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Abstract As one of the major microbes in the soy sauce
fermentation, Candida versatilis enriches the flavor and
improves the quality of soy sauce. In this study, a combi-
nation of five different GC-MS and LC-MS-based metab-
olome analytical approaches was used to analyze the
intracellular, extracellular and whole metabolites of C. ver-
satilis. Our results found out that a total of 132, 244 and
267 different metabolites were detectable from the intra-
cellular, extracellular and whole part, respectively. When
exposed to 0. 9 and 18 % salt, respectively, 114, 123 and
129 different intracellular metabolites, 184, 200 and 178
extracellular metabolites and 177, 188 and 186 whole
metabolites were detected, respectively. Our data showed
that salt enhances the metabolic capacity of C. versatilis,
especially its amino acid and enhances the synthesis and
secretion of some metabolites of C. versatilis, especially
the aldehydes and phenols, such as vanillin, guaiacol and
5-hydroxymethylfurfural. Our data also showed that spe-
cial attention has to be paid to the generation of biogenic
amines when C. versatilis was treated with salt.
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Introduction

Over the past two decades, the combination of mathemati-
cal modeling and experimental biology has led to a new
scientific field called systems biology that has extremely
facilitated the quantitative analysis of the dynamic interac-
tion between several components of a biological system [5].
As a post-genomic analysis tool, metabolomics is all about
the quantitative analysis of the endogenous and exogenous
components of small molecule metabolites in integrated liv-
ing systems and its dynamic responses to the changes of both
endogenous and exogenous factors [38]. To achieve specific
fingerprints or metabolite patterns, targeted and non-targeted
metabolomics analysis through focusing on either a spe-
cific group of metabolites or the detection of many separate
groups of metabolites have been traditionally classified [18].
Since both approaches already provided highly valuable
information in a wide variety of studies, metabolomics has
emerged as an important choice to complement the existing
techniques and has provided much detailed information on
metabolic regulation and secondary metabolism.
Metabolites are the static end-products of gene expres-
sion and moreover form a dynamic network of part of the
regulatory system in an integrated organism [24]. Metabo-
lomics and metabolite profiling provide scientists a tool to
have a global analysis on the intracellular and extracellular
metabolites or on the low-molecular-mass molecules. This
technique has provided a direct snapshot of the physiologi-
cal status of a cell at a certain time point and under specific
circumstances to understand cellular functions and unveil
cellular biochemical reactions [27, 29]. It has been reported
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Fig. 1 Analytical platform for
metabolome analysis of Can-
dida versatilis

Analytical platform for metabolome analysis of Candida versatilis
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that the metabolite profiling could be affected by the pres-
ence of chemical factors such as sodium chloride, sugar,
trace elements and heavy metals [49].

During food process, highly versatile microbes enter the
food chain at different steps, adapt to the environment to
survive and grow and contribute to the release of the useful
active substances through metabolic processes. This whole
process not only increases health benefits such as nutrient
enrichment [15] but also accumulates potential toxic com-
pounds including but not limited to biogenic amines, nitrates
and nitrosamines. For example, biogenic amines are potential
carcinogens and converted to nitrosamines when exposed to
nitrites. At present, the biogenic amine levels of 1,000 mg/kg
in food are considered harmful to human health [12]. Hence,
metabolite analysis of microbes could contribute significantly
to the progress in understanding microbes’ metabolism and
other important physiological and technical aspects.

