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BT, ARCUSGER R (R NIRRT S,
B 560 RIS ) R Y T B2 0 SO SR A S e ki h R EE
I b JRE o BV R, R AR SR R Bk AT
BRI o3 AT, SRR E AR AL BRI S A o (E BRI |
F A A 385 ¥ 1T # 1% (gas chromatography ion
mobility spectroscopy, GC-IMS) Il %€ 3Cjeh 5 2 4r % 4
SRR PEE N, R 2 R A A E S R
JT, TR TR S A X T AR BT ) S . (R
FIH H 7 W E AR, TR T S E SR R U
(A OCZR,  DARIOA SO SR 28 4 7% B B2 K R R 3 0™ b
WER IR BB R 4E .

1 #MR5RE

1.1 #MR5EH

Sk A A 2 f H O R R R 12 SOE BRI R A R 91T
AwElpEft. FORHECE RS B HIR A AR agiz s (dbg
36°59'6.57", ZRZ 105°7'52.63") &4 ek B Fh A i
2 250~300 C A 3 min, KR 9 EEERCE R,
SR, FTEUE R R B, SRS TE 150 °C %N T
5 min il SO0 RS AEAARERFIIG T B hr T AE AR
HAEWRAT; BETRBRMES (>98%) Wik x4
i (>98%) . P ARMES (> 98%) . L- & MR bR
(>98%) T RLAR Il TR AE MBI AR A A

SON ANAT Loy e BT, B AT A A R
2vHE]; TS-5000Z ML+, HA INSENT v #]; PEN3 2
&, fE[E AIRSENSE A #|; FlavourSpec® T AH 1% -
HiERIE, fE G.AS. AF; CTC-PAL 3 #&TNEH
PR E, it CTC Analytics AG AF; MXT-5 &
MER:, Z£E Reatek 2 A,
1.2 RWH*E
12,1 XARFHERF DO E

KAER & GREXEAD, 4546 HE kR,
F H % FEIR VI R [A) X A% S SR R . 44 BRI B
Fr HE 4k 247 1SO 3 103:2019 Hi5E H7 i, [l e R /K Hely
1:50 (g/g), HEEWHES MKFE (90, 80, 704 60+ 50°C),
WA #E 74 K F (5. 100 30 60, 180 360.
720 min) , £ 35 F R FHIREIRL A S, FFEEHEMN
R A AL
122 AT EIdu R 6N E

K LWy Z M GB/T 8313-2018 ( 2 M- v 25 £ iy A1 L,
RREGENE HEY WE; DEEaERS R GB/T
8314-2013 (2% B EFMEEMMEY Mg, FrETEmE
FH 3,5- R KR (DNS) Fofaykiletl,
K = G AE- A R A btk I U o e S TR
GB/T 8312-2013 {Z% WmHERRM 2 ) A 73 A B E o
123 LARFHRRD u i 69 52490

BT B FR AR O R A T R R4S 1 45 8 SR I 1EL
R RO SR B B B0 % 35 AR RN &1 RIS E
TR AT G AR . IRIEAHED Fikit 5%
LR REREE. KA ENLZER S D E.

BTSSR bR A SR B E TR (D

RIS BRI OIS R I .
Xj _Xmin .
UKD = F—5 G = 1 20m) D
FERAE R (2
Pj
W;= (2

J n
>,
J=1
Lia MR DAEIFE N (3):
D=>[U(X) W] (3)
j=1

o Ux) REH j MR ERIERE, X RERE A
FDIRFF I EAE : X T Xy ST ES 2 H— 4R AR
B KAEFI R /IME s P, RARANFENRIAME T RGE j A%
SRR TR W, AE L S B

124 R FEL MR MR E

X H FlavourSpec® SAH - E Tl (GC-IMS)
RYA MXT-5 BEH: (15m x 0.53 mm, 1.0 um) 2> H7
RGN .

GC %M. MikkIRE 60 C; . mARS
(ZALfE 299.999%) ; &5 . ¥]UH 7 & 2.0 mL/min
{45 2 min, 7F 8 min WZ&HEHE 10.0 mL/min, 7£ 10 min
M2 9% 100.0 mL/min, #£ 10 min N £k P 8 &
150.0 mL/min. 152478 A 30 min; #EFE TR 80 C.

