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Summary 

As part of the PPS Kleinschalige bioraffinage project (WP1b), fresh Stevia material was used in the 
extraction of steviol glycosides using water acidified through conversion of sugar by microorganisms 
naturally present on the plant. Two successive harvests from the same plot were used. Previous 
experiments had resulted in high steviol glycoside extraction rates of 80 % to 90 % but the purity of the 
final extract was low (15 % to 20 % of steviol glycosides in the dry matter). The first batch of plants was 
used to test a clarification step by filtration on a small scale. A second batch of plants was used to perform 
clarification, purification using ultrafiltration, and concentration by nanofiltration on a larger scale.  

The clarification step performed as desired, reducing the load applied to the ultrafiltration membrane. The 
final concentration step by nanofiltration also performed well, as it concentrated the ultrafiltration permeate 
while hardly losing any glycosides to the nanofiltration permeate. The purification by ultrafiltration itself did 
not perform as desired, as nearly all of the material still dissolved or suspended in the clarified extract 
passed through the membrane to the permeate. This resulted in 9 % to 10 % glycosides in the dry matter 
of both the ultrafiltration permeate, as well as the nanofiltration retentate, the final product. 
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1 Introduction 

Stevia rebaudiana is a plant that originates from Paraguay, South America, and it produces high potency 
low-calorie sweeteners in its leaves, mainly stevioside and rebaudioside A, both steviol glycosides. Locally, 
the plant leaves have been used for their sweetening capacity since long ago, but not until the 1960’s was 
commercial cultivation started in Paraguay and Japan, and later in other countries as well. In the late 1990’s 
most of the Stevia cultivation was taking place in China, with Japan being the major market. Stevioside and 
rebaudioside A extracted from Stevia leaves are now more or less widely used in Japan, South Korea, China, 
South-East Asia and South America, as a sweetener in a wide variety of foods. Since the approval of Stevia 
sweeteners in the US by the FDA in 2008, and by the European Union in 2011, industrial interest has risen 
accordingly (Stoyanova et al, 2011; González et al, 2014). 

For the extraction and purification of the steviol glycosides from the plant material, several possibilities 
exist. A commonly used extraction method consists of extracting dried and powdered leaves with hot water, 
after which a primary clarification is reached by filtration and centrifugation. Another common method for 
the extraction of leaves uses an ethanol-water mixture, followed by an evaporation of the extract. Other 
techniques include clarification using hexane, or solvent extraction followed by purification using selective 
adsorption by ion exchange, or addition of chelating agents followed by crystallisation, or extraction followed 
by adsorption using zeolites (Chhaya et al, 2012; González et al, 2014). For purification purposes, ultra- and 
nanofiltration are also suggested, including a centrifugation step for clarification of the extract, in a study 
using dried and powdered Stevia leaves (Chhaya et al, 2012).  

To reduce process costs related to drying, it may be preferable to process fresh Stevia, possibly at relatively 
small scale –for instance close to the area of cultivation. In this study, fresh Stevia plant material is 
extracted in water at room temperature. In order to facilitate the extraction of steviol glycosides through the 
cell wall, the water is acidified in order to increase cell wall hydrolysis. The acidification is achieved by letting 
the microorganisms present on the plant material convert added sugar to organic acids. In the previous 
study (Kootstra, 2015) Stevia extracts thus obtained from three successive harvests were purified by 
ultrafiltration and concentrated by nanofiltration. The Stevia material was found to be quite variable in 
steviol glycoside content, and apart from an increasing dry matter content –seemingly due to thicker stems-
, no major difference was found between the three successive harvests. It was concluded that the extraction 
of steviol glycosides from fresh Stevia material is very effective (80 % to 90 % of all present glycosides 
were extracted), but that the purity in the final product –the nanofiltration retentate- was too low: 14 % to 
19 % steviol glycosides in the dry matter. It was concluded that, following the extraction, a more selective 
downstream process is needed in order to result in a product with higher purity. A limit market 
study/discussion lead to the goal of producing a semi-finished product of 30 % to 50 % steviol glycosides in 
the dry matter. In a final full scale process, this product could then be further purified, if desired, at a 
central location, or it may be used for application for which the lower purity does not pose a problem. 

