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nutrient-rich liquid fraction. On the latter fraction growth of five species of commercially relevant
micro algae was tested in small-scale well tests. In addition, the press water was also treated with
H2O2/UV to reduce the brown colour of the solution. In the majority of the triplicate well tests, growth
of three of the five common saltwater algae species (Nannochloropsis gaditana, Porphyridium
purpureum, and Tetraselmis chuii) on press water fractions of spent mushroom waste (champost) was
found to be comparable to or better than their growth on control media. Dunaliella salina growth was
relatively low. Arthrospira platensis only grew on press water when treated with H2O2. Overall, the
results indicate that washing of champost results in a mineral rich solution suitable for growth of
several (saltwater) algae.
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Preface

In the Netherlands, there are surpluses of manure and digestates/biogas slurries (digested manure
and residual flows), which represent a negative value. At the same time, these residual flows contain
valuable ingredients for the production of biomass (as raw material for food and feed products), for
improving soil quality and for energy production. The number of feasible business cases in which the
residual flow is upgraded has so far been limited. This is due both to the efficiency of the technologies
used and the legislation and regulations related to the residual flows.
Recent information from research, scientific literature and companies provides new starting points for
a biobased valorisation of manure/digestate streams and improving the efficiency of anaerobic
digestion. The innovative aspect of our research is the cultivation of new types of biomass on the
residual flows and the use of the conversion products to improve anaerobic digestion. This involves the
use of separated manure and digestate products for the cultivation of mushrooms/fungi, worms,
insects, specific bacteria and aquatic biomass. The resulting biomass can be further refined and
marketed as food, feed and bio-based feedstock. There are also processed manure and digestate
products that are valuable as fertilizer products for soil and plant growth, as substrate for
improvement of anaerobic digestion or for export/use besides in agriculture. This gives a new
interpretation to obligatory manure processing.
The aim of this project is to further explore and substantiate/test these ideas on lab and practical
scale, leading to a proof of principles for new bio-based upgrading methods for manure and digestate
that can be used in conjunction to better close cycles and/or sell outside regular agriculture.
Bottlenecks in legislation and regulations are explored and put on the agenda. Key figures are also
calculated that are necessary for assessing sustainability (e.g. costs, environmental effects) and for
supporting legislation (e.g. minerals, food safety).
The livestock sector gains insight into the possibilities of biobased valorisation and better marketing of
their most important residual flows. For the small and medium-sized enterprises (SMEs) involved, this
research provides proof of principle for their technology and input in their business cases. The
combined effects of the technologies provide new knowledge, methods and research directions for
science. In a social context, the use and upgrading of manure and digestates in other ways also
contributes to the transition to a circular bio-economy with an efficient and sustainable agri-food
sector.
More information:
•

http://www.acrres.nl/en/projecten_acrres/biobased-valorization-of-manure-and-digestate/

•

Rommie van der Weide: rommie.vanderweide@wur.nl, +31320291631

•

Hellen Elissen: hellen.elissen@wur.nl, +31320291223
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Summary

For mushroom production usually a mixture of horse and chicken manure and straw is used. For every
kg of mushrooms, 5 kgs of waste is produced, a total of 800.000 tonnes per year in the Netherlands.
Processing options are often either costly or complex. As the champost contains high salt
concentrations, washing results in a solid (less salty) fraction with better re-use options and a
nutrient-rich liquid fraction. On the latter fraction growth of five species of commercially relevant
micro algae was tested in small-scale well tests. In addition, the press water was also treated with
H2O2/UV to reduce the brown colour of the solution.
In the majority of the triplicate well tests, growth of three of the five common saltwater algae species
(Nannochloropsis gaditana, Porphyridium purpureum, and Tetraselmis chuii) on press water fractions
of spent mushroom waste (champost) was found to be comparable to or better than their growth on
control media. Dunaliella salina growth was relatively low. Arthrospira platensis only grew on press
water when treated with H2O2. Overall, the results indicate that washing of champost results in a
mineral rich solution suitable for growth of several (saltwater) algae.
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1

