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Abstract: Solar withering is the first and essential processing during Oolong tea manufacturing, which can improve and
develop a pleasant scent, especially for the floral fruity scent. The traditional technology employed hot air withering in rainy
days, which lacks of light radiation, the quality of Oolong tea has no fruit floral odour and the taste is niffy green and
astringency. In order to make up the light waves in rainy days or instability sunlight, an artificial light source could be
considered for quality improvement during withering process in Oolong tea. In this study, solar, LED (red, yellow, blue)
and dark treatments were projected for the test of physiological response, physicochemical, aroma, sensory evaluation and
efficiency. Firstly, the constant temperature and humidity containing LED resource withering device for Oolong tea was
developed, mainly including LED panel, air circulation channel, temperature/humidity transducer and uniform plate. The
temperature/humidity transducer was applied to control the fixed conditions; Air circulation channel was projected as a
medium to dehumidify and ensure the circulation of air in the box. Secondly, the test of physiological response indicated
that fresh tea leaves plucking from tea plants had a limited capacity to absorb light, the net photosynthetic and transpiration
rate of tea leaves increased at first and then decreased, reached peak at 10 ~ 15 min; However, the dark treatment
remained negative value( —2.5 pumol/(m’+s) ), mainly conduct respiration action, and when photo synthetically active
radiation was 300 wmol/(m*+s) , the time of withering by 30 min could be well. Thirdly, the test of biochemical component
indicated that treatments exposed to different light significances increased the content of water extracts, amino acid, soluble
sugar and flavones, boosted the conversion of polyphenol and decreased content of caffeine. Then, the volatile components
of different treatments were assayed by chromatography — mass spectrometry detection ( GC —MS). Principal component
analysis method was used to evaluate the results. In contrast to dark treatment, the relative content of alpha-farnesene and
nerolidol increased by 11.42% and 30. 65% , respectively. The score of aroma quality exposed to solar was the highest,
yellow and blue light had a bit better than red light, and dark treatment ranked the last. The sensory evaluation of quality
in raw tea showed a similar trend to the results of principal component analysis. Moreover, based on light withering , the
productive efficiency can be improved by 2.6 times, the grade of tea quality increased 1 ~2 levels, and the economic
benefit enhanced by approximately 63% . In conclusion, light can regulate and improve the taste and volatiles of Oolong
tea, selecting LED as an artificial light to substitute for solar withering could be a promising technology, especially for the
standardization during Oolong tea manufacturing.
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0 Introducti quality characteristics''!. The fine quality strongly
ntroauction

relys on several environmental factors during Oolong tea

Oolong tea is a type of special tea with high aroma, manufacturing, including light, temperature, humidity
which belongs to a kind of semi-fermented tea and and airflow ', Solar withering is the first and
main products in Fujian, Guangdong and Taiwan essential process, which can directly influence and
Provinces. The natural floral fruity aroma and green determine the formation of aroma and taste flavor* >’

leaves embroidered red shape are regarded as its The rate of overcast and rainy weather occurred 50% ~
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80% during the fastigium of Oolong tea manufacturing,
especially happened in high altitude mountain areas.
So fine material without solar condition becomes a
common problem in tea production regions. The
traditional technology employed hot-air withering in
rainy days which lacks of light radiation, thus the
aroma of Oolong tea has little floral fruity scent and the
taste is niffy green and astringency'® . Several hundred
millions Yuan of financial loss was caused by the bad
weather during tea manufacturing annually.

Some relative researches about artificial light
withering had been carried out. WANG et al. "’ and
ZHANG et al.'® sifted out several light wave bands
from sunlight by filtering material, and the full
spectrum was taken as control. The test showed that a
better quality could be brought by yellow light
( >520 nm) with 13 725 ~ 16 774 Ix for 30 min light
treatment and the accumulation of amino acid, soluble
sugar and aroma could also be enhanced. Huang et
al. ! indicated that the content of catechin acid in
black tea could be reduced by withering with red LED
and the content of amino acid could be increased by
withering with blue LED. In conclusion, the sensory
quality under red and blue LED withering treatment is
higher than that under indoor withering treatment.
JIANG et al. """ showed that fresh leaves of Maoxie
was irradiated under UV — B for 2 h, and then the
content of aroma could be enhanced. FAN et al. "
employed iodine-tungsten lamp to irradiate fresh
leaves, and the result showed that the score of aroma
under light withering was higher than that using indoor
withering. So far, most researches mainly focused on
sole light withering, the research that how to combine
LED with hot-air withering and obtain better quality of
Oolong tea in rainy days has not yet been reported.

As a cold light source, LED has the advantages of
widely optional central wavelength and narrow half-
wave breadth, which can save 83% and 54% energy
compared to fluorescent and incandescent lamp''2~"*.
Furthermore, LED  has more superiority on
characteristic spectrum than the other lights, and it has
been applied in facility agriculture of plant for
supplementary light'" "', Based on the constant
temperature and humidity containing LED resource
withering device, taking fen-flavor Tieguanyin as

research object, the solar, LED (red, yellow, blue)

and dark treatments were projected for the test.

