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1. SUMMARY 

Ten different acid adjustments were performed on samples of a bottled Californian 

Chardonnay wine. The samples, including the unadjusted control, were then 

assessed via the sensory evaluation technique of descriptive analysis. The results 

showed that the sensory attributes of sourness, lemon flavour and saltiness were 

significantly different amongst the samples. The addition of 2 g/L of tartaric acid, 

malic acid or lactic acid significantly increased the perception of sourness. The 

addition of 2 g/L of citric acid significantly increased the perception of lemon flavour. 

The addition of 2 g/L of malic acid significantly increased the perception of saltiness. 

The chemical profile of acids was analysed for the samples and correlated with the 

sensory results. There were strong correlations between sourness and pH or 

titratable acidity, between lemon flavour and pH or titratable acidity, as well as 

between saltiness and titratable acidity or malic acid concentration. 
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2. INTRODUCTION 

2.1. The Definition of Acid Adjustments 

Acid adjustment is a euphemism for acidification or deacidification. Acidification is 

the winemaking process of increasing the acidity in a grape must or wine and is 

common practice in warm wine regions; whereas deacidification is the winemaking 

process of decreasing the excessive acidity of grape juice or wine made in cold or 

temperate wine regions (Robinson and Harding 2015). Since the diverse conditions 

of the growing season and harvest of wine grapes result in a varied chemical matrix 

of must and wine, winemakers practice acid adjustment as one of the means to 

ameliorate and achieve the betterment of must and wine (Boulton et al. 1996).  

 

2.2. The Practice of Acid Adjustments 

The purpose of acid adjustment is rooted in the critical roles of organic acids in wine. 

Organic acids are a major determinant of wine pH which affects the colour, microbial 

stability and chemical stability of wine. Sensorially, organic acids directly impact 

taste, particularly the perception of sourness (Waterhouse et al. 2016). Few studies 

have focused on the sensorial aspects of acidity in wine, especially compared to the 

number of studies on organic acid chemistry of wine. No research has examined the 

impact of acid adjustment on the overall sensory perception of wine. 

 

2.3. The Scope of This Study 

In the practical winemaking world, the chemical aspects of wine acidity are 

considered to be very important and are measured frequently throughout the 

production process (Ribereau-Gayon et al. 2006). Similar to the research field, 

however, very few producers evaluate the sensory properties of wine acidity or the 
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sensory impact of acid adjustment. Winemakers often rely on chemical data or their 

own sensory perception to make decisions regarding acid adjustment. In the wine 

trade, different tasting techniques were developed to detect the level of acidity in 

wine, such as focusing on the salivating effect, but there is a lack of data on the role 

of saliva in tasting (Peynaud 1997). This study provides objective sensory 

evaluations using descriptive analysis in order to demonstrate how different types of 

acid adjustments may impact the sensory attributes of wine. 

 

A Californian Chardonnay was used as it is arguably the most versatile white wine 

grape without a dominant flavour of its own (Robinson et al. 2012); Chardonnay 

tends to show the sensory impact from acid adjustment more readily than more 

aromatic grape varieties. In addition, the Chardonnay sample in this study was 

unoaked with a low percentage of malolactic conversion, rendering a sample with 

fewer uncontrolled variables that may directly affect the sensory effects of any acid 

adjustment. 

 

Acid adjustments were performed in bottled wine samples instead of grape must in 

this study. This is because if the acidity was adjusted prior to alcoholic fermentation, 

the modified pH environment in the grape must may change the behaviour of yeasts 

during alcoholic fermentation, which result in a chain of reactions that can modify the 

sensory profile. Consequently, it would be difficult to evaluate the direct sensory 

impact from different acid adjustments. 

 

The acid adjustments employed in this study reflect the commonly used additives for 

wine acid amelioration, namely, addition of either tartaric acid, malic acid, lactic acid 
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or citric acid to acidify, or adding a base (potassium bicarbonate) to deacidify. All of 

the additives are food-grade permitted agents which may be used during 

winemaking. Other costly, time consuming and less generic methods such as 

deacidification via malolactic conversion or using lactic acid producing yeasts 

Kluyveromyces/Lachancea thermotolerans (Kapsopoulou et al. 2007) are not in the 

scope of acid adjustment in this research, but malolactic conversion as a common 

winemaking practice will be compared. 

 

The acid adjustment practices of commercial winemaking are regulated in most 

countries. An example of the legal limits of acid adjustment by the International 

Organisation of Vine and Wine (OIV) standard are provided in Appendix 1. Based on 

general legal limits and the fact that the total acidity of Chardonnay wine typically 

ranges from 6-9 g/L as gram per litre of tartaric acid (Waterhouse et al. 2016), one 

test in this study will add 2 g/L additive for each type of acid adjustment to represent 

a significant amount of acid adjustment under extreme conditions (about 20-30% 

change of acid profile). The other test will add 1 g/L additive for each treatment to 

represent the “amelioration” of acid (about 10-15% change of acid profile) rather than 

significantly altering the total concentration of acid. 

 

In short, the results and the comparative nature of this sensory study serve to 

answer some hypotheses based on previous studies (Section 3) and to determine 

whether the information from wine acid adjustment can be utilised to make decisions 

during winemaking in order to achieve desired or avoid undesirable sensorial, 

economical and chemical outcomes in the final product (Section 6). 
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2.4. Potential Contribution to the Body of Knowledge 

The results of this study aim to provide reference information to winemaking 

practices. All the industry recommendations based on the analyses and conclusions 

are provided in Section 6. Winemakers can refer to the recommendations by 

weighing and balancing three major considerations in relation to acid adjustment in 

wine: 

a) Sensory: changing sensory outcomes as desired; 

b) Economy: cost-saving without negative impact; 

c) Stability: maintaining or improving stability. 
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3. BACKGROUND AND LITERATURE REVIEW 

3.1. Sensory Perception of Acids 

A comprehensive review of the chemistry and physiology of sour taste in 2007 

provided important discoveries of sensory perception of acids in food products (Da 

Conceicao Neta et al. 2007). Like other tastes detected by the tongue, the taste of 

acid is the psychological interpretation of the physiological response to the 

interaction between chemical stimuli and taste buds (Lindemann 1996; Lindemann 

2001). Taste receptors are bipolar cells which depolarize on contact with acidic 

stimuli, which results in a sour perception at the level of the cerebral cortex 

(Lindemann 1996; Lyall et al. 2001). 

 

Despite much recent research, the transduction mechanisms of sour taste have not 

yet been fully elucidated. For example, the chemical nature of sour taste receptors 

was initially hypothesized to be a lipid-like structure (Koyama and Kurihara 1972) or 

proteins (Beidler 1971). Later, studies identified the nature of acid receptor cells to 

be distinct from those responsible for sweet, bitter and umami tastes. They are 

transient receptor ion channels acting like sensors for sour taste (Ishimaru et al. 

2006; Huang et al. 2006). Importantly, some of these studies were conducted in 

mammals rather than human beings. Thus, the sensory perception of acids in people 

may not be fully explained from a physiological point of view.  
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3.2. The Wine Matrix 

Wine is a complex beverage and the sensory properties related to acidity are 

expressed in two ways: 

1. The wine matrix affects the perception of wine acidity. The perception of acids 

discussed above were mostly studied in simple model solutions (e.g. single or 

multiple organic acids in distilled water solutions). However, thousands of 

compounds exist in wine (Waterhouse et al. 2016) so that even with the exact 

chemical makeup of organic acids, two wines with different non-acid components 

such as ethanol, phenolic compounds, polysaccharides and others can result in 

different perceptions of acidity (Moreno-Arribas and Polo 2009). Alcohol (mostly 

ethanol in wine) for example, is often studied as one of the most important 

components in wine the matrix. It has been observed that an increasing of the 

alcohol content reduced the volatility of aroma compounds in wine (Whiton and 

Zoecklein 2000). 

2. The change in acidity alters the wine matrix, which may subsequently change 

other non-volatile and/or volatile components (Villamor and Ross 2013). It is possible 

that acid adjustment could not only impact the perception of acidity or alcohol, but 

also other sensory properties in wine. Thus, it is hypothesized that for the samples 

with acid adjustments, there are sensory properties, other than sourness and 

alcohol, which differ amongst the samples (Hypothesis 1). 

 

Six acids represent more than 95% of the total acids found in wine: tartaric acid, 

malic acid, citric acid, lactic acid, succinic acid and acetic acid (Waterhouse et al. 

2016). An outlier is the volatile acetic acid which can be responsible for a vinegar-like 

and pungent aroma (Noble et al. 1987). Since acetic acid is not allowed as an 
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additive in wine, it is unlikely that the aromas or flavours of a wine can be altered 

through permitted methods of acid adjustment. Thus, it is hypothesized that for the 

samples with various types of acid adjustment, there is no change in the perception 

of aromas or flavours (Hypothesis 2). 

 

3.3. Winemaking Costs and Wine Stability 

As pointed out in the scope of this study, there are other methods of acid adjustment 

which are more expensive and/or more time-consuming as compared to adding 

additives into a wine. Depending on the concentration of malic acid and bacteria 

strains, biological deacidification methods such as malolactic conversion can usually 

take 17 to 22 days to deplete malic acid in wine (Lallemand Inc. 2015). Even if a 

winemaker relies on ambient bacteria to conduct malolactic conversion, it is more 

costly to choose biological deacidification as compared to adding a base directly into 

a wine because the former requires more time and labour. Applying additives of acid 

or base into a wine is the most cost-saving method of acid adjustment. 

