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Abstract
Phenolics play a major role in determining the quality of wine. This study focuses on the impact of fermentation 
conditions (varying pericarp content: 0, 5, 7.5, and 10% (w/v); Saccharomyces cerevisiae strain: Montrachet-
UCD #522 and Pasteur Red-UCD #904) on the extraction of phenolics and sensory characteristics of mangosteen 
wine at 30 ± 2°C. The addition of pericarp showed a significant effect on color intensity, but the choice of strain 
of yeast used has no effect. With increasing percentage of pericarp added, the amount of phenolics, tannins, 
and anthocyanins increased, with the highest total phenolic content to be 4,000 mg/L catechin equivalent at  
the end of fermentation. At lower percentage of added pericarp, the yeast induced no apparent difference 
to the sensory characteristics, but at higher percentage the difference was more apparent. Wine with lower  
percentage of pericarp added had higher intensity of mangosteen pulp flavor, whereas wine with higher  
percentage of pericarp has more mangosteen pericarp characteristics. Pasteur Red contributed to a higher degree 
of fruity and floral aroma/flavor, while Montrachet contributed to a more intense body.
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1 Introduction

Phenolic compounds are secondary plant metabolites 
that are found in all varieties of food material. Simple 
phenols, hydroxycinnamic derivatives, and flavonoids 
are the most common phenolic compounds. Fruits such 
as cranberries, apples, grapes, strawberries, pears, etc. 
are known to be major sources of phenolic compounds, 
and these compounds when consumed through fruits, 
vegetables, and beverages have a favorable impact on 
human health [1]. 
 Among beverages, wine is one such beverage 
that is a good source of phenolic compounds. Phenolic 
compounds in wine are classified into two groups: 

non-flavonoids and flavonoids. Hydroxycinnamic 
acid and hydroxybenzoic acid are the non-flavonoid 
compounds while flavanols and their oligomers, the 
proanthocyanidins (generally referred to as tannins), 
anthocyanins, and flavonols make up the flavonoid 
group [2]. Among the flavonoid polyphenols, flavanols 
and anthocyanins are of great importance to red wine as 
they affect the astringency and color of the wine. These 
phenolic compounds affect the overall quality of wine 
due to its impact on color, mouthfeel, and ageability 
[3]. The extraction of phenolics during fermentation  
can be affected by many factors: fermentation  
temperature, pectolytic enzyme treatment, must freezing,  
and extended maceration has reportedly increased the 
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phenolic composition of the finished wine [3]. 
 Wine has complex sensory characteristics that 
can be attributed to many factors such as fruit maturity,  
alcohol content, fermentation techniques, aging, 
phenolic content, etc. Accumulation of anthocyanins, 
tannins, and flavonols during ripening affects the 
taste, color, and mouthfeel of the wine. Condensation 
of monomeric flavan-3-ols to form proanthocyanidin 
(oligomers) and condensed tannin (polymers) affect 
the bitterness of the wine. Monomeric flavan-3-ols 
such as catechins are more bitter compared to their 
oligomers and polymers [4]. Wine components such as 
alcohol, acids, phenolic compounds, and other volatile 
compounds contribute to the taste, aroma, and all other 
sensory perceptions of wine [5].
 However, the yeast used for fermentation can 
contribute to flavors and aromas of wine and also has 
influence on the extraction of phenolic compounds. 
Wine yeast can be purchased in both liquid and dry 
forms.  However, dry yeast is easier for small wineries 
and home winemakers to use. S. cerevisiae UCD#522 
(Montrachet) is popular dry yeast for producing both 
red and white wines and has been widely used in  
enology research. Montrachet conducts vigorous  
fermentation, has good ethanol tolerance, and can ferment  
grape musts and fruit juices to dryness. There is noted for 
producing low volatile acidity, good flavor complexity  
and intensely colored wines [6]. S. cerevisiae 
UCD#904 (Pasteur Red) is rapidly becoming the yeast 
of choice for producing full-bodied red wines which 
produces clean fermentations and has good color  
extraction characteristics [6].
 Although the production of wines from grapes 
and other temperate fruit has a long history. In contrast,  
the production of  wines from tropical fruit is comparatively  
recent and limited but is gaining interest as a means 
to enhance the economic value of tropical fruit crops. 
Wines can be produced from a wide range of tropical  
fruit, although modifications to the winemaking 
process may be required to achieve desirable alcohol 
content and to optimize extraction of phytochemicals 
from fruit pulp to ensure consistent quality [7]–[9]. 
However, the final composition of tropical fruit wine 
and grape wine, especially red wine, is very different.  
Tropical fruit wines lack astringency, as well as color, 
which are sought-after characteristics of red wine. 
While tannin level of many tropical fruits is not 
competing with the levels of tannin in grape berries. 

