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Preface

This Master thesis has been made at Aalborg University. The report and additional doc-
uments have been created in the period between September 2024 and June 2025.
This Report is directed to individuals with an interest in Biore�nerys, Optimization of
Biomasses and usage of process simulation softwares like SuperPro intillegen. The Hope
is that this project can serve as point of inspiration and as a resource for fellow students
or researchers interested within related �elds of study.

PECT-1
Aalborg University

June 2, 2025

Instructions for reading

The report is written in LaTeX, and each chapter is marked with a certain number and
is divided into sections. All the references used throughout the report are indicated by
the method referred to as the Institute of Electrical and Electronics Engineers (IEEE). The
bibliography is made in Mendeley and BibTeX, and the citations used throughout the
sections are noted in the text either at the beginning of a section or as each individual
statement is made. Citations of �gures and tables are mentioned in the caption.
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Abstract

Crithmum Maritimum, which is a salt tolerant halophyte beach plant, is chosen to be tested
on to see if its possible to enhance its polyphenol and antioxidant pro�le. This is done to
to see if its can be enhanced for biore�ney purposes and to increase its value as a potential
bio remedy for soil salinization. Therefore making the plant valuable for the pharmaceu-
tical/ nutraceutical industry
The enhancement is done by solid fermentation with lactic acid bacteria, due to its probi-
otic chracteristics. Different strains and pretreatment methods were used to improve the
yield, polyphenol content and antioxidant activity. Soxhlet extractions were used ther-
after to extract the contnents of the biomass. Thereafter all the results were applied in an
in silico study of extracting polyphenols from the biomass on an industrial scale.
Based on the trials, Thermal pretreated Crithmum Maritimum fermented with Lactobacillus
Plantarumachieved the best results with an extraction yield of 32.93%, Polyphenol con-
tent of 25.18 mg/ml and IC50 of 3.32 mg/ml.
In the techno-economical analysis conducted, two cases, one based on former reports
and the other on the laboratory experiments, were simulated which one is more feasi-
ble. Case 1 with fractionated biomass was in the end not feasible, but Case 2 with whole
biomass was feasible. Case 2 can therefore be seen as possible plan for a biore�nery using
Crithmum Maritimum as feedstock.
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1 Introduction

1.1 Relevance of the study

In 2015 the United Nations adopted "the 2030 Agenda for sustainable Development",
which shares a blueprint how to increase the prosperity for humanity while reducing
the inequality of people and preserving the planet in the process. For this goal there are
17 Sustainable Development Goals (SDGs), which act as guidelines for developing and
developed nations to achieve and uphold [1].
To achieve these SDGs new and old ideas must be reexamined and readjusted to see how
they can be used. In this same spirit, plants that before only had some niche uses can
have properties that could make it suitable for new purposes. Bioire�nerys can then take
these plants and process them to extract the useful components or convert them into new
products. These extracts and products can range from compounds for the pharmaceutical
industry to producing biodiesel and hereby help the green transition away from fossil
fuel.
Halophytes is a plant group that can �t these requirements and help different groups and
areas due to its properties it possesses.

Figure 1.1: The 17 SDG of the UN. [1]
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1. Introduction

1.1.1 Biore�nery

In a biore�nery, biomass is processed to produce biofuels, chemicals, pharmaceutical
products and other products. Biore�nerys can produce a lot of different products, which
makes it a target for improvement and inclusion into circular economies, where the re-
sources needed are used and recycled as much as possible, and can be included into the
energy sector. Often producing only one product is not pro�table, therefore value-added
products increase the feasibility and these multi product biore�nerys are seen as the most
sustainable and pro�table option.
Biore�nerys can be classi�ed into two main categories: Energy-driven biore�nery, where
the main product is a energy carrier like fuel, heat and power. And Material driven biore-
�nery, where the product is biobased.
These two can also be combined, as often by-products or waste can be reused for different
purposes.

