J Food Sci Technol (December 2020) 57(12):4469-4480
https://doi.org/10.1007/s13197-020-04484-5

o)

Check for
updates

ORIGINAL ARTICLE

AFSHI

Enpoweriag food frrofeceionate

©
Jood

Improved flavor profiles of red pitaya (Hylocereus lemairei) wine
by controlling the inoculations of Saccharomyces bayanus
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Abstract The effects of the inoculation method of Sac-
charomyces bayanus BV818 and non-Saccharomyces yeast
Metschnikowia agaves P3-3 and the fermentation temper-
ature on the volatile profiles of red pitaya wine were
investigated in the present study. Although the growth of
P3-3 was inhibited by BV818 in the mixed inoculations,
simultaneous and sequential inoculations promoted the
production of seven volatiles, including higher alcohols
(propan-1-o0l, 3-methyl-1-butanol and phenethyl alcohol),
esters (ethyl decanoate and diethyl succinate), acid (2-
ethylhexanoic acid), and ketone (acetoin). Sequential
inoculation produced the largest total content of volatile
compounds and exhibited the best in the global aroma. The
red pitaya wine produced in different inoculations can be
separated by its main volatile components. Furthermore,
the highest total content was yielded at 25 °C for alcohols
and at 21 °C for esters and acids. Within an experimental
range of 17 °C to 29 °C, the contents of benzaldehyde and
acetoin decreased with the increase in temperature,
whereas the change in 4-ethyl-2-methoxyphenol content
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was the opposite. The similarly high total contents of
volatiles and global aroma score were yielded via
sequential inoculation at 21 °C and 25 °C. Therefore, the
desired red pitaya wine can be effectively produced by
modulating the inoculation method and fermentation
temperature.
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compound

Introduction

Pitaya (Hylocereus sp.), also known as dragon fruit, is a
member of the Cactaceae family. Pitaya is native to Latin
America and West Indies and is cultivated in tropical and
subtropical regions of the world. This fruit is planted over
34,000 hectares with an output of 100,000 tons annually in
China, and the sales revenue exceeded 7 billion yuan.
However, storage of this fruit is difficult, so it is often
processed and consumed as dried fruit or wine (Gong et al.
2017b).

Pitaya can be divided into red (Hylocereus lemairei, also
called Hylocereus polyrhizus), white (Hylocereus undatus),
and yellow (Hylocereus megalanthus) depending on the
color of peel and pulp. Red pitaya has attracted great
attention because of its bright red—purple color and strong
antioxidant activity produced by its high anthocyanin
content. Such antioxidant activity protects the body against
oxidative damage (Sandate-Flores et al. 2017). These
characteristics made red pitaya an ideal wine-making
material.

Saccharomyces yeasts are widely used in the wine-
making industry, but the single inoculation of this strain
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may result in the simplification of wine flavor (Padilla et al.
2016). Increasingly more studies have revealed that mixed
inoculations of Saccharomyces and non-Saccharomyces
yeast strains improve the levels of volatile components in
wines, thereby yielding products with complex, intense,
and characteristic flavor (Englezos et al. 2018; Wang et al.
2017). The mixed culture fermentation can modify the
chemical compositions and the overall character of fruit
wine because an interaction occurs between Saccha-
romyces and non-Saccharomyces strains. Moreover, the
inoculation method of Saccharomyces and non-Saccha-
romyces strains can induce various changes in the chemical
components of the wine (Lee et al. 2012; Sun et al. 2016).
Therefore, theoretically an improved wine can be acquired
via appropriate inoculation method in mixed culture fer-
mentation. Nevertheless, the aroma of red pitaya wine, the
use of mixed inoculation for producing red pitaya wine,
and the effects of inoculation method on the volatile pro-
files of red pitaya wine are rarely reported.

Fermentation parameters, such as temperature, are
important factors that impact the formation of volatiles
during wine making. Temperature can alter the rate of
fermentation by influencing the metabolism of carbon and
nitrogen sources, thereby affecting the chemical and
organoleptic qualities of the final wine product (Malherbe
et al. 2004). Low temperature increases positive aromas
and maintains a high level of varietal aromas. In contrast,
at an elevated temperature, the growth of yeast and uti-
lization of sugar can be accelerated. Findings from Peng
et al. (2015) on apple wine revealed that changing the
fermentation temperature was able to remarkably influence
the production of the key volatile components, and 20 °C
was found to be the most suitable fermentation temperature
in terms of volatile and sensory profiles. Sun et al. (2016)
on cherry wine suggested that compared to the wine fer-
mented at 25 °C, fermentations at 20 °C and 30 °C
decreased its sensory quality. Nevertheless, the effects of
fermentation temperature on the volatile and sensory pro-
files of red pitaya wine are rarely studied, thus must be
explored to improve the processing technique and the
quality of final product.

The current study aims to enrich the knowledge on the
volatile profile of red pitaya wine, and evaluate the effects
of the inoculation method of Saccharomyces bayanus strain
BV818 and non-Saccharomyces yeast Metschnikowia
agaves P3-3 and the fermentation temperature on the for-
mation of volatiles in red pitaya wine.

