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Abstract 
Our large intestine is like a large metabolic organ colonised by microorganisms. 
Beneficial probiotic bacteria are of interest since they might metabolise certain prebiotic 
carbohydrates and produce metabolites that are suggested to promote health and prevent 
diseases. 
 
Strains of Weissella have proven probiotic properties since they, for example, show 
ability to metabolise prebiotic oligosaccharides, are resistant to a low pH (pH 2-3) and 
bile salt. In a previous project, six new strains of Weissella were isolated from Indian 
fermented food and vegetables, and four of them, including strain 92, were able to 
ferment xylooligosaccharides and form short chain fatty acids (SCFA), especially acetic 
acid. This strengthened the probiotic potential of these strains. 
 
The aim of this project was to see if previously untested oligosaccharides 
(arabinooligosaccharides (AOS), laminarioligosaccharides (LOS) and 
chitooligosaccharides (COS)) could be metabolised by Weissella strain 92. 
 
This study includes the following steps; cell growth in MRS (De Man, Rogosa and 
Sharpe) medium on different carbohydrates measured with spectrophotometer, pH 
measurement (analysing the difference of MRS medium (pH 6.42) pre and post cell 
growth, where reduced pH indicates acid production), and analysis of fermentation 
products (including SCFA (short chain fatty acids, e.g. acetic acid, butyric acid, 
propionic acid), lactic acid and ethanol) with an HPLC (high-performance liquid 
chromatography) instrument. 
 
This research study has shown that Weissella strain 92 produces acetic and butyric acid 
as a consequence of use of AOS, LOS and COS, this indicates that the oligosaccharides 
are prebiotic and emphasizes the probiotic potential of Weissella strain 92. 
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Sammanfattning 
Vår tjocktarm är som ett stort metaboliskt organ koloniserat av mikroorganismer. 
Probiotiska bakterier är intressanta eftersom de bland annat metaboliserar kolhydrater 
med prebiotiska egenskaper och producerar metaboliter som skulle kunna främja hälsan 
och förebygga sjukdomar.   
 
Stammar av Weissella har visat sig ha probiotiska egenskaper eftersom de, till 
exempel,  uppvisar förmåga att kunna metabolisera prebiotiska oligosackarider, tål ett 
lågt pH (pH 2-3) och gallsalt. I ett tidigare projekt, isolerades sex nya stammar av 
Weissella från indisk fermenterad mat och grönsaker och fyra av dem, inklusive stam 
92, kunde fermentera xylooligosackarider till kortkedjiga fettsyror (SCFA), särskilt 
ättiksyra. Detta stärkte den probiotiska potentialen för dessa stammar. 
 
Syftet med detta projekt var att se om tidigare icke testade oligosackarider 
(arabinooligosackarider (AOS), laminarioligosackarider (LOS) och chitooligosackarider 
(COS)) skulle kunna metaboliseras av Weissella stam 92.  
 
Studien omfattar följande steg; tillväxt i MRS (De Man, Rogosa and Sharpe) medium 
innehållande olika kolhydrater mätt med en spektrofotometer, pH mätning (skillnaden 
på MRS medium (pH 6,42) före och efter celltillväxt, där sänkning indikerar 
syraproduktion), samt analys av fermentationsprodukter (inklusive kortkedjiga fettsyror 
(ättiksyra, smörsyra och propionsyra), mjölksyra och etanol) med ett HPLC (high-
performance liquid chromatography) instrument. 
  
Forskningsstudien har visat att stammen producerar ättiksyra och smörsyra som en 
konsekvens av att AOS, LOS och COS används. Detta indikerar på så sätt att 
oligosackariderna är prebiotiska och betonar den probiotiska potentialen hos Weissella 
stam 92.  
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1 Introduction 
"Our gut microbiota comprises at least 1013 microbes and is dominated by anaerobic 
bacteria" (Kleerebezem & Vaughan, 2009). The large intestine in the human gut is a 
large diversely colonised metabolically active organ (Gibson et al., 2010). The 
microbiota consists of hundreds of different species, mainly of bacteria but also of 
viruses and eukaryotic microorganisms. The bacteria are important to our health, by 
decomposing fibres, forming nutrients and maintaining a balanced composition of 
microorganisms. Due to intake of antibiotics and unhealthy food this microbiota can 
change and transform to an unbalanced ecosystem. This may increase the amount of 
harmful bacteria and lead to various diseases (Falck, 2014). 
 
 
1.1 Probiotics 
The most used definition of probiotics is given by WHO; "live microorganisms which, 
when administered in adequate amounts, confer a health benefit on the host" (Table 1) 
(FAO & WHO, 2002). Many probiotic species come from the genera Lactobacillus and 
Bifidobacterium. Both are Gram-positive bacteria and ferment carbohydrates to acids. 
The Lactobacillus mainly produce lactate (Kleerebezem & Vaughan, 2009) and are 
called "lactic acid bacteria". The fermentation by probiotic bacteria can lead to a variety 
of end products, for instance SCFA (short chain fatty acids) like acetate, butyrate and 
propionate. (Gibson et al., 2010). Strains of bacteria producing lactic acid are 
considered commensal harmless microorganisms (Salminen et al., 1998). The acids (e.g. 
lactic acid and SCFA) prevent growth of harmful bacteria since they lower the pH in the 
intestine. The health promoting bacteria withstand the low pH and low oxygen 
environment and can grow there. (Falck, 2014). Probiotics are for instance marketed in 
fermented dairy products like yoghurt or freeze-dried in capsules (Roberfroid, 2000). 
Neither all of the lactic acid bacteria or Bifidobacterium will survive the passage 
through the stomach (Roberfroid, 2000) because of the very low pH 1-3. Even the 
passage through the small intestine can be difficult. Although the pH is higher and more 
favourable there, the bacterial number and diversity are limited by bile salts, pancreatic 
juice and rapid transit time. It's in the large intestine that the most approving 
environment for bacterial growth is found: where the transit time is slow, pH is 
favourable and nutrients are readily available. (Gibson et al., 2010). Benefits have been 
seen from intake of different probiotics; better lactose digestion and reduced intolerance 
symptoms, a reduced risk of rotavirus-induced diarrhea and, possibly, of colon cancer 
(Roberfroid, 2000). 
 
