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ABSTRACT

Bile salt hydrolase (BSH) is a highly signifi cant enzyme involved in bile acid alteration in the gastrointestinal tract of 
humans and animals. Bile salt hydrolase belongs to the chologlycine hydrolase enzyme family and is normally associ-
ated with the gastrointestinal bacteria of both human and animals. This enzyme is responsible for the hydrolysis of con-
jugated bile acids into free bile acid and amino acid residue. Today, BSH is considered as an upcoming pharmacologi-
cally important enzyme since it has the ability to lower cholesterol levels in hypercholesterolemic patients because high 
cholesterol levels are found as an important reason of atherosclerosis which results in cardiovascular diseases (CVD’s). 
This review discusses about the incidence of BSH enzyme among bacteria and the role and potential application of this 
highly signifi cant enzymes on the host.
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INTODUCTION

Cholesterol, though is regarded as an important sub-
stance in human body, high levels of serum cholesterol 
may lead to atherosclerosis which in turn can end in 
cardiovascular diseases (CVD’s) ( Jones et al., 2004, Tsai 
et al., 2014). There is tremendous increase in the number 
of people suffering from cardiovascular diseases in the 
developing countries like India. During the past fi ve dec-
ades, rate of coronary artery diseases among urban pop-
ulation have risen from 4% to 11% due to modernization 

and stressful life styles. Many clinical and epidemiologi-
cal studies indicate that a correlation exists between the 
elevated serum cholesterol levels and coronary heart 
disease (Pereira & Gibson, 2002). According to the recent 
reports of World Health Organization (WHO), the CVD’s 
are regarded as number 1 cause of death globally and 
responsible for 31% of all global deaths (WHO, 2017). On 
22 September, 2016 WHO has launched “Global Hearts”, 
a new initiative to beat back the global threat of cardio-
vascular diseases. 
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Nowadays, a number of non-pharmacologic meth-
odologies such as dietary management, regular exercise 
and drug therapies are commonly used for lowering cho-
lesterol levels (Dunn‐Emke et al., 2001). But most of the 
drugs in use, though may effectively reduce the choles-
terol level, are expensive and known to have side effects 
(Bliznakov, 2002). Hence the importance of using enzy-
matic deconjugation by bile salt hydrolase (BSH), both 
to lower serum cholesterol levels in hypercholesteremic 
patients and to prevent hypercholesteremia in normal 
people is increasing day by day (Sridevi et al., 2009). In 
this regard, bile salt hydrolase can be considered as an 
alternative therapy for lowering serum cholesterol lev-
els. Bile salt hydrolase, a highly biologically signifi cant 
enzyme, belongs to the family chologlycine hydrolase 
(EC 3.5.1.11). This enzyme has been classifi ed as N-ter-
minal nucleophilic (Ntn) hydrolase which is involved in 
the deconjugation of conjugated bile acids resulting in 
the formation of free bile acids and amino acids (Kumar 
et al., 2006, Chand et al., 2017).

Bile

Bile is a yellow-green aqueous solution which typically 
consists of bile acids, cholesterol, phospholipids and the 
pigment biliverdin. In addition to the trace amounts of 
mucus, tocopherol and immunoglobulin A (IgA) are also 
present which prevent the bacterial growth and oxida-
tive damage to the epithelium (De Smet et al., 1998, 
Schiff et al., 2002) . Bile is synthesized in the pericentral 
hepatocytes of the liver in many mammals and is stored 
and concentrated in gallbladder followed by the release 
of this into the duodenum just after the food intake.The 
bile acids play important role as a biological detergent 
which emulsifi es and solubilizes lipids, thereby enhanc-
ing the absorption and digestion of fats. Under normal 
conditions, the conservation of bile acids are done by a 
process called enterohepatic recirculation (Ridlon et al., 
2006, Russell, 2009).

Enterohepatic circulation

The cholesterol metabolism, in humans and animals, 
leads the formation of C24 acid steriods possessing a 
carboxyl group at the end of the side chain called as bile 
acids. The synthesis of C24 acid steriods in liver from 
cholesterol is followed by their conjugation with amino 
acids such as taurine or glycine at the C24 position of 
the steroid nucleus, catalysed by the enzyme N-acyl-
transferase (Appleby and waters 2014, Schapp et al 
2014, Camilleri & Gores 2015). The ratio of conjugation 
of bile acids with the amino acids glycine or taurine, 
depends upon the relative abundance of these amino 
acids, which may not have any functional or regula-
tory consequences (Ridlon, 2006). These conjugated bile 
salts are amphipathic in nature with enhanced solubil-

ity which makes them impermeable to cell membranes. 
At physiological pH, the carbon at the terminal position 
of glycocholic acid or oxygen atom of taurocholic acid 
bonded with sulphur gets ionized. The ionized oxygen 
atom along with planar structure of bile acids and the 
hydroxyl groups present in their rings make them highly 
amphipathic in nature. In the case of glycocholic acid, 
the conjugation of aminoacid glycine with cholic acid 
results in the reduction of pKa of cholic acid from 6.4 to 
4.4 units thereby enhancing the bile acids to get com-
pletely ionized and highly soluble (Alrefai et al., 2007).

