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  Abstract: Background: Current therapies for against inflammatory bowel disease (IBD) 
are sometimes limited by high costs, high toxicities and/or undesirable side effects, reasons 
for which new treatments are constantly being developed and studied. In this regards, an in-
creasing mass of data has demonstrated that fecal transplantations and probiotic supplemen-
tations have shown promising effects and could be considered as adjunct IBD treatments to 
decrease some of the unwanted side effects caused by primary treatments. Furthermore, 
there is also mounting evidence that suggests that certain vitamins could provide anti-
inflammatory effects and it has been shown that certain strains of lactic acid bacteria (LAB), 
the most commonly used probiotic microorganisms, can produce biologically active forms 
of certain vitamins. 

Objective: To discuss the potential role of the vitamin-producing LAB on intestinal inflam-
matory diseases. 

Method: A thorough search of bibliographic databases for peer-reviewed research on the ef-
fect of vitamins produced by LAB on inflammatory processes was performed. 

Results: There is mounting research that vitamin producing LAB could provide anti-
inflammatory effects. 

Conclusion: The potential role of vitamin producing LAB was discussed not only because 
they could be used to decrease inflammation but also because they could provide the host 
with essential nutrients that are normally deficient in IBD patients due to altered intestinal 
morphologies. 
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1. INTRODUCTION 

The pathogenesis of inflammatory bowel dis-
ease (IBD) is still unclear, but there are multifacto-
rial factors that affect their development such as  
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genetics, immunology, environmental and micro-
bial factors. IBD has become global diseases with 
high incidence rates that affect the quality of life 
of patients and also increase their risk of colon 
cancer development [1]. Current therapies for 
against IBD are limited by high costs, high toxici-
ties and undesirable side effects [2, 3]. This em-
phasizes the need to search for novel therapeutic 
options. In this regard, many groups have been 
studying ways of modulating the gut microbiota in 
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order to prevent or treat IBD patients. The use of 
fecal transplantation and probiotics has been 
shown to be very promising in this regards. It is 
well documented that the microbiota and its modu-
lation can affect many aspects of human health. In 
this Topic Review, the potential role of vitamin-
producing lactic acid bacteria (LAB), the most 
commonly used probiotic microorganisms, on in-
testinal inflammatory diseases will be discussed. 

In addition to being defined as essential to 
promote the growth and health of consumers, 

many vitamins are involved as co-factors in nu-
merous metabolic reactions and their deficiency 
has been shown to cause many physiological man-
ifestations beyond those traditional studied by a 

nutritionist.  

It is well known that because of changes in eat-
ing habits such as malnutrition, a large proportion 

of the world’s population does not consume the 
daily recommended intakes of vitamins as sug-
gested by the WHO [4]. In order to combat this 
problem, many countries have adopted mandatory 

fortification of foods of mass consumption with 
specific vitamins and minerals; however, in most 
cases, chemical forms of vitamins (such as folic 
acid) are used and these do not exert the same 

physiological responses as the natural vitamins 
found in foods or produced by certain microorgan-
isms (including LAB). Furthermore, patients that 
suffer from intestinal inflammatory disorders or 

that receive certain anti-inflammatory and chemo-
therapy drugs can have impaired vitamin intakes 
that could cause vitamin deficiencies and affect the 
outcome of their primary treatments. The use of 

lactic acid bacteria can be seen as a promising 
complementary treatment for such patients 
because i) it is well known that these bacteria are 
normally used as probiotics and that these benefi-

cial microbes can positively affect IBD patients 
[5], ii) it has been shown that some strains of LAB 
can produce important amounts of vitamins that 
would be useful to prevent deficiencies, and iii) 

these vitamins can also produce beneficial effects 
because some can provide antioxidant effects or 
prevent inflammatory symptoms. The use of pro-
biotics such as LAB to improve IBD patient’s 

treatment outcomes due to their intrinsic immune-
modulatory properties has been extensively re-
viewed [5] and will not be discussed further here.  

1.1. Vitamin-producing LAB 

There is an increase in studies that have shown 
the capacity of certain strains of the LAB to pro-
duce vitamins, especially those contained in the 
water-soluble B-group [6]. It has been shown that 
LAB can produce folates, riboflavina and even 
vitamin B12 and that this production is a strain-
dependent trait [7]. Vitamin producing strains have 
been isolated from numerous ecological niches 
that include the human gastrointestinal tract, ani-
mal milks (including humans, dogs and horses), 
fermented foods (corn, potatoes, milks), flours and 
grains [8-14]. These vitamin-producing strains 
have traditionally been used for the development 
of novel biofortified foods that could be used as an 
alternative to fortification with chemically synthe-
sized or purified derivatives of vitamins. In 
addition to show that LAB is able to increase vit-
amin concentrations during their fermentation pro-
cess, it has been reported that these bio-enriched 
foods or vitamin-producing LAB can revert or 
prevent vitamin deficiencies in animal models [15-
19]. 

