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1 #REFE
1.1 #R5iHF

4 # filh . (Citrus junos Sieb. ex Tanaka
“yuzu ) EFER AR B A BRI SRSE HAR 4~
4.5 cm W4 AA, I A EH B ER A RAHA,

T AR T B B AE)

B TIR T BB (B AR el ), AR
S R AR YRR IR W) ARl B RS9
PHEABRA T LB BRFR AN G5FR BN N R 45 |
AN RO AN R (Y R A Al )
B AL AR A W]
12 NEE5EHF

Avanti J-26 XP B aLgs.oopl, SIE D58
JE IR A BR A T s KQ-700DE 7 %5 45 A 75 0% 3% vk
i, B LT 7 AR A B A D 5 T6 Bt 20 78 46 Ak -
AL EE T, dbat AT AL g A R BT AR
A 3 Acquity 8 5 SO AR 5L, 3B Waters 23
A ;6890N-5973 IS AH 4 3% i % {X (NISTO8 3%
JB ), B FER A T LRI T R A
Bt % Bk (DVB/PDMS, 50/30 um, 65 wm) , 7 [ %%
LA

1.3 FHik
131 RS A il f SR i A B A 2% il 45

U G ZAN T VR TR IT O A e —
TR >R E > TR,

BRAR B S ) BT . OB 2 A 3 T oK ER
2) S A A K LAy 22 00 3 AR K
<10%;3) AT :85 CAH 30 min;4) T . FI X
HO e 45 CHReft  Frgk 7 d.

FE AL ORI S B e s e
i E A e AT A R A K, b
B 00 W R % 20 VR R 2 A TR R TR LR 1 2o
45 B, S35 T 4 CIps R
1.3.2 @A s AR SRR N B
AN 2 b & B BB E 1Y LR R ALY,
g2 i A R R 114 S 7T 30, T A R R R <
AR UL AR LR 2 BRI AR FE 1, A AR i
55 DL ST B A MR A A RS
1.3.2.1 BRI o i & A [\ 0y )
) A IR R A% DR R [ (o
IR 70 W, A8 7 B E] 35 min, #8754 5 R 7K (40

#1 OFAT BEZEILWKER
Table 1
in OFAT experiments
&K
40,50,60,70,80,90,100
35,45,55,65,75,85
20,30,40,50,60

Factors and levels used

ERE
#E I R IW
# 7 B 1] /min
# 35 i8 BC

C)o PR 2 AHEAL HRSA 1 AHE,WE
SVECR i,

1.3.22 EAZIE 7E R 0 A5 A Y Bl
T DRV B RO RN R A R A R TR
B HEAE ] C A RE 3 AR R = HE =
I Lo (3*) 1E 28 3 50 18 11, LA 2 de A 088 75 5%
HAA .

1.3.3  f8brill

1.3.3.1  FBALERS I E SR E 2 R
(rpAe N R IEFNE R bR e A0 2% 2 ML
FRE MW7) (GB/T 8313-2018) ;

SHE R 000 E 2 B R T SRR S 4y
JEIEHE ) (SZDB/Z 349-2019) ;

P& Rz A I %E % B UPLC 39, UPLC 414 .
Waters Acquity UPLC BEH Ci # & {5 3% #£ (180
mmx2.1 mmx1.7 pirn); J3IAH. HEE (5 shHH
A) K (BIAE B) ; PEML A1 - SR IR B R, 0~3
min, 40%~45% i 3 A A ;3~7 min,45%~40% i 3
A A;7~50 min,40% i sh A A, WE 0.15 mL/
min; FEFEE 2 Ly B R 30 °C; K K 283 nm;
PR W AR e e 07 B R .y = 13283x + 8021.7,R* =
0.9999,
1.3.3.2 # KRR I E

1) HS-GC-MS kil 551 Z B SCilik[17], X
3.00 g FEAL RS A 20 mL T A5 dERESR A, ITA 6 mL
ThL R G AR G0 TR 20 WL B9 N BR A 3 O
(0.1894 g/mL, Z BEM K ) Ja , 57 BT SR U 960 & 4
b B B 60 C/K IS 5 min, THZS Z£BL 30 min, i A
LA R , T 250 CHYAAH (38 SERE 28 b
JCAr SR 5.5 min,

2) FUigAMN W R T AR
70 eV B HT LR IR I 275 °C ;B T IR 230 °C; B)
BT m/z 285 BTG HLE 1.5 V5 R 4 v L m/z
35~550,
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3 i S5 AR E NIST 08 SCHE IR B 15 51t
BRI WARE TR A& W & &,
1.3.3.3 EEVEN  BhKEEAS 10 s J5 A, H%/
K1 /50 mL 9 LE A ] 2025 4 25 25 20 min J5 #E47