Figure 1.2: A simpli�ed �owsheet of a green Biore�nery, which uses fresh unprocessed biomass, and its
products.

To be able to combat and mitigate global warming, there is an interest to transition the
current linear fossil-based economy towards a circular bio economics with an emphasis
on sustainable agricultural cultivation. This will lead to a higher demand in biomass,
which is driven by a demand in food security, bio energy/products. To achieve this goal,
there is a big interest in �nding bio-alternatives for current essential products, and make
the concept of integrated biore�neries attractive, where multiple products and bioenergy
is produced in a cascade to harness as much as possible what a potential biomass can pro-
vide [2], [3]. Therefore bio prospecting for high value applications have a high potential
in circular bio economies, as it increases the value creation and increases the feasibility
and pro�tability of the biore�nery [2].
One constraining factor for biore�neries are, that it can not use biomass that is considered
as feedstock for human/ animal consumption. That is to ensure that there is enough edi-
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1. Introduction

ble biomass for human and animal consumption, and reduce competition in this market.
Therefore it is essential to �nd biomass, where multiple parts of the plant can be used for
different purposes. Halophytes can be potential biomass here, as often its leaves can be
used for consumption while the rest of the plant can be used for other purposes.

1.1.2 Highvalue byproducts from Biore�neries

As already stated, due to the current low pro�tability of biore�neries, high value byprod-
ucts are added to increase the feasibility of the re�neries, while producing multiple prod-
ucts. That means that the biomass has to be handled in a speci�c way, so to extract all
potential of the biomass. Some biomass have therefore higher priorities, due their chem-
ical pro�les, but also because of that new biomass has been examined to �nd suitable
prospects for this industry. The different products a biore�nery can produce, can be seen
in �gure 1.3:

Figure 1.3: Value pyramid of a Biore�nery.

As it can be seen the highest value product, can often produce the least of and vice versa
[4]–[6].
The highest added value for a biore�nery, is when it can produce a product for the phar-
maceutical/cosmetics industry. For this purpose a biomass has to be treated in a speci�c
way to extract compounds that can be used in these industries or work on biomass, where
it is quite simple to extract these compounds.
As it can be seen in subsection1.1.1 biore�neries can work on multiple products at the
same time and therefore it makes it quite simple to add new products into the work-
ing�ow. This project focuses mostly on the �ber residue of Crithmum Maritimum and the
potential uses of it, while other projects have focused on other parts of the biore�nery
processes, like the green juice part. One bio re�nery has therefore the potential to pro-
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1. Introduction

duce multiple products with the potential of the rest of the used �bers being used for
bioenergy.

1.1.3 Soil salinization

Through intensive agriculture, natural processes, water management systems and de-
forestation, the area of salt affected soils steadily increases around the globe. This salt
salinization is a big contributor for agriculture land area degradation [7], [8].
There are three different levels of saline soil: Healthy soils, Saline soils and Sodic soils.
Healthy soils have low salt concentrations and a balanced Nutrient composition. Saline
Soils have an increased level of soluble salt, which result in Nutrient imbalance, which
impacts plant growth and lowers biodiversity [9], [10]. Sodic Soils have high amount of
adsorbed sodium, which inhibits almost all plant growth and biodiversity. It is often hard
and dry, with almost a cement like composition, which results in waterlogging, where no
water can be absorbed as seen in �gure 1.4.