Another use of vitamin-producing strains is as 
probiotics, where it is proposed that the beneficial 
microorganism could deliver or produce vitamins 
in the digestive tract. In this regard, many strains 
with well demonstrated probiotic properties have 
been studied and some have been identified as be-
ing able to biosynthesize vitamins de novo in the 
gastrointestinal tract due to the presence of all bio-
synthesis genes [20, 21]. Some authors have even 
proposed vitamin production as a probiotic trait [22]. 

Besides naturally occurring vitamin producing 
strains, it has been shown that genetically modify-
ing LAB could increase vitamin production [23]. 
However, due to consumer concerns against the 
insertion of GM foods in the food chain, the use of 
these strains would be greatly limited. For this rea-
son, many groups have been able to induce spon-
taneous mutations in vitamin-biosynthesis regula-
tory genes giving rise to riboflavin over-producing 
LAB that are not genetically modified and can 
successfully be used for the development of novel 
foods [24-27].  

1.2. Vitamins and Inflammation 

As stated earlier, it has been shown that certain 
vitamins can exert beneficial properties besides 
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their nutritional value. In this section, a brief over-
view of the relationship vitamins and inflammato-
ry processes will be discussed with special empha-
sis placed on B group vitamins that are produced 
by specific LAB strains. 

Riboflavin (vitamin B2) plays an essential role 
in cellular metabolism, being the precursor of fla-
vin mononucleotide (FMN) and flavin adenine di-
nucleotide (FAD), co-enzymes required by all fla-
voproteins including glutathione reductase (GSH) 
which protects cells from the harmful effect of re-
active oxygen species (ROS). The unbalanced 
production of ROS is commonly associated with 
chronic intestinal inflammation in the early stages 
of IBD, and their destructive effects on DNA, pro-
teins and lipids may contribute to initiation and 
progression of IBD [28]. For this reason, foods 
rich in antioxidants or antioxidants administered as 
supplements have been used to alleviate ROS-
induced damage. In this sense, the relationship be-
tween antioxidant vitamins and IBD was studied 
and it was shown that supplementation with vita-
mins E and C significantly reduced oxidative 
stress in patients with Crohn’s disease (CD) [29-
30]. Furthermore, preclinical and clinical data 
suggested that vitamin D has therapeutic potential 
in IBD, particularly in CD patients [31] and in 
those suffering from irritable bowel syndrome 
[32]. Patients with vitamin D deficiency displayed 
increased ulcerative colitis (UC) severity and a 
lower quality of life in a cohort of patients with 
IBD [33, 34].  

Although riboflavin is clearly an anti-oxidant 
enzyme cofactor, little research has shown its use 
against IBD; however, there are some studies that 
have clearly shown that this vitamin can be in-
volved in an anti-inflammatory process. Oral ad-
ministration of riboflavin prevented carbon 
tetrachloride-induced liver damage in rats causing 
the normalization of serum hepatic enzymes and 
oxidant parameters in liver (including GSH activi-
ty) [35]. In this same work, it was also shown the 
riboflavin intake inhibited the release of the pro-
inflammatory cytokine tumor necrosis factor alpha 
(TNF-α) from rat leukocytes. From a more mecha-
nistic point of view, it was shown that short-term 
riboflavin deficiency significantly impairs the abil-
ity of macrophages to induce a proper immune re-
sponse, while riboflavin enrichment decreases the 
pro-inflammatory activation of macrophages [36]. 
LPS-induced macrophages that were supplement-

ed with riboflavin showed lower mortality accom-
panied by the higher Hsp72 expression, reduction 
of Toll-like receptor 4 (TLR4) and TNF-α, and 
elevation of NO, IL-6, and IL-10 compared to 
when riboflavin was removed from the culture 
media. It was also reported that riboflavin could 
alleviate oxidative injuries by scavenging the free 
radicals reducing early graft lipid peroxidation, 
leukocytic infiltration, and cytokine production 
[37]. Moreover, riboflavin supplementation re-
duced inflammation caused by oxidative stress 
during diabetes [38]. In addition to being involved 
in inflammation, it has also been shown that the 
presence of riboflavin is essential to avoid mal-
formation of intestinal cells [39]. All these results 
clearly show that riboflavin has proven anti-
inflammatory effects and should be evaluated in 
IBD patients.  

Folates and folic acid (vitamin B9) also play an 
important role in cellular metabolic events. The 
anti-inflammatory properties of this vitamin have 
been reported in different pathologies. The admin-
istration of folic acid to patients suffering arterial 
hypertension has been associated with decreased 
concentrations of homocysteine in serum, and in-
directly to decreases of other indicators of inflam-
mation [40]. A trial with obese children and ado-
lescents showed that the treatment with both met-
formin and folic acid has been associated to de-
creased insulin resistance and homocysteine levels 
and that the decrease of the pro-inflamma-tory cy-
tokines TNF-α, IL-8 and IL-6 was related to folic 
acid administration [41]. Regarding IBD, it has 
been reported that these diseases can be associated 
with folate deficiency [42], and the supplementa-
tion with folic acid could reduce the risk to devel-
op colorectal cancer in patients suffering IBD [43]. 
These results suggest a beneficial effect of folic 
acid against inflammation; however, no studies 
have been performed with natural folates that are 
found in foods or that are produced by certain 
strains of the LAB. 