E A o AR 20 APFE /ML (F 24 10 N) %t
P (20 53) , (30 43 ), R (30 73 ) M4k 52 )
(20 73) HEAT VRN, BARPEO bR ifie W36 2,

®2 MMEREIEMIRAE

Table 2 Sensory evaluation criteria of Xianggan teas

A T PR AR SR
e LR KL AT 13~20
we e, HNRe 7~13

R 58 B F ik 0~6
A MAE A B A R AR R AR WA R S Ak 21~30
MG A AR R, LAk 10~20

F AR RA RBLA R 0~9
ek B R m i A, S ek B4 21~30
BB R AR R A | e ek — Ak 10~20

ot F IR =k £ 0~9

B2 7R R, TR 13~20
o R — ik, MR 7~13

R E RTHL 0~6

1.4 WS

K FH IBM SPSS Statistics 23 % 14 % %5 ¥ it
T ANOVA J5 Z 5011 (P<0.05 £/~ H Gt it 2- 2=
), K H Origin 2021 3K EE; i A 5 P17 3
AR bR fE 22 HoR

2 HRE5SMW

21 BEFMHMRL
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Fig.1 Effect of ultrasonic power on total flavonoids
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2.1.2 FFEBFE TR GE RS A )R A
TR 5 RS2 e AN T 2 BT s B o P B TR) Y 3
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Fig.2 Effect of ultrasonic time on total flavonoids
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2.1.3 WRIRE MGG E K58 0 B 7E 20,30,40,

50,60 CEAF 347, i I& 3 vl Z0, WA 25 72 90 bR

R P BE Ol 30 CCHN SR B B B, KT 30
CHa BT R S B Y B TR B A, mT RBJE 2 e Y

YA AV RT3 N S B AN vl AT e

FRIIG IR 30 °C,
2.1.4 IEZAE AR TR R R Al L

AL 8 i 35 B O 8 b, e PR AT R (A)
I 1] (B) (A i (C) B N R AT = &R =
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Fig.3 Effect of ultrasonic temperature on total flavonoids
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Table 3  Design and results of optimizing orthogonal test of ultrasonic acceleration of aging conditions

K5 AR FEhEIW) B(# 7 B i8] /min) C(# Fi8EIT) BEE 4 F /g (100g)™

1 80 75 20 2.038 +0.01

2 60 65 40 2.288 £0.15

3 80 55 40 2.262 +0.08

4 60 75 30 3.173 £ 0.01

5 70 75 40 2.167 £ 0.02

6 80 65 30 3.362 + 0.06

7 70 65 20 1.690 + 0.12

8 70 55 30 3.516 £ 0.03

9 60 55 20 1.602 + 0.09

k 2.354 2.460 1.777

k, 2.458 2.447 3.350

ks 2.554 2.459 2.239

R 0.200 0.013 1.574

F4 EXRBWERFEDN
Table 4 ANOVA analysis of orthogonal test results
TR IR 1 £ F 75 Fa B WL ¥ F1& P1a A3
15 AL A 3.418 6 0.664 11.726 0.081
S 0.060 2 0.030 0.528 0.654
A 7 A} ] 0.000 2 0.000 0.003 0.997
Y 4 3.925 2 1.963 34.647 0.028 *
®E 0.113 2 0.057

T T RIR A A5 B I 3 (P<0.05)

M2 3 Al AL 8 Sk IR 4l & (A.B\C,) BB B &
TR, M (3.516+0.03) /100 g, #2451 22 4 #7 1]
Y, S S T A R BT C>ASB,
RVER 7 I B > 7 T s 1 7R ] 5 i I 7R i
Wik T 22450 ABIC,, BRI Y)%N 70 W H
FEEFE] 55 min FE 5 IR 30 °C, 4 0T, S
T B T B R R ) I (P<0.05) , T 2= 41 Bt

R4

gL ST EE R — 5, FERAIAE T T3
UOFAT IR IR B 5, B B 7 55739 8 (4.011+0.10)
g/100 g, = TG, B b, 80 D BP0 s im o o
T LA EN ABC,, RV Y)H N 70 W 75
BF ] 55 min 88 75 I B 30 °C.
22 FEUEHIME