Figure 1.4: Heavy Salinized topsoil, which is not able to uptake water anymore.[11]

In total around 10 %, around 13.811.503km2,[8] of all soil in the world is affected by salin-
ization, where different regions in the world have different amount of salt effected soil.
All areas can suffer heavily from secondary salination, where either seawater infuses into
coastal areas, overuse of fertilizers, mining activity and etc. can heavily increase salinity
in areas, especially in farming areas. Primary salination can also occur, as it is linked to
climate change and the increasing aridity and heavily affects in developing areas.[8]
All this salinity, results in less agricultural output with risque of deserti�cation, due to
the death of local plant life. Especially agricultural crops are salt sensitive, which results
in less output with a possibility of a total collapse of local/ traditional farming in these
areas. Normal crops have a saltsensitivity of less than 2 ECds=M , Electrical conductivity
measured in deciSiemens per Meter, in the soil or 2 g=L of salt in the irrigation water[8]–
[10]. This results economics problems and can also results in migration of the local popu-
lace to less saline areas, which creates other problems. Therefore other plants have to be
used to replace the crops, that can not grow in these areas [8].
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1. Introduction

Figure 1.5: The top soil salinization level (0-30cm) in different areas of the world from 2021. Red is for high
level salinization. Grey are areas where no data has been gathered.[7]

1.1.4 Halophytes

Halophytes are a types of plant that grows in saline areas. They mostly grow in marshes,
seashores and saline deserts and could be used to combat the salinization of the before
mentioned areas. Some of them are so salt tolerant that they can be irrigated with salt
water. These halophytes have been used by humans for centuries already, as they can be
used as a food source or as herbal remedies [12]–[14]. Many Halophytes have been part
of the local food culture and could be used as either foodcrop/cashcrop or combined,
due its potential for the pharmaceutical industry [15].
Therefore halophytes have big potential as a feedstock for bio re�neries for energy driven
or material driven bio re�neries [16]. They can be a value added product for energy
driven or be the main product for material driven.
Even with their potential as feedstock for bio re�neries, they can also be used as feed-
stock for animals, which can reduce the antibiotic intake of livestock. That is due to
that Halophytes are rich in Polyphenols and Antioxidants, which have been proven to
have a probiotic effect when ingested. Polyphenols are a group of phenolics that only
exist in plants. They are produced when plants are under environmental stress, pest or
pathogens and are there to combat oxidative damages inside of the plant body [17], [18].
Plants that have high amount of polyphenols, grow in either harsh climates or have it as
a defense mechanism[18]. In the case of Halophytes it is there as, they grow in high stress
environments, where they have to combat the saline conditions of the ground. As they
grow in saline conditions Halophytes also absorb the minerals in the ground and absorb
NaCl from the ground [19]. Halophytes can therefore also be used as a bioremediation
for saline soil, which can be used to improve/combat saline soil distribution [19].
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1. Introduction

Figure 1.6: Blooming Crithmum Maritimum part of the Halophyte group.[20]

1.1.5 Herbal Remedies

Mankind has long known that some plants have medicinal bene�ts, and used them to
improve their lives before modern medicine was invented. Modern medicine is today
mostly synthesized in laboratories, but still use extracts from plants or byproducts from
other organisms. Under this development, some plants were set aside for others, but are
getting rediscovered due their properties and their potential [21].
Many old remedies have been proven for their bene�ts and can help people and lessen
the reliance on modern medicine. Most people know of some old remedies, that their
mothers or grandmothers used to help or relief the body of problems. That is due to the
probiotics and antibacterial properties of speci�c plants.
One such plant is Crithmum Maritimum, which for once had a place in the local food cul-
ture, where it grew, but had also medicinal uses in Herbal Medicine. Due its high amount
of antioxidants and nutritional value, it was often used as stomach medicine [21].
Herbal Medicine, can be used to supplement modern medicine, but is not a replacement
for it. One should also amass suf�cient knowledge about it before using it, as some plants
can be poisonous when not prepared correct.
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1. Introduction

Figure 1.7: The usage of Herbal Remedies from Biomass to product.[21]

Another reason for the interest in herbal remedies/ probiotic compounds is the increas-
ing bacterial resistance against antibiotics. That is due to over reliance and consumption
of antibiotics, which has led to some bacteria developing resistances against it. Probiotics
could replace in cases antibiotics, due to their antibacterial potential [22]. Botanics have
therefore been used in the skincare industry for some time, as they are able to maintain
a healthy skin culture. For harsher cases of bacteria, like acne, Lactic Acid bacteria,Lac-
tobacilli family, have been detected to have inhibitory effect against these skin pathogens
[23], [24]. It could therefore be bene�cial to enhance the probiotic effects of some plants
with Lactic Acid bacteria.

