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and analyze the internal correlations among physicochemical indexes, color, electronic sensory properties and artificial
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were determined in the sun-dried green tea water of ancient trees on the Laoshan of Malipo. A colorimeter, electronic
nose and electronic tongue were employed to quantitatively characterize the color, aroma and taste of tea infusions,
respectively followed by comprehensive analysis combined with artificial sensory evaluation. Results The content of
water extract, tea polyphenols and catechins in all samples were higher than the national standard GB/T 14456.2—2018
Green tea Part 2: Dayezhong green tea. The absolute values of the coefficients of variation for the polyphenol-amino
acid ratio, a" and sour, astringent, bitter and salty taste indicators all exceeded 30%. Principal component analysis
extracted 5 principal components, which could be integrated into 3 core evaluation dimensions (physical and chemical
constituents-taste, physical and chemical constituents-tea soup color and volatile aroma) and 2 secondary auxiliary
dimensions, enabling effective quality discrimination of tea samples. Significantly positive correlations were found
between free amino acids and sweetness, L and infusion color score, 8" and astringency as well as b* and bitterness
(P<0.05). Partial least squares regression analysis showed that the response values of b" and WI1C, WI1W, W3S,
astringency, bitter aftertaste, saltiness and sweetness made significant contributions to the artificial sensory score.
Conclusion  Laoshan ancient tree sun-dried green tea in Malipo exhibits excellent overall quality. The
polyphenol-amino acid ratio, 8" as well as sour, astringent, bitter and salty taste indicators are the core factors driving
quality differences. Tea quality is synergistically determined by water-soluble taste substances, color and aroma
components, and precise quality evaluation can be achieved through principal component analysis.

KEY WORDS: ancient tree tea; physicochemical composition; electronic nose; electronic tongue; quality; principal

component analysis; partial least squares regression analysis
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Table 2 Response characteristics of electronic nose sensors
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Table 3 Descriptive statistical results of each index of ancient tree sun-dried green teas

x3 S T 1
KE /% 46.55 2,14 -092 098 4337 43.70 47.23 48.40 48.63 4.60
KL% 21.87 226  -0.56 -145  18.63 19.17 22.87 23.80 24.40 10.33
= % 4.12 0.40  —0.07 2.87 3.43 4.10 4.10 4.20 4.80 9.61

HfE AR bR -

PIR-S- 9807 16.60 321 0.54 —-0.81  12.49 14.08 16.07 20.41 21.35 19.35
s R/ % 1.83 030  -2.25 5.59 1.17 1.86 1.90 1.97 2.09 16.52
[TE=4=4 12.48 3.84 2.30 5.68 9.52 10.32 11.18 12.29 20.91 30.78
L 51.66 0.63 0.55 0.29 50.80 51.29 51.41 52.02 52.74 1.22
2 a 2.09 075  -0.15  -1.78 1.08 1.37 2.24 2.67 3.06 35.86
b’ 12.88 1.22 0.05 1.50 10.89 12.22 13.07 13.39 14.91 9.49
e 84.16 437 0.01 -1.84  78.71 79.43 83.57 88.57 89.71 5.20
BT TR 90.04 4.20 1.24 0.60 86.43 86.86 89.29 93.71 97.71 4.67
i e 89.27 3.44 0.58 0.41 84.57 87.14 88.43 91.71 95.14 3.85
wIC 1.68 0.05 1.09 —0.48 1.63 1.66 1.66 1.75 1.77 3.06
W5S 4.80 0.13 0.38 -1.09  4.64 4.69 4.82 491 5.01 2.81
W3C 1.32 0.04  —0.17 0.61 1.25 1.30 1.31 1.35 1.38 3.27
W6S 1.19 0.04 -0.57 -1.20 1.13 1.15 1.21 1.23 1.24 3.51
. Ws5C 1.54 0.06 -0.50  —0.50 1.44 1.49 1.56 1.61 1.62 4.13
S WIS 5.82 0.24 1.17 -0.80  5.62 5.67 5.70 6.14 6.19 4.15
WIW 8.83 024  -0.87  -0.60 8.42 8.61 8.94 9.05 9.05 2.73
w2s 4.10 0.16 0.00 -1.87 3.89 3.96 4.08 4.24 431 3.95
W2wW 2.39 011  -1.03 2.95 2.17 2.36 2.40 2.44 2.55 4.70
W3S 1.92 0.04  -1.61 2.74 1.84 1.90 1.93 1.96 1.96 2.15

