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requirements for the Degree of Masters of Science in Food Innovation 

Abstract 

Production of low-alcohol beverages using dietary epigenetic 

modifiers  

by 

Vineet Perla  

 

Fermented beverages such as wine and beer have always been an integral part of different culture 

around the world. Wine is majorly preferred by a variety of consumers due to its distinct flavour and 

aroma, however, to increase these flavour and aroma compounds grapes are harvested after the berry 

has over ripened. This imparts a wide array of compounds in the grape juice which would result fruitier 

and full-bodied wines. But due to this practice the grape berry also accumulates high amount of sugars 

and when the grape juice from such berries are fermented using Saccharomyces cerevisiae it produces 

wine with a high percentage of ethanol and prolong consumption of such wines could have detrimental 

effects on human health. To overcome this problem, we are investigating the effect of epigenetic 

modifiers on yeast species (Saccharomyces cerevisiae) so that the wine produced will have lower 

alcohol concentration while maintaining the same amount of flavours. In our study we found that 

dietary epigenetic modifier benzoic acid has caused a variety of changes in the biochemical 

composition of the resulting wine. We observed the fermented test samples which contained benzoic 

acid had increased the production of glycerol and malic acid, whereas it decreased the production of 

ethanol, although the residual sugar in these samples was still higher. Successful implementation of 

epigenetics approach to achieve low alcohol wines could be a turning point in modern wine-making 

practices.  

 

Keywords: Chardonnay, Wine, Alcoholic fermentaton, Saccharomyces cerevisiae, Low-alcohol wine, 

GC-FID, Malic acid, Total phenolics, D-glucose, D-fructose, Glycerol, Ethanol, Fermented Beverages, 

Vitis vinifera, Organoleptic properties, Viticulture, Epigenetics, Gene Modification.  
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Chapter 1 

Introduction 

Beverages have always been an integral part of various cultures and cuisines, some of the alcoholic 

beverages such as wine and beer are largely consumed while meals for making them enjoyable. Wine 

making has largely progressed over the years and various techniques are been employed to make wine 

with distinct flavour profiles. Some of these techniques which are developed in the recent years are 

modified to make the flavour profile fruitier and more wholesome for this purpose the grapes are kept 

for longer periods of time before harvesting them, this causes the resulting wine to be full bodied and 

fruity. There is a certain drawback to this technique, due to long hang time the grapes produce higher 

amounts of sugar in them and during fermentation by yeast there is higher production of alcohol in 

the resulting wine. Traditionally wines were made with alcohol percentage ranging in 10-13% but 

nowadays wines with alcohol percentage of more than 16% is quite common, consumption of wines 

with such high alcohol percentage have been reported to cause health problems. To overcome this 

problem genetically modified yeast strains are developed which would produce lower alcohol during 

fermentation, although this is a good approach there are various negative thoughts by consumers for 

genetically modified products which leads to reduction in sale. Therefore, our research aims to develop 

existing yeast strains by using epigenetic modifiers, these modified strains would produce different 

secondary metabolites rather than producing alcohol by metabolising the sugar during fermentation, 

thus reducing alcohol percentage in resulting wine.  
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Chapter 2 

Literature Review 

2.1 Wine and Yeast 

The earliest chemical evidence of fermented beverage was from Iran, where a drink was recovered 

from a pottery jar dating back between 5400 and 5000 BC (Soleas, Diamandis, & Goldberg, 1997), but 

it is also believed that the first wine-like drink dated way back from 7000 BC from the Black and Caspian 

Sea. This drink was found to have calcium salt of tartaric acid which is mainly found in grapes thus it 

could be assumed that these jars were used to store grapes and some damaged grapes spontaneously 

got fermented, although some researchers believe that winemaking has developed in Southern 

Caucasus, also the wine grape (Vitis vinifera) was initially grown among this region, the early 

development of grapes and wine making relied on almost no knowledge of grape biology or microbial 

fermentation. Around 17th century winemaking process greatly developed by incorporation of various 

techniques to improve wine structure and quality, one of these techniques was to store wine in 

wooden barrels which would impart sulphur to the wine, to improve the quality (Soleas et al., 1997). 

Aging in oak barrels would impart volatile sulphur compounds in the wine, usually sulphur has a 

negative impact on wine because it can incorporate bad flavours which would resemble cooked 

cabbage, rubber, rotten eggs, garlic and onion (Ye et al., 2016). Although, sulphur may have a positive 

effect on the quality of the wine if the volatile sulphur compound concentration is very low, for 

instance, (Segurel, Razungles, Riou, Salles, & Baumes, 2004) reported that DMS (dimethyl sulphide) in 

the concentration of 100 µg/L accentuated the fruity aroma of Grenache Noir and Syrah wine.  

This was the case until many hundreds of years later till Antoine Leeuwenhoek developed the first 

microscope and the concept of microscopic organisms came into picture, this led to tremendous 

discoveries in microbes and the next best thing that occurred was the discovery of the most important 

organism for fermentation, Saccharomyces cerevisiae which is also known as brewing, baking or wine 

yeast. Yeast (Saccharomyces cerevisiae) is closely associated with fermentation and development of 

various food and beverages ever since also this yeast species is safe to work with, economical and can 

be cultured and stored for long periods of time very easily (Chambers & Pretorius, 2010). 

Molecular biologists have performed various experiments using S.cerevisiae, this organism has proved 

to be the most ideal organism to modifications and for generating phenotypically improved variants 

which would add to the winemaking process. In modern times wine ferments are based on single strain 

inoculation, these inoculations largely consist of pure cultures of S.cerevisiae which are inoculated over 

crushed grape must, this allows the winemaker to control the fermentation process and the resulting 
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wine could be developed according to the winemaker’s desire, also using pure culture reduces the risk 

of spoilage due to other microbes. There is large diversity among yeast strains and the choice of yeast 

strain while fermentation greatly affects the quality of wine produced, the main reason behind this is 

that when yeast uses the sugars from the grape juice during fermentation it ends up producing various 

secondary metabolites, these secondary metabolites are responsible for incorporating flavours and 

aroma components in the resulting wine, this affects the sensory attributes of wine and also affects 

consumer acceptance towards a particular wine (Chambers & Pretorius, 2010). 

2.2 Wine Chemistry  

2.2.1 Metabolites 

In the last 4 decades wine chemistry has advanced tremendously, this could happen due to 

development of various separation technologies such gas chromatography (GC), thin-layer 

chromatography and various detection instruments such as mass spectrometry and infrared 

spectroscopy. Wine acquires its aroma and flavours from various volatile compounds, these 

compounds are very diverse and about 500 of are recognised amongst which 160 are esters. The 

concentration of aroma components in wine is approximately 0.8-1.2 g l-1, which about 1% of ethanol 

concentration, the rest of aroma compounds fall in the range of 10-4-10-9 g l-1. Our sensory organs are 

sensitive to these aroma compounds but have varied reaction to them, therefore the concentration of 

these compounds is barely enough to elicit recognizable sensation of these compounds and thus the 

organoleptic threshold is quite different for each component; for instance, for butyric acid it is 

proposed to be as 10-5 g kg-1, whereas 1-p-menthen-8-thio is proposed as 10-3 g kg-1(Rapp, 1988). 

2.2.2 Sensory 

Having said that, when all these compounds make up the chemical composition of wine, they can be a 

crucial deciding factor of consumer acceptance. These compounds are originally present in the grape 

juice but rather in very low quantities, but these are developed during the process of fermentation by 

yeast as by-products. Quantitatively, wine of any kind on an average contains 0.8-1.2g of aromatic 

components in each litre of wine. Some of these components are present in higher concentrations i.e. 