Therefore, for the current study, three major process adjustments have been made: 1) a clarification step is 
added, and 2) the ultrafiltration step is performed using a membrane with a smaller pore size. It is expected 
that the smaller pore size leads to increased purity, while the clarification step reduces the load on the 
ultrafiltration membrane. 3) The nanofiltration is performed using membranes of two different pore sizes, to 
see whether additional purification (loss of molecules smaller than the steviol glycosides) can be achieved 
here. Unrelated to the three abovementioned points, only leaves were used for the experiments, instead of 
the whole plant, as was done in the experiments of 2014.  

Two sets of experiments are performed. The first of two sets of experiments is performed to evaluate the 
efficiency of a clarification by filtration on a small scale. The second experiment is performed on a larger 
scale and included the full sequence of clarification by microfiltration, purification by ultrafiltration, and 
concentration by nanofiltration.  
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2 Materials and Methods 

2.1 Stevia plants 

Cultivation took place in Lehliu Gara, in south-east Rumania. Seed had been acquired from Everstevia, 
Canada. The plants the first sown in pots in spring 2015, and planted in soil in the beginning of May 2015. 
Cultivation was done organically, so without use of artificial fertiliser. The used soil can be described as 
fertile heavy clay with an organic matter content of 7 % and could be well dewatered. Drip irrigation was 
applied. Field edges and areas used for turning farming equipment were avoided. Material was harvested 
two times from the same area of land: early August, and early October. Harvesting was done manually and 
ideally consists of cutting of the plant just above the bottom pair of leaves. However, due to an unforeseen 
drought prior to harvesting, the lower part of the plants had withered and most of the harvest therefore 
consisted of the top part of the plants. Both harvests, the October harvest more so than the one of August, 
contained a relatively large amount of flowering material. Also, both harvests contained relatively many 
withered and browned leaves and both harvests contained a noticeably larger amount of sand on the plants, 
compared to the material of the trials in 2014. Harvest was timed just before the arrival of a cooled truck, 
by which the harvested material was transported at 2 °C to ACRRES in Lelystad, the Netherlands. Transport 
typically took two days, after which the material was kept at ACRRES at 4 °C for two days until the start of 
the extraction.  

2.2 Methods  

2.2.1 Processing 

2.2.1.1 Leaf picking 
Only leaves were used for the experiments, instead of the whole plant as was done in the experiments of 
2014. The reason for this change is the final process design as envisaged by NewFoss, in which the stems 
are seen as unnecessarily increasing the needed extraction volume. Therefore only the leaves were used, to 
keep processing volume and associated costs down. A total of 23.2 kg leaves was handpicked from 33.3 kg 
of harvest for the August experiments, and 13.8 kg of leaves from 54.6 kg of plants for the October 
experiments. 

2.2.1.2 Acidification and extraction 
In a 0.5 m3 (1.0 m2 surface and 0.5 m height) vessel 15.5 and 14.9 L of demineralised water were added 
per kg of fresh leaves, in August and October respectively. In both experiments, 1.0 kg of sucrose 
(Kristalsuiker; Van Gilse, The Netherlands) was added to the mixture. A level of mixing was achieved by, 
several times per day, pushing under the plant material, which tended to float. The mixture was left to stand 
at room temperature. Acidification was monitored by regular pH measurements, and acidification/extraction 
was considered complete when pH 4 was achieved. After total acidification/extraction times (starting from 
when water was added to the plant material) of 67 and 44 hours respectively for the experiments in August 
and October, the extraction liquids were considered ready for further processing. 

2.2.1.3 Clarification by filtration: small-scale experiment 
During transfer of the extraction liquid to the ultrafiltration vessel, a meshed bag was placed over the pump 
inlet, so that very large particles (leaves, pieces of leaf, twigs, etc.) were discarded before the clarification. 
The mesh size of the bag was about 2 mm. Filtration through a sequence of three filters was performed on 
the extraction liquid (see Table 1 and Appendix 1 for specifications), in order to filter out larger particles and 
possibly micro-organisms present. The final product of this experiment was a clarified extract.  
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2.2.1.4 Clarification, ultra- and nanofiltration: large-scale experiment 
Also in this experiment, the meshed bag was applied. Micro- and ultrafiltration were performed on the 
extraction liquid, in order to filter out larger particles and micro-organisms present. The ultrafiltration 
permeate of the 30 kDa membrane, which contains most of the extracted glycosides was then concentrated 
by nanofiltration. In this step, mostly water but also some smaller molecules such as minerals pass the 
membrane into the permeate, resulting in a concentration of the ultrafiltration permeate to the 
nanofiltration retentate. The nanofiltration retentate is the final product of this experiment. 