Firstly, we analyzed the physiological response
characteristic and rule on postharvest leaves, which are
exposed to different wavelengths of LED, and the
response capability was evaluated for confirming
illumination time. Then, similar processing technical
was used to make primary tea for analyzing the
physicochemical, aroma, sensory evaluation and
a comprehensive

effect of

efficiency. This paper presents
evaluation and verification on the
supplementary light withering in Oolong tea by LED,
and provides a technical reference for the factorization

and standardization during Oolong tea manufacturing.
1 Materials and methods

1.1 Materials

Plucking Tieguanyin (one bud and three leaves) as
materials, moisture content of fresh leaves are (74. 6 =
1)%. The experiment site was located in natural
protection area of Meihua mountain ( altitude ;1 100 m)
in Longyan City of Fujian Province.
1.2 Apparatus and instruments
1.2.1 Apparatus

The constant temperature and humidity containing
LED resource withering equipment which mainly
including box, LED panel, uniform plate, heat pump
unit, humidifying unit, hydrofuge fan, air circulation
transducer,  and

channel, temperature/humidity

intelligence  digital readout control system was
developed by ourselves (Fig.1). The boxes were
installed three different wavelengths of LED which
including red LED ( (628 + 10) nm ), yellow LED
((595 £12)nm) , blue LED( (455 £10)nm) (those
LEDs were made in Shenzhen City ( Tuobang Co. ,
Ltd. ) ). Iluminate distance( between luminous surface
and fresh leaves) were adjusted to ensure uniform
intensity under different wavelengths of LED. The wall
of boxes were installed uniform plate which can remove
the effect of boundary and control the light intensity
reach a stable level at (300 +10) wmol/(m”+s). The
balance of temperature and humidity can be controlled
by heat pump unit which can heat in spring and
refrigerate  in  summer. Hydrofuge fan and air
circulation channel were projected as a medium to
dehumidify and the circulation of air in the boxes were

checked.



No.7 Chen Shousong, et al; Research on Quality Characteristic Using LED as Supplementary Lighting during Withering Process in Oolong Tea 3

(]

o~/ n .
o3 1
T & d/ 4
AR AR AR RN
:[ils Jl'a;mhm‘i:mmmm;im _

6

Fig.1 Sketch diagram of constant temperature and humidity
withering device by LED

1.Box 2. Controller 3. Hot air port 4. LED panel 5. Freshly

leave 6. Refrigerating system 7. Humidifier 8. Air circulation

10. Uniform plate

13. Heater 14. Fan

channel 9. Humidity transducer

11. Temperature transducer 12. Air inlet

15. Trundle

The postharvest leaves were tiled on cabient layers,
which can respond to light and heat rapidly under
condition of fixed environment, including temperature,,
airflow and light.

humidity , Then photochemical

reactions were motivated after absorbing and
transmitting, and numerators were promoted by high-
velocity motion and collision, stomatal conductance
was enlarged , moisture of leaves were evaporated, then
energy was released. The catalysis between precursor
substances and relative oxydic and hydrolytic enzymes
can promote the accumulation of primary and secondary
metabolites. Because of minishing cell turgor and
owner gravity, different leaf-position leaves were
flagged and leading to phase shift after dehydration

(Fig.2).
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Fig.2  Physiological change of tea leaves on light response

Others apparatus: several preliminary process
devices in Oolong tea which were purchased from
Fujian Jiayou Science & Technology Co., Lid.,

China. For example, a minitype turn over device

(Model 6CST-30), a fixation device ( Model 6CST-
90), a fast package device ( Model 6CSBG-22), a
panel package and malaxate device ( Model 6CBRP-
75), a bale breaking and sift powder device ( Model
6CSST-80) and a dryer device ( Model 6CH-54) were
used for this work.
1.2.2
A portable photosynthetic system ( Model CID-340,
USA) was purchased from Shanghai Zequan Science &

Instruments

Technology Co., Lid. A photosynthetically active
( Model GLZ-B, China )
developed by Zhejiang Tuopu Instrument Co. , Lid.

radiation  instrument
was used. A rapidly moisture determinator ( Model
SFY-60, China) was purchased from Shenzhen Guanya
Electronic & Technology Co. , Ltd. A temperature and
humidity recorder ( Model S500-EX, China) was
purchased from Shenzhen Huatu Measurement &
Control  Co., Ltd. balance ( Model
BAS124, Switzerland ) developed by Mettler Co. ,
Ltd. was used. The GC-MS instrument ( Model
6890N-5975B, USA) developed by Agilent Science
&Technology Co., Lid.

Several conventional detection instruments were also

Electronic

was used for this work.

used as containers and determinators in this study.
1.3 Methods
1.3.1 Protocol

Projecting four treatments of light withering; solar
withering (S), red LED (LR), yellow LED (LY),
blue LED (LB) and taking dark withering as control
(CK). The parameters of environment were set as
follows : photosynthetically active radiation (PAR) was
set at (300 £5) wmol/(m”+s) , temperature was set at
30C, relative humidity was set at 60% , thickness of
stalling leaves was set at 10 mm, and solar withering
was conducting at 16:00 ( PAR set at (300 = 10)
pwmol/(m”+s) ). Then, those leaves treated with light
withering were transferred to normal temperature for
indoor withering, and the finishing time of withering
process was evaluated by dehydrating to 68% . Finally,
primary tea was made by following technological
process of fen-flavor Tieguanyin.
1.3.2 Treating and sampling
1.3.2.1 Sample preparation

Plucking one kilogram leaves (200 g per treatment,
five treatments in total ) —Light withering (exposed to

light for 0.5 h , dark treatment (CK) for 0.5 h ) —
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Turn over under 20°C ( shaking and stalling for 10 h,
three circulation ) —Killing out under 230°C for 2 min
( little stab feeling) —Rolling (fast package and panel
package add in malaxate, eight circulation) — Drying
under 70°C by hot air (1.5 h)—Primary tea.
1.3.2.2 Sampling methods

Portable photosynthetic system ( CID-340, Zequan
Co., Lid., USA) was used to measure all samples
during dark conditions for 5 min at first, and then
turned to different light withering treatments. The light
physiological response index of the third leaves were
continuously measured per minute during treated with
dark condition for 5 min and treated with dark and light
conditions for 30min. Manufacturing of primary tea was
followed technological process of fen-flavor Tieguanyin,
and then those primary tea samples were frozen in
refrigerator at — 20°C. The samples were applied to
biochemical, aroma components, and sensory quality
evaluation analysis.
1.3.3
1.3.3.1 Physiological response

Indicators and methods

Open circuit mode was selected in photosynthetic
measurement system, and the parameters of that mode
were set as follows; leaf area was performed at
11.0 em®, pressure was performed at 101 kPa, air flow
was performed at 0.30 L/min, flow velocity was
performed at 0. 18 mol/(m” +s) , concentration of air
inlet CO, was performed at 0. 09 % ,and the data were
obtained by the average of all data measured during one
minute. The formula of net photosynthetic rate (P, )

was calculated as follows:
P, = ~W(ec,-c;) = —2005.39 AV—;L(,:O —¢)

(1)
in which V is volume velocity of flow, L/min; p is

. . 2
atomospheric pressure, MPa; A is leaf area, em™; T

is air temperature, K; W is flow velocity, mol/(m’+s);
¢, +¢; is volume fraction of int(out) CO,, %.

