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Abstract of a Dissertation submitted in partial fulfilment of the 

requirements for the Degree of Master of Science in Food Innovation. 

Abstract 

Role of DNA methylation in wine yeast 

by 

Shibani Suresh 

 

We have shown for the first time that dietary epigenetic compound could alter the characteristics of 

the fermented food products using wine as an example. Benzoic acid, a dietary epigenetic compound 

has shown to impact chemical composition and sensory profile of wine. Altering organoleptic 

properties of fermented food products using this technology is economical compared to developing 

new plant varieties or isolating new yeast strains. This novel technique can be applied in the food 

products as it has the ability to alter the gene expression without altering the gene sequence. This area 

of research can be termed as ‘Nutrifermentics’ as it involves the study of effect of dietary epigenetic 

modifiers/nutrients on fermentation and differentiate it from ‘nutrigenomics’ which is study of effects 

of dietery compounds on gene expression especially on gut microbiota.  

Gene expression or silencing can be modulated using epigenetic modifiers by the interaction between 

DNA and histones. The modifications involve DNA methylation/demethylation or histone 

acetylation/deacetylation. Dietary phytochemicals have gained attention  in human health and 

chemotherapy due to its Histone deacetylase (HDAC) inhibition activity. In this current study, we have 

experimentally tested for the first time HDAC activity of three potential dietery epigenetic compounds 

and selected Benzoic acid as the epigenetic modifier to alter the charecterstics of wine due to its 

solubility in water and its presence in many fruits. The modifications in wine can be achieved by 

culturing the wine yeast cells in presence of Benzoic acid and using these stressed strains to ferment 

Pinot Noir grape juice. Wine containing lower alcohol level was achieved using the stressed strain of 

yeast culture. The results of the aroma compounds showed variation and few compounds like 4-methyl 

benzoic acid, 2,3,4-trimethyl-3-pentanol were detected in the wine samples fermented using stressed 

strain which were not detected in control. Hence, wine with low alcohol and certain aroma compounds 

were achieved by using epigenetic modifiers. The main focus of the study is to use simple eukaryotic 

model like yeast cells to understand the histone modification which alters the gene expression leading 

to the phenotypic changes due to compounds like Benzoic acid. 
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Figure 1: Graphical abstract 
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Chapter 1 

Introduction 

The study of change in phenotype without change in the gene sequence is called epigenetics. DNA is 

present in the nucleus in eukaryotes while the prokaryotes lack nucleus. The DNA is bound to the 

histone protein and this formation is called as ‘bead in a string’. The complex is called as chromatin. 

This non-Mendelian inheritance regulates gene expression not by changing the DNA sequence but by 

modifications in DNA and histones (Bollati & Baccarelli, 2010). Such changes alter the phenotypic 

characteristics of a particular organism without changing its genotype. There are several factors may 

influence such changes to occur in DNA transcription. Some factors such as the environment, age, 

habits, parental nutrition during gestation control the remodelling of chromatin which leads to 

phenotypic changes in an organism (Raganelli et al., 2018). 

 

Figure 2: Overview of regulation of gene expression due to epigenetic modification. Dietary 
phytochemicals alters gene expression by DNA methylation, histone modification, and changes in 

non-coding (micro) RNAs levels. Up and down, arrows and inhibition. (from Shankar, Kanwal, 
Candamo, & Gupta, 2016) 

Epigenetic changes play a critical role in gametogenesis, fetal development, and vital gene expression 

and cell cycle (Delage & Dashwood, 2008). These changes are heritable from cell to cell and also from 

parent to offspring. 

Acetylation and methylation are major modifications which control the various cell processes. 

Acetylation of histone is controlled by histone acetylases (HAT) that adds acetyl group to lysine residue 

Material removed due to copyright compliance 
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present H3, decreasing the affinity between histone and DNA, thereby enhancing transcription and 

histone deacetylases (HDAC) which removes the acetyl group, thereby repressing transcription of 

genes (Park & Kim, 2020).  Studies on cancer cell lines and tissue have shown inceased activity of HDACs 

and hence, complounds which inhibit these enzymes are studied in great length as a therapeutic agent 

against cancer (Bolden, Peart, & Johnstone, 2006).  DNA methylation is regulated by DNA methylase 

and DNA demethylase. Studies indicate that DNA methylation and histone deacetylation are 

associated resulting in the alteration of  the gene expression level (Irvine, Lin, & Hsieh, 2002).The gene 

regulation by these two mechanism (DNA methylation and Histone deacetylation) can be linked by the 

methyl-CpG binding protein MeCP2 which is associated with long term silencing of certain genes during 

developmental stages of mammals (Nan et al., 1998). Hence, the mechanism of Histone deacetylation 

and DNA methylation is interrelated and the study of one mechanism- histone deacetylation can be 

extrapolated to investigate DNA methylation activity in a cell. 

With the knowledge of epigenetic modifiers and its role in the overall cell development, scientist are 

exploiting the use of these compounds in treatment and prevention of various diseases like cancer.  

These compounds have applications in various other fields as well. For instance, our diet consist of 

many eigenetic modifying compounds that influences the gene expression, and the study of relation 

of food and genes is called as nutrigenomics (Neeha & Kinth, 2013).  

Dietary epigenetic modifiers may also influence the gut microbiota to produce nutrients essential for 

the human body. Another major rising sector is the use of these compounds in enhancing the 

fermented food products such as wine, beer, baked goods. The theory behind this is that the epigenetic 

modifiers would have an effect on the genes of the microorganisms which would alter the 

fermentation products, thereby ehnancing the organoleptic properties of the final food product.  

Modifications in food products can be done using bioengineering processes which would be termed as 

genetically modified organisms (GMOs)/food. In case of GMOs, foreign DNA from an unrelated species 

is introduced into the cells which would have certain characteristics in the final product (Vecchione, 

Feldman, & Wunderlich, 2015). With proper food labeling and monitoring, such products are accepted 

in many countries, but it is not yet accepted in New Zealand. Hence, an alternative may be proposed 

to enhance food flavours and quality without modifying the genetic composition of food products or 

the organisms used in it. The food produced in New Zealand must have a clean label and GMO free. 

Hence, the use of epigenetic modifiers to enhance food flavours would  be an excellent alternative to 

genetically modified organisms. The use of dietary epigenetic modifiers to enhance the process of 

fermentation may be termed as “Nutrifermentomics”.  