For clarification pressures applied were maximum 0.6 and 1.5 bar for 12-40 and 0.6 µm filters respectively. 
For the ultrafiltration, an inlet pressure of 150 kPa was applied, and the nanofiltration pressure was 3,05 
MPa. The filters and membranes used for the micro-, ultra- and nanofiltration are described in Table 1, with 
more detailed information in Appendices 1, 2 and 3. 

Table 1 Types of filters and membranes used for micro-, ultra- and nanofiltration 

Experiment Microfiltration Ultrafiltration Nanofiltration 
1 (small scale) StrassBurger Filter 12-40 

(SK 0), 0.6 (SS1) and 
SteriliTech PES 0.45 µm 
Diameter 142 mm 

 
- 

 
- 

2 (large scale) StrassBurger Filter 12-40 
(SK 0), 0.6 (SS1) 
2.1 m2 of each filter 

Romicon PM30 and PM50 
MW cut off 30 and 50 
kDa, 0.09 m2 of each 
filter 

SR3D MW cut off 200 Da 
Selro MPF36 MW cut off 
1000 Da, 28 cm2 of each 
filter 

 

2.2.2 Analysis 

2.2.2.1 pH, temperature and conductivity 
pH, temperature and conductivity were measured using a Hanna Instruments HI 98129 Combo-apparatus.  

2.2.2.2 Dry matter of processing samples and steviol glycoside levels 
Levels of steviol glycosides were determined by the external laboratory ExPlant Technologies in Leiden, the 
Netherlands, as well as the dry matter determination and the extractions needed for those analyses. A 
protocol is included in Appendix 4. Dry matter content of the homogeneous liquids were determined by 
freeze-drying 50 mL of liquid. The samples were processed according to a fixed protocol in duplicate and 
analyzed by HPLC with UV detection. Concentrations of stevioside, rebaudioside A (‘reb A’) and ‘sum other’ 
(a.o. rebaudiosides C, D, E, F, and dulcoside A) are determined. In this sample series the concentration of 
rebaudioside C (‘reb C’) was high enough to quantify separately. However, since there was no pure 
reference material for reb C, its concentration and that of the other glycosides lumped together under ‘sum 
other’ were expressed using a calibration curve based on rebaudioside A. For all samples an independent 
duplicate HPLC analysis was performed. Results of both analyses are shown in Appendices 5 and 6 of this 
report.  

2.3 Experimental setup  

In these experiments, the goal is to improve the quality of the end product of steviol glycosides extraction 
from fresh Stevia plants: the nanofiltration retentate. This means that the amount of steviol glycosides as 
percentage of the dry matter, the absolute amount of steviol glycosides, but also the specific glycoside 
composition will be focused upon. The effect of the inclusion of a clarification step, in combination with 
smaller pore size of the ultrafiltration membrane will be identified, as well as the effect of the two different 
pore sizes of the nanofiltration membrane.  
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3 Results and Discussion 

3.1 Clarification experiment 

3.1.1 pH, dry matter and steviol glycoside levels 
The pH of the primary extract was 4.03. In the first filtration, using a 12-40 µm filter, a large part of the 
suspended solids are retained, resulting in a visible clarification of the liquid and a decrease in dry matter 
content from 12.0 (±0.3) to 11.2 (±0.1). Visibly, the liquid also clarified after the 0.6 µm filtration, but the 
removed material was not enough to noticeably reduce the dry matter content. 0.45 µm filtration did not 
result in further visible clarification, nor did it retain enough material to reduce the dry matter content. The 
concentration of steviol glycosides in the filtrates did not noticeably change, meaning that the glycosides are 
not retained in the filtrations, and/or that the glycosides are dissolved in the liquid –as expected– and not 
present specifically in the removed suspended particles. The purity, expressed as glycoside fraction of the 
dry matter did not increase as a result of the clarification, remaining constant at 14 % to 15 %. All data are 
shown in Appendix 5. On the basis of these experiments, it was decided to apply consecutive filtration using 
the 12-40 µm and the 0.6 µm filters in the larger scale experiment described below.  

3.2 Main experiment  

3.2.1 Visual clarification 
As in the clarification experiment, the primary extract was visually clarified after the 12-40 µm and 0.6 µm 
filtration steps (Figure 1).  