FR Ik —0.56 1.76 2.13 494  -1.83 -1.77 -1.05 -0.47 3.23 -311.95

R -1.92 232 2.49 639  -3.46 -3.10 -2.69 -2.31 3.26 -120.56
VU 2.01 1.42 2.05 4.44 1.05 1.08 1.41 2.29 5.04 70.99

EUNEIS -1.51 1.61 1.79 3.62 289 -2.71 -1.93 -1.10 1.82 ~106.44
A En N EIl7S 1.59 1.21 2.14 4.83 0.77 0.88 1.01 1.81 4.20 76.27
fif IR 12.90 215 248 6.36 8.10 13.23 13.63 13.82 14.40 16.66
F 11.28 203 -2.00 4.46 6.96 10.90 11.75 12.72 12.96 18.03
JRUT 3.35 1.60 1.69 3.42 1.87 2.15 3.35 3.59 6.64 47.81
[N 11.33 265 191 4.24 5.75 11.10 11.91 12.99 13.78 23.37

22 FEFRMEGRERKEHMESH

Mk 4 R, ANFEFFERRAER T WSS, WIW IR
0 R EZFI, KRR AEARREZS . BT
B H A 8 AL AR L (B 7E AN R 20 2% v Ie) B AP A M i 22 5+
RAS RN, UL A SR . Bl 7 AT 1Y
TR R R SERY IR, SRR RARER R, HES
A HAXE b E L WM BE S A0 2 OO Aok, dE—2
PRI L S AE S A A2 5 B b B AR 3

TETHERE, S S AERELRA S TR IR AR, AR P
B, BAREBE W, RISl s 2 5 R & it

i &', Bl FEAIRR A IR RIS B, W0k F s BRI 7 B AR
B AW LR G BYR S, LR, 1R
WL R DRGSR AR B35 9 T AR R (P<0.05),
MR W AT RS R bR B T AR (P<0.05),
TG | S O ZE . AT WAL R S R e A
B, iR IR . W PO R 2R R L IR G
#, ZWEILA R m, WA K i, 0 R,
VRAEEE 079 3 N N T AT R I PO P P74V SR )
ROEA, T E S BT AR S UL AL ST bR S 5315 1
I R A WA b o 38 AT e B e g U

Tl



5518 4 ARG, SF T LR ROR ST IR AL R I SR I 35
MRS ARG B R E R WAL ZAEVEIUE . ISR, SCILH X AR IR

A RE KR B PI(=36%) . X2 (=16%), JLAER
(=11%)#E T GB/T 14456.2—2018 (4% 45 2 ¥4 K
MRS ), BRGEGE TN SRR B R H A
FARZE . mlEE AR, 8NP R R
YA A S T, T R, B AR TR
KASIa] TSI L W T SR 2R S R Y 22 5, ATRE S 2

W3C

W6S

WIS

TE: AAEhR AR NG FREFR IR H.

&1
Fig.1

B R, BRSSP . B ORI SRR
BEWR AR R 4 O TE SR AR, By LU AR, 259 LR
Mt S UE TR, Ba /N T 8 I HAT L
ERIRIE I VE, 8~15 ZIRIZLLR2RITE I, KT 15 i s HLLT
AMCARS . MM 7 SR AT RE R B A LLA0 A%, T
1~6 SAFEEEFRER R, Al RELL AR AR K i .

A B E M2 5 (P<0.05),
P T (A) I L T T (B) S SR s i 137 2 1k &

Radar plots of sensor responses for electronic nose (A) and electronic tongue (B)

F4 TEHENESRERRESSH

Table 4 Analysis of quality differences in sun-dried green teas from different ancient tea trees

B3l R JR=PY 2 SAHE 3SR 4 55K 5 S 6 TR 7 SR
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% . . . e e . e
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T, Ui SR S SRR R I (2 IEAFDG(P<0.05), JfATHg
SERETARIERAI T Z W2 RS NS TR 2 R
PR S RN R 2 SR . AL, TR A
FEWR S AT I8 U IO . DK PCL g SO FRAE AR S
—VERIR NS . B PCL AR50 Th i, ASFRa SRl B de
T, B LUREA, feffink S B, i IS I
FIREPER A EAEDRSS, FEEEREAR, B B ATt .