IMS & fF: . M (3H; EBEKE:
53mm; TR 500 Viem: TBEEE: 45 °C, &
B maiEA (4 =99.999%); ¥ii#E: 75 mL/min;
JITE B I 1E IE B8 =0 R R &R
125 &FFMZRAEA

B 10 g X% T 100 mL £ i #f CRUZ GREFREE 11,
R (23~25°C) FHE 30 min 5 LHLIAK, BBkt
FEEL Sk N B RE 1) % et o, R PEN3 HLF 5200
Rip B SR EHATIN G . e 26 SRAERS TR 15 fR)E
P ETEVERT () 80 s; ARIRASVIEE (] S s5 A il v A5 A (1)
5s; BEFEVE 400 mL/min; P47 SRFERT E] 80 s.

1.2.6 ®FEMEE P iER

] TS-5000Z FEL T X 4% i ko s A 3k A7 0 e 1
Kipacd i, KIERE TR /KH 2% 5 min,
il (23~25°C) F BNV, W5E %A Uik
Bl 30 s JRfE ST PR, [RIEREL 30 s SRR 1 M ke
Ge . O IE LR 4 K, BUS 3K
B HAT T
12.7 #ast&rkiE AL (ROAV) i+

K A XS SR 75 PE{H Crelative odor activity value,
ROAV) JPiEvAG 1 & A W5 2z B sk )

T,
ROAY = £2* Lo

max X 1 A
Kt C, (%) T, (mg/kg) 537 Fon M K EAHL
YIRIARAT & EABME, Chy (%) Fl T (mgkg) TR
o HE AR R BT R B K AL S VD AR N S A . 4
ROAV = 1.0 I, AN iZM 50 45 & M AR AR AIE 1) 57 R
B¥, RREEEVN.

x 100
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1.3 HUEALIE HiAE. MER PCA K,

HHE A Excel 2019 B EERE, KA SPSS #ff it
TR T 22500y B RIAH G0 Hr SR8 R B0 3 R
43434 (principal component analysis, PCA), F¥f# H &/
i3 22 5% (least significant difference, LSD) #11 Waller-
Duncan yEBHTRE 56 . 8 Origin 2024 #4428 BAHER B

2 RS0
21 RBFHNFHEFmERTHIF M

Wk 1a s, 2R IR 2 By & B RER I A SE

i £ ETHE T R EE T TR ES.

il /% Temperature/ C —ll— 50 —@— 60 —&— 70 —V¥— 80 —— 9%
50
o
s 10 D « 73
g . 5= S~
g 2 E 45 g <
= S op 2
2 08 22 B E
£ £3 40 o @230
23 06 s 8 £
£35 ar 2 I &
m 8 &= 35 by 2
I &= Nl 55
$1 R 04 o = = _% .
» & i %73
3 P =
0.2 58 55 0.0
5 10 30 60 180 360 720 5 10 30 60 180 360 720 5 10 30 60 180 360 720
JZIH ] Steeping time/min W2 [A] Steeping time/min 2] Steeping time/min
a HEMGE b. SRR TR
a. Content of tea polyphenols b. Content of total free amino acid c. Content of soluble sugar
0.35
s 060
2 2 030
S ~ 0.55 2~
£ g7
2 E 050 §E 025
o ;
8 & 2g
23 0.45 E< 090
EZ LH g
B £ 0.40 5
pul 25 015
E= 035 T° 7
= =
pia) 0.30 0.10
5 10 30 60 180 360 720 5 10 30 60 180 360 720

2 I ] Steeping time/min
d. S R
d. Content of total flavonoid

A1
Fig.1

X TR IEAIGE I B 25 2 ) 4> T I8 sh LR,
BRFHES, M2 mEE LTl FEE IR E
K, XEMERTR, — B TKENEATE, o
THIZNENE, R SCOE R ZF P E & Cas Mg 5T,
ARE S R AR EER AL SE TR, B—rmk
B IR I A 2R 2 I B i S s RS =V,

