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Abstract  

Vanillin (4-hydroxy-3methoxybenzaldehyde) is one of the most employed aromatic and 

flavoring additives in food and cosmetic industry. The industrial interest in vanillin could also 

apply to its biodegradation products. The microbial transformation of vanillin can open the 

possibility of new products with new areas of application for products related to vanillin. For 

example, vanillyl alcohol, vanillic acid and ferulic acid are currently used in the 

pharmaceutical or food industry. Some species reported to biodegrade vanillin into the 

related products vanillyl alcohol and vanillic acid, are: Brettanomyces anomalus and Saccharomyces 

cerevisiae. Moreover, certain microorganisms possess the ability to accumulate lipids when 

cultivated on different carbon sources, opening the possibility of microbial lipid production as 

another industrial application. The present investigation focuses on the optimization of 

extraction methods for vanillin biodegradation products, as well as identifying the isolates of a 

collection of microorganisms originating from the Faroe Islands that are amenable to being 

cultivated on a lignin-based media. Finally, the potential for microbial lipid accumulation was 

also studied. Two analytical methods, Thin-Layer Chromatography (TLC) and Gas 

Chromatography (GC) were employed for characterizing the biodegradation products 

obtained after 24 hours and 72 hours of culture in growth medium supplemented with 1 mM 

of vanillin. The results showed that after 24 hours of incubation, the model microorganism, 

strain FMYD002, had consumed some of the vanillin and transformed it into biodegradation 

products. TLC retention factors and GC chromatograms revealed that the main 

biodegradation product after 24 hours - when compared to a standard – is likely to be to 

vanillyl alcohol. Furthermore, vanillin and its biodegradation products were relatively 

temperature-stable based on a temperature test of supernatant from a 24-hour culture, 

however, when the 72-hour culture had been subjected to the highest temperature (60 °C) 

some spontaneous decomposition occurred. The biodegradation pattern of the 72-hour 

culture evidenced by TLC revealed two additional biodegradation products, one of which 

migrates in a similar fashion to vanillic acid. After 72 hours of incubation, the biodegradation 

product presumed to be vanillyl alcohol was no longer observed. Acidification tests showed 

that the best route for extraction of the product believed to be vanillyl alcohol is to adjust the 

extracted sample to a pH of 9. The cultivation test of the isolates in media prepared from 

different lignin-based residual products showed that 26 out of 60 initial strains grew 

regardless of the concentration of lignosulfonates and vanillin. Moreover, 17 strains grew in 

nitrogen-limited medium. Eight of the strains accumulated lipids. A preliminary 

categorization of isolates based on their colony morphology and capacity of growth on 

different substrates showed that to some extent, their morphology can predict the ability to 

grow on lignin- and vanillin-based media. This could help future scientists to easily screen for 

and select isolates with interesting activity for the ligno-cellulose industry. 

Keywords: yeast, vanillin biodegradation, vanillyl alcohol, Thin-layer chromatography, 

lignin-based substrates, microbial lipid accumulation. 
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1 Introduction  

The demand for industrial applications of lignocellulose, as in the case of paper 

manufacturing, biofuels (Deeba, Pruthi, & Negi, 2016) and animal feed (Malherbe 

& Cloete, 2002), has increased in the last decades. However, current processing 

techniques for lignocellulose pre-treatments lead to various environmental 

problems, such as the extensive use of chemicals and energy, as well as the 

generation of considerable volumes of waste products (Sanderson, 2011). 

Lignin strong bonds is present in the polymer chains that surround cellulose and 

hemicellulose microfibrils and creates strong bonds, which makes it difficult for 

industrial processes to extract the variety of sugars residing in lignocellulose 

(Sanderson, 2011). 

Chemical composition of the lignocellulose differs greatly in different plants, based 

on genetic factors (Malherbe & Cloete, 2002). However, in spite of the fact of these 

variations, the fundamental constitution of lignocellulose remains similar and is 

divided into three organic compounds namely: cellulose, hemicellulose and lignin. 

Lignin fractions are difficult to separate and are an obstacle for obtaining its residing 

aromatic monomers. This is due to the complex cross-linked polymer structure that 

lignin presents. Currently, the greatest producers of lignin (as a by-product) are the 

pulp and paper mills manufactories, generating around 40 to 50 million tons per 

year (Zakzeski et al. 2010). From this amount, only 2% is employed for 

manufacturing processes and the rest is discarded and burned mainly for production 

of energy. 

Different studies (Healy, 1979; Mathews, 2015; Vyas, 1989) have demonstrated 

that the biological degradation of lignocellulose is a better approach for recovering 

the simple aromatic compounds. This can be done, for example, by biodegrading 

fungi, such as the white rot group of fungi, e.g. Phanerochaete chrysosporium 

(Malherbe & Cloete, 2002) or the brown rot group of fungi, e.g. Coniophora puteana 

(Lupoi, Singh, Parthasarathi, Simmons, & Henry 2015). For this reason, these 

strains have been used for industrial waste treatment and the production of 

lignocellulose-degrading enzymes. Although these fungi are not very active under 

common conditions such as high pH or high lignin concentrations, further 

investigation could lead to an efficient biological treatment process (Lupoi et al, 

2015). Similar studies show that the pulp and paper mill factories could have a 

potential future, similar to that of refineries (Kamm & Kamm, 2004). Biorefineries 

could take the advantages of lignocellulosic streams in which microorganisms that 

are capable of surviving a wide range of pH could degrade lignocellulose, thereby 

producing a large number of products.   
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In the case of vanillin biodegradation, other microorganisms such as the fungal 

species Paecilomyces variotii and Pestalotia palmarum (Rahouti, Seigle-Murandi, 

Steinman & Eriksson, 1989) are capable of totally transforming vanillin into 

biodegradation products: vanillic acid, vanillyl alcohol and methoxyhydroquinone 

after 24 hours of incubation. In the same fashion, other studies have reported that 

strains of the bacteria Klebsiella pneumonia (Nishikawa, Sutcliffe & Saddler, 1988) and 

Rhodococcus jostii (Chen et al, 2012) were able to biodegrade vanillin into vanillyl 

alcohol and vanillic acid, respectively. 

1.1 Rationale 

Today most of the industrial production of  biofuels, food and flavor chemical 

additives and different polymer synthesis (resins, plastic and adhesives) is based on 

byproducts of the petrochemical industry, and it comes from non-renewable 

sources, such as crops and agricultural areas (Sainsbury et al. 2013). This behaviour 

leaves aside other widely potential sub-products from pulp and wood manufactories 

(Ottinger, 2007). One example of this type of product is lignin. This substance is 

produced in large quantities during paper manufactory processes, but its potential is 

reduced to its single use as a source of energy (Mathews, 2015). This draw-back 

stems from the complex chemical structure of lignin. As mentioned at the outset, 

the technique for decomposing this type of substance is not simple, because there is 

no straight-forward chemical reaction that would transform lignin into a other 

compounds for further use. However, microorganisms have often been a source of 

different enzymes that can catalyze chemical reactions, which otherwise, would not 

happen (Lewis & Yamamoto, 1990).  That is why microbiological solutions are 

considered.  

In spite of the fact that microbial degradation of pulp waste material would mean a 

great advancement in the production of aromatic monomers, little information is 

found in the case of vanillin as a product formed by these means, nor of the products 

formed through the biodegradation of vanillin.  

Exploration of microbial degradation of aromatic monomers, such as vanillin, can be 

done by isolating individual microbial strains capable of transforming it into other 

aromatic monomers. By employing microorganism populations to particular 

aromatic substances the possibility to scale up the processes to biodegrade more 

complex structures such as lignin can open up.   This is why vanillin, which is an 

aromatic monomer, is taken as a model substance in the biodegradation studies. 
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1.2 Purpose 

The overall objective of the research project is to optimize the production of 

biodegradation product believed to be vanillyl alcohol, during the biodegradation of 

vanillin (J. Rönnander & S. Wright, personal communication, April 3 2017). 

Certain parameters must be taken into consideration, such as pH (adjusting pH after 

yeast culture) and extraction temperature, in order to obtain as much of the sought 

biodegradation product as possible. That is why this study focuses on determining 

the optimum pH and temperature during extraction to obtain the best output of this 

metabolite. Exploration of viability of isolates cultivated in different lignin-based 

residual products from pulp and paper mill industries has been investigated. 

Successful growth in these media could mean further production (by 

biodegradation) of valuable aromatic compounds. Finally, examination of the strains 

cultured in a nitrogen-limited medium was tested in order to observe lipid 

accumulation in the cells. 

 

1.3 Objectives 

 

To establish the conditions of pH and temperature during extraction that are 

conducive to the stability of the vanillin biodegradation compounds.  

 

To study candidate compounds during vanillin biodegradation, by means of thin-

layer chromatography (TLC) and gas chromatography, and to study the sequence of 

events leading to biodegradation compounds. 

 

To determine which of the yeasts from the selected isolates are the most suitable for 

growing on a lignin-based medium and conclude the influence on this growing 

condition and the strains possible ability of lipid accumulation. 
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2 Theory 

2.1 Thin-layer Chromatography (TLC) 

Thin layer chromatography is a separation technique for qualitative analysis of 

mixtures. Due to its simplicity, low cost and speed of separation, TLC can monitor 

the progress of a reaction, the purity of a sample or the number of components in a 

mixture (Irish-Hess, A. 2007). In this technique the stationary phase consists of thin 

silica coated slab on either aluminum, plastic or glass support at the back of the slab. 

The principle of this method is that the capillary effect of the slab allows the mobile 

(eluent) to migrate upwards in the stationary phase (Hanh-Deinstrop, 2006). Every 

compound has different affinities or polarities that will affect the migration speed 

and separates the compounds. Figure 1A shows TLC schematics in which the layer 

slab is placed inside a chamber. A solution of compounds analyzed applied onto the 

TLC slab and dried before placing it into the eluent. A mixture of mobile phase and 

the compounds migrates along the slab, leaving the compounds in more or less 

separated spots at different heights (Figure 1B). However, an apparent single spot 

does not mean that the studied sample is totally pure and other substances may be 

present. This is why TLC should be complemented with other characterization 

techniques such as gas chromatography or nuclear magnetic resonance. 

Separation times are between 40 minutes to 1 and half hour. It is advisable to stop 

the elution process before the mobile phase reaches the top of the TLC slab. Once 

the separation is reached, the TLC chromatogram is ready to be studied under UV 

light.  

2.1.1 Retention factor (Rf) 

Once the phase separation process is complete, individual compounds appear at 

different distances marked as spot throughout the migrating column. This distance is 

a signature of every compound found in the sample (Hanh-Deinstrop, 2006). For 

example, less polar compounds would migrate further upwards while polar 

compounds would “stick” to the polar silica slab, thus reducing the migrating speed. 

This phenomenon is called retention factor (Rf) and can be expressed as the distance 

traveled by the sample over the distance traveled by the eluent (solvent front). 

Equation 1 shows the mentioned expression. 

