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Abstract
A proper diet that provides balanced nutrients according to species, breed, age, sex, and purpose is essential for achie-
ving optimal animal growth, development, and physiological function. In relation to this statement, the aim of this study 
was to quantitatively assess the effects of different dietary regimens on the morphometric characteristics of the small 
intestine of late puerperal rats, with a emphasis on the duodenum and jejunum. The research included measurements 
of the height and width of intestinal villi, and the depth of crypts, in order to determine specific morphological chan-
ges associated with the influence of the diet. The experiment involved 18 adult rats divided into three groups: the first 
group received standard commercial rat feed (control group), the second group was fed bakery products, and the third 
group was given a diet consisting exclusively of meat. Over a 49-day period, body weight, organ weights, and intestinal 
segment lengths were measured. Histological analyses of duodenum and jejunum samples were performed, alongsi-
de detailed morphometric assessment of the intestinal mucosa. Significant alterations in intestinal villi were observed. 
In the duodenum, the greatest villus height and width, as well as crypt depth, were observed in rats that had meat-ba-
sed diet. Similarly, in the jejunum, rats from the same group exhibited the greatest villus height and crypt depth, whi-
le the mean measure of the villus width was almost identical to mean measure in rats that were fed with commerci-
al food. These findings suggest that diet composition profoundly influences intestinal architecture and function. Overall, 
the study emphasizes the critical role of balanced nutrition in maintaining gastrointestinal health, systemic homeosta-
sis, and optimal development, not only in laboratory animals but also in a broader veterinary and biomedical context.
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INTRODUCTION

Laboratory animals represent indispensable models in 
modern biomedical and veterinary research.1,2 Particu-
lar attention is devoted to the digestive system, as it 
plays a central role in growth, reproduction, and overall 
health status.3 Among laboratory species, the rat from 
species Rattus norvegicus holds a prominent position 
due to its genetic homogeneity, well-defined.4 physio-
logical parameters, short reproductive cycle and predic-
table postpartum adaptations The availability of nume-
rous inbred and standardized strains, together with its 
distinct anatomical and functional similarities to other 
mammals, makes this species a reliable model for inves-
tigating reproductive physiology, metabolism, and adap-
tive changes in various organ systems.3 

Nutrition is one of the most important environmental 

factors modulating intestinal structure and function.5,6 
Different dietary regimens, including ad libitum feeding, 
food restriction or chemically defined diets may induce 
marked histomorphological alterations in the intestinal 
mucosa affecting villus height, crypt depth, goblet cell 
density, and overall mucosal thickness.7,8 Given the con-
tinuous proliferation and migration of enterocytes from 
the crypts to the villus tips, changes in nutritional status 
can lead to adaptive or pathological structural modifi-
cations.9 

The late puerperium represents a physiologically sensi-
tive period characterized by pronounced hormonal and 
metabolic adjustments.10 A rapid decline in progeste-
rone levels, accompanied by changes in estrogen and 
prolactin concentrations, contributes to the reorgani-
zation of multiple tissues, including the gastrointestinal 
tract.4 Due to its high proliferative activity, the intestinal 
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epithelium is particularly susceptible to hormonal and 
nutritional influences. Consequently, dietary modificati-
ons during this period may significantly affect intestinal 
morphology and absorptive capacity.11 

The aim of this study was to quantitatively assess the ef-
fects of different dietary regimens on the morphometric 
characteristics of the small intestine in rats during late 
puerperium, with special emphasis on the duodenum 
and jejunum. Villus height and width, as well as crypt 
depth, were measured to identify specific morphologi-
cal alterations associated with dietary interventions.

MATERIAL AND METHODS

Approval of the ethics committee

The Ethics Committee of the University of Sarajevo - Ve-
terinary Faculty, in accordance with the Law on Animal 
Welfare in Bosnia and Herzegovina, gave a positive opi-
nion, number 07-03-367-2/22, which ensured adheren-
ce to all ethical standards and animal welfare during the 
research.