1.1.6 Fermentation

Humans have fermented different products for different purposes through out Human
existence. This was done for food preservation purposes as they could by anerobic fer-
mentation keep products longer preserved, like yogurt, cheese and kimchi [25]. That
is due to the microorganism converting the glucose containing in the product into ei-
ther ethanol or Lactic acid and thereby making the food uninhabitable by other bacteria,
therefore increasing the shelf life of the food. This fermentation, is still cultivated around
the world and in many cultures. For some food products it has been industrialized so
that it could be mass produced like with cheese [26], while many still produce their own
fermented food/drinks at home.
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1. Introduction

The principle of fermentation, is of interest as it could increase the probiotic effects of
other products and therefore increase the anti-bacterial effect of existing products or en-
hance new [27]. It could therefore bene�t the pharmaceutical/nutraceutical industry and
decrease the reliance on antibiotics for humans and animals alike.

1.2 Problem statement

This report focuses on experiments to enhance speci�c compounds inside of the Halo-
phyte species Crithmum Maritimum, which is a halophyte native to most rocky seasides
in Europe and North Africa. The enhancement is done by solidstate fermentation ex-
periments and the analysis of these extracts inside of a laboratory. The further process
simulation will look at different cases based on the results of the experiment and former
reports discussing the characteristics and fractionation of Crithmum Maritimum. Also it
will look at value added streams, Lactic Acid fermentation and techno-economical as-
sessment of the entire process. The problem statement is therefore:

• Is Crithmum Maritimum a suitable feedstock for a biore�nery?

8



2 Project objectives

To answer the problem statement given in section [REF], different project objectives are
stated. These are based on international goals, previous research results and literature
review of state-of-the-art research and literature. The main project objectives are:

• Examining different fermentation and treatment methods for the biomass

• Examination of the Polyphenol and antioxidant content of the Extraction

• A techno and economic evaluation of the entire process with the help of a �ow sheet
program.

To �nd the proper fermentation and treatment for the biomass Crithmum Maritimum a
extensive literature study will be done and laboratory experiments to validate these �nd-
ings. The results will thereafter be analysed to �nd the best results which will thereafter
be simulated in a �owsheet program to test the feasibility of it. Here will be examined:

• Former reports and results of analyzing Crithmum Maritimum and its potential.

• Reports about enhancing valuable biocompounds inside of different biomasses.

• Looking into solidstate fermentation and what kind of fermentation are done to
increase the probiotic characteristics of biomass.

After a potential fermenatation treatment for the biomass has been determined, fermenta-
tion experiments will be conducted to �nd the best way to increase the yield and increase
the bioactivity. here will be examined:

• Normal fermentation conditions, and the proper moisture content necessary for this
biomass.

• Fermentation with thermal pretreatment to see how it can improve the extraction.

• Fermentation with thermal pretreament and enzymes.

The techno-economic evaluation will look into if the entire report is feasible to conduct
in reality. Here it will look into:

