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Effects of Withering Temperature and Humidity on the
Quality of White Tea

(II) Quality of White Tea as Affected by Duration of Withering Condition

Jin-Chih Lin'  Shih-Shiung Chen’

TTES, COA

Abstract: Experiments were conducted from the fall 1994 through spring and summer of 1995 to
investigate effects of withering temperature, humidity, and duration on the quality of white tea.
Young shoots of a bud with two leaves harvested form ten-year-old tea (cultivar TT17) bush, which
going on the Taiwan Tea Experiment Station, were used for withering experiments. Double split-plot
design with three replications was applied to three crops of tea under controlled temperature and
humidity. Three levels of withering temperature, 18, 25, and 32°C consisted of the main plot. The
subplot were three levels of relative humidity, 40, 60, and 80% the sub-sub-plot consisted of three
withering periods, tea leaves were dried after 40, 50, and 60 hours of withering respectively. Panel
sensory test were practiced to determine qualities of white tea.

Response surface analysis suggest that tea leaves withering under low temperature with high
humidity, 18°C for the spring, and 20-25°C for the summer and fall, with 80% relative humidity to
40-50 hours, are essential to a better quality of white tea.

Key words: White tea, Withering, Temperature, Humidity, Quality

1. Associate Agronomist, Taiwan Tea Experiment Station, Yangmei, Taiwan, 324. R.O.C.
Professor, Department of Agronomy, National Chung Hsing University, Taichung, Taiwan, R.O.C.



140 R RN A P E RN AN E s S
AT 5

FRAFRADALG T HEAGR 4 F BARFEARE - RATRS
MR BRI BTG —HEEH - REOL L TREZ TR FLAOBE Y
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REREETF XU TRESWAE -

BRC1993)FIF £ 85 1 B % ety B3k BB A S BRI B R S R ERA AR B 4
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Fig. 1. Sensory evaluation sheet for panel test of white tea.
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BEZERDIPSH UL EABE  BITEFT O -

BR2G T o ERBET AR ELTEEY BEME(SFEMZ 2B ) B iE%—
RAAE S RIS - AR EHA AR KE - FARGTEE (K 1) B
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Table 1. Analyses of variance for sensory evaluation of white tea as affected by withering temperature,
humidity, and time treatments (spring, 1995).

Source of variation df Appearance Color Aroma Flavor Overall sensory
Block (Judge) 5 NS NS NS * NS
Temperature (T) 2] ®kok ek *ok Kkk Hkk
Linear 1 Hokk k% Heokk Ekk *okk
Quadratic 1 NS ok ok Kook ok
Error (a) 10
Humidity (H) [2] ek ok Hokk ek Rk
Linear 1 Rokk ook dokok dokok dokok
Quadratic 1 ok NS sk # o
T*H [4] sheoksk sk NS * A kok
T, *H, 1 ok ook *ok sk *k sk
T *Hq 1 *k NS NS NS NS
To*H, 1 ko ook * * ek
TS*HQ 1 o+ ok *k *ok * doskok
Error(b) 30
Time(P) 2] *okok ek e ok ke sk
Linear 1 Hokeok ok Hesdeok Kok ok Rk
Quadratic 1 * NS NS NS NS
T*P [4] ok ok ok ®okk ek Kok
TL*PL 1 sdeskesk % Hokok dekk Fokk
T, *P, 1 NS NS NS NS NS
TQ*PL 1 NS ook * koK *dk
Tq" Py 1 NS * NS NS NS
H*P [4] i * NS NS NS
H, *P;. ] NS ¥ NS NS NS
H, *Pq 1 NS NS NS * NS
Ho*P, 1 i NS NS NS NS
Ho*Pq 1 NS NS NS NS NS
T*H*P 8 £ 3 Aok ok ok Hokok Heoksk
Error 90

*, %, F*% Significant mean square at the 0.05,0.01,0.001 probability levels, respectively.

