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Overview

Sensory tests have generally been performed on the flavor
and taste of foods as an approach to quantitatively
evaluate food quality. Recently metabolome technique is
also expected to find out the components contributing

Introduction

In food science, targeted metabolome analysis or global
metabolome analysis, is increasingly applied to a number
of value-added food production fields including
food-safety assessment, quality control, food authenticity,
origin and processing. In this study, a widely-targeted
metabolomics approach with LC-MS/MS and GC-MS/MS
was applied to differentiate and classify four types of wine
(different wine grape and location). GC-MS/MS and

Methods

An aliquot of wine (0.2 mL) was transferred into 1.5 mL
tube and then the internal standard was added. After
shaking, 0.2 mL was transferred into a centrifugal filter
(MWCO 3kDa). Samples were centrifuged and then the
filtrates were recovered. A part of the filtrate was diluted in
purified water. Diluted sample solution was measured by
LC-MS/MS. The remaining filtrate was evaporated. Then

significantly to food flavor and taste. Here we report
simultaneous analysis for four types of wine by LC-MS/MS
or GC-MS/MS measurement and statistical analysis for the
acquired data.

LC-MS/MS techniques enables to evaluate the level of
amino acids, organic acids, sugar and nucleic acid-related
compounds which are known to be the components
associated with sweetness, bitterness and perceived flavor
in food and beverages. Furthermore, to clearly classify four
wines by the different level of multicomponent, statistical
analysis by PCA and HCA was performed for the detected
peaks.

the methoximated and trimethylsilylated derivatization
procedure was carried out for GC-MS/MS measurement.
Using statistical software, the detected peaks intensities
were calculated and statistical analysis (PCA and HCA) was
performed to evaluate the level of target molecules
between four types of wine.

LC conditions (Nexera system)

Column . Discovery HS F5 150 mmx2.1 mm, 3.0 ym
Mobile phase . A: 0.1% Formic acid/water,

B: 0.1% Formic acid/acetonitrile
Flow rate : 0.25 mU/min

Time program

: B conc.0%(0-2.0 min) -25%(5.0 min) - 35%(11.0 min)

- 95%(15.0.-20.0 min) — 0%(20.1-25.0 min)

Injection vol. © 3L
Column temperature  : 40°C

MS conditions (LCMS-8060)

lonization : Positive/Negative, MRM mode
DL Temp. : 250°C HB Temp.
Drying Gas : 10 /min

1 400°C
Nebulizing Gas: 2.0 /min

Interface Temp. : 400°C
Heating Gas  : 10 /min
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GC conditions
Column : BPX-5 (30 m, 0.25 mm I.D., df=0.25 mm)
Glass insert . Split insert
Oven temp. . From 60°C (2 min) by (15°C/min) to 330°C (3 min)
Injection method . Split
Split ratio : 30
Control mode . Linear velocity (39.0 cm/sec)
Injection vol. STl
MS conditions (GCMS-TQ8040)
lon source temp. : 200°C Interface temp. : 200°C
Measurement mode : MRM Loop time :0.25 sec
Location Wine Grape (for a red wine)
Wine USA Pinot Noir
Cabernet Sauvignon
Australia Pinot Noir
Cabernet Sauvignon

Figure 1 Four types of wine for simultaneous analysis of primary metabolites
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Results

Simultaneous analysis by LC-MS/MS of primary metabolites

in four types of wine

Comprehensive analysis for 97 compounds (n=3) was
performed to find out the different components
between four types of a red wine (Pinot Noir or
Cabernet Sauvignon as a wine grape in USA and Pinot
Noir or Cabernet Sauvignon as a wine grape in
Australia). Figure 1 shows a location and wine grape
type of four wines. Here pentafluorophenylpropy!

column was used to separate metabolites in 3. Methods.

The 63 peaks including amino acids, organic acids and
nucleic acid-related compounds were detected in this
experiment. Figure 2 shows the typical MRM

chromatogram of four types of wine. As shown in the

Cabernet Sauvignon

MRM chromatograms, the results depended to the type
of wines and indicated the difference of the
components in each wine. And in all MRM
chromatograms, we can see a peak from proline at a
greatly higher concentration compared to other amino
acids. Generally proline can not be assimilated on the
fermentation process of wine. Therefore, proline can be
detected at a greatly higher concentration in compared
with other amino acids. Out of the 4 types of wine, only
in Cabernet Sauvignon from USA, relatively small
amounts of amino acids were observed on MRM
chromatogram.
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Figure 2 MRM chromatograms of four types of wine



