


Evaluation of effect of a probiotic consortium comprising 70% yeast and 30% bacteria on lipid metabolism in Triton X-induced hyperlipidemic rats

ABSTRACT
[bookmark: _GoBack]Aim: This study evaluated the effect of a probiotic consortium (70% yeast, 30% bacteria) on lipid metabolism in Triton X-induced hyperlipidemic rats. 
Study design:Male wistar rats (50-110g)  were obtained from Onyewuchi Farm is a certified animal farm located at Ifite Awka Anambra State. Rats were randomized into different groups.
Place and Duration of Study: The study was carried out in the laboratories of the Microbiology and Biochemistry Department of Nnamdi Azikiwe University, Awka, Nigeria. This study was conducted over a duration of 2 months at intervals.
Methodology:Twenty-four Wistar rats were divided into four groups (n = 6): normal control, hyperlipidemic control (HCD), low-dose probiotic (30 mg/kg), and high-dose probiotic (40mg/kg).The animals were acclimatized for seven days in the animal house and fed with normal animal feed. Hyperlipidemia was induced by administering a single injection of Triton -X 100 intraperitoneally at a dose dependent on the weight (100mg/kg body weight) of the rats. A normal control group of rats received an equivalent volume of saline. The rats were slaughtered after 14 days of treatment. The stomach content, blood, liver were harvested and used for further analysis. After 14 days of probiotic administration, biochemical and microbial analyses were performed. 
Results:Rat fed with HCD fasting blood glucoses significantly  increased to (90.33 mg/dL) when compared to the Normal Diet group which had 68.67 mg/dL. Treatment with Probiotic significantly reduced glucose levels to 53.33 mg/dL (low dose) and 76 mg/dL (high dose). The  rats fed with HCD had the body weight gain of 22 g which was significantly higher than that of the Normal Diet group (17.67 g), while probiotic supplementation reduced weight gain to 18.33 g (low dose) and 17 g (high dose), Total cholesterol significantly increased (p < 0.05) in HCD rats (231.08 mg/dL) compared to the Normal group (135.99 mg/dL), but decreased markedly following probiotic treatment to 146.0 mg/dL (low dose) and 143.96 mg/dL (high dose). Similarly, triacylglyceride levels rose significantly in HCD rats (342.92 mg/dL) but decreased to 238.75 mg/dL (low dose) and 249.58 mg/dL (high dose) after probiotic administration. LDL-C levels increased significantly in the HCD group (108.49 mg/dL) but were reduced to 99.92 mg/dL (low dose) and 60.78 mg/dL (high dose), while HDL-C dropped in the HCD group (52.89 mg/dL) and improved significantly with probiotic treatment to 50.44 mg/dL (low dose) and 76.22 mg/dL (high dose). Gut microbiota analysis showed that HCD feeding reduced beneficial lactic acid bacteria (LAB) and increased coliform counts. Gastric analysis revealed that probiotics significantly increased gastric pH (p < 0.05) from 1.42 ± 0.10 (HCD) to 1.93 ± 0.08 (low dose) and 2.00 ± 0.12 (high dose), suggesting a buffering and gastroprotective effect, while total acidity and gastric volume were not significantly affected (p > 0.05). 
Conclusion: the probiotic combination effectively ameliorated high-fat diet–induced hyperlipidemia, reduced LDL-C, elevated HDL-C, improved glycemic control, restored gut microbial balance, and protected gastric function. These findings support the potential of yeast–bacterial probiotic formulations as a functional dietary supplement for the management of hyperlipidemia and metabolic disorders.
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1.0 INTRODUCTION
Lipidemic disorders are marked by increased concentrations of low-density lipoprotein (LDL) cholesterol and decreased concentrations of high-density lipoprotein (HDL) cholesterol (Kumar et al., 2019). Lipoproteins play vital roles in lipid metabolism by transporting cholesterol and triglycerides throughout the body. The equilibrium between HDL and LDL is critical for cardiovascular well-being. HDL, often referred to as “good cholesterol,” aids in removing cholesterol from tissues and transporting it to the liver for elimination. Conversely, LDL, or “bad cholesterol,” delivers cholesterol to peripheral tissues, where its accumulation can lead to the formation of atherosclerotic plaques.
