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Abstract. Mycotoxins are toxic compounds that are naturally produced by certain types of moulds (fungi). 
Moulds that can produce mycotoxins grow on numerous foodstuffs such as cereals, dried fruits, nuts and 
spices. Mould growth can occur either before harvest or after harvest, during storage, on/in the food itself 
often under warm, damp and humid conditions. Most mycotoxins are chemically stable and survive food 
processing. Research goal was to check adsorption properties of lignin treated with sodium hydro-carbonate 
and its effect on living systems. In particular, impact of food contaminated with aflatoxin placed in lignin 
on rat liver state. Obtained data allow us to make conclusion that a mouldy bread induces changes in normal 
structure and functions of stomach, intestines, and liver, while a mouldy bread held for 48 hours along with 
lignin treated with hydro-carbonate does not cause changes in normal structure and functions of stomach, 
intestines, liver, kidney, or duodenum. Mouldy bread placed for a short time to lignin treated with sodium 
hydro-carbonate has not caused changes in rats’ organism. © 2026 Bull. Natl. Acad. Sci. Georg. 
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Introduction 

The occurrence of mycotoxins in contaminated 
foodstuff can lead to serious health risks for both 
humans and animals, and this has attracted research 
interest in developing novel approaches to decon- 
taminate mycotoxins for food safety. One of the 
effective ways to prevent food contamination against 
mycotoxins is based on efficiency adsorption. The 
removal of adsorbents in different food samples is a 
challenge that if addressed properly would enable us 
to overcome the contamination of multi-mycotoxins. 
Recently, nano-adsorbents and their various 

combinations seem to be a promising tool for 
capturing and removing mycotoxins from 
contaminated samples thanks to their excellent 
performance.  

Mycotoxins, such as aflatoxins (AFs), deoxy- 
nivalenol (DON), zearalenone (ZEA/ZEN), fumo- 
nisins (FBs) and ochratoxins (OTs), pose a major 
concern for the safety of commercial food products 
and human consumption. According to statistics 
from the Food and Agriculture Organization (FAO) 
and revised data from researchers, more than 25% 
of the world's agricultural products are conta- 
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minated with mycotoxins each year (Elliott et al., 
2020; Benkerroum, 2020). Studies have shown that 
ingestion of food and feed contaminated by 
mycotoxins results in adverse health problems for 
humans and livestock (Eskola et al., 2020) 

Aflatoxin contamination is a worldwide problem 
that affects a wide range of agricultural goods.  Afla- 
toxins are mainly produced by moulds belonging 
to Aspergillus sp. and have been shown as a major 
contaminant in foods such as oils, nuts and dairy pro- 
ducts. In addition to their well-known carcinogenic, 
teratogenic and mutagenic properties, aflatoxins also 
have adverse effects on organisms such as immuno- 
toxicity and genotoxicity (Karkashadze et al., 2024). 

For the protection of consumers from the harms 
of aflatoxins agreements and standards are deve- 
loped worldwide. Effective control of aflatoxin 
contamination is guided by important international 
organizations: Codex Alimentarius Commission 
(CAC); European Union (EU); United States Food 
and Drug Administration (FDA). 

Unfortunately, it is impossible to eradicate the 
formation of mycotoxins in food thoroughly due to 
the complex storage environment, poor harvesting 
practices, inappropriate storage practices by consu- 
mers and improper transport conditions in food 
industry (Karkashadze et al., 2022; Luo et al., 
2018). Therefore, decontamination of mycotoxins 
is a challenging issue and various strategies based 
on physics, chemistry and biology are developed 
for effective detoxification of mycotoxins. Among 
these, the adsorption method seems to be a pro- 
mising direction to achieve the reduction in myco- 
toxins owing to its simple operation, high removal 
efficiency and low cost (Marroquin-Cardona et al., 
2014). However, traditional mycotoxins adsor- 
bents, including clays, activated carbon and bioma- 
terials, are not fully satisfying for mycotoxin con- 
trol in the food industry since they cannot meet the 
criteria for large-scale production of oils, beverages 
and wine. Hence, it is extremely urgent and impor- 
tant to develop novel adsorbents with high efficie- 
ncy, green, safe, practical and economic characte- 

ristics for mycotoxins removal (Mironov, 2012; 
Park et al., 1999). 