 

𝑅𝑓 =  
𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑒𝑑 𝑏𝑦 𝑠𝑎𝑚𝑝𝑙𝑒

𝐷𝑖𝑠𝑡𝑎𝑐𝑒 𝑡𝑟𝑎𝑣𝑒𝑙𝑒𝑑 𝑏𝑦 𝑒𝑙𝑢𝑒𝑛𝑡
 

 

EQUATION 1 
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A                                                             B 

FIGURE 1 SCHEMATIC OF THIN-LAYER CHROMATOGRAPHY. A SILICA-COATED SLAB IS PLACED INSIDE 

A CHROMATOGRAPH CHAMBER CONTAINING A MOBILE PHASE OF 4:5.1 (TOLUENE-ETHYL ACETATE-
FORMIC ACID). REPRESENTATION OF THE CAPILLARITY EFFECTS OF THE MOBILE PHASE ON THE SLAB 

(A). MIGRATION OF THE MOBILE ALONG THE STATIONARY PHASES GIVES AS A RESULT THE 

SEPARATION OF BIODEGRADATION PRODUCTS FORMED DURING VANILLIN DEGRADATION (B). 

2.2 Gas chromatography (GC) 

This characterization technique allows the analysis of different compounds by 

vaporizing them, without destroying them. The analyte can be either in a gas, liquid 

or solid. Once the compound in question is injected into the equipment, it is 

vaporized and fractioned between a mobile and a stationary phase. Some of the 

fractioned compounds will travel through a column, accompanied by an inert carrier 

gas (mobile phase), while others attach to the stationary phase. This difference in 

displacement creates varying detection times for all the fractioned compounds in the 

initial sample. A graphic representation (chromatogram) of the detector response as 

a function of elution time is the output of the analysis.  

2.2.1 Retention time (tR ) 

As mentioned, multiple substances in the initial sample arrive at the detector at 

different times. These time variations are referred to as retention times (tR). A 

chromatograph shows as a result several peaks, each one corresponding to one 

compound that has traveled at a specific tR. From this point qualitative and 

quantitative analyses can be carried out. Measuring the width of a peak at the half of 

the peak maximum (𝑤1

2

) and multiplying this value by the high of the peak, gives the 

specific area of the analyzed peak. Comparison of areas of peaks helps the 

determining ratio of compounds and the concentration of the initial sample. 
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2.3  Lilly & Barnett culture medium – LiBa medium 

Lilly and Barnett (1951) studied the carbon nutrition and physiology of different 

fungal strains, reaching the conclusion that structural variation of carbon-containing 

compounds may affect the way in which fungi utilize them, due to the permeability 

of the cell wall and the presence or absence of specific enzymes. Based on this 

conclusion, the researchers developed a liquid culture medium containing: 15 g 

glucose, 0.5 g asparagine, 0.25 g MgSO4 × 7 H2O, 0.75 g KH2PO4, 0.01 g biotin 

and 25 mg thiamine per 500 ml distilled water to improve culturing of fungi.  

2.4 Selected aromatic monomers that are part of the 

lignin molecule 

Theoretically, the complex structure of lignin could yield a high quantity of 

aromatic monomers. However, this investigation focuses on the relationship of 

three of them: vanillin, vanillyl alcohol and vanillic acid. 

2.4.1 Vanillin (VA) 

4-hydroxy-3-methoxybenzaldehyde; otherwise known as vanillin (Figure 2), is 

known as the most widely used flavoring agent in the world. Natural vanillin can be 

extracted from three different orchids, namely Vanilla planifolia, Vanilla tahitiensis, 

and Vanilla pompona. Vanillin has wide range of applications in food, beverages and 

in the pharmaceutical industry, due to its antimicrobial and antioxidant properties 

(Kaur & Chakraborty, 2013). 

 

FIGURE 2. PHENOLIC ALDEHYDE MOLECULE OF VANILLIN; FIGURE EXTRACTED FROM PRIEFERT ET AL. 

(2001) 

 

Studies done by Priefert, Rabenhorst and Steinbüchel (2001), showed that all of the 

microorganisms employed for biodegradation of vanillin oxidize this monomer into 

vanillic acid. Moreover, the biodegradation continued; vanillic acid was transformed 

into either protocatechuic acid or guaiacol. The authors believed that the 

biodegradation process helps the microorganisms to survive the toxic effect of 

vanillin. 

MW : 152.15 g/mol 

C8H8O3 
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2.4.2 Vanillic acid (VAA) 

Vanillic acid is a flavoring agent known with the chemical name of 4-hydroxy-3-

methoxybenzoic acid (Figure 3). This monomer is obtained by the oxidation of 

ferulic acid by species such as: Bacillus, Pseudomonas, Rhodotorula and Streptomyces (Li 

& Rosazza, 1999). Experiments show that cells growing in a culture medium are 

able to consume vanillic acid in a period of 48 hours transforming it in this way to 

guaiacol and vanillyl alcohol with almost no traces of vanillin during this conversion 

(Li & Rosazza, 1999).  

 

FIGURE 3. MOLECULE OF VANILLIC ACID; FIGURE EXTRACTED FROM PRIEFERT ET AL. (2001) 

 

2.4.3 Vanillyl alcohol (VAL) 

Vanillin alcohol is a derivative of vanillin and is also used to flavor foods or as an 

essence product in the perfume industry. Its chemical name is 4-hydroxy-3-

methoxybenzyl alcohol. Its molecule can be seen in Figure 4. 

 

FIGURE 4. MOLECULE OF VANILLYL ALCOHOL; FIGURE EXTRACTED FROM PRIEFERT ET AL. (2001) 

 

Analysis done on the biodegradation of vanillin into other phenolic compounds by 

the yeast Brettanomyces anomalus (Edlin, Narbad, Dickinson & Lloyd, 1994) showed 

consistent results on the metabolization of vanillin (culture medium + 2 mM 

vanillin), into vanillyl alcohol and vanillic acid. These results were obtained after 

acidifying the supernatant to pH 2 with concentrated HCl and evaporating the 

MW : 154.165 g/mol 

C8H10O3 

MW : 168.14 g/mol 

C8H8O4 
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solvent by rotovapor. Storage of the samples at -20 oC was necessary prior to 

analysis and characterization. High performance liquid chromatography (HPLC) and 

mass spectrometry confirmed these pathways of biodegradation. The authors 

indicate that vanillyl alcohol was the major product during degradation and that only 

a small percentage was recorded as vanillic acid. The authors point out that the 

potential of biodegrading vanillin into vanillyl alcohol is high, in regards to the food 

and drink industry. Figure 5 shows the bioconversion of vanillin into vanillic acid 

and vanillyl alcohol. 

 

 

FIGURE 5.  BIOCONVERSION OF VANILLIN TO VANILLIC ACID AND VANILLYL ALCOHOL. FIGURE 

EXTRACTED FROM EDLIN ET AL. (1994). 

 

2.5 Lipid production from oleaginous yeast (OY). 

Studies on lipid production of oily yeasts reviewed by Ageitos, Vallejo, Veiga-

Crespo and Villa (2011), show that there is a great variation in the cellular dry 

weight accumulation of lipids. Some strains accumulate from 20% to 25% of their 

cellular weight, while others accumulate nearly 80%. These studies point out that 

yeast have a great advantage over microbes when accumulating lipids. This is due 

mainly to the adaptability of yeasts that are less affected by seasonal or climate 

conditions. Similarly, it is possible to scale up high volumes of yeast with duplication 

times lower than 1 hour. Some examples of species that can accumulate lipids are: 

Lipomyces starkeyi, Rhodosporidium toruloides, Rhodotorula glutinis, and Yarrowia 

lipolytica. A summary of the obtained biomass (g/L) according to growth conditions 

is presented in Table 1. 

 

 

 

 

 

 

 

 

Vanillin Vanillic acid Vanillyl alcohol 
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TABLE 1. SOME EXAMPLES OF KNOWN SPECIES FEASIBLE FOR LIPID ACCUMULATION AT DIFFERENT 

PERCENTAGES. SOME GROWING FACTOR CONDITIONS SUCH AS CARBON SOURCE, CULTIVATION TIME 

(T (H)), PERCENTAGE OF LIPID ACCUMULATED, PH AND BIOMASS (X (G/L)) ARE SHOWN FOR THE 

SPECIES. ADAPTED FROM AGEITOS ET AL. (2011) 

Strain X (g/L) % lipid T (oC) t(h) pH C source 

Lipomyces  

starkeyi DSM 70295 
13.3 56.3 30 220 5 Glucose 

Lipomyces  

starkeyi AS 2. 1390 
18 30 28 96 5.8 Glucose 

Rhodosporidium  

toruloides Y4 
151.5 48 30 600 5.6 Glucose 

Rhodosporidium 

toruloides AS 2. 1389 
6.9 42 28 96 5.8 Glucose 

Rhodosporidium  

toruloides ACT 10788 
- 79 27 168 5 

Fatty acid sodium 

salt 

Rhodotorula  

glutinis IIP-30 
22.3 66 30 120 4 Glucose 

Rhodotorula  

glutinis NRRL y-1091 
185 40 - - 5.5 

Glucose + 

oxygen enriched air 

Yarrowia  

lipolytica LGAM s(7)1 
8.7 40 28 240 6 

Industrial lipids + 

glycerol 

Yarrowia  

lipolytica ACA-DC 

50109 

15 44 28 120 6 Animal fats. 

 

Another study on OY, (Deeba, et al., 2016) presented the economic potential of 

converting paper mill sludge (which is rich in organic matters and nutrients) into 

lipids by OY. This organic source could solve the increasing problem of fossil fuel 

dependency by employing the rich carbon content of mill sludge to be converted to 

lipids. These lipids could serve as a raw material to produces biodiesel. 
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3 Materials and experimental procedure  

3.1 Isolates of microorganisms 

The isolates in question were retrieved from decaying wood from old houses on the 

Faroe Islands in the period between the 9th to the 16th of July 2014. The idea of 

isolating such microorganisms was to study separate species of fungi which did not 

have much intervention from other continental strains. The found fungi lived in a 

range of temperature between 10 to 15 oC. Because fungi were isolated from 

decaying wood, it was hypothesized that they could live in the presence of 

components of wood (Rönnander, Ljunggren, Hedentröm, & Wright, Manuscript 

in preparation). These characteristics led to a primary hypothesis that this type of 

microorganisms could grow in the presence of lignin (one of the three components 

of wood) and perhaps degrade parts of this polymer into aromatic lignin monomers. 

In the same manner, it could be also possible that these types of microorganisms 

could accumulate lipids during the process of lignin biodegrading. The isolates were 

named after the geographic location where they had been isolated, followed by a 

serial number (as in the case of the model fungal strain FMYD002). However, 

disclosure of the true names of the remaining fungal strains in the collection was not 

considered necessary, since this information could make subsequent publication 

difficult (J. Rönnander, personal communication, April 3 2017). To address the 

strains in this study, the nomenclature used is based on the position of the strains in 

the three “Master” agar plates (Figure 7); for example, the name of “No 3.12” means 

the isolate 12 growed in Master plate three. In this work, 60 different strains were 

used to examine their ability to biodegrade vanillin and grow in lignin-based 

medium. The 60 strains were divided into three groups, and are listed in Tables 6 to 

8 in Appendix A. 

