
Abstract
In this study we aimed to evaluate the effect of orally administered β-glucan and/or dietary restriction on Lactobacillus spp., coliforms, 
Enterobacteriaceae and enterococci counts in rat faeces. For this aim, rats were divided into three experimental groups: i) first group 
animals received normal diet for 6 months and administrated orally with β-glucan  (20 mg/kg for bodyweigth) over the last 14 day of 
experiment, ii) second group was dietary restricted animals for 6 months and receiving β-glucan as those of first group animals, iii) 
last group was the control group rats receiving only ad libitum feed. Compared to control group, numeric increase was observed in the 
number of coliforms, Enterobacriaceae and lactobacillus counts in first group but this was not statistically important. The increase in 
coliforms and Enterobacteriaceae counts was nearly 2 log while this was 1 log for lactobacillus counts. Interestingly, dietary restriction + 
β-glucan administration had no significant influence on the increase of defined bacterial groups. The results of the present study 
showed that orally administration of the β-glucan, widely used as prebiotic, has the potential to modify faeces microbiota in rat model.
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Oral Yolla Uygulanan β-glukan ve Diyet Kısıtlamasının 
Ratların Fekal Mikroflorasına Etkisi

Özet
Bu çalışmanın amacı oral yolla verilen β-glukan ve/veya diyet kısıtlamasının rat feçesindeki Lactobacillus spp., koliform, Enterobacteriaceae 
ve enterokok sayıları üzerine etkisini ortaya koymaktır. Bu amaçla ratlar üç deneysel gruba ayrıldı: i) birinci grup 6 ay süresince normal 
diyetle beslenen ve son 14 gün oral yolla β-glukan (20 mg/kg, canlı ağırlığa) verilen hayvanlar ii) ikinci grup 6 ay boyunca diyet 
kısıtlaması uygulanan ve ilk grupla aynı şekilde β-glukan verilen hayvanlar iii) yalnızca ad libitum beslenen kontrol grubu ratlardan 
oluşmaktadır. Kontrol grubu ile karşılaştırıldığında, ilk grupta koliform, Enterobacteriaceae ve laktobasil sayılarında artış gözlendi, fakat 
bu artış istatistiksel olarak önemli değildi. Koliform ve Enterobacteriaceae sayılarındaki artış yaklaşık 2 log iken, laktobasil sayılarında bu 
artış 1 log idi. İlginç olarak diyet kısıtlaması ile birlikte β-glukan uygulaması adı geçen bakterilerin artışında önemli bir etki oluşturmadı. 
Mevcut çalışmanın sonuçları, prebiyotik olarak geniş kullanım alanı bulunan β-glukan’ın oral yolla takviyesinin rat modelinde dışkıdaki 
mikroorganizmaları modifiye etme potansiyeline sahip olduğunu gösterdi.
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INTRODUCTION

Prebiotic is defined as “a selectively fermented 
ingredient that allows specific changes, both in the 
composition and/or activity in the gastrointestinal 
microbiota that confers benefits upon host wellbeing 
and health” [1,2]. Today prebiotics have been widely used 
to enhance health in the human life [3]. Additionally they 

benefits on growth and performance of animals [4]. 
Probiotics and prebiotics are mostly consumed for 
strenghtening of friendly microflora of gut [5]. β-glucan, 
which is a novel prebiotic, has many health benefits. Some 
of these effects are immunomodulation, increasing the 
defence system to invading pathogens, anti-tumor activity, 
lowering the blood cholesterol level and beneficially 
affect to gut health [4,6]. Because of this effects, β-glucan 
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is considered as biological response changers and regard 
from the pharmaceutical and functional food industries [7]. 
In addition to these positive properties β-glucan has 
prebiotic effect by improving the growth of lactobacilli 
in gut microflora [8] and is one of the most studied pre-
biotics [9]. Degradation of β-glucan by microbiota resuted 
with some fermentation products such as short chain fatty 
acids (SCFA) which are important for the development of 
the colon microflora. Presence of SCFA reduce the colonic 
pH and increases the bacterial cultivation [10]. Production 
of SCFA also prevents growth of potential pathogens [11]. 
Many researchers reported that β-glucan has positive 
effects on probiotic bacteria such as lactobacilli and bifido-
bacteria in gut microflora by animal experiments [12-14]. 
But there is not enough research about impact of β-glucan 
to intestinal microflora such as Lactobacillus, coliform, 
Enterobacteriaceae, enterococci.