Agriculture is a rapidly developing sector of 
Georgian industry. This is why safe storage of agri- 
cultural cultivated plant production widespread in 
Georgia from harvesting to sale is of special impor- 
tance for promotion of this branch of economy. At 
that time food products safety, which means biosa- 
fety of food products, acquires especial significance 
in order to protect agricultural crops from myco- 
toxins throughout a period from warehousing to sale.   

Use of different-type adsorbents stands out with 
special efficiency when protecting vegetable and 
cereal crops from aflatoxins in storage facilities. The 
particular advantage of adsorption method lies in its 
accessibility and efficiency. Aflatoxin adsorbents are 
divided into several groups: mineral, carbon-bearing 
and mixed. For studies we have used lignin 
(sawdust) treated with sodium hydrocarbonate and 
have studied its adsorption properties (Ulger et al., 
2020; Streit et al., 2013; Uridia et al., 2021). 
The goal of the research was to check adsorption 
properties of lignin treated with sodium hydro-
carbonate and its effect on living systems. In 
particular, impact of food contaminated with 
aflatoxin placed in lignin on rat liver state.  

Experiments were conducted on male rats with 
300-350g mass. Animals were divided into 3 gro- 
ups. 3 rats of the I group (rats №1,2,3) took food 
(mouldy bread, wheat grains) contaminated by 
aflatoxin, 3 rats of the II group (rats №4,5,6) were 
fed by the same infected food placed in lignin, trea- 
ted with sodium hydro-carbonate. Food was placed 
in lignin for no less than 48 hours. 3 rats of the III, 
control group (rats №7,8,9) were fed by healthy 
food. Observations were conducted during 4 weeks. 
Every seventh day from the onset of the experiment 
we controlled the animals’ weight. Results are gi-
ven in the Tables. After 4 weeks animals were put 
to sleep and their liver and visceral organs were 
studied.       

Macroscopic changes were recorded in the liver 
of all three rats of the I group, namely: liver was 



Changes in Rat Organism Caused by Food Contaminated …  63 

Bull. Natl. Acad. Sci. Georg., vol. 20(194), no. 1, 2026 

darker than usual, increased in size, with softened 
structure and thinned gastrointestinal walls. Fundal 
part of the stomach was dark, while cardinal part 
was whitish (light colored).      

In comparison with rats of the I group, the liver 
of all three animals of the II group was relatively 
light-colored (naturally red). Sizes varied within 
the norm. Structure was normal. There were no 
visible injuries on gastrointestinal walls. 

State of liver, stomach and intestines of rats 
from the III control group was within the norm.  

Observation over rats’ weight showed that as 
opposed to II and III groups, all animals of the I 
group have lost their weight during the first week, 
and afterwards kept on gaining their weight 
(Mironov, 2012). 

 
Table 1. Weight change of rats in the group I resulting 
from 4-week observation 

Observation 
time (week) 12.03 19.03 26.03 02.04 09.04 

1 320 g 310 g 320 g 325 g 340 g 
2 350 g 345 g 350 g 375 g 390 g 
3 340 g 330 g 355 g 395 g 400 g 

 

 
Fig. 1. Diagram of days dependence of mass change. 

 
Table 2. Weight change of rats in the group II 
resulting from 4-week observation 

Observation 
time (week) 12.03 19.03 26.03 02.04 09.04 

4 310 g 325 g 325 g 345 g 350 g 
5 340 g 345 g 350 g 360 g 390 g 
6 340 g 360 g 365 g 380 g 410 g 

 

 
Fig. 2. Diagram of days dependence of mass change. 
 
Table 3.  Weight change of rats in the group III 
resulting from 4-week observation 

Observation 
time (week) 12.03 19.03 26.03 02.04 09.04 

7 310 g 320 g 330 g 345 g 350 g 
8 350 g 360 g 370 g 375 g 385 g 
9 300 g 320 g 335 g 350 g 360 g 

 

 
Fig. 3. Diagram of days dependence of mass change. 