ME 16 v, SRR S EAE R S
TR (BRARALN ), HEKiE (70~90 C) &
AT R BB R B R S & & TRKIE (50~60 C)
At o FE I R P T BEALEE B L U A R R
B, R OS R 52 B BB 7 5 R s S0 1R 5 A
RN, P e W, 25 A R A R IR
N 1) i 7R — 5 Y [l 9 3 8k, IR LR e HL
HRE . SIS ENS (B 1d, ERIEYH
W RS Y, SERE LT HKRENR R
TG P92 B & SRR, WOt & AR Bk )
Jde bFE R, XS kEENl. BESERNE
5%, TR fRE S RARIE T X — A, i e
Fron, 253 I e Bk 25 1 B B R) S K RIS BT R R
N s, XA S IR A E K S Z A A, unnE,

¥ A] Steeping time/min
e. DGR 7 &

e. Content of caffeine

ARV ALK TR F 698G A Z A
Variation patterns of nutritional quality components in tea infusion under different steeping conditions

52y B LA P s A S R R A R,
22 FFEFRBERSWERD D

BEXE 35 PRI N A I 9% i JTUHAT 2 1 o
B, BRFHIEE R T 1 ERSERNG A TR, ARRE
JRUAFRAR T A5 B, 8% 32 o A FR A RS AE 17 B 46 518
BANZ TR PRSP, hR AT, B 1
IRFAEE R 2.569, WIAMEZR 7 i BVEIN 10 28 B da bs, 3L
TUBR RIL 51.381%, R ARENTRELE T, A
51.381% AR 5 B nT LA R 1 kRRom. Em 2
HIRFIEAE Y 0.940, =AM oTBk{E N 18.806%, FLHruj
WA 1) 2 o B R, U B 2y 2 IR SR i A S i vt
BT IR 2 B RS M A5 T R, W RO 2 BT AN
FEERIA T B 3 AR N 0.640, A=A ST kA
N12.797%, FEEA I LE R, BRI A 3 AR R T
FroN# . SCHARBERT 2502 )\ g 3 i i 4 250 i Xk
U LA TImk, 1T DA S MEB LR 55 i R
MR, WY 3 BN R ARG SRR T E R 4 IR
fEfE M 0.509, B A DTmk{E R 10.184%, K24
SHERR, W 4 ARERIEARZE, HTRZE
- B AS A P VER Y, SRR 4 W) ONRTRRIR T


http://www.tcsae.org

12 ¥

ARTGEAE: RULIAT X SO R SR A b o RIS 369

F1 ERSRFEEE. FHEE. TEEMERTHE
Table 1 Eigenvectors, eigenvalues, contribution rates and
cumulative contribution rates of principal components

x2 TRFBFHTHRINEFRBRESTNER
Table 2 Comprehensive evaluation results for the nutritional
quality of tea infusions under different steeping conditions

EizLoN FE 43 Principal component
Index 1 2 3 4
Tea p(ii?iols X, 0489 0075 0154 0828
oo R X 0488 0256 0526 0203
smﬁﬁiﬁ X 0455 0536 —0.113 0356
o X 0452 0155 0794 0037
ey X, 0333 078 0237 0381
Efgiﬁlﬁlue 2.569 0.940 0.640 0.509
Variancefﬁtfbution/% 51.381 18.806 12.797 10.184
STk

51.381  70.187 82.984 93.168

Cumulative variance contribution/%

2 2 Al 0, 3R 70 C 60 min I 45 i R 45 &
By, N 0.844; 12 90 °C 30 min A1 80 °C 30 min
A NSRBI FEARBT, 2518 0.794 F10.793.
AT, MR E R K (360, 720 min)  BY it
(5min), BERIEEE MK (50, 60 C), #HaSHK
R SR A AR o M B, R BT KB A (360,
720 min) 2 AT T8 7 B AR SR PR R, IR R [E]
4 (5 min) AR (50, 60 °C) HEEM 7T
(8 IR 78 v v s DRI 3858 4 (R Y I TR) AR i
BEA e 3B R 27 RO R 8 50k
B i i H 2% 0 o BRI I 3 AR &4, IR TCh 70 °C
60 min (YL-1). 90 ‘C 30 min (YL-2) #1 80 ‘C 30 min
(YL-3).

