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Abstract 
 
This study compared the histotaphonomic decomposition science between the stomach and liver to 
evaluate the rates of decay between the two organs as well as predict time of death, also called 
postmortem interval (PMI). A total of sixteen (16) swine models were sacrificed through sharp force 
trauma and eviscerated to harvest the stomach and liver tissues and kept in house condition for routine 
observations. The samples were collected at regular intervals from zero (0) to 102 hours. The specimens 
were fixed in bouin’s fluid which comprised 75% picric acid, 5% glatial acetate and 25% of 40% 
formalin and further subjected to routine tissue processing. Hematoxylin and Eosin (H&E) staining, 
Masson's Trichrome and Periodic Acid-Schiff (PAS) were used. Results obtained revealed that the 
stomach maintained a normal histomorphological structure between 0-6 hours, as observed with H&E 
staining with gastric mucosa, submucosa, and muscular layers with intact architecture with no 
significant cellular degradation. The stomach degradation started at 6hrs PMI with moderate 
distortions between 18-30 hours postmortem interval (PMI), characterized by gradual deterioration 
was noted, with signs of early autolytic changes, including epithelial cell disintegration and loss of 
mucosal integrity, and became severe at 36-102 hours PMI, with pronounced atrophy of the mucosal 
and sub-mucosal layers, loss of glandular structures, and extensive autolysis. The outcome of liver 
histotaphonomy showed increase in severity of cellular distortion earlier than the stomach as 
degradation started at 2 hours PMI, moderate at 6hrs PMI and became severe at 18hrs PMI. In periodic 
acid Schiff the glycogen deposit of the stomach became less intense in 72 hours PMI while in liver it 
began to reduce in 24 hours PMI and at 48 hours PMI there was no present of collagen deposit. In 
masson trichrome, the collagen deposit began to decrease at 42 hours PMI in both stomach and liver, 
but became more obvious in liver at 48 hours PMI and at 72 hours PMI in the stomach. These results 
have shown that the liver decomposed faster than the stomach. This differential decomposition rates 
between the two gastrointestinal organs avail more insights to a forensic anatomist to carry out a more 
accurate PMI using soft tissues.  
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INTRODUCTION 
Taphonomy is the study of how organisms’ decay and become fossilized or preserved in the 
paleontological record (Lyman & Lee, 2010). It is an interdisciplinary notion that is applied in 
various fields of research, including paleontology, forensic science, geoarchaeology, biology, 
and several others, in slightly different situations. (Lyman & Lee, 2010).  
 
Histotaphonomy is the study of taphonomic processes at the microstructural scale (Campbell, 
2021). It is a major area of research in funerary archaeology (Campbell, 2021), Additionally, it 
involves the use of histological analysis to learn more about the taphonomic processes that 
influence human remains as well as post-mortem histories (Javan et al., 2019). 
Histotaphonomy has proven to be an extremely useful tool in homicide investigations by 
providing information on identification, correlation or disputing the story of suspects, and 
connecting the body to a timeline of events prior to the death of the individual (Yadav et al. 
2022). As a result, there has been a lot of interest in this topic and study had been done 
(Efremov, 1940, Javan et al. 2019), to develop trustworthy formulas and methodologies that 
produce precise results. The assessment of the post-mortem interval (PMI) of remains, the 
length of whose deposition is unknown, is one of the main challenges in forensic analysis. 
Due to the possibility for investigations into Gross factors that are currently poorly 
understood, taphonomic research on the effects on the remains from the local environment is 
of great interest (Javan et al., 2019).  
 
Decomposition is a mosaic process, where distinct parts of the body decompose at different 
rates (Yadav et al., 2022). According to Vass (2011), there are four main factors influencing the 
decomposition process, namely temperature, moisture, pH and partial pressure of oxygen. 
Also, Obesity, the existence of open wounds, ante-mortem intoxication, infectious illness, and 
fever are intrinsic elements that influence the decomposition process (Clavijo, et al., 2018). 
Environmental variables influence the decompositional processes the most, as factors such as 
temperatures and rainfall are highly variable and cannot be controlled (Vass et al., 2011). 
Therefore, there are currently no standardized techniques for estimating PMI because to the 
complexity of human decomposition. Studying decomposition from the histological level is 
essential and one means to address the concerns of time after death because the longer the 
PMI, the harder it is to determine the time of death. measurement of decomposition based on 
external body changes visible to the naked eye, such as the total body score (TBS) method 
(Megyesi et al., 2005), only captures a part of the decomposition process.  
 
Both the stomach and liver are well-characterized histological organ that benefits from its 
placement in the abdomen, where it is well shielded from things like maggot infection. The 
liver also contains the most post-mortem bacterial taxa of any internal organ, which is 
probably a result of both its pivotal position in all metabolic activities and its positioning in 
the gastrointestinal tract (Yadav et al. 2022).  
 
