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Abstract

The aim of this work is to continue the analysis of a fermented product obtained from the Murcott mandarin, a fruit widely grown
in Brazil. The methodology included physicochemical analyses (pH, acidity, alcohol content, and dry extract), colorimetric
characterization (CIELab), identification of volatile compounds by gas chromatography coupled with mass spectrometry, and
evaluation of bioactive properties and microbiological safety. The results indicated a product with an alcohol content of 13°GL
and a pH of 3.54, with low volatile acidity (2.0 meq/L) and no methanol, which confirms the appropriate sanitary conditions
and the safety of the product. The colorimetric analysis showed a bright appearance (L* = 91.90), similar to young white wines.
Seventeen volatile compounds were identified, with a predominance of fruity aromas, and there was no D-Limonene in the
final fermentate. Potassium (2.36 g/L) was the most abundant mineral. The product showed good antioxidant capacity, and
microbiological analysis indicated its quality, with pathogens below regulatory limits. The conclusion is that Murcott mandarin
fermentate is safe, has physico-chemical and sensory characteristics reminiscent of the fruit, adds value to its production
chain, and meets the growing demand for functional and sustainable products.

Keywords: alcoholic fermented beverage; saccharomyces cerevisiae; physicochemical characterization.

Practical Application: This study characterized an alcoholic Murcott mandarin fermentate, revealing a safe product (13°GL
of alcohol, pH 3.54, no methanol, and low volatile acidity) with guaranteed microbiological quality. The colorimetric analysis
showed similarities with white wines, while the profile of volatile compounds highlighted fruity and floral aromas. Rich in
minerals such as potassium and with good antioxidant capacity, the research confirms the viability and added value of this
fermented product, in line with the demand for functional and sustainable products.

1 INTRODUCTION
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The global beverage market shows a growing inclination
toward functional foods with sensory characteristics and nu-
tritional value that meet the demands of the consumer market
(Han et al., 2023; Mahato et al., 2021).

Brazil’s prominent position in global citrus production re-
sults in a significant availability of fruit, representing a strategic
opportunity for innovation and diversification in the fermented
beverage segment (Cinardi et al., 2025). The development of
products from citrus fruits not only meets consumer market
demand but also strengthens the production chain, adding value
to primary production (Guiné et al., 2021).

In this sense, several studies have explored the produc-
tion of fermented fruit drinks. Relevant examples include
fermented cagaita (Oliveira et al., 2011), Umbu (Paula et al,,
2012), caja (Dias et al., 2003), mangaba (Almeida et al., 2020),
blackberry (Gao et al., 2022), yacon (Brandao et al., 2019),

jackfruit (Asquieri et al., 2008), jaboticaba (Asquieri, Damiani
et al., 2004), and baru (Silva et al., 2021), among many other
relevant works.

The aim of this article is to continue the analysis of an
alcoholic fermented Murcott mandarin, with an emphasis on
the physicochemical and bioactive characterization of the prod-
uct obtained from the technological process described in the
previous study.

1.1 Relevance of work

This study characterized an alcoholic Murcott mandarin
fermentate, revealing a safe product (13°GL of alcohol, pH
3.54, no methanol, and low volatile acidity) with guaranteed
microbiological quality. The colorimetric analysis showed sim-
ilarities with white wines, while the profile of volatile com-
pounds highlighted fruity and floral aromas. Rich in minerals
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Study of its Physicochemical, Biochemical, and Microbiological Properties

such as potassium and with good antioxidant capacity, the
research confirms the viability and added value of this fer-
mented product, in line with the demand for functional and
sustainable products.

2 MATERIAL AND METHODS

The analysis of the Murcott mandarin ferment was carried
out at the Food Chemistry and Biochemistry Research Labo-
ratory (LPQBA) of the Faculty of Pharmacy (FF) of the Federal
University of Goias (UFG) and at the Food Quality Control
Laboratory (LABFOOD/PPGCTA/EA/UFG). The technological
process followed the flowchart shown in Figure 1, which is the
object of analysis in this article.

2.1 Physico-chemical analysis

After packaging the fermentate (Figure 2), the analyses to
characterize the ferment were carried out in triplicate.

2.1.1 Density
Carried out according to AOAC 950.28.

2.1.2pH
Determined using the methods described in AOAC 981.12.

2.1.3 Total acidity (fixed and volatile)

Total acidity was determined by titration with 0.1N NaOH.
Volatile acidity was obtained by steam distillation and then
titration with 0.1N NaOH (Instituto Adolfo Lutz [IAL], 2008),
and fixed acidity, the difference between total and volatile acidity
(Amerine & Ough, 1976).
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2.1.4 Reducing sugars

The 3,5-dinitrosalicylic acid (DNS) method according to
Miller (1959). When the DNS reagent comes into contact with
sugars in the sample under boiling water conditions, it reacts
with the sugars present in the sample, forming 3-amino-5-ni-
trosalicylic acid with a dark brown color, allowing it to be read
using a spectrophotometer.

2.1.5 Sucrose

According to Miller’s (1959) method, with modifications
made by Silva et al. (2003).

Figure 2. Murcott mandarin fermentate.
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Figure 1. Flowchart of the technological process for making the fermented product.
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2.1.6 Alcoholic strength

Determined by the density of the distillate using a Gay-Lus-
sac alcoholmeter inserted directly into 250 mL of distillate at
20°C (IAL, 2008).

2.1.7 Dry extract

Determined by evaporation in an oven at 105°C until con-
stant weight. The reduced extract was determined by the dif-
ference between the dry extract value and the amount of sugar
in the fermented product (IAL, 2008).

2.1.8 Potassium sulfate

Potassium sulfate was determined according to Canecchio
Filho (1972).

2.1.9 Potassium bitartrate

The Berthelot-Fleurieu technique was used (Canecchio
Filho, 1972).

2.1.10 Chlorides

Determined using the methods described by Moretto
et al. (1988).

2.1.11 Tannins

Determined by spectrophotometry using the Folin-Denis
reagent, as described by Canecchio Filho(1972).

2.1.12 Sulfur dioxide (SO,)

Determined according to Ribéreau-Gayon (1982). The
levels of free and total sulfur dioxide were expressed in mg/L.

2.1.13 Acetaldehyde
According to Amerine and Ough (1976).

2.1.14 Proteins

In the de-alcoholized fermentate, they were determined
according to the Biuret method (Vilella et al., 1973).

2.2 Volatile organic compounds

The analysis of volatile organic compounds was carried out
using 5 mL of the sample, stored in vials suitable for gas chroma-
tography coupled to mass spectrometry (GC-MS), using a Nexis
GC-2030 system coupled to a Nexis QP2020 mass spectrometer,
both from Shimadzu (Kyoto, Japan). Detection was carried
out in Scan mode using an SH-Stabilwax-MS column (30 m x
0.25 mm x 0.25 um). The extraction of volatiles followed the
headspace method, with the sample incubated at 60°C and the
syringe temperature set at 70°C. During this process, agitation
was maintained at 300 rpm, with a pre-purge time of 5 s, an
injection flow rate of 10 mL/min, and a total analysis time of 60
min. The chromatographic conditions included an initial oven
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temperature of 40°C and an injection temperature of 250°C in
split mode. Flow control was maintained at linear velocity, with
a pressure of 45.1 kPa, total flow of 13.4 mL/min, column flow
of 0.94 mL/min, linear velocity of 35 cm/s, and purge flow of
3.0 mL/min (Cabral, Briceno, et al., 2025).

2.3 Microbiological characterization of the beverage

The microbiological analyses of the fermented beverage
were carried out at the Food Quality Control Laboratory of
the Faculty of Pharmacy at UFG, following the parameters es-
tablished by Ordinance No. 64 of April 23, 2008 (Brasil, 2008).
The following microbiological criteria were evaluated: enu-
meration of Escherichia coli, coagulase-positive Staphylococcus,
standard count of viable aerobic mesophilic microorganisms,
and mold and yeast count, according to the methodology de-
scribed by Downes and Ito (2001).

