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Abstract

Many manufacturers of laundry detergents that contain only biodegradable
ingredients from renewable sources frequently use surfactants based on palm oil,

although it is widely known for its sustainability problems.

Saponins, in contrast, are a group of natural surfactants that, while seemingly
often overlooked as detergents, can be found in various plants including soapwort,
Saponaria officinalis, which contains a considerably high amount of saponin and is

common in Europe.

The basic viability of saponin from soapwort as a sustainable laundry detergent is
investigated in this two-part interdisciplinary study. Part I includes an accessible
extraction process and a simple laundry experiment. Part II presents a detailed analysis
of the actual soil conditions at three locations with large Saponaria officinalis plants in

a semi-natural habitat.

While the soapwort extracts indicated clear surfactant activity, the results of the
laundry experiment using these extracts were inconclusive, showing at most only
marginal effects even in the reference treatments. Follow-up studies should improve on

the experimental design and employ sophisticated methods for quantification.

The analysis of the soil conditions, however, revealed a gravelly sandy gley with
anthropogenic interference and poor nutrient conditions, showcasing that the plant is

generally undemanding and seemingly a viable candidate for systematic cultivation.

Keywords: Saponin, Surfactant, Detergent, Soapwort, Saponaria, Saponaria

officinalis, Sustainable, Sustainability, Soil
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General introduction

The cultivation of oil palms, FElaeis guineensis, as a profitable source of oil
for food, industrial, and energy purposes (Pacheco et al. 2017) is a widely known
sustainability problem associated with deforestation, soil degradation, and land

grabbing (Vijay et al. 2016; Mohd Noor et al. 2017).

While most palm oil is produced for the food sector (Pacheco et al. 2017, 5—
6), laundry detergents often contain a mixture of plant-derived, animal-derived,
and petroleum-derived surfactants (see Davis et al. 1992, 37-39), and palm oil is
frequently used as the main plant source for oil-based surfactants due to its status

as an inexpensive vegetable oil with unique qualities (cf. Hack 2013).

Even though “green” or “eco-friendly” cleaning agents, personal care
products, and laundry detergents usually contain only biodegradable ingredients
from renewable sources, many of the manufacturers commonly use surfactants
based on palm oil and rationalize their choices by implying that palm oil is
virtually irreplaceable and shifting the discussion towards the need for improving
the sustainability of palm oil production (see Hack 2013). Although there are
organic palm oil operations and also initiatives like the Round Table for
Sustainable Palm Oil (see Mohd Noor et al. 2017, 2), NGOs point out that these
are mostly greenwashing endeavors or at least ill-fated efforts and that an
effectively sustainable production of palm oil is hardly feasible, at least on a larger

scale (Rettet den Regenwald e. V. 2011; cf. Mohd Noor et al. 2017).

While it is possible to obtain biodegradable surfactants from coconut oil
instead of palm oil (Prades, Salum, and Pioch 2016, 2; see Hinrichsen 2016) and —
differences in short-term efficiency aside — this seems to be an improvement with
regard to land use practices (see Prades, Salum, and Pioch 2016, 1-2), replacing
one tropical plant source with another one can hardly be deemed an ideal solution
from a wider sustainability perspective. Similar concerns can be applied to

importing soapnuts, Sapindus saponaria, from India to Europe.
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Animal-derived surfactants are not considered at all in this thesis since
animal exploitation is not deemed ethically sound, neither from a secondary,
strong sustainability (Michelsen and AdomfBlent 2014) perspective (cf. Steinfeld et
al. 2006) nor from a primary perspective of fundamental ethics (see Francione and

Charlton 2015).

It should be noted that not only coconut oil, but also other vegetable oils,
e.g. olive oil, can be used to synthesize biodegradable surfactants (see Makkar,
Cameotra, and Banat 2011; see Santos et al. 2016; see Hanno et al. 2015).
However, the utilization of oils and sugars from food plants, although some of

these cases might be promising, is out of scope for this thesis.

As for Indian soapnuts, their use as a detergent stems from their high
saponin content (Pelegrini et al. 2008, 922). Saponins, however, can be found in
many different plants to varying degrees (Sparg, Light, and van Staden 2004; cf.
Schwarzbach 2004), and one plant with a considerably high saponin content is
soapwort, Saponaria officinalis (see Fig. 1), which is a common plant species in

Europe (Khela 2012).

Apparently, the extraction of saponin from soapwort used to be local
ecological knowledge (Martin-Lépez and Montes 2015, 3) in certain parts of
Europe (Svanberg and Luczaj 2014, 168 & 194; see Truttwin 1920, 35), and it has
been reported that soapwort extract has been used to clean the fabric of museum
pieces (Motz and Kinder 2012). The current use of saponin as a detergent in
general and of soapwort extract in particular, however, seems to be a niche
phenomenon limited to hobbyist circles (see R. Blume and Meiners 2017; see Motz
and Kinder 2012) and a small number of commercial distributors of “green” or
“eco” cleaning products (see Weber 2010; cf. Triaz GmbH 2018; cf. memo AG

2018; cf. Hess 1956).

This thesis aims to incorporate the examination of saponin from soapwort as
a detergent into a broader sustainability framework from a perspective of empirical

science. It is a two-part interdisciplinary study investigating the basic viability of
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saponin from soapwort as a sustainable laundry detergent: To what extent can
saponin be extracted from soapwort with a view to its potential use in laundry
detergents, and how do soapwort extracts from different sources compare to other
plant-based surfactants in this context? How do abiotic and habitat conditions
relate to Saponaria officinalis being described as undemanding, and what does this

imply for sustainable cultivation and large-scale production?

Part I, the experimental chemistry part, includes an accessible extraction
process and a simple laundry experiment. Part II, the soil ecology part, presents a
detailed analysis of the actual soil conditions at three locations with large
Saponaria officinalis plants in a semi-natural habitat. The results and the
implications that might be inferred from them as empirical examples are embedded

into an overarching discussion.

Fig. 1: Soapwort (SAPONARIA OFFICINALIS).
Illustration by Jacob Sturm (Sturm 1796)
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I. Saponin from soapwort as a detergent

1. Introduction

Saponaria officinalis is a herbaceous perennial plant from the pink family,
Caryophyllaceae, (Hilty 2017) with a creeping rhizome (Meyer 1911, 135).

The whole plant is high in saponins (Jia, Koike, and Nikaido 1998; Koike,
Jia, and Nikaido 1999), with a saponin content of approximately 3-5 % in the
rhizomes in particular (R. Blume and Meiners 2017).

Saponin is an umbrella term for many structurally different glycosides,

although they can usually be categorized into either steroidal or triterpenoid

saponins (Sparg, Light, and van Staden 2004, 219-20).
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Fig. 2: 2D molecular structure of gypsogenin, CsH,;;0, (NCBI 2018a), one of the main
triterpenoid saponins found in soapwort (SAPONARIA OFFICINALIS)

Traditionally, saponins are classified as such due to their shared physical
and biochemical properties, e.g. surfactant characteristics, hemolytic action, and

toxicity in fish (Tschesche and Wulff 1973, 462).
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The saponin group in Saponaria officinalis consists mostly of several
different triterpenoid saponins (Sparg, Light, and van Staden 2004, 230; Jia,

Koike, and Nikaido 1998; Koike, Jia, and Nikaido 1999), see for example Fig. 2.

A basic approach for the extraction from different soapwort samples is
described below, followed by a simple laundry experiment that aims to compare

the extracts with other plant-based surfactants.

In addition, the pH values of the extracts and the reference surfactants were

measured and are presented for further context.

2. Material and methods

2.1. Extraction

Samples were taken from different soapwort sources. Above-ground (ag) and
below-ground (bg) biomass was collected from cultivated plants (C), field plants
that were not in blossom (F), and field plants that were in blossom (Fbl), resulting
in six different kinds of extracts (C ag, C bg, F ag, F bg, Fbl bg). This was done
to allow for the examination of possible differences in detergent behavior that
might indicate varying levels of saponin between different parts and growth

conditions of the plants.

The five potted Saponaria officinalis plants that were used for the cultivated
plant samples, see Fig. 3, were acquired from an organic gardening operation
(Brunkhorst and Brunkhorst 2018). The plants were 16 months old and had been
grown in polypropylene pots with a volume of approximately 0.5 L each. The
potting soil had the following properties (according to the supplier):
a medium texture (0—25 mm, 20 kg/m? ground clay), a water capacity of 73-78 %
by volume, a pH wvalue of 5.5 (in CaCl, 1:2.5 v/v), 480-620 mg/L N,

250-450 mg/L P,O;, 350-700 mg/L K,O, and 100200 mg/L Mg.
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For the field samples, parts of three large plants from a semi-natural

habitat, see II. 2.1, were collected.

