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Research on process optimization and quality of alkali soaking and

steam fixing for golden matcha green protection
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«Hi?f\/@’r%l WA PP T F, it Plackett-Burman X %
BAT B BRI L AR e R F e 3 AR E Y
vy B &, ek sl b8 it R B R 3k X 36 4= Box-Behnken
KR TG EEMA BRRET 2 KE 0.150, 5%
W iZ BT ] 20 min, K F A 92 s, MR (mgan
Ver)1l:20 (g/mL) K&t ERE 1 cm, £ & TH
E)| aﬁ%/\ﬁ\mﬂr%%/\ # 2.25 mg/g. ¥REAEF R
FHEABRROEFTIFNZZHAFTERFY ALK
%ﬁvﬁ&%ﬁmi&f sPrl, 2 R A AR R B R A K F et
BESFREWBH I L HNRET 25.78% ,40. 44A,
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AT F T BRI AT I R K B & R ﬁh\#@
KIRBA Wk ARE>HRAT>RELH. £ A
BRI A TR BB G T HERFOY HEHER,
KBH:BREF R EF BRZ A, RAFTF TS E AR
Abstract: In this study, golden tea was used as the raw material
to optimize the green protection technology in the process of pre-
paring golden matcha by the alkali soaking and steam fixing.
Three significant influencing factors were obtained by Plackett-
Burman design, including the alkali concentration, alkali soaking
time and steam fixing time, and the process optimization was

studied by the steepest ascent design and Box-Behnken design.
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The optimal conditions were as follows: The alkali concentration
0.15% . alkali soaking time 20 min, steam fixing time 92 s, solid-
liquid ratio 1 # 20 (g/mL), and the thickness of leaves 1 cm. Un-
dercontrol of these conditions, the chlorophyll content of gold
matcha was 2.25 mg/g. The contents and senses of the gold
matcha prepared by traditional steaming, roller dehumidifying
and alkali soaking were compared. The results showed that the
chlorophyll content of alkaline soaking increased by 25.78% and
40.44% respectively compared with the other two technologies.
The retention of polyphenols and free amino acids in steam dehu-
midification tea was higher than that in roller dehumidification
tea, but alkali immersion had little effect on it. The order of the
best sensory quality score was: Alkali immersion steaming >

traditional steaming > roller dehumidifying. The green

protection effect of gold matcha was improved by alkali soaking
and steaming.

Keywords: gold tea; matcha; alkali soaking; steam fixing; chlo-

rophyll; quality
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o BE N B a0 1) 25 L . % 7 0 1 1y Sl 3 OC B Y R AT
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60 min J57E 765 nm Z& 0T M 430606 BT RO BE F 1 Plackett-Burman i3 B % % 7K F B E
WA & R B 2 W & &, Table 1 Factors and levels of Plackett-Burman

Q) WHEAEREE .S GB/T 8314—2013. UK experiment
B fh 22 B 2 (Y = —0.259 6+ 2.651X, XUMTR X R X, 2 X AR X,
RY=0.999 1), 6 W 8 I eb 40 OO 1.0 mL Wi 7 wpue/ o0 oimby  BE/em B /min B
0.5 mL pH 8.0 B ZE sl 0.5 mL 200 MUKW 1 005 1:15 1.00 15.00 60
WKV i 15 min, Ff ¥ H S 0K E 2 £ 25 mL, fE 1 0.25 1:25 2.00 25.00 120

570 nm Kb 7 W B AR b o il 2R O R T A B (A
it

(4) KB B A .S GB/T 8305—2013, % 1 4
TRAS Wl KV 2 18 5 1 sl ek 0 P W 25 1R K vk U Bk
S5 2 VE R B AR B AL IS S B T B B L S

&R 2 Plackett-Burman i I 45

Table 2 Results of Plackett-Burman experiment

o Y g S/
e Xy Xz X3 Xy Xs

(mg-g 1)

PRI AR 1 -1 -1 1 —1 1 1.91
(5) BE A : 2 MR Tkeda 557 022 MBS0 19 5 2 1 1 - 11 914

P PRI 3.0 g $ AL, A 80 °C K A 1 % PF i b n i 3 1 -1 1 1 —1 2.17
5 min, B 10 & S5 049 8 F 53R F %5 A o PRk X A8 R 4 —1 1 1 —1 1 2.00
M 0 RN IR AT BB PR P AT A 5 —1 1 1 1 —1 2.10
BTy & SVESr R PE 43 43 B 5 4 30%6,10% 6 —1 1 -1 11 2.06
30%,30%. 7 1 -1 -1 -1 1 2.09
.25 HodgabsE pra s E & AT 3 ek 3 kb L, 8 -1 1 Lol 2.10
25 B S #{H 7R 38 F Excel 2003, Origin 9.0 DL M De- 9 1 1 —1 -1 —1 2.11
sign-Expert 8.0.6 # {4 %t i 46 B4 #1751 4 #7 1 -1 -1 -1 -1 -1 2.04
11 -1 -1 —1 1 -1 2.03

2 HORL 12 1 1 1 -1 —1 2.16

2.1 Plackett-Burman i3 i& 1t if it X B EH &

TE TR 5 (%) BE b A A Plackett-Burman i 5 % i
2 LR BT T 20 VR B R L 2R T R R VO R
T [E] V28T B R] 5 AN PR30 it 4 R A 38 0 5 e, O R
MREPWAER, & HRMKFIHE &L ImE R I % 1
Mk 2.