Animals 

The experimental study included 18 clinically healthy 
adult Wistar rats. The individuals were between 1 and 
2 months old and average body weight 87-140 g. Rats 
were housed in standardized laboratory cages with un-
limited access to water and food throughout the expe-
riment. The temperature in the room ranged between 
20 and 23 °C, and the relative humidity was 60% ± 10%.

Experimental design 

The animals were randomly divided to three experi-
mental groups of six individuals each. The first group 
(A) – the control group was fed standardized, briquetted 
food for rodents that provided all essential nutrients in 
a balanced ratio. The second group (B) was fed bakery 
products including dry bread, pastries, pasta and other 
homemade confectionery products. The third group (C) 
was fed a combination of fresh and thermally processed 
meat in equal proportions of beef, sheep and pork. The 
duration of the experiment was seven weeks (49 days), 
during which the animals consumed the allotted food 
daily.

After forty-nine (49) days of the experiment, the ani-
mals were euthanized using Ketamine Hydrochloride 
(Ketamine Hydrochloride) in a dose of 50 mg/kg inje-
cted into the hindlimb musculature. The body mass of 
each animal was determined with a Nahita 5021 digital 
scale (capacity 600 g, precision 0.1 g). After that, surgical 
access was performed to the thoracic and abdominal ca-
vities, and all internal organs were removed. Individual 
organs, including the heart, lungs, liver, spleen, stoma-
ch, kidneys, small and large intestines, were measured 
and analyzed. For precise measurements, a digital ver-
nier “Electronic Digital Caliper” with an accuracy of 0.01 
mm was used, with additional control of measurements 
with a ruler and thread. The length of the duodenum, 
jejunum, ileum, cecum, colon and rectum was recorded 
and analyzed. The obtained data are presented as mean 
values ​​with standard deviation, which allows for the 
description of variability within the sample.

Histopathology and morphometric analysis 

For histopathological examination, tissue samples from 
the caudal third of the duodenum and the middle and 
caudal thirds of the jejunum were collected and fixed 
in 10% buffered formalin. After fixation, tissues were 
processed in a rotational tissue processor (MICROM 
STP-120, Thermo Fisher Scientific, USA) through graded 
ethanol (70%, 96%, and 100%), cleared in toluene, and 
embedded in paraffin. Paraffin sections (5 µm) were 
obtained using a digital microtome (LEICA RM2145, Le-
ica, Germany) and stained with hematoxylin and eosin 
(H&E). The sections were examined under a light mic-
roscope (OLYMPUS BX51, Olympus, Japan) at magnifica-
tions of 40×–100×. Multiple samples of the duodenum 
and jejunum were analyzed for each animal.

Villus height, crypt depth, and villus width were mea-
sured on multiple duodenal and jejunal sections from 
each rat. Villus height was defined as the distance from 
the villus tip to the villus–crypt junction, whereas cr-
ypt depth was measured from the villus–crypt junction 
to the base of the crypt. Villus width was measured at 
the lower third of the villus. Morphometric analysis of 
the small intestinal mucosa was performed using Cell 
software (Cell Software Services, UK), and the measured 
parameters are illustrated in Figure 1. 

Figure 1. Histological parameters of the small intestine. H&E, 
40X                         
1. Villus height, 2. Crypt depth, 3. Villus width

Statistical analysis

Morphometric data were recorded in tables as means 
and standard deviation (SD). All data were analyzed 
using SPSS Software (IBM, USA). Additionally, boxplots 
were generated to visualize the distribution, median, 
interquartile range, and potential outliers for each me-
asured parameter, providing a clear representation of 
the variability and differences in morphometric traits 
between experimental groups.

