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Analysis of flavor substances in green tea beverages detected by
HS-SPME/GC-MS coupled with electronic nose
and electronic tongue technology

FAN Xia', YANG Hengming® , CHEN Rongshun®’
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2.College of Sciences ,Nanjing Agricultural University , Nanjing 210095, China )

Abstract ; [ Objectives] The aim of this article was to analyze the volatile and non-volatile compounds of green tea beverages,
providing scientific reference for the flavor quality evaluation of green tea beverages. [ Methods ] Headspace solid phase micro-
extraction gas chromatography mass spectrometry ( HS-SPME/GC-MS ) and electronic nose technology { E-nose } were used o study the
volatile flavor substances of 12 green tea beverages. The differences in taste and amine acid content ol green tea beverages were
analyzed using electronic tongue( E-tongue ) and automatic amino acid analyzer. [ Results] A total of 135 aroma compounds | including
4} esters, 21 aleohols, 27 aldehydes and ketones, 31 terpenes, 8 hydrocarbons | 4 phenols, 1 acid, and 3 other substances were
identified via HS-SPMESGC-MS in the 12 green tea beverages samples. Limonene, a-terpinenl and linalool were found in all
samples  and the characteristic aroma compound of green tea beverages was linalool, which was confirmed by odor activity value
{ OAV ). The different types and contents of these volatile substances gave the green tea beverages a unigque llavor. E-nose and
E-tongue technology was found to be a good classifving tool for 12 green tea beverages ,and the cumulative contribution rates of PU1
and PC2 were 91.08% and 92.58% | respectively. The highest content of amino acids in green tea beverages was theanine, and the

concentration of theanine was significantly positively correlated with the overall taste ( P<0.03). [ Conclusions ] Different odor and
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taste characteristics were observed in green tea beverage. The characterization of [lavor frame in 12 green tea beverages was well
analyzed and detected by HS-SPME-GC-MS coupled with electronic nose, electronie tongue  and amino acid analysis.
Keywords; green tea heverage; volatile flavor components; taste ; headspace solid phase micro-extraction gas chromatography mass

spectrometry ( HS-SPME/GC-MS ) ; principal component analysis({ PCA ) ;amino acids
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o, T ABUE A ] AN R SR A5 TORE A £ 8 TR 0 ) 4 AR O 22 R A R, R B — s B A B AR
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TR B 11 S 12 SEIRICEHMATTINh 9 A, Her s top R ik 12 1~ .

17 PR LRI G PRMESS (V24 0.1 pmol - mL™) EHERRSr 7 {28 2 B1,B2 B3 B4 B5 el — i it
€ 20 bl SR AT TR R, AR E R bR AL (AEHE =99% )  INbR 2-ER P (4B GC=98%)
¥ Sigma-Aldrich( i) 85 AR AR,

GC-MS Fr M in 2- SR (80 pe-mL™") AYRCH 77 35 . HEBRFRHL 2- G4 H E 200 mg, B T 250 mL
e D, W RO E A B 20, 158 % R 800 we-mL ' BOGE &L, HEBREBSEHUZIE 5 mL T 50 mL

R, AR B 2 20 I 2 1 2T R 80 pg- mL ' OIS TRLIE 1 HS-SPME-GC-MS ZrHr i i s
1.2 EE5EHF
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Table 1 Profiles of different green tea beverages
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1.3.1 SFWHBEIEM BT S % (3000 GB/T 21733—2008 ), B 50 mL S35 1H0E T K045
Bl ZEmeh ESIR T 10 2(5 B 5 4) S B U 2R 09 1F a2 B AT S 0 R (k| 0 R (o 1
BEFN Bl H ) EA T3S . SREEE A SV ERE | DRSS, B LU AGHE D IF [E B 10 min J5 BREE T 1 MR
f o A H 10 43610~ <2 45 T30 2~ <4 J1 B0 ;4 ~ <6 4136~ <8 1 fRH ;8 ~ 10 45 H2il) .