The intake of lipids initiates the secretion of bile salts 
through the common duct into the duodenum, hence 
results in the association with dietary lipids and vari-
ous digestive products (Begley, 2005). The conjugated 
bile acids are ionized molecules which are resistant to 
deamidation by pancreatic and mucosal carboxypepti-
dases. Instead they move to the distal ileum, where they 
get absorbed by an active transport system known as 
ileum bile acid transporter (IBAT) and the members of 
the ATP binding cassette (ABC) family of transporters 
(Lack & Weiner, 1966, Nicoloau et al., 2012). About 95% 
of the bile salt mixture is re-absorbed and returns back 
to the liver by hepatic portal circulation and this process 
is known as enterohepatic circulation (fi g.1). 

Approximately 600 to 800 ml of bile is being pro-
duced daily and the total circulating bile acid pool is 
about 1.7 to 40 g. The recirculation of entire bile acid 
pool is about 6 to 15 times per day and a total of 0.2 to 
0.5 g is excreted via feces thereby enhancing the synthe-
sis of bile acid by de novo pathway (Kumar et al., 2012). 
The bile acid that eludes the absorption is subjected to 
bacterial metabolism including reduction and epimer-
ization of their OH groups from  to  conformation 
(Chiang, 2009). One such important transformation by 
indigenous intestinal bacteria is deconjugation of bile 
acids which is catalyzed by the enzyme called bile salt 
hydrolase (BSH) (Kim and Lee, 2005)

Role of BSH

The function of BSH still remains unclear and several 
hypotheses have been put forward regarding the expres-
sion and function of the BSH gene present in the bacte-
ria of the human gastrointestinal tract.

Nutritional role 

BSH confer nutritional advantage for the BSH positive 
strains as they utilize the hydrolysed amino acid moi-
eties (Begley et al., 2005). The deconjugation process 
results in the release of two amino acids such as glycine, 
which may be further metabolized to ammonia and car-
bon dioxide and taurine, which may be metabolized to 
ammonia, carbon dioxide and sulphate. Evidences sup-
porting these hypotheses, proposed by Huijghebaert et 
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FIGURE 1. Enterohepatic circulation of Bile acids. (Adapted from http://
www.gestaltreality.com/2013/09/21/metabolic-cholestatic-pruritus/)

al. in 1982 and Van Eldere et al. in 1996, stated that 
certain bile salt deconjugating Clostridium strains were 
able to utilize the released taurine as an electron accep-
tor and the growth rates of these strains were improved 
in the presence of taurine and taurine-conjugated bile 
salts (Huijghebaert et al.,1982; Van Eldere et al., 1996).

Modifi cation of Membrane characteristics

Most of the friendly intestinal bacteria play a crucial role 
in maintaining host gut health. The hydrolytic enzymes, 
lysozyme, phospholipase A2 and -defensins, produced 
by these bacteria in host gut provide a defense mech-
anism in the intestine. The extent of damage by host 
defenses on these bacterial membranes is determined 
by the composition, fl uidity, permeability, hydropho-
bicity and net charge of the membrane (Peschel, 2002). 
Studies have revealed that the cholesterol or bile incor-
poration into the bacterial membranes has been facili-
tated by BSHs (Dambekodi & Gilliland, 1998; Taranto 
et al., 2003; Taranto et al., 1997), which may increase 
the membrane potency by forming BSH- mediated lipid 

intermolecular hydrogen bonding (Boggs, 1987) or could 
change its fl uidity or charge. The resultant cell surface 
modifi cation by BSH activity could offer safety against 
perturbation of the structure and bacterial membranes 
integrity by the immune system and such resistance 
mechanisms ensures in establishing prolonged persis-
tence. This mechanism may strongly confer commen-
sals, possessing BSH enzyme, the capacity to dominate 
over the BSH- negative pathogens or other transients 
(Patel et al., 2010)

