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Abstract

Inflammatory bowel disease (IBD) refers to a pair of disorders, namely Crohn’s disease and ulcerative colitis (UC), 
which are distinguished by persistent gastrointestinal (GI) tract inflammation. Common manifestations include 
fever and inflammation of the colon, resulting in decreased absorption of nutrition and weight loss. The occur-
rence of UC can be decreased by modulating the immune system via gut microflora with probiotics and prebiotics. 
This study aimed to create a rat model of colitis by utilizing trinitrobenzene sulfonic acid (TNBS) and to correlate 
intestinal anti-inflammatory activity, physical effects, and hepatoprotective properties of functional probiotic and 
synbiotic ice cream. In this study, probiotic, S. boulardii CNCM I-745, and prebiotic, inulin, which are proved to 
have beneficial effects on the gut, were used in the formulation of ice cream. The ice cream was then given to albino 
rats with TNBS-induced colitis. The effect of ice cream, which was based on probiotics and synbiotics, was assessed 
by comparing it with negative control and colitic mice. The evaluation focused on the effect of ice cream on phys-
ical and inflammatory indicators. Three treatment groups were administered probiotic and synbiotic ice cream 
based on their weight for a duration of 2 weeks. Prior to this, colitis was induced using TNBS. After consuming 
several functional ice cream formulations for 2 weeks, the levels of inflammatory markers, such as tumor necrosis 
factor-alpha and interleukin-6, exhibited a noticeable decline, indicating reduced inflammation. The ingestion of 
probiotic and synbiotic ice cream also led to enhanced weight gain. The serum levels of aspartate aminotransferase, 
alanine aminotransferase, and alkaline phosphatase, which are parameters for assessing hepatoprotective effects, 
also demonstrated that the treated groups had a faster recovery and reverted to their normal state. This could be 
attributed to the combination immunomodulatory action of probiotic and synbiotic ice cream formulations.

Keywords: colitic albino rats; Saccharomyces boulardii CNCM I-745; synbiotic ice cream; tumor necrosis factor-alpha 
(TNF-α); TNBS

mailto:yangzhennai%40163.com?subject=
mailto:iwockd%40gmail.com?subject=


246� Italian Journal of  Food Science, 2025; 37 (3)

Sarwar A et al.

Introduction

Crohn’s disease (CD) and ulcerative colitis (UC) are two 
complex systemic and incurable disorders that occur 
under the umbrella of inflammatory bowel disease (IBD). 
People all around the world are affected by IBD because 
of the disease’s substantial upward trend in incidence 
proportions. For example, according to the Crohn’s 
& Colitis Foundation of America (2014; Colombel 
and Mahadevan, 2017), an estimated 1.6–3.1 million 
Americans are afflicted with IBD, with approximately 
70,000 new cases diagnosed annually. Conversely, coli-
tis, a debilitating inflammatory condition of the colon, 
presents a complex challenge. The trinitrobenzene sul-
fonic acid (TNBS)-induced colitis model in rodents is a 
well-established approach for studying IBD, providing 
valuable insights into the mechanisms underlying this 
disorder and potential therapeutic strategies (Yang et al., 
2022). 

Antibiotics are obligatory in the treatment of bacterial 
infections, constituting a cornerstone of modern med-
icine. Nevertheless, their use carries the risk of unin-
tended consequences, including antibiotic-associated 
diarrhea (AAD) (Zeng et al., 2019). AAD is a prevalent 
adverse effect of antibiotic therapy, affecting a substan-
tial proportion of patients and ranging from mild dis-
comfort to severe complications. The pathophysiology of 
AAD varies, but the most frequent mechanism is caused 
by antibiotic-induced disruption to gut physiology and 
microbial community assembly, causing intestinal dysbi-
osis (Crobach et al., 2016). This condition arises due to 
disruption in the delicate equilibrium of gut microbiota, 
leading to the proliferation of pathogenic bacteria and 
gastrointestinal distress (Fan et al., 2024; Li et al., 2025; 
Hempel et al., 2012).