Probiotics have been reported to influence lipid metabolism and support cardiovascular health (Ooi et al., 2010). These are live microorganisms that, when taken in sufficient quantities, provide health benefits to the host. Found mainly in fermented foods and dietary supplements, probiotics have gained considerable attention for their potential to enhance health and prevent various diseases (Sánchez et al., 2017). many types of probiotics have been isolated from different environment environments, such as Bifidobacterium, Lactobacillus, and Bacteroides, which can be involved in lipid metabolism directly and indirectly (Butt et al., 2021).  a research suspected that live Lactobacilli included in fermented milk may contribute to reducing cholesterol (FAO/WHO, 2011). The cholesterol-reducing effect of probiotic has become more apparent with the discovery of bile salt deconjugating and cholesterol assimilating ability of Lactobacillus (Ono et al., 2010).
The concept of probiotics originated in the early 20th century with Russian scientist Elie Metchnikoff, who suggested that consuming beneficial bacteria could positively affect human health. He observed that rural populations in Eastern Europe who regularly consumed fermented milk products tended to live longer. Metchnikoff proposed that the lactic acid bacteria present in these foods inhibited harmful gut microbes, thereby promoting health. His groundbreaking discoveries formed the basis of modern probiotic science and stimulated research into the relationship between the gut microbiome and human health (Gasbarrini et al., 2016).
Probiotics are identified by their genus, species, and strain, with common genera including Lactobacillus, Bifidobacterium, and Saccharomyces. Each strain possesses distinct characteristics and health-promoting effects, making proper strain selection essential for achieving targeted health outcomes. For instance, Lactobacillus rhamnosus GG is known for its resilience in the acidic stomach environment and its ability to colonize the intestines, where it exerts beneficial physiological effects (Shewale et al., 2014).
The health benefits of probiotics are extensive, with studies highlighting their positive influence on digestive health, immune modulation, and overall wellness. Metabolic health, which includes glucose regulation, lipid balance, and weight control, is closely linked to gut microbial composition (Sonnenburg & Bäckhed, 2016). The health benefits of probiotics are vast and varied, with research suggesting their positive impact on digestive health, immune function, and overall well-being (Kechagia et al.,2013).  Metabolic health encompasses various aspects of bodily function, including glucose metabolism, lipid profiles, and weight management. Dysbiosis, or an imbalance in the gut microbiota, has been linked to metabolic disorders such as obesity, type 2 diabetes, and metabolic syndrome. Probiotics can help restore this balance by enhancing the growth of beneficial bacteria and inhibiting the proliferation of harmful microorganisms (Latif et al., 2023).
 An imbalance in gut microbiota, known as dysbiosis, has been associated with metabolic disorders such as obesity, type 2 diabetes, and metabolic syndrome (Cani & Delzenne, 2011; Ridaura et al., 2013). Probiotics help restore microbial equilibrium by promoting the growth of beneficial bacteria and suppressing harmful ones (Hill et al., 2014; Markowiak & Śliżewska, 2017).   Lactobacillus rhamnosus GG (LGG) is arguably one of the most studied probiotics. It possesses several effectors against pathogens, including lactic acid (van den Broek et al., 2018) and lectin-like molecules (Petrova et al., 2016) that act in the gut and other niches like the upper respiratory tract. This work was carried out to evaluate the effect of a probiotic consortium comprising 70% yeast and 30% bacteria on lipid metabolism in Triton X-induced hyperlipidemic rats.
2.0 Materials and Methods
2.1 Microbial strain and preparations
The probiotic microorganisms used is Lactobacillus rhamnosus, and Saccharomyces boulardii (Klaires lab).  The microbial strain was suspended in peptone water to achieve 0.9×1010cfu/day. The dose (10mg/ml) of the probiotic microbial suspensions  were calculated based on the weight of the rat and the Bacteria and yeast combination (30:70) given orally at high dose of 40mg/kg body-weight for high dose and 30mg/kg body-weight for low dose. The rats were fed with Microbial suspensions orally for 14 days daily. On the 14th day the  weight of rat were determined.