Bile detoxifi cation

BSH activity of microorganisms might be detoxifi cation 
action and these enzymes make the strains bile toler-
ant, thereby making positive environment in the gas-
trointestinal tract for survival. Many investigators have 
disproved this hypothesis of correlation between bile 
tolerance and BSH activity (Ahn et al, 2003; Moser & 
Savage, 2001;). Although ambiguity exists between the 
correlation of bile salt hydrolase and bile tolerance, sev-
eral studies have been undertaken to study this relation. 
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Studies by four independent groups using wild-type and 
bsh mutant combinations provide a connection between 
BSH activity and bile tolerance. The study using Lac-
tobacillus amylovorus mutant, with partly reduced BSH 
activity, displayed reduced growth rates in the presence 
of bile salts (Grill et al., 2000). Also BSH mutated Lis-
teria monocytogenes made the cells more sensitive to bile 
and bile salts (Begley et al., 2005; Dussurget et al., 2002) 
and Lactobacillus plantarum (De Smet et al., 1995). The 
actual mechanism by which BSH positive strains exhibit 
bile tolerance is not yet fully known. However it was 
proposed that the toxicity may be exhibited through 
the intercellular interface by the protonated form of 
bile salts and BSH positive cells may protect them-
selves by the weaker unconjugated counterparts. Hence 
this mechanism helps in dropping the pH and making 
suitable environment for bringing back and exporting 
the co-transported proton (De Smet et al., 1995). The 
unconjugated bile acids resulting from the enzymatic 
deconjugation of BSH active strains have an inhibitory 
effect on bacteria but the study of De Smeth et al sug-
gested that the BSH active strains may be capable of 
detoxifying these effects or they may be associated with 
7-dehydroxylating bacteria which will dehydroxylate 
unconjugated bile acids (De Boever & Verstraete, 1999).

Application of Bile Salt Hydrolase enzyme 

Hypocholesterolemic effect

An elevated level of cholesterol in blood can lead to 
hypercholesterolemia which in turn becomes a threat for 
the development of coronary heart diseases. Pharmaco-
logic agents such as statins, bile acid sequestrants etc. 
and food products are being formulated continuously 
to control the serum cholesterol levels in these patients. 
Recently many studies have shown that probiotics with 
bile salt hydrolase activity have the ability of cholesterol 
lowering. These have given much attention of using BSH 
positive probiotic strains in animal models and human 
subjects. In 1995 De Smet et al proposed that the BSH 
active probiotic strains or cultured products containing 
them result in the reduction of serum cholesterol lev-
els by interacting with the bile salt mechanism of the 
host. The studies of Sukling et al in 1991 revealed that 
the proposed mechanism of cholesterol lowering effect 
by De Smet et al (1995) is comparable with pharmaco-
logical agents (sequestrants) which prevent the bile salts 
from being reabsorbed by binding with them (Suckling 
et al., 1991). In addition to this Liong and shah (2005) 
and Parvez et al (2005) found that the strains Bifi do-
bacterium and Bifi dobacterium bifi dum NRRL 1976 was 
also able to remove cholesterol by bacterial assimilation 
and precipitation. Studies of Dong et al (2012) has also 
demonstrated that bsh positive Lactobacillus plantarum 
BBE7 was capable of removing cholesterol in vitro.

Human studies

The hypocholesterolemic effects of probiotic strain, fi rst 
discovered by Mann and Spoerry in 1974, showed that 
the Maasai tribes in Africa who consumed large amount 
of milk fermented by Lactobacillus sps resulted in the 
reduction of serum cholesterol levels (Mann & Spoerry, 
1974). In 1979 Hepner reported that the consumption 
of either pasteurized or non-pasteurized milk showed 
an effective reduction of serum cholesterol levels which 
was higher than that expressed by those who consumed 
2% butterfat milk after 1 week (Hepner et al.,1979). 
Moreover, the studies of Sarkar in 2003 revealed that 
the cholesterol reducing abilities of six strains of L. aci-
dophilus was either due to the assimilation of cholesterol 
or attachment of cholesterol to the surface of L. acido-
philus cells. Since this bacterium is a natural inhabit-
ant of intestine with bile salt hydrolase activity, they 
can be utilized for the production of acidophilus milk 
which can bring out hypocholesterolemic effect. As part 
of the study he has also proposed that the effi cacy of 
acidophilus milk to lower serum cholesterol level can 
be infl uenced by a number factors such as the milk type 
employed for the manufacture and also the age, sex, 
food habits and initial cholesterol concentration of the 
tested subjects (Sarkar, 2003).