E SHIMADZU

Excellence in Science

Widely-targeted Metabolomic profiling for wines by
LC-MS/MS and GC-MS/MS measurement

PC1 (46.3%)
(26.3%) .
Score Plot Loading Plot
Cabernet Sauvignon (Australia)
Citre acid
021 . 1 o : - 02 . 1 -* tam‘iling Iant‘hln!
b o 2-Ketoglutaric agid v o
o . -. 4—Hydmpmllne
. i 4 . = . fnosine f.‘ysb.eine Argininosl;c:imt acid
. Cabernet Sauvignon (USA) Adenirie . . Adenasine
. ° « Cynidine monophosphate Cholle acid
‘o. 0 - Alvnn'
00 Pfﬁétf(’ir’(AUs’fr’éﬁa) ”””” L KO e Cystathjgnine Micotincacid e T om——(—
. . § Isaleucine  * . Ur;cil
. . Methionine sulfone
o Gluhmnc_acnd
- Argi.nlne
e &Aminah‘m@:l:ac\d
024 O . o — 02 OmIETE,  pcetylcarriine .Lactic acid
Pantothenic acid
Pinot Noir (USA) v" Influence of amino acids on first principal component
v" Influence of organic acids on second principal component

e J
14

T T T T T T
-0.2 0.0 02 -0z 0o
PCL (46.3%)

Figure 3 Principal component analysis for the detected metabolites

Figure 4 Hierarchical cluster analysis for the detected metabolites
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Using area ratio on internal standard, principal
component analysis (PCA) was performed by Traverse MS
software. As a result of PCA, the four types of wine were
successfully classified by difference of components in
each wine. Figure 3 shows the score plot and loading
plot. As Figure 2 shows, a red wine from Cabernet
Sauvignon in USA had relatively small amounts of amino
acids and arranged on score plot away from other wines.
Amino acids seem to mainly influence on first principal
component and organic acids seem to influence on

second principal component. Amino acids are greatly
related with wine grape and increase/decrease of organic
acids could be especially influenced by fermentation
process. These results suggest that there is a possibility to
evaluate the differences in fermentation process or grapes
by monitoring an increase/decrease of components.
Figure 4 shows the result of hierarchical cluster analysis
(HCA) and we can see the difference of components
between four types of wine in this figure.

Simultaneous analysis by GC-MS/MS of primary metabolites

in four types of wine

Then we performed principal component analysis for the

components detected in four types of wine by
GC-MS/MS measurement. This time, area ratio of the
detected peaks (>300 components) was calculated and
statistical analysis was carried out for these values. As
for the results of LCMS measurements, red wine from
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Cabernet Sauvignon in USA was away from other wines
on a score plot (Figure 5). Thus, a combination of
analysis by LC/MS/MS and GC/MS/MS with a statistical
analysis could become a powerful tool to find out the
components that greatly affect the taste of food and to
evaluate its quality.

Loading Plot

2-amigepimellc acii®STMS

2-Ketoadipigleid-oxima,ATMS(1) 1. HoxagHerandlipas
HexatoylghcinesTMS 5 sibciuty Acscid-2THIS
2-Hydromy h|FEaric a0 d-3TMS a=Hydroxygmiine-3TMS

AdahindZTris 1,5-Anhydrogligose-3THs

sdlagkoig-2TMS
2-Hydgoablitiric acid-2TMMS

S-Dehydroquinigagid sylaio-Ths 2-Methyfhippuric acid-TMS © MaloniceB-2ThS

2-HydrowyPsocaproic acid-2TMS

2.3-Bisphosphoglyglric Yeid-5TMS

2-Debmyuriding-3 TS
2-Aminooctagoic acid-Th Cholgsterd-THE
Octopamine-ATh5

2-Hydrooyglutaric acid-3TMS

2-Ketobutyric acidtmefn-Ts|2) Alantolf-3TMS
28uminclsabutyrie Stid-ITMS
VElproic acid-Thas
4-Aminobutyric acid“aTMS

Arabitol-5TME
2-Prapyl-5-nydrowy-pentanole acid-2TMS

2-Amincathang]-2Ths, Lastic acided TMS
Caprele acid-TMS

—
0o
Pel (35.8%)

Figure 5 Principal component analysis for the detected metabolites
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Conclusions

e Complementary analysis was performed for four types of wine by LC-MS/MS and GC-MS/MS.

e Principal component analysis (PCA) for the detected metabolites successfully categorized four types of wine and found
out some characteristic components.

e PCA for the data acquired by LC-MS/MS and GC-MS/MS indicated a similar trend: red wine from Cabernet Sauvignon in
USA was arranged away from the other three wines.
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