Candida versatilis used in the soy sauce fermentation
could enrich flavor (such as the typical flavor component
4-EG described as smoky and sauce flavor), and improve soy
product quality [35, 41]. As a salt-tolerant yeast, C. versatilis
has a complex salt-tolerant system that makes it maintain
normal physiological activities and metabolic fermentation
under a high salt environment. Over the past two decades,
various studies have been performed to investigate its adap-
tation mechanism to salt stress [25, 31, 32, 45], mostly by
focusing on its plasma membrane H*-ATPase [44, 46] and
Na™/H" antiporter [44]. And the influence NaCl stress on
yeast metabolism were also investigated, such as the change
of volatile ester production, cell growth and glucose con-
sumption in response to NaCl stress in the soy sauce produc-
tion [6]. To date, none has been performed to investigate the
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global metabolite analysis of C. versatilis. In this study, five
different GC-MS and LC-MS based metabolomics analytic
methods including oximation and silylation (OS)-GC-MS,
headspace solid phase micro-extraction (HPME)-GC-MS,
direct solvent extraction (DSE)-GC-MS, HPLC-MS and
organic acids (OAC)-LC were applied to analyze the intra-
cellular, extracellular and whole metabolites of C. versatilis
at the presence of NaCl of different concentrations (Fig. 1).
We aim to investigate the influence of salt stress environment
on the metabolic activity of C. versatilis and on the contribu-
tion of C. versatilis on soy sauce product flavor.

Materials and methods
Chemicals

Chemicals and solvents of analytical grade were purchased
from Tianjin Chemical Reagent Research Institute (Tian-
jin, China). Gas chromatography grade (GC) ethoxyamine
hydrochloride and N-methyl-N-trimethylsilyl trifluoroaceta-
mide (MSTFA) were obtained from Sigma (St. Louis, MO).
Chromatographic grade (HPLC) acetonitrile and methanol
were bought from Merck (Darmstadt, Germany). Double
distilled water for the dilution of samples was purified using
a Milli-Q system (Millipore, Bedford, MA, USA).

Yeast strain and growth conditions
The C. versatilis yeast strains were kept in our laboratory and

cultured in a shaking incubator at 180 rpm at 30 °C. Cells
were first grown in 10 ml YPD medium for 24 h, diluted in
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YPD medium with a final volume of 100 ml and inoculated
to their logarithmic phase (ODgy, =~ 1.0). For NaCl treat-
ment, 15 ml of cells was transferred into a 250 ml shaking
flask to reach a final volume of 150 ml medium containing O,
90 or 180 g/l NaCl, respectively. The medium is composed
of following ingredients (per liter): 20 g glucose, 10 g pep-
tone, 5.0 g (NH,),SO,, 0.5 g MgSO, 7H,0, 1.0 g KH,PO,,
0.1 g CaCl,. Then cells were inoculated for further analysis.

Intracellular metabolite extraction

Five milliliter culture containing 363 mg cells in free-salt
medium, 342 mg cells in 9 g/l salt medium or 316 mg cells
in 18 g/l salt medium, respectively were quenched with
methanol-water solution (60 %, v/v, —40 °C) according to
the method described previously [42].

Intracellular metabolite extraction was performed with
pure methanol as reported previously [42] with slight mod-
ifications. For intracellular metabolite extraction, cells were
first collected by centrifugation (5,000 g, 5 min, —20 °C).
In detail, the sample was re-suspended in 2.5 ml cold pure
methanol (stored at —40 °C), frozen in liquid nitrogen,
thawed in an ice-bath and then centrifuged at 5,000x g for
5 min (—20 °C). The precipitate was dissolved in 2.5 ml of
cold pure methanol again and the mixture was centrifuged
(5,000x g, 5 min, —20 °C). The supernatant was collected
and evaporated under vacuum (Labconco, US) and then
stored at —80 °C for further analysis.

Extracellular metabolite extraction [3]

One milliliter of the cell culture was quickly filtered though
a 0.45 pm, 25 mm diameter polytetrafluoroethylene mem-
brane (Millipore, US) directly into a tube containing to 5 ml
cold pure methanol (stored at —40 °C). The mixture was thor-
oughly vortexed and evaporated was performed as above.

Whole metabolite extraction [3]

One milliliter of the cell culture was done as intracellular
metabolites but the quenched cell suspension was not cen-
trifuged. Instead, it mixed with 5 ml cold pure methanol
(stored at —40 °C), the mixture was thoroughly vortexed
and evaporated in the aforementioned conditions.

