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Metabolomic Analysis of the Degradation of Ascorbic Acid in a Commercial
Green Tea Beverage Stored in PET Bottles

Hidenobu Sumitani®, Takako Ootsuka and Misa Sasai

Toyo Institute of Food Technology, 4-23-2, Minamihanayashiki, Kawanishi, Hyogo 666-0026

The purpose of this paper was to use metabolomics to investigate the chemical changes occurring in a green tea
beverage packaged in polyethylene terephthalate (PET) bottles. The analysis methodology uses trimethylsilyl
derivatization followed by gas chromatography-mass spectrometry (GC/MS) and multivariate analysis of principal
component analysis (PCA). Bottled tea samples were stored at 4T (control) or 55T for 2 and 4 weeks. The samples
were pretreated and then derivatized. The data set was analyzed using PCA. Two-dimensional PCA plots were
constructed, then the stored tea samples were divided into three groups according to their storage temperature and
duration. PCA showed a clear classification reflecting the deterioration of each tea sample and revealed two
indicator compounds, identified by GC/MS and LC/MS analysis as xylonic acid and lyxonic acid (belonging to the
aldonic acid family). These compounds, generated from ascorbic acid present in the green tea infusion, increased in
concentration during storage at 55C. Thus, the results indicated the presence of a degradation pathway involving

ascorbic acid in green tea products.
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$=é
H 'OH g o

Cgl305 CeHs05
(7R /) (FeFa7 ALY E)
H,0 .
2 OH OH
Ho\,krlTOH
H 0
QH O 0
CsHyo04
! N o - (s
1 FUVRE)
H
H,0 CO, OH OH
CsHy0; mmv)\rljrmi
(2.3-vrivovg) OH 0
A CsHy90¢
Wy #)
OH OH
mkullrerH
o 0 1720, H,0 H,0 H,0 CO, CaHii0
0 \ A sH1006
‘5‘4'J“' 1 (TICIVE)
H H OH OH
CeHg05 HO\-)\S)\IrOH
(AU T7AINE LK) H O
i CsHy006
()

5 PAOANEVE (F) LUV PRANEVE (T) OF89HERE

INEVBFERNEN, TAINVECVEELLTE FOTA
INECERPERL, SHICKS®LT23-V 47 70
YBEERTAZEIRESNATVSY ¥4 PETHF IV
HOBERHEERICBVYT, TAILVEYBRIZEL RS
T34, FeFu7RaVE @il shtne & 558
EBEEhTwa® FAINE VBT FO7Aany
YERANOBBIIT M TH LA, BMEER LT Fay
AINEVBEPIMAGELT2 -V P u vt
&, SHIZ23-Vr brarvBRAREEL, ¥Pu e
VEYVBENEATHWYIZELL TV D LEESN
5,

(2) TAINWE VBB L R T VRORGFEE
TAANVECVEEOKETE, TRAINVEVEERRND S
VRO ET VIR, ThEASTIC 2 BB &
U4 EHRES, BETATAINEVEEE, F 0V

BLPUXY VEREERLIEREELICRT.

TADIVYE YBUKEBH TR, FENOMBAFEMIZL 5T,
FBEFEMPLTAINVEYBFES LZEEZLR, F0O2
b= v (4T 438H) Tk, BETATAaVEVER
WEREIX 7268ppm (413mM) T, FLOVYBRBITIFV
YR E N L o7. L L, BSURFICE N T AT
WEVEBRIZETHRER, FYurvEik )Xy VERR 28
MO FAFCAF 2074 ppm (1.25mM), 4 HHEORETEE
1815ppm (1.09mM) #eihi L 7.

TAINE YBREHRM LT TVEOEEER, TA
TV E YEOKEH E FRRICERNOMBAEIZL - T, &R
FHPLTAINEVEBYRA LI EEZ LN, F0aY
Fo—iim T 4RAMRERE) CBRFTATATINVEY
BRIBFEEIL 441 0ppm (250mM) Th o7z, &P THEKE
WEERR2Y, A7F 82 EORBLERY? TT A2
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® 1 FRAOANECEABRSLUT7ZOLE CBENRERHOREARER

@ FAINVE EUKER (IR 7 2 20 ¥ BRSNS 1000ppm)

55T RIFHIM SERE [ppm (mM)]
(8] TRAINECYBR WAE *O0VE VEVIYE SRR
aviro—i 726.8
(4C 4 8H) (4.13) - S5 = -
2 ND 726.8 130.0 77.4 207.4
(4.13) (0.78) (0.47) (1.25)
4 ND 726.8 115.4 66.1 181.5
(4.13) (0.69) (0.40) (1.09)
@ 7AINE VEESIRESSEE (M7 A o ¥ YEENE ¢ 1000 ppm)
55T RAF IR SERHE [ppm (mM)]
[H] TAINVECERE BAE *ooEE UERVIER ATHERR
b S 8w B 172 441.0
(4C 4 388) (2.50) NS L -
5 318.7 122.3 63.6 49.2 112.8
(1.81) (0.69) (0.38) (0.30) (0.68)
4 152.0 289.0 98.3 83.0 181.3
(0.86) (1.64) (0.59) (0.50) (1.09)
# ND : it

WVEYERIZSSCHRETOIRTL, Belcn®@l, ¥¥ov
BR) &V YRR RICHING 5 Z LR SN
55CC2EMBLU4BHMOREIZL T, TAINEY
BB IX #4124 1223ppm (0.69mM) 3 L UF 2890 ppm (1.64
mM) A LTEY, TOBOXFarBE) XV VB
GRtEREF TR TR 1128ppm (0.68mM) 3 L 1UF181.3
ppm (109mM) &4 b, 7RI WY YBROBARICHY S
HERENBOON, —F, TAINVEBEHEMLE
WEZRE TV PERICIRFRBE L -85%, TAavey
Bed o vEBSESRL S b o, ZOELS, F
OYBBL)FVVBETAINVYE VEERETHS LT
WrL7-.