2.4 Statistical analysis

The analyses of the physicochemical and biochemical
characterization of the juice and fermented fruit were carried
out in triplicate. Significant differences between the means
of the fresh juice and the fermented product were assessed
using Student’s t-test, with a significance level of p < .05 for
all comparisons.

3 RESULTS AND DISCUSSION

Table 1 shows the results of the chemical and mineral anal-
yses carried out on the mandarin fermented juice.

The results of the Student’s t-test indicated significant
differences between mandarin juice and fermented juice
for all the parameters analyzed, reflecting the impact of the
fermentation process on the physicochemical properties of
the drink.

The tangerine fermentate had a total sugar content of 0.54%
(5.4 g/L), composed mainly of reducing sugars. According to
Decree 6.871/2009, art. 44, § 3 (Brasil, 2009), which requires the
designation “sweet” or “mild” for sugar contents above 3 g/L,
this fermented product should be classified as mild.

The tangerine fermentate had a tannin content of 9 mg/L
(or 0.90 mg/100 mL). This value is significantly lower than those
found in red wines (194 to 3,619 mg/L) by Kassara et al. (2022).
However, the result is consistent with the nature of mandarin,
which, like yacon (70 mg/100 mL), is not a fruit rich in tannins
(Brandao et al., 2019). Tannins are important for aroma, astrin-
gency, and stability in wines.

The sulfate and chloride anions in Murcott mandarin fer-
mentate were 0.7 and 0.00 g/L, respectively, which is in line
with Brazilian legislation that allows a maximum of 1.0 g/L and
200 mg/L (Brasil, 2008). Sulfates result from the oxidation of
sulfur dioxide, which is used in some wines for microbiological
control and to prevent oxidation (Asquieri, Assis, et al., 2004).
These values differ from those found by Santos et al. (2016)
(0.53 and 0.33 g/L) and in jaboticaba fermented wine (Asquieri,
Assis, et al., 2004).
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The concentration of free sulfur dioxide (free SO,) was 13.65
+ 0.74 mg/L, and that of acetaldehyde was 40.62 £ 1.11 mg/L.
A low concentration of free SO, is desirable to avoid allergenic
reactions, reflecting an efficient use of sulfur in processing
(Leonardi & Azevedo, 2018). Although in grape wines free SO,
is typically around 20 mg/L, higher concentrations act as enzyme
inactivators and antimicrobials (Leonardi & Azevedo, 2018).

The value of 13.65 mg/L of free SO, is within the legal limits
(< 350 mg/L) (Brasil, 2012). However, there is an imbalance:
Garcia et al. (2022) indicate that 30 mg/L of free SO, would be
needed to complex around 20 mg/L of acetaldehyde. With only
13.65 mg/L of free SO,, the amount is insufficient to stabilize
the 40.62 mg/L of acetaldehyde, resulting in a higher proportion

of unbound acetaldehyde. Despite this, the total acetaldehyde
value (40.62 mg/L) is lower than the average for white wines
(around 80 mg/L), which can limit undesirable sensory impacts.

Most red wines undergo malolactic fermentation after al-
coholic fermentation, converting malic acid into lactic acid and
reducing acidity. This process, conducted by lactic acid bacteria,
also degrades carbonyls such as pyruvic acid and acetaldehyde
(Aquarone et al., 2001; Jackowetz & Mira de Orduiia, 2013).
Lachenmeier and Sohnius (2008) reported an average of 34
mg/L of acetaldehyde in white and red wines.

Ash, which corresponds to the minerals in wine and
represents around 10% of the reduced dry extract (Rizzon
& Miele, 2002), showed a value of 0.35%. It was not possible

Table 1. The results of the chemical, mineral, and microbiological characterization of Murcott mandarin fermentate.

Component Mean fermented value + SD Mean juice value = SD
Reducing sugars (%) 0.51%0.01 5.99%0.11
Sucrose (%) 0.03 £ 0.00 497 £0.41
Total sugar (%) 0.54 +0.01 10.96 + 0.48
Soluble solids (°brix) 51+0.1 10.46 + 0.46
Ph 3.54£0.01 3.8+£0.01
Total acidity (meq/L) 127.66 £ 0.57 108.0 £ 1.10
Volatile acidity (meq/L) 2.0+0.00 108.0+1.10
Fixed acidity (meq/L) 125.66 + 0.57 —
Tannins mg/100 mL 0.09 £0.002 0.22+£0.01
Protein ND 0.45 £0.02
Ash (%) 0.35£0.002 1.29£0.06
Potassium (g/L) 2.36 £0.05 —
Calcium (g/L) 0.8+ 0.00 —
Magnesium (g/L) 0.2+0.00 —
Phosphorus (g/L) 0.3£0.00 —
Alcohol content °GL (%V/V) 13.0£0.00 —
Temperature (°C) 24 10.00 —
Sulfates (g/L) 0.7£0.00 —
Chlorides (g/L) 0.00 £ 0.00 —

Dry extract (g/L) 31.0+£0.018 —
Reduced dry extract (g/L) 26.6£0.17 —
Alcohol/ESR ratio (g/L) 3.91+0.03 —
Density (g/mL) 0.99 +0.0001 —

Free sulfur dioxide (mg/L) 13.65+0.74 —
Acetaldehyde (mg/L) 40.62+1.11 —
Potassium bitartrate (g/L) 0.55%0.04 —
Methanol ND ND
Escherichia coli (CFU/mL) <1.0 —
Aerobic mesophilic bacteria (CFU/mL) 6.5x 10 —
Molds and yeasts (CFU/mL) <1.0 —
Coagulase-positive staphylococci (CFU/mL) <1.0 —

ND: not detected.

Food Sci. Technol, Campinas, 45, €530, 2025
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to detect protein after malolactic fermentation, an expected
result given that the original mandarin juice contains only
0.45% protein.

The mineral composition has a significant impact on the
quality of fruit-fermented products. In Murcott mandarin
fermentate, potassium was the most abundant element (2.36
g/L), followed by calcium (0.8 g/L), phosphorus (0.3 g/L), and
magnesium (0.2 g/L). These concentrations are comparable to
studies by Mercanti et al. (2025) (K: 1.98 £0.17 g/L; Ca: 494
235mg/L; Mg: 536 £273 mg/L), but higher than those of papaya
and banana fermented products (Awe et al., 2013). The high
concentration of potassium, which can vary depending on the
type of fruit and the preparation of the fresh juice (Ageyevaetal.,
2024), corroborates the fact that potassium is the predominant
cation (approximately 50% of the ash).

Potassium (2.36 g/L) is vital for fermentate stability and
pH regulation, and is influenced by the fermentation process,
where potassium metabisulfite or bitartrate is used for micro-
biological control and oxidation prevention (Bosso et al., 2020;
Obhodas etal., 2021). This mineral is essential for cardiovascular
health, blood pressure regulation, and bone and kidney support
(Weaver, 2012).

Calcium (800 mg/L) is important for bone and dental
health (Krall et al., 2001) and for stabilizing tartaric acid in the
fermented wine, preventing post-bottling calcium bitartrate
precipitates (Bosso et al., 2020; Cosme et al., 2024).

Magnesium (200 mg/L) is essential for yeast growth and
metabolism, crucial for ethanol production and tolerance to
alcoholic stress (Birch et al., 2003), while phosphorus (300 mg/L)
is important for raw material cultivation and beverage quality
(Rodrigues et al., 2011).

The stability of potassium bitartrate is crucial for wine
clarity (Geveke & Runnebaum, 2020). High concentrations of
potassium can lead to the loss of tartaric acid, complicating and
making pH adjustment more expensive (Daudt & Fogaca, 2008).
The tangerine fermentate had 0.55 g/L of potassium bitartrate, a
value similar to the 0.61 g/L found by Daudt and Fogaga (2008).
The small difference of 0.06 g/L could be the result of variations
in fermentation.