Probiotics, defined as live microorganisms that confer 
health benefits when administered in sufficient quan-
tities, have emerged as a promising avenue to mitigate 
the adverse effects of antibiotics and manage conditions, 
such as AAD (Aziz et al., 2024; McFarland et al., 2010). 
Among the probiotics, Saccharomyces boulardii CNCM 
I-745 excels as a non-pathogenic yeast strain with doc-
umented efficacy in preventing and treating various gas-
trointestinal disorders, including infectious diarrhea and 
antibiotic-induced gastrointestinal disturbances (Cencic 
and Chingwaru, 2010; Tung et al., 2009). Additionally, 
the combination of probiotics with prebiotics in synbi-
otics has shown the potential to enhance their beneficial 
effects by promoting the growth and activity of beneficial 
gut microflora, further contributing to gut health. The 
results are contingent upon various factors, including the 
type and concentration of prebiotics, probiotic strains, 
and dietary matrix (Dong et  al., 2025; Zhu et al., 2022; 
Khalesi et al., 2019; Parhi et al., 2024). In recent years, 

the demand of food products that promote good health 
has grown significantly. The dairy industry is noteworthy 
in supplying probiotic microbes to customers (Öztürk 
et al., 2018). The implementation of probiotic cultures 
obtained from dairy matrix presents a potentially effec-
tive approach in achieving stability within the intestinal 
microbiota, hence promoting the overall body health. Ice 
cream is considered as a viable medium for the prolonged 
survival of probiotics within the realm of dairy products 
matrix (Mohammadi et al., 2011).

We characterized a synbiotic ice cream formulation in 
our earlier study (Sarwar et al., 2021). This formulation 
was developed using the probiotic yeast S. boulardii 
CNCM I-745 in combination with inulin. After a storage 
for 120 days, the viability of S. boulardii CNCM I-745 in 
synbiotic ice cream was enhanced with the use of inulin. 
The synbiotic ice cream used in this study demonstrated 
the possibility of a novel functional food that incorpo-
rated probiotic yeast and prebiotic inulin (Sarwar et al., 
2021).

As a reserve polysaccharide, inulin, a soluble dietary fiber, 
is present in over 36,000 plant species. The main sources 
of inulin include chicory, Jerusalem artichoke tubers, 
onions, garlic, barley, and dahlias. Of these, chicory roots 
and Jerusalem artichoke tubers are used frequently as 
raw materials for the food industry’s inulin manufactur-
ing. As a prebiotic, inulin is widely recognized to have a 
remarkable impact on gut microbiota regulation by pro-
moting the growth of beneficial microbiota (Qin et al., 
2023).

This study aimed to investigate the potential benefits of 
S. boulardii CNCM I-745-supplemented probiotic and 
synbiotic ice cream in alleviating TNBS-induced colitis 
in a rat model. By assessing the impact of these inter-
ventions on gastrointestinal health and elucidating the 
mechanisms involved, we attempted to provide valuable 
insights into the potential of probiotic-based ice cream 
formulations as a convenient and palatable means of 
delivering therapeutic microorganisms and prebiotics to 
combat antibiotic-related complications and inflamma-
tory conditions of the colon. This research may not only 
advance our understanding of the therapeutic potential 
of probiotics and synbiotics but also offer practical appli-
cations in the development of novel dietary interventions 
for gastrointestinal disorders.

Material and Methods

Materials and ice cream preparation

Fresh cow milk was purchased from Milkano Co. Ltd. 
(Lahore, Punjab, Pakistan). Inulin was purchased from 
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Now Foods (Bloomingdale, US). The sugar was acquired 
from local supermarket (Lahore, Pakistan). The cream 
was obtained from Nestle. S. boulardii CNCM I-745 
was purchased from Martin Dow (Karachi, Pakistan). 
The viable count of colony forming unit (CFU) of S. 
boulardii CNCM I-745 was determined on Sabouraud 
Dextrose agar in different dilutions made by dissolving 
250-mg sachet in 9-mL peptone water; then the desired 
amount (in milligram) was added to each batch of ice 
cream (Rodriguez et al., 2017). The yogurt starter culture 
containing Lactobacillus delbrueckii ssp. bulgaricus and 
Streptococcus thermophilus, or LS starter, was purchased 
in powder form (DANISCO, France) and activated by 
transferring consecutively for three times in 10% (w/v) 
reconstituted skimmed milk at 37ºC for 24 h for making 
ice cream in the following experiment. 