In this reseach, the objective is to understand the changes occuring in wine yeast when it is cultured 

in presence of dietary epigenetic modifiers like Benzoic acid and use of these modified cells to ferment 
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wine. The difference in the biochemical compounds between the final products, one fermented using 

yeast cells without epigenetic modifiers and other yeast cells cultured for several generation with 

epigenetic modifier (benzoic acid) would help us understand the modifications occuring in the gene 

expression of the yeast cells.  
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Chapter 2  

Literature review 

2.1 Histone modification 

Histone is an octamer composed of dimers of H2A, H2B, H3 and H4 proteins. H1 is another protein 

present on the outer surface of the nucleosome and acts as an anchor to fix the DNA to the histone 

(Delage & Dashwood, 2008). There are many modifications that may occur in the histone protein 

namely, Acetylation, biotinylation, methylation, phosphorylation and ADP ribosylation are few 

modifications. These modifications are observed in the N-terminal of the core histones (Delage & 

Dashwood, 2008). 

The addition of acetyl group on the lysine residue of the histone protein is called as acetylation. Due 

to this process, the positive charge on the histone protein is neutralized. The loss of charge decreases 

the affinity between the DNA and histones, unwinding the DNA around the histone proteins (Park & 

Kim, 2020). This unwound DNA can be transcribed, thereby promoting gene expression. Hence, 

Histone acetylase (HAT) responsible for acetylation process makes the DNA available for transcription 

and gene expression is enhances during this stage. On the other hand, decacetylation process in 

presence of the enzyme Histone deacetylase (HDAC) removes the acetyl group from the histone 

proteins, thereby increasing the affinity between DNA and histone, making the DNA unavailable for 

the enzymes  to undergo transcription (Park & Kim, 2020). Hence, deacetylation represses gene 

expression. 

Although acetylation of histones is the most common modification, methylation of histone proteins is 

another common modification. Histone methytransferases (HMTs) is the enzymes that methylates the 

lysine and arginine residues on the histones. The mechanism involved in this process is different from 

acetylation process as it doesnot alter the charge of the histone proteins but increase the basisity and 

hydrophobicity of the protein, thereby reducing the affinity between histone and DNA. 

2.2 DNA Methylation 

Modification in the pyrimidine ring of Cytosine in DNA plays a crucial role in changes occurring in the 

gene expression. Methyl group is added in the fifth position (5mC) of the pyrimidine ring is a highly 

conserved modification observed in prokaryotes as well as eukaryotes (Ma, Guo, Ming, & Song, 2009). 

DNA methylation due to epigenetic factors results in the modulation of gene expression in an organism 

without changing the sequence of the DNA. In case of prokaryotic cells, this modification plays a crucial 

role in transcription of genes, regulation of DNA replication, bacterial virulence, control of cell-cycle 

and differentiation between self and non-self DNA (Kadayifci, Zheng, & Pan, 2018). If these 
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modulations are studied extensively, these characteristic organisms may have enormous applications. 

Methylation of DNA occurs in presence of an enzyme DNA methyltransferase (DNMT) by catalysing the 

transfer of methyl group to DNA.  

 

Figure 3: Reactions involved in DNA methylation (Kadayifci et al., 2018) 

The process of DNA methylation is depicted in Figure 3. The first step includes the transfer of methyl 

group on N-5 atom of tetrahydrofolate.  

2.3 Effect of epigenetic modifiers on gut microbiota 

It was believed for many years that health and diseases occurred due to genetic conditions. Recently 

it has been discovered that phenotypic changes play a key role in the occurrence of diseases. Epigenetic 

modifiers have the ability to activate and silence gene transcription and translation of an organism. It 

is an essential process for the development, cell proliferation, ability to sustain under stress conditions, 

secretion of essential nutrients (Shenderov, 2012).  

The gastrointestinal tract of humans contains several kinds of microorganisms. These organisms 

contribute to the health of human body by providing vital nutrients and preventing the proliferation 

of pathogenic organisms. Gut microbiota produces various compounds which are required in various 

metabolic pathways, cell signalling, physiological and biochemical pathways of the human body 

(Shenderov, 2012). The food that we consume contains various compounds that are regarded as 

epigenetic modifiers. It has come to notice that several phytochemicals in food are not only responsible 

for antioxidant and chemo-preventive effect but also are potent epigenetic modifiers (Shankar, 

Kanwal, Candamo, & Gupta, 2016). These modifiers effect both human and bacterial DNA leading to 

Material removed due to copyright compliance 
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activation or suppression of certain genes. These phytochemicals may act as DNA methyltransferase 

inhibitors, histone modifiers altering the gene expression. For instance, curcumin which is an active 

compound in turmeric is a potential DNMT and HDAC inhibitor. Turmeric is extensively used in South 

Asian cuisine and has many health-benefits because of its antibacterial, antiviral, anti-inflammatory 

and anti-carcinogenic properties (Prasad, Gupta, Tyagi, & Aggarwal, 2014).Knowledge of these 

phytochemicals would have a wide range of applications. It may be used to treat fermentation cultures 

that would yield a better-quality product or increase the yield, both of which are beneficial for the 

industry as well as the consumers.  

2.4 Use of epigenetic modifiers in industries. 

Any genetic modifications on organisms like genetic engineering, insertion of plasmids or other DNA 

modifications require thorough prior knowledge of the genome. On the contrary, use of genetic 

modifiers eliminates this core task as the phenotypic changes can be easily identified. The epigenetic 

modifiers are presumed to be responsible for the controlling the biosynthesis of cluster of genes which 

enhances the production of a desired metabolite (Cherblanc, Chapman-Rothe, Brown, & Fuchter, 

2012). In a recent study, suberoylanilide hydroxamic acid (SAHA) which is a HDAC inhibitor and 5-

azacytidine (AZA), dMNTs inhibitor were applied on Xylaria psidii  to enhance the production of 

resveratrol (Dwibedi, Kalia, & Saxena, 2019). Resveratrol is used in various industries including food, 

medicine and cosmetic industry, therefore, is in great demand. It was observed that treatment with 5 

μm SAHA and by 10 μm AZA had stronger antioxidant activity than wild type strain and other 

treatments, indicating enhancement of production of the secondary metabolite. 