The volatile acidity of the Murcott mandarin fermentate
was 2.0 meq/L for fermented fruit (Brasil, 2008). Low volatile
acidity values indicate good sanitary conditions (Aquarone
et al., 2001) and are comparable to fermented passion fruit
(5.53-6.67 meq/L) (Santos et al., 2021), jackfruit (6.0 meq/L)
(Asquieri et al., 2008), and carambola (5.4 2.0 meq/L) (Valim
etal., 2016). Well-treated wines, with adequate addition of sulfur
dioxide, tend to have low volatile acidity, while spoiled fruit
results in high total acidity (Aquarone et al., 2001).

The total acidity of the fermentate, expressed as citric acid,
was 127.66 £0.57 meq/L, within the legal limits for fruit ferment
(55-130 meq/L) (Brasil, 2008). This value is similar to that of
jaboticaba fermented fruit (122.3 and 129 meq/L) (Asquieri,
Damiani et al., 2004), but higher than that of H. lemaire (63.6
meq/L) (Sales et al., 2021) and carambola (48.8 £ 7.7 meq/L)
(Valim et al., 2016).

The alcohol content of Murcott mandarin fermentate was
13°GL, meeting the standards for fermented fruit products
and surpassing the values of other fruit fermented fruit, such
as umbu (11.20°GL) (Paula et al., 2012), carambola (11.15°GL)
(Valim et al., 2016), and mulberry (11.15°GL) (Jung et al., 2005).
These variations in alcohol content are directly linked to the
conditions and choices of the fermentation process in each study.

Tangerine fermentate had an average density of 0.99 g/mL,
reflecting the relationship between alcohol and soluble solids,
with density generally decreasing with alcohol and increasing
with sugars (Manfroi et al., 2010). The dry extract was 31.0 g/L,
indicating a full-bodied drink, according to Castilhos and Del
Bianchi (2011), who consider above 30 g/L as such. In com-
parison, Santos et al. (2021) observed 131-145 g/L in passion
fruit fermented in the caatinga. The concentration of dry extract
influences the texture and mouthfeel of the drink.

Table 1 shows the results of the microbiological analysis of
Murcott mandarin fermentate fruit. Ordinance No. 64 of April
23,2008 (Brazil, 2008), which establishes the standards of iden-
tity and quality for fruit-fermented products, does not specify
microbiological parameters for these products. However, the
regulation requires production establishments to comply with
the hygienic and sanitary conditions of the standards in force.

The determination of Escherichia coli was less than 1.0 UFC/
mL, meeting the standard of up to 103 UFC/g of ANVISA/MS
Resolution RDC No. 218/2005 (Brasil, 2005), indicating the
effectiveness of hygiene and processing practices. The absence
of E. coli suggests satisfactory food safety conditions, guar-
anteeing the quality and safety of the product. The results for
Staphylococcus spp. and E. coli were also lower than 1.0 CFU/
mL, showing efficiency in microbiological control, as reported
by Kim et al. (2014), who observed the elimination of pathogens
in wines. The mold and yeast count was less than 1.0 CFU/mL,
in line with the ANVISA microbiological standard, reflecting the
quality of the raw material and the strict control of processing
and pasteurization.

The color analysis of the Murcott mandarin fermentate,
carried out using the CIELab colorimetric system, found in
Table 2, showed significant differences between the juice and
the fermented product, especially in terms of luminosity (L*),
hue (a* and b*) and other chromatic parameters.

Table 2. Color parameters of the CIELab colorimetric system of tangerine fermented juice with mean and standard deviation.

L a b C h°
Juice 54.99 £ 0.01 18.0+£0.01 72.55+0.02 74.75 £ 0.02 76.06 £ 0.01
Fermented 91.90 £ 0.1 -1.48 £0.02 16.16 £ 0.03 16.22 £ 0.04 95.2510.04

L: luminosity; a: green-red axis; b: blue-yellow axis; c: chroma/saturation; h: hue angle.

Food Sci. Technol, Campinas, 45, 530, 2025



Study of its Physicochemical, Biochemical, and Microbiological Properties

The luminosity (L*) of the Murcott mandarin fermentate re-
mained high (91.79-91.98), with values similar to those of white
wines (Cejudo-Bastante et al., 2011; Minkova et al., 2023). The a*
parameter changed from positive in the juice (18.0) to negative
in the fermentate (-1.50 to —1.46), suggesting greenish tones,
similar to Chardonnay. The b* parameter decreased from 72.55
in the juice to 16.16 in the fermentate, indicating a reduction
in yellow intensity. The changes in C* (juice: 74.75; fermented:
16.22) and h° (juice: 76.06; fermented: 95.25) reinforce the
transformation in the color profile, typical of fermented citrus
drinks, bringing the fermented closer to white wines.

Tangerine fermentate contains 3.2 mg GAE/100 mL of
phenolic compounds, a typical value for citrus drinks. This con-
centration is notably lower than that of other fermented bev-
erages, such as karanda (184.32 mg GAE/100 g) (Minh, 2021).
The difference occurs because, in mandarin, phenolics are more
concentrated in the peel and pomace than in the juice.

The Murcott mandarin fermentate exhibited of 1.13 uM/mL
(ABTS [(2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid])
and 2.42 + 0.08 uM/mL (FRAP [Ferric Reduction Antioxidant
Power]), according to Table 3. Antioxidant stability is crucial, as
fruits such as passion fruit from the Caatinga can lose it during
ripening (Santos et al., 2021). The reduction in this activity
in prolonged fermentations is attributed to the oxidation and
degradation of polyphenols (Guo et al., 2023).

The Murcott mandarin fermentate showed of 0.42 & 0.00
UM Trolox/mL, indicating its ability to fight free radicals.
However, this activity is lower than that of other fermented
wines, such as red pitahaya wine (65.4%, 2,2’-diphenyl-1-pic-
rylhydrazyl [DPPH] radical scavenging, Anh et al., 2025)
and mango wines (30-91% radical scavenging, Varakumar
et al., 2011).

Fermentation of the Murcott mandarin juice reduces B-car-
otene by 1% due to its degradation, similar to what occurs in
mango wines (losses of 15.3-26.5%). Despite this, the process
releases bioactive compounds, such as phenolics, from food
residues (Anh et al., 2025; Varakumar et al., 2011). The ferment
retained its antioxidant properties, although studies by Gupta
et al. (2024) indicate a reduction in free radical scavenging
activity throughout fermentation.

GC-MS analysis identified 19 volatile compounds in
mandarin juice, must and fermentate, with ethanol being the
only one common to all phases. The greatest similarity was

Table 3. Antioxidant activity of Murcott mandarin ferment with stan-
dard deviation.

Component Unit Mean value £ SD
DPPH UM trolox/mL 0.42+0.00
ABTS UM trolox/mL 1.13£0.16
FRAP UM ferrous sulfate/mL 2.4240.08
Phenolics mg EAG/100 mL 32%0.1
Beta carotene % 1% protection

DPPH: 2,2-Diphenyl-1-picrylhydrazyl; ABTS: 2,2’-Azino-bis(3-ethylbenzothiazoline-
-6-sulfonate); FRAP: ferric reducing antioxidant power.

observed between must and fermentate, with six compounds
shared. The aromatic complexity of the drink is influenced
by alcohols, esters, and terpenes, with the alcohols giving it a
fruity and pungent profile, with the fruity attribute being the
most predominant.

GC-MS analysis identified 19 volatile compounds in man-
darin juice (Table 4), with ethanol being the only one common
to all phases. The greatest similarity was observed between
the must and the fermentate. The aromatic complexity of the
beverage is influenced by alcohols and esters, where alcohols
contribute to a fruity and slightly pungent profile, with the fruity
attribute being the most predominant. Figure 3 illustrates the
chromatographic profiles obtained for the juice, must, and fer-
mentate, showing qualitative variations in volatile composition
throughout the process.

