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Effects of different shaking treatments on the aroma of autumn tea

LI Mei-Feng, YANG Hong-Zhi-Yuan, ZHANG Jin-Yu, WANG Shi-Ying, LIU Jian-Jun"

(College of Tea, Guizhou University, Guiyang 550025, China)

ABSTRACT: Objective To explore the best shaking parameters for improving the flavor of autumn green tea based
on the shaking technology of Oolong tea. Methods Sensory evaluation and quantitative description analysis were used
to screen the optical shaking treatment. Gas chromatography-mass spectrometry (GC-MS) were carried out to get the
volatile compounds of the samples. Hierarchical clustering analysis and partial least squares-discriminant analysis
(PLS-DA) analysis were adopted to explore the characteristic volatile compounds. Results Shaking treatments
decreased the content of the total polyphenol, caffeine, soluble sugar, water extract and ratio of phenol to ammonia, and
increased the content free amino acids. Shaking improved the aroma of autumn green tea, among which the
enhancement of floral and fresh aroma, and the weakening of grassy odor were the key factors, while shaking treatments
had few effects on chestnut and tender aroma. Shaking treatments also changed the amounts and content of volatile
compounds in samples, and the decrease of 17 kinds of volatile substances such as methyl salicylate, nerol and
caryophyllene, and the increase of 15 kinds of volatile substances such as styrene and limonene, were crucial to form the

floral scents of autumn green tea. Conclusion The optical shaking parameter explored in this experiment is as follows:
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Before fixing, spreading for 6 h, then shaking at 15 r/min for 70 revolutions, and let stand for 2 h.

KEY WORDS: autumn tea; shaking; sensory quality; quality compounds; characteristic volatile compounds
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Fuding dabaicha)—%f -2 —2F =0}, 2021 4 8 J1 3 H(IiF,
21~33°C) KAl T S B AR AL A Skt . DR e
FAHREE BRI 2 R
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(L =98%, dbat R FRHEARRA ).

12 UFE5EE

6CWL-90 T B R AL (R A A s ALY el
By FRAT]); 6CST-400 RITR I AF IR M BURAK YA
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3k (24 [ Supelco 2\ F]); DF-101S 15 1874 135 £ 5 G M 4
g AT PR A FD)
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Table 1 Different processing parameters of shaking treatments

- wm LW 2 OHIW
A BE WS akw mw o mw
AE P 1 0ol %0h / /
EL2 15r/min#EEFE 02 H2h / /
L34 3 70 5% 03 #i4h / /
Ab P 4 (1 KHBTT) 04 H6h / /
L3 5 05 8h / /
L3 6 TI %0h %3h /
FE7  15vmin¥EE T2 % 1h i 4h /
Ab e 8 70 T3 %2h % 5h /
AbFT 9 2 KIEH) T4 %3h %56h /
LbEE 10 TS %54h 5 7h /
AL 11 15 r/min $&7 Rl ®ob #2h Han
AhE 12 70 % R2 1h %3h #5h
AhE 13 3 ) R3 %2h %4h %6h
LEFE 14 . R4 3h HS5h %7h

T DIRER 14 960 MEFT 3 hRIETES 1 IREETT, SSHRHE,; B
5 h RSS2 IR, SRR RVE; 55 7 h A5 3 IR, 4
JAHE, HE ShJF&H.

1.3.3 %t &4 QDA 447

QDA J2&— il i G 7 A HE A PPN R A AR 18 SR 1T
P S R RR BT i, DASRASER R 2 WL A £ KU FRAIE A5 B
MF-BE, TR AT 288 LEE 2 Sy pE gl )
JrEmg A s i 25 QDA BRI AR, Bl 5 A4
BB B A SRR, ARV 0~5, 0 fRRTTH
K, 5 REFAWM,; #iF 9 BARFEEWERFETAIRA
(R E V)X A S R 7 ML P, R L P 45 S 1 3R
U 2 () RUBE 8 e RS W T PPN R B Jm dor
QDA FAREM RS PFREE 2), TIEARAMRER 2 X5
FET R SUBE R o RA O SRBETERT 9 23PN /INL I
SUFATSRAL IR, BRAR/ N B A X 7 SO AR 1) A T R 28
id, FTLAIERR S R R . LI BT 0 B A5k
BB R IR
1.3.4  BEAEALEH eg A2 M)