Secondary metabolites are key factors responsible for producing aroma and flavour compounds in 

food. They may also be beneficial from a nutritional point of view. Researchers in food industries try 

to implement these improved strains of organisms which may yield better product.  

Epigenetic modifiers may not only be applied to enhance the production of a desired product but may 

also be used to enhance the quality of flavour of food product. Researchers isolate organisms from the 

environment with a particular traits or properties. Such organisms may or may not be found in nature. 

By using epigenetic modifiers, it is possible to modulate gene expression in a reversible manner. 

2.5 Benzoic acid as an epigenetic modifier 

Benzoic acid a phenolic acid which is abundantly found in fruits and vegetables. Phenolic acids are 

naturally occurring phytochemicals present in food and its pharmaceutical properties are studies in 

detail.  Benzoic acid is produced in response to microbial activity and acts as a natural antimicrobial 

agent to protect plants from pests. Naturally present benzoic acid and its derivates like benzyl alcohol, 
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benzaldehyde contributes to the fragrance of flowers and fruits (Andersen, 2006). Benzoic acid and its 

salts are accepted as food preservative and additive by several regulatory bodies all around the world.  

Benzoic acid also acts as an inhibitor of histone deacetylases (HDACs). Studies have shown that histone 

deacetylation promote cancer pathogenesis thereby developing a tumour whereas histone acetylation 

promotes apoptosis, thereby supressing the growth of tumour cells (Marks, Richon, & Rifkind, 2000). 

By inhibiting the histone deacetylases, it is possible to promote genes responsible for apoptosis, 

thereby targeting and killing these cancer cells. This strategy is used to develop naturally obtained 

HDAC inhibitors as therapeutics against cancer.  

By gaining the knowledge about the pathway by which the natural compounds act on the gene 

expression, it may be applied in various fields like therapeutics, food products, improving health.  

2.6 Wine fermentation 

The composition of wine is very complex containing a balance of volatile and non-volatile metabolites. 

History of wine is dated ages ago, as old as the beginning of human civilization. The first record of 

fermentation is dated back in 7000 BC which was a blend of rice, honey and fruit (Cavalieri, McGovern, 

Hartl, Mortimer, & Polsinelli, 2003). It was identified that Saccharomyces cerevisiae  is responsible for 

wine fermentation at around 3150 BC (Cavalieri et al., 2003). Wine is popular all throughout the globe 

and technology of wine fermentation is scattered to the world. The flavour of wine is highly influenced 

by the soil, atmosphere, variety of grapes and has a great economic and cultural value.  The process of 

wine making had developed extensively around the 17th century, wherein people introduced new 

techniques to improve the method, efficiency and flavour of wine. One such development was the 

introduction of sulfur in that oak barrel, which positively influenced the wine quality and increased the 

shelf-life (Soleas, Diamandis, & Goldberg, 1997).  

There are several grape varieties, all under a single genus Vitis. These species are widely spread in most 

continents. Other genus Muscadinia are restricted to South-eastern part of Unites States and North-

eastern region of Mexico. Hybridization led to cultivation of more grape varieties, for instance, the 

French-American hybrids which has the ability to grow in phylloxera-infested soil. Phylloxera vitifoliae 

is a louse found in Californian rootstocks, which was carried to Europe that devasted around 1 million 

hectares of vineyards in France alone (Soleas et al., 1997). Hence, by hybridization, it was possible to 

grow pest-resistant crops.  

 Microorganisms are naturally present on the surface of the fruits are responsible for its natural 

fermentation (Bokulich et al., 2016). These organisms are responsible for imparting a peculiar 

characteristic to wine from different regions by producing secondary metabolites and aroma 

compounds. Saccharomyces cerevisiae  is the principal organism in wine fermentation producing 
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ethanol and carbon dioxide from sugar. Other organisms grow in synergistic manner to produce 

secondary metabolites and aroma compounds which are essential is imparting sensory and chemical 

properties. Microbial survey of vineyards done be various researchers revealed a wide variety of fungal 

organisms and varied from one region to other. In a study conducted by Morrison‐Whittle and Goddard 

(2018), wherein they compared organisms in various wine fermenting regions across New Zealand and 

found thar ~ 40% of variation in wine flavour is due to the organisms naturally present on the grape 

must.  

Saccharomyces cerevisiae  was the first eukaryotic organism to have its complete genome sequenced. 

There is a lot of research undertaken to understand the biological functions occurring in the yeast on 

a genetic level (Goddard & Greig, 2015). This has led to the better understanding of wine chemistry.  

2.7 Metabolites in wine 

Any molecules involved in the process of metabolism is called as a metabolite. It can either be a starting 

material, an intermediate or an end-product of the metabolism (Lee, Hwang, Lee, & Hong, 2009). The 

optimal balance of various metabolites in wine is desired by an oenologist. These metabolites are 

responsible for providing a peculiar flavour and aroma to wine. Although most metabolites are 

produced during the fermentation process, the production of these metabolites is greatly influenced 

by the time of harvest (Vondras, Commisso, Guzzo, & Deluc, 2017).  Modern techniques like gas 

chromatography-mass spectrometry (GC-MS) and spectral analysis provide vital information about the 

volatile compounds present in various wine varieties. For instance, researchers used a solid-phase 

extraction (SPE)-GC-MS technique to study the composition of volatile and non-volatile compounds in 

Pinot Noir wine produced from various regions in New Zealand (Schueuermann, Khakimov, Engelsen, 

Bremer, & Silcock, 2016).  By combining metabolomics with analytical techniques, it is now possible to 

identify and quantify several metabolites which allows the oenologists to modulate the flavour, 

texture, colour and aroma of wines. 
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Chapter 3 

Materials and Methods 

3.1 Histone deacetylase (HDAC) inhibition activity of Benzoic acid 

HAT assay kit (fluorescence) was used to identify and evaluate HDAC inhibitors. The protocol from 

Active Motif’s ELISA kit and method adopted by Wu et al. (2020) was used to perform the experiment. 

The HDAC inhibition activity of Benzoic acid was compared with known HDAC inhibitors like Curcumin 

and Trichostatin-A. 

3.2 Cultures 

Strain of Saccharomyces cerevisiae EC1118 was cultured in yeast peptone dextrose (YPD) broth 

(Control). Another set of the organism was grown in YPD broth under stress condition containing 10 

mM Benzoic acid (BA) (Sigma-Aldrich) for several generations.  DAPI staining was performed on the 

control as well as cultures grown in 10 mM Benzoic acid (BA). DAPI stain binds to dsDNA and enhances 

the fluorescence by   2̴0 fold which can be observed under a microscope. 