RESULTS

The results of the research showed that the dietary 
regime significantly affects the body weight and morp-
hometric characteristics of the intestines of rats in the 
puerperal period (Table 1). The group fed meat achie-
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ved an average weight of 240.7 g, which is 81% more 
than the control group (132.9g) and 23.8% more than 
the bakery group (194.5). Body weight variability was 
the lowest in the control group (SD = 5.3), while the hi-
ghest was recorded in the meat group. The increase in 
total bodyweight was positively correlated with the or-
gan weight. The total digestive tract and small intestine 
were longest in the meat group, followed by the bakery 
and control groups, with individual segments (duode-
num, jejunum, ileum, cecum, colon, rectum) showing a 
similar distribution, while differences in duodenum and 
jejunum lengths were not statistically significant (Table 
2).

Histological characteristics, as well as boxplots of the 
duodenum and jejunum of all three groups are shown 
in Figures 2, 3, 4 and 5.

The villus height in the duodenum was the highest in 
the bakery-fed group (732.75 µm), followed by the 
control group (556.29 µm), and the lowest in the me-
at-fed group (539.56 µm). Crypt depth was greatest in 
the bakery-fed group (257.95 µm), intermediate in the 
meat-fed group (195.62 µm), and lowest in the control 
group (187.44 µm). Villus width was also highest in the 
bakery-fed group (110.59 µm), followed by the cont-

rol group (100.38 µm), while the lowest values were 
recorded in the meat-fed group (97.73 µm). However, 
boxplot diagrams showed the highest median values for 
villus height, crypt depth, and villus width in the bakery 
group, with relatively consistent distributions. The cont-
rol and meat-fed groups exhibited partially overlapping 
interquartile ranges and greater variability, suggesting 
different patterns of morphological adaptation of the 
duodenal mucosa among dietary groups.

In the jejunum, villus height was highest in the baker-
y-fed group (506.68 µm), followed by the control group 
(445.19 µm), while the lowest values were recorded in 
the meat-fed group (353.88 µm). Crypt depth showed 
a similar pattern, with the greatest values in the baker-
y-fed group (172.52 µm), intermediate values in the 
control group (148.50 µm), and the lowest values in 
the meat-fed group (133.50 µm). Villus width was hig-
hest in the control group (108.83 µm), followed by the 
bakery-fed group (106.15 µm), whereas the narrowest 
villi were observed in the meat-fed group (89.20 µm). 
However, boxplot diagrams revealed the highest medi-
an values for villus height and crypt depth in the bakery 
group, while the control group showed the highest me-
dian villus width. 

Table 1. Weight parameters of rat organs (mean ± SD, g)

Weight parameters Control group (A)
Mean

Bread Group (B)
Mean

Meat Group (C) 
Mean

Total body
Internal organs
Heart + Lung
Liver
Spleen
Stomach
Kidneys
Small intestines
Large intestines

132.9±5.3
30.1 ±1
2 ±0.2
7.7 ±0.6
1 ±0.3
4.1 ±0.9
1.4 ±0.1
7.1 ±0.5
6.5 ±0.7

194.5 ±16.9
32.5 ±2.2
2.5 ±0.4
9.2 ±0.5
0.8 ±0.1
2.6 ±0.2
1.9 ±0.2
6.3 ±0.5
7.6 ±1.2

240.7 ±26
36.5 ±4.3
3.2 ±0.4
10.9 ±1
1.4 ±0.2
2.6 ±0.4
2.5 ±0.1
7.4 ±1.9
6.7 ±1.5

Table 2. Morphometric parameters of the rat internal organs (mean ± SD, cm)

Length parameters Control group (A)
Mean

Bread Group (B)
Mean

Meat Group (C)
Mean

Duodenum
Jejunum
Ileum
Cecum
Colon
Rectum

9.1±0.8
78.2±4.2
6.2±0.5
3.0±0.4
8.7±1.4
7.3±0.7

9.7±0.9
82.6±7.1
6.7±1.2
3.4±0.4
8.5±1.0
8.6±1.0

9.3±1.5
102.8±14.8
6.6±0.6
4.3±0.8
8.5±1.1
8.5±1.1

Figure 2. Boxplot diagram of the duodenum in rats. Control group (A), Bread Group (B), Meat Group (C)
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Figure 3. Histological structure of the duodenum in rats. Control group (A), Bread Group (B), Meat Group (C)