However, mangosteen (Garcinia mangostana L.) is 
one such tropical fruit that is high in tannins and could 
potentially produce a fruit wine that is astringent. The 
relatively high anthocyanin content of mangosteen 
pericarp also makes it a favorable fruit for red wine 
fermentation. Apart from anthocyanins and tannins, 
mangosteen also contains various other bioactive 
compounds such as phenolic acids, flavonoids, and 
xanthones. Mangosteen is composed of 17% (w/w) 
outer pericarp, 48% inner pericarp, 31% flesh, and  
4% cap. Most of the anthocyanins were found in the outer  
pericarp, while most of the total phenolic compounds  
were found in the inner pericarp [10]. The fruit shell 
or pericarp contains approximately 7–13% (w/w) 
tannins [11]. The predominant type of tannin in  
mangosteen pericarp is proanthocyanidins also known 
as condensed tannins [12], [13]. These characteristics 
of mangosteen along with the fermentation techniques 
contribute to the sensory characteristics of the resulting  
wine.
 Because the sugar content of mangosteen juice is 
generally reported to be below 20°Brix [14], the addition  
of sugar prior to fermentation are necessary to obtain 
sufficient alcohol to ensure desirable organoleptic 
properties and microbiological stability of the wine. 
Minh [15] studied the influence of several winemaking 
factors on mangosteen wine fermentation performance 
and quality including pectinase supplementation, water  
addition, yeast proliferation and yeast ratio, sugar  
addition, and fermentation time. There were also various  
researches done on other fruit wines, but studies on 
mangosteen wine is rare especially studies pertaining  
to the phenolic content. Therefore, the objectives 
of this study are to investigate the impact of adding 
different percentages of mangosteen pericarp on the 
extraction of phenolics and the effect of using two 
different yeast strains on the sensory properties of the 
resulting mangosteen wine.

2 Materials and Methods

2.1  Winemaking

Fresh mangosteens were purchased from a local market 
in Bangkok, Thailand while 65% mangosteen juice 
was purchased from Bee Fruits Brand, Chantaburi, 
Thailand. The mangosteens were washed and peeled. 
The inner pericarp was cut into a small cube (1 cm3) 
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and stored at 20°C. Mangosteen juice was diluted 
with water in the ratio 1:1 (v/v). The diluted juice was  
chaptalized to 22°Brix with granulated cane sugar.  
Frozen mangosteen pericarp was thawed and added into 
the juice with 0, 5, 7.5, and 10% (w/v) of mangosteen  
pericarp, and the pH of the solution was adjusted to 3.5 
using an acid blend (50% malic, 40% citric, and 10% 
tartaric acid) (L.D. Carlson, OH, USA). An addition of 
10% potassium metabisulfite solution was performed 
for all treatments, giving a final concentration of 50 
mg/L sulfur dioxide (SO2). The enzyme pectinase 
(L.D. Carlson, OH, USA) was added to all treatments  
(0.67 g/L), followed by 2 g/L of diammonium  
phosphate (DAP). For each of the individual  
treatments, two strains of the yeast Saccharomyces 
cerevisiae were used (0.25 g/L); Montrachet (UCD 
#522) and Pasteur Red (UCD #904) (manufactured 
by Red Star, Belgium). The impact of adding varying 
percentages of pericarp according to the phenolics 
produced was investigated; eight different treatments 
consists of wines made with 0, 5, 7.5, and 10% pericarp 
and fermented with Montrachet and Pasteur Red (0M, 
0P, 5M, 5P, 7.5M, 7.5P, 10M, and 10P) were performed 
in triplicate. Each five liters of experimental treatment 
was performed in glass container with airlock. The 
treatments were fermented at 30 ± 2°C for 9 days. All 
treatments were sampled once a day at approximately 
24-hour intervals. Samples were vacuum filtered 
through a Whatman paper no. 42 in a vacuum system  
(Diaphragm vacuum pump, model GM-0.5) and 
subsequently frozen at 20°C until analysis. The sugar 
content was measured manually with a refractometer. 
The fermented musts were subsequently pressed and 
filtered, then bottled into 750 mL glass bottles and 
stored at 12°C and left to age for 3 months. 