 

Discussion and Results 

Stomach: through external inspection, a mucous 
coat of stomach of animals from both control and 
experimental groups is of a dark red color with 
multiple deepening (pits). Macroscopically, the 
stomach wall consists of three main coats: mucous, 
muscular and serous. From within, it is covered 
with one-layer cylindric glandular epithelium. 
Inner layer includes dark blackish mucosa, 
especially in its fundal and pyloric parts, which is 
clearly seen even during external examination. 
Glands of that part of stomach, which is directly 
adjacent to gullet, are of a small size. Mucous coat 
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is thinned, and submucosa coat is thickened. From 
outside, stomach is covered with a serous coat, with 
congested blood vessels and lymphatic ducts in its 
thickness.    

Duodenum. Duodenum wall of animals of test and 
control groups consists of serous, muscular and 
mucous coats, as well as of mucous layer, which 
excretes mucous coat from muscular coat. Mucous 
layer of rats under study is relatively dark at the 
inner surface of duodenum. Its muscular coat is an 
extension of stomach’s muscular coat. It consists of 
two-layer smooth muscle cells. They are disposed 
transversally on the external layer and circularly – 
on the inner one. Serous coat covers duodenum 
partly only, while the remaining parts are covered 
with spongy, fibrous tissue, which consists of 
clearly expressed blood vessels in large quantities.   

Macroscopic structure of duodenum wall of 
animals of both test and control groups almost does 
not undergo structural changes.  

Liver. Through external examination, livers of rats 
from test and control groups markedly differ from 
each other. Liver surface of rats of the control group 
is smooth, brownish-grey, and has no gall bladder. 
Liver is covered with thin connective tissue, so-
called Glisson’ capsule, which is easily disengaged 
from surface. It is represented by hepatic lobes: 
right lateral and medial, left lateral and medial 
(caudal). Liver keeps a structure peculiar to it. 
Lumens of portal vein and hepatic artery, as well as 
of glandular duct are disposed in the middle of so-
called classic lobules.    

Liver of the test animals is a dark brownish-grey 
swelled organ (by 4-6%), Glisson’s capsule is 
glossy, glandular duct is easily disengaged from 

subhepatic tissues when cut. Blood vessels, as well 
as portal vein lumen are enlarged.     

Hepatic lobes and liver weight. It can be 
concluded that after being fed by mouldy bread, 
rat’s liver does not keep its peculiar structure and 
therefore its functions, as well.   

Kidney. Macroscopically, rat’s kidney is of a bean 
shape, consisting of one lobe only. It is covered 
with a thin connective tissue capsule, which is 
easily disengaged from renal corpuscle. Its cross-
section includes 2 layers: external cortical layer and 
internal medullary substance. Medullary layer 
(area) of the study animals is a dark reddish, wide, 
cone-shaped striped pyramid. Its structure is 
preserved. Urine quantity in animals of both test 
and control groups is within the norm, which points 
at renal function.       

As the macroscopic examination of kidney 
clearly showed that both anatomical organization 
and urinoexcretory function of kidney are 
completely preserved after food intake.   

