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ABSTRACT

Amino acids contained in leaves of Wuyi Rock Tea were determined by acid hydrolysis.
Leaves of Dahongpao, Shuixian and Rougui tea varieties were selected from (i). Authentic Rock
Tea region (Yu tea plantation), (ii). Semi-authentic Rock Tea region (Guiyan tea plantation) and
(iii). continent tea region (Qishan tea plantation). The results showed that 11 of the 17
hydrolyzed amino acids were identified, their contents significantly differed among these
3-plantations of the same tea variety. The number of amino acids differed significantly and in
Dahongpao, Shuixian and Rougui varieties these were 74 %, 70 %, 65 %, respectively. The
principal component analysis showed that fresh tea leaves from Yu, Guiyan and Qishan tea
plantations also varied in contents of leucine, asparagine, glutamate and arginine. In the
3-plantations, the contents of leucine, asparagine, lysine, glutamate and arginine differed in 3-tea
varieties (Dahongpao, Shuixian, Rougui). This study showed the regional and inter-variety
differences in the contents of hydrolyzed amino acids of Wuyi Rock Tea, which provided basis
for tea quality.

Keywords : Hydrolyzed amino acids, tea leaves, tea plantations, tea quality, tea varieties, Wuyi
Rock Tea.

INTRODUCTION

Wuyi rock tea is one of the top 10-famous teas in China. Its original producing area
is the rock area of Wuyi Mountain. The soil of tea plantation is deep, very rich in organic
matter and mineral elements and formed from the weathered rock. This soil is suitable for
the growth of rock tea and imparts the unique ‘Rock Flavour’ in this tea. Regarding the
Wuyi Mountain soil, Lu in “the Book of Tea” (14) reported that "the top layer has fertile
soil, the middle layer has gravel, and the lower soil layer is loess", these are closely related
to tea growth and quality. Tea growers in Wuyi county are called (i). Authentic Rock Tea
(Zhengyan Cha in Chinese), (ii). Semi-authentic Rock Tea (Banyan Cha in Chinese) and
(iii). Continent tea (Zhou Cha in Chinese) to differentiate the quality of Rock Tea
(3,21,22,23,24). The tea quality followed the order: ‘Authentic Rock Tea’ >
‘Semi-authentic Rock Tea’ > ‘Continent tea’ ordinary tea (13,20).

The Authentic rock area tea has the characteristic "rocky fragrance of flowers",
"rich rock flavour”, "good sweet taste" etc. The planting area is small, yield is low, hence,
in short supply. Therefore, the quality of ‘continent tea’ needs to be improved to meet the
market demand. However, tea quality evaluation in different planting areas, it is still based
on taste/sensory evaluation, without chemical analysis based on quality. The taste of tea is
the comprehensive sensory stimulation caused by substances present in tea infusion (2). In
general, there are 6-tastes of tea: Sour, Sweet, Bitter, Salty, Astringent and Fresh, among
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these 3-main tastes are: Bitter, Astringent and Fresh (7,19). Amino acids are the main
components in fresh taste tea, one of the common and main indicators to evaluate the tea
quality. Many domestic and foreign studies have adopted the content of amino acids to
evaluate the tea quality (4,9,11,12,18,).

Dahongpao, Rougui and Shuixian tea varieties of Wuyi Rock Tea are planted
respectively in Authentic Rock, Semi-authentic Rock and Ordinary regions. Their fresh
leaves were collected and contents of hydrolyzed amino acids were analyzed, in these
fresh tea leaves to know the effects of growing region and varieties grown on tea quality in
Wuyi rock tea.

MATERIALS AND METHEODS

Yu (Authentic rock tea plantation), Guiyan (Semi-authentic rock tea plantation),
Qishan (Ordinary tea plantation) were chosen as sampling sites(Fig.1). These 3-tea
plantations by the government are in Wuyishan County, Fujian Province, China. The
Dahongpao, Rougui and Shuixian tea varieties of Wuyi Rock Tea in these 3-plantations
were test research materials. The details of sampling sites are given below :

Geographical locations of 3- tea plantations sites and cultivated tea varieties

Tea plantation Latitude Longitude Varieties grown
Yu 27°38'42"-45" 117°56'38"-44" Dahongpao, Rougui, Shuixian, etc.
Guiyan 27°36'26"-34" 117°57'52"-58'1" | Dahongpao, Rougui, Shuixian, etc.
Qishan 27°17'32"-39" 117°54'41"-56" Dahongpao, Rougui, Shuixian, etc.
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Figure 1. Division of rock tea area and the sites of tea research plantations

A : Authentic rock area; B : Semi-authentic rock area; C : Ordinary area;
Y : Yu tea plantation; G : Guiyan tea plantation; Q : Qishan tea plantation.