3.2 The stability of biodegradation at different 

temperatures 

3.2.1 Yeast pre-culture and growth 

A total of 80 ml of liquid LiBa medium was employed as a culture medium for the 

model fungal strain FMYD002.  This preculture was set to constant shaking during a 

24 hour-period at 150 rpm at 25 oC in a sterile environment. The cell concentration 

was determined by using a hemocytometer method with a dilution of 1:20 and a dye 

solution of methylen blue. Once the cell concentration of the preculture was 

known, fresh LiBa culture medium of 160 ml was used to start a culture with an 

initial colony forming units (CFU) concentration of 6 x 106 CFU ml-1. In order to do 

this, supernatant was extracted from a 73.3 ml centrifuged precultured sample, 

keeping the remaining pellet which contains the required cell concentration.  
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The required volume for cell extraction can be calculated by Equation 2, where Cf is 

the required concentration (6 x 106 CFU ml-1) for the new starting culture; Vf is the 

new volume containing the mentioned concentration and Ci is the concentration 

obtained by cell counting. 

𝐶𝑖𝑉𝑖 =  𝐶𝑓𝑉𝑓  
 

EQUATION 2 

 

 

Solving for the required volume, Vi we obtain 

 

𝑉𝑖 =  
𝐶𝑓𝑉𝑓

𝐶𝑖
 

 

EQUATION 3 

 

 

The obtained volume of 160 ml with a starting concentration of 6 x 106 CFU ml-1 

was divided into two sets of culture flasks containing 80 ml each. 1 mM of vanillin 

(obtained from Alfa-Aesar) was added to one of the flasks in order to prone 

biodegradation of this product, while the other bottle was set as a control sample. 

Both samples were shaken at 230 rpm under a controlled temperature of 25 oC. 

Samples from both bottles were extracted and centrifuged after 24 and 72 hours, 

following sterile filtering of the supernatant.  

3.2.2 Sample extraction and TLC preparation 

A total of 12 samples were separated in 5 ml centrifuge tubes in order to be 

subjected to different temperatures. All the samples showed a pH 4.5 and were 

adjusted to pH 2 by adding hydrochloric acid. 2 ml ethyl acetate (EtOAc) was added 

to every sample tube as a soluble medium for subproduct extraction. Samples were 

centrifuged at 8000 rpm for 5 minutes in order to ensure mixture between the 

degraded sub products and EtOAc. The immiscibility property of EtOAc in LiBa 

medium allowed the extraction of 1.25 ml of EtOAc from the top centrifuged layer-

liquid to a new set of vial tubes. These final samples are subjected to different 

temperatures, namely -20 oC, 40 oC and 60 oC. Nitrogen gas was employed to 

evaporate EtOAc from the vials, leaving in this way a dried subproduct throughout 

the tubes walls. Final resuspension of the subproducts is done by adding 20 µl 

EtOAc to the tubes. This suspension is further applied to the TLC plate in a series of 

droplets allowing drying out between applications. Table 2 shows the resulting set 

of samples and control samples to be applied to the TLC plate. 
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TABLE 2. SAMPLES AND CONTROL SAMPLES SUBJECTED TO DIFFERENT TEMPERATURES PRIOR TO TLC 

ANALYSIS. ALL SAMPLES HAD BEEN ADJUSTED TO PH 2. LIBA (LILLY & BARNETT) IS USED AS 

GROWING MEDIUM. 

Temperature 

(
o
C) 

24 hours 72 hours 

Sample Control sample Sample Control sample 

-20 LiBa + 1mM VA LiBa LiBa + 1mM VA LiBa 

40 LiBa + 1mM VA LiBa LiBa + 1mM VA LiBa 

60 LiBa + 1mM VA LiBa LiBa + 1mM VA LiBa 

 

TLC studies were done on silica pre-coated aluminium plates (Merck Millipore) 

with a thickness of 0.15 mm. A twin-trough chamber was employed as a dipping 

unit to expose the aluminium plate to the reagent media. Figure 6A and 6B show 

respectively the equipment for drying samples and the frontal view of the TLC 

chamber during phase separation. 

 

 

FIGURE 6. (A) TO THE LEFT IN THE PICTURE, ETHYL ACETATE-SUSPENDED DRIED EXTRACTS WITH 

BIODEGRADATION PRODUCTS; TO THE RIGHT, A TLC-PLATE ONTO WHICH DROPS OF SAMPLES HAVE 

BEEN LOADED. HOT AIR IS BLOWN OVER THE TLC PLATE TO DRY SAMPLES PRIOR TO RUNNING THE 

TLC. (B) TWIN-TROUGH CHAMBER FOR TLC TRIALS WITH AN ALUMINIUM-BACKING SILICA TLC 

PLATE IN PLACE. 

 

3.2.3 Reagents and standards 

The employed eluent during TLC trials was a combination of toluene, ethyl acetate 

and formic acid with a volume ratio of 4:5:1 Rönnander et al. (Manuscript in 

preparation). 10 µl of vanillin, vanillyl alcohol and vanillic acid standards were 

employed with 5X (10 mM), 5X (10 mM) and 10X (5 mM) dilutions respectively 

(concentration indicated in parenthesis) in order to identify the degraded vanillin 

phases in LiBa medium. Similarly, the employed standards provide guidance for 

optimum stain contrast and travel distance of the stationary phases (degraded 

subproducts) on the TLC plates. 

A B 
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3.3 Degraded subproducts stability at different pH 

3.3.1 Yeast pre-culture and growth 

Pre-cultivation was conducted on 80 ml of sterile LiBa basal medium at 25 oC. 

Model microorganism FMYD002 was inoculated to this broth by feeding method 

and left in shaking flasks during a period of 24 hours at 150 rpm. Cell counting was 

done by the hemocytometer method after pre-cultivation.  Cell concentration was 

adjusted to 6 x 106 CFU ml-1 as described in Equation 2.  The total volume of LiBa 

medium for vanillin degrading analyses was 240 ml. This basal medium was 

inoculated with 1mM of VA and left on a reciprocal shaker for a degrading period of 

24 hours. A 20 ml mixture of only 1mM VA in LiBa medium was used as a control 

sample for this experiment. This sample was treated similarly to the culture medium 

regarding temperature and shaking rotation.     

3.3.2 Sample extraction and TLC preparation 

After 24 hours degrading time, the broth was centrifuged at 4000 rpm for 5 minutes 

in order to obtain a clear supernatant. The remaining pellet after centrifuging was 

discarded. Supernatant was sterile filtered and divided into six different falcon 

tubes. 2 ml volume samples were extracted from these tubes to new centrifuge 

tubes for pH adjustments. 

Three of these samples were directly adjusted to a pH of 2, 7 and 9 from the original 

LiBa medium with pH 4.5. Adjustments were done by adding either acid (HCl) or 

alkaline (NaOH) electrolytes. 800 µl EtOAc was added to all of these samples and 

subsequently centrifuged at 8000 rpm for 5 minutes. 500 µl EtOAc were extracted 

from the top liquid layer and evaporated by nitrogen gas in a Duran test tube. 

Six other samples were gradually adjusted to different pH values by increasing or 

decreasing their acidity level. At every pH adjustment, the degraded subproduct was 

extracted. For example, a 3 ml sample was adjusted first to a pH 2 following with 

the addition of 1.2 ml EtOAc. This sample was then centrifuged at 8000 rpm for 5 

minutes. After centrifuging, 0.75 ml EtOAc was extracted from the top liquid layer 

and transferred to a Duran test tube. The remaining 0.45 ml EtOAc in the original 

centrifuge tube was discarded. A new pH adjustment is done on the same sample, 

but this time to a value of 7. The same principle of adding, centrifuging and 

extracting EtOAc into a Duran tube is repeated again. At this point the extracted 

EtOAc contains a degraded subproduct exposed now to a mild acidity medium. The 

same procedure is repeated for the third time in order to obtain a sample with 

subproducts stabilized to pH 9. 

Similarly, three other samples were produced by adjusting first the subproduct 

sample to a pH 9, followed by 2 gradual decreases of pH to 7 and 2. Centrifuging 

and extraction procedures are the identical as described above. 
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All the obtained samples were resuspended by adding 20 µl EtOAc to the Duran 

tubes. These suspensions were applied to a 10 x 20 cm aluminum TLC plate along 

with three aromatic monomer control samples, namely vanillin, vanillyl alcohol and 

vanillic acid with concentrations of 10 mM, 5 mM and 5 mM correspondently. 100 

ml of an eluent in a ratio of 4:5:1 (v/v/v) of toluene-ethyl acetate-formic acid was 

used as a mobile phase. Table 3 shows the resulting set of samples to be run on the 

TLC plate. 

 

TABLE 3.  A TOTAL OF ELEVEN SAMPLES (TWO OF THEM CONTROL SAMPLES-  K1 AND K2)  WERE ADJUSTED 

TO THREE DIFFERENT PH. THE FIRST THREE SAMPLES WERE ADJUSTED DIRECTLY FROM A PH OF 4.5  TO PH  2 

(SAMPLE A), PH  7 (SAMPLE B)  AND PH  9 (SAMPLE C). THE SECOND GROUP OF SAMPLES WERE ADJUSTED 

FIRST TO A PH  OF 2 (SAMPLE D)  AND ITS PRODUCT WAS EXTRACTED. A NEW ADJUSTMENT TO THIS SAMPLE 

WAS DONE TO PH  7 (SAMPLE E)  WITH SUBSEQUENTLY PRODUCT EXTRACTION. A  SIMILAR STEP WAS DONE 

FOR SAMPLE F PREVIOUSLY ADJUSTED TO PH  9.  THE REMAINING THREE SAMPLES UNDERGONE THE INVERSE 

PROCESS OF GROUP 2, MEANING, THE BALANCING STARTED FROM PH  9. 

From a LiBa medium with pH 4.5 Control samples 

sample 

Adjusted 

direct to a 

pH: 

sample 

Initial 

adjustment to 

pH: 

sample 

Initial 

adjustment to 

pH: 

sample concentration 

A 2 D 2 G 9 VA 10mM 

 

B 

 

7 

 

E 

From sample D, 

new adjustment 

to pH 7 

 

H 

From sample G, 

new adjustment 

to pH 7 

VAL 5mM 

VAA 5mM 

C 9 F 
From sample E, 

new adjustment 

to pH 9 

I 
From sample H, 

new adjustment 

to pH 2 

K1 Control sample 

LiBa + cells 

K2 Control sample  

LiBa + VA 

  

3.4 Gas chromatography sample preparation 

Experimental analyses of vanillin biodegradation in LiBa medium were characterized 

by gas chromatography (GC) with a CP-3380 column gas chromatograph. A 1 ml 

sample with a resuspended subproduct in EtOAc was collected in vial tube and 

injected into the equipment after pH adjustment to 9. Measurements were made 

after evaporation of the sample at 250 oC. In order to increase the subproduct 

concentration, 100 ml of LiBa sample were first evaporated in a rotovapor at 170 

mbar and 150 rpm. This procedure was needed prior to GC studies due to the 

sensitivity of the chromatograph. This type of technique allows the evaporation of 

higher volumes of samples and is analogous to evaporation of samples by nitrogen 

gas.  

Gas chromatography analyses were carried out under a 30 minutes period with a 

sample rate of 10 Hz. The analysis instrument (Variant Star 1) presents conveniently 

the number of peaks in volts-second (V·s) vs. the running time.  
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Quantitative evaluation of the components in a sample can be done by calculating 

the total area under the peak of interest. This area is proportional to the amount of 

analyte in the sample. Similarly, the ratio of compounds in the sample can be 

obtained by comparing the ratio of areas of the peaks in question in a 

chromatogram. The corresponding area of one peak can be calculated by Equation 4 

as follows:   

𝐴𝑟𝑒𝑎 =  ∗  𝑤1
2
 EQUATION 4 

 

In this equation h is equal to the peak high and w½ means full width at half 

maximum of the peak in question. 

