci 

and streptococci colonies being involved in the decomposition of wrapped remains 
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(Figure 41). 

 
Figure 38: Gram-negative bacteria- surface of frozen tissue, Category D. Scale: 100μm. 
Treatment: Category D= 30ºC. 
 

 
Figure 39: Gram-negative bacteria- surface of animal tissue, Category D control sample. Scale: 
100μm.Treatment: Category D= 30ºC. 
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Figure 40: Gram-negative bacteria- surface of animal tissue, Category A. Scale: 100μm. 
Treatment: Category A= 20ºC.  
 
 
The control sample had mainly Gram-negative rods in large numbers (Figure 42). 

Finally, the samples left to decompose in anaerobic conditions had a combination of 

Gram-positive and Gram-negative bacteria (Figure 43). As with the other Category, 

no fungi colonies were visible on a Rose Bengal plate. 
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Figure 41: Gram-positive bacteria- surface of wrapped animal tissue, Category A. Scale: 100μm. 
Treatment: Category A= 20ºC.  
 

 
Figure 42: Gram-negative bacteria- surface of animal tissue Category, A control. Scale: 100μm. 
Treatment: Category A= 20ºC.  
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Figure 43: Gram-positive/negative anaerobic bacteria- tissue surface, Category A . Scale: 100μm. 
Treatment: Category A= 20ºC.  
 
 
 

In summary, Gram stain analysis showed different types of colonies in two 

temperature settings. As was the case with the experiments in other 

microenvironments, Gram-negative bacteria that were visible on the plates seemed 

to prefer a higher temperature. Double wrapping also gave similar results, indicating 

that reduced oxygen was not the key factor of bacterial presence, which possibly 

can be interpreted as meaning that, anaerobic and/or facultative bacteria were 

involved in the decomposition. In comparison with freshly wrapped remains, Gram 

staining confirmed that prior freezing did not impact on the change of bacteria in 

terms of Gram type. A wrapped microenvironment at lower temperature did show a 

different bacterial presence with the R2A agar yielding mostly Gram-positive 

bacteria. The control sample showed a combination of Gram-positive and Gram-

negative bacteria. It can be hence assumed that the plastic wrapper acted as a 

shelter retaining the water crystals, and at the same time gave favourable conditions 
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of growth for anaerobic and facultative bacteria. The lack of fungi colonies in both 

microenvironments points either to freezing having destroyed bacteria that existed 

beforehand or that the presence of water crystals in the incubator did not promote 

their growth.  

 

5.4.4 Assessment of body part decomposition at the end of the trial 

5.4.4.1 Carcass mass loss  

Kruskal-Wallis test was used to measure differences in mass loss between frozen 

wrapped heads at two sets of temperatures (Appendix 7) yielding significant results 

(H= 10.73, p < 0.05).  One-Way ANOVA further showed a significant difference in 

mass loss of frozen animal feet for the two treatments [F (3, 12) =34.99, p < 0.05]. 

The null hypothesis stating that there will be no difference between two tested 

groups was therefore rejected and the alternative hypothesis accepted.  

 

The temperature was measured inside the bin liners to indicate the actual 

temperature under which the body parts decomposed. As per Figure 44, there was 

not much difference in temperature for Category A head samples (average 21.1°C) 

or feet (average 21.4°C). For Category D head samples, there was a slightly higher 

temperature inside the wrapper of about an average of 1.4°C above the ambient 

temperature, and an average of 1°C for feet.  

 

Category D feet and head samples lost the most biomass (Figure 45). There was 

further little difference in tissue mass loss between main Category A heads and their 

controls, Category A feet samples and their controls, and Category D feet samples 

and their control (Appendix 2). The only large difference in biomass was evident 

between Category D heads.  
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Figure 44: Average weekly temperature inside the bin liners- frozen wrapped remains 
Treatments: Category A= 20ºC and Category D= 30ºC. 
 
 
 

 
 
Figure 45: Summary of tissue mass loss of frozen wrapped remains (%).Treatments: Category A= 
20ºC and Category D= 30ºC. 
 

 

5.5 Post-mortem intervals: quantitative methods 

5.5.1 Validity of using Accumulated Degree Days to Estimate PMI  

A validity of the bespoke Total Body Scoring (TBS) in estimating Accumulated 

Degree Days (ADD) for the dismembered body parts was tested first using Pearson 

coefficient (Appendix 8).  The statistical test yielded significant positive correlations 

for: buried remains (r= 0.98, n= 28, p= < 0.001), frozen buried remains (r= 0.99, 
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n=32, p= < 0.001), wrapped body parts (r= 0.99, n = 32, p= < 0.001), and for frozen 

wrapped body parts (r= 0.99, n= 32, p= < 0.001).  

 

Linear regression analysis was implemented next to determine the accuracy of 

bespoke ADD method in PMI estimation of dismembered remains against the other 

main standard measures: Vass et al (1992), Megyesi et al (2005) and Moffatt et al 

(2016). PMI was treated as a dependent variable and ADD as independent variables. 

Due to large variances in ADD between methods (Appendix 15), linear regression 

using weighted least squares model was applied. Vass et al (1992) calculations 

could not be analysed statistically due to minimal variances in ADD (Appendix 9). 

Estimates of ADD from Megyesi et al (2005) and Moffatt et al (2016) were also 

subsequently excluded after they failed normality of data, residuals, and 

homoscedasticity. Transformations were carried out including Square Root, Log10 

and Reciprocal Transformation, unsuccessfully. VIF scores of both variables (ADD 

from equations of Megyesi et al 2005 and Moffatt et al 2016) were regardless too 

high, indicating that they were not needed for the analyses (Appendix 9).  This way, 

due to the relatively small sample numbers per each microenvironment, weighted 

least square model was carried out using the ADD data of the present contribution 

only from all experiments in total.  

 
Statistical test yielded significant results [(F1, 122) = 252.25, p< 0.001, with an R2 

of 0.60]. This way, 60% of the variation in PMI in all microenvironments can be 

explained by the ADD proposed by the current contribution (Figure 46).   
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Figure 46: Scatter plot of PMI vs ADD for the remains in all microenvironments. 
 

 

Although a comparison of PMI estimates could not be statistically analysed, an 

overview of PMI estimations shows a large difference in comparison to the 

calculations from the present contribution.  (Figure, 47, Figure 48, Figure 49 and 

Figure 50).  

 

 
          Figure 47: Summary of PMI estimates for buried body parts. 
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Figure 48: Summary of PMI estimates for frozen buried body parts. 
 
 
 
 
 

 
Figure 49: Summary of PMI estimates for wrapped body parts. 
 
 
 

 
Figure 50: Summary of PMI estimates for frozen wrapped body parts. 
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5.5.2 Buried remains 

Overall, animal heads were estimated to undergo faster decay than animal feet (see 

Table 26 for summary of microenvironmental categories). PMI of buried heads 

ranged between 25.17 and 26.25 days and for buried feet 25.17 to 31.58 days 

(Appendix 10). Categories E and F of buried heads were at the lower PMI scale than 

the categories B and C (Table 27). The control sample of the Category C reflected 

the PMI estimation of the main samples; however, Category E control had the 

longest PMI of all buried heads (37.04 days). Higher soil moisture with animal feet 

seems to contribute to the reverse decomposition rates from the animal heads with 

the samples in the Category C decaying slower (31.58 days) than those in the 

Category B (26.25 days). In comparison to the animal heads, both control feet 

samples had longer estimated PMI than the main sample (Category C= 31.58 days 

and Category E= 45.28 days).   

 
Table 26: Summary of microenvironmental categories 

Category Sample treatment Controlled microenvironment 
A Freshly wrapped body parts 

Frozen body parts 
Average ambient temperature 20.8°C 

D Freshly wrapped body parts 
Frozen body parts 

Average ambient temperature 26.1°C 

B Freshly buried body parts 20°C and 10% soil moisture 
C Freshly buried body parts 

Frozen body parts 
20°C and 40% soil moisture 

E Freshly buried body parts 
Frozen body parts 

30°C and 40% soil moisture 

F Freshly buried body parts 30°C and 10% soil moisture 
 

The ADD formula proposed by Vass et al (1992) indicated that body parts (heads 

and feet) left to decompose at an average of 20.8°C in both tested moisture levels 

should have reached skeletonisation in 10.30 days (Table 27; Appendix 10). Pig 

heads and legs left to decompose at an average of 26.1°C should have reached 

skeletonisation in 8.20 days. 
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The formula proposed by Megyesi et al (2005) estimated pig heads left to 

decompose at 20.8°C in 3.32 days and pig feet at 3.10 days (Category B) and 3.17 

(Category C). Further, animal heads that decomposed at 26.1°C were estimated to 

skeletonise at 2.77 days for heads in both categories and 3.17 days for feet also in 

both categories. ADD formula proposed by Moffatt et al (2016) proposed 

skeletonisation of animal heads in Categories B and C in 2.83 days and animal feet 

in 2.64 days for Category C and 2.50 days for Category B. Animal heads in 

Categories E and F were estimated to skeletonise in 2.41 days and animal feet in 

2.10 days. Calculated ADD from the present contribution gave PMI estimate of 

animal heads and feet from categories E and F to skeletonise in 25.17 days. Pig 

heads in Categories C and B in 26.25 days, animal feet in Category B in 26.25 days 

and in Category C in 31.58 days. 

 

Table 27: Quantitative PMI estimations (days) for fresh remains  
Category Sample Vass et al 

(1992) 
Megyesi et al 

(2005) 
Moffatt et al 

(2016) 
Present con-

tribution 
E Heads 8.20  2.77  2.41  25.17  
F Heads 8.20 2.77  2.41  25.17  
E Feet 8.20  3.17  2.10  25.17  
F Feet 8.20  3.17  2.10  25.17  
C Heads 10.30  3.32  2.83  26.25  
B Heads 10.30  3.32  2.83  26.25  
C Feet 10.30  3.17  2.64  31.58  
B Feet 10.30  3.10  2.50  26.25  

Treatments: Category B= 20ºC and 10% soil moisture; Category C= 20ºC and 40% soil moisture; 
Category E= 30ºC and 40% soil moisture; Category F= 30ºC and 10% soil moisture 
 
 
5.5.3 Frozen buried remains 

The lowest estimated PMI for frozen buried heads was 20.91 days and the highest 

was 31.58 days. Slower decomposition was estimated for animal feet with a 

minimum of 25.17 days and the longest of 31.58 days (Appendix 10). More variation 

in PMI estimation was evident between the samples of the same categories in 

comparison with the fresh buried body parts. Higher temperature and soil moisture 
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level of the Category E indicated shorter PMI for all frozen buried remains (Table 

28). Control samples of the Category C heads did not deviate from the main samples 

but the control heads of the Category E exemplified faster decay through shorter 

PMI estimate. Control samples of animal feet decomposed differently, with control 

E feet yielding shorter PMI than animal feet samples. 

 

Vass et al (1992) estimated yielded PMI of 8.20 days for animal heads and feet in E 

Category (Table 28; Appendix 10) and 10.30 days in Category C. In comparison with 

the burial of fresh body parts, the method could not distinguish between animal 

heads and feet or whether bodies were previously frozen.  According to the Megyesi 

et al (2005), formula Category E heads would reach skeletonisation in an average 

of 2.73 days and feet would decompose faster (an average of 2.55 days). Heads in 

Category C would also decay slower (an average of 3.34 days) than the animal feet 

in the same Category (an average of 3.15 days). Some difference in PMI estimation 

is evident between Megyesi et al (2005) and Moffatt et al (2016) whereas the latter 

exemplified faster decay of animal heads and feet in Category E, but slower in 

Category C.  

 

Table 28: Quantitative PMI estimations (days) for frozen buried body parts 
Category Sam-

ple 
Vass et al 

(1992) 
Megyesi et al 

(2005) 
Moffatt et al 

(2016) 
Present con-

tribution 

E Heads 8.20  Average 2.73 Average 2.36 Average 23.75  
E Feet 8.20 Average 2.55 Average 2.12 Average 26.05  
C Heads 10.30  Average 3.34 Average 2.86 Average 27.14  
C Feet 10.30 Average 3.15 Average 2.59 Average 29.80  

Treatments: Category C= 20ºC and 40% soil moisture; Category E= 30ºC and 40% soil moisture 
 

 

5.5.4 Wrapped remains 

Unlike the previous environments, animal feet were not estimated to decompose 

slower than the animal heads. Further, PMI in this environment was the same for 
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animal body parts in Category A: 31.58 days (Table 29). PMI of the control samples 

for both elements were also similar (21.92-26.25 days), showing estimated slower 

decay from the main remains. Wrapped main head samples had shorter PMI 

estimation (30.45 days) compared to animal feet (30.45-37.04 days) and had less 

PMI variation within the Category. Control head samples of Category D showed a 

notably shorter PMI estimate of 17.47 days (Appendix 10). A similar pattern was 

evident with the control animal feet of the same Category (20.91 days). 

 

Vass et al (1992) PMI estimates yielded 10.20 days for all body parts in Category A, 

and 8.20 days for Category D remains (Table 29; Appendix 10). According to 

Megyesi et al (2005), animal heads in Category A would decompose slower than 

animal feet, however, he opposite applies to the Category D. Moffatt et al (2016) 

estimated faster decay for animal heads (3.02 days) in Category A than animal feet 

(2.64 days) and the same for Category D. 

 

Table 29: Quantitative PMI estimations (days) for wrapped remains  
Category Sample   Vass et al 

(1992) 
Megyesi et al 

(2005) 
Moffatt et al 

(2016) 
Present con-

tribution 
A Heads 10.30 3.48 3.02 31.58 
A Feet 10.30 3.17 2.64 31.58 
D Heads 8.20 3.26 3.18 30.45 
D Feet 8.20 Average 2.69 Average 2.31 Average 31.55 

Treatments: Category A= 20ºC and Category D= 30ºC 
 

Samples with a thermometer in both categories indicated higher temperatures inside 

the bin liners. This implies that the real temperature under which the remains 

decomposed would advance decomposition even further.  

 
5.5.5 Frozen wrapped remains   

The decay of animal heads was estimated to be shorter than animal feet. PMI for 

animal heads ranged from 20.91 to 31.58 days with higher PMI figure being in the 
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Category A. Animal feet PMI ranged from 25.17 to 31.58, also with Category A 

samples showing slower decay and larger PMI (Appendix 10). Control samples of 

both categories and both body parts exemplified shorter PMI than the main samples. 

In comparison with the fresh wrapped remains, more PMI variation within the 

categories was evident, similar to the frozen buried remains. 

 

The Vass et al (1992) PMI formula for frozen wrapped remains in categories A and 

D would indicate skeletonisation at the same interval as fresh wrapped body parts 

(Table 30; Appendix 10). The Megyesi et al (2005) PMI equation yielded an 

estimated skeletonisation estimate for Category A body parts within approximately 

three days; longer decomposition for the heads (an average of 3.42 days) than the 

animal feet (an average of 3.15 days). PMI estimations of Moffatt et al (2016) were 

the shortest with longer skeletonisation predicted for animal heads than animal feet 

in both categories. 