Fig. 3: Cultivated soapwort (SAPONARIA
OFFICINALIS) plants

The above-ground biomass and the below-ground biomass of each kind of
sample were chopped up separately in a food processor (Moulinex La Moulinette,
DP700, 1000 W). 25 g of each of the six resulting samples were weighed (balance:
G&G pocket scale, model No. LS2000, capacity: 2000 g, d = 0.1 g) into a 500 ml
amber bottle each, and 50 g of 70.55 % ethanol (w/w) (see Tschesche and Wulff
1973, 465-66) were added to each bottle. The bottles were closed and left to sit for
10 days with intermittent shaking in a circular motion for approximately three

seconds twice a day (cf. Cheok, Salman, and Sulaiman 2014, 21).

Subsequently, each solution was filtered through a paper filter (Profissimo

coffee filter, size 4) into a beaker (cf. R. Blume and Meiners 2017), and the filtrate
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was transferred to semitransparent polyethylene bottles.

Unfortunately, the saponin content of the extracts could not be quantified,
as a high-performance liquid chromatography (HPLC) or similar method of
quantification was not available due to resource and time constraints. Therefore,
the saponin content was only estimated, based on a general percentage of 3-5 %
(see R. Blume and Meiners 2017) = 4 % and conservatively assuming an effective

extraction of only 50 % to be on the safe side.

2.2. Laundry experiment

The experiment included nine different treatments: a blank treatment of
70.55 % ethanol (w/w), extracts 1-6 (C bg, C ag, F bg, F ag, Fbl bg, Fbl ag), and

two reference surfactants.

The substances chosen as reference surfactants were coco glucoside (55 %
active substance) and cocamydopropyl betaine (30 % active substance), since both
are plant-based biosurfactants (see NCBI 2018b, 2018c; cf. Prades, Salum, and
Pioch 2016, 2). These were diluted with 70.55 % ethanol (w/w) to adjust their
respective percentages to the estimated saponin contents (see 3.1) of the soapwort

extracts, with the estimates being used in lieu of an actual quantification (see 2.1).

For each treatment, a batch of three times three different replicable stains of
balsamic vinegar (Rapunzel Aceto Balsamico di Modena 1.G.P., 6 % acid), tomato
juice (Alnatura Tomaten Saft Direktsaft, 99.6% tomato juice, sea salt), and
rapeseed oil (Alnatura Raps Ol nativ, virgin rapeseed oil) were applied to a sheet
of cotton satin (undyed satin, GOTS, 100 % cotton, 157 cm width, 135 g per lineal
m) with five drops from a pipette per stain, see Fig. 4.

The first run of the experiment consisted of letting the stains settle for ten
days before applying five drops of the respective treatment to each stain per
batch, waiting for 10 minutes, and then processing the batch in a washing machine

(Bauknecht WATE 9585) at 30° C in a delicate cycle with 400 rpm for 35 minutes.
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The second run consisted of letting the stains settle for only five hours
before pouring 10 g of the respective treatment into the washing machine’s
detergent chamber instead of applying it directly to the stains and then processing

the batch at 30° C in a delicate cycle with 400 rpm for 35 minutes.

Each batch was treated and washed separately in both runs. The pieces of
cotton satin were let air-dry on a laundry rack overnight and then scanned with an
image scanner (Epson GT9300 using xsane 0.999) at full color range, 300 dpi

resolution, gamma: 0.85, brightness: -100.00, and contrast: 100.00.

Fig. 4: Replicable stains on undyed cotton satin.

From top to bottom: Balsamic vinegar,

tomato juice, and rapeseed otil
The scanned images were inspected visually for any possible cleansing effects
compared to the blank treatment of mere ethanol (70.55 % w/w) as a baseline, and
the observations were rated accordingly on an ordinal scale with five steps from

no observable effect o to highly increased stain removal +++4.
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2.3. pH values

The pH values of the soapwort extracts, the diluted reference surfactants,
and 70.55 % ethanol (w/w) were measured with a pH meter (inoLab WTW series
pH/ION 735, pH-Electrode SenTix 41 pH 0..14 / 0..80° C, stored in 3 mol/L KCI)
that had been pre-calibrated with buffer solutions (pH 4.01, HI 7004, H906.1;

pH 7.01, HI 7007, H908.1).

Each pH value was measured three times, and the electrode was rinsed with
demineralized water and dried off with a paper towel between measurements. The

respective pH values of each substance were averaged.

3. Results

3.1. Extraction

The colors of the extracts ranged from amber to dark drab tones, see
Fig. 5. Every extract showed clear surfactant activity, i.e. pouring a stream of

water onto a drop of the extract resulted in visible foaming.

Fig. 5: Soapwort extracts
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On average, the extraction yielded a mass of 23.5 g per filtered extract, see
Tab. 1. Estimating the total extractable saponin from each sample at 3-5 % = 4 %
and conservatively assuming an effective extraction of only 50 % leaves the

estimated extracted saponin at 1 % of the sample mass and thus at 0.23 g on

average.
Tab. 1: Extraction results
Extract: 1 2 3 4 5 6 Average

Sample: C bg Cag F bg Fag Fblbg Fblag
Mass sample [g] 25.0 25.0 25.0 25.0 25.0 25.0 25.0
Estimated extractable saponin in sample, 3-5 % = 4 % —" 2 % [g] 0.5 05 0.5 0.5 0.5 05 05
Mass solvent (ethanol 70.55 % w/w) [g] 50.0 50.1 50.1 50.1 50.1 50.0 50.1
Estimated extracted saponin in solution [%] < 1 1 1 1 1 1 1
Mass extract [g] 26.2 284 22.0 226 215 20.5 235
Estimated extracted saponin [g] =< 0.26 0.28 0.22 0.22 0.21 0.20 0.23

" conservatively assuming an effective extraction of only 50 %

3.2. Laundry experiment

The visually observable results showed only marginal differences at most
between the blank treatment and any of the extracts or reference surfactants. This
applies to both runs (see 2.2) of the experiment, see Tab. 2-3. There was no
observable effect for the rapeseed oil stains at all, as these were already hardly

discernible in the blank treatments.

Evidently, the extracts, although colored themselves (see 3.1), did not

introduce any additional discolorations to the fabric.

Tab. 2: Results of laundry experiment I. Cleansing effect compared to mere ethanol treatment.
e: no observable effect, (+): marginally increased stain removal,

+: slightly increased stain removal, ++: considerably increased stain removal,

+++: highly increased stain remowval

Stain: Tomato juice Balsamic vinegar Rapeseed oil
Treatment Repeat: ! I 111 1 11 111 I 11 11T
Extract 1 (C bg), saponin 1 %" w/w (+) (+) . (+) (+) (+) . . .
Extract 2 (C ag), saponin 1 %" w/w . . (+) . (+) (+) 0 0 0
Extract 3 (F bg), saponin 1 %* w/w . . (+) . (+) (+) . . .
Extract 4 (F ag), saponin 1 %" w/w . (+ . (+) . (+) O . .
Extract 5 (Fbl bg), saponin 1 %" w/w (+) . . (+) . (+) . . .
Extract 6 (Fbl ag), saponin 1 %" w/w . (+) . . (+) (+) . . .
Cocamidopropyl betaine 1 % w/w (+) (+) (+) (+) (+) (+) . . .
Coco glucoside 1 % w/w (+) . (+) (+) (+) o 0 . *

" estimated percentage, see Tab. 1
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Tab. 3: Results of laundry experiment II. Cleansing effect compared to mere ethanol treatment.
e: no observable effect, (+): marginally increased stain removal,
+: slightly increased stain removal, ++: considerably increased stain removal,

+++: highly increased stain removal

Stain: Tomato juice Balsamic vinegar Rapeseed oil
Treatment Repeat: I II 1T I 1T 1T I II 1T

Extract 1 (C bg), saponin 1 %" w/w (+) (+) (+)

Extract 3 (F bg), saponin 1 %" w/w

Extract 5 (Fbl bg), saponin 1 %" w/w

Cocamidopropyl betaine 1 % w/w

" estimated percentage, see Tab. 1

3.3. pH values

The pH values of the soapwort extracts in 70.55 % ethanol (w/w) range from
5.3 to 5.7 with an average of 5.6. This is slightly more acidic than the
cocamidopropyl betaine and considerably milder than the coco glucoside, which

appears to be highly alkaline, see Tab. 4.

Tab. /: pH values of extracts, reference solutions, and solvent

pH value
Solution (in ethanol 70.55 % w/w)
Ethanol 70.55 % w/w 6.7

Coco glucoside 1 % w/w 12.1

Extract 2 (C ag), saponin 1 %" w/w

Extract 4 (F ag), saponin 1 %" w/w

Extract 6 (Fbl ag), saponin 1 %" w/w 5.6

‘

estimated percentage, see Tab. 1
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4. Discussion

With only marginal detectable differences that might not even be due to a
cleansing effect, but for example due to uncertainties with respect to the
applications of stains and/or treatments, the results of the laundry experiment are

inconclusive.