3.5 Lignin-based and lipid-inducing media 

Ten lignin-based media with different composition and concentrations and two lipid 

inducing media (nitrogen-limiting) were prepared in Petri dishes in order to observe 

the growth patterns of the studied strains. Selin and Sundman (1971) showed that 

this type of groundwork showed to be practical and demonstrated that fungi grow 

better on a solid than in liquid media.  

The trials were divided in two sequence batches as seen in Table 4.  Nitrogen 

limiting media (N-lim) and LiBa (Lilly and Barnett) media were two possible 

substrates that might induce lipid accumulation in yeast cells. However, other Petri 

dishes, all of them containing substrates with inhibitory effects on microorganism 

growth were prepared in a series –The detailed recipies for these media can be seen 

in Appendix C. These plates containing LignoSulfonate (LS) in powder form with 

concentrations of 2.5 g/l, 5.0 g/l, 10 g/l and 20 g/l, Lignin Acid Hydrolyzate 

(LAH) in liquid form with a pH of 1 using the concentrations of 2.5 %, 5 %, 10 % 

and 20 % and vanillin (VA) at the concentrations of 1 mM and 5 mM were prepared 

in batches in order to study the growth capacity of every strain in these substrates, 

which originated from processed wood residues. The substrates, LS and LAH were 

kindly donated by Domsjö Fabriker AB located in the city of Örnsköldsvik. The 

overall composition of these substrates was on average: 70 % spruce and 30 % pine, 

obtained during the month of October, 2016. 
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TABLE 4.  TWO SEQUENCES WERE EMPLOYED FOR REPLICA-  PRINTING ALL THE 60 ISOLATES ONTO AGAR 

PLATES CONTAINING 12 DIFFERENT MICROBIOLOGICAL SUBSTRATES. A FINAL YEPD  PLATE WAS USED AT 

THE END OF EACH SEQUENCE TO ENSURE SUCCESSFUL CELL TRANSFER THROUGHOUT THE SEQUENCE. THE 

SEQUENCE GOES LEFT TO RIGHT AND THE BOXES REPRESENT THE VARIOUS SETS OF PLATES CONTAINING 

DIFFERENT GROWING MEDIA SUCH AS: LIBA (LILLY & BARNETT), LIGNIN ACID HYDROLYZATE (LAH), 

LIGNOSULFONATE (LS), NITROGEN-REDUCED MEDIUM (N-REDUCED)  AND VANILLIN. THESE MEDIA PLATES 

WERE CASTED AT DIFFERENT PERCENTAGES OR CONCENTRATIONS AS SHOWN. 

Trial Substrates and growing media 

sequence 

1 
LiBa 2.5% 

LAH 

5% 

LAH 

10% 

LAH 

20% 

LAH 

20 g/l 

LS 
YEPD 

sequence 

2 

N-

reduced 

1mM 

VA 

5mM 

VA 

2.5 g/l 

LS 

5 g/l 

LS 

10 g/l 

LS 
YEPD 

 

3.5.1 Strain transfer onto different media 

The 60 strains studied in this thesis project were streaked individually on YEPD 

medium and incubated for a period of 48 hours. Once the strains had visible growth, 

single colonies were transferred onto YEPD plates in a specific pattern, where each 

plate had different 20 strains, each one in a specific position within each plate, using 

sterile “toothpicks”. This procedure resulted in three reference or “Master” YEPD 

plates (20 strains per plate and a total of 60 strains) from which the transfer of 

microbial growth onto lignin-based media could commence. The Petri dishes were 

marked on the bottom, in order to keep track of the sequence of strains, strain 

names and their positions throughout the experiments. These initial Master plates 

were left in a room for 48 hours at 28 oC to allow sufficient growth of strains, on 

preparation for subsequent transfer. Figure 7 shows the initial YEPD “Master” plates 

after 48 hours of growth.  

 

FIGURE 7.  THREE INITIAL, “MASTER”  YEPD  PLATES CONTAINING THE 60 ISOLATES UNDER INVESTIGATION 

(20 ISOLATES PER PLATE)  WERE USED AS “MASTER”  SAMPLES FROM WHICH THE REPLICA-PRINTING PROCESS 

BEGAN. PLATE A CONTAINS GROUP 1, PLATE B CONTAINS GROUP 2 AND PLATE C  IS GROUP 3. 
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The replica-printing technique developed by Evans, Ratledge and Gilbert (1985) 

was employed to transfer cells of all strains simultaneously from YEPD plates onto 

other lignin-based agar medium plates. The template used for determining the 

relative position and number of individual isolates, also placed under each Petri dish 

during sequential transfer and, the replica printing tool are shown in Figure 8 A and 

8 B, respectively. The printing technique consisted in firmly pressing the previously 

sterilized replica-printing tool onto one of the initial YEPD “Master” plates, making 

sure that its prongs came in contact with microbial growth of all isolates on that 

plate. The tool was then rapidly pressed against the substrates of the other lignin-

based and vanillin- based plates following the sequence shown in Table 4. A final 

control YEPD plate was replica-printed as well, in order to ensure that all yeast cells 

had been transferred along the way. Finally, all the replica-printed samples were 

incubated at 25 oC and allowed to grow for 96 hours, prior to scoring. 

 

 

FIGURE 8. (A)  REPLICA PRINTING PATTERN SHOWING THE POSITION OF EVERY ISOLATE IN A 90  MM 

DIAMETER PLATE. (B)  REPLICA PRINTING PRINTER EMPLOYED FOR COLLECTIVELY TRANSFERRING THE 

ISOLATES FROM ONE MICROBIOLOGICAL SUBSTRATE TO ANOTHER. 

 

3.5.2 Staining method for determining lipid accumulation ability 

Identification of cells that accumulate lipids was done by heating a filter paper to a 

temperature of 60 oC for a period of 20 minutes. The filter paper has previously 

been pressed against each inoculated N-lim and LiBa medium agar plate, leaving 

imprints of the colonies that grew on each plate, (Evans et al. 1985). Sudan black B 

(VWR International Ltd) in a ratio of 0.08% w/v in 99% (absolute) ethanol was 

used to detect the lipids portion of the cells, by submerging the filter paper in this 

solution for three minutes. The filter papers were subsequently rinsed with absolute 

ethanol and left to dry. Strains whose cells exhibited a blue-coloured appearance 

were candidates for being able to store lipids. The staining solution (Figure 9A) and 

a rinsed stained and dried filter paper (Figure 9B), demonstrate the materials used in 

the procedure of determining candidate, lipid-accumulating strains. 

A B 
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At this stage, a relationship between the strains that had the ability to grow in 

certain culture media and strains that accumulate lipids could be drawn. 

 

 

FIGURE 9.  MATERIALS DEMONSTRATING THE STAINING PROCESS OF CELLS. (A)  SUDAN BLACK B WAS 

POURED INTO THREE PLATES FOR DIPPING THE RESULTING FILTER PAPERS AFTER BEING PRESSED AGAINST A 

PLATE CONTAINING NITROGEN-LIMITED AGAR MEDIUM. (B).  CLOSE INSPECTION LOOK OF A FILTER PAPER 

AFTER HAVING BEEN DIPPED INTO SUDAN B AND HAVING BEEN RINSED WITH ABSOLUTE (99%)  ETHANOL.  

SOME OF THE CRUSHED CELLS SHOWED A BLUE TONE OR “HALO”  WITHIN OR SURROUNDING THEIR 

POSITION, INDICATING THEIR POTENTIAL TO ACCUMULATE LIPIDS. 

A B 
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4 Results and discussions 

4.1 The stability of vanillin and biodegradation products 

at different temperatures 

The biodegradation products of vanillin, made over time during cultivation of the 

model fungal strain FMYD002 in the presence of 1 mM of vanillin, were subjected 

to different temperatures for a period of 2 hours, namely: -20 °C, 40 °C and 60 °C. 

Their resistance to heat was examined by subsequently running these extracts on a 

TLC. 

The TLC plate shows different biodegradation phases; the one occurring after 24 

hours and that after 72 hours of exposure to LiBa medium containing 1 mM of 

vanillin (Figure 10). The following standards were included in the TLC for 

comparison: VA (vanillin), VAL (vanillyl alcohol) and VAA (vanillic acid), with 

dilutions of 5X (10 mM), 5X (10 mM) and 10X (5 mM) respectively. Similarly, 

control samples containing only LiBa medium and cells of strain FMYD002 (right-

most part of Figure 10) had undergone the same treatments (cultivation on shaker, 

extraction procedure and heat treatment) in order to rule out contamination of the 

samples and to clearly observe the microbial effect on vanillin and monitor the 

appearance of its biodegradation products over time. All the samples were applied 

directly to the TLC plate after the 2 hours temperature treatment. Figure 10 shows 

the resulting TLC visualized under UV light at 254 nm. 
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FIGURE 10. TLC  SLAB EXAMINED UNDER UV LIGHT AT WAVELENGTH OF 254 NM. SPOTS OF VA,  VAL  AND 

VAA STANDARDS ARE CLEARLY SEEN TO THE LEFT. DUE TO CAPILLARITY EFFECTS,  SAMPLE STANDARD VA  

IS SHOWN ELONGATED TO THE EDGES (ENCIRCLED IN THE FIGURE). THIS EFFECT HOWEVER, DOES NOT 

AFFECT THE SAMPLE OR INTERPRETATION OF THE RESULT. 

 

Three similar spots appear consistently at an Rf value of 0.78 for the samples 

subjected to 24 hours degrading time, regardless of the exposed temperature. These 

spots, which are near the Rf value of 0.80 (VA standard) can be interpreted as non-

biodegraded (residual) vanillin. It is necessary to understand that the spot showing 

the VA standard appears inclined due mainly to the capillary forces near the edge of 

the TLC. This force makes the eluent travel first at the edge showing a “delayed” 

form between the left side of the spot compared to the centre of the spot.  In the 

same manner, two other spots appeared at Rf = 0.76 and Rf = 0.65 respectively for 

all the samples at the 24 hours biodegradation time point. These values are 

consistent with the Rf values for VAA (Rf = 0.76) and VAL (Rf = 0.65). This means, 

that the microorganism (in this case the model fungal strain FMYD002) could be 

able to biodegrade vanillin in LiBa medium into two new monomers, namely into 

what is presumed to be vanillic acid and vanillyl alcohol after 24 hours of growth. 

 

 

VA 

5x 

VAL 

5x 

VAA 

10x 

VA 
 -200C 

24h 

VA 
 -200C 

72h 

VA 
 400C 

24h 

VA 
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 -200C 
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0.78 

0.76 
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Rf 

0.53 
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The remaining samples tested after 72 hours of cultivation time, exhibited elongated 

spots with centres at Rf = 0. 76. This means that biodegradation of vanillin has been 

completed after 72 hours. No other significant spots were found along the phase 

column for these samples. This could indicate that after the initial 24 hours of 

biodegradation, the microorganism studied biodegrades not only vanillin but also 

vanillyl alcohol, resulting in a spot with an Rf similar to that of vanillic acid. The 

proposed biodegradation mode for these two biodegradation time points can be 

illustrated as follows: 

 

FIGURE 11. PROPOSED MODEL OF BIODEGRADATION OF VANILLIN (VA)  IN LIBA MEDIUM BY THE MODEL 

FUNGAL STRAIN FMYD002.  AFTER 24 H, THREE DIFFERENT SUBSTANCES WERE FOUND, NAMELY VA AND 

TWO BIODEGRADATION PRODUCTS WITH RF-VALUES SIMILAR TO THOSE OF VAL  (VANILLYL ALCOHOL)  AND 

VAA (VANILLIC ACID). AFTER 72 H OF BIODEGRADATION, TWO CLEAR SPOTS, ONE WITH AN RF-VALUE 

SIMILAR TO THAT OF VAA, AND TWO MINOR SPOTS APPEAR IN THE TLC  SLAB. IT IS NOT POSSIBLE TO 

ASCERTAIN THAT THE BIODEGRADATION PRODUCTS WITH RF-VALUES SIMILAR TO VAL  AND VAA (?  