Analytical procedures

Sugars and sugar alcohols were determined by GC-
MS after the oximation and silylation derivatization as
described previously [13]. Flavor components determined
by direct solvent extraction (DSE)-GC-MS was performed
as described previously [43] with slight modifications. In
detail, 15 ml extracellular supernatant or whole cell culture

was extracted with 20 ml diethyl ether for three times. The
combined solvent layer was concentrated to 1 ml in a 37 °C
water bath. The above step is operated rapidly to avoid the
scatter of the aromatic compounds.

Flavor components determined by headspace solid
phase micro-extraction (HPME)-GC-MS was carried out
as described previously [7] with slight modifications. In
detail, a solid phase microextraction fiber coated with
50/30 wm divinylbenzene/carboxen/polydimethylsiloxance
fibre (DVB/CAR/PDMS) was used to collect high vola-
tile compounds. Five milliliter extracellular supernatant
or whole cell culture saturated with NaCl were sealed in a
dedicated bottle, preheated at 45 °C and stirred at 200 rpm.
The adsorption time was 30 min, and the concentrates were
desorbed in the injection port of gas chromatographby
holding in the splitless mode for 3 min. The solid phase
microextraction fiber was cleaned by keeping it in the GC-
MS injection port for additional 5 min.

Enzymes and nucleotides were determined by LC-MS
as described previously [11]. The dried extracts were dis-
solved in 50 pnl methanol and prepared for the LC-QqQ-
MS system (high-performance liquid chromatography,
HPLC: Agilent 1200 series, MS: Agilent 6460 with Jet
Stream Technology, Agilent Technologies, Germany).
HPLC column was a Thermo Hypersil C18 column
(100 mm x 3 pm x 4.6 mm) and was set to 30 °C. Mobile
phase was 10 mM tert-butyl alcohol/5 nm acetic acid in
water (A) and methanol (B), flow rate: 0.3 ml/min, gradi-
ent curve, 20 % B at O min, 90 % B at 24 min, 90 % B at
34 min, 20 % B at 34.1 min, and 20 % B at 60 min.

Organic acids were determined by HPLC (OAC-
LC) [30]. OAC-LC analysis was performed with a Shi-
madzu 20 AB (Shimadzu, Japan) with ultraviolet detec-
tor. The analytes were separated in a Spursil C18 column
(250 mm x 5 ym x 4.6 mm) and was set to 30 °C for all
running procedures.

All GC-MS analyses were performed with Varian 4000
GC/MS coupled to a HP 5973 quadrupole mass selective
detector with electron ionization (EI) source operated at
70 eV. The capillary column used for all analysis was a VF-
SMS column (30 x 0.25 pm x 0.25 mm). Each compound
was identified by reference to the NIST(05a library. Relative
contents of the compounds were determined by the area
normalisation method.

Statistical analysis

For the chromatographic data obtained from (OS)-GC-MS,
(HPME)-GC-MS and (DSE)-GC-MS, the principal com-
ponent analysis (PCA) was performed with package SPSS
Statistics 18.0 software. For the principal components, PC1
was the axis that contains the largest possible amount of
information and PC2 was perpendicular to PC1. The two
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main aim of PCA were reduction the number of variables
and elimination of redundancy.

Results and discussion

Intracellular metabolite analysis of C. versatilis treated
with salt of different concentrations

By using OS-GC-MS and HPLC-MS, 114, 123 and 129

intracellular metabolites were detected when cells were
cultivated in medium containing no-salt, 9 % salt and 18 %

Fig. 2 The effect of salt stress

salt, respectively (Fig. 2a). Since some intracellular metab-
olites were detectable in only one salt condition but not
in the others a total of 132 intracellular metabolites of C.
versatilis were detected (Supplementary Table 1). Our data
showed that sugars, nucleotides, enzymes and acids were
the main components of C. versatilis intracellular metabo-
lites. The quantity of intracellular metabolites, especially
alcohols and acids, increased along with the increased salt
concentration in medium.