23 =MINERIBEHTRANZELEBNI S

Pl 2a 1 2b 43 iR 3 PRI IR 90 25 1 35 1 HO #5 R P
BB =45 . K 2a AT %1, 70 °C 60 min
5580 °C 30 min 25 N IIZSHE KA BONAEEL 1 90 C
30 min Z51F T HIES O R A WL & B R T R A
Pl A, 0B R IR VLA S B T R M RO R TS
i 2b 7T %0, R AE N 70 “C 60 min A1 80 ‘C 30 min
W HE R ARG E R A%, H5RE
2449 90 °C 30 min AHHLZE S B3 .

DT EE, WeECA 2 o R R R R R R
Z S AT 0. B 2¢ BEARAR 1.0 44T €2 28 iy RIP
Mg (2 VH— A A BE S5 B S BB T ), RIP U4 7 ] 1) %5
— A ERE P REEIY, BUEARR YT I 5
FE, MIEERIL 6, BERRRRIEHEE R A, & 2d &
BURIAAF 70°C 60 min /EAZASL, ABAIREER
B, REHFRFENS 70°C60 min KPR EHIE, &
LB RIRIZYIREEL G TR TS, BagR
TR EEIL & TR TS, R 5, Ri&MHF
990 'C 30 min NILL 4y R 2 T (34, Ui
90 C /KILA B THRAZHEHESIRACE, T 80 'C 30 min
570 °C 60 min 2 5514 T HIHE R A MR E Z 7 A
K, X5E 2a g RMHYE .

AT E PN
s Steeping conditions Membership value TR Y
No. B T Synthesis
Temperature/ ‘C Time/min ul uz u3 U4 seore
A 70 60 0912 1.000 0.622 0.495  0.844
B 90 30 0.962 0.565 0.666 0.527  0.794
C 80 30 0.891 0.756 0.639 0.562  0.793
D 70 30 0.931 0.744 0.720 0.221 0.787
E 70 180 1.000 0.867 0.000 0.527  0.784
F 90 10 0.861 0.613 0.733 0.680  0.774
G 70 10 0.803 0.511 0.931 0.822 0.764
H 80 10 0.834 0.638 0.742 0.597  0.756
I 70 720 0.930 0.553 0.449 0.487  0.740
J 50 30 0.698 0.905 0.507 0.820  0.727
K 30 180 0.941 0.564 0.197 0.380  0.701
L 80 60 0.891 0.598 0.302 0.270  0.683
M 80 360 0.871 0.279 0.744 0.288  0.671
N 90 60 0.756 0.338 0.405 1.000  0.650
(¢} 50 60 0.642 0.826 0.423 0.642  0.649
P 60 720 0.511 0.630 0.751 0.898  0.610
Q 60 30 0.530 0.795 0.492 0.721 0.599
R 80 5 0.513 0.521 0.771 0.949  0.597
S 60 180 0.563 0.770 0.376 0.668  0.590
T 90 5 0.694 0.394 0.588 0.428  0.590
6] 50 360 0.490 0.883 0.364 0.789  0.584
v 80 720 0.826 0.292 0.247 0.149  0.565
w 70 5 0.505 0.582 1.000 0.255  0.561
X 50 180 0.515 0.659 0367 0.833  0.559
Y 70 360 0.693 0.435 0.496 0.061 0.545
z 60 60 0.504 0.745 0.467 0.466  0.543
AA 60 360 0.405 0.757 0.525 0.722  0.527
AB 90 180 0.585 0.539 0.096 0.708  0.522
AC 50 10 0.537 0.697 0.411 0.103  0.505
AD 90 360 0.564 0.290 0.243 0.811 0.492
AE 60 10 0.377 0.779 0.582 0.420  0.491
AF 90 720 0.558 0.000 0.427 0.852  0.460
AG 50 720 0.414 0.391 0470 0.628  0.440
AH 50 5 0.317 0.568 0.633 0.000  0.376
Al 60 5 0.000 0.637 0.388 0.124  0.195

e ZARIGEACIRIRE PCA BE4E, 4RIUH 4 A BERS, FIHR
UL, U2, U3. U4 (BHIRERS 1L 20 3. 4 EREAD

Note:Principal component analysis (PCA) was performed on multiple original
physicochemical indicators, and four valid principal components were extracted.
Ul, U2, U3 and U4 correspond to the membership scores of the first, second, third
and fourth principal components.

