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Optimization of Extraction Condition for Black Tea with
Chamomile (Anthemis nobilis) by Response Surface Methodology
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’Dept. of Hotel Culinary & Beculy Youngnam Foreign Language College

Abstract

The study was designed to determine optimum extraction conditions, by the factorial design of 3 variables and
3 levels using an a RSM program. To determine the optimal conditions for the extraction of black tea with
chamomile, the experimental design was applied. The independent factors were the extraction temperature (60C, 8
0°C, 1007), extraction time (2 min, 4 min, 6 min), and chamomile addition (0.3%, 1.0%, 1.7%). By the RSM
(response surface methodology) analysis of the black tea with chamomile extraction, we found that the extraction
temperature greatly affected the extraction yield, brix, pH, and reducing sugar, caffeine, theobromine and theophillin
contents. The optimum extraction time, temperature,and chamomile content were 4 min, 90°C, and 1.6~1.7 %,

respectively.
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ZZdo HJREN ALRH Z FFEF O F caffeine
anhydrous, theobromine, theophylline anhydrous X7
Sigma Chemical Co.(USA)E AFE319 3L, methyl
alcohol, HPLC mobile phaseo] AM8-#® &ule HPLC
grade(Wako pure Chemical Ind., Ltd.,, Japan)E A}&-5+3
ow 1 9 ALY 2E AdEL EF(Wako Chemical
Co., Japan)& Al-&38}%th
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A= RSM program(Response surface methodology co
mputer program) & AME3ITE F,
X)#} F&-& X (Extraction temp
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& A] ZHExtraction time :
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erature :
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2 3o -1, 0, +19 ASAE FE55¥ cH(Table 1).
d gy

=% 32 ¥ 454 ¥4 YoZ2e F

Xi respcmse vanables 5 1
X1 Extractlon tnne (min) 4 6
X> Extraction temperature (C) 60 80 100

X3 Chamomile concentration (%) 0.3 1.0 1.7

Table 2. Central composite design for the optimization

Treatment . X( Extraction  Xo Exwraction: . X; Chamoemile
No. fime(min} ~temperature( 1) - concentration(%)
1 2 (D 60 (-1) 1.0 (O
2 6(1) 60 (1) 1.0 ( 0)
3 2 (-1 100 (D 1.0 (0
4 6 (1) 100 ( 1) 1.0 (0)
5 2 (-D 80 (0) 03 -1
6 6 (1) 80 (0) 03 (-1)
7 2 (-1) 80 (0) 17 (1)
8 6 (1) 80 (0) 17 (D
9 4 (0) 60 (-1 0.3 (-1
10 4 (0 100 (1) 03 (-
11 4 (0 60 (-1) 17(D
12 4 (0 100 ( 1) 171D
13 4 (0 80 (0 10( O
14 4 (0 80 (0) 1.0 ( 0)
15 4 (0) 80 ( 0) 1.0 ( 0)
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Table 3. HPLC analysis conditions of caffeine, theobromine
and theophylline

Column XTerra MS Cis (4.6x250 mm)
Mobile phase MeOH : H,O =30 : 70
Flow rate 0.7 mL/min

Column Temp 30C

Detector Waters 2996 PPA, 272 nm
Injection Vol 5 pL

Table 4. Experimental data of Extraction Yield, brix and
pH in extractive

Treatment -~ Extraction - Yield .
No.” (%) Prix bk
1 4.10 0.57 5.24
2 5.28 0.74 522
3 5.94 0.97 5.12
4 6.55 1.13 5.10
5 5.40 0.78 512
6 6.16 0.90 5.10
7 5.85 0.83 522
8 6.78 1.00 517
9 5.09 0.69 5.19
10 6.71 1.01 5.06
11 5.58 0.74 5.25
12 7.00 1.10 5.15
13 6.32 0.85 5.17
14 6.53 0.88 5.18
15 6.36 0.90 5.17

1) Refer to Table 2.
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Fig. 1. Contour map and response surface for the effect of
yield at hot water extraction.
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Fig. 3. Contour map and response surface for the effect of
pH at het water extraction,
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Fig. 2. Contour map and response surface for the effect of
Brix at hot water extraction,
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Fig. 4. Contour map and response surface for the effect of
AE at hot water extraction. :
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Table 5. Experimental data of color valu, turbidity, browning color for extractive