PC2 2 THRE N 19.199%, Zit i 2 Fmk %
74.134%, HASHEG T2 RS B . KRB . 2
ZW . LR R RS, LSRR BEES . WIS
Wi AP 2B Ry Hp B SR IE 2T, @ WS i 1y {1 5t Hh B 56
HR AR AR AE . ARBRZ I P 2 W s R KO 5 1 e U )
AL, TGN B R — 7 (6 S BR 4E . PC2 1957
ME, AMKR Y. K2 LA REZWMENEYR

MR, MRS, AR, 7 aRE T
U, TR CEPIRBER B8 BEFEE IS S5KEBYE
B LR BEEME, 5 af b LR EfmMe, Xu 5k
N R Z B ) 2T W 0 € R R 1) BBy 22—
AR PR A0 Tk VR P LA Y i S AR [,
LSRRG C . BER S TRAE . BB 2 920 i &
B G B, RO O EE.

PC3 J5 Z THk A 11.331%, Rit 7 2 5t mk K ik
85.465%, L BT BRI N (T, WIC, WSS,
WS C i 17 Ay v 3 DI TE 2 A7, W2.S i) 1y . 52 v 3 DG TG 671
AT, DN WL R MR R ST £ R, SRk
LAy SRR B ST, SO R R SRR
B XA BRI ANE EE AN

PC4. PC5 Jy 2ZTTHRR 4150 7.005% . 4.518%, Xf#&
e dh IR RE AT R . Horp PCA (U SR E PE B 8
KR HAT K, W3C FI WSC i AR Ay P I IE A,
PC5 P& HR AR AT (35 O 55 0GHK . 3 (RS AR AR/ AR
T A S22 T, VARG W22 51
BN TR

HRPEAZAEAERS | ORI AR 3045 o s B
BRAELEE TN RS & B BB A (D~ F:

Y,=-0.240%,-0.351X,+--+0.970X3, 1)
Y,=0.869X,+0.868X,+++++0.093X5, 2)
Y3=—0.394X,-0.093X+++-+0.015X, 3)
Y4=-0.039%,+0.121Xy++--—0.049X3, )
Y5=0.125X,+0.317X,++++0.216X3, 5)

LA BB A (6):

Z=0.5494Y,+0.1920Y,+0.1133Y5+0.0701Y,+0.0452Y5 (6)

PR AL it Alr A R (6)TH AR B 4 D AR LR 50T
Ml 5 S 4HE(8.822)>1 5 45H£(5.600)>6 5 45H£(3.410)>2
SHHFE(2.060)>4 SA5FE(0.604)>3 B2 HE(—0.282)>7 S5 HE
(-20.215),

25 b, JE 5 PCA NS ASRE L SR PR AR L 50 3 %
MSEAERE, A% B B A —iE vk . B —A £
WERMERR, K2 MWRESBAERE, AR0HR T 24450
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ILMETI, BR T AT B % 4 L ik 5 SR e B
ZE5¢, NS L RO R 4 B TR 25 S AL A
FRAEHS YR . ZERTIFIE R 7 a2 R, 5 S ASRELE
BRIEN o A A UEREE IO A, W H O0CHE PCL
e H IR . By LRI . IR R R 1) T2 AR
43, T LRI £E A T 5 I S M R S T TR,
SER I I H AR P 5 LN T g i 2 R R
VAR — 5y, T8 W T A 3 RUBR A% i 5 e S R A
[N A AT

2.4 Spearman X5

K Spearman HISEA TN ZE M AL 415 . (S
BB, WS K T R AR T R AR b, A5
(B 2)BR: KEHPEILEZELE. B, EkE g
B EAE(P<0.05, P<0.01, P<0.05), &0, L Z g
95 1 4 L B T 96 (P<0.05, P<0.01), 75 ST &
WAV s s, LA E RIS 2 W R EALSY, 4 AL
WGUERIRIE . PR AR Y E R . R ZHH
W5 S R 3 B 2 L AR KR A TR AL R R, KR
R AR S AR R B R, (AU T RE B TR
FAAE AU o U0 B 22 SR 5 R 5 0 3 T M DG (P<0.05), IESE
VA B G L IR S A T T KUK ) SR SRRl . (0 R S Y
KB, LS5 @iy . kR B2 0E A (P<0.001,
P<0.05), a" 5@ MEHR S B fAC . SHRER
FHIEMIS(P<0.05), b’k B2 1T HISE(P<0.05), M
(RS ELT S W 2 RS T SR, AR
JE R A RE &, R B A B S R XU, TR AR
AL 5 T B £ Bl 370 €6 5 105 JR R ], £ TR R T B
e