The rest of chemicals and testing kits utilized in this study 
were of analytical grade and obtained from Sigma Aldrich 
(St. Louis, MO, US). Ice cream was prepared according 
to the method described by Sarwar et al. (2021). After 
adding 7% sugar, raw milk was pasteurized for 30 min 
at 65ºC, allowed to cool to 37ºC, and inoculated with S. 
boulardii CNCM I-745 in the following three groups: the 
first group with 2% inulin, the second group with yogurt 
culture, and the third one with S. boulardii CNCM I-745 
alone. All these groups were then incubated for 6 h at 
37ºC. After this, the rest of ingredients were mixed and 
homogenized in each group. The ice cream samples were 
prepared in batches of 2-kg ice cream mix using an ice 
cream machine with two chambers (Donper, China). 
The ice cream samples were packed in 100-mL cups and 
stored in a freezer. The combinations were probiotic 
ice cream with S. boulardii CNCM I-745(PI), synbiotic 
ice cream with S. boulardii CNCM I-745 and 2% inulin 
(SI-2), and probiotic ice cream with S. boulardii CNCM 
I-745 and yogurt culture (PI-LS). The samples were 
stored and used for feeding rats in in vivo experiments.

Rats grouping, housing, and dosing

A total of 30 female Albino rats, aged 8–9 weeks and 
weighing 70–80 g, were obtained from the University of 
Lahore. The in vivo study was approved by the Animal 

Model Ethical Committee, Pakistan Council of Scientific 
and Industrial Research (PCSIR), Lahore (No. 22-1566). 
The animals were maintained in a controlled environ-
ment with a 12-h light–dark cycle, free from pathogens. 
They were housed in an animal facility with regulated 
temperature (25±5°C) and humidity (60±10%), with 
unrestricted access to food and water. The rats were bred 
for a period of 9 days to acclimatize the conditions. The 
animals were categorized into the following five distinct 
groups (Table 1): group A = control; group A1 (nega-
tive control) = TNBS-induced colitis; group B = TNBS-
induced colitis treated with probiotic ice cream (PI); 
group C = TNBS-induced colitis treated with (SI-2) ice 
cream; and group D = TNBS-induced colitis treated with 
(PI-LS) ice cream.

Induction of colitis 

The animals belonging to the TNBS group were housed 
separately and subjected to an overnight fasting on day 9 
of the experiment. During this period, the animals were 
provided unrestricted access to 5% sucrose solution. This 
was exercised to minimize the presence of fecal pellets 
in the distal colon. On day 10 of the experiment, the 
animals were administered anesthesia using isoflurane 
(Flurane®; Biocare Pharmaceutica, Lahore, Pakistan). 
A rectal instillation of 40% ethanolic solution of TNBS 
(15 mg per body weight of animal) was conducted using 
a medical-grade polyurethane catheter designed for 
enteral feeding. The instillation was carried out approxi-
mately 4–8 cm proximal to the anal verge. Subsequently, 
the rats were subjected to a head-down position for a 
brief period to prevent the ejection of fluid and promote 
uniform dispersion of chemical substance. The litera-
ture mentions several methods for the dosing of TNBS 
and ethanol (Ikeda et al., 2008). After the induction of 
colitis in designated groups, different probiotic and syn-
biotic ice cream samples, with 108–109 cfu/g of S. bou-
lardii CNCM I-745, were fed in separate cups once daily 
to the animals of each group from days 11 to 24 of the 
experiment according to the respective treatment as 
shown in Table 1. The control group A received the same 
dose of ice cream without any probiotic added during its 
preparation. 

Table 1.  In vivo study trial description of different treatment groups of albino rats.