TE AR P 25T X AR A% 12677 m 2 Bk 1 3K
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5 49 3] F BAL S B S R AN A 4 BRI AT
P Ak B WS Rl B AR T
4.48% , H25 5 38 IS S5 STE 5 T VR, 9016
FOKE N TR 45 d, F K& 12%0 5K 90 d 1Y
WSS R L W S G AL, ATIA B 2
FEN S A8 v B AR RN W i {H A
RTEW AT, 2 & A — %18 AR
T 20k 75 A B IR AR A v R TR R A R
A YR (P<0.05) , b S B R 5 i 4
T 22.63% BRI T 11.11% , 5 X & HPHF
FEAR ARG SAARALL, B 2 T A [] 9 185, I B 1
T RS Rz AT 35 S Bk A A X AR A T PR
WL 12 AN A BE, SR AN T 25% 1 B
B S I T 2 9%, 45 W, R Ak BEAE I
SO AT PR AL, A< 0 e Ak R 5 A PR AR 1 AR
MY,
2.3 EEMERS

PR N 13 2 R 2% R Ak o 5T A — > A
HE ARG X T R 20 A BRI e A R S s R A A%
1 Kb B IR 25 A S A AR Ak B R ER T R b
HLAIER 75 A 25 T A 53 Fh 5 &ML Sr ,D-
Frigd | S -B-a G W y— Pl 7E =5 Z 1]
P e o B 22 R A A R DA
WAL, B4 B W I y— M T M B 2 A
FEsa TN, feB s pRiL R R IA 14 P E AR
SIIEOR 14 B 5T AE I BT AR IR T Al A 4-
H-1-(1-H R o8 -— a4y - [3.1.0]12
Pt 1-H -4 (1-H £ FE) /0 11 Fpdas 25 34 2k
PR ¥ R M B A3 A 40 R A2 DR R R PR e L RS T 0
AR N=-HIE3-[(1-H LW 25 ) FRPNEE-R A 11
PR

o P T BEE B M AR Y BE2E , 2l s
Ab R HA R RN (P<0.05) , 5 fify B AR 121 B
HAREH RN o fE b & s LIhas R — 30, %
RS 10 R B A B0 I DM URAE 30 A T il
TRE 1S — A ThF5 A7 T ) 3 911 0 R R 25 o 7 I el 3
F—4- RN EIRE A AP B R, S
F 9 A 3 114 Ty 2 A ASCTE I b 23 38 AH — S,
AR TN 2% R A XU B o, ik 2 4 o A R
PRI B GRREARR, e 28 90 504 — o 400 I3 ) A= L
A0 B R R R PP R R A R B ARG Tl
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480 | a
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Fig.4 Changes of main chemical components
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of Xianggan tea in different treatments
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Z0d P A BRI 2% DA AR B AR, R R R
AR A R T A AL, 5 5 8 T AR ST A R AR
Tt A RBRALIE J& N T BRAL , D-F7 1524 14 5 e
R B i P A BT M R AL B T (+) -3 B
Mo AT WP R W 1 AR RSP ()38 M
BB AR RS R () 3-8 0 1R 5 3 AR
Ja 5 A P 2 AR, R WO 75 A BT — RE 1 R Ak
ROR A b BT R AR Y (2) -B-% Wi -
RAAE o AR R A AR T
1,2 3-HEEFRE R T HRE T RREENE
LY X R A RS AR O A o Y
I, ULHDRE S A B R TN 2 R R
<o

i LTI R b AT 0 SE R AR S8R Tl
TR 2R XUBR S 123 SRR AL, 7 IR S B S I
2.4 RBEIFH

Xt T 2R, R AR e 3 A B e H
7 ) AR A E L B, R T {2 T R e A
TR 37 5 A e o AN TR A R A Ak B Y I
M A 0 R RN 4 52 B BEAT T SE | e
22l M AR B BRI 2% 5 R Ak B Y £ R R Ak
FAAE—E 26 57, o i ol 75 Ak B B0 A 255 4%
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Table 5 Changes of volatile components of Xianggan tea in different treatments
N . SEpgg!