B, TAANVEVYBOSERICIIIEE SR & B L
SN, B LS RE TR IV T IV E D
EMLRESRT A ENMLNRTVEY FRALE Y

BB REERB O3 Y Fu— gy (4T 4 BEEE)

ZBWT, FruryBEhRitshhdbo 8oL,
BER B BIRE oo LHfEES A,

5 FOXBEOMNEER

ZRETOERT—FIZBWT, TIVFVENEIZSE
LTWATRMEIREBRSATVA. flxid, TRESOT
W FBROZERZELE (4) BT, TV FrBBoEsg
PVEBHTLRVWES, TAINVE VBABHRBLIUTTAD
V¥ YERIRIGEAEEF VIO RERBER (D 2w
T, BEHHFEL RABY T AV EVBORIEL T
WEVEBROERRICENELARLZEDL, TIVFEVERDR
B LTWALEZ bR, TOBEED-0, ¥
VEKBHROMBREE T/, SERLOpH EH 6

T, TAQNVE YBOKEHEO pH IE# 3 THAHEH 6, pH
25~64 OFEPTH >0 FEUKETZE 75C THRAE LA
FEREZE6 IR, pH64 ITBWTT IV FrERA R4 12H
AL7z, FhpHAMEWIZY, FLOrEBFELL, &K
TH#H50% FTTFAo7,

FLOUVERA N Y LKETE pH3 T TIMMBULE L 7=
AL TMS Faf b, CC/MS T L 4R, o>
Bf (5TMS ) BAHzRMbES 2l Lz, ZoRMES
OERANY PVt FYusBoS s P ohEEES
N7z, TZTHEFEUL TV MO D-1 KB y-7
7 b ¥ & RIS TMS BEELSIT LAY PVTF—F
EBELIHER ROBDEED-VRVBEr-77 0
3TMS & (C14H30:Sis, Bt 364.16) & EMLLL, mz364.1
OFFAE yHEllsh. D EOERPS, ROES %
FIurvEETr b EEELE. fEo T, EIECE I
WT, 7VFYBRE, TO—82T7 27 b LT 570108
PiH NSRS,

6. £ & ®

EAOERHIe W LD, FEESFEDOL ) RE
ICELTWADPERRALENSHL, FIT, HWEAIZEK
GEBETRALFELLCT, A FTIZATHEHLTY
LMt FEERE L. ilRogEEdsEr e L e
L CRERZELICHE L CER T aa ez b2 s, &
BMIZTAINVEYBRSEAL, FYurBE Y Y VB
BT B EVIBREPMBE T LHPTES E51CF T
YRR XV VEMIMREDIC Ty b MET AT L AR
BEhi, ZOLHAFFOIZAFEEAVLIE
T, PET K b Vg o 0 E®l s 2 i T, £
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120
. 100 —o—pHé.4
8 -+~ pH4.5
¥ 80 —m—pH4O0
§50 -t~ pH35
& —a—pH3.0
’g 40 F ---g-- pH25
2

2

0 L L . J

0 2 4 6 8
T5CIBAEF (h)

B 6 #2002 EkE#SCMBERICET S pH OBE

o OMED S OB OEMFEIZOL o4, B
IhEFTHEYESPOT ALY VEROSEERE T F
U7 AANVE BRI SRR E, BRTOTAIN
Y YBOZERNABEEEChH oS, S ¥ —4y Mo
TAHZEILE-T, HFRLTWERP T OBLE R
FLEZEEFERIcEREY. 5% KHER o Tike
LEMOBRSEHEMAT L EICL T, REHERMH
Eiohdis b o bt s,

= #

AL DAL, GC/MS %o/ b A F V) LEE
BRI E ERGOITC L B BRI EHVE X YR
T3 7 AFEFIGHL, PET K F VD@ aos b ks
DEHEHATLEIETHS.

PET K b VoAl 2 4C & 55C T2 MBI T
4 WPERA L7 WREE, FEAL GC/MS g RO
EWAFII L o T, FARHRFRELHMIZS LT3 2
T V—TiimEEnd:, FoE oy FE»LRER
BELT220maEREL, GC/MS B L UFLC/MS &
WD FRFN2EEOTIVFVEE (3o urvBBLY
JEVER) LRIEL. ChALF P ariB i) v
YRR RN E N T ATV E VERD MR L o
THBL, S5CHRFEPICHMT 2 L 2 ERMICRT I E
TRESHEZICB AT A2 VY VRO SRR 2L
piLd O A

WERAEOEOT IV F yEBREREHEES b, &
R THRER X £ L KB STA SR RSIR MR
ElZLhof#PLETFET.
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