Group name Treatments

Control = A Normal rats on standard diet and ice cream without probiotic 

Negative control = A1 TNBS-induced colitis

Probiotic ice cream = B TNBS-induced colitic rats treated with probiotic ice cream (PI)

Synbiotic ice cream = C TNBS-induced colitic rats treated with synbiotic ice cream (SI-2)

Probiotic ice cream with yogurt culture = D TNBS-induced colitic rats treated with probiotic ice cream (PI-LS)
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negative control (A1) groups and to the groups treated 
with probiotic and synbiotic ice cream samples, indicat-
ing observable, non-observable, and significant damage. 
Microscopy images were acquired for each group at ×40 
magnification.

Analysis of blood, indicators of inflammation and 
hepatoprotective parameters

The blood samples were subjected to analysis for com-
plete blood count (CBC) and differential white blood 
cell (WBC) count using biochemistry analyzer (Mindray, 
China). To ensure accuracy, the samples were processed 
in triplicate (Moazzam et al., 2013). Sterilized tubes 
were used to collect plasma, which was then evalu-
ated for proinflammatory mediators, such as interleu-
kin-6 (IL-6) and tumor necrosis factor (TNF)-α using 
enzyme-linked-immunosorbent serologic assay (ELISA) 
kits (MERCK- Darmstadt, Germany). Both ELISA kits 
were utilized according to the directions of the manufac-
turer. The data were expressed as pg/mL total proteins 
and the assays were conducted in triplicate. The liver 
function tests were assessed by analyzing serum levels 
of aspartate aminotransferase (AST) and alanine amino-
transferase (ALT). A 50-µL plasma sample was combined 
with 400 µL of reagent and incubated at 37°C for 30 min 
using kinetic technique (Tubesha et al., 2018).

Statistical analysis

All data were analyzed statistically by One Way ANOVA. 
All experiments were accomplished in triplicate unless 
otherwise noted, and all data were provided as mean 
standard deviation. To compare significant variations in 
mean values at p ≤ 0.05, Duncan’s multiple range tests 
were employed.

Results and Discussion

After induction of colitis, different groups were fed with 
probiotic and synbiotic ice cream and their physiochemi-
cal effects were studied for 2 weeks.

Comparison of physical parameters 

During the experiment, significant differences were 
found in body weight gain, DAI, and number of defeca-
tions by the animals of control group, negative control, 
and induced colitis groups when fed with synbiotic and 
probiotic ice cream having S. boulardii CNCM I-745. 
Dairy products, particularly ice cream, in addition to 
contributing substantial amounts of numerous nutrients, 

Physical parameters

In order to evaluate the impact of different probiotic and 
synbiotic ice cream formulations on the body weight of 
rats, their weight was assessed on days 1, 9, 11, 17, and 24. 
The counts of S. boulardii CNCM I-745 were also assessed 
in the fresh feces of each group on days 12, 17, 21, and 24 
after induction of colitis leading to diarrhea. The disease 
activity index (DAI) was calculated by assigning scores 
based on loss in body weight (0: none, 1: 1–10%, 2: 11–15%, 
3: 16–20%, 4: >20%), stool consistency (0: normal, 3: loose 
stool, 5: diarrhea), and the presence of hidden or visible 
blood (0: negative, 3: fecal occult blood, 5: extensive bleed-
ing) (Hamamoto et al., 1999). Intake of feed was assessed 
daily during the trial period, excluding any spilt food, in 
order to determine feed consumption during therapy. 

Blood and sample collection

Following a 14-day experimental study period, rats were 
euthanized on day 25 at 10:00 am in a fasting state after 
being administered isoflurane anesthesia. The jugular 
vein in the neck region of rats was incised using a sharp 
knife, and blood was collected in sterile tubes containing 
heparin for analysis. The blood collected in tubes was 
centrifuged to separate plasma. The plasma was stored in 
separate portions at a temperature of -20°C for examina-
tion (Umbreen et al., 2020). After dissection of the colon, 
each part was removed for histopathologic analysis.