Introduction

For mushroom production usually a mixture of horse and chicken manure, gypsum and straw is used.
After mushroom harvest a waste stream remains (~800.000 tonnes per year), called champost (or
mushroom compost waste or spent mushroom substrate/waste/compost). For every kg of
mushrooms, 5 kgs of waste is produced (Lin et al, 2014) with a dry matter content of 35 %
(Schlatmann and Kosse, 2018). The waste can be used for biogas production, but yields are not very
high (Oei and Albert, 2008). Other options such as pyrolysis and incineration of the champost seem
interesting but also complex because of its high moisture content. Another limiting factor for certain
re-uses is the high electrical conductivity of the waste due to high salt concentrations. High salt
concentrations (NaCl, CaCl2) result from the applied substrates and salt additions during the growth
process. Therefore, washing of the waste leads to a better product that for example can be used as
peat replacement (EC values < 1.0 dS/m) (Blok et al, 2015). The press water contains salts and
nutrients and is possibly a good medium for algae production. In this report an initial test in well
plates is described with five common commercially produced saltwater algae on different fractions of
the press water. These saltwater algae are used for several applications (Table 1) (Enzing et al, 2014).
Table 1

Some commercial applications/products of algae species used in the experiments (From:

Enzing et al, 2014)
Species

Application

Arthrospira platensis

Food additive
Phycocyanin

Dunaliella salina

β-carotene
Xanthophyll

Porphyridium purpureum

Phycocyanin
Food additive

Tetraselmis chuii

Aquaculture feed
Carotenoids

Nannochloropsis gaditana EPA
Algae paste
Aquaculture feed
β-carotene

Production of the algae species on low cost safe waste streams is thus an interesting option. The press
water of champost naturally has a dark brown colour, which may interfere with algal growth.
DePraetere et al (2013) found that colour removal using different methods could result in a doubling
of initial growth rate and a 50 % increase in final biomass yield of Arthrospira platensis grown on
piggery wastewater. Treatment with hydrogen peroxide (H2O2) and UV resulted in 80 % colour
removal and had no effect on phosphate concentrations, since it oxides coloured compounds.
According to Vasconcelos Fernandes et al (2015) however, the translucent brown colour of
anaerobically treated blackwater does not have to be a limiting factor for algal growth, as long as algal
numbers and light intensity are high enough. Weide, van der, et al (2014) also found growth on
different dilutions of chicken manure digestate. They observed that with increasing digestate
concentrations, algae needed more time to start growing. In the test described in this report, one
fraction has been treated with hydrogen peroxide (H2O2) and UV in order to decolour the medium and
promote algal growth.
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Materials and methods

2.1

Well test setup

At ACRRES a method was developed for screening quickly the suitability of waste streams for algal
growth. This method enables simultaneous quick small-scale testing of several algal species and waste
streams (Huurman and van der Weide, 2015). The method results in a ‘+/-‘ result for growth plus a
quantification of algal numbers and/or OD measurements. For the screening 24-well plates are used.
Figure 1 shows an example of such a test.

Figure 1

Example of well test for one test medium and three algae species (From: Huurman and

van der Weide, 2015).
All test combinations were tested in triplicate, and some were repeated as extra controls. Four plates
in total were incubated on an orbital shaker at 100 rpm (continuously) in a climate cabinet at 20 °C on
a glass surface with white LED lightning underneath (4.3 A, 12.3 V) covered with a white paper
resulting in a light intensity of ~ 79 μmol/m2/s. 50 mL of each algae stock culture was previously
centrifuged for 5 minutes at 3000 rpm, the supernatant (standard medium) discarded (to remove
unwanted nutrients) and the algal pellet suspended in an equal amount of half-strength artificial
seawater (15 g/L). Half-strength seawater was chosen not to disrupt the cell walls. This was repeated
twice. An initial OD440 nm of 0.3 was aimed for. In each well 2.25 mL of press water or control medium
was added plus 0.25 mL of precultured algae. In controls only 2.5 mL of press water or control
medium was added. For all cell counts Bürker Türk counting chambers of 0.0025, 0.04 and 0.1 mm 2
of Optik Labor (depth 0.1 mm) were used depending on estimated visual algal cell density. All counts
were done under a 400x (40x10) Leitz Laborlux S and a Leica DMLS microscope. After 7 days the tests
were terminated. OD measurements at the end of the test were not performed as the press water was
often coloured and the resulting OD would not be an accurate representation of the algae numbers.