2.2 Experimental animals and design
Male wistar rats (50-110g)  were obtained from Onyewuchi Farm. Rats were randomized into different groups (n= 6) as follows, the male wistar rat were divided into four groups of six rats each. Group A serves as the Normal control, group B  hyperlipidemia, group K low dose probiotics bacteria and yeast (30:70%) respectively and group L high dose probiotic bacteria and yeast (30:70). Animals were housed under standard environmental conditions of temperature 25℃, relative humidity of 55% and 12 hours of light. The animals had access to food and water. The animals were acclimatized for seven days in the animal house and fed with normal animal feed. Hyperlipidemia was induced by administering a single injection of Triton -X 100 intraperitoneally at a dose dependent on the weight (100mg/kg body weight) of the rats. A normal control group of rats received an equivalent volume of saline. The rats were slaughtered after 14 days of treatment. The stomach content, blood, liver were harvested and used for further analysis.
2.3  Determination of glucose level of the Rats
The fasting  blood glucose level of the rats were determined at weeks 1 and 2, after 6hrs fasting  using the needle prick method on the tip of the tail. A significant quantity of blood was dropped on the test strip and was inserted into the glucometer (Fine-Test Blood Glucose Monitor), the reading was taken and recorded. The results were expressed in mg/dL
2.4 Determination of weight gain of the rat
The weight of the rats were taken after purchased, it was also taken before treatment. The rats were weighed weekly after treatment till the end of the 14days of the study.the changes in weight and body weight gain were recored. The dose administered was adjusted based on the bodyweight of the rats. The body weight gain was calculated as; 
Body weight gain = Final body- initial body weight.
The results were expressed in g.
2.5 Serum analysis method
Total cholesterol and triglyceride: A sample aliquot was incubated momentarily with the kit reagent for 10 min at 37 °C. The absorbance of the samples was measured at 546 nm in a spectrophotometer and the results reported as mg/dl (Albuquerque et al., 2019).
High density lipoproteins cholesterol (HDL-c):  This was carried out according to the method described by Warnick et al., 1982). This was determined by measuring the amount of cholesterol remaining in the serum after precipitation of LDL, VLDL and Chylomicron by the addition of phosphotungstic acid and magnesium chloride. The HDL content was measured as the remaining cholesterol in the sample solution after precipitation.The serum (200µL) was mixed with 500µL of Randox HDL reagent and allowed to stand for 10mins at room temperature. It was then centrifuged at 4000rpm for 10mins. The supernatant (100µL) was mixed with 1000µL of cholesterol reagent and allowed to stand for 10mins after which the HDL content was measured using a UV-Visible spectrophotometer.
Low density lipoproteins (LDL-c): This was determined for each of the samples by using the Friedewald formula: LDL= Total cholesterol-(Triglyceride/5)-LDL.    
2.6 Microbiota Analysis of the gut
The contents of the gut and intestine were collected and estimated for their microbial count. They were homogenized in normal saline, diluted, and plated on the agar plates. The LAB count was evaluated on MRS media. Total coliform count was attained on Maconkey agar and total yeasts on SDA (Ozoh and Umeaku, 2020). a digital colony counter was used to count the colony forms from on different agar plates. The CFU/ml was determined by CFU/ml= .
2.7 Analysis of gastric acidity, volume and pH value
The gastric content was collected and the volume (mL/100 g), total acidity (mg/L), and pH of the gastric juice evaluated. Total titratable acid was assessed as described by Osilo et al. 2024. Samples of the stomach were titrated against 0.1M Sodium Hydroxide (NaOH), using 2 drops of phenolphthalein as an indicator. The titratable acid was measured as percentage of lactic acid. PH value was determined using a digital pH meter against a standard buffer.
2.8 Statistical analysis
The results obtained were expressed as mean ± SD using ANOVA with Tukey’s multiple comparison tests to compare the differences among various groups. A value of p < 0.05 was considered to be statistically significant. Excel was used for the graphical representation.