Histopathology and microscopic assessment of colonic 
impairment

Collected tissues were preserved after washing with 
phosphate-buffered saline solution (PBS) in buffered 
formalin (neutral), and all containers were respectively 
labeled for histologic examinations. The colons of rats, 
after fixing for at least 24 h using neutral buffered forma-
lin (10%), were sectioned into thin slices (1 mm) and pro-
cessed using tissue cassettes in ascending order. Graded 
alcohol was used to dehydrate tissue sections, then 
cleared in xylene and kept in paraffin wax to infiltrate 
into tissues to induce support for microtomy according 
to the protocol described by Bancroft and Gamble (2008). 
Subsequently, the samples were affixed on glass slides 
and subjected to hematoxylin and eosin (H&E) staining. 
After staining tissue sections, slides were dehydrated in 
the ascending order of alcohol (70%, 100%, two steps), 
cleared in xylene (two steps), and mounted with one drop 
of dibutyl phthalate polystyrene xylene (DPX). Then each 
slide was covered with a glass cover slip (24 × 50 mm; 
Marienfeld GmbH, Germany) and observed using high-
power objective microscope. Microscopic alterations 
were evaluated and compared to both control (A) and 
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A1 (negative control), 3.708 ± 0.628, showed significant 
increase, compared to the control group A (0.327 ± 0.153). 
The groups treated with probiotic, synbiotic, and probi-
otic with yoghurt culture ice cream showed a substantial 
reduction in their mean DAI scores, compared to the 
negative control group (B: 1.64 ± 0.16, C: 1.52 ± 0.51, and 
D: 1.58±0.34). A significant change in DAI observed in 
the ice cream-treated groups of this study was due to 
increase in body weight, as it was one of the factors that 
influenced DAI. Nevertheless, the ice cream containing 
2% inulin and probiotic yeast demonstrated the most 
promising outcomes, while the ice cream with yoghurt 
culture and that containing S. boulardii CNCM I-745 
alone as a probiotic followed respectively. No deaths 
were recorded during the experiment. 

Proinflammatory markers

Colitis is typically characterized by inflammation. When 
the mucosal barrier is weakened, intestinal epithelial 
cells quickly release proinflammatory cytokines, lead-
ing to significant inflammation and tissue damage (Zhao 
et al., 2022). TNF-α causes inflammation in mucosal lin-
ing and triggers the NF-κB pathway. At the same time, 
NF-κB promotes the secretion of TNF-α, IL-1β, and IL-6 
(Tak and Firestein, 2001). In the present study, the mean 
values of inflammatory markers, specifically TNF-α 
and IL-6, were estimated as illustrated in Figure 1. The 
TNBS-induced colitis negative control group rats (A1) 
had the greatest level of IL-6 (315.2±2.9 pg/mL) because 
of the presence of inflammation, as shown in Figure 1. 
IL-6 levels were found to decrease in groups B, C, and 
D (rats with TNBS-induced colitis that received probi-
otic, synbiotic, and probiotic with yoghurt culture ice 
creams, respectively), compared to the negative control 
group (A1). 

The level of TNF-α was found maximum in diseased rats, 
specifically group A1, with a concentration of 302.8±1.5 
pg/mL, as shown in Figure 1. Further, it was observed 
that the concentration level of proinflammatory cyto-
kine TNF-α was notably decreased in groups B, C, and D  

such phospholipids, proteins, and calcium that alter met-
abolic processes, contain both saturated and unsaturated 
fats that influence lipoprotein metabolism (Huth and 
Park, 2012; Shori et al., 2018). Probiotics, especially S. 
boulardii CNCM I-745, survived milk fermentation with 
initial increased viable counts from about 9.1 log CFU/g 
to about 9.9 log CFU/g as well as slightly decreased 
counts of about 9 log CFU/g after processing, and fur-
ther reduced counts of 7.4 log CFU/g during storage for 
all the ice cream samples.

The mean initial weight of all animals was 75–80±1.92 
g, and a statistically significant variation was observed 
in weight between groups A and D prior to the experi-
ment (p > 0.05) as shown in Table 2. There was a weight 
loss in all groups (A1, B, C, and D) that were induced 
TNBS for colitis, except the positive control group, prior 
to the feeding of probiotic and synbiotic ice cream sam-
ples. Notable differences were observed among groups in 
terms of average weight, food consumption, water con-
sumption, and stool output after disease induction on 
days 11, 17, and 24. Additionally, some significant vari-
ances were also detected within the groups.