9



2. Project objectives

• Processing of the biomass

• Possible different cases for the biore�ney

• Feasibility study and possible scale ups

10



3 Literature review

3.1 Properties of Halophytes and Crithmum Maritimum

Halophytes does only contribute to around 1% of the total known plants species. These
species of plants can survive in salinity conditions, which are toxic for other plant species
[13]. These salt tolerant properties of the halophytes have made them popular as a new
source of food and biomass, in areas wrought by droughts and high soil salinity, which
makes other types of agriculture dif�cult or impossible [8].
Crithmum Maritimum, which are also known under the names "Rock samphire", "Sea Fen-
nel" and "Samphire". The name "Samphire" is also shared with other unrelated edible
halophyte species. They are found on the rocky coasts of Europe, West Asia, North Africa
and on the Mediterranean and Black Sea rocky coastlines 3.1 [28]. It is an edible wild
plant which is part of traditional culinary kitchens in most regions where it grows [12],
[14]. Almost the entire plant can be eaten in various forms and can also in its dried form
be used as a salt substitute. Another property, which makes it interesting as a biomass, is
its high amount of antioxidants. This makes it attractive to the medical industry, as it is
rich in polyphenols [15].
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3. Literature review

Figure 3.1: Documented natural habitat of Crithmum Maritimum[29].

3.1.1 Review of Crithmum Maritimum

This is a review about the bioactive compounds inside of C. Marithimum. Especially on
polyphenolic and anti oxidant activity.

Crithmum Maritimum as already described is a Halophyte, and therefore has a high amount
of polyphenols that protect it from its harsh salt environment [30]. These polyphenols are
in high interest for researchers and the pharmaceutical industry, due to the many bene-
�ts of polyphenols. For the interest of this project only the polyphenol content and the
antioxidant activity is of interest.
In the papers reviewed there is clear that a higher amount can be extracted through
the use of methanol and ethanol or a mixture of these two with water. The amount
extracted also differs depending on the amount of biomass used and what kind of ex-
traction method has been used. But another big part is also if it has been harvested in
nature or cultivated in a greenhouse/garden [31], [32]. And in nature there is also a dif-
ference how exposed it was to salt [30], [33]–[36].

12



3. Literature review

Another part which can be interesting to go more into, is when and which part of the
Halophyte to harvest, as there are different papers which have examined the polyphe-
nol content and the antioxidant activity in different plant parts and in which part of its
growth cycle it is [31], [37]–[39].

Cultivation Area
Extraction
method

Solvent &
Tempera-
ture

PP content
Antioxidant
activity

Ref.

Croatia (adriatic
coastline) [W]

Acid Hydrolysis
Hydrochloric
Acid at 100
°C

4.72-9.48 % - [37]

Mallorca (Spain)
[W]

Centrifugation
extraction

Tris HCI
buffer at 4
°C

0.56-0.72
mg L-
tyrosine/
mg protein

172-292
mK/ mg
protein

[34]

Brittany (France)
[W]

Centrifugation
extraction

Water/
Ethanol
(1:2) at 4 °C

33.3 mg
GAE / g
DW

0.152 mg /
mL

[40]

Tunis (Tunesia)
[W]

Soxhlet Extrac-
tion & Macera-
tion Extract

80%
Aquaos
Acetone at
80 °C

3.68 - 8.27
mg GAE /
g DW

7.68 - 56.33
IC50 �g
/mL

[38]

Eastern Libya
[W]

Hydro Distilla-
tion

Water -
34.3 IC50
�g / ml

[41]

Galicia (Spain)
[W]

Centrifugation
extraction

Water/
Ethanol
(1:2) at 25
°C

23.6 mg
GAE/ g
DW

17.4-20.6
mg ascor-
bic acid / g
DW

[42]

Greenhouse in
Leipzig (Ger-
many) [C]

Soxhlet
Water &
Ethanol

14.97-64.7
mg GAE /
g DM

2.84-3.53
EC50 mg/
ml

[32]

Volos (Greece)
[W]

Centrifugation
extraction

Ethanol/
Water mix-
tures from
20-80 °C

4.1-7.9 mg
GAE/ g
DW

1.83-23.69
�mol AAE
/ g

[43]

Table 3.1: The different areas of examined C. Maritimum and their properties. GAE is Gallic Acid
Equivalent, DW is dryweight, AAE is Acetoacetic ester.[C] means that the plant has been cultivated, [W]

means that it has been harvested in the wild.
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3. Literature review

Cultivation Area
Extraction
method

Solvent &
Tempera-
ture

Polyphenol
content

Antioxidant
activity

Ref.