2.2

Press water

Mushroom spent waste was obtained from CNC (Gennep, the Netherlands) and kept at 4 °C until use.
As an indication, the composition of this waste from several sources is shown in Annex I. The DM %
was ~40 % and OM % was ~60 % of DM. Three different types of press water were produced from
the waste:
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•

A: 1 kg of champost in a bucket was filled up to 5 L with demi water, stirred with a spoon and left
for an hour to settle. The liquid was decanted and collected, the remaining solids pressed (by
pressing a perforated bucket into a bucket with the soaked champost, thereby collecting the liquid
in the upper bucket) and the press water was added to the decanted liquid. The mixed liquid was
filtered over a woven mesh (Monodur PA 90n, average pore size 82.6 µm).

•

B: The treatment for A was repeated with 1 kg of champost and subsequently the resulting liquid
was filtered over a paper filter (Schleicher & Schuell No. 595, 180 mm).

•

C: 180 mL of H2O2 (hydrogen peroxide solution 34.5-36.5%, Sigma-Aldrich) was added to 420 mL
of liquid B and left for 1 hour. The solution was subsequently placed under UV light (Sylvania
Blacklight blue, F15W BLB T8 in a 1L blue cap glass media bottle at 20 °C for 3 days.

All three fractions were analysed for their composition by Eurofins (Wageningen, the Netherlands)
(Annex II). The coarse and fine filtered fractions were comparable in composition, but the fraction
treated with H2O2 contained lower concentrations of most elements, had a lower EC and a lower pH. In
addition, the colour of the H2O2 treated fraction was substantially lighter (Figure 2, Annex III). Figure
2 shows the resulting solutions and particles for A, B and C.

Figure 2

2.3

Solutions A, B and C with close-ups of the particles.

Saltwater algae

In a previous research growth of several saltwater algae strains was tested on salty waste streams
(Elissen et al, 2018). The best growing/most common algae were selected for the current research
(Table 2): A. platensis, D. salina, N. gaditana, P. purpureum and T. chuii.
Table 2

Algal strains, sources and control media used in the well tests.

Strain & ACRRES code
Arthrospira platensis 1
Dunaliella salina 2
Nannochloropsis gaditana 3
Porphyridium purpureum 4
Tetraselmis chuii 8
References:

1)

Source
SAG 21.99
SAG 184.80
ACRRES lab
SAG 1380-1d
AF&F (Almere, the Netherlands)

Aiba & Ogawa (1977), Schlösser (1994),

2)

Control medium
Modified Spirulina
f/2 (CCAP) 2)
f/2 (CCAP) 2)
f/2 (CCAP) 2)
f/2 (CCAP) 2)

1)

Guillard & Ryther (1962)

Previously purchased cultures that were kept in the ACRRES lab were used for the well tests.
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Results and discussion

Figure 3 shows the growth results of different saltwater algae with press water fractions.

Figure 3

Growth of Arthrospira platensis (top) Dunaliella salina, Porphyridium purpureum,

Tetraselmis chuii (middle) and Nannochloropsis gaditana (bottom) on different press water fractions
(see Materials & Methods) and respective control media (Table 2) (n=3).
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Numbers behind the mediums refer to repetitions of the triplicates. Separate graphs were created
because of large differences in algal numbers for the different species.
Highest algae numbers were found for N. gaditana, followed by D. salina, P. purpureum and T. chuii
with comparable numbers, followed by A. platensis with the lowest algae numbers.
Several combinations of press water fractions and saltwater algae resulted in growth in numbers
comparable to growth on control media.
•

A. platensis: Growth on the control medium was the best (but with a large standard deviation),
followed by growth om media C, B and A. Growth in each repeated C triplicate was comparable.
No algae survived in A.

•

D. salina: Growth on the control medium was by far the best and was followed by media A, B and
C, the latter two being similar. Growth in each repeated B triplicate was also comparable.

•

P. purpureum: Growth on medium B was the best, followed by C, A and the control, the latter
three all being very similar. Growth in the repeated A triplicates was different, as no algae
survived in A1. It is not clear why there were sometimes differences in growth between two
triplicates.

•

T. chuii: Growth was best in B1, but this was very similar to growth in A, C and the control. Only
growth in one of the repeated B triplicates (B2) was lower.

•

N. gaditana: Growth was best in one of the repeated B triplicates (B2), followed by A and the
repeated control triplicates. Relatively very low numbers were found in the controls and in
medium C. The low growth in the controls could be due to the medium choice.