The tea plants sampling was done during April and May (Tea picking season). The
new shoots of tea plants were collected using the equidistant sampling method, described
briefly. The tea planting areas were divided into 5-equal sections. Three tea plants in the
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center of each section were considered as one sample, and 3-such samples were collected
from each section. Soil around the tea plant radius of 15-25 cm and depth of 25-35 cm was
collected. Each tea sample was dried for 60 min at 105 °C and thereafter dried to constant
weight at 80 °C. The dried samples were grounded to powder and sieved through 60 mesh.
This tea powder was used to determine the contents of hydrolyzed amino acids.

Hydrolyzed amino acids

The powdered tea leaves samples were subjected to acid hydrolysis following the
protocol in "Determination of amino acids in food" (GB5009.124-2016). The 2 g of above
tea powder was taken in hydrolysis tube, added 10 mL of 6 mol/L hydrochloric acid and
also added and 3~4 drops of phenol were added. Refrigerate the hydrolysis tube for 3~5
min, connect it to the suction pipe of vacuum pump, vacuum it - fill nitrogen repeatedly
thrice and then seal the screw cap after filling the nitrogen. The sealed hydrolysis tube was
placed in an electric blast thermostat at 110 °C. After hydrolysis for 22 h, it was taken out
and cooled to room temperature. Open the hydrolysis tube, filter the hydrolysate into a
volumetric flask, rinse the hydrolysis tube with small amount of water several times.
Finally, made the volume of water to 50 mL and shake. Take 1.0 mL of filtrate and dry
under pressure at 40 °C~ 50 °C. After drying, the residue was dissolved in 1~2 mL water,
then dried under reduced pressure and finally evaporated to dryness. The solution was
added with 1.0~2.0 mL of sodium citrate buffer solution (pH 2.2) and dissolve in dry test
tube. After oscillating and mixing, the solution was passed through 0.22 pm filter
membrane. The filtrate was subjected to Hitachi L-8900 automatic amino acid analyzer.

Statistical analysis

Data are presented as mean + standard error (SE). Excel software 2010 was used to
conduct statistics and variance analysis. Principal component analysis (PCA) and
correlative analysis were all conducted with DPS 7.05 software.

RESULTS AND DISCUSSION

Amino acids in fresh tea leaves

Table 1 showed significant differences in the contents of 11 of the 17 amino acids
detected in the leaves of 3-tea cultivars (Dahongpao, Shuixian, Rougui) investigated in
3-plantations (Yu, Guiyan and Qishan) of tea production. The 11 amino acids were:
threonine, valine, methionine, isoleucine, leucine, phenylalanine, lysine, glutamic acid,
glycine, serine and arginine. Proportions of the number of amino acids with significant
difference in Yu, Guiyan and Qishan tea plantations were about 74 %, 70 %, 65 %,
respectively. Among the 17 components, only phenylalanine significantly differed between
the Shuixian and Dahongpao or Rougui tea varieties, while other components were similar
in these varieties.
Principal component analyses

Graphical analysis of principal component analysis based on the total contents of
hydrolyzed amino acids in the tea leaf collected from different plantations showed that
Shuixian located in Qishan, Guiyan and Yu were in the first quadrant. While, Rougui and
Dahongpao planted in these 3-tea zones were distributed in the second quadrant (Fig. 2)
Rougui and Dahongpao varieties contained similar total hydrolyzed amino acid contents,
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which differed from contents in Shuixian. An additional principal component analysis of
total hydrolyzed amino acid contents set according to the cultivars indicated Dahongpao,
Shuixian and Rougui in the first quadrant when planted in Qishan, while the three tea
cultivars were positioned in the second quadrant, when planted in Guiyan and Yu (Fig. 3).
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Figure 2. Principal components analysis of different regions based on hydrolyzed amino acids
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Figure 3. Principal components analysis of different varieties based on hydrolyzed amino acids

Tea varieties : Principal components analysis of 17-hydrolyzed amino acids in fresh
leaves of 3-tea plantations found that valine, leucine, asparagine, lysine, glutamic acid,
arginine differed in Dahongpao in 3-tea plantation (Fig. 4). The leucine, asparagine,
glutamic acid, arginine differed in Shuixian. While, leucine, asparagine, lysine, glutamate,
arginine differed in Rougui (Fig. 4). In brief, leucine, asparagine, glutamate and arginine
were consistent in all 3 tea varieties.



