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ABSTRACT 

 Forensic Entomology is a growing discipline with very little scientific research 

regarding insects found on a dead body and how they can provide vital information 

that may not be found anywhere else. Along with the little research that has been done, 

there are also few experts in this discipline who look at odor profiles in connection 

with these insects. Emerging research has been looking at odor profiles of different 

animal cadavers as well as the odor emitted from beetles placed on a corpse. However, 

there are no studies that are specifically looking at the odor emitted by maggots 

feeding on a cadaver. The purpose of this study is to investigate the volatile odor 

profile within maggots found on decaying piglet cadavers as a function of 

decomposition stage and compare with previous literature the results obtained to see 

how an insect’s volatile odor profile compares to human/animal decomposition 

models. With this information from the maggots, the utilization of insects as a sample 

matrix can potentially be implemented by forensic scientists using volatile biomarkers 

as indicators of postmortem intervals. Knowing the volatile organic compounds 

emitted from the cadaver insect populations will also give cadaver canine teams more 

information to better their training procedures in hopes of enhancing and standardizing 

those procedures. This study used eight piglet cadavers: two for a pilot study, two for a 

summer sampling period, two for a fall sampling period, and two for a winter 

sampling period.  

 Instrumental evaluation utilized Divinylbenzene/Carbon/Polydimethylsiloxane 

(DVB/CAR/PDMS) coated Solid Phase-Microextraction (SPME) fibers that were 
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injected into a Gas Chromatography-Mass Spectrometry (GC-MS) system for the 

identification of extracted volatile odor profiles of maggots at the different stages of 

decomposition. The pilot study recorded and sampled the decomposition process every 

twenty-four hours until the process was complete. The piglet cadavers from the 

summer, fall, and winter sampling periods were sampled once a day for optimum 

sampling. Decomposing tissue samples from the piglet cadavers were also collected to 

provide a correlation between the odors emitted from the maggots and the pig 

cadavers themselves. The findings include an assortment of chemical compounds 

emitted from each of the maggots collected exhibiting distinctive odor profiles as a 

distinction of the stage of decomposition. The benefit of this study is enhanced 

knowledge in the realm of optimal odor profiling of maggots from the different stages 

of decomposition. This research will fundamentally bridge the gap in knowledge 

regarding the odor profiles emitted by maggots at various decomposition stages and 

how this profile impacts criminal investigations, which may be lacking evidence, and 

provide it with a new upcoming technique.  

 
 Keywords: Odor, Insect, Decomposition 
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CHAPTER I 

INTRODUCTION 

1.1#Statement#of#Aims#
 Does the odor held by maggots correspond to the stages of decomposition? 

There are many different applications for odor in forensic science, one of the most 

commonly used involves detector dogs. Odor also has many uses as it relates to insect 

activity. Insects are drawn to the dead by the odor that is emitted. Insects such as 

blowflies will arrive within minutes after death then start feeding and inhabiting the 

corpse [1]. This phenomenon has given rise to the field of forensic entomology. By 

studying insect populations and subsequent larval stages, forensic examiners can 

estimate time of death, evaluate trauma present in body, and even find if the corpse 

was moved based on the types of insects found [2]. Thus, there is a possibility that 

these insects can and will emanate the odor given off during the decomposition 

process. Maggots in the presence of decomposing materials could potentially have 

odor markers from the different phases of the decomposition at which point the 

maggots were extracted from the corpse. These odor markers may be able to explain 

what stage of decomposition the body was found in, especially if the maggot is 

available and the body is not. For example, a body could be moved from a crime scene 

and the only evidence left in its place is a maggot.  

 The use of biomarkers such as volatile organic compounds (VOCs) in maggots 

is significant to this field because they have many uses. As stated previously, if a body 
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was missing, and maggots were available in a specific location, the maggots could 

give an indication on what stage of decomposition the body was in when present. This 

ability to know the stage of decomposition is important in criminal investigations 

especially because the maggots left behind could be the only source of evidence of a 

crime found. By using the VOCs found in maggots, one can estimate the stage of 

decomposition and give an approximated postmortem interval (PMI). Even without 

the body, by using the information provided by the maggots, investigators could begin 

piecing together aspects of the crime such as the time when it occurred with an 

estimated time of death.  

 The novelty of the proposed research is that it exploits the whole insect as a 

cadaveric odor sample source. The only paper in the literature citing this topic focused 

on a specific specie – burying beetle Nicrophorus vespilloides (Coleoptera: Silphidae) 

in the country of Germany [3]. Hence, this proposed evaluation targets the dry-arid 

geography of West Texas as the setting for analysis. Furthermore, this previous work 

utilized electroantennography as the method for compound detection, while the 

present proposal establishes the novel use of solid phase microextraction as the 

extraction method for compound evaluation. This study will use pigs as human 

substitutes during the decomposition process, as this is one of the most used animal 

models for forensic analysis [4]. The target range for decomposition evaluation in this 

study was a total of 5 to 26 days with sample collection occurring once a day for 

thorough insect collection. Thus, it served as a fundamental perspective within the 

United States as to how insect populations in a West Texas environment potentially 
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depict a decomposition odor profile via extracted volatile organic compounds. New 

research and new methods are important in forensic science to show that this field is 

still advancing and looking for new ways to enhance itself by using new methodology 

that is applicable for criminal investigations.  

1.2#Hypothesis#!
The hypothesis of this project is that the number of volatile organic compounds 

in the maggots will increase as the length of time they are on the corpse increases, 

which thereby provides higher concentrations of VOCs. Furthermore, it is 

hypothesized that VOCs collected from the maggots will correlate with the VOCs 

collected from a corpse at the different stages of decomposition, providing odor 

biomarkers for the decomposition process. The hypothesis was tested by instrumental 

analysis, using solid phase microextraction coupled with gas chromatography-mass 

spectrometry (SPME-GC/MS) as the analytical method.  

1.3#History#of#the#Study#of#Decomposition#
 Decomposition is the process of breaking down substances into tiny pieces, 

which in turn become a part of the soil. This process happens to every living thing 

once it dies beginning within minutes [5]. There are typically five stages of 

decomposition: fresh, bloat, active decay, advanced decay, and dry/remains [6]. The 

five stages are shown below in Figure 1. These general stages are grouped with two 

stages of chemical decomposition: autolysis and putrefaction [7]. These two stages 

contribute to the chemical process of decomposition, which breaks down the main 
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components of the body. Decomposition plays a role in forensic science because it 

highlights the postmortem interval (time since death).    

 
Figure 1. Stages of Decomposition [8] 

 There are three key indicators that are observed on a body to establish 

postmortem interval. Those indicators include algor mortis, livor mortis, and rigor 

mortis. Algor mortis is the first indicator to look for after a person has died, as it 

begins 30 minutes to an hour after death. The simplest definition of algor mortis is the 

cooling of the body to ambient temperature [9]. The next indicator to observed is livor 

mortis, which is defined as the blood settling in the body that in turn causes 

discoloration of the skin [9]. The last indicator that is observed right after death is 

rigor mortis. This is defined as the stiffening of the body due to the muscles 

contracting which begins a few hours after death and can continue up to 24 hours later 

[9]. Though these are the primary indicators looked for during an examination of a 

corpse, they only last about a day. That is why it is important to find other indicators 

that are present long after death such as insects, which will stay on a corpse through 

the entire decomposition process.  
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 Many different factors contribute to the postmortem interval including: 

temperature, composition of soil, humidity, clothing, and other intrinsic properties 

[10]. Decomposition is very much dependent on temperature and to an extent 

dependent on moisture [9]. Temperature is one of the most influential factors on a 

corpse as it can speed up or slow down the decomposition process immensely. 

Warmer temperatures can break down a corpse and reach the last stage of 

decomposition within days whereas colder temperatures have the ability to mummify a 

corpse. Mummification is referred to as the end result of tissue that has survived the 

active decay stage and has become a leathery material that clings to the bone [9]. 

Moisture and humidity also play a significant role in decomposition as both of these 

factors can both accelerate the process as well as elongate it. Moisture such as rain has 

the ability speed up the decomposition process by putting just enough force on a 

corpse to go from the bloating stage to active decay within hours. Just as it has the 

ability to quicken decomposition, moisture and humidity can extend the process by 

adding just enough condensation that the corpse cannot dry out.  

 Clothing also has the ability to affect the process of decomposition. Most 

people are clothed when they die, so it is important to understand what role clothing 

plays during decomposition. There are some studies that suggest clothing may speed 

up the decomposition process as it is protecting maggots from environmental 

conditions [11]. However, others propose that the presence of clothing may slow down 

decomposition as it inhibits scavenger activity [12, 13]. Differential deterioration of 

clothing can also provide information on the decomposition process if present.  
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 However, one factor many forget to include due to their size and annoyance is 

insects, which play a major role in decomposition. Their presence on a corpse can 

greatly speed up the decomposition process [14, 15]. The study of insects is called 

Entomology, and when used in the field of forensic science, it is referred to as 

Forensic Entomology [1]. Forensic Entomology uses insects found on decaying 

remains to help assist in legal investigations [16]. The use of this field varies 

immensely by linking a suspect to a crime, determining a location, determining what 

stage of decomposition a corpse is in, and providing an estimated postmortem interval 

[1].   

 When it comes to the scent of death, the use of insects is a very useful tool in 

the field of forensic science. However, this specific topic has rarely been reviewed by 

research. The history of forensic entomology dates back to the 13th century in China 

[16]. The Chinese use of insects at that time were to link suspects to their crimes; 

when a murder was found near a rice field, investigators checked all the workers’ tools 

because blow flies were drawn to the wiped away blood [16]. In the 1800s, forensic 

entomology was used in one specific case to estimate the time of death for a child’s 

corpse found behind a mantelpiece [16]. Postmortem interval is one of the most often 

valuable information extracted from this field. However, researchers to date have only 

examined aspects such as soil composition, temperature and humidity, and insect 

succession as they relate to PMI. When it comes to odor (volatile compounds), similar 

variables have been researched to achieve a better understanding of postmortem 

interval.    
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1.4#Literature#Review#

1.4.1 Forensic Entomology and Insect Knowledge for Forensic Contexts 
 As mentioned previously, indicators such as algor, livor, and rigor mortis are 

not always useful when it comes to postmortem interval for a corpse as these 

indicators are only observed during the first 24 hours after death. Insects, however, 

arrive within twenty minutes of death and stay throughout the entire decomposition 

process. An insect is type of arthropod that has six legs and usually wings. Arthropods 

have a hard external skeleton, a segmented body, and at least three pairs of jointed legs 

[17]. A detailed diagram of the anatomical regions of an adult fly can be seen in 

Figure 2.  

   

  Figure 2. Anatomical Diagram of an Adult Fly [18] 
  
 The insect body is divided into three main parts: head, thorax, and abdomen. 

Insects do not have an internal skeleton, and instead have an external shell called an 
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exoskeleton that provides protection for their soft internal organs [17]. As illustrated in 

Figure 2, insects do not have more than three pairs of legs unless they are in an 

immature form such as a caterpillar. The typical mouth of an insect has two sets of 

jaws, lower jaws called maxillae and upper jaws called mandibles that are designed to 

bite [17]. Insects have a pair of antennae on their head and one to two pairs of wings, 

depending on the type. All of these characteristics help distinguish insects from other 

arthropods.  

 Insects have proven to be the most successful arthropods as they have adapted 

and thrived over the years. Conquering all environments, except frozen polar domains, 

insects are amazingly diverse creatures [17]. Insects are the only invertebrates with 

wings. They play an important role in every environment, whether it be pollinating 

flowers, being a source of food for insectivorous animals, or assisting in the 

decomposition process of plants and animals [17].    

 Adult flies are only briefly observed on a decaying corpse as they lay their 

eggs then leave. That is why it is important to be familiar with the immature form of a 

fly, the larva also known as a maggot. The anatomy of a fly larva is quite simple as 

seen in Figure 3. Larva have a conical body form (i.e., extends to a point) [19]. The 

anterior end is pointed while the posterior end is round in shape. There are two dark 

areas on the posterior end, usually mistaken as eyes, that are actually the spiracle 

(breathing holes) of the larva [19]. This enables larvae to breathe while continuously 

feeding. The anterior end has the mouth, which is often hook-like [19]. The mouth is 
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considered to be the best way of identifying the species of fly larvae that has been 

encountered [19].  

    
  Figure 3. Anatomical Diagram of Fly Larva [20] 

 
 When a corpse is present, fly larvae are most often what is encountered by 

investigators. Maggots can be collected and identified to provide information such as 

postmortem interval or relocation of the body, depending on the species of fly larvae 

[19]. Another benefit of collecting maggots as evidence is the fact that there is an 

abundance of them. Flies lay hundreds of eggs at a time, therefore, there is not a 

shortage of larvae when they hatch as seen in Figure 4. Maggots speed up the 

decomposition immensely as they are the main determinant that breaks down a corpse. 
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   Figure 4. Pig Cadaver Covered in Maggots 
 
 The use of cadavers is important for studying insect succession and its 

correlation with post mortem interval, though previous studies have only highlighted 

the identification of VOCs [3, 21, 22]. The decomposition process is always associated 

with succession of various insect species due to their impact on carrion [3, 22, 23, 24, 

25, 26]. Insects are attracted to the odor emitted from carrion within minutes 

postmortem. Once the first insects arrive, the succession continues until the corpse is 

fully decomposed. Throughout the decomposition process, a number of different 

insects can be observed from flies and ants to spiders and beetles. Each has a specific 

role to play during decomposition that affects carrion tremendously. Important 

information can be obtained from insect succession in regard to postmortem interval 

and other important details about a corpse.  
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 Insects affect the rate of decomposition vastly and research has demonstrated 

this concept [6, 8, 27-31]. A study used wild rabbit cadavers to attract insects to see 

whether above or below ground cadavers, with different variables for each (i.e., 

cadavers buried or above ground), have a faster decomposition rate [28]. They 

concluded that regardless of insects having access to the corpse, where the body is 

located is the biggest influence on the rate of decomposition. There was a question 

raised by the authors from the results about whether the calculations used for PMI and 

accumulated degree days (ADD) of surrounding temperature was the correct practice 

to use. The results showed that maggot masses have their own temperature, which can 

alter the results found. More research would have to be done in this field to learn more 

about maggot mass thermodynamics to fully understand their effect on decomposition 

in terms of surrounding temperature.  

 Researchers have studied insect succession on carrion with pig cadavers as a 

model to help determine the insect sequence over a period of 207 days [6]. During this 

period, a total of 2,314 insects were collected belonging to a diverse group of orders 

and families. Sampling occurred for 7 months, where mature insects as well as eggs 

and larvae were collected. The results observed a total of seven orders and 25 families 

within the overall total of 2,314 individual insects. There were five phases of 

decomposition determined for this study. During the first stage of decomposition (0-1 

days) ants were the first insects to arrive, followed by flies in the families 

Sarcophagidae and Muscidae 30 minutes later. In the second stage of decomposition 

(2-6 days) species of Calliphoridae were the first observed to have laid eggs on the 
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head region. In the active stage of decomposition (7-12 days) a strong odor was 

recorded as well as eggs and larvae were observed and collected. The advanced 

decomposition stage (13-51 days) did not have an odor and it was noted that large 

amounts of soft tissue were removed. Large amounts of larvae from both Muscidae 

and Piophilidae were also observed. The last phase of decomposition, dry remains (52-

207 days), had a variety of insect activity. Histeridae and Scarabaeidae larvae were 

observed along with Dermestidae, and adult Forficulidae, Sarcophagidae, and 

Cleridae. It was concluded that the family Calliphoridae was the main contributor in 

consuming soft, humid tissues from the corpse with little decomposition present. 

There was visual split of succession of insects at the cadaver site. The two main 

groups were the Diptera, which were observed at the beginning stages of 

decomposition, and the Coleoptera, which were observed towards the end.  

 There has also been research that tested for what odor compounds attract 

beetles to a decaying corpse [27]. The objective of this study was to identify what 

decomposition odors from a carcass are deemed important for the attraction of beetles. 

Also, there was an inquiry as to if sex and age of beetles played a role for what VOCs 

they were attracted to, and if the hide beetle could distinguish between different stages 

of decomposition from the odor emitted. Piglet cadavers were used in this study as test 

animals for headspace volatile collection. Headspace volatile samples were collected 

for a total of 25 days at four distinct stages of decomposition. Gas chromatography 

coupled with electroantennography (GC-EAD) was used to identify the compounds 

from the headspace samples that can be distinguished by the antennae of hide beetles. 
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A solvent control was also created to observe whether the beetles could differentiate 

between the control and the headspace samples. The results of the GC-EAD registered 

18 compounds that were electrophysically active. Of those 18, 13 could be identified 

by mass spectrometry (MS). All of these compounds can be detected within the 

headspace samples of the piglet cadavers in post-bloating decomposition stage, which 

was the stage where hide beetles were most attracted. It was concluded that benzyl 

butyrate is emitted throughout the decomposition process in various amounts and is at 

its maximum peak during the post-bloating stage. The GC-EAD results show that this 

compound can be detected by beetles. Furthermore, it was observed that female 

beetles are not attracted to the odor emitted from the pig cadavers during the 

decomposition process; therefore, it is hypothesized that the pheromones of the male 

beetles as well as the odor from the cadavers play an important role female attraction.  

 A recent study characterized and analyzed microbial entities on buried rat 

carcasses in hopes of identifying the behavior of Conicera similis (Diptera: Phoridae) 

[29]. Thirty rats were buried 40 centimeters deep during the summer in Romania. The 

rat carcasses were monitored for 30 days with observation and collection of C. similis 

adult and larvae. The presence of both adults and larvae were observed the most 

during the active decay stage of decomposition. However, the number of sampled 

species was much lower than what was observed of other Diptera (Muscidae). Out of 

approximately 100 species collected, only 47% belonged to the Phoridae species. 

Diptera (Muscidae) were the first to arrive to the carcasses, therefore only C. similis 

adults were able to be collected in the first stage of decomposition. It was concluded 
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that C. similis was identified as the main species observed from the buried remains, 

presenting the first observed occurrence of this species in Romania. Additionally, 

Phorids were said to belong to the second and third colonization wave of buried rat 

carcasses as that is when they were abundantly observed.  

 Another study analyzed the succession of adult necrophilous insects using pig 

cadavers [8]. This study was completed during the fall in North Carolina. The aims of 

this study included documenting the succession of adult necrophilous insects, using a 

vented chamber to collect and document large samples from small pigs, and document 

the arrival pattern of dung beetles. A total of eight necrophilous fly taxa and ten 

necrophilous beetle taxa, including scarab beetles were collected during this study. It 

was observed that blow fly and flesh fly activity decreased after the bloat stage and the 

activity of dung beetles and other predatory insects increased during this stage of 

decomposition. It was concluded that the rapid rate of decomposition was most likely 

due to the size of the pig cadavers and the environmental conditions. Additionally, the 

decomposition stage does not predict which individual insect taxa will be present on 

the cadaver, but it can explain the general pattern of arrival for various insects.  