MARKED)  ACTUALLY CORRESPOND TO THESE COMPOUNDS; A COMBINATION OF NMR AND MASS 

SPECTROMETRY STUDIES, COULD RESOLVE THIS UNCERTAINTY.  

 

Studies done on the bioconversion of vanillic acid from vanillin by Perestelo, 

Dalcon, and De la Fuente (1989) showed similar results when microorganisms were 

incubated and exposed to a medium containing 0.1% glucose and 0.01% vanillin. A 

time series experiment confirmed bioconversion into vanillic acid already after 6 

hours and reached a maximum after 28 hours. A full conversion of vanillin occurred 

after 96 hours after exposure to the mentioned medium. 

Analysis done on the stained TLC plate with MBTH reagent (Figure 12), shows 

similar results as seen on the plate viewed under UV light at 254 nm. The VA and 

VAA standards appeared as faint spots, while VAL is observed as a dark purple spot. 

Samples extracted after 24 hours -regardless of the temperature- exhibited three 

vanillin (white) spots of 1 cm in diameter. These white spots are indication of intact 

vanillin as also shown by Rönnander et al. (manuscript in preparation). Two other 

spots, one matching the VA standard (red spot) and the other equivalent to VAL 

standard (pink with violet spots) are shown after 24 hours biodegradation time. This 
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figure clearly shows the absence of VA and complete biodegradation of VA after 72 

hours of biodegradation. Also, as mentioned in the section on UV analysis, the spot 

with an Rf value similar to that of VAA remains constant (red stained spots) after 72 

hours of biodegradation.  

 

 

FIGURE 12. MBTH-STAINED TLC  DEMONSTRATING THE EFFECT OF HEATING THE CELL-FREE EXTRACT 

AFTER BIODEGRADATION OF VANILLIN BY STRAIN FMYD002,  AND ALSO DEMONSTRATING THE PROFILES 

APPEARING AT 24  HOURS AND 72  HOURS OF BIODEGRADATION. AFTER THE MBTH STAIN, TWO, STANDARDS 

APPEAR FAINT (VA, VANILLIN AND VAA, VANILLIC ACID), AS COMPARED TO WHEN VISUALIZED UNDER UV  

(FIGURE 10)  VERSION. HOWEVER, THE VAL  (VANILLYL ALCOHOL)  STANDARD STAINED WELL AND ITS RF 

CAN BE COMPARED WITH THAT OF THE BIODEGRADATION PRODUCTS. THE BIODEGRADATION PRODUCT 

BELIEVED TO CORRESPOND TO VAL  WAS PRESENT IN ALL THE SAMPLES AFTER 24 H OF VANILLIN 

BIODEGRADATION, REGARDLESS OF THE TEMPERATURE REGIME TO WHICH THE EXTRACT HAD BEEN 

SUBJECTED. 

 

LiBa controls employed in this experiment (LiBa + cells of FMYD002), did not 

show any significant spot either after exposure to UV light at 254 nm or after 

MBTH staining for Rf values over 0.65. LiBa spots however can be seen at Rf = 

0.53. An unknown spot can also be seen around Rf = 0.55 (light green colour – not 

seen under UV light) for the samples extracted after 24 hours. It is not possible to 

identify the nature of these spots during this work as no other standard was 

employed to match this value. 
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4.2 The stability of biodegradation products at different 

pH values 

Analysis on TLC to obtain optimal pH for product extraction – in this case vanillyl 

alcohol (VAL), have been done.   

The TLC test after 24 hours of biodegradation of vanillin, showed that at pH 9, the 

biodegradation product whose Rf corresponded to VAL had a “more pure” spot than 

when the same sample had been placed in an acidic condition (in this case a pH 

below 7).  This means that other biodegradation products and vanillin itself tend to 

disappear or are seen as faint spots in the TLC. As seen in Figure 13, UV light 

visualization at 254 nm showed that three spots appeared clearly at Rf  = 0.80, Rf = 

0.76, and Rf = 0.65 after having adjusted the sample to pH 2. Similar samples 

adjusted to a pH 7 showed faint or non-existent spots in the TLC under the same 

wave length. Contrary to this fact, three different adjusted samples to pH 9 showed 

similar results; this means that not only a totally faint (biodegraded) VA spot appears 

but also, a spot with the same Rf  value as VAL (based in comparison with the VAL-

Rf standard) is seen. These results are produced consistently, without regard for the 

sequence (one of them adjusted the pH from LiBa medium pH 4.5 to pH 9, and 

another successively adjusting the pH from pH 2 in increments, until pH 9 and the 

remainder of the sample was adjusted from initial pH 9 to successively decrease to 

pH 2). 

The standard sample of VAA (Rf  = 0.76) has a spot at the same travel distance as 

the faint spots. Even though it cannot be concluded at this point, that this 

biodegradation product truly is vanillic acid, for the purpose of discussing the 

significance of pH regimes to the stability of biodegradation products, I will treat 

this product as “candidate vanillic acid “.  
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FIGURE 13. THE EFFECT OF PH  ON THE STABILITY OF VANILLIN BIODEGRADATION PRODUCTS. GREEN 

COLOR SUBTRACTION OF THE TLC  STUDIED UNDER UV LIGHT AT WAVE LENGTH OF 254 NM. THE RESULTS 

SHOW CONSISTENTLY APPARITION OF DOTS RELEVANT TO VAL  STANDARD. HOWEVER, SAMPLES ADJUSTED 

TO A PH  9 EXHIBITED FEWER BIODEGRADATION PRODUCTS THAN THEIR COUNTERPARTS.  

 
TLC plate stained with MBTH shows similar results. Based on the standard for VAL, 

similar spots occurred at the same Rf value (0.65) for all the samples, regardless of 

pH adjustments. Even though it is not possible to assure that the resulting product is 

VAL, similar spot color and values are a good indication of the formation of this 

product. Figure 14 shows the MBTH-stained plate. 
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FIGURE 14. THE EFFECT OF PH  ON THE STABILITY OF VANILLIN BIODEGRADATION PRODUCTS. MBTH-
STAINED VERSION OF THE PREVIOUS TLC  EXAMINED UNDER UV LIGHT AT 254 NM. IN THIS VERSION VA  

STANDARD SEEMS FAINTED AND IS DIFFICULT TO COMPARE BY VISUAL INSPECTION (ENCIRCLED IN THE 

FIGURE). HOWEVER, THE VAL  STANDARD APPEARED AND SIGNALED CONSISTENTLY OTHER 

BIODEGRADATION PRODUCTS THAT ARE SUSPECTED FOR VAL.  STANDARD FOR VAA  SHOWED SUSPECTED 

VANILLIC ACID AT SAMPLES ADJUSTED TO PH  2. AS PREVIOUSLY DISCUSSED NO OTHER SUBPRODUCTS CAN 

BE SEEN WHEN THE SAMPLES WERE ADJUSTED TO PH  7 OR 9. 

 

In the previous figure it is possible to see that the spot corresponding to VAA for all 

the samples disappear when the sample is extracted at pH 7 or pH 9. This same 

result was noticed in the case of extraction at pH 2 but with previous extractions 

first at pH 9 and then to pH 7 (see column I in Figure 14). This could indicate that 

balancing the sample at a higher or more alkaline pH, reduces the appearing of VAA 

and other subproducts as well (but not disappear completely as seen in column I 

Figure 14). 

LiBa and LiBa with VA controls (K1 and K2 samples respectively) did not showed 

any significant degradation product meaning that the experiment was free of 

contamination. Standards and control samples are better viewed under UV light. 
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4.3 Gas chromatography analyses 

A subproduct of a biodegraded vanillin sample in LiBa medium was analyzed using 

gas chromatography (GC) technique.  

100 ml of a 24 hours degraded vanillin sample by the model microorganism strain 

FMYD002, was adjusted from a pH 4.5 (LiBa medium) to a pH 9. 40 ml EtOAc 

were added to this medium in order to extract the biodegradation products. 20 ml 

EtOAc were finally shaken and extracted from the sample, from which 1 ml was 

injected into the gas chromatograph. Analysis of a balanced sample to a pH 9 was 

based on the previous TLC results, were less spots (biodegradation products) 

related to VA and VAA were apparent. This result showed that this was the best 

route for VAL extraction.  

Chromatographic analysis of the sample under a period of 30 minutes, showed two 

resulting peaks with retaining time (TR) of 1.382 and 19.301, equivalents to EtOAc 

(solvent phase) and VAL (suspect substance) respectively. Side by side comparison 

of a standard VAL sample and the biodegradation product adjusted to pH 9 shows 

similar TR for both products. These results can be seen in Figures 15A and 15B. 

 

  

           
FIGURE 15.  RESULTING CHROMATOGRAM AFTER EXTRACTING THE SAMPLE ADJUSTED TO A PH  9 FROM A 

PREVIOUSLY PH  OF 4.5. A  SPECTRUM WITH RETENTION TIME OF 19.301  AND AN AREA OF 0.372  V·S  WAS 

DETECTED (A). SIDE BY SIDE COMPARISON OF THE RESULTING PEAK AND THE VAL  STANDARD SHOWED 

SIMILAR RETENTION TIMES (B). AS IT CAN BE CONCLUDED IN FIGURE B, THE RESPONSE MEASURED BY THE 

INSTRUMENT SHOW DISSIMILAR CONCENTRATION OF THE SAMPLES (STANDARD VS.  MEASURED SAMPLE) 
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It is noticeable that the different between the two peaks; the suspect substance for 

VAL and the standard VAL, is high. This is because the areas of the peaks are 

proportional to the amount of the compound. In the case of the suspect VAL, the 

area of the peak was measured to be 0.372 V·s while the VAL standard showed an 

area of 28.4 V·s. This result indicates that the standard sample had a concentration 

76 times higher than the biodegraded product. Similarly, a peak at TR of 17,228 

(equivalent to a standard of vanillin), showed an area of 0.1626 V·s. Based on 

Equation 4 (area comparison), it is possible to calculate the percentage of VA and 

the suspect VAL analytes. Calculations show that 30.5% correspond to VA in the 

sample adjusted to pH 9, while the remaining 69.5% correspond to the suspected 

VAL. These two percentages correspond to a VAL: VA ratio of around 2.3:1 

4.4 Determination of growth in a lignin-based substrate 

Sixty fungi isolates were inoculated in different lignin-based agar media in order to 

test the influence of the growing condition and their possible ability of lipid 

accumulation. 

The rapid printing method for screening lipid-accumulating yeast developed by 

Evans et al. (1985) was also applied for inoculating yeast isolate into 12 other agar 

media, ten of them containing lignin-based substrate and two others with nitrogen 

reduced media. The samples were divided into three initial agar plates, to give space 

for 20 strains per plate. 