RESHERBTERLE - REAEEZE R F £ 508 R LM KRB 45
EKE o HEFRAKMERE RAMEKR(TX H -~ Hx P)RMF(Hx P)REE » KBYiEE
REKEGKR D b—ERET > 2ARE BEAHMREHUAZ GRS ALENERE
HIR o BbS BT OW T T A XSRS T HEROBERBERSE_RGERE - A
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TEBREH DI > RTHRERSEGXLYEZERE - BEISHE - APy -f o WEkEN
RIZESRRIE  MEAHMZIEE  GXLEHE -
%ﬁﬁﬁﬁ%ﬁﬂxmzi&ﬁ@%é%%ﬁz%%xﬁ%v%uﬁﬁ%%ﬁﬁﬁﬂs
CR TR REO0%£E)TEEZ AR TRIFR GNP GXLYRELLEBBERS -
RERGRAME GRREES - il £RABEREASH(H P2 XA He FERA
RERIEF LB RCTBE > HUBRGZARHIRE(B0%) » £ 50 I AL GRKP2E
R BRBMEITHEARGFY > B2 OXLERIE -2 EHEBERE 60%UT &
RFZZER ~ Bk PLLBIT B £ 805 P38 E M IR -
A= RABRE  BEAHMREHIZARTRLEBEZSF M

Table 2. Analyses of variance for sensory evaluation of white tea as affected by withering temperature,
humidity, and time treatments (summer, 1995).

Source of variation df Appearance Color Aroma Flavor siveml
sensory
Block (Judge) 5 NS NS NS * *
Temperature (T) [2] i ol * ok ok
Linear 1 Hokok st ko ok ok sk sk
Quadratic 1 ek ok NS ook *ok ok
Error (a) 10
Humidity (H) [2] ok *k sk o ko ok
Linear 1 Hokk ok *okok sk Ek%
Quadratic 1 L i NS NS NS
T*H [4] *okk ok ok NS NS ok sk
T *H, 1 kkk NS NS * * k%
T *H, ! ** NS NS NS NS
TQ*HL 1 *kk kg NS NS *
TQ*HQ 1 *k ok seokok dokok k%k%k ko
Error(b) 30
Time(P) [2] Hokk Hkok NS ok Kok
Linear | dokk ek NS ks ook
Quadratic 1 NS ok NS NS NS
T*P [4] *ok * kK ok Kok ok *kok
TL*pL 1 kkok ook ok okok dkok sesksk
T *Pq 1 NS HkH NS NS NS
To*P, 1 NS sokk % * NS
Tq*Pq I NS ok NS NS NS
H*P [4] 3k sk ¥k NS NS ook
HL*PL 1 *kk ek NS NS *
H *P, 1 ok NS NS NS NS
Hy*P, 1 NS i NS NS NS
Hq*Pg 1 ok *k NS * ok
T*H*P 8 *kk *kk NS NS *
Error 90

*, %%, #** Significant mean square at the 0.05,0.01,0.001 probability levels, respectively.

RAZET M ERBT  LEBAREEE ¥ BER MRSk A48 RS I -
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Eep A% BT AP A H ORI - RERFRESLEE AL E—KR -2 A8
BERMM AR FEME  BERALASE EREREES B EEEEAE o &
HFRZBEFXRXAEBRAEEAGRZIR(x P)H BRI SR B ERBREN » B4
REGEMPBREKE(R 2) - BMERBTERAR - BERAMMAREHIZG XML - KE
B PR AL A R - :

R FRAXEZAFRAR(MX Hx PAEE - £ABEMEE(Tx HZREFHE 12
FRABREEINEMEE  FRABEIEINEREYE FRVEALLE_FHAEERE » BT
BRAFARRINERBRERBEZLYE - X 1KEB(18C)SBGBONEHTEA » FAR
1

RE~FZRBRE REAFHREHKFARXTRSEGRZEIE I 0N
Table 3. Analyses of variance for sensory evaluation of white tea as affected by withering temperature,
humidity, and time treatments (autumn, 1994).