1.3.2 HS-SPME/GC-MS ZEXEFRBESH LS 60 510 mL S5 U0R, A 20 mL A9 173 i
t AIA 2.00 ¢ SALAIFEAR, LA 80 pwe-mL " 2-SUAEH /R A NER. 76 50 C FHEHE 20 min, (425 TR
TR, F 250 CTFHSEEAL S min I EAH A BCL R AT A FES 5, 815 4F SPME T4/,
1 2T 28 S 02 B 40 min J5IRGE , 57 BOAE A GC-MS {28 3EEE 1 7F 250 °C &0 T HEWEE 5 min,

SHEE R A HP-5MS A1 % B A (30 mx0.25 mmx0.25 pwm) ; #HFE CRE 250 < ; BF T
R EIREE 50 €, 45 S min, SELA 3 C omin™' FHE £ 180 C, 4 FF 2 min, HLL 10 C «min™' AR E
250 °C,f#4F 3 min; #HN 99.99% 0 S A2, fiE R 1.0 mL-min™' s RAA SR BEHERE

TSR ek B 72k (BT B2, B FRERL 70 oV, B T IR 250 °C ; PO AFIRE 150 C ; HiBh
hn#GREE 250 €,

FII T NIST.08 [l &t FE 315 4 N T b, s FEVC B RE A/ T 80 ( e A {2 100) Y e Xt 43¢ 55 100K
TS W AT P AT, R 2 - EUR T BV bR S AR A A i, B RS R 3 ok, Il s ikl
MRz A F

FRARE SO T 2 (R odour activity value, OAV ) i f 1% JEN R e 7 = A Wy T O0AV,=C/T,. AP.C
I @ BRI (g L) 3 T AL 0 SRR (g L) .

1.3.3 BFEMNFHUB IS MEIHHEL 40 mL G250, BT 100 mL BFR, FI0UZ {5 5 151 5
FLPEZE R (2522) C T R 30 min 576G AT F 8060, ARG R 3 0,

P 0 5 S o AR SRR BRI DRI ()0 60 s (G IERAR T TN 10 s FE SRMERETRIA 5 s; 4087 RFEHT

(8] 180 s, H#P LR 200 mL-min™" , R FLEL 200 mL-min™" . R H Origin 2018 4387043 Fodli 1 744y
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1.3.4 BTFEXNRFREBEE DN SATUCEHEE S A28 0 Hir ib 38, i L 80 mL S UORHH T 75
o, R R T AR EE R T 4 0, SA02B HLFF REHR R, 7 I 6 R S URAGIRAVALAL
135 SEWRHFESERSEILE B mlL SEUCEFEM,H 0.5 mL 100 g- L 986 8 Kb % O0TE
HH,fE4 T 10 000 r-min~ A7 FEL 10 min, W ETEHGT 0.22 pm SEREHERE . RS IOR
905 3 U HCPRE L, L-8900 4 H SRR - (0 7€ 25 1F . H AL 1284 MR 4.6 mmx60 mm; % |
Tk 0.4 mLomin™' 5 2 i 0.35 mLeomin " GEFEAEL 20 pl; HEIR 57 °C, BRI 135 °C ; Faifl i 1 570
440 nm .
L4 HIRGITSWN

FH] SPSS 25.0 AT Pearson’s #H5CHEHT. R H SAS o8 BT RR G Ab B, B R R
FHAR 28 e sk 5 . R Origin 2018 540 3 B0 #0477 92 B 43 40 87 ( principal component analysis, PCA)
FNEAEF 5 2 #7 ( linear discriminant analysis, LDA) .
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B, 6,10 S M OB S B AR T b M, 2 112 HEEREER S . FIL 1-12 indicate the number of green
BRI BRECME . 3 11 SRS Sk kg e T e .
W, A ER, 2.6.7.9.10,12 M PIHSSEE, 3 1 SESRTCR AR i .
2.2 HS-SPME/GC-MS #u il 45 5% 00} o iy B ik 4 [T