3.3 Grape juice 

Pinot Noir grape juice was used for fermentation process. The frozen juice was thawed at 4 °C for 2 

days. Sugar content of the grape juice was measured using brix. 320 mL of grape juice was added in 

500 mL schott bottles. 15 mL of 66% sucrose solution was added to each bottle to increase the sugar 

content.  

3.4 Fermentation  

Cells were centrifuged at 4500 rpm for 5 minutes. The absorbance of cultures grown overnight were 

adjusted to OD 1 using sucrose solution. These cultures were added to the grape juice. Following set 

of modulations were made in each set of fermentation: 

Table 1: Alteration made in fermentation of wine and set-up 

Sr. no. Modification in the set-up of fermentation 

1 Control group: Juice + Saccharomyces cerevisiae `EC1118 

2 3.5 mM Benzoic acid: Juice + Saccharomyces cerevisiae EC1118 + 3.5 mM Benzoic acid 

3 
Juice + Stressed strain of Saccharomyces cerevisiae EC1118 (which was inoculated in 

YPD media before fermentation) 
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Sr. no. Modification in the set-up of fermentation 

4 
Juice + Stressed strain of Saccharomyces cerevisiae EC1118 (which was inoculated in 

YPD media before fermentation) + 3.5 mM Benzoic acid 

5 
Juice + Stressed strain of Saccharomyces cerevisiae EC1118 (cultured in YPD media, 10 

mM benzoic acid) 

6 
Juice + Stressed strain of Saccharomyces cerevisiae EC1118 (cultured in YPD media, 10 

mM benzoic acid) + 3.5 mM Benzoic acid 

 

All the modifications were set up in triplicates. The bottles were kept in incubator at 30 °C and the 

fermentation process was monitored over time by checking the sugar content (brix) of the juice. 

Samples were stored at 4 °C for biochemical analysis. 

Samples 1, 3 and 5 were used for further analysis as fermentation process occurred in these bottles. 

3.5 Residual sugar content 

Enzymatic test kit by VINTESSENTIAL Laboratories was used for determining the residual sugars.  

To obtain an approximate concentration of the sugars present in the wine samples, Clinitest method 

was used.10 drops of the tablet was added to the sample and the colour change was observed. The 

colour was compared to the reference sheet provided with the tablet to determine the approximate 

sugar concentration of each sample. 

Dilutions of samples were done on basis of the preliminary assay. The procedure for the kit-based 

assay was performed as per the instructions provided in the kit manual. Distilled water and coenzyme 

mix were added to sample/standard. Absorbance (A1) was read at 340 nm after 3 minutes using 

spectrophotometer. Hexokinase enzyme was added to the above mix and absorbance (A2) was read 

after 10 minutes. To determine the fructose concentration, PGI reagent was added to the mixture and 

incubated for 10 minutes. Absorbance was read at 340 nm using spectrophotometer. 

3.5.1 Calculation 

1. Calculate the Corrected Absorbance for the sample for D-Glucose: D-Glucose Absorbance 

AG = (A2 – A1) – (BlankA2 - BlankA1) 

2. Calculate the D-Glucose concentration as follows:  

D-Glucose Concentration (g/L) = AG x 0.8637 x Dilution Factor 
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3. Calculate the Corrected Absorbance for the sample for D-Fructose: 

D-Fructose Absorbance, AF = (A3 – A2) – (BlankA3 – BlankA2) 

4. Calculate the D-Fructose concentration as follows:  

D-Fructose Concentration (g/L) = AF x 0.8694 x Dilution Factor 

5. Add the D-Glucose and D-Fructose results together to get the total residual sugar 

concentration. 

3.6 Glycerol content 

Commercially available glycerol assay kit by Megazyme was used to perform the assay. The analysis 

was performed as per the instructions given in the kit manual with few changes. The altered procedure 

is listed in the table below. 

Table 2: Methodology to estimate glycerol content 

 Content Blank (mL) Sample (mL) 

Distilled water (at ~ 25°C) 

Sample 

Buffer 

Solution 2 (NADH/ATP/PEP) 

Solution 3 (PK/L-LDH) 

2.00 

- 

0.10 

0.05 

0.01 

1.95 

0.05 

0.10 

0.05 

0.01 

The contents were mixed, and absorbance (A1) was read at 340 nm after 4 minutes of incubation 

Solution 4 (GK) 0.01 0.01 

The contents were mixed well and incubated for 5 minutes. The absorbance (A2) of samples were 

read at 340 nm. 

3.6.1 Calculation 

                                              ΔA glycerol = (A1 – A2) – Blank (A1 – A2) 

                                                         C = V x MW x ΔA glycerol                                                      [g/L] 
                                                                       ε x d x v 
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Where, 

V = final volume [mL]  

MW = molecular weight of glycerol [g/mol]  

ε = extinction coefficient of NADH at 340 nm = 6300 [l x mol-1 x cm-1]  

d = light path [cm]  

v = sample volume [mL] 

                                                         C = 2.12 x 92.1 x ΔA glycerol                                                      [g/L] 
                                                                       6300 x 1.0 x 0.05 
                                                       

                                                         C = 0.620 * ΔA glycerol                                                                [g/L] 

3.7 Ethanol content 

3.7.1 Working Standards          

Primary standard solution of 20% ethanol and secondary standard of 2.8% ethanol was prepared using 

deionised water.        

Standards 0.1, 0.5, 1.0, 1.5, 2.1 were prepared from the secondary standard and run. Ethanol Retention 

time was 1.92 minutes.          

3.7.2 Sample Preparation          

Initially 4 ml volume of wine samples were taken and centrifuged at 10,000 rpm at room temperature 

for 10 minutes. The supernatant was transferred to fresh tubes and the centrifugation process was 

repeated. 0.3 mL of the supernatant was diluted using deionised water and vortexed. This sample was 

used for analysis.    

3.7.3 GC-FID instrumentation          

GC-FID analysis was carried out using Shimadzu GC-2010 gas chromatograph-flame ionization detector 

equipped with an AOC-20i autoinjector and AOC-20s autosampler. GC solutions version 2.30.SU4 

(Shimadzu,Japan) was used as the data acquisition software.  