The composition of the gastrointestinal microrganisms 
is intensively influenced by several factors that include 
the main gut flora at birth, host genetics, immunological 
factors, antimicrobial consumption and dietary effects. 
Change the intakes of the carbonhydrates, proteins and fats 
can significantly modify the composition of the microflora [15].

Dietary restriction (DR) that underfeeding without 
malnutrition, extends rats life-span in comparison with 
ad libitum feeding [16,17]. DR is the only experimental 
orientation that has been presented to delay aging, 
decrease deseases, health risks and the occurence and 
proceeding of tumors [16]. DR delays onset of various age-
related neurodegenerative diseases such as Alzheimer’s 
disease and insuline resistance. DR is also ameliorate 
oxidative stres-releated impairment in tissues [17]. Altough 
these possitive effects there is not enough research about 
impact of dietary restriction to intestinal microflora.   

The aim of this study was to evaluate the in vivo 
prebiotic potential of β-glucan and the efficiacy of long 
term dietary restriction supported with β-glucan on 
rat faecal microbiota such as Lactobacillus, coliform, 
Enterobacteriaceae, enterococci. 

MATERIAL and METHODS

Animals and Management

Male, 3-months old Sprague-Dawley rats were used in 
this study. Rats were purchased from Experimental Animals 
Breeding and Research Centre of Uludag University. Thirty 
Sprague-Dawley rats were housed under controlled 
humidity (50-60%) and temperature (20-23ºC) with a 12 
h light-dark cycle. Rats had free access to tap water, and  
fed with a laboratory chow diet. The composition of the 
diet was as follows: protein 18% (min), lipid 2.5% (min), 
fiber 4% (max), ash 5.5% (max), nitrogen free extract 57.0% 
(max), metabolic energy 2650 kcal/kg (min), water 13% 
(max) plus various amino acids, minerals and vitamins (data 

obtained from the supplier). This study was performed 
after approval of the Local Ethical Committee of Animal 
Experiments of Uludag University with decision number 
2012-14/05.

Study Design

All rats were divided to 3 groups and each group 
consisted of 10 rats. All animals were cared during 6 months. 
First and third (control) groups were given tap water and 
standart laboratory chow diet with ad libitum. Also, first 
group was orally administreted by β-glucan. Second group 
rats was applied by DR (monday, wednesday and friday 
mornings) (the food hoppers were placed the following 
morning as an every-other-day feeding schedule) and 
tap water ad libitum [16,17]. During last 14 days of 6 months 
housing, daily β-glucan intake in first and second groups 
were 20 mg/kg dose by intragastric way. 

Microbiological Analyses 

Rat faecal samples were collected from cage litters 
at 1st, 7th, and 14th days under sterile conditions and 
stored at -20°C for microbiological analysis until the last 
required sample is collected. Approximately 5 g of each 
faecal sample were homogenised in 45 ml sterile peptone 
water (0.1%) solution using a stomacher for at least two 
minutes. Decimal dilutions were made in sterile pepton 
water (0,1%) and plated in duplicate on the selective agars. 
Coliforms were isolated on Violet Red Bile agar (CM0107, 
Oxoid, UK) with overnight (20-24 h) incubation at 35-37°C. 
For enterococci the culture was grown on Slanetz and 
Bartley medium (CM0377, Oxoid, UK) at 35-37°C for 48 h. 
Enterobactericeae count was performed by Violet Red Bile 
Glucose agar (CM0485, Oxoid, UK) and incubated 20-24 
h at 35-37ºC [18]. Lactobacillus spp. was enumerated on de 
Man Rogosa Sharpe medium (CM0361, Oxoid, UK) and 
plates were incubated under anaerobic conditions at 35-
37ºC for 72 h [19].

Statistical Analyses

Statistical analyses were performed by SPPS 20 
programme by Kruskal-Wallis test. When differances among 
the groups were significant, Mann-Whitney test was used. 
For interpreting results P<0.05 significance level was used.

RESULTS

The results related to the counts of coliforms, 
enterobactericeae, enterococci and Lactobacillus spp. 
according to groups are summarized in Table 1. Increase 
in coliform counts was almost 2 logs in the first group, 
while this increase was sligtly lower in other groups with 
a change of 1 log.  But there was no statistically significant 
difference (P>0.05) among the groups. Only the first group 
animals exhibited changes in term of Enterobactericeae 
counts which were increased 2 log in 2 weeks period. In 
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other two (control and DR + β-glucan) groups, the counts 
of Enterobacteriaceae did not change. Although the higher 
counts of enterococci in first and third groups were 
detected, the faecal samples of the second group rats 
were not assigned any change for enterococci counts after 
14 days period. For Enterobacteriaceae and enterococci 
counts, the differences among groups were not statistically 
significant (P>0.05).   