A F HS-SPME/GC-MS K | 76 12 Fgp 25 UORHE RN 135 #h & S 5T, HoP RS 40 i, BE2E 21
ot TEFW 27 Fb, 4R 31 Fp L2268 B By 4 Fh,ER3E 1 RR, HABWE 3 Fb, 12 et R UCRE Y LA E
9 124.30~1 022.33 pe-L7' , FOH RGBT 2R TR RILE 2,6 S HFUCE Y S8 T
UL 2, Hodr 11 SEER WA DORHS H I F SRR & BT (124.30 peg-L7Y) . BEP R FE LML
HSHREES,3.4.5.6 SHEPRIREIE B (33.58% ~50.00% ) 8. 3 SHEHPEFREHPESYE
A2-FEEPBPM NEFE. 4 SEMPEFEEANFIYIEAR L8R OMEiR, L8 FBFE,
5 Skt MR ER  ORREE T AR EE AR A L. 10 SSRGS T R OB IR R L E R O R
R, 1.2.8.9.11,12 SE SRR L1 29.18% ~ 52.36% ) 8 8, 1.8 11 S b & BB iy
Fr TR BT . 9 SR TR P EN S A S B, 12 S S A TOB TR |
IR EENFY, R SO M FE ARSI, W o- R B AR AT HREHE
HAFS, 2 SHEUCEBEA L (40.27%) 8w, S REOS M FSWIEA 4-1REE 5 EE F Y o
P B, Horh F B R 49.70 peg- L', FHEEEAGHEAMBEAEES, SR EFSWE A TEE
FIYL 6.7 S Ae ORI REMR S L] (37.11% ~ 52.36% ) ¥ @, 628 S A ORI i & Bl bIpIE ™,
MTEEASEE HEE, EPEAFOCES, 6.7 SHATHTEESNEFEIYHEA XS g-£%
2EfR deAR,2 B8 S s EhEa RN LB LB A EFA® HEFR. 3.4.5 5H
e A Y LR R S R, B T IR R SR AR R R

