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Separation behavior and enrichment process of rosmarinic
acid from low concentration ethanol-aqueous: solution by nanofiltration
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Abstract : In this study, the separation rule and the enrichment feasibility of nanofiltration was explored to separate rosmarinic
acid from low concentration ethanol-aqueous-solution. The experiment showed that ethanol concentration had influences on the
membrane flux and the rejection of rosmarinie acid. In erder to ensure the separation efficiency and rejection, the optimal con-
ditions were optimized by response surface method of quadratic regression model, and the results were 0. 41 pg/mL for rosma-
rinic acid concentration,20%- for ethanol concentration and 450 Da for molecular weight cut-off. Under these conditions, the
rejection of rosmarinic acid was93. 81% ,which was close to the predicted values. These results indicated the quadratic poly-
nomial mathematical.model built by Design-Expert software was accurate and feasible and the optimized concentrate process
was stable and reliable. In addition, the results showed that nanofiltration had several big advantages over the vacuum concen-
trate. When the nanofiltration_ membrane was applied in ethanol-aqueous solution for long time, the membrane fouling and
swelling was ‘not, reversible: But the rejection of rosmarinic acid was stable ,which suggested that the nanofiltration membrane
module was of better durability.
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Table 1  Factors and levels of nanofiltration concentrate
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Fig. 1  Effect of concentration on the rejection of rosmarinic acid
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Fig. 2 Effect of ethanol concentration on the membrane flux
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Table 2 Response surface design and results
ﬁthg% A B C éjzﬁ:{z? c/l:t;jectinn
1 1 0 -1 94.07
2 0 -1 -1 92.69
3 0 0 0 90.15
4 0 0 0 92.27
5 0 1 -1 91.24
6 1 0 1 86.14
7 1 1 0 94.60
8 -1 0 -1 91.08
9 0 0 0 91.93
10 0 0 0 92.44
11 0 0 0 91.85
12 0 1 -1 72.37
13 -1 0 90.48
14 -1 1 0 82.36
15 1 0 98.75
16 -1 0 1 61.69
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Table 3 Analysis of variance to the response surface quadratic model

A 5 R -7 5 e ¥ P p
Source of variation Square sum df Mean square
LR Model 1305.36 9 145.04 58.55 <0.000 1
%% Residual 17.34 7 2.48
ST Lack of Fit 13.99 3 4.66 5.58 0.065 2
22511 Pure Error 3.35 4 0.84
JAHI Cor Total 1322.70 16
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Table 4 Results of analysis of variance to the response surface quadratic model

I 2K I 1 ¥yJ5 . A A
Source Square sum df Mean square

A 287.40 1 287.40 116.02 <0.000 1" *
B 69.15 1 69. 15 27.91 0.001 1"~
C 556.28 1 556.28 224.56 <0.000 1" *
AB 3.94 1 3.94 1.59 0.247 6
AC 115.13 1 115.13 46.48 <0.0002" "
BC 17.43 1 17.43 7.04 0.0328"
A? 2.54 1 2.54 1.02 0.345 1
B? 1.50 1 1.50 0.60 0.462 6
c? 250.06 1 250.06 100.95 <0.000 1"~

HETP<0.01 B3;P<0.05 B,
Note: * * P <0.01 highly significant; * P <0.05 significant.
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Fig. 4 Response surface plots showing the interactive effects of factors on the extraction yield of rosmarinic acid
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Table 5 Comparison of the concentrate process

IRk A e 78 5

éﬁf— Nanofiltration x % RSD Transfer rate of x (i (;5‘;'0
rejection (% ) vacuum concentration (% )
1 95.70 58.81
2 93.33 93.81+1.70 61.64 58.61 £3.13
3 92.41 55.39
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