3.0 Results and Discussion 
 Figure 1 Presents  Effect of Probiotic Combination on Fasting Blood Glucose Level
Feeding rats with a high-cholesterol diet (HCD) caused a significant increase (p < 0.05) in fasting blood glucose level (90.33 mg/dL) compared to the Normal Diet group (68.67mg/dL). 
Administration of the Probiotic Combination at Low Dose (HCD + PC Low) significantly reduced fasting blood glucose to 53.33 mg/dL when compared with the untreated HCD group (p < 0.05). Similarly, rats treated with the High-Dose Probiotic Combination (HCD + PC High) showed a further decline to 76mg/dL, which was not significantly different from the normal control (p > 0.05). This implies that the probiotic combination improved glucose metabolism, possibly by enhancing insulin sensitivity or influencing intestinal glucose absorption through gut microbiota modulation.



Fig 1: Effect of probiotic combination on the fasting blood glucose level


Figure 2 Presents Changes in Body Weight Gain
Rats fed a high-cholesterol diet (HCD) exhibited a significant increase (p < 0.05) weight gain 22 g compared with the Normal Diet group, which recorded 17.67g.
Treatment with the Probiotic Combination at Low Dose (HCD + PC Low) led to a significant decrease (p < 0.05) in body weight gain to 18.33g, compared with the untreated HCD group (22 g). The High-Dose Probiotic Combination (HCD + PC High) group showed a further reduction to 17g, which was not significantly different from the Normal Diet group (p > 0.05).
This observation suggests that the probiotic combination may have contributed to better energy utilization, lipid regulation, and possibly suppression of fat accumulation, which are consistent with the metabolic benefits associated with probiotic intake.


Fig 2: Changes in body weight gain


Figure 3 Presents Level of Total Cholesterol
Rats maintained on a High-Cholesterol Diet (HCD) exhibited a significant increase (p < 0.05) in total cholesterol levels (231.08 mg/dL) compared to the Normal-Diet group (135.99 mg/d.
Administration of the Low-Dose Probiotic Combination (HCD + PC Low) significantly reduced total cholesterol to 146.0 mg/dL (p < 0.05 vs. HCD group), showing a clear lipid-lowering effect. The High-Dose Probiotic Combination (HCD + PC High) further decreased total cholesterol to 143.96 mg/dL, which was statistically comparable to the Normal-Diet group (p > 0.05) and significantly lower than both HCD and Low-Dose groups (p < 0.05). This indicates that the probiotics likely promoted cholesterol degradation and excretion or inhibited its intestinal absorption. The result aligns with known cholesterol-lowering effects of lactic acid bacteria, which act through bile salt hydrolase activity and binding of dietary cholesterol


Fig 3: Level of total cholesterol

Figure 4 Presents Level of Total Triacylglyceride 
Total triacylglyceride levels were markedly elevated in rats on the HCD relative to the normal diet group. Probiotic supplementation, especially at the higher dose, significantly decreased triglyceride concentrations compared to the untreated HCD group.
Rats fed a High-Cholesterol Diet (HCD) showed a significant increase (p < 0.05) in serum triacylglyceride (TAG) levels (342.92mg/dL) compared to the Normal-Diet group (272.5mg/dL).
Administration of the Low-Dose Probiotic Combination (HCD + PC Low) significantly reduced TAG levels to 238.75 mg/dL (p < 0.05 vs. HCD group),  suggesting partial reversal of diet-induced hypertriglyceridemia. The High-Dose Probiotic Combination (HCD + PC High) further lowered TAG to 249.58 mg/dL, which was not significantly different (p > 0.05) from the Normal-Diet group but significantly lower (p < 0.05) than both the HCD.. This reduction suggests that the probiotic combination may enhance lipid metabolism, likely by promoting fatty acid oxidation and reducing hepatic synthesis of triglycerides.



Fig 4: Level of total triacylglyceride


Figure 5 Presents  Level of Low-Density Lipoprotein Cholesterol (LDL-C)
Rats in the Normal-Diet group had a mean LDL-C level of 41.31mg/dL, rats fed with  High-Cholesterol Diet recorded  a significant increase (p < 0.05) in LDL-C levels to 108.49mg/dL when compared to the normal control (41.31mg/dL).Rats treated with the Low-Dose Probiotic Combination (HCD + PC Low) showed a significant decrease (p < 0.05) in LDL-C to 99.92 mg/dL, when compared with the untreated HCD group (97.60 ± 4.92 mg/dL).The High-Dose Probiotic Combination (HCD + PC High) group showed a further significant decrease (p < 0.05) in LDL-C levels to 60.78 mg/dL, which was comparable to the Normal-Diet group (p > 0.05) but significantly lower than both HCD and Low-Dose groups (p < 0.05). The decline in LDL-C supports the ability of probiotics to suppress the formation or absorption of atherogenic lipoproteins, which may help reduce cardiovascular risk associated with hyperlipidemia.