The chromatography was performed using an 19091N-133 HP-Innowax GC column, serial number 

US151697611,30.0m x 0.25mm x0.25u film thickness (Polyethlene Glycol-Agilent Technologies,USA). 



 13 

Helium was used as the carrier gas with the GC-FID set to a constant linear velocity of 36.1cm/sec. The 

injector was operated at 250 °C in split mode with the split ratio set to 40:1. 

The initial column oven temperature was 50 °C at the point of injection and rapidly heated to 240 °C 

at 50C/min and held at this temperature for 4minutes. Total run time was 7.8minutes.   

3.8 Temperature stress test. 

Overnight grown cells in YPD media with varying concentration of BA were centrifuged at 4500 rpm 

for 5 minutes. The cell density was adjusted to 0.1 using spectrophotometer at 600 nm. These cells 

were further diluted by a dilution factor of 10. 5µl volume of these cells were spot inoculated on the 

YPD agar plates. The plates were incubated at different temperatures- 25 °C, 30 °C, 37 °C, 42 °C for 48 

hours. Images of the growth pattern were taken using Gel Doc™XR+ imager. 

3.9 Ethanol stress test 

Media containing different concentration of ethanol (0%, 10%, 13% and 15%) were prepared. 

Overnight grown cells in YPD media with varying concentration of BA were centrifuged at 4500 rpm 

for 5 minutes. The cell density was adjusted to 0.1 using YPD media. 100 µl volume of these cells and 

incubated at 30 °C for 48 hours. Absorbance was read at 600 nm using a spectrophotometer. 

3.10 Flocculation test vcc 

1 mL of Saccharomyces cerevisiae cultures adjusted to OD 0.1 were inoculated in 9 mL YPG broth and 

incubated at 30 °C for 48 hours. The cells were agitated to mix well and then allowed to 

settle/flocculate. Relative flocculation activity was calculated using the following formula: 

Relative flocculation activity = 100 * (T/C) 

Where, 

T: depth of transparent area 

C: depth of culture 
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Chapter 4 

Results 

4.1 HDAC inhibition activity 

Various natural compounds were tested for its Histone deacetylase inhibition activity. It is presumed 

that the phytochemical Benzoic acid impacts the cells by histone modification. Standard curve was 

prepared using standards and unknown were extrapolated from it. The HDAC inhibition activity was 

measured in comparison to the positive control. 

 

Figure 4: HDAC assay Standard curve 

Percent HDAC inhibition of various compounds were evaluated. Trichostatin-A (TSA) which is a known 

HDAC inhibitor showed 79.2% inhibition activity at 5 nM concentration and the inhibition increased to 

88.05% at higher concentration of TSA (100 nM). Benzoic acid showed 81.5% HDAC inhibition activity 

which is comparable to TSA. Hence, it can be said that Benzoic acid is a HDAC inhibitor. As Benzoic acid 

is naturally present in fruits and vegetables, water soluble and in non-toxic in low concentration, it is 

an ideal compound to be used in the study. The graphical representation of HDAC inhibition (%) of 

different compounds is depicted in Figure 5. The positive control has the maximum Histone 

deacetylase activity and no HDAC inhibition. The HDAC inhibition activity of other compounds are 

extrapolated in comparison to the positive control. 
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Figure 5: HDAC inhibition activity of different compounds 

4.2 Culture  

The cells were grown in Yeast peptone dextrose broth with 10 mM Benzoic acid for several generation. 

These cells are the stressed strain. Another set of yeast cells were grown in Yeast peptone dextrose 

broth as control to negate any variation occurring during the culturing process and is considered as 

control for all experiments. DAPI staining was performed for both cell types to determine the DNA 

Figure 6 represents the fluorescence image of DAPI staining of both cell types. The intensity of 

fluorescence is higher in the stressed strains as compared to the control cells which is numerically 

represented in the graph (Figure 7). DAPI stain is commonly used to quantify the changes in nuclear 

morphology of the cell. The integrated intensity of cells treated with Benzoic acid is higher than cells 

treated with Trichostatin-A which is a known HDAC inhibitor and the control cells, indicating higher 

amount of unwound DNA is present in the cells. 
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Figure 6: Fluorescence images of a) control cells b) Positive control- cells grown in presence of 
Trichostatin-A c) stressed strain grown in 10 mM BA, fluorescenc e and brightfield images of d) control 

cells e) cells grown in presence of Trichostatin-A f) stressed strain grown in 10 mM BA under 40X 
microscope 

 

 

Figure 7: Corrected total cell fluorescence of yeast cell 

4.3 Fermentation 

Fermentation process was monitored by measuring the Brix of all samples using a refractometer.Brix 

measurment determines the sugar level which can ultimately establish potential amount of alcohol 

that may be produced. Brix measured before fermentation process was 20-21%. Decrease in the Brix 
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indicate fermention process is occuring. Table 3 lists the Brix measurement after 10 days of 

fermentation. 

Table 3: Brix after 10 days of fermentation 

Sr. No. Sample Replicate Brix (%) 

1 
Control group: Juice + Saccharomyces 

cerevisiae EC1118 

A 6 

B 6 

C 7 

2 
3.5 mM Benzoic acid: Juice + Saccharomyces 

cerevisiae EC1118 + 3.5 mM Benzoic acid 

A 20 

B 21 

C 21 

3 

Juice + Stressed strain of Saccharomyces 

cerevisiae EC1118 (which was inoculated in 

YPD media before fermentation) 

A 21 

B 12 

C 21 

4 

Juice + Stressed strain of Saccharomyces 

cerevisiae EC1118 (which was inoculated in 

YPD media before fermentation) + 3.5 mM 

Benzoic acid 

A 20.5 

B 21 

C 21 

5 

Juice + Stressed strain of Saccharomyces 

cerevisiae EC1118 (cultured in YPD media, 

10 mM benzoic acid) 

A 6 

B 7 

C 7 

6 

Juice + Stressed strain of Saccharomyces 

cerevisiae EC1118 (cultured in YPD media, 

10 mM benzoic acid) + 3.5 mM Benzoic acid 

A 21 

B 21 

C 21 

 

The decrease in Brix indicates that the sugars may be utilzed during fermentation. By observing the 

Brix level it can be said that samples 1 and 5 have undergone fermentation as the brix level has 

decreased from the initial concentration. Sample 3B has started fermentation. After day 20, triplicates 

of sample 1,3 and 5 were stored in refrigerator for further analysis. 