Wi 3 froR, @ HEREA AT S e R
YR, AR H 86 ANUEF 60 AN, L E 34 FREESK.
14 FPERZE. 7 MREEZE. 2 PREEDS. 1 FHRIMb &9, 1 Fl
Jetb &A1 Ml it E . Bk, 3 FyliEiz
AR N R A MU b & T KRR, N
R FRE R B T FEE 2 uERRE. A,
90 ‘C 30 min A1 80 C 30 min 324514 T M5 K MG WL
K #2003 PR LA T A3 K A HL
AT IR S B RE T (4D, RBVEY T X4 )5 1
90 ‘C 30 min AR LB vy, T ELELHE G . EE. PEEE.
1-F0-3-0 . 3-FJE-2-T M. (B)-2-FMmlEss, imHEe
m KR (90 °C) A AR S B S T A B 3 BB IR
KA. B4 H I X5 7E 80 'C 30 min I ¥ B 5 &,
FEARE TR, 42 -4-F 2K GRAD . 3-H -
- TI-1-3E MR B (BUEERR) (RE). WERTHEE (ke
+, BHBE) &, TR B XIEFHREEEDR,
HRMEMR, sEsr, SiERP, BABE. HE. Tl
SRS, BN — B R
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ek (1FD

%D

HIH AR

% QD

B (7HID

Al (1450
IETEE
s

(E)-2- 120 -D
W% (34 (E)-2- 12K E-M

B
a. FERVEA N AL

)41k fE Normalized value

a. Heatmap of variations in volatile organic compounds

{5 B4 5} [A] Retention time/min

015
FHXTIEFS I [A]Relative migration time

B

1.5

C

{4 B4 I5F 1] Retention time/min

0 Ls 2010 15 2010 15 20
HHXTIEAS I [A]Relative migration time

2.01.0 1.5 2.0

b, =4k . HEE A d. ZR ik E
b. Three-dimensional spectrum c. Two-dimensional spectrum d. Difference spectrum

VE: B dEBUEMLEAE 70 °C 60 min FENAASL, ARG

b s
H 50

R HFRFE 5 70 'C 60 min MM ELARIE, BTt R iz iR LR ML

HFRTSH, EORRZWIIREAERZG MR TS BeRY IRz, NEOIILE, B R,

Note:In Figure d, the soaking condition of 70 70 ‘C for 60 min was selected as the blank reference. White represents the background after subtraction, indicating that the
concentration of the target sample is the same as that at 70 ‘C for 60 minutes. Red in the figure indicates that the concentration of the substance is higher than the
reference under this condition, while blue indicates that it is lower. The color represents the peak intensity of the substance, with the intensity increasing from blue to red
as the color deepens.

100
§
g 80F
f=9
]
o 8
{rjg
7?3 60
EE
Re
=4+
g 40
LS
o
Z
=
2 20
0

B2 =ZAPEARA EL A VA AN &% B T2 ENRLER
Fig.2 Gas chromatography-ion mobility spectrometry (GC-IMS) test results of volatile organic compounds in three initially
selected tea infusions

I A 50 Unknown
Jeke 2 Alkanes

LTS .
. ¥ Heterocyclic
compounds

%2 Amine
I 7% Alcohol
[ fiEKEsters
I Jii 2% Ketone

o {24 Aldehydes

A B C

B3 =ArAang R EAMRART 2 R BAERE
Fig.3 Stacked bar chart of the relative contents of aroma
substances in three initially selected tea infusions