 
1.2 Prebiotics 
Prebiotics are up to date defined as "a selectively fermented ingredient that results in 
specific changes in the composition and/or activity of the gastrointestinal microbiota, 
thus conferring benefit(s) upon host health" (Table 1) (Gibson et al., 2010).  
The prebiotic criteria are:  
1) "Resistant to gastric acidity and hydrolysis by mammalian enzymes and 
gastrointestinal (GI) absorption",  
2) " Can be fermented by intestinal microflora",  
3) "Selectively stimulates the growth and/or activity of intestinal bacteria associated 
with health and wellbeing" (Gibson et al., 2010). They may even repress growth of 
some pathogenic microorganisms (Salminen et al., 1998). 
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Intake of prebiotics, result in positive effects on health. Data suggest that prebiotics 
show beneficial effects on Crohn's disease and Ulcerative colitis, prevent traveller's 
diarrhoea, increase calcium absorption, result in a decrease in diarrhoea, vomiting and 
fever in young children and also a decreased level of Clostridia in young children. 
Prebiotics also seem to have positive effects on lipid metabolism, glycaemic control, gut 
hormones, the immunomodulation of the gut immune system, satiety and obesity. To 
restore or maintain the intestinal level of Lactobacillus and Bifidobacterium, prebiotics 
have been used as food ingredients (Gibson et al., 2010). 
 
As intermediates between simple sugars and polysaccharides, the non-digestible 
oligosaccharides are found. Some are validated as prebiotics that benefit health, while 
others are still not validated, but are suggested as prebiotics. Prebiotics may change the 
intestinal microbiota for the better so that beneficial bacteria will dominate. Moreover, 
prebiotics help to stimulate intestinal absorption of some minerals like calcium, 
magnesium and iron. Because of the chemical structure of the prebiotics, as far as we 
know, Bifidobacteria and Lactobacillus are predominantly able to metabolise the 
prebiotics. Prebiotics will stimulate growth of probiotics and work beneficially for the 
host's health. (Qiang, YongLie, & QianBing, 2009). Even though any non-digestible 
material that enters the large intestine is a prebiotic candidate, the present prebiotics are 
limited to non-digestible oligosaccharides and polysaccharides e.g. inulin (Gibson et al., 
2010). 
 
Table 1). Definition of prebiotics and probiotics. 
Term Definition 
Prebiotics 1. "live microorganisms which, when administered 

in adequate amounts, confer a health benefit on the 
host"  

Probiotics 2. "a selectively fermented ingredient that results in 
specific changes in the composition and/or activity 
of the gastrointestinal microbiota, thus conferring 
benefit(s) upon host health"  

1. (FAO & WHO, 2002),  2. (Gibson et al., 2010) 
 
 
1.3 Carbohydrate structures 
The carbohydrates used for this research study are either monosaccharides that are 
pentoses (five carbon atoms) and hexoses (six carbon atoms) or oligosaccharides that 
are derivatives of pentoses and hexoses. The monosaccharides contain many hydroxyl 
groups that can join to one another and build oligosaccharides. Oligosaccharides contain 
two or more monosaccharides and are linked by O-glycosidic bonds. (Berg, Tymoczko, 
& Stryer, 2002, p. 296-301). Degrading enzymes are specific for each carbon source 
and are needed to hydrolyse the bonds between the monomers in the oligosaccharides 
(Berg et al., 2002, p. 190). 
 
Glucose and N-acetylglucosamine (GLcNAc) are hexoses and laminarioligosaccharides 
(LOS) and chitooligosaccharides (COS) are derivatives of hexoses.  
 
Arabinose and xylose are pentoses and their derivatives are arabinooligosaccharides 
(AOS) and respectively xylooligosaccharides (XOS) (not included in this study). In 
addition, a fructooligosaccharide (FOS), polymer of fructose, was included in this study 
(Table 2). 
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Table 2. Overview of carbohydrates and their structures 
Carbohydrate Molecule structure 
Glucose Hexose 
N-acetylglucosamine (GLcNAc) Hexose 
Laminarioligosaccharides (LOS) Hexose derivative 
Chitooligosaccharides (COS) Hexose derivative 
Arabinose  Pentose 
Xylose Pentose 
Arabinooligosaccharides (AOS) Pentose derivative 
Fructooligosaccharides (FOS) Pentose derivative 
 
 
With six carbon atoms glucose is classified as a hexose in the subcategory of the 
monosaccharides (figure 1). In most organisms it's used as an energy source in aerobic 
conditions or anaerobic conditions. (https://en.wikipedia.org/wiki/Glucose). GLcNAc is 
a monosaccharide, a derivative or glucose and a monomer of the polymer chitin (figure 
2) (https://en.wikipedia.org/wiki/N-Acetylglucosamine). Chitosan and Laminarin are 
algae derived oligosaccharides, found in marine macroalgae and seaweeds that have 
bioactive compounds. "Chitosan, the linear polymer of D-glucosamine β (1,4) linkage, is 
a cellulose-like biopolymer present in the exoskeleton of crustaceans and in cell walls of 
fungi and insects" (figure 3) (Liu et al., 2009). COS are mainly used as antioxidative 
agents, antitumor agents and antimicrobial agents. Studies also show that they protect 
normal cells from apoptosis. (Belorkar & Gupta, 2016). "Laminarin is a β-1,3-D-glucan 
displaying occasional β-1,6 branches" (figure 4) (Labourel et al., 2015). These 
polysaccharides seem to be nondigestible carbohydrates and fragmented in vivo by 
fermentation to smaller polymers by the intestinal microbial flora. (Sylla et al., 2014). 
AOS (figure 5) are not yet validated as prebiotic oligosaccharides. Arabinose occurs 
naturally in the plant cell walls as arabinans, arabinogalactans or arabinoxylans. The 
epithelial cells of the intestine cannot degrade and hydrolyse the polysaccharides 
present in plant cell walls. This will therefore confer them the potential to be called 
prebiotics. Consumption of AOS leads to reduction in the inflammatory conditions of 
Ulcerative colitis patients. (Belorkar & Gupta, 2016). Xylose contains five carbon 
atoms and it's classified as a monosaccharide of the aldopentose type since it also 
contains an aldehyde functional group (figure 6) (https://en.wikipedia.org/wiki/Xylose). 
Some strains of Weissella are able to utilize xylose (e.g. strain 92), cell-associated 𝛽-
xylosidase activity was displayed in previous work (Falck, 2014). "The term 
fructooligosaccharides (FOS) is used for short inulin-type fructans with a terminal 
glucose group in which 2-4 fructosyl units are bound together via β(1→2)-glycosidic 
bonds" (figure 7) (Antošová & Polakovič, 2001). Orafti® P95 is the FOS used in these 
experiments. It's found in cereals, fruits and vegetables. It will give greater bowel 
movement and promote Bifidobacterium and inhibit Clostridium perfringens in colon 
(Belorkar & Gupta, 2016). It is non-digestible and will be fermented in the colon, and 
even a small amount of FOS in the colon increases the amount of Bifidobacterium. 
When it's metabolised, SCFA produced will lower pH which inhibits growth of 
pathogenic microorganisms. (Antošová & Polakovič, 2001). 
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Figure 1). Chemical structure of glucose 
 

 
Figure 2). Chemical structure of GLcNAc 
 

 
Figure 3). Chemical structure of a COS 
 

 
Figure 4). Chemical structure of a LOS 
 

 
Figure 5). Chemical structure of an AOS 
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Figure 6). Chemical structure of xylose 
 

 
Figure 7). Chemical structure of FOS 
 
 
1.4 The bacterial growth cycle 
When bacteria are growing (on e.g. carbohydrates) the culture goes through different 
steps in the growth cycle. Growth of microorganisms in a growth medium (often to 
produce a specific product) is often broadly referred to as fermentation. 
  