 A study completed in Belgium observed the electrophysiological and 

behavioral responses in male and female Thanatophilus sinuatus [30]. Adult T. 

sinuatus were collected from chicken meat located in different habitats and placed in 

glass containers. Volatile organic compounds were selected according to their relative 

abundance throughout the decomposition process. Eight compounds were chosen 

which included: butan-1-ol, n-butanoic acid, dimethyl disulfide (DMDS), phenol, 4-
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methylphenol (p-cresol), indole, cadaverine, and putrescine. The results of the 

electroantennography showed that DMDS and butan-1-ol produced higher electrical 

responses at higher doses than the other compounds. However, at lower doses, the 

insects tested more sensitive to DMDS than the other compounds. It was also 

concluded that male T. sinuatus were more sensitive to the chemical compounds than 

the females at some of the tested doses. An example of this was observed as p-cresol 

only attracted the males.  

 Another study observed insect succession in the decomposition process in 

freshwater ecosystems [31]. This study aimed to determine entomological succession 

and the roles of arthropods in the different stages of decomposition in two different 

freshwater ecosystems. Two pig cadavers were used and placed in each freshwater 

ecosystem – one in a lake and the other in a stream. A total of 18,832 organisms were 

collected from the submerged cadavers. There were six stages of decomposition 

observed, which confirmed that there is a difference in the decomposition process in 

water versus on land due to land only having five stages observed. It was concluded 

that the decomposition process in both aquatic and terrestrial ecosystems is unique 

because of influences by different environmental factors. Of these factors, temperature 

probably has the most influence on decomposition since it affects the lifecycle of 

insects, making it the most important factor when estimating postmortem interval.  

1.4.2 Life Cycle of a Fly  
 The life cycle of a fly is typically the same no matter what kind of fly is being 

observed. This life cycle consists of: the egg stage, the larval stage, the pupal stage, 
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and the adult stage. A schematic of this life cycle is seen in Figure 5. This complete 

metamorphosis is termed holometabolous [32]. The life cycle of a fly begins when a 

female fly lays its eggs. Flies can lay 150 to 200 eggs at a time in batches. These 

batches of eggs are laid in areas on the corpse that can provide food, moisture, 

protection for the larvae once hatched [32].  

   

  Figure 5. Life Cycle of a Fly [33] 

 Within 24 hours, the eggs hatch into larvae, also known as a maggot. Maggots 

are legless, white insects that feed on the site they were laid for three to five days. 

There are three larval stages at which a maggot will molt while feeding. These stages 

are also known as instar. By looking at the slits present on the posterior spiracle, the 

specific life stage of the larva can be identified [32]. Larvae in the first instar will have 

one slit, in the second instar will have two slits, and the third instar will have three slits 
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[32]. There is also an obvious difference in size of the larvae in the different larval 

stages.  

 During the first instar, maggots initially feed on fluid exuded from the body. 

They then migrate into the body. Larvae are roughly two millimeters long and grow to 

about five millimeters before shedding their skin for the next instar [32]. During the 

second instar, the larva moves around in the maggot mass. First molt to second molt 

takes about one day. Larvae grow to about ten millimeters before they shed their skin 

to become third instar larvae [32].  

 During the third instar, maggots still move within the maggot mass. Larva 

greatly increase in size during this stage. Second molt to pre-pupa takes about two 

days. Third instar larvae can grow between fifteen to twenty millimeters before 

crawling off [32]. This third instar stage is where larvae are the largest. Halfway 

through the third instar, maggots will stop feeding and become migratory [32]. They 

will begin searching for a safe place for pupariation, also known as the final stage of 

development before metamorphosis into the adult stage. This is referred to as the 

“larval post feeding stage” [32].  

 During the pre-pupa stage, larva migrates away from the corpse seeking a 

suitable pupation site, usually in the soil. Maggots do not feed during this time. Pre-

pupa stage to pupa stage takes 4 days to complete. During the pupa stage, the pupa 

inhabits the puparium, which is the hardened shell that encloses the pupa. Over time, 

the puparial case changes colors to a reddish brown or some instances a dark brown or 
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black [32]. The pupa does not feed at this stage, and it takes about ten days for the 

adult fly to emerge.  

 The end of the life cycle is achieved once the fly emerges from the puparium. 

This task is achieved by the fly by pushing the cap off of the puparium with its 

ptilinum [32]. The ptilinum is a blood inflated region on the head of the fly that acts as 

an airbag [32]. The fly then pushes through the soil to the light, where it will dry its 

wings. The adult fly begins to mate as soon as it emerges from the puparium.  Adult 

flies feed on protein from bodily fluids and lay their eggs on the corpse. It takes two 

days from when an adult fly emerges from the puparium to when it is able to lay eggs 

[32]. The speed at which an insect develops is determined by temperature [32]. The 

lifecycle may be prolonged in colder temperatures than in hotter ones due to larvae not 

hatching 24 hours later as what is usually observed.  

 Maggots have been referred to as eating machines due to their ability to eat 24 

hours a day. Their front ends have mouth hooks that they use to pull in decaying flesh 

from a corpse. The rear ends of maggots have a chamber where the anus and posterior 

spiracles are located [32]. Maggots also have anterior spiracles; however, the posterior 

spiracles are used for breathing [32]. Hence, maggots can breathe while they eat, so 

there is no downtime.  

 The physical make-up of a maggot is a quite simple one. There are only three 

parts to them: the head, the tail and a segmented body in between. The segmented 

body consists of a simple intestine and two large salivary glands [34]. Maggots secrete 

digestive enzymes and bacteria that putrefy the tissue of the corpse, causing a slimy 
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habitat for them to live and feed on. Maggots travel around in maggot masses, which 

in turn creates heat. This process happens due to the digestive activities of these larvae 

being so intense. Maggot masses can heat up to 53 degrees Celsius [34]. Maggots 

within the center of the mass sometimes have to relocate to the out edges to cool 

down. However, this heat is a plus for these insects. The heat increases putrefaction as 

well as the digestion rate [34]. An image of a maggot mass can be seen in Figure 6. 

 
           Figure 6. Maggot Mass [35] 

 A recent study attempted to do short tandem repeat (STR) analysis of human 

DNA that was extracted from maggots on decomposing bodies [36]. The purpose of 

this study was to generate a profile using STR analysis of the human tissue extracted 

from maggots that could then be compared to the corpse from which the maggots were 

feeding on. This study also completed the analysis with beef in place of the corpse to 

observe the differences in the results. STR genotyping was successful and complete 

STR profiles were generated with the samples collected. The results showed that the 

amount of human DNA retrieved from maggots decreased over time. However, the 
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profiles from the tissue contents from the maggots matched the reference samples 

perfectly. The samples collected from beef only generated partial profiles due to the 

alleles not being amplifiable. The overall conclusion of this study is that it was 

possible to use STRs as markers to identify a decomposing body.  

 Another study analyzed the factors affecting species identification of the blow 

fly pupae [37]. The blowfly is the most encountered fly encountered in casework. The 

purpose of this study was to analyze the chemical profiles that could be obtained from 

pupae on chicken liver using solvent extraction along with total vaporization solid-

phase microextraction (TV-SPME). There were four species of blowfly examined in 

this study: Cochliomyia macellaria, Lucilia cuprina, Lucilia sericata, and Phormia 

regina. The objectives were to 1) see if the chemical profiles could be discriminated 

between species, 2) determine to what extent genetic variation affects the chemical 

profile, and 3) analyze the effects of abiotic factors (i.e., environmental conditions and 

diet) on the chemicals extracted from the fly pupae. The results showed considerable 

chemical differences between all four species as a function of both specie and 

genetics. It was also concluded that temperature and pupae substrate had minimal 

impact on the chemical profiles, however, there were small chemical changes 

observed when the humidity changed, and significant changes were observed with 

changes in the pupae diet.  
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1.4.3 Factors That Affect Decomposition 

1.4.3.1%Climate%

 Climate affects the process of decomposition tremendously. The climate a 

corpse is in can dictate how fast or how slow the body will decompose. This is why it 

is so important to understand the climate when dealing with a dead body. Climate also 

affects the way insects interact with a corpse as well as their behavior in general. 

Insect succession moves at a slower rate in colder climates and tends to speed up in 

warmer ones. Climate also affects the lifecycle of insects. Colder climates will delay 

eggs from hatching, which in turn extends the larva stages. However, the opposite can 

be observed in warmer climates. Climate is easily one of the most influential factors 

on the decomposition process.  

 The climate of this study is highly different than what has been observed in 

past research. As previously mentioned, to date, there has only been one study in 

Germany highlighting similar objectives as this work. The climate in Germany is 

temperate and marine, with cold, wet winters and moderately warm summers. Most of 

Germany is dominated by humid westerly winds. This climate differs tremendously 

from the climate seen in Lubbock, Texas.  

 The city of Lubbock has a cool semi-arid climate. The spring season is cool 

and wet, where summer is drastically hot reaching temperatures up to 41 degrees 

Celsius. The fall season cools back down to temperature as low as 8 degrees Celsius, 

and cold temperatures can be seen during winter as snow is possible during that 

season. Lubbock, Texas also has strong winds that sometimes evolve into haboobs, or 

dust storms.  
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 The study based in Germany did not focus on the climate of that region during 

their study. The temperature was documented every 30 minutes in the surroundings of 

both cadavers. However, it was also mentioned that external factors such as wind 

speed would affect insect responses [3]. Even without precise weather and temperature 

recordings, the climate during this study could easily be inferred from other sources by 

looking at when this study was completed. The piglets in this study were laid out 

during the summer months, June and July 2011. The results from this study also 

portrayed that it took approximately 40 days for the decomposition process to be 

completed. As seen in Table 1, the last stage of decomposition – dry remains – was 

not observed until day 26. It can be inferred that the reason it took these two piglets, 

weighing 2 kg each, over a month to fully decompose is highly due to the climate in 

this region.  

 Table 1. Time Interval for Decomposition of Piglet Cadavers [3] 

Stage of Decomposition Number of Days 

Fresh 1-4 post mortem 

Bloated 5-7 post mortem 

Post-Bloating 8-11 post mortem 

Advanced Decay 12-25 post mortem 

Dry Remains 26-40 post mortem 

 

This study used both Gas Chromatography with Electroantennographic Detection 

(GC-EAD) as well as Gas Chromatography with Mass Spectrometry (GC/MS) for 
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identifying compounds in the various headspace samples. Newly emerged female 

burying beetles (N. vespilloides) were also used in this study to observe what 

compounds attracted them to the corpse and what compounds were detected from the 

headspace of their antennae. A total of 129 samples were collected from the two piglet 

cadavers. The results from the GC-EAD registered 45 “electrophysically active 

compounds” at the five decomposition stages. From those 45 compounds, 20 were 

identified using GC/MS. Some of the compounds identified included: 3-octanone, 

dimethyl trisulfide, acetic acid, butanoic acid, phenol, and p-cresol. The antennae of 

the female burying beetles detected 13 of these compounds as EAD-active, with some 

of those compounds including: dimethyl trisulfide, 1-octanol, pentanoic acid, and 

phenol. The overall conclusion of this study was that phenol had the highest 

contribution of VOCs in the advanced decay and dry remains decomposition stages, 

and also dimethyl trisulfide and trimethyl pyrazine for the separation of the fresh and 

advanced decay stages of decomposition.  

 There has been research completed that focuses on how climate affects 

decomposition and its impact on the volatiles released from a corpse [38]. This study 

created their own climate conditions to place dead mice in for the decomposition 

process since factors like temperature and humidity have a strong impact on 

microorganisms and their growth. The climates consisted of warm/hot (22°C/80-90% 

RH) or cold/dry (12°C/40-60% RH). The mice were stored for one, ten, and 30 days 

under these conditions to retrieve optimal results. The results showed the dead mice 

that were stored in the warm/hot conditions released VOCs much faster and at higher 
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amounts and diversity than those stored in the cold/dry conditions. The study 

concluded that the composition of VOCs emitted from a decaying corpse is influenced 

by the time period itself as well as the climate conditions that are present.  

1.4.3.2%Soil%Composition%

 Soil composition is highly important to consider when dealing with the process 

of decomposition. Soil has distinctive compounds that make up its unique odor 

signature. This signature odor can then be used to tie loose soil back to its origin. 

Though the idea of a signature odor sounds like a simple concept, there are many 

different types of soil that must be considered. Soil varies tremendously with some of 

the main types being clay, sand, and loam. Each type of soil has its own chemical 

makeup that can easily be affected by the weather, temperature, and humidity. It has 

been proven in previous studies that decomposition VOCs can be detected in the soil 

for up to seven months after removal of a corpse [39]. Therefore, soil is the perfect 

substrate to analyze for volatile organic compounds.  

 Soil composition evaluations for decaying cadavers have been researched 

thoroughly. Researchers examined soil surfaces and how different surfaces affected 

the decomposition process [40]. In this study, volatile compounds associated with the 

different stages of decomposition have been tested as well. Previous methods used to 

separate these compounds include: gas chromatography coupled with mass 

spectrometry (GC/MS), two-dimensional gas chromatography (GC x GC), and GC x 

GC coupled to time-of-flight mass spectrometry (TOFMS) [40, 41]. In an important 

study in this area, researchers used a high-temperature Pt-catalyzed combustion with a 



Texas Tech University, Katie E. Blanar, May 2019 
 

 25 

Shimadzu TOC-VCSH [40]. From the twelve samples tested, five main compounds 

were found in the results: nitrate-n (NO3-N), ammonium-n (NH4-N), dissolved organic 

nitrogen (DON), orthophosphate-p (PO4-P), and dissolved organic carbon (DOC). The 

results concluded that electrical conductivity in cadaver decompositions increased 

over the two years of testing. One very important finding from this study was that the 

chemistry of soil at 0-5 cm deep could be used to estimate the postmortem interval for 

a length of almost 5 years. The use of this study is applicable for this research because 

it gives a list of volatile compounds found in the different stages of decomposition.  

 A recent study observed the volatile organic compounds emitted in the soil 

from buried pig cadavers [42]. Two pigs were buried in shallow graves and left for 6 

months. After 6 months, grave soil samples and control samples were collected at 

different depths during the pig excavations. The results showed 20 specific 

compounds were detected in the soil samples collected directly under the pig cadavers. 

Some of these compounds consisted of: ketones, nitriles, sulfurs, alcohols, and ethers. 

There was also another group of specific compounds found at all depths of the gave 

soil samples. This group consisted of 34 compounds, which included: alkanes and 

dimethyl-, trimethyl-, and tetramethyl-isomers. The results concluded that screening of 

soil samples for cadaveric decomposition odor was applied and successful on two 

separate gravesites that clearly demonstrates the differences between soils collected at 

the burial site versus control soils.  

 Previous research compared how carrion VOCs in decomposition soil change 

amongst the seasons using GC x GC-TOFMS [39]. This study emerged as there was a 
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need for further investigation into the pattern of decomposition VOC profiles in 

different seasons. There were two trials completed in this study, one for the summer 

and one for the winter. Each trial had four pig cadavers that were placed on the soil 

and covered with a cage. The winter trial consisted of 106 days whereas the summer 

trial consisted of only 73 days. The results showed that decomposition progressed 

faster during the summer trial than it did in the winter trial. There was a large peak in 

the abundance of detected volatile compounds in the soil during the summer trial for 

the first four stages of decomposition. The peak maximum for this trial correlated to 

the active decay stage, where putrefaction and other liquid products are observed. 

There was a total of 41 compounds detected in the soil during the winter trial and a 

total of 157 compounds detected in the summer trial. Even with fewer compounds 

detected in the winter trial, 71% of those compounds were also observed in the 

summer trial. However, 80% of the compounds detected in the summer trial were not 

identified in the winter trial. The largest contributor to the decomposition VOC profile 

during the winter trial was dimethyl disulfide. On the other hand, dimethyl trisulfide 

was not detected in the winter trial, but had high levels of detection during the summer 

trial. It was concluded that there was a notable difference in the maximum 

decomposition VOCs detected during the active decay stage of the summer trial that 

was not displayed during the winter.  

 Another study researched the decomposition odor from soil and adipocere 

samples collected at a death scene using headspace-solid phase micro extraction (HS-

SPME) with two-dimensional gas chromatography coupled to high resolution time-of-
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flight mass spectrometry (GC x GC-HRTOFMS) [43]. This was the first application of 

GC x GC-HRTOFMS in a forensic case that analyzed decomposition odors. Samples 

of soil adipocere were collected seven days after the body was removed at different 

locations from where the corpse laid. Soil samples were collected at the edge of the 

“cadaver decomposition island (CDI)”, where the majority of decomposition fluids 

were soaking into the soil. A control was also collected 10 meters away from the CDI. 

The results portrayed a visible difference between the VOC profiles of the various 

sampling locations. It was concluded that the body decomposed at the death scene and 

that it was in the later stages of decomposition when it was finally discovered. This 

conclusion is due to the fact that adipocere formation was observed at the time of 

discovery.  

 A study completed in 2016 profiled the decomposition odor at a grave site 

before and after probing [44]. The purpose of this study was to determine whether a 

soil probe enhances the number of VOCs found at the grave site. It was concluded that 

although probing did increase the abundance of compounds detected, there were no 

clear trends observed with the environmental factors that were measured. The VOCs 

detected in the grave soil were the same as the VOCs detected on the grave surface, 

however, the trace compounds varied significantly throughout the study. Soil probing 

is good at assisting with the release of decomposition odors but correlated to numerous 

variables including environmental factors. 
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1.4.4 Profiling Volatile Organic Compounds of Decomposition 

1.4.4.1%Human%Cadavers%%

 There has also been research extracting the volatile organic compounds 

(VOCs) from human and pig cadavers. Human cadavers are the best way for 

researchers to observe the decomposition process and its effects on the human body. 

There has been a tremendous amount of studies that have used human cadavers dating 

back to the 3rd century BC in ancient Greece [45]. The Greeks used human cadavers to 

learn about the human anatomy and health. Though the idea of “human cadaveric 

dissection” died off for a bit, the practice was revived again at the beginning of the 

14th century in medieval Italy [45]. The use of human cadavers was limited in Italy 

due to the role of the church, but there were still instances of autopsies on human 

bodies for anatomy teaching sessions as well as investigating the cause of death [45]. 

However, it is Europe and the United States who can take credit for the evolution of 

human cadaver dissection and the use of human cadavers.  

 As shown above, human cadavers can be used for many things, the most useful 

being autopsies. The dissection of the human body is a primary tool for learning the 

anatomy of a human. This same thought process can be used when it comes to 

utilizing human cadavers in decomposition studies.  

 Previous research used a GC/MS system with a researcher-created thermal 

desorption unit to test the human cadaver [10]. The results from this research design 

were fairly significant as over 30 volatile organic compounds were identified. Some of 

those volatiles included: benzene derivatives, hydrocarbons, alcohols, ketones, and 

sulfides. It was concluded that there were four possible processes to explain the VOCs 
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identified during the experiment. Those processes are: 1) Chemical decomposition in 

the body affects the VOCs composition; 2) The VOCs mixed with the bag’s air while 

evolving from the decomposing body; 3) The bag might have absorbed small amounts 

of the VOCs, changing their profile measured; 4) There may have been loss due to 

pores in the bag. Statheropoulos et al.’s (2007) research detected compounds from a 

decomposing human cadaver that are similar to the VOCs emitted from decomposing 

animal cadavers.  