41

Hydrolyzed amino acids contents in leaves of Wuyi Rock Tea

(g=t) S0°0 > 4 e S20UIIIIP ngﬁﬂ—m_m ”:ummm.ama MOT JWES © UT 513}13] 25BII2MOT JUIJIp _bg.._‘m? B3] ares 21} 10 910N

BCO'TFO9'9TT Q09 TFFE 90T LT TFICLY BRCTFLOOTT qEYOFLLPOT ICTTFE6'98 BOT'EFR60ET Q9TTFEIEIT 2EL'0FLE96 el
BZHOFPETT  BPEOFHOTT  BOPOF6STT BFTOFISTI  BOCOFISTT  BbPOFSHTT BCTOF68'TI  BCEOFLITI  BLUOFRETI  eemberedsy
BITO0FE6’S  BET'OFERC  BOLOFIL'C BET0F66'S  BETOFHR'C  BIT'OFP8'S BOTOFGT'9  BLEOFSR'S  BLIOFIRS SUITETY
ECTOFLT'S  BPTOF66F  BCT'OFO6Y BOVOFLE'S  BGIOFIT'G  EBCT'OFLOY BHFTOFOCC  BOCTFOLF  BOT'OF6IC aunoid
BETOFEL'E  BOTOFECE  BLTOFIOE BGOOFLL'E  BCO'0F99'C  BOO'OFIL'E ®60°0F80F  ERQOFCOF  BITOFE0V SUTPIISTH
BLI0FI6T  BEOOFPRT  BCOOFPR'T BOT'OFS6'T  BRO0F98T  BRO'OFT6T EBLIOFET'E  BTI0F00'E  BLTOFO0E SUERINS
BLOOFSLT  EBCOOFCLT  BCQOFPO'T BCOOFCL'T  BGOOFEOT  BOO'0F99'T BLOOFLOT  BR0'0F90C  BEO'0FE0T autalsk)
BGTOFOT'ET  QSTOFLTTT  2€C0F8E6  BHE0FO0'ET  QPEOFLETI  OTHFOFISS  BOI'OFGEET  960°0FILTT 20T 0FIT6 aurmgry
ECTOFI6E9  Q9T0FES’S  QPETOFLIY BITOFFR'9  qQLOOFPL'S  ITT'0FS6'y  ®BIT'0FROL  QET'0F8I'9  ITT'0F98V moAD
BLOOFLY'LT  qQIFQFETHT  9BCOFEI0T BICOFER'LT  QOI'OFPOFI 96T 0FO8'0T BCL'OF96'LT  AFTOF66'FT 26T 0FH0°TI AEWEIN[D)
BIE0FF6'9  QOEOFLY'S  20TO0F6I't BTI0FER'9  QETOFIOS  96T°0FCIy BOTOFITL  90T°0F909  2ITO0FFIS SRS
BIIOFILL  9pT0F6F9  dTTOFCE’S BITOFITL  QTTOFET9  OCTOFCOS  BHIOFO08  qTI'OFTOL  dLT'0F08S amsAT
BYTOTOCS  QST'OFT9TH  OTTOFEN'E BOT'OFOSC  OTT'OFIET  QET0FOI'E BETOFSLS  QUI'OFI8Y  OTIOFISE  umere[iuarq
BICOFIOTCT  qLEOFCL'6  29TOFOCL EBOCOFBTCI  QITOFS00T  2LT'0F6'9  BCEOFSTI  qSTOF6E0I  IST'0FLCS AU
BPTOFFO’L  QOTOFIES  9B0°0FHOF BETOFRLL  QOI'0FE09  ICT0FG0F  ®B6I'0F008  qTIOFIF9  ITTOFLLY SUIAS]OS
EC00F0L0  qT00FIS0  2[0°0FIF0 BEO0F8Y0  qQCO0FISO  2¢00FCFO ®BTO0F08'0  9C0°0F69°0  2TO0F0S0 SUTIRIRN
ELEOFE]’L  960°0FC99  WTOFITY EBIT'OFRO'S  QITOFOFG  26T'0RCY BITOFIES  QTI'OFCI'L  980°0FCTS aumeA
BPTOFCR’L  qST'0F809  20T'0FETH PBETOFCYL  Q6I'0FST9  ITTOFITH  BTIOFII®  QST'0¥89'9  2IT0FLEY SuTmosI L
ng weAIno TeysI) nx weAIng TeysI)) ng ueAInn eysI))

msnoy UBIXINGS oed3uote(y Tl

suoneuerd JUAIAJIP UT S3ABS] ©3) T[SAIJ SJUATUOD SPIOE ouTwTe ANAToIpAT Jo uostedmoy) 1 S[qel