Brittany (France)
[W]

Centrifugation
extraction

Water/
Methanol
(1:1) at 4 °C

23-33 mg
GAE / g
DW

0.811-
1.211 IC50
mg/mL

[35]

Croatia (adriatic
coast) [W]

Hydro distilla-
tion

Methanol/
Water
(80:20)

3.85-26.12
mg GAE/
g DW

0.63 - 2.14
�mol TE/ g

[36]

Garden in Tunis
(Tunesia) [C]

Magnetic stirring Methanol
9.426-17.11
mg GAE /
g DW

7.68-56.33
IC50 �g
/ml

[31]

Central Dalmatia
(Croatia) [W]

Hydro distilla-
tion

Aqueous
Ethanol
(80%)

7.6-35.1 mg
GAE/ g
DW

2.6-61.8 % [39]

Table 3.2: The different areas of examined C. Maritimum and their properties. GAE is Gallic Acid
Equivalent, DW is dryweight, AAE is Acetoacetic ester, TE is Trolox. [C] means that the plant has been

cultivated, [W] means that it has been harvested in the wild. Continuation of table 3.1

This shows that Crithmum Maritimum has high levels of Polyphenols and therefore has
also a high antioxidant activity. But it can also be seen from the �ndings in the tables
??, that the values can vary depending on what kind of extracting method used, but also
where the plant was cultivated or foraged from. Therefore the extraction methods should
be compared to see which on is the most ef�cient to extract the compounds, but also in
which location Crithmum Maritimum grows best and then replicate the conditions of that
locality to optimize growth conditions.

3.1.2 Salt tolerance of Crithmum Maritimum

As Crithmum Maritimum is a Halophyte, it has a high Salt tolerance, which ensures its
survival in rocky coastal areas. But it is classi�ed as a facultive halophyte, which means
that it can not handle salt concentrations over 300 mM NaCl, compared to obligate halo-
phytes, which need high salt concentrations to �ourish, as these are often salt marsh
plants [30].
As already stated Crithmum Maritimum grows on rocky cliffs/ grounds near the sea,
which means that it is exposed to the sea but does not in itself come in contact with
seawater. TO get optimal conditions for the plant the salinity concentrations should be
around 100 mM NaCl. Salinity concentrations over 100mM NaCl starts to have a negative
impact on the plant, which has a inhibition on the growth and the yield on the plant.[33],
[44]

14



3. Literature review

3.2 Effects of Fermentation

Here is a review about the common effects of fermentation. As humans have fermented
different biomasses for a long time, there have been documented many of the different
effects that fermentation can create. This review focuses on the positive effect that fer-
mentation can have.

Feedstock Micro-organism Fermentation Finding Ref.

Dry Wheat Bran

Bacillus coagulans,
Lactobacillus plan-
tarum & Candida
utilis

Solid State 24h-
144h 25-30 °C

Improves the health of
poultry and lessens or-
gan damage

[45]

Canola Meal
Lactobacillus sali-
varius

Solid State 720h
32 °C

Improves Amino Acid
while reducing Crude
Fibre (16%) and glu-
cosinalte content (38%)

[46]

Chickpea, Lentil,
Faba bean

A. oryzae, A. niger,
L. plantarum

Solid State 48h
30-37 °C

Increase in Phenolic
Content and other
compounds

[47]

Canola Meal
Lactobacillus sali-
varius

Solid State 720h
32°C

Reduction of Crude
Fibre (16%) and glu-
cosinalte content (38%)

[48]

Soybean

L. acidophilus,
L. delbruecki, L.
salivarus, C. bu-
tyricum

Solid State 48h-
144h 37 °C

Increase in Nutritional
value and anti micro-
bial activity and fur-
ther increase by pro-
tease supplements

[49]

Table 3.3: Impacts of fermentation to enhance Polyphenols and Antioxidant activity in different feedstocks.
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Feedstock Micro-organism Fermentation Finding Ref.