 Another study compared the decomposition VOCs produced by human 

remains and pig carcasses in the same environment and with the same conditions [46]. 

This study had three experimental groups to observe: 1) human cadavers -- insect 

inclusion, 2) human cadavers -- insect exclusion, and 3) pig cadavers. The purpose of 

having insects included and excluded in this study was to show how insect succession 

affects the decomposition process. This research used two-dimensional gas 

chromatography (GC x GC) coupled to time-of-flight mass spectrometry (TOFMS) to 

evaluate decomposition VOCs from human remains. The results showed that the pig 

cadavers reached a more advanced stage of decomposition than the insect-included 

human cadaver. There was also a notable difference between the rates of the insect-

included and insect-excluded cadavers. The results also reflected that the exclusion of 

insects reduced the rate of decomposition as this has been seen in previous literature. 

The compounds observed from the pig cadavers contained mainly dimethyl disulfide 

and dimethyl trisulfide, which are the major products in the decomposition of 

mammals. The compounds recorded from the human cadavers were mainly aromatic 
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compounds. Even with this information, this study concluded that the results were 

unclear if the differences observed were due to the use of different species or if the 

shift in the decomposition rate was responsible for the variances detected.  

 A study observed the differences between decomposed human remains and the 

remains of bigger mammals such as pigs, lamb, and roe [47]. The headspace of the 

decomposed remains was sampled within the laboratory setting. The goal of this study 

was to corroborate these results with the previous study, Rosier et al [48]. The remains 

of each animal as well as human, were placed in glass jars to decompose. An empty 

jar was also used as a blank in this study. The jars were left to decompose for six 

months before samples were collected. Approximately 22-25 samples were taken from 

each jar. A total of 282 VOCs were identified from the samples. Some of those VOCs 

included: alkanes, alkenes, aromatic compounds, cyclic compounds, ethers, alcohols, 

ketones, aldehydes, acids, esters, sulfurs, and nitrogen-containing compounds. It was 

concluded that the human remains had a very high abundance of pyridine in more than 

90% of the samples. Pyridine was only found once in the animal samples. This 

information confirms the results observed in Rosier et al [48]. Pyridine is a compound 

that seems to be most prevalent in human remains. 

 Research was completed using humans to find a universal model for 

postmortem interval estimations [15]. The purpose of the study was to validate a 

formula to establish a universal model for PMI. A total of 118 cases, both outdoor and 

buried, were used for this study. These cases included: homicides, suspicious deaths, 

found bodies, and buried clandestine graves. Two formulas, constructed by Vass [23], 
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were used in this study -- one for above ground cases and the other for below ground 

cases. It was concluded that understanding all of the variables that affect human 

decomposition is much more complex than what was expected. The rate of 

decomposition was not constant between the environments used in this study. Because 

of these inconsistencies, a universal model for postmortem interval estimations was 

not validated.   

 Another study used human and animals remains for the identification of human 

VOCs using solid phase microextraction- gas chromatography/mass spectrometry 

(SPME-GC/MS) [50]. Both human and animal remains collected from multiple 

sources were sampled in triplicate with the Scent Transfer Unit (STU-100). Three 

different types of gauze were used to collect the volatiles, Dukal gauze, polyester, and 

Johnson and Johnson gauze. There was a significant difference in the variations 

between the quantity of compounds recovered at difference flow rates using the Dukal 

gauze and Johnson and Johnson gauze. Polyester was not significantly different. It was 

concluded that the greatest number of compounds recovered on the gauze was at a low 

flow rate. The STU-100 demonstrated to be consistent and able to reproduce samples, 

which can potentially be used as a field instrument.  

1.4.4.2%Pig%Cadavers%

 There have been numerous studies over the years that have used pigs as 

cadavers [4, 51, 52, 53, 54]. The reason for using a pig as a decomposition sample 

model is due to the close anatomical similarity between a pig and a human (i.e., organ 

location and ratios). A pig’s internal anatomy, fat distribution, chest cavity size, lack 
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of heavy fur, and their omnivorous diet has made them most widely recognized as a 

human analogue [4]. There have also been previous studies completed that show the 

similarities between the decomposition process of humans and the decomposition 

process of pigs. It is also much easier to obtain pig cadavers for research purposes than 

it is to obtain human ones. Additionally, the use of pig cadavers is more ethically 

sound that using humans for research purposes. Hence, pigs are excellent human 

analogues for experimentation models [4, 51, 52, 53, 54].  

 As stated previously, there has also been an important study that was 

completed on finding the volatile profile of pig cadavers [4]. The primary goal of their 

research was to measure the profile of VOCs in swine decay and observe the changes 

within 72 hours after death. The samples were collected through a hood placed over 

the pigs and then ran on a two-dimensional gas chromatography-time-of-flight mass 

spectrometry (GC x GC-TOFMS) to find the odor’s characteristics. The results 

identified 108 compounds, with 105 in the final list of VOCs. Some of these 

compounds included: aldehydes, alcohols, esters, ketones, and sulfur-containing 

compounds. The compounds found in this study match the compounds found from the 

VOCs of human cadavers previously mentioned.  

 A recent study used pig cadavers as human analogues to characterize the 

VOCs emitted as well as compare their results to those of human cadavers [51]. The 

purpose of this study was to observe what similarities and differences there are 

between the VOCs of pig cadavers and that of human ones. Two pig cadavers were 

placed on the soil with a wire cage covering each while sampling was not occurring. 
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Before sampling, the headspace above the pig cadaver was accumulated for 30 

minutes before sampling with a stainless-steel hood. A sampling tube was then 

connected to the hood to create a continuous path from inside the hood to sample the 

VOCs emitted. After sample collection, the tubes were capped to prevent any loss of 

VOCs. An internal standard was added to the sampling tube before the samples were 

injected into the TD-GC x GC-TOFMS. The results formed a VOC profile that was 

comprised of alcohols, carboxylic acids, aromatics, and sulfides. Some of the 

dominant compounds included butanoic acid, dimethyl disulfide, dimethyl trisulfide, 

phenol, and indole. Additionally, the study concluded that the VOC profiles of pig 

cadavers have similarities to that of human cadavers, specifically compounds that have 

been reported to be exclusively detected in human decomposition.  

 Researchers have also used pig cadavers to observe the function of 

microorganisms in the formation of cadaveric VOCs [52]. This study used nine pig 

cadavers as human analogues as their test animals. Within 96 hours, all nine pigs 

underwent the first three stages of decomposition – fresh, putrefaction/bloated, and 

some cases active decay. A diversity of microorganisms increased on the cadaver 

within the first 48 hours of decomposition. Microbial VOCs emitted during 

decomposition were sampled one centimeter above the rear of the pig cadavers at 48 

hours and 96 hours after incubation. This study focused on 43 decomposition VOCs, 

specifically the common compounds as well as the VOCs known to affect the behavior 

of cadaver beetles [3, 27, 55]. The results of the decomposition VOCs were then 

correlated with specific microbial taxa during the beginning stages of decomposition 
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as that is when bacteria are prominent. This correlation concluded that the formation 

of acetic acid, phenol, and indole could be connected “to the activity of 

Enterobacteriaceae, Tissierellaceae, and Xanthomonadaceae.” 

 Another study used VOCs from pig cadavers to establish an indicator for PMI 

[53]. Four pigs were placed in a forest in Germany. Each pig was sampled at different 

times and in different seasons. A total of seventeen compounds were detected and 

identified in the 4 decaying pigs. No compounds were reproducibly detected in the 

fresh stage of decomposition. Dimethyl sulfide and acetophenone were detected 

repeatedly in the bloating stage. Seven compounds were reproducibly detected in the 

active decay stage. Of these compounds, sulfur-containing compounds, butan-1-ol, 

and phenol increased in this stage. Phenol, acetophenone, and butan-1-ol were all 

detected numerous times in the advanced decay stage. Phenol was detected at high 

concentrations in all samples at all stages. Flies were also collected off of the pigs 

during the time of collection and were used to confirm the compounds detected by 

means of electroantennogram.  

 Researchers in South Korea used pig cadavers to identify VOCs and microbial 

community structure during the decomposition process [54]. A soil burial-composting 

method was used for this study due to there being a higher microbial population and 

diversity in compost than soil. The pigs remained buried for 346 days, where they 

were in the advanced decay stage. This information highlighted that soil burial-

composting results in a faster degradation rate than that of soil burial. Compounds 

detected included ammonia, sulfur, and amines. It was concluded that this soil burial-
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composting method would be suitable for infected carcasses when there is a shortage 

of burial sites.  

1.4.5 Techniques Used for VOC Detection 

1.4.5.1%Headspace%Sampling%%
 Headspace sampling is one of the newer techniques seen as a way of sampling. 

One of the most prominent uses for headspace sampling is blood alcohol content 

(BAC) testing. This technique is used because it keeps the instrument clean from the 

blood samples that are ran. Headspace sampling is a cleaner technique, where there is 

little to no sample preparation, that provides the same results as it would to sample in 

more traditional ways. This technique also serves as a way to sample a variety of 

specimens compared to only a select type of specimens that traditional sampling 

methods can use.  

 Headspace sampling can be performed with the use of a solid phase micro 

extraction (SPME) fiber. This fiber is injected into a glass vial where the sample is 

enclosed, then the holder is pressed down to expose the fiber to the sample. This fiber 

does not touch or reach the vicinity of the sample. It stays in the headspace of the 

sample, hence the name headspace sampling. This SPME fiber will absorb the odor 

given off the sample in the vial. An example of the SPME plunger is shown below in 

Figure 7, along with an image of headspace sampling versus liquid sampling.  
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Figure 7. (a) SPME Plunger (b) SPME Principle for Liquid and Headspace   
     Application [56] 
 
 As previously mentioned, the only similar evaluation on this topic used piglet 

cadavers and Burying Beetles (Nicrophorus vespilloides) to find the VOCs emitted 

[3]. This specific study used the headspace of the entire piglet by placing the cadaver 

into an oven bag and also the headspace of the antennae dissected off the beetles. For 

their methodology, they used gas chromatography with electroantennographic 

detection (GC-EAD) to identify the volatile components. This study also used GC/MS 

for clarification of the results found. They found compounds similar to other studies.  

 Other research has been completed that used headspace sampling with GC/MS 

to help identify the VOCs emitted from actual training aid samples for victim recovery 

canines [57]. This study used 14 human tissue samples which consisted of: tissue from 

a blood clot, blood, muscle, blood clot from a placenta, skin, adipocere, bone, teeth, a 
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testicle, body fat attached to skin, and fat tissue. The samples sat at room temperature 

in vials for a maximum of 48 hours. Each of these samples were evaluated using both 

20 minute and 40 minutes SPME extraction times. The results displayed a detection of 

33 VOCs from the samples, including: acids, alcohols, aldehydes, esters, halogens, 

hydrocarbons, ketones, and sulfides. It was concluded that the results supported the 

premise that the odors emitted from a decomposing human body share a resemblance 

across the body regions and types used within this study.  

 As mentioned previously in Soil Composition, a study collected soil and 

adipocere samples from a death scene for seven days after the body was removed [43]. 

These samples were collected from difference locations of where the body previously 

laid. The soil and adipocere samples were then taken back to the lab and spiked with 1 

microliter of a 100-ppm solution of a mixed internal standard (IS) before the 

headspace-solid phase micro extraction (HS-SPME) took place. The fiber was exposed 

for 15 minutes to the headspace of each samples. The results showed that the samples 

collected from different locations exhibited VOC profiles that were visually dissimilar 

from one another. From the results, it was concluded that the body decomposed at this 

specific location as well as the body was in stage of decomposition when it was 

discovered.  

 Another study characterized the volatile organic compounds present in the 

headspace of animal remains compared to that of human remains [58]. The aim of this 

study was to establish a unique chemical profile of human remains by: 1) comparing 

animal remains VOCs to that of human remains and 2) then developing training aids 
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for Human Remains Detection (HRD) dogs. This research wanted to determine which 

compounds were produced by decomposition by-products and which were human 

specific compounds. Three types of animals were used for this study: cow, pig, and 

chicken. Additionally, four samples were taken from each of these animals, which 

consisted of: bone, fat, muscle, and skin. The headspace was then sampled using solid-

phase microextraction (SPME) fibers. The fibers were then analyzed by gas 

chromatography/mass spectrometry (GC/MS). Samples were analyzed both fresh 

(minimally decomposed) and decomposed. The cow and chicken samples were left 

exposed for 67 days and the pig samples were exposed for 60 days. The results 

showed specific compounds only found in the fresh samples, regardless of species, 

included: 1-hexanol 2-ethyl and decane. There were also very few compounds found 

in the decomposed tissue such as heptanal. The bone samples of the different animals 

consisted of aromatics, aldehydes, alkanes, sulfides. The human remains from a 

previous study [57] observed compounds such as esters, alcohols, aldehydes, ketones, 

alkanes, and sulfides. It was concluded that finding significant volatile organic 

compounds is the key for creating HRD training aids, however, this will take further 

research.  

 A recent study compared the volatile organic compounds of Dermestes 

maculatus and Dermestes ater pupae using headspace solid-phase microextraction 

(SPME) coupled with gas chromatography-mass spectrometry (GC/MS) [59]. The 

analysis of D. maculatus and D. ater pupae showed many differences between the 

insect species and their different chemical composition. There were sixteen 
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compounds identified from the D. ater pupae which included 6 hydrocarbons, 5 fatty 

acids, 3 esters, and 2 aldehydes. The major VOC detected in this pupa was 

pentacosane. A total of 39 compounds were detected from the D. maculatus pupae 

including 28 esters, 4 fatty acids, 6 hydrocarbons, and 1 aldehyde. Two major VOCs 

were detected in this pupa: octadecadienoic acid methyl ester and octadecenoic acid 

methyl ester. It was concluded form the chemical analyses that the VOCs of D. 

maculatus and D. ater pupae that the esters of fatty acids are major compounds for 

both species.  

 As shown in the Literature Review, many of the previous studies provide lists 

of VOCs found in their results that can be used as a database for comparison to the 

results of this study [3, 4, 10, 40]. Table 2 illustrates the VOCs detected in previous 

literature over the past 10 years. Also, one study used GC/MS to determine the VOCs 

of human cadavers; this methodology can be used as a reference for this study [10]. 

Results from one of the studies provides the knowledge needed before starting this 

project because it presents information on the behavior of insects [28]. 
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Table 2. Literature Review of Previous Volatile Organic Compounds (VOCs) Detected Over the Last 10 Years 

Reference' Specimen' Compounds'

'' '' Sulfur2
Containing' Alcohol' Ester' Ketone' Aldehyde'

Hydrocarbon'
(Alkane,'Alkene,'

Alkyne)'

Carboxylic'
Acid'

Nitrogen2
Containing'
(Amine)'

Aromatic' Benzene'

Statheropoulos,et,al.,2007,
[10],

Human, X, X, ,, X, X, X, ,, ,, ,, X,

Dekeirsschieter,et,al.,2009,
[5],

Pig, X, X, X, X, X, X, X, X, ,, ,,

Hoffman,et,al.,2009,[57], Human, X, X, X, X, X, X, X, ,, ,, ,,

Curran,et,al.,2010,[60], Human, ,, X, X, X, X, X, X, ,, ,, ,,

DeGreeff,and,Furton,2011,
[50],

Human, X, X, X, X, X, X, X, X, X, X,

,, Dog, ,, X, ,, X, X, X, X, ,, ,, ,,

,, Fish, ,, ,, X, X, X, X, X, ,, ,, ,,

,, Chicken, ,, ,, ,, X, ,, X, X, ,, ,, X,

,, Lamb, ,, X, ,, X, X, X, ,, ,, ,, ,,

,, Pig,, ,, X, ,, ,, X, X, ,, ,, ,, X,

,, Cow, ,, X, ,, ,, X, ,, X, ,, ,, X,

Statheropoulos,et,al.,2011,
[61],

Pig, X, X, X, X, X, X, X, X, ,, X,

von,Hoermann,et,al.,2011,
[27],

Pig, ,, X, X, ,, ,, ,, X, ,, ,, ,,

Brasseur,et,al.,2012,[42], Pig, X, X, ,, X, X, X, ,, X, X, ,,

Cablk,et,al.,2012,[58], Cow, X, X, X, X, X, X, X, X, X, ,,

,, Pig, X, X, X, X, X, X, X, X, X, ,,

,, Chicken, X, X, X, X, X, X, X, X, X, ,,

Dekeirsschieter,et,al.,2012,
[55],

Pig, X, X, X, X, X, ,, X, X, X, X,

Kasper,et,al.,2012,[38], Mouse, X, X, X, ,, X, X, X, ,, ,, ,,
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Reference' Specimen' Sulfur2
Containing' Alcohol' Ester' Ketone' Aldehyde' Hydrocarbon' Carboxylic'

Acid'
Nitrogen2
Containing' Aromatic' Benzene'

Vass,2012,[62], Human, ,, ,, ,, ,, X, X, ,, ,, ,, X,

,, Dog, ,, ,, ,, ,, X, X, ,, ,, ,, X,

,, Deer, ,, ,, ,, ,, X, X, ,, ,, ,, X,

,, Pig, ,, X, ,, ,, X, ,, ,, ,, ,, ,,

Dekeirsschieter,et,al.,2013,
[30],

Insect, ,, X, ,, ,, ,, ,, X, X, X, X,

Focant,et,al.,2013,[63], Pig, X, X, ,, X, X, X, ,, X, ,, X,

Stadler,et,al.,2013,[51], Pig, X, X, X, X, X, X, X, X, ,, ,,

Agapiou,et,al.,2015,[64], Pig, X, X, ,, X, X, X, X, X, X, X,

Paczowski,et,al.,2015,[53], Pig, X, X, ,, X, X, X, X, ,, X, ,,

Perrault,et,al.,2015,[39], Pig, X, X, X, X, X, X, ,, ,, X, X,

Rosier,et,al.,2015,[48], Human, X, X, X, X, ,, X, X, X, ,, ,,

,, Pig, X, X, X, ,, ,, X, X, ,, ,, ,,

,, Rabbit, X, ,, ,, ,, ,, X, ,, X, ,, ,,

,, Mouse, ,, ,, ,, ,, ,, ,, X, X, ,, ,,

,, Mole, X, X, X, ,, ,, X, ,, ,, ,, ,,

,, Fish, ,, ,, X, ,, X, ,, ,, ,, ,, ,,

,, Frog, ,, X, X, ,, ,, ,, ,, ,, ,, ,,

,, Turtle, ,, ,, ,, ,, ,, X, X, ,, ,, ,,

,, Bird, X, X, ,, ,, ,, ,, ,, X, ,, ,,

Stadler,et,al.,2015,[65], Pig, X, X, ,, ,, X, ,, ,, X, X, ,,

Stefanuto,et,al.,2015,[46], Human, X, X, X, X, X, X, X, X, ,, ,,

,, Pig, ,, X, X, X, X, X, X, X, ,, ,,

Stefanuto,et,al.,2015,[66], Pig, X, X, ,, X, ,, X, ,, X, X, X,

Table 2. Continued 
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Reference, Specimen, Sulfur2
Containing, Alcohol, Ester, Ketone, Aldehyde, Hydrocarbon, Carboxylic'

Acid,
Nitrogen2
Containing, Aromatic, Benzene,

Armstrong,et,al.,2016,[4], Pig, X, X, X, X, X, X, X, X, X, X,

Forbes,et,al.,2016,[44], Pig, X, X, ,, ,, ,, X, X, ,, ,, ,,

Rosier,et,al.,2016,[7], Human, X, X, X, X, ,, X, X, X, ,, ,,

,, Pig, X, X, X, X, ,, X, X, X, ,, ,,

,, Rabbit, ,, ,, ,, X, ,, ,, ,, ,, ,, ,,

,, Mouse, ,, ,, ,, ,, ,, X, ,, X, ,, ,,

,, Mole, ,, ,, ,, X, ,, X, ,, ,, ,, ,,

,, Fish, ,, X, ,, ,, ,, X, ,, ,, ,, ,,

,, Frog, ,, ,, X, X, ,, ,, X, ,, ,, ,,

,, Turtle, ,, ,, ,, X, ,, X, ,, ,, ,, ,,

,, Bird, ,, X, X, ,, ,, X, ,, X, ,, ,,

von,Hoermann,et,al.,2016,
[3],

Pig, X, X, X, ,, ,, ,, X, ,, ,, ,,

Cerkowniak,et,al.,2017,[59], Insect, ,, X, X, X, X, X, X, ,, ,, ,,

Pascual,et,al.,2017,[52], Pig, ,, X, ,, ,, ,, ,, X, X, ,, ,,

Rosier,et,al.,2017,[47], Human, X, X, X, ,, ,, X, ,, X, ,, ,,

,, Pig, X, X, X, ,, ,, X, ,, X, ,, ,,

,, Lamb, X, X, X, ,, ,, X, ,, ,, ,, ,,

,, Roe,deer, X, X, X, ,, ,, X, ,, ,, ,, ,,

Cerkowniak,et,al.,2018,[67], Insect, ,, X, X, X, X, X, X, ,, ,, ,,

Dubois,et,al.,2018,[43], Human,, X, X, X, X, X, X, X, X, ,, ,,

Ki,et,al.,2018,[54], Pig, X, ,, ,, ,, X, ,, X, X, ,, ,,

 

Table 2. Continued 
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1.5$Purpose$of$This$Study$$
$
 The proposed project: (1) evaluated the volatile odor profile within maggots 

found on decaying piglet cadavers as a function of decomposition stage and (2) 

compared with previous literature the results obtained to see how an insect’s volatile 

odor profile compares to human/animal decomposition models. With this information 

from the maggots, the utilization of insects as a sample matrix can potentially be 

implemented by forensic scientists using volatile biomarkers as indicators of 

postmortem intervals.  