24 =MINERBEEHRATEFHRBEEYR
BT HREMEANAE DI R R E, RS
WRIG B (relative odor activity value, ROAV) ¥4 3 Ff
3% 2% i W R MU & W 5 B AR B SR Tk .
ROAV =1.0 L& 2 B A F S A sik>), )
N ROAV =10.0 [FA6A P05 A5 B4R A S Y A 3% 5
Mo, 41k 3 fran, 13 MOCEEE SR (ROAV=1.0) X
e R GBI NRIE RS A TTEk, B 11 FhEESR
A2 Pl . EAKHL, 7E 70 'C 60 min A1 80 ‘C 30 min 5%
PR EA TN AR 2-F 3 T#-M (ROAV
=21.60 f1 ROAV =22.41), fE 90 ‘C 30 min 25 X &
SRR AL &2 1-%)%-3-81-D (ROAV=12.94) .
Al L, 70 °C 60 min A1 80 °C 30 min P F IR I 2 14 T

LY

ROAV T 43#if, 590 C30min MAHEER, X
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SR . B T XISRALE 90 °C 30 min MIVREE T iy, FEEQHELER. JmE. PEmg.
80 “C 30 min I RESE m, FEEFHLRE. 4-F05E-4-HIL-2- AR, 3-HI2E-2- T J%-1-2: LIRS

105300 3-F2E-2-TIRIE . (B)-2-BURIESE,
IR T 5.
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Note: The numerical labels on the horizontal axis represent unidentified volatile components tentatively detected only via migration/retention time without standard
substance confirmation; horizontal axis labels with compound names correspond to known flavor substances qualitatively identified by matching standard databases.
Compounds in Region [ exhibit higher concentrations at 90 °C for 30 min, mainly including pentanone, pentanal, heptanal, 1-octen-3-one, 3-methyl-2-butenal, (E)-2-
heptenal, etc. Substances in Region Il show higher concentrations at 80 °C for 30 min, primarily consisting of nonanal, 4-hydroxy-4-methyl-2-pentanone, 3-methyl-2-

buten-1-yl acetate, butyl propionate, and others.

B4 =ZFams gL WA A GC-IMS #5458 i

Fig4 GC-IMS fingerprint spectra of volatile organic compounds in three initially selected tea infusions

R3 ZHENEZRZ 13 AR EFVRAENSKEEE (ROAV)

Table 3 Relative odor activity values (ROAV) of 13 key aroma substances in three initially selected tea infusions

) YR A WL Volatile organic compound SRR - }Illﬁl{ﬁ ARG FE{E ROAV
. o K o reshold value/

No. *3C Chinese B English Odor description (ma-ke 1) B C

1 I n-Octanal B R, MG BT RAE. B 0.000 7 5.82 3.47 5.41
2 CiE-M Hexanal-M HE B, ARk 0.007 5 4.08 2.11 423
3 Cfi-D Hexanal-D BHE Uik, KRk 0.007 5 8.23 4.88 8.15
4 2-HEE T /E-M 2-Methyl butanal-M AR, TR, FEEE 0.001 0 21.60 10.09 22.41
5 2-FAAL T RE-D 2-Methyl butanal-D oy NN 3 2 0.001 0 14.40 8.73 14.26
6 3-FEETEE-M 3-Methyl butanal-M 5577 HRik 0.008 0 257 1.35 241
7 3-HEETEE-D 3-Methyl butanal-D 558 71 MRk 0.008 0 243 1.21 2.05
8 1E R #E-M n-Pentanal-M FHEAE, WIS EER, R 0.008 0 4.50 1.73 426
9 1E%EE-D n-Pentanal-D RS, WIS EER, Rl 0.008 0 1.63 131 1.54
10 ETE-M n-Nonanal-M B, MESEES, A Rrie sk 0.0150 0.90 0.48 1.02
11 (E)-2-3FJiliE (E)-2-Octenal BN, R, HEEY, HE, HEMT 0.003 0 0.88 1.07 0.95
12 1134538 -M 1-Penten-3-one-M SR FUR Ak 0.0012 7.52 5.25 10.60
13 1-%47-3-8i-D 1-Penten-3-one-D SERZUHI P SR 0.0012 7.08 12.94 13.87

E: R M. D BHUNE AR R A TRk

Note: The suffixes M and D represent the monomer and dimer of the same substance respectively.