2.2  Analysis of chemical composition of the finished 
wine

The chemical composition of the finished wine was 
analyzed in triplicate after completion of alcoholic 
fermentation. The ethanol content was measured  
using an ebulliometer (Dujardin Salleron™). The pH 
was measured using a pH meter (Hanna precision 
pH meter, model pH 211). The titratable acidity (TA) 
was measured by titration with 0.1N NaOH (AOAC 
962.12, 1990). The reducing sugar was measured using 
the 3,5-Dinitrosalicylic acid (DNS) assay [16].

2.3  Determination of color measurement

The frozen samples were thawed at room temperature 
and centrifuged at 3000 rpm for 5 min prior to analysis. 
For color measurement, color intensity and hue were 
analyzed in triplicate using T70/T80 series UV/Vis 
spectrophotometer. Color intensity was quantified as 
the sum of absorbance at 420, 520, and 620 nm. Hue 
was calculated as the ratio between absorbance at 420 
and 520 nm.

2.4  Modified Adams-Harbertson assay

The Adams-Harbertson values for total phenolics,  
tannins, and anthocyanins were generated for all samples  
during alcoholic fermentation and finished wine in 
triplicate using the Skogerson-Boulton Model Assay 
Input spreadsheet (Skogerson-Boulton Model Assay 
Input v.1.3) [17].
 For total phenolics, a volume of 75 μL of sample 
and 800 μL resuspension buffer was added to a reduced 
volume cuvette and then mixed and incubated for 10 min  
at room temperature. Samples were read at 510 nm 
to generate a value for the iron-reactive phenolics  
background. Resuspension buffer (875 μL) was used 
as a blank. In the same cuvette, 125 μL of ferric  
chloride solution was added and incubated for 10 min 
at RT. Samples were read at 510 nm to generate a final 
value for the iron-reactive phenolics concentration. An 
875 μL of resuspension buffer with 125 μL of ferric 
chloride solution was used as a blank [17].
 For tannins, the sample volume and model wine 
volume used for tannin determination were generated 
in the total phenolic worksheet. The total volume  
(500 μL) of sample and model wine was mixed with 
1 mL of protein solution and incubated for 15 min at 
RT. Then centrifuged for 5 min at maximum speed to 
form a pellet. Supernatant was discarded from pellet 
then washing buffer (500 μL) was added into the pellet 
and gently inverted the tube then centrifuged for 5 min 
at maximum speed. The supernatant was discarded and 
resuspension buffer (875 μL) was added to the pellet 
then incubated for 20 min without mixing. After 20 min,  
the sample was mixed to resuspend pellet then  
transferred to cuvette and incubated for 10 min at 
RT. Absorbance was read at 510 nm as a background 
tannin. Resuspension buffer (875 μL) was used as a 
blank. In the same cuvette, 125 μL of ferric chloride 
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solution was added and incubated for 10 min at room 
temperature. Absorbance was read at 510 nm as a final 
tannin. An 875 μL of resuspension buffer with 125 μL 
of ferric chloride solution was used as a blank [17].
 For anthocyanins, a volume of 400 μL of model 
wine, 100 μL of sample, and 1 mL of anthocyanin 
buffer were mixed in a reduced volume cuvette and 
then incubated for 5 min at RT. Samples were then read 
at 520 nm. Anthocyanin buffer (1.5 mL) was used as 
a blank [17].

2.5  Sorting technique

A total of 30 panelists (male = 7, female = 23) were 
recruited to participate. Nine samples (8 treatments 
and 1 blind sample) were served to each panelist. The 
panelists were asked to evaluate the samples and freely 
group them based on their similarity and list down a 
minimum of 3 words to describes the characteristics of 
each group. The panelists were also asked to arrange 
the nine samples into at least three groups. The sorting 
technique was carried out in individual booths under 
red light to deter panelists from grouping the samples 
based on color. The samples were randomly served in 
wine glasses covered with a lid and code with 3-digit 
numbers. Drinking water and crackers were provided 
for palate cleansing between each sample. 