Treatment No.” L a Color valus b D TurbidityS) Browning color®
1 38.30 6.03 9.13 59.66 0.028 0.019
2 35.20 12.00 19.13 65.47 0.035 0.021
3 31.00 3.78 4.56 66.38 0.078 0.035
4 34.87 372 6.01 62.59 0.315 0.105
5 32.11 3.82 3.21 65.24 0.080 0.027
6 33.12 3.85 3.87 64.25 0.085 0.041
7 33.00 4.00 6.32 64.48 0.086 0.035
8 33.84 3.38 5.82 63.59 0.312 0.112
9 33.19 4.87 4.35 64.26 0.080 0.021
10 33.38 3.37 552 64.03 0.296 0.123
11 36.27 7.48 9.83 6191 0.040 0.045
12 34.92 3.81 5.78 62.54 0.331 0.117
13 33.58 3.28 4.64 63.78 0.080 0.033
14 33.27 3.67 4.62 64.11 0.077 0.051
15 33.18 2.95 4.44 64.16 0.090 0.025

1) Refer to Table 2.

) AE=V (A L?+A a?4+4 5%

Table 6. Percent contents of reducing sugar, caffeine,
theobromine and theophyline in extractive

{ugfml)

Treatment

Reducing

No.V Sugat Caffeine  Theobromine Theophillin
1 2251.8 217.6 15.6 -
2 3659.8 312.0 212 -
3 4509.8 426.8 26.0 -
4 5047.8 363.6 224 -
5 4151.8 356.8 21.6 -
6 4543.8 4092 24.8 -
7 4153.8 363.6 21.6 -
8 4783.8 355.6 21.2 -
9 3729.8 294.8 19.2 -
10 4691.8 375.6 228 -
11 3709.8 270.0 18.4 -
12 4909.8 421.6 256 -
13 4131.8 406.8 244 -
14 4367.8 406.5 25.0 -
15 4227.8 406.9 24.8 -

1) Refer to Table 2.
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Fig. 5. Contour map and response surface for the effect of
reducing sugar at hot water extraction.
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Fig. 6. Contour map and response surface for the effect of
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Fig. 7. Contour map and response surface for the effect of
theobromine at hot water extraction.
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Fig. 8. Superimposed Contour map for overall optimization
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Table 7. Polynomial equations calculated by RSM program on quality test for processing of extraction of Chamomile black tea

Response Polynomial Model equation”’ R Significance
= N} gy 7 7
Vield ¥ = 7.991024+1.460351X,+0.233822X-0.043095X 0. 123354X"0.063575%; 0.9957 00001
- -0.001109X™+0.0030352X,X,-0.003643X X5+0.2726 19X, X
- ~ _ 2_ 2
Brix 0.396071+0.104821X,+0.017446X:-0.196429X-0.008750X1™-0.000062500X; 0,999 0.0602
-0.000062500X5°+0.008929X, X, +0.0026 79X, X 5+0X:X;
. = 194.156122+38 970179X,+2.536786X-30.855612X-3.926875X,>-0.022875X,*
R 2 3 0.9807 0.0009
educing sugar -0.004269X:°+2.378571X:1X,+0.035714X, X 5+8.586 735X X
= = 2 2
Caffeine Y =5397874+0.011815X,-0.004807X;+0.093537X -0.001667X,*+0X; 0,945 00001
+0.000008333X2-0.005357X, X,+0.000536 X, X3-0.0289 12X, X
= . ) 2, 2
Theohromine Y7 = “H621769+8.176190X +1.152381X2+1.700680X,-0.329167X,-0.057500X; 09092 00602

-0.005292X5°-0.642857X, X>+0.064286X, X5-2.278912X, X

1) X; : Extraction time(Min),

k k
)Y, = 1&)+2ﬁxi+22ﬁ‘/‘x,'xj'+€

k

X, : Extraction temperature(C),

i=1i=1

X3 : Chamomile concentration(%)
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