Source of variation df Appearance Color Aroma Flavor ?e:g:l}]l
Block (Judge) ) NS NS g i NS
Temperature (T) 2] dok dekok * *ok sk
Linear 1 Hokk skokk sk *kok s*okk
Quadratic 1 % NS NS NS NS
Error (a) 10
Humidity (H) [2] HEE " NS NS wAE
Linear 1 okok i NS NS sk
Quadratic 1 b ke NS NS whd
T*H [4] kkok * NS *%k Aok ok
T, *H, 1 ok * ek sk kg
T *Hq 1 Lk NS NS NS "
To*H, 1 NS NS NS NS NS
TQ*HQ 1 Rk ook NS NS 2
Error(b) 30
Time (P) 2] NS b NS NS NS
Linear 1 NS L NS NS NS
Quadratic 1 NS NS NS NS *
T*p {4] *okok sokok ok *% ok %k
TL*PL I kokk H#okk Hek ok Heskk
TL*PQ 1 Fokok * NS NS 0k
TQ*PL ] kokx NS Hek NS doksk
Tg*Pq 1 NS NS NS NS NS
H*P [4] ok ok ok ExS * $okok
H *P, I ek - NS ¥ NS -
HL*PQ 1 dok ok *keok %% * * k%
HQ*PL 1 kK Fk NS NS Hokk
Hg*Py 1 NS NS NS NS NS
T*H*P g *okok sk ok ok * skokok
Error 90

*, ®* ekkSignificant mean square at the 0.05,0.01,0.001 probability levels, respectively.
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(Y)=18.4-2.1X, +1.3X, - 03X, +0.2X? +0.7X,x X, +0.6X? — 03X, x X,
+0.9X,xX,+04X2(R>=0964" B 2)
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Fig. 2. Scores of appearance of white tea by sensory evaluation of panel testing as
affected by withering treatments (spring, 1995).
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Table. 4. Design matrix and sensory evaluation scores for response surface analysis of white tea

(spring, 1995).
Temperature. Humidity —Time

Treatment X1 X2 X3 Appear. Color Aroma Flavor Overall

C) (RH%) (HR) sensory
1 -1 -1 0 20.8 14.5 18.6 19.0 72.9
2 -1 0 -1 21.3 14.6 18.6 18.9 73.4
3 -1 0 1 212 14.2 18.8 19.3 3.5
4 -1 1 0 21.1 14.3 18.4 18.6 724
5 0 -1 -1 18.7 12.9 17.2 17.5 66.3
6 0 -1 1 16.5 10.1 15.6 15.3 57.5
7 0 0 0 18.4 131 17.3 17.5 66.3
8 0 0 0 18.4 12.3 17.1 17.1 64.9
9 0 0 0 18.4 12.5 16.9 17.2 65.0
10 0 1 -1 204 14.1 17.4 17.5 69.4
11 0 1 1 21.9 13.0 18.1 17.8 70.8
12 1 -1 0 15.7 11.3 15.8 15.7 58.5
13 1 0 -1 17.4 12.6 16.2 16.7 62.9
14 1 0 1 16.1 122 15.8 15.8 59.9
15 1 1 0 18.9 12.5 17.2 17.6 66.2

Temperature: -1(18°C), 0(25°C), +1(32°C)
Humidity: -1(RH40%), 0 (RH60%), +1(RH80%)
Time: -1(40HR), 0(S0HR), +1(60HR)

RIAFINRI L RBE) ~ FRIOO)ZRBE - BEBBEN)Z AR > &S
2 32CRZ A1 PIBZ 25CAZ 00 KBz 1I8CHKAZIA—1 » AR L RE
HEREAT  FIHEARE= AR EN 2R ESOE 4T

32C 1 Y=166+2X, —06X, +06X2 +09X, X X, +04.X>

25C : Y=184+13X, —03X, +06X? +09X, X X, +04X?

A

18C 1 ¥ =207+0.6X, +0.6X2 +0.9X, X X, + 04X

TRHERIMAHZRBE - R REE 0 B Ll 508 X888 S 805 5] 0% 3 (+
120 —DRARBEHBFREAT  TRIFELEABE-ZEAYRIR B GHEX LT

RH80% : ¥'=203—13X, +0.6X, +02X> —03X, x X, + 04X’

RH609 : ¥'=184-2X, 03X, +02X? —03X, X X, + 04X
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RHA40% : ¥'=17.7-27X, —12X, +02X> —03X, X X, + 04X

R BRI ZREE - BEZREN  BEAFMI ZEAEAREHR(+1 0 —
DERAREGHBFRZAT » T 55 RAF BRI S R RE ¢ @K -

60HR : ¥'=185-23X, +22X, +02X> +07X, X X, +06X>
SOHR : ¥'=184—2X, +13X, +02X* +07X, X X, +06.X?

