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Green-protecting Process Optimization in Processing of Eucommia Male
Flower Tea by Response Surface Analysis Method

Fu Zhuorui' Dong Juane’ Ma Xihan®
(1. College of Forestry, Northwest A&F University, Yangling, Shaanxi 712100, China
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Abstract

Aimed at the discoloration problems in processing of eucommia male flower tea, color protection
treatments such as salt ions, citric acid, ascorbic acid, and deactivation of enzymes were used to inhibit
the browning. The influencing factors on the liquor color of the male flower tea were evaluated based on
the single factor experiment by using SAS software. The concentrations of Zn** and citric acid for flower
preparation and the duration for flower steaming were selected as the main effect factors. The
mathematical model of green-protecting techniques in processing of male flower tea was established with
the central-composite model of response surface methodology in Design-Expert software. The optimal
technique of green-protecting during the male flower tea processing were: to spray 0.04% Zn’" and
0.4% citric acid aqueous solution on the male flowers with the solid-liquid ratio of 10 g¢/mL, and then
steam the male flower for about 40 second. With the above treatment, the browning and quality
decreasing of the male flower tea can be avoided.

Key words Eucommia ulmoides, Male flower tea, Green keeping, Response surface, Process
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3 A0 g J R L Bk i 3 B K s e O 1 R SE )
B AL R A R OCR EN L Z
P A= 28 M R , i & AR TG 8 Fh o 77 2 gk
MR (5 2 LR M0 40. 4% ) A7 5 1 1 7 R 1
BEST AR a1 T o LUK g 28 A B R SRR AR 7R
F A A6 5 o VR 2 B 0 B 28 R s
JL O AE 3% B b 2% 1 52 B 23 K i R A L
A AR S ECR UG PR 5
FEIMAT IS A AR 22 3K L 28 WA R A e AE - K R
FHER R o XT3 — 0] 8, AR SCf A A e 4 2% m 1
U N R TAES S T W 015 s | DO A W L i
PUIR LR AR B T AP R 28 IR AR R T A B,
FIHT SAS B fFxF Z A wal R 34T 2 E i,
FEFIH Design-Expert Him 57 iy 180 3 (9 0 4 A K
T 37 A R4S T Ak R e A A [l 3
AU, DA DR AP ORE A8 25 n 5 2 e 9 4 72 n) R f Ak
Hom Tk, o8 Tk fb A P-4 it 35 =

1 #REFE

L1 #et5 s
1.1.1 #H

FEATHEAL T 2009 4E 3 H b R A) (WI4E 1) R A
VUL AARP R A bRz B A X AL P R AR . B iR A
I UG SR, SR W s 07 6 B 46 B BT 1T 52
FEATME AR 55 1Y BT i o R R 4 Y AL (P R B 7 AT A Pk
PE, R BRI% BT, e AT ¥ B A BT 20 A ), TN B
JKWTE 1 min 2247, ZEBR KA I, SR, KT 25
IKZF 60% 245 .
1.1.2  FERHF|

PUIR LR i IR o BR 4 AL B LB R B L S
A5 AN S 2 0 o3 b 4
1.1.3 FEUH

AG204 7 43 B K SF- (METTLER TOLEDO),JYC —
21CS11 FUHL Gk, TU — 1810 48 Ah AT UL 43 56 % B
T (AL S Mrd A A BRI A ), TR A
1.2 KA *E
1.2.1 T 250 ERR

(1) R

A HLERRES MR By pH Al A 5 il 73 1
P9 ) B T A A I 0 5% B, ISR AR P
PR I B i T B A BILIR 28 45 228 ) 550 o 43 301 I o) o =
ABR 0.1% .0.3% 0. 5% ) F7 48 iR 7K V5 W, 4ic 18
BHBEE R 10 g/ mL {1 H A1) 35 57 W5 305 o 00 19 A Ao 2
pi o

(2) BUIRIMER (4EA=2F C)