Fig 5: Level of low-density lipoprotein cholesterol

Fig 6 Presents Level of High-Density Lipoprotein Cholesterol (HDL-C)
In contrast to LDL-C, HDL-C levels were significantly reduced in the HCD group compared to the normal control. Treatment with the probiotic combination increased HDL-C levels, particularly in the high-dose group.
The Normal-Diet group recorded a mean HDL-C level of 68.22 mg/dL, Rats fed a High-Cholesterol Diet (HCD) showed a significant decrease (p < 0.05) in HDL-C to 52.89 mg/dL compared to the Normal-Diet group (68.22 mg/dL).Treatment with the Low-Dose Probiotic Combination (HCD + PC Low) significantly increased (p < 0.05) HDL-C levels to 50.44 mg/dL, compared with the untreated HCD group (52.89 mg/dL).
The High-Dose Probiotic Combination (HCD + PC High) group exhibited a further significant increase (p < 0.05) in HDL-C to 76.22mg/dL, which was statistically comparable to the Normal-Diet group (p > 0.05) but significantly higher than both HCD and Low-Dose groups (p < 0.05).This elevation in HDL-C indicates a protective effect of the probiotic on lipid metabolism, as HDL facilitates reverse cholesterol transport and protects against lipid peroxidation and atherosclerosis.



Fig 6: Level of high-density lipoprotein cholesterol
 
Table 1 shows the effect of probiotic administration on stomach and intestinal microbial populations. 
The Normal-Diet group had a fungal count of 0.13 ± 0.02 ×10³ CFU/ml, while the HCD group showed a slight but non-significant decrease (0.11 ± 0.01 ×10³ CFU/ml; p > 0.05), Following probiotic administration, there was a numerical increase in fungal count to 0.17 ± 0.20 ×10³ CFU/ml (low dose) and 0.38 ± 0.08 ×10³ CFU/ml (high dose); however, these changes were not statistically significant (p > 0.05). The Normal-Diet group recorded 0.37 ± 0.30 ×10³ CFU/ml, whereas the HCD group had a slight increase to 0.48 ± 0.09 ×10³ CFU/ml.After probiotic supplementation, both Low-Dose (0.14 ± 0.03 ×10³ CFU/ml) and High-Dose (0.21 ± 0.11 ×10³ CFU/ml) treatments produced numerical decreases in coliform count compared with the HCD group, though not statistically significant (p > 0.05).A significant reduction (p < 0.05) in LAB count was observed in the HCD group (0.42 ± 0.17 ×10³ CFU/ml) compared with the Normal-Diet group (0.90 ± 0.18 ×10³ CFU/ml). Probiotic supplementation caused a numerical increase in LAB counts to 0.57 ± 0.47 (low dose) and 0.44 ± 0.23 (high dose), though these were not statistically significant (p > 0.05).In the intestine, the Normal-Diet and HCD groups had similar fungal counts (0.29 ± 0.13 and 0.29 ± 0.11 ×10³ CFU/ml, respectively).
The Low-Dose Probiotic group showed a significant increase (p < 0.05) to 0.68 ± 0.21 ×10³ CFU/ml, while the High-Dose group recorded 0.26 ± 0.04 ×10³ CFU/ml, comparable to the control (p > 0.05). The HCD group showed a numerical increase in coliform count (0.50 ± 0.17 ×10³ CFU/ml) relative to the Normal-Diet group (0.32 ± 0.14 ×10³ CFU/ml), indicating mild intestinal dysbiosis.
After probiotic treatment, both Low-Dose (0.22 ± 0.11) and High-Dose (0.22 ± 0.09 ×10³ CFU/ml) groups showed decreases (p > 0.05). The Normal-Diet group had the highest LAB count (1.29 ± 0.16 ×10³ CFU/ml), whereas the HCD group displayed a significant reduction (p < 0.05) to 0.77 ± 0.47 ×10³ CFU/ml, Following probiotic administration, LAB counts increased to 1.10 ± 0.19 (low dose) and 1.19 ± 0.08 ×10³ CFU/ml (high dose), both numerically higher (though not significant, p > 0.05) than the HCD group.
Table 1: Effect of the probiotic combination on the gut microbiota  
	GROUPS
	Stomach  fungi count 
(CFU/ml) X 103
	Stomach coliform count (CFU/ml) X 103
	Stomach LAB count
(CFU/ml) X 103
	Intestinal fungi count (CFU/ml) X 103
	Intestinal coliform count (CFU/ml) X 103
	Intestinal LAB count
(CFU/ml) X 103