The lag phase is the time between when the microbial population is inoculated into 
fresh medium and when it starts to grow. Adaptation and synthesis of enzymes occurs 
during this phase. 
 
The exponential phase is the "healthy state". The cell divides to form two cells which 
also divide to form two cells and so on. The rate of exponential growth will vary in 
different environments and for different bacterial strains.  
 
The stationary phase is when the bacteria stop growing. In batch cultures (tubes, flasks) 
exponential growth cannot occur forever. Either the nutrient in the medium is used up or 
waste products produced by the organism are built up to an inhibitory level. The 
exponential phase ceases. 
 
The death phase occurs after the cells reach the stationary phase, they may continue to 
metabolize but they will also die. The death may also involve cell lysis.  
(Madigan, Martinko, & Parker, 2003) 
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1.5 Fermentation and short chain fatty acids  
During fermentation in the colon the bacteria will grow and produce many acids along 
with the gases H2, CO2 and CH4. SCFA (acetate, propionate, butyrate), lactic acid and 
ethanol are the main end products from carbohydrate fermentation. (Salminen et al., 
1998). The products reduce the luminal pH, and therefore inhibit growth of pathogenic 
microorganisms and also increase the absorption of some nutrients (Ríos-Covián et al., 
2016). The SCFA from the fermentation can be very beneficial for health since they are 
protective against colon and rectal cancer, inhibit putrefactive and pathogenic bacteria 
and therefore decrease the risk of infectious intestinal diseases, increase the mineral 
bioavailability and also stimulate the immune system. (Qiang et al., 2009). The SCFA 
will be absorbed and used in different ways. Butyrate is metabolized by the colonocytes 
and propionate and acetate will by the hepatic vein go to the liver to be metabolized. 
Propionate will mainly be a source for the gluconeogenesis and acetate and butyrate will 
be used for lipid biosynthesis. (Ríos-Covián et al., 2016) 
 
Propionate is thought to have beneficial properties by lowering lipogenesis, serum 
cholesterol and carcinogenesis in intestinal tissues. It also seems to have good effects on 
weight control and eating behaviour. (Hosseini, Grootaert, Verstraete, & Van de Wiele, 
2011) 
 
Butyrate has proven good potential to improve colonic mucosal functions like 
decreasing oxidative stress and inhibiting inflammation but also in the inhibition and 
prevention of colon carcinogenesis. (Hamer et al., 2008) 
 
Acetate has a potential to reduce the appetite due to its interaction with the central 
nervous system. It's the most common SCFA in the colon and constitutes more than half 
of the total SCFA found in feces. (Ríos-Covián et al., 2016). It is also well known as a 
stimulator of anti inflammatory responses. (Belorkar & Gupta, 2016) 
 
 
1.6 Specific bacterial strains 
A bacterial strain is made up by descendants of a single cell. A bacterial strain changes 
over time because cells will mutate and might lose or gain plasmids. The phenotype can 
change but they retain the identity given to them in the taxonomic sense. (Dijkshoorn, 
Ursing, & Ursing, 2000) 
 
 
1.7 Weissella  
The genus Weissella includes Gram-positive bacterial species with either coccoid or 
rod-shaped morphology and belongs to Firmicutes, the class Bacilli, order 
Lactobacillales and family Leuconostocaceae. Up to date, 19 valid Weissella species 
are known. They are found in many different habitats such as fermented foods, 
gastrointestinal tract and breast milk of humans and other mammalian animals. Bacteria 
of the lactic acid group, to which Weissella belongs, are adapted to nutrient rich 
habitats. (Fusco et al., 2015). Lactic acid bacteria are commonly anaerobic but 
aerotolerant (Holzapfel, 2014) and Lactobacillales is a heterofermentative bacterial 
order (Fusco et al., 2015). Weissella species are non spore formers, all are Gram 
positive and catalase negative (Lee et al., 2012) and with an obligate fermentative 
metabolism ferment glucose heterofermentatively via the hexose monophosphate and 
phosphoketolase pathways (Fusco et al., 2015). In bacteria, several pathways can 
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catabolise glucose. The hexose monophosphate and phosphoketolase pathways are 
minor heterofermentative pathways to degrade glucose. Heterofermentative organisms 
ferment glucose to multiple end products such as lactic acid, acetic acid, ethanol and 
CO2. (Baron, 1996) 
 
A probiotic bacterium should have high resistance to low pH and bile salts that will aid 
survival of the bacterium through the GI-tract. Another important aspect is an adherent 
ability to the epithelial cells that enables the bacterium to propagate well. In studies, 
strains of Weissella confusa and Weissella cibaria show resistance to low pH (pH 2.0 
and 3.0) and also to 0.3% bile salt. In these aspects, they are qualified as probiotics. 
Rapid growth was detected at 37°C for the strains. (Lee et al., 2012). W. cibaria strains 
also show acid production from arabinose and xylose, while W. confusa strains only 
show acid production from xylose (Fusco et al., 2015). Strain 92 was by 16S rRNA 
gene analysis shown to cluster with the species pair W. cibaria and W. confusa. (Patel et 
al., 2013). W. cibaria and W. confusa "are, however, also known as opportunistic human 
pathogens causing infections such as bacteremia and endocarditis" but infections caused 
by these species are generally rare and occur when the host has an underlying disease or 
an immunosuppression (Fusco et al., 2015). 
  
