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Study on the preparation of theaflavin-aluminum
complex by response surface methodology
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Abstract : Theaflavins-Aluminum complex was synthesized from theaflavins and AICl;. The single-factor and response surface
experiments was used to optimization of preparation conditions for Theaflavins-Aluminum complex,the factor parameter inclu-
ding molar ratio of TFs to Al pH value,reaction time and reaction temperature. In addition, the structure and properties were
characterized by infrared spectrometry (IR) and thermogravimetric analysis (TG). The results showed that the main factors
affecting AI’* complexation TP are pH value , molar ratio, reaction temperature and reaction time. The optimal process were de-
termined as 0.8 ,4.3,51minand 41°C for TFs-Al molar ratio, pH value, reaction time and reaction temperature , respectively.
Under these conditions, the combination rate was 94.52% . The actual value was within the range of 95% prediction range of
the model response [91.98% ,99.20% ]. Infrared spectral analysis showed that AI’* and TFs formed stable TFs-Al complex,
and the thermal stability was better than that of theaflavins (TFs).
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Table 1  Factors and levels used in response surface experiment

K%
KF Factor
bevel A YRR B 1l C b il
Molar ratio Time ( min) Temperature ( °C )
-1 0.8 35 30 3
0 1 40 60 4
1 1.2 45 90 5
2.3 HHEBEZINEREZHRERINEE 2.4 TFs-Al KEYWRBFERNE
H1 50% W BERC 6l 2% 8 F IR A AR RS W, TF [ TF- “af=(1-G,V,/C V) x100%
3-G.TF-3'-G il TFDG B9k B /3 %)~ 0. 26 0. 265 | AV, B RO TFs SRR, mL; V,

0.255 #10.395 mg/mL, %M Agilent Eclipse XDB- S JE EIS AR, mL; C, R R W HTE R TFs &
C18 (AR FE(S pum,4.6 x 150 mm) , FBNAH A 2% i, mg/mL; C, NN EIEW T TFs & &, mg/

LRI B NG + LR ETE (Vo Ve =21¢ mL,
4) ZERBEVRRL . 20% FiBhAH A,80% HishAl B, 2.5 TFs-Al BEWLAIMRIE S
SHAHE 1 mL/min, 28 A1) A 40 min; £ 0 )% 1 K ATR ¥, 78 600 ~4 000 cm™ {5 [l P9 1l 2

280 nm, #EFE R 10 pl, TFs-Al 255 W) M 2B R LLAMDLIE AL
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Fig. 2 The effect of TFs-Al molar ratio on the binding rate
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Fig. 3 The effect of reaction temperature on binding rate

15 TFs-AL YL EE 139 pH2. 5 S 07 e ]
30 min ZPFT 8 i O TR AR U 4 TFs-AL 285
Yy, o0 SR 2 v R ISR S5 4 Jm T RO R
WP R R ITRRER SN T A%,

2 S SUEL T SN A

H P 3 AT A, BifE St BE B Ty, 255 AR ST R
RIFr /), Ul W3 B4R T S IO i X TFs-AL i 4545
HATPE At B R il B2 3ad vo 2 52 Wi 285 5 W0 R
SE PRI A4 5 A3 T e DLTE IR L 40 CONEL,
3.1.3 R B LE AR H R

401

3£ 30-
& - :
204 Ll 22
ol A B : :
60 90

10 T T
5 30 45

I
=]
Rate of combination(%)

i [17]
Time (min)
B4 KRB EXSEE RN

The effect of reaction time on binding rate

Fig. 4

76 TFs-Al IR 1 1, 79K pH2. 5 B I
30 CHAAFT it MR fz g B T A v il £ TFs-Al 2%
7/ e IL SRl P g N S T g e M VA= RN =
PR RERESE TR ERZ SRS TS S
B, G [A] FALDR 2 X 2 G R A5

P & 4 o] HL BE A R TR B3 0, B2 N I 45 A R
W LT, HEDE TRRE , ROV AT 60 min R,
3.1.4  RE pH sH2: o %6 %

16 TFs-AL YO LE 1, SR IR 30 °C, 2
BfTE] 30 min 51, i s A8 R R pH AR U] 4
TFs-Al 659, 0 BIR NS S 2 R 5 &8 51 I
MEDE LHERP R ER SR ITERER SRS
THIEE A3, 258 pH B R XTS5 G R0,