40HR : ¥'=191-17X, +04X, +02X> +07X, X X, +06.X>

BUL=ZRERAF=FRANBR MBS GH 2K L Surfer Access system 4B #3845
B TP AEAERNRAREAREFR»RBRZGTE(E 2) - aXFEEEENE 0 AL
PP S4E 3096 B TERGMH FHRE PERZ ORI BREDRTLERLYE B
Fae¥t - ERFBEGHTERET  8CKET » A KARGHMER  2hza)k
SMRELKETEL  AXIMRIIFIRS - RARERBEANTT » B ARG ER &
FIMREE - ERBEAFET » HURRERRIET UGB SE0ME - £8m2 o 284
&R (18°C) % B (60-80%0) 42 B FI(A0HR) £ B e 54 T » £ A Z G XM B & » 48t -
ZEABR RARRFMEET o R kKRB XX E5H £ LA LE
SRS 5 o
HEREFAREZRIEHBEA L

(¥)=12.6-1.1X,+0.6X, - 06X, +0.7X} +0.4X,xX, -02X2+04X,x X,
+0.1X7 (R*=0.871: @ 3)

FARBEHZRBEGDE - OXXFZRKEAFTELFMARLE  THRLPFTEERSY
Fo o BRERBT ) ARFBAGEGT AR RFRELAMARMENEAGGTRAEFS
BRALEE » iPIRMBAKEIRA K - ERELREAHT 0 HUMRE - S EA 0 6 KE
Bt - AR EAFEMT » A SURBARBEME - KEFSARGEE - EBAT » 15E
B(18°C) ~ 5 i&(80%)4a B FI(40HR) £ 8 » G R K itk -

AERXFRZREHBHELS

(¥)=17.1-12X, +0.5X, —0.1X, +03X2+ 04X, x X, +0.1X2 - 02X, x X,
+0.6X,xX,-0.1X; (R?*=0.959 B 4)
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Fig. 3. Scores of color of white tea infusion by sensory evaluation of panel testing as
affected by withering treatments (spring, 1995).
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Fig. 4. Scores of aroma of white tea by sensory evaluation of panel testing as affected
by withering treatments (spring, 1995).
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(f)=113—L1X1+a5X2—03X5+aaxﬁ+05X}xX5—04xj—03X;xxg+05X5xxg
—-0.1X; (R* =0.966 @ 5)

EREBRERST » ERBAFCEEER—K - ERERESET  BERDS - LA
R HREEE c HERAHR T » HURBIRARIZZ G X FH8S - EERHZ -
FRADDARE ~ IRIARSEIFR £ - Bkt o

FREFZRESHBHEAS

(F)=65.4=5.6X,+3X, ~1.3X;+1.7X} +2.1X, x X, +0.3X2 —0.8X, x X, 2.6 X, x X,
+03X2 (R? =0.959 [ 6)

AXREBEMRMHT » MRB(I8C)ZF SRS AHARFHRCREHI LA Gt
RS ERFBEAST  BAQE  £ANMAE XL TRE o A LEE
MmE AR BEBMGEFTER  GREPTLRT - LBMH T XA RKES - 58
BUERRER A RzEaRDEEME -

(DR FZRIEdh @ oH7
ERERLIFER(RS) EREW BT ERIIRRESBEX S

dh=16—ai¥¢aaX2—a2X5+Q7Xf+05X§_04Ay&X3+Q9X§a¥:=0996

AELRE AT  RBI8C)ZAEN M LA el it - $RREER T » B
PR AEET 208 0 TR - EXAREASHERET » £RBIBZE - BE K
BRMREE - dAHBREREN ) REREOXNMRR AL LBES > LRSS
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Fig. 5
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Fig. 5. Scores of flavor of white tea infusion by sensory evaluation of panel testing as
affected by withering treatments (spring, 1995).
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HERXRBFAME  ZAKRBIST)EAT » AINBHARFHER Rz aXFa8
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HRBEZEGRFREBENS > AFEBBE 27.7C » B 49.6% » %8 51.9 o5454TF »
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Table 5. Design matrix and sensory evaluation scores for response surface analysis of white tea