Lactobacillus spp. population in first group were similar  
at 1st and 7th days. But on 14th day the counts of these 
bacteria were observed a 1 log increase. On the other hand 
the increase was not statistically significant (P>0.05). On 
1st, 7th and 14th days, Lactobacillus spp. counts in second 
and third groups were not seen any difference. 

DISCUSSION

This study was carried out to determine the effect on 
faecal microrganism counts of the feeding by β-glucan. The 
addition of β-glucan in the diet of rats did not significantly 
increased (P>0.05) the numbers of coliform, enterococci, 
Enterobacteriaceae, enterococci and Lactobacillus spp. in 
 the faecal samples (1, 7 and 14 days after feeding). 

In the present study, coliform counts increased at 
least one log at first (β-glucan) and third groups. On the 
other hand, Turunen et al.[10] reported that feacal coliform 
populations were reduced in the human faeces with 
β-glucan feed on 30th days. We found that feed with 
β-glucan caused a 2 log increase in Enterobacteriaceae 
counts. A similar result was reported by Murphy et 
al.[20] who suggested that oat based β-glucan rised 
Enterobacteriaceae populations 2 log in the porcine 
gastrointestinal tract. In second (DR+ β-glucan) and third 
(control) groups, Enterobacteriaceae counts didn’t change 
on 14th day. Enterococci populations at first and third group 
rats increased in the end of the feed. In another study 
investigated of the effect on faecal microflora of β-glucan, 
Lowry et al.[21] reported that β-glucan as feed addictive 
significantly reduced the incidence of Salmonella enterica 
serovar Enteritidis organ invasion in immature chickens. In 

this study, cause of the increase in the number of coliforms 
and enterococcus bacteria in the group treated with 
β-glucan, may be due to lack of the dose of β-glucan or 
administration time.

In only β-glucan feed rats, Lactobacillus spp. populations 
showed an increasing at 1 log level. There are reports 
showing that a β-glucan was able to increase Lactobacillus 
spp.  in rat faeces [14,22]. Again, Reiilly et al.[12] and Murphy et 
al.[20] assigned that β-glucan raised lactobacillus counts in 
porcine gastrointestinal tract. Also, a study conducted by 
Mitsou et al.[23] and Kuda et al.[13] exhibited that β-glucan 
significantly increased probiotic bacteria in human and rat 
faeces, respectively. Dietary restriction supplemented with 
β-glucan (second group) did not effect Lactobacillus spp. 
populations in the our study. This result could depends 
on the β-glucans efficacy inhibited by long time dietary 
restriction treatment. Therfore could not observed any 
increase in Lactobacillus spp. in second group rats. In our 
knowledge, the results of the present study represent the 
first data on the effect of dietary restriction + β-glucan 
on some selected faecal microorganisms in rats. On the 
other hand, several studies indicated that the addition of 
different dietary supplements such as sorbitol, heparin 
or heparosan at the diet increased Lactobacillus spp. 
population in gut microbiota [9,24]. 

In conclusion, we found that addition of prebiotic 
matter β-glucan has the potential to change at rat faeces 
microflora, and to increase, despite not a statistically 
significant, both probiotic lactobacillus and other micro-
orgamisms including coliform, Enterobacteriaceae and 
enterococci populations. In the future we aim to find 
the exact β-glucan dose which can be used to reduce 
the colonization of pathogenic bacteria and to increase 
probiotic bacteria populations as lactobacillus in gastro-
intestinal tract of animals. 

REFERENCES

1. Gibson GR, Probert HM, Van Loo JAE, Roberfroid MB: Dietary 
modulation of the human colonic microbiota: updating the concept  
of prebiotics. Nutr Res Reviews, 17, 257-259, 2004.

