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Influence of Pile Fermentation Time on the Sensory Flavor
and Non-volatile Compounds of Yixian Dark Tea

WANG Hui, ZHOU Hanchen, LIU Yaqin, YANG Jihong, ZHANG Xiaolei, XU Yujie, LEI Pandeng’

(Tea Research Institute, Anhui Academy of Agricultural Sciences, Huangshan 245000, China)

Abstract: In order to investigate the key nodes affecting the changes of Yixian dark tea flavor and quality during the Pile
fermentation, in this study, the sensory quality and non-volatile profiles of Yixian dark tea samples at different pile
fermentation periods (0, 3, 6, 9, 12, 15, 18 h) were investigated by sensory evaluation, amino acids analyzer, liquid
chromatography and liquid chromatography mass spectrometry. The results showed that the intensity of bitterness in dark
tea infusions declined after 9 h of pile fermentation, along with the increasing intensities of astringency, thickness and stale-
mellow. Total catechins showed a significant decrease in concentrations during pile fermentation. In contrast, the
concentration of gallic acid increased. Concentration of caffeine reduced by 14.7% compared to the original concentration
after 18 h of pile fermentation. Total amino acids concentration showed an increasing tendency in the later period of pile
fermentation. Concentrations of flavonoids and its mono-glycosides increased after 9~12 hours, while its di-glycosides
showed an increasing tendency after 12 hours of pile fermentation. The analysis of key taste substances (VIP>1, DOT>1)

showed that myricetin-3-O-galactoside, astragalin, isoquercitrin, quercetin-3-O-rutinose, epigallocatechin, epicatechin,
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epigallocatechin gallate, and caffeine were the most important flavor presenting substances affecting the quality changes of

Yixian dark tea. Among them, the content of the first three glycosides increased significantly from 9~12 hours of stacking;

The contents of epigallocatechin and epicatechin were significantly reduced during 9~12 hours. Epigallocatechin gallate and

caffeine showed a significant decrease after pile fermentation; Quercetin-3-O-rutinoside decreased significantly in the

middle stage (9~12 hours) and increased significantly after 15 hours. It was an important factor in the increase of

astringency of tea broth in the late stage of pile fermentation. This study give a theoretical basis for improving the tea

processing of Yixian dark tea and understanding the formation mechanism of its key flavor.

Key words: Yixian dark tea; pile fermentation; sensory; taste compounds; liquid chromatography mass spectrometry
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5 EIRFFHFHA RS F]; ZORBAX SB-C 4(3 mmx
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BRI S8R JEHE YUESHI A 75 IR
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30 min) . BRI IEIE IR T, IBE 45 C,
FrKE 58%, WOUNFIRHER AL 7RISR AL, [AlH)
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1G8R—3:, FIFHTAENIEMR RS, E R —=
B TER L S A TGRS . PR iRMER R A
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— T AP, BT ERECK N, ARUESRS
R B TSRSk hu I B, TR S S iR
FHIE]
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VPO AR UE R AFIEE X, IF AP435 (10 436D, B
5 P HECE PR SRR G R H T PR UE, 430 %)
6 NP A T30 BB PR ARAE S B 0<55<<2;
2<IEEG<4; 4<— P <<6; 6<FTR <8; 8<IH =10,
1.2.4 JLESER . WnHESE & 3 53 Br JLESER S mnmEs
Sy AT 22 SCHR P 7 U0, 20 BRI - o B R B
0.25 g BESRE, In A 8 mL #li7K, T 90 °C 7K¥A 7 min
JEWEST .. WA RER 3 e, BRXHIEEHT
JEEE5THT . SIHTHT, PEIBCRR B LK TR RE 4 4%, )5
SRHH 0.22 um /K RZ T8, FIFERESE 3 K.

Ulti Mate 3000 #8 /=5 R0 AH (A, Rzl 2514
C,g (aIEFE(1.9 pm, 2.1x100 mm), K& : 278 nm,
FEE: 35 C, WishAH: A #H: 2% Z4.7%; B AH: JHE. B
JE Ve 451 0~3 min(95% A), 3~5 min(80% A),
5~18 min(95% A), ii#: 0.2 mL/min, $FFEER 5 ul.