The formula of transpiration rate ( £) was calculated
as follows:

h —h.)eW
E= ( ro n)e.s % 10° (2)
p _hroe)'

in which

18 seAL
- 20%354.4

e, =6.13753 x 10 e' 755

e, 1s saturation vapour pressure at air temperature,

MPa; h
% .

1.3.3.2 Biochemical components

h,; is relative humidity of air outlet (inlet) ,

ro ™

Content of aqueous extract refers to GB/T 8305—
2002 ( full dose) ; Content of tea polyphenol refers to
GB/T 8313—2012 (foline-phenol) ; Content of amino
acid refers to GB/T 8314—2002 ( ninhydrine ) ;
Content of caffeine refers to GB/T 8312—2002;
Content of flavonoid refers to alchlor colormetry;
Content of soluble sugar refers to anthrone colorimetry.
1.3.3.3 Aroma components

Fragrance was extracted by HS — SPME ( Headspace
solid phase microextraction). Ten grams of tea fanning
were weighed up with 25 pL ethyl n-decanoate
(2 mg/ml) as an internal standard and added in
100 mL boiled distilled water. Then the mixture was
stirred on magnetic stirring apparatus at 450 r/min,
and readsorpted for 40 min after drying at 50°C for
5 min. Finally, the samples from previous step were
sent to injection port of GC — MS( Gas chromatography-
mass spectrometer) to desorb at 230°C for 5 min. HP-
SMS(30 m x0.25 mm ID x0.25 pwm) was selected as
chromatographic  column. The carrier gas was
99.999% with high purity helium at a constant
pressure mode. Temperature of injection port was set at
230°C. An Agilent 6890N-5975B autosampler was
used with an injection volume of 1 pL in splitless
mode. The temperature of GC transfer line were set at
250°C. The temperature of ion source was set to
230°C. EI was set as ionization mode and 70 eV was
set as electron energy. The oven temperature of the
first column was held at 50°C for 2 min, and then
ramped to 180°C (5°C/min), and held for 2 min at
the last temperature. The oven temperature of the
second column was ramped to 230°C ( 10C/min) ,
and held for 5 min at the last temperature. Finally,
qualitative and quantitative analysis were conducted by
database.
1.3.3.4 Sensory evaluation

According to GB/T 23776—2009, code evaluation
was carried out by several professors. Five grams of tea
fanning were weighed up with 110 mL of boiled water
and were brewed three circulation for 2 min, 3 min,
5 min, respectively. Comprehensive assessment of
sensory quality was based on weight function ( aroma

by 50% and taste by 50% ) by hundred-mark system.
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1.4 Data processing during dark conditions for 5 min at first ( Fig. 3a).

Excel and SPSS 19. 0 were used for data processing Then leaves could response to light rapidly when
and principal component analysis. opened LED illuminants, and net photosynthetic rate
tended to greater than 0 wmol/(m’+s) , including all

2 Results and discussion
kinds of light treatments. The net photosynthetic rate of

2.1 Characteristic of physiological response under tea leaves was increased at first and then decreased
different light treatments during light supplemental conditions for 30 min. Net
The fresh tea leaves plucked from tea plants were photosynthetic rate with solar treatment reached peak at

still alive, which have a limited capacity to absorb 15 min(8. 89 wmol/(m*+s) ). And net photosynthetic
light.  Changing rule and physiology response rate with red LED, yellow LED, blue LED treatments
characteristic of net photosynthetic and transpiration reached peak at 10 ~ 15 min(5. 32, 4. 69, 6. 65 pmol/

rate in different light supplemental treatments were (m”> +s)), respectively. However, dark treatment
performed as follows (Fig.3) . remained negative value ( — 2.5 wmol/(m” -s)),
It showed that net photosynthetic rate of all treated which may due to that the fresh leaves mainly conduct
leaves basically stabilized at — 2.5 pmol/(m” - s) respiration action.
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10 14-
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(a) Net photosynthetic rate (b) Transpiration rate

Fig.3 Changing rule of net photosynthetic P, and transpiration rate E of different treatment leaves

The changing rule of transpiration rate represented primary tea.
certainly discrepancy (Fig.3b). It showed that Compared to the control, the biochemical
transpiration rate of dark treatment was lower than all components showed significantly increased under
kinds of light treatments, which basically stabilized at different light treatments during withering process,

2
0.15 mmol/(m”-s). The gaseous exchange between including water extract, amino acid, soluble sugar,

atmosphere and  mesophyll ~ cell - decreased, and flavones (Tab. 1). All of them were benefit for the

dehydration rate was slow. The rate of dehydration formation of refresh and mellow taste. The blue and red

i inatel ith the light witheri . D .
inordinately was promoted with the light withering light treatments significantly promoted accumulation of

treatments and the rate was increased at first and then . .
the content of amino acid(1.86% ) and soluble sugar

decreased. The transpiration rate of leaves treated with
solar, red LED, yellow LED and blue LED reached
peak at 10 ~ 13 min(1.24, 0.45, 0.49, 0. 55 mmol/

(m® + s)), respectively. In conclusion, stomatal

(5.05% ), respectively. Solar and yellow light
treatments dramatically promoted accumulation of
content of water extract. At the same time,
macromolecular substances were transformed and

conductance could be enlarged, leaves moisture lost

rapidly and withering time could be shortened when reduced validly by different light treatments, which

fresh leaves exposed to light represent bitterness taste compounds such as tea

2.2 Changes of biochemical components under polyphenols and caffeine. The above results showed

different light treatments that light treatments not only accelerating the course of
Quantity on transformation or accumulation of water emission, but also promoting transformation and
different chemical components was conclusive to accumulation of small molecule substance, which
evaluate the abundance of internal substances in tea, eventually attribute to the extract velocity and durable

which influence the refresh, mellow and taste of brew in Tieguanyin primary tea.