It is also easily accessed by gallbladder fluids and pancreatic enzymes, which could lead to 
quick autolysis (Javan et al. 2019). Only a few previous studies of human livers have been 
carried out evaluating post-mortem histological changes and their potential association with 
the PMI (Kushwaha et al. 2009; Karadzic et al. 2010; Clavijo, et al. 2018). However, these studies 
have focused on the first few days after death. To date, there are several well-established 
methods for PMI estimation of the early PMI period (Madea, 2016). More extended PMIs have 
not been investigated to the same degree, and more reliable methods are still needed.  
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The current study explored the decomposition of the liver as the organ of interest in an indoor 
setting to evaluate the decomposition science in successive decay stages and to assess the 
micro-anatomical changes that occur at each PMI.  
 
MATERIALS AND METHODS 
Ethical Consideration 
Ethical approval was granted from the Research and Ethics Committee of the Faculty of Basic 
Medical Sciences, University of Cross River State with number: CRUTECH/OFR/IREC/2023-
A0570. 
 
Study Design and Methodology 
This study cohort comprised of sixteen (16) male domestic pigs (Sus scrofa domestica), all males 
with similar weights (34-35kg), sacrificed through cervical blunt force trauma according the 
protocol established by Madea, (2016). This study was carried out in an indoor setting at the 
Department of Anatomy and Forensic Anthropology Research Facility (DAFARF), University 
of Cross River State, Calabar Nigeria. 
 
Healthy domestic pigs (sixteen), all males weighing between 34-35Kg, were bought in a 
piggery at Okuku, within the research site. The animals were subjected to similar mode of 
death by cervical blunt force trauma Madea, (2016). Immediately death was confirmed, organs 
of interest (stomach and liver), were eviscerated from all the sixteen animals at similar time 
and the control sample was collected from the stomach and liver respectively.  
 
Samples of stomach and the liver tissues were taken immediately after death was confirmed 
and labelled as control, subsequently 2, 6, and 10hrs respectively for day one. From the day 2 
to 5, the samples were collected three (3) times daily (morning, afternoon and evening) and 
fixed in bouin’s fluid, after six hours transferred to 70% alcohol before other histological 
procedures of dehydration, clearing, infiltration, embedding, sectioning and staining with 
Hematoxylin and  Eosin (H&E), Masson Trichrome (MT) and Periodic Acid Schiff (PAS) and 
finally  photomicrography (Clavijo and Flórez, 2018; Fekete et al., 2021).  
 
Research Analysis  
This study analysis followed standard procedures by Madea, (2016); Clavijo and Flórez, (2018) 
and Fekete et al., (2021).  focused only on histological assessment (Microstructural/histological  
analysis). After sacrificing of the sixteen animals followed by evisceration and harvesting of 
the stomach and liver, the organs were kept for the duration of 5 days. The samples were 
subjected to routine tissue processing and stained with Hematoxylin and Eosin (H&E) for 
tissue micro-structural assessment. Special stains such as Masson Trichrome was used for 
evaluate the level of collagen fibers across each stage of death as well as Periodic Acid Schiff 
(PAS) to analysis carbohydrates presences to quantity the rate of glycogen depletion across 
postmortem timeline.  
 
After which the prepared tissues were histologically assessed using a light microscope and  
photomicrography was carried out. 
 
RESULTS 
The results of this study has very important observations as follows: H&E showed that 
stomach degradation started at 6hrs PMI with moderate distortions and became severe at 
18hrs PMI, in liver degradation started at 2hrs PMI, moderate at 6hrs PMI and became severe 
at 18hrs PMI. In periodic acid Schiff the glycogen deposit of the stomach became less intense 
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in 72hrs PMI while in liver it began to reduce in 24hrs PMI and at 48hrs PMI there was no 
present of collagen deposit. In masson trichrome, the collagen deposit began to decrease at 
42hrs PMI in both stomach and liver, but became more obvious in liver at 48hrs PMI and at 
72hrs PMI in the stomach. These results has shown that the liver decomposed faster than the 
stomach. 
 
Hematoxylin and Eosin Stains  

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
  

 
Plate 3: Photomicrograph of a transverse section of a 6-Hours 

exposed stomach tissue illustrating gradual distortion of gastric 

mucosal micro-architecture showing degenerating glands (Dg), 

chief cells (Cc), shrinking nuclei (Sn), and underlining smooth 

muscles (Sm) within the submucosa (H&E x100). 

Inference: Moderate effect. 

  
  

  

  

 
Plate 4: (day 1, evening at 10-hr PMI)   Photomicrograph of a 

section of the 10-Hours exposed liver tissue showing 

abnormal hepatic histo-structure with protected portal vein 

(Pv), the hepatic artery (Ha), and rupturing Bile duct (rBd) 

within the portal area, and sparse areas of vacuolated 

hepatocytes (Hp) within the hepatic lobules (H&E x100). 