 

Other than the costs, the stability of a wine is a major concern in commercial 

winemaking. As discussed, malolactic conversion is widely practiced as an 

alternative method to direct acid adjustment. As its name suggests, malolactic 

conversion involves lactic acid bacteria to convert malic acid to lactic acid. Although 

the conversion generally results in an increase in pH of around 0.1-0.3 units (Ruiz et 

al. 2012), the slightly higher level of pH should not be a concern since malolactic 

conversion achieves more microbial stability. On the other hand, acid adjustments 

with additives have their drawbacks. The addition of tartaric acid can increase the 

potential concentration of potassium bitartrate and thus decrease the cold stability of 
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a wine (Waterhouse et al. 2016). Both malic and citric acid can be utilised by lactic 

acid bacteria as an energy source (Hugenholtz 1993). Lactic acid is the only additive 

that does not potentially decrease the stability of a wine. However, it does not 

achieve the same level of complexity such as creating the buttery aroma compound, 

diacetyl, by bacteria via malolactic conversion (Swiegers et al. 2005). 

 

In short, no method of acid adjustment can achieve all the beneficial outcomes. If the 

results of this study can demonstrate the types of acid adjustment which will not 

have a significant impact on the overall perception of the sample wine, then a 

winemaker may consider if those acid adjustments are unnecessary during 

winemaking. It is hypothesized that for the samples with specific types of acid 

adjustment, there is no significant difference in the overall sensory perception 

(Hypothesis 3). 

 

3.4. Acidity in Wine 

Due to the complex nature of wine, there is no instrument or index which can predict 

the true sensory perception of wine acids or how the organic acids influence the 

overall organoleptic properties of a wine. In most cases, winemakers and consumers 

can readily obtain the following analytical data in relation to acidity: the concentration 

of each type of organic acid, pH, and titratable acidity. Their relevance to sensory 

perception is discussed below with further hypotheses made. 

 

3.4.1. Concentration of Each Type of Organic Acid 

The literature is contradictory in terms of whether or not each type of organic acid 

contributes to a different taste. A study on dill pickles demonstrated that all 
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protonated species of a given organic acid are equally sour (Da Conceicao Neta et 

al. 2007). However, in aqueous solutions, the intensities of sour perception of 

organic acids were different. For example, in one study, lactic acid was found to be 

significantly more sour than citric acid (Sowalsky and Noble 1998). Although in other 

studies, citric acid contributed to higher intensity of sour taste (Ough 1962; 

Ganzevles and Kroeze 1987). The conflicting results indicate that the sour 

perception of organic acids is not easily measured or predicted via instrumental 

analysis, especially for a wine product with such a complex matrix. It is hypothesized 

that for the samples with specific types of acid adjustment, the sensory perception of 

sourness is different (Hypothesis 4). 

 

Research in the past also found that different acids can contribute to various levels 

of perception of astringency (Sieber and Chassy 2003), which means that other 

sensorial properties of different types of acidity can be detected in wine. Thus, it is 

also hypothesized that for the samples with specific types of acid adjustment, the 

sensory perception other than sourness is different (Hypothesis 5). 

 

3.4.2. pH 

pH is calculated by the formula pH = -log10[H+] to indicate the concentration of 

hydrogen ions in juice or wine. It can be readily measured and provide crucial 

information to winemakers, because pH influences a broad range of winemaking 

considerations such as the microbiological stability, red wine colour and the 

effectiveness of sulfur dioxide and enzyme additions (Boulton et al. 1996). However, 

there is no linear relationship between pH and the taste of organic acids in wine. 

Early studies showed that both pH and titratable acidity appeared to be important in 
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determining sensory response to sourness (Amerine et al. 1964). The sourness for 

citric, malic and tartaric acids could be related to an interaction of both the titratable 

acidity and pH of the solution (CoSeteng et al. 1989). With the same level of pH and 

titratable acidity, mixtures of binary acids differed significantly in sourness (Norris et 

al. 1984). In addition, different acids of equal weight percent concentrations and pH 

elicit different levels of sourness (CoSeteng et al. 1989). It was shown that sourness 

is independently influenced by concentration, pH and anion species of the acid 

(Sowalsky and Noble 1998), but pH alone did not directly reflect the taste perception 

of acids in wine. It is hypothesized that for the samples with acid adjustments, there 

is no strong correlation between pH and the perception of acidity (Hypothesis 6). 

 

3.4.3. Titratable Acidity 

Titratable acidity measures the total available (bound and free) hydrogen ions in 

solution. It closely approximates but is always less than total acidity – the sum of all 

the organic acid anions in solution (Boulton et al.1996). It was found that the sour 

intensity in model solutions changed with different levels of titratable acidity, but only 

at equal pH (Lugaz et al. 2005). As discussed in the pH section, neither pH nor 

titratable acidity alone could account for the perception of sourness. It is 

hypothesized that for the samples with acid adjustments, there is no strong 

correlation between the titratable acidity and the perception of acidity (Hypothesis 7).  
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3.5. Summary of Hypotheses  

Hypothesis 1 

For the samples with acid adjustments, there are sensory properties, other than 

sourness and alcohol, which differ amongst the samples. 

Hypothesis 2 

For the samples with various types of acid adjustment, there is no change in the 

perception of aromas or flavours. 

Hypothesis 3 

For the samples with specific types of acid adjustment, there is no significant 

difference in the overall sensory perception. 

Hypothesis 4 

For the samples with specific types of acid adjustment, the sensory perception of 

sourness is different. 

Hypothesis 5 

For the samples with specific types of acid adjustment, the sensory perception other 

than sourness is different. 

Hypothesis 6 

For the samples with acid adjustments, there is no strong correlation between pH 

and the perception of acidity. 

Hypothesis 7 

For the samples with acid adjustments, there is no strong correlation between the 

titratable acidity and the perception of acidity. 
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4. METHODOLOGY 

4.1. Wine Sample 

2017 Neyers Vineyards ‘304’ Chardonnay, Sonoma Valley, 14.1% alcohol by 

volume. This 100% Chardonnay was fermented and matured in a combination of 

stainless steel and concrete vessels without any oak influence. Malolactic conversion 

was prevented, but it could not be completely prohibited. The wine completed less 

than 20% of malolactic conversion before bottling. Appendix 8 shows the chemical 

analysis of this base wine for its acid profile. 

 

4.2. Procedures of Acid Adjustments 

The control sample was not treated with any additives. The product information of 

the additives (including price in US dollars) and some key tools is shown in Appendix 

2. For samples with treatments, the additives were added to the sample wine with 

two types of concentrations (g/L as gram per litre) shown below. There were 11 

samples in total: 10 treatments and one control. 

Table 1. Acid Adjustments in Samples 

Addition Tartaric acid Malic acid Lactic acid Citric acid Potassium 
bicarbonate 

Standard A 1 g/L 1 g/L 1 g/L 1 g/L 1 g/L 

Standard B 2 g/L 2 g/L 2 g/L 2 g/L 2 g/L 

 

For each 1 g/L addition, 0.75 g of the pure crystal powder of each acid (except for 

lactic acid) was measured by the scale. Then it was transferred and dissolved into 

the sample bottle containing 750 ml (millilitre) of wine. The result was an addition of 

1 g/L of the target acid. 
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For each 2 g/L addition, 1.5 g of the pure crystal powder of each acid (except for 

lactic acid) was measured by the scale. Then it was transferred and dissolved into 

the sample bottle. The result was an addition of 2 g/L of the target acid. 

 

For 1 g/L of lactic acid addition, 0.707 ml of the 88% lactic acid solution was 

transferred and dissolved into the sample bottle via the combination of 0.5-10 μl and 

200-1000 μl pipettors. For 2 g/L of lactic acid addition, 1.416 ml of the 88% lactic 

acid solution was transferred and dissolved into the sample bottle via the 

combination of 0.5-10 μl and 200-1000 μl pipettors. The calculation is demonstrated 

in Appendix 3. 

 

For deacidification 0.75 g or 1.5 g of potassium bicarbonate (to achieve the addition 

of 1 g/L and 2g/L respectively) was transferred into a glass beaker. Then 200 ml of 

the sample wine was transferred into the beaker from the bottle. After the reactions 

between the potassium bicarbonate and the wine were complete (no visible crystal 

powder in the beaker and no carbon dioxide gas generated), the neutralised wine 

was transferred from the beaker back to the wine bottle to mix with the rest of the 

wine. 

 

4.3. Descriptive Analysis 

4.3.1. Reasons for Using Descriptive Analysis 

Descriptive sensory analyses are the most sophisticated sensory methods and the 

techniques can identify underlying ingredient and process variables (Lawless and 

Heymann 2010). Since the goal of this study is to determine the impact of acidity 

adjustments on sensory perception, descriptive analysis will obtain the desired 
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results: complete sensory descriptions of all sample treatments and whether or not 

there are significant differences of any sensory attribute amongst multiple acidity 

adjustments.  

 

4.3.2. The Procedures of Descriptive Analysis 

The study took place in a classroom in Napa, California, USA. A group of 13 people 

were recruited to become panellists for this study. All were above 21 years old with 

wine tasting experience (panellists background in Appendix 4). They were not aware 

of the identity of the wine samples throughout the study. All the samples were served 

blind with different three-digit codes in random order during the experimental 

sessions. For each session, the serving order was randomised. The key procedures 

of the descriptive analysis are discussed below.  

 

The samples for each session were prepared two hours in advance. The serving 

temperature of the wines were controlled at a constant 10°C. Each ISO tasting glass 

was served with a 50-millilitre sample of wine poured. The panellists were instructed 

to look, smell and then taste the samples for the assessment of each sample. 