2.6  Statistical analysis

Analysis of variance (ANOVA) and Duncan’s Multiple  
Range Test (MRT) were used to discriminate the means 
of the chemical composition between treatments using 
SAS program version 9.4 (SAS Institute, Cary, NC, 
USA). The results from the sorting technique was 
processed through the Analysis Multiple Distance 
Matrices (DISTASIS) [18]–[20] using RStudio version 
1.0.136 (The R Project for Statistical Computing).

3 Results and Discussion

3.1  Chemical compositions

The chemical compositions of wines that had  
undergone different treatment variables (percentage 
pericarp and yeast strains) were determined at the time 
of bottling (Figure 1). The alcohol content [Figure 1(a)]  
of lower percentage pericarp wine samples (0 and 

5%) was higher compared to the alcohol content of 
higher percentage pericarp wine samples regardless 
of the yeast strain used. Also, the strain of yeast used 
did not have a significant effect on the alcohol content  
for all wines with varying pericarp percentages. The 
results indicate that increasing the percentage of  
pericarp slightly increase the acidity [Figure 1(b)] of 
the wine while the application of different yeast strains 
had no effect. For overall reducing sugar content  
[Figure 1(c)], wine fermented with S. cerevisiae 
UCD#522 or Montrachet had lower reducing sugar 
content. This may be due to the difference of efficiency 

Figure 1: The chemical composition of mangosteen 
wines with different pericarp percentages and yeast 
strains used: (a) alcohol content, (b) percentage  
acidity, and (c) reducing sugar content. The same  
letter indicates that there is no significant difference 
(p < 0.05, n = 3).
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of utilization of sugar by Montrachet and Pasteur red 
yeast. Among the wine samples with different pericarp 
percentages, 10% pericarp fermented with Montrachet 
had significantly higher reducing sugar content. The 
reducing sugar content was significantly different  
(p < 0.05) between wines with the same pericarp  
percentages when fermented with different yeast 
strains. Mangosteen pericarp extract is known for its 
anti-bacterial and anti-fungal properties which are  
attributed to its phenolic content [21]. One study  
reported that with increasing phenolic concentration, 
the lag phase of yeast growth is elongated and at a 
certain concentration, phenolic compounds become 
toxic to yeast cells [22]. This property could possibly 
explain the high amount of residual reducing sugar 
left as the inoculated yeast might have been affected, 
leading to lower sugar conversion. The amount of 
sugar content remaining in the wine corresponds to 
the alcohol content of the wine. Wines made from 
10% pericarp had the highest reducing sugar content 
and the lowest alcohol content when fermented with 
Montrachet yeast.
 
3.2  Color

The color intensity and hue during active fermentation for 
each treatment was analyzed using a spectrophotometer.  
The changes in color intensity and hue are shown 
in Figures 2 and 3. Color intensity is the sum of  
absorbance at wavelengths of 420, 520, and 620 nm. 
Wavelength of 420 nm corresponds to yellow-orange 
pigments, 520 nm corresponds to red pigments, while 
620 nm corresponds to blue pigments. Higher values 
of color intensity indicate wines with red color while 
lower values of color intensity indicate white wines. 
Hue is the ratio of absorbance at 420 and 520 nm 
(A420/A520). Higher hue values indicated white 
wine whereas lower hue values indicated red wine. 
From Figure 2, it was found that color intensity values  
increased in the beginning for wine samples with  
pericarp and gradually decreased towards the end 
of the fermentation period. This decrease in color 
intensity corresponds to the decrease in anthocyanin 
content (Figure 6). Generally, the concentration of the 
main pigment anthocyanin reaches an equilibrium, 
after which it can no longer be extracted. The decrease 
in color intensity probably result from the adsorption 
of anthocyanin extracted on to the cell wall during  

fermentation [23]. Moreover, potential degradation  
reactions of anthocyanin include 3-glycoside hydrolysis,  
which has an effect in unstable anthocyanin [24]. 
The destruction of anthocyanin may probably be 
due to the condensation reactions involving covalent  
association of anthocyanin with other flavanols present 
in juice, leading to the formation of a new pyran ring 
by cycloaddition [25]. Chemical compounds derived 
from these condensation reactions are responsible for 
changes in the color of red wine towards brown or 
orange color [26].
 In wine samples with no pericarp, the color 
intensity decreased in the first few hours, after which 
it increased slightly and remained stable until the end 
of the fermentation period. As most of the pigments 
of mangosteen are present in the pericarp, the color 
intensity values were higher in wine samples with 
higher pericarp content while the yeast strain used did 

Figure 2: The change in color intensity of mangosteen 
wines made with different pericarp percentages (0, 5, 
7.5, and 10%) and yeast strains used; Montrachet (M) 
and Pasteur Red (P) during active fermentation (n = 3).