A3 50 TE 1) 5 4 EK o 0.02% 0. 05% 0. 10%

(OB R K P 4% BRI O 10 g/mL 1Y
Y 7B G LR T R R O 7 0

(3) &E T

43 591 T ) A [ Ao SR AN [ Jo i 3 Bk BE 19 66 8 1
KWL 4 BB L D 10 g/mL By BG4 23 27 B¢ 30
T kL AP EAE B o BRES TR Cu Mg™ " Zn® |
Ca’ 1 Na ', Wit il FR RSB0 1 s,

Rl ARAMEEBEFHRESH

Tab.1 Mass fraction of different salt ions %

Kb B K S Cu’* Mg2+ In** Ca’* Na*

1 0.01 0.01 0.01 0.01 1.0

2 0.03 0.03 0.03 0.03 3.0

3 0. 05 0.05 0.05 0. 05 5.0
(4) ZEVR IR AL PR

I 30 g A2 A7 A BT 9 RE AP EAE , DL 2R Bk
Pk (k) HEAT AP 4k B b B[] 23 5
5.30.60 s,

A B A RE R KT, 7E 90°C TR 4 il
10 mingk 472475 , 58 UG 20 S48, B T 4% o 2
MG 6, W3 AER,

1.2.2 @ E

LA T J5 B3 46 90°C T &5 i 10 min {9 7= 5 4
X (CK) o MERRFRI 1 g X HEAE 5 BB BR v,
A 150 mL 3K ot 30 min, 75 BB 0. BT
TEPE K 500 ~780 nm 35 [Bl 4 4 FE 1 nm BEAT 42 3% K
PR, R BUHAE WK 586 nm fb A7 5 A i U6

S T FREBOAS ) b B R i 1 g, 2 BEOGE PR A 51 11
Kb B 5 A5 SR L, 7E K 586 nm A 4k 1% 5
Asgo » HCEZ 5 40 BB 37 68 30, DL Ay (/N E K
N
1.2.3 g T2t itk

AR 2 R 2 e T 2 T LA AT, R R R A
A (A0 BE R B TR O R KO R R A | R
FH ot 2 4 BE T A A A A 2 A 25 i B T A1
HATAARE . LUK R & 5 R K OF [ 728
DA [] b 8159 370 €00 0% ' JE2 g W 37 {0, HEAT 3R B0 40
1.3 BRI HH

R FH SAS 8. 0 By 43 B 1 %f B R 2R 56 Y
B EEFTZE BT, R Design-Expert 7.0
B Ak B 2R S5 9 0 T P 0 2H S B, Wi s T
WG 45 I SRR
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FREAT ZH BT R KF R 2 H B 4
M2 fros.

®2 AEAEREMNHMEEFRARNSERE
Tab.2 Multiple comparison of the absorption value of

the solution under different factors

SEEMREAT  wopmrsE PR
K KF
R 3% 0.1950 £0.003 9 a A
*RREA$0.01%  0.1771+0.0172 ab A
Ca®* JE1E/4r400.01%  0.1534£0.0455 abe AB
Yk % CFRAH0.02% 0.1252+0.0319  bed ABC
Mg* " FREAM400.05% 0. 1172 £0.045 | cd ABC
CK 0.094 5 £0.002 7 d BC
Zn®* 43 %00.03%  0.0850 +0.004 2 ef BC
FrEEmR 43 %500.3%  0.0704 £0.010 5 ef C
FIAL L 3 0.0582 £0.0319 ef C
AL B 60 s 0.0299 +£0.0245 f D

M 2 B FL A A 45 R n] A, a6 A TR) PR 3R 22 1)
AWEZEF(P<0.000 1), FEMZE(SSR) 53k
B, Zn®" FPBEIR (2% 1AL B W O BB S AT N IR
B i, A2 A0 0 O B A I T X B AR L
20 b BT 45 B R AR T P R R AT AR K
B, P T A BS R S R SRR R L 5t e F IR
M A P SR A P 1 B RS B L, T
BT R . TR G, #0023k % T Ak B R K A
PP URAR ST ARSI B DI RB R A 1 il 4, SO B
A DR B, M e Zn® T A B AT A R AL BRI 2K
N L B e S INEA £ g L 8
2.2 BREAZRREHH
2.2.1 7' RO

1 22 T OB 4 R AT, Zn® 4k B AL g AR 1
PO B AE . R RSy 8 0.01% ~ 0. 08%
() Zn® " KON AE AR AR B S AT AL B , b AT
PRAB AR A F I v OB R S5 SR 1 iR .