NTERE SR LA ER R, WOITS 5%
PP TR 52 B3 1E AR K (P<0.05, P<0.01), S5RkE B3
FUMIE(P<0.05), AR IESr 5 EHIE GE 8 3% IEAHSG | 5 ik
BEFME(P<0.01), Shan ZMuik i, Ftnk 5424
PSP IEAH I . ULEA TR PR TG RS D A0 IE
) IR F, 7t s S A b 38 H i R R LIRSS . LTS
WIW I L7 {5 55 A . @ K% Ja ke 7 v XU, W2 i A1 5
AR5 R BR B AR S AE AR I B AR AL A, W LW i i {5 D
B R E IEA G . 5 a M vk B B UM 6 (P<0.01,
P<0.05, P<0.01), W2S i i {55 5 Bk [B] Bf 52 58 3% 47 AH 56
(P<0.001) o MhIMERR 5 1 12 52 2 A5G (P<0.05), i vl /i
55 F A m i R At 5 A A I A T R A O, e
SILARBYTA T R SE% G ), DT 53R 557 (1
FEUR, VTR RO, (R B A0l

2.5 PLS2 XD

PLSR Al g lREHetEA/ N . AR % | AR h 2
FILL R, Hag PCA MRS & RIS B0 R %, )

IR T PCA 43T v i 266 11 [ 7% k% PRl A 5t 17 i g
[a) R, 417 PLS1 A PLS2 WiFh /- #rgisl, Hr PLS2 /#r
A AR B 22 DR A i ) B AR AR PO O R ST AL AL
Iy, P TR XA TE R RS, KSR bR S
JECE M HES7. PLS2 AT (18] 3). 4L b Jz WIC WIW W3S,
TR A IR RO | A (A S R W (P<0.05)

£5 PCAHAESHERME

Table 5 Loading values and variance contribution rates of PCA

xH AW A
PC1 PC2  PC3 PC4 PC5
KEHBY  -0240 0869 -0394 —0.039 0.125
XZWB 0351 0.868 -0.093  0.121  0.317
TAY IR, 0.789  0.154 0263 0284 —0.450
FEPR JLZSZ M —0.543 0721 —0257  0.081  —0.268

WEEAERE 0977 -0.09 0.077 -0.055 0.124
Bt —0921  0.381

—0.047 0.035 0.032

L 0366  0.852 0319  0.032  0.192
2% a’ -0.689 -0.562 0260 -0.288 —0.150
b’ -0.801 —0.291 0229 —0.051 0.423
bt 0.616 0701 0.116  0.185  0.278
EEZ R 0.188  0.139 0.446 —0.739  0.026
AU 0.739 0445 0.199 -0.418  0.052
wiC —-0.599 -0.360 0.580 0239 —0.072
W5S 0.478 -0.345 0.739 0299  0.127
W3C 0421 —0.285 -0.445  0.515  0.434
W6S 0.515 —0.680 —0.470 —0.002 —0.215
By WsC —0.415 0217  0.619 0543  —0.320
& WIS 0.397  0.775 0.068  —0.084 —0.434
WIW 0.796 0228 0304  0.420 —0.169
w2Ss 0.588  0.195 -0.766  0.146  0.076
W2w 0917  0.056 0253 —0.297 —0.027
W3S 0.909 -0.015 0.159  -0.049  0.129
(R -0.907 0.215 0284  —0.138 —0.067
R —0.962 0.204 0.092  —0.065 0.055
ok —-0.961 —0.078 -0.061 —0.254 —0.014
FREI —0.931 -0.095 0.331  -0.030 —0.049
¥ WIREIR  -0.912 0356  -0.131  0.100  —0.042
B IR 0.944 0290 -0.104 -0.016 0.077
F 0.904 -0.223  0.188 0.291  0.104
54N —-0.945 -0.074  0.096 0.184  0.048
Atk 0.970  0.093 0.015 -0.049 0.216

file e Jr 2214
FE T 54.935 19.199 11.331  7.005  4.518

B BRURR
FOERYTERLR  54.935 74.134 85465 92469 96.988
1%
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KB

PC1 IF2F4H, RIEMENE, b, WIC, J2BR ., FBR EH
JRR RLEAL T PCL Sk, SR R A e B
B WIW. W3S FISHBRI RS, b, WIC, ¥k, ik
Ik L Ja M A AR P 5 FE, A B RS

HPFIMEE

1.0

T TR B DG (P<0.05); **F /Rl i A 56 (P<0.01); *** /R s b i 3% 41 5&(P<0.001)
K2 45 Spearman AHICHE M A

Fig.2 Spearman correlation analysis heat map of each index

PCI1 (54%, 43%)

e NAMBIRL 53312 50%FT 100% R fig B T 25, /MR P i 25 4H 9C (P<0.05) -
B3 BB . B TRCE S EE PR Y PLS2 2R AT IA

Fig.3 PLS2 loading plot of physicochemical composition, color, electronic sensory and artificial sensory evaluation
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