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Abstract

GC/MS coupled with multivariate statistical analysis was performed to investigate metabolic differences between
mulberry wines fermented with Saccharomyces cerevisiae JIS (KCCM 43338), Saccharomyces cerevisiae K1-V1116,
and Saccharomyces bayanus EC-1118. The mulberry samples were crushed, and equal volumes of water were added
to the must. Sugar was then added to adjust the must to 22.5 °Brix. Following fermentation of the mulbenry fruit
using different yeasts, differences in the consumption of soluble solids were observed during fermentation, but
the final ethanol concentrations in the wines were similar for all samples, ranging from 10.4% to 11.4%. In addition,
the glucose intensities of the fermented wines were similar for all samples. Following alcohol fermentation, principal
component analysis and partial least squares-discriminant analysis score plots showed a clear separation, indicating
that the metabolites of mulberry wine differed depending on the yeast employed. The obtained results therefore
show that the different yeasts employed for wine production exert a strong influence on the metabolic profile of
the wine. Furthermore, it was confirmed that Saccharomyces cerevisiae JIS can be used as a yeast for wine production.
This study highlights the applicability of GC/MS-based metabolomics for evaluating the metabolic profiles of mulberry
wine during fermentation.

Key words : mulberry wine, yeast, fermentation, GC/MS, metabolomics
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Fig. 1. Changes in the soluble solids (°Brix) mulberry wine during fermentation (A). Means with the same letters are not significantly
different at p<0.05. Difference in the alcohol content mulberry wine after fermentation (B). Glucose intensity of the fermented wines
using three yeasts before fermentation (Day 0) and after fermentation (Day 11) (C).

Data are given as meansstandard errors (n=3). "p<0.05; “p<0.01; “"p<0.001; NS, non significant. JIS, Saccharomyces cerevisiae JIS (KCCM
43338); SB, Saccharomyces bayanus EC-1118; SC, Saccharomyces cerevisiae K1-V1116.
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Fig. 2. PCA score plot derived from GC/MS data of three yeasts
of wines before fermentation (Day 0) and after fermentation (Day
11).

Each symbol (point) in the score plot represents a mulberry wine sample.
Symbols with different shadows and shapes denote different yeast,
respectively. JIS, Saccharomyces cerevisiae JIS (KCCM 43338); SB,

Saccharomyces bayanus EC-1118; SC, Saccharomyces cerevisiae
K1-VI1116.
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showing clear metabolic differences among groups fermented with
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model was validated by permutation test with 200 random
permutations (B).
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SHA HolZETHLeem, 2016). 3k PLSE 1E 7&-‘4 A}o]
o 7lodste tiabzo] FARIAl EabA o2 #led
Ue A= 7 ok SkAIRE o] 2% PLSE Y&
ARG FEUFS L&) o wHEA £ AT
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Table 1. Metabolite levels of mulberry wine before and after fermentation

Metabolites RTY Target MS VIP score Da}E Tll // f)z%y 0 p-value®
Lactic acid 4.97 117 112 ? ok
Glycolic acid 5.12 147 1.01 ) o
2-Aminoethanol 7.02 174 1.06 1 otk
Leucine 7.25 158 L1 ) ok
Glycerol 7.29 147 112 ) e
Phosphoric acid 7.31 299 1.09 ) ek
Isoleucine 7.48 158 1.10 ) ek
Glycine 7.62 174 1.04 ) o
Succinic acid 7.63 249 L1 1 ik
Methionine 7.63 147 1.09 ) o
Serine 8.10 204 1.09 0 *okk
Alanine 8.71 248 1.04 ? o
Homoserine 8.90 218 1.06 ) e
Aspartic acid 9.51 232 1.08 ) ok
4-Aminobutyric acid 9.60 174 1.03 1 ok
Threonic acid 9.74 147 1.06 ) e
Quinic acid 12.18 345 L12 ) ok
Glucose 12.42 103 1.12 l ok
Glucosamine 12.57 203 L1 l o
Galactitol 12.70 217 1.10 ! o
Glucuronic acid 12.80 333 1.09 1 ik
Gluconic acid 13.13 147 1.1 t ok
Tnositol 13.73 217 112 ! w
Lactose 16.80 204 1.1 ) ek

URT, retention time.

2The arrows (| and 1) represent a decrease or increase in metabolite levels after fermentation (day 11) compared to before fermentation (day

0).
)SmeOIS (*) indicate significant difference between the before fermentation (day 0) and after fermentation (day 11) group (‘p<0.03;

p<0.001).

“p<0.01;
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Fig. 4. PCA score plot derived from GC/MS data of three yeasts
of wines after fermentation (Day 11).

Each symbol (point) in the score plot represents a mulberry wine sample.
Symbols with different shadows and shapes denote different yeast,
respectively. JIS, Saccharomyces cerevisiae JIS (KCCM 43338); SB,
Saccharomyces bayanus EC-1118; SC, Saccharomyces cerevisiae
Kl1-V1116.
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Fig. 5. Partial least squares discriminant analysis (PLS-DA) score
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different yeasts, showing clear metabolic differences among
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JIS, Saccharomyces cerevisiae JIS (KCCM 43338); SB, Saccharomyces
bayanus EC-1118; SC, Saccharomyces cerevisiae K1-V1116.
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Fig. 6. Relative comparison of major metabolites (variable importance for the projection, VIP>1.0) obtained from mulberry wine after
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