Although 1-butanol can influence consumer acceptance, its
odor is often imperceptible at normal concentrations (Heo et al.,
2020; Wang et al., 2020). In contrast, Phenylethyl Alcohol offers
a mild and warm aroma, similar to rose honey, with moderate
to low tenacity (Scognamiglio et al., 2012).

Linalool, a crucial volatile, was identified in the Murcott
mandarin fermentate. It has a strong positive correlation with
fermentation aroma (Chi et al., 2025) and confers notes of fresh-
ness, making it an important aromatic component in natural
and fermented foods.

The absence of octanal in must and fermentate is beneficial
for sensory attributes. This compound, identified only in juice,
is associated with “green” and oily notes, undesirable character-
istics in fermented products. The transformation or decomposi-
tion of these compounds during fermentation contributes to a
more balanced and pleasant sensory profile, Murcott mandarin
fermentate (Vurro et al., 2024).

Terpenes play a crucial role in the sensory profile of Murcott
mandarin fermentate. a-pinene, identified in the product, brings
a fresh forest aroma (Adamski & Adamska, 2021). D-limonene,
typical of citrus juices, was detected in the juice (S), but absent
in the FM and F treatments, due to volatile transformations
during fermentation (International Agency for Research on
Cancer, 1993). a-phellandrene contributes herbal and woody
notes (Radice et al., 2022), while 3-myrcene offers fruity and
earthy touches, with sweet and spicy notes (Surendran et al,,
2021). y-terpinene, which has a woody character in this study,
is associated with citrus and floral scents in essential oils (Asikin
etal., 2018).

Ethyl esters of C7-C18 fatty acids, not detected in the juice
(S), were identified in the FM and F treatments, conferring fruity
and complex notes (Peinado et al., 2006; Garcia-Carpintero
et al., 2011a). 3-methylbutyl acetate offers a banana aroma,
ethyl hexanoate adds notes of green apple, banana, and tropical
fruit, while ethyl octanoate contributes aromas of banana, pear,
and brandy. Ethyl decanoate reinforces fruity and vinous notes,
and long-chain esters (ethyl dodecanoate, ethyl hexadecanoate)
soften the sensory profile with waxy nuances.

The absence of esters in the juice and their subsequent
formation and increase during fermentation demonstrate the

Food Sci. Technol, Campinas, 45, €530, 2025



importance of this process for the synthesis of these compounds,
which are crucial for the final sensory quality of the product.
The combination of medium-chain esters (more volatile and
fruity) with long-chain esters (more subtle and unctuous) creates
a balanced, complex, and pleasant aromatic profile, typical of
fermented fruit drinks (Garcia-Carpintero et al., 2011b; Peinado

et al,, 2004, 2006; Wu et al., 2011).

Table 4. 19 volatile compounds identified.

SILVA FILHO et al.

4 CONCLUSIONS

This investigation confirmed the technical feasibility of
producing an alcoholic Murcott mandarin fermentate, taking
advantage of the surplus of this fruit, which is widely grown in
Brazil. The physical-chemical characterization of the product
showed highly desirable parameters and complied with Brazilian

Volatile Organic S M F Chemical Functional _—
compounds RT Area% RT Area% RT Area% formula group Contribution
Ethanol 3.402 6.21 3.705 87.78 3.762 87.04 CHO Alcohol Pungent
1-Butanol ND ND 9.282 0.07 9.064 0.08 CH,0O Alcohol Fruity
éli‘;:lr;&fcgz%‘yl ND ND 11037 936 10944  10.82 CH,0 Alcohol Fruity
;:Ef:&";f_"(ll’wbutanol) ND ND 7571 122 7563 162 CH,O Alcohol Pungent
Linalool 20.404 0.06 ND ND ND ND C,H,O0 Alcohol Floral and citrus
Phenylethyl alcohol ND ND 28.597 0.35 28.616 0.09 CH, O Alcohol Soft and warm
o-Pinene 9.574 3.15 ND ND ND ND C,Hy, Terpene Fresh notes
o-Phellandrene 9.958 1.73 ND ND ND ND C,Hy Terpene Green notes
B-Myrcene 10.292 1.71 ND ND ND ND C,H, Terpene Fruity, earthy
y-Terpinene 10.865  0.98 ND ND ND ND C.H, Terpene W"f‘;l‘ji’;;nd
D-Limonene 10.115 89.39 9.683 0.05 ND ND C,Hy, Terpene Fruity
3-Methylbutyl acetate ND ND 7841 031 7871 031 CH,0, Ester Frulizlaarri’ama’
Ethyl hexanoate ND ND 11342 005 ND ND CH,0, Ester Fru:}’)’ﬁereen
Ethyl octanoate ND ND 17.263 0.34 ND ND C,H,0, Ester Fruity, sweet
Ethyl decanoate ND ND 22,517 0.38 ND ND C,H,,0, Ester Fruity, heavy
Ethyl dodecanoate ND ND 27.201 0.07 ND ND CH,0, Ester Fruity, waxy
Ethyl hexadecanoate ND ND 33.819 0.04 ND ND C,H,,0, Ester Fruity
Ethyl 9-hexadecenoate ND ND 34.092 0.03 ND ND C,H.,0, Ester Fruity
Octanal 11.524 0.3 ND ND ND ND CH,0 Aldehyde Citric, fatty

S: juice; FM: must on the sixth day of fermentation; F: mandarin ferment; RT: retention time, in minutes; Area%: percentage area of the chromatographic peaks of the samples; ND: not detected.
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Figure 3. Chromatograms of the volatile compounds identified. (A) tangerine juice, (B) sixth day must, and (C) tangerine ferment.
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legislation, including the absence of methanol, guaranteeing food
safety, and sanitary rigor in the production process implemented.

The colorimetric analysis revealed a drink with high lumi-
nosity and shades similar to those of young, fresh white wines.
The mineral composition, especially rich in potassium, calcium,
phosphorus, and magnesium, gave the product chemical and
microbiological stability.

The profile of volatile compounds identified gave the fermen-
tate sensory complexity, highlighting fruity and floral aromas pro-
vided by alcohols and terpenes, as well as demonstrating significant
transformations during fermentation, especially with the reduction
of D-limonene. In addition, beneficial antioxidant properties were
maintained, providing additional health benefits to consumers.

In addition, the production of this fermentate adds value to
the mandarin production chain, especially for surplus produc-
tion, with a positive impact on reducing waste and diversifying
the beverage market. The research contributes to the advance-
ment of food technology by exploring fruits that are little used
in the industry and presents fermentation as an effective tool
for creating products with added value, meeting the growing
demand for functional and sustainable foods.

ACKNOWLEDGMENTS

The authors extend their gratitude to the Goias State Re-
search Foundation (FAPEG). For funding this research and
making it possible.

REFERENCES

Adamski, A., & Adamska, J. (2021). The use of essential oils-alpha
and B-pinene in the treatment of COVID-19. Annals of Clinical
and Medical Case Reports, 7(9), 1-4. https://acmcasereport.org/
wp-content/uploads/2023/06/ ACMCR-v7-1630.pdf

Ageyeva, N. M., Khrapov, A. A., Shirshova, A. A., Chemisova, L.
E., Ulyanovskaya, E. V., & Chernutskaya, E. A. (2024). The el-
emental profile of ciders made from different varieties of ap-
ples. Foods and Raw Materials, 12(2), 273-282. https://doi.
org/10.21603/2308-4057-2024-2-604

Almeida, F. L. C,, Oliveira, E. N. A., Almeida, E. C,, Silva, L. N., San-
tos, Y. M. G., & Luna, L. C. (2020). Sensory study of alcohol-
ic beverages mangaba (Hancornia speciosa Gomes). Brazilian
Journal of Food Technology, 23, Article €2019208. https://doi.
org/10.1590/1981-6723.20819

Amerine, M. A., & Ough, C. S. (1976). Andlisis de vinos y mostos.
Editorial Acribia.