PAES X & AR P ry

A % oA b B 29.28 +0.55" 47.64 +2.38°
43k W 5% - 22.8+2.79

Bk 3 k45w AR R B 156.66 + 19.47" 199.64 + 10.48*

Bk % B w5 A Bt 30.07 + 2.95° 26.37 +5.71°

IS 4-F R -1-(1-F A K)-Z 847 £ H-F[3.1.0]T )% - 8.9+ 1.40
1,3,3-Z ¥ A -=3£[2.2.1.0(2,6) | £ 1% 72.35 +3.82" 79.08 +£9.59*

By % AR R R OK W BR T B 35.29 +4.50 -

M % 2-9 AR -5-(1-F & T )-®IR[3.1.0] T 2% 11.45 +1.89 -
(+)—a— M 50.32 + 5.65° 39.74 £ 456"
4-F HE-1-(1-F A T K )-RH[3.1.0]T-2-5 74.97 £ 13.21° 74.80 + 1.08*
(=) B M 26.57 +5.79 -
Bk - 25.41 +4.06
B- A H b - 98.69 + 6.73
B~ R 51.48 +8.98 -
-7k Hi 96.66 + 6.52° 76.44 + 13.52"
D—A7 4% ¥ 5 808.15 £ 706.13* 5476.74 + 441.01°
Y= il M 609.7 + 47.38" 864.98 +79.51*
(Z)-B-F ¥ - 27.72 £ 0.61
i o e M 82.24 + 6.24" 91.05 = 4.58"
X —a-F AR TH 58.4 +2.59* 48.76 + 6.57h
(+)-3-% ¥ - 133.1 £ 15.48
3,7-=WHk-1,3,7-F =% 46.32 + 6.32 -
1,5,5-=ZF k-6-T F - TH 65.52 £7.71" 141.85 + 16.49°
(1S,2R)— (=) =25 AW M A —1- T Ak~ 3 47 K -3 0% 130.41 + 12.98" 203.16 + 28.49°
(=) —a— B2 7 3 i Hiy 116.02 £ 6.76" 165.29 + 6.65°
5ol o\ M 136.09 + 10.25" 164.87 +7.49*
B-HE A Wi 140.87 £ 15.48" 199.64 + 8.76°
3,3,7,11-w ¥ A - = 3:[6.3.0.0(2,4) ]|+ — &% -84 31.11 £5.57° 35.18 £ 0.89*
(+)—a—K ot M - 77.22 +8.27
(=)-a-EEH 58.02 + 4.74° 42.65 £2.62"
B-3 & 119.96 + 15.1° 142.12 £ 10.51°
Bt H 24.69 +2.96 33.34 +3.49°
B—7 A K 320.78 + 22.836" 452.77 + 41.03*
v-5 R 56.08 +5.51" 62.94 +5.53¢
(E,E)-1,5-=9F k-8-(1-F L L T}k )-1,5-5F+ =5 207.39 £ 7.09 362.67 +32.01*
(=)—a—#> &K 52.39 + 1.19 -
(+)-FHH 490.6 £ 16.97" 576.14 + 49.24*
-3k ok 26.36 + 0.98" 34.05 + 3.58°
(+)-H 75 - 138.86 + 8.61
o K et 115.02 +2.51 -
(=)-F X A4 Ky 48.21 £7.12 -
B R —B-% A3 M 797.81 + 84.26" 1271.37 + 66.96"
O = 95.44 +4.93 95.29 +7.75°
(R)-2,4a,5,6,7,8-5x £-3,5,5,9-w9 ¥ K - 1H-K 3% & W 30.41 £5.18 -
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(8% 5)
N . FElpgg!

S 4 AR am Py
a-%F 31.81 £2.79 29.19 + 3.54
(+) =" o\ S 245.00 + 13.00" 290.05 + 16.01°
y- R 80.08 + 1.99" 227.15 + 45.49°
(=)—a—#0 K I 39.92 +3.35 -
- 89.31 +5.54" 120.22 + 8.86"
o~ RS - 25.68 + 1.31
AT W 14.06 + 0.14 -
a3k ot 11.71 = 141" 19.77 £ 2.51°
(la,4a.a,8a.00)—o— % Hi 112.71 +3.34" 156.98 + 7.94
(+)—d—F T4 311.83 £21.1° 384.67 + 31.94°
-8 i K 63.96 + 1.63* 53.65 + 4.00"
B—Ag R W 28.46 + 2.00b 70.26 + 1.98
3,7(11)-m =¥ - 79.86 + 6.14
o R - 11.11+0.19
1,4-F T =W 29.37 +1.33" 161.94 + 7.48
89— £~ 7 K v 4 94.35 + 13" 141.12 + 20.15°
Cadina—1(10),6,8- = # 10.67 + 1.91 -
8,9t £~k F K ot - 16.11 +0.71
y—F Hu - 32.99 £3.15

irE 1,2,3-ZFREXE 16.79 + 0.92" 19.6 + 0.87°
AR Fm R 91.23 + 13.42 -
1-F A3 [(1-F AT 2 KRR A% 69.59 + 12.02 -
1-F A -4-(1-F R TH)E - 97.37 +3.10

TE AN TR W (B AT 235 V22 53 (P<0.05 ) 5 =" FRon R oG o

x6 ARAABHEMEZETZSKFELSWH OAV E

Table 6 OAV values of main odorant active compounds in Xianggan tea in different treatments