Group C, which received continuous feeding of synbi-
otic ice cream containing 2% inulin after TNBS induced 
colitis, experienced a significant increase in weight from 
80.7±.2 to 102.36±.39 g on day 24 of the experiment. In 
contrast, the negative control group showed continuous 
weight loss. Gradual weight gain was observed across the 
groups of rats who consumed synbiotic and probiotic ice 
cream in combination with yogurt culture and probiotic 
ice cream as shown in Table 2. Increase in body weight, 
amount of water in stools, and consistency of stools 
were used as markers to estimate the severity of colitis 
(Hu et al., 2020; Ma et al., 2023). According to Ma et al. 
(2023), Bifidobacterium animalis subsp. lactis XLTG11 
considerably reduced diarrhea symptoms in AAD model 
rats (Animal models of Alzheimer’s Disease) and encour-
aged animal growth, which went along with our findings.

The DAI was assessed daily for each group following 
the induction of colitis. The mean DAI score for group 

Table 2.  Mean weight (g) gain and loss in different treated groups compared with positive and negative control.

Group name Initial weight On day 9 before disease induction On day 11 after disease induction Day 17 Day 24

A 79.26±0.87b 86.26±0.25d 90.60±0.52c 97.33±0.41e 106.50±0.50e

A1 77.63±0.87a,b 83.70±0.26a,b 80.80±0.20a 94.50±0.5d 68.50±0.50a

B 75.93±0.8a 84.43±0.51c 81.20±0.52a 89.14±0.15a 97.30±0.26b

C 75.46±1a 83.65±0.30a,b 80.7±0.20a 90.41±0.6a,b 102.36±0.39d

D 78.50±1.4b 85.96±0.55d 82.56±0.47b 91.40±0.5b,c 100.49±0.41c

Different superscripted letters within a column represent statistical differences (p < 0.05).
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value of AST, which was 172.26±.92 IU/L. In contrast, 
normal rats in the placebo group (A) displayed the lowest 
AST levels. 

The serum levels of ALT showed statistically significant 
differences (p ≤ 0.05) between different groups. The 
highest ALT value was discovered in the negative con-
trol group of colitic rats (A1), measuring 236.07±1 IU/L. 
Serum AST decreased in groups B (176.73±0.66 IU/L), 
C (172.87±0.88 IU/L), and D (175.45±0.93 IU/L), which 
had colitic rats treated with probiotic and synbiotic ice 
cream, and indicated that its supplementation improved 
liver health. Additionally, serum AST further decreased 
in group A, consisting of normal rats. 

The negative control group (A1) exhibited the highest 
level of serum alkaline phosphatase (ALKP) at 230.40±.81 
IU/L, which was dramatically decreased in colitic rats 
treated with probiotic and synbiotic ice cream, as indi-
cated in Table 3.

Different groups exhibited decline in serum AST, with 
the maximum value observed in the negative control 
diseased  group (A1 > D > C > B > A). It was expected 
that AST would increase after the serum concentra-
tion of enzyme changed due to the destruction of liver 
cells. Similar findings were observed by Rajendiran 
et al. (2018) in mice with DSS-induced colitis. Another 
study conducted by Saddiqa et al. (2022) indicated that 
the level of serum AST would decrease by adding prebi-
otics to yogurt. This finding aligned with our results of 
the groups of rats with colitis that consumed ice cream 
enhanced with S. boulardii CNCM I-745 and inulin (Zhu 
et al., 2019). The ALT level was higher in the TNBS-
induced colitic group (A1), indicating the presence of 

that had different ice cream formulations for 14 days, but 
all had S. boulardii CNCM I-745 in common. The cur-
rent investigation revealed that all ice cream formula-
tions having S. boulardii CNCM I-745 (yeast)  were able 
to reverse the observed alterations in colitis (Figure 1). 
Specifically, ice cream formulations with this yeast strain 
showed a notable ability to reduce levels of TNF-α and 
enhance IL-10 concentrations. 