4.4 Residual sugars 

Residual glucose and fructose in the fermented wine samples were analysed using Enzymatic test kit 

by VINTESSENTIAL Laboratories. The results in Table 4 represent the residual sugars in grape wine. The 

wine fermented using the yeast cells cultured with benzoic acid (stressed strain) produced significantly 



 18 

higher residual sugars in comparison to control. This indicates that the epigenetic modifiers are able 

to modulate the yeast cells to produce sweeter wines. 

Table 4: Residual sugar concentration after fermentation 

Sample 
Sample 

code 
Average 

glucose (g/L) 
Average 

fructose (g/L) 

Total 
residual 

sugar (g/L) 

Control group: Juice + Saccharomyces 
cerevisiae EC1118 

1 0.060 ± 0.011 AB 0.110 ± 0.015 A 0.17 

Juice + Stressed strain of 
Saccharomyces cerevisiae EC1118 

(which was inoculated in YPD media 
before fermentation) 

3 0.032 ± 0.018A 0.089 ± 0.020 A 0.92 

Juice + Stressed strain of 
Saccharomyces cerevisiae EC1118 

(cultured in YPD media, 10 mM 
benzoic acid) 

5 0.066 ± 0.005 B 1.826 ± 0.121 B 1.89 

p-value = 0.00 

# Means that do not share the sampe alphabet are significantly different 

Figure 8 resents the total residual sugar present in the wine samples. It is evident that sample 5 has 

more residual sugars as compared to the other groups. This indicates that the strains cultured with 

benzoic acid has an effect on residual sugars in wine. 

 

Figure 8: Total residual sugars present in samples  
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4.5 Glycerol content 

Glycerol content was determined using glycerol assay kit by Megazyme. Table 5 represents the glycerol 

content of different wine samples. Statistical analysis (Anova) reflects that there is no significant 

different in the glycerol content of the different sample. Therefore, it can be said that there is no effect 

of the epigenetic modifier- benzoic acid on the production of glycerol. 

Table 5: Glycerol content of various wine sample after fermentation 

Sample 
Sample 

code 

Glycerol 
content 

(g/L) 

Average 
Glycerol 

content (g/L) 

Control group: Juice + Saccharomyces cerevisiae 
EC1118 

1 

0.653 

0.583± 0.06 0.553 

0.544 

Juice + Stressed strain of Saccharomyces cerevisiae 
EC1118 (which was inoculated in YPD media before 

fermentation) 
3 

0.557 

0.550 ± 0.01 0.552 

0.541 

Juice + Stressed strain of Saccharomyces cerevisiae 
EC1118 (cultured in YPD media, 10 mM benzoic 

acid) 
5 

0.558 

0.559 ± 0.00 
0.558 

0.561 

p-value 0.521 

4.6 Ethanol content 

Ethanol concentration in the wine samples were analysed using gas chromatography technique. Table 

6 shows the data for the ethanol content in each sample. On statistical analysis, it was determined that 

the ethanol content in wine samples fermented using strain cultured with benzoic acid was 

significantly different from the wine fermented using control strain of yeast. The alcohol content was 

lower in the culture grown with epigenetic modifier benzoic acid. 

Table 6: Ethanol content of various wine sample after fermentation 

Sample 
Sample 

code 
Ethanol content (%) 

Average Ethanol 
content (%) 

Control group: Juice + 
Saccharomyces cerevisiae 

EC1118 
1  

12.0 

12.1 ± 0.41AB 

11.8 

12.6 

12.5 

12.2 

11.5 

Juice + Stressed strain of 
Saccharomyces cerevisiae 

3  

12.1 

12.3 ± 0.32 A 11.9 

11.9 
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Sample 
Sample 

code 
Ethanol content (%) 

Average Ethanol 
content (%) 

EC1118 (cultured in YPD media, 
10 mM benzoic acid) 

12.5 

12.4 

12.7 

Juice + Stressed strain of 
Saccharomyces cerevisiae 

EC1118 (cultured in YPD media, 
10 mM benzoic acid) 

5 

11.4 

11.7 ± 0.22 B 

11.8 

11.9 

11.8 

11.4 

11.6 

p-value 0.014 

# Means that do not share the sampe alphabet are significantly different 

4.7 Temperature stress 

All cultures- control as well as cells grown with epigenetic modifier had similar growth intensity. After 

24 hours of incubation it was observed that at room temperature  (   ̴21 °C) all cell cultures were slow 

growing. Profound growth of all culture types were observed at 30 °C and 37 °C whereas no growth 

was observed at 42 °C.  

4.8 Ethanol stress  

Cells were incubated in media containing different concentration of benzoic acid (0 mM, 0.8 mM, 1.6 

mM) and ethanol (0%, 10%, 13% and 15%). Culture density was measured by absorbance using a 

spectrophotometer. Control as well as stressed strains were able to grow in media containing 10 % 

ethanol at all concentrations of benzoic acid but did not grow in 13% and 15% ethanol.  

4.9 Flocculation test 

Aggregation of small particles, in this case yeast cells is known as flocculation. It plays a crucial role in 

fermentation for easy separation of cell from the final product. All cells cultured in pressence of various 

concentration of benzoic acid were inoculated in yeast peptone glucose (YPG) broth and incubated for 

48 hrs. Table 7 represnts the floccuation of cells with and without benzoic acid. The relative flocculation 

is higher in presence of benzoic acid. Cells were cultured in media containing various concentration of 

benzoic acid.  This indicates that the genes responsible for flocculation may have been upregulated in 

presence of the epigenetic modifier benzoic acid. Although this test represents the change in 

phenotypic characteristic of the yeast cells in presence of an epigenitic modifier, the change can be 

confirmed only by performing genetic analysis like mRNA expression. 

