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ABSTRACT: Objective To explore a convenient and rapid method to determine the degree of fermentation of
Pu-erh tea. Methods Raw materials of Pu-erh tea were inoculated and fermented with a fermenting tank with target
capacity, and the dynamic change data of pH, gallic acid (GA) and theabrownin (TB) content were collected from
several groups of tea. Based on the above data, linear fitting combination was carried out respectively to obtain the
regression model of the change of TB content with pH of tea. Results In the specific stage of fermentation of
Pu-erh tea, the unary linear regression models of TB-GA and GA-tea pH were established, respectively. Then the

linear combinations of the 2 unary linear regression models were used to establish the regression model of TB content
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and pH of tea. Only according to the measured pH of tea, the TB content in the fermentation system of Pu-erh tea

could be predicted quickly, to determine the fermentation degree of Pu-erh tea. Conclusion

Based on pH

quantification to efficiently determine the degree of fermentation of Pu-erh tea, it ensures the timeliness and accuracy

of fermentation process parameter regulation and enables stable production of products.

KEY WORDS: Pu-erh tea; fermentation degree; pH; gallic acid; theabrownin; regression model; predict
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S ETHE TR, TER W 0~4 d, GA Sk, ¥
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Fig.l Changes in pH, GA and TB content during the fermentation
of Pu-erh tea
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KBE21 I, TB S EIEFH] 12.12%, TERBEL NI, HLTH
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Hh 5.02%E, RO, oA R R BEAR A,
e R HE R S H X AH RS - RE
8.33%~13.65%"%, LU E&5REW, 78 5 mP & BEREAL P 103
2R, AUAT LA 31 5 08 HE K R0 4% R AR 09 5 5T,
M H KK AR T AW R, 2550 & I LIS 7 d
Bf, TB AT, N T ko & BEAS T 5 FR Bt 1,
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AR LR R, HEMREIH RN T=—0.1656G+17.3266,
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Kl 2 pH. GA 1 TB &= A0 bt
Fig.2 Correlation analysis of pH, GA and TB content

AR A B T Bz AL RE Ty, g L — 5 ]
TE0.5 me REEHE, XFLRME M)A 5 Bk 3 B ER Y,
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Table 1 Changes in GA and TB content during the fermentation
of Pu-erh tea in S m® fermentation tank

g Ta)/d GA Zr&/(mg/g) TB /%
0 3.66+0.02 3.15+0.05

1 31.6+0.24 4.310.02

5 70.56+0.24 4.42+0.12

7 72.52+0.06 6.41£0.39

10 54.92+0.04 7.43£0.43

17 46.77+0.07 9.21+0.21

21 24.92+0.07 12.12+0.29

25 8.12+0.05 17.15+0.02

WBIEFEINTT: T=aG+b; w4~ OB, [k
G, MA—THEMT,, T, = b+aG; T, S5krfiing %
EREIIART e, e =T, ~T,; 4 b =b—e (¢ Wl

VAR IEIME), 530 B0 EH R T=aG+b;.

0.5 m> K IERESS L35 2, TH 2 KL FE GA 5 TB
S BT R T=-0.1656G+9.05, Bl GA &l LA
BN TB & &, S & R . SR, HAl GA
Ry A FEAR I A . Al fb R B R A 2, G
B )18 K, S B 5t A i 12132330 S ) B — ol B 2
B R ER GA. WL, ARFFTHE—4H4%E GA 5 pH
Z AR ZR, VI LE pH Ay s ) & AR
2.3 TB 5 GA &=[EV3ARBVIGIE

iR 3, WE GA Fafa, ML rA AR m
TB WN{ER TB SEME 2 (B 43 - [t=0.027, P = 0.979>0.05,
Uk, HTFME GA frata, MRIEIEE ML BT H
() TB FIE A TB SEE 2 (G B 522 52, BIE GA R,
W IE G (et FE1H44 TB S 82 FTATI

®2 0SmABEEERABIEGAS TBAET)

Table 2 Changes in GA and TB content during fermentation of Pu-erh tea in 0.5 m® fermentation tank

SRS A]/d GA #rit/(mg/g) TB & S/ % > mg%\ﬁf@wjﬁﬁ lﬂwj'z%%Eﬁ e e
TB & i Wl {E/% TB & &t B /% i
0 5.66+1.02 2.594+0.10 \ \ \
2 32.324+2.96 2.93+0.16 \ \ \
4 34.04+1.69 3.74+0.21 11.69 3.41 7.95
6 25.62+0.32 4.36+0.04 13.08 4.80 8.72
8 12.29+0.94 6.33£0.36 15.29 7.01 8.96 528
10 17.3840.10 5.83+0.34 14.45 6.17 8.62
12 18.55+0.33 6.87+0.05 14.25 5.97 7.38
14 7.08+0.16 8.14+0.40 16.15 7.87 8.01

T\ TE I e AR, & AR
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Table 3 Paired sample test of the theabrownin content predicted and measured values after modified regression equation

Fie X 22 (4
= 95% 5 {7 X [i] t AR Sig. (W)
FEME bafERZE bRERZETIE
TR kKR
EHFEBERSBE SR
TRMME %- A5 2% S EME S -0.00667  0.59382 0.24243 —0.62985 0.61651 -0.027 5 0.979

ME%

24 23 GA 5 pH [E/3ER

R A T 2l A R B BEZR T pH R GA & i Z (A1
KA, [EEHEEHR KB . W3R 4 /R, GA &tk
P e B, X AR A BT A 4 d, 0 RDHE AR E
BB, FFLL RSB TT LAE H, 7R R R R,
X GA FRR B R AUS, 250 pH 5 GA & i frek it oe
Z, N G=29.913P+59.024, r’*=0.9526(1iF T 1, VLI G
BT, X, G GA FRE(ENL: mg/g), P A4S pH.