 

The panellists were trained in six sessions. Each session took one to two hours. In 

the first two sessions, the panellists generated a vocabulary list to describe the 

samples. In the next four sessions, reference standards were made and were 

smelt/tasted by the panellists. At the end of each training session, the panellists were 

asked to notify any sensory attributes which were different among certain samples 

that were not discussed before. Through the training on reference standards and 

discussions, a vocabulary of 11 sensory attributes were finalised. 
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The final evaluation included two sessions to obtain replicate data. The panellists 

rated the intensity of each of the 11 finalised attributes in line scale for each sample. 

The data design and collection were performed through the cloud-based sensory 

evaluation software RedJade (San José, California). The experimental design in 

software is demonstrated in Appendix 5.  

 

Here is a detailed breakdown of the sensory study sessions: 

Session 1 and 2 

Session 1 was conducted from 5:00 to 7:00 pm, January 14, 2019. Session 2 was 

conducted from 5:00 to 6:30 pm, January 15, 2019. All 11 samples with random 

serving orders were evaluated by the panellists during the two sessions. The 

panellists generated a vocabulary of 54 terms to describe the attributes found in the 

samples. The colour of the samples was described as the same “lemon colour” by all 

panellists for all the samples. Hence it is not included in the vocabulary list. The 

colour was still discussed in the rest of the training sessions. 

 

Session 3 to Session 6 

The dates for the rest of the training sessions were: January 21, 22, 28, 29 in 2019. 

Each session took about one and a half hours. Reference standards of each attribute 

generated from session 1 and 2 were made. The reference standards were smelt 

and tasted by the panellists. Starting from Session 4, the number of attributes were 

narrowed down. The recipe of certain reference standards was adjusted according to 

the consensus of panellists. For example, the reference standard of “tropical fruit” 

was modified from a mixture of pineapple and melon cuttings to pineapple and 
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mango mixture. At the end of session 6, a vocabulary list of 11 attributes was 

finalised: 

Table 2. Attributes for Final Evaluation 

Attribute Reference Standard Definition by Panellists 
Nose: Lemon Freshly cut lemon The smell of fresh lemon 

Nose: Hay Ultra mini hay bales made of dried 

straw 

The smell of hay, dried straw 

Nose: Peach Freshly cut peach The smell of fresh peach 

Nose: Tropical fruit Pineapple and mango cuttings The smell of generic tropical 

fruit 

Palate: Acidity 2 g/L tartaric acid solution The taste of sourness 

Palate: Sweetness Base wine in this experiment spiked 
with 3g granulated sugar 

The sweet perception of fruity 
or off-dry white wines 

Palate: Salty Still mineral water with ¼ tablespoon 

of sea salt 

The saline, salty, mineral 

sensation on the palate 

Palate: Lemon One drop of lemon juice in 2 oz of 

water 

The taste of lemon flavour on 

the palate 

Palate: Hay Ultra mini hay bales made of dried 

straw 

The taste of dried grass, hay 

flavour on the palate 

Palate: Peach Freshly cut peach The taste of peach on the 

palate 

Palate: Tropical fruit Pineapple and mango cuttings The taste of generic tropical 
fruit on the palate 

 

Session 7 and 8 

These two final evaluation sessions invited panellists to evaluate 11 samples (served 

in random orders) per day on February 4 and February 5, 2019. RedJade software 

sent a link to each panellist to log-in the system via laptop computer. The panellists 

were presented with samples with randomly generated three-digit codes by 

RedJade. For each sample to be tasted, the panellist confirmed the code on the 

tasting glass against the code shown on the laptop screen. The panellists rated the 

intensity of each attribute in each sample by clicking on the line scale. In between 
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the samples, there was a break of 45 seconds to cleanse the palate before the 

panellist could move on to the next sample.  

 

4.4. Chemical Analysis 

For each sample, the chemical profile of acidity was analysed by Vinquiry 

Laboratories by Enartis USA (Windsor, California). Since this study treated samples 

with different acid adjustments, the relevant chemical profile consisted of pH, 

titratable acidity, concentrations of tartaric acid, malic acid, lactic acid and citric acid. 

For deacidification by adding potassium bicarbonate, there is no separate 

measurement of the additive as it reacts with the wine and changes its chemical 

formation. pH and titratable acidity were examined in the Results and Conclusions 

section in order to see the effects of deacidification in the sample wine. 

 

4.5. Statistical Analysis 

For all the statistical analysis in this study, programming language R was used in the 

software platform RStudio (https://www.RStudio.com).  

 

Analysis of variance (ANOVA) was performed on the sensory rating data obtained 

from the two sessions of final evaluation. The results of ANOVA will demonstrate if 

there are significant differences in the sensory attributes amongst the samples with 

different acid adjustments. 

 

Tukey’s Honestly Significant Difference (HSD) test was performed to determine the 

means of sensory rating scores that significantly differ from each other. For any 

attribute that was significantly different amongst the samples, Tukey’s HSD test 
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reflected which sample(s) were significantly different from the others in terms of that 

particular sensory attribute. 

 

To summarize visually the overall impact on sensory perception from different acid 

adjustments, a recent CVAS R-package was used to perform Mixed Assessor Model 

– Canonical Variate Analysis (MAM-CVA). CVA uses the raw sensory descriptive 

analysis data to create linear combinations of the data set variables to maximize the 

variance between samples to variance within samples ratio explained (Heymann and 

Ebeler 2016), and MAM corrects the “scaling effect” which is the heterogeneity of 

panellists in terms of individual variances of scoring (Peltier and Schlich 2016).  

 

Correlation analysis was performed to determine if there were any correlations 

between sensory attributes and chemical parameters. “Heat maps” were generated 

in order to provide visual demonstration of the correlations. 
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5. RESULTS AND CONCLUSIONS 

5.1. Overview of Results 

In this section, abbreviations are used according to Appendix 6. The results are 

analysed and discussed with conclusions made. Table 3 presents an overview of this 

section.  

Table 3. Overview of Results and Conclusions  

Hypothesis Supported? Test 
Method 

Conclusion 

1. For the samples with acid 
adjustments, there are sensory 
properties, other than sourness 
and alcohol, which differ 
amongst the samples. 
 

Supported ANOVA 1. Acid adjustments can 
have a significant impact 
on sensory perceptions 
other than sourness and 
alcohol. 

2. For the samples with various 
types of acid adjustment, there is 
no change in the perception of 
aromas or flavours. 
 

Rejected ANOVA 2. Acid adjustments can 
have a significant impact 
on the perception of lemon 
flavour. 

3. For the samples with specific 
types of acid adjustment, there is 
no significant difference in the 
overall sensory perception. 
 

Supported MAM-CVA 
bi-plot 

3. Specific methods of acid 
adjustment did not 
significantly impact the 
overall sensory perception. 

4. For the samples with specific 
types of acid adjustment, the 
sensory perception of sourness 
is different. 
 

Supported Tukey’s 
HSD test 

4. The addition of 2 g/L of 
tartaric, malic or lactic acid 
resulted in an increased 
perception of sourness. 

5. For the samples with specific 
types of acid adjustment, the 
sensory perception other than 
sourness is different. 
 

Supported Tukey’s 
HSD test 

5. The addition of 2 g/L of 
citric or malic acid resulted 
in increased perceptions 
other than sourness. 

6. For the samples with acid 
adjustments, there is no strong 
correlation between pH and the 
perception of acidity. 
 

Rejected Correlation 
analysis 

6. The perception of acidity 
are strongly correlated with 
pH or titratable acidity. 

7. For the samples with acid 
adjustments, there is no strong 
correlation between the titratable 
acidity and the perception of 
acidity. 
 

Rejected Correlation 
analysis 
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5.2. Conclusion 1: Acid Adjustments Can Impact Sensory Perceptions 

Beyond Sourness and Alcohol 

Hypothesis Supported? Test 
Method 

Conclusion 

1. For the samples with acid 
adjustments, there are sensory 
properties, other than sourness 
and alcohol, which differ 
amongst the samples. 
 

Supported ANOVA 1. Acid adjustments can 
have a significant impact 
on sensory perceptions 
other than sourness and 
alcohol. 

The results of a three-way ANOVA of each attribute by RStudio are presented in 

Appendix 7. Only the attributes that are significantly different amongst the samples 

are presented here in Figure 1 for further discussion.  

Figure 1. ANOVA Results 

 

 

 

(“n” as the number of panellists = 13, “k” as the number of samples = 11) 
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For each of the three sensory attributes, there were significant differences amongst 

the samples at a confidence level of 0.999 (α=0.001)  

 

The ANOVA results showed that the panellists are significantly different from each 

other in terms of the way the rating scale was used. This is normal in sensory 

studies, as every panellist may use different parts of the scale to formulate their 

determinations. The absolute scale values are not important. It is the relative 

differences amongst products that provide valuable information (Lawless and 

Heymann 2010). 

 

For the salty attribute, the interactions between the panellists and the wine samples 

were significantly different at a confidence level of 0.99 (α=0.01). In order to examine 

if this was the cause of the significant difference of salty attribute amongst the 

samples rather than the interaction effect, a pseudo-mixed model was performed in 

RStudio: 

Figure 2. Result of Pseudo-mix Model 

 

As a result, the salty attribute is still significant amongst the samples despite the 

interaction effect. 

 

As illustrated in the methodology (Section 4), the panellists are asked to notify any 

sensory attributes that were significantly different in between certain samples if those 

attributes were not discussed before. Whenever such attributes were brought up by 

panellists in the training sessions, the corresponding reference standards will be 
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made. The panellists will use the reference standards to evaluate if certain samples 

had high intensity of such attributes. 

 

There was no discussion on the perception of alcohol throughout this sensory study. 