(>100 mg/L) and are initially responsible for mouthfeel and taste sensations, these include water, 

organic acids, ethanol, glycerol and residual sugars. Among these components’ ethanol plays a major 

role in wine production because it is responsible stabilizing wine composition and ensuring good aging 

process. Generally, most wines have approximately 10-13% of ethanol, but some wines also have 

higher ethanol content i.e. (14-16%) (Soleas et al., 1997). Over the years wine making process has 

developed enormously to improve consumer acceptance and to ensure consumer-driven innovation, 

one such trend is to increase the harvest time of grapes, this is primarily done because when grapes 

are kept for longer hang time they produce higher amounts of fruity flavours, the colour intensity 
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increases significantly and there is considerable reduction in the unripe vegetal flavours (Varela et al., 

2015). Although this is a good production strategy it also increases the sugar concentration in these 

grapes i.e. (> 240g/L) due to which the resulting wine has higher ethanol concentration in them i.e. 

(>13.5% v/v). Higher ethanol concentration in wines has led to various issues, namely, economic, 

health and quality issues. Firstly, some countries in the world impose higher taxes on wines with higher 

ethanol concentration, this in-turn increases the final cost of wine for the consumer. Secondly, health 

is a major concern because there are various health conditions arising due to consumption of high 

ethanol which could in some cases even led to death. Thirdly, very high ethanol in wines could also 

degrade the sensory qualities of wine, this is because wines with higher ethanol concentration would 

be perceived as “hotness” and also the wine might appear unbalanced, because overall balance 

between alcohol strength, sweetness, acidity, fruit flavour and tannin content are very crucial to 

produce high quality wine. All these issues have proven to be driving force towards reducing the 

ethanol concentration in wines while maintaining the same fruity flavours in wine (Goold et al., 2017).  

2.3 Ethanol Production/Modification 

Researchers and wine makers have been focussing on targeting this problem by using various 

strategies of reducing ethanol concentration in wine. Wine is mainly produced in two ways,  

spontaneous wine fermentation, where large diversity of microbes such as non-Saccharomyces yeast 

(Candida, Cryptococcus, Hanseniaspora (Kloeckera), Metschnikowia, Pichia and Rhodotorula) which 

are indigenously present on the grapes slow initiate the fermentation process until the point where 

the ethanol percentage is 3-4% (v/v); after this point dominant strains of Sacchromyces yeast and 

further the alcohol-tolerant strains of Saccharomyces cerevisiae proliferate and dominate the 

fermentation process (Cray et al., 2013). Another way to produce wine is in a controlled setting, in this 

process S.cerevisiae strains are inoculated along with the grape must to initiate the primary 

fermentation process (Jolly, Varela, & Pretorius, 2014), this ensures fast conversion of sugars from the 

grape juice into ethanol, Carbon dioxide and some secondary metabolites. Over the years, S.cerevisiae 

yeast has evolved significantly, it has developed a mechanism which is known as the Crabtree-positive 

carbon metabolism which enables the yeast to efficiently utilize sugar (where the organism prefers 

glucose against fructose) present in the grape juice this increases the ethanol production because due 

to this evolved adaptation S. cerevisiae  is able to generate energy even in fermentative and anaerobic 

conditions of growth (Pfeiffer & Morley, 2014).  

There are 4 major approaches, modification in viticulture practices, strategies to modify pre-

fermentation processing, post fermentation strategies, strategies to implement at microbial level 

during fermentation i.e. S.cerevisiae (Varela et al., 2015).   
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2.3.1 Viticulture practices to reduce alcohol concentration 

One of the most common approach for decreasing the alcohol content in wine is to reduce the sugar 

concentration in the grape berry by increasing the yield. This may be achieved by increasing the bud 

load, selecting a rootstock which would have vigorous growth or by cluster thinning (removal of 

flower/grape clusters), these are rather common practices to improve the yield but before 

implementing these techniques careful assessment has to be carried out to minimize the possible 

negative effects they might have on the wine quality(Novello & de Palma).  

Apart from these obvious processes, vineyard practices which are focused at decreasing shoot vigour 

to achieve smaller berries and clusters, while having high phenol content in the grapes are also proved 

to be useful to reduce the alcohol levels in wine. In such cases high quality berries are acquired whereas 

the sugar saturation is less, these can be implemented by appropriate selection of irrigation, intensity 

of pruning and use of newly developed genotypes (Clingeleffer, 2008). 

Different irrigation systems have been experimented with in previous studies in warm-dry weather 

and (Fernández, Sánchez, Rodríguez, & Lissarrague, 2013) proposed that water application only from 

veraison to harvest is beneficial because it decreases the sugar accumulation in the berry without 

altering the phenol composition and the wine quality in resulting wine.  

Reducing the pruning intensity can be a potential candidate to decrease the sugar levels in the berry, 

because it enhances the bud load and shoot number per vine, thus the bunches spread over a large 

area while having smaller size but have higher phenol levels and can be harvested earlier with lower 

sugar content in them (Clingeleffer, 2008). 

2.3.2 Pre-Fermetation processing to reduce alcohol levels in wine 

Harvesting the berry at a pre-mature stage of development result in lower alcohol levels; however, 

various vegetal aromas and great levels of acid in the finished wine make this approach inappropriate. 

Another method is removal of a certain portion of the fermentable sugar from ripe grapes which is 

followed by alcoholic fermentation which provides with higher quality wine with low alcohol levels, 

this method has undergone various modification which led to development of novel techniques. Some 

of these techniques would help decrease the alcohol levels in the resulting wine, namely, Juice dilution, 

Freeze concentration and fractionation, Enzyme treatment.  

Glucose oxidase is an enzyme which catalyses the oxidation of glucose to gluconolactone in availability 

of oxygen, subsequently, the produced gluconolactone is hydrolysed to gluconic acid. The use of 

Glucose oxidase was proposed by (Villettaz, 1987) and (Heresztyn, 1987), the fermentable sugars in 

grape juice are composed of 50% glucose and 50% fructose (some variation in this percentage is seen 
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due to grape variety, climatic conditions and ripeness), in glucose oxidase treated grape juice the 

glucose content is used up prior to the fermentation and only half concentration of fermentable sugar 

is available for alcoholic fermentation, thus this causes the reduction in alcohol levels in resulting wine.  

Another method is freeze fractionation in which the grape juice is separated into high sugar and low 

sugar fractions by freezing them, this forms a slush. Using an extractor the slush is filtered and the 

volatile components which are responsible for flavour and aroma profile are removed from the high-

sugar fraction this is achieved by using a spinning cone fractional distillation column and later these 

volatile components are added to the low-sugar fraction and this mixture is further fermented to 

produce wine, this ensures that the volatile components are not lost and maintain the quality of the 

wine (Lang & Casimir, 1990). 

Lastly, the simplest way is to use dilution with water to reduce the alcohol concentration. Dilution can 

also be performed by making a mixture or a blend of full-strength wine, partially fermented wine or 

alcohol reduced wine along with fruit juice. One such modification included blending kiwifruit juice 

and grape must to acquire low alcohol wine, similarly red wine can be blended with blood orange juice 

(Maccarone, Nicolosi Asmundo, Cataldi Lupo, Campisi, & Fallico, 1993). Although, dilution may or may 

not decrease the sensory attributes of wine thus special care must be taken to maintain them. 

2.3.3 Post-Fermentation processing to reduce alcohol levels in wine  

Reduction in alcohol levels can also be achieved after the alcoholic fermentation has finished, various 

such techniques have been developed over the years, namely, Thermal Distillation, Membrane 

separation, Extraction processes.  