Inference: Moderate effect (bloating stage) 

  

  

  

Plate 1: (day 1, afternoon at 0-hr PMI) Photomicrograph of a 

section of a 0-Hour exposed liver tissue showing normal hepatic 

architecture with portal vein (Pv), Bile duct (Bd), and the 

hepatic artery (Ha) within the portal area, well protected 

hepatocytes (Hp) and sinusoids within the hepatic lobules (H&E 

x100). Inference: Not affected (fresh stage) 

  

  

  

Plate 2: Photomicrograph of a transverse section of a 2-Hours 

exposed stomach tissue illustrating a normal gastric mucosal 

micro-architecture showing well-presented gastric glands 

(Gg) with its lumen (L) and well-pronounced chief cells (Cc), 

and underlining smooth muscles (Sm) within the submocusa 

(H&E x100). Inference: No effect 
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Plate 6: Photomicrograph of a transverse section of the Day-3 

evening exposed stomach tissue illustrating distortion of gastric 

mucosal micro-architecture having degenerating glands (Dg), 

wide presentation of anucleated cells (Ac), and areas of 

degenerating structures (Ds) (H&E x100). Inference: Severe 

effect. 

  

  

 
Plate 7: Photomicrograph of a transverse section of the Day-

4 evening exposed stomach tissue illustrating distortion of 

gastric mucosal micro-architecture having degenerating 

glands (Dg), anucleated cells (Ac) and areas of degenerating 

structures (Ds) (H&E x100). Inference: Severe effect. 

  

 
Plate 8: Photomicrograph of a section of the Day-5 evening 

exposed liver tissue showing abnormal hepatic histostructure 

with degenerated portal area having eroded connective tissues 

(Et), and wide anucleated hepatocytes (Ah) within the hepatic 

lobules (H&E x100). Inference: Severe effect (advanced 

decay). 

  

  

 
Plate 5: Photomicrograph of a transverse section of the 

Day-2 evening exposed stomach tissue illustrating 

distortion of gastric mucosal micro-architecture having 

degenerating glands (Dg), shrinking nuclei (Sn), anucleated 

cells (Ac) and areas of degenerating structures (Ds) (H&E 

x100). Inference: Severe effect. 
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Histology of the Stomach stained with Masson Trichome 

 

 

 
  
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

Histology of the Stomach stained with Masson Trichome 

 

 

 

 

 

 

 

 
Plate 9: Photomicrograph of a transverse section of a 0-Hour 

exposed stomach presenting a normal connective tissue 

deposit within the gastric tissue with wide intense collagen 

deposit (red arrow), gastric gland (G),  gastric cells (Gc) (MT 

x100). 

 

 
Plate 10: Photomicrograph of a transverse section of a 2 

Hours exposed stomach tissue presenting a normal 

connective tissue deposit within the gastric tissue with wide 

intense collagen deposit (red arrow) (MT x100). 

 

  

 
Plate 11: Photomicrograph of a transverse section of a 6 Hours 

exposed stomach presenting a normal connective tissue deposit 

within the gastric tissue with wide intense collagen deposit (red 

arrow) (MT x100). 

 

  

 
Plate 12: Photomicrograph of a transverse section of a 10 Hours 

exposed Liver tissue presenting a normal connective tissue deposit 

within the excretory tissue with widespread collagen deposit (red 

arrow) (MT x100) 

  

 
Plate 13: Photomicrograph of a transverse section of day 2 

evening exposed stomach tissue presenting a normal 

connective tissue deposit within the digestive tissue with wide 

intense collagen deposit (red arrow) (MT x100). 

 

 

Plate 14: Photomicrograph of a transverse section of a 

Day 3 evening exposed stomach presenting the level of 

connective tissue within the gastric submucosa with 

decreasing collagen deposit (red arrow) (MT x100). 
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Histology of the Stomach stained with Periodic Acid-Schiff 
The Periodic Acid-Schiff (PAS) stain is a histological staining technique used in pathology to 
detect the presence of complex carbohydrates, particularly glycoproteins, mucins, and 
glycogen, in tissues (Shedge et al., 2020).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Plate 17: Photomicrograph of a transverse section of a 0-hour 

exposed stomach showing the presence of glycogen deposit 

within the digestive mucosa with wide glandular mucin 

stained (red arrow) (PAS x 100). 

 

 

Plate 18: Photomicrograph of a transverse section of a 

2 Hours exposed stomach showing the presence of 

glycogen deposit within the digestive mucosa with 

wide glandular mucin stained (red arrow) (PAS x 100). 