 
Table 30: PMI estimations (days) for frozen wrapped body parts 

Category Sample Vass et al 
(1992) 

Megyesi et al 
(2005) 

Moffatt et al 
(2016) 

Present con-
tribution 

A Heads 10.20  Average 3.42 Average 2.95 Average 29.80 
A Feet 10.20  Average 3.15 Average 2.59 Average 29.80 
D Heads 8.20  Average 3.05 Average 2.87 Average 27.27 
D Feet 8.20  Average 2.63 Average 2.23 Average 29.57 

Treatments: Category A= 20ºC and Category D= 30ºC 
 

 
5.6 Post-mortem intervals: qualitative methods 
 
5.6.1 Inter-observer reliability of gross morphology 

Interclass correlation (ICC) for the observation of gross morphology of body parts 

yielded a high degree of reliability between the researcher and two independent 

observers (Appendix 11). The average measure of ICC was 0.87 with a 95% 

confidence interval from 0.78 to 0.93, p<0.001.  
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5.6.2 Buried remains 

Overall, animal heads showed more accelerated decomposition than animal feet.  

All head samples in Category B and C were classified into the Early disintegration 

stage (Figure 51; Appendix 12). This is in comparison to Category E and F head 

samples that showed morphological changes characteristic with the Active decay 

stage. Control sample C was in line with the rest of the specimen. A control sample 

of Category E, however, was desiccated (Figure 52). Category B feet were still in 

Putrefaction stage at the end of the experiment. Animal feet in all other categories 

were classified into Early disintegration stage. Decomposition of the control samples 

followed the same pattern as with the heads. No insect/fly infestation was noticed 

on or around the remains throughout the experiment.  

 
Figure 51: Sus scrofa head decomposition- day 28, Category E burial. 
Treatment: E= 30ºC and 40% soil moisture. 
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Figure 52: Sus scrofa head decomposition- day 28, Category F burial. 
Treatment: Category F= 30ºC and 10% soil moisture 
 

 

5.6.3 Frozen buried remains  

Outer morphological changes of frozen buried remains, in general, reflected the 

decay of fresh buried body parts. Exceptions were control animal heads that 

appeared deflated (Figure 53). Overall, animal heads appeared to decay faster than 

animal feet. Most Category C head samples were found in Early disintegration stage 

and most Category E head samples in Active decay stage (Appendix 12). Similar to 

the fresh buried specimens, control C sample decomposed the same as the rest of 

the heads. Control E head lagged behind in the decay and was classified into Early 

disintegration stage. Decomposition from inside the body parts in most Category E 

head samples, however, did not correspond to the outer appearance showing as 

sagging of the skin and bone detachment evident under the animal skin, 

corresponding with Advanced decay (Figure 54). Most Category C and E feet 

samples were also classified into Early disintegration stage including the two control 
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samples. No insect/fly infestation was found at or in the vicinity of the remains.   

 
Figure 53: Deflation of frozen animal head- day 28, control sample.     
 

 
Figure 54: Sus scrofa head decomposition- day 28 Category E frozen burial. 
Treatment: Category E= 30ºC and 40% soil moisture. 
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5.6.4 Wrapped remains 

All animal heads in Category A were found in Active decay stage (Figure 55). Animal 

heads from the Category D were further classified into Advanced decay stage 

(Appendix 12). There was visible discolouration of the skin, with a detachment of 

body elements including ears and mandibles. Skin and liquid were coming off and 

bones were starting to show. Animal feet in this microenvironment also decomposed 

slower than animal heads. Category D feet exemplified morphological changes 

characteristic of Active decay stage. Category E feet decomposed slower and were 

classified into Early disintegration stage with the exception of one sample. Skin 

discolouration and sagging were evident and substantial greasy substances were 

released, with cartilage and tendons exposed. Control samples from both categories 

and for both body parts visually appeared to decay much slower with all eight 

specimens being categorised into Putrefaction stage. However, on touch, it became 

apparent that they were either crumbling or disintegrating into a paste. No adipocere 

or desiccation was recorded on any of the specimens. One adult blow fly was found 

inside the wrapper of a Category E head.  

 
Figure 55: Sus scrofa head decomposition- day 28 of the experiment, wrapped Category A. 
Treatment: Category A= 20ºC.  
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5.6.5 Frozen wrapped remains 

The variation between decomposition stages was noticed among Category D heads 

(Early disintegration and Active decay), and Category A heads (Early disintegration 

and Advanced Decay). Specimens exhibited morphological changes associated 

with submerged remains (Figure 56). Animal feet samples in this microenvironment 

also appeared to decompose slower than animal heads (Appendix 12). The variation 

between decay stages was further noted with animal feet in Category A.  The 

samples were classified into either Putrefaction or Early disintegration stage. Animal 

feet in Category D were more homogenous in the decomposition pattern with most 

specimens reaching Advanced decay stage (Figure 57). Similar to the fresh 

wrapped remains, all eight control samples for both body elements were still in 

Putrefaction stage at the end of the experiment. No insect/fly infestation was noticed 

on or around the remains.  

 

Figure 56: Sus scrofa head decomposition- day 28, frozen wrapped Category A. 
Treatment: Category A= 20ºC.  
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Figure 57: Sus scrofa foot decomposition- day 28, frozen wrapped, Category D. 
Treatment: Category D= 30ºC. 
 

 
5.7 Summary  

Burial microenvironments of fresh remains were covered in the first two sections of 

the chapter. A compost analysis was conducted prior to the start of the experiments 

that concerned its physicochemical composition. This was completed in order to 

understand the burial environment into which organic meat was introduced, in terms 

of nutrient availability to microbes and suitability for their growth and activity. The 

tests revealed favourable conditions for body part decomposition prior to the 

experiment. The first experiment showed statistically significant differences in soil 

pH throughout the experiment, which can be associated with a difference in a 

microbial activity that is dependent on favourable levels of soil acidity and alkalinity. 

The second study analysed metabolic microbial activity levels in different 

microenvironments, also yielding significant results according to the temperature 
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and soil moisture levels. The third experiment tested viable count of microbes 

involved in decomposition, showing the highest numbers of bacterial colonies in 

compost with a higher moisture level and a higher ambient temperature. VC of 

anaerobic bacteria further indicated lower numbers of bacteria living in purely 

anaerobic conditions. The fourth experiment explored whether human microbiota or 

compost microbes were largely involved in the decomposition and concluded that 

Gram-negative bacteria were higher in numbers and likely to have originated within 

the body. This is a tentative conclusion however as there are viable but not 

culturable bacteria (VBNC) that cannot be grown under the conditions used. The 

fifth experiment analysed decomposition rates of the remains with the results 

showing statistically different decomposition processes between micro-

environmental settings. Overall, the trials answered the research question by 

confirming that both soil moisture and ambient temperature in tandem have 

significant effects on the decomposition of buried body parts.  

 

The second section of the chapter focused on decomposition of frozen remains in 

burial microenvironments. Compost pH levels firstly showed a significant difference 

between samples decomposing at two temperature settings. Secondly, the 

statistical analysis of the metabolic activity of soil microbes showed the variation of 

compost bacteria between two temperature levels. Thirdly, viable count indicated 

higher microbial counts on samples exposed to a higher temperature. Fourthly, 

Gram staining confirmed findings from the frozen wrapped remains, with Gram-

negative bacteria predominantly found on tested samples. This is also tentative 

conclusion as viable but not culturable bacteria (VBNC) that cannot be grown under 

the conditions used. Finally, mass loss was used as a measure of decomposition of 

frozen buried body parts. Decay rates of animal feet were statistically significant; 
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however, this was not the case with animal heads. This was a major difference in 

the decay pattern in comparison with freshly buried parts. However, all other 

methods of measuring decomposition proved to be in line with the fresh remains, 

suggesting that the decay of frozen body parts can be monitored in a similar fashion.  

 

Body wrapping of the remains was covered in the third part of the chapter, which 

focused on the impact of temperature on the decay of remains. The first experiment 

included viable count of the bacteria present on tissue throughout the experiment. 

The results supported the role of ambient temperature in decay, with increased 

microbial numbers aligning with increased temperature levels. VC of anaerobic 

samples was lower than the others, showing that strict anaerobic bacteria, whether 

Gram-positive or Gram-negative, were not much involved in the decomposition of 

the meat but probably facultative bacteria. 

 

Wrapping of body parts in plastic material was not likely to have impacted on 

metabolic microbial activity, with microbes being resistant to synthetic polymers, and 

as confirmed by advanced decomposition stage reached by samples exposed to a 

higher temperature. Secondly, Gram staining revealed mostly Gram-negative 

microbes present in both temperature settings, with the control samples yielding 

opposite results. Gram-negative bacteria are commonly found in the human body 

as opposed to Gram-positive bacteria that mainly lives in the environment, such as 

soil (see Section 3.3.2). 

 

A tentative conclusion to be drawn hence is that the oxygen level largely impacted 

the on the type of microbes present. This may explain different results of the main 

samples that decomposed in the highest oxygen levels, from the control samples 
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that decayed in reduced oxygen provision and the samples exposed to strict 

anaerobic conditions. Finally, the statistical analysis confirmed that higher 

temperature does affect the loss of weight in a wrapped microenvironment.  

 

The fourth section of the chapter addressed the decomposition of frozen wrapped 

body parts. Firstly, VC showed more microbes in a high temperature setting, 

supporting faster decomposition. This is however a tentative conclusion as there are 

viable but not culturable bacteria (VBNC) that cannot be grown under the conditions 

used. Secondly, Gram stain analyses exhibited the division of Gram-positive and 

Gram-negative bacteria according to the temperature microenvironment. Finally, 

statistical analyses of body parts weight loss yielded significant results showing that 

temperature is the influential variable in the decay of frozen wrapped remains. The 

decomposition pattern mirrored the one from freshly wrapped remains, with all 

tested methods yielding significant results. As with the previous micro-environments, 

this showed that similar methods may be used for monitoring decomposition.   

 

The fifth section of the chapter explored the accuracy of quantitative methods in 

establishing PMI of body parts. A comparison of PMI estimates with other 

methodological approaches could not be statistically analysed. However, the 

analyses of the bespoke Total Body Scoring method showed a positive correlation 

with ADD suggesting that the novel scoring system may be used on dismembered 

remains.  

 

The final part of the chapter concerned morphological changes of the body parts 

and decomposition stages classification. Similarly to the quantitative analyses of the 

remains, morphology and the decay stages differed between the microenvironments 
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and between body parts. The appearance of the post-mortem tissue also showed 

more variations between frozen samples and between animal heads and animal feet 

in both fresh and frozen samples. Decay pattern of frozen remains appeared to be 

different from fresh body parts with unique morphological changes noted. It is 

cautiously concluded that Gram negative body microbiota is the main agency in the 

decay of body parts because not culturable bacteria (VBNC) that cannot be grown 

under the conditions used. The degree and speed of carcass infestation also 

generally depends on the season and the availability of insects and flies in the area. 

Fly/insect infestation was controlled in the present study with placing the remains in 

the basement lab with no windows that is also divided from the rest of the university 

facilities by two sets of doors.  Because the samples were not exposed to insect 

succession, the decay was assumed to be slower than with carcasses decomposing 

in nature. As such, the results are not directly comparable to field decomposition 

rates or stages.  
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Chapter Six Discussion 
 
 

6.1 The impact of burial microenvironment on the decomposition of remains 

The first research question concerned the role of temperature and soil moisture in 

the decomposition of buried body parts. The research question was answered by 

measurement of body mass loss and was supported by a series of additional 

experiments that included soil pH, the microbiological activity of soil bacteria, viable 

count, and Gram stain analysis in conditions of different temperatures and moisture 

content. The organic matter factor was expressed in terms of pork belly and animal 

body parts acting as a nutrient for microorganisms as sources of nitrogen and 

carbon.  

 

Compost in burial experiments was chosen for replication purposes as it is not 

representative of any soil type and as such is suitable for a controlled laboratory 

experiment (see Section 3.3.1). Compost nevertheless did not have physical 

decomposers that chew, suck, bite or grind organic matter, such as beetles or 

earthworms that are expected to be found in field soils limiting the applicability of 

the results to the field ADD estimates and decay patterns (see Section 6.7).   

 

 Physical analysis of the compost indicated good conditions for bacterial growth and 

development (Partanen et al 2010). An average bulk density was 1.4g/cm3 and the 

average porosity was 45.6%, important also for the exchange of gases and liquids 

(Dane and Topp 2002). Soil texture indicated a larger percentage of sand than 

expected for organic compost (58.9%) and an average percentage of silt (23.07%). 

The compost was categorised as a medium loam soil, rich in organic matter (12%) 

derived from vegetable and animal residues, important for the activity of 
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microorganisms. The soil water level is further necessary for the chemical and 

physical breakdown of organic matter. The loam soil type of compost had a high 

level of available moisture, water retention, and water potential that should support 

bacterial activity.   

 

Statistical analyses of the soil pH that indicated deposition of organic meat to make 

a significant impact on compost acidity and alkalinity levels, during sampling interval 

times and at the end of the experiment. This is significant since it indicates that soil 

pH may be used for the detection of smaller clandestine graves. The study of Vass 

et al (1992) proposed that high pH (> 7.0) can be linked with the early and 

intermediate stages of the decay. Their findings are supported in the present 

contribution with the levels of soil pH showing to be alkaline in all categories 

throughout the experiment and especially towards the end of the trial. 

 

The activity of soil microbes prior to, following the burial and throughout the 

decomposition, stages was also tested in relation to the compost's physical and 

chemical characteristics. Hence, the more surface space is available, the easier it 

gets for microbes to work; digestion and heat generation will speed up as well as 

bacterial growth and development. The importance of particle characteristics is that 

this affects the rate of organic matter breakdown. This is because microbial activity 

takes place at the interface of particle surfaces and air. Previous studies (e.g. Paul 

and Clark 1996 and Carter 2005) suggested that a soil matric potential of -0.01 MPa 

will allow the highest metabolic activity of microbes. Therefore, lower scales of 

matric potential would decrease the metabolic activity of microbes. The results of 

the present contribution showed otherwise. With the compost MPa of -0.03, 

microbial activity was still high and was affected by the higher temperature and 
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higher soil moisture. These findings are in line with Couteaux et al (2002), and Carter 

and Tibbett (2006) who associated the metabolism of soil microorganisms with 

specific temperature levels. Further, the results confirm those of Carter et al (2010) 

that linked higher moisture level with the higher activity of soil microbes.  