Anh, T. T. Q, An, N. T, & Thuy, D. T. B. (2025). Characterization of
Red Dragon Fruit Wine Fermented with a Newly Identified Yeast
Strain Saccharomyces cerevisiae M7. Food Technology and Biotech-
nology, 63(1), 4-13. https://doi.org/10.17113/FTB.63.01.25.8784

Aquarone, E., Borzani, W., Schmidell Netto, W., & Lima, U. A. (2001).
Biotecnologia industrial: biotecnologia na produgdo de alimentos.
Edgard Blucher.

Asikin, Y., Kawahira, S., Goki, M., Hirose, N., Kyoda, S., & Wada, K.
(2018). Extended aroma extract dilution analysis profile of Shii-
kuwasha (Citrus depressa Hayata) pulp essential oil. Journal of
Food and Drug Analysis, 26(1), 268-276. https://doi.org/10.1016/].
JFDA.2017.04.002

Asquieri, E. R., Assis, E. M., Damiani, C., & Candido, M. A. (2004).
Production of white and red jaboticaba wine (Myrciaria jaboticaba
Berg) using pulp and peel respectively. Alimentaria: Revista de
Tecnologia e Higiene de los Alimentos, 355, 97-110.

Asquieri, E. R., Damiani, C., Candido, M. A., & Assis, E. M. (2004).
Vino de jabuticaba (Myrciaria cauliflora Berg): estudio de las
caracteristicas fisico-quimicas y sensoriales de los vinos tinto seco
y dulce, fabricados con la fruta integral. Alimentaria: Revista de
Tecnologia e Higiene de Los Alimentos, July-August, 97.

Asquieri, E. R, Silva Rabélo, A. M., & Silva, A. G. (2008). Fermented
jackfruit: study on its physicochemical and sensorial character-
istics. Food Science and Technology, 28(4), 881-887. https://doi.
0rg/10.1590/50101-20612008000400018

Awe, S., Eniola, K. I. T., & Kayode-Ishola, T. M. (2013). Proximate and
mineral composition of locally produced pawpaw and banana
wine. American Journal of Research Communication, 1(12), 388-
397. https://www.usa-journals.com/wp-content/uploads/2013/11/
Awel_Vol112.pdf

Birch, R. M., Ciani, M., & Walker, G. M. (2003). Magnesium, calcium
and fermentative metabolism in wine yeasts. Journal of Wine Re-
search, 14(1), 3-15. https://doi.org/10.1080/0957126032000114973

Bosso, A., Motta, S., Panero, L., Lucini, S., & Guaita, M. (2020). Use of
potassium polyaspartate for stabilization of potassium bitartrate in
wines: influence on colloidal stability and interactions with other
additives and enological practices. Journal of Food Science, 85(8),
2406-2415. https://doi.org/10.1111/1750-3841.15342

Brandao, C. C., Asquieri, E. R., & Damiani, C. (2019). Bebida fermen-
tada de yacon (Smallanthus sonchifolius): pardmetros do processo
fermentativo. Brazilian Journal of Food Research, 10(1), 32-46.
https://doi.org/10.3895/REBRAPA.V10N1.5662

Brasil. (2005). Resolugio - RDC N° 218, de 29 de julho de 2005. Ministério
da Saude. Dispoe sobre o regulamento técnico de procedimentos
higiénico-sanitdrios para manipula¢io de alimentos e bebidas
preparados com vegetais. https://bvsms.saude.gov.br/bvs/saudele-
gis/anvisa/2005/rdc0218_29_07_2005.html

Brasil. (2008). Portaria N° 64, de 23 abril de 2008. Aprova os regulamen-
tos técnicos para a fixagdo dos padrdes de identidade e qualidade
para as bebidas alcodlicas fermentadas: Ministério da Agricultura,
Pecudria e Abastecimento. https://www2.aladi.org/nsfaladi/nor-
masTecnicas.nsf/09267198f1324b64032574960062343c/eflee2d-
72487688603257a9f004bbf57/$FILE/AT TPLES5.pdf/Portaria%20
N%c2%b0%2064-2008.pdf

Brasil. (2009). Decreto N° 6.871, de 4 junho de 2009. Dispoe sobre a
padronizagdo, a classificagio, o registro, a inspe¢do, a produgio e a
fiscalizagao de bebidas. Didrio Oficial da Unido. https://www.plan-
alto.gov.br/ccivil_03/_At02007-2010/2009/Decreto/D6871.htm

Brasil. (2012). Instrugao Normativa MAPA n° 34, de 29 de novembro de
2012. Estabelece a a complementagdo dos padrdes de identidade e
qualidade para as seguintes bebidas fermentadas. Diario Oficial da
Unido. https://www.normasbrasil.com.br/norma/instrucao-nor-
mativa-34-2012_247520.html

Cabral, D. V., Briceno, J. C. C., Cardoso, C. F, Braz, R. E, Sousa, L. A., Ol-
iveira, T. E, & Silva, E (2025). Influence of cultivation region on color,
volatile compounds, phenolics, and antioxidant activity of Arabica
coffee (Coffea arabica) Catuai cultivar in Brazil. Food Science and
Technology, 45, Article e00464. https://doi.org/10.5327/FST.00464

Canecchio Filho, V. (1972). Administragdo Agricola (3rd ed.). Instituto
Campineiro de Ensino Agricola.

Castilhos, M. B. M., & Del Bianchi, V. L. (2011). Caracterizacio fisi-
co-quimica e sensorial de vinhos brancos da regido noroeste de Sao
Paulo. Holos, 4, 148-158. https://doi.org/10.15628/holos.2011.611

Food Sci. Technol, Campinas, 45, €530, 2025


https://acmcasereport.org/wp-content/uploads/2023/06/ACMCR-v7-1630.pdf
https://acmcasereport.org/wp-content/uploads/2023/06/ACMCR-v7-1630.pdf
https://doi.org/10.21603/2308-4057-2024-2-604
https://doi.org/10.21603/2308-4057-2024-2-604
https://doi.org/10.1590/1981-6723.20819
https://doi.org/10.1590/1981-6723.20819
https://doi.org/10.17113/FTB.63.01.25.8784
https://doi.org/10.1016/J.JFDA.2017.04.002
https://doi.org/10.1016/J.JFDA.2017.04.002
https://doi.org/10.1590/S0101-20612008000400018
https://doi.org/10.1590/S0101-20612008000400018
https://www.usa-journals.com/wp-content/uploads/2013/11/Awe1_Vol112.pdf
https://www.usa-journals.com/wp-content/uploads/2013/11/Awe1_Vol112.pdf
https://doi.org/10.1080/0957126032000114973
https://doi.org/10.1111/1750-3841.15342
https://doi.org/10.3895/REBRAPA.V10N1.5662
https://bvsms.saude.gov.br/bvs/saudelegis/anvisa/2005/rdc0218_29_07_2005.html
https://bvsms.saude.gov.br/bvs/saudelegis/anvisa/2005/rdc0218_29_07_2005.html
https://www2.aladi.org/nsfaladi/normasTecnicas.nsf/09267198f1324b64032574960062343c/ef1ee2d72487688603257a9f004bbf57/$FILE/ATTPLES5.pdf/Portaria%20N%c2%b0%2064-2008.pdf
https://www2.aladi.org/nsfaladi/normasTecnicas.nsf/09267198f1324b64032574960062343c/ef1ee2d72487688603257a9f004bbf57/$FILE/ATTPLES5.pdf/Portaria%20N%c2%b0%2064-2008.pdf
https://www2.aladi.org/nsfaladi/normasTecnicas.nsf/09267198f1324b64032574960062343c/ef1ee2d72487688603257a9f004bbf57/$FILE/ATTPLES5.pdf/Portaria%20N%c2%b0%2064-2008.pdf
https://www2.aladi.org/nsfaladi/normasTecnicas.nsf/09267198f1324b64032574960062343c/ef1ee2d72487688603257a9f004bbf57/$FILE/ATTPLES5.pdf/Portaria%20N%c2%b0%2064-2008.pdf
https://www.planalto.gov.br/ccivil_03/_Ato2007-2010/2009/Decreto/D6871.htm
https://www.planalto.gov.br/ccivil_03/_Ato2007-2010/2009/Decreto/D6871.htm
https://www.normasbrasil.com.br/norma/instrucao-normativa-34-2012_247520.html
https://www.normasbrasil.com.br/norma/instrucao-normativa-34-2012_247520.html
https://doi.org/10.5327/FST.00464
https://doi.org/10.15628/holos.2011.611

SILVA FILHO et al.