Knowing the volatile organic compounds emitted from the cadaver insect 

populations will also give cadaver canine teams more information to better their 

training procedures in hopes of enhancing and standardizing those procedures [62]. 

This research is beneficial because it is a new technique being brought into the field of 

forensic science. Insects as biomarkers are applicable for more than one purpose in 

criminal investigations. With the use of forensic entomology on the rise, it is important 

to continue contributing new knowledge so that this area will keep on advancing.  
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CHAPTER II 

METHODOLOGY AND DATA ANALYSIS 

2.1$Materials$
 The materials needed for this study can be broken down into two categories: 

sampling and extraction. During the sampling stage, there are many materials needed. 

Everbilt 3 feet by 25 feet ½ inch mesh 19 gauge chicken wire, 3/8 inch by 18 inch 

rebar and Hyper Tough 8 inch cable ties were purchased from a local hardware store 

(The Home Depot, Atlanta, GA) to build the cages used for security around each pig 

cadaver. During sampling, the analyst had purple nitrile powder-free exam gloves 

(Kimberly-Clark, Irving, TX), disposable personal protection Tyvek coveralls 

(Sirchie, Youngsville, NC), and Insta-Gard surgical cone masks (Cardinal Health, 

Waukegan, IL) for personal protective gear. The vials used to hold the maggot 

samples after sampling were 10 mL clear screw top glass vials with a phenolic cap and 

PTFE/silicone Septa (Supelco, Bellefonte, PA) as well as 15 mL clear screw top glass 

vials with a hole top and PTFE/silicone septa (Supelco, Bellefonte, PA). Metal 

tweezers were used to collect the maggots. Scissors were used to cut tissue samples 

from the pig cadavers. Alcohol pads saturated with 70% Isopropyl alcohol were used 

to disinfect the tweezers and scissors between and after each collection (Dukal 

Corporation, Ronkonkoma, NY). Bemis parafilm was used to cover each vial during 

transportation to avoid losing any VOCs (Bemis Company, Oshkosh, WI) A Sharpie 

black permanent marker was used for proper labeling of each vial (Walmart Inc., 

Bentonville, AR) A soil pH and moisture meter, with a 295 mm long electrode, was 
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used to measure the soil pH and moisture of the soil during each collection time (Gain 

Express, Hong Kong, China). A traceable thermometer was used to measure the 

temperature and the humidity during each collection time (Fisher Scientific, Waltham, 

MA). Black trash bags were used to collect and discard all trash during sampling 

(Walmart Inc., Bentonville, AR). During the extraction stage, the materials needed 

include: 1) ME-T analytical balance (Mettler Toledo, Columbus, OH), 2) three ring 

stands and twelve clamps (Fisher Scientific, Waltham, MA), 3) SPME fibers 50/30 um 

DVB/CAR/PDMS gray (Supelco, Bellefonte, PA) and SPME holders (Supelco, 

Bellefonte, PA), 4) Agilent Technologies 7890A GC with an Agilent Technologies 

5975C inert XL MS (Agilent Technologies, Santa Clara, CA).  

2.2$Methods$

2.2.1 Test Animals 
 Since this research involves the use of pig cadavers, appropriate Institutional 

Animal Care and Use Committee (IACUC) approval was obtained prior to the start of 

this work. The IACUC office determined a full protocol was not required and issued a 

non-protocol #X18093. A rancher in Centerville, Texas donated the dead Sus scrofa 

wild pigs. For wild pigs, hunters have a weight limit for keeper pigs so undersized 

pigs are given to the rancher whose land they were acquired from. These underweight 

pigs were the test animals for this study. Each pig was within ten pounds of each other 

for reproducibility purposes as shown in Table 3.  
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           Table 3. Mean Weights of Pig Cadavers Used 

Model Weight (Kg) 
Pilot Pig 1 0.7 
Pilot Pig 2 0.6 
Run 1Pigs 1.4 
Run 2 Pigs 1.5 
Run 3 Pigs 0.5 

 
There were nine pigs used for this study: three gathered as a pilot study for 

method development, and two pigs for each of the three test runs of the study. 

Gathering three groups of pigs during different seasons provided information on how 

the decomposition process changes with hotter temperatures compared to cooler 

temperatures. It also provided information on how insects react to temperature 

differences (i.e., life cycle changes and presence on pig cadavers) as well as offering 

the opportunity for various insect populations to be present at distinctive times of the 

year.  

 There were three pigs laid out in August and September 2018 as a pilot study 

to test for feasibility and parameter development of the analytical method. Each of 

these pigs were laid out consecutively once the pig preceding had skeletonized. The 

first set of two pigs were laid out at the beginning of October 2018. The second set of 

two pigs were laid out in the middle of October 2018. The third set of two pigs were 

laid out at the beginning of November 2018. The pigs were kept at 850 FM1490 

Levelland, TX 79336. Permission to use this site was obtained through Shane 

Grissom, the owner of the land. The pigs were laid out on the ground approximately 

five feet apart to make sure no interferences between pigs and their decomposition 
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processes occur. A homemade cage covered the pigs to secure from larger scavengers 

(i.e., raccoons and coyotes). Each pig had its own cage to provide protection. These 

cages were built out of chicken wire, rebar, and zip ties to ensure sturdiness. A rock 

wall was also added around each cage for extra protection from the surrounding 

environment. A picture of the cages and set up can be seen in Figure 8.   

     
    Figure 8. Cages and Set Up for the Protection of Pig Cadavers 

2.2.2 Experimental Design 
 To identify the VOCs emitted from maggots, analysis was completed after 

every collection of samples using SPME-GCMS. The purpose of this research is to 

determine if a biomarker of odor (from a maggot or insect) differentiates as a function 

of the stage of decomposition it was collected in. The insect that was targeted for this 

proposed study is the maggot of a Blow Fly (Calliphoridae) [68]. A genus species was 

named once there was knowledge of what flies were prominent on the cadavers. 

Sampling occurred for a period of 5 to 26 days, where collection was completed once 
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a day, every 24 hours from the time the pig was laid out. These time intervals were 

edited during the pilot study due to the optimal time maggots were observed.  

 Insect samples were collected from the torso area of every pig given that the 

decomposition of organs in this region is very high. A triplicate of maggot samples 

was collected from each pig during each sampling period along with a tissue sample, 

for a total of 4 samples per pig, and a total of 8 samples per sampling period. Over five 

days this equates to 40 samples per run, depending if there was an efficient number of 

maggots available. For the runs that reached 26 days (over 600 hours), a total of 208 

samples were possible if there were a sufficient number of maggots. Every insect type 

available, from all stages of development, at the time of data collection were collected 

and sampled for precautionary measures to make sure VOCs are emitted. Their 

collection times were documented as an indication as to when samples should be 

collected for the rest of the study to know what length of time (on the pig cadaver) 

provided the best results. 

 Samples were taken from the pig cadaver (i.e. tissue, skin, adipocere) to find 

the exact VOCs given off from the pig. Only one sample was collected from the pig 

cadaver as a control with skin being the first choice in sample. However, the sample 

choice did change as a function of decomposition stage as the skin began decomposing 

itself. This information was then compared to the VOCs analyzed from the maggots. 

The purpose of this was to show what the actual VOCs emitted from the pig cadavers 

were to validate the VOCs emitted by the maggots. This is turn demonstrated that 
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maggots could indeed be used as an odor source for biomarker detection at the 

different stages in the decomposition process.  

 All samples collected (i.e., maggot and pig tissue samples) were weighed using 

an analytical balance. Those weights were documented and used later to standardize 

the samples to 1 gram per maggot/pig tissue. This was done by dividing the peak 

abundance of each compound by the weight of the maggot/tissue sample collected 

during that sampling time. For example, during run 1 pig 1 at hour 72, the weight of 

the maggot sample 1 was 0.856 grams. Therefore, each peak abundance of every 

compound during this sampling time was divided by 0.856 grams to provide a peak 

abundance that was standardized to 1 gram per maggot/tissue sample. This ensured 

that each sample was standardized throughout the study for a uniform comparison of 

peak abundances for each compound detected. Standardizing the weights of each 

sample equalized the data variability. This in turn provided precise results.  

 Appropriate personal protective equipment (i.e., gloves, masks, and suits) were 

worn during collection of the maggots and tissue from the pigs. Temperature and 

humidity were monitored and measured for changes throughout the study. A digital 

thermometer and stainless-steel probe were used to monitor daily temperature and 

humidity conditions at field site (Fisher Scientific), both within the soil and above soil 

conditions. Insects were collected in closable vials for easy transfer to the laboratory. 

All analyses were performed in normal laboratory settings with personal protective 

gear as needed. The analyses of the collected insects were done within three days of 

collection to make sure volatile organic compounds are not lost over time. All 
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specimens were kept at room temperature during extraction and analysis procedures. It 

was important to have the same parameters for every sample for consistency and error 

avoidance; because of this, if an error were to occur, it was not within the 

methodology.  

2.2.3 Instrumentation Procedures (SPME-GC/MS) 
 The extraction methodology used to extract the compounds from the maggot 

matrix is solid phase microextraction (SPME). The headspace of the maggots was 

sampled with a polydimethylsiloxane/divinylbenzene (PDMS/DVB) SPME fiber 

(Supelco) that was approximately 50/30 µm in size [58]. The SPME fiber used was 

grey in color, which is generally used for VOC sampling. Each SPME fiber was 

conditioned for 30 minutes at 250°C at least three times to guarantee each fiber was 

clean and ready to be used prior to matrix sampling. 

The size of the vials used to hold the maggots are 10 milliliter (mL) due to the 

maggots being small in size and diameter. During the study, the 10 mL vials were 

discontinued, therefore, a switch to 15 mL vials was necessary to carry out sampling. 

Before use of the vials, each was rinsed with acetone and placed in an oven at 105°C 

for one to two hours for sterilization to ensure all previous VOCs were eliminated. The 

collected sample only filled the vial approximately one-fourth of the way full so that 

the SPME fiber did not interfere with the sample during headspace extraction. 

Samples were left for approximately 24 hours before the fiber was injected for VOC 

extraction. The extraction time was approximately 24 hours, this equates to the length 

of time the sample was exposed to the fiber [67]. Desorption time of the fiber 
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manually injected in the GC/MS was 8 minutes at 230°C [67]. The sample compounds 

(i.e., VOCs) extracted by SPME were then analyzed on an Agilent Technologies 

7890A GC system with an Agilent Technologies 5975C Inert XL MSD with Triple-

Axis detector. The Rtx®-5 capillary column was 30 m x 250 µm x 0.25 µm and had an 

initial temperature of 80°C.  

 Before analyzing the samples, an instrument blank was run on the GC-MS 

instrument to check its performance with blank vials for calibration purposes. This 

also validated that the instrument was running correctly prior to sample analyses. The 

parameters used were similar to those found in a study previously done [67]. Helium 

was used as a carrier gas (flow rate: 1.0 mL/min) to analyze the volatile organic 

compounds. The oven temperature of 40°C was held for 5 minutes then the 

temperature was increased from 40°C to 300°C at a rate of 20°C /min then held again 

for 2 minutes. The run time for analysis was approximately 20 minutes. An instrument 

blank was also run before sample runs each day to ensure there were no VOCs in the 

GC/MS that could contaminate the following runs. Mass spectra were repeatedly 

scanned from 45 to 550 amu. Compounds were identified initially using the NIST 17 

(2017) mass spectral reference library. The criteria for the compounds identified were 

those with detected peaks greater than or equal to 80%; these compounds were 

considered reliable for this study [60].  

2.2.4 Imitation Model for Optimization  
Before using any pigs, an imitation model was conducted using pork meat. The 

purpose of this model was to optimize fiber exposure time as well as optimize the GC 
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run time. For fiber optimization, 4 pieces of a Smithfield butterfly cut pork chop were 

laid out on the ground covered by a wired cage on Friday, June 29, 2018. Two days 

later, July 1, 2018, the pork meat pieces were completely dried out without any signs 

of maggots or insect activity.   

A Smithfield pork shoulder roast that weighed approximately 2.1 pounds was 

then laid out that same day on the ground covered by a wired cage. After checking the 

meat 24 hours later, on July 2, 2018, baby maggots were observed. Once maggots of 

decent size (i.e., 0.5 grams) were observed, approximately four days later, they were 

collected from the meat and placed in 10 mL glass vials with approximately the same 

weight of maggots, approximately 1.5 grams. The maggot samples were taken back to 

the laboratory for SPME fiber exposure. Fiber exposure varied from 15 minutes, 20 

minutes, 30 minutes, 1 hour of exposure time. The fibers were then injected in the GC 

with a run time of 30 minutes. The results of the four fiber exposure times did not 

yield detectable compounds; therefore, longer fiber exposure times were then chosen. 

Samples were then collected again for SPME fiber exposure times of 12 hours and 24 

hours. The number of compounds and the abundance of each compound were the 

deciding factors on which fiber exposure time was the optimum time. The fiber 

exposure time with the greatest abundance was 24 hours. This exposure time was then 

used throughout the study.  

For GC run time optimization, samples were collected from the Smithfield 

pork shoulder roast that was laid out previously for the fiber optimization. Maggots of 

the same weight were then collected as done previously and taken back to the 
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laboratory to be exposed to the SPME fibers. There was a total of four GC run time 

optimizations used to find the best method. After an exposure time of 24 hours, one 

fiber was injected in to the GC with a 10°C/min ramping and a total run time of 33 

minutes, another was injected in to the GC with a 15°C/min ramping for a run time of 

24.3 minutes, a third fiber was injected in to the GC with a 20°C/min ramping and a 

total run time of 20 minutes, and the last fiber was injected in to the GC with a 

25°C/min ramping and a run time of 17.4 minutes. The results were then compared 

between the four run times to see if there was a comparable difference. The run time 

with the greatest resolution was chosen. Both the 15°C/min ramping and the 20°C/min 

ramping had the same number of compounds, therefore, the deciding factor between 

the two was the chromatogram with the lowest signal-to-noise ratio. The chosen run 

time ended up being 20 minutes. This GC methodology was used for the rest of the 

study to acquire the best results possible. The compounds detected in this method were 

also used as a baseline for the compounds that might be detected from the pigs in this 

study.  

The pork meat was left out until it was fully decomposed to provide 

information on how long a pig might take to decompose, as seen in Figure 9. The meat 

took exactly 14 days for the decomposition process to finish. Maggots were observed 

up to day 12, then were observed for the final stages of decomposition. This 

information was then used as a guideline for the rest of the study. 
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                         Figure 9. Day 6 of Imitation Model       

2.2.5 Pilot Study 
 There were three pigs used for the pilot study. One pig was laid out at a time to 

document the decomposition process and the length of time it would take for full 

decomposition. Samples were also collected throughout this process to test what 

VOCs were emitted at the different stages. Only four of the five of the stages of 

decomposition were targeted for sampling. These stages included: fresh, bloat, and 

active decay, and advanced decay. The last stage dry/remains, does not have enough 

tissue to provide valid VOCs from the maggots therefore they were disregarded for 

this study. Three regions of the pig were also targeted throughout the pilot study to 

evaluate which region had the most abundant maggot population. The regions were 

divided into 3 main parts: top cadaveric region, central cadaveric region, and rear 

cadaveric region, as seen in Figure 10. Once the first pig had decomposed completely, 

it was removed, and a second pig was laid in its place. The process was completed all 

over again for the third pig. Each of these pilot pigs were compared with each other to 
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observe similarities and a correlation with the VOCs collected and the stage of 

decomposition it was collected during.  

 
  Figure 10. Schematic of Cadaveric Regions 

 
 The temperature, humidity, soil pH, and soil moisture were measured and 

recorded during each sampling time. These measurements can be seen in Table 4. The 

average temperature during pilot pig 1 was 23.2°C. The average soil pH was 6.9 with 

an average moisture of 4.8. The average temperature during pilot pig 2 was 18.9°C. 

The average soil pH was 6.9 with an average moisture of 4.1. Another collection time 

was added for pilot pig 2 due to there being a dramatic difference in the 

chromatograms at 72 hours and 96 hours for pilot pig 1. An 84 hour collection time 

was added for pilot pig 2 as this was where the peak of decomposition occurred.  