6 TRANSACTIONS OF THE CHINESE SOCIETY FOR AGRICULTURAL MACHINERY 2016

Tab.1 Biochemical components of Oolong tea in different treatments

Parameters S LR LY LB CK
Water extracts/% 31.22 +1.61° 30.09 = 1. 74° 31.26 +1.11° 30.31 1. 38" 30.03 +1.25¢
Polyphenols/ % 12.35 £1.22°¢ 12.20 +1.07¢ 12.42 0. 98" 12.39 +1. 37" 12.75 1. 42°
Amino acid/% 1.72 0. 18" 1.70 +0.29¢ 1.75+0. 11" 1.86 +0.17° 1.62 0. 26"
Caffeine/ % 2.56 0. 38° 2.57 £0.42° 2.50 0. 221 2.62 +0.19" 2.68 +0.20"
Soluble sugar/% 4.96 +0. 52" 5.05 +0.61° 4.92 +0. 38" 4.96 +0. 47" 4.84 +0.31°
Flavone/ (mg-g~") 6.86 £0.79° 6.61 +0.68° 6.71 0. 54" 6.87 +0.62° 6.44 +0. 551

Note: The different upper case in the same row of samples treatment means significant difference at p=<<0. 05 levels. All the same as below.

2.3 Analysis of
different light treatments

aroma components under
Aroma factor in Oolong tea accounting for 35%
among comprehensive factor of sensory evaluation,

which is 5% higher than taste factor ( 30% ).

relative content of volatile

Although the

components in tea is occupies 0.01% of dry weight,

aroma

the major volatile aroma components have low threshold
and determine the formation of floral fruity flavor in

Oolong tea directly.

Tab.2 Relative contents of main aroma component of Oolong tea in different treatments %
No. Compounds S LR LY LB CK
1 alpha. -Farnesene 30.23° 29. 54¢ 30. 10° 31.73¢ 28. 10¢
2 Nerolidol 26. 65 25.18" 26. 86" 25.14° 20. 40°
3 Indole 12. 15 9.10 9.85 9.37 9.93
4 Hexanoic acid, 3-hexenyl ester, (Z)- 6. 81 7.62 8.61 8.20 8.36
5 beta. -Ocimene 4. 86 3.81 3.12 3.87 4.96
6 Butanoic acid, 3-hexenyl ester, (Z)- 4.25 5.87 5. 66 5.71 9.09
7 cis-3-Hexenyl isovalerate 2.03 2.23 2.27 2.07 3.72
8 (Z,E)-. alpha. -Farnesene 1.74 1.35 1.31 1.26 1.21
9 Methyl salicylate 1.34 0.15 - - 2.59
10 Hexanoic acid, hexyl ester 1. 15 1.19 1.42 1.32 1.25
11 Benzeneacetaldehyde 0.91 0.91 0.78 0.93 0.92
12 beta. -Phenylethyl butyrate 0.59 0.40 0.56 0.48 0.14
13 (E) beta. -Farnesene 0.58 0.58 0. 65 0.58 0.43
14 beta. -Tonone 0.54 0.42 0.43 0.42 0.34
15 Linalool 0.50 0. 66 0.43 0. 60 0.32
Note: “ —” means non-detected.

It showed that there was no significant difference
in varieties of the primary tea made by different light
withering treatments (Tab.2). The terpenes, alcohols
and esters were regarded as the main volatile types,
which make up more than 85% of the total aroma
content; Where in the terpenes usually presenting
delicate fragrance, and special floral and fruity-like
scent, which contribute largely to the aroma of Oolong
tea. The terpenes such as a-farnesene ( floral-like
odor) and nerolidol ( floral-like, wood-like and fruity
lily odor) as the main aroma-producing substance,

which accounted for more than 50% of total aroma

volatiles in the Tieguanyin primary tea.

The relative mass fraction of a-farnesene in different
treatments with ascending order of sequentially was
showed as follows; CK, LR, LY, S, LB; Dark
treatment was the lowest (28.10% ) and blue light
treatment was the highest (31.73% ). The relative
mass fraction of nerolidol in different treatments with
ascending order of sequentially was showed as follows;
CK, LB, LR, S, LY; Dark treatment was also the
lowest (20.40% ) and yellow light treatment was the
highest ( 26.86% ).

fraction of o- farnesene and nerolidol in primary tea

In conclusion, relative mass
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under light treatments were significantly higher than
CK
approximately 11.42% and 30.65% , respectively.
Thus, light

contribute to transformation and accumulation of floral

condition, and their growth rateg were

supplemental withering can largely
aroma components and enrich the flavor characteristics
in Tieguanyin primary tea.

To comprehensively determine the aroma quality
under different light treatments, HS-SPME and GC-MS
The
result which contains 48 aroma components had been
formed 5 X 48 matrix and were analyzed by SPSS 19. 0
Then,

according to the principle eliminating of variables,

were used to analyze fire different treatments.

software using principal component analysis.

minimum characteristic value principal component
corresponding to the maximum feature vector and the
other reports about main fragrance of Tieguanyin at
home or abroad were synthesized together, and the top
15 main fragrance components of all treatments were
analyzed and figured out. All those relative mass
fraction of fragrance components were greater than

0.5% and reached the smelling threshold, which can

meet and represent distinctive fragrance in quality

characteristic of Tieguanyin primary tea.

Raw data of 15 fragrance components which
mentioned above were re-analyzed using principal
component assay, and principal components ’
characteristic value and cumulative contribution rate

were accquired via standardization (Tab.3).