  

 

Plate 15: Photomicrograph of a transverse section of a Day 

4 evening exposed stomach presenting the level of 

connective tissue within the gastric submucosa with less 

obvious collagen deposit and areas of wide fibrous deposits 

in the atrophied mucosa (black arrow) (MT x100). 

 

  

 

Plate 16: Photomicrograph of a transverse section of a 

Day 5 afternoon exposed stomach presenting the altered 

level of connective tissue within the digestive tissue with 

scarce collagen tissues (red arrow) and areas of fibrous 

deposit (black arrow) (MT x100) 
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Plate 20: Photomicrograph of a transverse section of a 10-

hour exposed showing the presence of glycogen deposit 

within the digestive mucosa with wide glandular mucin 

stained (red arrow) (PAS x 100). 

 

 
Plate 21: Photomicrograph of a transverse section of a Day 2 

evening exposed stomach showing atrophying tissue with the 

presence of glycogen deposit within the digestive mucosa with 

wide glandular mucin stained (red arrow) (PAS x 100). 

 

 

Plate 22: Photomicrograph of a transverse section of a 

Day 3 evening exposed stomach showing atrophying 

tissue with the presence of glycogen deposit within the 

digestive mucosa with wide glandular mucin stained 

(red arrow) (PAS x 100). 

  

 

Figure 19: Photomicrograph of a transverse section of a 6-hour 

exposed stomach showing the presence of glycogen deposit 

within the digestive mucosa with wide glandular mucin stained 

(red arrow) (PAS x 100). 
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 Liver Tissues stained with Hematoxylin and Eosin. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 23: Photomicrograph of a transverse section of a Day 4 evening 

exposed stomach showing atrophied tissue with less presence of 

glycogen deposit within the digestive mucosa with decreased 

glandular mucin stained (PAS x 100). 

 

 

Plate 24: Photomicrograph of a transverse section of a 

Day 5 evening exposed stomach showing atrophied tissue 

with less presence of glycogen deposit within the 

digestive mucosa with decreased glandular mucin stained 

(red arrow) (PAS x 100). 

 

Plate 25: (day 1, afternoon at 0-hr PMI) Photomicrograph 

of a section of a 0-Hour exposed liver tissue showing 

normal hepatic architecture with portal vein (Pv), Bile duct 

(Bd), and the hepatic artery (Ha) within the portal area, well 

protected hepatocytes (Hp) and sinusoids within the hepatic 

lobules (H&E x100). Inference: Not affected (fresh stage) 

  
Plate 26: (day 1, afternoon at 2-hr PMI) Photomicrograph 

of a section of the 2-Hours exposed liver tissue showing 

abnormal hepatic histostructure with protected portal vein 

(Pv), Bile duct (Bd), and the hepatic artery (Ha) within the 

portal area, and sparse areas of vacuolated hepatocytes (Hp) 

within the hepatic lobules (H&E x100). Inference: Mild 

effect (fresh stage) 

  



Histo-taphonomy of Gastric and Hepatic Tissues in Tracking Decay Timeline and Predicting Post-Mortem 

Interval using Porcine Models  

 

M. E. Nandi et al, DUJOPAS 11 (4c): 278-297, 2025                                                                                 287 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Plate 27: (day 1), evening at 6-hr PMI)  Photomicrograph of a 

section of the 6-Hours exposed liver tissue showing abnormal 

hepatic histostructure with protected portal vein (Pv), Bile duct 

(Bd), and the hepatic artery (Ha) within the portal area, and 

sparse areas of vacuolated hepatocytes (Hp) within the hepatic 

lobules (H&E x100). Inference: Mild effect (fresh stage) 

  

Plate 28: (day 1, evening at 10-hr PMI)   

Photomicrograph of a section of the 10-Hours 

exposed liver tissue showing abnormal hepatic 

histostructure with protected portal vein (Pv), the 

hepatic artery (Ha), and rupturing Bile duct (rBd) 

within the portal area, and sparse areas of vacuolated 

hepatocytes (Hp) within the hepatic lobules (H&E 

x100). Inference: Moderate effect (bloating stage) 

  

Plate 29: (day 2, evening at 30-hr PMI)    Photomicrograph of a 

section of the Day-2 evening exposed liver tissue showing abnormal 

hepatic histostructure with the portal vein (Pv), degraded and 

anucleated (At) connective tissues within the portal area, and wide 

presentation of shrinking hepatic nuclei (Sn) and anucleated 

hepatocytes (Ah) within the hepatic lobules (H&E x100). Inference: 

Severe effect (active decay) 

Plate 30: (day 3, evening at 54-hr PMI)     Photomicrograph 

of a section of the Day-3 evening exposed liver tissue 

showing abnormal hepatic histostructure with degenerated 

portal area having eroded connective tissues (Et), and wide 

anucleated hepatocytes (Ah) within the hepatic lobules 

(H&E x100). Inference: Severe effect (active decay) 
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Histology of the Live stained with Masson Trichome 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Plate 31: (day 4, evening at 78-hr PMI)    

Photomicrograph of a section of the Day-4 evening 

exposed liver tissue showing abnormal hepatic 

histostructure with degenerated portal area having eroded 

connective tissues (Et), and wide anucleated hepatocytes 

(Ah) within the hepatic lobules (H&E x100). 