 
Conclusions 

The obtained data allow concluding that a mouldy 
bread induces changes in normal structure and 
functions of stomach, intestines, and liver, while a 
mouldy bread held for 48 hours along with lignin 
treated with hydro-carbonate does not cause 
changes in normal structure and functions of 
stomach, intestines, liver, kidney, and duodenum. 
Mouldy bread placed for a short time to lignin 
treated with sodium hydro-carbonate has not 
caused changes in rats’ organism.
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	Agriculture is a rapidly developing sector of Georgian industry. This is why safe storage of agri-cultural cultivated plant production widespread in Georgia from harvesting to sale is of special impor-tance for promotion of this branch of economy. At that time food products safety, which means biosa-fety of food products, acquires especial significance in order to protect agricultural crops from myco-toxins throughout a period from warehousing to sale.  
	Use of different-type adsorbents stands out with special efficiency when protecting vegetable and cereal crops from aflatoxins in storage facilities. The particular advantage of adsorption method lies in its accessibility and efficiency. Aflatoxin adsorbents are divided into several groups: mineral, carbon-bearing and mixed. For studies we have used lignin (sawdust) treated with sodium hydrocarbonate and have studied its adsorption properties (Ulger et al., 2020; Streit et al., 2013; Uridia et al., 2021).
	The goal of the research was to check adsorption properties of lignin treated with sodium hydro-carbonate and its effect on living systems. In particular, impact of food contaminated with aflatoxin placed in lignin on rat liver state. 
	Experiments were conducted on male rats with 300-350g mass. Animals were divided into 3 gro-ups. 3 rats of the I group (rats №1,2,3) took food (mouldy bread, wheat grains) contaminated by aflatoxin, 3 rats of the II group (rats №4,5,6) were fed by the same infected food placed in lignin, trea-ted with sodium hydro-carbonate. Food was placed in lignin for no less than 48 hours. 3 rats of the III, control group (rats №7,8,9) were fed by healthy food. Observations were conducted during 4 weeks. Every seventh day from the onset of the experiment we controlled the animals’ weight. Results are gi-ven in the Tables. After 4 weeks animals were put to sleep and their liver and visceral organs were studied.      
	Macroscopic changes were recorded in the liver of all three rats of the I group, namely: liver was darker than usual, increased in size, with softened structure and thinned gastrointestinal walls. Fundal part of the stomach was dark, while cardinal part was whitish (light colored).     
	In comparison with rats of the I group, the liver of all three animals of the II group was relatively light-colored (naturally red). Sizes varied within the norm. Structure was normal. There were no visible injuries on gastrointestinal walls.
	State of liver, stomach and intestines of rats from the III control group was within the norm. 
	Observation over rats’ weight showed that as opposed to II and III groups, all animals of the I group have lost their weight during the first week, and afterwards kept on gaining their weight (Mironov, 2012).
	Table 1. Weight change of rats in the group I resulting from 4-week observation
	Observation time (week)
	12.03
	19.03
	26.03
	02.04
	09.04
	1
	320 g
	310 g
	320 g
	325 g
	340 g
	2
	350 g
	345 g
	350 g
	375 g
	390 g
	3
	340 g
	330 g
	355 g
	395 g
	400 g
	/
	Fig. 1. Diagram of days dependence of mass change.
	Table 2. Weight change of rats in the group II resulting from 4-week observation
	Observation time (week)
	12.03
	19.03
	26.03
	02.04
	09.04
	4
	310 g
	325 g
	325 g
	345 g
	350 g
	5
	340 g
	345 g
	350 g
	360 g
	390 g
	6
	340 g
	360 g
	365 g
	380 g
	410 g
	/
	Fig. 2. Diagram of days dependence of mass change.
	Table 3.  Weight change of rats in the group III resulting from 4-week observation
	Observation time (week)
	12.03
	19.03
	26.03
	02.04
	09.04
	7
	310 g
	320 g
	330 g
	345 g
	350 g
	8
	350 g
	360 g
	370 g
	375 g
	385 g
	9
	300 g
	320 g
	335 g
	350 g
	360 g
	/
	Fig. 3. Diagram of days dependence of mass change.
	Discussion and Results
	Stomach: through external inspection, a mucous coat of stomach of animals from both control and experimental groups is of a dark red color with multiple deepening (pits). Macroscopically, the stomach wall consists of three main coats: mucous, muscular and serous. From within, it is covered with one-layer cylindric glandular epithelium. Inner layer includes dark blackish mucosa, especially in its fundal and pyloric parts, which is clearly seen even during external examination. Glands of that part of stomach, which is directly adjacent to gullet, are of a small size. Mucous coat is thinned, and submucosa coat is thickened. From outside, stomach is covered with a serous coat, with congested blood vessels and lymphatic ducts in its thickness.   
	Duodenum. Duodenum wall of animals of test and control groups consists of serous, muscular and mucous coats, as well as of mucous layer, which excretes mucous coat from muscular coat. Mucous layer of rats under study is relatively dark at the inner surface of duodenum. Its muscular coat is an extension of stomach’s muscular coat. It consists of two-layer smooth muscle cells. They are disposed transversally on the external layer and circularly – on the inner one. Serous coat covers duodenum partly only, while the remaining parts are covered with spongy, fibrous tissue, which consists of clearly expressed blood vessels in large quantities.  
	Macroscopic structure of duodenum wall of animals of both test and control groups almost does not undergo structural changes. 
	Liver. Through external examination, livers of rats from test and control groups markedly differ from each other. Liver surface of rats of the control group is smooth, brownish-grey, and has no gall bladder. Liver is covered with thin connective tissue, so-called Glisson’ capsule, which is easily disengaged from surface. It is represented by hepatic lobes: right lateral and medial, left lateral and medial (caudal). Liver keeps a structure peculiar to it. Lumens of portal vein and hepatic artery, as well as of glandular duct are disposed in the middle of so-called classic lobules.   
	Liver of the test animals is a dark brownish-grey swelled organ (by 4-6%), Glisson’s capsule is glossy, glandular duct is easily disengaged from subhepatic tissues when cut. Blood vessels, as well as portal vein lumen are enlarged.    
	Hepatic lobes and liver weight. It can be concluded that after being fed by mouldy bread, rat’s liver does not keep its peculiar structure and therefore its functions, as well.  
	Kidney. Macroscopically, rat’s kidney is of a bean shape, consisting of one lobe only. It is covered with a thin connective tissue capsule, which is easily disengaged from renal corpuscle. Its cross-section includes 2 layers: external cortical layer and internal medullary substance. Medullary layer (area) of the study animals is a dark reddish, wide, cone-shaped striped pyramid. Its structure is preserved. Urine quantity in animals of both test and control groups is within the norm, which points at renal function.      
	As the macroscopic examination of kidney clearly showed that both anatomical organization and urinoexcretory function of kidney are completely preserved after food intake.  
	Conclusions
	The obtained data allow concluding that a mouldy bread induces changes in normal structure and functions of stomach, intestines, and liver, while a mouldy bread held for 48 hours along with lignin treated with hydro-carbonate does not cause changes in normal structure and functions of stomach, intestines, liver, kidney, and duodenum. Mouldy bread placed for a short time to lignin treated with sodium hydro-carbonate has not caused changes in rats’ organism.
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Introduction