FEARTACH: Sl ik AE S s R O 230°C
ZAL 5 min, R AF S FEHITEALE (solid phase microextraction,
SPME)iFHEESFI 50/30 pm DVB/CAR/PDMS £1-4 3k 2 UL
T FRI0.5 g Z5FF, A 40 mL THZESZERURR, A
1 g NaCl, MRAFMAERNEEFKS mL, BB

WEET 60°CART . P 5 min J5, HFEEBERIHAZEIL
HAZERL 50 min, ZPEHERGRZERCK, ARSI
FEM, 78 250°CEAF T #HT 5 min,

GC 4 @ik HP-5 #PE A B4 EFE(30 mx
320 pm, 0.25 pm); FFFEEEEE R 250°C; Ak S0°CHR4F 2 min,
L) 3°C/min F+ % 90°C, {342 min, #8/5 1) 3°C/min F+Z 110°C,
54 2 min, LA 4°C/min F+&E 160°C, 154F 2 min, )54
8°C/min JFZ 230°C, 1#4% 2 min, MS &/ BIERE 250°C;
B TURIREE 230°C; HFRER 70 eV; RRFIHTER 33~450 u,
TAFISERIHA] 2 min.
135 "H5EFNH

i 2 Mass Hunter RENYI TR, 4 NIST17 b
JERPRIEAT LU 538, HABRUEE KT 80% 1y JE | i e fb A
Y1t SRR AR A BUE ), DR R SR 2ZE 30 DAY AR
WK R A Y . S5 KRS bRk, AREA
pi=pisx Ail Ass TP AW R B B MR, pi AR —4 5y i
WREE(ng/L); pis HZSER CER(MBR ) BT R MR BE (ng/L); 4 WAT:
— 2143 AT UG TETRR, Ay S PP 9 €8 1 0 T AR
13.6 %itotr

BR3P BTk R F IBM. SPSS Statistics 26 #4784
KT 25 HTA Excel 2016 T8RS 1500, 1EEIERMR
JH Origin 2021, Graph Pad Prism 8.3.0, TB tools 1.098746,

2 HREDH

2.1 AEESLEX#ERE XK
MR, B W B 4N EERNRAR, B
TEAT AR AT i S BRI S 45, SR L35 3~4. $ET I 2
PR T SAMIRE XBR, B R E 04 (92.56), i, #2
R INEEEANRTE )RR, Ll 04 (94.00)AF;
Bk T1 1 T4 SNA TR S 57 A3 21, 05 (93.50)F Ml
% B8 B2 OS5, T1. R1FIR3 4b, ARSI E
THEGINESR, R4 TEFERRIR(94.50); B O5. T2, TS
R4 Sb, RNEFEEERRE S BARNSR TR AIREERE, LI O4
BB 9E(92.75); & T3. R2 1 R3 4h, ¥R T HE
FIRAZERE, DL OS5 $5efH:(92.50), KB T W PRS- IS 4-0E 1 TH A
ST 1a), KIIME | FOREER S S HH R, 3R
FREBLEAA T2 RN . HRASIMERSRE I

*2 QDA ESREMRELY

Table 2 QDA of odor substances and reference samples

FRBME &S ER) R s
WA FKMARTFR, WSFAE . BORAE F5 1.44x10°° g/mL 3
HE TEHT BRI, A 2R B S A AU INESICREPIN 10 g T 200 mL /K 7&3 15 min 3

HHSR FIEH FA I EF R IR -3- % s 1.27x10™* g/mL 3
M A SR S F 5 g F 200 mL /K13 20 min 3
G ISRk IR 2R K 10 g F 200 mL /K #1715 min 3

TE: Dy B AUG-3- OO R s T/ s PR, AR AR B B BTk, BT 100 mL A 2E5EIEH; R,

S 24 A 200 mL

KATI, B 100 mL VR 205508 T 100 mL A7 ZEHEIEHR, BAREER#E B T 100 mL A7 ZEHEE .
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Table 3 Sensory evaluation reviews of autumn green tea
under different shaking treatments