Patel et al (2013) studied six newly isolated strains (85, 92, 142, 145, AV1 and AI10) of 
Weissella spp, for growth on XOS. The strains were isolated from Indian vegetables and 
traditional fermented food. It was found that they were positive for xylose and XOS 
utilization, which had not been shown before for Weissella. Growth on XOS was seen 
for strain 85, 92, 145 and AV1, which indicated that these Weissella strains have 
probiotic potential. The XOS uptake was possible because genes encoding xylanolytic 
enzymes were present within these genomes. It's rare that Lactobacillus strains utilize 
XOS. It is more common that Bifidobacterium strains utilize these sugars to produce 
metabolically active compounds like SCFA. (Patel et al., 2013) 
 
 
2 Aim of this project  
The aim of this project was to determine if the potential prebiotic oligosaccharides 
AOS, LOS and COS could be metabolized by Weissella strain 92. In addition, the effect 
of the carbon source on the metabolite profile was studied. Utilization of these types of 
oligosaccharides has not previously been analysed for any strains of this genus.  
 
 
3 Materials and methods  
 
3.1 Bacterial strain 
The Weissella strain 92 had been isolated from idli batter. In previous studies the strain 
had been identified as Weissella spp. by 16S rRNA gene sequencing. (Patel et al., 2013) 
 
3.2 Cell growth 
Weissella were grown on different sugars; L-(+)-Arabinose (Sigma- Aldrich, Steinheim, 
Germany), FOS Orafti P95 (Beneo, Alsiano, Birkerøds, Denmark),  
 D(+)-Glucose monohydrate (BDH Prolabo Chemicals, Leuven, Belgium), D(+)Xylose 
(BDH AnalaR, KEBO Lab AB, Stockholm), GLcNAc, AOS, LOS and COS (all from: 
Megazyme, Wicklow, Ireland).  
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3.2.1 MRS culture medium 
MRS stands for De Man, Rogosa and Sharpe and is designed to selectively support the 
growth of lactic acid bacteria to which Weissella belongs. The MRS culture medium 
was prepared according to the recipe. 
(http://www.oxoid.com/UK/blue/prod_detail/prod_detail.asp?pr=CM0361&org=133&c
=UK&lang=EN). The medium contained casein peptone, tryptic digest (Merck KGaA, 
Darmstadt, Germany), meat extract (Sigma-Aldrich, Steinheim, Germany), yeast extract 
(Duchefa Biochemie, Haarlem, The Netherlands), glucose, tween 80 (Sigma-Aldrich, 
Steinheim, Germany), K2HPO4 (Merck KGaA, Darmstadt, Germany), Na-acetate 
(Merck KGaA, Darmstadt, Germany), (NH4)3 citrate (BDH AnalaR, KEBO Lab AB, 
Stockholm), MgSO4 x 7H2O (Merck KGaA, Darmstadt, Germany), MnSO4 x H2O 
(Merck KGaA, Darmstadt, Germany) and distilled water. MRS liquid culture medium 
was prepared where glucose was omitted. This is because Weissella is known to grow 
on glucose and the aim of this project was to see if other carbohydrates could be 
metabolised by Weissella. The culture medium was autoclaved (Varioklav, Thermo 
Fisher Scientific, Waltham, USA) for 20 minutes at 120°C and filled with nitrogen for 3 
minutes to make the medium sterile and anaerobic. (See appendix 1 for more 
information about preparing MRS liquid medium). 
 
3.2.2 MRS agar plates 
To reactivate the Weissella strain 92, frozen aliquots (-80°C) were put in the fridge 
(4°C). When defrosted, the bacteria were inoculated on glucose containing MRS agar 
plates (Merck KGaA, Darmstadt, Germany) and incubated in an anaerobic jar de-
aerated by Anaerocult A (Merck KGaA, Darmstadt, Germany) at 37°C, overnight.  
 
 
3.3 Culture growth, pH and SCFA analysis 
Carbon source (20 mg per ml MRS medium) was prepared for the cell growth 
experiments. Different volumes of MRS medium were used to adapt the cultivation 
scale depending on the availability of the monosaccharides and oligosaccharides to be 
tested. The work was performed aseptically to avoid contamination.  
 
For anaerobic culture condition 75 ml of MRS medium was added to small flasks that 
contained either of glucose (positive control), arabinose, xylose, FOS or ultrapure water 
(negative control). Inoculatin was done with a needle into the flask. The cell growth 
under anaerobic conditions was replicated. One culture had a total cultivation time of 
31h and one of 48h (except  for the negative control with ultrapure water and Weissella 
(w+W) that was not replicated and only incubated for 48h). 
 
The use of small cuvettes only required 1 ml of MRS medium containing either glucose, 
GLcNAc, AOS, LOS or COS as carbon source. Due to the small cultivation volume and 
the design of the cuvettes, the environment was aerobic. Inoculation was done directly 
from the agar plate to the cuvette using an inoculation loop. Cell growth on the AOS 
was replicated, one culture had a total cultivation time of 26h and one of 48h. Cell 
growth on LOS and COS was not replicated (single cultivations), with a total cultivation 
time of 48h.  
 
The inoculated Weissella cultures were incubated at 37°C to mimic the body 
temperature. Samples were first shaken and cell growth was followed 
spectrophotometrically as optical density (OD) measurements at 600nm. Samples were 
taken every other hour between 0-8h, continuing the day after when samples were taken 
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every other hour between 24-31h. The total cultivation time was 26h, 31h or 48h when 
the final samples were taken. 
 
To separate the cells from the spent culture medium either filtering or centrifugation 
was performed. 0,2μm sterile filter (Filtropur syringe filter, Sarstedt, Nümbrecht) or 
centrifugation (Biofuge pico, Heraeus, Upplands Väsby) for 10 min of 13000 g was 
used. After centrifugation, the supernatant was transferred into new cuvettes to measure 
the pH. 
 
The initial pH was measured on the MRS medium (pH 6.42). The final pH was 
measured on the supernatants of the different samples after separation from the cells. 
 
The spent culture medium fractions were used for metabolite analysis on an HPLC 
instrument. All samples were compared with standards of acetic acid, butyric acid, 
lactic acid, propionic acid and ethanol to detect possible metabolites. The raw data from 
the HPLC instrument was analysed to compare fermentation products in the samples. 
 
 
3.4 Analysis equipment 
3.4.1 Spectrophotometers 
Growth in 75ml anaerobic culture was measured at OD600nm using a microplate reader 
(Multiskan Go, Thermo Fisher Scientific, Waltham, USA). To measure the cell growth 
in the cuvettes they were put in a spectrophotometer (BiowaveII, Biochrom, 
Cambridge) at OD600nm. If the OD was higher than 1 the sample was diluted either 2 or 
10 times with MRS medium. 
 