The results indicate that around 43% of the analyzed strains (26 in total) thrived and 

successfully grew in most of the employed media. Near four days cultivation time 

was needed for the successful strains to adjust and grow to a diameter of between 5 

mm and 10 mm. This rate of growth can be regarded as slow as compared to the 

initial YEPD-cultivated strains, which grew to diameters greater than 10 mm in less 

than 2 days. This result however was expected due to the inhibitory effect of vanillin 

and the acidity of the lignin hydrolyzate substrate. In general, cultivation was not 

sustained for the remaining 34 strains exposed to these lignin and nitrogen-reduced 

media. 

Tables 6 to 8 in Appendix C, summarize the growth ability and /or inhibitory effect 

of the media for the mentioned strains. The plus (+) sign in the tables means not 

only a successful growth of a strain but also a certain increase in colony diameter of 

around 5 mm after nearly four days after the replica imprint had been carried out. 

The double plus sign (++) indicates that the colony had reached a minimum 

diameter of 10 mm after replica transfer.  
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Only one strain, namely strain No 3.4 (meaning strain number four in group three), 

obtained a triple plus sing (+++) throughout the experiment. This was due to the 

ability of the strain to grow near a diameter of 15 mm in agar plate with LiBa 

medium. Finally, a negative sign (-) means that the strain in question did not adjust 

to the culture medium nor was any growth noted after nearly 80 hours of culturing 

time.  

The first batch of isolates can be seen in Table 6, Appendix C. In this group, eight 

strains were able to successfully grow in a nitrogen-reduced medium, but only seven 

were able to grow in both N-reduced and LiBa media. These last strains, tolerate as 

well the presence of lignin in different concentrations. Lipid accumulation trials 

done after 80 hours of cultivation time showed that only three isolates produced 

lipids within the cells.  

In the second batch (Table 7, Appendix C) seven of the twenty isolates exhibited a 

successful growth in most of the investigated media. From this group, only two 

strains grew in an N-reduced environment (No 2.4 and No 2.10), but only one was 

able to accumulate lipids (No 2.15). The final batch (Table 8, Appendix C) showed 

that twelve strains were able to grow in the different media and showed resistance 

to vanillin medium. From this twelve isolates, only eight tolerated N-reduced 

medium well. In the case of lipid accumulation only five strains were able to 

produce it. Table 5 shows the summarization of the strains that tolerate most of the 

tested media and their ability of lipid production. 

As seen in the previous description, only a few strains (5.4 %) exhibited lipid 

production after being cultured in an N-reduced substrate. This low production or 

accumulation of lipids in oleaginous yeast was confirmed by Ageitos et al. (2011) 

using different carbon: nitrogen (C: N) ratio media. Their research showed that 

lipid accumulation was directly proportional to the rate of exponential colony 

growth, reaching to the conclusion that high volumes of biomass must be produced 

in the shortest time possible, in order to obtained high lipid accumulation 

percentages. 

However, the problem with lipid extraction in the analyzed oleaginous yeasts could 

be other than the carbon: nitrogen ratio medium.  The question could include the 

presence of a thick cellular wall that makes it difficult for the dyeing solvent (Sudan 

B) to penetrate. In this matter, the employed temperature (60 oC) for pretreatment 

of the imprinted filter paper was inadequate. Higher temperatures could have 

render the cellular walls exposed to the dying solution, allowing in this way a better 

lipid accumulation analysis.  
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Another reason for the low lipid accumulation of the strains could lie in the fact that 

the examined samples were the LiBa casted plates. This decision was based after 

unsuccessful lipid accumulation tests were made on the N-reduced agar substrate. 

Since the N-reduced plates produce only “blanks” filter papers (no blue or violet 

dyeing color was shown), the next nitrogen reduced medium was the LiBa medium. 

 
TABLE 5 SUMMARIZATION OF THE STRAINS CAPABLE OF GROWING IN LIGNIN-BASED PAPER MILL AND PULP 

RESIDUES AND THEIR ABILITY OF ACCUMULATING LIPIDS. THE ABILITY TO GROW IN DIFFERENT MEDIA AND 

ACCUMULATION OF LIPIDS IS MARKED WITH A (+)  SIGN WHILE NOT VISIBLE INDICATION OF GROWING OR 

NOT VISIBLE LIPIDS ACCUMULATION IS MARKED WITH A (-)  SIGN.  THE DOUBLE (++)  SIGN SHOWS THAT 

THE STRAIN IN QUESTION HAS GROWN TO A DIAMETER OF 1  CM. THE TRIPLE (+++)  SIGN INDICATES THAT 

THE STRAIN HAS GROWN NEAR 1.5 MM IN DIAMETER.  LAH,  LIGNIN ACID HYDROLYZATE MEDIUM; LS, 

LIGNOSULFONATE MEDIUM; VA, VANILLIN MEDIUM; N-REDUCED, NITROGEN REDUCED MEDIUM AND LIBA, 

LILLY &  BARNETT MEDIUM. 

N0 
Other media Growing ability in the presence of a lignin-based media 

Lipid  
N-

reduced* 
LiBa 

1mM 
VA 

5mM 
VA 

LAH 
2.5% 

LAH 
5.0% 

LAH 
10% 

LAH 
20% 

LS 

2.5g/l 

LS 

5.0g/l 

LS 

10g/l 

LS 

20g/l 

1.1 + + + + + + ++ ++ + + ++ + - 

1.5 ++ + ++ - ++ ++ + - + + ++ ++ + 

1.6 ++ + ++ - ++ ++ + - + + ++ ++ - 

1.9 + + ++ - ++ ++ + - + + + ++ + 

1.12 + + ++ - + + + + + + ++ ++ + 

1.15 ++ + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ - 

1.18 + + + - ++ ++ ++ ++ + + ++ ++ - 

2.4 + + + + ++ ++ ++ ++ ++ ++ ++ ++ - 

2.7 - ++ - + ++ ++ ++ - ++ + ++ ++ - 

2.10 + + - - ++ + ++ - ++ ++ ++ ++ - 

2.14 - + ++ - ++ + + - + + + + - 

2.15 - ++ - + ++ ++ ++ + ++ ++ ++ ++ + 

2.17 - ++ + + ++ + ++ - ++ ++ ++ ++ - 

2.20 - ++ + + ++ ++ + - ++ ++ ++ ++ - 

3.2 - + + - + + + + ++ ++ ++ ++ - 
3.3 - + ++ + ++ ++ ++ - ++ ++ ++ ++ + 
3.4 - +++ ++ ++ ++ ++ ++ + ++ ++ ++ ++ + 
3.6 + + + - ++ ++ ++ + + + + ++ - 
3.7 + + + + + ++ ++ ++ ++ + + ++ + 

3.11 + ++ ++ - ++ + + - ++ ++ ++ + + 
3.13 + + + + ++ ++ ++ ++ ++ ++ ++ ++ - 
3.14 - + ++ + ++ ++ + - ++ + ++ + - 
3.15 + + ++ + ++ ++ + + ++ ++ ++ + - 
3.16 + + ++ + ++ + + + ++ ++ ++ + - 
3.18 + + ++ + ++ ++ ++ ++ ++ ++ ++ ++ - 
3.19 + + ++ + ++ ++ ++ ++ ++ ++ ++ ++ + 

* Plates were 1 year old 
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Based in the previous table, it can be concluded that other strains could function as 

model strains for investigating biodegradation of lignin-based aromatic monomers, 

instead of FMYD002.  As an example, No 3.7 and No 3.19 isolates showed to grow 

in all of the tested cultured media and accumulated lipids as well. It could also be 

possible to obtain high degradation values by employing the isolates No 1.5, No 

1.12, No 2.15, No 3.3, No 3.4, and No 3.11 due not only to their resistance to 

vanillin, but also to their excellent growing rate and ability to accumulate lipids. 

4.5 Future prospects 

The present study has shown that the model fungal strain FMYD002 biotransforms 

vanillin into other molecules of which possible candidates are vanillyl alcohol and 

vanillic acid. This observation is in accordance with other similar results on 

biodegradation of vanillin by fungi (Rahouti et al. 1989) and bacteria (Nishikawa et 

al. 1988 and Chen et al, 2012).  Moreover, the ability of some of the fungal strains 

of the Faroese collection to grow in different concentrations of vanillin and on 

lignin-based media opens a tremendous possibility for future industrial and 

environmental application in biological treatment processes, which eventually could 

be more efficient than current applications, as reported elsewhere (Lupoi et al, 

2015). However, in order to unlock these possibilities, firstly, identification of the 

species of the isolates in the Faroese collection is necessary, and secondly, further 

studies, as this could help understanding the way sugars and nitrogen are assimilated 

for improving future culture media to enhance biodegradation ability and develop 

other useful traits to industry, such as lipid accumulation. 
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5 Conclusions 

 The solvent system (mobile phase) used in the TLC:s was toluene: ethyl 

acetate: formic acid in a 4:5:1 (v/v/v) proportion. This system worked well 

for separating the spot believed to correspond to vanillyl alcohol from all 

other spots. 

 It is possible to subject vanillyl alcohol to a brief high temperature 

treatment, as it does not seem to affect its stability (as evidenced by TLC, 

Figures 10 and 12). However, TLC is not quantitative. The vanillin samples 

that undergone biodegradation by yeasts for 72 hours did not show spots of 

vanillyl alcohol. This could mean that transformation from vanillin to vanillyl 

alcohol is time-dependent, regardless of the treatment temperature.  As for 

other biodegradation products, it is possible to see that there is a smear and 

also a new spot appearing below the other products on the TLC when the 

extracts were subjected to higher temperatures for longer periods of time 

(elongated spots near Rf = 0.76 - which is similar to that of vanillic acid), 

and an unidentified spot at Rf = 0.55, when samples were subjected to 24 

hours of biodegradation. 

 Spots with similar Rf to that of the vanillic acid standard (Rf = 0.76) 

appeared in all of the samples, regardless of treatment temperature and time 

point of biodegradation. Their intensity, however, increased in samples that 

undergone 72 hours of bio degradation, as compared to those taken after 24 

hours of biodegradation. 

 As regards the samples subjected to different pH regimes followed by pH 

adjustment, it can be concluded that all the samples exhibited similar spots, 

regardless of pH, i. e. at an Rf = 0.65 , similar to Rf of the for the vanillyl 

alcohol standard. All the samples at pH 2 were the only ones that showed 

spots consistently at Rf = 0.76, a value equivalent to the Rf of vanillic acid. 

Under UV visualization of TLC plates, few spots with an Rf = 0.76 and Rf = 

0.80 (vanillin standard) were observed for pH 7 and pH 9, but in the 

MBTH-stained version, there were none or only faint ones. 

 It has been shown that the best route for extraction of the compound 

presumed to be identical to vanillyl alcohol is found when the sample is 

adjusted to a pH 9. As seen in Figures 13 and 14, other spots aside that of 

vanillyl alcohol had disappeared or were faint at pH 9. 
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 As regards the strains cultured in different media, it is not possible to say at 

this stage whether or not the analyzed strains accumulate lipids. This is 

because not all of the pressed filter papers showed a dark blue or violet cell 

color when subjected to Sudan B dye. Certain bias could have arisen due to 

the temperature used (60 oC), which perhaps did not allow the yeast 

contents to become exposed to the dye.  