No panellist pointed out that the perception of alcohol was significantly different in 

between any of the samples in any training session. Considering the final vocabulary 

of attributes (Table 2), the alcohol could be perceived as sweetness (reference 

standard: base wine in this experiment spiked with 3 grams granulated sugar). Even 

so, the perception of sweetness is not a significant attribute as shown in the ANOVA 

results (figure 3). This means that acid adjustments did not impact the perception of 

alcohol in this sample.  

 

Figure 3. ANOVA Results of Sweetness Attribute 

 

 

The ANOVA results showed that there are sensory properties other than sourness 

and alcohol that differ amongst the samples. Thus, Hypothesis 1 is supported. More 

than one attribute was impacted by the different acid adjustments. The three 

attributes that are significantly different amongst the samples are: 1. Palate_Acidity 

(sourness); 2. Palate_Lemon (lemon flavour) 3. Palate_Salty (saltiness).   
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As pointed out in the literature review (Section 3.2), the nature of wine as a complex 

matrix may bring about a chain of results just by changing a single parameter in 

wine. This study proved that even though many sensory attributes which were rated 

in the final evaluation sessions did not show significant differences amongst the 

samples, there were attributes, other than just sourness or alcohol, which were 

affected by different acid adjustment methods. Winemakers need to be aware of the 

potential multi-aspect alterations in the sensory profile of similar unoaked 

Chardonnay wines with common types of acid adjustment. 
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5.3. Conclusion 2: Acid Adjustments Can Have Impact on Flavours 

Hypothesis Supported? Test 
Method 

Conclusion 

2. For the samples with various 
types of acid adjustment, there is 
no change on the perception of 
aromas or flavours. 
 

Rejected ANOVA 2. Acid adjustments can 
have a significant impact 
on the perception of lemon 
flavour. 

  

As shown in Table 2, the aromas of lemon, hay, peach and tropical fruit smelt by the 

nose in front of the glass were evaluated. The ANOVA results did not show 

significant difference amongst the samples for any aroma attribute based on the 

smell. However, the lemon flavour on the palate showed significant difference 

amongst the samples. Therefore, Hypothesis 2 is rejected. 

 

It can be concluded that although the lemon aroma on the nose did not show 

significant difference amongst the samples, the lemon flavour on the palate did. In 

addition, saltiness is another significant attribute on the palate other than the 

sourness and lemon flavour. Such observations are examined further in the following 

subsections. 

 

5.3.1. Acid Adjustment Can Impact Lemon Flavours 

In theory, all the so-called “flavours” are volatile compounds which are detected by 

the olfactory epithelium through the retro-nasal olfactory pathway and are defined as 

retro-nasal flavours. In contrast, the aromas detected by purely smelling the wine are 

perceived by the ortho-nasal olfactory pathway and are defined as ortho-nasal 

aromas (Small et al. 2005). The ANOVA results indicated that there was no 

significant difference amongst the samples for any of the ortho-nasal aromas, but 

some samples showed significant difference(s) for the intensity of retro-nasal flavour 
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of lemon. Since all the acid additives were non-volatile, there was no difference in 

the volatile aroma compounds in any of the samples. There are two possible reasons 

for such results. 

 

Firstly, it is possible that the volatility of specific aroma compounds was modified by 

the change of the acid profile in certain samples. It was observed in yogurt products 

that pH variation had much more influence on yogurt flavour than deodorization and 

impact aroma compound addition (Ott et al. 2000). In wine, it was found that ethanol, 

glucose, glycerol and catechin could significantly impact the volatility of volatile 

compounds (Robinson et al. 2009). The way pH or other acid parameters potentially 

influence volatile compounds, remains to be explored. The change of the acid profile 

in wine certainly impacts the wine matrix, which could subsequently influence the 

volatility of compounds that contribute to lemon aromas. However, this does not fully 

explain why only the retro-nasal lemon flavours were impacted through acid 

adjustments, and not the ortho-nasal lemon aromas.  

 

Secondly, the retro-nasal flavours of lemon may also be influenced by the taste of 

acid. The actual perception of the “taste of lemon on the palate” might be determined 

by the volatile compounds as well as the non-volatile organic acids in food and 

beverage. In this study, the addition of a specific type of acid (2 g/L of citric acid) 

enhanced the perception of lemon flavour on the palate. Section 5.6.1 will explore 

such observation further. 
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5.3.2. Acid Adjustment Can Impact Saltiness 

The salty, saline or mineral perception is a highly debatable topic in the wine 

industry. This is due to the apparent ambiguity of the mineral-like sensation often 

described in wine (Parr et al. 2018). In this study, the panellists reached consensus 

on this attribute with a reference standard (Table 2) and the results regarding the 

salty perception were reproduceable based on ANOVA. 

 

Nonetheless, the findings on the perception of saltiness and lemon flavour in this 

study can be considered together. Both discoveries seem to indicate that the 

addition of specific types of organic acid can create special kinds of psychological 

response via the stimuli on human’s palate. Before such phenomena can be fully 

explained in science, winemakers can use such findings as reference to compare 

with the sensory profile of their own wines. A winemaker should also pay attention to 

the sensations on the palate rather than solely relying on the nose when testing the 

sensory outcomes after acid adjustments. 
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5.4. Conclusion 3: Not All Acid Adjustments Impact the Overall Sensory 

Perception 

Hypothesis Supported? Test 
Method 

Conclusion 

3. For the samples with specific 
types of acid adjustment, there is 
no significant difference in the 
overall sensory perception. 
 

Supported MAM-CVA 
bi-plot 

3. Specific methods of acid 
adjustment did not 
significantly impact the 
overall sensory perception. 

 

To present a visual demonstration of the significant sensory attributes and their 

relations to the samples, a MAM-CVA bi-plot was generated via RStudio. The bi-plot 

shows how the samples were positioned against each other considering all three 

significant sensory attributes together. 

 

Figure 4. MAM-CVA Bi-plot 

 

(n = 13, k = 11) 
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The MAM-CVA bi-plot shows how different the samples are in relation to these 

sensory attributes. The three vectors with red lines and arrows represent the 

significant attributes. The samples are positioned in the plot with blue colour letters 

and circles. The black lines with “+” sign link the samples which are overall not 

significantly different from each other.  

 

Considering all three significant sensory attributes together, the samples are 

separated into two distinct groups based on the positive and negative sides of the x- 

axis (x-axis explains 80.5% of the variables, so that the x-axis drives more significant 

trends as compared to the y-axis): one group consists of “Control”, “Lactic_1”, 

“Citric_1”, “Deacid_1” and “Deacid_2”; the other group consists of “Tartaric_1”, 

“Tartaric_2”, “Malic_1”, “Malic_2”, “Lactic_2” and “Citric_2”. The groupings based on 

all the significant sensory attributes suggest that there is no significant difference in 

the overall sensory perception in each group. Thus, Hypothesis 3 is supported. 

 

Based on Figure 4, deacidification by adding 1 g/L or 2 g/L of potassium bicarbonate 

had no significant impact on the overall sensory perception to this California 

Chardonnay. This suggests that winemakers may not achieve any significant 

alteration in overall sensory quality by using potassium bicarbonate to deacidify 

similar wines. Considering deacidification lowers the anti-microbial properties of 

sulfur dioxide (Ribereau-Gayon et al. 2006), a winemaker needs to understand that 

deacidification may have no impact on sensory perception and can contribute 

negative results to wine stability.  
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The bi-plot also shows that the acidification by adding 1 g/L of lactic acid or citric acid 

did not significantly affect the overall sensory perception of the Chardonnay. As 

discussed in the Background and Literature Review (Section 3.3), citric acid can be 

metabolised by lactic acid bacteria (Hugenholtz 1993). Lactic acid can be produced 

through malolactic conversion which generates more complexity (such as getting 

more buttery aromas) than direct addition (Swiegers et al. 2005). Neither type of acid 

addition can improve sensorial or chemical qualities in the sample.  

 

Even if the addition of 1 g/L or 2 g/L malic acid can change the overall sensory 

perception, this type of acid additive is unstable due to the potential spoilage from 

metabolising malic acid by lactic acid bacteria. For winemakers, it is proved that 

tartaric acid as the major acid in wine is preferred for acidification in most 

winemaking practices (Fowles 1992; Ribereau-Gayon et al. 2006). Thus, the addition 

of either 1 g/L or 2 g/L tartaric acid is a more desired way of changing the overall 

perception of the sampled Chardonnay.  
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5.5. Conclusion 4: Tartaric, Malic or Lactic Acid Addition Can Increase 

Sourness Perception 

Hypothesis Supported? Test 
Method 

Conclusion 

4. For the samples with specific 
types of acid adjustment, the 
sensory perception of sourness 
is different. 
 

Supported Tukey’s 
HSD test 

4. The addition of 2 g/L of 
tartaric, malic or lactic acid 
resulted in an increased 
perception of sourness. 

 

The ANOVA results show that there were significant differences amongst the 

samples in terms of sourness, lemon flavour and saltiness. However, the ANOVA 

does not tell exactly which sample pairs were different. The Tukey’s HSD test shows 

how each type of acid adjustment may or may not result in significant sensory 

differences amongst the samples. 

 

In the Tukey’s HSD test, the minimum significant difference (MSD) determines if 

there is any significant difference between specific samples. For example, in terms of 

sourness, if the difference between the mean scores of Tartaric_2 and Deacid_2 is 

higher than the value of MSD, this determines that the sourness between the two 

samples are significantly different. The “groups” column uses lettered coding to 

illustrate the results: if any two groups share the same letter, they are not 

significantly different in terms of the Palate_Acidity attribute. 
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Table 4. Tukey’s HSD test on Palate_Acidity attribute 

Palate_Acidity mean groups 
Tartaric_2 64.92308 a 
Malic_2 60.57692 ab 
Lactic_2 59.34615 abc 
Citric_2 56.84615 abcd 
Malic_1 55.38462 abcde 
Tartaric_1 53.53846 abcdef 
Citric_1 45.15385 bcdef 
Lactic_1 42.80769 cdef 
Control 40.61538 def 
Deacid_1 39.15385 ef 
Deacid_2 37.26923 f 
MSD = 16.730 

(n = 13, k = 11, α=0.05) 

 

As a result, for the taste of sourness: 

• The “Control” sample is only significantly different from the treatments of 

“Tartaric_2”, “Malic_2” and “Lactic_2”.  