Table 1.  Lactobacillus spp., Coliform bacteria, Enterobacteriaceae and Enterococci counts (log10 cfu/g) according to groups and sampling days

Tablo 1. Gruplara ve örnekleme günlerine göre Lactobacillus spp., koliform bakteri, Enterobacteriaceae ve enterokok sayıları (log10 kob/g)

Microorganism

Day 1 Day 7 Day 14

First
(β-glucan)

Second
(DR+ 

β-glucan)

Third
(Control)

First
(β-glucan)

Second
(DR+ 

β-glucan)

Third
(Control)

First
(β-glucan)

Second
(DR+ 

β-glucan)

Third
(Control)

Mean±SEM Mean±SEM Mean±SEM

Lactobacillus spp. 8.67±0.07* 9.02±0.17* 8.92±0.15* 8.53±0.07 9.02±0.16 8.64±0.05 9.04±0.40 9.11±0.10 8.66±0.09

Coliform 4.62±0.13 5.13±0.59 4.27±0.28 5.11±0.27 5.17±0.31 5.01±0.38 6.37±0.37 5.36±0.42 5.01±0.30

Enterobacteriaceae 4.80±0.09 5.27±0.60 4.97±0.14 5.18±0.22 5.20±0.27 5.06±0.42 6.35±0.51 5.44±0.45 4.77±0.39

Enterococci 5.77±0.23 5.81±0.48 5.57±0.42 6.08±0.14 5.83±0.12 5.75±0.07 6.26±0.22 5.34±0.23 6.07±0.38

* Values sharing the same symbol in the same row are not significantly (P>0.05) different among groups

http://www.ncbi.nlm.nih.gov/pubmed/19079930


30
The Effect of Orally ...

2. Saad N, Delattre C, Urdaci M, Schmitter JM, Bressollier P: An 
overview of last advances in probiotic and prebiotic field. LWT Food Sci 
Technol, 50, 1-16, 2013.

3. Özpınar H, Aydın İH, Klasing KC, Tekiner İH: Interaction of manan 
oligosaccharide with immune system “transport of MOS in to the Lamina 
Propria”. Kafkas Univ Vet Fak Derg, 18, 121-128, 2012.

4. Yalçın S, Yalçın S, Eser H, Şahin A, Yalçın SS, Güçer Ş: Effects of 
dietary yeast cell wall supplementation on performance, on carcass 
characteristics, antibody production and histopathological changes in 
broilers. Kafkas Univ Vet Fak Derg, 20, 757-764, 2014.  DOI: 10.9775/
kvfd.2014.11088

5. Gülmez M, Güven A: Probiyotik, prebiyotik ve sinbiyotikler. Kafkas 
Univ Vet Fak Derg, 8, 83-89, 2002.

6. Lam KL, Cheung PCK: Non-digestible long chain beta-glucans as 
novel prebiotics. Bioact Carbonhydr Dietary Fibre, 2, 45-64, 2013. 

7. Russo P, Lopez P, Capozzi V, de Palencia PF, Duenas MT, Spano G, 
Fiocco D: Beta-glucans improve growth, viability and colonization of 
probiotic microrganisms. Int J Mol Sci, 13, 6026-6039, 2012.

8. Licht TR, Ebersbach T, Frøkiær H: Prebiotics for prevention of gut 
infections. Trends Food Sci Technol, 23, 70-82, 2012.

9. Sarmiento-Rubiano LA, Zuniga M, Perez-Martınez G, Yebra MJ: 
Dietary supplementation with sorbitol results in selective enrichment  
of lactobacilli in rat intestine. Res Microbiol, 158, 694-701, 2007.

10. Turunen K, Tsouvelakidou E, Nomikos TZ, Mountzouris KC, 
Karamanolis D, Triantafillidis J, Kyriacou A: Impact of beta-glucan on 
the fecal microbiota of polypectomised patients: A pilot study. Anaerobe, 
17, 403-406, 2011.

11. Williams BA, Mikkelsen D, Le Paih L, Gidley MJ: In vitro fermentation 
kinetics and end-products of cereal arabinoxylans and (1,3;1,4)-b-glucans 
by porcine faeces. J Cereal Sci, 53, 53-58, 2011.

12. Reilly P, Sweeney T, O’Shea C, Pierce KM, Figat S, Smith AG, 
Gahan DA, O’Doherty JV: The effect of cereal-derived beta-glucans and 
exogenous enzyme supplementation on intestinal microflora, nutrient 
digestibility, mineral metabolism and volatile fatty acid concentrations  
in finisher pigs. Animal Feed Sci Tech, 158, 165-176, 2010.

13. Kuda T, Enomoto T, Yano T: Effects of two storage β-1,3-glucans, 
laminaran from Eicenia bicyclis and paramylon from Euglena gracili, on 

cecal environment and plasma lipid levels in rats. J Funct Foods, 1, 399-
404, 2009.