 Only 26 out of 60 strains thrived in most of the different lignin-based 

culture media tested, regardless of the concentration of lignin. However, 

from this group of 26 strains, only 17 successfully grew in nitrogen reduced 

medium. 

 Based on the ability to grow in all of the tested media and the capacity of 

strains to accumulate lipids, it is advisable to use the strains with positions No 

3.7 and No 3.19 as models for future studies of vanillin biodegradation. 

Similarly, other strains such as those with positions: No 1.5, No 1.12, No 

2.15, No 3.3, No 3.4 and No 3.11 demonstrated resistance to different 

concentrations of vanillin, whilst growing at high rate, even though not all of 

them grew in nitrogen-limited medium. They all demonstrated the capacity 

to accumulate lipids. 

 The previous findings show that certain strains have the ability to grow on 

media supplemented with lignosulfonate and lignin acid hydrolyzate, 

suggesting that they use these substrates as their primary carbon sources. 

From here, it can be then hypothesized that these strains might be capable of 

degrading lignocellulose. If this was the case, their potential for use in 

industrial treatment of paper mill sludge is high. 

 The Evans staining technique employed the replica printing technique of 

multiple strains simultaneously onto plates containing different substrates, 

and it proved to be a valuable tool during the advancement of the 

investigation. However, it should be noted that having only one culture plate 

with original strains (a so-called Master plate) could cause cross 

contamination between the strains in the Master agar plate, rending the 

culture useless for further experiments. This peculiarity is due to the diverse 

textures of the various strains, which allow them to inadvertently become 

stuck or to “drop” off the replica printing tool, providing them with the 

opportunity to mix and cross-contaminate each other. 

 As seen in Table 5, Fungal strains with serial numbers No 2.7, No 2.4 and No 

2.15 grew at a concentration of 5 mM of vanillin, but did not successfully 

grow in a concentration of 1 mM of vanillin. This can be explained by the 

difficulty of dissolving vanillin in LiBa medium, which could result in 

precipitation problems when pouring plates, leaving the odd spots in the 

growth medium with higher concentration of vanillin than the expected 1 

mM of vanillin. 
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6 Future work 

 This investigation came to the conclusion that most of the spots that 

appeared on the TLC plates appeared to correspond to those of the standards 

of vanillyl alcohol and vanillic acid. However, it is not possible to determine 

only by means of TLC and GC techniques that the degraded products 

actually are identical to the previously named monomers. It is necessary to 

grow a large culture and extract the resulting supernatant (minimum of 250 

ml) at a 34-hour-culture. Such an extract would be used primarily to get 

hold of a large quantity of the metabolite presumed to be vanillyl alcohol, 

which ultimately should be sent for NMR and mass spectrometry analysis. 

Prior to the NMR analysis, other techniques, such as preparative TLC, high 

performance liquid chromatography (HPLC) and GC would help in getting a 

grip on as to whether or not the biodegradation product could be vanillyl 

alcohol. 

 During the experiment of subjecting the biodegradation products of vanillin 

to different pH regimes, the time point at which extraction was carried out 

after 31 hours of vanillin biodegradation. Experiments done by Nehvonen 

(2017) showed that the peak biodegradation occurred after 34 hours of 

inoculation with strain FMYD002. That work showed that it is advisable to 

harvest the samples at that point in time to obtain the maximum output of 

the metabolite presumed to be identical to vanillyl alcohol.  

 A time course experiment could be a valuable investigation in order to see 

how other compounds, e.g. vanillyl alcohol and perhaps vanillic acid (which 

both presumably would be produced at earlier time points than 72 hours), 

react in the solvent systems. This could also help in establishing the point 

time at which the biodegradation product presumed to be vanillyl alcohol 

would start to appear and the time it would have completely been 

biodegraded and thus would be absent in the culture media.  

 

 So far, the isolated fungal strain FYMD002 has been employed for 

investigating biodegradation of lignin-based monomers with acceptable 

results. The present investigation has come to the conclusion that other 

isolates, such as those labeled No 1.5, No 1.12, No 2.15, No 3.3, No 3.4, No 

3.7, No 3.11 and No 3.19 could survive the poisonous medium which would 

result as a consequence of adding vanillin, and at the same time might be 

accumulating lipids. Future studies will ascertain if they can grow in 

different vanillin concentrations, and their biodegradation capabilities could 

be monitored by using the TLC technique. 
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Appendix A 

TABLE 6.  LIST OF THE FIRST 20 STRAINS USED IN THE INVESTIGATION AND THEIR ABILITY TO GROW IN DIFFERENT 

MEDIA (+)  OR NOT VISIBLE INDICATION OF GROWING (-). FOLLOWING THE SAME NOMENCLATURE, LIPID 

ACCUMULATION IS SHOWN AS POSSIBLE (+)  OR NOT VISIBLE (-).  LAH, LIGNIN ACID HYDROLYZATE MEDIUM; LS, 

LIGNOSULFONATE MEDIUM; VA, VANILLIN MEDIUM; N-REDUCED, NITROGEN REDUCED MEDIUM AND LIBA, 

LILLY &  BARNETT MEDIUM. THIS LIST IS REFERRED AS GROUP 1. 

N0 
Other media Growing ability in the presence of a lignin-based media 

Lipid  
N-

reduced* 
LiBa 

1mM 
VA 

5mM 
VA 

LAH 
2.5% 

LAH 
5.0% 

LAH 
10% 

LAH 
20% 

LS 

2.5g/l 

LS 

5.0g/l 

LS 

10g/l 

LS 

20g/l 

1.1 + + + + + + ++ ++ + + ++ + - 

1.2 - - - - - - - - - - - - - 

1.3 - - - - - - - - - - - - - 

1.4 - - - - - - - - - - - - - 

1.5 ++ + ++ - ++ ++ + - + + ++ ++ + 

1.6 ++ + ++ - ++ ++ + - + + ++ ++ - 

1.7 - + - - - - - - - - - - - 

1.8 - - - - - - - - - - - - - 

1.9 + + ++ - ++ ++ + - + + + ++ + 

1.10 + - - - - - - - - - - - - 

1.11 - - - - - - - - - - - - - 

1.12 + + ++ - + + + + + + ++ ++ + 

1.13 - - - - - - - - - - - - - 

1.14 - - - - - - - - - - - - - 

1.15 ++ + ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ - 

1.16 - + + - - - - - + + - - - 

1.17 - - - - - - - - - - - - - 

1.18 + + + - ++ ++ ++ ++ + + ++ ++ - 

1.19 - - - - - - - - - - - - - 

1.20 - - - - - - - - - - + + - 

* Plates were 1 year old 
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TABLE 7 L IST OF THE SECOND 20  STRAINS USED IN THE INVESTIGATION AND THEIR ABILITY TO GROW IN 

DIFFERENT MEDIA (+)  OR NOT VISIBLE INDICATION OF GROWING (-). FOLLOWING THE SAME NOMENCLATURE, 

LIPID ACCUMULATION IS SHOWN AS POSSIBLE (+)  OR NOT VISIBLE (-).  LAH, LIGNIN ACID HYDROLYZATE 

MEDIUM; LS, LIGNOSULFONATE MEDIUM; VA, VANILLIN MEDIUM; N-REDUCED, NITROGEN REDUCED MEDIUM 

AND LIBA, LILLY &  BARNETT MEDIUM.THIS LIST IS REFERRED AS GROUP 2. 

N0 
Other media Growing ability in the presence of a lignin-based media 

Lipid  
N-

reduced* 
LiBa 

1mM 
VA 

5mM 
VA 

LAH 
2.5% 

LAH 
5.0% 

LAH 
10% 

LAH 
20% 

LS 

2.5g/l 

LS 

5.0g/l 

LS 

10g/l 

LS 

20g/l 

2.1 - - + - - - - - - - - - - 

2.2 - - - - - - - - - - - - - 

2.3 - - + - - - - - - - - - - 

2.4 + + + + ++ ++ ++ ++ ++ ++ ++ ++ - 

2.5 - + - - ++ + - - + + ++ + - 

2.6 - - + - - - - - - - - - - 

2.7 - ++ - + ++ ++ ++ - ++ + ++ ++ - 

2.8 - - - - - - - - - - - - - 

2.9 - - ++ - - - - - - - - - - 

2.10 + + - - ++ + ++ - ++ ++ ++ ++ - 

2.11 - - - - - - - - - - - - - 

2.12 - - - - - - - - - - - - - 

2.13 - - - - - - - - - - - - - 

2.14 - + ++ - ++ + + - + + + + - 

2.15 - ++ - + ++ ++ ++ + ++ ++ ++ ++ + 

2.16 - - ++ - - - - + - - - - - 

2.17 - ++ - ++ ++ + ++ - ++ ++ ++ ++ - 

2.18 - - + - - - - - - - - - - 

2.19 - - - - - - - - + ++ ++ ++ - 

2.20 - ++ + + ++ ++ + - ++ ++ ++ ++ - 

* Plates were 1 year old 
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TABLE 8 L IST OF THE THIRD 20 STRAINS USED IN THE INVESTIGATION AND THEIR ABILITY TO GROW IN DIFFERENT 

MEDIA (+)  OR NOT VISIBLE INDICATION OF GROWING (-). FOLLOWING THE SAME NOMENCLATURE, LIPID 

ACCUMULATION IS SHOWN AS POSSIBLE (+)  OR NOT VISIBLE (-).  LAH, LIGNIN ACID HYDROLYZATE MEDIUM; LS, 

LIGNOSULFONATE MEDIUM; VA, VANILLIN MEDIUM; N-REDUCED, NITROGEN REDUCED MEDIUM AND LIBA, 

LILLY &  BARNETT MEDIUM.THIS LIST IS REFERRED AS GROUP 3. 

 N0 
Other media Growing ability in the presence of a lignin-based media 

Lipid  
N-

reduced* 
LiBa 

1mM 
VA 

5mM 
VA 

LAH 
2.5% 

LAH 
5.0% 

LAH 
10% 

LAH 
20% 

LS 

2.5g/l 

LS 

5.0g/l 

LS 

10g/l 

LS 

20g/l 

3.1 - - - - - - - - - - - - - 

3.2 - + + - + + + + ++ ++ ++ ++ - 
3.3 - + ++ + ++ ++ ++ - ++ ++ ++ ++ + 
3.4 - +++ ++ ++ ++ ++ ++ + ++ ++ ++ ++ + 

3.5 - + - - - - - - - - - - - 

3.6 + + + - ++ ++ ++ + + + + ++ - 
3.7 + + + + + ++ ++ ++ ++ + + ++ + 

3.8 - - - - - - - - - - - - - 

3.9 - - - - - - - - - - - - - 

3.10 - - - - - - - - - - - - - 

3.11 + ++ ++ - ++ + + - ++ ++ ++ + + 

3.12 - - - - - - - - - - - - - 

3.13 + + + + ++ ++ ++ ++ ++ ++ ++ ++ - 
3.14 - + ++ + ++ ++ + - ++ + ++ + - 
3.15 + + ++ + ++ ++ + + ++ ++ ++ + - 
3.16 + + ++ + ++ + + + ++ ++ ++ + - 

3.17 - - - - - - - - - - - - - 

3.18 + + ++ + ++ ++ ++ ++ ++ ++ ++ ++ - 
3.19 + + ++ + ++ ++ ++ ++ ++ ++ ++ ++ + 

3.20 - - - - - - - - - - - - - 

* Plates were 1 year old 
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TABLE 9 RELATIONSHIP OF ISOLATES COLOR AND ABILITY TO GROW ON DIFFERENT MEDIA  

Category 

Inhibition 

by the 

medium 

Number 

of 

isolates 

Corresponding isolate color and designation 

yellow white black pink 

1 none 9 1.1, 1.4 
1.15, 3.7, 

3.13, 3.15, 

3.18, 3.19 

3.16 - 

2 5 mM VA 3 - 3.6 - 1.12, 

1.18 

3 20 % LAH 1 - - - 2.7 

4 
5 mM VA 

and 20 % 

LAH 

3 - - 1.6 

1.5, 

3.11, 

1.9 

5 All but 

1mM VA 
6 

2.1, 2.3, 2.6, 2.9, 

2.16, 2.18 
- - - 

6 
All but 

LiBa 
1 1.7 - - - 

7 
All but 

N-reduced 
1 1.10 - - - 

8 
All the 

substrates 
21 

1.2, 1.3, 1.4, 1.8, 

1.11, 1.13, 1.14, 

1.17, 1.19, 2,2, 2.8, 

2.11, 2.12, 2.13, 

3.1, 3.8, 3.9, 3.10, 

3.12, 3.17, 3.20 

- - - 
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Appendix B 

Sequences employed during the development of growing characterization in different 

media. 