 

As bacterial enumeration demonstrated, microbial decomposers were higher in 

numbers in higher temperature and soil moisture settings, indicating accelerated 

decomposition. Exceptionally high numbers of decomposing bacteria during the 

sampling interval periods prevented further analysis of the impact of temperature 

and soil moisture on decomposition pattern. Therefore, viable count of bacteria 

could not be completed. Gram staining further identified mostly Gram-negative 

bacteria that could have originated from the intestine and other body areas. In 

comparison, Gram staining before the start of the experiment indicated 

predominantly Gram- positive bacteria. 

 

The ideal moisture level for compost varies between 40-60% (Dane and Topp 2002) 

and measurement of organic Levington yielded 37%, indicating some dryness. 

Modification of soil moisture a) boosted the level of moisture to 40% for part of the 

samples and b) dried it to the wilting point of compost (10%), with a minimal moisture 

level for soil microbes to grow and be active. An extreme drop in moisture would 

result in bacterial action slowing down, but because the compost moisture did not 

pass wilting point, it did not show extreme differences in the four tested 

microenvironments. In contrast, waterlogged compost would cause air to leave pore 

spaces, making a negative impact on aerobic bacteria and allowing anaerobic 

microbes to flourish (Jagnow et al 1977). During decomposition, microbes were also 

likely to give off heat that could cause a rise in soil temperature (Chapin et al 2002). 
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This way, soil temperature was likely to be higher than the ambient temperature 

during decomposition. Ambient air temperature in addition also causes soil 

temperature to rise or fall. As the samples were incubated at air temperature of 20° 

and 30°C, it is most likely that mesophilic organic acid producing bacteria known to 

proliferate in the early stages of the decay (eg. Lactobacillus spp. or Acetobacter 

spp.) were decomposing the tissue (Golueke et al 1954). Compost, in addition was 

expected to contain a large spectrum of bacteria as its organic content was above 

the average of most field soil types (Partanen et al 2010). Also, oxygen levels were 

favourable (48%), as well as a balanced pH level (pH 7). This may explain faster 

rates of decay for some freshly buried meat pieces, where both enteric and soil 

decomposers were free to proliferate (Dent et al 2004.). For instance, average 

amount of mass loss for buried heads was 26.02% in comparison to the control 

samples (surface decay) that lost 17.47% of body mass (Appendix 2). 

 

Reportedly, moist climates do cause the body to decompose more rapidly, due to 

favourable conditions for the growth of putrefactive bacteria (Gonzales et al 1954). 

Another discussion point within the literature is the study of Bass (1996) for instance, 

that observed that a body in a hot climate may take as little as two weeks to 

completely skeletonize. The body parts used in the experiment, however, were 

detached from the rest of the body. This might have limited or prevented other 

bacteria from a gastro-intestinal reservoir from invading the tissue. Different 

microbial communities have been associated with different body regions, for 

instance skin (Metcalf et al 2016), mouth and rectum (Hyde et al 2015), internal 

organs (Tuomisto et al 2013) or ears and nasal canals (Johnson et al 2016).  

 

Also, oxygen is needed for microbial respiration of aerobic microbes (Jagnow 1977). 

https://doi.org/10.1126%2Fscience.aad2646
https://doi.org/10.1007%2Fs00414-014-1128-4
https://doi.org/10.1111%2F1556-4029.12124
https://doi.org/10.1371%2Fjournal.pone.0167370


164  

Bacteria use carbon and nitrogen as sources of energy for growth and reproduction 

by way of oxidising organic material. Oxidation warms up the soil from the air 

temperature within days in favourable conditions, because of the bacterial 

decomposition of organic material. Soil aerobic bacteria however largely depend on 

the soil's physical and chemical characteristics, especially moisture, temperature, 

acidity, and oxygen level. A minimum of 5% of oxygen is needed for strict aerobic 

bacteria; if it is below that threshold, up to 90% of decomposition may slow down, 

giving way to facultative anaerobes, or microaerophilic bacteria taking over 

decomposition (Dane and Topp 2002). Analysis of anaerobic bacteria confirmed the 

involvement of anaerobes throughout the decomposition, which was evident in other 

studies (eg. DeBruyn and Hauther 2017). Microbial analysis further confirmed the 

involvement of microbial anaerobes throughout the decomposition in burial 

microenvironments. 

 

Finally, carcass mass loss findings showed that the highest mass losses of animal 

heads and feet were in depositories that the highest temperature and soil moisture 

levels. The results further indicated that body parts decompose at different rates 

with the animal heads losing more weight in all categories in comparison to feet. 

This is feasible since previous research showed differential decomposition even in 

whole bodies (eg. Pope 2010, Notter et al 2008). Simmons et al (2010) found similar 

results but only if the remains were subject to insect succession. The present study 

was laboratory-controlled experiment where the remains were not exposed to insect 

succession.  However, the size of organic material is a significant factor that may 

have affected decomposition rates. This is because smaller pieces of organic 

material are more suited for microbial degradation; they are easier to digest, more 

heat is generated faster and microbial decomposition is therefore speedier. This way, 
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body parts, in theory, should decompose faster than whole bodies as the latter have 

larger surface area to volume ratio. These results support work from other studies 

such as Megyesi et al (2005) that provided quantitative PMI equation separately for 

different body regions. Because this study looked at dismembered body parts, it is 

therefore not directly comparable to the decay of full carcases.    

 

6.2 The effect of burial microenvironment on the decay of frozen remains 

The research question concerned the impact of ambient temperature on 

decomposition of frozen buried remains. In comparison to the first sets of trials, five 

methods were also implemented in order to answer the research question (a 

measurement of body mass loss, soil pH, the activity of soil bacteria, viable count, 

and Gram stain analysis). Compost moisture levels were not treated, therefore only 

ambient temperature was used as the main variable. 

 

Statistical analysis yielded a significant difference in the soil pH according to the 

temperature levels. In comparison with fresh buried remains, there was no radical 

difference in soil pH levels. Compost containing frozen remains of Category E was 

slightly alkaline throughout the experiment, reverting at the end of the experiment. 

The pH levels of the remains incubated at 20°C were also mildly alkaline during the 

first three weeks but had changed to acidic by the end of the experiment. With 

reference to the use of soil pH as a potential indicator of body disposal, the figures 

indicate that the soil pH around buried frozen remains would not differ much from 

that associated with body parts buried fresh after dismemberment.  

 

A decrease in microbial growth in comparison with the fresh body parts suggested 

that growth after freezing is unlikely or retarded. This supported the findings of 
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Londahl and Nilaaon (1993) that suggested that it cannot be certain if microbes can 

resume growth after freezing. The work of Stokes et al (2009) further indicated that 

freezing will not make an impact on soil chemistry of buried remains, but the burial 

microenvironment will impact on soil microbial activity. The counts of the main 

samples in present study indeed showed more microbial growth associated with 

Category E during sampling interval times, indicating faster decay rates. However, 

when compared with VC of fresh remains Category E, frozen remains had lower 

numbers of bacteria present on petri dishes. 

 

 Because Gram-negative bacteria were predominant in control anaerobic conditions, 

it is assumed that facultative anaerobic microbes were involved in the decay process. 

This is because strict anaerobic Gram-negative bacteria are relatively sparse in 

these microenvironments. This is in contrast to other studies such as Zugibe and 

Costello (1993) that indicated predominantly aerobic decomposition in previously 

frozen bodies exemplified as advanced external soft tissue decomposition in 

comparison with internal organs. The authors however used rats as animal 

analogues and have supported their findings with a forensic case (‘The Iceman 

Murder’) where the subject has been frozen between 18 and 36 months and was 

not dismembered.   

 

Gram-negative bacteria were mostly detected on the remains incubated at 30°C in 

anaerobic conditions. Fungi that prefer cooler temperatures were found on samples 

incubated at 20°C alongside Gram -negative bacteria. A similar pattern was 

observed from Gram staining of the main samples, with mostly Gram-negative 

bacteria being present in Category C and a combination of Gram-positive and 

negative in Category E. Because Gram staining was conducted prior to the burial of 
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samples showing predominantly Gram-positive microbes, it can be cautiously 

deduced that the Gram-negative bacteria that was mainly involved in the decay of 

body parts was possibly body microflora.  

 

There was a statistically significant difference in the decay rates of frozen buried 

feet only, indicating that tested ambient temperature levels were not the main 

variable in the decay of animal heads. Frozen feet from Category E lost 50.93% 

weight as opposed fresh samples that lost 27.86% body mass. In contrast, frozen 

heads lost 27.87% weight in comparison to fresh heads that lost 29.59% or tissue 

mass. In general, the soles of the feet have harder and thicker skin layer in 

comparison to other parts of the body (Grouios 2004), which might have caused 

slower decomposition in fresh samples. Thawed skin on the other hand may be 

easier to decompose. Further, the difference in decay rates between feet and heads 

could be due to weight and higher surface area to volume ratio. This was in line with 

the findings of Zugibe and Costello (1993) that suggested that the head of a 

previously frozen subject decomposed more rapidly in comparison to the rest of the 

body because of its small size. The present results showed different decay patterns 

between fresh and frozen buried heads, with the former losing less weight, hence 

presumably decomposing at slower rates.  

 

Similar results were observed by Schäfer and Kaufmann (1999) that reported slower 

decomposition due to microbial growth being disrupted by the low temperatures. 

The decay pattern in the present contribution was reversed between fresh and 

frozen animal feet, at least in the Category E, pointing to a complex decomposition 

pattern of frozen remains. The results are in line with other studies such as Roberts 

et al (2017) that reported faster decomposing of the frozen bodies.  
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6.3 The impact of wrapped microenvironment on the decay of body parts 

The research question concerned the impact of temperature on decomposition of 

wrapped body parts and it was answered using three research techniques; viable 

count, Gram stain and carcass mass loss. Patterns of viable count rise from the start, 

reaching a peak at the sampling interval and lowering in numbers towards the end 

of the experiment, indicating the highest microbial activity half way through the 

experiment. Minimal or no bacteria, grown on the Rose Bengal plate on main 

samples in both categories, indicate low numbers of fungi being involved in the 

decay. This was not the case with control samples (double wrapping) with a large 

number of fungi present in Category A and lower numbers in Category D. The 

highest numbers of bacteria were found on R2A and MacConkey plates. The former 

would be suitable for the growth of aerobic and facultative anaerobic heterotrophic 

bacteria typically found in water.  

 

The type of bacteria expected to grow on MacConkey agar would be Gram-negative 

anaerobes associated with the intestinal tract. It was not possible to differentiate 

between numbers of R2A and MacConkey at sampling interval, due to the sheer 

amount of microbes present, between two temperature microenvironments. At the 

end of the trials, however, the microbial count was higher at the 20°C incubated pork 

belly, confirming that decomposition was slower at a lower temperature exposure 

and was still taking place. Purely anaerobic conditions were introduced at both 

temperature settings to test microbial numbers and to show if it was anaerobes that 

were largely involved in the decomposition. In comparison with other plate counts, 

the number of microorganisms that could function only in anaerobic conditions was 

lower. The pattern of the microbial count was similar to other plate counts, rising at 
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the sampling interval and dropping in numbers towards the end of the experiment. 

It is evident that numbers were higher at sampling interval, with samples exposed 

to 30°C confirming faster decomposition rates. It can cautiously be concluded that 

neither strict aerobic nor strict anaerobic bacteria were mostly involved in the 

decomposing the meat, but facultative bacteria that can survive and thrive with or 

without oxygen.  

 

This is in contrast to other studies, such as; Schotsmans (2013), Hyde et al (2013) 

or Metcalf et al (2013) who reported a switch from obligate aerobes to facultative 

anaerobes until oxygen is again introduced into the body during rupture. The results 

from the present contribution show the difference in change of soil microbial 

communities forming the base for future application to establishing ‘post-mortem 

microbial clock’ for dismembered body parts. This could be supported with figures 

of VC before the start of the experiment that shows larger numbers of bacteria on 

the skin (aerobic) than on the muscle (anaerobic). Therefore, the main difference in 

viable count between the two microenvironments was that lower numbers of 

microbes were present on plate counts in Category D. The findings are in line with 

other studies such as Smith (1984) that noted moisture, hot environments and high 

acidity of the soil will hasten the decay. Gram staining was further compared for any 

difference between temperature settings, with results showing mostly Gram-

negative bacteria responsible for the decay in both microenvironments for the main 

samples. This is in contrast with other work such as Chandna et al (2013) which 

identified predominantly Gram-positive bacteria from compost. Similarly, Gram 

staining was completed prior to burials of the remains in the present volume, also 

showing mostly Gram-positive bacteria.  
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This way, it can be cautiously concluded that Gram-negative bacteria responsible 

for the decay of the remains originated from the animal tissue. Control samples 

indicated Gram-positive microbes (incubation at 20°C) and a mixture of both 

(incubation at 30°C). Gram stain analysis of anaerobic samples confirmed the 

findings of control samples, showing a different microbial action on wrapped remains 

with minimal or no access to oxygen exposed to different temperatures. Preliminary 

results indicate that oxygen (or the lack of it) and temperature may be the driving 

factors in deciding which type of microbes will be involved in the decay process, with 

further experiments necessary for tentative conclusions that may be of forensic 

value. Pokines and Symes (2013) came to similar conclusions showing that fungi 

and facultative anaerobic bacteria will dominate in an environment with low oxygen 

and no flies. 

 

The experiment involving biomass loss of animal body parts disproved the 

hypothesis that ambient temperature has no effect on the decomposition. The 

temperature measured inside the wrappers that was not included in the hypothesis, 

revealed an increase of up to two degrees Celsius corresponding with samples that 

reached more advanced decay and indicated higher microbial growth and activity 

within the wrapper. The results support previous studies such as Zhou and Byard 

(2011) where a microenvironment with limited oxygen increases levels of humidity 

that, with favourable temperature conditions, would contribute to increased microbial 

activity. Control samples of Category A feet did not follow the same decay pattern 

as the main samples, exemplifying larger mass loss. There was also a large 

variation between main samples of the Category D and the control samples, former 

losing far more weight. Ambient temperature was unlikely to be the cause of why 

feet inside the double wrapper would decompose faster than the main animal 
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samples, as not much difference was found between the temperature inside the 

main sample wrapper and the ambient temperature (less than one Celsius degree). 

It is hence doubtful that the temperature inside the double wrapper would be higher 

and it is probable that different microbial activity was taking place. The complexity 

of the decay was further shown by different decomposition between the main head 

and feet samples. Animal heads overall lost more weight (36.96%) than feet 

(31.32%).  

 

Temperature, therefore, did make an impact on main wrapped heads and wrapped 

feet samples in both categories indicating that body mass was not an obstacle or 

preference to microbial decomposers. This also may be the case under field 

conditions, regardless of the fluctuations of temperature and possible access to 

insects if the wrapper is pierced. An example is a study of Forman (2015) that 

reported a ‘greenhouse effect’ in the wrapping, suggesting a third variable being 

dominant other than time and temperature. As demonstrated in the present 

contribution, this is likely to be a bacterial action alongside insect succession in field 

conditions.  