 

Figure 1 The fluids after extraction (left), after 12-40 µm (middle) and after 0.6 µm (right) clarification steps 
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3.2.2 pH, temperature, conductivity, and concentration factor 
The pH of the primary extract was 3.85 and did not vary with further processing, except in the nanofiltration 
permeate where pH decreased to 3.43 and 3.76, for the 200 Da and 1000 Da membranes, respectively 
(Table 2). Ultrafiltration lead to a slight increase in temperature (Figures 2 & 3), probably partly due to the 
filter unit and collected permeate being at room temperature, while the retentate was replenished with 
somewhat cooler unfiltered material. The nanofiltration at 1000 Da (Figure 5) ran quite long due to a lower 
flow compared to the 200 Da filtration (Figure 4), leading to a larger increase in temperature. Conductivity 
of the liquid did not vary in downstream processing, except in the nanofiltration, as is to be expected when 
the liquid is concentrated. The concentration factor using the 200 Da membrane was 3.39, leading to a 2.46 
times increased conductivity, while nanofiltration with the 1000 Da membrane lead to a concentration factor 
of 2.73 and a 1.76 times increased conductivity. The achieved concentration factor was mostly determined 
by the flow and time available for the experiment (paragraph 3.2.3.2). 

Table 2 pH, temperature and conductivity after the different extraction and filtration steps 

Product pH (-) T (°C) EC (µS/cm) 
Leaves in water at start 5.88 19.5  
Primary extract  3.85 16.8  
Filtrate microfiltration  3.88 nd 1576 * 
Permeate UF 30 kDa 3.91 14.9 1568 * 
Retentate UF 30 kDa 3.92 16.3 1636 * 
Permeate UF 50 kDa 3.91 14.5 785 
Retentate UF 50 kDa 3.91 16.5 1602 * 
Permeate NF 200 Da 3.43 22.0 360 
Retentate NF 200 Da 3.95 21.6 3852 
Permeate NF 1000 Da 3.76 20.6 634 
Retentate NF 1000 Da 3.93 24.3 2756 
* calculated from measured ppm/0.5 

 

3.2.3 Flow, pressure and temperature data during ultra- and 
nanofiltration 

3.2.3.1 Permeate flow, inlet pressure and temperature data during 
ultrafiltration  

The permeate flow during 50 kDa ultrafiltration decreases more steeply and starts at a higher flow rate than 
during 30 kDa ultrafiltration (Figures 2 and 3). The fact that a larger pore size results in a higher initial flow 
rate may be expected. But, flow rate decreases more steeply during the 50 kDa ultrafiltration, while less 
fouling could expected for larger pore size. Apparently, other factors play a role here, possibly having to do 
with the design of the two membrane units. 
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Figure 2 Permeate flow, inlet pressure and temperature during ultrafiltration 30 kDa 

 

Figure 3 Permeate flow, inlet pressure and temperature during ultrafiltration 50 kDa  

 

3.2.3.2 Permeate flow and transmembrane pressure data during 
nanofiltration 

During nanofiltration, the permeate flow of the 1000 Da membrane decreased, while that of the 200 Da 
membrane stayed more or less constant at a higher flow rate (Figures 4 and 5). It might be expected that 
larger pore size leads to a higher initial flow and a less steep decrease of the flow rate in time, but this was 
not found in the experiments described here. No apparent fouling of the 200 Da membrane occurred.  
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Figure 4 Permeate flow and transmembrane pressure (tmp; bar) during nanofiltration 200 Da 

 

 

Figure 5 Permeate flow and transmembrane pressure (tmp; bar) during nanofiltration 1000 Da 
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3.2.4 Mass balance of the process 

3.2.4.1 General mass balance 
In the four treatment steps (30 kDa, 50 kDa, 200 Da and 1000 Da) respectively 0.1, 0.1, 6.8 and 24.4 % of 
the input liquids were lost (Table 3). The highest loss (after 1000 Da nanofiltration) was due to the fact that 
some of the permeate was not weighed. 

Table 3 Mass balance of ultra- and nanofiltration steps 

Membrane Input (g) Permeate (g) Retentate (g) Difference (g) 
30 kDa 16375.9 13946.7 2420.1 9.1 
50 kDa 16066.5 13102.4 2941.5 22.6 
200 Da 944.9 602.2 278.2 64.4 
1000 Da 939.7 366.9 343.9 228.9* 
*Total mass of the permeate was not measured 

 

3.2.4.2 Steviol glycoside mass balance 
For the steviol glycosides mass balance (Table 4) during ultra- and nanofiltration, it was assumed that the 
loss of 1000 Da permeate was negligible when focussing on the glycosides.  