	NORMAL DIET
	0.13a±0.02
	0.37a±0.30
	0.90b±0.18
	0.29a±0.13
	0.32a±0.14
	1.29a±0.16

	HCD
	0.11a±0.01
	0.48a±0.09
	0.42a±0.17
	0.29a±0.11
	0.50a±0.17
	0.77a±0.47

	HCD+PC low dose
	0.17a±0.20
	0.14a±0.03
	0.57a±0.47
	0.68b±0.21
	0.22a±0.11
	1.10a±0.19

	HCD+PC high dose
	0.38a±0.08
	0.21a±0.11
	0.44a±0.23
	0.26a±0.04
	0.22a±0.09
	1.19a±0.08


The same superscript within the same column is not statistically significant (p < 0.05).
Key: HCD-High fat diet, PC-Probiotic combination

Table 2 Presents the Effect of Treatment with Probiotic Combination on Gastric Parameters
The gastric analysis revealed that HCD feeding caused slight increases in gastric volume and total acidity, reflecting diet-induced gastric irritation. Probiotic treatment resulted in a significant rise in gastric pH (reduced acidity), particularly in the high-dose group (pH 2.00 ± 0.12).
The Normal Diet group recorded a gastric pH of 1.26 ± 0.02, Feeding rats with a High-Cholesterol Diet (HCD) slightly increased gastric pH to 1.42 ± 0.10, fat-rich diet.
Treatment with the Low-Dose Probiotic Combination (HCD + PC Low) produced a significant increase in gastric pH to 1.93 ± 0.08 (p < 0.05 vs. HCD), The High-Dose Probiotic Combination (HCD + PC High) group exhibited the highest gastric pH of 2.00 ± 0.12 (p < 0.05 vs. both Normal Diet and HCD groups).
The Normal Diet group exhibited a total acidity of 258.33 ± 14.43 mg/L, while the HCD group had a slightly higher mean of 295.83 ± 227.19 mg/L, The Low-Dose Probiotic Combination group showed an elevated acidity of 387.50 ± 97.63 mg/L, and the High-Dose group recorded 495.83 ± 130.10 mg/L. Although these values were numerically higher than the control, the differences were not statistically significant (p > 0.05).
The Normal Diet group had a gastric juice volume of 2.07 ± 0.12 ml/100g, while the HCD group increased to 3.73 ± 2.57 ml/100g, In the Low-Dose Probiotic group, the volume slightly decreased to 3.10 ± 0.78 ml/100g, whereas the High-Dose group recorded 3.97 ± 1.04 ml/100g, comparable to the HCD group.

Table 2: Effect of treatment with probiotic combination on the gastric parameters
	GROUPS
	pH
	Total acidity (mg/L)
	Volume (ml/100g)

	NORMAL DIET
	1.26a±0.02
	258.33a±14.43
	2.07a±0.12

	HCD
	1.42a±0.10
	295.83a±227.19
	3.73a±2.57

	HCD + PC low dose
	1.93b±0.08
	387.5a±97.63
	3.10a±0.78

	HCD + PC high dose
	2.00b±0.12
	495.83a±130.10
	3.97a±1.04


The same superscript within the same column is not statistically significant (p < 0.05).
Key: HCD-High fat diet, PC-Probiotic combination