 Inference: Severe effect (advanced decay) 

  

Plate 32: (day 5, evening at 102-hr PMI)    Photomicrograph 

of a section of the Day-5 evening exposed liver tissue 

showing abnormal hepatic histostructure with degenerated 

portal area having eroded connective tissues (Et), and wide 

anucleated hepatocytes (Ah) within the hepatic lobules (H&E 

x100). Inference: Severe effect (advanced decay) 

  

Plate 33: Photomicrograph of a transverse section of a 0 

Hour exposed Liver tissue presenting a normal 

connective tissue deposit within the excretory tissue with 

wide spread collagen deposit (red arrow), portal vein 

(Pv), bile duct (Bd) and red blood cells (rbc) (MT x100) 

Plate 34: Photomicrograph of a transverse section of a 

2 Hours exposed Liver tissue presenting a normal 

connective tissue deposit within the excretory tissue 

with wide spread collagen deposit (red arrow) (MT 

x100) 
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Plate 35: Photomicrograph of a transverse section of a 6 

Hours exposed Liver tissue presenting a normal 

connective tissue deposit within the excretory tissue with 

wide spread collagen deposit (red arrow) (MT x100) 

  

Plate 36: Photomicrograph of a transverse section of a 

10 Hours exposed Liver tissue presenting a normal 

connective tissue deposit within the excretory tissue 

with widespread collagen deposit (red arrow) (MT 

x100) 

Plate 37: Photomicrograph of a transverse section of a 

Day 2 evening exposed Liver tissue presenting a normal 

connective tissue deposit within the excretory tissue with 

wide spread collagen deposit (red arrow) (MT x100) 

  

Plate 38: Photomicrograph of a transverse section of 

a Day 3 evening exposed Liver illustrating the altered 

presentation of connective tissue within the excretory 

tissue with no obvious collagen deposit (MT x100) 

Plate 39: Photomicrograph of a transverse section of a 

Day 4 evening exposed Liver illustrating the altered 

presentation of connective tissue within the excretory 

tissue with no obvious collagen deposit (MT x100) 

Plate 40: Photomicrograph of a transverse section of a 

Day 5 evening exposed Liver illustrating the altered 

presentation of connective tissue within the excretory 

tissue with no obvious collagen deposit (MT x100) 
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Plate 41: Photomicrograph of a transverse section of a 0 

Hours exposed Liver tissue showing the presence of 

glycogen deposits within the hepatic tissue with wide spread 

staining of the connective tissues surrounding the portal 

structures and the lobular hepatocytes (black arrow) (PAS x 

100). 

  

Plate 42: Photomicrograph of a transverse section of a 2 

Hours exposed Liver tissue showing the presence of 

glycogen deposits within the hepatic tissue with wide 

spread staining of the connective tissues surrounding the 

portal structures and the lobular hepatocytes (black arrow) 

(PAS x 100). 

Plate 43: Photomicrograph of a transverse section of a 6 

Hours exposed Liver tissue showing the presence of 

glycogen deposits within the atrophying hepatic tissue with 

wide spread staining of the connective tissues surrounding 

the portal structures and the lobular hepatocytes (black 

arrow) (PAS x 100).  

Plate 44: Photomicrograph of a transverse section of a 

10 Hours exposed Liver tissue showing the presence of 

glycogen deposits within the atrophying hepatic tissue 

with wide spread staining of the connective tissues 

surrounding the portal structures and the lobular 

hepatocytes (black arrow) (PAS x 100). 
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DISCUSSION 
Histotaphonomy is the study of postmortem tissue changes, particularly in a forensic context, 
to understand how environmental factors affect tissue degradation over time (Vazquez et al. 
2021). This can be valuable in determining the PMI and understanding tissue preservation 
processes (Vazquez et al. 2021, Hollund et al. 2018). This present study focused on the 
histotaphonomic, cellular and architectural changes that occur in organs like the stomach, 
given its rapid autolytic activity following death.  
 
Stomach's histological changes at 0-2 hours postmortem illustrates normal gastric mucosal 
micro-architecture. The well-presented gastric pits (Gp) and glands (Gg), surrounded by chief 
cells (Cc) within the lamina propria, demonstrate a pristine state with no significant 
postmortem effects. The underlying smooth muscle layers (Sm) within the sub-mucosa 
remain intact, reflecting minimal decomposition effects at this early stage. This was in line 

 
Plate 45: Photomicrograph of a transverse section of a 

day 2 evening exposed Liver showing less presence of 

glycogen deposits within the atrophying hepatic tissue 

with less staining of the connective tissues surrounding 

the portal structures and the lobular hepatocytes (black 

arrow) (PAS x 100). 