The occurrence of mycotoxins in contaminated foodstuff can lead to serious health risks for both humans and animals, and this has attracted research interest in developing novel approaches to decon-
taminate mycotoxins for food safety. One of the effective ways to prevent food contamination against mycotoxins is based on efficiency adsorption. The removal of adsorbents in different food samples is a challenge that if addressed properly would enable us to overcome the contamination of multi-mycotoxins. Recently, nano-adsorbents and their various combinations seem to be a promising tool for capturing and removing mycotoxins from contaminated samples thanks to their excellent performance. 

[bookmark: _Hlk194953156]Mycotoxins, such as aflatoxins (AFs), deoxy-
nivalenol (DON), zearalenone (ZEA/ZEN), fumo-
nisins (FBs) and ochratoxins (OTs), pose a major concern for the safety of commercial food products and human consumption. According to statistics from the Food and Agriculture Organization (FAO) and revised data from researchers, more than 25% of the world's agricultural products are conta-
minated with mycotoxins each year (Elliott et al., 2020; Benkerroum, 2020). Studies have shown that ingestion of food and feed contaminated by mycotoxins results in adverse health problems for humans and livestock (Eskola et al., 2020)

Aflatoxin contamination is a worldwide problem that affects a wide range of agricultural goods.  Afla-
toxins are mainly produced by moulds belonging to Aspergillus sp. and have been shown as a major contaminant in foods such as oils, nuts and dairy pro-
ducts. In addition to their well-known carcinogenic, teratogenic and mutagenic properties, aflatoxins also have adverse effects on organisms such as immuno-
toxicity and genotoxicity (Karkashadze et al., 2024).