 

6.4 The effect of wrapped microenvironment on the decay of frozen remains 

The research question focused on the impact of temperature on the decomposition 

of frozen wrapped remains, and was answered by the research methods; viable 

count, Gram stain and carcass mass loss. Freezing of the samples reduced the 

numbers of anaerobic microbes.  This was evident on those incubated at 20°C, to a 

lesser extent on microorganisms of Category D, but mostly on the growth of fungi. 

Frozen pork belly in Category D exhibited the most viable bacteria present. Microbial 

count on the main samples showed fewer numbers of microbes than in the 
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experiments with freshly wrapped remains. Similar results were observed by 

Christner et al (2003) that noted microbes metabolizing and replicating DNA in 

frozen conditions and continuing metabolic activity below -40°C. The results are 

similar to other studies such as Baust et al (2001) and Baust (2007) that suggested 

the possibility that certain numbers of microbes can survive freezing (-17°C), as not 

all mammalian cells can equally cryopreserve. The study suggested that even if they 

do preserve, approximately 30-70% would be destroyed within the first 48 hours 

after thawing. Baust et al (2001) further observed that some microbes can indeed 

endure deep freezing below –100°C but the intermediate temperature zones that 

microbes need to go through twice during freezing and thawing are the ones that 

destroy them.  

 

Variability in microbial numbers between the categories, controls and the body parts 

is also consistent with the results of the study by Christner et al (2003) that recorded 

frozen microbes repairing damaged DNA (Dieser et al 2013). Gram-negative 

bacteria were predominantly associated with the decomposition of freshly wrapped 

remains. Gram stain analysis of frozen wrapped remains showed a division of Gram-

positive and Gram-negative bacteria.  It varied according to the incubation 

temperature with the mostly Gram-negative at higher temperatures and a mixture of 

Gram- positive and Gram-negative at lower temperatures. Control samples of 

double-wrapped remains were in line with the results from the main samples. This 

indicated that a double wrapping microenvironment with reduced oxygen levels was 

not the main factor in deciding whether strictly Gram-positive or Gram-negative 

bacteria took the lead in tissue decomposition. The study of Schäfer and Kaufmann 

(1999) showed that cells can either freeze internally or shrink during freezing with 

the low temperature affecting bacterial growth. It is therefore possible that freezing 
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affected not only microbial numbers but also Gram type of aerobic and anaerobic 

bacteria identified, causing variability between microenvironments tested.  

 

Statistical analysis of the biomass loss of frozen animal heads and feet both yielded 

significant results. Percentage of biomass loss range, however, was wide: between 

6.39% and 39.66% for the main head samples, and 10.47% and 69.70% for the 

main feet samples. Animal heads hence lost less biomass (an average of 22.69%) 

than the animal feet (an average of 38.33%). In comparison with the fresh samples, 

the temperature inside the bin liners further was only higher approximately by a 

Celsius degree than the ambient temperature. The study of Roberts et al (2017) 

suggested freezing to accelerated decay rates. In contrast, Schäfer and Kaufmann 

(1999) claim that it slows down decay. Decomposition of frozen wrapped remains in 

the present contribution demonstrated faster decay in comparison to the freshly 

wrapped remains and it showed a different decomposition pattern between animal 

heads and feet, in contrast to the fresh remains. Nevertheless, the temperature did 

influence decay rates. It can be assumed that inactivation of microbes with freezing 

temperature below 0°C was changed with favourable temperature conditions in the 

incubator, where microbial growth resumed again at a rate similar to microorganisms 

on fresh remains. Since the remains were frozen for only 24 hours, it is possible that 

ice crystal formation did not damage bacterial cells to a large extent or metabolized 

with DNA replication being ceased DNA in a frozen environment (Christner et al 

2003). However, it is unknown whether a longer freezing period or freezing at a 

lower temperature would result in the same impact on microbial growth and activity.  

Unlike the temperature difference in the wrapped microenvironment of fresh remains, 

previously frozen wrapped remains from Category A did not exhibit temperature 

change inside the wraps. Category D, similarly, only had a small temperature 
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difference inside the wraps, by contrast to fresh wrapped Category D samples.  

 

6.5 The accuracy of PMI estimations for dismembered body parts 

Application of the bespoke quantitative PMI method described in this study was 

statistically significant in all microenvironments estimating the time of death within a 

few days of the actual PMI. The results did not support the findings of three tested 

PMI methods that have been commonly used (Vass et al 1992, Megyesi et al 2005 

and Moffatt et al 2016) that yielded PMI estimates outside the range for all remains. 

Consequently, the proposed PMI of the three studies did not match decomposition 

stages in any microenvironments used in present contribution. Perhaps, this is 

because body parts decompose differently from whole bodies in terms of microbial 

decomposers. In addition, all three studies based their estimations on human 

remains where body weight is not comparable with the animal analogue body parts.  

 

6.6 Decomposition patterns 

Decomposition pattern between body parts varied. Overall, six decomposition 

stages were recorded for both animal heads and animal feet: Fresh, Putrefaction, 

Early disintegration, Active decay, Advanced decay and Desiccation (see Section 

5.6 and Appendix 12). Buried animal heads were estimated to have shorter PMI 

than animal feet (Table 27). This is also supported by the categorisation of 

decomposition stages that exemplified more advanced decay stages for animal 

heads. The longest PMI estimate was for wrapped body parts (Table 31) and the 

shortest for frozen buried remains. The estimates nevertheless were close, with a 

difference of a day between fresh and frozen buried remains and two days between 

fresh and frozen wrapped body parts. It is interesting to note most frozen remains 

were estimated to decompose faster than fresh specimens.  
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Table 31: Summary of PMI estimates per microenvironment 

Microenvironment PMI (days) 

Buried remains 26.37 

Frozen buried remains 25.37 

Wrapped remains 31.28 

Frozen wrapped remains 29.11 

 

 

Bespoke decay stage categories of the present contribution for buried remains were 

in line with the established tahonomic models proposed by Davis and Goff (2000) 

and Prieto et al (2004) for buried body parts. The decomposition pattern of frozen 

buried remains also matched that observed by Micozzi (1986), that showed the 

decay to be more prominent internally than externally. However, different and more 

varied morphological changes were observed within wrapped microenvironments.  

The decay pattern of wrapped remains proposed by Scholl and Moffatt (2017) 

showed significantly slower decay for wrapped body parts in comparison to whole 

animal bodies. The present contribution did not use whole animal bodies, however, 

the decay of the wrapped remains was slower than buried body parts. Further, Scholl 

and Moffatt (2017) noted wrapped animal heads to decompose the slowest in 

comparison with other wrapped body parts. The current results showed the opposite, 

with heads decaying faster than feet. The study of Scholl and Moffatt (2017) further 

recorded wrapped samples turning into liquid, making it more difficult to establish 

their weight. This was not found in the present study, albeit the high temperatures 

inside the wrappers.  

 

One reason could be because of the short experimental times and higher ambient 

temperature where leaching would be fully evident at a later stage. Because 

temperature inside the wrappers was higher than the ambient temperature, it might 
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also have caused a larger gap in the decay. PMI by stages of decay would suggest 

that the remains would need over a month to decompose at ‘room temperature’. 

This is likely to be in contrast to outdoor decomposition where insects, scavengers, 

fluctuations in temperature and weather conditions such as wind and rain would be 

likely to impact the decomposition pattern differently. Difference between PMI and 

decomposition stages is important to notice. It shows that both qualitative and 

quantitative approaches have to be considered as they show different decay 

patterns. The differences between the small loss of biomass and advanced stages 

of decomposition could be due to freezing and it is likely that pH in the bin liners was 

acidic, which would cause dissolving soft tissue quicker. 

 

In summary, the results add to the current body of published work by providing a 

decomposition pattern specifically for dismembered body parts that has not been 

attempted before on large sample size. It includes three microenvironments of likely 

clandestine disposals and provides forensic investigators a potential decomposition 

pattern of dismembered remains. This is unique and also offers a novel line of 

research focusing on the decay of human dismemberments. The project showed 

that microenvironments have the key role in understanding the decay of 

dismembered body parts with the temperature and soil moisture acting as the most 

significant variables. Moreover, a combination of two variables was utilised to form 

microenvironments as opposed to testing them separately as has been done in 

previous studies. This is worthwhile as it provides deeper knowledge of how the 

variables act in tandem and offers a more realistic taphonomic depository. The 

present contribution is a controlled laboratory project and it may serve for replication 

purposes, especially for the studies in forensic microbiology. While the study has 

contributed to wider understanding of the decay of dismembered body parts 
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however, the remains were not exposed to insect succession. This might have been 

exemplified by potentially slower decomposition than it would be expected in cases 

decomposing in nature, subject to similar temperature and insect ingress. This way, 

the study forms basis of future work but is not directly comparable to field 

decomposition rates or stages.  

 

A new combination of taphonomic and microbiology methods was utilised to answer 

the research questions that assured the accuracy of results and opened new 

research avenues. The findings indicated that body parts may decompose 

differently when dismembered which serve as a basis for further research. The 

results further showed how body parts decompose when wrapped and frozen, both 

conditions of immense importance in dealing with human dismemberments. The 

project finally provided a new bespoke TBS score for dismembered body parts with 

descriptions of morphological changes to show the difference in the decay in 

suspected frozen or wrapped body parts. A novel TBS score may be tested in 

different microenvironments and compared against human body parts. 

 

6.7 Project limitations  

Experiments involving the decomposition of fresh buried body parts had several 

limitations. Firstly, although Gram staining indicated mostly Gram-negative bacteria 

to be involved in the decay, there are viable but not culturable bacteria (VBNC) that 

cannot be grown under the conditions used (Li et al 2014), this way further analysis 

is outside the scope of this project. Hence, it can only tentatively be concluded that 

body microbiota is the main agency in the decay of body parts. Secondly, although 

the decay rates were statistically significant, the experiment omitted succession of 

flies, other insects and presence of clothing items, making the conclusions not 
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directly applicable to field cases. Thirdly, microbial activity levels were measured at 

only one sampling interval, half-way through the experiment, giving a partial picture 

of metabolic activity levels. Limitations of viable count of bacteria include 

unexpectedly high numbers of colonies found during sampling interval periods. 

Viable count hence could not be established. For future work, dilutions 107 may be 

necessary. A larger count limit might have revealed a difference between two 

temperature settings during sampling intervals. A fourth limitation is that it is not 

certain to what extent the methods are applicable to decomposition patterns in field 

conditions which needs to be tested in further studies. Fifthly, soil pH was tested on 

representative samples; hence, it is not known whether pH levels were 

representative of all body parts.  

 

Finally, the burial experiment used compost that is not representative of any soil 

type. However, although it is more defined in its composition than standardised soil 

in the field (Dane and Topp 2002), it also assures a standardised way of consistency 

and replicability of the results that different types of soil may not produce.   

 

Limitations of the experimental work on wrapped body parts include mainly the 

exclusion of insects and control temperature environments. Although findings from 

the project may be applied to body parts found decomposing in bin liners indoors, 

flies are known to find ways of getting into various enclosures and it would be 

unlikely that wrapping would create a real obstacle to fly succession, given 

favourable temperatures. Differences in qualitative and quantitative analysis of 

decomposition further point to the fact that weight may not be the most accurate 

measure of decomposition in this setting; this was confirmed by inaccurate PMI 

estimation by the two additional quantitative methods applied. A short temperature 
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span was used in the experiment, whereby decomposition was compared between 

20°C and 30°C in pork belly experiments and 20.8°C and 26.1°C in body part 

experiments. Different temperature ranges may well have produced different results. 

The findings as to the effect of body wrapping on decomposition are representative 

of the bin liners tested in this experiment. However, the selected standard polythene 

bin liners serve as an approximation to most types of bin bags. In addition, 

preliminary investigations concerning Gas chromatography-mass spectrometry 

detected no significant release of chemical compounds onto the animal tissue that 

may have affected decomposition by way of impacting bacterial activity. Finally, only 

the first few weeks of decomposition were covered in this project, a short decay 

period for body parts in this environment.  

 

Due to the absence of insects, the results of frozen wrapped and frozen buried 

remains can only be taken as textbook examples, with fieldwork experiments 

necessary in order to assist forensic investigators. It is not certain whether and to 

what extent bacterial action would be different in other soil types; hence, results from 

gram stain analysis, viable count and metabolic activity of microbes have to be taken 

into consideration with caution. Also, longer freezing periods and colder freezing 

temperatures may produce different results. 

 

Finally, this project used a domestic pig as analogue for humans. Limitations include 

dissimilarity to human cadavers on several aspects, including gastrointestinal 

anatomy, body proportion or diet (Matuszewski et al 2019). However, utilisation of 

human cadaver also holds a variety of limitations to include; difficulty in replication, 

availability, limitations in taphonomical facilities, ethical complexities etc.  
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6.8 Summary 

The utility of the effect of different microenvironments on the decay of dismembered 

body parts has been demonstrated. Namely, by controlling the main environmental 

variables to mimic the decomposition, several different decay patterns have been 

established and a new PMI estimation method has been proposed. The findings are 

significant as no experiments in the field have been conducted on a larger scale to 

test their application. Moreover, mainly case studies focusing on difficulties of the 

investigation or rare circumstances have been generating publications (Adams et al 

2019). The importance of understanding decomposition in compost forms a basis 

for future research on human composting. Better understanding of freezing 

microenvironments may help distinguishing foul play in PMI estimation. Finally, the 

research of wrapping microenvironment is important since wrapping is used in 

dismemberments hence the findings offer better knowledge of both. 
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CHAPTER Seven Conclusions 
 

7.1 Project conclusions 

The overall aim of the project was to establish decomposition patterns of 

dismembered body parts in order to provide all available information that can be 

obtained from a single limb to answer post-mortem queries. In doing so, the main 

variables known to affect the decay of whole bodies were tested for their impact on 

the decomposition, in view of their post-mortem history and PMI estimation. The 

remains however were not exposed to insect succession and the results are not 

directly comparable to field decay rates and stages. Research methods used in the 

analyses were body mass loss, soil pH, the metabolic activity of soil microbes, Gram 

staining and viable count of microbes.  

 

In a burial microenvironment, ambient temperature and moisture were tested in 

relation to the decomposition of buried body parts in the set conditions. It was 

hypothesised that an increase in temperature and soil moisture will not result in an 

increased rate of decay. The null hypothesis was rejected and the alternative 

hypothesis accepted with all trials confirming that the microenvironment has 

significant effects on the decomposition of buried body parts. In the 

microenvironment of frozen buried remains, the ambient temperature was tested for 

its impact on the decay rates. It was hypothesised that it will not impact on the 

decomposition rates of the remains. The hypothesis was accepted with the animal 

heads yielding nonsignificant results. This showed a difference in the decay pattern 

with the fresh buried body parts. Gram staining for both studies indicated that mostly 

body microflora contributed to the decay of animal body parts.   