0.12
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Fig. 1 Effect of Zn>"

1 0.01% ~0.03% [ Zn® " 4b 3 4t {d 1 18 B,

Wit o A 35 0 B0 B A BRAE 1 £ 0 RO R
AL (P =0.0003 <0.01) ;] 0.03% ~0.08%
(g Zn® " Gb BRI, Bl 25 A B0 20 B 840, BE R
G B E T (P = 0.001 3 <0.01) ;Zn*" i

on absorption value

RO EN 0.03% i, Ab BEAE dh 48 2 B /N, i R IR
HBE Asy BefiR e TTIL, JBU ik 53 4500 0. 03% ) Zn® " 4
LRACR BT
2.2.2 FrERRRIFUE K
H1 2 T LA AE SR R G TR A B X A R 6
AP sk BOR BB . MR B8 0.1% ~
0.8% E’J*’?%ﬁ?&*?ﬁ?&ﬁﬁ@fﬁﬁ#ﬁ%‘#ﬁﬁtiﬁf:
Frfie #6748 b B 00 9 €0 O WO BE 25 2R AN TR 2
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Fig.2 Effect of Lemon Acid on absorption value
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WO B S 25 TR (P =0.002 3 <0.01) 3 4745 2 it
AT ECR 0. 3% B, A FRAE S48 AR B/, W 8 O
JE Age Ko R IL, Jot 5 53 B0 0. 03% 11 Fr 162 BR 37
3 E SR I
2.2.3  ZRIRAL T[]

2 F LA 45 AL AT A, 28 VR A 7 A0 H6 A i
HEAE I S 5 R b o o AL A B FE E 4T 10 ~ 180 s
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Fig.3 Effect of steaming duration on absorption value

W kE AR AE A2 2KV 25 10 ~ 30 s B Bl %5 2895
Ak B R A AE K B I 0 I O R R R (P =
0.0001 <0.01) ; 4285 AL B 8] K F 30 s B, B 5
VRO R o B AR (P =0.2773 >0.05) ;
BEIAA B At A b 48 28 VR AL BE 30 s B] DLA R B 1 4
AR EFPAER
2.3 PRIZHRBSHREINPFEEL
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538 ZEVRAL BRI ] AR A IR T i A3 RO B S =
PRI AT . MR R R, R oA G
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Tab.3 Experimental range and levels of the

independent variables

VGRS Zn® T TR AR ATV BR ) A R
x,/ % X%,/ /]}ﬁﬂlﬁ/%
-1.6817 0 0 0
-1 0.01 10 0.1
0 0.03 30 0.3
1 0. 05 50 0.5
1.6817 0. 06 64 0.6

XF 2% 4 1 IR 50 B JEAT A 4 A, A IR £ 0T

[ I A5 g
Y=0.11797 = 1.558 12X, -2.116 02 x 10 X, -
0.097 85X, +2.924 50 x 10 *X, X, —0.229 95X, X, —
4.174 50 x 10 X, X, +20. 013 54X} +
2.721 72 x10 °X; +0. 153 70X; (1)

ol )y i R B AN 3R S o . R,
AL () P i R R® S 0855 5, 0 1. [ [m] ) 454 75
KENR B K (P =0.003 4 <0.01) , KRR AYA
BF(P=0.0695>0.05), UiHzERIG R R R
U CER DR 22 /0N, W] LA MR B0 A A e AR 4 2 T2
PEAT 3 B A

