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Effect of administration of β-carotene enriched yoghurt using Lactobacillus bulgaricus and Streptococcus thermophilus on gut microflora associated with E. coli infection

ABSTRACT
The study aimed to develop β-carotene-enriched yoghurt and to investigate its efficacy on gut microflora associated with E.coli infection. The study was conducted in the Department of Biotechnology, Assam Agricultural University, for product development, and the animal test was performed in the Department of Microbiology, College of Veterinary Science, Assam Agricultural University, Khanapara. Escherichia coli, a gram-negative coliform bacterium, has been considered as an agent which is responsible for diarrhoea in humans. The effect of Standard Probiotic Yoghurt (SPY) and β-carotene-enriched probiotic yoghurt (MBPY) on Escherichia coli infections was examined through an in vivo study using albino rats. Standard Probiotic Yoghurt (SPY) was developed using 100% cow’s milk and 7% skim milk powder, 1% Streptococcus thermophilus and Lactobacillus bulgaricus each. β-carotene enriched probiotic yoghurt (MBPY) was developed using 80% cow's milk, 7% skim milk powder, 2% fructooligosaccharide, 20% mango pulp, and 1% each of Streptococcus thermophilus and Lactobacillus bulgaricus. The antibacterial effects of lactic acid bacteria present in standard probiotic yoghurt (SPY) and β-carotene-enriched probiotic yoghurt (MBPY) were demonstrated in a dose-dependent manner. In this study, the animals used for this experiment were divided into three Experimental groups, namely Group A, Group B, and Group C, consisting of 4 animals in each group. All the animals of the group were fed intragastrically (i/g) with 24 hours growth of Escherichia coli. Two days after infection with E.coli, Group B and Group C were given therapeutic treatment (10 g/day) of supplementation with standard probiotic yoghurt (SPY) and β-carotene-enriched probiotic yoghurt (MBPY), respectively, for 7 days. Faecal samples were collected continuously for 9 days, and cell density was measured using Mc. Farland Nephelometer Standards as well as the pour plate method for bacterial counts. We registered the effect of probiotics on Escherichia coli (E.coli) counts in albino rats. Results revealed that E.coli had inadequate survival ability in rats when fed with SPY and MBPY at a dose level of 10 g/day which shows an improvement in the gastrointestinal status of albino rats.
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1. INTRODUCTION