The three treatments contributed to a significantly different sensory perception of 

sourness. Thus, Hypothesis 4 is supported. It can be concluded that the addition of 2 

g/L of tartaric acid, malic acid or lactic acid significantly increased the perception of 

sourness in the samples. 

 

According to Table 4, only adjustments of 2 g/L tartaric acid, malic acid or lactic acid 

additions resulted in significantly higher levels of sour taste. Since the titratable 

acidity of the Californian Chardonnay sample is 5.52 g/L (Appendix 8), an addition of 

2 g/L of any type of additive to the samples is a significant amount of adjustment and 

would result in more than a 20% increase in the acid profile. An addition of 1 g/L of 

any acid additives or 2 g/L of potassium bitartrate or citric acid did not result in 
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significant change to the sourness in the samples. The two main possible reasons 

behind such results are discussed below. 

 

Firstly, different organic acids contribute to different degrees of sourness as 

perceived by people. As described in Section 3, the literature reported different 

results in terms of the ranking of perceived sourness amongst different organic 

acids. However, multiple studies revealed that citric acid was perceived as the most 

acidic compared to tartaric acid, when selected acids were added into samples with 

equimolar concentrations (Ough 1963; Makhlouf and Blum 1972; Lugaz et al. 2005). 

Those findings contradict the results of this study, in that the addition of 2 g/L citric 

acid has the least impact on increasing the perceived sourness as compared to the 

additional of 2 g/L of tartaric acid, malic acid or lactic acid. In fact, the 2 g/L citric acid 

addition did not significantly increase the sour taste against the control sample. 

Therefore, different organic acid species may contribute different intensities of 

sourness, but the ranking of perceived sourness of those acid species differ from 

one sample solution to another. 

 

Secondly, wine contains complex chemical compounds which cause a matrix effect 

on the perception of acidity. One of the most recognised matrix effects comes from 

the buffer capacity of wine. This may cause a non-linear alteration in the acid 

chemical profile. As revealed by the chemical analysis (Appendix 8), an increase in 

titratable acidity did not always correspond to a proportional decrease in pH. Such 

phenomenon reflects the buffer capacity, which is defined as the efficiency of a 

buffer to resist change in pH. Previous studies found a positive correlation between 

buffer capacity and sour taste (Noble et al. 1986), but it might differ in other model 
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solutions. Nonetheless, buffer capacity might have caused resistance to a significant 

increase or decrease in sourness perception in the samples. 

 

Other wine compounds may influence the perception of sourness too. Wine is a 

complex mixture consisting of indigenous components and those obtained by 

fermentation and/or ageing (Moreno-Arribas et al. 2009). Even if this study chose an 

unoaked Chardonnay with a minimal degree of malolactic fermentation, matrix 

effects cannot be ignored. For example, it was found that there is a masking 

interaction between sugar and acid (Noordeloos and Nagel 1972). In the Californian 

Chardonnay used in this study, the flavour compounds, ethanol and the buffer 

capacity discussed above may play important roles to the contribution of the final 

perception of sourness. Early research found that at threshold concentrations, citric 

acid was considered to be the least sour and tartaric acid the most acidic in model 

solutions (Pangborn 1963). This observation was partly in line with the results of this 

study in that the addition of 2 g/L of citric acid did not significantly increase the 

sourness perception. 

 

For practical winemaking, it is important to consider the costs of production as 

discussed in the Background and Literature Review (Section 3.3). According to 

Appendix 2, the costs of the additives for this experiment in decreasing order: 

potassium bicarbonate > lactic acid > tartaric acid > malic acid > citric acid. Since the 

addition of 2 g/L tartaric acid, malic acid or lactic acid can significantly improve the 

sourness perception, the less expensive tartaric acid and malic acid might be desired 

to save costs.  
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Lastly, winemakers should also consider the stability of a wine. Tartaric acid and 

lactic acid are more microbially stable than malic acid. Thus, if a wine is prone to 

microbial spoilage, tartaric or lactic acid should be the preferred additive to 

significantly increase the perception of sourness. On the other hand, the addition of 

tartaric acid may increase the potential risk of forming tartrate crystals in cool 

conditions. If a wine has a tendency to form potassium bitartrate crystals, the 

addition of malic acid or lactic acid is a better solution to increase the sourness. 
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5.6. Conclusion 5: Citric or Malic Acid Can Impact Sensory Perceptions 

Beyond Sourness 

Hypothesis Supported? Test 
Method 

Conclusion 

5. For the samples with specific 
types of acid adjustment, the 
sensory perception other than 
sourness is different. 
 

Supported Tukey’s 
HSD test 

5. The addition of 2 g/L of 
citric or malic acid resulted 
in increased perceptions 
other than sourness. 

 

Table 5. Tukey’s HSD test on Palate_Lemon attribute 

Palate_Lemon mean groups 
Citric_2 65.84615 a 
Lactic_2 61.19231 ab 
Tartaric_1 59.69231 ab 
Tartaric_2 59.38462 ab 
Malic_2 56.34615 ab 
Malic_1 53.69231 abc 
Citric_1 51.65385 abc 
Lactic_1 51.11538 abc 
Control 46.92308 bcd 
Deacid_1 39.11538 cd 
Deacid_2 35.5 d 
MSD = 15.450 

(n = 13, k = 11, α=0.05) 

 

As a result, for lemon flavour: 

• The treatment of “Citric_2” is significantly different from the “Control” sample. 
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Table 6. Tukey’s HSD test on Palate_Salty attribute 

Palate_Salty mean groups 
Malic_2 42.76923 a 
Lactic_2 33.38462 ab 
Malic_1 32 ab 
Tartaric_1 31.80769 ab 
Tartaric_2 29.69231 ab 
Citric_2 27.07692 b 
Control 23.65385 b 
Lactic_1 22.84615 b 
Citric_1 22.38462 b 
Deacid_2 22.23077 b 
Deacid_1 19.15385 b 
MSD = 14.338 

(n = 13, k = 11, α=0.05) 

 

As a result, for saltiness: 

• The treatment of “Malic_2” is significantly different from the treatments of 

“Citric_2”, “Control”, “Lactic_1”, “Citric_1”, “Deacid_2”, “Deacid_1”.  

 

Based on Table 5 and Table 6, the sample with an addition of 2 g/L citric acid gave a 

significantly higher lemon flavour perception to the panellists, while the sample with 

an addition of 2 g/L malic acid gave a significantly higher saltiness perception to the 

panellists. The sensory perceptions of lemon flavour and saltiness were increased by 

specific types of acid adjustment. Thus, Hypothesis 5 is supported. 

 

5.6.1. Citric Acid Addition Increases Lemon Flavour 

In the past, the “citric” or “citrus” taste of non-volatile organic acids was described by 

panellists in some studies (Meilgaard 1975; Gardner 1977). It is highly possible that 

in this study, the panellists detected significantly different intensities of lemon flavour 

due to the different acid content or matrix in samples. More research needs to be 
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conducted to examine this observation, but considering citric acid is abundant in 

lemon, it is possible that a higher concentration of citric acid can make people feel 

that they taste more lemon flavours. Such observation corresponds to the 

discussions in Section 5.3.1 and 5.3.2, that the ortho-nasal versus retro-nasal 

perceptions can be significantly different. 

 

Table 5 indicates that even if only the nose can detect the volatile compounds in 

wine, non-volatile compounds such as citric acid detected on the palate may trigger 

psychological responses in the form of the perception of lemon flavour. Winemakers 

may do more trials on adding citric acid in wine and see if such methods can 

consistently improve the lemon flavour on the palate. 

 

5.6.2. Malic Acid Addition Increases Saltiness 

Since the only variability amongst all the sample treatments was the adjustment in 

acidity, it is possible that certain acid matrices can contribute to a higher level of salty 

sensations in the Californian Chardonnay sample. According to Table 6, an addition 

of 2 g/L malic acid contributed significantly more to a salty taste. In a previous study 

using other white wine samples, minerality was highly associated with malic acid, 

tartaric acid, and titratable acidity (Heymann et al. 2013). It appears that malate (or 

malic acid) could contribute a more overt perception of minerality (not defined with 

consensus) at certain concentrations in some white wine samples. More evidences 

and data are needed to prove these assumptions through future studies. 

Nonetheless, a winemaker may check if a higher level of malic acid tends to 

contribute to a higher perception of saltiness. 
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It is necessary to point out that the sensory attributes beyond sourness created by 

direct additions of acid or base are limited. The more time consuming and less 

predictable methods of acid adjustment such as biological deacidification are still 

desired for creating flavour complexity other than lemon flavour or saltiness. As 

mentioned in the Background and Literature Review (Section 3.3), the biological 

deacidification methods such as malolactic conversion was proved to significantly 

modify the sensory profile due to aromatic by-products produced by microbial 

activities (Swiegers et al. 2005). Thus, if a winemaker can manage malolactic 

conversion well without the concern on time or labour availability, the direct addition 

of acid or base is less likely to be an effective method for flavour complexity. 
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5.7. Conclusion 6: Strong Correlations Between Perception of Sourness and 

pH or Titratable acidity 

Hypothesis Supported? Test 
Method 

Conclusion 

6. For the samples with acid 
adjustments, there is no strong 
correlation between pH and the 
perception of acidity. 
 

Rejected Correlation 
analysis 

6. The perception of acidity 
are strongly correlated with 
pH or titratable acidity. 

7. For the samples with acid 
adjustments, there is no strong 
correlation between the titratable 
acidity and the perception of 
acidity. 
 