25 ZMEIERBRERIANKSELHENREX
T

WK 5a flizs, 3 FIYIE A IA 7T 1 S AL s i N
IEE AR ASE AR — ), (HIR NGRS Z 5%, WIS,
WIW. W2S. W2W £& 835 i )87 A5 BH I oy T He At A% [
&, HAh AL RIS AN AR R 1 A IS TE 1.0 K24 .

BAkHh, 27280 2 2R B e ek
EY. WA 5 FRSr BRI B2k, FRk5]
Ko MK Sb BT BE SN ERS TR, ER 1
AIERSY 2 BITTRRR 2 FE S 95% LL b, SH—T b
Lt 78.0%, 5 TR DTHRE 2 18.7%. MK 5b ik KL,
o SY 1 TTRR R ORI WIS AL aE, HE was
fER%Ss:, MEWD 2T ﬁi&kmEW$%W% WIW
RIS WoW AL 28 . kT W, RZMHN R E

AT BRI B AL R TR W e S R B e e T IR I I 2
&Y. BRENEY. LAY, BHRISE.

Wik 6 frw, X 13 FCE /YRS 10 Fid 7 &
A SRS PR A HEAT A SR ME b, R I WSS 5 EliE-D.
WIW 5 E R LI 238 IEAH 5.

2 A N N R S BN I/ B SIS ol N/ T
(ROAV>1, % 3), PiH] W5S Al WIW XA H T &
AT ROAV A H5 =1 I MR ML) AT AR 4 1 iUk
Mo L, ERMEE IS5 E S0 o1k B ] 8 T
ROAV 18 K/NRBEATHIKICH, H— 71, 1 a8k
B 51 7= A 145 5 A AR A0 A% O B B R 2 R ek 22 & 4 i
ARk, FEFRIT R FE A, AT DA H T S SN % B
AR A S PR AT I, 3 S S AU R R
RO BRI R 5
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WIW — [ —  WsC
WIS
a. LT S s e N A
a. Electronic nose sensor response radar chart
3r

PC2 (18.7%)

‘T3 2 1.0 1 2 3
PC1 (78.0%)
b. HLT S 5 R AT
b. the principal component analysis diagrams
of the electronic nose signal intensities

T WIC RIS X 57 & oy IR R WSS AR X B AL SRR
B W3C RS X EURMRT I 5 e REG. WeS (L fas 1 B A A ik
FElk: WSC AL R R X e 8 07 & A BURR s WIS A Jak 3 ) P e S5 AL B e e
REG WIW LRGN OB ALY R W2S 1 I8 o] i Tk i i 28 R A
W2W AL RS AR R W3S MR e R R . T,

Note: Sensor WI1C is sensitive to aromatic components and benzenes; sensor
WS5S responds strongly to nitrogen oxides; sensor W3C is sensitive to ammonia
and aromatic compounds; sensor W6S shows high selectivity toward hydrogen;
sensor W5C is susceptible to alkanes and aromatic constituents; sensor W1S is
sensitive to short-chain alkanes such as methane; sensor WIW is responsive to
inorganic sulfides; sensor W2S detects alcohols, ethers, aldehydes and ketones;
sensor W2W s sensitive to organic sulfides; sensor W3S responds to alkane
compounds. The same below.

B5 ZAakme s R AT
Fig.5 Electronic nose sensory analysis of three initially selected
tea infusions

1.0

o
n

JH—4{¢ i Normalized value

|
o
[

-1.0

%
SNVH YO AN LLLELL2 NS

e WOIORIUNSR, DOFORIEMG; *FRRBHEMR (P<0.05), **k

AR FEMR (P<0.01),

Note: Blue indicates negative correlation, red indicates positive correlation; *
indicates significant correlation (P<0.05), ** indicates extremely significant
correlation (P<0.01).