The extraction itself severely lacks an adequate method of quantification.
While the estimated saponin percentage is based on known general information, it
resembles an educated guess more than a valid estimate. Any potential
misjudgment is further amplified by the fact that the dilution of the reference
surfactants is in turn based on this educated guess, rendering a meaningful

comparison moot.

Since the design and setup of the laundry experiment as presented here seem
to be inadequate for any meaningful findings with regard to cleansing effects, an
improved experimental design utilizing sophisticated methods is deemed necessary

for any follow-up studies.

A future laundry experiment should employ larger concentrations and/or
amounts of extracted saponin and reference surfactants. Only a fraction of the
available biomass was used in this study. For a considerable yield of highly
concentrated extracts, a less expensive method than industrial-grade pressure
applications or the use of microwaves (see Schmitt et al. 2014), for example, could
be the basic heating-induced evaporation of the employed ethanol in combination
with its recapture and subsequent reuse (cf. Cheok, Salman, and Sulaiman 2014,
21; cf. Koike, Jia, and Nikaido 1999), ideally for a plethora of extraction cycles.
Since boiling temperatures are used occasionally for different saponin extractions
(see Cheok, Salman, and Sulaiman 2014, 21; see R. Blume and Meiners 2017),
there are apparently no issues with thermal stability (see Tschesche and Wulff

1973, 466) in this context.

The potential highly concentrated extracts should be quantified using a
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sophisticated method such as a high-performance liquid chromatography (HPLC)
(see Koike, Jia, and Nikaido 1999) before the final setup of the improved laundry

experiment and its reference surfactants.

Although the treatments in this study did not cause any additional
discoloration and the usual amber color reportedly turns clear when emulsified (cf.
R. Blume and Meiners 2017), it should also be investigated whether highly
concentrated extracts, especially those with a darker drab color, introduce a
potential risk of discoloring fabrics and if so how to mitigate this, i.e. how to

easily separate any possibly interfering dyes from the extracts.
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II. Soil conditions in a semi-natural habitat

1. Introduction

Saponaria officinalis is native to or has become naturalized in many parts of
the world including central, southeastern, and northern Europe (Khela 2012). It
can be found in loamy, gravelly, or sandy locations (Hilty 2017), especially gravelly

riverbanks (Meyer 1911, 135).

With regard to cultivation, the plant is described as “easy to grow” (Hilty
2017) and “not fussy about soil characteristics” (Hilty 2017), i.e. generally
undemanding. The following detailed analysis of the actual soil conditions in a
semi-natural habitat is supposed to aid in clarifying what this means from a

perspective of empirical science.

While a habitat in the rural district of Liineburg was chosen chiefly for
convenience, as a part of Lower Saxony the area also serves well as a general
example for an agricultural region with a moderate European climate (see 2.1).
Moreover, Lower Saxony is home to two pioneering vegan organic growing (Hall
and Tolhurst 2015) operations: Gdrtnerhof Bienenbittel (Verbeck 2018),
approximately 12 km from Liineburg, and the Community Supported Agriculture
Gemeinschaftsgdartnerei Wildwuchs (SoLaWi Gemeinschaftsgirtnerei Wildwuchs
e.V. 2018) near Hannover. This recent history of sustainable (cf. Steinfeld et al.

2006) agricultural endeavors further suggests the wider region as a suitable area.

Although Saponaria officinalis can be found in almost all parts of Lower
Saxony (Schacherer 2007, 400), see Appendix A, App. Fig. 1, the habitat
investigated is the only habitat of soapwort in the rural district of Liineburg
officially documented on a mesoscopic level (see Appendix A, App. Tab. 1). The
main reason for this is that Saponaria officinalis is not an endangered species (see

Khela 2012).
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2. Material and methods

2.1. Area

The habitat, reference number 7157, is located between Klein Sommerbeck
and Eimstorf, see Fig. 6, subdistrict of Dahlenburg, in the rural district of

Lineburg, Lower Saxony, Germany.

According to the Koppen-Geiger classification (Kottek et al. 2006), the
region has an oceanic climate (Cfb) (AM Online Projects 2015a, 2015d) with
borderline characteristics towards a warm humid continental climate (Dfb) (see
AM Online Projects 2015b). The approximate average annual temperature is
8.5° C with an approximate average annual rainfall of 638 mm (AM Online
Projects 2015a, 2015¢c, 2015d).

0 200 400 600 m Sy sommerec A

Habitat 7157

Eimstorf

Fig. 6: Map of the area. Location of the habitat between
Klein Sommerbeck and Eimstorf.

Background map: OpenStreetMap

© OpenStreetMap contributors (OSMF 2012)

Habitat 7157 is a grassland area of 3398 m? managed for conservation (see

Appendix A, App. Tab. 1), partially surrounded by woods and featuring a small
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artificial pond. A branch of a creek named Sommerbecke is approximately 200 m

away, see Fig. 7.

According to the generalized soil map, the expected soil type in the area
would be a secondary podzol (brown podzolic soil), a gley, and/or a related soil
type, see Fig. 8.

Saponaria officinalis can be found at a low to medium frequency (see

Appendix A, App. Tab. 1).

Three large plants, each with a height of more than 100 cm and several
offshoots, were chosen for the locations of the trial holes (see Fig. 7-10). Plant

No. 3 was in blossom, see Fig. 9.

The phytocoenosis included Urtica dioica, grasses, and other herbaceous
plants (see Fig. 9 & Tab. 5-7). For a detailed list of the general vegetation, see
Appendix A, App. Tab. 1. According to the indicator wvalues of Saponaria
officinalis and Urtica dioica (Ellenberg and Leuschner 2010, 55 € 63), a medium

to high amount of N in the soil could be expected.

The forest official at Junkernhof (see Landkreis Liineburg 2018, 154) stated
that the soil might have a considerable amount of anthropogenic alterations due to
management measures, e.g. the digging of the artificial pond. It was also suggested

that the soapwort in the habitat was not autochthonous (cf. Appendix A,

App. Tab. 1).
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Fig. 7: Map detail. Locations of the trial holes at
three large SAPONARIA OFFICINALIS plants.
Background map: OpenStreetMap

© OpenStreetMap contributors (OSMF 2012)

=

I |
b
.

Secondary podzol
(Brown podzolic soil)

- s

TR

Fig. 8: Map detail. Generalized soil map of the area
according to geo data (LBEG 2015).

Background map: OpenStreetMap

© OpenStreetMap contributors (OSMF 2012)
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Fig. 9: Three large (height > 100 ¢m) soapwort (SAPONARIA OFFICINALIS) plants in the habitat.
From left to right: Plants No. 1-3

2.2. Soil survey

A trial hole (AG Bodenkunde 2005, 38) with a width of ~80 c¢m, a length of
120 cm, and a depth of 70-90 cm to uncover all the relevant horizons of the
rhizosphere, see Fig. 10, was dug and troweled at each of the three locations (see

Fig. 7-9) using a spade, a shovel, a trowel, and a knife.

The horizons and soil types were determined according to the German soil

classification standard Bodenkundliche Kartieranleitung (AG Bodenkunde 2005).

AN ‘ A4 /i S
Fig. 10: Soil profiles. From left to right: Trial hole 1, width ~80 cm, depth ~90 cm.
Trial hole 2, width ~80 cm, depth ~80 cm.
Trial hole 3, width ~80 c¢m, depth ~70 cm.

Random samples from each horizon were taken and mixed with a small
amount of water to determine their color and texture using the Munsell soil color

chart (AG Bodenkunde 2005, 108-9; Munsell Color 2012) and a finger test (AG

T. OLDRIDGE: BASIC VIABILITY OF SAPONIN FROM SOAPWORT AS A SUSTAINABLE LAUNDRY DETERGENT 19



Bodenkunde 2005, 144-47), respectively, and the percentage of organic matter was

estimated according to the color (see H.-P. Blume, Stahr, and Leinweber 2011, 29).

2.3. Soil sampling

Three volume samples per horizon were taken from the two uppermost
horizons with a depth of more than 10 cm each. For each volume sample a
standardized metal cylinder of 100 ml with one lid was put into a core cutter (see
AG Bodenkunde 2005, 40-41). The core cutter was hammered into the horizon and
then removed with a trowel securing the sample. Any material exceeding the
cylinder’s volume was carefully cut away with a knife, and then the second lid was

put on the cylinder.

Composite samples of approximately 500 g along the full depth of each
horizon (AG Bodenkunde 2005, 40) were taken from all the horizons that were
fully uncovered. In addition, small random samples of approximately 50 g were

taken from the horizons that were only partially uncovered.