Rejected Correlation 
analysis 

 

The chemical analyses of all samples from Vinquiry Laboratories by Enartis USA are 

presented in Appendix 8. The acid profile analysis include pH, the concentrations of 

titratable acidity as expressed in g/100mL, the concentrations of malic acid as 

expressed in mg/100mL, the concentrations of citric acid as expressed in g/100mL, 

the concentrations of lactic acid as expressed in mg/100mL and the concentrations 

of tartaric acid as expressed in g/100mL. 

 

Correlation Analysis 

To demonstrate the correlations between the sensory data and the chemical 

parameters of the samples, a heat map was generated via RStudio. According to the 

Pearson’s correlation coefficient value chart, the critical value of correlation 

coefficient R-critical (“df” as degree of freedom = k-2 = 9, α=0.05) is 0.602. Any R 

value shown on the heatmaps (Figure 5, 6, 7) higher than the R-critical value 

indicates the values of the two subjects are highly correlated. 
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Figure 5. Correlation Between Palate_Acidity and Chemical Data 

 

(n = 13, k = 11, df = 9, α=0.05) 

 

Figure 5 demonstrates that the Palate_Acidity attribute and pH are highly and 

negatively correlated (R-value: -0.79); The Palate_Acidity attribute and titratable 

acidity are highly and positively correlated (R-value: 0.88). There are strong 

correlations between the perception of acidity and pH or titratable acidity. Thus, 

Hypothesis 6 and Hypothesis 7 are rejected. 
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5.7.1. Using Chemical Data to Predict Sensory Outcomes 

The potential correlations between lemon flavour and chemical data of acidity are 

examined by correlation analysis shown in Figure 6.   

 

Figure 6. Correlation Between Palate_Lemon and Chemical Data 

 

(n = 13, k = 11, df = 9, α=0.05) 

 

Figure 6 demonstrates that the Palate_Lemon attribute and pH are highly and 

negatively correlated (R-value: -0.91); The Palate_Lemon attribute and titratable 

acidity are highly and positively correlated (R-value: 0.92).  
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The potential correlations between saltiness and chemical data of acidity are 

examined by correlation analysis shown in Figure 7. 

 

Figure 7. Correlation Between Palate_Salty and Chemical Data 

 

(n = 13, k = 11, df = 9, α=0.05) 

Figure 7 demonstrates strong and positive correlation between the Palate_Salty 

attribute and titratable acidity (R-value: 0.68) as well as between the Palate_Salty 

attribute and malic acid concentration (R-value: 0.74). 

 

In previous studies, effort had been taken to model the acid index in order to predict 

the taste of acidity. It was estimated that the acid taste in wine is dependent primarily 

on total, or titratable acidity, secondarily on pH, and most indirectly on the total buffer 

concentration (Plane et al. 1980). Based on Figure 6 and Figure 7, the sourness and 

the lemon flavour of wine are strongly correlated with pH and titratable acidity. Figure 

7 showed that saltiness is highly correlated to titratable acidity and malic acid 

concentration. If such correlations are consistently shown in other Chardonnay wines 

with similar chemical matrices or even in other styles of wine with very different 
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matrices, then it can be concluded that the chemical data on acidity can be used as 

a reference to guide the final sensory impact of acid adjustment. 

 

Table 7. Summary of Sensory and Chemical Data 

Chemical 
Components 

Level of Chemical 
Components 

Sensory Attributes Intensity of 
Perception 

pH Low Sourness High 

pH Low Lemon Flavour High 

Titratable Acidity High Sourness High 

Titratable Acidity High Lemon Flavour High 

Titratable Acidity High Saltiness High 

Malic Acid High Saltiness High 

 

A complete experiment of descriptive analysis usually takes one month or longer. 

This sensory study took one month to complete all the experimental procedure. The 

total costs of descriptive analysis were about US$2000.00 (excluding chemical 

analysis). The chemical analysis took less than 3 working days with a cost of 

US$1079.10. Thus, although descriptive analysis can provide the most precise and 

comprehensive information on the sensory profile of wine, it is generally more costly 

and time consuming than chemical analysis regarding the subject of acidity and acid 

adjustment.  

 

If the measurement of pH, titratable acidity and concentration of specific organic acid 

can always predict the intensity of certain sensory attributes summarised in Table 7, 

it will be more economical and convenient for winemakers to model the sensory 

outcomes from acid adjustment using the relevant chemical data in the future. 
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6. INDUSTRY RECOMMENDATIONS 

The results of this study show that the rather straightforward acid adjustments in a 

bottled wine may give dynamic results on sensory perception. By using the rigorous 

sensory method of descriptive analysis, the results aim to provide reference points 

for winemakers as shown below. All the industry recommendations are based on the 

sample wine used in this experiment only. 

 

6.1. Winemakers Can Use Acid Adjustments to Influence Sensory Perception 

to Preference 

Based on Conclusion 1 and 2, the perception of sourness, lemon flavour or saltiness 

was significantly increased by acid adjustment methods in this study. According to 

Conclusion 4 and 5, if any of the three sensory attributes are desired in the industry, 

winemakers can employ the addition of 2 g/L of tartaric acid, malic acid or lactic acid 

to increase the perception of sourness, the addition of 2 g/L of citric acid to increase 

the perception of lemon flavour or the addition of 2 g/L of malic acid to increase the 

perception of saltiness.  

 

Even the debatable perception of saltiness was used as a positive attribute by 

producers such as Golan Heights winery to describe its Yarden Rosé 

(https://www.golanwines.co.il/en/item/yarden-rose/). Should attributes such as 

sourness, lemon flavour or saltiness be preferred by the producer and/or the 

consumers, a winemaker can refer to the information regarding acid adjustments in 

this study to influence the sensory perception towards preference.  
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6.2. Winemakers Can Use Other Acids as Alternatives to Tartaric Acid to 

Achieve Similar or Improved Sensory Outcomes 

According to conclusion 4 and 5, the addition of 2 g/L of tartaric acid can increase 

the perception of sourness. Such results can also be achieved by the addition of 2 

g/L of malic acid or lactic acid, but not with citric acid. Thus, winemakers can use 

lactic acid or malic acid as an alternative to tartaric acid to increase the perception of 

sourness. A few wineries in Napa Valley such as Dana Estates often uses other 

acids (e.g. malic acid) or a mixture of these acids with tartaric acid for acid 

adjustments because such methods balance the fruitiness and alcohol better in their 

sensory trials as compared to the addition of pure tartaric acid. 

 

Moreover, the addition of 2 g/L of malic acid can increase the perception of saltiness. 

Winemakers can add malic acid to increase the sourness and saltiness at the same 

time if the perception of both high acidity and salty minerality are desired by the 

producer and/or the consumers. 

 

6.3. Addition of Malic Acid is Cost-saving and Maintains Cold Stability 

Based on Conclusion 4 and Appendix 2, the less expensive way of adding 2 g/L of 

malic acid can increase the perception of sourness. The addition of 2 g/L of tartaric 

acid can achieve the same sensory outcomes but this type of acid adjustment 

increases the potential of tartrate crystal formations. Thus, the addition of 2 g/L of 

malic acid can increase the sourness and still maintains the cold stability of a wine. 

Because there is no concern about the cold stability with the addition of malic acid in 

wine, such method can be recommended as an alternative to the addition of tartaric 

acid in a newly made wine before bottling.  
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6.4. Tartaric Acid is the Most Cost-efficient and Microbially Stable Additive 

Although the addition of 2 g/L of malic or lactic acid can increase the perception of 

sourness based on Conclusion 4, neither can be an alternative to tartaric acid due to 

financial or microbial stability considerations in winemaking. Considering the costs of 

acid adjustments, lactic acid as an additive is more expensive than tartaric acid as 

demonstrated in Appendix 2. In terms of microbial stability, neither malic acid nor 

citric acid is stable because both types of acid can be metabolised by bacteria. 

 

Conclusion 3 proved that even the lower level (1 g/L) addition of tartaric acid can 

change the overall sensory perception of the sample wine. As a result, tartaric acid is 

the most cost-efficient additive for acid adjustment without decreasing the microbial 

stability of a wine. 

 

6.5. Winemakers Can Use Malolactic Conversion for More Complexity and 

Microbial Stability 

If lactic acid is desired in wine, malolactic conversion is more costly and time-

consuming than the direct addition of lactic acid. However, the two methods achieve 

completely different sensory outcomes given the chemical matrix. The direct addition 

of lactic acid either did not have impact on the overall sensory perception or 

increased the sourness of the sample wine according to Conclusion 3 and 4. In 

contrast, malolactic conversion can decrease the perception of sourness of a wine 

and create more aroma/flavour complexity as discussed the literature review 

(Section 3.3). 
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The process of malolactic conversion increases the microbial stability of a wine. 

Therefore, if the inclusion of lactic acid suits the wine style and quality, winemakers 

can conduct malolactic conversion to achieve complexity as well as microbial 

stability instead of the direct addition of lactic acid or other permitted additives for 

acid adjustment. 
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6.6. Summary of Recommendations 

As pointed out in Section 2.4, there are three major considerations when a 

winemaker considers the pros and cons of acid adjustment in wine: a) Sensory: 

changing sensory outcomes as desired; b) Economy: cost-saving without negative 

impact; c) Stability: maintaining or improving stability. The industry recommendations 

are summarised in Table 8 based on the three types of winemaking considerations. 