43 SNE rREN TR AN s
(25%) (10%) (G0%)  (25%)  (10%)
CK W&t G5 BE O MEE R
o1 sty il i B RS
02 HgEomiE Mgl WEEE WEE RN
03 SB&EEOmIE MR BAAE mEE EERE
04  HRZRMIE S TEEWAR BUREEIR REGE
05 LRI [Lles3iE HE fffE LR
T1 Sy WEREHRE EE fief P B
T2 ESEGHIE  EZR MSAAER  EHR B
T3 BEEGHTE MR MSAAET BEER BT
T4 SR&EEOME WS MEEE MEE RERR
TS HE&EOMIE SR MEAEEE Wk EERRE
R1 BB MEls KAEAE H IEEHRE
R2  W&khiE G5 WA ERAE BRsE
R3  H&EOMIN  WSHR EARE EH B
R4 WEEMIE wHE AR BER L O

2.2 AEHEBLEXNMAETSIFMERNEID
AHEES QDA L5 5,15 MFESLTEAL A FI A AR
fiE FRI BE 2SS, fEHE . A WERE L2E5A
W BT IE T AR A SRR (B 1b), 15 T
TEAF(TS F1 R4 BRAL) . . AR, W% T EH A
Horp, o4 {8 %, RATERIWIE, O1, O5. T4, T5
R3 M BARSS, R2 SR, 05, T1, T3, T4 FIRI
M (R 5). Bl 16 A RKBIR, 04 A R2 A—3,
A TEAEGR, HERAESE; MIREER, REMNE
FAOGHERCR, SE R AR, B8 FINE B A OCHEECR,
5 RSB 0 QDA 452 REW], JE7Fig i

FERREIN, FHEAED, SRR E T 0
R, EEMPEZRENZA 04 A R2), FHHE RS
FERVETEMRA FZERZE (U CK., 02, T2 Hil R4),

XS QDA Z5RMAT R T (B 1o), Z5R K
A FIZERLE PCL E M Em RECEKEGE K ER, TR,
TH B S AE PC2 ili_E A 3fe REEKR, & 5/ PC2 1t
)l bR REOR . 04 5 R2 78 PCL IE 0%l F 975
B, 44 PCl RERBFAE AR, W 04 5 R2
TEACE FISEE LAEA i, X5 QDA 45 R—8(# 5).CK.
02. T2 7E PC2 flmkh L Aok, R4
FER T S AFAER S AR, T4 5 05 #£ PC2 IE [ §ill |- %)
oy, £ T4 5 05 5 ASFEI R g & - A5 1)
MtE. R1. R3, R4 £ PC1 Ryt i il 5058, %W
R1. R3. R4 IEFHFITERFHAL. O1 7€ PC1. PC2 Pi4LIE
A AT, B O1 MR | VE & . IEE FIFLERrE
W,

23 AEEBLEBETHEEFRLEETYRER
w2k

GC-MS Hill & B WA S Femi i 3 AMFEAR (01, 04
A R2)Y5 CK RSB, Ferlih 63 F# i3k 6), +
BB, mE, FK. BRI, 2. /J5. CK. Ol
04 F1 R2 HHAr BRI 33, 32, 32, 36 FHER MR, &
RS2 106.38, 90.62, 115.09 1 106.33 pg/g.

HEIRALE R RI(K 20), 7£ 63 FiE LMD, KL
15 RIS 15 B R (Group 2-1, 2-2)J& 01, O4 Fl1R2 £
PR YT, W BT CK, KRR . 16T
AR 17 I 5L(Group 4)2h CKURHA BRI 2 5 T8 77
ARFRRE SR, HEX 34 FE K M5 A AT X K

Fz 4 TREESFSLEMSFFZEEFIFIES(=9)

Table 4 Sensory evaluation scores of autumn green tea under different shaking treatments (n=9)