 

 

 

Rear Central Top 
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Table 4. Pilot Study Environmental Conditions 

Pig$1$
Hour$of$Sampling$ Soil$pH$ Soil$Moisture$ Temperature$(°C$)$ Humidity$%$

0" 7" 4.5" 28.2" 60"
24" 7" 3.5" 21.3" 80"
48" 6.8" 6.5" 25" 67"
72" 6.9" 5.5" 21.5" 67"
96" 7" 3" 21.3" 69"
120" 6.9" 5.5" 22.7" 83"
144" 6.9" 5" 22.3" 62"

Pig$2$
Hour$of$Sampling$ Soil$pH$ Soil$Moisture$ Temperature$(°C$)$ Humidity$%$

0" 6.9" 5.5" 18.3" 77"
24" 7" 2.5" 22.5" 84"
48" 7" 3" 19.1" 95"
72" 7" 3" 18.5" 95"
84" 6.9" 4" 19.9" 93"
96" 6.9" 4.5" 16.9" 99"
120" 6.8" 6" 17.7" 81"
144" 6.9" 4" 18.5" 85"

 

2.2.6 Test Runs 
 Two pigs were used for each test run. Both pigs were laid out at the same time 

until each was fully decomposed. Samples were collected at the collection times 

designated from the pilot study. As previously mentioned for the pilot study, only four 

out of the five decomposition stages were used for sampling due to there not being 

enough tissue to provide valid VOCs in the dry/remains stage. Samples were only 

collected from the central cadaveric region as that was where maggots were most 

abundant during the pilot study. The VOCs detected during each test run were 
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compared to one another then compared to the VOCs detected in the pilot study to 

observe any similarities during the different stages of decomposition.  

 As done in the pilot study, the temperature, humidity, soil pH, and soil 

moisture were measured and recorded during each collection time of each test run. 

These measurements can be seen in Table 5. The average temperature during test run 1 

was 17.7°C. The average soil pH was 7 with an average moisture of 2.9. The average 

temperature during test run 2 was 9.8°C. The average soil pH was 7 with an average 

moisture of 3.5. The average temperature during test run 3 was 3.6°C. The average 

soil pH was 7 with an average moisture of 2.8. There was an obvious temperature drop 

after the first test run that prolonged the consecutive runs. Test run 2 took twice as 

long as test run 1 and test run 3 took almost double the amount of time as test run 2.  

Table 5. Test Runs Environmental Conditions 

Run$1$

Hour$of$Sampling$$ Soil$
pH$ Soil$Moisture$ Temperature$(°C$)$ Humidity$%$

0" 7" 3.5" 18.7" 81"
24" 7" 2.5" 18.2" 92"
48" 7" 3" 18.3" 97"
72" 7" 1.5" 16.9" 92"
84" 7" 2.5" 25.3" 61"
96" 7" 1.5" 16.5" 99"
120" 7" 2" 17" 97"
144" 7" 2" 16.3" 99"
168" 7" 4" 18.3" 99"
192" 6.8" 6" 11.3" 97"

Run$2$
0" 7" 2.5" 7" 62"
24" 7" 4" 9.8" 71"
48" 6.9" 5" 11.2" 72"
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" " " " "

Hour$of$Sampling$ Soil$
pH$ Soil$Moisture$ Temperature$(°C$)$ Humidity$%$

72" 6.8" 5.5" 15.2" 67"
84" 7" 2.5" 20.8" 60"
96" 7" 4.5" 11.8" 67"
120" 6.9" 5" 11.2" 56"
144" 7" 2.5" 10.9" 58"
168" 7" 2" 13.9" 61"
192" 6.6" 6" 12.5" 53"
216" 7" 4" 10.5" 89"
240" 6.9" 4.5" 7.9" 67"
264" 7" 1" 6.8" 76"
288" 7" 3" 7.2" 69"
312" 7" 3" 6.4" 89"
336" 7" 2" 9.4" 94"
360" 6.9" 6" 8.4" 91"
384" 7" 1" 2.1" 84"
408" 7" 3" 3.2" 75"
432" 7" 3" 10.1" 59"

Run$3$
0" 7" 4.5" 9.1" 50"
24" 7" 2.5" 10.8" 57"
48" 7" 3" 10.5" 45"
72" 7" 3" 10.2" 74"
84" 7" 1.5" 15.6" 48"
96" 7" 4" 9.2" 64"
120" 7" 2.5" 6.8" 62"
144" 7" 4" 6.7" 52"
168" 7" 4" 7.2" 57"
192" 7" 4.5" 0" 43"
216" 7" 3" -2.8" 34"
240" 7" 3" -2.2" 40"
264" 7" 3" -0.6" 40"
288" 7" 2" 0.6" 37"
312" 7" 1.5" 3.3" 55"
336" 7" 1" 0.5" 56"

Table 5. Continued 
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" " " " "

Hour$of$Sampling$ Soil$
pH$ Soil$Moisture$ Temperature$(°C$)$ Humidity$%$

360" 7" 3" -3.9" 42"
384" 7" 3.5" -3.5" 38"
408" 7" 2.5" -2.2" 44"
432" 7" 2.5" -1.1" 61"
456" 7" 2" 7.1" 51"
480" 7" 3" 5.2" 44"
504" 7" 1" 3.7" 39"
528" 7" 3.5" -6.6" 30"
552" 7" 2.5" -1.6" 27"
576" 7" 1.5" 3.8" 30"
600" 7" 2" 4.4" 30"
624" 7" 3" 6.1" 33"
648" 7" 1.5" 6.8" 45"

!

2.3$Data$Analysis$
 The total Ion Chromatogram (TIC) was used to monitor volatile odor patterns 

at the distinctive phases of decomposition. Peak area responses indicated an 

abundance of compounds at each given interval. The most prevalent compounds were 

evaluated and compared to previous studies to observe if there were similarities in 

VOCs. These were the targeted VOCs expected for this study. It was hypothesized that 

there will be an increase in concentration of VOCs with the length of time the maggot 

is on the pig cadaver. This was expected to be observed using TIC. Statistical analysis 

of each sample was evaluated as a function of decomposition hour. For example, Time 

0 – pig is laid out. Each sampling was correlated to hours after that (Time 0) to match 

hours since the decomposition process started. Principal Component Analysis (PCA) 

was used to observe distribution of volatiles during the sampling period. PCA was 

Table 5. Continued 
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used to illustrate the changes observed in the concentrations of the volatile organic 

compounds. This then displayed the variances within the VOC concentrations 

observed as a predictive model that can be used in future research. Targeting only high 

frequency occurring compounds across all decomposition stages, further statistical 

analysis focused on performing one-way ANOVA analysis to check the impact of 

study factors, including decomposition hour and ambient temperature. Statistical 

analysis was performed using JMP Prop 12.1.0, SAS Institute Inc. 2015, running a 

one-way analysis of variance (ANOVA). Means were used to compare the differences, 

and Tukey’s honestly significant difference (HSD) test was applied to compare the 

mean values. The significance level for the ANOVA analyses was p < 0.05. Analysis 

of variance (ANOVA) was then used to show statistical significance between the 

targeted compound peak area and the variables that may have affected it, with  focus 

on decomposition time and ambient temperature.  
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CHAPTER III 

RESULTS AND DISCUSSION 

3.1$Results$

3.1.1 Imitation Model 
 As stated previously, the imitation model was left out until fully decomposed 

to further understand the decomposition process in the dry, arid climate of West 

Texas. The first attempt was not successful, as the cut pieces of pork meat dried to 

jerky within a day. The second attempt was successful using a whole roast. It took 14 

days for the pork meat to decompose. Insect activity was observed within 24 hours of 

laying out the meat. Maggots were observed at 48 hours but were not collected until 

they had grown more in size. The first collection of maggots occurred at 96 hours. 

This collection was used to discover the optimum fiber exposure time. Shorter fiber 

exposure times (i.e., minutes to hours) did not provide qualitative results, therefore, 

the times were increased to 12 and 24 hours. Figures 11 and 12 illustrate the 

chromatograms of these two times in question. By observing these, it was concluded 

that the 24 hour fiber exposure time yielded optimum results for this study and would 

be used moving forward in the research.  
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Figure 11. 12 hour fiber exposure chromatogram 

 
Figure 12. 24 hour fiber exposure chromatogram 

 
 Once optimum fiber exposure time was achieved, the gas chromatography 

(GC) optimization needed to be determined. New maggots were collected for this 

optimization, one vial for each of the four GC methods in question. As mentioned in 

the Methods, the four GC methods included: 10°C/min ramp, 15°C/min ramp, 

20°C/min ramp, and 25°C/min ramp. The results of these methods can be observed in 

Figure 13. Both the 15°C/min ramping and the 20°C/min ramping had the same 

number of compounds detected, however, the 20°C/min ramping provided a better 
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chromatogram than that of the 15°C/min ramping, with a lower signal-to-noise ratio. 

This GC method was used for the remainder of the study.  

 
Figure 13. GC Optimization 

 
 Once fiber exposure and GC optimization were established, the pork meat was 

left until it was fully decomposed (14 days). This timeline was used for the purposes 

of knowing approximately how long the pig cadavers would take to decompose as 

well as how long to expect maggots to be present on the cadavers. Maggots were 

observed until day 10 as the pork meat was in advanced decay stage. After day 10, the 

meat began drying out and was finally in the last stage of decomposition, dry/remains. 

3.1.2 Pilot Study 
 The first pilot pig was laid out on August 17, 2018. Maggots were visible at 48 

hours, making this the first day of collection. Maggot samples as well as tissue 

samples from the pig were collected until the pig fully decomposed. It took 144 hours 

for pilot pig 1 to fully decompose. A total of 15 samples were collected; 12 were 
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maggots and 3 were tissue samples. Samples were taken from the three regions 

illustrated in Figure 10 when available. Most of the maggots observed were located 

and collected in the central region. 

 The full decomposition process of pilot pig 1 can be seen in Figure 14. The 

first stage, bloating, was first observed at hour 72. At hour 96, before, the pig cadaver 

was fully bloated, and hour 96, after, showed the cadaver after it popped from being 

touched. Once open, the pig cadaver moved to active decay. By hour 120, the cadaver 

had reached advanced decay. The pig cadaver fully decomposed and was in the 

dry/remains stage at hour 144. The average temperature during pilot pig 1 was 23.2°C, 

which played a significant role in how quickly the decomposition process occurred.  
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  Figure 14. Decomposition Process of Pilot Pig 1 

    
 
 

a) Hour 0 b) Hour 24 c) Hour 48 

d) Hour 72 e) Hour 96 (before)  f) Hour 96 (after) 

g) Hour 120 h) Hour 144  
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 Only three volatile compounds were detected in the top cadaveric region of 

pilot pig 1. Those compounds were indole, phenol, and butanamine, and were only 

detected at hour 72 as seen in Figure 15. Phenol had the highest abundance during this 

sampling time and region, double the abundance of indole, and over ten times the 

abundance of butanamine. 

 
Figure 15. Compounds Detected from Maggots of Pilot Pig 1 Top Cadaveric Region 

 
 A total of twenty-three volatile compounds were detected in the central 

cadaveric region of pilot pig 1. Those compounds included: butanamine, nonanone, 

dodecane, phenylethyl alcohol, indole, dimethyl disulfide, dimethyl trisulfide, phenol, 

limonene, p-cresol, acetic acid, cyclododecane, carbonic acid, ethanone, benzoic acid, 

nonadecane, tetracosane, propenoic acid, decane, acetophenone, nonanol, undecanone, 

and butyramide. These compounds were detected at hour 72, hour 96, and hour 120 as 

seen in Figure 16. Indole and phenol had a peak abundance over 100,000,000 during 
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hour 96 and hour 120. Indole’s peak abundance at hour 96 was 931,613,606. Indole’s 

peak abundance at hour 120 was 303,891,153. Phenol’s peak abundance at hour 96 

was 143,040,890. Phenol’s peak abundance at hour 120 was 348,170,984. The most 

prominent compounds detected in this region included: phenylethyl alcohol, indole, 

dimethyl disulfide, dimethyl trisulfide, phenol, and p-cresol.  

 
Figure 16. Compounds Detected from Maggots of Pilot Pig 1 Central Cadaveric   
       Region 

 
 A total of thirteen volatile compounds were detected in the rear cadaveric 

region of pilot pig 1. Those compounds detected included: dimethyl disulfide, 

dimethyl trisulfide, phenol, limonene, p-cresol, nonanone, phenylethyl alcohol, acetic 

acid, acetophenone, dodecane, indole, eicosane, and pentadecene. These compounds 

were detected at hour 96 and hour 120 as seen in Figure 17. Phenol and indole had a 

peak abundance over 100,000,000 at hour 96 and hour 120. Phenol’s peak abundance 

at hour 96 was 114,394,511. Phenol’s peak abundance at hour 120 was 348,170,984. 
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Indole’s peak abundance at hour 96 was 903,492,977. Indole’s peak abundance at hour 

120 was 303,891,153. The most prominent compounds detected in this region 

included: dimethyl disulfide, dimethyl trisulfide, phenol, and indole.  

 
Figure 17. Compounds Detected from Maggots of Pilot Pig 1 Rear Cadaveric Region 

 
 A color chart of the volatile compounds detected from maggots of pilot pig 1 

can be seen in the Appendix. It is broken down into the three cadaveric regions – top, 

central, and rear – and portrays the percent of peak area for each volatile compound 

detected. Phenol and indole had the greatest peak area percent during hour 72 and hour 

96 of sampling for the top and central cadaveric region. Phenol and indole had the 

greatest peak area percent during hour 120 for the central cadaveric region. Dimethyl 

trisulfide and dimethyl disulfide had the greatest peak area percent during hour 120 for 

the rear cadaveric region. The most prominent compounds observed in the color chart 
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included: phenol, indole, dimethyl trisulfide, dimethyl disulfide, and phenylethyl 

alcohol.  

 As mentioned previously in the Methods section, tissue samples from the pig 

cadavers were also collected for comparison with the maggot samples. Tissue samples 

were collected at the same collection time as the maggots. Figure 18 depicts the 

volatile organic compounds detected from both maggot and tissue samples at hour 72 

of pilot pig 1. At this sampling time, the tissue samples had a higher abundance at all 

but one of the compounds detected. Those compounds included: butanamine, 

nonanone, dodecane, phenylethyl alcohol, indole, dimethyl disulfide, dimethyl 

trisulfide, octanone, limonene, undecanone, benzene, nonane, heptacosanol, 

trimethylhexyl acetate, heptadecane, and tridecanone. The maggot samples were only 

higher in abundance than the tissue samples for the compound phenol at hour 72. The 

compound with the highest abundance during this time for the tissue sample was 

indole at 1,258,338,804 and for the maggot sample was phenol at 75,153,840.  
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Figure 18. Pilot Pig 1 Hour 72 – Maggot vs. Tissue Sample 

 
 Figure 19 depicts the volatile organic compounds detected from both maggot 

and tissue samples at hour 96 of pilot pig 1. At this sampling time, the tissue samples 

had a higher abundance at most of the compounds detected. Those compounds 

included: nonanone, dodecane, phenylethyl alcohol, limonene, p-cresol, acetic acid, 

cyclododecane, carbonic acid, ethanone, benzoic acid, nonadecane, tetracosane, 

nonanol, butyramide, eicosane, pentadecene, propenoic acid, and hexane. The 

compounds from the maggot samples with a higher abundance than that of the tissue 

samples included: indole, dimethyl disulfide, dimethyl trisulfide, phenol, and 

acetophenone. The compound with the highest abundance during this time for the 

tissue sample was dodecane at 2,326,838,555 and for the maggot sample was indole 

917,553,292.  
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Figure 19. Pilot Pig 1 Hour 96 – Maggot vs. Tissue Sample 

 
 Figure 20 depicts the volatile organic compounds detected from both maggot 

and tissue samples at hour 120 of pilot pig 1. At this sampling time, the maggot 

samples had a higher abundance at most of the compounds detected. Those 

compounds included: indole, dimethyl disulfide, dimethyl trisulfide, phenol, and p-

cresol. The compounds from the tissue samples with a higher abundance than that of 

the maggot samples included: nonanone, dodecane, phenylethyl alcohol, decane, 

acetophenone, nonanol, undecanone, and butyramide . The compound with the highest 

abundance during this time for the tissue sample was dodecane at 489,091,199 and for 

the maggot sample was phenol at 176,560,982.  
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Figure 20. Pilot Pig 1 Hour 120 – Maggot vs. Tissue Sample 

 
 Pilot pig 2 was laid out on August 30, 2018, after pilot pig 1 was removed. 

This pig only lasted a day, as it was taken by scavengers at 48 hours. A replacement 

pig was then laid out on the morning of September 4, 2018. It took a total of 120 hours 

for pilot pig 2 to fully decompose. A total of 23 samples were collected – 17 of those 

were maggots and 6 were tissue samples. As previously done with pilot pig 1, samples 

were taken from the three regions yet again to confirm the results from the first pilot 

pig. It was again observed that most of the maggots were located in the central region 

and therefore collected from there. 

 The full decomposition process of pilot pig 2 can be seen in Figure 21. The 

first stage of the process, bloating, began at hour 48. The pig cadaver continued to 

bloat and began splitting at hour 72. At hour 84, the cadaver popped and transitioned 

into active decay. By hour 120, the cadaver reached advanced decay. The pig cadaver 
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fully decomposed and was in the dry/remains stage by hour 144. The average 

temperature during pilot pig 2 was 18.9°C. This also played a significant role in the 

decomposition process of this pilot pig as it did with pilot pig 1.  

   

   

a) Hour 0 b) Hour 24 c) Hour 48 

d) Hour 72 e) Hour 84 f) Hour 96 
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  Figure 21. Decomposition Process of Pilot Pig 2  

 
 A total of twenty-one volatile compounds were detected in the top cadaveric 

region of pilot pig 2. Those compounds detected included: dimethyl disulfide, 

dimethyl trisulfide, phenol, p-cresol, dodecane, 2-nonanone, phenylethyl alcohol, 2-

undecanone, indole, cyclic octaatomic sulfur, 2-propenoic acid, pentanoic acid, 

benzenemethanol, , 2-propenoic acid, butanoic acid, acetophenone, 2-nonanol, 

ethanone, 2-piperidinone, 3-phenylpropanol, and 2-undecanol. These compounds were 

detected at hour 72, hour 84, and hour 120 as seen in Figure 22. Dimethyl disulfide 

and dimethyl trisulfide had a peak abundance over 50,000,000 at hour 72 and hour 84. 

Dimethyl disulfide’s peak abundance at hour 72 was 105,653,379. Dimethyl 

disulfide’s peak abundance at hour 84 was 115,846,866. Dimethyl trisulfide’s peak 

abundance at hour 72 was 122285638. Dimethyl trisulfide’s peak abundance at hour 

84 was 145,637,195. Phenol and indole had a peak abundance over 50,000,000 at hour 

72, hour 84, and hour 120. Phenol’s peak abundance at hour 72 was 175,198,502. 

Phenol’s peak abundance at hour 84 was 125,572,048. Phenol’s peak abundance at 

hour 120 was 277,662,762. Indole’s peak abundance at hour 72 was 352,705,257. 

g) Hour 120 h) Hour 144 
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Indole’s peak abundance at hour 84 was 495,464,005. Indole’s peak abundance at hour 

120 was 267,584,660. The most prominent compounds detected included: dimethyl 

disulfide, dimethyl trisulfide, phenol, and indole.  