The higher alcohol flavor components such as isobu-
tyl alcohol (alcoholic), 1-butanol and isoamyl alcohol
(fruity, sweet) were detectable only when salt was present
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Table 1 Comparison of the intracellular metabolites of Candida ver-
satilis cultivated without salt and with 9 and 18 % salt, respectively

Components Free-salt 9 % salt 18 % salt

Isobutyl alcohol -
1-Butanol -
Isoamyl alcohol -

3-Phenylpyruvic acid -

LK

Lauric acid -

Glyoxylic acid - -

L <

2-Furoic acid - -

(Table 1). The fatty acid flavor components including lau-
ric acid and other acids like glyoxylic acid, phenylpyru-
vic acid were also detectable only in the presence of salt
(Table 1). These flavor components are biosynthesized by
using amino acids as substrate, from fatty acid metabolism
or from citric acid cycle [14, 20, 40]. Meanwhile, these
organic acids can interact with other substances like alco-
hols and aldehydes to lead to the generation of additional
flavor compounds during fermentation process [15]. As a
result, it was concluded that many flavor components were
produced only when C. versatilis was cultivated in salt-
containing medium. Salt enhances the metabolic capacity
of C. versatilis, especially its amino acid metabolisms.

PCA analysis of intracellular metabolites of C. versatilis
treated with salt of different concentrations

The biplot of intracellular metabolites under investigation
on the first two PCs and the effectiveness of this chemo-
metric approach to GC-MS data were illustrated in Fig. 2b.
As shown in PC1 biplot (Fig. 2b; Supplementary Table 1),
the aroma components that determine the scores on PCl
were alcohols (ethanol, 3-(methylthio)-propanol, isopro-
panol, isobutyl alcohol, glycerol, n-butanol, isoamyl alco-
hol), acids (pyruvate, benzoic acid, alpha-ketoglutarate,
malic acid, citric acid, lauric acid, stearic acid, lactic acid,
tartaric acid), carbohydrate (glucose, 6-phosphate glucose,
6-phosphate fructose, trehalose, fructose, xylitol, arabinose,
arabitol, mannitol), amino acids (alanine, valine, serine,
threonine, aspartic acid, phenylalanine). Nucleotides and
enzymes (NADPH, NADH, FMN, UMP) were detected by
LC-MS. It is noted that LC-MS detected prephenate which
could formed tyrosine through prephenate dehydrogenases
or generated phenylalanine through prephenate dehydratase.

Extracellular metabolite analysis of C. versatilis treated
with salt of different concentrations

By using a combination of OS-GC-MS, SPME-GC-MS,
DSE-GC-MS, HPLC-MS and OAC-LC, a total of 244

metabolites were detected from the extracellular metabo-
lites of C. versatilis (Supplementary Table 2). 184, 200 and
178 extracellular metabolites were detected when no-salt,
9 or 18 % NaCl presented in medium (Fig. 3a). Our results
showed that alcohols, acids, esters and sugars were the
main flavour components of the extracellular metabolites of
C. versatilis.

Several flavor components were detected only in salt-
containing medium (Table 2), including 9-Octadecen-1-ol
(flower odor), phenylacetaldehyde, phenylacetic acid and
phenethyl alcohol and fatty acid ethyl esters. These flavor
components were biosynthesized from either phenylalanine
metabolism or the esterification of alcohols with fatty acid
[22]. Our data indicated that the ability of C. versatilis to
secret the extracellular metabolites was influenced by salt,
especially the aldehyde and phenol components including
5-hydroxymethylfurfural and 5-isopropyl-2-methylphenol.
These components increased along with the increased salt
concentration.