Tab.3 Characteristic value and cumulative

contribution rate of principal component

Principle Variance Cumulative
Eigennalue
components proportion/ % proportion/ %
F, 8.298 55.322 55.322
F, 4.706 31.373 86. 695
Fy 1.348 8. 989 95. 684

The cumulative contribution rate of first 3 principal

components reached 95.684% , and the variance
contribution rate of F,, F,, F; reached 55.322% ,
31.373% , 8.989% ,

characteristic root A was greater than 1. 000. Those

respectively, and  their
data indicated that the first 3 principal components
(F,, F,, F,) contain most aroma information, thus it
is reasonable to choose these components to explain
and evaluate all information of aroma quality for all

samples.

Tab.4 Load matrix on principal component

Components X X, X3 X, X Xs X5 Xy Xy X1 X X Xi3 X Xis
F, 0.634 0.992 0.360 -0.419 -0.476 -0.961 -0.973 0.638 -0.688 0.070 -0.432 0.982 0.919 0.830 0.970
F, -0.266 —-0.051 0.784 -0.809 0.850 -0.241 -0.073 0.753 0.590 -0.925 0.589 0.044 -0.389 0.524 0.181
Fy -0.508 0.079 0.472 0.304 0.057 0.052 0.121 0.139 0.408 0.273 -0.668 0.179 -0.018 0.039 -0.092

As the Tab. 4 showed, three principal components
(F,, F,, F,) were transferred to fully reflect the
integrated features of aroma quality in different
treatments by analyzing 15 indicator variables. Three
linear equations of principal components were
calculated based on load matrixs of each corresponding
principal component. The code of X,, X,, X;, X,,
Xsy Xey X7y Xgy Xoy Xy, Xyyy Xy, Xy Xy, X5

were represented relative mass fraction of a-farnesene,

nerolidol, indole, hexanoic acid ( 3-hexenyl ester) ,

B-ocimene, butanoic acid ( 3-hexenyl ester ),
cis-3-hexenyl isovalerate, ( Z, E )-a-farmesene,
methyl salicylate, hexanoic acid ( hexyl ester ),
benzeneacetaldehyde , phenylethyl butyrate ,

(E)-B-farnesene, beta-ionone, linalool, respectively.
The relationship between the load factors of each

principal component equation and corresponding

indicators were analyzed. The result showed that
cumulative contribution rate of the first principal
reached 55.322% ,

more than half information of aroma in samples. The

component ( F, ) representing
load factors of nerolidol and a-farnesene were 0. 992
and 0. 634, respectively, which were high-positive
correlated with the principal component equation F,.

the

isovalerate,, butanoic acid ( 3-hexenyl ester) and other

By contrast, load factors of cis-3-hexenyl

compounds representing green and grassy fragrance

were high-negative correlated with the principal

component equation F'.

Using variance contribution rates of different

characteristic values as F,, F,, F, weighting factors,

multiplying  each  principal ~ component  and

corresponding  weighting factor, and establishing

comprehensive evaluation model; F = 0.553F, +
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0.314F, + 0.899F,. The scores of aroma quality
under different light treatments were calculated by
comprehensive evaluation function F and then sorted by
score. According to the first principal component that
had greatest variance contribution, the higher F' value
of comprehensive evaluation model equation, the better

overall quality of aroma in primary tea(Tab.5).

Tab.5 Result of comprehensive evaluation

on aroma quality

Treatment mode F, F, Fs F Rank
S 39.70 -0.67 -4.13 21.37 1
LY 38.21 -7.29 -5.03 18.39 2
LB 36.90 -6.84 -6.49 17.67 3
LR 35.23 -5.84 -5.63 17.14 4
CK 22.60 -3.82 -3.27 11.01 5

According to principal component analysis, scores
(F values) of integrated features of aroma quality in
different treatments with ascending order of sequentially
were showed as follows; CK, LR, LB, LY, S. Based
on the thesis that “the higher F value, the better

integrated quality of primary tea” , the results showed
that solar treatment had the best aroma quality,
followed by yellow treatment, and dark treatment
ranked last.
2.4 Sensory quality evaluation under different
light treatments

Selecting aroma by 50% and taste by 50% as the
indicators of sensory quality evaluation (Tab.6). The
primary tea of Oolong tea with solar treatment showed
highest score (88.6) by comprehensive assessment of

While yellow and blue LED

treatments shared balance effect on quality, ranking

sensory evaluation.

second. In addition, score of dark treatment showed
significantly lower than other light treatments (p <
0.05), and lack of obvious fragrance accompanied
with green stuffy odor and slightly astringent taste.
Sensory evaluation of aroma factor agreed well with the
principal component analysis results. In sum, sensory
quality of primary tea in QOolong tea produced by
artificial lighting withering treatment was significantly

higher than dark treatment.

Tab.6 Result of sensory quality evaluation in raw tea

Treatment Aroma Taste Comprehensive
mode Reviews Score Reviews Score evaluation score
S Floral fruit odor; Heavy, enduring 90. 6 Mellow, fresh sweet 86.5 88. 6"
LY Floral fruit odor; enduring 88.5 Mellow, fresh Slight sweet 84.7 86. 6"
LB Floral fruit odor; enduring 87.3 Mellow, fresh Slight sweet 85.6 86. 4"
LR Floral fruit odor; Slight 86.0 Slight mellow; Little bitter, astringent 82.1 84.1°
CK Gentle scent niffy, grassy 81.4 bitter, astringent grassy 79.2 80. 3¢

2.5
Withering using LED combined with hot-air has

Analysis of economic and efficiency
much superiority ( Tab. 7 ). Compared to dark
treatment, supplemental light withering can shorten

3~4 h of withering time and improve production

efficiency by 2. 6 times per batch. Additional value of
primary tea can be significantly boosted applied with
this new technology, and grade of quality can be
enhanced, profits will be increased, and economic

performance can be improved to 63% .

