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Abstract: In this study, 18 raw Pu-erh tea samples with storage times of 3 to 20 years were selected to investigate the
changes in quality indicators of raw Pu-erh tea during storage through sensory evaluation and physicochemical composition
analysis. The results showed that with increasing storage time, the color of raw Pu-erh tea gradually deepened, while the
fresh aroma transformed into an aged fragrance. Simultaneously, the flavor changed from mellow and rich to mellow and
neutral, and the color of the leaf bottom turned darker. The sensory quality was seen to improve after storage for 10 years and above,
but began to decline after 18 years of storage. The water extract components, caffeine, GC, C, and CG showed irregular
changes, while the concentration of gallic acid gradually increased. The contents of free amino acids, EGC, EC, EGCQG,
GCG, and ECG showed a decreasing trend with increasing storage time. Seventeen quality indicators were standardized and
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the samples were subjected to correlation analysis, principal component analysis, and cluster analysis that revealed significant

correlations among the quality indicators. The tea samples could be divided into five categories by systematic clustering and

could be clustered into one category every 3~4 years. In particular, category A had the highest composite score, followed by

category D, while category E had the lowest score. Although the quality indicators show a decreasing trend with the increase

in number of storage years, they remained stable during 3~4 years of storage. The results provide a basis for an in-depth

study on the quality changes of raw Pu-erh tea during storage.

Key words: raw Pu-erh tea; physicochemical composition; variation pattern; correlation analysis; principal component

analysis; cluster analysis
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Table 1 Information table of pu-erh raw tea samples

%5 AFEE/E AR/ F B

S1 2019 3 SRR B
S2 2018 4 TR B
S3 2017 5 TVIRLA Bk
S4 2016 6 SRR B
S5 2015 7 TR« B i
S6 2014 8 TVIRLA Bk
S7 2013 9 BVIRLA . B
S8 2012 10 TR« B
S9 2011 11 TVIRLA Bk
S10 2010 12 BVIRLA . Bk
Si1 2009 13 VR« Bk
S12 2008 14 TVIRLA . Bk
S13 2007 15 BVRRLA . Bk
S14 2006 16 RN B
S15 2005 17 TR B
S16 2004 18 SRR B
S17 2003 19 SRR B
S18 2002 20 B VHRL . B
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Fig.1 The color of tea soup after brewing Pu-erh raw tea
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Table 2 Results of sensory review of Pu-erh raw tea
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Table 3 Changes in the main chemical composition of Pu-erh raw tea
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FAEG 5 K 4 1% K58 /% BB /% oAk /(mglg) AR TR /(mg/g)
S1 40.47+0.62° 20.29+0.198 4.5840.04™ 34.61£1.72% 2.63+0.02°
S2 43.84+0.65" 22.77+0.17° 4.94+0.11° 35.02+2.30" 3.01£0.20°
S3 42.67+3.51° 21.94+0.22 4.86+0.20" 35.58+1.63" 2.85+0.71°
S4 41.83+0.12° 22.33+0.22" 4.18+0.25° 31.27+1.10% 2.65+0.07°
S5 43.72+0.72° 20.56+0.27" 3.88+0.04" 32.80+1.27°% 2.78+0.13"
S6 42.64+1.13" 20.98+0.24°" 5.06:+0.08" 32.3140.11°% 2.46+0.02°
S7 42.88+0.98" 20.04+0.21% 4.45+0.04™ 30.68+0.13° 2.75+0.02°
S8 42.4240.18" 21.52+0.30% 4.45+0.04" 30.87+0.10° 2.70+0.10°
S9 41.56+3.43" 21.94+0.25% 4.63+0.03" 31.47+0.65% 2.96+0.08"

S10 43.78+1.82° 24.94+0.28" 4.31+0.04%* 32.58+0.03° 2.7940.01°
S11 41.70+1.01° 22.29+0.17" 4.594+0.04" 32.33+0.03°* 2.97+0.12°
S12 44.77+1.25° 21.05+0.28° 4.96+0.02° 32.92+0.06°* 2.78+0.14
S13 42.96+0.22° 21.36+0.31° 4.36+0.05°% 32.21+0.59°% 2.85+0.06"
S14 42.66+0.79* 21.06+0.33¢" 3.29+0.07%" 31.28+0.08* 2.49+0.01°
S15 42.7240.59* 22.14+0.21° 3.40+0.198 34.16+0.53%¢ 3.11+0.06°
S16 44.95+2 30" 20.17+0.118 3.01+0.07" 37.17+1.59° 3.86+0.40°
S17 43.98+0.45" 20.42+0.258 3.19+0.08" 32.43+1.57°% 2.58+0.79°
S18 42.86+0.51° 20.05+0.188 2.95+0.09' 32.24+0.71° 3.27+0.22°
AME 38.18 20.04 2.95 30.68 2.46
RAAE 44.95 24.94 5.06 37.17 3.86
¥{h 42.91+1.66 21.44+1.22 4.17+0.70 32.88+1.94 2.86+0.40
T F 2 % 3.86 5.69 16.79 5.90 13.99