Figure 3: The change in hue of mangosteen wines 
made with different pericarp percentages (0, 5, 7.5, 
and 10%) and yeast strains used; Montrachet (M) and 
Pasteur Red (P) during active fermentation (n = 3).
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not affect the color intensity of the wines.
 In case of hue values, Figure 3 indicated that 
hue values sharply declined in wines with pericarp in 
the first few hours of fermentation, after which they 
remained stable throughout the fermentation period. 
Since hue value is the ratio between absorbance at 420 
and 520 nm, this could mean that extraction of both 
yellow and red pigments increased in the same ratio. It 
was also seen that in the wines with added pericarp that 
the addition of pericarp made little or no difference in 
hue values. However, in wines where no pericarp was 
added, the hue value slightly increased and remained 
stable throughout the fermentation period. Figure 3 
also indicated that among the four wines of different 
pericarp content, the highest hue value is that with 0% 
pericarp which makes it a white wine, while the other 
three wines would be considered more of red wine 
than white. Among the samples, the yeast strain used 
did not affect the hue values. 
 Therefore, in the case of color intensity, varying 
percentage of pericarp made a significant difference, 
whereas the presence or absence of the pericarp  
resulted in the difference in hue values, not the amount 
of pericarp. Yeast strain used did not affect both color 
intensity and hue values.

3.3  Total phenolics

Figure 4 indicated a steady increase in the phenolics 
extracted in the beginning of the fermentation, after 
which they remained stable with a slight decline  
towards the end. With increasing pericarp percentage, 
the extraction rate also increased. The 10% pericarp 
samples showed the highest amount of total phenolic  
content, followed by 7.5% and finally 5%. At the 
beginning of the fermentation period, there was 
little to no difference in the total phenolic content 
between wines made with the same pericarp content 
fermented with different yeast strains. The differences 
disappeared at the end of the fermentation for wines 
with 5 and 7.5% pericarp addition. For wines made 
with 10% pericarp, fermentation using Montrachet 
showed a slightly higher phenolic content. The highest 
phenolic content value measured in this experiment 
was between 4,000–4,500 mg/L catechin equivalent. 
Chaovanalikit et al. [10] reported the total phenolic 
content of mangosteen pericarp to be 6,000–6,500 mg 
gallic acid equivalent (GAE) /100g when extracted 

with acetone. In another study where phenolics were 
extracted using absolute ethanol reported the total phe-
nolics content to be 64.3 ± 3.2 mg GAE/g dry matter 
[27]. The phenolic content extracted in this study is 
lower than that reported by other studies. This could 
be attributed to the compared equivalent phenolic 
which in this study is catechin equivalent and/or the 
solvent used. 
 The polarity of the solvent could affect the extraction  
of phenolic compounds. Phenolic compounds are 
hydrophilic in nature and are extracted more readily 
in polar solvents. On the other hand, polyphenols are 
more soluble in organic solvents which are less polar 
than water [28]. At the beginning of wine fermentation, 
there is no ethanol. However, ethanol concentration 
gradually increases as fermentation progresses until 
it reaches the final concentration of 12–15% alcohol. 
At the end of fermentation, concentration of ethanol 
produced is still very low compared to the extraction 
with acetone and absolute ethanol.

3.4  Tannins

The extraction profile of tannins (Figure 5) shows a 
steady increase in the tannin content for the first few 
days, after which the tannin content starts decreasing 
until the end of the fermentation. Corresponding to the 
total phenolic content, the tannin content is highest 
for wine made with 10% pericarp added, followed by 
7.5 and 5% pericarp added. The use of different yeast 
strains did not produce tangible differences in the tannin  

Figure 4: The change in total phenolic content of 
mangosteen wines made with different pericarp  
percentages (5, 7.5, and 10%) and yeast strains used; 
Montrachet (M) and Pasteur Red (P) during active 
fermentation (n = 3). Data for 0M and 0P were not 
detected.
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content except in the sample with 10% pericarp where 
fermentation with Montrachet produced slightly higher 
amount of tannins.
 In theory, as fermentation progresses tannins along 
with anthocyanins and other phenolics are extracted.  
As anthocyanin concentration increases, the solubility  
and retention of tannins also increase [29]. The 
anthocyanins and tannins then polymerize to form 
polymeric pigments. This phenomenon explains the 
decrease of tannin concentration towards the end of 
the fermentation.