R4 0SmEEELEBTIESRMN pHS GA ST K
Table 4 Changes in pH and GA content of tea during
fermentation in 0.5 m* fermentation tank

KR [E]/ d M pH GA % it/(mg/g)
0 4.82+0.04 5.66+1.02
2 3.87+0.00 32.32+2.96
4 3.85+0.00 34.04+1.69
6 3.57+0.00 25.62+0.32
8 3.89+0.01 12.29+0.94
10 4.02+0.06 17.38+0.10
12 4.88+0.04 18.55+0.33
14 5.05+£0.16 7.08+0.16
16 5.73+0.05 5.01+0.50
18 5.79+0.10 0.54+0.17

2.5 #M TBEE5 pH EVIHRE

1E 0.5 m AR, EUHAA KBS TB Al GA & &
PRI T=-0.1656G+9.05, GA S HFIZEM pH Lt
EH AT G=-9.913P+59.024, B W HFEMATHE, 153
0.5 mEHEAALEH TB 54 pH MLHXRN
T=-1.64P-0.7244, X/, T Jy TB &1 (%), P 4 pH, i
BRI, FEMEAS & BRI B TB & 5450 pH 228
PEIEASE, N IEEM i B f ) A, pE— A it 24t
WRBEHATIRIE
2.6 TB&=5%M pH [E/IERIIEIIE

B 0.5 m3k BEREA F LK & B S REAR UEA T TB &%
AN, BREEWEIN 4 NSRBI, BEAEIL 17 4~ g5 S

Mk 6, MEAT pH J5, MRIFLM T BITE B TB W
A TB SZ{E 2 (8] 48 8 [t| = 0.080, P = 0.938>0.05, #iH]
M EZ M pH J5 iR IR LRy B3 /9 TB F{E AN TB 52
WA (B JC B 225, RIEASH pH SR IEZ My i
T TB S T,

R5 0SmABETHRLABIERH pHS TB 281
TUXFR
Table 5 Relationship between pH and TB content of tea during
fermentation of Pu-erh tea in 0.5 m® fermentation tank

e it
L B St
1 3.97+0.13 5.79 5.84+0.20
2 4.25+0.02 6.25 5.51+0.27
3 4.12+0.09 6.04 6.24+0.03
4 4.48+0.10 6.63 6.44+0.41
5 4.61+0.02 6.84 5.95+0.39
6 4.83+0.04 7.20 7.35+0.70
7 4.31+0.12 6.35 7.00+0.11
8 4.42+0.04 6.53 6.17+0.44
9 4.18+0.06 6.14 6.28+0.90
10 4.00+£0.15 5.84 6.59+0.13
11 4.25+0.13 6.25 6.54+0.64
12 5.29+0.04 7.95 7.88+0.39
13 4.12+1.10 6.03 5.08+0.43
14 4.4443.10 6.56 7.21+£0.27
15 4.85+0.13 7.23 6.89+0.35
16 4.75+0.03 7.07 7.67+0.80
17 4.96+0.03 7.41 7.29+0.38

3 Wit5%ER

W55 (6, F Bl TFs, TRs Al TB PP, 78 S H 4%
KRR, TFs F1 TRs B & it AR AHXTEAIR, i TB &4t
T4 ETE, T A HA AR AR (0, FE R
B R EEAE A . I, TB & R W T 48 4
TR (0 SRR AR T A 5 i 2o o M T2 % et 7 o pH,
GA 1 TB &AL LA, KLY GA SRR KEZ
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Table 6 Paired sample test for predicted and measured values of the theabrownin content

e

T RERE BRERETHE fi 95%ﬁ1§§2 £ A Sie(ile)
ﬁx\giz\%ﬁgﬁfg;;_ﬁ 0.1023 0.52951 0.12843 —0.26202 0.28248 0.080 16 0.938
5 pH SKEURME, FL TB FFI A FHE A BB, st 228

TEMKMES TR, pH 5 GA FREERETMRK, W
TB T EEBFIEMHX, GA 5 TB R MHX, R, @
i ZHORIFFE KB, TB 55 M4 F & . th T GA
fEh TB WEZA A, REHERA IR R HESY
i pH M A8 fb . Bk, @S2 T TB-GA [B] 5 B &Y
T=-0.1656G+9.05 F1 GA-pH [HIHL G=-9.913P+59.024,
r’=0.9526, MBS GA S BRI YE, R
BERUHATHE G, 193] TB i -pH B T=—1.64P-0.7244,
JRH, £ 0.5 mERERET, @R RESHRE, @S
), R BRI TRAE, 45RRM, BNE S SmmE
ZEVITEE1%, A WL F AR )ik, TB &&-450
pH £tk X RUERA AT 5E, HIZALRETI0R . ILAh, WRABIR
LAY R FH T8 AR e R ME R e sl L & =K, W AR A
SERBRE DL TR SR IR B ) ) PR sl 08 EAR R 4. B, 4t
X R TR A H 2% R B R, RIS R ARG 6 R, R
MG AT (A A 0 pH,  RIAT X4 TN £ 387 Y 245 A I A 2 G
B AT

Zi b, ARUFSRESL M, BERS P, AL, W
FIE T R B, WA TR MMET A, R
UE T2 R B B S RO B Rk, ™ S A,
B AR A A 7 B4 FE A
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