Cejudo-Bastante, M. ., Castro-Vazquez, L., Hermosin-Gutiérrez, I., &
Pérez-Coello, M. S. (2011). Combined Effects of Prefermentative
Skin Maceration and Oxygen Addition of Must on Color-Related
Phenolics, Volatile Composition, and Sensory Characteristics of
Airén White Wine. Journal of Agricultural and Food Chemistry,
59(22), 12171-12182. https://doi.org/10.1021/JF202679Y

Chi, X., Zhang, Y., Yang, Q., Zhang, J., Sun, B., & Ai, N. (2025). An in-
sight into specific flavor sensation in fermented milk: Linalool and
mushroom alcohol. Journal of Dairy Science, 108(6), 5741-5753.
https://doi.org/10.3168/JDS.2025-26449

Cinardi, G., D’Urso, P. R, Arcidiacono, C., Muradin, M., & Ingrao, C.
(2025). A systematic literature review of environmental assess-
ments of citrus processing systems, with a focus on the drying
phase. Science of The Total Environment, 974, Article 179219.
https://doi.org/10.1016/].SCITOTENV.2025.179219

Cosme, E, Filipe-Ribeiro, L., Coixdo, A., Bezerra, M., & Nunes, F. M.
(2024). Efficiency of alginic acid, sodium carboxymethylcellulose,
and potassium polyaspartate as calcium tartrate stabilizers in wines.
Foods, 13(12), Article 1880. https://doi.org/10.3390/FOODS13121880

Daudt, C. E., & Fogaga, A. O. (2008). ffect of tartaric acid upon potas-
sium, total acidity and pH, during the vinification of Cabernet
Sauvignon grapes. Ciéncia Rural, 38(8), 2345-2350. https://doi.
org/10.1590/50103-84782008000800039

Dias, D. R,, Schwan, R. E, & Lima, L. C. O. (2003). Methodology for
elaboration of fermented alcoholic beverage from yellow mombin
(Spondias mombin). Food Science and Technology, 23(3), 342-350.
https://doi.org/10.1590/50101-20612003000300008

Downes, E P, & Ito, K. (Eds.). (2001). Compendium of methods for
the microbiological examination of foods (4th ed.). American
Public Health Association.

Gao, T, Chen, ], Xu, E, Wang, Y., Zhao, P, Ding, Y., Han, Y,, Yang, J.,
& Tao, Y. (2022). Mixed Mulberry Fruit and Mulberry Leaf Fer-
mented Alcoholic Beverages: Assessment of Chemical Composi-
tion, Antioxidant Capacity In Vitro and Sensory Evaluation. Foods,
11(19), Article 3125. https://doi.org/10.3390/FOODS11193125

Garcia, L., Perrin, C., Nolleau, V., Godet, T., Farines, V., Garcia, E,
Caillg, S., & Saucier, C. (2022). Impact of acetaldehyde addition on
the sensory perception of Syrah red wines. Foods, 11(12), Article
1693. https://doi.org/10.3390/foods11121693

Garcia-Carpintero, E. G., Sanchez-Palomo, E., Gémez Gallego,
M. A., & Gonzalez-Vifias, M. A. (2011a). Effect of cofermen-
tation of grape varieties on aroma profiles of la mancha red
wines. Journal of Food Science, 76(8), C1169-C1180. https://doi.
org/10.1111/j.1750-3841.2011.02374.x

Garcia-Carpintero, E. G., Sdnchez-Palomo, E., Gémez Gallego, M. A.,
& Gonzalez-Vinas, M. A. (2011b). Volatile and sensory charac-
terization of red wines from cv. Moravia Agria minority grape
variety cultivated in La Mancha region over five consecutive vin-
tages. Food Research International, 44(5), 1549-1560. https://doi.
0rg/10.1016/j.foodres.2011.04.022

Geveke, B. J., & Runnebaum, R. C. (2020). The future of potassium
bitartrate stabilization: Minimizing energy, wine loss, and treat-
ment time. American Journal of Enology and Viticulture, 4, 98-106.
https://doi.org/10.5344/catalyst.2020.20004

Guiné, R. P. F, Barroca, M. ], Coldea, T. E., Bartkiene, E., & Anjos, O.
(2021). Apple Fermented Products: An Overview of Technology,
Properties and Health Effects. Processes, 9(2), Article 223. https://
doi.org/10.3390/PR9020223

Guo, W,, Chen, M., Cui, S., Tang, X., Zhang, Q., Zhao, ], Mao, B,,
& Zhang, H. (2023). Dynamics changes in physicochemical
properties, volatile metabolites, non-volatile metabolites, and

Food Sci. Technol, Campinas, 45, 530, 2025

physiological functions of barley juice during Bifidobacterium
infantis fermentation. Food Chemistry, 407, Article 135201. https://
doi.org/10.1016/j.foodchem.2022.135201

Gupta, A., Sanwal, N., Sharma, N., Sahu, J. K., & Kheto, H. P. A.
(2024). Dynamics of functional and physiochemical properties of
Madhuca longifolia flower juice under Saccharomyces cerevisiae
fermentation. Food and Humanity, 2, Article 100244. https://doi.
org/10.1016/]. FOOHUM.2024.100244

Han, X,, Qin, Q, Li, C,, Zhao, X,, Song, E, An, M., Chen, Y, Wang, X,
Huang, W,, Zhan, J., & You, Y. (2023). Application of non-Saccharo-
myces yeasts with high B-glucosidase activity to enhance terpene-re-
lated floral flavor in craft beer. Food Chemistry, 404(Part B), Article
134726. https://doi.org/10.1016/].FOODCHEM.2022.134726

Heo, J. A., Kwak, H. S., Kim, M., Kim, J.-H., Baek, H. H., Shin, H.,
Lee, Y.-S., Lee, S., & Kim, S. S. (2020). Major Sensory Attributes
and Volatile Compounds of Korean Rice Liquor (yakju) Affecting
Overall Acceptance by Young Consumers. Foods, 9(6), Article 722.
https://doi.org/10.3390/FOODS9060722

Instituto Adolfo Lutz. (2008). Métodos fisico-quimicos para andlise de
alimentos (4th ed., 1st digital ed.). IAL.

International Agency for Research on Cancer. (1993). d-Limonene. In Some
naturally occurring substances: Food items and constituents, heterocyclic
aromatic amines and mycotoxins (Vol. 56, pp. 307-328). IARC Press.

