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Abstract

Bifidobacteria are probiotic bacteria with multiple health-promoting proper-
ties for human being. The global market for probiotics, especially for bifido-
bacteria is booming. However, the entire market is still at an early stage as
there is nearly no fine products developed yet except the whole bacterial cells.
The maturation of metabolomics technologies make it possible to study com-
plex mixture with high-throughput, comprehensive maps and libraries.
Therefore, we prospect that metabolomics studies mainly based on liquid/gas
chromatography-mass spectrometry (LC/GC-MS) can deepen our under-
standing in detail during the study of metabolic mechanisms of bifidobacteria.
These studies can be conducted at three phases, including non-targeted, tar-
geted metabolomic analysis of bifidobacteria, and specific metabolites produc-
tion through metabolic engineering and fermentation. Metabolomic studies of
bifidobacteria will allow us to fully explore their metabolic mechanisms and to
utilize metabolites that contribute to human health. In particular, bifidobacte-
ria derived conjugated linoleic acids and bacteriocins are two kinds of fined
products that may have great potentials in the future and can be used as food
additives.

Keywords

Bifidobacteria, Metabolomics, Metabolites, Conjugated Linoleic Acid, Probiotics
Derived Fine Products

1. Bifidobacteria Are Probiotic Bacteria with Multiple
Health-Promoting Properties

Bifidobacteria are the most abundant and most important physiological bacteria

inhabiting the intestines of humans and animals. As the core subject of micro-
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ecological research, bifidobacteria exert their biological functions through barrier,
nutrition, immunity, anti-tumor, control endotoxemia, anti-aging, anti-tumor and
other physiological effects [1] [2]. The number of bifidobacteria in the human
intestine is an indicator to check whether a person is healthy. Studies have
shown that Bifidobacterium adheres to intestinal epithelial cells; forms specific
microecological circles with other related bacteria; produces specific ecological
effects; and inhibits colonization and translocation of intestinal pathogenic bac-
teria and conditional pathogenic bacteria [3]. Bifidobacteria may also bind to
intestinal epithelial cells competitively by synthesizing certain metabolites or
certain proteins to antagonize the pathogenic bacteria and form a barrier against
infection [4]. Therefore, Bifidobacterium can be used for counterbalance the
dysbiosis caused by the abuse of antibiotics, radiotherapy, chemotherapy and
other factors. At present, in addition to being added to health products, the clin-
ical application of Bifidobacterium extends from the department of gastroenter-
ology to the departments of dentistry, dermatology, oncology, and neurology [5]
[6].

2. The Global Probiotic Market Is Booming

Probiotics are an important concept for health care in the 21st century. As an
emerging component of new generation pharmaceutical products and dietary
supplements, probiotics have become a large business in the international mar-
ket. In 2014, the global probiotic market has outreached US$60 billion

(https://www.transparencymarketresearch.com/probiotics-market.html). ~ The

concept that probiotics are beneficial to human health and consumers’ growing
interest in preventive healthcare are main factors for the development of the
market. As people’s understanding of health increases, prophylactic drugs con-
taining probiotics as their active ingredient are gradually appealing. In Asia and
Europe, probiotics are widely used as health foods and medicines. In the global
probiotic market, the European market is the largest and the fastest growing
with an average annual growth rate of around 20%

(https://www.grandviewresearch.com/industry-analysis/probiotics-market). Al-

though the probiotic market has made considerable progress in recent years, the

entire market is still at an early stage of development.

3. Metabolomics Studies Accelerates Deep Investigation

Modern scientific research has changed from traditional single-gene research to
functional related research. This is due to the complexity of the organism and,
on the other hand, benefited from the improvement of technology. The matura-
tion of various omics-technologies makes it possible to study complex mixture
with high-throughput, comprehensive maps and libraries [7]. Especially, the
maturation of metabolomics techniques that based on liquid/gas chromatogra-
phy mass spectrometry (LC/GC-MS) can deepen our understanding in detail
during the study of molecular metabolic mechanisms of bifidobacteria. Metabo-
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lomics studies of bifidobacteria will allow us to fully explore the physiological
and metabolic mechanisms of bifidobacteria and analyze metabolites that con-
tribute to human health [8] [9]. As most of these metabolites have not been fully
analyzed, we still have insufficient evidence for many of the probiotic mechan-
isms of bifidobacteria, which is a major factor slowing the development of pro-

biotics derived fine products.