<~ (i’ Color;
—=— -, Odor;
« 1 Bitterness;
—— {EHE Asiringency;
« [0 H Sweelness;
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Table 2 Volatile flavor compounds and its content of green tea beverages pe- L7
e ﬁf"'flﬁ]l';“‘i“ ot SEARICELES The number of green tea heverapes
: elention
No. i Campound 1 2 3 4 5 6 7 8 9 w1l 12
i AT Bz B2le 2732+ 196 151 14.01+ 49 38+ 14.18+
o Butanoic acid, ethyl ester e Kl L | LA 1 4,49+ 5.28* 33401
1A 1.77+ 8.6
: e Hexanic arad, cthyl ester B h N 047" n 3.50¢ n B a h - -
4 1337 (E)-3-CH-1-FF L M s _ Gdlx 4349% 1403: We6x 5448
; 1 [ E)-3-hexen- Lol acetate oot TaT L0 sag 42,88
LRECHR 27,68+ 748+
4 I3 : S — T B R
4 Avetic acid, hexyl ester 4.9 7.39"
c-2-fs LR 140+
3 LA Zhexennic avid  ethy] ester - - - - - - - - .60 N N B
6 . R _ _ . _ 9 L _ B
g Hexanic avid, 2-propenyl ester 1.87" 2.0
" 1.6 R 545z 136+ 2T.7: 263 053 350+
= Methy] Denanate 0.96" [0 S P11 5 YA 0.75
3 1832 IR - _ - o _ Bilz B B -1 B
5 !suwﬂlﬂ im[n-mammlr 2.2 b H.02"
g 217 FHERE 14,85+ 2162+ 4E80:  336d4: 1542+ 1039+ 1.0+
et Benayl acetate 3.46™ 580°  g49*  3nb 467 25 (33"
- THi-3-C 8 4.62 6.32
0 py  (D-TR--CRE = e o = e T
[ £)-hutanoie arid 3-hexeny] ester 1.61° 1.28*
i 256 ke 19.51+ 1147« 0.50+ 0.68+
i Meethyl salieylate R8T 4,120 0.25° 021"
p nep e W LI8s 2639 284
. AL Octancie acid, eyl ester T 061" 064
3 2346 LRETRE 6.72: 341z T _ o Bs 451: _ _ _
i Acetic acid eyl ester 151 0.8 10.49* Tt e
1 243 ]ﬁ%ﬁﬁ- Butanoie aeid I-rihrllyl-] q _ _ _ {52+ _ _ _ _ _ _ _
5+|1melh}'§4—|1ﬂpn-|-}'t ealer 1.25
FLBLE 11,95+
15 s Benzencacetie acid  ethyl ester - - - o - 6 . - o - - o
6 357 TR B _ 33EEr 692¢ 16013z 5795+
o Prapanoie acid, phenylmelivl ester gA7h L4 306" 12.87°
-BHLENRZE iBlt 602+
I 05 R e e e B R
0 Eilsyl salieglate 051" 10.87
il o A 4791=
18 .15 - — — — .- - — — - - -
Menthyl acetale 11.25
19 29,12 2 M R R 10,57+ 4297+ 12332 M9 1754 9Me  0M0: 305
e Methyl anthranilate 297+ 098t 201 698 284" Lo Lee! oo
TR iM:  697: 307+
0 236 Butanoie acil, phenyimedhy] ester - B Lt Ler B N N - a 0924 -
i o “ e i .02: 1905 - I | F I B - B
Triacetin a73b 406" 86"
5 01 BELEE 3, T-dimethyl-, acetale, 19  IB28: 525 3562 201z _ (.59 2278+ 1229+ _ [L45+  H.98+
. o [ Z)-6eoetadien- 1ol FHVE R O A ) S S | P nart et 27t n24! L4
. 216 (.58
n 3054 THET B Bulannie aeid ,]Jﬂ.u}'l esler —_ — — — I.EF; — ﬂ.l‘; — — — — —
2 09 MOEE RO Zpopenoic acid, 3 B B _ _ B B _ TRl Ddee
) phl‘nyi-,nl:thy] wsber 4.65* {I.El?"
% 306 ZRE R N B 1.28+ B B B o 1228s 6732 B ~ I638e
- o 2, Geoctadien-1-ol 3, Talimethyl - acetate (L.56" 376" 214" 312"