3.4.2 pH meter 
The pH was measured with a pH meter (SevenEasy, Mettler Toledo, Stockholm) 
 
3.4.3 HPLC 
The samples from the Weissella cultures with the different carbohydrates were analysed 
with an HPLC (Ultimate 3000 RSLC, Thermo Fisher Scientific, Waltham, USA) 
instrument for detecting the metabolites, using a RI detector. The injection volume was 
10𝜇l. To separate the compounds an ion exchange column (Aminex HPX-87H) was 
used. The temperature of the column was kept at 40°C. The mobile phase was 0.5mM 
H2SO4 (Sigma-Aldrich, Steinheim, Germany, see appendix 2 for preparation) and had a 
constant flow rate of 0.5 ml/min. The settings of the HPLC used were according to 
Börner (2013) (Aragão Börner, 2013). 
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4 Results  
4.1 Cell growth in anaerobic condition 
4.1.1 Monosaccharides and FOS 
The cell growth of Weissella in MRS with monosaccharides and FOS was measured. 
The final cultivation time was 26h and 48h. The combined results (of both growth 
experiments) show that the stationary phase was reached within 24h with all the 
carbohydrates (figure 8). The OD measured at 24h of incubation showed that Weissella 
had grown on all of the carbon sources tested (figure 9). The highest cell density was 
reached using glucose (positive control) as carbon source, and thereafter with arabinose 
(figure 9). As expected no growth was observed on the MRS control, where the carbon 
source was replaced by ultrapure water (negative control) and then inoculated with the 
Weissella culture (figure 8 and 9). 
 

 
Figure 8). Natural logarithm (LN) of the cell growth on different carbohydrates.  
The exponential phase was between 2 and 10h. The stationary phase was reached within  
24h.  
 

 
Figure 9). Initial OD and OD at 24h cultivation time on different carbon sources. 
 
 
The growth curve of the glucose supplemented culture (figure 8) shows the exponential 
phase between 2 and 10h, thereafter the stationary phase was reached. The growth curve 
of the arabinose supplemented cultures also shows an exponential growth phase within 
2 and 10h (figure 8). The cell growth was obvious, but in this case the cell density 
obtained was not as high as in the glucose supplemented culture.  
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4.2 Cell growth in aerobic condition 
4.2.1 Arabinose and AOS 
The smaller cultivation volume (1 ml) did not allow deaeration of the culture. Weissella 
strain 92 was grown aerobically in MRS with glucose, arabinose and AOS. The OD of 
the cultures was followed during 26 and 48h (except glucose culture, only followed for 
26h). The maximum OD, when the stationary phase was reached, was detected at 
different times on different carbohydrates (figure 10) and was to some extent correlated 
to the growth rate (figure 11). For example, the arabinose culture reached the stationary 
phase at around 9h (figure 11) and the arabinobiose culture reached the stationary phase 
within 24h (figure 11).  
 
In summary, the results show that Weissella grew better on glucose (figure 10) in 
presence of oxygen, than anaerobically (figure 9). So was also the case for the arabinose 
supplemented culture (figure 9 and 10). Cell growth on arabinobiose and arabinotriose 
was also observed (figure 10). No cell growth was noticed on arabinotetraose or -
pentose (figure 10).  
 

 
Figure 10). Initial and maximum OD (cell density) on glucose and AOS (A1- arabinose, A2- arabinobiose, A3- 
arabinotriose, A4- arabinotetraose and A5- arabinopentaose) measured at OD600nm. The blue bar is the initial OD, 
time 0. The red bar is the maximum OD when cell growth had reached stationary phase.  
 

  
Figure 11). Natural logarithm (LN) of the cell growth on arabinose (A1) and arabinobiose (A2).  
The stationary phase was reached at different times. The black dot is considered off measurement.  
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4.3 LOS and COS 
The growth of Weissella strain 92 under corresponding aerobic condition in cuvettes 
containing MRS with either of laminaribiose, laminaritriose, laminaritetraose, GLcNAc, 
diacetyl-chitobiose, triacetyl-chitotriose or tetraacetyl-chitotetraose was studied in 
single cultivations, with a total cultivation time of 48h.  
 
4.3.1 LOS 
The laminaribiose culture reached a higher OD than the glucose supplemented culture 
(figure 13). Despite the high final cell density (figure 12), the growth rate appeared to 
be lower and divided in two phases (figure 13). The stationary phase was hard to define 
for the laminaribiose culture, the exponential phase was probably between 2 and 26h 
and the stationary phase could not be detected (figure 13). The laminaritriose culture 
behaved differently as cell growth occured between 28 and 48h of incubation time 
(figure 13). The laminaritetraose culture seemed to reach stationary phase at 24h of 
incubation time (figure 13). 
 

 
Figure 12). Cell density after growth on different carbon sources measured at OD600nm.  
The blue bar is the initial OD600nm of the sample of and the red bar the highest OD of cultures with 
L2- laminaribiose, L3- laminaritriose, L4- laminaritetraose. 
 

  
Figure 13). Natural logarithm (LN) of the cell growth on laminaribiose (L2), laminaritriose (L3) and  
laminaritetraose (L4).  
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4.3.2 COS and GLcNAc 
The Weissella strain 92 grew very well aerobically on GLcNAc (figure 14), but the 
stationary phase was hard to define because the cell growth seemed to continue for 26h 
and thereafter the death phase occurred. COS as carbon source also led to cell growth, 
although the growth cycle was atypical (figure 15). The exponential phase seemed to 
occur between 4 and 26h and thereafter the culture reached the stationary phase. The 
best supplement of the COS was the chitotriose (figure 14). Only a very limited cell 
growth was detected on the carbon source of chitobiose and chitotetraose (figure 14 and 
15). 
 

 
Figure 14). Cell density on different carbon sources. The blue bar is the initial  
OD600nm and the red bar the maximum OD of the culture grown on GLcNAc, C2- diacetyl chitobiose,  
C3- triacetyl-chitotriose or C4- tetraacetyl-chitotetraose. 
 
 

 
Figure 15). Natural logarithm (LN) of the cell growth on GLcNAc, C2- diacetyl-chitobiose, 
C3- triacetyl-chitotriose and C4- tetraacetyl-chitotetraose. 
 
 
4.4 pH measurement 
A big reduction of the pH in the culture indicates acid production but even a slight 
change can indicate production of acid metabolites. The acid production is an indication 
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pH >0.3 units were considered relevant. Growth on glucose, arabinose and xylose 
decreased the pH from 6.42 to about 4,6 while in the FOS supplemented medium, no 
acid production was observed, in accordance with the inoculated control without added 
carbon source (MRS containing ultrapure water and Weissella (w+W), figure 16).  
 