 

In the microenvironment of wrapped body parts, the ambient temperature was 
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tested for its effect on the decay in the set conditions. It was hypothesised that an 

increase in temperature will not result in an increased rate of decomposition. The 

null hypothesis was rejected and an alternative hypothesis accepted. All methods, 

in addition, confirmed the importance of temperature in the decomposition of 

wrapped body parts. In comparison with the buried body parts, Gram staining 

indicated a probability of facultative anaerobic and aerobic bacteria being mostly 

involved in the decay. For the decomposition of frozen wrapped remains, it was 

hypothesised also that ambient temperature will not affect the decay rates of frozen 

wrapped body parts in the set conditions. The null hypothesis was rejected and an 

alternative hypothesis accepted. The decomposition pattern was similar to those of 

fresh wrapped remains, with all test methods yielding significant results. Gram 

staining revealed the division of Gram-positive and Gram-negative bacteria with the 

latter found in the higher temperature settings.  

 

Established quantitative decomposition methods were employed for PMI estimation 

(Vass et al 1992; Megyesi et al 2005 and Moffatt et al 2016), that could not produce 

accurate results. A bespoke TBS score was established that yielded a narrower 

estimate for the body parts. Morphological changes of animal tissue were classified 

into six decomposition stages that overall supported the quantitative PMI; Fresh, 

Putrefaction, Early disintegration, Active decay, Advanced decay and Desiccation. 

Decomposition at the last day of all experiments (day 28) varied across the 

microenvironments and body parts (see Appendix 12) with the level of decay 

exemplifying more advanced decay stages for animal heads. Specific changes in 

tissue morphology were recorded, unique for frozen and wrapped body parts that in 

addition may serve as indicators of depository settings in the forensic field. 
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7.2 Further work 

With regard to the decomposition of fresh buried body parts, metagenomic 

approaches may be conducted individually per body part and at regular sampling 

intervals to understand better the relationship between soil and decomposing 

microbes during decomposition. It is possible that microbial communities change 

throughout the decay as being affected by soil characteristics and environmental 

variables. Further studies are hence recommended to compare soil temperature 

with ambient temperature for better understanding of the burial microenvironment 

modification.   

 

Field experiments are necessary for an understanding of the decomposition of 

buried body parts when exposed to field variables. Different soil types may be used 

for a comparison of decomposition patterns and rates that also may give more 

applicable results from various microenvironments in forensic cases.    

 

Experimental projects on wrapped remains, with regular sampling intervals, would 

be beneficial for a fuller understanding of the decay with the recording of all 

decomposition stages in bin bags. Further analysis focusing on the comparison of 

body part decay including the abdomen would contribute towards a better 

understanding of decomposed remains. This project indicated the possibility of 

different decomposition processes between heads and feet. Fieldwork experiments 

are needed for comparison of the findings from the control environment. With regard 

to establishing the quantitative PMI of wrapped body parts, a new formula is needed, 

as the current ones are not applicable. Qualitative analysis of gross post-mortem 

changes is also necessary for comparison with quantitative methods. 

Decomposition tests in settings with different oxygen levels are also necessary, to 
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understand better the preference of Gram-positive and Gram-negative bacteria to 

aerobic and anaerobic conditions. For future consideration also is the effect of sharp 

force trauma on the decay of body parts in terms of PMI. Finally, the findings of this 

work derived from an animal analogue. The study focused on dismembered body 

parts and as such is not directly comparable to the decay of full carcases.   Future 

work may consider the usage of human body parts, where permitted. 

 

Further experimental work is necessary to focus on the decomposition of frozen 

remains, as the results concerning wrapped and buried remains left unanswered 

questions. Future studies should directly compare the decay of frozen and fresh 

body parts in terms of morphological tissue modification and the change in 

microenvironmental temperature. A comprehensive GC-MS chemical study is 

further necessary, to understand the relation between previous freezing and the 

release of chemical compounds from soft tissue, in terms of the quantity and type 

of products released. This may help in associating time since thawing when body 

parts are suspected to have been frozen. Further work is recommended to 

concentrate on moisture levels inside the bin liners during the decomposition of 

previously frozen body parts, and the effect moisture will have on microbial growth 

and activity and hence on decay rates. Similarly, further work is suggested to cover 

a broad range of depositional conditions that involve clothing and other wrappings 

that might hold or wick moisture similar to the study of Voss et al (2011). Also, longer 

experimental duration is necessary with the samples reaching complete 

skeletonization.  

 

Fungi were shown to have minimal involvement in the decay in this work. They, 

however, should not be disregarded in future work. Indeed, fungi have shown to 
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have great forensic potential. Limited studies such as Carter and Tibbett (2003) or 

Fu et al (2019) offer overview of this interesting area of forensic taphonomy. 

 

There is no quantitative method of PMI estimation for individual body parts in any 

setting; mathematical equations could potentially help narrow down PMI in this 

microenvironment. Also, microbial projects are needed to focus on different times of 

body parts spent at different degrees of freezing temperatures, for a better 

understanding of how and to what extent a cold environment can destroy bacteria. 

Because frozen buried animal heads and feet decomposed differently, firstly, more 

taphonomic work is necessary to understand their decomposition patterns, including 

the decay rates. Secondly, further microbiological analyses may be helpful to gain 

knowledge of why body parts decay differently and how. Thirdly, ice crystal artefacts 

that give the impression of empty holes on tissue may be formed, as caused by 

freezing and thawing. This would especially be the case if the thawing was gradual. 

Microscopic examination may be beneficial for an indication of whether body parts 

were frozen prior to wrapping or burying. The comparison of the decay of body parts 

to the whole body is necessary for all tested microenvironments with reference to 

PMI estimates. More studies are especially needed to focus on insect succession 

that this study did not include due to laboratory control framework. Further work 

such as the study of Scholl and Moffatt (2017) and Carter et al (2017) are needed 

to understand better the field of forensic microbiology in general as well as the decay 

of body parts under various field conditions.  

 

Microbiome profiling to include the symbiotic microorganisms in human bodies is 

recommended as a basis for further research. New methods for RNA (eg. 

transcriptomics) are necessary for a better understanding of molecular activities of 
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whole bacterial communities to improve results and aid criminal cases. Next-

generation sequencing (NGS) is further suggested for rapid analyses of millions of 

DNA molecules in few analytical runs. The approach is especially efficient to identify 

those species that cannot be cultured in the lab.  

 

To conclude, this study has started the investigation of microbe presence, 

abundance and transmigration on systems in an animal surrogate model to provide 

the context of human microbiota in dismembered body parts. Better knowledge of 

how decomposing microorganisms compete for survival is critical. This is especially 

important for the interpretation of microbial evidence in court, with more studies 

needed to focus on the microbe transmigration during decomposition of body parts 

in humans. 
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APPENDIX 1 
 
Statistical results for buried remains 
 
 
1. Compost pH 
 

Descriptive Statistics 
 N Mean Std. Deviation Minimum Maximum 

H1 12 8.3450 .42699 7.82 8.84 
H2 12 8.5225 .46650 7.97 9.10 
H3 12 8.3067 .38051 7.80 8.82 

Finish 12 8.1475 1.45484 5.70 9.10 
 

Ranks 
 Mean Rank 
H1 1.79 
H2 3.67 
H3 1.79 
Finish 2.75 

   
Test Statisticsa 

N 12 
Chi-Square 17.622 
df 3 
Asymp. Sig. .001 
a. Friedman Test 
 
 
 
2. Metabolic activity of soil microbes 
 
 

Descriptive Statistics 
 N Mean Std. Deviation Minimum Maximum 
Start 12 .06992 .008382 .061 .083 
H1 12 .37975 .245894 .137 .703 
Finish 12 .04317 .013065 .023 .076 

 
 

Ranks 
 Mean Rank 
Start 2.00 
H1 3.00 
Finish 1.00 

 
Test Statisticsa 

N 12 
Chi-Square 24.000 
df 2 
Asymp. Sig. .000 
a. Friedman Test 
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3. Carcass mass loss- animal heads 
 
 

Descriptive Statistics 
 N Mean Std. Deviation Minimum Maximum 
Start 14 5.2500 .63215 4.20 6.00 
Finish 14 3.9214 .64591 2.70 4.90 
Environment 14 2.93 1.542 1 6 

 
Test Statisticsa,b 

 Start Finish 
Chi-Square 4.491 4.924 
df 5 5 
Asymp. Sig. .481 .043 
a. Kruskal Wallis Test 
b. Grouping Variable: Environment 
 
 
 
 
4. Carcass mass loss- animal feet 
 
 

Descriptive Statistics 
 N Mean Std. Deviation Minimum Maximum 
Start 14 .7443 .11960 .50 .90 
Finish 14 .5543 .11673 .30 .69 
Environment 14 2.93 1.542 1 6 

 
Test Statisticsa,b 

 Start Finish 
Chi-Square 5.958 5.047 
df 5 5 
Asymp. Sig. .310 .041 
a. Kruskal Wallis Test 
b. Grouping Variable: Environment 
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APPENDIX 2 
Breakdown of mass loss per microenvironment 
 
 
Buried heads 
 

Samples Start (kg) Finish (kg) 
 

Amount of 
mass loss % 

B 6.00 3.60 40.00 
B 6.00 4.60 23.34 
B 5.50 4.30 21.82 
C 5.10 3.70 27.46 
C 4.50 2.70 40.00 
C 5.50 4.10 25.46 
E 4.70 3.30 29.79 
E 6.00 3.20 46.67 
E 5.50 4.80 12.73 
F 6.00 4.40 26.67 
F 4.50 4.00 11.12 
F 4.20 3.90 7.15 

C ctrl 5.20 4.90 5.77 
E ctrl 4.80 3.40 29.17 

Treatments: Category B= 20ºC and 10% soil moisture; Category C= 20ºC and 40% soil moisture; 
Category E= 30ºC and 40% soil moisture; Category F= 30ºC and 10% soil moisture 
 
 
Buried feet 
 

Samples Start (kg) Finish (kg) 
 

Amount of 
mass loss % 

B 0.80 0.65 18.75 
B 0.85 0.65 23.53 
B 0.70 0.60 14.29 
C 0.90 0.63 30.00 
C 0.60 0.47 21.67 
C 0.80 0.60 25.00 
E 0.80 0.69 13.75 
E 0.90 0.60 33.34 
E 0.80 0.50 37.50 
F 0.60 0.30 50.00 
F 0.70 0.60 14.29 
F 0.80 0.63 21.25 

C ctrl 0.50 0.35 30.00 
E ctrl 0.67 0.49 26.87 

Treatments: Category B= 20ºC and 10% soil moisture; Category C= 20ºC and 40% soil moisture; 
Category E= 30ºC and 40% soil moisture; Category F= 30ºC and 10% soil moisture 
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Frozen buried heads 
 

Category Start (kg) Finish (kg) Amount of mass loss % 
C 4.6 3.2 30.44 
C 4.9 3.5 28.58 
C 5.0 4.1 18 
C 5.0 4.6 8 
C 3.9 2.8 28.21 
C 3.7 2.2 40.55 
E 4.8 3.0 37.50 
E 4.5 3.7 17.48 
E 5.0 3.6 28 
E 5.2 3.2 38.47 
E 4.6 2.9 36.96 
E 5.0 3.7 26 

C ctrl 4.9 3.8 22.45 
C ctrl 5.1 4.7 7.85 
E ctrl 5.1 4.3 15.69 
E ctrl 4.8 3.7 22.92 

Treatments: Category C= 20ºC and 40% soil moisture; Category E= 30ºC and 40% soil moisture 
 
 
Frozen buried feet 
 

Category Start (kg) Finish (kg) Amount of mass loss % 
C 0.71 0.41 42.26 
C 0.99 0.68 31.32 
C 0.86 0.63 26.75 
C 0.95 0.88 7.37 
C 0.94 0.81 13.83 
C 1.00 0.91 9 
E 0.95 0.41 56.85 
E 1.00 0.38 62 
E 1.00 0.50 50 
E 0.78 0.29 62.83 
E 0.96 0.26 72.92 
E 1.05 0.32 69.53 

C ctrl 0.87 0.71 18.40 
C ctrl 0.92 0.85 7.61 
E ctrl 0.83 0.62 25.31 
E ctrl 1.00 0.92 8 

Treatments: Category C= 20ºC and 40% soil moisture; Category E= 30ºC and 40% soil moisture 
 
 
 
 



223  

 
 
 
Wrapped heads  
 

Category Start (kg) Finish (kg) Amount of mass loss % 
A 5.00 4.10 18 
A 5.10 4.20 17.65 
A 5.00 4.15 17 
A 3.50 3.00 14.29 
A 3.80 3.00 21.06 
A 3.70 2.50 32.44 
D 5.20 1.10 78.85 
D 4.90 1.15 75.54 
D 5.50 1.17 78.73 
D 4.00 3.00 25 
D 4.00 3.00 25 
D 3.00 1.80 40 

A ctrl 4.70 3.92 16.30 
A ctrl 4.10 3.11 24.15 
D ctrl 4.60 3.20 30.44 
D ctrl 5.20 4.10 21.16 

Treatments: Category A= 20ºC and Category D= 30ºC 
 
 
Wrapped feet  
 

Category Start (kg) Finish (kg) Amount of mass loss % 
A 1.00 0.86 14 
A 1.10 0.87 20.91 
A 0.80 0.75 6.25 
A 0.96 0.79 17.71 
A 0.94 0.76 19.15 
A 1.02 0.82 19.61 
D 1.00 0.65 35 
D 1.00 0.63 37 
D 1.00 0.61 39 
D 0.87 0.42 57.13 
D 0.92 0.41 55.44 
D 0.95 0.43 54.74 

A ctrl 1.00 0.63 37 
A ctrl 0.99 0.60 39.40 
D ctrl 0.80 0.40 50 
D ctrl 1.00 0.52 48 

Treatments: Category A= 20ºC and Category D= 30ºC 
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Frozen wrapped heads  
 

Category Start (kg) Finish (kg) Amount of mass loss % 
A 5.0 4.1 18 
A 4.8 4.0 16.7 
A 5.2 4.6 11.54 
A 5.0 4.6 8 
A 4.9 4.3 12.25 
A 4.7 4.4 6.39 
D 4.9 3.2 34.7 
D 4.9 3.5 28.58 
D 5.1 3.3 35.30 
D 5.0 3.1 38 
D 4.3 3.3 23.26 
D 5.8 3.5 39.66 

A ctrl 5.2 4.0 23.08 
A ctrl 5.1 4.6 9.81 
D ctrl 5.3 4.1 22.65 
D ctrl 5.0 4.5 10 

Treatments: Category A= 20ºC and Category D= 30ºC 
 
Frozen wrapped feet  
 

Category Start (kg) Finish (kg) Amount of mass loss % 
A 0.90 0.70 22.23 
A 0.78 0.62 20.52 
A 0.76 0.67 11.85 
A 0.90 0.59 34.35 
A 0.86 0.77 10.47 
A 0.87 0.68 21.84 
D 0.86 0.35 59.31 
D 0.85 0.34 60 
D 0.89 0.41 53.94 
D 0.99 0.30 69.70 
D 0.94 0.39 58.52 
D 0.96 0.41 57.30 