2 .82 SRR Decannic arcid ethy] ester - — — — - - - ’IT; — - - -
77 101 FE B A 2B ( 2£ ) -2-propenate aeid, B . 1.0d+ B B 754+ - _ 2543+ 162+ 141+
i Iephenyl-, ethy] ster 0.36" 308" K500 046" 0t
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453 2 Table 2 continued gL
e {8 B min s GATEERS The number of green tea beverages
i E =]
Na. “r?-lﬂhll Compun] 1 2 3 4 5 fy 7 8 g 10 11 12
me
% 500 RN . _ T 133 216 - _ 503+ . _
= sk e decanluctone 14.16" 046" 571" 1.56%
TS 4
b 3582 : — . - - = - - - - - =
S-decanolide 10,26
10 15,86 MR TREELRER _ _ _ _ Al _ _ _ _ B
- MP1||:|.'| p—lv.r1-|:|i|!.'f|1|‘ﬂ1:|.'|amralr’ 1.3h
A 16,98 CH R _ _ _ 1dlx _ 1.2l 0642 B B _ _ B
‘ Dikydraetinidiolide 0.71% 043+ 038"
o g | ERERE I - " ¥
- ' 3-||)rl|"|ﬂ|n]!}| Z-ll}druk'\'|m||walr .47 0.36"'
AP A BN 543 0T71=
3 8.5 — 2 — = == =
} .33 Lhexen-1-ol , benzoate 512 03"
R AR 1.45¢
i Wb Renmate acid , hesyl ester a N 0.78 - B - B o n B n a
I A—rEk M.40=
5 X — — o - - — —_ e o s =
- Ak f-undecalactine 5.23
Bl 144z
3 du Methyl jusmonate a n a N 031 a N a - B a N
v asy  EREMYE o MR T3S BM: 78l 28 41
' Bewzs] bengoate 162" 17610 28" et 06" L2t
1M A 2R 2153
A6 — — - s - = — e = - —
8 o Tetradecanoie acid, ethy] ester 5.63
B 817 SE-NR-RBTHE e 1558 3050: |95 2564+ 4040: 19382 2671: i IEI2: 2963s
i Diisohutyl phihalate G431 2067 11250 1450 TR o0t 03 54t 78240 jidd 7ggebed
R A 137+
A Al Hexadecanaie acid, methyl ester o - - - - o - - - 87 - -
I 262 117
i 3 d— N _— —— _— - —— el P —
' o5l [ £ =Fhewen-1-n] 0.92" 036"
2 T B _ BF: 132 TB: 205 R - O P
- o Byl alenlnl L7360 031" 1810 406" 4.0 229"
=M 458+ 48.56= 20652
H lhga [ -actanl i I N U 162¢
M 17 HHam 2795+ 3966s 42.73: 2070 3238+ 6292 17282 M3+ LIT: 352: 847 LA3:
' Linalanl b I e O G T O O € S e A1 L b (' (1T - A S .
HEEkRE 9.97+ 17,60
" R T-acten-2-l | 2-methy|-G-methylene- 129" 30
P 20,19 B 1.7t BTt i - = 0 - 1447+ 606t .73t - 332k
: Brterpineal losb 237 640 083 0.60” 1.0z?
. 71 4R .56+ Bl13= 957 151 838 2.84s RN
’ Terpinen-4-ul 056" 1877 2y 044 776% 145 1,274
s 320+ WLRT
48 2177 — o - .- - - o - - -
Menthel 103" 19.32¢
- T8 188+ 556+
3 i e - - — — - - . —
= Shl |-nonanal L4 167"
5 28 - 054 7147+ 1907+ M4le 1520+ 2977+ 17.32= 6B.B4e 4743+ 159+ 1TIe 2503
- te-terpineal 397 1898 4™ BIST 0.9 465! 45 7600 793 LM% 062F eIk
s omp  YREE o b B 132
i y-terpinenl 11" 1.24h 161%
Faw 1,20+
g - - - S — — i p— —— il M
% 2413 Citronellal 0.27
5 S i T8 484 6772 1095 3262 404 e 905
- Nezol 1L 4 aps 2am* 022! pese (% SN | b
% 4 T MAs 4970 033 1038 L79:  14.92:
o Cenamiol IR TR 108 SO 1T S | WU A B
s my W B 1002 S