Tab.7 Analysis on economy and efficiency

Withering Withering Production Energy cost/ Production Output value/ Profit/
mode time/h efficiency/(kg-h™')  (Yuan-kg™') cost/( Yuan-kg ') (Yuan-kg™') (Yuan-kg™")
LED and hot-air 1-2 13 8 18 45 27
Dark and hot-air 4-6 5 10 20 30 10

3 Conclusions

(1) Light using efficiency of tea leaves was not
The

photosynthetic and transpiration rate of tea leaves

increase along with time extension. net

exposed to different lights were increased at first and
then decreased, reached peak at 10 ~ 15 min. Overall
consideration on production cost, energy saving and
capacity utilization of optical energy, fresh leaves

exposed to light withering for 30 min could be well
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when photo  synthetically active radiation

300 wmol/ (m’-s).
(2) Compared to the control, the biochemical

was

components including water extract, amino acid,
soluble sugar, flavones were increased under different
light treatments and macromolecular substances, which
represent bitterness taste compounds such as tea
were transformed and

blue and red light

treatments can significantly increased accumulation of

polyphenols and caffeine,

reduced validly. Especially,
the content of amino acid (1.86% ) and soluble sugar
(5.05% ), respectively.

(3) Relative mass fraction of a-farnesene and
nerolidol were significantly increased by 11.42% and
30.62% , respectively. Based on principal component
analysis method, score of aroma quality exposed to
solar was the highest, yellow and blue light treatment
had a bit better than red light treatment, and dark
treatment ranked the last. The sensory evaluation of
quality in primary tea showed a similar trend to the
results of principal component analysis.

(4) Contrast to dark light treatment, the withering
time of Oolong tea can be shortened 3 ~ 4 h and
production efficiency can be improved by 2. 6 times per
batch treated with supplemental light withering. About
1 ~2 grade level of quality in primary tea can also be
enhanced and economic performance can be improved

by 63% .
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Research on Quality Characteristic Using LED as Supplementary
Lighting during Withering Process in Oolong Tea

Chen Shousong'  Jin Xinyi'? Lin Hongzheng'®  Yu Shaojuan' Zhou Ziwei' Sun Yun'’
(1. College of Horticulture, Fujian Agriculture and Forestry University, Fuzhou 350002, China
2. Key Laboratory of Tea Science, Fujian Province, Fuzhou 350002, China)

Abstract. Solar withering is the first and essential processing during Oolong tea manufacturing, which
can improve and develop a pleasant scent, especially for the floral fruity scent. The traditional technology
employed hot air withering in rainy days, which lacks of light radiation, the quality of Oolong tea has no
fruit floral odour and the taste is niffy green and astringency. In order to make up the light waves in rainy
days or instability sunlight, an artificial light source could be considered for quality improvement during
withering process in Oolong tea. In this study, solar, LED (red, yellow, blue) and dark treatments were
projected for the test of physiological response, physicochemical, aroma, sensory evaluation and
efficiency. Firstly, the constant temperature and humidity containing LED resource withering device for
Oolong tea was developed, mainly including LED panel, air circulation channel, temperature/humidity
transducer and uniform plate. The temperature/humidity transducer was applied to control the fixed
conditions ; Air circulation channel was projected as a medium to dehumidify and ensure the circulation of
air in the box. Secondly, the test of physiological response indicated that fresh tea leaves plucking from
tea plants had a limited capacity to absorb light, the net photosynthetic and transpiration rate of tea leaves
increased at first and then decreased, reached peak at 10 ~ 15 min; However, the dark treatment
remained negative value ( — 2.5 wmol/(m’+s)), mainly conduct respiration action, and when photo

synthetically active radiation was 300 wmol/(m’+s), the time of withering by 30 min could be well.
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Thirdly, the test of biochemical component indicated that treatments exposed to different light
significances increased the content of water extracts, amino acid, soluble sugar and flavones, boosted the
conversion of polyphenol and decreased content of caffeine. Then, the volatile components of different
treatments were assayed by chromatography — mass spectrometry detection ( GC — MS). Principal
component analysis method was used to evaluate the results. In contrast to dark treatment, the relative
content of alpha-farnesene and nerolidol increased by 11.42% and 30. 65% , respectively. The score of
aroma quality exposed to solar was the highest, yellow and blue light had a bit better than red light, and
dark treatment ranked the last. The sensory evaluation of quality in raw tea showed a similar trend to the
results of principal component analysis. Moreover, based on light withering ,the productive efficiency can
be improved by 2.6 times, the grade of tea quality increased 1 ~ 2 levels, and the economic benefit
enhanced by approximately 63% . In conclusion, light can regulate and improve the taste and volatiles of
Oolong tea, selecting LED as an artificial light to substitute for solar withering could be a promising
technology, especially for the standardization during Oolong tea manufacturing.

Key words: Oolong tea; light emitting diode; supplementary lighting and withering; quality; benefit
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Fig.2 Physiological change of tea leaves on light response
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Tab.1 Biochemical component of Oolong tea in different treatments
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H 3% 1 A%, 57008 CK AL FEAH 1L, o R AL 2
ERE THOWE BRMNKRE Y AL T
e BT A5 A AR R A3 B, N ) R M R T A
JELH IRV 1 T2 B, e LR W O LB Ab B i
TREBHNTYRIFZE(1.86% ), 409 LR kb7 i
FARHE T MR SRR (5.05% ), AL S &b
HLHOE LY PR FESE TOKBR Y SRR,
[ B, 2 B R ) R 43 PN 2 0 Do 4% 22 1 R o
BRSO E G AR T A SR
(S e UL i N1 S =3 i M i
PR T /NG 0 & W 03 58 U AL T RIS TR B I &
A RARTE T 803 B AT 1Y H 3R R oy R
2.3 AEAMAREAXMGREERESES TN