 

 

 
Plate 46: Photomicrograph of a transverse section of a 

day 3 evening exposed Liver showing no presence of 

glycogen deposits within the atrophied hepatic tissue 

(PAS x 100). 

 
Plate 48: Photomicrograph of a transverse section of 

a day 5 evening exposed Liver showing no presence 

of glycogen deposits within the atrophied hepatic 

tissue (PAS x 100). 

 
 
Plate 47: Photomicrograph of a transverse section of a day 4 

evening exposed Liver showing no presence of glycogen deposits 

within the atrophied hepatic tissue (PAS x 100). 
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with the findings of Li et al. (2023) reporting similar structures in the histomorphological 
appearance of a normal stomach tissue. Our findings are also consistent with the study of 
Motta, et al. (2016) which examined gastric and intestinal tissue in a controlled postmortem 
interval model. The study found that within the first 0-2hours postmortem, stomach tissue 
exhibited little to no noticeable histological changes. The gastric mucosal architecture, 
including the gastric pits and glands, remained well-organized with clear epithelial cell 
structures, mirroring the normal physiology observed in living tissue. Similarly, Schultz et 
al. (2018), in their analysis of gastrointestinal autolysis, concluded that the stomach tissue at 
0-2 hours postmortem retained its normal histological features and demonstrated that 
autolytic processes had not yet significantly affected the tissue at this stage.  
 
At 6 hours after death, a gradual distortion in the gastric mucosal architecture becomes 
evident. Degenerating gastric glands (Dg), altered chief cells (Cc), and shrinking nuclei (Sn) 
signify the onset of tissue breakdown. The underlying smooth muscles (Sm) within the sub-
mucosa also show early signs of compromise, indicating moderate decomposition effects at 
this point. These findings are in agreement with the previous results of Ferszt et al. (2015). In 
their study on postmortem gastric autolysis, they observed that by 6 hours postmortem 
interval, histological changes become noticeable in the gastric mucosa. The previously well-
organized gastric pits and glands begin to show signs of degeneration, with early autolytic 
breakdown of glandular structures. The chief cells and parietal cells exhibit shrinking nuclei 
and initial cytoplasmic vacuolization. This study concluded that the first substantial 
morphological changes in the stomach tissue are typically seen at around the 6-hour mark. 
Also, Lee & Kwon, (2017) examined gastric and intestinal autolysis in a forensic context. At 6 
hours postmortem interval, they reported significant morphological alterations in the gastric 
mucosa, such as degeneration of the gastric glands, shrinking of the nuclei, and initial 
disruptions to the lamina propria.  
 
By 10 hours to Day 5 (102hrs), histological sections reveal severe decomposition, characterized 
by a highly distorted gastric mucosal architecture. Degenerating glands (Dg), anucleated cells 
(Ac), and widespread degenerating structures (Ds) dominated the tissue micrograph, 
showing an advanced breakdown of the tissue. This accelerated tissue decomposition 
highlights the loss of cellular integrity as the postmortem interval progresses. This result is in 
line with the research of Pittner et al. (2016). Their research observed that by 9 hours to 120hrs 
postmortem interval, the gastric mucosal architecture showed significant deterioration, with 
highly distorted glandular structures, widespread cell lysis, and pronounced autolytic 
changes. Their study concluded that after 10 hours, decomposition accelerates, especially in 
internal organs like the stomach, which are rich in digestive enzymes, leading to severe tissue 
breakdown by Day 5. Another related study is Bohnert et al. (2017) which found out that at 10 
hours postmortem, the gastric mucosal architecture was visibly disrupted, with the 
disappearance of mucosal folds, severe epithelial cell degeneration, and widespread cell 
death. By the fifth day, the tissue structure was significantly compromised, with clear 
evidence of autolysis, putrefaction, and bacterial invasion. The glands were almost completely 
disintegrated, and the smooth muscle layers were indistinguishable from the surrounding 
autolyzed tissue (Bohnert et al. 2017).  
 