Revolutionization of the food industry was seen in the last two decades due to the considerable development in probiotics (Ouwehand et al., 2002). “FAO/WHO (2006) defines probiotics as live microorganisms which confer health benefits to consumers when ingested in adequate quantity. Probiotics are viable microbial dietary supplements that affect the host beneficially through its effects in the intestinal tract”. In the earlier part of the last century, to take care of intestinal infections, focus was mainly given on the use of fermented milk with probiotics. But gradually this focus has shifted to survival of these bacteria in the gastrointestinal tract and the carrier food to have their beneficial effect on the host (Roy, 2005).
[bookmark: _GoBack]Frizzo et al., 2010 reported Diarrhoea as the main reason for mortality and huge economic losses in rearing neonatal calves. Feeding high levels of lactose to the newborn animals causes noticeable microbial imbalance, especially the presence of coliforms, such as E.coli, in the intestine, leading to diarrhoea (Frizzo et al., 2011). Probiotics, mostly lactic acid bacteria such as lactobacilli and bifidobacteria, have been shown to reduce antibiotic-associated diarrhoea (Elmer et al., 1996). Probiotics are one of the best antibiotic alternatives (Callaway et al., 2004) as they inhibit the presence of E.coli in the intestine, thereby playing a vital role in the treatment of diarrhoea in humans (Sazawal et al., 2006) and in animals (Reid & Friendship, 2002). Many studies reported the treatment of beneficial effects of probiotics, such as improving the intestinal microbial balance and the production of inhibitory metabolites against pathogenic microbial growth (Kaur et al., 2002; Voravuthikunchai et al., 2006). Probiotics have positive effect on human health, and they also maintain the balance of intestinal microflora (Rayes et al., 2009).
Aiming to reduce dehydration and discomfort, and the inconvenience of frequent bowel movements, is the treatment of diarrhoea, which is generally non-specific. The major drugs which are currently available for the treatment of acute diarrhoea, such as leporamide and diphenoxylate, have adverse events. Post-treatment constipation is frequent with the drug loperamide. These anti-motility drugs are not recommended for children because they cause side effects of potential respiratory and central nervous system (Casburn et al., 2004). The bacterial pathogens are significantly high if diarrhoea is severe or due to cholera, or in case of travellers’ diarrhoea, for this reason treatment of diarrhoea with antibiotics is controversial. As a consequence, the search for safe and effective agents is still ongoing (Riddle et al., 2016). Probiotics have both preventive and therapeutic effects on diarrhoea, particularly in children with acute diarrhoea (Cruchet et al., 2015). The mechanism for the beneficial effects of probiotics includes lowering the pH of the intestine, producing antimicrobial substances such as organic acids, competitive adherence to the mucosa and epithelium, strengthening of the gut epithelial barrier and modulation of the immune system (Cruchet et al., 2015).
As nutrition is moving towards, the use of foods which promote better health benefits, functional foods such as probiotic products have become more important to consumers because of its health benefit properties (Cardarelli et al., 2008). The most popular fermented milk product consumed worldwide is yoghurt. Fortification of yoghurt with different food components, including fruit pulp, is a common practice to improve its palatability as well as give health benefits (Minj and Vinj, 2025). The consumption of yoghurt and probiotic fermented milks shows positive health effects in a number of pathological conditions. It includes osteoporosis, cardiovascular diseases, and diabetes. It also promotes gut health and modulation of the immune system (Hadjimbei et al., 2022).
2. MATERIALS AND METHODS
2.1 Raw materials
	                Raw materials such as mangoes were procured from the local markets of Jorhat and Guwahati, Assam. The cow’s milk was obtained locally, and skim milk was obtained from the Jaldhara company.
2.2 Bacterial strains
The Stab cultures of probiotic strains, viz., Lactobacillus delbrueckii ssp. bulgaricus and Streptococcus thermophilus were collected from the National Collection of Industrial Microorganisms at the National Chemical Laboratory, Pune, India.
2.3 Media and culture conditions
Collected cultures were stored in a refrigerator at 4 ºC. Strains are prepared by streaking the activated culture on MRS agar with 1% (w/v) calcium carbonate precipitated plates. It is then followed by incubating at 37 °C for 24 hours.  
2.4 Animals
Albino rats were used for this experiment, obtained from the College of Veterinary Science, Dept. of Microbiology, AAU, Khanapara. The weight of the animals was between 180 and 220 g. No animals were harmed during the experiment, according to the Institutional Animal Ethics Committee, Assam Agricultural University, Khanapara, Guwahati, Assam.
2.5 Preparation of mango pulp
The mangoes were washed and peeled. The seeds were removed manually. Mango pulp was extracted by sieving (1/32ʹʹ). It was then pasteurized at 82±2 °C for 30 minutes, and sugar was added. After that, the prepared pulp was then filled into a container and stored in a refrigerator at 4 °C.
2.6 Production of Yoghurt
	 	The Standard probiotic yoghurt (SPY) was developed using 80% cow milk, 7% skim milk powder, and then it was pasteurized at 80 ºC for 10 minutes. After preparing, it was allowed to cool till it reached a temperature of 35-40 ºC. β-carotene enriched probiotic yoghurt (MBPY) was developed using cow milk 80%, skim milk powder 7%, 2% fructooligosaccharide, and 20% mango pulp. It was then pasteurized at 80 ºC for 10 minutes and allowed to cool till it reached a temperature of 35-40 ºC. Both SPY and MBPY were inoculated with 1% Lactobacillus bulgaricus and 1% Streptococcus thermophilus and incubated at 37 ºC for 12 hours.    
 (
Cow Milk
)