Jackowetz, J. N., & Mira de Orduiia, R. (2013). Survey of SO2 binding
carbonyls in 237 red and white table wines. Food Control, 32(2),
687-692. https://doi.org/10.1016/j.foodcont.2013.02.001

Jung, G.-T., Ju, 1.-O., & Choi, D.-G. (2005). Quality Character-
istics and Manufacture of Mulberry Wine. Korean Journal of
Food Preservation, 12(1), 90-94. https://koreascience.kr/article/
JAKO200531234549989.page

Kassara, S., Norton, E. L., Mierczynska-Vasilev, A., Sacks, G. L., &
Bindon, K. A. (2022). Quantification of protein by acid hydro-
lysis reveals higher than expected concentrations in red wines:
Implications for wine tannin concentration and colloidal stability.
Food Chemistry, 385, Article 132658. https://doi.org/10.1016/j.
foodchem.2022.132658

Kim, S. A., Kim, N. H., Lee, S. H., Hwang, I. G., & Rhee, M. S. (2014).
Survival of Foodborne Pathogenic Bacteria (Bacillus cereus, Esch-
erichia coli O157:H7, Salmonella enterica Serovar Typhimurium,
Staphylococcus aureus, and Listeria monocytogenes) and Bacillus
cereus Spores in Fermented Alcoholic Beverages (Beer and Refined
Rice Wine). Journal of Food Protection, 77(3), 419-426. https://
doi.org/10.4315/0362-028X.JFP-13-234

Krall, E. A., Wehler, C., Garcia, R. I., Harris, S. S., & Dawson-Hughes,
B. (2001). Calcium and vitamin D supplements reduce tooth loss
in the elderly. American Journal of Medicine, 111(6), 452-456.
https://doi.org/10.1016/s0002-9343(01)00899-3

Lachenmeier, D. W, & Sohnius, E.-M. (2008). The role of acetaldehyde out-
side ethanol metabolism in the carcinogenicity of alcoholic beverages:
Evidence from a large chemical survey. Food and Chemical Toxicology,
46(8), 2903-2911. https://doi.org/10.1016/].FCT.2008.05.034

Leonardi, J. G., & Azevedo, B. M. (2018). Métodos de conservagdo de
alimentos. Revista Satide em Foco, 10, 1-11. https://biblioteca.
unisced.edu.mz/handle/123456789/3405

Mabhato, N., Sharma, K., Sinha, M., Dhyani, A., Pathak, B, Jang, H., Park, S.,
Pashikanti, S., & Cho, S. (2021). Biotransformation of Citrus Waste-I:
Production of Biofuel and Valuable Compounds by Fermentation.
Processes, 9(2), Article 220. https://doi.org/10.3390/PR9020220

Manfroi, V., Rizzon, L. A., Guerra, C. C,, Fialho, E. B., Dall’ Agnol, I,
Ferri, V. C., & Rombaldi, C. V. (2010). Influence of different doses


https://doi.org/10.1021/JF202679Y
https://doi.org/10.3168/JDS.2025-26449
https://doi.org/10.1016/J.SCITOTENV.2025.179219
https://doi.org/10.3390/FOODS13121880
https://doi.org/10.1590/S0103-84782008000800039
https://doi.org/10.1590/S0103-84782008000800039
https://doi.org/10.1590/S0101-20612003000300008
https://doi.org/10.3390/FOODS11193125
https://doi.org/10.3390/foods11121693
https://doi.org/10.1111/j.1750-3841.2011.02374.x
https://doi.org/10.1111/j.1750-3841.2011.02374.x
https://doi.org/10.1016/j.foodres.2011.04.022
https://doi.org/10.1016/j.foodres.2011.04.022
https://doi.org/10.5344/catalyst.2020.20004
https://doi.org/10.3390/PR9020223
https://doi.org/10.3390/PR9020223
https://doi.org/10.1016/j.foodchem.2022.135201
https://doi.org/10.1016/j.foodchem.2022.135201
https://doi.org/10.1016/J.FOOHUM.2024.100244
https://doi.org/10.1016/J.FOOHUM.2024.100244
https://doi.org/10.1016/J.FOODCHEM.2022.134726
https://doi.org/10.3390/FOODS9060722
https://doi.org/10.1016/j.foodcont.2013.02.001
https://koreascience.kr/article/JAKO200531234549989.page
https://koreascience.kr/article/JAKO200531234549989.page
https://doi.org/10.1016/j.foodchem.2022.132658
https://doi.org/10.1016/j.foodchem.2022.132658
https://doi.org/10.4315/0362-028X.JFP-13-234
https://doi.org/10.4315/0362-028X.JFP-13-234
https://doi.org/10.1016/s0002-9343(01)00899-3
https://doi.org/10.1016/J.FCT.2008.05.034
https://biblioteca.unisced.edu.mz/handle/123456789/3405
https://biblioteca.unisced.edu.mz/handle/123456789/3405
https://doi.org/10.3390/PR9020220

Study of its Physicochemical, Biochemical, and Microbiological Properties

and distinct times of application of Enological tannins on the
physicochemical characteristics of the Cabernet Sauvignon wine.
Food Science and Technology, 30(Suppl. 1), 127-135. https://doi.
0rg/10.1590/50101-20612010000500020

Mercanti, N., Pieracci, Y., Macaluso, M., Zinnai, A., Donard, O. E. X.,
& Vacchina, V. (2025). Chemical Characterisation of Inorganic
Profile of Wine Obtained by Alternative Vinification in Compari-
son with Traditional One. Foods, 14(11), Article 1912. https://doi.
0rg/10.3390/foods14111912

Miller, G. L. (1959). Use of dinitrosalicylic acid reagent for determi-
nation of reducing sugar. Analytical Chemistry, 31(3), 426-428.
https://doi.org/10.1021/AC60147A030

Minh, N. P. (2021). Possibility of wine production from karanda (Ca-
rissa carandas L.) fruit. Plant Science Today, 8(3), 699-703. https://
doi.org/10.14719/pst.2021.8.3.1293

Minkova, S., Gentscheva, G., Nikolova, K., & Tzvetkova, C. (2023). Eval-
uation of some spectroscopic characteristics and chemical compo-
sition of wines from the Thracian lowland. AIP Conference Proceed-
ings, 2889(1), Article 080003. https://doi.org/10.1063/5.0172949

Moretto, E., Alves, R. E, Campos, C. M. T., Archer, R. M. B., & Prudén-
cio, A. J. (1988). Vinhos e Vinagres (Processamento e Andlises).
Editora da UFSC.

Obhodas, J., Valkovi¢, V., Vinkovié, A., Sudac, D, Canadij a, I, Pensa,
T., Fiket, Z., Turyanskaya, A., Bretschneider, T., Wilhelmer, C.,
Gunchin, G., Kregsamer, P., Wobrauschek, P., & Streli, C. (2021).
X-ray fluorescence techniques for element abundance analysis in
wine. ACS Omega, 6(35), 22643-22654. https://doi.org/10.1021/
ACSOMEGA.1C02731

Oliveira, M. E. S., Pantoja, L., Duarte, W. E, Collela, C. E, Valarelli, L.
T., Schwan, R. E, & Dias, D. R. (2011). Fruit wine produced from
cagaita (Eugenia dysenterica DC) by both free and immobilised
yeast cell fermentation. Food Research International, 44(7), 2391~
2400. https://doi.org/10.1016/].FOODRES.2011.02.028

Paula, B., Carvalho Filho, C. D., Matta, V. M., Menezes, J. S., Lima,
P. C,, Pinto, C. O., & Conceicdo, L. E. M. G. (2012). Produc-
tion and physicochemical characterization of fermented umbu.
Ciéncia Rural, 42(9), 1688-1693. https://doi.org/10.1590/
S0103-84782012000900027

Peinado, R. A., Mauricio, J. C., & Moreno, J. (2006). Aromatic series
in sherry wines with gluconic acid subjected to different biolog-
ical aging conditions by Saccharomyces cerevisiae var. capen-
sis. Food Chemistry, 94(2), 232-239. https://doi.org/10.1016/j.
foodchem.2004.11.010

Peinado, R. A., Moreno, J., Bueno, J. E., Moreno, J. A., & Mauricio,
J. C. (2004). Comparative study of aromatic compounds in two
young white wines subjected to pre-fermentative cryomacera-
tion. Food Chemistry, 84(4), 585-590. https://doi.org/10.1016/
S0308-8146(03)00282-6

Radice, M., Durofil, A., Buzzi, R., Baldini, E., Martinez, A. P, Scalvenzi,
L., & Manfredini, S. (2022). Alpha-Phellandrene and Alpha-Phel-
landrene-Rich Essential Oils: A Systematic Review of Biological
Activities, Pharmaceutical and Food Applications. Life, 12(10),
Article 1602. https://doi.org/10.3390/LIFE12101602

Ribéreau-Gayon, P. (1982). Traité deenologie: science et techniques du
vin: analyse et controle des vins (2nd ed., Vol. 1). Dunod.