 

Table 8. Summary of Industry Recommendations 

Acid adjustment method Sensory Economy Stability 
Tartaric acid 2 g/L addition ↑ Sourness Low cost ↓ Cold stability 

Citric acid 2 g/L addition ↑ Lemon flavour Low cost ↓ Microbial stability 

Malic acid 2 g/L addition ↑ Saltiness AND 

↑ Sourness 

Low cost ↓ Microbial stability 

Lactic acid 2 g/L addition ↑ Sourness Low cost * No change 

Malolactic conversion More aroma/flavour 

complexity (variable) 

High cost ↑ Microbial stability 

The “↑” symbol refers to “increase”, the “↓” symbol refers to “decrease”. 

* Lactic acid as an additive is usually more expensive than tartaric, citric or malic acid as an 

additive (See Appendix 2). 

 

In summary, not a single method of acid adjustment can achieve all the desired 

outcomes. Whether or not to use these recommendations depends on the specific 

considerations a winemaker has for achieving a particular style and quality of wine. 
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7. FUTURE RESEARCH 

The results both in this study and previous studies indicate that for different wine 

matrices, the sensory profile may be altered in varying ways despite the use of 

similar acid adjustments. Further research is necessary to examine acid adjustment 

for differing wine styles to determine if the results of this study can be more broadly 

applied to other distinct matrices of wine.  

 

As discussed in the sections regarding lemon flavour and saltiness (Section 5.3 and 

5.6), the perception of these two attributes on the palate is difficult to explain at the 

moment. Even the perception of acidity as sourness has not been fully discovered as 

shown in the literature review (Section 3). Future research should explore more 

types of wine samples in terms of recording the specific methods of acid adjustment 

that increase the perception of lemon flavour and saltiness. Such data combined with 

the development of other scientific areas such as neurobiology may help explain the 

mystery of human’s perception of these attributes on the palate. 

 

Regarding the additives used in this study, other than potassium bicarbonate, 

additives such as calcium carbonate are used worldwide for deacidification. 

Alternative additives should be examined in order to determine if the sensory results 

are similar. 

 

This study also demonstrated the possible model of using chemical parameters to 

predict sensory results as shown in Table 7. If there is an increasing amount of 

sensory studies conducted by descriptive analysis in the future, more correlation 

analyses can be done in order to generate models which can use chemical data to 
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predict sensory outcomes. Since most wineries may not be able to perform any 

descriptive analysis on wines, the potential models can help winemakers make 

decisions on acid adjustments in a faster and more predictable way. 
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APPENDICES 

Appendix 1. OIV Legal Limits on Acid Adjustments 

 

Source: List of OIV Admitted Compounds and Their Status as Additives and Processing Aids and 

the Use Levels or Residual Limits. © OIV 2017. http://www.oiv.int/public/medias/5523/list-of-oiv-

admitted-compounds.pdf (last visited: May 14, 2019) 

 

Appendix 2. Additives and Tools for Acid Adjustments 

Additive Supplier Format Price 
Tartaric acid LD Carlson Co. Pure crystal powder USD 11.99 per pound 
Malic acid Hoosier Hill Farm 

LLC 
Pure crystal powder USD 9.33 per pound 

Lactic acid LD Carlson Co. 88% volume by 
volume solution 

USD 30.08 per pound 

Citric acid Alpha Chemicals Pure crystal powder USD 7.99 per pound 
Potassium 
bicarbonate 

LD Carlson Co. Pure crystal powder USD 40.48 per pound 

 

Tool Description 
Scale 8028-series professional digital scale. Accuracy: 0.001g. Capacity: 

100g. 
Pipettor 0.5-10 μl TopPette Scientific Multi-Volume Adjustable Pipettor. Size: 0.5-10 μl 

(microlitre). 
Pipettor 200-1000 μl TopPette Scientific Multi-Volume Adjustable Pipettor. Size: 200-

1000 μl. 
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Appendix 3. Calculation of Lactic Acid Adjustments 

Product: 88% volume by volume lactic acid solution, confirmed with supplier L.D. Carlson. 

Lactic acid density is 1.206 g/mL 

For 1 g/L lactic acid addition, set the volume of lactic acid addition as y (in ml): 

1𝑔
1000	𝑚𝐿

	= 	
88% ∗ 𝑦 ∗ 1.206𝑔/𝑚𝑙

750	𝑚𝑙 + 𝑦
 

Result: y = 0.707 ml 

For 2 g/L lactic acid addition, set the volume of lactic acid addition as z (in ml): 

2𝑔
1000	𝑚𝐿

	= 	
88% ∗ 𝑧 ∗ 1.206𝑔/𝑚𝑙

750	𝑚𝑙 + 𝑧
 

Result: z = 1.416 ml 

 

Appendix 4. Panellists Background  

Prior to this study, all the panellists have been trained with either the WSET 

Systematic Approach to Tasting® or the Court of Master Sommelier tasting grid. But 

in this study, they were instructed to focus on the true sensory perceptions instead of 

using any of the industry tasting system. 

Panellist Code Exact Age Gender Wine consumption* 
1001 27 Female Frequent wine drinker 
1002 52 Male Frequent wine drinker 
1003 29 Male Frequent wine drinker 
1004 28 Male Frequent wine drinker 
1005 23 Male Consume wine occasionally 
1006 32 Male Frequent wine drinker 
1007 31 Female Frequent wine drinker 
1008 28 Female Frequent wine drinker 
1009 25 Female Frequent wine drinker 
1010 30 Female Frequent wine drinker 
1011 43 Male Frequent wine drinker 
1012 22 Female Frequent wine drinker 
1013 43 Female Frequent wine drinker 

*It was instructed in this study that “Frequent wine drinker” is defined as consumer who drinks 
wine on a weekly basis. “Consume wine occasionally” means drinking wine on a monthly basis. 
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Appendix 5. Design of Final Sensory Evaluation Sessions 

Below is an example of the block design of the final evaluation generated by 

RedJade. Number 99 represents a background survey completed by each panellist 

(e.g. number 1001). The three-digit numbers represent the sample servings. 

 

Attribute rating screenshot: 
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Appendix 6. Glossary of Treatments and Attributes 

Term Description of Term 
Control Sample without any acid adjustment 

Tartaric_1 Sample with the addition of 1g/L tartaric acid 

Tartaric_2 Sample with the addition of 2g/L tartaric acid 

Malic_1 Sample with the addition of 1g/L malic acid 

Malic_2 Sample with the addition of 2g/L malic acid 

Lactic_1 Sample with the addition of 1g/L lactic acid 

Lactic_2 Sample with the addition of 2g/L lactic acid 

Citric_1 Sample with the addition of 1g/L citric acid 

Citric_2 Sample with the addition of 2g/L citric acid 

Deacid_1 Sample with the addition of 1g/L potassium bicarbonate 

Deacid_2 Sample with the addition of 2g/L potassium bicarbonate 

Judge The panellists participated in this study. 

Rep The replicates conducted in the final sensory evaluation sessions. 

Samples The wine samples. 

Palate_Acidity The taste of sourness. Expressed as “sourness” in the analysis. 

Palate_Lemon The taste of lemon flavour on the palate. Expressed as “lemon flavour” in the 
analysis. 

Palate_Salty The saline, salty, mineral sensation on the palate. Expressed as “saltiness” in 
the analysis. 
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Appendix 7. ANOVA Results 
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Appendix 8. Reports of Chemical Analysis 

Reports of the acid profile analysis of 2017 vintage Neyers Vineyards ‘304’ 

Chardonnay, Sonoma Valley. Laboratory: Vinquiry Laboratories by Enartis USA. The 

report on January 15 shows the chemical parameters of the control sample without 

any acid adjustment. 

 

 

The following analyses are for the samples with acid adjustments: 
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Appendix 9. Research Paper Proposal 

IMW Research Paper Proposal Submission Form  

Student ID 25260 Date of submission Jan 7, 2019 

RPP Version No 8 Name of Advisor Jennifer Simonetti-
Bryan MW 

Note: RPPs must be submitted via your Advisor to the IMW 

Proposed Title 
The impact of acidity adjustments on the sensory perception of a Californian Chardonnay 
 
Research Questions:  Define the subject of your Research Paper and specify the specific research 
questions you plan to pursue. (No more than 200 words) 

Acidity adjustments (acidification or deacidification) are widely used in winemaking worldwide1. No 
published research to date has studied the sensory impact of acid adjustments (other than malolactic 
conversion) on commercially available wines. Thus, this research aims to answer the question: 

• Will acid adjustments have any significant impact on the sensory perception of acid, alcohol, 
certain aromas/flavours and other attributes in a commercially available wine? 

 
Under the regulations of most wine producing counties, winemakers have the choices of adjusting 
acids. This research will use descriptive analysis to study the sensory impact after the addition of 
tartaric, malic, lactic, citric acid and potassium bicarbonate as common acid adjustment methods. The 
different ways of acid adjustment may have various sensory impacts which have not been widely 
studied by rigorous sensory methods. In practical winemaking, those acid adjustments are less costly 
and less labour intensive as compared to methods like malolactic conversion and ion exchange.   
 
Californian Chardonnay will be examined, because it is arguably the most versatile white wine grape2. 
It tends to show winemaking and terroir more readily than perhaps more aromatic or extreme grape 
varieties. The Chardonnay sample will be unoaked and with no or a low percentage of malolactic 
conversion, so that the sample has fewer uncontrollable variables in connection with the direct sensory 
effects of acid adjustments. 
 
