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Nowadays, fermentation is no longer only the procedure to protect food against
spoilage, but is also appreciated due to its numerous health benefits. It is well
known that fermented foods, especially vegetables, have enormous health potential.
On the one hand they are rich of short-chain fatty acids, which have anti-
carcinogenic effects, especially in the intestine, and on the other hand, the
fermentation increases the bioavailability of secondary plant metabolites and
phytochemicals.
The microorganisms themselves (mainly lactic acid bacteria) settle the intestine,
contribute to strengthening the immune system, and improve digestion and
absorption of essential nutrients in the human body.

Members of the Brassicaceae family (primarily broccoli, but also garden cress, 
cabbage, mustard etc. [2]) are a known source of the very important, health-relevant 
secondary plant metabolite sulforaphane (SFN). SFN developes from glucosinolates 
(GSL). The known precursor for SFN in broccoli is glucoraphanin (GPN) [3].
Another member of Brassicaceae is nasturtium. We analysed by LC-HR-MS the
metabolite profiles of leaves and flowers of nasturtium during the fermentation.
Levels of the highly interesting SFN were additionally measured and quantified by
LC-MSMS.
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Metabolic profiles of three types of nasturtium samples (homogenized):

fermented leaves and flowers fLF_14, 14 days fermentation at RT,
shortly fermented leaves and flowers sfLF_5, 5 days fermentation at RT

unfermented homogenized leaves and flowers uLF_0, directly homogenized

Fermentation procedure includes the following stages:

1. Approx. 800 g fresh nasturtium green leaves and flowers were divided into
two parts. One part was directly homogenized and frozen at -18 °C for 20
days.

2. The second part of 500 g was chopped, treated with salt ( 1,5 % w/w),
given in a fermentation glass and the fermentation was started at 25 °C.
3. After 5 days half of the fermented leaves and flowers were taken,
homogenized and frozen at -18 °C for 15 days.
4. The remaining part was further fermented at room temperature ( 20-25 °C)
5. After total fermentation time of 14 days the leaves and flowers were
homogenized and frozen for 2 days.

Extract preparation:
5 ml acetonitrile (ACN) were added to 5 g of defrosted plant material. The
extraction was done by shaking for 30 min. The extracts were centrifuged and
the ACN supernatants were measured by LC-QTOF in ESI positive and ESI
negative mode. The metabolite profiles were compared and checked for
accordance (matches) and differences by a Tukey Test.
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Figure 1 shows, that a prominent part of detected substances from 
uFL_0 decreases during fermenation (blue fields in figure 1). At the 
same time „red field“ molecules arise to high peak areas.
 
Altogether 3300 substances were found in these tree types of products
(measured in triplets).

26 substances were found in all samples, but with significantly 
different concentrations (p < 0,05) ( figure 2):

16+26 (42) substances were found in uLF_0 and fLF_14
59+26 (85) were common in fLF_14 and sfLF_5
26 +34 (70) were common in sfLF_5 and uLF_0
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Most of identified substances are peptides and flavonoids.
But also some secondary plant metabolites are detected predominately in 
fermented samples fLF_14, sfLF_5 but also in uLF_0.
Most of characteristic substance were found in the middle fermented 
sample sfLF_5, because it includes as well unfermented as also fully 
fermented metabolites.
Among them paradole, xanthophylle, phytosterols and triterpenoids.

One of the interesting compound was SFN in absence of GPN.
For further quantification we measured  SFN and GPN with targeted 
single method.

Figure 1. whole metabolic profile (ESI pos)
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Figure 2. VENN diagramm of differences (substances and concentrations)

For the analysis, the extracts were diluted 1:100 v/v with water 
and measured with LC-MSMS für GPN and SFN.

Equipment: Infinity II-UHPLC – 6495_Triple Quadrupole LC/MS
Column: LUNA® Omega PS C18, 2.1 x 100 mm, 1.6 µm
A: 5 mM ammonium acetate / 0,5 % formic acid in water
B: 5 mM ammonium acetate / 0,5 % formic acid in methanol
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Compound Name

Precursor 

Ion

Product 

Ion Dwell Fragmentor

Collision 

Energy

Cell Accelerator 

Voltage Polarity

Glucoraphanin 436 178 60 166 29 3 Negative

Glucoraphanin 436 96,5 60 166 29 1 Negative

Glucoraphanin 436 372 60 166 21 2 Negative

Sulforaphan 178 114 60 166 11 1 Positive

Sulforaphan 178 72 60 166 37 5 Positive

Sulforaphan 178 55 60 166 27 2 Positive

In our analysis, fermented and non-fermented leaves and
flowers of nasturtium were examined for the presence of SFN
and also GPN. Clear amounts of SFN were found in the
fermented product fLF_14 and sfLF_5. Traces were not found in
unfermented product uLF_0. GPN was not found at any time. It
means, that SFN might have an unknown precursor other than
GPN in nasturtium.

Figure 3. signals of GPN and SFN

In our work we studied changes of metabolic profile of nasturtium plant during
fermentation. Apart from xanthophylle, phytosterols , triterpenoids and unic 
peptids, we also detected sulforaphane (SFN) in the fermented product. This is 
the first report of the very healthy plant metabolite sulforaphane (SFN) in 
nasturtium spp. 

During fermantation the concentration of numerous components changed 
completely.  Thus, we were able to prove that SFN can also be formed from
different glucosinolates apart from GPN during lactic acid fermentation.
In addition, SFN which is very sensitive to oxygen, can generally be stabilized by
anaerobic lactic acid fermentation. Thus, SFN is naturally protected.
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Improvement of the fermenattion process
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