 



 21 

Table 7: Percent relative flocculation of different cell cultures in altered media 

Sample 
Transparent 

area (cm) 
Area containing 

cells (cm) 
Relative 

flocculation (%) 

Control - Saccharomyces cerevisiae 
EC1118 

0.3 7.0 4.3 

Stressed strain cultured in YPD without 
benzoic acid 

0.4 6.9 5.8 

Stressed strain cultured in 0.8 mM 
benzoic acid 

0.6 6.8 8.8 

Stressed strain cultured in 1.6 mM 
benzoic acid 

0.6 6.6 9.1 

Stressed strain cultured in 10 mM 
benzoic acid 

0.7 6.7 10.4 

 

       

Figure 9: i) Flocculation test – a) control; b) stressed cells cultured w/o benzoic acid; c) 0.8 mM; d) 1.6 
mM; & e) 10 mM benzoic acid. ii) Graphical representation of percent relative flocculation of cultures 

at different growth conditions. 

Figure 9.i represents the level of flocculation occurring in cells cultured in altered medium and Figure 

9.ii shows the graphical representation of the data. Flocculation level was low as compared to stressed 

cells cultured in benzoic acid.  
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Chapter 5 

Discussion 

Environment has a great influence on the genes which ultimately leads to phenotypic changes in a cell. 

It is hypothesized that dietary phytochemicals like Benzoic acid is a HDAC inhibitor and is responsible 

for expression of various genes resulting in phenotypic changes. These compounds are naturally 

present in the food and hence, the study of such chemicals is of significance in the field of 

Nutrigenomics. The application of such chemicals in fermentation technology to enhance food quality 

is still in its early stage of development. The graphical abstract (Figure 1) shows the clear picture of the 

hypothesis of the current study. 

Winemaking is one of the oldest fermentation process and Saccharomyces cerevisiae has a major role 

in it. Saccharomyces cerevisiae is an excellent choice for fermentation because of its high fermentation 

capacity, tolerance for fermentation condition like change in pH, O2  levels, CO2 levels, increase in 

ethanol and organic acid concentration (Albergaria & Arneborg, 2016). In this study, the effect of 

dietary epigenetic modifiers on wine yeast was evaluated by fermenting Pinot Noir grape juice. 

Biochemical analysis was performed to understand the variation in wine caused due to the epigenetic 

modifiers. In the fermentation setup, the bottles containing benzoic acid (3.5 mM) did not ferment. It 

maybe because the concentration of the epigenetic modifier may be high, and the yeast cells were 

unable to ferment the grape juice. In previous studies, lower concentration of benzoic acid was used 

(0.8 mM and 1.6 mM) for fermentation of wine (Perla, 2020). Hence, a new set up is planned to use 

these concentrations of benzoic acid for further studies.  

5.1 Benzoic acid as an epigenetic modifier 

HDAC activity of various natural compounds were performed and its HDAC inhibition activity were 

compared. The results clearly indicated that Benzoic acid is an HDAC inhibitor. Cancer research studies 

reveal that the HDAC inhibition activity of Benzoic acid leads to the gene expression of apoptotic 

proteins like Caspase-3 which promotes the apoptosis of cancerous cells thereby acting as a potential 

therapeutic against cancer (Anantharaju et al., 2017). Further studies shall be conducted to study the 

effect of Benzoic acid on the wine yeast. Several studies indicate that DNA methylation and Histone 

deacetylation are linked to each other (Irvine et al., 2002). DNA methylation is minimal in yeast and is 

difficult to quantify  O’Kane & Hyland,  01  . This makes yeast a good model to study the pathway of 

histone modification as the changes in the gene expression is mainly due to a single mechanism. 

Yeast cells were grown in presence of 10 mM benzoic acid for several generations. It was hypothesized 

that the DNA of the yeast cell may have undergone some modifications which would result in 
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producing better quality wine. The results of DAPI staining clearly indicates high DNA expression as 

compared to the control strain which was cultured in absence of benzoic acid. The integrated density 

of cells treated with Trichostatin-A were comparable to that of the cells treated with benzoic acid. 

Trichostatin-A is a known HDAC inhibitor and can be considered as a positive control for the 

experiments (Anantharaju et al., 2017). As Trichostatin-A is toxic to human body even in small 

concentration, it is not used in food or therapeutics.  

5.2 Effect of epigenetic modifiers on concentration of biochemicals in wine 

Various biochemical analysis was performed on the fermented wine samples.  Fermentation of wine 

using stressed strain (grown in 10 mM benzoic acid) of yeast culture produced lowest amount of 

ethanol (11.7%) which was significantly different from the control. The low alcohol corresponded to 

the high concentration of residual sugars (1.89 g/L). Hence, it can be inferred that epigenetic modifiers 

are modulating yeast genes to produce wine with lower alcohol concentration. The modifications 

would lead to production of sweeter wines with lower alcohol content.  The alcohol content in wine 

has increased up to 2% in the recent times all around the globe which has raised health and social 

concerns (Godden & Gishen, 2005). Various strategies are applied at various stages of fermentation to 

reduce the alcohol content in wine. Some approaches include reducing the sugars available for 

fermentation by early harvest of fruits, diluting the fruit juice, arrest fermentation leading to very high 

amount of residual sugars which would require stabilization (Longo, Blackman, Torley, Rogiers, & 

Schmidtke, 2017). All of these methodologies although are successful in lowing the alcohol content 

have their own set of limitations majorly with respect to the sensory attributes and volatile compounds 

like esters.           

Many strategies have been applied in order to produce low alcohol wines, most of which involves 

fermenting sugars to produce other carbon compounds like glycerol. Overproduction of glycerol is due 

to the overexpression of GPD1 gene (encoding glycerol 3-phosphate dehydrogenase) which may 

accumulate unfavourable metabolites such as acetic acid, acetaldehyde and acetoin which are 

deteriorate the  sensory characteristic of wine (Tilloy, Ortiz-Julien, & Dequin, 2014). Our results 

indicate that there is no significant difference in the glycerol concentration between the control wine 

samples and wine fermented using cells grown in presence of epigenetic modifiers.   

Higher alcohols provide aromatic characteristics to wine and hence have an important role in wine 

flavour. In the experiment, the detection of other alcohols revealed that the wine samples fermented 

using stressed strains produced 9.33% more higher alcohol in comparison to control. Most significant 

difference was observed in the concentration of benzene ethanol. Benzene ethanol gives a sweet rose-

like aroma to wine which is an important attribute to Pinot Noir wines (Chuenchomrat, Assavanig, & 

Lertsiri, 2008). Increase in such aromatic compounds makes the wine more flavourful.  
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Compounds like 4-methyl benzaldehyde, 2,3,4-trimethyl-3-pentanol were detected in GC-MS which 

were present in wine samples fermented with cultures grown with benzoic acid but absent in control 

wine samples. 4-methyl benzaldehyde was detected in lily rice wine which was produced using a yeast 

strain producing aromatic compound in wine imparted bitter almond flavour (Yan, Xiangsong, & Xiang, 

2019). Wine containing 4-methyl benzaldehyde along with other aromatic compounds scored better 

in the sensory evaluation conducted by the researchers. 