Ab TR HME(25%) % 18,(10%) FE(30%) R (25%) I (10%) By

CK 88.25+2.22° 88.50+1.00°" 88.00+2.06° 88.00+1.41% 88.50+1.73% 88.16+0.25¢
01 91.25+1.50™ 92.00+1.41%¢ 91.75+1.26™ 90.00+2.16™° 90.75+1.50 91.11+0.80%
02 89.50+1.73" 89.50+1.73%%" 89.50+1.91% 88.25+1.50¢ 90.00+1.63 89.24+0.65"
03 89.75+3.30% 91.25+0.5% 90.25+1.89" 90.75+2.22% 90.75+1.50™ 90.40+0.57%
04 94.00+1.41* 91.00+1.15%c¢f 92.75+1.83° 92.7542.87" 89.50+2.08% 92.56+1.706
05 90.501.00™ 93.50+1.29° 86.25+1.29" 88.00+1.41°% 92.50+1.91° 89.10+3.03¢
Tl 90.25+2.22% 88.25+1.71° 86.25+2.22f 88.25+0.50¢ 89.75+3.30% 88.30+1.57%
T2 88.75+2.63% 89.00+2.94%" 88.50+2.22¢ 87.50+1.73%¢ 88.75+2.87% 88.39+0.59%
T3 89.75+2.87% 90.50-1,73%0cdel 88.25+1.26° 92.00+2.31* 87.25+1.26° 89.69+1.87°
T4 89.75+0.50" 88.00+2.941 90.25+1.50" 91.75+2.06™ 90.25+1.26™ 90.28+1.35%
T5 88.75+1.50" 90.25+1.26 %" 91.25+0.96" 87.50+1.91% 90.00+1.83 89.46+1.45"
R1 88.75+2.87% 92.50+1.29* 87.25+1.89% 88.25+1.26>¢ 91.25+1.89% 88.80+2.19°
R2 92.75+2.22% 90.50+1.00%c¢f 92.25+0.96" 91.75+3.95% 88.25+0.96" 91.68+1.80"
R3 88.50+1.73¢ 92.7542.06™ 86.50+0.58" 90.00+2.16™ 87.00+1.83¢ 88.55+2.53%
R4 88.75+3.30% 89.25+3.10%F 94.50+1.89" 86.00+2.00¢ 88.75+1.71% 89.84+3.10°

i FSIRR ERE R R 25 8.3 (P<0.05), TR,
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Fig.l1 Effects of different shaking treatments on the sensory perception of autumn tea

#z5 15MHBHES QDA £R(n=9)
Table 5 Aroma QDA results for 15 samples (n=9)

Kb R /5 ekt BES /) T /5y iigIgaN
CK 1.25+1.26" 1.50+0.96" 1.00:£0.82° 1.25+0.50" 1.50+0.50°
01 2.75+1.29° 2.75+0.50° 0.25+0.50° 2.50+0.58" 2.00+0.82°
02 2.50+0.58%¢ 1.50+0.58° 0.75+0.96* 2.25+0.96% 1.75+0.50°
03 2.5040.58"° 2.754+0.96" 0.50+1.00? 2.2540.96™° 1.50+1.00°
04 3.75+0.96" 2.5041.00° 0.50+1.00° 3.2540.50° 1.50+0.58°
05 1.50+0.58" 2.75+1.26° 0.25+0.50° 1.50+0.58¢ 2.50+1.00°
T1 2.2541.5%¢ 2.25+1.26° 0.50+1.00° 2.2540.96" 2.50+0.58°
T2 2.25+1.71% 2.5041.00° 1.00+£1.41° 1.50+1.00° 2.00+0.20°
T3 2.25+0.96% 3.00+0.82° 0.75+0.50° 2.50+1.00°* 2.50+1.00°
T4 2.25+0.96%¢ 3.00+1.15° 0.25+0.50° 2.25+0.96% 2.50+1.29°
T5 1.2540.96" 2.50+1.73" 0.2540.50" 2.00+1.41% 1.75+1.71°
Rl 1.50+0.58" 2.25+1.26* 0.50+0.58* 1.50+1.73° 2.50+1.00°
R2 3.25+0.50" 2.254+0.50° 0.50+0.58° 3.75+0.50° 2.2540.50°
R3 1.50+0.58" 2.50+1.29° 0.25+0.50° 1.25+0.96° 2.2540.96°
R4 1.00+0.82¢ 3.25+0.96" 0.75+0.96° 1.5040.58° 2.2540.96°