Bk &R HEE G BT
35% WAL SRR T 5 5% , BAR S R E A
AL AR S A T E Y 0. 01% (B2 K
A A A R AR, B e MR R T S kA%
MRRIY 2200 R A KR FRAE . AR LED ¥ it 25 98 2k
WLE B Y B s T A A S A R R ) B
%2,

HY 3% 2 W, A [ b 't 22 0 Ak B S A UL
ERBFTAFRZEFAR, IR B2 BRIy £
BLHERFM, HEERLETEN 85% LU L, Hrp
i S AL G W R 3 BN A O S IR R AR R
LG ER TR MOTRE R . FRA 0 a-ik
Wedss (AEAT ) FIRS 8 BURE (B &  RIE R/ FUK R H &
TR RNEEZEFYI, L EHRMW AT ER2THER
AEDH B 1 43 B0 509% LA o

R2 FRLEBEHAEEFITETSEHNIEXNRESH

Tab.2 Relative contents of main aroma component

of Oolong tea in different treatments %
F5 L&Y S LR LY LB CK
1 oW s 30.23" 29.54° 30.10" 31.73" 28.10"
2 B AE A 26.65" 25.18" 26.86" 25.14" 20.40°
3 g 12.15 9.10  9.85 9.37  9.93
4 O ERMEEES 6.81 7.62 8.61 820 8.36
5 B-THM 4.86 3.81 3.12  3.87 4.96
6 J-3-SMEETHEE 4.25 5.87 566 571  9.09
75 M B 2.03  2.23  2.27 207 3.72
8 (Z,E)-a-IEWeks 1.74 1.35 1.31 1.26 1.21
9 IKHERH R 1.34  0.15 2.59
10 AR CAE 1.15 1.19 1.42 1.32  1.25
11 R 0.91  0.91 0.78 0.93 0.92
12 B-THER A Z s 0.59 0.40 0.56 0.48 0.14
13 (E)-B-EWBHs 0.58 0.58 0.65 0.58 0.43
14 B-25 % il 0.54 0.42 0.43 0.42 0.34
15 Ffam 0.50 0.66 0.43 0.60 0.32

AN [) A0 B0 %0 B S o3 W A G I o
B /NI KM . CKLR (LY | S LB, J6 )t CK 4t
FEAE X 5 i 2 BRI (28, 10% ), 50 LB Ab 35 AH XF
JF R Bd s (31.73% ) o A [ b B A 4 76 AR AH
Xof 5t i o Bk N B R UG : CKLLB (LR (S LY, 5
Jt CK b FIURH X 57 5 43 A% (20. 40% ) , #5016 LY
Ab FHRH X6 5T 4 B e i (26.86% ) o B IR AL HE S E
AR o= WA RS 6 B0 1) R X B o oy B
FIEOh CK 2 P8 b 3, 0 K 43 )] 36 11, 42% Fi
30.65% ifi . BT LA #DBE A AER K
PR B AR HE TR BASIE IR A AL L 51
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BN T8 KU TR AE

BT LR VRN AS ) #h S 22 08 4 B0 2 B AT Y
S BT, AR T91 2 [ AR fi 26 B HS — SPME 454 GC -
MS S M5 2] 5 AR ) Ak B 4G 0 48 Bl F Sk
Gy KRS x 48 BHERE R SPSS 19. 0 B #E 47
S 53 43 AT, 4 B S 3k S /0N R AE AL 2 43 % 7 e K o
IE 1 i 1 72 o B0, 25 A B P A O TR R
S5 P TS A, A5 A [) A 3 A 00 o B R
N0 H R X BT 2 BCHE 44 1 15 Y A AL, BT
A B S 1 A X B 2 BORB K 0. 5% , K
(4 15 A B S50 1K B MR 1 {8, - 58 420 2 AR 3%
B R A I S TR AE

Xt 15 B AR 43 AR O T 0 B0 I A A B
BEAT 3B A3 AT, B o Ak A B S AR B 45 A 1Y
FRAE(E A 2T oTmkoR, W2k 3,

B3 A F R 4 o iR B 3T 5Tk R ik #
95.684% , £ M5 F, F, Fy 1 J7 22 BTl 5 45 5 by
55.322% 31.373% .8.989% , 3 H.{ii 3 4~ 7 1 4%
fEMR A >1.000,F, . F, Frm Qg gis BAF
R E B I EEmr 3 A~ F F, F, F,

HEAT B3 43 BT RE 8 78 43 i R AR DA AS [a) Ak 3Bk 0L
HEEFRENLIBEL.
xR3 ERSBMHEESEITTE@ER
Tab.3 Characteristic value and cumulative

contribution rate of principal component

By AL TEFER/ % R TTECR %
F, 8.298 55.322 55.322
F, 4.706 31.373 86. 695
Fy 1. 348 8.989 95. 684

2 4 AL Gl X 15 A6 bR AL B UEAT 0 A b
MG F 8o 3 AW FoF, Fy, i S AN [A]
A PRGBS R LA AR o AR A R
3 X0 L Y A R RS 3 A E R R AL B U7
Hop X, X, X X, X X X X X X XX
X X X5 or AR BN F & R 19 -3k e
W EEAEAURE 51 | R I TR 8- B AA 32
W3 T BRI B L (Z,E) ~a- iKW ORI
HlE CRROER KL B-TRALH. (E)-B-&
WE I B -5 2 B 3 Ao Tt S5 AR Jo 0 K

F4 TSI MEBEERE

Tab.4 Load matrix on principal component

IEE% Xl XZ X} X4 XS X6 X7

XX X9 XIO X]l XIZ X]} X14 XIS

F, 0.634 0.992 0.360 -0.419 -0.476 -0.961 -0.973 0.638 -0.688 0.070 -0.432 0.982 0.919 0.830 0.970

F, -0.266 -0.051 0.784 -0.809 0.850 -0.241 -0.073 0.753

Fy -0.508 0.079 0.472 0.304 0.057 0.052 0.121

0.590 -0.925 0.589 0.044 -0.389 0.524 0.181

0.139 0.408 0.273 -0.668 0.179 -0.018 0.039 -0.092

3 A M 4% 2 B AR A R B S X SRR
O R AT, 56 1 E R (F,) B B3t 5Tk % 5 5
T55.322% RFET —F L EFESMHEL, I HBEM
TR AR R 32 A A R R BURE R o3 R 1Y
A RS A R 0.992 F1 0. 634, 5 F o i iR F
LR B IR M OGS A R R 00 R I I R L JID-3 -
O i T 1 55 20 T R A L R P R
JE 1R OG