B6 13FXMEFNRE 10 70T Fth sk Eeh (i
R KA Ty B
Fig.6  Correlation heatmap of 13 key aroma substances and
10 sensor response values of the electronic nose
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Fig.7 Electronic tongue sensor response radar chart of three initially selected tea infusions
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bitterness scatter plot
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f. Scatter plot of sweetness and sourness
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Influence of steeping conditions on the green tea infusion quality from
Xanthoceras sorbifolium bud

ZHU Hongli' , LIU Meigi* , YANG Jiayi' , LIU Jinju? , REN Haiwei'**
LAN Yuanyuan' , ZHAO Hongyuan'? , TANG Ping*

(1. School of Life Science and Engineering, Lanzhou University of Science and Technology, Lanzhou 730050, China; 2. Baiyin Vocational
College of Mining And Metallurgy, Baiyin 730900, China; 3. Gansu Food and Drug Resoures Development and Biomanufacturing Industry
Technology Center, Lanzhou 730050, China; 4. Gansu Maoqun Tianyun Xanthoceras Sorbifolia
Development Co., Ltd. Bai Yin 730600, China)

Abstract: Xanthoceras sorbifolium Bunge, belonging to the Sapindaceae family, has been one of the most potential promising
woody oil species in northern China. X. sorbifolium can play the important ecological roles, including desert greening,
windbreak, and sand fixation, also providing for the edible and medicinal value among plant resources. Furthermore, X.
sorbifolia can be used as nature food for health protection and disease prophylaxis in recent years, such as for tea, due to its
high concentration of unsaturated fatty acids, especially neuroprotective nervonic acid. The leaves and buds of X. sorbifolium
also share the nourishing ingredients and bioactive substances, including amino acids, proteins, soluble sugars, polyphenols,
flavonoids, and saponins. In this study, a full-factor design was adopted with five levels of steeping temperature and seven
levels of steeping time. Nutritional quality of the tea infusions was evaluated under 35 combinations. A systematic investigation
was conducted to fully clarify the influence of brewing conditions on the quality of the tea infusions with the Xanthoceras
sorbifolium bud green tea (XBT). Fuzzy A fuzzy membership function was used to screen the optimal brewing parameters. The
aroma and taste of the tea infusions with XBT were characterized by gas chromatography-ion mobility spectrometry, electronic
nose, and electronic tongue. The results showed that the content of tea polyphenols in the tea infusions of XBT first increased,
then decreased, and finally tended to be stable, with the extension of steeping time. While the contents of total free amino acids,
flavonoids, and caffeine generally showed a trend of first increasing and then decreasing. At the same time, a higher brewing
temperature was conducive to the dissolution of soluble sugar components. Fuzzy The fuzzy membership function also showed
that the long-term brewing (360, 720 min) was not conducive to the overall quality of the tea infusions, while short brewing
time (5 min) together with low temperature (50, 60 ‘C) failed to fully dissolve the nutrients in the tea infusions of XBT. Three
optimal combinations of steeping parameters were obtained: 70 ‘C for 60 min, 90 ‘C for 30 min, and 80 ‘C for 30 min. A total
of 60 volatile organic compounds and 13 key aroma substances were detected in the tea infusions. 2-methylbutyraldehyde and 3-
methylbutyraldehyde jointly contributed to the roast aroma of tea infusions, while both octanal and hexanal contributed to the
fresh fruit aroma of the tea infusions, and pentanal contributed to the grassy aroma of the tea infusions. The brewing conditions
of 70 C for 60 min and 80 C for 30 min were more benefits beneficial to the retention of aroma substances in the tea
infusions, thereby reducing the bitterness and astringency. According to the nutritional quality, taste, and aroma, the optimal
combination of 80 ‘C for 30 min was recommended as the daily drinking brewing for XBT. The finding can also provide a
theoretical basis for the subsequent processing of tea beverages. In short, the bud can be expected to serve as a tea products for
the high economic value of Xanthoceras sorbifolium.

Keywords: Xanthoceras sorbifolium bud green tea(XBT); chemical composition; subordinate function; gas chromatography
ion mobility spectroscopy (GC-IMS); volatile organic compounds
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