4. Bifidobacteria Have Many Uncharacterized Metabolites

In addition to lactic acid and acetic acid, various metabolites of bifidobacteria
contribute to the probiotic functions demonstrated after application of their host
[10]. One class of these metabolites is bioactive fatty acids, such as Conjugated
Linoleic Acid (CLA), which includes a series of positional and geometrical iso-
mers of linoleic acid with double bonds at the carbon 9.11 or 10.12 positions.
CLA is almost an indispensable nutrient for modern people [11]. It can enhance
the fluidity of cell membranes, prevent the proliferation of vascular cortex, and
maintain the normal function of organ microcirculation. CLA can also clear the
garbage in the blood vessels, effectively regulate blood viscosity, achieve vasodi-
lation, smooth blood pressure; also regulate tumor necrosis factor, interleukin,
prostaglandin or nitrogen oxides, while reducing allergic immune response.
Another class with particular interest is bacteriocin, which is a class of polypep-
tides or precursor polypeptides with antibacterial activity that exhibits a narrow
inhibitory spectrum for the same species of closely related strains [12]. Due to
the unique mode of action as well as the rapid expansion of multi-drug resis-
tance, it is considered that bacteriocin will be the most powerful alternative to

antibiotics in the future.

5. Metabolomics Study of Bifidobacteria
5.1. Phage I: Non-Targeted Metabolomics Analysis of Bifidobacteria

Non-targeted metabolomics involves comparing the metabolomes of the control
and experimental groups (all metabolites of a given organism) to find differences
in their metabolites. The analysis typically includes: 1) Metabolic Profile Analy-
sis: in a set of experimental and control samples, the metabolites of interest with
statistically significant changes in abundance were sought. 2) Identification: after
the metabolic profile analysis, the chemical structures of these metabolites were
determined. 3) Interpretation: explaining the relationship between discovered
metabolites and biological processes or biological states. Non-targeted methods
are mainly used for the study of metabolic phenotyping or differential metabo-
lite discovery. As an analytical technique, non-targeted metabolomics can qua-
litative determine and relative quantify metabolites in biological systems as
much as possible, which maximizes the total metabolite information. The flex-
ibility and universality of LC-MS technology made it the most commonly used
technology in metabolomics research [13]. We conducted LC-MS for compre-

hensive study of metabolites that produced by three strains of Bifidobacterium
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fermented for 48 hours in MRS medium and found many useful metabolites that
have important functions for human. However, there are still many problems to
be solved in LC-MS-based metabolomics analysis. For example, many trace me-
tabolites have important physiological functions, but are difficult to detect [14].
Thus, simultaneous use of GC-MS is necessary for bifidobacterial metabolome

study to complement the deficiencies of the single technique.

5.2. Phase II: Targeted Metabolomic Analysis of Bifidobacteria

Targeted metabolomics analysis is used for highly sensitive detection and accu-
rate quantitative analysis of certain metabolic pathways or known metabolites of
interest. It is mainly used for the verification of certain differential metabolites
and other classic targeted metabolomics. For such study, LC-MS analysis gene-
rates a selective reaction monitoring ion pair from the specific standards at first,
and then performs a second analysis of the target metabolite in the sample.
Based on a non-targeted comprehensive scan, we established a metabolite data-
base for bifidobacteria. Through preliminary comparisons, it is possible to de-
termine which components are specific or common metabolites in bifidobacte-
ria. In particular, targeted analysis of lipids, bacteriocins, functional oligosaccha-
rides, and absolute quantification of them should be performed [15]. This can be
done in two ways. One is comparing the content of these metabolites in different
media, and the other is changing the content in different culture time (growth
phase) in the same medium [16]. Through these analyses, biochemical characte-
ristics of some metabolites with high-value can be determined during produc-
tion, e.g. CLAs and vitamins. We conducted targeted metabolic studies for CLAs
produced by above three strains of Bifidobacterium fermented for 48 hours in
different media and found species/strains specific production patterns on the

composition and amount.

5.3. Phase III: Produce Metabolites through Metabolic
Engineering and Fermentation

The formation of metabolites is inseparable from the fermentation process, and
metabolic engineering is the main way to change metabolic flux and control the
formation of metabolites [17]. The use of multi-gene metabolic engineering, to-
gether with gene regulation, metabolic regulation, and biochemical engineering,
can create new pathways to produce specific products [18]. Through the meta-
bolic network analysis of the target metabolites obtained during phase II, the
enzyme and substrate can be determined and they can be utilized for adjustment
from two aspects [19]. At the same time, the formation of metabolites is closely
related to the fermentation [20]. Therefore, optimization the production of tar-
get metabolites from the aspects of the culture media and the fermentation pa-
rameters is required. Through these experiments, industrial production
processes and technologies can be established, which are of great significance for

the development of probiotics derived fine products.
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