A ctrl 1.0 0.74 26 
A ctrl 1.05 0.89 15.24 
D ctrl 0.91 0.59 35.17 
D ctrl 1.15 0.46 60 

Treatments: Category A= 20ºC and Category D= 30ºC 
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APPENDIX 3 

Summary of the starting mass per sample 
 

 Fresh buried body parts 
Specimen number Category Body part Starting mass (kg) 

1a B Head 6.00 

2a B Head 6.00 

3 a B Head 5.50 

4 a C Head 5.10 

5 a C Head 4.50 

6 a C Head 5.50 

7 a E Head 4.70 

8 a E Head 6.00 

9 a E Head 5.50 

10 a F Head 6.00 

11 a F Head 4.50 

12 a F Head 4.20 

13 a C surface decay Head control 5.20 

14 a E surface decay Head control 4.80 

Frozen buried body parts 
Specimen number Category Body part Starting mass (kg) 

1b C Head 4.6 

2b C Head 4.9 

3b C Head 5.0 

4b C Head 5.0 

5b C Head 3.9 

6b C Head 3.7 

7b E Head 4.8 

8b E Head 4.5 

9b E Head 5.0 

10b E Head 5.2 

11b E Head 4.6 

12b E Head 5.0 

13b C surface decay Head control 4.9 

14b C surface decay Head control 5.1 

15b E surface decay Head control 5.1 

16b E surface decay Head control 4.8 

17b C Foot 0.71 
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Treatments:  
Category B= 20ºC and 10% soil moisture. Category C= 20ºC and 40% soil moisture 
Category E= 30ºC and 40% soil moisture. Category F= 30ºC and 10% soil moisture  
Category A= 20ºC. Category D= 30ºC 
 

Fresh wrapped body parts 
Specimen number Category Body part Starting mass (kg) 

1c A Head 5.00 

2 c A Head 5.10 

3 c A Head 5.00 

4 c A Head 3.50 

5 c A Head 3.80 

6 c A Head 3.70 

7 c D Head 5.20 

8 c D Head 4.90 

9 c D Head 5.50 

10 c D Head 4.00 

11 c D Head 4.00 

12 c D Head 3.00 

13 c A double wrapped Head control 4.70 

14 c A double wrapped Head control 4.10 

15 c D double wrapped Head control 4.60 

16 c D double wrapped Head control 5.20 

17 c A Foot 1.00 

Frozen wrapped body parts 
Specimen number Category Body part Starting mass (kg) 

1d A Head 5.0 

2 d A Head 4.8 

3 d A Head 5.2 

4 d A Head 5.0 

5 d A Head 4.9 

6 d A Head 4.7 

7 d D Head 4.9 

8 d D Head 4.9 

9 d D Head 5.1 

10 d D Head 5.0 

11 d D Head 4.3 

12 d D Head 5.8 

13 d A Double wrapped Head control 5.2 

14 d A Double wrapped Head control 5.1 

15 d D Double wrapped Head control 5.3 

16 d D Double wrapped Head control 5.0 

17 d A Foot 0.90 
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APPENDIX 4 
 
Statistical results for frozen buried remains 
 
 
1. Compost pH 
 

Descriptive Statistics 
 N Mean Std. Deviation Minimum Maximum 
Harvest 1 6 8.6900 .41095 8.10 9.12 
Harvest 2 6 9.2367 .46449 8.77 9.87 
Harvest 3 6 8.6900 .33574 8.20 9.11 
End of experiment 6 7.4100 .47405 7.00 8.04 

 
Ranks 

 Mean Rank 
Harvest 1 2.50 
Harvest 2 4.00 
Harvest 3 2.50 
End of experiment 1.00 

 
Test Statisticsa 

N 6 
Chi-Square 16.200 
df 3 
Asymp. Sig. .001 
a. Friedman Test 
 
 
 
2. Metabolic activity of soil microbes 
 

Descriptive Statistics 
 N Mean Std. Deviation Minimum Maximum 
Harvest 1 6 .0787 .00493 .07 .09 
Harvest 2 6 .8517 .13014 .63 .99 
Harvest 3 6 .1432 .22384 .05 .60 

 
Ranks 

 Mean Rank 
Harvest 1 1.83 
Harvest 2 3.00 
Harvest 3 1.17 

 
Test Statisticsa 

N 6 
Chi-Square 10.333 
df 2 
Asymp. Sig. .006 
a. Friedman Test 
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3. Carcass mass loss- animal heads 
 

ANOVA 
 Sum of Squares df Mean Square F Sig. 
Finish Between Groups 1.758 3 .586 1.400 .291 

Within Groups 5.020 12 .418   
Total 6.778 15    

Start Between Groups .591 3 .197 1.132 .375 
Within Groups 2.088 12 .174   
Total 2.679 15    

 
 
4. Carcass mass loss- animal feet 
 

ANOVA 
 Sum of Squares df Mean Square F Sig. 
Finish Between Groups .555 3 .185 8.234 .003 

Within Groups .269 12 .022   
Total .824 15    

Start Between Groups .010 3 .003 .326 .807 
Within Groups .119 12 .010   
Total .129 15    
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APPENDIX 5 
Images of fungi Gram stains 
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APPENDIX 6 
 
Statistical results for wrapped remains 
 
 
1. Carcass mass loss- animal heads 
 
The Kruskal-Wallis test 

Descriptive Statistics 

 N Mean Std. Deviation Minimum Maximum 

Start 16 4.4563 .73300 3.00 5.50 

Finish 16 2.9063 1.09580 1.10 4.20 

Sample Category 16 2.00 1.033 1 4 
 

Ranks 
 Sample Category N Mean Rank 

Start A 6 7.50 

D 6 8.75 

A ctrl 2 8.00 

D ctrl 2 11.25 

Total 16  
Finish A 6 10.75 

D 6 4.17 

A ctrl 2 11.00 

D ctrl 2 12.25 

Total 16  
 

Test Statisticsa,b 

 Start Finish 

Chi-Square .975 8.236 

df 3 3 

Asymp. Sig. .807 .041 

a. Kruskal Wallis Test 

b. Grouping Variable: Sample Category 
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2. Carcass mass loss- animal feet 
 
The Kruskal-Wallis test 
 

Descriptive Statistics 
 N Mean Std. Deviation Minimum Maximum 
Start 16 .9594 .07962 .80 1.10 
Finish 16 .6344 .16379 .40 .87 
Sample Category 16 2.00 1.033 1 4 

 
Ranks 

 Sample Category N Mean Rank 
Start A 6 9.33 

D 6 7.92 
A ctrl 2 9.75 
D ctrl 2 6.50 
Total 16  

Finish A 6 13.50 
D 6 5.75 
A ctrl 2 7.25 
D ctrl 2 3.00 
Total 16  

 
 

Test Statisticsa,b 

 Start Finish 

Chi-Square .807 11.443 

df 3 3 

Asymp. Sig. .848 .010 

a. Kruskal Wallis Test 

b. Grouping Variable: Sample Category 
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APPENDIX 7 
 
Statistical results for frozen wrapped remains 
 
Treatments: Category A= 20ºC and Category D= 30ºC 
 
 
1. Carcass mass loss for animal heads 
The Kruskal-Wallis test 

Descriptive Statistics 

 N Mean Std. Deviation Minimum Maximum 

Start 16 5.0125 .31385 4.30 5.80 

Finish 16 3.9438 .54647 3.10 4.60 

Wrapped Heads-Frozen 16 2.00 1.033 1 4 
 

Ranks 
 Wrapped Heads-Frozen N Mean Rank 

Start A 6 6.75 

D 6 7.83 

A Ctrl 2 12.50 

D Ctrl 2 11.75 

Total 16  
Finish A 6 11.67 

D 6 3.50 

A Ctrl 2 11.25 

D Ctrl 2 11.25 

Total 16  

 
 

Test Statisticsa,b 

 Start Finish 

Chi-Square 3.351 10.733 

df 3 3 

Asymp. Sig. .341 .013 

a. Kruskal Wallis Test 

b. Grouping Variable: Wrapped Heads-

Frozen 
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2. Carcass mass loss for animal feet 
 
 

ANOVA 

 Sum of Squares df Mean Square F Sig. 

Start Between Groups .080 3 .027 4.957 .018 

Within Groups .065 12 .005   
Total .145 15    

Finish Between Groups .431 3 .144 34.992 .000 

Within Groups .049 12 .004   
Total .481 15    
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APPENDIX 8 
 
Post-mortem interval estimations: TBS/ADD 
 
 
1. Buried body parts 
 

Correlations 
 ADD TBS 
ADD Pearson Correlation 1 .987** 

Sig. (2-tailed)  .000 
N 28 28 

TBS Pearson Correlation .987** 1 
Sig. (2-tailed) .000  
N 28 28 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

 
 
2. Frozen buried body parts 
 

Correlations 

 ADD TBS 

ADD Pearson Correlation 1 .998** 

Sig. (2-tailed)  .000 

N 32 32 

TBS Pearson Correlation .998** 1 

Sig. (2-tailed) .000  
N 32 32 

**. Correlation is significant at the 0.01 level (2-tailed). 
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3. Wrapped body parts 
 

Correlations 

 ADD TBS 

ADD Pearson Correlation 1 .992** 

Sig. (2-tailed)  .000 

N 32 32 

TBS Pearson Correlation .992** 1 

Sig. (2-tailed) .000  
N 32 32 

**. Correlation is significant at the 0.01 level (2-tailed). 
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4. Frozen wrapped body parts 
 

Correlations 

 ADD TBS 

ADD Pearson Correlation 1 .995** 

Sig. (2-tailed)  .000 

N 32 32 

TBS Pearson Correlation .995** 1 

Sig. (2-tailed) .000  
N 32 32 

**. Correlation is significant at the 0.01 level (2-tailed). 
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APPENDIX 9 
 
Linear regression analysis results 
 
* Key: ADD 1- Megyesi et al. (2005); ADD2- Moffatt et al. (2017) and ADD 3- Present 
contribution 
 
 
 
1. Buried body parts 
 
 

Variables Entered/Removeda,b 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 ADD3, ADD1c . Enter 
a. Dependent Variable: PMI 
b. Weighted Least Squares Regression - Weighted by 
Weight 
c. Tolerance = .000 limit reached. 
 
 

Model Summaryb,c 

Model R R Square 
Adjusted R 

Square 
Std. Error of the 

Estimate 
1 .987a .974 .972 1.18152 
a. Predictors: (Constant), ADD3, ADD1 
b. Dependent Variable: PMI 
c. Weighted Least Squares Regression - Weighted by Weight 
 
 

ANOVAa,b 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 1299.879 2 649.940 465.574 .000c 

Residual 34.900 25 1.396   
Total 1334.779 27    

a. Dependent Variable: PMI 
b. Weighted Least Squares Regression - Weighted by Weight 
c. Predictors: (Constant), ADD3, ADD1 
 
 

Coefficientsa,b 

Model 
Unstandardized Coefficients 

Standardized 
Coefficients 

t Sig. B Std. Error Beta 
1 (Constant) 7.328 3.042  2.409 .024 

ADD1 .112 .082 .251 1.369 .183 
ADD3 .020 .005 .739 4.028 .000 

a. Dependent Variable: PMI 
b. Weighted Least Squares Regression - Weighted by Weight 
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Excluded Variablesa,b 

Model Beta In t Sig. 
Partial 

Correlation 

Collinearity 
Statistics 
Tolerance 

1 ADD2 12.835c 3.746 .001 .607 5.855E-5 
a. Dependent Variable: PMI 
b. Weighted Least Squares Regression - Weighted by Weight 
c. Predictors in the Model: (Constant), ADD3, ADD1 
 
 

Residuals Statisticsa,b 
 Minimum Maximum Mean Std. Deviation N 
Predicted Value 25.4313 39.7441 27.9970 3.16629 28 
Residual -3.35271 5.53594 -.38348 2.68933 28 
Std. Predicted Valuec . . . . 0 
Std. Residualc . . . . 0 
a. Dependent Variable: PMI 
b. Weighted Least Squares Regression - Weighted by Weight 
c. Not computed for Weighted Least Squares regression. 
 
 
 
2. Frozen buried body parts 
 
 
 

Variables Entered/Removeda,b 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 ADD3, ADD1, 
ADD2c . Enter 

a. Dependent Variable: PMI 
b. Weighted Least Squares Regression - Weighted by 
Weight 
c. All requested variables entered. 
 
 

Model Summaryb,c 

Model R R Square 
Adjusted R 

Square 
Std. Error of the 

Estimate 
1 .520a .270 .192 1.16449 
a. Predictors: (Constant), ADD3, ADD1, ADD2 
b. Dependent Variable: PMI 
c. Weighted Least Squares Regression - Weighted by Weight 
 
 

ANOVAa,b 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 14.038 3 4.679 3.451 .030c 

Residual 37.969 28 1.356   
Total 52.006 31    

a. Dependent Variable: PMI 
b. Weighted Least Squares Regression - Weighted by Weight 
c. Predictors: (Constant), ADD3, ADD1, ADD2 
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Coefficientsa,b 

Model 
Unstandardized Coefficients 

Standardized 
Coefficients 

t Sig. B Std. Error Beta 
1 (Constant) 12.026 43.324  .278 .783 

ADD1 .471 1.514 .798 .311 .758 
ADD2 -.582 1.088 -1.416 -.535 .597 
ADD3 .026 .008 .797 3.062 .005 

a. Dependent Variable: PMI 
b. Weighted Least Squares Regression - Weighted by Weight 
 
 

Residuals Statisticsa,b 
 Minimum Maximum Mean Std. Deviation N 
Predicted Value 24.3482 30.7861 26.5081 1.81273 32 
Residual -3.43823 5.15681 .00032 2.77296 32 
Std. Predicted Valuec . . . . 0 
Std. Residualc . . . . 0 
a. Dependent Variable: PMI 
b. Weighted Least Squares Regression - Weighted by Weight 
c. Not computed for Weighted Least Squares regression. 
 