Table 3 shows the combinations which resulted in similar or better algae growth to control media.
Table 3

Combinations of algae with different media (see Materials & Methods) that resulted in

similar or higher growth compared to control media (+) and combinations that resulted in lower
numbers (-). +/- denotes triplicates resulting in different algal numbers for the same medium/algae
species combination
Medium A. platensis D. salina P. purpureum T. chuii N. gaditana
A

-

-

+/-

+

+

B

-

-

+

+

+

C

+

-

+

+

-

Press water from champost thus seems a promising medium for growth of several saltwater algae
species. From the results it’s not clear that (the method in this experiment used for) decolorization of
these media resulted in better algae growth, except for A. platensis. As mentioned, decolorization has
also been found to promote growth of A. platensis on piggery wastewater (DePraetere et al, 2013).
This species may be more susceptible to lower light conditions than the other algae species that grew
well on the original brownish press water fractions. Mixotrophic growth on C components in the press
water in the absence of sufficient light could also have taken place in the tests were good algae
growth was found.
When compared to algae numbers found in experiments with the same algae species on several ‘salty’
waste streams by Elissen et al (2018) only A. platensis showed overall lower numbers in the fractions
and control medium used in the current test. The other algae species grew in comparable numbers.
Annex III shows the well plates at the start and end of the experiment. Superficially looking, colour of
the H2O2 treated fraction C changed from yellow to colourless, while wells with fractions A en B did not
change (remained brown), except in the wells with N. gaditana, where the colour became more dark
brown, possibly as a result of relatively high algal numbers.
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Conclusions and recommendations

In the majority of the triplicate well tests, growth of four common saltwater algae species (N.
gaditana, P. purpureum, D. salina and T. chuii) on press water fractions of spent mushroom waste
(champost) was found to be comparable to or better than their growth on control media. A. platensis
only grew on press water when treated with H2O2. This was probably the result of higher light
penetration in the liquid. The other well-growing species seemingly were not hindered by the dark
colour of the press water or grew in mixotrophic mode on C sources in the press water.
Overall the results indicate that washing of champost could lead to
1. A mineral rich solution for (saltwater) algae growth, still containing some particles, that may
influence light absorbance.
2. A ‘less salty’ solid fraction that may be more appropriate for subsequent use of the waste as for
example fertilizer or as feedstock for terrestrial insects or worms
Press water of champost could be a cheap nutrient solution for the production of several commercial
algae species. It is however recommended to repeat experiments with the combinations that resulted
in similar or better growth than growth on the control medium in larger test volumes. In addition, a
business case should be formulated in which the extra costs for washing the champost should be
included.
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Compositions of champost
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Droge stof
Org. Stof
Fosfaat (P2O5)
Stikstof (N)
Cadmium (Cd)
Chroom (Cr)
Koper (Cu)
Kwik (Hg)
Nikkel (Ni)
Lood (Pb)
Zink (Zn)
Arseen (As)
Kali (K2O)
Geleidingsvermogen
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Eenheid
G/kg product
% van de ds
g/kg ds
g/kg ds
mg/kg ds
mg/kg ds
mg/kg ds
mg/kg ds
mg/kg ds
mg/kg ds
mg/kg ds
mg/kg ds
g/kg
mS/cm 25°C

Resultaat
333
62,0
11,9
21,0
0,29
7,7
34
0,04
4,3
6,8
145
1,1
21,5
12,4

Composition of champost press
water fractions
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Pictures of well plates before
and after the test (7 days)

22 |

Report WPR-829

Wageningen University & Research

The mission of Wageningen University & Research is “To explore the potential of

Open Teelten

nature to improve the quality of life”. Under the banner Wageningen University

Edelhertweg 1

& Research, Wageningen University and the specialised research institutes

Postbus 430

of the Wageningen Research Foundation have joined forces in contributing

8200 AK Lelystad

to finding solutions to important questions in the domain of healthy food and

T (+31)320 29 11 11

living environment. With its roughly 30 branches, 6,500 employees (5,500 fte)
and 12,500 students, Wageningen University & Research is one of the leading

www.wur.nl/openteelten

organisations in its domain. The unique Wageningen approach lies in its integrated

Rapport WPR-829

approach to issues and the collaboration between different disciplines.