FRAE 25 2 1 25 5800 B 2R 4T 10109 20 A7, 15 B0 4
PRAS G 2K & R Y — R |l 5 2

Y=2.08040.051X, 4+0.021X, —2.282 X 10 * X, +
0.024X,—0.026X5;, (3)

HESAH, M ESEKETSRETEMBEERER
XX A X X A X R SR Y Y 3 (P <
0.05) . Xy 5% i #% i 2 (P<<0.01) , L F WM AR K Jy: X, >
Xs>X, o BIATTFM P {E 0.007 9, BEAIAH R RER =
0.889 1, % AH S R % R4y =0.796 8, {5t 1t 8.728, % B
[l 5 5 8 56 R B %, HLAg R Bk 79.68 %6 i 7 H (14 22 1k , 81
ARRBERAT . 25 8B IR IR 2 n) A, 7 o N IO A i 3
OB RN B R 2R B FURL EE G 2 Vi) 43901
FEHI 1 em 11 ¢ 20 (g/mL),

% 3 Plackett-Burman {38 5 Z 454

Table 3 Analysis of variance for Plackett-Burman experiment

B3 Rl H H B Y75 F i P1{H B e
e 7R 0.051 5 0.010 9.62 0.007 9 2.080 % %

X, 0.031 1 0.031 29.42 0.001 6 0.051 % %

Xo 5.062X 1073 1 5.062X1073  4.76 0.071 9 0.021

X; 6.249X 1073 1 6.249X107%  0.06 0.816 6 —2.282X 1073

X, 6.822X 1073 1 6.822X1073  6.41 0.044 5 0.024 *

Xs 7.946 X103 1 7.946 X103 7.47 0.034 0 —0.026 *
k% 6383x10—0 6 Loedxlo—
SR 0.058 11

tox FREREE(P<0.05); * * FAZERNE E(P<0.01),
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2.2 EERERBHBERER LR
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PRI T S R R TR R T R IR A TE R BROHS R K
-5 26 B[] S RN BOHIROKOF . 3R 4 O B BE I i
Bt KGR,

RAGRERVNEGHEHTRE T RIS 3 AL
S UL B IR S A TE T4 3 ALMftir . B0k DABRVR R = T
Sy HEBE N 0.15% LA 20 min ZEFF IFE] 90 s by Wi fi
TR 3 36 s a5 R AT e B TET AR AL
2.3 Box-Behnken I 5z H £ 1€ 45 #7

VLB B e 7 4 v BBE B0V 5 T I TR N 25 T I TR R
B8, 2 3R A A e O AT e B TR A PP T2
Wi 17 1A a6 A 3R KPR B L3R 5L A5 R IR 6,

F ] Design Expert 8.0.6 {4 3#47 £ 5t [8] 15 J7 #2 4
G T 25530 A9 B [ AR A RO ] A

Y= —4.633 61 —0.972 61X, -+ 0.342 24X, +
0.071 60X;+0.313 95X, X, +0.039 20X, X; +1.101 X
107" X, X; — 26.263 80X — 9.624 4 X 107° X} —
4.315 60X?%, @)

f 2 7 J7 AL P AR <C0.000 1,P 43 =0.965 0>
0.05, 15 B 3% Inl 9 485 80 & 52 w] &, [l A AL B p R? =
0.989 9,R3;=0.977 0,3F Bl iZ iR 56 0l & 2 ¥ R4 Hixik
50 OO A 55 552 B {22 ) 09 AH G PR3 e » i BE WD 45 DRI UG 3%
(] 5 BT T % 8 A PR A A R LA AT A BT R T
Horp,— kWX, X X ZRIXEUXELXE L PR AE B
Xy Xy VX0 X ) it 2 R A AR L (P<T0.01), HiA
TREZW, BE—DERLE O KP. HHRWHER
BER (EEEL C PA TR =  ANESR S

x4 RERERBRITRER

Table 4 Results of steepest climb experiment
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Pl 1 Ca) F1(b) 7R 263 B E] Ky O 7K SF- B, B 5 6 VI
BEHE M 0.10 Y18 hnE] 0.20 % , B IE AL A [ 75 s
BomE 105 s, MRS ®E LTE TR, B 1R
R BRI I I TR] Ry O K S I i g 3R A B U B A
B 53Uk i T I8 I B T () 3G i 2 ST S REAR Y
TCe) AT (D 7R M2 22 55 Sk i G VA 132 Y0 1o I 0 2 75 B ] )
B0 A, 52 SR B0 S RE AR Y R