Rizzon, L. A., & Miele, A. (2002). Evaluation of the cv. Cabernet Sauvi-
gnon in the manufacture of red wine. Food Science and Technology,
22(2), 192-198.

Rodrigues, S. M., Otero, M., Alves, A. A., Coimbra, J., Coimbra, M.
A, Pereira, E., & Duarte, A. C. (2011). Elemental analysis for

10

categorization of wines and authentication of their certified brand
of origin. Journal of Food Composition and Analysis, 24(4-5),
548-562. https://doi.org/10.1016/j.jfca.2010.12.003

Sales, A. C. A,, Jaimes, L. M. G., Machado, M. B, Sanches, E. A., Cam-
pelo, P. H., Barroso, H. S., Boeira, L. S., & Bezerra, J. A. (2021).
Fermented beverages based on Hylocereus lemairei (Hook.) fruits:
Chemical characterization and antioxidant capacity evaluation.
Research, Society and Development, 10(6), Article e12010615490.
https://doi.org/10.33448/RSD-V1016.15490

Santos, C. A. T., Pascoa, R. N. M. ], Porto, P. A. L. S., Cerdeira, A. L.,
& Lopes, J. A. (2016). Application of Fourier-transform infrared
spectroscopy for the determination of chloride and sulfate in
wines. LWT - Food Science and Technology, 67, 181-186. https://
doi.org/10.1016/J.LWT.2015.11.050

Santos, R. T. S., Biasoto, A. C. T, Rybka, A. C. P, Castro, C. D. P. C,, Aidar,
S.T., Borges, G.S. C.,, & Silva, E L. H. (2021). Physicochemical charac-
terization, bioactive compounds, in vitro antioxidant activity, sensory
profile and consumer acceptability of fermented alcoholic beverage
obtained from Caatinga passion fruit (Passiflora cincinnata Mast.).
LWT, 148, Article 111714. https://doi.org/10.1016/].LWT.2021.111714

Scognamiglio, J., Jones, L., Letizia, C. S., & Api, A. M. (2012). Fragrance ma-
terial review on phenylethyl alcohol. Food and Chemical Toxicology,
50(Suppl. 2), $224-S239. https://doi.org/10.1016/].FCT.2011.10.028

Silva, J. S., Ferreira, N. B. S., Asquieri, E. R., Damiani, C., & Asquieri, E.
M. A.R. (2021). Chemical monitoring of baru (dipteryx alata vog.)
pulp fermented beverage. Food Science and Technology, 41(Suppl.
1), 155-162. https://doi.org/10.1590/FST.14420

Silva, R.N., Monteiro, V. N., Alcanfor, J. D. X., Assis, E. M., & Asquieri,
E.R.(2003). Comparision methods for the determination of reduc-
ers sugars and total in honey. Food Science and Technology, 23(3),
337-341. https://doi.org/10.1590/S0101-20612003000300007

Surendran, S., Qassadi, E, Surendran, G., Lilley, D., & Heinrich, M.
(2021). Myrcene-What Are the Potential Health Benefits of This
Flavouring and Aroma Agent? Frontiers in Nutrition, 8, Article
699666. https://doi.org/10.3389/FNUT.2021.699666

Valim, E. P, Aguiar-Oliveira, E., Kamimura, E. S., Alves, V. D., & Maldo-
nado, R. R. (2016). Production of Star Fruit Alcoholic Fermented
Beverage. Indian Journal of Microbiology, 56(4), 476-481. https://
doi.org/10.1007/512088-016-0601-9

Varakumar, S., Kumar, Y. S., & Reddy, O. V. S. (2011). Carotenoid com-
position of mango (Mangifera indica L.) wine and its antioxidant
activity. Journal of Food Biochemistry, 35(5), 1538-1547. https://
doi.org/10.1111/].1745-4514.2010.00476.X

Vilella, G. G., Bacila, M., & Tastadi, H. (1973). Técnicas e experimentos
de bioquimica. Guanabara Koogan.

Vurro, E, De Angelis, D., Squeo, G., Caponio, F, Summo, C., & Pasqualone,
A. (2024). Exploring Volatile Profiles and De-Flavoring Strategies
for Enhanced Acceptance of Lentil-Based Foods: A Review. Foods,
13(16), Article 2608. https://doi.org/10.3390/FOODS13162608

Wang, J., Yuan, C., Gao, X., Kang, Y., Huang, M., Wu, J,, Liu, Y., Zhang,
J., Li, H., & Zhang, Y. (2020). Characterization of key aroma com-
pounds in Huangjiu from northern China by sensory-directed
flavor analysis. Food Research International, 134, Article 109238.
https://doi.org/10.1016/].FOODRES.2020.109238

Weaver, C. M. (2012). Potassium and Health. Advances in Nutrition,
3(4), 368S-3778S. https://doi.org/10.3945/an.l 12.003533

Wu, Y., Zu, B., Tu, C., Duan, C., & Pan, Q. (2011). Generation of volatile
compounds in litchi wine during winemaking and short-term
bottle storage. Journal of Agricultural and Food Chemistry, 59(9),
4923-4931. https://doi.org/10.1021/jf2001876

Food Sci. Technol, Campinas, 45, €530, 2025


https://doi.org/10.1590/S0101-20612010000500020
https://doi.org/10.1590/S0101-20612010000500020
https://doi.org/10.3390/foods14111912
https://doi.org/10.3390/foods14111912
https://doi.org/10.1021/AC60147A030
https://doi.org/10.14719/pst.2021.8.3.1293
https://doi.org/10.14719/pst.2021.8.3.1293
https://doi.org/10.1063/5.0172949
https://doi.org/10.1021/ACSOMEGA.1C02731
https://doi.org/10.1021/ACSOMEGA.1C02731
https://doi.org/10.1016/J.FOODRES.2011.02.028
https://doi.org/10.1590/S0103-84782012000900027
https://doi.org/10.1590/S0103-84782012000900027
https://doi.org/10.1016/j.foodchem.2004.11.010
https://doi.org/10.1016/j.foodchem.2004.11.010
https://doi.org/10.1016/S0308-8146(03)00282-6
https://doi.org/10.1016/S0308-8146(03)00282-6
https://doi.org/10.3390/LIFE12101602
https://doi.org/10.1016/j.jfca.2010.12.003
https://doi.org/10.33448/RSD-V10I6.15490
https://doi.org/10.1016/J.LWT.2015.11.050
https://doi.org/10.1016/J.LWT.2015.11.050
https://doi.org/10.1016/J.LWT.2021.111714
https://doi.org/10.1016/J.FCT.2011.10.028
https://doi.org/10.1590/FST.14420
https://doi.org/10.1590/S0101-20612003000300007
https://doi.org/10.3389/FNUT.2021.699666
https://doi.org/10.1007/S12088-016-0601-9
https://doi.org/10.1007/S12088-016-0601-9
https://doi.org/10.1111/J.1745-4514.2010.00476.X
https://doi.org/10.1111/J.1745-4514.2010.00476.X
https://doi.org/10.3390/FOODS13162608
https://doi.org/10.1016/J.FOODRES.2020.109238
https://doi.org/10.3945/an.112.003533
https://doi.org/10.1021/jf2001876