 
Figure 22. Compounds Detected from Maggots of Pilot Pig 2 Top Cadaveric Region 
 
 A total of twenty-eight volatile compounds were detected in the central 

cadaveric region of pilot pig 2. Those compounds detected included: benzaldehyde, 

dimethyl trisulfide, decanal, indole, benzenedicarboxylic acid, dimethyl disulfide, 

dithiapentane, methylbutanethioate, phenol, decane, p-cresol, 2-nonanone, phenylethyl 

alcohol, 2-undecanone, acetamide, 2-tridecanone, ethanone, benzoic acid, 2-propenoic 

acid, cyclic octaatomic sulfur, butane, phthalic acid, 2-piperidinone, acetophenone, 

pentanoic acid, 2-nonanol, hexathiane, and 2-undecanol. These compounds were 

detected at hour 48, hour 72, hour 84, hour 96, and hour 120 as seen in Figure 23. 

Dimethyl trisulfide and dimethyl disulfide had a peak abundance over 100,000,000 at 
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hour 72 and hour 120. Dimethyl trisulfide’s peak abundance at hour 72 was 

141,995,112. Dimethyl trisulfide’s peak abundance at hour 120 was 275,109,703. 

Dimethyl disulfide’s peak abundance at hour 72 was 119,723,687. Dimethyl 

disulfide’s peak abundance at hour 120 was 272,201,529. Indole had a peak 

abundance over 100,000,000 at hour 72 and hour 84. Indole’s peak abundance at hour 

72 was 239,350,925. Indole’s peak abundance at hour 84 was 386,492,351. Phenol 

and indole had a peak abundance over 100,000,000 at hour 96 and hour 120. Phenol’s 

peak abundance at hour 96 was 133,004,996. Phenol’s peak abundance at hour 120 

was 175,904,893. Indole’s peak abundance at hour 96 was 183,063,451. Indole’s peak 

abundance at hour 120 was 104,831,265. The most prominent compounds detected 

included: dimethyl trisulfide, indole, dimethyl disulfide, and phenol.   

 
Figure 23. Compounds Detected from Maggots of Pilot Pig 2 Central Cadaveric    
       Region 
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 A total of nineteen volatile compounds were detected in the rear cadaveric 

region of pilot pig 2. Those compounds detected included: benzaldehyde, 1-hexanol, 

dimethyl disulfide, dimethyl trisulfide, phenol, p-cresol, 2-nonanone, phenylethyl 

alcohol, 3-dodecene, 2-undecanone, indole, acetophenone, 2-undecanol, pentanoic 

acid, benzenemethanol, 2-nonanol, ethanone, 2-piperidinone, and 3-buten-2-one. 

These compounds were detected at hour 48, hour 96, and hour 120 as seen in Figure 

24. Phenol and indole had a peak abundance over 50,000,000 at hour 96 and hour 120. 

Phenol’s peak abundance at hour 96 was 119,211,985. Phenol’s peak abundance at 

hour 120 was 227,652,368. Indole’s peak abundance at hour 96 was 271,650,064. 

Indole’s peak abundance at hour 120 was 169,089,904. The only compounds detected 

at hour 48 were benzaldehyde and 1-hexanol. The most prominent compounds 

detected included: dimethyl disulfide, dimethyl trisulfide, phenol, and indole. 
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Figure 24. Compounds Detected from Maggots of Pilot Pig 2 Rear Cadaveric Region 

  
 A color chart of the volatile compounds detected from maggots of pilot pig 2 

can be seen in the Appendix. It is broken down into the three cadaveric regions – top, 

central, and rear – and portrays the percent of peak area for each volatile compound 

detected. Phenol, indole, dimethyl disulfide, and dimethyl trisulfide had the greatest 

peak area percent during hour 72 and hour 84 for the top cadaveric region. Phenol and 

indole had the greatest area percent during hour 120 for the top cadaveric region. 

Benzenedicarboxylic acid, decanal, benzaldehyde, dimethyl trisulfide, and indole had 

the greatest area percent during hour 48 for the central cadaveric region. Indole, 

dimethyl disulfide, dimethyl trisulfide, and phenol had the greatest area percent during 

hour 72, hour 84, hour 96, and hour 120 for the central cadaveric region. 

Benzaldehyde and hexanol had the greatest area percent during hour 48 for the rear 
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cadaveric region. Indole and phenol had the greatest area percent during hour 96 and 

hour 120 for the rear cadaveric region. The most prominent compounds observed in 

the color chart included: phenol, indole, dimethyl trisulfide, and dimethyl disulfide. 

 Figure 25 depicts the volatile organic compounds detected from both maggot 

and tissue samples at hour 48 of pilot pig 2. At this sampling time, the maggot samples 

had a higher abundance at most of the compounds detected. Those compounds 

included: benzaldehyde, dimethyl trisulfide, indole, benzenedicarboxylic acid, and 

hexanol. The tissue samples were only higher in abundance than the maggot samples 

for the compound decanal at hour 48. The compound with the highest abundance 

during this time for the tissue sample was benzaldehyde at 4,012,044 and for the 

maggot sample was benzaldehyde at 15,080,978. 

 
Figure 25. Pilot Pig 2 Hour 48 – Maggot vs. Tissue 
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 Figure 26 depicts the volatile organic compounds detected from both maggot 

and tissue samples at hour 72 of pilot pig 2. At this sampling time, the tissue samples 

had a higher abundance at most of the compounds detected. Those compounds 

included: dimethyl trisulfide, indole, phenol, dodecane, p-cresol, nonanone, 

phenylethyl alcohol, undecanone, cyclic octaatomic sulfur, dithiapentane, 

methylbutanethioate, decane, acetamide, tridecanone, hexane, acetophenone, and 

octanenitrile. The compound with the highest abundance during this time for the tissue 

sample was indole at 296,028,091 and for the maggot sample was indole at 

1,270,950,949. Dimethyl trisulfide, phenol, dimethyl disulfide, and tridecanone 

detected in the tissue samples all had an abundance over 100,000,000.  

 
Figure 26. Pilot Pig 2 Hour 72 – Maggot vs. Tissue 

 
 Figure 27 depicts the volatile organic compounds detected from both maggot 

and tissue samples at hour 84 of pilot pig 2. At this sampling time, the tissue samples 
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had a higher abundance at most of the compounds detected. Those compounds 

included: dimethyl trisulfide, indole, phenol, phthalic acid, dodecane, p-cresol, 

phenylethyl alcohol, cyclic octaatomic sulfur, tridecanone, ethanone, and pentadecane. 

The maggot samples were only higher in abundance than the tissue samples for the 

following compounds: dimethyl disulfide and hexane at hour 84. The compound with 

the highest abundance during this time for the tissue sample was indole at 

2,319,224,643 and for the maggot sample was indole at 296,028,091. Dimethyl 

trisulfide and phenol detected in the tissue samples had an abundance over 

200,000,000.  

 
Figure 27. Pilot Pig 2 Hour 84 – Maggot vs. Tissue 

 
 Figure 28 depicts the volatile organic compounds detected from both maggot 

and tissue samples at hour 96 of pilot pig 2. At this sampling time, the tissue samples 

had a higher abundance at most of the compounds detected. Those compounds 
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included: dimethyl trisulfide, indole, phenol, dimethyl disulfide, dodecane, p-cresol, 

phenylethyl alcohol, undecanone, tridecanone, acetophenone, cyclic octaatomic sulfur, 

methyl n-octyl sulfide, and pentadecane. The maggot samples were only higher in 

abundance than the tissue samples for the following compounds: nonanone, butane, 

decen-1-ol, and piperidinone. The compound with the highest abundance during this 

time for the tissue sample was indole at 1,541,772,091 and for the maggot sample was 

indole at 227,356,758. Dimethyl trisulfide, phenol, and phenylethyl alcohol detected in 

the tissue samples had an abundance over 100,000,000. Phenol detected in the maggot 

samples had an abundance over 100,000,000.  

 
Figure 28. Pilot Pig 2 Hour 96 – Maggot vs. Tissue 

 
 Figure 29 depicts the volatile organic compounds detected from both maggot 

and tissue samples at hour 120 of pilot pig 2. At this sampling time, the tissue samples 

had a higher abundance at most of the compounds detected. Those samples included: 
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dimethyl trisulfide, indole, phenol, dimethyl disulfide, nonanone, phenylethyl alcohol, 

undecanone, cyclic octaatomic sulfur, tridecanone, heptane, ethanone, and 

piperidinone. The maggot samples were only higher in abundance than the tissue 

samples for the following compounds: p-cresol, acetophenone, quinazoline, propenoic 

acid, undecanol, and pentanoic acid. The compound with the highest abundance 

during this time for the tissue sample was indole at 1,488,472,233 and for the maggot 

sample was phenol at 227,073,341.  

 
Figure 29. Pilot Pig 2 Hour 120 – Maggot vs. Tissue 

 
 The maggots collected varied in weight over time. Figure 30 depicts the 

maggot weight over time for the pilot study. Pilot pig 1 maggots increased in weight 

from hour 48 to hour 120. There was not a collection of maggots at hour 84, hence the 

drop in weight at that time. Pilot pig 2 maggots increased in weight until the last 

sampling period at hour 120. This trend accurately depicts the lifecycle of the fly, as 
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maggots toward hour 120 are preparing to turn into pupa therefore the population of 

maggots decreases on the cadaver.  

 
Figure 30. Pilot Study – Maggot Weight Over Time 

 

3.1.3 Test Run 1 
 The first set of test run pigs were laid out on October 1, 2018. Pig 2 only lasted 

a day, as it was taken by scavengers at hour 48. A replacement pig was then laid out 

on the morning of October 4, 2018 Maggots were visible at 72 hours for pig 1, making 

this the first day of collection. Maggot samples as well as tissue samples from the pig 

were collected until the pig was fully decomposed. This process took 216 hours for pig 

1 to fully decompose as seen in Figure 31. The average temperature during test run 1 

was 17.7°C. A total of 26 samples were collected; 19 were maggots and 7 were tissue 
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samples. Samples were taken from the central cadaveric region as this was the region 

deemed with the greatest maggot population. 

   

   

   

a) Hour 0 b) Hour 24 c) Hour 48 

d) Hour 72 e) Hour 84 f) Hour 96 

g) Hour 120 h) Hour 144 i) Hour 168 
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  Figure 31. Decomposition Process of Test Run 1 Pig 1 

   
 Maggots were visible at 48 hours for pig 2, making this the first day of 

collection. Maggot samples as well as tissue samples from the pig were collected until 

the pig was fully decomposed. This process took 144 hours for pig 2 to fully 

decompose as seen in Figure 32. The average temperature during test run 1 was 

17.7°C. A total of 20 samples were collected; 15 were maggots and 5 were tissue 

samples. Samples were taken from the central cadaveric region as this was the region 

deemed with the greatest maggot population. 

 

 

j) Hour 192 k) Hour 216 
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  Figure 32. Decomposition Process of Test Run 1 Pig 2  

 
  

a) Hour 0 b) Hour 24 c) Hour 48 

d) Hour 72 e) Hour 84 f) Hour 96 

g) Hour 120 h) Hour 144 
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 A color chart of the volatile compounds detected from maggots of test run 1 

can be seen in the Appendix. It is broken down into pig 1 and 2 and portrays the 

percent of peak area for each volatile compound detected. Phenol and indole had the 

greatest peak area percent during hour 48, hour 72, and hour 84 for pig 2. Phenol and 

indole also had the greatest area percent during hour 72 and hour 96 for pig 1. Indole, 

phenol, and phenylethyl alcohol had the greatest area percent during hour 72 for pig 1. 

Dimethyl trisulfide, dimethyl disulfide, and indole had the greatest area percent during 

hour 84, hour 120, hour 168, and hour 192 for pig 1. Dimethyl disulfide, dimethyl 

trisulfide, phenol, and indole had the greatest area percent during hour 96 and hour 

120 for pig 2. The most prominent compounds observed in the color chart included: 

phenol, indole, dimethyl trisulfide, and dimethyl disulfide.  

 As mentioned previously, the weight of the maggots collected varied during 

the sampling period as seen in Figure 33. Test run 1 pig 1 had a steady increase in 

weight from hour 72 to hour 144. The weight then began to decrease from hour 168 

and so on to hour 192. Test run 1 pig 2 had a vast increase in weight from hour 48 of 

sampling to hour 72. The weight of the maggots from pig 2 then began to decrease at 

hour 84 and so on to hour 120. The same trends of both test run 1 pigs were observed 

from pilot pig 2.  
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Figure 33. Test Run 1 – Maggot Weight Over Time 

 

3.1.4 Test Run 2 
 The second set of test run pigs were laid out on October 16, 2018. Maggots 

were visible at 216 hours for pig 1, making this the first day of collection. Maggot 

samples as well as tissue samples from the pig were collected until the pig was full 

decomposed as seen in Figure 34. This process took 432 hours for pig 1 to decompose 

to the point where insects were no longer present. The average temperature during test 

run 2 was 9.8°C. A total of 25 samples were collected; 16 were maggots and 9 were 

tissue samples. Samples were taken from the central cadaveric region as this was the 

region deemed with the greatest maggot population. 
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  Figure 34. Decomposition Process of Test Run 2 Pig 1  

 
  Maggots were visible at 216 hours for pig 2, making this the first day of 

collection. Maggot samples as well as tissue samples from the pig were collected until 

the pig was fully decomposed as seen Figure 35. This process took 432 hours for pig 2 

to decompose to the point where insects were no longer present. The average 

temperature during test run 2 was 9.8°C. A total of 25 samples were collected; 16 

were maggots and 9 were tissue samples. Samples were taken from the central 

cadaveric region as this was the region deemed with the greatest maggot population. 
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  Figure 35. Decomposition Process of Test Run 2 Pig 2  

 
 A color chart of the volatile compounds detected from maggots of test run 2 

can be seen in the Appendix. It is broken down into pig 1 and 2 and portrays the 

percent of peak area for each volatile compound detected. Dimethyl disulfide and 

dimethyl trisulfide had the greatest peak area percent during hour 216 and hour 240 

for pig 1. Indole, phenol, dimethyl disulfide, and dimethyl trisulfide had the greatest 

area percent during hour 216 for pig 2. Phenol, indole, and dimethyl trisulfide also had 

the greatest area percent during hour 240, hour 288, hour 312, hour 336, and hour 384 

for pig 2. Phenol, dimethyl disulfide, dimethyl trisulfide, and indole had the greatest 

area percent during hour 264 for pig 1. Dimethyl trisulfide, phenol, indole, and 

dimethyl tetrasulfide had the greatest area percent during hour 264 for pig 2. Dimethyl 

trisulfide, phenol, indole, and dimethyl tetrasulfide had the greatest area percent 

during hour 288 for pig 1. Dimethyl trisulfide, phenol, and indole had the greatest area 

percent during hour 312 for pig 1. Phenol, phenylethyl alcohol, and indole had the 

greatest area percent during hour 336 and hour 384 for pig 1. Dimethyl trisulfide, 

phenol, phenylethyl alcohol, indole, and dimethyl tetrasulfide had the greatest area 
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percent during hour 360 for pig 1 and pig 2. The most prominent compounds observed 

in the color chart included: phenol, indole, dimethyl trisulfide, and dimethyl disulfide.  

 The weight of the maggots collected varied during the sampling period of test 

run 2 as seen in Figure 36. Test run 2 pig 1 had a steady increase in weight from hour 

264 to hour 360. The weight then began to decrease from hour 384 and so on to hour 

408. This decrease was similar to what was observed in test run 1 due to the maggots 

moving to the next stage in their lifecycle. There was a slight increase at the very end 

of the sampling period at hour 432 most likely due to new maggots hatching. Test run 

2 pig 2 had an increase in weight from hour 312 of sampling to hour 384. The weight 

of the maggots from pig 2 then began to decrease at hour 408 then increase again at 

hour 432. This is the same trend observed in pig 1, due to the lifecycle restarting for a 

new batch of maggots.   

 
Figure 36. Test Run 2 – Maggot Weight Over Time 
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3.1.5 Test Run 3   
 The third set of test run pigs were laid out on November 4, 2018. Maggots 

were visible at 264 hours for pig 1, making this the first day of collection. Maggot 

samples as well as tissue samples from the pig were collected until the pig was fully 

decomposed. This process took 648 hours for pig 1 to completely mummify as seen in 

Figure 37. Mummification occurred during this test run due to the very low and 

freezing temperature throughout the entire decomposition process. The average 

temperature during test run 3 was 3.6°C. A total of 36 samples were collected; 20 

were maggots and 16 were tissue samples. Samples were taken from the central 

cadaveric region as this was the region deemed with the greatest maggot population. 
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  Figure 37. Decomposition Process of Test Run 3 Pig 1  

 
 Maggots were visible at 264 hours for pig 2, making this the first day of 

collection. Maggot samples as well as tissue samples from the pig were collected until 

the pig was fully decomposed. This process took 648 hours for pig 2 to completely 

mummify as seen in Figure 38. Mummification occurred during this test run due to the 

very low and freezing temperature throughout the entire decomposition process. The 

average temperature during test run 3 was 3.6°C. A total of 23 samples were collected; 

12 were maggots and 11 were tissue samples. Samples were taken from the central 

cadaveric region as this was the region deemed with the greatest maggot population. 
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  Figure 38. Decomposition Process of Test Run 3 Pig 2  
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 A color chart of the volatile compounds detected from maggots of test run 3 

can be seen in the Appendix. It is broken down into pig 1 and 2 and portrays the 

percent of peak area for each volatile compound detected. Dimethyl disulfide, 

dimethyl trisulfide, phenol, and indole had the greatest peak area percent during hour 

264, hour 312, hour 480, hour 504, and hour 624 for pig 1. Dimethyl disulfide, 

dimethyl trisulfide, and phenol had the greatest area percent during hour 288, hour 

336, hour 360, and hour 576 for pig 1. Dimethyl disulfide, phenol, and indole had the 

greatest area percent during hour 456 for pig 1. Dimethyl trisulfide, phenol, and indole 

had the greatest area percent during hour 528 for pig 1. Phenol and indole had the 

greatest area percent during hour 552 and hour 600 for pig 1. Dimethyl disulfide, 

phenol, indole, and dimethyl trisulfide had the greatest area percent during hour 264, 

hour 456, hour 480, and hour 576 for pig 2.  Dimethyl trisulfide and phenol had the 

greatest area percent during hour 336 and hour 360 for pig 2. Dimethyl disulfide, 

dimethyl trisulfide, nonanone, and butanoic acid had the greatest area percent during 

hour 288 for pig 2. Dimethyl trisulfide and butanoic acid had the greatest area percent 

during hour 312 for pig 2. Dimethyl disulfide and phenol had the greatest area percent 

during hour 384 for pig 2. Dimethyl disulfide, dimethyl trisulfide, and dimethyl 

tetrasulfide had the greatest area percent during hour 408 for pig 2. The most 

prominent compounds observed in the color chart included: phenol, indole, dimethyl 

trisulfide, dimethyl disulfide, and dimethyl tetrasulfide.  

 The weight of the maggots collected varied tremendously during the sampling 

period of test run 3 as seen in Figure 39. This variation was directly connected to the 
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freezing temperatures during test run 3. Test run 3 pig 1 maggot increased and 

decreased in weight between each collection time from hour 264 to hour 624. Test run 

2 pig 2 had the same variation in weight again due to the freezing temperature during 

this test run. The weight of the maggots from pig 2 dropped down to 0 at hour 504 to 

hour 552 because zero maggots were observed and collected during these times. This 

trend in test run 3 accurately depicts the direct role temperature plays on the lifecycle 

of maggots.  