JLASZE 2SN BT A DR P 28 e AR PE AR 5
WERSHA]; A AR B (mg/g) IR BV B LSS EE L i
MEBE A v {28 3T 5, W0 F : GA(y=29985x+265.87,
R*=1); EC(y=4254.3x+1512.4, R>=0.9995); EGC(y=

1682.5x—741.81, R?>=0.9999) ; EGCG( y=13434x—
7428.5, R*=0.9995) ; GCG( y=9148.2x—1287.2, R*=
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652.4, R>=0.9999) ; ECG( y=19849x+756.49, R>=
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1.2.5 UFE IR Sl s & LR 22
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A, 57% B); 24~36 min(100% B); 36~42 min(100%
C); 42~47 min(76% C, 24% D); 47~61 min(76% C,
24 % D); 61~61.1 min(100% D); 61.1~68 min(100%
D); 68~68.1 min(100% A); 68.1~84 min(100% A) .
R K43 510°A 570 nm F1 440 nm. E-MREREE
3.
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B R (mg/g) AR S P e T B S AR v i 0
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1.2.6 PR A AT ol e FE P A A 2
PSR LC-QQQ/MS . S 3CRikH ik, i
FHFREL 60 mg £ 5, INA 4 mL 80% Fiivd FH I, i /s
10 min; 10000 r/min &5.0> 5 min J5 B FiEW . 087
BICRA 0.22 pm FAHLRIELSIEFES T LR, 4087
{134 ZORBAX SB-C,4(3 mm>150 mm, 1.8 um),
T AAH MGE A TAR 5 SR T O R — 2P0 e E R
BUES T35 9 Mtz B (m/z 301) . i (m/z 317) .
Mil Bz 2% -3-O-ZE B (m/z 609) . 5 HF 2 -3-0-FF,
BELF (m/z 479) | Mtz 22-3-O-Fi #5851 (m/z 463) | 42
2 e i (m/z 447) F 1L 5 19 -3-0-25 & Wi 4 (m/z
593),
1.3 #IENIE

A 52 55 A Excel #1440 3847 8048 Se 115 Rl
TBtools V 1.046 #HF7T#E 2:1l; FIFH SPSS19.0 k4
Y Duncan T8 X RE B PE AT S 22 5 0y
BT (P<0.05); FIFH SIMCA 14.0 #4448 5 353
17 5 28 43 H1 ( Partial Least Squares-Discriminant-
Analysis, PLS-DA) .
2 HBRESH
21 EEHRRESRITENS a6 S

FIFHENGR A R G0, XHEHE | gk
F7R4E(E 1A), [ABHF] A Adobe Color CC EIR Ak
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W) EIE e S5 R, B TR MR TR,
e R R S 0 [ B 55 AE, Hoh R HE 0~6 h J[R]I
LIk, o2 e 0; JBHE 69 h
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Changes of sensory quality during pile fermentation from Yixian dark tea

E: AN OS5 EZN; BUG LT o bYH; CRVE W KIRAS AR ; D JECE 5 BTS20 19 3800 7047 (RPX=1, R*Y=0.219, 0’=

—0.329); B B HRRING FREFRR 227 B3 P<0.05.

fih, 9~15 h A9 58 B BRAR, 76 5 WIms AT B s I8 HEh
XXV aHEE B, 5 CKALL, 3~6 h f
12~15 h AR S 5 B (P<0.05); b (EAEIEHE 5
B A (P<0.05), ZEVEHE 18 h )&, ik E &
{H. XERARE IR T, 257 2 e afHEn b s
Wyl RGN, (S ARSI B A B E R .
IR E SR PERGR TR R L 43S g R
L, AT TR S RBRAFIER 2 AR SCRE R AR
RS> AR . S | R . MR L F I B (LE
Bran T AE 6 DIE IR, sy T HL B SR ME I A
P RBRASfEFE (] 1C) o S5 3 IR, TR i) A) B B 2R
AAGIRBEIRIR AR AT, RTINS 17 BRmE AR A S
SRR, HASEASHH &, iEHE 9 h )5, BREEXURTS )
G I 2. (P<0.05) o RIS XU 2 HE S DX -1 oA 2%
FE FEERUARARFIE . A5 AT 22 BH, RIS 5
JEHER [A] 2 25 IEAE (=0.97, P<0.05), iX #&AHIZ
M IR UE T B B SRNE XU T . TR HESITA],
I HRAS I AE 3~12 h WA A9 shie /s, iR s
W1(15~18 h), G EIETTG LI A5 9 O AR IR HE