Within post fermentation processing the most common technique is distillation which can be 

performed thermally with either using evaporators or by distillation column. Traditionally, 

dealcoholisation was performed by evaporating 50-70% of the wine to decrease the alcohol 

concentration under 0.5% v/v. In recent time, distillation is performed using distillation apparatus 

which proved useful for dealcoholisation without increase the wine temperature. Various modification 

to distillation process has been incorporated with reduced processing periods, lower temperature 

systems, improved aroma recovery and many other practices to increase the sensory properties 

(Pickering, 2000). 

Membrane separation uses semi-permeable membranes which separate the alcohol from the 

fermented wine, this technology is used since 1970. Dialysis and reverse osmosis (RO) are 

commercially opted in wine and other beverage production because they provide the benefit of 

working at low temperatures such as 5-10°C, at this temperature there is minimal alteration of taste 

(Schobinger, Waldvogel, & Durr, 1986). In wine industry the most commonly used is (RO) technology 
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it uses a fine porous membrane and alcohol and water are filtered through applying pressure, however 

in some cases, aroma compounds such as esters, organic acid, aldehydes may diffuse with the alcohol 

during filtration (Schobinger et al., 1986; Villettaz, 1987). 

Lastly, using organic solvents such as hexane and pentane wine can be extracted of alcohol. But direct 

extraction poses some risks such as thermal damage, solvent residue, thus the process is avoided in 

commercial systems. In case of liquid-liquid extraction it must be ensured that the solvent used of 

extraction is food safe, most commonly used solvent for direct liquid-liquid extraction is liquid CO2 

(Schobinger et al., 1986). 

2.3.4 Modifications during fermentation to reduce alcohol levels in wine 

During alcoholic fermentation process while energy generation is taking place the yeast produces 

various secondary metabolites, these metabolites (i.e. Ethanol and CO2) prove toxic to other organisms 

in the ferment which are competing against S.cerevisiae (Varela et al., 2012). 

Due to such toxic conditions the growth of other yeast species such as non-Saccharomyces or less 

effective Saccharomyces cannot be employed to reduce the ethanol concentration as they won’t 

survive, rather genetic strategies could be developed to improve the existing dominant strains of 

S.cerevisiae so as to divert the ethanol production during energy metabolism towards some other by-

product such as glycerol (Kutyna, Varela, Henschke, Chambers, & Stanley, 2010). Some of the microbial 

techniques which have been developed to reduce the ethanol production in wine include (i) 

Identification and isolation of Saccharomyces and non-Saccharomyces yeast species which would 

produce low ethanol levels and still have good survival capabilities in toxic fermentation conditions; 

(ii) Low ethanol variants of S.cerevisiae which are developed using adaptive evolution technology; (iii) 

Genetically modified (GM) yeast strains in which the energy metabolism pathway is redirected towards 

production of other metabolites other than ethanol such as glycerol which would decrease the ethanol 

content in the resulting wine significantly.  

2.4 Yeast 

2.4.1 Redirecting Sacchromyces strains from ethanol to glycerol production during 
energy metabolism 

Another technology was to develop strains of Saccharomyces by adaptive evolution, in this specific 

technology the microorganisms are subjected to selective growth conditions so that the proliferation 

rate is significantly reduced, over a period of time cells will start producing random mutations among 

themselves due to error in DNA replication, by chance these mutated strain would have better survival 

capabilities under selective growth conditions, these mutated strains with enhanced capabilities will 

have higher proliferation rate and in a few growth cycles the initial parent strain would be no longer 



 8 

grow because it would be outcompeted by these new mutated strains, there have been several 

experimental reports where S.cerevisiae strains are developed using adaptive evolution for specific 

capabilities such as heat-tolerance (Caspeta et al., 2014), resistance towards toxic conditions (Almario, 

Reyes, & Kao, 2013; Brennan et al., 2015; Kildegaard et al., 2014), cold tolerance (López-Malo et al., 

2015), Specificity towards carbon source (Sanchez et al., 2010; Wisselink, Toirkens, Wu, Pronk, & van 

Maris, 2009; Zhou, Cheng, Wang, Fink, & Stephanopoulos, 2012). Using this technology (Tilloy, Cadière, 

Ehsani, & Dequin, 2015) developed yeast strains with 1.3% reduction in ethanol content in wine and 

41%  increase in glycerol production, this was acquired by imparting osmotic stress over the yeast 

strains using potassium chloride over the strains for 200 successive generations, wherein the yeast 

organism switches its energy metabolism pathway to producing glycerol which is an osmo-protectant.  

These genetics strategies are effective and can be employed to producing wine with low-alcohol 

content with desired flavours, but there is one major drawback to using genetically modified organisms 

for production of wine or other beverages, these products are not readily accepted by consumers with 

wide refusal from developed countries, thus various genetically modified strains with high potential in 

wine making are still not being used (Gross, 2009; Pretorius, 2000). This refusal towards genetically 

modified organisms can pose a problem thus, another approach i.e. using epigenetics can be 

employed. 

2.4.2 Using Non-Saccharomyces strains to alter secondary metabolites 

Non-Saccharomyces strains are usually found during spontaneous fermentations, there microbes are 

present indigenously over vineyards, grape surface and in wine cellar, thus in traditional wine making 

trends these indigenous microorganisms were used to ferment the wine rather than using single 

strains of S.cerevisiae (Díaz, Molina, Nähring, & Fischer, 2013). This technology ideal if various non-

Sacchromyces strains are to be targeted but this technology poses a few risks such as; (i) Reproducing 

same results in different vintage of wine is difficult, (ii) Stuck ferments, (iii) no control over flavours 

and other sensory attributes in resulting wine (Jolly et al., 2014). In such ferments, non-Sacchromyces 

species such as Candida, Cryptococcus, Hanseniaspora (Kloeckera), Metschnikowia, Pichia and 

Rhodotorula proliferate initially but as the ethanol concentration increases in the ferments these 

strains are outcompeted by dominant S.cerevisiae strains, thus a fine balance between these both is 

very crucial for desired results.  

2.5 Genetic Modification 

Gene modification techniques are used to make targeted changes in the genome, these changes are 

intended to redirect yeast carbon metabolism from producing ethanol other end points. However, the 

choice of endpoint is restricted to components which would complement the wine composition and 
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not degrade it. Some reports suggested successful manipulation of the glycerol/ethanol ratio in yeast, 

which led to production of increased glycerol which may not have adverse effects on wine quality.  

2.5.1 Glycerol 3-phosphate dehydrogenase (GPD1 and GPD2) mutants 

One of the gene modification approaches was to increase the glycerol production by increasing the 

expression of GPD1 and GPD2 genes (Cambon, Monteil, Remize, Camarasa, & Dequin, 2006). This 

approach showed promising results, the glycerol yield was increased significantly, but this also 

depended on yeast strain, medium and fermentation conditions. In this experiment it was observed 

that increase in glycerol concentration decreased the ethanol production, because the ethanol yield 

was reduced by 35%. Although the ethanol was reduced, the NAD+/NADH ratio was destabilized 

because of increase in NAD+ which is reduced by aldehyde dehydrogenase, but this resulted in higher 

accumulation of acetate in the resulting wine thus degrading the quality. Thus, for successful 

application of GM yeast it is required to develop GDP yeast mutants which would avoid excessive 

production of unwanted metabolites (Kutyna et al., 2010).  

2.5.2 Alcohol dehydrogenase (ADH) mutants  

In yeast fermentation alcohol dehydrogenase play a major role by stimulating the reduction of 

acetaldehyde to ethanol, by genetically modifying the yeast organism by deleting their ADH genes the 

ethanol production can be reduced. Because this would ensure reduction in oxidation of NADH; thus, 

reducing the NAD+ and the increased concentration of NADH in the cell will be compensated by 

increased production of glycerol, however the increased glycerol might also reduce the energy 

production in the cell. One such report was given by (Ciriacy, 1975; Johansson & Sjöström, 1984) where 

they made yeast mutants which lack ADH1 and have shown reduced alcohol concentration along with 

increased glycerol production. Genetically modified yeast has been very promising over the years, but 

this trend has slowly decreased because GM products have a negative belief and thus consumers avoid 

GM products. In this scenario, epigenetics can be a promising substitute to genetic modification.  