2.4. Soil analysis

2.4.1. Preparation of volume samples and analysis of pore volume

Each volume sample was placed on a glass plate with a piece of fabric
in between and then put in a basin that was filled with water up to the edges of
the cylinders, see Fig. 11. The samples were left to soak up water until they were
fully saturated. After five days, the saturated samples were weighed (balance:
sartorius AX4202, max. 4200 g, d = 0.01 g) and then transferred into a drying
cabinet, where they were left to dry at 105° C for two days. The dried samples
were put into an exsiccator to let them cool down without reabsorbing moisture

from the air. They were then weighed again.
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The total pore volume (AG Bodenkunde 2005, 349) and the soil density (AG
Bodenkunde 2005, 124-26) were calculated from the mass differences between the
water-saturated and the dried condition of each sample, facilitated by the cylinder

volume being 100 ml and the density of water being 1 g/ml.

Fig. 11: Volume samples in water basins
with added cylinder numbers (see 3.1 & Appendiz B, App. Tab. 7)

2.4.2. Preparation of composite samples and random samples

The composite samples (S1,1-3, S2,1-4, S3,3) and the random samples (S1,4,
S2,5, S3,4) were spread on paper plates and left to air-dry for five days. Each
sample was sieved in a vibratory sieve shaker (Retsch AS 200 basic) using a sieve
with a mesh size of 2 mm for at least 5 minutes at an amplitude of 70 % (100 % =
3 mm) to remove the skeleton fraction (AG Bodenkunde 2005, 155) and
homogenize the sample (see Fig. 12). The percentage of the skeleton fraction was
determined by weighing each sample before and after sieving. A random small
amount of each composite sample was checked for carbonates by applying

10 % hydrochloric acid (HCI 10 % v/v) and looking for any fizzing reaction (H.-P.
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Blume, Stahr, and Leinweber 2011, 25).

/

Fig. 12: Sieved (paper plates) and ground (small containers) soil samples
with added identifiers (see 3.1)

2.4.3. CN analysis

Approximately 10 ml of each composite sample and each random sample
were ground in a ball mill (Retsch Mixer Mill MM400) at 30 Hz for three minutes
and then stored in small containers (see Fig. 12). Approximately 8 g of these finely
ground samples were transferred into tin capsules (PerkinElmer Tin capsules for

solids, 5 x 8 mm, precleaned, N241-1255) using a small metal spatula.

Each of the samples in the tin capsules was weighed twice with an analytical
scale (sartorius analytical scale), discarding the first result. The capsules were
double-folded carefully, but tightly with two pairs of tweezers to prevent any
leakage and then stored in separate slots of a cartridge with unique

identifiers (H1-12, F1).

T. OLDRIDGE: BASIC VIABILITY OF SAPONIN FROM SOAPWORT AS A SUSTAINABLE LAUNDRY DETERGENT 22



These samples were analyzed with a sophisticated CN analyzer based on
combustion and reduction (PerkinElmer precisely Series II CHNS/O Analyzer

2400, equipped for CN).

2.4.4. pH values

10 g of each composite sample and 2 g of each random sample were
suspended in 25 ml and 5 ml CaCl, (0.01 mol/L), respectively. This was repeated
for a second batch. Each suspension was stirred with a glass rod and left to settle
for one hour. The glass rod was rinsed with demineralized water and dried off with

a paper towel each time.

A pH meter (inoLab IDS Multi 9310 WTW) was calibrated with technical
buffer solutions (NIST/PTB pH 4.01, TEP 4, 108 700; pH 7.01, TEP 7, 108 702;
pH 10.01, TEP 10 Trace, 108 703). The pH value of each suspension was measured
using the pH meter. The electrode was rinsed with demineralized water and dried
off with a paper towel between measurements. For each sample the respective pH

values of both batches were averaged.

2.4.5. Electrolytic conductivity

10 g of each composite sample and 2 g of each random sample were
suspended in 100 ml and 20 ml demineralized water, respectively. The suspensions
were shaken in an automatic shaker (uni jogger) at 200 rpm for two hours.

An electrolytic conductivity measuring device (Hanna Instruments HI 8733)
was calibrated with a reference solution (12880 ps/cm, HI 7030). The electrolytic
conductivity (H.-P. Blume, Stahr, and Leinweber 2011, 26-27) of each suspension
was measured using the device. The electrode was rinsed with demineralized water

and dried off with a paper towel between measurements.
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2.4.6. Sieve analysis

Each composite sample and each random sample was sieved in a vibratory
sieve shaker (Retsch AS 200 basic) using a stack of sieves with mesh sizes of
630 pm, 200 pm, and 63 pm (see AG Bodenkunde 2005, 141) for 5 minutes at an
amplitude of 70 % (100 % £ 3 mm). The contents of the three sieves and of the
bottom container were weighed separately in order to calculate the percentages of
the different sand fractions (gS: coarse sand / mS: medium sand / fS: fine sand)
and the silt/clay fraction (U: silt / T: clay). The silt/clay fraction itself was not

differentiated.

3. Results

3.1. Soil survey

All the trial holes revealed the soil type as a gley, i.e. a type of soil affected
by groundwater, with almost all of the horizons clearly showing a considerable
amount of rust spots and/or mottle. For the most part, the textures appeared to
be slightly or medium silty sand (Su2, Su3), while horizon No. 4 (Go3/rBv/rBv) of
all three trial holes, horizon No. 5 (rGo) of trial hole No. 2, and horizon No. 2 (M)

of trial hole No. 3 were found to consist of pure sand (Ss).

Trial hole No. 1 revealed a fully intact gley with a grayish topsoil (Ah)
horizon and three Go horizons. Go2 was determined as a transitional horizon
towards Go3. While the survey of trial holes No. 2 and 3 still showed a functional
gley, in both cases a relatively young Ah horizon of only 2 cm and 3 cm,
respectively, was found above a gravelly mineral (M) horizon interspersed with
cobble stones. This M horizon was assumed to be an anthropogenic fill on top of a
relict topsoil (rAh) horizon of the original gley. Tab. 5-7 show the results of the

soil survey in detail.
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Tab. 5: Soil survey. Trial hole at plant No. 1

Trial hole: 1 GK_R: 4411721 Date: 3 July 2018
Soil type: Gley GK_H: 5896735
Land use: Conservation Vegetation: ia officinalis (not in blossom), Urtica dioica, grasses, and other herbaceous plants

Organic Volume
Horizon Depth matter” Composite Random samples
No. [cm]  Horizon Texture’ Color Mottle [%]  Comment sample sample  (Cyl. No.)
1 0-18  Ah Su2 10 YR 32  very dark grayish brown slight rust spots 15-3 S11 18, 38, 94

w

7585  Go2 Su2 10 YR33  dark brown rust spots 15-3  transitional horizon to Go3 S13

|

via finger test (AG Bodenkunde 2005, 144-47)
" according to color (see H.-P. Blume, Stahr, and Leinweber 2011, 29)

Tab. 6: Soil survey. Trial hole at plant No. 2

Trial hole: 2 GK_R: 4411726 Date: 3 July 2018
Soil type: Gley GK_H: 5896738
Land use: Conservation Vegetation: ia officinalis (not in blossom), Urtica dioica, grasses, and other herbaceous plants

Organic Volume
Horizon Depth matter” Composite Random samples
No. [cm]  Horizon Texture" Color Mottle [%]  Comment sample sample  (Cyl. No.)
1 02 Ah Su2 10 YR 252 very dark (grayish) brown 36 s21

3 40-57  rAh Su3 10 YR 32  very dark grayish brown rust spots 153 S$23 317, 45, 66

5 74-.. rGo Ss 10 YR 34  dark yellowish brown yellow-reddish mottle 0.9-15 S25

" via finger test (AG Bodenkunde 2005, 144-47)
" according to color (see H.-P. Blume, Stahr, and Leinweber 2011, 29)

Tab. 7: Soil survey. Trial hole at plant No. 8

Trial hole: 3 GK_R: 4411731 Date: 3 July 2018
Soil type: Gley GK_H: 5896740
Land use: Conservation Vegetation: Saponaria officinalis (in blossom), Urtica dioica, grasses, and other herbaceous plants

Organic ‘Volume
Horizon Depth matter”™ Composite Random samples
No. [cm]  Horizon Texture” Color Mottle [%]  Comment sample sample  (Cyl. No.)
1 0-3 Ah Su2 10 YR32  very dark grayish brown slight rust spots 153 S31

g
:

Su2 10 YR 25,2 very dark (grayish) brown  severe rust spots, slight 3-6 S33 3,4,64
mottle

|

via finger test (AG Bodenkunde 2005, 144—47)
" according to color (H.-P. Blume, Stahr, and Leinweber 2011, 29)

ot
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3.2. Soil analysis

With the exception of the Ah horizon of trial hole No. 1, all the textures
were revealed by the sieve analysis to be pure sand (Ss), i.e. coarse-sandy medium
sand (mSgs) in the two uppermost horizons and fine-sandy medium sand (mSfs) in
the other ones. The texture of the Ah horizon of trial hole No. 1 was the only one
determined as slightly silty sand (Su2). The Ah horizons were shown to have a
skeleton fraction of 5.7-6.8 %, the Gol horizon one of 4.6 %, and the M horizons a

considerably higher one of 10.5-12.1 %

The analysis of the volume samples resulted in total pore volumes of
42-54 %. The M horizons were shown to have higher densities than the rAh

horizons below them.