VIS [FRFAEAR (4 J7 25 SR AE F, L F, (FL (1
PR B, 48 3 B X 1 F0 AR TR) 45 A B 5 22 52
TR AU E A T R M S LE G P M AL F =
0.553F, +0.314F, +0.899F, , 4 & VEM BR %L F 1T
AR AL B R0 3 B 2 A A Ay IR R RN
Ivi) BN AR 48 7 22 Bk R de KA 55 1 804 43 Hr T
TN BT T RN F K, BN AL T
AT . AP A RILE S,

AT AT LR A BT A A A RD O 25 R A R
WMEBRNEFEARRLGE S F R &R
CK.LR.LB.LY S, {1 F F K, EXNEFEILLGAR

x5 BEREGZAIIENER
Tab.5 Result of comprehensive evaluation on

aroma quality

ﬁﬂgjjit Fl FZ F3 F ﬁr’_\?’
S 39.70 -0.67  -4.13  21.37 1
LY 38.21 -7.29 =503  18.39 2
LB 36.90  -6.84  -6.49  17.67 3
LR 35.23  -5.84  -5.63 17.14 4
CK 22.60  -3.82  -3.27  11.01 5

U, Al H e S AR HE TR R A URUR f i, B
Je LY AEBERZ, Jo)t CK Ak B fIK .
2.4 AR AZRANHKNEEFREE mBUTN

AN TR 622 U A B ) K 0L B A IR DT 2
R 6,

AR R 50% 0k 50% o4 JECE a5V Y 5 AR
(W 6), HOt S 2 4 b 2R AT i 2k W& & 2% BCE 3T
Wi, LG WM A0 15 5 88. 6, #00 LY | i)t LB
A PR SR 2, TEOt CK AR FRTC W] 8 A SOF R A
Fol IR | 325 R W% 35 R, S IR T AR e IR AR B4 )
(p<0.05) , L7 M CE WO 55 &% Ak B A LA
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I3 B E AT o Hr e RAW) G, #b O 25 0 Ak Bk UL
TR IERCE A TAR B T 0O CK AR
2.5 ZFMEmAM

B A e R ZE R LAl I, 45 & LED #hok 2
PR ZPE (R T), SE5EHRNTO6E

P EL , At Uk B 25 08 I R 4 48 3 ~ 4 b, AR 773K
RPE T 2.6 A% 5 i BT b 22 B Ak 4 O T2 A,
PRIUH B A AT R 3 4R RO B R A BRI, aT
P 1 ~2 A BAE G, BB 17 Je/kg, 2 TF AL
fi & i 63%

R6 EFRERRHTER

Tab.6 Result of sensory quality evaluation on raw tea

TR AU i )
fib 38 7 =X A TR AR5
Wil (E Wi 2453
S TERTF B BB F A 90. 6 it J5 6 5 [ H 4 86.5 88. 6"
LY ERFRE;HA 88.5 TREE R 5 B A 5 o [ 84.7 86. 6"
LB RBERL ;A 87.3 Ti52 5 5 2 5 W [ H 85.6 86. 4"
LR BRI 86.0 R 0 W 3 5 W ] 82. 1 84.1°
CK o SO ol bR 81.4 B 02 5 W 5 R 79.2 80. 3"
x7T EFMBELHN
Tab.7 Analysis on economic and efficiency
N N e &Y AEFE M A/ He 7 N AS FRE/ FilE
e D % 4 T/ » o o o o
(kg-h™") (Ji-kg™) (Ji-kg™) (JC-kg™ ) (JC-kg™)
LED + # 1 ~2 13 8 18 45 27
Tot + R 4~6 5 10 20 30 10
i LR 4b B 3502 ME T T MR A R AL B2
3 Hig

(1) 30 3 5 A T o 4 At R A R 1 i
RS % B« M 5 6 R A3 9 7 i O B i ) 2
M TF S, B X R [ O R AR B N S AE 10 ~
15 minfif ik 5 W (8, SR )5 B W T M. 48 % 184
JRAS 5 ZRE IR L R R G REBE ) 4 DL IR
3 B > 300 wmol/ (m® «s) B, Y6 I8 30 min W] i 2 ik
L 6 25 0 R B BRBE R SR

(2) 5T 625 P4 A LL, A6 25 0 48 5 T B0
BAHKR MY LR TV R LR
PE T 25 ST AL I AR T ol e, R AU T
SRR R K HERR T LA [ P M A0 T R R R
T A R XU BT B, U 5O LB b
BERETEAERNTYNHRR(1.86%), 4%

(5.05% ) ,

(3) 2T GC— MS Ml F Bl 40 Hr 45 4k BEL Y 7 <
Hor W LED I H 6 2 08 A B 0 e 2 08 0 35 P
TR B 1 2 WA Y o2k WE M AR AE X
TR ) R X T, P S Rl Dy 11 42%
30.65% . i T R W, HOL (LED 2 AL
B LR A o e TIOEZE AL B, AU B,
LED #% ¥ 0t 25 i Ab B A SO00 A 28 5 PR s A0 T
LED 2063, 5% A BB 20 & U TSR R
B2

(4) BJp7% LED JeZE i £ AR J5 ik 5 e G R A
RICHEZ2 4 T07 sSAH LG, AT 4 2= 94 FH IS 3 ~4 h 42
A ERR 2.6 Al Pl B R A T B 1 ~ 2 A AE
P, UL AR R 63% .
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