2.6 Epigenetics 

Epigenetics refers to somatically heritable changes in gene expression that are not caused due to 

alterations in DNA sequence, but due to changes in chromatin structure. These changes could occur 

due to regulation of gene expression, due to post-translational modification of amino acids in histone 

proteins, methylation of DNA sequence, remodelling of chromatin structure or due to microRNAs  

(Herceg, 2007; Holliday, 1990; Hullar & Fu, 2014). 
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2.6.1 DNA methylation 

The most widely studied epigenetic mechanism is DNA methylation, it is where cytosine residues are 

methylated. DNA methylation is one of the most crucial bodily mechanism, because it causes 

regulation of gene expression by influencing DNA packaging and chromatin structuring in correlation 

with histone modification. DNA methylation is a chemical process where methyl (CH3) from S-adenosyl 

methionine is transferred to 5th position of cytosine residue.  

2.6.2 Histone modification 

In accordance to DNA methylation, modification of N-terminal histone tails takes place, which is very 

important for regulation of gene expression. Histone tail modification occurs due to a vast array of 

modifications such as methylation, ubiquitination, sumoylation, ADP-ribosylation, acetylation etc. 

These modifications are catalysed by various enzymes such as acetyltransferases (HATs), histone 

methyltranferases (HMTs), histone deacetylases (HDACs) and histone demethylases (HDMs). 

2.6.3 Non-coding RNAs 

Recent reports suggest that non-coding RNA (nc-RNA) have an important role in epigenetic 

modification of gene expression, some of the major epigenetic mechanisms carried out are X-

chromosome inactivation, DNA imprinting, Transposon silencing, in some cases non-coding RNAs also 

influence DNA methylation (Shankar, Kanwal, Candamo, & Gupta). 

There are various factors due to which epigenetic modification could occur in a living cell. 

2.6.4 Epigenetic modification due to environmental factors  

There are several environmental factors which could cause abnormal changes in epigenetic pathways, 

also epigenetic mechanisms could be triggered by living cells as a stress response mechanism for 

certain chemicals. There are reports suggesting epigenetic modification due to factors such as metal 

exposure (Methylmercury, Chromium, Arsenic, Nickel and Cadmium), exposure to environmental 

contaminants (Trichloroethylene, Trichloroacetic acid etc), Air pollution, Persistent organic pollutants 

(POPs), Dioxin etc (Baccarelli & Bollati, 2009). 

2.6.5 Epigenetic modification due to dietary phytochemicals 

In past 20 years there have been many reports suggesting dietary phytochemicals which are found in 

vegetable and fruits are responsible for epigenetic modification. These phytochemicals were primarily 

known for their chemo-preventive and antioxidative properties but now they are also reported to 

cause epigenetic modifications. Some of the phytochemicals showing epigenetic modifications are 
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Apigenin, Green tea polyphenols, Genistein, Soy isoflavones, Indole-3-carbinol, Curcumin, Lycopene, 

Organosulfur compounds, Sulforaphane and many more (Shankar et al.). 

Various epigenetic modifiers are used to increase or decrease gene regulation to treat various diseases 

in humans, although the use of epigenetic modifiers in food and beverage industry is very prominent 

and their benefits are still unknown, thus our research revolves around the use of epigenetic 

modification on yeast cell (Saccharomyces cerevisiae) to redirect its energy metabolism from ethanol 

to production of different secondary metabolites so as to acquire wine with lower alcohol 

concentration.  
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Chapter 3 

Materials and Methods 

Chardonnay grape juice was used for setting ferment, four different test samples were considered in 

triplicates which consisted Chardonnay grape juice in 500ml Schott bottles. These samples consisted 

of control (250ml grape juice), Test Sample A (250ml grape juice + 0.025-gram benzoic acid), Test 

Sample B (250ml grape juice + 0.5-gram benzoic acid), Test Sample C (250 ml grape juice + 0.1-gram 

curcumin). Commercially available Yeast culture (Saccharomyces cerevisiae EC118) from LALVIN® was 

used which was initially added to 200ml for enumeration and later 25 g was added to each sample. All 

the samples were incubated at 25 ± 1°C for 12 days, The progress of fermentation was monitored by 

weighing the fermentation flasks over a period of 12 days i.e. day 1, 2, 4, 6, 8 and 12, the CO2 released 

during fermentation process causes weight loss in the fermentation flasks over the period of 12 days 

and constant reading is weight of the flasks indicates that the fermentation has stopped (Appiah-

Nkansah, Zhang, Rooney, & Wang, 2018). Sampling of each ferment was carried out for further 

proteomic analysis which were frozen at -20°C. The individual ferments were stored under 

refrigeration i.e. 4°C for further biochemical analysis.  

3.1 Chemicals 

Nicotinamide adenine dinucleotide (NAD), Glutamate oxaloacetate transaminase (GOT), Coenzymes 

(ATP/NADP), G6PDH (Gluconate-6-phosphate dehydrogenase)/HK (hexokinase enzyme), PGI 

(Phosphoglucose isomerase enzyme) from VINTESSENTIAL® LABORATORIES, 

NADH/ATP/PEP(phosphoenolpyruvate), PK(pyruvate kinase)/L-LDH(L-lactate dehydrogenase) from 

MEGAZYME®. 

3.2 Determination of Malic acid  

For malic acid determination in the fermented grape juice commercially available kit-based assay from 

VINTESSENTIAL® LABORATORIES was used. 

3.2.1 Assay description 

Test samples were diluted 100-fold to bring down absorbance A2 lower than 1. All samples, standard 

and blank were prepared in 4mL cuvettes, each cuvette was added with 1000µL Buffer, 900µL Distilled 

water, 200µL nicotinamide adenine dinucleotide (NAD), 10µL glutamate oxaloacetate transaminase 

(GOT), 100µL of sample/standard, expect in blank where the distilled water is 1000µL, all the contents 

of the cuvette were mixed properly and incubated at room temperature (25°C± 2°C)  for 3 minutes, 

after incubation absorbance (A1) was read using UV-VIS spectrophotometer at 340nm. Further 10µL 
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of L-malate dehydrogenase (MDH) was added and incubated at room temperature (25°C± 2°C) for 10 

minutes, after incubation absorbance (A2) was read using SHIMADZU UV-VIS spectrophotometer 

UV-1800.  

3.2.2 Calculation for Malic acid concentrations 

Net Absorbance (AN) for Blank, Standard and Sample assay:  

Net Absorbance, AN = A2-A1 

Standard Corrected Absorbance, AC = Standard AN- Blank AN 

Sample Corrected Absorbance, AC = Sample AN- Blank AN 

L-Malic Acid Concentration (g/L) = AC × 0.4725 × Dilution Factor 

3.3 Determination of pH 

pH for each sample was determined by using SUNTEX SP-701 pH meter by Micro Precision LTD, 

triplicates were prepared for each sample to improve accuracy.  

3.4 Determination of Ethanol Concentration 

Quantitative determination of ethanol in fermented grape juice was performed using Direct injected 

GC method (Wang, Choong, Su, & Lee, 2003). 