Table 4 Mass balance (dry matter), amount of extracted steviol glycosides, and relative contribution of each 
glycoside to the extracted total (%) 

Step Fraction Dry 
matter 

(g) 

Stev. 
(mg) 

RebA 
(mg) 

RebC 
(mg) 

Other 
(mg) 

Stev. 
(%) 

RebA 
(%) 

RebC 
(%) 

Other 
(%) 

Ultrafiltration 
30 kDa 

Filtrate MF 139 7610 4111 677 1611 54 29 5 12 

 Permeate 115 6148 3316 570 1360 54 29 5 12 
 Retentate 21 1160 630 104 211 55 30 5 12 
 Total out 137 7308 3946 673 1572     
 Loss % 1.7 4.0 4.0 0.5 2.5     
Ultrafiltration 
50 kDa 

Filtrate MF 136 7466 4033 664 1581 54 29 5 12 

 Permeate 110 5960 3193 535 1153 55 29 5 11 
 Retentate 25 1373 748 124 275 55 30 5 11 
 Total out 135 7333 3941 659 1427     
 Loss % 0.8 1.8 2.3 0.8 9.7     
Nanofiltration 
200 Da 

Permeate 
30 kDa 

8 417 225 39 92 54 29 5 12 

 Permeate 0 13 6 8 0 47 22 31 0 
 Retentate 7 359 196 34 63 55 30 5 10 
 Total out 7 372 202 42 63     
 Loss % 10.9 10.7 10.1 -9.2 31.8     
Nanofiltration  
1000 Da 

Permeate 
30 kDa 

8 414 223 38 92 54 29 5 12 

 Permeate 1 2 1 4 0 25 12 64 0 
 Retentate 7 385 207 36 74 55 30 5 11 
 Total out 8 386 208 41 74     
 Loss % 7.6 6.7 6.8 -5.8 18.9     
Average values from 3 samples  

 

During nanofiltration higher losses of dry matter and steviol glycosides occurred than during ultrafiltration. 
This could be due to the application of smaller volumes during nanofiltration (Table 3) which increases 
analytical errors. During nanofiltration, a small amount of stevioside and Reb A seems to be lost, while also 
a small amount of Reb C seems to appear. This probably is due to experimental error due to small volumes 
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and/or analytical error, as permeate concentrations are very low and the structures of Reb A and Reb C are 
very similar. Another possible explanation is that a small amount of Reb A somehow got converted to Reb C, 
and/or some stevioside was broken down in an unknown reaction, but this was not studied further. All in all, 
while some material might be lost to fouling of the membranes, no substantial losses were observed.  

In all other fractions, the sum of stevioside and rebaudioside content of the extracts always account for 
around 80 % to 85 % of the total amount of steviol glycosides (Table 4). Regarding the final product, this 
meets a former requirement of JECFA from 2006, which stated that no less than 70 % of all present steviol 
glycosides should consist of the sum of these two components (JECFA, 2006). In later JECFA publications, 
this requirement was no longer present. It is clear that the different process steps do not have a large effect 
on the relative concentration of the different steviol glycosides.  

3.2.4.3 Steviol glycosides: efficacy of filtration 
Using the data in Table 4, the efficacy of the total process can be calculated, taking into account that only 
the filtrate of the 30 kDa ultrafiltration, and the retentates of the 200 Da and 1000 Da nanofiltration steps 
are used to obtain the final product (Table 5). Like in the previous experiments, ultrafiltration is more 
limiting than nanofiltration and the results for the two different pore sizes within the ultrafiltration and the 
nanofiltration steps are similar, with a somewhat higher yield for the 1000 Da membrane (72 % yield of 
total steviol glycosides for the 1000 Da membrane as compared to 69 % yield for the 200 Da membrane).  

Table 5 Steviol glycoside yields (%).The primary extract is regarded as 100 %. 