Similar findings were reported when S. cerevisiae JKSP39 
strain was used (Zeng et al., 2022). TNF-α has been doc-
umented as a strong inducer of IL-6 synthesis. Level of 
IL-6 increases in UC patients but decreases when inflam-
mation is controlled. The findings of the current study 
aligned with the research conducted by Kanauchi et al. 
(2003), who investigated the effects of inulin as a pre-
biotic on markers of inflammation in rats with colitis 
caused by 4% dextran sodium sulfate. 

Hepatoprotective parameters

Table 3 displays the serum AST levels in animal groups, 
including both positive and negative control groups. An 
inverse correlation was observed between the number of 
diseased rats (A1) and rats administered with probiotic 
and synbiotic ice cream samples. All markers during the 
treatments decreased, showing the recovery of animals in 
treatment groups and indicating a symbiotic effect, while 
markers in the negative control group were higher, sug-
gesting chronic infection. A statistically significant dif-
ference (p ≤ 0.05) was observed between colitic rats and 
rats induced with colitis by feeding ice cream containing 
S. boulardii CNCM I-745 (B, C, and D groups). The neg-
ative control group (A1) exhibited the highest recorded 
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Table 3.  Hepatoprotective parameters of different treated groups (mean±standard deviation).

S.No. Name of test A A1 B C D

1. ALT (IU/L) 95.30±1.1a 236.07±1e 176.73±0.66c,d 172.87±2.88b 175.45±2.93c

2. AST (IU/L) 66.73±0.66a 172.26±0.92e 126.84±0.94b 139.70±1.7c 148.05±1.90d

3. ALKP (IU/L) 118.26±1.1a 230.40±0.81e 192.53±1.9c 166.61±0.71b 204.33±1.68d

4. Urea (mg/dL) 29.88±0.47a 40.14±1.1b 44.41±1.24d 42.29±1.12c 40.80±1.94b

5. Creatinine (mg/dL) 1.20±0.26a 1.34±0.13b 1.46±0.05c 1.45±0.9c 1.44±0.22c

Different superscripted letters within a row represent statistical differences (p < 0.05).

illness. Furthermore, decline in ALT was noted in colitic 
rats ingesting various ice cream formulations (groups 
B, C, and D). This decline suggested that the inclu-
sion of prebiotic and probiotic yeast in diet enhanced 
liver health. Similar findings were reported in previous 
research (Samson et al., 2012). A comparable pattern was 
noted in ALkP levels of the treatment group. The pres-
ent study demonstrates that an elevated level of ALKP is 
indicative of liver illness or obstruction in the bile duct. 
Furthermore, the study revealed the hepatoprotective 
effects of probiotic and synbiotic ice cream samples. The 
study conducted by Mashal et al. (2022) saw comparable 
results in rats with UC when fed with yogurt enhanced 
with garlic extract. 

Microscopic and gross histopathologic comparison 

The histopathologic analysis of rats colons in all experi-
mental groups revealed the following observations. The 
control group’s colon segment (Figure 2A) exhibited a 
histologic structure that was within normal parame-
ters. This included presence of the mucosa (consisting 
of the Lamina epithelialis, Lamina muscularis mucosa, 
and lamina propria), submucosa, muscular coat (com-
prising inner circular and outer longitudinal muscle 
fibers), and serosa. In the ulcerative group (Figure 2), the 
colon segment displayed multiple areas of ulcerations in 
mucosal layers along with significant tissue destruction. 
Additionally, there was a severe inflammatory response 

(A)

(B) (C) (D)

(A1) (A2)

Figure 2.  Impact of probiotic and synbiotic ice cream on the histologic structure of the colon and mucosa of the intestine 
of the control (A), negative control (A1), and treated groups (B, C, and D) after TNBS-induced colitis. Histologic sections were 
stained with hematoxylin and eosin (H&E, magnification ×40).
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Therefore, impact on palatability and effectiveness of the 
proposed probiotic and synbiotic ice cream created inno-
vative dietary food for gastrointestinal disorders.
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