Background and Context: Explain what is currently known about the topic and address why this topic 
requires/offers opportunities for further research. (No more than 200 words) 

Past Research 
There is no published paper that examines how the adjustment of acidity affects the sensory attributes 
in commercially available wines. The sensory impact of acids found in wine has been typically studied 
in water solutions3, which demonstrated that sourness is independently influenced by concentration, 
pH and anion species of the acid. With so many different chemical components in wine, the 
concentration change of one type of acid in wine usually has multiple non-linear sensory effects due to 

                                            

1 J. Robinson, J. Harding. (2015). The Oxford Companion to Wine, Fourth Edition. UK: Oxford University Press. 
2 J. Robinson, J. Harding, J. Vouillamoz. (2012). Wine Grapes. UK: Allen Lane (Penguin). 
3 R.A. Sowalsky, A.C. Noble. (1998). Comparison of the Effects of Concentration, pH and Anion Species on 
Astringency and Sourness of Organic Acids. 23: 343–349 
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the matrix effect between different components4. In commercially available wines, published papers on 
the sensory impact of acidity adjustment only focus on the effects of malolactic conversion5,6.  
 
Practical Evaluations of Acidity Adjustment 
Modern winemaking typically involves the acidity analysis of pH, titratable acidity and individual organic 
acids. These analyses only show the chemical aspects of acidity. After acid adjustments, winemakers 
typically rely on their personal palate or chemical data to evaluate the effects. 
But only the most rigorous sensory methods available, such as the descriptive analysis7 to be used in 
this study, can reveal the significant and diverse impacts on sensory perception with adjustments of 
acidity in unoaked Chardonnay wines without malolactic conversion.  Winemakers can check the results 
of this study against their common practices and see if: 

• The results match their own sensory perception and/or what the manufacturers' guidelines say 
on the acid products. 

• The results can encourage them to try cheaper and less labour-intensive acid adjustment 
methods.  

 
Sources: Identify the nature of your source materials (official documents, books, articles, other studies, 
etc.) and give principle sources if appropriate. (No more than 150 words) 

Wine chemistry, sensory and descriptive analysis textbooks & published scientific papers including, but 
not limited to: 

• Lawless, H.T., and H. Heymann. (2010). Sensory Evaluation of Food: Principles and Practices, 
2nd Edition. Chapter 10: Descriptive Analysis. 

• P. Ribéreau-Gayon, Y. Glories, A. Maujean, D. Dubourdieu. (2006). Handbook of Enology, 
Volume 2: The Chemistry of Wine - Stabilization and Treatments. Part One - 1: Organic Acids 
in Wine. 

• R. A. Sowalsky and A. C. Noble. (1998). Comparison of the Effects of Concentration, pH and 
Anion Species on Astringency and Sourness of Organic Acids. Chem. Senses 23: 343-349. 

• A.C. Noble, K.C. Philbrickz and R.B. Boulton. (1986). Comparison of Sourness of Organic Acid 
Anions at Equal pH and Equal Titratable Acidity. Journal of Sensory Studies I: 1-8. 

 
Research Methodology: Please detail how you will identify and gather the material or information 
necessary to answer the research question(s) and discuss what techniques you will use to analyze this 
information. (No more than 500 words) 
Wine sample 
An unoaked Chardonnay with simple/neutral flavours and with no or a low percentage of malolactic 
conversion, so that it has less unnecessary variables in connection with the direct sensory effects of 
acid adjustments.  
 
Acid adjustments 
The permitted maximum amount of acid adjustments in must and in wines vary a lot according to 
different regulations. This research will perform the following acid adjustments to represent two 
winemaking scenarios. Since the total acidity of Chardonnay wines typically ranging from 6-9 g/L as 

                                            

4 M. A. Pozo-Bayón, E. G-Alegría, M. C. Polo, C. Tenorio, P. J. Martín-Álvarez, M. T. Calvo de la Banda, F. Ruiz-
Larrea, M. V. Moreno-Arribas. (2005). Wine Volatile and Amino Acid Composition after Malolactic Fermentation:  
Effect of Oenococcus oeni and Lactobacillus plantarum Starter Cultures. J. Agric. Food Chem., 53: 8729–8735. 
5 F. Sauvageot, P. Vivier. (1997). Effects of Malolactic Fermentation on Sensory Properties of Four Burgundy 
Wines. Am J Enol Vitic. 48: 187-192. 
6 R. López, I. López-Alfaro, A.R. Gutiérrez, C. Tenorio, P. Garijo, L. González-Arenzana, P. Santamaría. (2011). 
Malolactic fermentation of Tempranillo wine: contribution of the lactic acid bacteria inoculation to sensory quality 
and chemical composition. International Journal of Food Science and Technology. 46: 2373-2381. 
7 J.M. Murray, C.M. Delahunty, I.A. Baxter. (2001). Descriptive sensory analysis: past, present and future. Food 
Research International. 34: 461-471. 
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grammes per litre of tartaric acid 8, one test will add 2 g/L additives for each type of acid adjustment to 
represent a significant amount of acid adjustment in extreme conditions (about 20-30% change of acid 
profile). The other test will add 1 g/L additives for each treatment to represent "amelioration" of acids 
(about 10-15% change of acid profile) rather than significantly altering the acids.     

 
Addition Control Tartaric acid Malic acid Lactic acid Citric acid Potassium 

bicarbonate 
Test 1 N/A 2 g/L 2 g/L 2 g/L 2 g/L 2 g/L 
Test 2 N/A 1 g/L 1 g/L 1 g/L 1 g/L 1 g/L 

 
Chemical analysis 
The producer will provide the original wine control acid compositions of pH and titratable acidity. A third-
party laboratory, ETS Laboratories, will provide the accuracy of the chemical compositions including 
the concentration of each type of acid: tartaric, malic, lactic and citric acid. 
 
Sensory analysis 
The most sophisticated sensory method9 - descriptive analysis (DA) will be used to examine the 
significant differences of sensory attributes among treatments. All sessions will use a sensory 
evaluation software RedJade (San José, California). The DA procedures are: 

• Panellists: a group of 12 people will be selected based on previous wine tasting experience. 
They will have participated in beverage sensory studies in the past and/or hold wine 
qualifications with tasting examinations such as WSET Level 3 or above. 

• At least six training sessions will be conducted. In each training session, the panellists will 
evaluate six treatments served randomly blind. A vocabulary list of the sensory attributes will be 
generated by the panel. Each sensory attribute must be agreed upon by all panellists using the 
corresponding reference standard (e.g. lemon peel descriptor with reference standard of actual 
lemon peel). 

• Testing session. All of the samples will be served randomly blind to panellists in triplicates. The 
panellists will rate the intensity (0 to 15 point scale or line scale) of each attribute for each wine 
sample. The subsequent ANOVA analysis will reveal any inconsistencies (e.g. “judge x sample 
interactions” is significant even after pseudo-mixed model)10. The statistical mapping will identify 
which judge(s) were creating such inconsistency, and they will be re-trained. 

• The final measurements will take three sessions. The evaluation format is the same as the 
testing session, plus a background survey on the panellists' tasting experience. 

• Principal Component Analysis (PCA) will show which sensory attributes correlate with which 
sample treatments on the statistical map. Since the control is also present as one treatment, the 
PCA map will reveal the sensory significant impact of each type of acid adjustment against the 
control. 

• The alpha level is set as 0.05 (reaching 95% confidence) for ANOVA and PCA analyses. 
 
Potential to Contribute to the Body of Knowledge on Wine: Explain how this Research Paper will 
add to the current body of knowledge on this subject.  (No more than 150 words) 

• The results of this study will show any sensory impact acid adjustments may have on a 
Californian Chardonnay wine sample. Additionally, it may directionally describe acid perceptions 
and preferences, something no other study has done for California Chardonnay.  

• The results of this study can demonstrate if the addition of citric or malic acid can be an 
alternative to tartaric acid addition for achieving the same or improved sensory results, so that 

                                            

8 A.L. Waterhouse, D.W. Jeffery, G.L. Sacks. (2016). Understanding Wine Chemistry. Wiley. 
9 H.T. Lawless, H. Heymann. (2010). Sensory Evaluation of Food: Principles and Practices, 2nd Edition. New 
York: Springer. 
10 E.S. King, R.L. Dunn, H. Heymann. (2013). The influence of alcohol on the sensory perception of red wines. 
Food Qual. 28: 235-243. 
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winemakers can: 1. Save costs. Tartaric acid is the most expensive acid permitted to be added 
in wines11. 2. Have alternatives to tartaric acid addition in order to avoid the risk of more potential 
tartrate crystal formations. 

• Malolactic conversion can be costly and time consuming. It can also raise the pH to promote 
potential microbial instability. For winemakers who aim for the change of acid perception, if the 
result shows that the direct adjustment of lactic or malic acid can achieve the same sensory 
effect, winemakers can consider acid adjustment methods to save capital without making the 
wine less stable. 

 
Proposed Time Schedule/Programme: This section should layout the time schedule for the research, 
analysis and write-up of the Research Paper and should indicate approximate dates with key 
deliverables. Dates of submission to both Advisors and the IMW must be those specified by the IMW. 

November, 2018: Sourcing the wine sample, food grade organic acids and base. 
December, 2018: chemical analysis of the acids in untreated and treated wines. 
January - February, 2019: Recruiting sensory panellists. Train the panellists in at least six sessions. 
May add more training sessions if necessary. 
March, 2019: Conducting the final evaluation session. 
April, 2019: Completion of the first draft of the paper. 
May, 2019: Review the first draft. Completion of the final paper. 
 

 

 

                                            

11 J. Robinson, J. Harding. (2015). The Oxford Companion to Wine, Fourth Edition. UK: Oxford University Press. 