1.3. Vitamin-Producing LAB and Inflammation 

Although it is clear that vitamin supplementa-

tion can be effective in IBD and other inflammato-

ry diseases and that LAB can produce vitamins, 

little research has been performed that show an 

association between the vitamin-producing LAB 

and anti-inflammatory effects. 
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Recently it was suggested that vitamin D and its 
receptor (VDR) can contribute to probiotic actions 
that are involved in regulation of innate immune 
functions via TLRs, NF-κB, MAPK and secretion 
of anti- and pro-inflammatory molecules [44]. 
However, probiotic microorganisms cannot syn-
thesize this vitamin.  

In a recent study, it was shown that the human-
derived folate (vitamin B9) producing strain Lac-
tobacillus (L.) reuteri ATCC PTA 6475 is able to 
suppress the production of the pro-inflammatory 
cytokine TNF-α, and are protective in a mouse 
model of colitis [45]. This strain is capable of pro-
ducing 5,10-methenyltetrahydrofolic acid polyglu-
tamates, a biologically active form of folate. It was 
shown that the folC2 gene, involved in this folate 
biosynthesis, was related with the suppression of 
TNF-α by activated human monocytes and with 
the anti-inflammatory effect of L. reuteri 6475 in a 
trinitrobenzene sulfonic acid (TNBS)-induced 
mouse model of acute colitis. The folC2 mutant 
yielded diminished hdc cluster expression, this lat-
ter gene being involved in immunomodulation by 
converting histidine to histamine. These results 
confirm that the oral administration of folate-
producing probiotic strains may confer a more ef-
ficient protection against inflammation and cancer 
by exerting the beneficial effects of providing fo-
late and by delivering it to colonic-rectal cells 
[46]. 

The most conclusive results that vitamin pro-
ducing LAB strains could be used as an alternative 
treatment against IBD has been shown in two re-
cently published studies using TNBS induced coli-
tis animal models. In the first, it was described that 
TNBS-inoculated mice that received soymilk fer-
mented by L. Plantarum CRL 2130, a riboflavin 
over-producing strain, showed a decrease in 
weight loss, lower damage scores in their large 
intestines, lower microbial translocation to liver 
and decreased pro-inflammatory cytokines levels 
in their intestinal fluids compared to animals that 
received unfermented soymilk or soymilk fermen-
ted by a non-riboflavin-producing L. plantarum 
strain [47]. This is the first report that demon-
strates food fermented with a riboflavin-producing 
LAB was able to prevent experimental colitis in a 
murine model. These same authors then published 
a study where different riboflavin producing 
strains (not included in a food matrix) showed 
similar beneficial effects in the chemically induced 
colitis rodent model. In this latest study [48] it was 
shown that animals given either one of the four 
riboflavin-producing strains (L. plantarum 
CRL2130, L. paracasei CRL76, L. bulgaricus 
CRL871 or Streptococcus thermophilus CRL803) 
presented lower macroscopic and histologic dam-
age scores, lower microbial translocation to liver, 
significant decreases of iNOs+ cells in their large 
intestines and decreased pro-inflammatory cyto-
kines, compared to mice that received strains that 

 

Fig. (1). Schematic representation of lactic acid bacteria that produce B-group vitamins (folate, riboflavin) that can 

induce a reduction of intestinal inflammation and decreasing pro-inflammatory regulators and increasing the anti-

inflammatory cytokine IL-10. 
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did not produce this vitamin (Fig. 1). These results 
clearly show that the administration of riboflavin-
producing strains prevented the intestinal damage 
induced by TNBS in mice and that a riboflavin-
producing phenotype in LAB represents a potent 
tool to select them for preventing/treating IBD. 

Following these results, it was shown that the 

riboflavin overproducing strain L. plantarum 

CRL2130 significantly attenuated pathological 

changes of the intestines and increased pro-

inflammatory cytokine profiles in animals with 5-

fluorouracil-induced mucositis [49]. Using this 

same model, it was also shown that folate produc-

ing LAB were also able to decrease mucositis 

symptoms (unpublished data), suggesting that vit-

amin producing strains could, in fact, be useful as 

therapeutical agents against a wide range of patho-

logies that involve intestinal inflammation (Fig 1). 

CONCLUSION 

The use of lactic acid bacteria can be seen as a 

promising complementary treatment for patients 

suffering from a wide range of inflammatory dis-

eases, especially those of the gastrointestinal tract. 

Some of these beneficial bacteria have innate im-

mune regulatory properties and it has been shown 

that some strains can produce important amounts 

of vitamins that would be useful to prevent defi-

ciencies as well as provide antioxidant effects. The 

use of probiotics such as LAB to improve IBD pa-

tient’s treatment outcomes due to their intrinsic 

immune-modulatory properties and vitamin pro-

duction in the gastrointestinal tract still requires 

much study but is promising for the overall well-

being of patients suffering IBD. 
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