[l 77 8 R A E MR R A5 6 s . BA
— I Zn " 5 43 HOW B4 T2 S 3k B g 3
JKAF-(P =0.023 3 <0.05) , z& A0 BRI [A] X 97 4% T
YR I8 B 2 OKCF (P =0.002 1 <0.01) 7]
x4 PHRIZHBZITEER
Tab.4 Designs and results of the process for green

keeping of the male flower

SR 5 X X, X3 Y
1 -1 -1 -1 0.084 7
2 1 -1 -1 0.065 6
3 -1 1 -1 0.065 6
4 1 1 -1 0.056 8
5 -1 -1 1 0.074 6
6 1 -1 1 0.057 5
7 -1 1 1 0.054 5
8 -1 1 1 0.036 4
9 -1.6817 0 0 0.0553
10 1.6817 0 0 0.037 8
11 0 -1.6817 0 0.076 4
12 0 1.6817 0 0.0330
13 0 0 -1.6817 0.046 8
14 0 0 1.6817 0.0357
15 0 0 0 0.0305
16 0 0 0 0.024 1
17 0 0 0 0.0269
18 0 0 0 0.038 1
19 0 0 0 0.034 1
20 0 0 0 0.0379

x5 HAFEMEZRMRRE

Tab.5 Analysis of variance for the quadratic model

33 B H B 5 F {8 P{H EHXERBR
LT 9 0. 005 184 0. 000 576 6.58 0.0034"* 0.8555
w2 10 0. 000 876 0. 000 087
PR AU 5 0. 000 709 0. 000 142 4.24 0.069 5
R 5 0.000 167 0. 000 033
Je¥ ] 19 0. 006 060

o ox o 1% KT (1 55
Fo6 PEIZHARBERAHEZMHRELR (1K)
Tab. 6 Significance test for regression coefficient (:-test)
FE RBUEE A H B A= F P
A 0.031 54 1 0. 003 82
X, -0.006 77 1 0. 002 53 7.149 15 0.023 3
X, -0.010 41 1 0. 002 53 16. 896 93 0.002 1
X, -0.005 01 1 0. 002 53 3.914 91 0.076 0
X2 0. 008 01 1 0. 002 47 10. 544 99 0.008 8
X2 0.010 89 1 0. 002 47 19. 502 24 0.001 3
X2 0. 006 15 1 0. 002 47 6.219 63 0.0318
X, X, 0.001 17 1 0.003 31 0. 124 99 0.7310
X, X5 -0.000 92 1 0. 003 31 0.077 28 0.786 7
X, X, -0.001 67 1 0.003 31 0.254 68 0.624 7
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FEE IR 1) E W A 2% (P =0.076 0 >0.05) ; — I
[ Zn’ " A5 (P =0.008 8 <0.01) F17& 5 4b P
B E (P =0.001 3 <0.01) X4 &5 T2 205 i 35 3 1
K- KT AR 1) 52 36 B B KOF- (P =0.031 8 <
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ek T2, 25 140 FE ) R Zn® " J5 B 40 B0l &=
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2.4 PRIZEMEAXRZEERSTH

R A X — K 22 e [a] A 55 3 2 5000 I 2 1 A 3 45
R, HAZHAEMME 4 s, NERATES, &R ER
2 HAE 6 e N A R AR M B, fE
Zn’ " R ECHR 0.03% ~0.04% , 7 7540 R 8] Ky
30 ~40 s, {2 45728 f5 17 0 W6 FE 3K 3 e IS (1] 4a) ;
TE Zn” RSB 0.03% ~0. 04% | 718 R I 4 4y
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B 0.037] =

0.024

50°

P KA (Kl 4e)
2.5 MMAERFEFRCIZEZEGHRIE

HR I 45 PR 2R U SEA(E 5 4 1 5 4 8 58, AT DA AS 3]
2 1 e A /KT, B 38 A [ 05 A5 7R 000 1 AL i
HEAER P G S A T2 4 F e 2™ R 0 8K
0.04% , 7% 3 Ak FRT [H] 39.91 s, ¥y 15 R T i /3 2K
0. 4% , 7 BL A1 T B0 () 4248 A2 J5 1 W O 3L e
{E % 0.026 3,

KA T2 400 647 B0 E , % 5 31 55 R A
A AT AT B A A e AL B 2k 1 T A R A Il ) R
IO R (e R i I ol 1 A SRRV AR ol )
0.04% , 7R AL SET [A] 40 s, Fr A6 R 3 it 53 41 0. 4%
% LM T AT 5 WEEZ IR, 15 8] 0942 8 42
(o W 6 B 4y W 0.029 . 0.030,0.028 0. 026,
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Fig.4 Response surface of the factors of green keeping
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