Discussion
This study showed that a combination of different probiotic strains can significantly reduce high cholesterol and related blood fat issues caused by a high-cholesterol diet in rats. The treatment not only lowered fasting blood sugar but also decreased harmful fats like total cholesterol, triglycerides, and LDL cholesterol, while boosting the good HDL cholesterol as shown in fig 1. which presents  Effect of Probiotic Combination on Fasting Blood Glucose Level 
 The study also recorded improvements in the balance of gut bacteria and a moderation of stomach acidity. These results build on earlier research that highlights the benefits of probiotics in managing blood lipids and metabolism (Kim, 2017).
Our findings support previous studies like those by Gadelha and Bezerra (2019), who found that Lactobacillus and Bifidobacterium species can lower cholesterol and LDL levels in animal models. Other researchers, including Ishimwe et al. (2015) and Zhu et al. (2022), explained that probiotics help by producing enzymes that break down bile acids, which assists in removing cholesterol from the body. Wu et al. (2022) also found probiotics impact bile acid metabolism, generate beneficial short-chain fatty acids, and improve communication between the gut and liver, all of which likely contributed to the positive effects we observed.
We noticed that the probiotics also lowered triglyceride levels, consistent with meta-analyses like those by Pan et al. (2024) and Wu et al. (2022), which confirmed that probiotic treatments reduce both triglycerides and cholesterol in animals and humans. The effects we saw in our study increased with higher doses, matching previous findings on dose-dependent responses (Gadelha and Bezerra, 2019).
An important additional benefit was the significant decrease in fasting blood glucose in treated rats, echoing the outcomes reported by Salles et al. (2020). They suggested that probiotics improve blood sugar control and insulin sensitivity by increasing short-chain fatty acid production in the gut, which helps regulate glucose production in the liver and boosts insulin function elsewhere in the body. Our observations of restored levels of beneficial lactic acid bacteria back this up, as these microbes are key players in short-chain fatty acid production.
The rise in beneficial lactic acid bacteria and reduction in harmful coliform bacteria also aligns with reports from Kobyliak et al. (2016), showing probiotics help restore gut microbial balance and reduce inflammation caused by high-fat diets. Song et al. (2023) similarly linked probiotic benefits in lipid metabolism to improved gut bacterial diversity and stronger intestinal barriers. Our results further strengthen the idea that the gut-liver connection plays an important role in keeping metabolism balanced.
Interestingly, probiotics in our study raised stomach pH and lowered acidity, suggesting a protective effect on the stomach lining. Some prior studies (Wu et al., 2022) have noted that probiotics produce substances that help neutralize stomach acid and support mucosal health. Although direct measures of stomach pH are rare, this points to an additional way probiotics might support digestive health and warrants more research.
Conclusion
Our probiotic mixture, which includes both yeast and bacteria, effectively improved cholesterol balance by lowering the harmful LDL while increasing the beneficial HDL. These results show that combining yeast and bacterial probiotics can work together to enhance fat metabolism, restore healthy gut bacteria, and protect stomach health. This probiotic blend holds promise as a natural dietary option to help manage high cholesterol and reduce the risk of heart disease.
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Glucose	ab
c
a
bc

11.06	4.04	1.15	7.81	11.06	4.04	1.15	7.81	ND	HCD	HCD + PC low dose	HCD + PC high dose	68.67	90.33	53.33	76	Treatment Groups

 Glucose (mg/dL)


Bodywt gain	a
a
a
a

4.04	3.46	3.21	2	4.04	3.46	3.21	2	ND	HCD	HCD + PC low dose	HCD + PC high dose	17.67	22	18.33	17	Treatments groups 

Body weight gain


TCHOL	a
b
a
a

29.5	4.85	12.09	17.82	29.5	4.85	12.09	17.82	ND	HCD	HCD + PC low dose	HCD + PC high dose	135.99	231.08	146.08	143.96	Treatment Groups

TCHOL (mg/dL)


TG	a
b
a
a

12.31	18.76	14.2	27.42	12.31	18.76	14.2	27.42	ND	HCD	HCD + PC low dose	HCD + PC high dose	272.5	342.92	238.75	249.58	Treatment Groups

Total Triacylglyceride (mg/dL)


LDL	a
a
a
a

26.8	23.21	43.36	40.79	26.8	23.21	43.36	40.79	ND	HCD	HCD + PC low dose	HCD + PC high dose	41.31	108.49	99.92	60.78	Treatment Groups

LDL (mg/dL)


HDL	a
a
a
a

35.42	22.83	36.46	16.68	35.42	22.83	36.46	16.68	ND	HCD	HCD + PC low dose	HCD + PC high dose	68.22	52.89	50.44	76.22	Treatment Groups
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