(summer, 1995).
Temperature. Humidity

Time X3 ) Overall

Treatment (z({:l) (R)é%%) (HR) Appear. , Color Aroma Flavor sensory
1 -1 -1 0 23.0 15.9 17.1 18.4 74.3
2 -1 0 -1 23.8 16.1 17.7 18.1 75.8
3 -1 0 1 22.6 15.4 18.5 19.1 75.7
4 -1 1 0 229 16.0 18.2 18.7 75.7
5 0 -1 -1 19.6 13.6 17.1 16.9 67.3
6 0 -1 1 19.2 13.3 16.5 16.5 65.5
7 0 0 0 18.2 11.5 16.2 15.8 61.7
8 0 0 0 18.2 11.3 16.0 16.0 61.5
9 0 0 0 18.0 11.7 15.8 16.0 61.5
10 0 1 -1 21.8 15.7 18.3 18.8 74.6
11 0 1 1 19.0 12.9 17.6 17.3 66.8
12 1 -1 0 172 11.8 16.3 16.2 61.5
13 1 0 -1 19.5 15.8 17.5 17.9 68.7
14 1 0 1 16.7 11.7 16.6 16.5 614
15 1 1 0 19.5 11.9 17.3 17.9 66.7

Temperature: -1 (18°C), 0 (25°C), +1 (32°C)
Humidity: -1 (RH40%), 0 (RH60%), +1 (RH80%)
Time: -1 (40HR), 0 (S0HR), +1 (60HR)
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(Y)=15.9-0.7X +0.6X,—0.3X, +1.2X7 +0.4X,x X, +0.7X;

—0.6X xX,-0.3X,xX,+0.8X; (R* =0.980)
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BERK GRS E - 2EMT 2SR RERAKBEHEANERLT  GRXE%k%S -
BRI @A EEBAREA281C  REAS0% » £ 52.7 165> AR TAE
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(¥)=61.6-54X +1.9X, —2.1X, +4.9X2 +1.0X xX, +3.1X] —1.8X,x X, —-1.5X,

x X, +3.9X; (R*=0.998 & 7)
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(1) =19-22X +0.9X, +03X, —03X? +1.3X XX, +1.4X2 —0.4X XX, +2.2X XX,

~0.7X2 (R*=0.920)
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Fig. 7. Overall sensory evaluation scores of white tea by panel testing as affected by
withering treatments (summer, 1995).
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Table 6. Design matrix and sensory evaluation scores for response surface analysis of white tea

(autumn, 1994).
Temperature  Humidity Time X3 Overall
Treatment X1 X2 Appear. Color Aroma Flavor
. (HR) sensory
(C) (RH%)
1 -1 -1 0 220 16.6 19.1 19.1 76.9
2 -1 0 -1 21.0 15.7 18.4 18.5 73.5
3 -1 0 1 22.0 16.5 19.0 19.0 B3
4 -1 1 0 223 16.8 18.5 18.3 739
5 0 -1 -1 21.0 15.6 18.9 19.0 74.5
6 0 -1 1 17.5 15.0 18.2 18.5 69.1
7 0 0 0 193 15.2 18.7 18.5 T
8 0 0 193 153 184 184 113
9 0 0 0 18.4 152 18.6 18.3 70.4
10 0 1 -1 174 15.0 17.2 17.8 67.5
11 0 1 22.7 16.0 19.3 19.0 76.9
12 1 -1 0 16.4 13.9 17.1 17.3 64.7
13 1 0 -1 15.9 13.6 18.0 17.5 65.0
14 1 0 1 15.2 13.8 17.6 17.6 64.2
15 1 1 0 21.9 15.8 19.0 18.9 75.6

Temperature: -1(18°C), 0(25°C), +1(32°C)

