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Analysis of Off-flavor Generated from a Polyethylene Terephthalate
Water Bottles and Caps by Using an Electronic Nose

Hyun Jung Han, Su Won Park, Hyo Yeon Jung, Jung Sun Kim, Hyemin Dong, and Bong Soo Noh*

Department of Food Science and Technology, Seoul Women's University

Abstract The objective of the study was to investigate the off-flavor generated from PET water bottles and their caps by
using a mass spectrometry-based electronic nose. The ion fragment data obtained from the electronic nose were used for
discriminant function analysis (DFA). In the case of increased concentrations of the contamination of water, the off-flavor
pattern depended on the discriminant function second score instead of the discriminant function first score. To identify the
cause of off-flavor in polyethylene terephthalate (PET) bottled water, the PET bottle and its cap were analyzed by DFA. The
results showed that the cap generated more volatile compounds than the bottle or mineral water did. The substances causing
the off-flavor were predicted to be 2,4-di-tert-butylphenol (2,4-DTBP), nonanal, and decanal when the main peak of the mass
spectrum was compared with the major ion fragments of the electronic nose. Thus, using this method, we could determine
whether the PET water bottle was contaminated and whether the off-flavor resulted from contamination of the bottle cap.
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Table 1. Sample list for contaminated PET bottle water

Sample Packaging bottle
A Off-flavor water filled PET bottle
B A company water filled PET bottle
C B company water filled PET bottle
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Fig. 1. Discriminant function analysis of the obtained data by mass spectrometry based on electronic nose at various concentrations of
the off-flavor water filled in PET bottle (DF1: r’=0.9921, F=461.36, DF2: r’=0.8976, F=32.13).
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Fig. 2. Discriminant function analysis of the electronic nose data for the flavor patterns of bottle and cap of PET bottle without water
(DF1: r’=0.9959, F=771.70, DF2: r’=0.9823, F=174.72). A. B. C means different PET bottle water. Numbers mean concentration of water,
PET bottle and cap
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Table 2. Sensitivity analysis of the major ion fragment when analysis PET bottle and cap as electronic nose

PET bottle Cap Relative sensitivity of mass spetrum*
am A B C A B C gﬁ?}:ﬁ;ﬁ;& nonanol decanal

41 0.004514 0.003054 0.005238 0.036396 0.022864 0.023978 155 316 807
43 0.00609 0.005065 0.007408 0.041263 0.025665 0.027335 180 999
49 0.000191 0.00019 0.000207 0.000441 0.000353 0.000357
50 0.000423 0.000365 0.00048 0.002016 0.00148 0.001512
53 0.000614 0.000477 0.000709 0.004044 0.002674 0.002761
54 0.00046 0.000399 0.000525 0.003914 0.002517 0.002646
55 0.000835 0.000701 0.000993 0.013812 0.008169 0.008619 293 618
56 0.00062 0.000545 0.000727 0.010102 0.006016 0.006343 429
57 0.000499 0.000541 0.000632 0.02631 0.015557 0.016792 334 999 621
58 0.000324 0.000284 0.000346 0.001536 0.000978 0.001039
63 0.000191 0.000174 0.000196 0.000602 0.000438 0.000452
65 0.000241 0.000204 0.000261 0.001332 0.000887 0.000924
66 0.00025 0.000227 0.000287 0.001104 0.000773 0.000798
67 0.000417 0.000338 0.000483 0.004733 0.00296 0.003104 73
68 0.000328 0.000272 0.000369 0.002312 0.001498 0.00157
69 0.000317 0.00028 0.000364 0.004744 0.002783 0.002962 288
70 0.000307 0.000252 0.000344 0.004607 0.002655 0.002828 471
71 0.00063 0.000273 0.000738 0.009276 0.005542 0.006055 72 337
78 0.000226 0.000218 0.000242 0.001257 0.000905 0.000935
80 0.000175 0.000166 0.000185 0.000772 0.000525 0.000553