Figure 4. Boxplot diagram of the jejunum in rats. Control group (A), Bread Group (B), Meat Group (C)

Figure 5. Histological structure of the jejunum in rats. Control group (A), Bread Group (B), Meat Group (C)

DISCUSSION 

The small intestine constitutes the largest proportion of 
the gastrointestinal tract and represents the principal 
site of enzymatic digestion and nutrient absorption. For 
this reason, it was placed at the center of the present 
investigation. The study included measurements of to-
tal intestinal weight and length, together with a detailed 
histomorphological analysis of the duodenum and jeju-
num, the segments primarily responsible for nutrient 
breakdown and absorption. The structure and function 
of the small intestine are closely associated with the or-
ganism’s nutritional status and physiological condition. 
Adaptive changes are particularly pronounced during 
periods of increased metabolic demand, such as preg-
nancy and late puerperium, when the requirement for 
efficient nutrient absorption is substantially elevated.

To ensure a reliable interpretation of the findings, the 
results were compared with relevant literature addres-
sing morphometric and histomorphological characteris-
tics of the intestines in laboratory rats.3,12-17   

Among the compared gross morphometric parameters, 
the smallest deviations from previously published data 
were observed for body weight and total intestinal len-
gth. Body weight values in the present study were rela-
tively close to those reported by McManus and Isselba-
cher12, Silva-Santana et al.15, and Hermes et al.13, while 
total intestinal length remained within or near the range 
described by Kararli3, Vdoviaková et al.14, and Hadžiome-
rović et al..16

Small intestinal morphology is considered one of the 

most important indicators of intestinal functional acti-
vity. The absorptive capacity of the mucosa largely de-
pends on villus height and crypt depth, while changes 
in these parameters may significantly affect digestion 
and nutrient absorption.3,18 Increased villus height is 
associated with an enlarged absorptive surface and im-
proved digestive and transport activity, whereas crypt 
depth reflects the proliferative activity of the intestinal 
epithelium.3 For this reason, villus height, villus width, 
and crypt depth represent key histomorphological para-
meters in the evaluation of intestinal development and 
adaptive responses to dietary influences.

Numerous studies in rats have investigated intestinal 
mucosal changes induced by dietary supplements, ami-
no acids, and other nutritional interventions Ribeiro 
et al.19 demonstrated that glutamine-enriched nutriti-
on significantly increased duodenal villus height after 
massive intestinal resection, with values of 613.5 µm 
compared with 528.7 µm in the control group. A similar 
tendency was observed in the jejunum, both for villus 
height and crypt depth. Seyyedin and Nazem8 also re-
ported significant increases in villus height and width in 
all segments of the small intestine following methioni-
ne administration. In the duodenum, villus height inc-
reased from 389.47 µm in the control group to 533.84 
µm in the Met100 group and 525.82 µm in the Met200 
group, while villus width increased from 69.47 µm in 
controls to 103.22 µm and 106.66 µm, respectively.

Intestinal development is particularly dynamic during 
the weaning period. Herbst and Sunshine (1969)20 de-
monstrated that weaning is associated with significant 
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increases in intestinal weight, crypt depth, and prolife-
rative activity. In their study, the “fed” group exhibited 
increased jejunal crypt depth (16.5 cells) compared to 
control and sham-fed groups, reflecting adaptive muco-
sal responses to nutritional intervention during a critical 
developmental window.