3.5  Anthocyanins

The extraction profile of anthocyanins (Figure 6)  
shows an increase in the first few days of the  
fermentation period, after which there is a steady 
decrease in the anthocyanin content until the end of 
the fermentation period. This result corresponded to 
the color intensity value which also decreased during 
the 5–6 day of the fermentation. Similar to phenolics 
and tannins, fermentation of wines with 10% pericarp  
had the highest amount of anthocyanins. Figure 6 
indicated that the yeast strains did not affect the  
extraction of anthocyanins. In theory, the anthocyanin 
content of the wine increased in the beginning of the 
fermentation until reaching a maximum, after which 
the anthocyanin content slowly decreased until the 
end of fermentation [30]. One study suggested that 
when the anthocyanin content in the wine and in the 
grapes has reached equilibrium, no more anthocyanin 
can be extracted into the wine [31]. There is also a 

possibility that the anthocyanin is re-adsorbed into the 
pericarp and yeast cell walls during fermentation. This, 
along with the formation of polymeric pigment could 
explain the decrease in anthocyanin levels during the 
end stages of fermentation. The highest anthocyanin  
content observed in this experiment was between 
30–35 mg/L malvidin-3-glucoside equivalent.  
Chaovanalikit et al. [10] reported in their study that 
the total anthocyanin in the mangosteen pericarp to be 
180–210 mg cyanindin-3-glucoside/100 g; the method 
used measured anthocyanin equivalent as cyanidin-
3-glucoside while in the current research, anthocyanin  
equivalent is as malvidin-3-glucoside. Red wine  
typically contains about 500 mg/L of anthocyanin 
which is significantly higher than the amount of  
anthocyanin extracted in mangosteen wine. This could 
be due to the fact that the method used measured 
anthocyanin equivalent as malvidin-3-glucoside, but 
the main anthocyanin in mangosteen is cyanidin-
3-glucoside.

3.6  Sorting technique

Sorting task was performed to examine the effect of 
percentage of mangosteen pericarp and yeast strains 
used on the sensory characteristics of mangosteen 
wine. The two-dimensional perceptual map generated  
by sorting could be used to explained 52% of the  
variation in the data (dimension one = 43%, dimension 
two = 9%) (Figure 7). 
 The mangosteen wines could be classified 

Figure 5: The change in tannin content of mangosteen 
wines made with different pericarp percentages (5, 7.5, 
and 10%) and yeast strains used; Montrachet (M) and 
Pasteur Red (P) during active fermentation (n = 3). 
Data for 0M and 0P were not detected.

Figure 6: The change in anthocyanin concentration 
of mangosteen wines made with different pericarp 
percentages (5, 7.5, and 10%) and yeast strains used; 
Montrachet (M) and Pasteur Red (P) during active 
fermentation (n = 3). Data for 0M and 0P were not 
detected.
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into five groups. Overlapping confidence ellipsoids  
indicated that the samples were not significantly  
different (α = 0.05). Group one consists of wines made 
with 0% pericarp with Montrachet and Pasteur Red 
(0M, 0P). Group two consists of wines made with 5% 
pericarp with Montrachet and Pasteur Red yeast (5M, 
5P). Group three consists of wines made with 7.5 and 
10% pericarp with Montrachet (7.5M, 10M). Group 
four consists of a single wine, 10% Pasteur Red (10P). 
Lastly, group five consists of wines made with 7.5% 
pericarp with Pasteur Red (7.5P) and its replicate. 
Wine sample 7.5P was replicated in order to evaluate 
the efficiency and reliability of the panelists. For lower 
pericarp additions (0 and 5%), the groups were based 
on the amount of pericarp added, whereas the 7.5 and 
10% groups were based on the different yeast strains 
used. The difference in sensory characteristics due to 
the varying percentages of pericarp added was evident 
for 0 and 5% mangosteen wines. However, the effect 
of the different yeast strains used was more apparent 
in the wines made with higher pericarp concentration 
(7.5 and 10%). 
 DISTATIS map is a multidimensional scaling 
(MDS) used to analyze several distance matrices 
computed on the same set of objects [18]. The  
proximity between two points reflects their similarity.  
The resulting DISTATIS map (Figure 8) indicated 
which characteristics of the wine are more evident, and 
in which samples. In this map, the attributes that fall 