Lactobacillus sps have been most widely used since 
there are several reports supporting the hypocholester-
olemic effects of this strain. It was in 1989 Lin et al 
experimented with 23 human subjects, who received 
tablets containing 3x107 CFU L. acidophilus (ATCC 
4962) and Lactobacillus delbrueckii ssp bulgaricus (ATCC 
33409) daily for 16 weeks, which resulted in reduction of 
serum cholesterol level in an experimental group from 
5.7 to 5.4 mmol/L, while the control group remained the 
same (Lin et al., 1989). Another study with the consump-
tion of buffalo milk, fermented with specifi c strain of 
L. acidophilus, for a month resulted in the reduction of 
serum cholesterol by 12 to 20% (Khedkar et al.,1993). 
Even a small reduction in serum cholesterol of 1% can 
reduce risk of coronary heart disease by 2-3% (Gilliland, 
Nelson, & Maxwell, 1985; Manson et al., 1992). A num-
ber of placebo controlled studies have been carried out 
to study these effects. In one such study 30 volunteers 
consumed yoghurt enriched with specifi c strain L. aci-
dophilus and it resulted in lowering of cholesterol levels 
in serum by 0.23 mmol/L (Schaafsma et al, 1998). 

Another study with L. Plantarum 229 from the food 
product Pro-Viva has revealed that the cholesterol lev-
els were affected in humans with moderately elevated 
serum cholesterol. For this study Bukowska et al., 2001 
utilized a randomized-placebo design where 30 healthy 
men who consumed 200 mL/day of Pro-viva for 6 weeks 
showed a signifi cant decrease in total cholesterol, LDL 
cholesterol and fi brinogen levels(Bukowska et al.,1998). 
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The fi ndings of Harrison and Peat, 1975 stated that a 
decrease in serum cholesterol level was visible in bot-
tle-fed babies whereas the count of L. acidophilus in 
their stool was increased (Harrison & Peat, 1975). Simi-
larly the consumption of yogurt has also resulted in the 
reduction of serum cholesterol levels in humans (Hepner 
et al., 1979; Mann, 1977).

Studies with Bifi dobacterium sp have also shown 
potential hypocholesterolemia effects. Rasic et al in 
1992 had found that consumption of B. bifi dum can lead 
to the assimilation of cholesterol by in vitro experiments 
(Rašić et al., 1992). It was also able to reduce the serum 
cholesterol concentration in human subjects with hyper-
cholesterolemia. In 2003 Xiao et al proposed that milk 
fermented with B. longum BL1 resulted in the reduction 
of serum total cholesterol, LDL cholesterol and triglyc-
erides in hypercholesterolemia patients as well as in rats 
(Xiao et al., 2003).

Animal studies

Animal models such as rats, mice, hamsters, guinea pigs 
and pigs have been widely used due to their similarities 
with respect to digestive anatomy and physiology, nutri-
tional requirements and various other metabolic pro-
cesses including cholesterol and bile acid metabolism, 
distribution of plasma lipoprotein and regulation of 
hepatic cholesterol enzymes. Several studies have been 
conducted to compare the effect of milk and milk prod-
ucts on cholesterol concentrations in animal models.

Gilliland et al in 1975 showed that L. acidophilus 
RP32, capable of assimilating cholesterol in vitro, was 
able to inhibit the increase of serum cholesterol levels 
of pigs fed on a high-cholesterol diet (Gilliland, Speck, 
& Morgan, 1975). In addition, the same author in 1985 
had also reported the cholesterol lowering capability 
of L. casei P47 in pigs (Gilliland et al., 1985). Another 
study conducted by Mahrous et al., 2011 reported that 
consumption of yogurt, fermented by L. acidophilus, by 
mice signifi cantly decreased the cholesterol content in 
the serum and increased bile acid content in the feces 
(Mahrous, Shaalan, & Ibrahim, 2011). Chiu et al., 2006 
had showed that intake of probiotic fermented foods 
results in the reduction of total serum cholesterol levels 
in hamsters with high blood cholesterol levels (Chiu, Lu, 
Tseng, & Pan, 2006). Moreover, Sindhu and Khetarpaul 
in 2003 had studied the effect of probiotic fermented 
foods in 20 young Swiss mice, where there was reduc-
tion in the total serum cholesterol (Sindhu & Khetarpaul, 
2003).

Studies with L. plantarum PH04 from infant feces 
showed a signifi cant reduction in the serum cholesterol 
level and triglycericides when compared with the con-
trol (Nguyen, Kang, & Lee, 2007). The effi cacy of buffalo 
milk-yogurts containing B. longum Bb-46 was deter-

mined by administering it to 48 hypercholesterolemic 
male albino rats for 35 days and signifi cant reduction of 
total cholesterol, LDL cholesterol and triglycerides were 
obtained when compared to the control (El-Gawad et 
al., 2005). L. acidophilus fermented rice bran showed 
signifi cant improvement of lipid profi le in hypercho-
lesterolemic male Fischer rats (Fukushima et al., 1999). 
In a study by Lee 2007, on the anti-obesity activity of 
Trans-10, cis-12 conjugated linoleic acid produced by L. 
plantarum PL62, an observable reduction was obtained 
in the weight of epididymal, inguinal, mesenteric and 
perirenal white adipose tissues in mice (Lee et al., 2007). 
Similarly the intake of L. gasseri BNR17 also exhibited a 
reduction in weight, hip and waist circumference with-
out any change in behavior or diet (Jung et al., 2013).