Pomegranate
peel, Thyme,
Rosemary, Echi-
nacae

Lactiplantibacillus
plantarum 129 J1/
P1

48h 30 °C
Increase in phenolics,
antioxidant and anti-
in�ammatory content

[50]

Acanthopanx
senticous Harms

Lactobacillus Plan-
tarum, Saccha-
romyces cereviscae,
Bacillus subtilis

36h-60h 37°C
Increase of Polyphenol
content (40%) and an-
tioxidant activity

[51]

Kale (3 subtypes)

Spontaneous
fermentation;
Lactiplantibacillus
plantarum 332,
Lactiplantibacillus
paraplantarum
G2114, Pediococ-
cus pentosaceus
2211

336h 18-20 °C

All fermentation trig-
gered more polyphe-
nols and anti oxidant
activity

[52]

Maize

Lactococcus lac-
tis, Lactococcus
lactis cremoris,
Streptococcus
thermophilus,
Bi�dobacterium
thermopilium
DSM 202212,
Bi�dobacterium
choerinum K1/1,
Bi�dobacterium
pseudolongum
K4/4, Bi�dobac-
terium animalis
J311

Fermentation 8h
37 °C, Storage
504h 6°C

Depending on strain
phenolic increase be-
tween 46.1-94.6 % and
antioxidant activity be-
tween 40.9-94.9 %

[53]

Table 3.4: Continuation of table 5.2
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Feedstock Micro-organism Fermentation Finding Ref.

Black Tea and
Kombucha

Mold, Yeast and
Fungi

Liquid fermenta-
tion, few hours to
multiple days

Femented tea has
higher antioxidant
capacity and anti-
in�ammatory effect

[54]

Highland barley
bran

B. subtilis
Solid state 72h-
120h 30-36 °C

Optimized femrenta-
tion for the type of
Barley where the fer-
mented version had an
increase in polyphenol
content of 203.17 %

[55]

Tea and different
fruit juices

Lactic Acid bacte-
ria

-
In all an increase in pro-
biotic properties up to
90%

[56]

Pomegranate
peel

Aspergillus niger
GH1

Solid State 72h 30
°C

An increase of around 6
fold in polyphenol con-
tent and antioxidant ac-
tivity

[57]

Table 3.5: Continuation of table 5.2

Fermentation of biomass, has been a consistent part of the human diet, through out the
few last thousand years, and has been proven that it can improve the nutritional value of
the biomass. Fermentation has also the potential to improve the polyphenol content and
the antioxidant activity of the biomass and can therefore improve Crithmum Maritimum
for the purposes of this project [27]. As Crithmum Maritimum has not that much data be-
hind in that �eld, a review of other biomasses that have been fermented has been done,
to see what fermentation can do to the polyphenol content and antioxidant activity of the
biomass.
As it can be seen in the tables 3.3 3.4 3.5, the micro-organisms and the fermentation dif-
fers depending on the biomass and what they are examining. But in all cases a minimum
fermentation time of 2 days is required, and depending on bacteria/ fungi strain a room
temperature from 20-30 °C. Else all biomasses had a bene�t, by being fermented for a
period of time with a few excecptions, else the amount of polyphenol content and antiox-
idant activity increased in different amounts.
While doing this review, other reviews have been found, which show a similiar picture.
These reviews either looked at a speci�c food group or looked at just different biomasses.
Biomass:

• Multiple Biomass (10 in total). [58]

– Soybeans, Black Soybeans, Cocoa Seed, Mungbean and soybean milk, Plum
fruit byproducts, Brown rice �our, Kiwifruit wine, Defatted wheat germ, Liquorice
root extract and Faba beans.
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• Multiple Crusciferous vegetables. [59]

– Potherb (Mustard), Pak Choi (Chinese Leaf Mustard), Broccoli Puree, Curly
kale leaves, red cabbage (shredded) and Ethiopian kale.