*NIST MS Search 2.0

o

|53 3 A FoA 7 2pdAdo] B3R o] e A8k
7+S Table 2| YERATE.
2,4-di-tert-butylphenol®] 73-9- th¥-+ HDPE&71° H7HE 3k
SHA|Ql Irgafos 1689] EalAHEZEA Age] #5ed ] o
TS vE = Aok ¥#A Avh(13). HDPE:E dlFE9] A4
HEWS 548 Axsh=t] AHE-Eth(14). =& (Nonanol)} ©
7Fd(decanal)2] 74 FHEA] == YalE(alcohol) B L
slo] = (aldehyde)Fo] Ed=A F2F EERL] Yol A oHE
frasle 3Ed Ed= A8 d15). WwEbA fe] 3717
olFle] Al BAR A7lEe] F8 o]2EHS ZARle] LRI

HERZ F749] 4% 7P apEAde] w3 o] 2iE2 4],
43, 49, 50, 53, 54, 55, 56, 57amu & & 337HKE YEt 9
o] o] =W o] 2889 HQ] FollX 24-di-fert-butylphenol
o] A% FQ o]0l 41, 57 amuelA L, =SS 41, 43, 55,
57, 67, 69, 71amu, WZFLe] 735 41, 43, 55, 56, 57, 70, 71
amuo |tk 71 A3} =xkgo] 79 ZEAJe] =9 bottled} bottle
cap?] o]2%8 ] amu} =FE2] amuwt XS TE S 24-
di-tert-butylphenols} ©|7FEe] Zg-o= 1-2709] amuE A €]3kaL
= OFE Ak e FAT = ATk wEkA 99 Al vt
Z|9] o]F 2] Yglo] H= BHEo] HEHI T4 TFE 3
i F5HErh

el Al 7iA19] o]F I FEY F8 amuillA] A|FE0] o]
e 285 7S ZH=AE Fig 39 JEpiRiTh 2 A o)F
7F UA ZA7E H9E )] A A2k amwel A 7HE =
M 3 Bl Fig 3@F BH o7 Ue E(A)
2 o) UA ¥ EBET U B8 78T ZE Ho

Tg HERETE B4 U 2 EEE HAFE
gtolak o= YA wWEb cap Aol 919] I AJEo| 7]
o o]F7} WAYSINE Foz ZE

o Y

T
o 32

_O\L
_&JQ’—Y—L

gl
i=1
=

Jung 5(2)°] A+ A3 Ao T ARS-E Irgafos 1689
TafAkEe] Agolla] WHE o Hol £ RNE o]y
AL Zlolgal FEAh e FAE TR TE olHE A
AT F Ade d9e] 2 F UE RIS Age] T A
WAIZY U ol fFE F53 EAHE Eo] MEHA] F3A A
Foll &g A5 =AM 749 WAzt o1gd 4 Ak &g o]
FA7F ve Aee 54 Aol ggted], 54 Ag Hrtst
A ZAZF DAHATL AR 1 & F4ES o]
A7IE FGolA de] BN E 7R Ut
Aol o] f-o] Fuleh WAL AU wiS- woket AlF
o] A% XFAZREL] EF ol ot o|F 9] A= FE
| 2T = s Aolth ol AF EL| ¢S F F AU
< Aol AdEo] AR ZX|7F WEA o] FojH o} Firt,
AaEe gl A3t F3s Wol o A g7ke] I
AR HEl ZfolE FESIFE 7|0l BR AR ol tigh

FZch 9, dAdaE AR
[}
2R

offt rr

2
ox
I 7
rr
off
b
i
=2
)

o]

[\S]
o2
1o,
oL
ot
o

il
o
offl
ol
rir
po)
o
Lo
o



MS-AA 5 A8 FIE(PET) A3t 574 9] o] 3] o] 4 429

0.003

0.0025 |-

0.002

0.0015

Sensitivity

0.001

0.0005

41 43 55 56

Water mA =B

57 67 69 70 7

0.035 |-

0.03

0025 F

0.02 -

Sensitivity

0015

0.01

0.005

0.045

PET bottle mA =B C

0.04

0.035

0.03

0.025

0.02

Sensitivity

0.015

41 43 55 56

57 67 69 70 71

Ion fragment (amu)

Fig. 3.The sensitivity of major ion fragment in 2,4-DTBT, nonanol and decanol. Those resulted from water (A), PET bottle (B) and cap (C).
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