Within the relevant horizons of the rhizosphere the average pH value in
CaCl, was 4.8. The most acidic value was a pH of 4.3 in the Ah horizon of the

fully intact typical gley at trial hole No. 1.

The electrolytic conductivity was found to be considerably low at only
17 =45 pS/cm.

No carbonates were detected. The C content was overall low with a
percentage of 2.1-2.4 % in the Ah horizons, 1.4-1.9 % in the rAh and Gol
horizons, and 0.7 % in the rBv and Go2 horizons. The N content was overall low

with an average percentage of 0.2 %.

The M horizons were shown to have lower C and N contents than the
horizons both directly above and below them, the M horizon of trial hole No. 3

considerably so.

For a detailed summary of the full laboratory analysis, see Tab. 8. The
results from the sieve analysis and the C analysis are compared with the

corresponding results from the soil survey in Tab. 9.
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Tab. 8: Results of the laboratory analysis. (For raw data, see Appendiz B, App. Tab. 4—11)

Skeleton Total pore Soil Electrolytic

Trial hole Horizon Depth Texture fraction volume  density C content N content PH value conductivity
No. No. [cm] Horizon (sieve analysis) (%) %) [g/ cm?] (%] [%] (in CaCl,) 1S / cm]
1 1 0-18 Ah Su2 6.78 54.14 1.10 2.11 0.22 43 213
3 75-85  Go2 Ss: mSfs 3.28 n/a n/a 0.71 0.14 5.0 174

2 1 0-2  Ah Ss: mSgs 5.72 n/a n/a 2.39 0.27 47 40.3
3 40-57  rAh Ss: mSfs 1.26 50.61 1.32 1.88 0.23 49 284

rGo (Ss: mSfs) (0.12) (037)  (0.11) (52) (21.0)

M Ss: mSgs 12.08 45.83 . 0.51 0.11 49 19.

1By (Ss: mSfs) (0.58) n/a (066)  (0.10) (54) (26.8)

Tab. 9: Comparison of texture and C content from soil survey and laboratory analysis.

Estimated” Estimated™

Trial hole Horizon Depth Texture” Texture organic matter  C content C content
No. No. [cm] Horizon (finger test) (sieve analysis) (%] %) (%]
1 1 0-18 Ah Su2 Su2 1.5-3 09-1.7 211

3 75-85  Go2 Su2 Ss: mSfs 1.5-3 0.9-1.7 0.7

—

N
—

0-2 Ah Su2 Ss: mSgs 3-6 1.7-35 23

(=]

3 40-57  rAh Su3 Ss: mSfs 1.5-3 0.9-1.7 1.8

(=]

Ss (Ss: mSfs) 0.9-15 0509  (0.37)

2 330 M Ss Ss: mSgs 0.9-15 0.5-0.9 0.5

4 63- rBv Ss (Ss: mSfs) 15-3 0.9-1.7 (0.66)

" see 3.1
" C content = organic matter + 1.72 (c¢f. AG Bodenkunde 2005, 111)

N
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probable due to their morphology (see 3.1) and the information from the forest
official (see 2.1), but also supported by their C and N contents being lower than
those of the horizons both above and below them and their higher densities

compared to the rAh horizons.

The overestimation of silt in the soil survey (see Tab. 9) was probably due
to a misinterpretation of iron oxides as silty material in the finger test, considering

the high amount of visible rust spots and mottle (see 3.1).

With its relatively low C content (cf. AG Bodenkunde 2005, 111; cf. H.-P.
Blume, Stahr, and Leinweber 2011, 29), its unexpectedly (see 2.1) low N content
(cf. H.-P. Blume, Stahr, and Leinweber 2011, 211-13) and its marginal electrolytic
conductivity (cf. H.-P. Blume, Stahr, and Leinweber 2011, 26-27), see Tab. 8, the

soil’s nutrient conditions are overall rather poor.

Generally favorable conditions that should be noted are the high pore
volume and the proximity of groundwater. This probably results in high water
availability due to capillary water rising from the groundwater, as indicated by the
rust spots found in even upper horizons. The pH values are also only moderately

acidic (see AG Bodenkunde 2005, 367).
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Overarching discussion

1. Results in context

While the results of the laundry experiment were inconclusive, the obvious
foaming activity of the soapwort extracts showed that saponin extraction might be
an accessible source of biosurfactants without the need for a synthesis step (cf.
Makkar, Cameotra, and Banat 2011; cf. Santos et al. 2016). The relatively low pH
value looks promising for applications such as shampoos and other personal care

products (cf. Lambers et al. 2006), as well as detergents for delicate fabrics.

Although the examination of the soil conditions was only a small-n study
and a comprehensive investigation of several different locations would be needed
for representative results, the survey and analysis presented here nevertheless work
well to showcase what it means when Saponaria officinalis is described as
undemanding (see II. 1). From a perspective of sustainable agriculture, this
supports the notion of cultivating soapwort as a saponin source that is easily

grown.

2. Limitations and caveats

2.1. Silty and clayey soils

The overall sandy texture and the amount of gravel and cobble stones found
in the examination of the soil conditions are well in line with the typical growth
conditions described in the literature (Hilty 2017; Meyer 1911, 135). Whether more
silty and/or clayey soils pose actual problems for Saponaria officinalis in an

agricultural context should be further investigated.
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2.2. Water availability

The water availability of the highly porous gley in the presented habitat is
reminiscent of soapwort being typically found in moist to slightly dry (Hilty 2017)
locations at riverbanks (Meyer 1911, 135). Cultivation of Saponaria officinalis on
soils that are not directly affected by groundwater might require an additional

amount of irrigation in dryer regions.

2.3. Creeping rhizomes

Although the aggressive growth of soapwort’s creeping rhizomes (Meyer
1911, 135) might be desirable with respect to the yield in harvestable below-
ground biomass, it might also have the undesirable effect of outcompeting other
crops (Hilty 2017) when integrating Saponaria officinalis into polycultural setups.

The use of physical barriers could be necessary in these cases.

2.4. Toxicity in fish

One of the defining characteristics of saponins is their toxicity in fish
(Tschesche and Wulff 1973, 462). This, however, does not have to present a
problem for the use of saponin from soapwort as a laundry detergent, since the
high biodegradability of saponins as naturally occurring surfactants mitigates the
issue when a wastewater treatment facility is in place (see Knieper, Kalewski, and

Carlson 2011).

It still poses two potential sustainability issues that need to be addressed.
First, people’s reasonable concerns about the toxicity in fish might cause them to

avoid or boycott saponin-based detergents or even campaign for their ban.

Secondly, campers, hippies, and/or inhabitants of rural areas might use
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saponin-based detergents in open bodies of water, unwittingly jeopardizing fish in

the process.

It is thus of utmost importance to communicate well that saponin is safe for
use in households of industrialized areas, but unsafe for use in open bodies of
water. A well-designed, noticeable warning label on commercial products might
help with this. In addition, advice for sensible practices in situations outdoors, e.g.
using Aleppo or Castile soap and vinegar for washing and rinsing clothes and hair,

could be included.

3. Beyond region

Growing soapwort in Europe instead of importing palm oil or soapnuts from
tropical regions might be desirable in itself. Potentially establishing large
monocultures of Saponaria officinalis, however, would be less than ideal from a
sustainability perspective. When considering the systematic cultivation of
soapwort as a saponin source, the integration into existing agricultural operations

with sustainable practices should be key.

As Saponaria officinalis is a flowering plant that attracts wild pollinators,
e.g. butterflies (Hilty 2017) and bumblebees (Wolff et al. 2006), it could be grown

in dedicated wildflower strips and patches.

Additionaly, since saponin can be found in many different plants (Sparg,
Light, and van Staden 2004, 219; cf. Schwarzbach 2004) it might be advisable to
diversify saponin sources in general, e.g. integrate soapwort into vegan organic
growing (Hall and Tolhurst 2015) operations as described, cultivate horse
chestnuts (see Truttwin 1920, 35) in agroforestry (see Nair and Garrity 2012)
systems, collect waste saponin from processing sugar beets (cf. Knieper, Kalewski,

and Carlson 2011), and so forth.

Transdisciplinary (Dubielzig and Schaltegger 2004, 9-11) research projects

monitoring these efforts could be established to both further the availability of
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sustainable detergents and improve the scientific understanding of feasibility and

efficiency issues.

4. Conclusion

The examination of the soil conditions in a semi-natural habitat showcases
the undemanding nature of Saponaria officinalis and thus indicates the plant as a
viable candidate for systematic cultivation as a source of saponin. The integration
into existing sustainable agriculture and a diversification of saponin sources seem

advisable.

Actual risks of toxicity in fish and their mitigation via biodegradation in
wastewater treatment facilities need to be addressed carefully and properly.