G.. Liu

0

Shuixian

Dahongpao Rougui
1 -I — ;
* u - | .
05
*o o‘u01 0.5
* * *
_ .* : , ** o*
5 .HM * *s 5 L 0_. o * J L 1 & ¥ o 1 |
_ . *? . & &
44 5 25 +* A s s| |5 35 %4 25, s
05 te . . . .
-0.5 -0.5
® ®
a1 L
-1 L -1

Figure 4. Principal Component analysis of hydrolyzed amino acids in fresh leaves of 3-tea cultivars.
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Figure 5. Principal component analysis of hydrolyzed amino acid in fresh leaves of the 3 tea plantations.
o: Dahongpao; o: Rougui; A: Shuixian
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Tea growing regions : Principal components analysis of 17-hydrolyzed amino acids in
fresh leaves of 3-tea varieties found that leucine, asparagine, lysine, glutamic acid, alanine,
arginine could differentiate the tea quality of 3-varieties in Qishan (Fig. 5) and valine,
leucine, asparagine, lysine, glutamic acid, arginine discriminated the tea quality of
3-varieties in Guiyan and threonine, asparagine, valine, isoleucine, leucine, lysine,
glutamic acid, arginine differentiated tea quality of 3-varieties in Yu (Fig. 5). The leucine,
asparagine, lysine, glutamate, arginine existed in tea leaves in 3- tea plantations.

Amino acids contents in tea leaves affects tea colour, aroma and taste (25). Stronger
hydrophobicity of amino acids provides a stronger and bitter taste (15). Theanine [is an
ethylamine compound of glutamic acid, also known as glutamylphthalediamine, which is a
synthetic product of glutamic acid and ethylamine (decarboxylated product of alanine) (6)]
provides sweet and refreshing taste in tea (10). Nakagawa (16) found that nearly 70 %
sweet taste of green tea comes from amino acids (alanine and glycine). Amino acids with
branched chains (leucine, isoleucine and valine) provides bitter taste (1). In this study, the
specific hydrolyzed amino acid components of tea varieties were leucine, asparagine,
lysine, glutamate, arginine, these influenced the quality of different tea varieties. Based on
the Principal component analyses of amino acids contents in 50 samples of Longjing tea,
Zhao (25) differentiated the Xihu Longjing tea quality from teas produced in other parts of
China, due to the environmental characteristic amino acids of Glutamate, Arginine,
Phenylalanine and Tyrosine. We also got similar results in this study, leucine, asparagine,
glutamate and arginine of 3-tea varieties showed regional differences, and Yu > Guiyan >
Qishan, provided the basis for the development of ‘Rock Flavour’.

During the tea leaves processing, the theanine, glutamate, aspartic acid, phenylalanine,
tryptophan and tyrosine participates in the Maillard reaction, among which the
interproduct, glycosamine compounds, cannot develop the baking and frying fragrance,
but also the tea taste (7). Amino acids not only develops tea flavour, but also the tea aroma.
During the tea processing, amino acids can also be converted into some aroma precursors
(acetaldehyde, formaldehyde, methional-propanal) and other aromatic substances with low
boiling points. Polyphenols and their oxides can combine with the sulfhydryl groups in
glutathione and cysteine to form aromatic compounds, indicating that the content of amino
acids in tea leaves is positively correlated with the tea aroma and taste (17). Jang et al. (8)
studied the aroma substances in fresh tea leaves, and found that many aroma substances
are present in the fresh tea leaves as glycosides. These glycosides were released in the
process of tea production under the action of B-primrose glycosidase and B-glucosidase.
Cheng et al. (5) studied the changes in quality indexes in oolong tea during processing,
and believed that degradation of catechins and amino acids in tea produces the
nitrogen-containing heterocyclic compounds. Therefore, amino acids in tea are not only
related to the sweetness and taste, but also affects the tea aroma after processing. Amino
acids play an important role in the quality evaluation of Wuyi rock tea.

CONCLUSIONS

There were significant differences in hydrolyzed amino acids contents in different
tea varieties, especially in leucine, asparagine, lysine, glutamate, arginine. Compared with
Shuixian variety, the quality of Dahongpao and Rougui varieties was similar. Significant
differences existed in hydrolyzed amino acids among growing regions, and leucine,
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asparagine, lysine, glutamate, arginine contents differed in 3-tea plantations. Compared
with Qishan tea plantation, hydrolyzed amino acids contents of Guiyan and Yu tea
plantation were similar. These research results identified the source for improving the
quality of Wuyi Rock Tea.
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