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Changes in the Odor Qualities of Canned
Green Tea Drinks during Heat Processing

Shinichi Suematsu, Yoshihiro Hisanobu, Sachiko Suekane,
Kazuko Nakano and Yoshihiro Komatsu

In order to examine flavor deterioration of canned green tea drinks during heat
processing, changes in the odor qualities of green tea drinks after retort sterilization
were investigated by using gas chromatography and gas chromatograph-mass spectrometry.

The decomposition of unstable odor compounds and the liberation of volatile
compounds from non-volatile precursors were caused during retort sterilization, and
such changes in the odor compounds might destroy the odor balance of green tea
drinks, causing the off-flavor so-called retort smell. Especially, 4-vinylphenol formed
through the thermal decarboxylation of p-coumaric acid might play an important part
of the flavor deterioration of canned green tea drinks because of its relatively high
contents. Both the concentration of 4-vinylphenol and the extent of flavor deterioration
in canned green tea drinks increased proportionally with pH of the drinks. This result
suggested that 4-vinylphenol might be a key compound of the retort smell in canned
green tea drinks. and the liberation of this compund could be effectively suppressed
by acidification with an addition of L-ascorbic acid.

Key words : canned green tea drink, odor, volatile compounds. retort, sterilization,
retort smell, sensory evaluation, pH, 4-vinylphenol.
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Table 1. Sensory Evaluation on Trial Canned Green Tea Drinks

Sample pH Sensory evaluation
@ No additives 5.40 Very good
Before sterilization
@ No additives 5.38 Moderate uncomfortable aroma
After sterilization
® With an addition of L-AsA 5.05 Weak uncomfortable aroma

After sterilization

@ With an addition of NaHCO, 6.08 Strong uncomfortable aroma
After sterilization
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chicH LT, MAZNC X hIEM LIS & LT, benzaldehyde, linalool, 2-hydroxy
-6-methyl-benzaldehyde, benzyl alcohol. nerolidol, 4-vinylphenol, 2-azacyclotridecanone
fhEnpdeonsd. HUEHKOFEI» 2K ET 3L v-bh 3 linalool IK2VW Tk, REHK
linalool M Edi{k & LTHEL, MBS ni-ZORSVMBABRERICNKIMEZTAIZ LT X
DINBABREBEORERECE THMT 2 LExbhl. HEE7 V2 —~ATH5 benzyl
alcohol iIZ24 T & EERICE A & U TRF AR ICHFIE LI b o MBAREIC X 0Ky #



52

Relenlive tin: (ain}

Fig. 1 Gas chromatograms of odor concentrates of canned green tea
drinks before O and after sterilization &

60m X0.32mm i. d. column coated with DB-WAX was used. The
column temperature was held at 50T for 3min and programmed to
230T at 3T/min. I.S. shows the peak of internal standard.
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Fig. 2 Gas chromatograms of odor concentrates of canned green tea
drinks sterilized at pH 5.05 @) and 6.08 @
The gas chromatographic conditions were the same as those
descrived for Fig.1. I.S. shows the peak of internal standard.
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Table 2. Comparison of Odor Concentrates of Canned Green Tea
Drinks before and after Sterilization at Various pH