 
Figure 16). The blue bar is the initial pH and and the red bar the final pH (48h) after growth on 
glucose, arabinose, xylose, FOS and without added carbon source (w+W). 
 
 
4.4.2 Aerobic condition 
Almost the same results in pH change was seen 26h and 48h after incubation time for 
the AOS culture during aerobic growth conditions (figure 17 and 18). This indicates 
there is no need for incubation for two days to detect acid production. The pH decreased 
in the glucose culture under both anaerobic and aerobic condition (figure 16, 17 and 18). 
The pH in the arabinose supplemented culture decreased about the same in the aerobic 
and anaerobic conditions (figure 16 and 17). A small lowering of the pH can be detected 
in the arabinobiose culture (figure 17 and 18). The GLcNAc, LOS and COS 
supplemented cultures were incubated for 48h and the pH decreased only after growth 
on GLcNAc and laminaribiose (figure 19). A small increase of the pH occurred in the 
chitotriose and chitotetraose cultures. 
 

 
Figure 17). The blue bar is the initial pH (0h) and and the red bar the final pH (26h) after  
growth on glucose, A1- arabinose, A2- arabinobiose, A3- arabinotriose, A4- arabinotetraose and A5- 
arabinopentaose.  
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Figure 18). The blue bar is the initial pH (0h) and and the red bar the final pH (48h)  after growth on glucose,  
A1- arabinose, A2- arabinobiose, A3- arabinotriose, A4- arabinotetraose and A5- arabinopentaose.  
 

 
Figure 19). The blue bar is the initial pH (0h) and and the red bar the final pH (48h)  after growth on  
GLcNAc, L2- laminaribiose, L3- laminaritriose, L4- laminaritetraose, C2- diacetyl chitobiose,  
C3- triacetyl-chitotriose and C4- tetraacetyl-chitotetraose 
 
 
4.5 Fermentation products 
4.5.1 Anaerobic condition 
Metabolites (g/L) from growth on different monosaccharides and FOS were analysed 
after 31 and 48h of incubation in anaerobic condition. The results were almost identical. 
The diagrams show (figure 20 and 21) the acid concentration in the final sample 
subtracted with that of the initial sample (0h). MRS may contain some lactic and acetic 
acid. 
 
Lactic acid was produced in all of the cultures (figure 20 and 21). The lactic acid 
production in the glucose culture correlates well with the incubation time since the 
production is higher after 48h (figure 21). Acetic acid was produced in all cultures with 
added carbon source except in the glucose supplemented culture with 31h or cultivation 
time. No propionic acid was produced in any of the cultures and ethanol was only 
produced when Weissella was growing on glucose. Butyric acid was only detected in 
the arabinose supplemented cultures after 31h incubation time (figure 20 and 21). 
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Figure 20). Fermentation products from growth on arabinose, glucose, xylose and FOS for 31h.  
 

 
Figure 21). Fermentation products from growth on arabinose, glucose, xylose and FOS for 48h.  
 
4.5.2 Aerobic condition 
Metabolites (g/L) from different carbohydrates, mainly oligosaccharides, were analysed 
also after growth in aerobic conditions (i.e. growth media without deaeration prior to 
inoculation and incubation). The concentration in the final sample from the culture was 
subtracted with that in the MRS at start. 
 
The acid production at two different time points (26h and 48h) in the arabinose and 
AOS supplemented cultures were investigated (figure 22 and 23). More lactic acid and 
acetic acid was produced by the Weissella when consuming arabinose in comparison 
with growth on the oligosaccharides (figure 22 and 23). The chromatograms show the 
difference between the sugar and acid contents in the initial sample and the final sample 
(figure 24 and 25). Arabinobiose supplementation also led to the production of lactic 
acid and acetic acid, the amount was highest after 48h of cultivation time (figure 22 and 
23). Even production of butyric acid was seen after 48h of cultivation time (figure 23). 
Acetic acid production was discovered in all the AOS cultures. No propionic acid was 
discovered in any of the samples, nor was ethanol. Notable was some butyric acid 
production in the samples from cultures supplemented with arabinotriose (26 and 48h) 
(figure 22 and 23).  
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Figure 22). Fermentation products from growth on arabinose, arabinobiose, arabinotriose, arabinotetraose and  
arabinopentaose for 26h.  
 

 
Figure 23). Fermentation products from growth on arabinose, arabinobiose, arabinotriose, arabinotetraose and  
arabinopentaose for 48h.  
 

 
Figure 24). Chromatogram of the growth medium. Peak 10-12,527 shows the amount of the initial arabinose. No 
lactic acid but some acetic acid was present.   
 

 
Figure 25). Chromatogram of the spent growth medium (48h) with fermentation products. Peak 10-12,518 shows 
lower amount of the arabinose in the final sample, which indicates that it was fermented by Weissella strain 92. 
Lactic acid had been produced and also a higher amount of acetic acid was found.  
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Fermentation products were also analysed in the LOS and COS supplemented cultures 
after 48h of incubation (figure 26). Lactic acid production was seen in all cultures even 
though the greatest production was detected from Weissella when consuming GLcNAc 
and laminaribiose. Acetic acid was produced in all cultures except from the one with 
laminaritetraose. No propionic acid was discovered in any of the samples. Ethanol was 
produced by the bacteria grown on laminaribiose, diacetyl-chitotriose and GLcNAc. 
Production of butyric acid was only seen when the Weissella consumed diacetyl-
chitotetraose (figure 26).  
 
 

 
Figure 26). Fermentation products from growth on GLcNAc, L2- laminaribiose, L3- laminaritriose,  
L4- laminaritetraose, C2- diacetyl chitobiose, C3- triacetyl-chitotriose or C4- tetraacetyl-chitotetraose  
for 48h.  
 
The metabolite product profile of cultures grown on glucose, GLcNAc, and LOS (under 
more aerobic cultivation conditions) were compared. SCFA production from the 
Weissella growing on glucose (figure 27) was very similar to the product profile for 
growth on laminaribiose and to some extent to that on GLcNAc (figure 26). The total 
cultivation times for the cultures grown in presence of glucose varied 26h, 31h and 48h. 
The amount of products obtained was, however, very similar in the samples (figure 27). 
As expected, the production of lactic acid was high, there was a small production of 
acetic acid detected along with somewhat higher amounts of ethanol. 
 