14. Snart J, Bibiloni R, Grayson T, Lay C, Zhang H, Allison GE, Laverdiere 
JK, Temelli F, Vasanthan T, Bell R, Tannock GW: Supplementation of the 
diet with high-viscosity beta-glucan results in enrichment for Lactobacilli 
in the rat cecum. Appl Environ Microbiol, 72 (3): 1925-1931, 2006.

15. Scott KP, Gratz SW, Sheridan PO, Flint HJ, Duncan SH: The influence 
of diet on the gut microbiota. Pharmacol Res, 69, 52-60, 2013.

16. Aydın C, Ince E, Koparan S, Cangul IT, Naziroglu M, Ak F: protective 
effects of long term dietary restriction on swimming exercise-induced 
oxidative stres in the liver, heart and kidney of rat. Cell Biochem Funct,  
25, 129-137, 2007.

17. Aydın C, Sonat F, Sahin SK, Cangul IT, Ozkaya G: Long term dietary 
restriction ameliorates swimming exercise-induced oxidative stres in 
brain and lung of middle-aged rat. Indian J Exp Biol, 47, 24-31, 2009.

18. Roberts D, Greenwood M: Practical Food Microbiology. 3th ed., 160-
161, Blackwell Publishing, Massachusetts, USA, 2003.

19. Rubio R, Jofre A, Martin B, Aymerich T, Garriga M: Characterization 
of lactic acid bacteria isolated from infant faeces as potential probiotic 
starter cultures for fermented sausages. Food Microbiol, 38, 303-311, 2014.

20. Murphy P, Dal Bello F, O’Doherty JV, Arendt EK, Sweeney T, Coffey 
A: Effects of cereal β-glucans and enzyme inclusion on the porcine 
gastrointestinal tract microbiota. Anaerobe, 18, 557-565, 2012.

21. Lowry VK, Farnell MB, Ferro MJ, Swaggerty CL, Bahl A, Kogut MH: 
Purified β-glucan as an abiotic feed addictive up-regulates the innate 
immune response in immature chickens against Salmonella enterica 
serovar Enteritidis. Int J Food Microbiol, 98, 309-318, 2005. 

22. Zhoua M, Pub C, Xiaa L, Yua X, Zhua B, Chenga R, Xua L, Zhang 
J: salecan diet increases short chain fatty acids and enriches beneficial 
microbiota in the Mouse cecum. Carbonhydr Poly, 102, 772-779, 2014.

23. Mitsou EK, Panopuolou N, Turunen K, Spiliotis V, Kyriacou A: 
Prebiotic potential of barley derived β-glucan at low intake levels: A 
randomised, double-blinded, placebo-controlledclinical study. Food Res 
Int, 43, 1086-1092, 2010.

24. Duan R, Chen X, Wang F, Zhang T, Ling P: Oral administration of 
heparin or heparosan increases the Lactobacillus population in gut 
microbiota of rats. Carbonhydr Polym, 94, 100-105, 2013. 

http://vetdergi.kafkas.edu.tr/extdocs/2012_1/121-128.pdf
http://vetdergi.kafkas.edu.tr/extdocs/2014_5/757-764.pdf
http://vetdergi.kafkas.edu.tr/extdocs/8_1/83_89.pdf
http://www.sciencedirect.com/science/article/pii/S0023643812002319
http://www.sciencedirect.com/science/article/pii/S2212619813000326
http://www.mdpi.com/1422-0067/13/5/6026
http://www.sciencedirect.com/science/article/pii/S0924224411001622
http://www.ncbi.nlm.nih.gov/pubmed/17825531
http://www.ncbi.nlm.nih.gov/pubmed/21515398
http://www.sciencedirect.com/science/article/pii/S0733521010001712
http://www.sciencedirect.com/science/article/pii/S0377840110001318
http://www.sciencedirect.com/science/article/pii/S1756464609000632
http://www.sciencedirect.com/science/article/pii/S1756464609000632
http://www.ncbi.nlm.nih.gov/pubmed/16517639
http://www.sciencedirect.com/science/article/pii/S1043661812002071
http://www.ncbi.nlm.nih.gov/pubmed/16143963
http://www.sciencedirect.com/science/article/pii/S0740002013001548
http://www.ncbi.nlm.nih.gov/pubmed/23022204
http://www.ncbi.nlm.nih.gov/pubmed/15698692
http://www.ncbi.nlm.nih.gov/pubmed/24507346
http://www.sciencedirect.com/science/article/pii/S0963996910000384
http://www.sciencedirect.com/science/article/pii/S0144861713000921