For the protection of consumers from the harms of aflatoxins agreements and standards are deve-
loped worldwide. Effective control of aflatoxin contamination is guided by important international organizations: Codex Alimentarius Commission (CAC); European Union (EU); United States Food and Drug Administration (FDA).

Unfortunately, it is impossible to eradicate the formation of mycotoxins in food thoroughly due to the complex storage environment, poor harvesting practices, inappropriate storage practices by consu-
mers and improper transport conditions in food industry (Karkashadze et al., 2022; Luo et al., 2018). Therefore, decontamination of mycotoxins is a challenging issue and various strategies based on physics, chemistry and biology are developed for effective detoxification of mycotoxins. Among these, the adsorption method seems to be a pro-
mising direction to achieve the reduction in myco-
toxins owing to its simple operation, high removal efficiency and low cost (Marroquin-Cardona et al., 2014). However, traditional mycotoxins adsor-
bents, including clays, activated carbon and bioma-
terials, are not fully satisfying for mycotoxin con-
trol in the food industry since they cannot meet the criteria for large-scale production of oils, beverages and wine. Hence, it is extremely urgent and impor-
tant to develop novel adsorbents with high efficie-
ncy, green, safe, practical and economic characte-
ristics for mycotoxins removal (Mironov, 2012; Park et al., 1999).

Agriculture is a rapidly developing sector of Georgian industry. This is why safe storage of agri-
cultural cultivated plant production widespread in Georgia from harvesting to sale is of special impor-
tance for promotion of this branch of economy. At that time food products safety, which means biosa-
fety of food products, acquires especial significance in order to protect agricultural crops from myco-
toxins throughout a period from warehousing to sale.  

Use of different-type adsorbents stands out with special efficiency when protecting vegetable and cereal crops from aflatoxins in storage facilities. The particular advantage of adsorption method lies in its accessibility and efficiency. Aflatoxin adsorbents are divided into several groups: mineral, carbon-bearing and mixed. For studies we have used lignin (sawdust) treated with sodium hydrocarbonate and have studied its adsorption properties (Ulger et al., 2020; Streit et al., 2013; Uridia et al., 2021).

The goal of the research was to check adsorption properties of lignin treated with sodium hydro-carbonate and its effect on living systems. In particular, impact of food contaminated with aflatoxin placed in lignin on rat liver state. 

Experiments were conducted on male rats with 300-350g mass. Animals were divided into 3 gro-
ups. 3 rats of the I group (rats №1,2,3) took food (mouldy bread, wheat grains) contaminated by aflatoxin, 3 rats of the II group (rats №4,5,6) were fed by the same infected food placed in lignin, trea-
ted with sodium hydro-carbonate. Food was placed in lignin for no less than 48 hours. 3 rats of the III, control group (rats №7,8,9) were fed by healthy food. Observations were conducted during 4 weeks. Every seventh day from the onset of the experiment we controlled the animals’ weight. Results are gi-ven in the Tables. After 4 weeks animals were put to sleep and their liver and visceral organs were studied.      

Macroscopic changes were recorded in the liver of all three rats of the I group, namely: liver was darker than usual, increased in size, with softened structure and thinned gastrointestinal walls. Fundal part of the stomach was dark, while cardinal part was whitish (light colored).     

In comparison with rats of the I group, the liver of all three animals of the II group was relatively light-colored (naturally red). Sizes varied within the norm. Structure was normal. There were no visible injuries on gastrointestinal walls.

State of liver, stomach and intestines of rats from the III control group was within the norm. 

Observation over rats’ weight showed that as opposed to II and III groups, all animals of the I group have lost their weight during the first week, and afterwards kept on gaining their weight (Mironov, 2012).



Table 1. Weight change of rats in the group I resulting from 4-week observation

		Observation time (week)

		12.03

		19.03

		26.03

		02.04

		09.04



		1

		320 g

		310 g

		320 g

		325 g

		340 g



		2

		350 g

		345 g

		350 g

		375 g

		390 g



		3

		340 g

		330 g

		355 g

		395 g

		400 g







[image: ]

Fig. 1. Diagram of days dependence of mass change.