The outcome of Masson’s trichrome stain highlighted connective tissues, particularly collagen 
fibers, which showed that in the early postmortem interval (0-6hours), connective tissue 
elements within the stomach remain relatively well-preserved, when stained with Masson’s 
trichrome. This stain is particularly effective for distinguishing the wide, intense deposits of 
collagen within the connective tissue matrix, allowing for detailed visualization of the tissue’s 
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structural integrity. This result was similar to the study by Xu et al. (2020) which focused on 
the histological changes in gastric and intestinal tissues using Masson’s trichrome to assess 
connective tissue. Their histological sections showed a well-preserved gastric mucosa, with 
normal connective tissue and extensive collagen deposits that stained intensely with Masson’s 
Trichrome. The wide, dense collagen fibers (blue with trichrome) appeared intact, indicating 
minimal decomposition at this stage at about 62 hours PMI (Xu et al. 2020). In contrast, 
Bruchhaus et al. (2019) studied the postmortem changes in connective tissues across different 
time intervals. While connective tissue was still visibly intact within the first 48-60 hours, 
slight signs of degradation, such as early fragmentation and mild separation of collagen fibers, 
began to appear as the postmortem interval approached 48 hours. This study noted that while 
the major connective tissue structures were still largely intact, there was an early onset of 
collagen degradation, which could be detected through a less intense staining pattern with 
Masson’s trichrome in some areas (Bruchhaus et al. 2019). 
 
From the present study, the section of a 72 hours, exposed stomach tissue showed connective 
tissue deposit within the gastric submucosa with decreasing collagen deposit while the tissue 
section of 78-102hrs PMI showed a observable decreased in collagen deposit and areas of wide 
fibrous deposits in the atrophied mucosa as all stain with Masson trichrome. This findings 
were comparable with the study by Martínez et al. (2019) which found a noticeable decrease 
in collagen deposition in the gastric submucosa at the third day of deposition. The once-intact 
collagen fibers, which had stained deeply blue in earlier time intervals, began to show 
fragmentation and decreased density. The study noted that while the overall architecture of 
the connective tissue was still recognizable, the integrity of the collagen matrix was starting 
to deteriorate, and the intensity of staining had diminished, indicating the onset of autolytic 
breakdown (Martínez et al., 2019). 
 
As the postmortem interval extends beyond 72 hours, tissue degradation becomes more 
pronounced. By 78 to 102 hours postmortem interval, the study showed a continued decline 
in collagen deposits, along with other significant morphological changes in the gastric 
submucosa. Similary, Fekete et al. (2021), findings demonstrated a dramatic decrease in 
collagen deposition, as seen through diminished staining with Masson’s trichrome. Wide 
areas of fibrous deposits were evident in the atrophied mucosa, indicating advanced 
connective tissue degradation (Fekete et al. 2021). Rodríguez et al. (2020), also observed 
significant tissue breakdown at about 4 days (100hrs) postmortem interval, connective tissues 
within the gastric submucosa showed progressive loss of collagen integrity. The use of 
Masson’s trichrome in our research has proven to be particularly valuable for visualizing the 
gradual breakdown of collagen and other connective tissue elements, which are key indicators 
of the body's soft tissues decomposition. 
 
PAS staining, targets polysaccharides like glycogen and mucin which was also utilized in our 
present study. From 0-30 hours PMI, the photomicrographs shows that the stomach tissue 
maintains a relatively normal histological appearance, with clear glycogen deposits visible 
within the mucosal cells. The presence of glycogen at this early stage is consistent with 
findings in previous studies, where tissue degradation is minimal, and cellular integrity is 
largely preserved within the first 24-30 hours after death (Scudamore et al., 2011). Studies by 
Goff (2009) and Vass (2011) demonstrate that early post-mortem changes in soft tissues tend 
to progress slowly, particularly in organs like the stomach, where autolysis is less aggressive 
in the initial hours after death, due to cooler temperatures and the relatively sterile 
environment of the stomach immediately post-mortem (Goff, 2009, Vass, 2011). The 
preservation of glycogen suggests that glycogenolysis where glycogen is broken down into 
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glucose did not advanced. During life, glycogen stores are rapidly depleted under stress; 
however, post-mortem, the lack of metabolic demand allows these stores to remain intact for 
a limited time. This correlates with findings from Zimmermann and Curtis, (2017), who 
reported the retention of glycogen in the early stages of post-mortem, only beginning to 
decline as autolytic and bacterial activity increased. 
 
Between 36-102 hours PMI, the photomicrographs show marked atrophy in the stomach 
tissue, though glycogen deposits were still present within the digestive mucosa. This reflects 
more advanced autolysis and putrefaction, where tissue integrity begins to break down as a 
result of cellular enzymatic activity and bacterial colonization. Histological studies by Vass, 
(2011) and Micozzi, (1991) detailed similar patterns of degradation in the stomach, noting that 
after 48 hours PMI, significant structural changes occur, including the thinning and atrophy 
of the gastric mucosa. Despite this, the persistence of glycogen deposits, even in atrophied 
tissue, may be attributed to delayed diffusion of glycogen out of necrotic cells due to 
environmental factors such as temperature, humidity, and microbial activity (Vazquez et al., 
2021). The wide mucin staining observed in our study is indicative of both glandular 
degradation and potential mucin overproduction as a response to initial post-mortem 
autolysis. Mucin is secreted by the gastric glands to protect the stomach lining, and its staining 
in this context suggests that it may be retained or even spread more widely as cell membranes 
break down. The retention of glycogen and the expanded mucin staining together serve as 
useful histotaphonomic markers in determining PMI, supporting studies that employed such 
biomarkers for forensic investigations (Miller et al., 2019). 
 