The general efficacy of saponin from soapwort as a laundry detergent as well
as efficiency issues should be further investigated using sophisticated quantitative

methods.

T. OLDRIDGE: BASIC VIABILITY OF SAPONIN FROM SOAPWORT AS A SUSTAINABLE LAUNDRY DETERGENT 32



Literature

AG Bodenkunde. 2005. Bodenkundliche Kartieranleitung: mit 103 Tabellen und 31 Listen. Edited by Herbert
Sponagel, Ad-hoc-Arbeitsgruppe Boden der Staatlichen Geologischen Dienste und der Bundesanstalt
fiir Geowissenschaften und Rohstoffe, and Bundesanstalt fiir Geowissenschaften und Rohstoffe. 5.,
verbesserte und erweiterte Auflage. Stuttgart: E. Schweizerbart’sche Verlagsbuchhandlung (Négele
und Obermiller).

AM Online Projects. 2015a. “Climate Eimstorf: Temperature, Climograph, Climate Table for Eimstorf.”
Climate-Data.Org. August 9, 2015. https://en.climate-data.org/location/201539/.

———. 2015b. “Climate Lower Saxony: Temperature, Climograph, Climate Table for Lower Saxony.” Climate-
Data.Org. August 9, 2015. https://en.climate-data.org/region/370/.

———. 2015c. “Lineburg Climate: Average Temperatures, Weather by Month, Lineburg Weather Averages.”
Climate-Data.Org. August 9, 2015. https://en.climate-data.org/location/22016/.

———. 2015d. “Sommerbeck Climate: Average Temperatures, Weather by Month, Sommerbeck Weather
Averages.” Climate-Data.Org. August 9, 2015. https://en.climate-data.org/location/224273/.

Blume, Hans-Peter, Karl Stahr, and Peter Leinweber. 2011. Bodenkundliches Praktikum: eine Einfihrung in
pedologisches Arbeiten fir Okologen, insbesondere Land- und Forstwirte, und fiir Geowissenschaftler.
3., neubearb. Aufl. Heidelberg: Spektrum, Akad. Verl.

Blume, Riidiger, and Fritz Meiners. 2017. “Prof. Blumes Tipp Des Monats. Echt Biologische Waschmittel —
Selbst Gepflickt.” Prof. Blumes Bildungsserver Far Chemie. August 27, 2017.
http://www.chemieunterricht.de/dc2/tip/17 09.htm.

Brunkhorst, Annika, and Charlotte Brunkhorst. 2018. “Bio Pflanzenversand & Bio Krauter - Krauterei
Manufaktur Fir Grines Und Siiles Oldenburg.” Kréuterei. 2018. https://krauterei.de/.

Cheok, Choon Yoong, Hanaa Abdel Karim Salman, and Rabiha Sulaiman. 2014. “Extraction and
Quantification of Saponins: A Review.” Food Research International 59 (May): 16-40.
https://doi.org/10.1016/j.foodres.2014.01.057.

Davis, Gary A, Phillip Dickey, Dana Duxbury, Barbara Griffith, Brian Oakley, and Katherine Cornell. 1992.
“Household Cleaners: Environmental Evaluation and Proposed Standards for General Purpose

”

Household Cleaners.” University of Tennessee. Center for Clean Products and Clean Technologies.

http://isse.utk.edu/ccp/pubs/pdfs/HouseholdCleaners-wofigsandapps.pdf.

Dubielzig, Frank, and Stefan Schaltegger. 2004. Methoden transdisziplinarer Forschung und Lehre: ein

zusammenfassender Uberblick. Liineburg: CSM.

Ellenberg, Heinz, and Christoph Leuschner. 2010. “Zeigerwerte Der Pflanzen Mitteleuropas.” In Vegetation
Mitteleuropas Mit Den Alpen. Ulmer, Stuttgart. http://www.utb-
shop.de/downloads/dl/file/id /27 /zusatzkapitel zeigerwerte der pflanzen mitteleuropas.pdf.

Francione, Gary L., and Anna Charlton. 2015. Animal Rights: The Abolitionist Approach. Exempla Press.

Hack, Jirgen. 2013. “Stellungnahme Zum Thema Palmél.” Sodasan. 2013. https://www.sodasan.com/Palm
%C3%B61.html.

Hall, Jenny, and Iain Tolhurst. 2015. Growing Green. Organic Techniques for a Sustainable Future. Cheshire,
UK: Vegan Organic Network.

Hanno, Ibrahim, Marisanna Centini, Cecilia Anselmi, and Claudia Bibiani. 2015. “Green Cosmetic Surfactant
from Rice: Characterization and Application.” Cosmetics 2 (October): 322-41.
https://doi.org/10.3390/cosmetics2040322.

Hess, Hans. 1956. “Hundred Years of German Painting 1850-1950.” The Burlington Magazine 98 (639): 203-5.

Hilty, John. 2017. “Soapwort (Saponaria Officinalis).” Illinois Wildflowers. December 20, 2017.
http://www.illinoiswildflowers.info/weeds/plants/soapwort.htm.

Hinrichsen, Nils. 2016. “Commercially Available Alternatives to Palm Oil.” Lipid Technology 28 (3-4): 65-67.
https://doi.org/10.1002/1ite.201600018.

T. OLDRIDGE: BASIC VIABILITY OF SAPONIN FROM SOAPWORT AS A SUSTAINABLE LAUNDRY DETERGENT 33



Jia, Zhonghua, Kazuo Koike, and Tamotsu Nikaido. 1998. “Major Triterpenoid Saponins from Saponaria
Officinalis” Journal of Natural Products 61 (11): 1368-73. https://doi.org/10.1021/np980167u.

Khela, S. 2012. “Saponaria Officinalis.”  The IUCN Red List of Threatened Species. 2012.
http://www.iucnredlist.org/details /202974 /1.

Knieper, Louis H., Ron Kalewski, and Jeffrey Carlson. 2011. “Determination of Oleanolic Acid Based Saponin
Removal by the Wastewater Treatment System at Southern Minnesota Beet Sugar Cooperative.” In
Proceedings of 36th Biennial Meeting. ASSBT. https://doi.org/10.5274/ASSBT.2011.75.

Koike, Kazuo, Zhonghua Jia, and Tamotsu Nikaido. 1999. “New Triterpenoid Saponins and Sapogenins from
Saponaria Officinalis.” Journal of Natural Products 62 (12): 1655-59.
https://doi.org/10.1021/np990311r.

Kottek, Markus, Jirgen Grieser, Christoph Beck, Bruno Rudolf, and Franz Rubel. 2006. “World Map of the
Koppen-Geiger Climate Classification Updated.” Meteorologische Zeitschrift 15 (3): 259-63.
https://doi.org/10.1127/0941-2948/2006/0130.

Lambers, H., S. Piessens, A. Bloem, H. Pronk, and P. Finkel. 2006. “Natural Skin Surface PH Is on Average
below 5, Which Is Beneficial for Its Resident Flora.” International Journal of Cosmetic Science 28
(5): 359-70. https://doi.org/10.1111/j.1467-2494.2006.00344.x.

Landkreis Liineburg, ed. 2018. “Amtsblatt Fir Den Landkreis Liineburg. 44. Jahrgang. Nr. 7.” Druckerei
Buchheister GmbH.
https://www.landkreis-lueneburg.de/Portaldata/42/Resources/politik _und verwaltung/aktuelles/
amtsblatt/7-2018 149-156_ low.pdf.

LBEG. 2015. “Kartendienste (Web Map Services) Des LBEG.” Landesamt Fiir Bergbau, Energie Und Geologie.
March 23, 2015.
https://www.lbeg.niedersachsen.de/kartenserver/web map services wms/kartendienste-web-map-
services-des-lbeg-91769.html.

Makkar, Randhir S, Swaranjit S Cameotra, and Ibrahim M Banat. 2011. “Advances in Utilization of
Renewable  Substrates for  Biosurfactant Production.” AMB  Ezpress 1 (March): 5.
https://doi.org/10.1186/2191-0855-1-5.

Martin-Lopez, Berta, and Carlos Montes. 2015. “Restoring the Human Capacity for Conserving Biodiversity:
A Social-Ecological Approach.” Sustainability Science 10 (4): 699-706.
https://doi.org/10.1007/s11625-014-0283-3.

memo AG. 2018. “memo Vollwaschmittel ‘Eco Saponine’, 1 Liter.” memo.de. 2018.

https://www.memo.de/memo-vollwaschmittel-eco-saponine-1-liter-h1153.

Meyer, Thomas. 1911. Arzneipflanzenkultur Und Krauterhandel. Rationelle Ziichtung, Behandlung Und

Verwertung Der in Deutschland Zu Ziehenden Arzmei- Und Gewdrzpflanzen. Berlin: Julius Springer.