Humidity: -1(RH40%), O(RH60%), +1(RH80%

Time: -1(40HR), O(50HR), +1(60HR)
AR IKEZRIES RS

(1) =152-1.LX+03X, +02X, +0.4XxX, ~0.2X, X X, +04X, % X, ~0.4X (R =0959

AR EEREF IR G — B BB BRBIIEH T 0850 AL ket
KRR FRLREHGER S

db:1&6—&4¥¢&ug+02x;-01Xf+&anX5—aanxxg+07x;xx;—azxf
(R* =0.892)

AR ISCERT » SRREIFMER  FARE  ZASET » BIUSARSNEA -
FRARMAEAY  EFRFREES T SARERGNEERZ YL APREL LR -
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Fig. 8. Overall sensory evaluation scores of white tea by panel testing as affected by
withering treatments (autumn, 1995).




2000 £ 58 - REANBEAMEARAEBFALENT & 121

Fig. 9

23.2] autumn

B~ 20%REARGHTEAREANMRER XM RZ VY
Fig. 9. Appearance of white tea as affected by withering temperature and time treatments
under 80% relative humidity.
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Table 7. Comparison for rating scores and deviations from reference descri
evaluation, as affected by withering humidity,

ptive anal

ysis of white tea, both by panel sensory

temperature, and time treatments.

Rating Score Deviation from reference descriptive analysis
Crop Temp. Humi. Time fresh- full- delicate grassy

Seasons (C) (RH%) (HR) appear. color aroma flavor overall appear. color Sweet ness ness bitter aroma smell overall

CK 21.0 140 17.0 17.0 69.0 0.0 00 00 00 00 00 00 0.0 0.0

18 80 40 204 147 183 180 714 0.5 06 04 02 01 -01 06 0.4 0.2

60 209 136 183 183 712 0.1 03 09 08 06 01 1.1 0.3 0.9

Spring 32 40 40 16.1 11.8 16.1 159 600 -3.0 -1.9 -07 -08 -04 -05 -05 02 -0.8

60 157 11.6 160 159 59.1 -32 22 -1.1 -09 -06 -03 -0.5 0.0 -12

32 80 40 196 140 180 183 699 -1.3 0.1 06 06 04 01 05 0.3 0.5

60 176 115 161 159 609 -24 -22 -08 -08 -06 -07 -05 03 -1.0

18 80 40 228 157 18.0 184 75.0 1.6 1.6 14 13 1.0 0.0 0.8 0.2 1.0

60 221 16.1 185 189 756 0.9 1.9 16 13 14 02 1.1 0.7 1.4

Summer 32 40 40 175 11.8 16.6 168 62.7 -23 -19 -02 -02 00 -01 -04 0.1 -03

60 168 120 159 156 603 -2.7 21 -1.1 -1.0 -0.6 -02 -0.9 -04  -13

32 80 40 204 142 176 184 70.6 -0.4 02 1.1 1.0 07 05 06 0.4 1.0

60 17.6 1.1 16.5 B4l 623 -2.6 26 -04 -01 -0.1 -02 -08 -0.3 -0.7

18 80 40 226 167 188 183 764 1.4 1.3 07 08 04 03 0.7 0.0 0.8

60 230 169 187 185 772 1.6 1.3 06 06 04 -0.1 06 0.0 0.7

Autumn 32 40 40 16.7 147 180 178 673 -1.9 02 02 00 -0.1 0.0 0.1 -0.2 0.2

60 16.2 134 174 171 64.2 -2.2 0.7 -02 -05 -03 -0.1 -05 -0.5 -0.3

32 80 40 219 16.1 184 186 75.0 1.0 09 02 04 01 -03 05 0.1 0.9

60 184 129 175 175 66.5 -0.9 -1.3 0.1 -0.1 -0.1 0.1 -04 0.2 -0.3

both rating scores and deviations from reference descriptive analysis are averaged from 6 judges (3 replications for each judge) in the panel.
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Fig. 10. Qualities of white tea as affected by withering temperature, relative humidity,
and time treatments (spring, 1995).
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Fig. 11. Qualities of white tea as affected by withering temperature, relativ
humidity, and time treatments (summer, 1995).
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Fig. 12. Qualities of white tea as affected by withering temperature, relative
humidity, and time treatments (autumn, 1994).
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