3.4.1 Preparation of standards and working solutions 

For quantitative analysis, ethanol standard solution was used to prepare standard curve, these 

standard solutions were obtained from commercial suppliers Scharlau Chemie South Africa (HPLC 

Grade ACS ISO UV-VIS). Prior to analysis, primary standard solutions (20% strength) were prepared in 

deionised water, a secondary standard was prepared in deionised water (2.8% strength) these were 

stored at 4°C.  For GC-FID analysis working standards were prepared by serial dilution method using 

deionised water from the concentrated combined secondary standard, these working standards were 

prepared in duplicates. Using six standards a linear standard curve was prepared for each analyte. 

Table 3.1: Gas chromatography for Ethanol  
 

Analyte Retention time (mins) Calibration Range (%)  Calibration Curve (R2) 

Ethanol 1.93 0.02-0.1 0.9951 
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3.4.2 Sample Preparation 

Each wine sample was diluted 5-fold, this was done by pipetting 0.3mL of wine in to 1.5mL GC sample 

vials and adding 1.2mL of deionised water for dilution. Each sample was vortexed prior to analysis, 1µL 

of each sample was injected into GC. For GC analysis fermented juice samples had to be diluted so that 

overloading of the column could be prevented, also dilution reduces the amount of sugar present in 

the samples which could damage the injection port and ultimately could spoil the GC. Also, dilution 

ensures that the GC would produce sharp peaks and linear responses for each sample because each 

sample as mentioned in the methods has 80% of deionised water.  

3.4.3 GC-FID instrumentation 

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

equipped with an AOC-20i autoinjector and AOC-20s autosampler. GC-solutions version 2.30.00 SU4 

(Shimadzu, Japan) was used as the data acquisition software. The chromatography as performed using 

an HP-Innowax GC column 30.0m x 0.25mm x 0.25 µm film thickness (Polyethylene Glycol-Agilent 

Technologies, USA). 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 at 40:1. The 

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

at 50°C min-1 and held at this temperature for 4 mins. The retention time for each wine sample was 

1.93 mins (Table 3.1) and total run time was 9.30 mins and the FID detector was set at 250°C. 

3.5 Determination of Residual sugar concentration 

Residual sugars were determined using Enzymatic test kit for determination of D-glucose and D-

fructose in Grape juice by VINTESSENTIAL LABORATORIES available commercially. 

3.5.1 Sample preparation 

As per the given protocol all the wine samples were supposed to be diluted to ensure that the 

concentration in the assay solution is not exceeding 1.0g/L. For that purpose all the fermented wine 

samples were diluted, for control and curcumin samples the were diluted 2-fold, whereas for benzoic 

acid (1) the dilution was 10-fold and for benzoic acid (2) the dilution was 100-fold, these dilutions could 

only be achieved by trial and error method where we tried the test with different dilutions which were 

provided in the test kit (i.e. for dry wines dilutions of 1 in 10, for semi-sweet wines dilutions from 1 in 

20 up to 1 in 50 and for dessert wine dilutions of 1 in 100) further appropriate dilutions were selected 

so that the sugar concentration was in range for the test to be valid. 
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3.5.2 Sample analysis 

Initial step was to add Reagent No.2-Coenzymes (ATP/NADP) to Reagent No.1 (Buffer) and the solution 

was mixed by inversion to completely dissolve the contents, this step ensures the activation of Buffer. 

4mL cuvettes were used for sample analysis, in each cuvette 1000µL Reagent No.1 (Buffer/Coenzyme 

mix) + 1900µL Distilled water + 100µL Sample/Standard were added except for blank where Distilled 

water was 2000µL, after addition these cuvettes were mixed well by inversion and incubated at room 

temperature (25°C± 2°C) for 10 minutes, after which absorbance (A1) was taken using SHIMADZU UV-

VIS spectrophotometer UV-1800 at 340nm. Further into each sample cuvette 20µL G6PDH 

(Gluconate-6-phosphate dehydrogenase)/HK (hexokinase enzyme) was added and mixed well by 

inversion and incubated at room temperature (25°C± 2°C) for 10 minutes, after which absorbance (A2) 

was taken using UV-VIS spectrophotometer at 340nm, finally in each sample cuvette 20µL PGI 

(Phosphoglucose isomerase enzyme) was added and mixed well by inversion and incubated at room 

temperature (25°C± 2°C) for 10 minutes, after which absorbance (A3) was taken using SHIMADZU UV-

VIS spectrophotometer  UV-1800 at 340nm. After acquiring all 3 absorbance values for each 

sample the D-Glucose concentration and D-Fructose concentration as calculated using the given 

formulas.  

ABSORBANCE OPTIMIZATION AND CALUCATION FOR D-GLUCOSE: 

Corrected Absorbance:  𝐷 − 𝐺𝑙𝑢𝑐𝑜𝑠𝑒 𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒, 𝐴𝐺 = (𝐴2 − 𝐴1) − (𝐵𝑙𝑎𝑛𝑘𝐴2 − 𝐵𝑙𝑎𝑛𝑘𝐴1) 

𝐷 − 𝐺𝑙𝑢𝑐𝑜𝑠𝑒 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛(𝑔/𝐿) = 𝐴𝐺 × 0.8637 × 𝐷𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 

ABSORBANCE OPTIMIZATION AND CALUCATION FOR D-FRUCTOSE 

Corrected Absorbance:  𝐷 − 𝐹𝑟𝑢𝑐𝑡𝑜𝑠𝑒 𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒, 𝐴𝐹 = (𝐴3 − 𝐴2) − (𝐵𝑙𝑎𝑛𝑘𝐴3 − 𝐵𝑙𝑎𝑛𝑘𝐴2) 

𝐷 − 𝐹𝑟𝑢𝑐𝑡𝑜𝑠𝑒 𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛(𝑔/𝐿) = 𝐴𝐹 × 0.8694 × 𝐷𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 

Finally, total residual sugar concentration was obtained by adding D-Glucose and D-Fructose 

concentration for each sample.  

3.6 Determination of Glycerol concentrations 

Glycerol content in each fermented grape juice sample was determined using Glycerol GK Assay kit by 

MEGAZYME® available commercially.  
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3.6.1 Sample preparation 

All samples were prepared using 4ml cuvettes, in each cuvette 1900µl distilled water (25°C± 2°C), 100µl 

sample, 200µl buffer, 100µl solution 2 NADH/ATP/PEP(phosphoenolpyruvate) and 20µl suspension 3-

PK(pyruvate kinase)/L-LDH(L-lactate dehydrogenase), expect for blank where distilled water was 

2000µl, all the contents of the cuvette were mixed properly and incubated at room temperature for 4 

minutes (25°C± 2°C), after incubation absorbance (A1) was read using SHIMADZU UV-VIS 

spectrophotometer  UV-1800 at 340nm using UV-VIS spectrophotometer. Further in the same 

cuvettes 20µl of suspension 4 (Glycerol kinase) was added and mixed properly and absorbance (A2) 

was read after 5 minutes of incubation, further after every 2 minutes of interval absorbance was read 

until a constant value is achieved which indicates that the reaction has stopped.  

3.6.2 Calculation for Glycerol concentration 

The absorbance difference (A2-A1) for both blank and sample was determined, the absorbance 

difference of each sample was subtracted from absorbance difference of blank to obtain ΔAglycerol. To 

achieve accurate results care was taken that the ΔAglycerol values should be at 0.100 absorbance units.  

The concentration of glycerol can be calculated as follows:  

𝑐 =
𝑉×𝑀𝑊

𝜀×𝑑×𝑣
× ΔAglycerol   [g/L] 

Where:  

V = final volume [mL] 

MW = molecular weight of glycerol [g/mol] 

ε = extinction coefficient of NADH at 340nm 

   = 6300 [l×mol-1×cm-1] 

d = light path [cm] 

v = sample volume [mL] 

Thus,  

𝑐 =
2.34 × 92.1

6300 × 1.0 × 0.10
× ΔAglycerol [g/L] 

= 0.3421 × ΔAglycerol  [g/L] 
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3.7 Determination of phenolics 

Phenolic content of each fermented grape juice sample was determined by using the method provided 

by (Bajcan, Harangozo, Hrabovská, & Boncíková, 2013).  