Parkesl T
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£3% 2  Table 2 continued pge L
o {5 Il i aH SRS The number of green tea heverages
£ i 5]
No. ﬂ*:_'"“"" Cannpound 1 2 34 5 f 7 809w onon
e
s mq AR B8 s M3 ldle 586
g Elenwl 2 Lo 693 031" 126>
5 13.29 HHER A 205 142z T35z B6Bx 1256 0.50: _ 12932 802 4073z 082: _
k = Nerlidnl (F V6 G T L 1 S V1 L By 8 T L | L 1) AN
A 2164 17.36+
38 250 Caryophylleny] aleahol - N N - - - - 6.14* a a - 18"
5 05 y-Hea 44d0e  6.l6x 4,08 5402+ 386 R10x 15.52+
o y-codesmol 064 |9 0824 457 12t ey 240"
a-bERE AR 4.+ 19,689+ 0.49+
41.67 — — — = = — — = e
0 16 at-cadinol 048" B.01" .2
i EYA 4 95+ 798+ 12.70x 1982+
427 s — — — .
ol 1 a-hisabolol .2k 1.07" 0.98" 741°
de -
el .74+
2 AT s - — — = — — — = — .
b b [ &) -2-henenal 1011
fEii3 299+ 1.35+
o 836 Heptanal Losr a a - a a B n B %I L
& {5 LR 139 007« 555 LTz M4Tx 10452 M0 T3T: 156
’ Berzaldehyle .28 TR i A /R SO ¥ L 5360 L6 078!
& g OTAE-S-He-2-M B N B - I - E _ _ _ _
- Bemaethy]-5-heplen-Z-one 0.08
T 15.85: 649+ 4,16+
1319 — - = = — — — — —
o A Oictanal 1.47% 48" 1.94"
KA 1274
b7 15E Ha|i[-ﬂa|r|eh_vrlp - - - - - - 0.63 == = = S =
A 0.43+
o el Benzeneavetaldehyde - - . . - - . - o B A
TR 5.93¢ 1. 752 T3t
& 26 Nomanal 1.3* 164" 1.83°
i 340: 876 446T:
20.51 P — — - - — — - — -
il W Pulegone 0s 14 0.6
7 .06 RELIE % .| 035+ L3+ 543+ D62+ 508+
- J-methylacetophenime 009" 044" pegs 024t LMe
i i BE .25 1606 0,98+ LOde 5809+ 2320s  34de 13de 2735
- s Devunal 601" 408t p24e 0,577 41" BBET O6ST D710 405
n g BTHHE _ T L S
- B-eveloetiral 0.35" 0.54" 0.69"
WiEmE 336 118+
4. — — — — — - — - - -
iz A& Cuminakbehyde 063" 0.18"
7 3485 HiEf S 808 1428+ L _ 416k 8142 _ _ BOIx
’ o i + ) -carvone 4m* Lot 164" 753 08! 1.50"
% %16 N M.4x 032 51.12=
o Perilla ah!ﬂh}ulﬂ 5070 1LOR" 9.7
-(-TEZHE) - -HOA- -, 17,06+ 9134
17 617 4 ]-111|:||1_1'|t'|]'u:|1)'l]—l-t'y('hlhl‘xrﬂur—i- ﬂ-.ﬁ.-l" |..3|" — — — — — I..gﬁ" — — — Il.ltJ"
carbasaldehyde
2 4-B 10,344
%12 —_ —_ —_ —_ —_ _— - - - —_ _
8 12 2 d-decadienal 1.7
a— i 2 KRR 6,56+
3 = — — == = == = — = = —
L e Damascone 1.45
- 005 ol 42.24x 47.35¢ - 13100+ 5433: 21030+ B7.05t - e 169+ 067+ i~
o Damascenon M 51 W5 618 98T geTh o4 06!
81 iy} FHW 19.59: 49 228 046 T27x 4722 - .80 166
L Jilall'l"ui'lr! "ﬁg'h S.TEa 3-52" z_Hulv 1,94 l_wml 1.?’9"" n_‘mr
” - o= 5 161 378+ R 402= 614:  (81+ 0,92+
2 a-ianne 0297 p43b g et 067 023t .33