5-Hydroxymethylfurfural (HMF), a well-known Maillard
reaction product, was also detectable only in salt-contain-
ing medium. HMF plays a physiological role in protecting
human hepatocytes and showed antioxidant and anti-tyrosi-
nase activity [21]. Some studies suggested that HMF does
not pose a serious health risk, even at a high level in specific
food that not exceeds the biologically effective concentra-
tion range in cell systems [9]. However, controversial results
were also reported to show that HMF can be poisonous to
the nervous system and causing damages in the muscles
and viscera. It has been shown that HMF at high concen-
trations is cytotoxic, irritating to eyes, upper respiratory
tract, skin and mucous membranes [4]. HMF is converted
in vitro and in vivo bysulfotransferases into sulfoxymeth-
ylfurfural (SMF), a compound which can react with DNA
and other macromolecules to form adducts and thereby
result in toxic and mutagenic effects [36]. Moreover, histo-
pathological analyses revealed that SMF induced moderate
damage in liver and most impressive damage in the kidneys,
particularly in the proximal tubules [8]. From a safety per-
spective and for food quality assurance, HMF legal limits
were already issued for some foodstuffs. EC Regulation No.
1493/99 sets up a limit of 25 ppm in concentrated rectified
grape must [23], EC directive 1974 (74/409/EEC) sets up
maximum HMF level 40 mg/kg in honey. From our data, it
was conclusive that the production of all these flavor com-
ponents is salt-related in C. versatilis.

PCA analysis of extracellular metabolites of C. versatilis
treated with salt of different concentrations

The biplot of extracellular metabolites under investigation on

the first two PCs and the effectiveness of this chemometric
approach to GC-MS data were illustrated in Fig. 3. As shown
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Fig. 3 The effect of salt stress on extracellular metabolites of Can-
dida versatilis. a Comparison of the quantity of extracellular metabo-
lites of Candida versatilis, b The score plot of OS-GC-MS-PCA for
extracellular metabolites of Candida versatilis, ¢ The score plot of

in PC1 biplot (Fig. 3; Supplementary Table 2), the aroma
components that determine the scores on PC1 were alco-
hols (3-(methylthio)-propanol, 2,3-butanediol, the hydroxy
alcohol, phenethyl alcohol, tryptophol, inositol), acids (for-
mic acid, benzoic acid, maleic acid, lactic acid, erucic acid,
isovaleric acid, butyric acid, 3-mercaptopropionic acid),
esters (a series of high fatty acid ethyl esters (C8, C12,
C16, C17, C18), acetic acid benzyl ester, methyl palmitate),
phenols (phenol, 2.4-di-tert-butylphenol, 2,6-dimethoxy-
phenol), ketones and aldehydes (4-phenyl butyric aldehyde,
5-methyl furfural, 5-hydroxymethylfurfural 3-hydroxy-4,5-
two methyl-2(5H) furanone), amino acids (18 amino acids),
carbohydrates (a series monosaccharides, disaccharides,
sugar alcohols, sugar esters). Nucleotides and enzymes (fla-
vin mononucleotide, uracil nucleotides, didanosine, deoxy-
adenosine and a series of nucleotides, pantothenic acid and
other enzymes) were detected by LC-MS.
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SPME-GC-MS-PCA for extracellular metabolites of Candida versa-
tilis, d The score plot of DSE-GC-MS-PCA for extracellular metabo-
lites of Candida versatilis

It was noticed that cadaverine was detectable in all extra-
cellular samples. As low molecular organic nitrogenous
compounds of aliphatic [16], cadaverine (biogenic amines)
at appropriate amount could help the body’s normal physi-
ological function [39]. However, high level of biogenic
amines constitutes a potential public health concern due to
toxicological effects such as headaches, nausea, and palpi-
tations. Furthermore, cadaverine can react with nitrite and
produce volatile nitrosamines that are defined as carcino-
genic compounds [10, 19].