3.7.1 Sample preparation and incubation 

Prior to sample preparation 5 diluted standards were prepared which could be used to produce 

calibration curve, these dilutions were prepared to make the concentration of 0.01mg/ml, 0.05mg/ml, 

0.1mg/ml, 0.5mg/ml and 1mg/ml. As per the modified protocol for FOLIN-CIOCALTEU method, 4mL 

cuvettes were used for sample preparation, each cuvette was added with 80µL of sample/standard, 

400µL of Distilled water, 20µL of Folin-Ciocalteu reagent expect for blank where distilled water was 

480µL, all the contents were mixed properly by inversion and incubated at room temperature (25°C± 

2°C)  for 3 minutes. After incubation 240µL of Na2Co3 and 3260µL of Distilled water was added, all the 

contents were mixed properly and were incubated in dark environment for 90 minutes, after which 

absorbance was measured using SHIMADZU UV-VIS spectrophotometer  UV-1800 at 765nm. 

Using the standard values total phenolic content for each sample was calculated.  
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Chapter 4 

Results 

4.1 Determination of Malic acid 

(Table 4.1) shows the malic acid concentration among the control and test samples, triplicates for each 

sample was used to increase accuracy of the test.  

Table 4.1: Malic acid concentration in fermented grape juice samples  

Sample  Replicate Malic Acid g/L Average g/L Standard Deviation  

Control 1 5.05 4.75 0.26 

Control 2 4.58 

Control 3 4.63 

Benzoic acid (1) 1 4.86 4.96 0.38 

Benzoic acid (1) 2 4.63 

Benzoic acid (1) 3 5.38 

Benzoic acid (2) 1 5.43 5.14 0.30 

Benzoic acid (2) 2 5.15 

Benzoic acid (2) 3 4.83 

Curcumin 1 4.96 4.77 0.19 

Curcumin 2 4.58 

Curcumin 3 4.77 

 

4.2 Determination of pH 

(Table 4.2) shows the pH readings for all the fermented samples, the pH was not altered that much in 

case of all the samples, it was slightly lower in case of benzoic acid (2) and control whereas in case of 
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curcumin and benzoic acid (1) it remained higher. Also, there is minimal standard deviation thus 

depicting similar pH values in all the triplicates for each sample.  

Table 4.2: pH of fermented grape juice samples 

Sample  Replicate pH Average Standard 

Deviation 

Control 1 3.16 3.18 0.02 

Control 2 3.19 

Control 3 3.19 

Benzoic acid (1) 1 3.21 3.21 0.01 

Benzoic acid (1) 2 3.22 

Benzoic acid (1) 3 3.21 

Benzoic acid (2) 1 3.17 3.17 0.01 

Benzoic acid (2) 2 3.16 

Benzoic acid (2) 3 3.17 

Curcumin 1 3.21 3.21 0.01 

Curcumin 2 3.22 

Curcumin 3 3.21 

4.3 Determination of Ethanol concentrations 

Gas chromatograph-flame ionisation for ethanol estimation was the most appropriate quantification 

approach for fermented grape juice samples, because the standard error of estimate of this method is 

0.07% (v/v), also gas chromatography determines ethanol individually from wine samples whereas in 

other methods different components from wine may interfere (Stackler & Christensen, 1974). (Table 

4.3 (a) shows the ethanol concentration levels among the control and test samples. From the acquired 

ethanol results it is depicted that ethanol concentration was similar for all test samples and control 

expect benzoic acid (2) which had considerably low levels of ethanol produced in comparison to other 

samples and control, when benzoic acid (2) is compared with control results it shows that the yeast 
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could perform sugar metabolism to a certain extent but at a given point of time the ethanol production 

was suddenly shunted. Table 4.3 (b) shows the potential ethanol levels for each fermented sample, if 

these results are compared we can very well understand that yeast in all the ferments successfully 

used up all the sugar and converted it to ethanol thus, the potential ethanol value in all the test samples 

is very low, whereas in terms of benzoic acid (2) only 65% of sugar was used to convert to ethanol 

whereas 35% remained.  

Table 4.3(a): Ethanol Concentration in fermented grape juice samples 

Sample  Replicate Ethanol Average Standard 

Deviation 

ANOVA 

Control 1 11.4 11.3 0.0 b 

Control 2 11.4 

Control 3 11.3 

Benzoic acid 

(1) 

1 11.7 11.7 0.1 a 

Benzoic acid 

(1) 

2 11.9 

Benzoic acid 

(1) 

3 11.7 

Benzoic acid 

(2) 

1 7.6 7.7 0.2 c 

Benzoic acid 

(2) 

2 7.9 

Benzoic acid 

(2) 

3 7.7 

Curcumin 1 11.3 11.4 0.2 ab 

Curcumin 2 11.3 
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Curcumin 3 11.6 

 

Table 4.3 (b): Potential Ethanol for fermented grape juice samples 

Sample  Replicate Total Ethanol 

(potential + 

real) 

Average 

(potential + 

real) 

Standard 

Deviation 

ANOVA 

Control 1 11.4 11.4 0.03 a 

Control 2 11.4 

Control 3 11.3 

Benzoic acid 

(1) 

1 11.7 11.8 0.18 a 

Benzoic acid 

(1) 

2 12.0 

Benzoic acid 

(1) 

3 - 

Benzoic acid 

(2) 

1 - 11.5 0.50 a 

Benzoic acid 

(2) 

2 11.9 

Benzoic acid 

(2) 

3 11.2 

Curcumin 1 11.3 11.4 0.18 a 

Curcumin 2 11.3 

Curcumin 3 11.6 
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4.4 Determination of Residual sugar 

Table 4.4 (a) and Table 4.4 (b) show the D-fructose and D-glucose levels for each sample respectively. 

In our experiment the benzoic acid (2) samples had very high levels of sugar in them, which can be 

related to the amount of ethanol produced and the potential ethanol amount which could have been 

produced, thus these samples had to be diluted 100-folds to make the quantification valid. The results 

for D-fructose show that Control and Curcumin samples had very similar range of fructose 

concentrations whereas benzoic acid (1) had slightly higher values but benzoic acid (2) had very large 

sugar concentrations. Although the D-glucose levels were very low when compared to D-fructose 

levels, still a similar trend is depicted in D-glucose results as well, where benzoic acid (2) had very large 

levels of D-glucose, also ANOVA shows in both D-fructose and D-glucose benzoic acid (2) was 

significantly different.  