• Multiple Whole grains. [60]

– Maize, Millet, Quinoa, Rye, Sorghum, Wheat, Brown Rice and oat.

• Multiple polyphenol rich biomass. [61]

– Citrus, Black wolfberry, Tartary Buckwheat (leaves), Soy Sauce, Cheongguk-
jang, Soy bean, Fermented Soymilk and Fermented Blueberry juices.

3.3 Lactic Acid fermentation

Lactic Acid fermentation is an anaerobic fermentation, which converts glucose and other
six-carbon sugars into lactic Acid. As stated it is anaerobic which means it is a fermenta-
tion ocurring without the presence of oxygen. Here three major fermentations can occur
which have different start and end products [62]:

• Homofermantative process

Glucose+ 2ADP + 2Pi ! 2Lactate + 2ATP (3.1)

• Heterofermantive process

Glucose+ ADP + Pi ! Lactate + Ethanol + CO2 + ATP (3.2)

• Bi�dium pathway

2Glucose+ 5ADP + 5Pi ! 3Acetate + 2Lactate + 5ATP (3.3)

Where ADP is adenosine diphosate, ATP is adenosine triphosphate and Pi is inorganic
Phosphate. As it can be seen all the different pathways can produce Lactic Acid, but in
different ways and in different quantities.
The most common lactic Acid fermentation done with food products is the homoferman-
tive fermentation, while hetero fermantive is used for some beer types in Germany and
Belgium, as it produces ethanol.
Lactic Acid fermentation is often used in food preservation, as through the generation of
lactic acid the acidity rises and kills of harmful pathogens and increases the shelf life of
these products. It has also shown to have probiotic effects in these products.
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3.3.1 Effects of fermentation with Lacto Bacillus

There has been for a long time an interest for improving the different properties of food.
This can be for different purposes, improving feedstock products for animals to reduce
their medical intake or improving food products for human consumption. One proven
method is to ferment biomasses �t for human and animal consumption with different
strains of Lacto Bacillus[45]. Another bene�t that Lacto Bacillushas, is that it can improve
skin conditions and improve acne in patients [23], [24], [63]. Therefore there is a possibil-
ity that biomass that has been fermented with Lacto Bacillushas enhanced biocompounds
that can reduce skin problems.
The two most common strains are Lacto Bacillus Salivarusand Lacto Bacillus Plantarum.
The fermentation normally used is Solid Stated Fermentation, as this allows for a higher
use of Biomass usage [51].
For solid state fermentation one of the big factors that can in�uence microbial develop-
ment and fermentation, is moisture content of the batch working with. This moisture
content has a high range of between 50-90% and often depends on the biomass used and
what purpose the fermentation has.[64]–[66]
Lacto Bacillusis found in most naturally fermenting food and drink products around the
world and is linked to their many probiotic bene�ts. This is one of the reasons it is being
examined if it can be used to enhance the probiotic effects of animal fodder and thereby
reduce the antibiotic intake of agricultural animals.[45]
But as it can be seen from 3.33.43.5 there has been done studies on a large number of
biomasses, fermentation methods and different bacteria strains. Therefore it is of interest
to make different fermentation trials with the chosen biomass, as every biomass reacts
different while fermenting and need different fermentation times.

3.4 Literature review conclusion

Through this literature review, it has been determined that Crithmum Maritimum has a
high amount of polyphenols and antioxidant activity, which makes it attractive as source
of biomass for biore�neries. It has also been determined that solidstate fermentation
with bacteria, especially Lactic Acid bacteria like Lactobacillus, are able to enhance the
bio compounds of biomasses and increase the probiotic effects, which polyphenol rich
biomass already had. It is therefore of interest how much the polyphenol content of
Crithmum Maritimum can be increased due a solidstate fermentation with Lactic Acid
bacteria.
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