According to a research placement report, addition of benzoic acid during fermentation produces low 

alcohol wine with fruitier flavour (Report by Mandeep Kaur, October 20, 2019; personal 

communication). In their study, benzoic acid was added to wine at different stages of fermentation 

which decreased the yield of ethanol in wine which is consistent to the results obtained in the current 

study. In sensory analysis, fruity aroma was prominent which may be due to low alcohol concentration. 

As benzoic acid pertains antimicrobial property, the yeast cells were unable to survive in high doses of 

benzoic acid. 

5.3 Effect of various stress on yeast cells 

Culturing cells in presence of benzoic acid can be said to induce stress condition to the cells. Benzoic 

acid is an epigenetic modifier and hence, would induce certain changes in the gene expression. 

Flocculation as a process is beneficial for the yeast cells to survive under stress condition as the cells 

aggregates/ forms a ‘floc’ which acts as a shield for the cells against the environment (Smukalla et al., 

2008). Hence, this phenotypic change can be associated with the survival of yeast cells under stress 

condition. In the current study, the percentage relative flocculation of yeast cells increases with 

increase in the concentration of benzoic acid. Hence, it can be inferred that the genes responsible for 

flocculation are expressed in presence of the epigenetic modifier benzoic acid. There is more than one 

process by which a particular gene expression is regulated. Research on effect of DNA methylation on 

budding yeast have proved that in presence of  DNA methyltransferases (DMNT1 and DMNT3B) the 

gene expression of flocculin gene  was induced which is phenotypically expressed by flocculation 

(Sugiyama, Furusawa, Grúz, & Honma, 2017). DNA methylation activity is minimal in yeast cells as the 

levels of DNA methyltransferases cannot be measured in these cells (Smukalla et al., 2008). Another 

theory suggests that histone H3 acetylation is responsible for regulation of FLO1 gene that encodes for 

flocculation (Church, Smith, Alhussain, Pennings, & Fleming, 2017). The whole process is complex, and 

a molecular biology method may be applied to understand the pathway by which the genes are 

regulated. For further analysis, it is proposed to analyse the HDAC activity of these cells to understand 

the pathway by which the cells acquire certain phenotypic changes. 
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This phenotype is of great relevance in the brewing industries for the separation of yeast cells after 

fermentation and hence, by increasing the flocculation activity we are able to ease the process if 

fermentation.   

Yeast cells undergo many stress conditions during fermentation process. The cells must be able to 

sustain these harsh conditions and complete fermentation process in the stipulated amount of time. 

Tolerance to ethanol and temperature is crucial characteristics for the selection of yeast strains 

(Unaldi, Arikan, & Coral, 2002). The results obtained in the current study indicate that the cells grown 

in presence of benzoic acid (Stressed strain) and cells grown in absence of benzoic acid (control cells) 

were able to grow proficiently at 30 °C and 37 °C and were able to grow in medium containing 8% and 

10 % with comparable growth intensities. Hence, it can be inferred that the epigenetic modifier benzoic 

acid did not affect the genes responsible for these activities and the cell growth was not deteriorated 

in these stress conditions.  
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Chapter 6 

Conclusion and prospects 

Fermentation is a complex process and continuous developments are occurring to improve the process 

and quality of fermented products. Experiments conducted in this study indicate that dietary 

epigenetic modifier- Benzoic acid influences DNA modification wine yeast resulting in the 

improvement of organoleptic properties of wine. The results obtained from HDAC activity clearly 

indicate that Benzoic acid is an HDAC inhibitor. The wine fermented using cells cultured in presence of 

benzoic acid produces lower alcohol wine with fruity flavour.  

Biochemical analysis results depicted certain changes in the organoleptic properties of wine while the 

glycerol concentrations remained constant. The residual sugars were higher in the strain cultured with 

benzoic acid.  

 A sensory analysis of Pinot Noir wine produced using these cultures would help us understand more 

about the aroma compounds. Once this technology is developed, it may be applied to several other 

food products. As this process does not involve any genetic engineering or foreign DNA, it may not face 

any issues as in case of GMOs. Hence, it can be regarded as a novel technology to develop fermented 

food products. 
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Appendix A 

Compounds detected using GC-MS  

A.1 List of compounds detected  

COMPOUNDS CONCENTRATION (%) 

1 3 5 

HIGHER ALCOHOLS 

PROPANOL 0.12 0.12 - 

2-METHYL PROPANOL 1.13 1.21 0.96 

ISOAMYL ALCOHOL 21.71 21.71 21.12 

3METHYL PENTANOL 0.10 0.1 0.09 
HEXANOL 1.26 1.21 1.15 

2-ETHYL-1-HEXANOL 0.72 0.86 0.69 

OCTANOL 0.13 0.12 0.09 

DECANOL 0.10 0.1 0.06 

BENZYL ALCOHOL 0.09 0.09 0.1 
BENZENEETHANOL 19.88 22.36 25.63 

DODECANOL 3.32 3.83 3.42 

TOTAL 48.56 51.71 53.31 

ESTERS 
ETHYL ACETATE 0.64 0.60 - 

ISOBUTYL ACETATE 0.06 0.06 0.55 

ETHYL BUTYRATE 0.19 0.20 0.16 

ISOAMYL ACETATE 3.29 3.22 2.01 

ETHYL HEXANOATE 1.48 1.10 0.75 

ETHYL LACTATE 0.05 0.04 0.06 

ETHYL OCTANOATE 1.1 1.12 0.7 
ETHYL NONANOATE 0.23 0.22 0.11 

DIETHYL SUCCINATE 0.53 0.38 0.65 

ETHYL DECANOATE 0.89 0.85 0.54 

2-PHENYLETHYL ACETATE 0.98 1.16 1.17 

ETHYL DODECANOATE 0.22 0.22 0.13 

ETHYL-3-HYDROXYTRIDECANOATE 0.1 0.09 0.69 

TOTAL 9.76 9.26 7.52 
 