RESMUGEHAREZEM. woh, RaR-p-52 20, &
SEIRBRNESS: 8 MR MEYI T (Group 3)7E O4 HAT Bivk & i
EE T ALY, 2,3,5,8- VORI LB | -l SRS 4 R
(Group 1)7E O HFA sk BEH i, 5l | 2R FHESE 6 Fiig e
(Group 5)7 R2 HVREAT sl R4S, THIE b O 1 O4 AN HESS 1
UIET R AR TE 23530k 0 1 6 h, FE7 25 90 A i s e
A3B%9%5 7 h 55 min F1 1 h 55 min, FPFEH B, Moo
B ] B AR A S B TR R E A

X AN [ 4 B b BB Bk % #E R Mk ) o R AT I e/ —
e 12 H1 51 43 1 (partial least squares-discriminant analysis,
PLS-DA), #:74 WE# XA PLS-DA SR, HEHZHY
SRR AR REALHES] 200 YRR AL B, 7 A AN AN [
R Gl B A5 R S R AT I 43 BT o A543 LR L (18] 2b) 45
JRW], PLS-DA #iRIrh T A HU4 s 7E 95% B A5 X 1]
W, BREE, U X408, B [R5 5 Ak BT Ak
R R AR T ENEmAA B EEZRE. &

PLS-DA #i Al b #% 5 B % A% & (variables important in
projection, VIP)>1 [4) JiAE Ky 22 AR o), 25 51 R,
WEIE L p-B DA L A AR 26 Rl R AR S RS IR RE S
b A AE 26 5 0 F AR R Ar (B 2d). PLS-DA
T8 (B 20)454 GC-MS E A, KRR
A oM . -3-Cm S TR . Oy AR B L
PIUEG2E) . AR . K EATER . AP . -3-C
WEET R, 3-Cf-1-BELRER . 7 2 Sy . - o 0 e
& CK A A 22 F A 9, IHAE 2a 1y CK FRAEYE
77 W) (Group 5); FIMGEE . MIARMGEE . p-FA I L 2,3,5.8-
DU EZSEE R O 20 X B T HABAE A bR P S, 5
O1 A AEYE P ) — 3 (Group 1); il = 35 18 W 48 Ak 1y (W
W) X HOR . 3-FE-S-NIETGEA 2-F S b,
RET Group 3, J& O4 FE AL FRIEMEHE K PE S8 2-H 2 -
BEke . p-FEEE . (BE)-4,8- W IE-137-T=HERN
Group 6 4, /& R2 A5 RRAE M4 & R4 o
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£ 6 TREFESLEMMFESE 01, 04 11 R2 HAMNIEL MY RFIE(N=3)
Table 6 Effects of different shaking treatments on the volatile compounds of the O1, O4 and R2 autumn green tea samples of (n=3)

P4, 1R 5 ﬁfi?jlﬂj CAS CK o1 04 R2
[[EES
2 305 R B A AL (TR 2 1066 13.106  37267-80-4 1.50+0.32° 0.760.04* 1.2240.21° 0.58+0.09"
M= - 55 A6 P S A (R IR 2% 1086 13.787 5989-33-3 4.45+0.73° 2.54+0.25" 3.91+0.41° 1.70+0.43°
i 1099 14.303 78-70-6 11.47+2.82° 6.37+0.36 9.36+0.26° 4.01+1.00°
AN 1113 15.244 1632-73-1 P /P 2.23+0.61° I
KR 1116 15.637 60-12-8 0.62+0.12° 0.840.03" / 0.83+0.12°
1-Cf R ) 1118 15.791 536-50-5 0.73+0.10° I I I
I R 1144 17.799 5416-53-5 0.63+0.02° P P I
M5 A e S AL (ML IR 2% 1173 18.041  39028-58-5 0.75+0.13° /P /P I
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Fig.2 Effects of different shaking treatments on volatile compounds of autumn green tea
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