 
 
3. Wrapped body parts 
 
 

Model Summaryb,c 

Model R R Square 
Adjusted R 

Square 
Std. Error of the 

Estimate 
1 .805a .648 .610 1.04709 
a. Predictors: (Constant), ADD3, ADD2, ADD1 
b. Dependent Variable: PMI 
c. Weighted Least Squares Regression - Weighted by Weight 
 
 

ANOVAa,b 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 56.556 3 18.852 17.194 .000c 

Residual 30.699 28 1.096   
Total 87.255 31    

a. Dependent Variable: PMI 
b. Weighted Least Squares Regression - Weighted by Weight 
c. Predictors: (Constant), ADD3, ADD2, ADD1 
 
 
 

Coefficientsa,b 

Model 
Unstandardized Coefficients 

Standardized 
Coefficients 

t Sig. B Std. Error Beta 
1 (Constant) -38.664 42.478  -.910 .370 

ADD1 1.709 1.408 4.729 1.214 .235 
ADD2 -1.239 .933 -5.174 -1.328 .195 
ADD3 .033 .006 1.094 5.989 .000 

a. Dependent Variable: PMI 
b. Weighted Least Squares Regression - Weighted by Weight 
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Residuals Statisticsa,b 
 Minimum Maximum Mean Std. Deviation N 
Predicted Value 22.4823 39.0460 28.8094 3.68096 32 
Residual -5.01225 3.52650 -.06814 2.87995 32 
Std. Predicted Valuec . . . . 0 
Std. Residualc . . . . 0 
a. Dependent Variable: PMI 
b. Weighted Least Squares Regression - Weighted by Weight 
c. Not computed for Weighted Least Squares regression. 
 
 
 
 
4. Frozen wrapped body parts 
 

Variables Entered/Removeda,b 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 ADD3, ADD1, 
ADD2c . Enter 

a. Dependent Variable: PMI 
b. Weighted Least Squares Regression - Weighted by 
Weight 
c. All requested variables entered. 
 
 

Model Summaryb,c 

Model R R Square 
Adjusted R 

Square 
Std. Error of the 

Estimate 
1 .856a .733 .704 1.09207 
a. Predictors: (Constant), ADD3, ADD1, ADD2 
b. Dependent Variable: PMI 
c. Weighted Least Squares Regression - Weighted by Weight 
 
 

ANOVAa,b 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 91.711 3 30.570 25.633 .000c 

Residual 33.393 28 1.193   
Total 125.104 31    

a. Dependent Variable: PMI 
b. Weighted Least Squares Regression - Weighted by Weight 
c. Predictors: (Constant), ADD3, ADD1, ADD2 
 

Coefficientsa,b 

Model 

Unstandardized 
Coefficients 

Standardize
d 

Coefficients 

t Sig. 

95.0% Confidence Interval 
for B 

B Std. Error Beta 
Lower 
Bound 

Upper 
Bound 

1 (Constan
t) -104.886 48.713  -2.153 .040 -204.670 -5.102 

ADD1 3.838 1.611 9.245 2.381 .024 .537 7.138 
ADD2 -2.657 1.075 -9.654 -2.472 .020 -4.859 -.455 
ADD3 .037 .006 1.169 6.141 .000 .025 .049 

a. Dependent Variable: PMI 
b. Weighted Least Squares Regression - Weighted by Weight 
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Residuals Statisticsa,b 
 Minimum Maximum Mean Std. Deviation N 
Predicted Value 21.5144 33.1503 27.2515 3.83847 32 
Residual -4.04436 4.86537 -.00838 2.81275 32 
Std. Predicted Valuec . . . . 0 
Std. Residualc . . . . 0 
a. Dependent Variable: PMI 
b. Weighted Least Squares Regression - Weighted by Weight 
c. Not computed for Weighted Least Squares regression. 
 
 
 
 
 
5. Linear regression for the present contribution only 
 
 
 

Variables Entered/Removeda,b 

Model 
Variables 
Entered 

Variables 
Removed Method 

1 ADD3c . Enter 
a. Dependent Variable: PMI 
b. Weighted Least Squares Regression - Weighted by 
Weight 
c. All requested variables entered. 
 
 

Model Summaryb,c 

Model R R Square 
Adjusted R 

Square 
Std. Error of the 

Estimate 
1 .821a .674 .671 1.10122 
a. Predictors: (Constant), ADD3 
b. Dependent Variable: PMI 
c. Weighted Least Squares Regression - Weighted by Weight 
 
 
 
 

ANOVAa,b 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 305.904 1 305.904 252.254 .000c 

Residual 147.948 122 1.213   
Total 453.852 123    

a. Dependent Variable: PMI 
b. Weighted Least Squares Regression - Weighted by Weight 
c. Predictors: (Constant), ADD3 
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APPENDIX 10 
Breakdown of PMI (days) estimations per microenvironment  
 
Buried body parts  

Specimen number Category Body part Vass et al. 
(1992) 

Megyesi et al. 
(2005) 

Moffatt et al.(2017) Present contributio  

1a B Head 10.30  3.32  2.83  26.25  

2a B Head 10.30 3.32  2.83  26.25  

3 a B Head 10.30 3.32  2.83  26.25  

4 a C Head 10.30 3.32  2.83  26.25  

5 a C Head 10.30 3.32  2.83  26.25  

6 a C Head 10.30 3.32  2.83  26.25  

7 a E Head 8.20  2.77  2.41  25.17  

8 a E Head 8.20 2.77  2.41  25.17  

9 a E Head 8.20 2.77  2.41  25.17  

10 a F Head 8.20 2.77  2.41  25.17  

11 a F Head 8.20 2.77  2.41  25.17  

12 a F Head 8.20 2.77  2.41  25.17  

13 a C surface decay Head control 10.30 3.32  2.83  26.25  

14 a E surface decay Head control 8.20   3.57  3.52  37.04  

15 a B Foot 10.30 3.10  2.50  26.25  

 
Frozen buried parts 

Specimen number Category Body part Vass et al. (1992) Megyesi et al. (2005) Moffatt et al.(2017) Present  

contribution 

1b C Head 10.30 3.32  2.83  26.25  

2b C Head 10.30 3.32  2.83  26.25  

3b C Head 10.30 3.48  3.02  31.58  

4b C Head 10.30 3.32  2.83  26.25  

5b C Head 10.30 3.32  2.83  26.25  

6b C Head 10.30 3.32  2.83  26.25  

7b E Head 8.20 2.77  2.41  25.17  

8b E Head 8.20 2.77  2.41  25.17  

9b E Head 8.20 2.77  2.41  25.17  

10b E Head 8.20 2.65  2.26  20.91  

11b E Head 8.20 2.65  2.26  20.91  

12b E Head 8.20 2.77  2.41  25.17  

13b C surface decay Head control 10.30 3.32  2.83  26.25  

14b C surface decay Head control 10.30 3.32  2.83  26.25  

15b E surface decay Head control 8.20 2.65  2.26  20.91  

16b E surface decay Head control 8.20 2.65  2.26  20.91  

17b C Foot 10.30 3.17  2.64  31.58  
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Treatments:  
Category B= 20ºC and 10% soil moisture. Category C= 20ºC and 40% soil moisture 
Category E= 30ºC and 40% soil moisture. Category F= 30ºC and 10% soil moisture 
Category A= 20ºC. Category D= 30ºC 
 

 
 
Wrapped body parts 

Specimen number Category Body part Vass et al. (1992) Megyesi et al. (2005) Moffatt et al.(2017) Present  

contribution 

1c A Head 10.30 3.48  3.02  31.58  

2 c A Head 10.30 3.48  3.02  31.58  

3 c A Head 10.30 3.48  3.02  31.58  

4 c A Head 10.30 3.48  3.02  31.58  

5 c A Head 10.30 3.48  3.02  31.58  

6 c A Head 10.30 3.48  3.02  31.58  

7 c D Head 8.20 3.26  3.18  30.45  

8 c D Head 8.20 3.26  3.18  30.45  

9 c D Head 8.20 3.26  3.18  30.45  

10 c D Head 8.20 3.26  3.18  30.45  

11 c D Head 8.20 3.26  3.18  30.45  

12 c D Head 8.20 3.26  3.18  30.45  

13 c A double wrapped Head control 10.30 3.10  2.50  21.92  

14 c A double wrapped Head control 10.30 3.10  2.50  21.92  

15 c D double wrapped Head control 8.20 2.47  1.99  17.47  

16 c D double wrapped Head control 8.20 2.47  1.99  17.47  

 
Frozen wrapped body parts 

Specimen number Category Body part Vass et al. (1992) Megyesi et al. (2005) Moffatt et al.(2017) Present  

contribution 

1d A Head 10.30 3.48  3.02  31.58  

2 d A Head 10.30 3.48  3.02  31.58  

3 d A Head 10.30 3.32  2.83  26.25  

4 d A Head 10.30 3.32  2.83  26.25  

5 d A Head 10.30 3.48  3.02  31.58  

6 d A Head 10.30 3.48  3.02  31.58  

7 d D Head 8.20 3.26  3.18  30.45  

8 d D Head 8.20 3.26  3.18  30.45  

9 d D Head 8.20 3.26  3.18  30.45  

10 d D Head 8.20 2.65  2.26  20.91  

11 d D Head 8.20 2.65  2.26  20.91  

12 d D Head 8.20 3.26  3.18  30.45  

13 d A Double wrapped Head control 10.30 3.10  2.50  21.92  

14 d A Double wrapped Head control 10.30 3.10  2.50  21.92  

15 d D Double wrapped Head control 8.20 2.47  1.99  17.47  

16 d D Double wrapped Head control 8.20 2.47  1.99  17.47  

17 d A Foot 10.30 3.17  2.64  31.58  
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APPENDIX 11 
The inter-observer variability 
 
 
Summary of Interclass correlation (ICC) analysis 
 

Case Processing Summary 

 N % 

Cases Valid 36 100.0 

Excludeda 0 .0 

Total 36 100.0 

a. Listwise deletion based on all variables in the 

procedure. 
 
 

Reliability Statistics 

Cronbach's 

Alpha 

Cronbach's 

Alpha Based on 

Standardized 

Items N of Items 

.876 .878 3 

 
 

Item Statistics 

 Mean Std. Deviation N 

Observer1 3.72 .454 36 

Observer2 3.75 .439 36 

Observer3 3.64 .487 36 

 
 

Summary Item Statistics 

 Mean Minimum Maximum Range 

Maximum / 

Minimum Variance N of Items 

Item Means 3.704 3.639 3.750 .111 1.031 .003 3 

 
 

Scale Statistics 

Mean Variance Std. Deviation N of Items 

11.11 1.530 1.237 3 
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Intraclass Correlation Coefficient 

 
Intraclass 

Correlationb 

95% Confidence Interval F Test with True Value 0 

Lower Bound Upper Bound Value df1 df2 Sig 

Single Measures .697a .543 .818 8.067 35 70 .000 

Average 

Measures 
.873c .781 .931 8.067 35 70 .000 

Two-way mixed effects model where people effects are random and measures effects are fixed. 

a. The estimator is the same, whether the interaction effect is present or not. 

b. Type A intraclass correlation coefficients using an absolute agreement definition. 

c. This estimate is computed assuming the interaction effect is absent because it is not estimable otherwise. 
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APPENDIX 12 
Breakdown of decomposition stages per microenvironment 
 
 Buried body parts 

Specimen number Category Body part Decomposition stage 

1a B Head Early disintegration 

2a B Head Early disintegration 

3 a B Head Early disintegration 

4 a C Head Early disintegration 

5 a C Head Early disintegration 

6 a C Head Early disintegration 

7 a E Head Active decay 

8 a E Head Active decay 

9 a E Head Active decay 

10 a F Head Active decay 

11 a F Head Active decay 

12 a F Head Active decay 

13 a C surface decay Head control Early disintegration 

14 a E surface decay Head control Desiccation 

15 a B Foot Putrefaction 

Frozen buried body parts 
Specimen number Category Body part Decomposition stage 

1b C Head Early disintegration 

2b C Head Early disintegration 

3b C Head Active decay 

4b C Head Early disintegration 

5b C Head Early disintegration 

6b C Head Early disintegration 

7b E Head Active decay 

8b E Head Active decay 

9b E Head Active decay 

10b E Head Early disintegration 

11b E Head Early disintegration 

12b E Head Active decay 

13b C surface decay Head control Early disintegration 

14b C surface decay Head control Early disintegration 

15b E surface decay Head control Early disintegration 

16b E surface decay Head control Early disintegration 

17b C Foot Early disintegration 
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Treatments:  
Category B= 20ºC and 10% soil moisture. Category C= 20ºC and 40% soil moisture 
Category E= 30ºC and 40% soil moisture. Category F= 30ºC and 10% soil moisture 
Category A= 20ºC. Category D= 30ºC 
 
 
 

Wrapped body parts 
Specimen number Category Body part Decomposition stage 

1c A Head Active decay 

2 c A Head Active decay 

3 c A Head Active decay 

4 c A Head Active decay 

5 c A Head Active decay 

6 c A Head Active decay 

7 c D Head Advanced decay 

8 c D Head Advanced decay 

9 c D Head Advanced decay 

10 c D Head Advanced decay 

11 c D Head Advanced decay 

12 c D Head Advanced decay 

13 c A double wrapped Head control Putrefaction 

14 c A double wrapped Head control Putrefaction 

15 c D double wrapped Head control Putrefaction 

16 c D double wrapped Head control Putrefaction 

17 c A Foot Early disintegration 

Frozen wrapped body parts 
Specimen number Category Body part Decomposition stage 

1d A Head Active decay 

2 d A Head Active decay 

3 d A Head Early disintegration 

4 d A Head Early disintegration 

5 d A Head Active decay 

6 d A Head Active decay 

7 d D Head Advanced decay 

8 d D Head Advanced decay 

9 d D Head Advanced decay 

10 d D Head Early disintegration 

11 d D Head Early disintegration 

12 d D Head Advanced decay 

13 d A Double wrapped Head control Putrefaction 

14 d A Double wrapped Head control Putrefaction 

15 d D Double wrapped Head control Putrefaction 

16 d D Double wrapped Head control Putrefaction 

17 d A Foot Early disintegration 
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APPENDIX 13 
Summary of compost pH measures 
 
Treatments:  
Category B= 20ºC and 10% soil moisture, Category C= 20ºC and 40% soil moisture; 
Category E= 30ºC and 40% soil moisture; Category F= 30ºC and 10% soil moisture; 
Category A= 20ºC and Category D= 30ºC. 
 

Buried belly slices 
Category Harvest 1 Harvest 2 Harvest 3 End of experiment 

B 7.88 8.00 7.97 9.01 

B 7.85 7.97 7.80 8.95 

B 7.82 8.05 7.95 9.10 

C 8.04 8.16 8.06 5.80 

C 8.00 8.20 8.00 5.70 

C 8.09 8.13 8.03 5.72 

E 8.62 9.00 8.82 9.01 

E 8.70 9.05 8.82 9.03 

E 8.68 9.10 8.80 9.00 

F 8.84 8.89 8.50 8.80 

F 8.80 8.87 8.41 8.82 

F 8.82 8.85 8.52 8.83 

 
 
Frozen buried belly slices 

Category Harvest 1 Harvest 2 Harvest 3 End of experiment 

C 8.52 8.77 8.54 7.00 

C 8.41 8.92 8.60 7.99 

C 8.10 8.81 8.20 7.11 

E 8.90 9.60 8.66 7.10 

E 9.12 9.45 9.11 8.04 

E 9.09 9.87 9.03 7.22 
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APPENDIX 14 
Summary of compost microbial activity  
 
Treatments: Category B= 20ºC and 10% soil moisture; Category C= 20ºC and 40% 
soil moisture; Category E= 30ºC and 40% soil moisture; Category F= 30ºC and 10% 
soil moisture. 
 