Until now, several studies have been conducted to 
evaluate the effects of consumption of probiotics or 
fermented products and they have given variable data 
(Taylor and Williams, 1998). In most of the cases cho-
lesterol lowering effect was observed only during the 
intake of very high doses of the product whereas the 
normal consumption of probiotics failed to deliver such 
effects. Such contradictory results obtained may be due 
to the design of the experiment, lack of statistical power, 
inadequate sample sizes, improper nutrient intake and 
expenditure of energy during the experiments and vari-
ation in the baseline levels of blood lipids (Pereira & 
Gibson, 2002).

BSH a desirable trait in probiotics

In 2002 World Health Organization (WHO) has recom-
mended BSH activity as one of the main characteristics 
for considering the strains Lactobacillus and Bifi dobac-
teria as probiotics, along with their ability to resist the 
harsh environment of the gut and to colonize in gastro-
intestinal epithelia (WHO, 2002). Overall, several studies 
have strongly supported the hypothesis that BSH posi-
tive strains are capable of detoxifying bile salts there 
by increasing the intestinal survival. Hence BSH activity 
can be considered as a desirable factor for the probiotics. 
The BSH activity may result in the accumulation of large 
amounts of deconjugated bile salts and hence cause 
undesirable effects in the human host which may arise 
concerns over the safety administration of BSH posi-
tive strains. However, the probiotic strains Lactobacillius 
and Bifi dobacterium are not capable of dehydroxylating 
deconjugated bile salts (Ahn et al., 2003; Gilliland & 
Speck, 1977; Takahashi & Morotomi, 1994) and hence 
majority of the breakdown products may be precipitated 
or excreted through feces which may vary from person 
to person depending upon the colonic pH and intestinal 
transit time (Thomas et al., 2000; Thomas et al., 2001).

Studies by two other groups have proposed that the 
intestinal bacteria, except certain strains of Clostridium 
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and Eubacterium, the only strains that possess dehydrox-
ylating activity, (Dawson et al., 1996; Doerner et al, 1997) 
inhibit further modifi cation of deconjugated products. 
First, Kurdi et al in 2003 proposed that BSH positive pro-
biotic strains Lactobacillus and Bifi dobacterium are able to 
accumulate cholic acid, the main free bile acid produced 
in the intestine by BSH activity, as long as the bacteria 
were energized (Kurdi et al., 2003). Second, studies by 
Jones et al in 2004 revealed that microencapsulated BSH 
positive L. plantarum can hydrolyze bile salts in vitro and 
the deconjugated products were trapped within the mem-
brane which makes these products less bioavailable. In 
addition to this the encapsulation of strain would protect 
them from the harsh gut environment and persistence of 
the strain (Jones et al., 2004) 

Present scenario

Various studies have been carried out with BSH posi-
tive probiotics to illustrate the cholesterol lowering 
capacity with the same concept based on the interrup-
tion of enterohepatic circulation. So far the hypocho-
lesterolemic effects of probiotics have been confi rmed 
in both humans (Anderson & Gilliland, 1999) as well 
as animals(Gilliland et al., 1975; Mahrous et al., 2011; 
Sridevi et al., 2009). It was observed and reported that 
Bile salt hydrolase enzyme was associated with only 
microbiota in gastrointestinal tract and autochthous 
intestinal bacteria such as Listeria monocytogenes (Dus-
surget et al., 2002) and Xanthomonas maltophila (Dean 
et al., 2002). 

Future perspectives 

Recently this enzyme is reported to be present in ther-
mophilic bacteria, Brevibacillus borstelensis isolated 
from hot water springs, near Konkan, Maharashtra, India 
(Sridevi & Prabhune, 2009). Also, a potent producer of 
BSH, Staphylococcus saprophyticus ZABR2, was isolated 
from the soil samples collected from the dumping sites 
of fi sh waste (Rajan & Fathimathu Zuhara, 2018). These 
fi ndings reveal that microorganisms from other sources 
may also possess the highly signifi cant enzyme BSH and 
hence it needs to be explored more for the isolation of 
the potent producers
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