The findings of Hadžiomerović et al.16 are particular-
ly relevant because the methodological framework 
was identical to that used in the present study. In their 
study, duodenal villus height was lowest in the control 
group (475.34 µm), increased in the bread-fed group 
(661.59 µm), and was also elevated in the meat-fed 
group (602.83 µm). No marked differences were repor-
ted for villus width or crypt depth in the duodenum. 
In the jejunum, however, the most prominent changes 
were observed in crypt depth, which was highest in the 
meat-fed group (246.23 µm), compared with the cont-
rol (145.14 µm) and bread-fed group (191.41 µm). Sharp 
and Villano21 emphasized the major absorptive role of 
the duodenum and noted that villi become smaller from 
the duodenum toward the ileum, reflecting the lower 
absorptive capacity of more distal intestinal segments. 
This pattern is consistent with both the findings of Ha-
džiomerović et al.16 and the results of the present study.

In the present study, the duodenum showed the highest 
villus height in the bakery-fed group (732.75 µm), fol-
lowed by the control group (556.29 µm) and the me-
at-fed group (539.56 µm). Crypt depth in the duodenum 
was also greatest in the bakery-fed group (257.95 µm), 
compared with 195.62 µm in the meat-fed group and 
187.44 µm in controls. Villus width showed less varia-
tion, amounting to 110.59 µm in the bakery-fed group, 
100.38 µm in the control group, and 97.73 µm in the 
meat-fed group. In the jejunum, villus height was again 
highest in the bakery-fed group (506.68 µm), followed 
by the control group (445.19 µm), whereas the meat-fed 
group had the lowest value (353.88 µm). Jejunal crypt 
depth was 172.52 µm in the bakery-fed group, 148.5 µm 
in the control group, and 133.5 µm in the met-fed group. 
Villus width in the jejunum was similar between the 
control and bakery-fed groups (108.83 µm and 106.15 
µm, respectively), while the meat-fed group showed the 
lowest value (89.2 µm).

Comparable adaptive changes have also been described 
under different dietary conditions. Segú et al.7, in a 17-
week study on female Wistar rats fed either a standard 
diet or a cafeteria diet rich in saturated fats and sucrose, 
found a significant increase in duodenal villus height in 
the cafeteria-fed group (734.67 µm) compared with the 
standard-fed group (610.39 µm). Villus width showed 
a slight but non-significant increase, while crypt depth 
remained relatively stable between groups (189.02 µm 
vs. 196.92 µm). However, the villus-to-crypt ratio was 
significantly higher in animals fed the cafeteria diet, in-
dicating adaptive enlargement of the absorptive surface 
in response to prolonged nutrient-rich feeding.7 

Overall, the present findings support the view that diet 
composition has a marked influence on the histomorp-
hological characteristics of the small intestine. The most 
pronounced changes were observed in the meat-fed 
group, particularly in villus height and crypt depth in 
both the duodenum and jejunum, suggesting enhan-
ced mucosal proliferation and absorptive adaptation. In 

contrast, villus width showed less pronounced variation 
among groups. These results are generally consistent 
with previous studies demonstrating that nutritionally 
rich diets and specific dietary components can induce 
structural modifications of the intestinal mucosa in rats.

CONCLUSION

The present study demonstrated the effects of different 
diets on the intestinal morphology and body weight of 
rats during the puerperal period. The results revealed 
that dietary composition significantly influenced body 
weight, with the meat diet resulting in the greatest wei-
ght gain, while bread and standard commercial pelleted 
diets produced smaller increases. Morphometric analy-
sis of the small intestine showed pronounced differen-
ces between groups: the longest villi and deepest cryp-
ts were observed in the protein-rich (meat-fed) group, 
whereas the carbohydrate (bread-fed) group exhibited 
the lowest values. Villus width varied less than length 
and depth, yet the narrowest villi were recorded in the 
carbohydrate group. The findings indicate that protein 
intake exerts a strong trophic effect on the intestinal 
mucosa, supporting adaptive changes during the me-
tabolic demands of late puerperium. These results un-
derline the importance of dietary composition on gut 
morphology and absorptive capacity, which could have 
implications for both veterinary and biomedical resear-
ch. Further studies are needed to explore the potential 
use of intestinal morphometric parameters as indicators 
of gut health.
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