 

Sequence 

1 
Group 1 Group 2 Group 3 

LiBa 

   

2.5% 

LAH 

   

5% 

LAH 
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10% 

LAH 

   

20% 

LAH 

 
  

20 g/l  

LS 
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Sequence 

2 
Group 1 Group 2 Group 3 

N-

reduced 

  
 

1mM  

VA 

  
 

5mM  

VA 

   

2.5 g/l 

LS 
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5 g/l  

LS 

   

10 g/l  

LS 
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Appendix C 

LiBa (Lilly & Barnett) medium 

Solution A, B and C are needed as well as MilliQ water in the following percentage 

volumes: 

A= 9.75 %; B= 10 %; C= 0.2 %; MilliQ= 80%  

The recipe for preparing LiBa medium in stock volumes for solution A, B and C can be 

seen in Table 10.   

 

TABLE 10. SOLUTIONS A, B  AND C  THAT COMPOUND LIBA MEDIUM 

A: 200 ml stock 

20 g D+
 Glucose 

2 g KH2PO4 

1 g Mg SO4 

200 ml MilliQ 

water 

Autoclave the   

solution 

B: 200 ml stock 

4 g asparagine 

200 ml MilliQ 

Filter sterilize the 

solution 

C:  500 ml stock 

0.001 g FeSO4 x 7H2O;  

0.87 g ZnSO4 x 7H2O; 

 0.3 g MnSO4 x H2O;  

0.01 g biotin;  

0.01 g thiamine  

Dissolved in 500 ml 

MilliQ and filter 

sterilized. Bottle covered 

with aluminum foil and 

stored at 4 °C 

 

 

Stock solution of 0.1M vanillin 

In order to make 0.1M stock of vanillin, it is necessary to start from the molar solution 

concentration equation: 

𝑀 =  
𝑚 

𝑉 
  

1

𝑚𝑤 
  

EQUATION 5 

 

 

Where M is the molarity of the concentration of the solute in mol l-1. m is the mass of 

solute in grams. V is the volume of solution in liters and mv is the molecular weight is g 

mol-1. 
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Solving for the mass one obtains: 

𝑚 = 𝑀 ∗ 𝑉 ∗ mw EQUATION 6 

 

 

The molecular weight of vanillin is 152.15 g mol-1 and we need 20 ml of solution. 

Solving for Equation 6 one obtains: 

 

𝑚 =  0.1 𝑚𝑜𝑙 𝑙−1 ∗ (0.02 𝑙) ∗ (152.15 𝑔 𝑚𝑜𝑙−1) EQUATION 7 

 

𝑚 = 0.304 𝑔  𝑣𝑎𝑛𝑖𝑙𝑙𝑖𝑛 

The result shows that we need to add 0.304 g of vanillin to 20 ml LiBa in order to have a 

stock solution of vanillin at 0.1 M. 

 

Obtaining 1mM solution for casting of the plates 

In order to obtain 1mM solution to cast the plates with agar, it is necessary to know the 

volume from the stock solution needed. Starting with the equation for unknown 

concentration, where C2 and V2 are the final concentration and volumes required: 

 

𝐶1 ∗ 𝑉1 =  𝐶2 ∗  𝑉2 EQUATION 8 

 

Solving for V2: 

 

𝑉1 =
𝐶2𝑉2

𝐶1

 
EQUATION 9 

 

 

Knowing that 0.1M vanillin is equal to 100 mM and that we might need 500 ml of LiBa 

solution from which 250 ml will be needed for casting around 5 agar plates, we obtain: 

𝑉1 =
 1𝑚𝑀 (500 𝑚𝑙)

100𝑚𝑀
 

EQUATION 10 

 

 

𝑉1 = 5 𝑚𝑙  
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This is the volume need from the stock solution to be added to 500 ml of LiBa (with 2% 

w/v agar) in order for it to contain 1mM vanillin. 

 

Obtaining 5mM solution for casting of the plates 

Once the previously plates are casted, the remaining 250 ml of LiBa (with 2% w/v agar) 

will be balanced as follows: 

 

𝑉1 =
 5𝑚𝑀 (250 𝑚𝑙)

100𝑚𝑀
 

EQUATION 11 

 

 

𝑉1 = 12.5 𝑚𝑙  

It is important to notice that the solution already contained 5 ml of vanillin at 1 mM. 

That is why, the real value to be added to the remaining 250 ml is half the volume added 

to the initial 500 ml; that is 2.5 ml: 

 

𝑉1 = 12.5 𝑚𝑙 − 2.5 𝑚𝑙 

𝑉1 = 10 𝑚𝑙 

 

This is the exact volume from the stock vanillin solution to be added to the remaining 

250 ml of LiBa + agar in order for the new solution to be at a concentration of 5 mM 

vanillin. 
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Lignin acid hydrolyzate (LAH): 2.5 % 

Autoclave MilliQ water along with LAH and agar needed for the casting solution prior to 

add the solutions A, B and C. 

Add the following solutions in order to get 150 ml LiBa + agar for casting 5 to 6 agar 

plates: 

TABLE 11 A,  B AND C  CHEMICAL SOLUTIONS FOR CASTING 5 TO 6  PLATES OF 2.5 % LAH  WITH 150 ML LIBA 

AND AGAR 

Solution amount 

A 14.3 ml 

B 14.6 ml 

C 0.29 ml 

MilliQ 117 ml 

LAH 3.75 ml 

Agar 3 g 

 

 

Lignin acid hydrolyzate (LAH): 5 % 

Autoclave MilliQ water along with LAH and agar needed for the casting solution prior to 

add the solutions A, B and C. 

Add the following solutions in order to get 150 ml LiBa + agar for casting 5 to 6 agar 

plates: 

TABLE 12 A,  B AND C  CHEMICAL SOLUTIONS FOR CASTING 5 TO 6  PLATES OF 5 % LAH  WITH 150 ML LIBA AND 

AGAR 

Solution amount 

A 13.9 ml 

B 14.25 ml 

C 0.28 ml 

MilliQ 114 ml 

LAH 7.5 ml 

Agar 3 g 
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Lignin acid hydrolyzate (LAH): 10 % 

Autoclave MilliQ water along with LAH and agar needed for the casting solution prior to 

add the solutions A, B and C. 

Add the following solutions in order to get 360 ml LiBa + agar for casting 10 to 12 agar 

plates: 

TABLE 13 A,  B AND C  CHEMICAL SOLUTIONS FOR CASTING 5 TO 6  PLATES OF 10 % LAH  WITH 150  ML LIBA AND 

AGAR 

Solution amount 

A 31.75 ml 

B 32.4 ml 

C 0.648 ml 

MilliQ 259 ml 

LAH 36 ml 

Agar 7.2 g 

 

 

Lignin acid hydrolyzate (LAH): 20 % 

Autoclave MilliQ water along with LAH and agar needed for the casting solution prior to 

add the solutions A, B and C. 

Add the following solutions in order to get 360 ml LiBa + agar for casting 10 to 12 agar 

plates: 

TABLE 14 A,  B AND C  CHEMICAL SOLUTIONS FOR CASTING 5 TO 6  PLATES OF 20 % LAH  WITH 150  ML LIBA AND 

AGAR 

Solution amount 

A 28.2 ml 

B 28.8 ml 

C 0.576 ml 

MilliQ 230 ml 

LAH 72 ml 

Agar 7.2 g 
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Lignosulfonate (LS): 2.5 g l-1 

Autoclave MilliQ water along with lignosulfonate and agar needed for the casting 

solution prior to add the solutions A, B and C. 

Add the following solutions in order to get 150 ml LiBa + agar for casting 5 to 6 agar 

plates: 

TABLE 15 A,  B AND C  CHEMICAL SOLUTIONS FOR CASTING 5 TO 6  PLATES OF 2.5 G L-1  LAH  WITH 150  ML LIBA 

AND AGAR 

Solution amount 

A 14.7 ml 

B 15 ml 

C 0.3 ml 

MilliQ 150 ml 

LS 0.375 g 

Agar 3 g 

 

 

Lignosulfonate (LS): 5 g l-1 

Autoclave MilliQ water along with lignosulfonate and agar needed for the casting 

solution prior to add the solutions A, B and C. 

Add the following solutions in order to get 150 ml LiBa + agar for casting 5 to 6 agar 

plates: 

TABLE 16 A,  B AND C  CHEMICAL SOLUTIONS FOR CASTING 5 TO 6  PLATES OF 5 G L-1  LAH  WITH 150 ML LIBA 

AND AGAR  

Solution amount 

A 14.7 ml 

B 15 ml 

C 0.3 ml 

MilliQ 150 ml 

LS 0.75 g 

Agar 3 g 
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Lignosulfonate (LS): 10 g l-1 

Autoclave MilliQ water along with lignosulfonate and agar needed for the casting 

solution prior to add the solutions A, B and C. 

Add the following solutions in order to get 360 ml LiBa + agar for casting 10 to 12 agar 

plates: 

TABLE 17 A,  B AND C  CHEMICAL SOLUTIONS FOR CASTING 10  TO 12 PLATES OF 10 G L-1  LAH  WITH 150  ML LIBA 

AND AGAR 

Solution amount 

A 35.28 ml 

B 36 ml 

C 0.72 ml 

MilliQ 288 ml 

LS 3.6 g 

Agar 7.2 g 

 

Lignosulfonate (LS): 20 g l-1 

Autoclave MilliQ water along with lignosulfonate and agar needed for the casting 

solution prior to add the solutions A, B and C. 

Add the following solutions in order to get 360 ml LiBa + agar for casting 10 to 12 agar 

plates: 

TABLE 18 A,  B AND C  CHEMICAL SOLUTIONS FOR CASTING 10  TO 12 PLATES OF 20 G L-1  LAH  WITH 150  ML LIBA 

AND AGAR  

Solution amount 

A 35.28 ml 

B 36 ml 

C 0.72 ml 

MilliQ 288 ml 

LS 7.2 g 

Agar 7.2 g 

 

 

 

 

 