closest to a dimension are explained by that particular 
dimension. In Figure 8, attributes such as smooth, low 
pungency, medicinal, tropical fruit characteristics, 
mangosteen pericarp, mangosteen flesh, and woody, 
could be explained by dimension one, while attributes 
like floral aroma, body, and alcoholic aroma could be 
explained by dimension two. Figure 8 showed that 
the panelists were able to group the samples with 
similar characteristics together, which indicated that 
the panel’s evaluations are reliable. Figure 8 also 
indicated that 0% pericarp wines (0M, 0P), regardless 
of yeast strains used, had higher mangosteen flesh-like 
characteristics and low pungency, while 7.5M, 7.5P, 
10M, and 10P wines had more mangosteen pericarp-
like characteristics. When no mangosteen pericarp 
was added to the wine, the wine showed mangosteen 
flesh characteristics. With the addition of mangosteen  
pericarp, the pericarp characteristics started to  
overpower mangosteen flesh characteristics. However, 
at higher pericarp percentages (7.5M, 7.5P, 10M, and 
10P) the differences due to the amount of pericarp was 
only slightly different, while the sensory differences  
due to the different yeast strains used was more  
apparent. Wines with higher pericarp content were also 
perceived to be more woody and medicinal. 
 This could be attributed to the compounds present 
in the pericarp. Mangosteen pericarp has high phenolic 

Figure 7: Perceptual map of mangosteen wine made 
with different pericarp percentages and yeast strains 
used, at 95% confidence interval.

Figure 8: DISTATIS mapping of the sensory  
characteristics of mangosteen wine samples.
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content, and the phenolic content of wine is a major 
contributor to wine flavor and aroma. The Adams-
Harbertson assay revealed that mangosteen wine is rich 
in phenolic content (Figure 4). These compounds react 
with different yeast metabolites [32] and with each 
other to form different compounds. Yeast metabolism 
during fermentation produces not only alcohol and 
carbon dioxide, but also produces sensorially important 
volatile metabolites [33]. A notable amount of wine 
flavor compounds is formed during fermentation,  
making yeast and other wine related organisms crucial 
to the development of wine flavor [33].
 Tropical fruit and floral aroma characteristics 
were perceived more in wine with higher pericarp 
content fermented with Pasteur Red yeast. Pasteur 
Red yeast is used to make wines that are full-bodied 
and have fruity flavors along with complex aromas 
[34]. Zinfandel, Merlot, and Syrah are some wines in 
which the use of Pasteur Red yeast is suitable. Merlot 
wines have a fruity characteristic relating to red and 
black berry aroma [35]. The position of the wine with 
10% pericarp and fermented with Pasteur Red yeast 
on the graph indicated that the sample is not unique; 
either it consists of all the attributes listed or none of 
the attributes.

4 Conclusions

This study investigated the impact of varying percentages  
of pericarp on the extraction profile of phenolics and 
their effect on the sensory properties of mangosteen 
wine while using two yeast strains. By adding more 
pericarp, the phenolic content of the wine subsequently 
increased regardless of the yeast strain used. The 
highest amount of total phenolics content at the end 
of the fermentation period was 4,000 mg/L catechin 
equivalent, while the lowest was 1,000 mg/L catechin 
equivalent, and the highest total tannin content was 
1,200 mg/L catechin equivalent, while the lowest was 
400 mg/L catechin equivalent. 
 The sorting result showed that at low pericarp 
content, the yeast strain used made no apparent  
difference to the perceived sensory characteristics. But 
at higher pericarp content, the difference in sensory 
characteristics due to different yeast strains used was 
more apparent. Wines with lower pericarp content 
also had more characteristics of mangosteen pulp, 
whereas wines with higher pericarp content had more  

mangosteen pericarp characteristics. 
 To summarize, the amount of pericarp added 
affected the extraction profile of phenolics, whereas 
the strain of yeast used made no significant difference. 
The yeast strain used affected sensory characteristics 
only in wines with higher pericarp content.
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