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ABSTRACT 

This study was conducted to analyze changes of moisture and major component contents at 

different withering times in plucked tea leaves for collecting preliminary data utilized in 

manufacturing process of oxidation teas such as black tea. ‘Yabukita’ and ‘Fushun’ of Japanese tea 

cultivars, which are widely cultivated in Jeju, and ‘Keumsull’ and ‘Beachwisull’ of Korean tea 

cultivars, which were released by the Jeju Special Self-Governing Province, were used. The first flush 

plucked in three or four and a bud was withered by 30 hrs on the perforated plastic trays and shelves 

using the indoor natural withering method and the contents of moisture and major components were 

analyzed every 6 hours. The moisture content of tea leaves was gradually decreased from 77.2 to 78.1% 

after plucking to 59.7-64.0% after withering for 30 hrs. The content of total amino acids and caffeine 

was increased from 2.8-6.7% and 1.6-2.0% after plucking to 4.2-8.1% and 1.8-2.2% after withering 

for 30 hrs, respectively. Theanine, aspartic acid, serine, glutamic acid, methionine, and arginine were 

identified as major amino acids and the contents of theanine, aspartic acid, and arginine were 

decreased, whereas the other amino acids tended to be significantly increased. Total polyphenol and 

protein contents did not show any distinctive changes. The contents of most catechins showed a 

tendency to decrease, but there was no significance. The study indicated that indoor natural withering 

requires around 24 hours based on moisture content, and amino acids and caffeine are components 

with large changes from sensitive response, whereas polyphenols, catechin and protein are 

components with very small change in content during withering, and this withering response might be 

different from cultivars.
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Fig 1. Tray withering system. 
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Table 1. HPLC analytic conditions for measuring catechins and caffeine in hot water extracts of tea leaves 

Parameter Conditions

Column 5 -DiamonsilTMC18,4.5 * 250

Temperature 35℃

Modile phase A : Acetonitrile/acetic acid/water [6:1:193(v/v/v)]

B : Acetonitrile/acetic acid/water [60:1:139(v/v/v)]

Gradient 30% mobile phase A to 100% mobile phase B for over 60min

Flow rate 1 mL∙min-1

Detector Shimadzu SPD ultraviolet detector, 280nm

Injection volume 10μL



Table 2

Tomlins et al

Liang et al.,
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Liang et al.,
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Table 2. Change of moisture content (%) at different withering times in plucked tea leaves  

Withering time 
(hrs) Yabukita Fushun Keumsull Beachwisull 

0 77.2±0.2zay 77.2±0.2a 78.1±0.8a 77.4±0.2a 

6 73.4±0.6ab  75.1±0.4ab  75.6±1.2ab  75.2±1.2ab 

12 73.1±0.7ab  72.6±0.1bc   73.8±1.4abc  75.1±1.1ab 

18 71.7±1.0ab  72.7±0.3bc  70.9±1.4bc  71.8±0.0ab 

24 68.1±1.3b 70.1±1.1c 67.3±1.7c 68.8±2.3b 

30 59.7±2.Oc  63.6±1.4d 64.0+0.4d 61.5±1.5c 

Significance * * * * 

zMean ±SE (n=3). 
yMean separation within columns by Duncan’s muitiple range test at 5% level  
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Fig 2. Change of total amino acid content at different withering time in plucked tea leaves. zVertical 
vars show SE (n=3) and ycolums with same letter are not significantly different by Duncan’s 
multiple range test at 5% level.   
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Table 3. Change of total polyphenols content (%) at different withering times in plucked tea leaves 

Withering time 
(hrs) Yabukita Fushun Keumsull Beachwisull 

0 16.7±1.2z 18.3±0.7 14.1±0.3 18.0±0.8 

6 17 0±0.4 17.3±0.7 13.9±0.2 17.0±0.8 

12 17.1±0.5 17.2±0.9 13.8±0.5 17.7±1.7 

18 18.4±0.6 17.7±0.2 14.3±0.4 17.3±0.9 

24 17.0±0.8 18.1±0.4 13.5±0.7 17.5±1.4 

30 16.9±0.2 17.7±0.8 14.6±0.5 17.3±0.8 

Significance ns ns ns ns 

zMean ±SE (n=3). 

 

 



Table 4. Change of total protein content (mg•mL-1) at different withering times in plucked tea leaves 

Withering time 
(hrs) Yabukita Fushun Keumsull Beachwisull 

0 79.50±0.99z 81.71±1.22 77.03±0.39 84.89±0.90 

6 83.94±0.57 78.76±1.11 77.20±0.35 85.13±1.27 

12 82.78±0.52 83.89±0.03 77.57±0.63 84.23±1.15 

18 80.77±0.76 84.11±0.35 78.74±0.74 84.86±1.13 

24 83.81±0.29 82.91±0.28 82.06±1.06 84.53±1.74 

30 84.54±0.90 86.27±0.60 79.45±0.66 82.79±1.46 

Significance ns ns ns ns 

zMean ±SE (n=3). 



 

 

Fig 3. Representative HPLC chromatogram profiles of 8 catechins and caffeine standard 
(A) and distilled water extract of tea leaves (B). 1=GC, 2=EGC, 3=C, 4=Caf feine, 
5=EC, 6=EGCG, 7=GCG, 8=ECG, 9=CG 



Table 5. Change of caffeine content (mg•g-1 dw) at different withering times in plucked tea leaves 

Withering time 
(hrs) Yabukita Fushun Keumsull Beachwisull 

0  17.25±0.53zby 19.88±0.16b 16.35±0.10d 17.95±0.03c 

6  18.24±0.06ab  19.99±0.16ab 16.71±0.00c 18.27±0.04c 

12  18.45±0.03ab 19.70±0.61b  16.81±0.04bc 18.84±0.03b 

18 18.83±0.05a  20.81±0.16ab  17.06±0.06bc  19.07±0.04ab 

24 19.11±0.00a  21.09±0.23ab 17.12±0.03b  19.13±0.09ab 

30 19.29±0.04a 21.55±0.15a 17.66±0.09a 19.28±0.09a 

Significance * * * * 

zMean ±SE (n=3). 
yMean separation within columns by Duncan’s muitiple range test at 5% level.  
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Table 6  Table 7
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Dalluge and 

Nelson, ; Taylor et al., Claudia et al.,

Ye et al.,

LA8080, Hitachi, Japan

 chromatograms  Fig. 4

Graham,

Table 8  Table 9



Fig 4. Chromatograms of individual amino acids and theamine standard and distilled water extract of tea 

leaves. Thea=Theamine, Arg=Arginine, Glu=Glutamine acid, Asp=Aspartic acid, Ser=Serine,b-Ala:ß-

Alanine, Val=Valine, Thr=Threonine, Lys=Lysine, Phe=Phenylalanine. A:amino acids standard, B:amino 

acids sample, C:theamine standard, D:theamine sample.
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