Metabolic activity of soil microbes (µg/mL) - buried belly slices 

Categories Start Harvest Finish 

B 0.075 0.143 0.043 

B 0.072 0.139 0.041 

B 0.074 0.137 0.044 

C 0.083 0.163 0.076 

C 0.081 0.154 0.023 

C 0.079 0.153 0.026 

E 0.063 0.703 0.052 

E 0.066 0.601 0.044 

E 0.061 0.650 0.041 

F 0.061 0.605 0.042 

F 0.063 0.507 0.041 

F 0.061 0.602 0.045 

 
 
Metabolic activity of soil microbes (µg/mL) - frozen buried belly slices 

Categories Start Harvest Finish 

C 0.08 0.86 0.05 

C 0.08 0.63 0.05 

C 0.09 0.96 0.60 

E 0.08 0.99 0.05 

E 0.07 0.88 0.06 

E 0.08 0.79 0.05 
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APPENDIX 15 
Breakdown of TBS/ADD scores per microenvironment  

 
 
Buried body parts 

Specimen number Category Body part Vass et al (1992) Megyesi et al (2005) Moffatt et al (2017) Present contribution 

1a B Head ADD 214.2  Score 4 ADD 69.18 ADD 59 Score 21 ADD 546 

2a B Head ADD 214.2 Score 4 ADD 69.18 ADD 59 Score 21 ADD 546 

3 a B Head ADD 214.2 Score 4 ADD 69.18 ADD 59 Score 21 ADD 546 

4 a C Head ADD 214.2 Score 4 ADD 69.18 ADD 59 Score 21 ADD 546 

5 a C Head ADD 214.2 Score 4 ADD 69.18 ADD 59 Score 21 ADD 546 

6 a C Head ADD 214.2 Score 4 ADD 69.18 ADD 59 Score 21 ADD 546 

7 a E Head ADD 214.2 Score 5 ADD 72.44  ADD 63 Score 22 ADD 657 

8 a E Head ADD 214.2 Score 5 ADD 72.44 ADD 63 Score 22 ADD 657 

9 a E Head ADD 214.2 Score 5 ADD 72.44 ADD 63 Score 22 ADD 657 

10 a F Head ADD 214.2 Score 5 ADD 72.44 ADD 63 Score 22 ADD 657 

11 a F Head ADD 214.2 Score 5 ADD 72.44 ADD 63 Score 22 ADD 657 

12 a F Head ADD 214.2 Score 5 ADD 72.44 ADD 63 Score 22 ADD 657 

13 a C surface decay Head control ADD 214.2 Score 4 ADD 69.18 ADD 59 Score 21 ADD 546 

14 a E surface decay Head control ADD 214.2 Score 9 ADD 93.32 ADD 92 Score 24 ADD 967 

Frozen buried body parts 
Specimen number Category Body part Vass et al. (1992) Megyesi et al. (2005) Moffatt et al.(2017) Present contribution 

1b C Head ADD 214.2 Score 4 ADD 69.18 ADD 59 Score 21 ADD 546 

2b C Head ADD 214.2 Score 4 ADD 69.18 ADD 59 Score 21 ADD 546 

3b C Head ADD 214.2 Score 5 ADD 72.44 ADD 63 Score 22 ADD 657 

4b C Head ADD 214.2 Score 4 ADD 69.18 ADD 59 Score 21 ADD 546 

5b C Head ADD 214.2 Score 4 ADD 69.18 ADD 59 Score 21 ADD 546 

6b C Head ADD 214.2 Score 4 ADD 69.18 ADD 59 Score 21 ADD 546 

7b E Head ADD 214.2 Score 5 ADD 72.44 ADD 63 Score 22 ADD 657 

8b E Head ADD 214.2 Score 5 ADD 72.44 ADD 63 Score 22 ADD 657 

9b E Head ADD 214.2 Score 5 ADD 72.44 ADD 63 Score 22 ADD 657 

10b E Head ADD 214.2 Score 4 ADD 69.18 ADD 59 Score 21 ADD 546 

11b E Head ADD 214.2 Score 4 ADD 69.18 ADD 59 Score 21 ADD 546 

12b E Head ADD 214.2 Score 5 ADD 72.44 ADD 63 Score 22 ADD 657 

13b C surface decay Head control ADD 214.2 Score 4 ADD 69.18 ADD 59 Score 21 ADD 546 

14b C surface decay Head control ADD 214.2 Score 4 ADD 69.18 ADD 59 Score 21 ADD 546 

15b E surface decay Head control ADD 214.2 Score 4 ADD 69.18 ADD 59 Score 21 ADD 546 

16b E surface decay Head control ADD 214.2 Score 4 ADD 69.18 ADD 59 Score 21 ADD 546 

17b C Foot ADD 214.2 Score 3 ADD 66.06 ADD 55 Score 22 ADD 657 
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Treatments:  
Category B= 20ºC and 10% soil moisture. Category C= 20ºC and 40% soil moisture 

Category E= 30ºC and 40% soil moisture. Category F= 30ºC and 10% soil moisture 

Category A= 20ºC. Category D= 30ºC 

Wrapped body parts 
Specimen number Category Body part Vass et al. (1992) Megyesi et al. (2005) Moffatt et al.(2017) Present contribution 

1c A Head ADD 214.2 Score 5 ADD 72.44 ADD 63 Score 22 ADD 657 

2 c A Head ADD 214.2 Score 5 ADD 72.44 ADD 63 Score 22 ADD 657 

3 c A Head ADD 214.2 Score 5 ADD 72.44 ADD 63 Score 22 ADD 657 

4 c A Head ADD 214.2 Score 5 ADD 72.44 ADD 63 Score 22 ADD 657  

5 c A Head ADD 214.2 Score 5 ADD 72.44 ADD 63 Score 22 ADD 657 

6 c A Head ADD 214.2 Score 5 ADD 72.44 ADD 63 Score 22 ADD 657  

7 c D Head ADD 214.2 Score 8 ADD 85.11 ADD 83 Score 23 ADD 795 

8 c D Head ADD 214.2 Score 8 ADD 85.11 ADD 83 Score 23 ADD 795 

9 c D Head ADD 214.2 Score 8 ADD 85.11 ADD 83 Score 23 ADD 795 

10 c D Head ADD 214.2 Score 8 ADD 85.11 ADD 83 Score 23 ADD 795 

11 c D Head ADD 214.2 Score 8 ADD 85.11 ADD 83 Score 23 ADD 795 

12 c D Head ADD 214.2 Score 8 ADD 85.11 ADD 83 Score 23 ADD 795 

13 c A double wrapped Head control ADD 214.2 Score 2 ADD 64.56 ADD 52 Score 20 ADD 456 

14 c A double wrapped Head control ADD 214.2 Score 2 ADD 64.56 ADD 52 Score 20 ADD 456 

15 c D double wrapped Head control ADD 214.2 Score 2 ADD 64.56 ADD 52 Score 20 ADD 456 

16 c D double wrapped Head control ADD 214.2 Score 2 ADD 64.56 ADD 52 Score 20 ADD 456 

17 c A Foot ADD 214.2 Score 3 ADD 66.06 ADD 55 Score 22 ADD 657 

Frozen wrapped body parts 
Specimen number Category Body part Vass et al. (1992) Megyesi et al. (2005) Moffatt et al.(2017) Present contribution 

1d A Head ADD 214.2 Score 5 ADD 72.44 ADD 63 Score 22 ADD 657 

2 d A Head ADD 214.2 Score 5 ADD 72.44 ADD 63 Score 22 ADD 657  

3 d A Head ADD 214.2 Score 4 ADD 69.18 ADD 59 Score 21 ADD 546 

4 d A Head ADD 214.2 Score 4 ADD 69.18 ADD 59 Score 21 ADD 546 

5 d A Head ADD 214.2 Score 5 ADD 72.44 ADD 63 Score 22 ADD 657 

6 d A Head ADD 214.2 Score 5 ADD 72.44 ADD 63 Score 22 ADD 657 

7 d D Head ADD 214.2 Score 8 ADD 85.11 ADD 83 Score 23 ADD 795 

8 d D Head ADD 214.2 Score 8 ADD 85.11 ADD 83 Score 23 ADD 795 

9 d D Head ADD 214.2 Score 8 ADD 85.11 ADD 83 Score 23 ADD 795 

10 d D Head ADD 214.2 Score 4 ADD 69.18 ADD 59 Score 21 ADD 546 

11 d D Head ADD 214.2 Score 4 ADD 69.18 ADD 59 Score 21 ADD 546 

12 d D Head ADD 214.2 Score 8 ADD 85.11 ADD 83 Score 23 ADD 795 

13 d A Double wrapped Head control ADD 214.2 Score 2 ADD 64.56 ADD 52 Score 20 ADD 456 

14 d A Double wrapped Head control ADD 214.2 Score 2 ADD 64.56 ADD 52 Score 20 ADD 456 

15 d D Double wrapped Head control ADD 214.2 Score 2 ADD 64.56 ADD 52 Score 20 ADD 456 

16 d D Double wrapped Head control ADD 214.2 Score 2 ADD 64.56 ADD 52 Score 20 ADD 456 

17 d A Foot ADD 214.2 Score 3 ADD 66.06 ADD 55 Score 22 ADD 657 
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APPENDIX 16 
 
Breakdown of sample size for pork belly and body part experiments  
 
 
Compost pH of fresh belly slices 

Category Harvest 1 Harvest 2 Harvest 3 End of trial 

B 3 3 3 3 

C 3 3 3 3 

E 3 3 3 3 

F 3 3 3 3 

 
Compost pH of frozen belly slices 

Category Harvest 1 Harvest 2 Harvest 3 End of trial 

C 3 3 3 3 
E 3 3 3 3 

 
Viable count of aerobic bacteria for fresh buried belly slices 

Category End of trial 

B 3 + 1 control sample 
C 3 + 1 control sample 
E 3 + 1 control sample 
F 3 + 1 control sample 

 
Viable count of anaerobic bacteria for fresh buried belly slices 

Category End of trial 
C 3  
E 3  

 
Viable count of aerobic bacteria for frozen buried belly slices 

Category End of trial 

C 3 + 1 control sample 

E 3 + 1 control sample 

 
Viable count of anaerobic bacteria for frozen buried belly slices 

Category End of trial 
C 3  
E 3  
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Viable count of aerobic bacteria for wrapped fresh belly slices 

Category Harvest End of trial 

A 3 + 1 control sample 3 + 1 control sample 
D 3 + 1 control sample 3 + 1 control sample 

 
 
Viable count of anaerobic bacteria for wrapped fresh belly slices 

Category End of trial 
C 3  
E 3  

 
 
 
Viable count of aerobic bacteria for wrapped frozen belly slices 

Category Harvest End of trial 

A 3 + 1 control sample 3 + 1 control sample 
D 3 + 1 control sample 3 + 1 control sample 

 
 
 
Viable count of anaerobic bacteria for wrapped frozen belly slices 

Category End of trial 
C 3  
E 3  

 
 
 
Soil metabolic activity of fresh belly slices 

Category Harvest End of trial 
B 3 3 
C 3 3 
E 3 3 
F 3 3 

 
Soil metabolic activity of frozen belly slices 

Category Harvest End of trial 
C 3 3 
E 3 3 
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Fresh buried body parts 

Category Body part Sample size 
B Head 3 
B Foot 3 
C Head 3 
C Foot 3 
C Head control 1 
C Foot control 1 
F Head 3 
F Foot 3 
E Head  3 
E Foot  3 
E Head control 1 
E Foot control 1 

 
 
 
Frozen buried body parts 

Category Sample Sample size 

A Head 6 

A Foot 6 
A control Head 2 
A control Foot 2 

D Head 6 
D Foot 6 

D control Head 2 
D control Foot 2 

 
 
Fresh wrapped body parts 

Category Sample Sample size 

A Head 6 

A Foot 6 
A control Head 2 
A control Foot 2 

D Head 6 
D Foot 6 

D control Head 2 
D control Foot 2 
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Frozen wrapped body parts  

Category Sample Sample size 

A Head 6 

A Foot 6 
A control Head 2 
A control Foot 2 

D Head 6 
D Foot 6 

D control Head 2 
D control Foot 2 
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APPENDIX 17 
Images of decomposition stages: Sus scrofa heads 
 
 
                Fresh                                                             Putrefaction 

              
  
             Early disintegration                                           Active decay 

      
   
Advanced decay                                         Desiccation 
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APPENDIX 18 
Images of decomposition stages: Sus scrofa feet 
 
 
         Fresh                                                          Putrefaction 

 
  
           Early disintegration                                  Active decay 

   
 
        Advanced decay                                       Desiccation 
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APPENDIX 19 
 
List of experiments used in decomposition analyses 
 

Compost experiments   

1. Compost pH 

2. Organic content of compost 

3. Inorganic content of compost   

4. Analysis of the soil bulk density and porosity   

5. Analysis of soil particle characteristics   

6. Determination of the soil water content 

7. Analysis of the soil water potential 

8. Analysis of the soil water retention 

9. Compost microbiology  

 

Animal analogue experiments 

Experimental set: fresh buried pork belly  

Experiment 1. Compost pH of fresh belly slices 

Experiment 2. Viable count of aerobic bacteria for fresh buried belly slices 
 
Experiment 3. Viable count of anaerobic bacteria for fresh buried belly slices 
 
Experiment 4. Soil metabolic activity of fresh belly slices 
 
 
Experimental set: frozen buried pork belly 
 
Experiment 5. Compost pH of frozen belly slices 
 
Experiment 6. Viable count of aerobic bacteria for frozen buried belly slices 
 
Experiment 7. Viable count of anaerobic bacteria for frozen buried belly slices 
 
Experiment 8. Soil metabolic activity of frozen belly slices 
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Experiment set: fresh wrapped pork belly 
 
Experiment 9. Viable count of aerobic bacteria for wrapped fresh belly slices 
 
Experiment 10. Viable count of anaerobic bacteria for wrapped fresh belly slices 
 
 
Experiment set: frozen wrapped pork belly 
 
Experiment 11. Viable count of aerobic bacteria for wrapped frozen belly slices 
 
Experiment 12. Viable count of anaerobic bacteria for wrapped frozen belly slices 
 
 

Experiment set: fresh buried body parts 
 

Experiment 13. Mass loss of fresh buried body parts 
 
 
Experiment set: frozen buried body parts 
 
Experiment 14. Mass loss of frozen buried parts  
 
 
Experiment set: fresh wrapped body parts 
 
Experiment 15. Mass loss of fresh wrapped body parts 
 
 
Experiment set: frozen wrapped body parts 
 
Experiment 16. Mass loss of frozen wrapped body parts 
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