Table 2. Weight change of rats in the group II resulting from 4-week observation

		Observation time (week)

		12.03

		19.03

		26.03

		02.04

		09.04



		4

		310 g

		325 g

		325 g

		345 g

		350 g



		5

		340 g

		345 g

		350 g

		360 g

		390 g



		6

		340 g

		360 g

		365 g

		380 g

		410 g







[image: ]

Fig. 2. Diagram of days dependence of mass change.



Table 3.  Weight change of rats in the group III resulting from 4-week observation

		Observation time (week)

		12.03

		19.03

		26.03

		02.04

		09.04



		7

		310 g

		320 g

		330 g

		345 g

		350 g



		8

		350 g

		360 g

		370 g

		375 g

		385 g



		9

		300 g

		320 g

		335 g

		350 g

		360 g







[image: ]

Fig. 3. Diagram of days dependence of mass change.



Discussion and Results

Stomach: through external inspection, a mucous coat of stomach of animals from both control and experimental groups is of a dark red color with multiple deepening (pits). Macroscopically, the stomach wall consists of three main coats: mucous, muscular and serous. From within, it is covered with one-layer cylindric glandular epithelium. Inner layer includes dark blackish mucosa, especially in its fundal and pyloric parts, which is clearly seen even during external examination. Glands of that part of stomach, which is directly adjacent to gullet, are of a small size. Mucous coat is thinned, and submucosa coat is thickened. From outside, stomach is covered with a serous coat, with congested blood vessels and lymphatic ducts in its thickness.   

Duodenum. Duodenum wall of animals of test and control groups consists of serous, muscular and mucous coats, as well as of mucous layer, which excretes mucous coat from muscular coat. Mucous layer of rats under study is relatively dark at the inner surface of duodenum. Its muscular coat is an extension of stomach’s muscular coat. It consists of two-layer smooth muscle cells. They are disposed transversally on the external layer and circularly – on the inner one. Serous coat covers duodenum partly only, while the remaining parts are covered with spongy, fibrous tissue, which consists of clearly expressed blood vessels in large quantities.  

Macroscopic structure of duodenum wall of animals of both test and control groups almost does not undergo structural changes. 

Liver. Through external examination, livers of rats from test and control groups markedly differ from each other. Liver surface of rats of the control group is smooth, brownish-grey, and has no gall bladder. Liver is covered with thin connective tissue, so-called Glisson’ capsule, which is easily disengaged from surface. It is represented by hepatic lobes: right lateral and medial, left lateral and medial (caudal). Liver keeps a structure peculiar to it. Lumens of portal vein and hepatic artery, as well as of glandular duct are disposed in the middle of so-called classic lobules.   

Liver of the test animals is a dark brownish-grey swelled organ (by 4-6%), Glisson’s capsule is glossy, glandular duct is easily disengaged from subhepatic tissues when cut. Blood vessels, as well as portal vein lumen are enlarged.    

Hepatic lobes and liver weight. It can be concluded that after being fed by mouldy bread, rat’s liver does not keep its peculiar structure and therefore its functions, as well.  

Kidney. Macroscopically, rat’s kidney is of a bean shape, consisting of one lobe only. It is covered with a thin connective tissue capsule, which is easily disengaged from renal corpuscle. Its cross-section includes 2 layers: external cortical layer and internal medullary substance. Medullary layer (area) of the study animals is a dark reddish, wide, cone-shaped striped pyramid. Its structure is preserved. Urine quantity in animals of both test and control groups is within the norm, which points at renal function.      

As the macroscopic examination of kidney clearly showed that both anatomical organization and urinoexcretory function of kidney are completely preserved after food intake.  



Conclusions
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The obtained data allow concluding that a mouldy bread induces changes in normal structure and functions of stomach, intestines, and liver, while a mouldy bread held for 48 hours along with lignin treated with hydro-carbonate does not cause changes in normal structure and functions of stomach, intestines, liver, kidney, and duodenum. Mouldy bread placed for a short time to lignin treated with sodium hydro-carbonate has not caused changes in rats’ organism.
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