 
Figure 39. Test Run 3 – Maggot Weight Over Time 

 
 Figure 40 portrays the collective maggot weight over time for all three test 

runs. It correctly depicts the differences in weight of maggots between reach test run. 

Test run 1 and 2 had a distinct increase and decrease in weight over time, while test 

run 3 remained constant over time. This trend can be directly connected to the 

variation in temperature between each test run. Figure 41 shows the temperature over 
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time for the three test runs. The average temperature for test run 1 was 17.7°C. The 

average temperature for test run 2 was 9.8°C. The average temperature for test run 3 

was 3.6°C. By comparing Figure 40 to Figure 41, the trends observed with the maggot 

weight over time makes more sense visually as there were tremendous differences in 

temperature between each of the runs. Hence, there was a peak in maggot weight for 

test run 1 and 2 as there was also a peak in temperature during those runs. 

Additionally, test run 3 had freezing and below freezing temperatures over time, 

which directly affected the maggots and their lifecycle.  

 
Figure 40. Collective Maggot Weight Over Time – Test Runs 
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Figure 41. Temperature During Test Runs Over Sampling Period 

 
 All compounds detected were evaluated and put into one of three frequency 

categories – low, medium, or high. Low frequency compounds included those 

observed 1 to 9 times throughout the study. Medium frequency compounds included 

those observed 10 to 29 times throughout the study. High frequency compounds 

included those observed 30 to 60 times throughout the study. This table can be seen in 

the Appendix, which portrays all of the compounds detected throughout the study. A 

total of 107 compounds were detected in maggot samples and a total of 134 

compounds were detected in tissue samples. Of these, a total of 30 compounds were 

unique to maggot samples which included compounds such as naphthalene, formic 

acid, and pyrazine. Additionally, a total of 57 compounds were unique to tissue 

samples.  
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 Table 6 highlights only the selected high and medium frequency compounds 

over time in weeks. The frequency categories were further restricted by evaluating 

weeks of sampling instead of by hour of sampling. This compound evaluation 

perspective yielded medium frequency compounds including those compounds 

observed 5 to 9 times throughout the test runs. High frequency compounds included 

those compounds observed 10 to 14 times throughout the test runs. The high 

frequency compounds from this table were then the focus of data analysis to analyze 

any trends observed throughout the study. The high frequency compounds included: 

dimethyl disulfide, dimethyl trisulfide, phenol, phenylethyl alcohol, p-cresol, 

acetophenone, nonanone, undecanone, indole, and butanoic acid.
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Table 6. Medium and High Frequency Compounds Over Time – Weeks 

!! !! Week!1! Week!2! Week!3! Week!4!! Frequency!!

Compound! Retention!
Time!(~)!

M1! T1! M1! T1! M2! T2! M3! T3! M2! T2! M3! T3! M3! T3! #!

!Sulfur! !! !! !! !! !! !! !! !! !! !! !! !! !! !! !! !!

!Dimethyl!disulfide! 4.563! X! X! X! X! X! X! X! !! X! X! X! X! X! X! 13!

!Dimethyl!trisulfide!!!!!!!!!!!!!!8.925! X! X! X! X! X! X! X! X! X! X! X! X! X! X! 14!

!Dimethyl!
tetrasulfide!

11.382! !! !! !! !! X! X! !! !! X! X! X! X! !! !! 6!

!Alcohol! !! !! !! !! !! !! !! !! !! !! !! !! !! !! !! !!

!Phenol! 9.093! X! X! X! X! X! X! X! !! X! X! X! X! X! X! 13!

!Hexanol!!!!!!!!!! 9.548! X! X! X! X! X! !! X! !! !! !! !! !! X! X! 8!

!Phenylethyl!alcohol!!!!!!!!!!!!!!!!!10.415! X! X! X! X! X! X! !! X! X! X! X! X! X! X! 13!

!Benzyl!alcohol!!!!!!!!!!!!!!!!!!!!!!!9.644! X! X! !! !! X! X! !! X! !! X! !! X! !! !! 7!

!Nonanol!!!!!!!!!!!!!!!!!!! 10.847! X! X! !! !! !! X! !! X! X! X! !! X! X! !! 8!

!Butanol!!!!!!!!!!!! 4.298! X! X! !! !! !! X! !! X! !! X! !! X! !! !! 6!

!pRCresol!!!!!!!!!!!!!!!!!!!!!!!!!!!! 10.131! X! X! X! !! X! X! X! X! X! X! X! X! X! X! 13!

!Propanol!!!! 9.11! !! X! !! !! !! X! !! X! X! !! !! X! !! !! 5!

!Octanol! 9.944! X! X! !! !! !! !! !! X! !! X! !! X! !! X! 6!

!Ketone! !! !! !! !! !! !! !! !! !! !! !! !! !! !! !! !!

!Octanone!!!!!!!!!!!!!!!!!!!!!! 9.104! !! X! !! X! !! X! !! X! !! !! !! X! !! X! 6!

**M=Maggot sample, T=Tissue sample** 
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! ! Week!1! Week!2! Week!3! Week!4! Frequency!!

Compound! Retention!
Time!(~)!

M1! T1! M1! T1! M2! T2! M3! T3! M2! T2! M3! T3! M3! T3! #!

!Acetophenone! 11.974! X! X! !! X! X! X! X! !! X! X! X! X! X! X! 12!

!Nonanone!!!!!!!!!!!!!!!!!!!! 10.159! X! X! X! X! X! X! X! X! X! X! X! X! X! X! 14!

!Undecanone!!!!!!!!!!!!!!!!!!!! 11.811! X! X! X! X! X! X! X! X! X! !! X! X! X! X! 13!

!Ethanone! 11.971! X! X! X! X! X! !! !! !! !! !! !! !! !! !! 5!

!Tridecanone!!!!!!!!!!!!!!!!!! 13.149! X! !! X! X! X! X! X! !! X! !! X! !! !! X! 9!

!UndecR6RenR2Rone! 11.697! X! !! !! X! X! !! X! !! !! !! X! X! X! X! 8!

!Heptanone! 7.791! X! X! !! !! X! X! X! X! !! !! X! !! X! X! 9!

!Amine! !! !! !! !! !! !! !! !! !! !! !! !! !! !! !! !!

!Indole! 11.933! X! X! X! X! X! X! X! X! X! X! X! X! X! X! 14!

!Quinoline!! 11.537! X! X! X! X! !! !! !! !! !! X! !! !! !! !! 5!

!Ester! !! !! !! !! !! !! !! !! !! !! !! !! !! !! !! !!

!Pentanoate! 12.273! X! !! !! !! !! X! !! X! X! X! !! X! !! !! 6!

!Furanone! 13.056! X! !! !! !! X! !! X! X! X! X! X! X! X! !! 9!

!Dodecalactone! 14.32! !! !! !! !! !! X! !! !! X! X! !! X! !! X! 5!

!Isopentyl!hexanoate! 11.176! !! !! !! !! !! X! !! X! X! X! !! X! !! X! 6!

!Alkane! !! !! !! !! !! !! !! !! !! !! !! !! !! !! !! !!

!Pentadecane!! 13.145! X! X! !! !! !! X! !! X! X! X! !! !! X! !! 7!

!Tridecane! 11.806! X! X! !! !! !! X! !! X! X! X! !! !! !! !! 6!

Table 6. Continued 

**M=Maggot sample, T=Tissue sample** 
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! ! Week!1! Week!2! Week!3! Week!4! Frequency!!

Compound! Retention!
Time!(~)!

M1! T1! M1! T1! M2! T2! M3! T3! M2! T2! M3! T3! M3! T3! #!

!Tetradecane!!!!!!!!!!!!!!! 9.871! X! X! !! !! X! X! !! X! X! X! !! X! !! !! 8!

!Cyclopropane! 9.954! X! !! !! X! !! X! !! X! X! !! !! X! !! !! 6!

!Octane! 6.033! !! X! !! !! !! X! !! !! !! !! !! X! X! X! 5!

!Dithiapentane! 7.766! !! !! !! !! !! !! X! X! !! !! X! X! X! !! 5!

!Alkene! !! !! !! !! !! !! !! !! !! !! !! !! !! !! !! !!

!Tridecene!!!!!!!!!!!!!!!!!!!!!!!!! 11.753! X! X! !! !! !! X! !! X! X! X! !! !! !! !! 6!

!Tetradecadiene!!!!!!!!!!!!!!!! 14.18! X! X! !! !! X! !! !! !! X! X! !! !! X! X! 7!

!Heptadecene!!!!!!!! 14.226! X! X! !! X! !! X! !! X! X! X! !! !! X! X! 9!

!Dodecadiene!!!!!!!!!!!!!!!! 13.003! X! X! !! !! !! X! !! !! X! X! !! !! !! !! 5!

!Cyclododecene!!!!!!!! 14.186! X! !! !! X! !! X! X! !! !! X! !! !! !! !! 5!

!Carboxylic!Acid! !! !! !! !! !! !! !! !! !! !! !! !! !! !! !! !!

!Benzenepropanoic!
acid!

12.241! X! !! X! !! !! X! !! !! X! X! !! X! !! !! 6!

!Butanoic!acid! 10.266! X! X! X! !! !! X! X! X! X! X! X! X! X! X! 12!

!Pentanoic!acid! 8.811! X! !! !! !! X! !! X! !! X! X! !! X! X! X! 8!

!Amide! !! !! !! !! !! !! !! !! !! !! !! !! !! !! !! !!

!Piperidinone! 11.094! X! X! X! !! !! !! !! !! X! !! !! !! X! !! 5!

!Thiol! !! !! !! !!
!

!! !! !! !! !! !! !! !! !! !! !!

Table 6. Continued 

**M=Maggot sample, T=Tissue sample** 
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! ! Week!1! Week!2! Week!3! Week!4! Frequency!!

Compound! Retention!
Time!(~)!

M1! T1! M1! T1! M2! T2! M3! T3! M2! T2! M3! T3! M3! T3! #!

Methylbutanethioate!! 8.511! X! X! X! !! X! X! X! !! !! !! !! !! X! !! 7!

!Aromatic!! !! !! !! !! !! !! !! !! !! !! !! !! !! !! !! !!

!Thiophene! 10.817! X! X! !! !! !! X! !! !! X! X! !! X! !! X! 7!

 **M=Maggot sample, T=Tissue sample** 

Table 6. Continued 
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 The 10 compounds considered high frequency volatile compounds during the 

test runs included: dimethyl disulfide, dimethyl trisulfide, phenol, p-cresol, 

phenylethyl alcohol,  acetophenone, nonanone, undecanone, indole, and butanoic acid. 

The high frequency compounds can be seen in Table 7.   

         Table 7. High Frequency Compounds  

Dimethyl disulfide Nonanone 

Dimethyl trisulfide Undecanone 

Phenol Acetophenone 

p-Cresol Indole 

Phenylethyl alcohol Butanoic acid 

 

 Figure 42 displays the high frequency compounds over time during test run 1. 

As observed, indole had the greatest peak area across every sampling period until hour 

192, which was the end of the decomposition process. Dimethyl trisulfide appeared to 

increase in abundance over time. Additionally, the peak area of phenol was high at the 

first sampling time of hour 48 then decreases at hour 84 and begins to rise and fall 

again from hour 96 to hour 192.  
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Figure 42. Run 1 – High Frequency Compounds Over Time 

 
 Figure 43 displays the high frequency compounds over time during test run 2. 

As observed, indole had the greatest peak abundance at hour 216, hour 336, hour 360, 

and hour 384. Dimethyl trisulfide displayed a normal distribution over time. Dimethyl 

disulfide started off with a high abundance at hour 216, then began to steadily 

decrease over time. Additionally, the peak area of phenol decreased form hour 216 to 

hour 288, then began to rise again from hour 288 to hour 384.  
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Figure 43. Run 2 – High Frequency Compounds Over Time 

 
 Figure 44 displays the high frequency compounds over time during test run 3. 

As observed, phenol had the greatest abundance at hour 264 then began to decrease 

until hour 480, where it then increased tremendously and stayed consistent for the last 

hours of sampling (i.e., hour 528, hour 552, hour 576, hour 600, and hour 624). 

Dimethyl trisulfide also had a high peak area at hour 264 then it dropped at hour 288. 

The peak area of dimethyl trisulfide then rose and fell between hour 288 to hour 432. 

This trend was observed over the sampling period for dimethyl trisulfide. 

Additionally, indole had a high peak area at hour 264 then began decreasing to hour 

432. The abundance of indole then rose from hour 504 to hour 600 where it then 

declined at hour 624, the last hour of sampling.  
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Figure 44. Run 3 – High Frequency Compounds Over Time 

 
 The high frequency compounds were then separated to provide a better 

visualization of how each compound changed over time. Figure 45 portrays the peak 

abundance of each of these high frequency compounds over the sampling period. 

Dimethyl disulfide (A) an inconsistent peak abundance in run 1. However, run 2 

displayed a high abundance at the initial collection time then a decline over time. The 

abundance’s at run 3 were too low to display their change over time. Dimethyl 

trisulfide (B) displayed a steady increase in abundance over time in run 1. There was a 

sharp decline, incline, then decline again before the peak abundance in run 2 steadily 

decreased. The peak area in run 3 was highly inconsistent over the sampling period. 

Phenol (C) decreased in peak abundance then increased over time in run 1. The 

abundance in run 2 and 3 fluctuated tremendously over time. P-cresol (D) had a steady 

increase in peak area before it began declining over time in run 1. The abundances in 
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both run 2 and run 3 increased throughout the sampling period. Phenylethyl alcohol 

(E) decreased in abundance over time in run 1 and increased in abundance over time in 

run 2. The peak abundance in run 3 was too low to observe its change over time. 

Acetophenone (F) portrayed an erratic peak area over time for all three runs. 

Nonanone (G) displayed an initial decrease after the first hour of sampling of both run 

1 and 2, then an increase before a steady decline over time. The peak abundance of run 

3 showed the same pattern, however, the abundance increased at the last hour of 

sampling. Undecanone (H) displayed an inconsistent peak abundance that increased 

tremendously at the last sampling time in run 1. Both run 2 and run 3 declined in 

abundance over time. Indole (I) had an inconsistent peak abundance in all three runs, 

as it displayed a pattern of incline, decline, incline then a steady decline at the end of 

the sampling period. The abundance of indole was highest at hour 84, which correlates 

to what was observed as the peak of decomposition in run 1. Butanoic acid (J) had a 

fluctuating peak area over all three runs, which increased and decreased in vast 

abundances over time. Figure 45 can be compared to Figure 41 to gain a better 

understanding as to why the peak abundances varied immensely between each test run.  
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Figure 45. High Frequency Volatile Compounds Over Time 

 
 Figure 46 depicts the percent of high and medium frequency compounds 

detected in the maggot samples across all three test runs. Figure 47 depicts the percent 

of high and medium frequency compounds detected in the tissue samples across all 

three test runs. Comparing these two pie charts, it is visible that the compounds 

detected in the maggot and tissue samples are very similar. Sulfur compounds varied 

by 5.7%. Alcohol compounds varied by 4.9%. Ketone compounds varied by 6.7%. 

Amine compounds varied by 1.5%. Ester compounds varied by 1.7%. Alkane 

compounds varied by 6.8%. Alkene compounds varied by 2.5%. Carboxylic acid 

compounds varied by 0.9%. Amide compounds varied by 0.9%. Thiol compounds 

varied by 1.6%. Aromatic compounds varied by 1.4%. The maggot samples had a 

higher percentage in sulfur, ketone, amine, carboxylic acid, and thiol compounds. The 

tissue samples had a higher percentage in alcohol, ester, alkane, alkene, and aromatic 

compounds. These low difference percentages between the maggot and tissue sample 

compound groups suggests that the maggot samples accurately depicted the 

compounds detected from the pig cadavers during the decomposition process.  
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Figure 46. Percent of High & Medium Frequency VOCs Over Test Runs-Maggot 

 
Figure 47. Percent of High & Medium Frequency VOCs Over Test Runs-Tissue 

 
 
 

15.9

22.7

25.9

7.4

4.4

5.9

6.1

7.6

1.3 2.4
0.4

Maggot01 Percent0of0Overall0High0&0Medium0Frequency0
VOCs0

Sulfur
Alcohol
Ketone
Amine
Ester
Alkane
Alkene
Carboxylic0Acid
Amide
Thiol
Aromatic

10.2

27.6

19.2
5.9

6.1

12.7

8.6

6.7

0.4 0.8 1.8

Tissue01 Percent0of0Overall0High0&0Medium0Frequency0
VOCs0

Sulfur
Alcohol
Ketone
Amine
Ester
Alkane
Alkene
Carboxylic0Acid
Amide
Thiol
Aromatic



Texas Tech University, Katie E. Blanar, May 2019 
 

 122 

3.2$Discussion$

3.2.1 Maggot vs. Tissue 
 There was a total of 107 compounds detected in the maggot samples and a total 

of 134 compounds detected in the tissue samples across all three test runs. There were 

30 compounds that were deemed unique to the maggot samples in this study. Those 

compounds included: thietanol, silanediol, butylated hydroxytoluene, buten-2-one, 

cycloheptatrien-1-one, pentadic-6-en-2-one, hexadecanone, benzenemethanamine, 

isoquinoline, pyrazolo[3,4-d]pyrimidin-4-amine, decen-1-yl acetate, cyclopentane, 

bicyclo[4,1,0]heptane, eicosane, octacosane, heneicosane, naphthalene, 

trimethylbicyclo[3,1,1]hept-2-ene, cyclohexene, cycloheptene, formic acid, p-toluic 

acid, chloroacetic acid, octanethioic acid, methylhexanoic acid, eicosadienoic acid, 

methyl-2-pyridinecarbaldehyde, thieno[2,3-b]thiophene, pyrazine, and arsenous acid. 

These 30 detected volatile compounds unique to the maggot samples can be seen in 

Table 7 with a description of each. There were 57 compounds unique to the tissue 

samples in this study. Those compounds included: methyl n-octyl sulfide, benzyl 

methyl sulfide, methyl n-nonyl sulfide, octadecanol, heptanol, butanediol, creosol, 

methanol, pentanol, octanone, decanone, undecadien-2-one, pentadecanone, 

cyclohexanone, vaccenyl acetate, isopropyl butyrate, octen-3-ol, phenylethyl butyrate, 

octyl chloroformate, cyclopentadecane, cyclooctane, bicyclo[2,2,2]octane, undecane, 

methylhexacosane, tetradecene, heptane, cycloprop[e]azulene, caryophyllene, 

bicyclo[4,2,0]octa-1,3,5-triene, bergamotene, dodecane, dimethyl-1,6-octadiene, n-

decanoic acid, octanoic acid, pentadecanoic acid, benzeneacetic acid, butenoic acid, n-

butyl tiglate, phenylpropionic acid, nonanoic acid, pentenoic acid, hexanethiol, 
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benzenemethanethiol, octanethiol, octanenitrile, nonanenitrile, hexadecyne, 

octadecyne, benzeneacetaldehyde, hexenal, styrene, benzene, ethylbenzene, furan, and 

dihydropyridine. Most of these compounds have been previously reported in both 

human and animal analogues [3-5,7,10,27,30,38,39,42-44,46-48,50,51-55,57-67]. 