 Stev. RebA RebC Sum other Total 
Extraction 100 100 100 100 100 
Ultrafiltration 30 kDa 81 81 84 84 81 
Ultrafiltration 50 kDa 80 79 81 73 79 
Nanofiltration 200 Da 86 87 88 68 84 
Nanofiltration 1000 Da 93 93 95 81 92 
UF 30 kDa*NF 200Da 70 70 74 58 69 
UF 30 kDa*NF 1000Da 74 73 76 59 72 
Average values from 3 samples 

 

3.2.4.4 End product composition and quality 
In comparison to the 2014 experiments, the colour of the final product (Figure 6) was much less dark, and 
somewhat greenish brown.  
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Figure 6 Nanofiltration retentate (200 Da)  

 

3.2.4.5 Dry matter and steviol glycosides  
In the final product of the tests, the retentate of the nanofiltration, about 9 % to 10 % of the dry matter 
consists of steviol glycosides, with about 5 % to 6 % stevioside and 3 % rebaudioside A (Table 6). The 
steviol glycoside content in the dry matter reached in these tests is much less than desired, as 30 % to 50 
% steviol glycosides in the dry matter would be desirable for an intermediate product. Dry matter content 
and glycoside concentration (as percentage of dry matter) were both higher in the clarification experiment 
(paragraph 3.1) than in the main experiment. 

Table 6 Dry matter concentrations and steviol glycosides concentrations (mass % of dry matter) in the different 
fractions  

Sample Dry matter 
(g/L) 

RebA 
(%) 

Stevio 
(%) 

RebC* 
(%) 

sum other* 
(%) 

Total 
(%) 

Primary extract 9.7 (0.04) 3.0 5.4 0.5 1.0 9.8 
12-40 µm 9.3 (0.03) 2.8 5.3 0.5 0.9 9.6 
0.6 µm 1 8.6 (0.02) 2.9 5.4 0.4 0.9 9.7 
0.6 µm 2 8.5 (0.01) 3.0 5.5 0.5 1.2 10.1 
Retentate UF 30 kDa 8.8 (0.05) 2.9 5.4 0.5 1.0 9.9 
Permeate UF 30 kDa 8.3 (0.09) 2.9 5.3 0.5 1.2 9.9 
Retentate UF 50 kDa 8.6 (0.03) 3.0 5.5 0.5 1.1 10.0 
Permeate UF 50 kDa 8.4 (0.01) 2.9 5.4 0.5 1.0 9.8 
Retentate NF 200 Da 25.1 (0.36) 2.8 5.1 0.5 0.9 9.3 
Permeate NF 200 Da 0.7 (0.13) 1.3 2.8 1.8 0.0 6.0 
Retentate NF 1000 Da 20.0 (0.22) 3.0 5.6 0.5 1.1 10.2 
Permeate NF 1000 Da 1.3 (0.03) 0.1 0.2 0.5 0.0 0.8 
average from 3 samples, standard deviation between brackets 
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It is clear that after the extraction step, about 90 % to 91 % of the extracted dry matter consists of other 
material than steviol glycosides and, contrary to expectation, the added clarification step and the smaller 
pore size of the ultrafiltration do not improve this.  

Some discussion points on this subject:  

1. The concentration of glycosides in the dry matter of the extract for the clarification experiment was 
similar to that of the 2014 experiments. In the extract of the main experiment, the glycoside 
concentration of the dry matter was lower than in 2014. This may be due to two causes. Firstly, the 
acidification for the main experiment was faster than for the clarification experiment, leading to a 
shorter extraction time (44 h compared to 67 h). As the concentration in the original plant leaves was 
not determined, it is unknown what the influence of extraction time was. Secondly, and likely more 
importantly: the sugar addition. The extraction for the main experiment was performed with less liquid 
and leaves (but in the same ratio), compared to the clarification experiment, but the same amount of 
sugar was added. This would lead to more dry matter, and therefore a lower glycoside concentration in 
the total dry matter. 

2. Remaining on the subject of added sugar, 1000 g was added to 360 and 200 L, or 2.8 g/L and 4.9 g/L, 
for the clarification and the main experiment, respectively. Due to their size -smaller than glycosides-, 
sugar molecules and the organic acids resulting from microbial conversion pass through the UF 
membrane. The dry matter of the resulting product will therefore consist of a considerable amount of 
sugar and/or organic acid. In the case of the main experiment, this accounts for about 50% of the dry 
matter, hereby making it difficult to reach the desirable purity of glycosides in the dry matter.  

3. The quality of the Stevia plants used for the experiments was quite low. Quite a lot of the material was 
wilted, browned, and very sandy. It is unknown to what extent breakdown products already present in 
the material negatively influence the extraction focusing on the purity of glycosides in the dry matter 
but it would likely be preferable to use fresher material.  