 (
Addition of skim milk powder (7%)
)

 (
Pasteurization (80
 
°C)
)

 (
Cooling to optimum temperature (35-40 °C)
)


 (
Culture addition 
Streptococcus 
thermophilus
 
(
1
% 
)
 
and 
Lactobacillus 
bulgaricus
 
(
1%
)
)


 (
Kept in incubator at 37 °C for 12 hour
)

 (
Setting up of yoghurt
)


Flow Chart 1. Preparation of Standard Probiotic Yoghurt
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Flow Chart 2. Preparation of β-carotene enriched probiotic yoghurt 



2.7 Induction of diarrhoea
           E.coli inoculum was prepared by transferring a single colony from the EMB agar plate to a 250 ml Erlenmeyer flask containing 100 ml of sterile TGB broth. E.coli, which was inoculated on TGB  broth, was incubated aerobically at 30±2ºC until it reached a cell density of 9.00 log cfu/ ml ( A 590nm=0.6). The cell density was measured using a UV-Vis spectrophotometer. 
The animals used for this experiment were divided into three Experimental groups, namely Group A (Control), Group B (Test Group I), and Group C (Test Group II), consisting of four animals in each group. The animals were then given E.coli (1X10^9 CFU) by oral gavage once a day for 2 days. All the animals of the control group A were fed intragastrically (i/g) with 24 hour growth of Escherichia coli and were fed ad libitum. Test Group I (Group B) was fed intragastrically (i/g) with 24 hour growth of Escherichia coli and was supplemented with standard probiotic yoghurt (SPY). Test Group II (Group C) was fed intragastrically (i/g) with 24 hour growth of Escherichia coli and supplemented with β-carotene enriched probiotic yoghurt (MBPY), respectively. The rats were kept in controlled conditions, with a 12-hour light and dark cycle. Group B and Group C animals received yoghurt in addition to the rat diet. Group A animals were fed only a rat diet throughout the experiment. The rats fed with yoghurts were offered rat food ad libitum during the day, then at 5 pm, the feeders and drinkers were closed down. A 10 g of yoghurt was offered to the rats between 8-9 am, during which time the control group was offered water.
2.8 Collection of faecal samples
During the time of inoculation of infection and also at the time of yoghurt feeding, faecal samples were collected from 0-9 days at an interval of 24 hours.
2.9 Microbial analysis of the faecal samples
The faecal samples, which were collected each day during the experiment for 0-9 days, were grown on TGB broth aerobically for 12 hours at 30 ºC. After that, one millilitre of the inoculum was taken in an Eppendorf. It was then centrifuged at 10,000 rpm for 10 min. After centrifugation, the supernatant was discarded, and the cells were then mixed with 1ml of Normal sterile solution (NSS). Then the cell density was measured by the McFarland Nephelometer Standards for bacterial count. However, the pour plate method for bacterial count was also carried out. 1ml of the inoculum was taken in an Eppendorf and centrifuged at 10,000 rpm for 10 min. After centrifugation, the supernatant was discarded, and the cells were then mixed with 1ml of normal saline solution (NSS). The cells were diluted 10 fold-times. Than labelled empty petriplates were inoculated with 0.1 ml of the diluted samples. Molten cooled EMB agar was used for E.coli, which was then poured (15 ml) into the petriplates containing the inoculums and mixed well. It was then incubated aerobically at 37ºC for 12 hours. After that bacterial count was done. The number of microorganisms present in the sample is determined using the formula:
CFU/ml =  No of colonies x Dilution Factor/ Volume plated
             