Table 4.4 (a): D-fructose concentration for fermented grape juice samples  

Sample  Replicate Fructose 

(g/L) 

Fructose 

(g/L) 

Average Standard 

Deviation 

ANOVA 

Control 1 0.272 0.3338 0.320 0.044 b 

Control 2 0.2799 0.2955 

Control 3 0.379 0.361 

Benzoic acid 

(1) 

1 1.11 0.968 1.460 0.489 b 

Benzoic acid 

(1) 

2 1.88 1.88 

Benzoic acid 

(1) 

3 - - 

Benzoic acid 

(2) 

1 55.39 - 50 4.4 a 

Benzoic acid 

(2) 

2 55.21 50.37 
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Benzoic acid 

(2) 

3 46.25 46.79 

 

Curcumin 1 0.22 0.243 0.326 0.079 b 

Curcumin 2 0.349 0.335 

Curcumin 3 0.415 0.394 

 

Table 4.4 (b): D-glucose concentration for fermented grape juice samples 

Sample  Replicate Glucose 

(g/L) 

Glucose 

(g/L) 

Average 

(g/L) 

Standard 

Deviation 

ANOVA 

Control 1 0.012 0.027 0.015 0.006 b 

Control 2 0.012 0.012 

Control 3 0.015 0.013 

Benzoic acid 

(1) 

1 0.06 0.008 0.041 0.024 b 

Benzoic acid 

(1) 

2 0.034 0.034 

Benzoic acid 

(1) 

3 0.069 - 

Benzoic acid 

(2) 

1 16.23 - 14.5 1.6 a 

Benzoic acid 

(2) 

2 16.15 14.25 

Benzoic acid 

(2) 

3 13.03 12.86 

Curcumin 1 0.03 0.03 0.026 0.007  b 
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Curcumin 2 0.029 0.012 

Curcumin 3 0.025 0.027 

4.5 Determination of Glycerol concentration 

Glycerol quantification was performed using commercially available kit from MEGAZYME® called the 

Glycerol GK Assay kit, (Table 4.5) shows the glycerol concentration for all the fermented grape juice 

samples. It was observed that the glycerol in control and curcumin samples was similar whereas in 

benzoic acid (1) and benzoic acid (2) the glycerol production has reduced. 

Table 4.5: Glycerol concentration for fermented grape juice samples 

Sample  Replicate Glycerol 

(g/L) 

Glycerol 

(g/L) 

Average 

(g/L) 

Standard 

Deviation 

ANOVA 

Control 1 0.5789 0.5815 0.581 0.008 a 

Control 2 0.5743 0.5791 

Control 3 0.5959 0.5737 

Benzoic acid 

(1) 

1 0.2155 0.2141 0.220 0.008 b 

Benzoic acid 

(1) 

2 0.2196 0.236 

Benzoic acid 

(1) 

3 0.2179 0.2186 

Benzoic acid 

(2) 

1 0.2103 0.2093 0.275 0.156 b 

Benzoic acid 

(2) 

2 0.1943 0.2206 

Benzoic acid 

(2) 

3 0.2216 0.5938 
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Curcumin 1 0.5993 0.6082 0.585 0.029 a 

Curcumin 2 0.5781 0.5993 

Curcumin 3 0.5945 0.5292 

4.6 Determination of Phenolics 

(Table 4.6) shows the total phenol content in all the test samples. By the results it can be attributed 

that phenolics in all the samples was very close and the phenolic content was not very high in any of 

the samples. Phenolic concentration in benzoic (2) and curcumin samples was higher than other 

samples.  

Table 4.6: Total Phenolic concentration for fermented grape juice samples 

Sample  Replicate Phenolics 

(mg/L) 

Phenolics 

(mg/L) 

Average 

(mg/L) 

Standard 

Deviation 

ANOVA 

Control 1 0.271 0.336 0.299 0.036 a 

Control 2 0.270 0.327 

Control 3 0.258 0.329 

Benzoic acid 

(1) 

1 0.239 0.337 0.294 0.040 a 

Benzoic acid 

(1) 

2 0.254 0.321 

Benzoic acid 

(1) 

3 0.292 0.321 

Benzoic acid 

(2) 

1 0.329 0.373 0.351 0.032 a 

Benzoic acid 

(2) 

2 0.334 0.399 
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Benzoic acid 

(2) 

3 0.312 0.356 

Curcumin 1 0.263 0.347 0.331 0.048 a 

Curcumin 2 0.345 0.389 

Curcumin 3 0.284 0.357 
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Chapter 5 

Discussion 

This study dealt with the effects of using dietary epigenetic modifiers on yeast (Saccharomyces 

cerevisiae) during fermentation of Chardonnay grape juice. Our control and all test samples were 

prepared with the same amount of grape juice and commercial yeast starter culture, apart from this 

setup each test sample ferment was added with dietary epigenetic modifier. The fermentation was 

running for 12 days after which biochemical analysis was performed to assess the effect these dietary 

modifiers have on the resulting wine. Biochemical analysis assessed various components of wine, 

namely, malic acid concentration, wine pH, total phenolic content, Glycerol concentration, Ethanol 

concentration and the non-metabolised sugar or residual sugar after fermentation is complete.  

 

5.1 Determination of Malic acid: 

Malolactic fermentation (MLF) is a secondary fermentation that occurs while the alcoholic 

fermentation has come to an end. Malolactic fermentation is a deacidification process because it 

converts dicarboxylic L-malic acid (malate) to monocarboxylic L-lactic acid (lactate) (Liu, 2002). Once 

Saccharomyces cerevisiae uses all the sugars during alcoholic fermentation the yeast population 

drastically reduces after which Lactic acid bacteria (LAB) grow to perform Malolactic fermentation 

(MLF), also organic acids such as malic acid have a positive effect on the organoleptic properties of 

wine, when these acids are in balance with other wine components, they impart a sour-sweet flavour 

in wine which is perceived as refreshing sensation to consumers thus making malic acid very crucial in 

wine production (Volschenk, Van Vuuren, & Viljoen-Bloom, 2006), It was evident from the results that 

malic acid among all the samples was between 4.75 g/L to 5.14 g/L (Table 2), in our experiment it was 

observed that Control samples and Curcumin samples had very similar malic acid concentrations 

whereas there is upregulation of malic acid production in Benzoic acid (1) and Benzoic acid (2), 

surprisingly the standard deviation among the triplicates is largely distinct in all the samples which 

could probably attributed to difference in environment of each ferment. A possible explanation to this 

could be the effect of acid stress on the lactic acid bacteria imparted because of benzoic acid, it is 

shown by (Nannen & Hutkins, 1991) that lactic acid bacteria struggle to survive at very low pH levels 

thus we could say that the lower pH levels in benzoic acid (1) and benzoic acid (2) depleted the lactic 

acid bacteria populations thus those test samples had slightly higher L-malic acid concentrations. 

Although in our experiment we added a commercial starter culture of yeast, but the lactic acid bacteria 

were only those which were originally from the grape juice thus we never expected large reductions 
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in L-malic acid concentration, thus these higher levels of malic acid could negatively affect the wine 

properties and might require further deacidification process using lactic acid bacteria which are 

incorporated later in the wine samples after alcoholic fermentation is finished which could 

considerably decrease malic acid levels and improve the wine flavours. 

5.2 Determination of pH: 

It was observed that the pH for all the wine samples was highly acidic as it was in the range of 3.17-

3.21, one of the reasons for higher acidity is the grape juice, we use chardonnay grape juice in New 

Zealand and it can be said that cold seasons in countries such as Canada and New Zealand have an 

effect on the grapes imparting increased acidity in them, (Volschenk et al., 2006) proposed that in cold 

countries grapes could comprise 50% malic acid from total acidity in grapes. Being said that, in our 

experiment the benzoic acid (2) test sample was slightly more acidic (table 3) than other samples which 

is not a very large difference about 0.1-0.3 pH units. 