F5 W JEE, BT IS (MAR R RO (- R T R T R TR HOR M SRR OB MR R 967

453 2 Table 2 continued gL
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Fig. 2 Total ion chromatogram of green tea beverage
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Fig.3 Aroma classification of green tea beverages
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Fig. 4 E-nose data for PCA analysis of different Fig. 5 LDA analysis of different kinds of
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Fig. 6 Radar fingerprint chart of taste compounds Fig. 7 PCA analysis of electronic tongue in
in green tea beverages different kinds of green tea beverages
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Table 3 Comparison of free amino acids{ FAAs)in green tea beverages mg- L7
i 3 LA S TDORA Y The number of green lea beverages
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’ Lssh opeor  pe3t o288 3270 28 L2 089 13T Lest Lot Los
KA As 464+ 447+ 682+ 323 TR+ 480+ 521+ 312+ 1.72¢  2.78+ 591+ B.O0B+
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3% 3 Table 3 continued mg+ L~
i A RO The number of green bea beverages
Free amino acids 1 2 3 4 5 f 7 8 9 10 11 12
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PIEG Ala 085+ 1.43+ 1.54+ 0.69+ .31+ 1.0 0,92+ .66+ 037+ 0.73+ 077+ 1.73%
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‘ 0,08" 014" 0.07" 0.03' 0.00° 0,09 .09 0.08% o.07" .08 008" 0.12°
146116 His 0.24+ 028+ 033+ 014+ 0.34+ 034+ 019+ 011+ 008+ 017+ 0.25+ 0.23+
e G 004" 006" .09 0.03% oo 0.08° 003" p.o2f 0.0t oo gort oo
WA Ar 1.85+ 2.89+ 2.27+ 092+ 204+ 142+ 1.54+ 0,91+ .63+ 0,72+ 238+ 193+
5 o o1st o040 ooer 011! o007 o008 o01r 007" 007" 0090 001
B Lys® 046+ 1.24+ 1.14+ 034+ 1.08+ 0.8l+ 0.42+ 0.25+ 014+ 0.59+ 073+ 1.23=
) L 0,03 .09 0,08 0.06" 0.00" 0,09 0.08" 0.06" 0.03* o.11! 009" 0.07"
S REAES Cys (.56t . .62+ .49+ [INTRES 0.53x¢ .60+ 045+ . 041+ .64+ 043+
€ .05 0.4 008" 007 00 0.05" 008 0.07" 0.07° 0.08"
; 097+ 1.18+ 1.32+ 0.81+ 1.45+ .12+ 1.07+ 0.8+ .62+ 0,90+ 1.30+ 1.08+
7% T 4 . -
I 2 A '" o.10% o7 0.4 11F 0.1% oot pagst g2k 0.09¢ 0174 o147 pppt
SRR G R 3772+ 3M.B6x 46,22+ 2299+ 5002+ 3T Hl: 3255+ 2179+ 1909 2531+ 41162 4358z
Total amine acids 1.93" 1.86% 1.85" 3.56% 3.53° 2 44 1.26' 0,718 1.48" 2208 1.08" 064"

Pl B A 7.10¢ 773+ 763+ 355+ 775+ 669+ 537+ 479+ 273+  44l+ 607+ 6.25%
Total essential amino acids 0, 15" 041" 0.27* 0.27¢ 0.13° 014" o0 0,20 0.05" 0.41' o.10! 0.04"
i ek i B B AT T TR AR, R AR E TR ER LE(P<0.05) .
Note s —" means thal the substance is nol been determined or does not exist; © means essential amino acul. Daia in the same row with different
lowercase are significantly different{ P<0.05).

X 2R TR H i 2 A B T i S R W NIERT Pearson’s PR, WK 4 PR REARR T RS
SORTCRI R 2 & IEHDC AR R MRS 8 SR U0 I H 12 W35 UG FEm R
2 DR & S A OB 5 B IEHOG, TEBRTRHIE R 2R B GRS R e Z 4

4 EFEMMFESRERSESREITSEXESNT

Table 4 Correlation analysis between the contents of free amino acids and sensory scores in green tea beverages

UiF B SRS Free amino acids HHE Bitlerness AEIE Astringeney [ H Sweetness B Taste
He WG The 0,496 0.378 -0.479 0.590*
FAHKE Asp 0,339 0.221 -0,303 0.314
A% Clu 0.578° (1.494 -0.615" 0.571
MRS Thre -0.143 ~0.183 0.088 -0.432
£ E R Ser 0,400 0.255 -0.326 0.253
Hr /i Gly —0.186 0111 0.267 —0.244
FERE Ala 0102 0.027 -0.029 -0.024
il # A Pro -0.584 -0.584 0.705 -0.486
A Val 0.524 0.350 -0.479 0.304
FEFLEL e 0.688 ° 0.571 ~0.644 0.453
FEEAE Leu 0,336 0.183 ~0.283 0.109
HPH S Phe 0.399 0.321 ~01.263 0.125
# #iE His 0.307 0.238 ~01.249 0.185
s Arg 0,225 0,101 -0.081 0.042
i Lys 0.117 0.085 -0.074 -0.007
(A Cys 0,665 " 0.488 ~(1.576 0.424
B Ty 0.451 00.380 -0.423 0.320