Michelsen, Gerd, and Maik AdomfBent. 2014. “Nachhaltige Entwicklung: Hintergriinde und Zusammenhéange.”
In Nachhaltigkeitswissenschaften, edited by Harald Heinrichs and Gerd Michelsen, 32-34. Berlin,
Heidelberg: Springer Berlin Heidelberg. http://link.springer.com/10.1007/978-3-642-25112-2.

Mohd Noor, Faisal M., Anja Gassner, Anne Terheggen, and Philip Dobie. 2017. “Beyond Sustainability
Criteria and Principles in Palm Oil Production: Addressing Consumer Concerns through Insetting.”

Ecology and Society 22 (2). https://doi.org/10.5751/ES-09172-220205.

Motz, Vicki, and David Kinder. 2012. “The Medicinal Herb Gardens at ONU. Saponaria Officinalis.” Ohio
Northern University. 2012. https://webstu.onu.edu/garden/node/461.

Munsell Color. 2012. Munsell Soil Color Charts with Genuine Munsell Color Chips. 2009 year rev., 2012
production. Munsell Soil Color Book. Grand Rapids, Mich.: Munsell Color.

Nair, P. K. Ramachandran, and Dennis Garrity. 2012. Agroforestry - the Future of Global Land Use. Advances
in Agroforestry. - [Dordrecht] : Springer, 2004- 9. Dordrecht [u.a.]: Springer.

NCBI. 2018a. “Gypsogenin. CID 92825.” PubChem Compound Database. August 18, 2018.
https://pubchem.ncbi.nlm.nih.gov/compound/92825.

———. 2018b. “Lauramidopropyl Betaine. CID 20280.” PubChem Compound Database. September 1, 2018.
https://pubchem.ncbi.nlm.nih.gov/compound/20280.

———. 2018c. “Lauryl Glucoside. CID 10893439.” PubChem Compound Database. September 1, 2018.
https://pubchem.ncbi.nlm.nih.gov/compound/10893439.

T. OLDRIDGE: BASIC VIABILITY OF SAPONIN FROM SOAPWORT AS A SUSTAINABLE LAUNDRY DETERGENT 34



OSMF. 2012. “Copyright and License.” OpenStreetMap. 2012. https://www.openstreetmap.org/copyright.

Pacheco, P.; S. Gnych, A. Dermawan, H. Komarudin, and B. Okarda. 2017. The Palm Oil Global Value Chain:
Implications for Economic Growth and Social and Environmental Sustainability. Center for
International Forestry Research (CIFOR). https://doi.org/10.17528/cifor/006405.

Pelegrini, Denise D, Joyce K Tsuzuki, Ciomar A B Amado, Diégenes A G Cortez, and Izabel C P Ferreira.
2008. “Biological Activity and Isolated Compounds in Sapindus Saponaria L. and Other Plants of the
Genus Sapindus.” Latin American Journal of Pharmacy, 6.

Prades, Alexia, Uron N. Salum, and Daniel Pioch. 2016. “New Era for the Coconut Sector. What Prospects for
Research?” OCL 23 (6): D607. https://doi.org/10.1051/0cl/2016048.

Rettet den Regenwald e. V. 2011. “256 Organisationen aus aller Welt: Palmo6l RSPO ist Greenwashing.” Rettet
den Regenwald e. V. July 16, 2011. https://www.regenwald.org/news/3645.

Santos, Danyelle Khadydja F., Raquel D. Rufino, Juliana M. Luna, Valdemir A. Santos, and Leonie A.
Sarubbo. 2016. “Biosurfactants: Multifunctional Biomolecules of the 21st Century.” International
Journal of Molecular Sciences 17 (3). https://doi.org/10.3390/ijms17030401.

Schacherer, Annemarie. 2007. Verbreitungsatlas Der Farn- Und Blitenpflanzen in Niedersachsen Und Bremen.
Naturschutz Und Landschaftspflege in Niedersachsen. - Hannover : NLWKN, 1961- 43. Hannover:

Nieders. Landesbetrieb fiir Wasserwirtschaft, Kiisten- und Naturschutz.

Schmitt, C., B. Grassl, G. Lespes, J. Desbriéres, V. Pellerin, S. Reynaud, J. Gigault, and V. A. Hackley. 2014.
“Saponins: A Renewable and Biodegradable Surfactant From Its Microwave-Assisted Extraction to
the Synthesis of Monodisperse Lattices.” Biomacromolecules 15 (3): 856-62.
https://doi.org/10.1021/bm401708m.

Schwarzbach, Anita. 2004. “Vergleichende Untersuchungen Zum Saponingehalt von Asparagus Officinalis.” Dr.
Ing. Thesis, Berlin: Technische Universitdt Berlin. https://d-nb.info/97067063X/34.

SoLaWi Gemeinschaftsgartnerei Wildwuchs e.V. 2018. “Gemeinschaftsgidrtnerei Wildwuchs.” 2018.
https://solawi-wildwuchs.de/.

Sparg, S.G., M.E. Light, and J. van Staden. 2004. “Biological Activities and Distribution of Plant Saponins.”
Journal of Ethnopharmacology 94 (2-3): 219-43. https://doi.org/10.1016/j.jep.2004.05.016.

Steinfeld, Henning, Pierre Gerber, T. D. Wassenaar, Vincent Castel, Mauricio Rosales M., and Cees de Haan.
2006. Livestock’s Long Shadow: Environmental Issues and Options. Rome: Food and Agriculture

Organization of the United Nations.
Sturm, Johann Georg. 1796. Deutschlands Flora in Abbildungen (Nur Tafeln). BioLib Online Library of
Biological Books. http://biolib.de/.

Svanberg, Ingvar, and Lukasz Luczaj, eds. 2014. Pioneers in FEuropean Ethnobiology. Acta Universitatis

Upsaliensis. Uppsala Studies on Eastern Europe 4. Uppsala: Uppsala Universitet.

Triaz GmbH. 2018. “Waschmittel Seifenkraut.” Waschbar. Umweltversand fir Naturmode & Bioprodukte.
2018. https://www.waschbaer.de/shop/waschmittel-seifenkraut-334487G=4175.

Truttwin, Hans, ed. 1920. Handbuch Der Kosmetischen Chemie. Leipzig: Verlag von Johann Ambrosius Barth.

Tschesche, R., and G. Wulff. 1973. “Chemie Und Biologie Der Saponine.” In Fortschritte Der Chemie
Organischer Naturstoffe / Progress in the Chemistry of Organic Natural Products, edited by W. Herz,
H. Grisebach, and G. W. Kirby, 30:461-606. Fortschritte Der Chemie Organischer Naturstoffe
Progress in the Chemistry of Organic Natural Products. Wien: Springer-Verlag.

Verbeck, Klaus. 2018. “Gértnerhof Bienenbiittel. Bio-veganer Anbau seit 1978.” 2018. http://gaertnerhof.org/.

Vijay, Varsha, Stuart L. Pimm, Clinton N. Jenkins, and Sharon J. Smith. 2016. “The Impacts of Oil Palm on
Recent Deforestation and Biodiversity Loss.” PLOS ONE 11 (7): €0159668.
https://doi.org/10.1371/journal.pone.0159668.

Weber, F. 2010. “Umweltschonende Wasch- Und Reinigungsmittel: ULRICH Natiirlich.” Oko-Treff. 2010.
http://oeko-treff.at/Seifenkraut.html.

Wolff, Doris, Taina Witt, Andreas Jirgens, and Gerhard Gottsberger. 2006. “Nectar Dynamics and
Reproductive Success in Saponaria Officinalis (Caryophyllaceae) in Southern Germany.” Flora -
Morphology, Distribution, Functional Ecology of Plants 201 (5): 353-64.
https://doi.org/10.1016/j.flora.2005.07.010.

T. OLDRIDGE: BASIC VIABILITY OF SAPONIN FROM SOAPWORT AS A SUSTAINABLE LAUNDRY DETERGENT 35



Appendix

A: Supplementary data. Vegetation
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App. Fig. 1: Distribution of SAPONARIA OFFICINALIS in Lower Sazony (Schacherer 2007, 400).