Thus, the analytical method for maggot volatile identification is comparable to 

previously identified decomposition odor signatures.  

Table 8. Description of Volatile Compounds Detected Only in Maggot Samples 

Compound( Description(
Thietanol* organic*compound;*strong4smelling*mouse*alarm*pheromones*

&*predator*scent*analogue**
Silanediol* emollients,*skin*conditioning*

Butylated*Hydroxytoluene* lipophilic*organic*compound;*produced*by*phytoplankton*

Buten424one* methyl*vinyl*ketone;*highly*toxic*liquid*with*pungent*odor*
Cycloheptatrien414one* organic*compound*
Pentadec464en424one* fatty*acyls*4*lipid*
Hexadecanone* volatile*compound*released*by*female*scarab*beetles*

Benzenemethanamine* catalyst*used*for*the*formation*of*polyurethane*foams*&*epoxy*
resins*

Isoquinoline* hygroscopic*organic*compound;*penetrating,*unpleasant*odor*

Pyrazolo[3,44d]pyrimidin444amine* synthetic*intermediate*in*the*synthesis*of*ibrutinib*(highly*
selective*Bruton’s*tyrosine*kinase*(BTK)*irreversible*inhibitor*

Decen414yl*acetate* flavor*and*fragrance*agents*
Cyclopentane* petroleum4like*odor*
Bicyclo[4,1,0]heptane* also*known*as*Norcarane;*organic*compound*
Eicosane* plant*metabolite*
Octacosane* plant*metabolite*

Heneicosane* pheromone*by*insects,*plant*metabolite,*and*volatile*oil*
component*

Naphthalene* strong*mothball*odor;*produced*by*termites*and*fungus*

Trimethylbicyclo[3,1,1]hept424ene* found*in*almond*&*coniferous*trees,*notably*the*pine;*in*
essential*oil*of*rosemary*

Cyclohexene* sharp*smell;*forms*peroxides*

Cycloheptene* raw*material*in*organic*chemistry*&*monomer*in*polymer*
synthesis*
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* *
Compound( Description(
Formic*acid* chemical*synthesis*that*occurs*naturally*in*ants*

p4Toluic*acid* found*in*cabbage*and*horseradish*

Chloroacetic*acid* organochlorine*compound;*used*to*produce*drugs,*dyes*&*
pesticides*

Octanethioic*acid** sodium*salt;*used*in*pharmaceuticals,*herbicides,*cosmetics,*&*
dyes*

Methylhexanoic*acid* flavoring*ingredient*
Eicosadienoic*acid* found*in*human*milk*–*omega46*fatty*acid*
Methyl424pyridinecarbaldehyde* organic*compound;*oily*liquid*with*a*distinctive*odor*
Thieno[2,34b]thiophene* maillard*product*
Pyrazine* found*in*fenugreek;*maillard*product**
Arsenous*acid* inorganic*compound*–*arsenic*naturally*occurring*in*soil*

 

3.2.2 Volatile Pattern as Function of Decomposition Stage 
 To compare the high frequency odor profiles across time, principal component 

analysis (PCA) was utilized to monitor the variances in the patterns within the data 

groups by using a 2-D scatter plot graphing. The PCA plots were used to monitor the 

different decomposition hours with respect to the odor profile collected at each period. 

PCA analysis was performed with only the high frequency odor compounds for each 

time interval. Each PCA was categorized by decomposition time, including averaged 

samples per sampling time. Therefore, the PCA plots highlight averaged data for each 

sampling time collected for each pig during the test run providing two data points (i.e., 

“•” portrays pig 1 and “x” portrays pig 2). Figure 48 displays the PCA of the high 

frequency compounds in test run 1. There were 22 samples analyzed over 8 days as 

seen in Figure 48. PCA multivariate analysis revealed that the first principal 

component accounted for 31.5% of the dataset’s variability while the second principal 

Table 8. Continued 
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component accounted for 21.4% of the variation. The cluster of odor compounds in 

this PCA were not tightly clustered between the two pigs during this test run. This 

spatial change was likely due to the difference in decomposition process between the 

two pig cadavers. The sulfur and ketone compounds were grouped in the same 

quadrant as shown in Figure 48. These functional groups were also observed together 

when the maggot and tissue samples were compared in the pilot study. Sulfur 

compounds and ketones had a much higher abundance during the beginning of the 

decomposition process as seen in Figures 18 and 19.  

 Figure 49 displays the PCA of the high frequency compounds in test run 2. 

There were 14 samples analyzed over 16 days as seen in Figure 49. PCA multivariate 

analysis revealed that the first principal component accounted for 32.1% of the 

dataset’s variability while the second principal component accounted 25.4% of the 

variation. The cluster of odor compounds at the middle decomposition times during 

run 2 were more tightly clumped than those compounds in the early and later 

decomposition times. This spatial change was likely due to a spike in temperature 

during the decomposition process.  

 Figure 50 displays the PCA of the high frequency compounds in test run 3. 

There were 23 samples analyzed over 26 days as seen in Figure 50. PCA multivariate 

analysis revealed that the first principal component accounted for 29.6% of the 

dataset’s variability while the second principal component accounted for 20.3% of the 

variation. The cluster of odor compounds during run 3 did not follow the same trend 

as run 1 and 2, as all of the clusters are on top of one another. This is likely due to the 
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erratic temperatures during this run that affected the compounds detected, causing 

large spatial gaps within each decomposition time cluster. The overlapping showed 

there was no distinct variation in the clusters as low temperatures caused each to be 

very similar.  

 
Figure 48. PCA of High Frequency Compounds – Run 1 

 
Figure 49. PCA of High Frequency Compounds – Run 2  
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Figure 50. PCA of High Frequency Compounds – Run 3 

 
 Principal Component Analysis was also used on the pig tissue samples 

collected to use as a comparison to the PCA plots of the maggot samples previously 

mentioned. Figure 51 displays the PCA of the high frequency compounds of the tissue 

samples in test run 1. PCA multivariate analysis revealed that the first principal 

component accounted for 36.9% of the dataset’s variability while the second principal 

component accounted for 20.3% of the variation. These percentages of variability for 

both principal components are similar to those from the PCA of the maggot samples 

from test run 1. Additionally, the same clustering pattern was observed in the PCA 

plot of the tissue samples that was observed in the PCA plot of the maggot samples for 

test run 1.  

 Figure 52  displays the PCA of the high frequency compounds of the tissue 

samples in test run 2. PCA multivariate analysis revealed that the first principal 

component accounted for 37.6% of the dataset’s variability while the second principal 
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component accounted for 18.7% of the variation. The percentages of variability for 

both principal components in this PCA plot are similar to those from the PCA plot of 

the maggot samples in test run 2, but not as close as test run 1. The clustering pattern 

observed in this PCA plot is similar to that of the PCA plot of the maggot samples, 

however, the spatial difference is greater in the tissue samples. This again displays the 

dissimilarity between decomposition processes of the two pig cadavers during test run 

2.  

 Figure 53  displays the PCA of the high frequency compounds of the tissue 

samples in test run 3. PCA multivariate analysis revealed that the first principal 

component accounted for 38.7% of the dataset’s variability while the second principal 

component accounted for 16.6% of the variation. The percentages of variability for the 

principal components in this PCA plot were dissimilar to those from the PCA plot of 

the maggot samples in test run 3. The clustering pattern observed in this PCA plot is 

similar to that of the PCA plot of the maggot samples in this test run. Again, the 

overlapping of clusters is due to the low temperatures experienced during the test run, 

which thereby caused no distinct variation in the collection times.  
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Figure 51. PCA of High Frequency Compounds in Tissue – Run 1 

 

 
Figure 52. PCA of High Frequency Compounds in Tissue – Run 2 
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Figure 53. PCA of High Frequency Compounds in Tissue – Run 3 

 
 In the study, sulfur compounds (i.e., dimethyl disulfide and dimethyl trisulfide) 

along with ketones (i.e., nonanone and undecanone) were at high abundances during 

the beginning stages of decomposition. These compounds could be considered distinct 

biomarkers for the fresh stage of decomposition, as the cadavers are only starting the 

decomposition process. As the process continued, alcohols such as phenol were very 

prominent in the middle stages of decomposition (i.e., bloat and active decay) as these 

compounds were produced to help break down the tissue. Indole was also a distinct 

compound observed, especially during bloating and active decay, as it portrayed a 

shift between the two stages. Indole could also be considered a biomarker for looking 

at the stages of decomposition, as it reflected the change in decomposition stage most 

effectively. In the later stages of decomposition (i.e., advanced decay) phenol and 

indole were still the two compounds observed in highest abundance. This may have 

been due to cadaver mummification during this time period. The compounds with 
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distinctive patterns observed throughout the decomposition process in this study from 

the high frequency compounds chosen included: dimethyl disulfide, dimethyl 

trisulfide, phenol, indole, nonanone, and undecanone. These six compounds displayed 

changes in stage of decomposition throughout each run with varying environmental 

conditions as seen in Figure 54.  

 

 
Figure 54. Odor Patterns of 4 Distinct Compounds Across Decomposition Process 

 

3.2.3 Analysis of Variance (ANOVA) as Function of Time 
 Analysis of variance (ANOVA) was a statistical method used to test the 

significance of the high frequency compounds detected in this study as a function of 

specific targeted variables. The potential of using entomological samples as an 

effective decomposition PMI estimation tool, can only be advanced if useful volatile 

odor biomarkers can be subsequently identified at specific time intervals. Each of the 
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ten high frequency compounds were tested using a one-way ANOVA. One-way 

ANOVA estimates how the mean of an outcome variable depends on a single 

categorical variable. This analysis evaluated the peak area of a compound by the 

decomposition time. For each distinctive run, a one-way ANOVA was conducted to 

evaluate the peak area abundance of each compound in relation to the decomposition 

time. Out of the 10 high frequency compounds listed in Table 7, nonanone and 

dimethyl disulfide were the only compounds that had a p-value less than 0.05. 

Nonanone had a p-value less than 0.001, therefore it was statistically significant for 

the analysis of peak area by decomposition time. A plot of this analysis can be seen in 

Figure 55. Dimethyl disulfide had a p-value of 0.0490, therefore it was statistically 

significant for the analysis of peak area by decomposition time. A plot of this analysis 

can be seen in Figure 56.  

 
Figure 55. Plot of Nonanone One-way ANOVA - Peak Area by Decomposition Time 
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Figure 56. Plot of Dimethyl disulfide One-way ANOVA - Peak Area by 
Decomposition Time 

 

3.2.4 Temperature and its Effect 
 Temperature played a significant role on the decomposition process of the pig 

cadavers and hence a direct factor on the maggot development. The temperature varied 

tremendously throughout the study. The average temperature during the pilot study 

was 23.2°C for pig 1 and 18.9°C for pig 2. The average temperature during the test 

runs was 17.7°C for run 1, 9.8°C for run 2, and 3.6°C for run 3. However, these 

averages do not accurately depict the variation in temperature in Lubbock, Texas. 

Temperature can increase or decrease by -7°C within a day. This variation can be 

observed in Table 5. During run 1, there was an increase of 8°C from hour 72 to hour 

84 then a decrease of 8°C by hour 96. During run 2, there was an increase of 5°C for 

hour 72 to hour 84 then a decrease of 9°C by hour 96. During run 3, there was a drop 

of 7°C from hour 168 to hour 192. These are only a few examples of how the 
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temperature fluctuates in Lubbock, Texas. Lower temperatures extended the 

decomposition process, while warmer temperatures accelerated it. For instance, the 

pilot study measured the warmest temperatures and the pig cadavers decomposed 

within six days. Run 3 measured the lowest temperatures, reaching below freezing, 

and the pig cadavers fully mummified in 27 days. Test run 3 took over four times the 

length of both the pilot study and test run 1, and still the pig cadavers in that run did 

not fully decompose.  

 One-way ANOVA was used again to analyze the peak area of a compound by 

the temperature during collection (i.e., high, medium, low temperature). The 

temperatures were categorized by low, medium, or high temperature. Low 

temperatures were those at 6.4°C and lower. Medium temperatures were those at 

6.5°C to 14.5°C. High temperatures were those at 15°C and higher. Out of the 10 high 

frequency compounds listed in Table 7, only two compounds had a p-value less than 

0.05. Those compounds were indole and undecanone. Indole had a p-value of less than 

0.0001, therefore it was statistically significant for the analysis of peak area by 

temperature. A plot of this analysis can be seen in Figure 57. Undecanone had a p-

value of 0.0398, therefore it was statistically significant for the analysis of peak area 

by temperature as well. A plot of this analysis can be seen in Figure 58. 
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Figure 57. Plot of Indole One-way ANOVA – Peak Area by Temperature 

 
Figure 58. Plot of Undecanone One-way ANOVA – Peak Area by Temperature 
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CHAPTER IV 

CONCLUSION 

 The process of decomposition is highly complex with many variables that can 

affect it. Though some of these variables have been researched extensively over the 

years, insects have been looked at only a few times. This lack of research regarding 

insects and the decomposition process is saddening as there is a direct correlation 

between the two. Insects aid forensic investigations; therefore, it is crucial to expand 

the knowledge of insects and their effects on the dead. Even though insects have been 

explored within the field of forensic entomology for the detection of drugs or poisons, 

for the evaluation of insect colonization as a tool in estimating postmortem interval 

(PMI) or even for seasonal or geographic confirmation during the crime scene 

reconstruction phases, there has been no study to date that has investigated the volatile 

odor profile emanating from a maggot found on a cadaver. The idea of using the insect 

as a cadaveric odor source, therefore, is being presented for the first time in this study. 

This is ironic as the odor of death is what draws insects toward a dead corpse.  

 In the present study, maggots were collected as potential cadaveric odor 

sources to analyze the compounds detected at various times during the stages of 

decomposition. This study was a qualitative (i.e., what compounds were present) and a 

semi-quantitative (i.e., based on the peak area or abundance existing of each 

compound) to observe how the volatile odor profiles fluctuated over time with respect 

to the stages of decomposition. This was achieved by exposing the maggot samples to 

SPME fibers for extraction of the volatile compounds then analyzed on a GC/MS. 
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Only compounds identified with an 80% in quality abundance from the mass spectral 

library were recorded for this study.  

 The pilot study played a vital role in this study as it provided the region of 

collection on the pig cadavers as well as an accurate comparison of maggot versus 

tissue samples and the compounds that comprised each sample matrix. The pilot study 

validated that maggot samples did in fact emit detectable compounds similar to 

decomposing tissue samples with little variation across both. This initial evaluation 

highlighted that collected maggots feeding on a corpse do in fact emit decomposition 

odor compounds previously reported in the literature as originating from human 

decomposition. As mentioned previously, when comparing the maggot samples versus 

the tissue samples at various decomposition times, it was evident that the compounds 

and their abundances were very similar between the two sample matrices. It was 

observed that sulfur and ketone compounds were more prevalent during the beginning 

postmortem stages on the tissue samples, steadily decreasing as the cadaver moved 

into the later postmortem stages. Alkanes were detected more in the later 

decomposition stages, as this is when the organs of the cadaver began decomposing, 

producing these compounds. This pattern was not always observed in the maggot 

samples as it was in the tissue samples, as the maggots were only surface level of the 

decomposition process. However, the tissue samples provided the exact compounds 

that were produced during the different decomposition stages as the entire body was 

going through the process.  
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 A total of 167 compounds were detected throughout the study. A total of 107 

compounds were detected in maggot samples and a total of 134 compounds were 

detected in tissue samples. Of these, a total of 30 compounds were unique to maggot 

samples and 57 were unique to tissue samples. By comparing the maggot samples to 

the control in this study, the tissue samples, it was concluded that the maggot samples 

accurately portrayed the decomposition process of the pig cadavers. This proved that 

maggots are viable evidence that can be collected off of cadavers for odor biomarker 

analysis. Furthermore, the high frequency compounds in this study highlighted crucial 

variables that affected the acquired odor profile - decomposition time and temperature. 

Using a one-way ANOVA, there were four compounds out of the 10 high frequency 

compounds that had significance. Those compounds included nonanone and dimethyl 

disulfide as critical compounds that depended on decomposition time, and indole and 

undecanone that varied as a function of temperature.  

 The major conclusions that this study presents is that temperature plays an 

important role in the decomposition process and also has an effect on the abundance of 

volatile compounds detected. It was observed that the pig cadavers exposed to warmer 

temperatures had a significant decrease in compounds from hour 84 to hour 96, which 

can be interpreted as a shift from active decay stage to advanced decay stage. During 

this shift, indole was observed to decrease along with it. Indole could be a potential 

odor biomarker as it was the most abundant during bloating to active decay stage. 

Dimethyl disulfide and dimethyl trisulfide could also be considered potential odor 

biomarkers as they were most abundant at the early stages of decomposition. Dimethyl 
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disulfide was found to be statistically significant and should be looked at in future 

research as a fresh stage biomarker.  

 Additionally, it was concluded that the number of volatile organic compounds 

detected in the maggots did increase over the length of time that they were on the 

cadavers, providing higher concentrations of VOCs (i.e., peak abundances). However, 

after a certain point in the decomposition process, the number of VOCs detected as 

well as their concentrations began to decrease due to the process coming to an end. 

Though this study was not able to pinpoint distinct compounds to correlate with the 

different decomposition stages, it did, however, provide a foundation for future 

research to achieve this. It is plausible as there was statistical significance between 

peak area and decomposition time for the compounds nonanone and dimethyl 

disulfide. This study was not able to lay out all three test runs within the same 

environmental condition, which is believed to be why this correlation between specific 

compounds and stages of decomposition fluctuated across the study time period. 

Therefore, it is feasible to obtain a volatile odor profile from maggot samples, and 

future research will focus on obtaining maggots from human cadavers to further 

expand usefulness of this forensic specimen.  

 Future research following this study should replicate what has already been 

done as reproducibility will help explain what is occurring during the decomposition 

process in West Texas. Also, it would be wise to lay out all three test runs during the 

same temperature conditions so that the results may be compared and have a better 

chance of having some type of correlation, unlike what was observed in this study. 
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Additionally, using pig cadavers of the same size would also be beneficial for 

reproducibility purposes. The main concept of future research following this study is 

to conduct a larger multi-season and year successional analysis. This would entail 

evaluation of annual and seasonal variation of insect development, diversity, and 

decomposition through multiple regression analyses. However, this foundational study 

has proven that maggots have the capability to be viable decomposition odor sources 

that could yield potential biomarkers for future use in forensic investigations.  
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Indole Butanoic2acid Hexanol Acetophenone
Furanone Tridecanone Heptanone Methylbutanethioate
UndecE6EenE2Eone Cyclododecene Dithiapentane Pentanoic2acid
Heptadecane Heptanoic2acid Phenylethyl2alcohol Pyrazine
Dimethyl2tetrasulfide Trimethylbicyclo[3.1.1]heptE2Eene Cycloheptene PentadecE6EenE2Eone
Thieno[2,3Eb]thiophene Arsenous2acid Piperidinone Benzaldehyde
Nonanol Cyclohexene Pentadecene Tetradecadiene
Heptadecene Pentadecane


