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Abstract: In this study, the effects of the freezing treatment prior to withering and the combination of freezing treatment with one, two and
three times shaking after withering on the formation of black tea quality were analyzed, and the optimal process conditions were determined.
The results showed that the new process could significantly increase the contents of gallic acid, polyphenols, theaflavins and flavonoid
glycosides in tea (P<0.05), meanwhile, the freezing treatment could significantly reduce the soluble sugar content (P<0.05) (decreased by
10.73%), and the combination of freezing and shaking could significantly reduce the theabrownine content (<0.05) with an average decrease of
6.77%. Compared with the freezing treatment, the combination of freezing and shaking significantly reduced the content of tea polyphenols
(P<0.05) with an average decrease of 3.55%, whilst increased significantly the theaflavin content (P<0.05) with an average increase of 18.06%.
Among all the treatments, he combination of freezing and twice shaking led to relatively high contents of amino acids, theaflavins and
cis-caproate-3-hexen ester, and relatively low contents of gallic acid, catechins, flavonoid glycosides, theabrownins and 3-octen-2-one. In the
resulting black tea had a bright orange yellow, sweet aroma, mellow quality, with its total sensory score being 91.30, which was 2.40 and 2.60
points higher than the score of the control and the tea subjected to the freezing treatment, respectively. In conclusion, the combination of freezing
and twice shaking was the best new process.
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Table 2 Changes of gallic acid, catechins component contents of black teawith different freezing and shaking treatments (%)

PUEL GA GC C EGCG

GCG ECG CG TETC TSC

CK  0.14£0.00° 0.27+0.00° 0.07+£0.00° 0.22+0.01° 0.08+0.00"

0.11£0.00° 0.13£0.00* 0.05+0.00° 0.52+0.00° 0.42+0.00°

A3 1 0.16£0.00° 0.29+0.01° 0.08+0.00° 0.28+0.00° 0.07£0.00®° 0.12+0.01* 0.13+£0.00* 0.07£0.00* 0.60£0.01* 0.44+0.01*
2322 0.16£0.00° 0.30£0.01° 0.07£0.00% 0.28+0.01° 0.07£0.00®° 0.12+0.00* 0.13+0.00* 0.06+0.00° 0.58+0.02° 0.44:0.01*

A3 3 0.16£0.01° 0.31+0.01* 0.07£0.00* 0.25+0.00° 0.06:+0.02°
A3 4 0.17£0.01* 0.33+0.01* 0.08+0.00° 0.25+0.00° 0.060.00°

0.1240.01* 0.13£0.00° 0.06+£0.00* 0.55+0.02° 0.43+0.01™
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Fig.2 Changes of values of tea polyphenols, total catechins, ratio
of ester typeto simple catechin of black tea with different
freezing and shaking treatments
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Table 3 Changes of theaflavins components, thear ubigins, and theabrownins contents of black tea with different freezing and shaking

treatments (%)
s TF TF3G TF3'G TFDG TFT TFs TRs TBs
CK  0.07+0.00%  0.18£0.00°  0.07£0.00° 0.3320.01¢ 0.65£0.01¢ 0.19+0.00 2.94+0.04°  5.56:0.05"
AFE 1 0.08£0.00° 0.25£0.00°  0.09+0.00° 0.43£0.01° 0.84+£0.01°  0.24£0.00° 3.73+0.08"  5.50+0.03"
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" 0'6‘d° ) & C F A 2l 5 T 324%; KbFE 1-R0FE 4 H, A0FE 3 ) FLVs SR E
" o4 R NN, 2 ERAL (P<0.05), BOHEMINT 12.50%, (AL
ol UNENBA PN s I BEIRT 5.96%. FIIL, VU A I G4 Ak
2 (R R E KA, 3 s B A IR B R 4H 53 3 T v
TS TR T TS TR LG X5 PR e gk SR R R T R R N2 ) 2
Ui KRS R ER 8 RN FEE RS R E S,
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Fig.3 Changes of quality comprehensive evaluation indexes of
black tea with different freezing and shaking treatments
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HEEEEB, HA AR IR RS A )5
P S AR, HAH LLX BRI In T Za NS E
&2, M AR FRRAR | o IR 456 2.2.1~2.2.3
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AERSA TG INAE 2. EyaE bt LA R K

RERM s FSE. GAL TRs. TDE. 10TFRB. CI.

WA B MRS, RIS TBs & 548 %
REPEAHE, A URAIASBIREGE T 4G T2 A0 HE R i
EREAZH R, MINREEESE (P<0.05), HLL
AR IR EE T AL T2 AR 25 [R) I B AR
EEIR T L A 3 RO R LG TR 10TFRB,
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R RER GRS TDE. 7 455 CL, LURAHXHMRHI 7%
LW WETER. JUAR. mEH. TBs, HXAF

THRHARFUR TR, 28R SRE SR —E

4 TEVSFMESVIBLRRIEANITL %)
Table 4 Changes of flavonoid glycosides contents of black teawith different freezing and shaking treatments (%)