Peak* Compounds Relative peak area®

Na OpH5.40° @pH5.38¢ @pHS5.05¢ @pHe6.08¢
1 hexanal tr tr tr tr
2 1-penten-3-ol tr tr tr tr
3 (E)-2-hexenal tr tr tr tr
4 (Z)-3-hexenol tr tr tr tr
5 linalool oxide (trans-furanoid) 0.026 0.020 0.013 0.015
6 (E,E)-2.4-heptadienal 0.055 0.048 0.055 0.049
7 benzaldehyde 0.025 0.047 0.065 0.023
8 linalool tr 0.050 0.090 tr
9 cyclohexanone derivative 0.056 0.050 0.053 0.051
10 epoxy linalool 0.027 0.024 0.026 0.023
11 2-hydroxy-6-methyl-benzaldehyde tr 0.049 0.045 0.042
12 2-(2-butoxyethoxy)ethanol tr 0.016 0.010 0.019
13 hexanoic acid + geraniol 0.043 0.066 0.106 tr
14 benzy! alcohol 0.110 0.148 0.117 0.186
15  2-phenylethanol 0.081 0.068 0.074 0.069
16 g -ionone -+ heptanoic acid 0.100 0.128 0.156 0.091
17 5,6-epoxy- B -ionone 0.065 0.045 0.048 0.048
18 nerolidol 0.031 0.047 0.047 0.037
19 nonanoic acid 0.108 0.086 0.070 0.085
20 3-ethyl-4-methyl-1H-pyrrole-2, 5-dione 0.128 0.135 0.114 0.116
21 5,6,7,7a-tetrahydro-4, 4, 7a-trimethyl-

2(4H)-benzofuranone 0.514 0.434 0.433 0.441
22 4-vinylphenol 0.087 0.202 0.165 0.294
23 benzoic acid 0.031 0.019 tr tr
24 indole 0.393 0.312 0.313 0.319
25 dodecanoic acid 0.163 0.112 0.071 0.292
26  2-azacyclotridecanone 0.455 1.620 1.500 1.837
27  2-methyl-1,2-dihydrocinnoline© 0.129 0.176 0.167 0.234
28  oxindole 0.095 0.071 0.066 0.077
29  hexadecanoic acid 0.456 0.234 0.210 0.411
30  4-hydroxybenzaldehyde® 0.242 0.258 0.379 0.176
31 4-hydroxyacetophenone® 0.138 0.613 0.518 0.716

i Peak numbers correspond to those in Fig.1, 2.

® Relative peak area was showed as the ratio of peak area of each compound
to that of internal standard (cyclohexanol).

¢ Before sterilization.

4 After sterilization.

¢ Tentatively identified.
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ZEOMMLICb0EFLLNE, EFCHENEL, EEOHV-EV- 284 5 B-ionone &,
FILKHWIEHRDOE Y 2535 &£ \vbh b geraniol K2V T, £h¥Eh heptanoic acid,
hexanoic acid ¢ SR THEI ATV LVOTHELZ LV 2V, ZhHDRAESHN
BEWEENLTVW52 &, TOMDHA R YEBREINABAEEEZV-IThLHEPILTVEZE05,
% 5 < B-ionone & geraniol XL A EEAOIMAGRI L DM LIcbDEHELLAB.
ot RKEDEVERT EV DR S nerolidol & 724 —F 1+ — & b #/R T benzaldehyde & |
B ET 5L MK SR EZ T D 2 L X D INAFEEOKEPCHmMT B 1.
AEE HFCEITh3HV2RTY £v-bh 3 4-vinylphenol K2V Tk, FO7ra—1
¥ LR TORKKITEH T p-coumaric acid HBRE LEWEVERT 5 Z LR ERTEHE DY,
XED S 2 i p-coumaric acid B IMBAREFICRRE L REKOREXKEPTHEML -
EExBA (Fig. 3). APHK SV TCIMERTHATH A XMMBLSV2 & XD, BEK
HELOMBLHIERIITRHEEBIERCKZV-LELOhSE. KELL L ML FREEROREK
HEZC BV TAHEOMMEEZL, LA rEOFEEHEO—2LHEE LTV 3>,

OH OH OH
- (0, +[1,]
Cookiog Alcobolic ferssatation

CH=CH-COOH CH=CHz CH:2—CHas

4-Coumaric acid 4-Yioylphenal 4-Ethylphenol

Fig. 3 Transformation of 4-coumaric acid to phenols during the
cooking and alcoholic fermentation of grain®®

MBAZEIC L ZHEMBIRLE L, BEBELOMAGDOIEE L LD EELLNILKGTTH S
2-azacyclotridecanone 22U Tid, BHBBECFEHEA TV 288HICHERTIHTTH D,
BEAFERERCESBERBO 7 V- - LRI TEEBIEFR NSV EFB2 LR,

L-AsA Z#HEM L T pH 2505 BB LBEKB ST, MAREICLIOMP LS &
LT, pHERAEOEXRHKC KL TMRABRESHRY LLEG LA LTH 7. ThHORS
ORTRHRALUADEFSIZ2VWTiIE pH EFRRR L RERSEORMPELR LI, BEI-OVTR
pHEHEER L L L ECEALRI KD 1.