 
Figure 27). Fermentation products from glucose cultures after different incubation time.  
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5 Discussion 
According to the previously published descriptions of the genus Weissella (Fusco et al., 
2015) it was expected that Weissella strain 92 was an aerotolerant, heterofermentative 
bacterium when grown on glucose. This is in accordance with the current data, and it 
became very clear that growth on glucose was very good and pH decreased more than 
two units. The growth on glucose especially resulted in lactic acid (6.5-8g/L) and 
ethanol (2g/L) at both anaerobic and aerobic conditions. Since the lactic acid production 
was very clear along with the production of ethanol this shows that Weissella strain 92 
belongs to the heterofermentative lactic acid bacteria that's characterized by having 
lactic acid as a major catabolic end product from glucose along with ethanol, acetic acid 
and CO2 (Cai, Pang, Tan, & Wang, 2014). 
 
Cell growth on the other monosaccharides, arabinose, xylose and GLcNAc was also 
seen, best growth was on GLcNAc and arabinose under aerobic conditions. The cell 
growth was well correlated with pH decreasing (from 6.42 to about 4.8) in all of these 
cultures and cell growth in all of them resulted in lactic and acetic acid as main 
products, but with a higher concentration of acetic acid (1.6g/L) compared to growth on 
glucose (0.2g/L). GLcNAc also gave 1.9g/L of ethanol (in accordance with cultures 
grown on glucose), but in this case acetic acid production was higher (3.9g/L). Growth 
and product profile on xylose confirmed data from a previous study (Patel et al., 2013), 
and xylanolytic enzymes have been confirmed in Weissella (Falck, Linares-Pastén, 
Adlercreutz, & Karlsson, 2015; Patel et al., 2013).  
 
Cell growth during aerobic conditions on some of the AOS was also seen, especially on 
arabinobiose, but also on arabinotriose. The pH decreased in the arabinobiose cultures 
and the acid production was dominated by lactic acid (0.3g/L at 26h and 0.7g/L at 48h 
of cultivation time) and acetic acid (0.3g/L at 26h and 0.7g/L at 48h of cultivation time), 
but even some butyric acid (0.1g/L) was seen after 48h of incubation. The pH did not 
change in the arabinotriose culture and the cell growth was limited (figure 10, 17 and 
18), indicating that uptake of the oligotrisaccharide was more difficult or slow, but 
small amounts of the acidic products were discovered in the samples. After 31h 
cultivation time a low amount of lactic, acetic and butyric acid was produced and after 
48h acetic acid and butyric acid was produced. No cell growth was seen in the 
arabinotetraose and arabinopentaose cultures, the pH was more or less stable, but some 
acetic acid and even a small amount of lactic acid was seen after 48h of cultivation, also 
this could be because uptake of longer oligotrisaccharides were even more difficult. 
 
The Weissella strain 92 metabolised laminaribiose and a limited cell growth was seen in 
cultures with longer LOS, especially laminaritriose. pH decreased in the culture 
containing laminaribiose but increased in some of the cultures containing longer 
oligosaccharides, which indicates that amino acids may be consumed in the latter cases. 
The production of acids was well correlated with the decreased pH for the laminaribiose 
culture where 5.3g/L of lactic acid and 0.3g/L of acetic acid was produced, even 1.5g/L 
ethanol was discovered. Even though the pH was more or less stable in the 
laminaritriose culture, 0.5g/L lactic acid and 0.3g/L acetic acid was detected in this 
culture medium (figure 26). However, it is interesting to notice the appearance of the 
growth curve, especially in laminaritriose (figure 13). Growth seems to accelerate after 
a longer cultivation time (48h) on laminaritriose, which could be explained by enzyme 
synthesis taking an extensive time, but contaminants can not be excluded.  
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Cell growth on COS was limited, the biggest increase in OD was seen with triacetyl-
chitotriose even though pH increased in all cultures. The acid production was low in all 
the cultures as well, but interestingly 0.3g/L of ethanol was discovered in the chitotriose 
supplemented culture and 0.2g/L of butyric acid detected in the sample from the 
chitotetraose culture. Cell growth on COS, especially on chitotriose increased after 24h 
(figure 15). Also in this case the enzyme synthesis may take longer time.  
 
In general, heterofermentative lactic acid bacteria use the phosphoketolase pathway to 
funnel carbohydrates into the three-carbon intermediate stage of glycolysis (Årsköld et 
al., 2008). This may be the pathway for the hexoses that seem to be the easiest 
molecules to metabolise in Weissella according to this current study. Glucose is a 
hexose and GLcNAc is a derivative thereof and COS and LOS are oligosaccharides of 
the same of which many of them can stimulate cell growth. But specific enzymes are 
required to catalyse the degradation of the glycosidic bonds (Berg et al., 2002, p.190-
191) as well as the metabolism of the resulting monosaccharides.  
 
The typical degrading enzyme laminarinase (or endo-1,3(4)-β-glucanase) catalyzes the 
endohydrolysis of 1,3- or 1,4-linkages in β-D-glucans according to the Sigma Aldrich 
website (http://www.sigmaaldrich.com/life-science/biochemicals/biochemical-
products.html?TablePage=111645370). This enzyme is required to metabolize LOS 
because laminarin is a β-1,3-D-glucan (Labourel et al., 2015). Since Weissella stain 92 
seems to metabolise laminariobiose very well, this enzyme, or a corresponding exo-
glucanase (acting on β-1,3-bonds), must be produced and secreted by the bacteria.  
To metabolise COS an endo or exoacting chitinase is mandatory. Such an enzyme 
would cleave the disaccharide into monomers of GLcNAc. 
(http://www.sigmaaldrich.com/catalog/product/sigma/c6137?lang=en&region=SE).  
Since the current study also shows very good cell growth on GLcNAc this compound is 
metabolized by Weissella. In certain Firmicutes, transport of amino sugars occurs via 
sugar-specific PTS permeases, e.g. NagP, the major glucose transporter PtsG, or GamA 
in Bacillus subtilis all of which transport GlcNAc for subsequent catabolism of 
GLcNAc-6-P to fructose-6-P (Moye, Burne, & Zeng, 2014), which could be likely 
alternatives to investigate in Weissella. 
 
Weissella strain 92 also appears to be able to metabolize AOS. This could be explained 
by the fact that Weissella uses the hexose monophosphate pathway, also known as the 
pentose shunt. This pathway can be used to catabolize pentose sugar molecules (Berg et 
al., 2002, p. 552). However, specific arabinase enzymes are needed to catabolize the 
oligosaccharides by hydrolysing the linkages between the monosaccharides. It is 
therefore possible that these are available in Weissella strain 92 because metabolism of 
AOS appears to occur (Belorkar & Gupta, 2016). The species W. cibaria that produces 
acid from arabinose (Fusco et al., 2015) is closely related to Weissella strain 92. This 
possible pathway along with the acetate production suggests the AOS to be potential 
prebiotics.   
 