3. RESULTS AND DISCUSSION
The in vivo study in albino rats was carried out to examine the inhibitory effect of Lactobacillus bulgaricus and Streptococcus thermophilus on the growth of E.coli. By the continuous effect of Lactobacillus bulgaricus and Streptococcus thermophilus, the growth of E.coli strains in TGB broth under aerobic conditions was strongly inhibited. (Fig.1). It was observed from Table 1 that the microbial count in control Group A increased significantly from 9.24 log cfu/ml to 9.56 log cfu/ml till 7 days after inoculation.  
           In Group B, after 24 hours of inoculation, E. coli increased to 9.80 log cfu/ml. The decreasing order of E. coli in Group B was recorded from day 1 to day 7 (9.79 log cfu/ml-8.14 log cfu/ml) after feeding with standard probiotic yoghurt (SPY).
          Similarly, the decreasing order of E.coli in Group C was also recorded from day 1 to day 7 (9.76 log cfu/ml-8.12 log cfu/ml) after feeding with β-carotene enriched probiotic yoghurt (MBPY). The ability of lactic acid bacteria to decrease the gastrointestinal invasion of pathogenic bacteria, such as E.coli, was due to their ability to adhere to the gastrointestinal tract, which shows an inhibitory effect against harmful pathogens.    

Table 1.  Effect of Supplementation on gut microflora associated with enteric bacterial infection induced with E. coli (log cfu/ml)
	Treatment
	Supplementation period

	
	Days of faecal collection

	Experimental  Group(n=12)
	0
(Inoculation day)
	After
24 hr.
	1d
(Feeding day)
	2d
	3d
	4d
	5d
	6d
	7d

	Group A (Control)
	9.24
	9.82
	9.81
	9.75
	9.65
	9.59
	9.59
	9.58
	9.56

	
Group B
(SPY)
	
9.26
	
9.80
	
9.79
	
9.73
	
9.56
	
9.45
	
9.29
	
9.12
	
8.14

	Group C(MBPY)
	9.23
	9.83
	9.76
	9.71
	9.58
	9.36
	9.28
	9.20
	8.12


SPY-Standard Probiotic Yoghurt.
MBPY-β-carotene enriched probiotic yoghurt.




Fig.1 Effect of standard probiotic yoghurt and β-carotene enriched probiotic yoghurt (MBPY) on E. coli, as compared to control.
Diagrammatic representation of the effect of SPY and MBPY on E.coli as compared to the control. It is seen that after supplementing with SPY and MBPY, the decreasing order of E.coli was observed in both groups.
Similar observations were also made by Danan et al, 1998 that infants in the age group of 10-18 months increased the faecal concentration of Lactobacillus delbrueckii ssp. bulgaricus and Streptococcus thermophilus when fed with yoghurt fermented with Lactobacillus delbrueckii ssp. bulgaricus and Streptococcus thermophilus. In 2022, Dempsey and Corr reported that the intestinal barrier is protected by Lactobacilli from infection by promoting mucus production and barrier-related proteins, secreting anti-microbial substances such as SCFAs, bacteriocins, and hydrogen peroxide, which inhibit the growth of or kill pathogens, by modulating the host’s immune response to pathogens, and preventing adherence of pathogens and competing for binding sites. Thus, Lactobacilli are capable of preventing intestinal damage caused by certain bacterial infections. Lactobacillus probiotics have been demonstrated to inhibit the development of infection by pathogenic bacteria, such as E. coli Chingwaru and Vidmar, (2017), Campylobacter jejuni , Saint-Cyr et al., (2017), Staphyloccocus aureus, Sikorska and Smoragiewicz, (2013), Yersinia, De Montijo-Prieto et al., (2015), S. enteritidis, Carter et al., (2017), C. difficile and C. perfringens, Schoster  et al., (2013).
5. CONCLUSION
This experiment showed that there exists a significant effect of fortified yoghurt on E. coli counts in albino rats. The results obtained in this study suggest that the β-carotene enriched probiotic yoghurt and standard probiotic yoghurt have therapeutic effects on E.coli infection in experimental animals. We can therefore say that a supplementation dose of 10 g of probiotic yoghurt for 7 days can decrease E.coli count in albino rats.
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