Chic LT, MBABERCIWMMLAKS S pH ERERZC SV THMLIcES & RiER L
Th-toh, Rics AR benzyl alcohol HMBRER &RV~ THH, 4-hydroxybenzaldehyde
BELCHEML T L THD. ZhbDfmLE Db CREKBOFLZOL{LICKE X
HELRET LHTE 2R 5 4-vinylphenol O (L pH EHEH O X h O#H80% B id =
hTHn (Table 3), pH * FHEEMEMAR T Z EBREERBICET AL b P ROBERH
LTHRMICENT 5 2 LR S .

REGAKESF MY L2 LT pH 26.081 8% LicBEakhicky TmBABREC Lol L
oo & LTI, pH EAROGFEARIC BV TMBAEERLY LR EBIZELTH » o hd,
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Table 3. Contents of 4-vinylphenol in Green Tea Drinks

Sample pH Contents of 4-vpX
@ Before Sterilization 5.40 1
@ After Sterilization 5.38 2.3
® Added L-Ascorbic acid 5.05 1.9
After Sterilization
@ Added NaHCO; 6.08 3.4

After Sterilization

* showed as the ratio of content of 4-vp in each sample to that
in sample @.

pH EAR N E LU L-AsA HINGIC BV THINZAREEIFIIN L TV 12 hexanoic acid & geraniol
EDRABSERBR E T LTV

i LT, mEBEEC LML S & LT, 2-hydroxy-6-methyl-benzaldehyde,
benzyl alcohol, 4-vinylphenol, 2-azacyclotridecanone I &dHF LB, 240 —F ¢ — Tt
HHRHVIEROE D 253 5 & \vwbh 5 benzaldehyde, linalool # X U nerolidol i pH &
BB LU L-AsA IS BV UMBBREEEM L TV 708, AGUEHC 35U Tk n 238 i iy
LRERVALTH-L. i, pHEAERE L-AsA BNMBC SV TMBREGED LTy
1= dodecanoic acid KEIgM L TV 72,

InLOMMULIEE GO CREKBOBIOLS{ILILKRELVELRETLHEERS
4-vinylphenol ®OMEH pH EABBOFhOH1 .56, L-AsA BNBOFAOHL 8B
TTLERALTEHEY (Table 3), BHEFMi BT 2MAFLEDOHE LXEOHMY S -1, 20
EED, REKHEEOUBILE - TREI LHERENTVWIRBARF MY Y 208mic &
H pH # P ER~RBET 2L 7+ VEORBOBANLDA L LT, GEMKCE
FHVEAMPROBECHLTOIHFEF L AL ZEAEES NI

= ©

BESBEZECRI I BLANSORELANE LT, MARECLIBLEHTOBIE LT Ay
IQERAVL AT LARBERCIVRH L. 2bE, RADSKBENDT THEH T+ VY EHE
BLZh 2 85BEREE S UKL D FREAREZOREL BV THRE S h TV 2 b FUK K8
BINL8RMEC BT A MARHIES EREFTOEH 2 FMIC L8R L.

MBI L 53BEKHOFLROL L —ROBEIKRTOMBYRRICL 54 &, KEKRDOHESY
BAroomMc L 2 H LGN RFOERIBERHOELIR I D AF v AT LD TH S
L HESE Lic. p-coumaric acid OBREBERICK I DER L, MBSO 5 R & RfEE
&3 4-vinylphenol DR R, SFESEOHIBWV R ES b I &2WD, BRI
BUAMBEELROERBESL B LTV, 27 F VEOEBEX HNE L TN Mg x
REgEKETE VT, MASLRDERE DL L2 HMT L.
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