Studies show that only some Lactobacillus simultaneously use two different uptake 
pathways. This has for example been shown in Lactobacillus reuteri ATCC 55730 
(Årsköld et al., 2008). But other pathways or receptors for the uptake of the 
carbohydrates are not excluded. Further studies on the genome of Weissella will lead to 
answers within this area.  
 
If pH increases during growth in MRS it may be due to the degradation of protein that's 
included in the MRS medium (meat extract, yeast extract and casein peptone, they all 
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contain protein). Some bacteria can use protein as their carbon and energy source. 
Secretion of proteases from the bacteria will hydrolyse the peptid bonds in the protein to 
amino acids. Specific deaminases will deaminate the amino acids into organic acids. 
The organic acid resulting from the deamination can be converted for instance to 
pyruvate or acetyl- CoA, but can also be used as source of carbon for synthesis of cell 
constituents. The deamination will give excess of nitrogen that may be excreted as 
ammonium ion that will make the medium alkaline. (Prescott, Harley, & Klein, 1999). 
If both alkaline and acid products is produced the pH can be stable or even increase. 
 
The reason as to why the butyric acid production was low in all aerobically grown 
cultures could be that butyric acid fermentation is associated with anaerobic 
microorganisms and butyric acid formation ceases when air is present (Baron, 1996, ch. 
4). So if the cell growth on the carbohydrates that gave butyric acid production had been 
in a more strict anaerobic environment, more butyric acid may have been produced. 
However, the butyric acid production, even though limited, is very interesting and 
increases the probiotic potential for Weissella strain 92.  
 
 

6 Conclusion  
Weissella strain 92 is an aerotolerant, heterofermentative lactic acid bacterium. 
Weissella strain 92 showed probiotic potential due to the production of acetic acid and 
butyric acid. The current results indicate prebiotic potential for AOS, LOS and COS due 
to the production of acetic acid and some butyric acid obtained during their degradation. 
The mono- and disaccharides generally gave best cell growth, resulted in a significant 
decrease in pH and acid production along with ethanol.  
 
 
7 Future aspects 
In order to identify Weissella strain 92 as a probiotic bacteria more research needs to be 
performed. It would be interesting to see if butyric acid would arise during cell growth 
in strictly anaerobic conditions.  
 
More research on AOS, LOS and COS is suggested to analyse the prebiotic potential of 
these oligosaccharides. Longer cultivation time than 48h for LOS and COS would give 
more understanding of the cell growth and the different phases the cell growth goes 
through. Identifying the carbohydrate uptake pathways in Weissella would give further 
understanding of its metabolism. 
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Appendices 1 and 2 
Appendix 1: MRS Medium, number 11 
 

• Summary 
• Material 
• Method 

 
Summary 
This recipe was followed to prepare a MRS medium for growing Weissella bacteria. 
The recipe was made for  preparation of 1 litre of the medium, a calculation was needed 
to make only 375ml of the medium. Glucose was not added, this because different 
carbohydrates were added together with the bacteria in the medium.  
 
Material 
Cylinder 1 litre, beaker 600ml, magnetic stirring, weighing boats, pipettes, glass pipette, 
HCl, 5 glass bottles, rubber cork, metallic cork, autoclaved tape spoons, mask, goggles, 
coat 
 
 
The recipe (1 litre)    To make it 375ml 
     
Casein peptone, tryptic digest 10g x0,375=  3,75g  
Meat extract   10g  3,75g 
Yeast extract   5 g  1,875g 
Glucose   20 g (not added)  
Tween 80   1 g  0,375g 
K2HPO4   2g  0,75g 
Na-acetate   5g  1,875g 
(NH4)3 citrate   2g  0,75g 
MgSO4 x 7H2O   0,2 g  0,075g 
MnSO4 x H2O   0,05g  0,01875g 
Distilled water   1 litre  375ml 
 
pH was adjusted to 6,2-6,5 
 
Method 
1. 200 ml distilled water was poured in the beaker along with the substances according 
to the recipe, except from glucose, and stirred with the metallic stirrer.  
2. To adjust the pH a pH-meter was used. 6 drops of HCl were added to make the 
solution more acidic, to lower it from pH 6,9 to 6,37 
3. The solution were poured in to the cylinder and the the water was added up to 375ml. 
4. Five small glass bottles were filled with 75 ml of the medium each. 
5. To remove the air the medium was put in the microwave for a few minutes until 
boiling. 
6. Every bottle was filled with nitro-glycerine to make the environment anaerobic.  
7. Rubber cork and metallic cork was used to seal the bottle.  
8. To sterilize the medium an autoclave was used, 15-20 minutes (the whole process 
took about 4 hours). Autoclaving tape was used on each item. 
 



 

II 

Appendix 2: Preparation of H2SO4 (sulphuric acid) 
 

Equation before preparation 

95-97% H2SO4 ---> 5mM 

Ci x Vi = Cf x Vf ---> Vi=
!"
!"

x Vf   
 
i) Molecular weight 
H= 1.008 g/mol 
S= 32.07 g/mol 
O= 16.00 g/mol 
 
 
Calculation molarity of 96% H2SO4 
 
H2SO4= (1.008x2) + 32.07 +(16.00x4)= 98,08 g/mol 
 
ii) Concentration= 96g H2SO4 per 100g H2SO4 
 
iii) Density= 1.840 g/mL 
 
= 
Molecular weight: 98,09 g/mol 
Concentration: 0,96 g/g 
Density: 1,840g/ml=1840 g/L 
 
Molarity= conc x density   = 0,96g/g x 1840g/l 
                molecular weight             98,08g/mol 
 
= 18,010 mol/L 
 
 
Preparation of 5mM H2SO4 
 
5mM = 5 x10 -3M= 5x10 -3 mol/L 
 

Vi x Vi = Vf x Cf = Vi=
!"
!"

x Vf  --->  

Vi= 5 x 10-3 mol/L x 1L = 2,776 x10-4 L = 277,6 𝜇𝑙  
        18,010 mol/L 
 
MilliQ water= 0,999723 L 
 
H2SO4 = 277𝜇𝑙 
 
Material 
95-97% H2SO4, gloves, lab coat, eye protection,vacuum pump, pipette, measuring glass, 
cylinder 
 



 

III 

Method 
MilliQ water was poured into the measuring glass and sulphuric acid was added and 
then the rest of the water was added up to 1 L.  
 
 