Liver Histotaphonomic quantification of decomposing porcine liver is a potential method for 
the determination of postmortem interval. This method involves the histological 
quantification of decomposing porcine liver using a novel scoring-based model. Other 
biochemical and molecular methods are also being investigated for PMI estimation, such as 
the analysis of proteins and metabolites from maggots and porcine corpses. These methods 
aim to improve the accuracy of PMI estimation and extend the timeframe over which PMI 
estimates can be made. Our study revealed several histological observational changes in liver 
tissue after death. This study employed H&E, PAS and Mason’s Trichrome. H&E staining was 
used to visualize lesions in tissues and can reveal specific chemical components of cells and 
provide subcellular structural information of lesions (Li et al., 2018), which was similar to the 
current study which used H&E to stain the hepatic nucleus and the cytoplasm of liver tissues 
and observe the histological changes that occurred after death. 
 
 However, day one at 2-Hours of PMI in our research work showed an exposed liver  tissue 
with abnormal hepatic histo-structure, protected portal vein, Bile duct, and the hepatic artery 
within the portal area, and sparse areas of vacuolated hepatocytes within the hepatic lobules, 
noting mild effect on the liver  cells, this correlated with a study by Tomita et al., (2004), their 
study suggested that one hour after death, hepatic edema, clumping of nucleus and loss of 
mitochondria were marked in the hepatocyte. Their study noted mild effect on the liver cells 
at day one with one hour PMI.     
 
The PAS’ stain was used to demonstrate glycogen content in the decomposing liver cell. Our 
observation did not show any observable change on the day one of PMI. A higher amount of 
glycogen indicates a shorter time since death, while a substantial depletion suggests a longer 
PMI (Li et al., 2017). However, the result revealed that on the first day of observation with a 0-
10 hr of PMI, there was presence of glycogen deposits within the atrophying hepatic tissue. 
But from the second day of PMI, although there was still presence of glycogen, from the 
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afternoon of observation, presence of glycogen began to reduce in the liver tissue. This 
observation was so till the fifth day of observation of PMI.  
 
On observation with Masson trichome, almost the same changes occurred in the connective 
tissue. On the 0 hour of PMI to the second day of PMI, there was no adverse effect to the 
connective tissue of the liver. There was normal connective tissue deposit within the excretory 
tissue with widespread collagen deposit from the first day to the second day, changes 
occurred from the third day of PMI.  
 
However, these findings correlated with the study carried out by Li et al. (2017),which also 
used H&E stain with similar intervals of 0-hour, 48 hour and 96-hour PMI. Their study 
observed that from a PMI of 0 h to that of 144 h, the severity of both rat and human liver cell 
autolysis continuously increased in postmortem liver cells. At 0h, all the liver cells and cell 
nuclei were clearly visible. At 48hours after death, the nuclei were observed to shrink, and 
partial degradation was seen in the hepatocytes. After 96hours, the nuclei completely 
disappeared, and 144hours after death, the liver cell structure itself had mostly disappeared. 
These their discoveries corresponded to our own observations in H&E stains. 
Furthermore, this study also correlated with the findings by Fatma et al., (2022), which 
observed that, histological changes showed time dependent variation in the liver using H&E 
stain. Their research noted gradual autolysis and loss of cellular structure, shape, and 
arrangement due to postmortem anoxia in 72-hour PMI which massively corresponds with 
our own research.  
 
CONCLUSIONS AND RECOMMENDATIONS 
This current study focused on comparing the rate of decay associated with time of death 
estimation using histological assessment of the stomach and liver tissues. This microstructural 
study of the stomach and liver tissue provided information of the various cellular changes in 
the stomach and liver respectively after death, which suitably provided more insights into 
PMI estimation. The provided insights on the histotaphonomy of the stomach and liver have 
shown that the liver decompose faster than the stomach based on the outcome of the 
histotaphonomy on the three parameters of study, the tissues were stained with H&E for 
micro-structural assessment, PAS for glycogen depletion evaluation and MT for collagen 
levels examination. This variation in the decomposition matrix between the gastrointestinal 
and accessory organs can help any forensic anatomist carrying medico-legal investigations 
involving identification of disaster victims and biological profiling where estimation of 
postmortem interval using soft tissue histotaphonomy is needed. Hence, it is recommended 
that more body organs are compared to make a holistic approach. Secondly, there is need for 
more special stains and immunohistochemistry to be employed in examining decomposition 
science. More so, it is necessary for other animal models to be explored as proxies for humans, 
increase in sample size and longer study duration are also recommended.   
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