4. Lastly, the results of the current trial and those of 2014 indicate that combination of the envisaged 
extraction of fresh material and purification by ultrafiltration may be something to reconsider. The 
choice for UF was based on literature in which Stevia was first dried, then ground, and then extracted 
with hot water. It is possible that the envisaged extraction of fresh material leads to a primary extract in 
need of a different DSP. It is recommended to keep this in mind for planning future experiments. For 
comparison, the current DSP system could be used on hotwater-extracted dried & ground material, and 
for the currently used extraction of fresh material, alternative DSP options to improve purification 
should be looked in to.  
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4 Conclusions 

• Clarification of the primary extraction liquid was successful, and the clarified liquid caused no fouling 
issues in the ultrafiltration that followed.  

• 69 % and 72 % of all glycosides present in the primary extract end up in the retentate of the 200 
Da and 1000 Da nanofiltration steps respectively.  

• 9.3 % to 10.2 % steviol glycosides in the dry matter in the end product is low. The ultrafiltration 
step as applied in these tests is not sufficient as a means of selectively concentrating steviol 
glycosides from the extract from fresh Stevia plants. The lack of selectivity for glycosides makes it 
clear that the downstream process of selectively concentrating the extracted steviol glycosides 
needs to be improved, to increase the quality and value of the envisaged product. 
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7 Appendices 

Appendix 1 Information on clarification membranes Strassburger filter SS 1 and SK 0 
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Appendix 2 Information on ultrafiltration membranes Romicon PM30 and PM50 
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Appendix 3 Information on ultrafiltration membranes SR3D (200D) and Selro MPF36 (1000D) 
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Appendix 4 Short description of sample preparation and analysis from ExPlant Technologies 
analysis report (in Dutch) 
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Appendix 5 Data from clarification experiment: steviol gylcosides and dry matter analyses 

Dry matter analyses 
 

Steviol glycosides analyses (mg/L) 
 In extract   

 
Sample RebA Stevio RebC* sum other* 

Sample DM g/L 
 

1EX1A 624 771 76 207 
1EX1 11.8 

 
1EX1B 619 754 79 221 

1EX2 12.4 
 

1EX2A 615 738 34 173 
1EX3 11.8 

 
1EX2B 615 770 31 184 

avg (g/L) 12.0 
 

1EX3A 654 800 40 172 
stdev.s (g/L) 0.30 

 
1EX3B 701 869 60 232 

After 12-40 µm   
 

12401A 605 751 52 245 
Sample DM g/L 

 
12401B 625 767 59 194 

12401 11.2 
 

12402A 645 801 65 174 
12402 14.3 

 
12402B 644 803 71 197 

12403 11.2 
 

12403A 644 785 82 249 
avg (g/L) 11.2 

 
12403B 629 791 81 206 

stdev.s (g/L) 0.05 
 

1240PA 594 726 75 125 
In 12-40 µm pool   

 
1240PB 608 770 77 214 

Sample DM g/L 
 

061A 623 767 75 203 
1240P 11.2 

 
061B 616 775 74 197 

After 0.6 µm    
 

062A 585 709 33 151 
Sample DM g/L 

 
062B 585 726 45 196 

061 11.2 
 

063A 618 750 54 210 
062 11.4 

 
063B 614 773 41 188 

063 11.6 
 

06PA 558 681 43 154 
avg (g/L) 11.4 

 
06PB 583 751 40 178 

stdev.s (g/L) 0.18 
 

0451A 583 715 28 176 
In 0.6 µm pool   

 
0451B 603 760 31 191 

Sample DM g/L 
 

0452A 609 751 71 211 
06P 11.4 

 
0452B 624 762 70 182 

After 0.45 µm   
 

0453A 618 771 74 200 
Sample DM g/L 

 
0453B 624 766 73 195 

0451 11.0 
      0452 11.5 
      0453 11.2 
  

Not used 
   avg (g/L) 11.2 

      stdev.s (g/L) 0.26 
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Appendix 6 Data from main experiment: steviol gylcosides and dry matter analyses 

Dry matter analyses 
  

Steviol glycosides analyses (mg/L) 
 In extract   After 12-40 µm Sample RebA Stevio RebC* sum other* 