Whole metabolite analysis of C. versatilis treated with salt
of different concentrations

The whole metabolites of C. versatilis were analyzed by
0S-GC-MS, SPME-GC-MS, DSE-GC-MS, HPLC-MS
and OAC-LC. A total of 267 whole metabolites were
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Table 2 Comparison of the extracellular metabolites of Candida ver-
satilis cultivated without salt and with 9 and 18 % salt, respectively

Components Free-salt 9 % salt 18 % salt

(Z)-9-Octadecen-1-ol - -
2-Methylheptanoic acid -

Valeric acid 4-phenyl- -

Glyoxylic acid -
Methyl hexadecanoate -
Linoleic acid ethyl ester -
Butanoic acid ethyl ester -
Ethyl laurate -
Tetracosanoic acid, methyl ester -

Lo

Pentadecanoic acid, ethyl ester -

5-Hydroxymethylfurfural -
3,5-Dihydroxytoluene -

5-Isopropyl-2-methylphenol -

<_ |

Proline -
Sarcosine -

Pyrazine 1,2-di-fert-butyl-3,5-
dimethyl-

UL N N U N N N N N N N NN

<

detected (Supplementary Table 3). 177, 188 and 186
whole metabolites were detectable at the presence of no-
salt, 9 and 18 % salt, respectively (Fig. 4a). These results
showed that alcohols, acids and esters were the main fla-
vor components of whole metabolites of C. versatilis. The
quantity of whole metabolites including acids, ketones,
aldehydes, phenols and amino acids increased along
with the increased salt concentration in medium. How-
ever, esters decreased when medium salt concentration
increased.

The common metabolic intermediates and volatile aroma
components of whole metabolites of C. versatilis were detect-
able in all samples. However, the flavor components includ-
ing 2-furan methanol, 2-furoic acid, 2-furaldehyde, furfural
and 5-hydroxymethylfurfural, guaiacol, 4-methylphenol,
5-hydroxy-vanillin and vanillin (4-hydroxy-3-methoxyben-
zaldehyde) were only detectable in salt-containing medium
(Table 3). 2-Furan methanol and 2-furoic acid were derived
from 2-furaldehyde deoxidization suggested that salt may
enhance the enzyme secretion of C. versatilis in this catalytic
reaction. As being considered as safe food flavor enhancers
by the expert panel of the Flavor and Extract Manufacturers’
Association (FEMA), furfural and 5-hydroxymethylfurfural
have been serving as the assessing indicators of the extent
of non-enzymatic browning reactions, namely Maillard type
reactions (MR) [2, 23]. Our data supported that they continue
to be used as a flavor ingredient [1] and their production in C.
versatilis is salt-related.

As one of the most popular food ingredients or flavor
components, vanillin exhibits antimutagenic, antiangioge-
netic, anticolitis, antisickling, and antianalgesic effects and
has much stronger antioxidant activity than ascorbic acid
[37]. Together with its derivatives including guaiacol [47],
these components were likely biosynthesized from phenyla-
lanine metabolism [48] and their production were salt-related
too in C. versatilis. Our data showed that amino acid compo-
nents accounted for a large proportion of the whole metabo-
lites of C. versatilis and the quantity and type of amino acids
of the whole metabolites increased when salt concentration
increased in medium. Amino acids were important flavor
components and also the precursor substrate for biosynthesis
of many other flavors substances, suggesting that the amino
acid metabolism of C. versatilis was might enhanced at the
presence of salt.

As a low molecular organic nitrogenous compound of
aromatic [16], tyramine was only detectable at the pres-
ence of salt. As the dominating biogenic amine in soy
sauce, tyramine, when higher than 100 mg/kg in food,
can cause adverse effects to human health, such as die-
tary-induced migraine, hypertensive crisis and increase
blood pressure that can lead to heart failure or brain hem-
orrhage [17, 28, 34]. Our data showed that generation of
tyramine in C. versatilis was likely enhanced when salt
was present.

PCA analysis of whole metabolites of C. versatilis treated
with salt of different concentrations