RL: Red List (as at 1.1.2004).
K: Region coast, T: Region lowland, H: Region lowland.
e: not endangered in this region
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App. Tab. 1: Mapping of habitat 7157. Data according to the local environmental authorities of the
rural district of Lineburg. Mapping done by PLANUNGSGEMEINSCHAFT MARIENAU

Designation Mesophile grassland south of Klein Sommerbeck Date: 13 July 2016
Conservation category: §22 GLB
Description: Humid grassland area managed for conservation at a small body of water,

in part with presumably planted non-autochthonous species
Rating: 4 (high)
Area: 3398 m?
Land parcels
No. District Cadastral section Parcel Size [m?]
1 Eimstorf 5 41/3 84821
Habitat types
No. Code Name Percentage
1 GMF Mesophile grassland of moderately humid habitats 100
Plant species
No. Latin name Frequency Red List
1 Agrimonia eupatoria L. ssp. eupatoria 1 (rare) 3

*

w

Cirsium palustre (L.) Scop. 1 (rare)

o
*

Phalaris arundinacea L. 2 (medium)

~
w

Dianthus deltoides L. 2 (medium)

©
<

Galeopsis speciosa Mill. 2 (medium)

—
—
<

Galum verum L. 2 (medium)

—
w
*

Glechoma hederacea L. 2 (medium)

—
o
*

Holcus mollis L. 2 (medium)

—
~
*

Lysimachia nummularia L. 2 (medium)

[y
=
*

Origanum vulgare L. ssp. vulgare 2 (medium)

N
—_
*

Ranunculus acris L. 2 (medium)

N
w
*

Rumex acetosa L. 2 (medium)

N
(%,]
*

Alopecurus pratensis L. ssp. pratensis 2 (medium)

N
~
*

Arrhenatherum elatius (L.) P. Beauv. ex J. Presl & C. Pres| 2 (medium)

-3
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B: Raw data. Results

App. Tab. 2: Extraction results

Extract: 1 2 3 4 5 6 Average
Sample: C bg Cag F bg Fag Fblbg Fblag
Mass sample [g] 25.0 25.0 25.0 25.0 25.0 25.0 25.0

o

Mass extract [g] 26.2 284 220 22.6 215 205 23.

App. Tab. 3: pH values of extracts, reference solutions, and solvent

pH value
(in ethanol 70.55 % w/w)
Solution Measurement: I I 11T Average
Ethanol 70.55 % w/w 6.695 6.680 6.800 6.725

Extract 2 (C ag), saponin 1 %" w/w 5.745 5.743 5.728 5.739

Extract 4 (F ag), saponin 1 %" w/w 5.335 5.333 5334 5.334

5.566 5.555 5.563 5.561

Extract 6 (Fbl ag), saponin 1 %" w/w

Coco glucoside 1 % w/w 12.152 12.129 12.080 12.120

" estimated percentage, see Tab. 1

o]
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Mass

Total mass  Mass Mass Mass skeleton fraction Skeleton fraction

Composite Random  (incl. plate) plate  roots soil <2 mm (> 2 mm) (> 2 mm)
sample sample (8] [g] [g] (8] (8] (%]
S1,1 766.02 1239 24.79 678.98 49.36 6.78
S1,3 766.81 1244 0.00 729.64 24.73 3.28
S2,1 20437 14.80 10.33 168.98 10.26 5.72
S23 527.64  15.37 1.68 504.15 6.44 1.26
S25 62.18 11.88 0.00 50.24 0.06 0.12

S3.1 18455 1451 0.59 158.58 10.87 6.41

o

533 563.07 1252 0.00 529.77 10.78 1.9

App. Tab. 5: Sieve analysis. Texture

Sample source

Weighed Mass Mass Mass Mass Mass Mass gS mS S S u/T
Composite Random mass loss  sum 2000-630 pm  630-200 pm 200-63 pm 63—... pm fraction fraction  fraction fraction fraction
sample  sample lg] gl el le] [g] (] ] (%] [7] [%] (%] (%]  Texture’
S1,1 64.73 049 64.24 6.16 23.48 27.52 7.08 9.59 36.55 42.84 88.98 1102 Su2

1%

13 6435 024 64.11 5.81 3337 21.18 3.75 9.06 52.05 33.04 94.15 5.85  mSfs

wv
~
—

5055 0.35 50.20 12.20 20.92 14.76 232 24.30 41.67 29.40 95.38 462  mSgs

(%

2,3 5230 030 52.00 7.63 24.92 17.22 223 14.67 47.92 33.12 95.71 429  mSfs

S2,5 3718 037 36.81 2.35 19.51 12.65 2.30 6.38 53.00 3437 9375 6.25  mSfs

1%

3,2 6159 041 61.18 12.32 24.79 20.10 397 20.14 40.52 32.85 93.51 6.49  mSgs

s34 4460 035 4429 275 2286 1523 345 6.21 5161 3439 90221 779 mSfs
.
(see AG Bodenkunde 2005, 144-48)

App. Tab. 6: CN analysis

Sample source Analyzed Spare

Finely Weighed Weighed Finely Weighed  Weighed

Composite Random ground mass [ mass I1 C content N content  ground mass [ mass 11
sample sample  sample gl lg] (%] [%]  sample le] le]
S11 H1 8.615 8.616 211 022 Gl 1.724 7.725
S1.3 H3 6.174 6.174 0.71 014 G3 6.050 6.050
52,1 H5 7.209 7.208 2.39 027 G5 9.048 9.048
52,3 H7 9.862 9.860 1.88 023 G7 8514 8,512
52,5 H9 8.186 8.185 0.37 011 @G9 8.974 8.973

S3,2 H11 9.636 9.636 051 011 GI11 7.344 7.344

S34 F1 9.995 9.995 0.66 010 El1 7.558 7.559

©
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App. Tab. 7: Pore volume and soil density. Trial hole at plant No. 1

Trial hole No. 1 1 1 1 1 1
Horizon No. 1 1 1 2 2 2
Horizon Ah Ah Ah Gol Gol Gol
Cylinder No. 18 38 94 41 43 81
Depth [cm] 10-15 0-5 5-10 25-30 35-40 47-53
Direction Horizontal Horizontal Horizontal Horizontal ~ Vertical Horizontal

95.99

95.85 97.35 95.11 99.26 97.32

Weight cylinder [g]

Weight water-saturated sample

(incl. cylinder & plate) [g] 387.24  386.00 42572 40213 400.07

164.09 161.91 202.36 173.78 174.69

Water-saturated mass [g]

Water content [g £ ml] 54.79 56.05 37.32 48.14 52.69

Soil density [g / cm?]

App. Tab. 8: Pore volume and soil density. Trial hole at plant No. 2

Trial hole No. 2 2 2 2 2 2
Horizon No. 2 2 2 3 3 3
Horizon M M M rAh rAh rAh
Cylinder No. 1 9 54 37 45 66
Depth [cm] 25-30 33-38 35-40 40-45 40-45 50-55
Direction Horizontal ~ Vertical Horizontal Horizontal ~ Vertical ~ Vertical

96.21 95.08 96.12

Weight cylinder [g] 99.32

Weight water-saturated sample

(incl. cylinder & plate) [g] 41217 403.11 424.04 41018  403.23

182.01 178.92 200.52 186.84 178.79 181.60

Water-saturated mass [g]

Water content [g £ ml] 42.97 42.59 51.13 52.60 48.11

Soil density [g / cm?]

App. Tab. 9: Pore volume and soil density. Trial hole at plant No. 3

Trial hole No. 3 3 3 3 3 3
Horizon No. 2 2 2 3 3 3
Horizon M M M rAh rAh rAh
Cylinder No. 59 80 84 3 4 64
Depth [cm] 10-15 13-18 18-23 35-40 35-40 43-48
Direction Hoarizontal Horizontal — Vertical Hoarizontal Horizontal — Vertical

96.99 97.38 96.49 97.85 95.43

Weight cylinder [g]

Weight water-saturated sample

(incl. cylinder & plate) [g] 394.29 385.43 397.17 407.82 403.95

166.16 175.66 172.73 181.95 181.29

131.26 134.79
41.88 56.51 50.69 46.50

Water-saturated mass [g]

Water content [g £ ml] 51.07

Soil density [g / cm?|
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App. Tab. 10: Electrolytic conductivity

Sample source Suspension
Demineralized Weighed Electrolytic
Trial Hole Horizon Depth Composite Random water sample mass conductivity
No. No. [cm]  Horizon sample sample [ml] lg] 1S / cm]
1 1 0-18 Ah S1,1 100 10.02 273

3 75-85  Go2 S1,3 100 10.00 17.

E=

N
w

0-2 Ah 52,1 100 10.01 40.

3 2057 rAh  S23 100 10.01 28.4
4 54 B oS24 10 1000 218
5 T4~ 1Go 525 2 200 210
3 13 A s 10 1000 451
2 330 M S32 100 10,01 195
3 3063 vAh S33 100 1000 333
4 63- By $34 2 201 26.8

App. Tab. 11: Soil pH values

Sample source Suspension I Suspension 11
CaCl, Weighed CaCl, Weighed
Composite Random (0.01 mol/L) sample mass (0.01 mol/L) sample mass average
sample sample [ml] [g] pH value [ml] [g] pH value pH value
S11 25 10.02 4.449 25 10.03 4.245 4.347

S1.3 25 10.03 5.093 25 10.01 4.973 5.033

52,1 25 10.00 4.784 25 10.00 4.598 4,691

52,3 25 10.02 4.916 25 10.00 4877 4.897

52,5 5 2.01 5.003 5 2,01 5.348 5.176

S3,2 25 10.01 4.904 25 10.02 4.809 4.857

S3.4 5 2.00 5.266 5 2.00 5471 5.369

=
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