5.3 Determination of ethanol content: 

Alcoholic fermentation has a major role in production of wine, the sugars from grape juice are used up 

by yeast species (S.cerevisiae) to produce ethanol and carbon dioxide, in recent years the ethanol 

percentage in wine have increased this is mainly because to acquire more flavour full wine with 

increased fruity flavour the harvest duration of grapes is increased which increases the sugar content 

in them, thus when fermentation takes place the yeast organism would convert all that sugar into 

ethanol thus increasing the overall ethanol percentage. This has a positive effect on the wine attributes 

but also has an increased risk of health issues arising from consumption of wine having higher alcohol 

percentage. Our study focuses on altering the yeast metabolism to decrease the ethanol concentration 

by increasing production of different secondary metabolites. We performed ethanol quantification 

using GC-FID, it was observed that benzoic acid (2) had significantly lower levels of ethanol produced 

(Table 4), also we went a step further and calculated the potential ethanol that could be produced for 

each sample, it gave us more insight about how the ethanol concentration was reduced. According to 

(Warth, 1988) it was proposed that yeast species are tolerant to such stress components but to a 

limited extent of concentration. They observed that when yeast cells were proliferated in presence of 

benzoic acid the fermentation was stimulated but only when the concentration of benzoic acid was 

below the minimum inhibitory concentration (MIC), also there was no reduction in cytoplasmic pH, 

but as the benzoic acid concentration increases inside the yeast cells above the MIC there is full 

inhibition in growth of yeast population because the cell capacity to handle the influx of undissociated 

benzoic acid is exceeded. The growth is stopped because of inhibition of glycolysis due to acidification 

of cytoplasm (Warth, 1988). In our study, this could the probable reason for reduction in ethanol 

concentration in benzoic acid (2), the yeast produced around 65% of ethanol but at a certain stage 
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when the minimum inhibitory concentration of yeast cells for benzoic acid exceeded the yeast 

population might have declined and ethanol production was shunted at this point in the fermentation.  

5.4 Determination of residual sugar: 

Grape sugars are majorly composed of fructose and glucose, these sugars arise from the berry and 

their sum makes up 75% of total sugar content in grape juice (Composition of Sugars, Organic Acids, 

and Total Phenolics in 25 wild or cultivated berry species), thus when wine is made from grapes the 

major concern is conversion of these simple sugars into ethanol, higher the level of sugar in the berry 

higher is the ethanol concentration in the resulting wine, in this scenario Saccharomyces cerevisiae 

plays a major role because it rapidly performs conversion of sugars to ethanol and carbon dioxide 

(Goold et al., 2017). We quantified the residual sugar concentration in our fermented grape juice 

samples to correlate the results from ethanol estimation. Residual sugar estimation showed that D-

glucose levels were very low (Table 7) in general for all the samples when compared to D-fructose 

(Table 6) levels this can be attributed to the Crabtree-positive carbon metabolism which is an adaptive 

behaviour of Saccharomyces cerevisiae for better utilization of sugar for energy metabolism the 

S.cerevisiae would prefer D-glucose over D-fructose, thus the D-glucose levels are far lower than D-

fructose levels as the organism would eat up all the D-glucose first and then start using D-fructose 

sugar (Pfeiffer and Morley, 2014). Also it was evident that sugar levels in benzoic acid (2) test samples 

were higher in both D-glucose and D-fructose which can be correlated to the Ethanol concentration 

results (Table 4) where the Ethanol was significantly lower and thus this could be another reason to 

base our hypothesis that yeast population declined at a certain point of time in the fermentation setup 

as the benzoic acid level exceeded the minimum inhibitory concentration.  

5.5 Determination of glycerol: 

Glycerol is one of the most important secondary metabolites produced during alcoholic fermentation 

by yeast. It is proven by many previous reports that glycerol production is dependent on various factors 

such as yeast strain type, growth media and also the processing used to acquire grape juice (Radler & 

Schütz, 1982). Glycerol is produced from dihydroxyacetone phosphate, which is first reduced to 

glycerol-3-phosphate via glycerol-3-phophate dehydrogenase (GPDH), further conversion of glycerol-

3-phosphate to glycerol takes places. In our study glycerol results (Table 8) shows that glycerol 

production was quite similar in all the samples apart from benzoic acid (1) and benzoic acid (2). It can 

also be observed in ANOVA that control samples are related to curcumin samples and are significantly 

different from benzoic acid (1) and benzoic acid (2) test samples. Glycerol-3-phosphate dehydrogenase 

is responsible for glycerol production during alcoholic fermentation, this enzyme is encoded by GPD1 

and GPD2 (Remize, Cambon, Barnavon, & Dequin, 2003), also kinase HOG1 is another component 

responsible for glycerol production in case of osmotic stress on the yeast cells. GPD1, GPD2 and HOG1 
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all are crucial for glycerol production, in our experiment the epigenetic modifier benzoic acid might 

have imposed stress over the yeast cells due to which the function of these glycerol producing genes 

might have been impaired leading to decreased levels of glycerol in bezoic acid (1) and benzoic acid 

(2).  

5.6 Determination of phenolics: 

Wine consists of various phenolic components, these largely originate from the grape berry, phenolics 

in wine have a major role because their concentration in wine affects the organoleptic properties such 

as, bitterness and astringency. Wine phenolics are composed of Flavonoids, Non-flavonoids, 

hydroxycinnamates, hydroxybenzoates, anthocyanins and tannins. In our experiment the wine 

phenolics were estimated using modified Folin-Ciocalteu method, it was observed phenolics were in 

the range of 0.294 – 0.351 g/L wine sample. In our experiment we used white wine variety Chardonnay 

which explains such low levels of phenolics, also, As proposed by (Waterhouse, 2002) wine phenolics 

is highly variable and is dependent of various factors such as grape variety, terroir and how the grape 

juice is processed. It was shown by (Olejar, Fedrizzi, & Kilmartin, 2016) that total phenolic content in 

their control sample was about 0.234g/L, when this figure is compared to our results, our total 

phenolics seem to be higher but this is just a trend among all our triplicates. Also (Lester, Lewers, 

Medina, & Saftner, 2012) have demonstrated that ascorbic acid which is found in all fruits especially 

berries would interfere with the FC reagent, it reduces the FC reagent (polyphosphotungstate-

molybdate) to form blue colour in alkaline pH, thus analysis of total phenolics using Folin-Ciocalteu 

method is not appropriate.  Benzoic acid (2) and curcumin test samples had higher levels of phenolics 

(Table 9). Even after maintaining the same fermentation conditions the phenolic levels were higher 

which ultimately led us to believe that the epigenetic modifier used benzoic acid influences the 

increased level of phenols by imposing stress on the yeast cells. (Rapta et al., 2005) explained in their 

experiment that yeast cells expressed large amounts of secondary metabolites and pigments such as 

carotenoids which have radical scavenging and antioxidant properties when they were grown in 

presence of heavy metals such as Zn2+ and Ni2+. They attributed this to a stress response mechanism 

from the yeast cells and we believe our experiment showed similar results, in case of benzoic acid (2) 

and curcumin the yeast cells expressed higher levels of total phenols, so that the free radicals of 

benzoic acid and curcumin in the fermentation set up could be readily scavenged by the produced 

phenols. To our drawback because of time constrain we could not perform a detailed study about 

which specific phenols were increased, but to provide basis to this hypothesis a phenol specific study 

for identifying and quantifying each phenol would prove beneficial.  
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Chapter 6 

Conclusion 

In our experiment we found large differences in our test samples [i.e. benzoic acid (1) and (2)] in 

comparison to control samples, the reason for all these changes in the biochemicals and the 

composition of resulting wines could be attributed to the dietary epigenetic modifier (benzoic acid). 

Although, curcumin test samples did not show any significant difference in any of the biochemicals, 

thus we could say that curcumin was not affect as an epigenetic modifier, but the low concentration 

of curcumin could also be the reason for no change. Moreover, from the present results we could not 

establish a promising argument about the effect of epigenetic modifier on biochemical changes, 

therefore this research subject requires detailed investigation of the mechanisms involved in 

biochemical changes occurring due to epigenetic modifier and the benefits that could be harboured. 

Also, along with biochemical analysis, detailed proteomic studies can be performed to understand 

which proteins are upregulated or downregulated in their expression because of epigenetic modifier. 

Future perspective of this research could be the development of wine and other fermented beverages 

with low levels of alcohol thus reducing the health issues associated with consumption of high alcohol 

beverages while maintaining the sensory and organoleptic attributes in these fermented beverages so 

as to develop new products which would have higher consumer acceptance.  
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