i 3 Design-Expert 8.0.6 {4 % 45 #1317 40 Ak 43 7
A5 H 0 SR A T2 O B A S e 0.16 %%, BV I
A1 20.33 min, 2855 B (8] 92 s, 2 T 78 92 B 4 45 ob (1) (8
FVE B S AR T A8 T D BB B 4 Wk 0.15 %0, BV
B[] 20 min, ZF W [A] 92 s, ZF M ZJEHE 1 cm, K
W (mgpn * Vi) R 1% 20 (g/mbL) . SHIGUEIZ LW
WERE SR R RS e T2 BEAT 3 IR IR IE 52 56 L - 4
FVH &R 2.25 mg/g, 5L BOMAH B A5 U]
ZENH RS LS R A R E X S S AR R E S
R .

24 AEMIFREBEEHEFZMERILE

2.4.1 BB W 8 PR, 5652 MR
REMLL B IEZET W SRR N5 ER S 7054
7 25.78%0,40.44 % ; SR AT AR L AL B 7% RIR
BZAESHREHRRNRZ W & BN 4.44%,7.10% , i
B SLTR SRR N 11.91%0,9.97% MG 5 H S5 Wk
WZETH Z [0 T3 2 53 Ry 20 & 10 38 & TR KR

% 6 Box-Behnken 0 57 Hif 36 45 R

v XoB e Xl XoKHE Y MEESE/
2

HArE/ Yo B /min EFE]/s (mg g™
1 0.05 15.0 120 1.91
2 0.10 17.5 105 2.12
3 0.15 20.0 90 2.25
4 0.20 22.5 75 2.17
5 0.25 25.0 60 2.12
%* 5 Box-Behnken i 1§ F & & 7k EEU{E
Table 5 Factors and levels of Box-Behnken experiment
KT X Er  Xe iR Xs % FH
YU/ % i 8] /min A /s
—1 0.10 17.50 75
0 0.15 20.00 90
1 0.20 22.50 105

Table 6 Results of Box-Behnken experiment
[ X, X, X Y MG REH/
(mg+g™
1 0 0 0 2.250
2 0 0 0 2.211
3 1 1 0 2.244
4 0 1 —1 2.085
5 —1 0 —1 2.033
6 0 0 0 2.250
7 0 0 0 2.252
8 1 —1 0 2.089
9 0 0 0 2.249
10 1 0 1 2.186
11 0 —1 —1 2.026
12 —1 1 0 2.065
13 1 0 —1 2.065
14 0 1 1 2.153
15 —1 0 1 2.035
16 0 —1 1 2.077
17 —1 —1 0 2.068
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Table 7 Results of variance analysis of response surface quadratic model

5 25 K R H Hi ¥ 5 F {4 P {H E
iy 0.130 9 0.014 76.55 <£0.000 1 % %
X 0.018 1 0.018 98.91 <£0.000 1 * ¥
X, 0.010 1 0.010 55.55 0.000 1 % ¥
Xs 7.231X10°3 1 7.231X10°3 39.42 0.000 4 x %
X; X, 6.610Xx10°° 1 6.610xX 102 33.59 0.000 7 % %
X, X5 3.452X 1073 1 3.452X 103 18.82 0.003 4 % ¥
X, Xs 6.826 10 % 1 6.826 <103 0.37 0.561 1
Xt 0.018 1 0.018 98.97 <0.000 1 * %
X7 0.015 1 0.015 83.06 <0.000 1 * %
2 1 216.44 <<0.000 1

7

Fe 7.648 <1077 3 2.549X 1077 0.08 0.965 0
aliiR 2 1.207 X103 4 3.019 <101

J=¥ii] 0.130 16

tox FRESBEP<0.05); » * FRESEHNEZEP<0.0D),
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Figure 1 Response surface and contour line of two factors interaction
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Table 8 Comparison of quality of gold matcha tea

T Mg/ (mg g ) KW/ % W 25 RIERR/ V% B L Kz Y/ %
e Gi 77 1.6740.09" 10.81+0.52¢ 6.97+0.10 1.5540.07" 36.8340.10"
WA 1.34+0.14° 10.3340.33" 6.14+0.04" 1.680.04° 34.2740.06¢
BRI I 3 25 7 2.25+0.13 11.1240.17¢ 6.82+0.16" 1.6340.08% 37.5940.05¢

T TR R B M2 R (P<<0.05),

R HERFERWBBEENER

Table 9 Results for the sensory evaluation of gold matcha

5K @ g & LS Mgy
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RE AR [EAE e - VNUE IS PN - i g 77.9
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3 H5R
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WO R AW 0.15 26, Bk VBRI A ] 20 min, 28 7 B[]
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20 (g/mL), BRIRIRIFETE P T2 % 48 o 4 4K
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