The biplot of whole metabolites under investigation on
the first two PCs and the effectiveness of this chemomet-
ric approach to GC-MS data were illustrated in Fig. 4.
As shown in the PC1 biplot (Fig. 4 and Supplementary
Table 3), the aroma components that determine the scores
on PC1 were alcohols (2,3-butylene glycol, propylene gly-
col, butanol, glycerol, isopropanol, phenethyl alcohol, amyl
alcohol, inositol, P-hydroxyphenyl ethanol), acids (isobu-
tyric acid, benzoic acid, isovaleric acid, lactic acid, succinic
acid, oxalic acid, citric acid, malic acid, n-butyric acid,
3- mercaptopropionic acid, linoleic acid), esters (short-
chain fatty acid ethyl esters (C4, C8), ethyl acetate and a
long-chain fatty acids ester (C12, C16, C17, C18), phenyl
ethyl acetate, phenyl ethyl), phenols (2,6-dimethoxyphenyl,
2,4-di-tert-butylphenol), ketones and aldehydes (benzalde-
hyde, 2-methyl-heptyl aldehyde, 4-phenyl butyraldehyde,
3-hydroxy-4,5-dimethyl-2(SH) furanone, 2,5-dimethyl-
benzaldehyde), amino acids (valine), carbohydrates (a
series monosaccharides, disaccharides, sugar alcohols,
sugar esters). Nucleotides and enzymes, flavin mononu-
cleotide, uracil nucleotides, deoxyadenosine and a series
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Fig. 4 The effect of salt stress on whole metabolites of Candida
versatilis. a Comparison of the quantity of whole metabolites of
Candida versatilis. b The score plot of OS-GC-MS-PCA for whole

of nucleotides, pantothenic acid and other enzymes, were
detected by LC-MS

Conclusion

In this study, MS-based metabolome analytical platform
consisting of five different analytical methods was applied
to analyze the intracellular, extracellular and whole metab-
olites of C. versatilis when cultivated under salt stress. The
metabolites can be grouped into alcohols, acids, esters,
aldehydes, ketones, phenols, heterocycles, sugars, amino
acids, vitamins, nucleotides and enzymes in accordance
with the properties. Our results showed that 132, 244, 267
different intracellular, extracellular and whole metabolites
were detected. At the absence of salt and at the presence of
9 and 18 % salt, respectively, 114, 123 and 129 intracellular
metabolites, 184, 200 and 178 extracellular metabolites and
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metabolites of Candida versatilis. ¢ The score plot of SPME-GC-MS-
PCA for whole metabolites of Candida versatilis. d The score plot of
DSE-GC-MS-PCA for whole metabolites of Candida versatilis

177, 188 and 186 whole metabolites were detected, respec-
tively. Our data clearly showed that the quantity and kinds
of metabolites were affected by salt stress. The metabolic
capability of C. versatilis such as amino acid metabolism
and synthesis and secretion of some metabolites, especially
aldehydes and phenols, were enhanced when salt exists.
Our data also showed that special attentions have to be
paid to the generation of biogenic amines when C. versa-
tilis was treated with salt. The total biogenic amine level
at 1,000 mg/kg in food is also considered to be harmful to
human health. Factors that affect the content of biogenic
amines in soy sauce include the manufacturing process
[33]. Some factors increase the concentration of precursor
amino acids of biogenic amines in the medium, while oth-
ers favor the development of microorganisms with the abil-
ity to form amines. The effect of C. versatilis on the pro-
duction of biogenic amines in soy sauce should be carefully
monitored, and our data on biogenic amine produced by
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Table 3 Comparison of the whole metabolites of Candida versatilis
cultivated without salt and with 9 and 18 % salt, respectively

Components Free-salt 9 %salt 18 % salt
Furfuryl alcohol — \/
5-Isopropyl-2-methylphenol - -
Isobutyl alcohol - -
Isoamyl alcohol - V4

2-methyl-heptanoic acid - -
Propionic acid - -
2-Furoic acid - -
2-Furaldehyde - -
Guaiacol - -
4-Methylphenol - -
2,6-Di-tert-butyl-4-methylphenol  — -
Vanillin - -
L-Alanine - -
L-Leucine - -
L-Threonine - -
Glycine - -
L-Serine = -
L-Homoserine - -
L-Aspartic acid - -
pL-Pyroglutamic acid - -

Tyrosine - -

NS AN N N N N N N N NN

Tyramine - _

C. versatilis during high salt (18 %, w/v) liquid soy sauce
fermentation was evaluated and reported in another paper
[26].
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