% 24 i OAV? Py
pg-ke™ P .S R E

B £ o—HN i BR 1200 24.40 39.70 AR Fe A
475 W BE 1200 - 19.00 A A

Bt % BX, ¥ A Bk 0.057 52745936 46270627 |/

B % AR R K T R P B 349 101.12 - /

S (+)—a— 3t 2.20 22 874.03 18064.76  #xAk 4ot Ao it s 2 A A,
(=)-B—k W 4160 6.39 - A K e HE AR A AL
B 140 - 18147 M AFHIEFA
B— A A K 1.20 - 82243.93 Ak Fe A A5 A
B-# % 36 1429.95 - /
a—7R T K 40 2416.44 1911.04 A A A
DA # N 34 170 827.95 16108048  #:4% &vk
YA i 4 1000 609.70 864.98 M ATIEAE A
(2)-B-% $H ¥ 34 - 815.16 EAHEAL
T T il M 200 411.20 455.27 MG A AL
- K T 0.085 687 074.31 573594.77 |/
(+)-3-% K 0.044 - 3024 896.16 KA A,
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BI4A o/ OAV*

GES 2 #R

pg kg

E #E

(+)—a—K =+ R K
B-% # ¥

e AR—F 7 2R OK 0.005
0.00501 -

1-Fh-4-(1-F R KX

- 8393329 /
5012.26 7074.51 THEHFA
- 18 245 599.76 /
19434 661.28 /

T ca AL E PR P B B 2 WL SCHR[33] b OAV Al 0 78 A 2 r 9 9k 32 15 A K v i LA FAED s <= 3R R AR Y /" Fom R 2 1

TEMEY M TR BN, m e FS W M2
JE AR B RN 1.06% ,1.96% ,4.96% il
4.35% , 3% U IR RCE PEAN 25 55 i A K Y SR
MR SZ B NFR 7 (i b o] LU R b 3
(R S MG A . A5 & B A B A5 Ak B 1) B TR AT
A TS AR A 2 Ak B A T R AT A
YA A 250 (0 I T WS 5d s 5 AT 2 7R
o — B ) S, B I Y R R D I v

BT, T BB R 2 B A D e R A ) el R R
HEORID AT G T 20 A R LR R L BOR A
Aok B IR A Y 25 R DN ol R Ak LAY
N2 AT RAL B

L5 L RTIA R AR PRSI 2R R AR
TARM AT AL FEAY DR MR A Ak O (ST RN R

o, i BT LIS 5 it 5

R7 TELEBREZBREITMNR

Table 7 Sensory evaluation table of Xianggan tea with different treatments
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Fig.5 Dual infographic of principal component analysis
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Abstract Xianggan tea is a new type of Ganpu tea made from Hunan Yueyang Jinpen pomelo and Pu’er tea, there is a
saying that ‘the longer the storage time, the better the quality’. However, the naturally aged Xianggan tea has a long
cycle and unstable quality. This study designed the optimal ultrasonic accelerated aging conditions through orthogonal ex-
periments, and combined with principal component analysis to study the changes in the main chemical components,
volatile components and sensory evaluation of Xianggan tea treated with optimal ultrasonic conditions. The results showed
that: 1) The optimal conditions for ultrasonic aging of Xianggan tea were ultrasonic power 70 W, ultrasonic time 55
min, and ultrasonic temperature 30 °C; 2) After ultrasonic treatment, the total flavonoids and hesperidin in Xianggan tea
showed an increasing trend, with a total flavonoid content increase of 22.63% and hesperidin increase of 11.11%, while
the total polyphenols increase was not significant; There are 53 kinds of volatile components in the untreated and ultra-
sonicated Xianggan tea, with the highest content being D-limonene, trans—B-Farnesene and y—Terpinene. During the ul-
trasonic aging process, 14 kinds of aroma components disappear and 14 kinds of substances are formed. The main aged
flavors of a—terpineol, 3-methyl-4-isopropylphenol, (Z)—B-ocimene, etc. increase, while the content of methyl o—methy-
laminobenzoate and D-limonene decrease. The aroma, soup color, taste, and acceptance of Xianggan tea treated with ul-
trasound are better than those without treatment; 3) The results of principal component analysis show that six principal
components are extracted, and the contribution rate of the first principal component is 73.17%. The eigenvalues of the
first three principal components are all greater than 1, and the cumulative variance contributes the rate reached 95.85%,
the main components that affect the quality of Xianggan tea after ultrasonic treatment are the same as those related to
aging, indicating that ultrasonic treatment can accelerate the aging of Xianggan tea and can further improve the quality
of Xiang citrus tea.

Keywords Xianggan tea; ulirasound; key chemical components; volatile components; principal component analysis

(PCA)