Sample DM g/L Sample DM g/L V1 257 479 37 71 
PE1 9.6 12401 9.3 V1D 257 480 37 66 
PE2 9.7 12402 9.2 V2 250 457 40 78 
PE3 9.6 12403 9.3 V2D 242 459 37 71 
avg (g/L) 9.7 avg (g/L) 9.3 V3 243 457 39 74 
stdev.s (g/L) 0.04 stdev.s (g/L) 0.03 V3D 245 459 38 95 
After 0.6 µm 1* After 0.6 µm 2* R301 261 475 41 75 
Sample DM g/L Sample DM g/L R301D 263 480 43 89 
V1 8.6 FIL119 8.5 R302 256 473 44 93 
V2 8.5 FIL219 8.5 R302D 272 500 45 83 
V3 8.6 FIL319 8.5 R303 258 481 43 100 
avg (g/L) 8.6 avg (g/L) 8.5 R303D 251 467 40 83 
stdev.s (g/L) 0.02 stdev.s (g/L) 0.01 R501 259 453 42 91 
R30   P30   R501D 242 457 40 89 
Sample DM g/L Sample DM g/L R502 253 472 45 100 
R301 8.8 P301 8.2 R502D 260 486 41 88 
R302 8.8 P302 8.4 R503 258 460 45 94 
R303 8.9 P303 8.2 R503D 252 474 41 97 
avg (g/L) 8.8 avg (g/L) 8.3 P501 246 453 42 79 
stdev.s (g/L) 0.05 stdev.s (g/L) 0.09 P501D 247 463 41 90 
R50   P50   P502 243 453 41 88 
Sample DM g/L Sample DM g/L P502D 251 466 40 86 
R501 8.5 P501 8.4 P503 236 441 41 91 
R502 8.5 P502 8.4 P503D 239 452 40 93 
R503 8.6 P503 8.4 P2001 10 22 13 0 
avg (g/L) 8.6 avg (g/L) 8.4 P2001D 10 21 14 0 
stdev.s (g/L) 0.03 stdev.s (g/L) 0.01 P2002 10 22 14 0 
R200   P200   P2002D 10 20 13 0 
Sample DM g/L Sample DM g/L P2003 10 21 13 0 
R2001 25.3 P2001 0.8 P2003D 10 22 14 0 
R2002 25.3 P2002 0.8 R2001 711 1300 116 151 
R2003 24.7 P2003 0.6 R2001D 673 1220 119 162 
avg (g/L) 25.1 avg (g/L) 0.7 R2002 715 1320 124 265 
stdev.s (g/L) 0.36 stdev.s (g/L) 0.13 R2002D 680 1245 123 258 
R1000   P1000   R2003 725 1339 125 255 
Sample DM g/L Sample DM g/L R2003D 721 1323 124 264 
R10001 19.8 P10001 1.4 12401 270 493 43 90 
R10002 20.2 P10002 1.3 12401D 272 501 44 79 
R10003 19.9 P10003 1.3 12402 252 495 47 89 
avg (g/L) 20.0 avg (g/L) 1.3 12402D 250 495 44 90 
stdev.s (g/L) 0.22 stdev.s (g/L) 0.03 12403 272 497 45 91 

    
12403D 269 496 44 89 

    
P10001 1 3 7 0 

    
P10001D 1 3 8 0 

    
P10002 2 3 8 0 

    
P10002D 1 3 7 0 

    
P10003 1 3 7 0 
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P10003D 1 3 7 0 

    
R10001 599 1116 105 203 

    
R10001D 608 1127 107 220 

    
R10002 599 1107 105 212 

    
R10002D 608 1120 109 216 

    
R10003 596 1104 103 203 

    
R10003D 608 1137 104 244 

    
FIL119 251 465 42 99 

    
FIL119D 253 471 41 108 

    
FIL219 254 467 42 97 

    
FIL219D 246 458 43 100 

    
FIL319 247 461 41 98 

    
FIL319D 255 465 40 87 

    
P301 236 442 41 99 

    
P301D 236 435 41 99 

    
P302 237 443 40 104 

    
P302D 240 444 40 90 

    
P303 234 434 43 100 

    
P303D 244 448 40 93 

    
PE1 280 508 48 101 

    
PE1D 287 522 46 96 

    
PE2 281 513 48 96 

    
PE2D 285 520 49 105 

    
PE3 283 512 45 87 

    
PE3D 294 523 49 101 
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