23 Que-Gle-Gen  Myr-Gal Vit-Gle Vit-Rha Rutin Que-Glc Kae-rut Kae-Glc Flvs

CK 0.03£0.00°  0.050.00° 0.11£0.00  0.18+0.00° 0.16£0.00 0.26£0.00° 0.07+0.00°  0.03£0.00°  0.88+0.01¢
4321 0.03+0.00°  0.06+0.01° 0.14+0.01° 0.19+0.00° 0.19+0.01° 0.31+0.00° 0.09+0.01* 0.04+£0.00° 1.06+0.00°
4322 0.03+0.00°  0.06£0.00° 0.14+£0.01° 0.19+0.00° 0.19+0.01° 0.31+£0.01° 0.08+0.00° 0.04+0.00°  1.04+0.00°
323 0.03£0.00°  0.06+£0.00°  0.12£0.00°  0.18+0.00° 0.18£0.00°  0.30+0.00° 0.08+0.00* 0.04£0.00°  0.99+0.01°
324 0.03£0.00°  0.06+£0.00° 0.13£0.01* 0.18+£0.00° 0.19£0.01° 0.31+0.00® 0.08+0.01* 0.04£0.00°  1.02:+0.00°

7: Que-Glc-Gen HMHE F-3-0-4-D-KA2BAEH, Myr-Gal AHHHE-3-0- X33, Vit-Gle H4EH#)Z H 423, Vit-Rha H4E7]

F A EHEH, Rutin A2 T, Que-Gle AWK E-3-0-F F#E+H, Kea-Rut A.LEH-3-0-F54EH, Kea-Glc 4L A8-3-0-F) &3,

FLVs % & &84,
225 BikFeizd
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NE 5 T AR R 75 X5 20 2% i R B ) 22 57
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PLS-DA R I mT 4, ASFEIAER A AT 43 %t
HEL AbFE 1-AbFE 2. AbFE 3. AbEE 4 FLPUSE, Hoepxt
HRALTEIMAAM, AbrE 1-&@4&?1’%5‘]7“ . kM
A8 SIS BT IR, JL0fE T 3 ARG
BRI AR RIA RS R°X (cum) =0.827, #iH] 3
AT WA R 82.7%I1) X A& MRS ML A RS
R*Y (cum) =0.941, 8] 3 DERIMERE 94.1% Y A8
B BATRIFE R OF (cum) =0.855, BEHARALG A
[FIR T b T R TIOBE J1h 85.5%, R BHIZAS AL
FasE. [FIRIHZBEAET T 200 RIS XERIE, R=
(0.0, 0.233), O*= (0.0, -0421), VYHHZEA KT
E, BAWEE. @idERER (HCA) Ward’s 5
XS 15 HFEARRAT IR MR, 3 2 oK-Fh gy
FREARTI RIS ALEE 1-AbFE 2, AbFE 3. AbFE 4
JLPUK, 20 BIAKFEERS EAEA AT RSO, b 1-
l@4%ﬁ’m%5mﬁDAm ER—E (E 4b).
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fEG T2 il B2 et HA VR EE
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Fig.4 PL S-DA model score scatter plot (a) and HCA plot (b) for
black tea quality indexeswith different freezing and shaking
treatments
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2 FREESS, 10 FOEESE. S PPERZE. 9 FhEEDR. 6 Fhsih
K 8 FhibdR, HAPEER (24.99%~47.39%). kI
K (23.33%~39.12%) B (4.18%~28.91%) 7 &AH
XE, SREENERE AR Ol 2-H 3
TE. EAITRERE T (WRIRAY) A5 ERE T (R
R\ BRI B-K B W J2-3,7-F5 AR A 1T 55
HHIE 5. B 6 ATR1, AR AR T B A A5 IR
RAERL BIREMaAR . Fodh o EUR i SR B i
HUANHE 4 fgm, HUCREE 2, Al AR
T 77.49%.43.86%; M EY) SR DALEE 2 e,
FUONMEFE 3, 53 Sl EEXTREFERE 1 T 67.61%125.11%;
RERA G S m DO R, Ab3E I~A03E 4 3R T R
B, AbFE 3 FRUERCN, N 3.84%. AL, SXHEAH
b, AVRACERIGIN T EREE. RS, HIF
K TRER. W2, MR EIn & AR L
BN — IR B = VKRR T AL EE AT B AR 2 A A2 A
MR 1) 2 &, (R RIS T RS R o 1) 2 i

PRI R T AR [RIT BA A = R . Bk
MRS WS, ZRBRREEM, - CR-3- AR
B RERE . FIEE, BEDTERE. R-3-CMRE. 2,2,6-
B CLEIE, 2-FE T, IECEE. R-2-k-4-FF
TR EAOTRERE T (BRI AD . EAL TR T (IR
WD, J-p-Z . BBk 1 526 RENY)
J TR R, o B 6 - OURR-3- CUA I
VBN A MR AE R PS8l 128.89%, BATE
. BORE A EEEIE N 126.32%, BARETIKR
B-CUREEIMIE N 66.29%, HBAEFMZFIZG 1
FILT B R ST IR -2 -4 —Jas s Sl ieont
HEHEIN T 17.31%. 6.87%, [l BB FHFESIIKGIR
FlE 1-EE o O PRI T 27.31%. 51.35%, R
BEIAIRIE FRERART 37.34%, A WAL
3-2EJE-2-BARRR T 37.25%, AT E A WL AE RS FAA
T 53.16%, XA T s A s s & S m i B A
BIEH, 4R ERESER .
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Fig.5 Changes of volatile compounds of black tea with different freezing and shaking treatments
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WS o 5 e (1 PRI RT RE S AE A i 3 7K R R B 11 2
TEEEPER BT, H 2 By R ST 1 al 4] p- 6 4
VTR O, L, FEAVRIOEERE L3R 5
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3 g
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