FH(12~15 h) P54 AR EE | SRS ST 7ETR
HEDERR P I sh /N BT IRCE Sh A5 S (H A T
PLS-DA (& 1D), £55R oK, IBIE 0~9 h AYkE
SRR TR, TTVEME 12~18 h (IRE SR T-55 1],
X FIIESE 9 h 5 B B CRUMR 5 T S AR R AR AL
2.2 EMHEAEEEMRR S TS

JUASEE . MR S i EE A GRS, 430
ETE 12%~24% . 2%~4%, 5351505 R AT TR
BEYIFAI ), SRR T e R o (G 1. & 2A),
JLFEE B . C. EGCG. GCG. ECG ZE7E )z HE]A)]
SRS GA . EGC. EC Z57E R HEY] (o] S 81
EEARL, R SRS T At (P<0.05) o EAb,
PR LAS K FLAERR R LAS R AR, Horp s & 1R
TrEAEIRSE 9 h JE BN (P<0.05), RIREARIETHE
LSRR . EAATFIE R, TEXTH A AT
KW, JLAS R o 0T K A S AR O, Hen
EGCG 1] [0 EGC Fll GAPY 281 L5 &2k
Yy ) A A AT R AR e IR HE SRR o, H AN g k-3~
WL C-2 0B 5 Kb St AR IO, (513 R A LA R
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Table 1 Changes in flavor substance content the pile fermentation of Yixian dark tea
% W5 (mg/g)
o EHEOR(CK)  BHE3h(B3)  JEHE6h(B6)  BHME9h(B9)  JEHEI2h(B12) JBHEISh(B15) IEHME1I8 h(B18)
GA 0.34+0.00 0.24+0.02° 0.29+0.03% 0.47+0.03° 0.48+0.06° 0.51+0.05° 0.53+0.04°
C 1.09+0.03" 1.48+0.07* 1.11+0.14° 0.72+0.02¢ 0.67+0.01¢ 0.55+0.01% 0.52+0.04°
EGC 36.23+0.96° 31.98+2.65" 27.35+2.46 27.45+2.69° 27.29+4.98 29.68+3.70 30+2.07
EC 13.5240.57" 13.07+1.02° 11.14+1.01° 11.46+1.09° 10.63+1.60° 11.84+1.59° 11.88+0.80°
E[FHID IR S-S 51.18+1.49° 46.78+3.67" 39.89+3.43 40.09+3.80° 39.0746.56° 42.58+5.34% 42.93+2 87"
EGCG 38.28+1.99 39.63+5.13° 35.25+7.35%  34.40£420%°  33.13+6.56™ 24.6146.16™ 22.17+1.55°
GCG 2.89+0.08° 2.65+0.32% 2.53+0.82% 2.02+0.12% 1.71£0.12° 0.47+0.08¢ 0.36+0.06°
ECG 7.85+0.52% 8.41+1.29° 7.33£1.96™ 7.58+0.88% 7.42£1.58% 5.10£1.48" 4.27£0.56°
R R 49.0242.59° 50.69+6.69°  45.12+£10.09®  44.00+5.18% 42.26+8.25" 30.19+7.71% 26.7942.15°
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Fig.2 Heat map and principal component analysis of odor change in pile fermentation from Yixian dark tea
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Table 2  Analysis of taste activity values of substances in samples with different woke times and their correlation

with bitterness and astringency

X . DOT AFAEG)
Y BEP (mg/L) Ik — -
CK B3 B6 B9 B12 B15 B18 LU SIS
Wit e 2 -3-0- /b 0.0007 FW 150095 142095 1596.19 1085.71 1123.81 177524 1931.43 0.02 0.71
W28 W-3-0- /i 0.15 Fi 7.29 6.29 9.05 11.04 13.85 11.52 11.54 - -
M 0.3 Ead 1.86 2.9 22 2.74 426 291 2.95 -0.65 0.19
Mg -3-0— 3L 13 Eavd 1.63 2.06 224 4.16 5.46 2.7 2.84 -0.68  0.06
R 0.3 T 222 1.9 5.09 331 436 3.25 3.12 -0.64 021
498.72 o 1.45 1.28 1.10 1.10 1.09 1.19 1.20 - -
EGC -
79.56 LI 9.11 8.04 6.88 6.90 6.86 7.46 7.54 - -0.33
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59.72 TR 2.63 2.82 2.46 2.54 2.49 1.71 1.43 - -
CAF 155.00 S3US 4.05 3.77 3.63 3.76 3.61 3.54 3.45 0.69 —0.85
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