E: Rl =3 AR FHEATHERAAESE R EZF (P<0.05). FAR.
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F4 EEEFIIFZQETUME (mg/g)

Table 4 Variation pattern of catechin content of Pu-erh raw tea

o EESA LR E Be Al LA &
=
GC EGC C EC EGCG GCG ECG CG

S1 20.86+1.26%  25.38+2.78""  3.73+1.13°  6.81+£0.62>  73.14+3.08" 3.66+0.17°  65.26+0.88"  2.38+0.03"
S2 36.9242.74"  20.49+2.89™  4.17+1.09%  4.82+0.37° = 74.9442.52"  7.11+0.35"  60.48+1.45" 1.59+0.27°*
S3 41.3142.23*  27.68+3.86°  5.66+0.72"  5.60+0.35%  75.2241.28* 5.07+0.19°¢ 56.01+1.50°" 1.14+0.25%
S4 44.15+1.04*  15.61+2.64°  5.92+0.09°  7.87+0.16°  63.59+0.80° 5.55+0.15°  57.3240.65°  1.08+0.05°
S5 38.81+1.33°  17.94+41.65°  5.75+0.14™  8.04+0.03°  61.92+0.73 5.31+0.08"  57.53+0.77°  1.03+0.02°
S6 42.58+0.31°  19.65+0.64™ 5.15+0.12"¢  7.2440.07°  58.46+0.73° 5.41+0.15* 51.61+0.47™" 2.28+0.21™
S7 34.23+0.56°  15.31+1.28"  4.41+0.08°°  6.52+0.15°  50.30+0.03° 4.47+0.10°  47.49+0.60" 2.32+0.14™
S8 34.87+0.16e°  17.60+1.54°  4.72+0.12"%  7.13+0.11° 56.07£0.65%  4.72+0.11*  51.02+0.90¢" 1.96+0.78"¢
S9 36.59+1.03%  19.92+1.69™  4.14+0.11°  3.15+0.26"  58.18+0.40° 4.52+0.33% 51.05+0.70"  0.82+0.08°
S10 42.01+0.09°  20.00+0.03% 4.75+0.42°% 3.38+0.04"  58.84+0.64° 4.92+0.30°* 54.22+1.10°7 0.96+0.05°
S11 37.77£1.24%  20.0742.64  4.34+0.51° 3.56+0.04™"  59.25+0.73% 4.56+0.28* 53.87+0.76™® 1.01+0.02°
S12 42.30+0.02°  19.37+0.02™  4.50+0.06™* 3.03+0.03"  60.08+0.84° 5.46+0.29™ 51.38+0.77""  0.92+0.03°
S13 32.1540.60°"  15.5840.33°  5.09+0.12¢  4.48+0.02°°  56.11+1.47° 4.94+0.14°* 51.17+1.07*" 0.87+0.02°
S14 28.66+0.948  17.18+0.72° 4.68+0.11°% 426+0.51"  56.3240.96" 3.71+0.09°  52.63+0.34% 1.44+0.73%
S15 32.98+0.12%  19.21+4.47*° 4.77+0.117°%  3.09+0.17"  56.52+0.64° 4.98+0.14°* 54.90+0.65% 1.40+0.23%
S16 36.8542.52"  19.27+4.86™  5.35+0.09™¢  2.92+0.12' 51.05+2.90° 3.25+0.48%  45.62+0.67° 1.76+0.40°

S17 35.80+2.61%¢  21.51+4.77" 4.74+0.32"% 3.99+0.14%  45.49+228" 2.91+0.10°  53.76£1.70°  2.69+0.60"
S18 36.3742.29%  14.40+1.01°  3.5240.09°  3.63+0.10"  44.03+1.44"  4.02+0.06"  48.48+3.13%  1.19+0.12%

RAME 29.86 14.40 3.52 292 44.03 291 45.62 0.87
RAAL 44.15 25.38 5.92 8.04 75.22 7.11 65.26 2.69
k1 36.90+4.51 19.234£3.94 4.74+0.75 4.97+1.80 58.86+8.75  4.70+0.98 53.49+4.75 1.4940.65
TR F 5% 12.22 20.48 15.82 36.22 14.87 20.85 8.88 43.62
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Fig.2 Correlation analysis of the inner components of Pu-erh raw tea

E: *P<<0.05, **P<<0.01.
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