Note: ™ P<L05.
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BRIV, A A £ P, i L R R B (e A PR SC R S A DG e T 5 1T LA 0t — 20 By e 25
LR A S HER Z BN 2 & b TR AT TR BERR 41 R LA B BRSO T R R LA TR
3 itig

AT il it HS-SPME/GC-MS X4 25 POk i H %2 4E B Ui a0 E 47 40 B, JE %858 1t 135 RhE 8,
12 PR R A B R PR BT a—H0 i BE 7 B2 RO RERE , MR OAV 07, S 25 OB DT BB 1) 0AV
R 1.95~72.22, L) 3 SEANTE AR B , 0] RASE S REE X 12 Fhak 2R pokk iy B IR F R B i e ok
0 oy 25 1 S S ] 7 M 5 OB T SO A T 98 2 B0 T D5 R IR 5 R oA () 255 Y A9 % 2 LORE eb 39 Mk 5
FE(E R R FE S TR, AR SR S 22—, BRSO sl haREEmNE
SR R, I RIR A IRAE T - R SR R R R 3 1 FE LA |k R A
ARRFOEE LAY . AS I b sl e U Y AR AR AR S U Ao | LA S vl B 448 A XL 0 5 2 W S 20

FL T AT LA K A 12 Rt A5 ORI IR FFIE, AT 9T o7, 2 A1 8 5 2 4~ & 81 vk A7 B 45 SOk 4
{81, 4545 HS-SPME/GC-MS Jrfrai R ] H1,2 8 St 28 PO AT A A tE Ay 21 Fh. 9 S RE AT A7
THAEE S, C -2 L MR 9 5 8 7 2R 55 A 0 A L 8 T 735 X A ) 3 2 TCRHE ok i TR
AT 22 RAE R PCA Sr BT ASES LR AR RIERATIORE 22 ] 2 ok 6 1 22 52 0 b, TR I i 78 B X 4 A [ i 2
M2 uopt . Horb 11 S SR S0 00ORNE PCA ] v 5 o HE it 0 ot e, R oo 5 H it g 25 R 25 9] e )
B, AT BB A HACE S HA R S 2= R B A RN R, A% A& 7 Fhag 2 0or
PEATHEWRAG T, 45 5 B R B T AR AR AT X i 7 Pt 2 Tkl AU i v A X 435 B s ik 96

12 Feg e vk} vh 5 B B e 08 S AL MR 1) S A N | AR E R A OBk v i 3 mE A B B Rz — 1l
FIF TG A DR U . 5 7 55 R A e B AR ) 7 A o A OB o 2 R I o Y Sk 4
9F SRS S Z A3, 3.5 11 S8 U0 A 8 R R L §E ( The + Asp+Glu ) F it # e, X 5L 7F By
A SR SR — B, AR ENR S B S S ORI B A ok 5 B TR G (P<0.05) RE PR 2 R B 3.5
ooy R AL SIS ES IS -

Fr AR E SO T A T B R R 2 — , S OB h i SO T % 20 8 265 |, 6P T T L U fb 22
I AU P A b T AT B 9 9 PR 8 5L, AR K IR i HS-SPME/GC-MS | i T 5 | i1 78 L B % 45
BT AT 78 A ) 5 2 OB I SO0 20 AR A T, W0 1 SR A TIOR3 RUBR G4, T 7045 HL4 it Ak
P FE R SRt B SR SRt AU 5 R S B4R e — o (B 4R
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