—~ 1004

80+

604

Gt
Rate of combination(%

404 [

20 i

0

ES5 pHXEEERHFM
Fig. 5 The effect of pH value on binding rate

HIPE S AT, B pH AR O, 455 3 525G BTt
JG RS BRI T A R 5 AL A
SR BT R pH, 0 pH R [ F)
2.5 Fedvo mT Mk pH A RIE S, DL pH i 4



Vol. 31 7 428 WSR2 - A D O3 103

R 3.2 TFs-Al £8& 005 Bk 36 55 #7
F4 MEERRIZTSER

Table 4 Response surface experiment design and results

Ziax
A B C Rate of combination( % )
Jaiass . ; D w2
pREORE R R —_ \ bR
No. Molar ratio Time ( min) Temperature ( °C ) pH PR TJﬁ‘{I}IU i Residual (% )
Actual Predicted
value value
1 1.2 60 35 4 79.64 78.49 1.15
2 1.2 90 40 4 83.92 85.78 -1.86
3 1.2 60 40 5 65.83 64.81 1.02
4 1.2 30 40 4 84.06 84.16 0.1
5 0.8 60 40 5 76.45 78.52 2.06
6 1 30 35 4 80.9 80.35 0.55
7 1 90 35 4 85.93 83.27 2.66
8 0.8 60 40 3 49.28 48.47 0.81
9 1 90 40 3 48.01 49.8 -1.79
10 1 60 40 4 93.18 90. 89 2.29
11 1 60 35 3 36.93 40.98 4.05
12 1.2 60 45 4 79.43 83.52 4.09
13 0.8 30 40 4 94.01 92.08 1.92
14 1 90 45 4 88.05 86.77 1.28
15 0.8 90 40 4 92.11 91.94 0.17
16 1 60 40 4 91.13 90.89 0.24
17 0.8 60 35 4 87.08 84.88 2.2
18 1 60 45 3 50.46 47.9 2.56
19 1 90 40 5 70.67 71.14 0.46
20 1 60 40 4 88.81 90. 89 2.08
21 1 60 45 5 74.15 70.04 4.11
22 1 60 40 4 89.81 90. 89 -1.08
23 1.2 60 40 3 51.98 48.09 3.89
24 0.8 60 45 4 88.17 91.2 -3.04
25 1 30 45 4 87.37 88.21 0.83
26 1 30 40 3 45.58 47.01 -1.43
27 1 30 40 5 72.34 72.44 0.1
28 1 60 40 4 91.52 90. 89 0.63
29 1 60 35 5 63.1 65.61 2.5
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Table 5  Analysis of variance of regression model

KU 7 A F ¥J7 F{E P1H B
Source Sum of squares df Mean square F value P-value prob > F Significance
Model 7 877.784 14 562.698 9 59.303 4 < 0.000 1 o
A- Molar ratio 148.605 7 1 148.605 7 15.661 7 0.001 4 e
B- Time 1. 640 686 1 1. 640 686 0.172 914 0.683 8
C- Temperature 96.710 41 1 96.710 41 10.192 41 0.006 5 o
D-pH value 1 640.542 1 1 640.542 172.898 4 < 0.000 1 e
AB 0.782 661 1 0.782 661 0.082 485 0.778 2
AC 0.419 059 1 0.419 059 0.044 165 0.836 6
AD 44.433 13 1 44.433 13 4.682 852 0.048 2
BC 4.724 009 1 4.724 009 0.497 868 0.4920
BD 4.190 224 1 4.190 224 0.441 612 0.517 1
CDh 1.543 299 1 1.543 299 0.162 65 0.692 8
A2 10.350 49 1 10.350 49 1.090 848 0.314 0
B2 8.375 649 1 8.375 649 0.882 718 0.363 4
C2 168.981 8 1 168.981 8 17.809 16 0.000 9 o
D2 5 704.801 1 5704.801 601.234 7 < 0.000 1 o
Residual 132.838 7 14 9.488 476
Lack of Fit 121.686 9 10 12.168 69 4.364 746 0.084 2
Pure Error 11.151 79 4 2.787 948

T 2 (P <0.01), " 253 (P<0.05),

Note: * * The difference was very significant (P < 0.01) ; * The difference was significant (P < 0.05).
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Fig. 6 The effect of interaction between TFs-Al molar ratio and pH value on binding rate
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Fig. 7 The effect of interaction between reaction temperature and pH value on binding rate
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Fig. 9 Thermogravimetric analysis of TFs and TFs-Al
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