@ Springer

Materials and methods
Chemicals

The chemical standards (Sigma-Aldrich, Saint Louis, MO,
USA) used in this work were analytical reagent grade.

Yeast strains

Commercial S. bayanus strain BV818 was purchased from
Angel (Yichang, China). Non-Saccharomyces yeast M.
agaves P3-3 was deposited in the Laboratory of Food
Biotechnology at Hainan University. The strain M. agaves
P3-3 was isolated from the papaya and owned a high B-
glucosidase activity.

Red pitaya wine fermentation

Red pitaya (Jindu no.1) was harvested from fruit orchards
in Dongfang city, Hainan Province, China, at optimal
maturity. The soluble solid content of the red pitaya juice
was adjusted from 13 to 22°Brix using sucrose. The pH of
the red pitaya juice was adjusted from 4.6 to 3.8 using citric
acid. The total acidity (expressed as tartaric acid) of the red
pitaya juice was 5.13 g/L. 100 mg/L sodium metabisul-
phite was added to prevent bacterial contamination.

In this study, the samples were prepared as follows:
(I) individually inoculating S. bayanus BV818 in the pure-
culture fermentation (PF), (II) individually inoculating M.
agaves P3-3 in PF, (II) simultaneously inoculating S.
bayanus BV818 and M. agaves P3-3 in the co-culture
fermentation (CF), (IV) the S. bayanus strain BV818 was
inoculated 48 h after the strain M. agaves P3-3 in
sequential fermentation (SF). The strain S. bayanus BV818
was inoculated at 10° cells/mL, and the strain M. agaves
P3-3 was inoculated at 107 cells/mL.

The yeast strains were statically pre-cultured in yeast
extract peptone dextrose (YEPD) medium (20 g/L glucose,
20 g/L. peptone, and 10 g/L yeast extract) at 25 °C for
48 h. The cells were harvested through centrifugation
(1500 x g, 4 °C, 10 min), washed once with 50 mL of
sterile water, and then resuspended in sterile water.

The fermentations were conducted in 250 mL conical
flasks that contained 190 mL of adjusted red pitaya juice.
The PFs and CF were statically conducted at 25 °C. The
SFs were conducted at 17 °C, 21 °C, 25 °C, and 29 °C,
respectively. The fermentations were conducted three
times.
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Analysis of physicochemical properties

Total soluble solid, pH, and total acidity of the red pitaya
juices and total soluble solid, reducing sugar, titrat-
able acidity, volatile acidity, and alcoholic content of the
red pitaya wines were determined according to Zhu et al.
(2014). Total soluble solid was assessed using a hand
refractometer (WYT, HaoChuang, Chengdu, China). pH of
red pitaya juices was determined by using a pH meter
(SevenEasy S20, METTLER TOLEDO, Zurich, Switzer-
land). Residual sugar and titratable acidity were deter-
mined by titration, and the results were expressed as glu-
cose and tartaric acid, respectively. Volatile acidity was
obtained by distillation combined with titration, and the
results were expressed as acetic acid. Alcoholic content
was obtained by distillation combined with a
portable densimeter (DA-130 N, KEM, Tokyo, Japan).
Each measurement was conducted in triplicates.

Volatile compound analysis

Headspace-solid phase microextraction (HS-SPME) com-
bined with gas chromatography-mass spectrometry (GC—
MS) was used to the analysis of volatile compounds
according to the previous study (Lin et al. 2018) with the
following modifications. 8 mL of sample and 3 g of NaCl
were placed in a 15 mL vial sealed with silicone septa
(Sigma Chemical Co., Saint Louis, MO, USA). A HP-
INNOWAX capillary column (60 m x 0.25 mm inner
diameter, 0.25 pm film thickness, Agilent Technologies,
Santa Clara, CA) was used. The GC oven temperature
program was set as follows: initial temperature of 40 °C
(held for 5 min), then increased to 120 °C at 4 °C/min, and
finally increased to 230 °C at 5 °C/min (held for 5 min).
The internal standard (IS, 10 pL. of 250 mg/L 2-octanol)
was used to quantify the volatiles.

Sensory analysis

Sensory evaluation was performed according to the previ-
ous study (Lin et al. 2018) with the following modification.
The fermented red pitaya wines were evaluated by a well-
trained panel of 15 members (6 men and 9 women, ranging
from 20 to 50 years old). 20 mL of wine sample was
presented to the panelists at room temperature of
22 £+ 1 °C. Seven important sensory terms including floral,
fruity, sweet, sweaty, fatty, spicy, and global aroma were
selected by the panelists during discussion to describe and
differentiate the attributes of the samples, and a scale from
0 to 5 was used to score the intensity of each attribute,
where 0 indicated that the attribute was not perceived, and
the intensity of the perceived attribute gradually enhanced
from the values 1 to 5.

Statistical analysis

One-way ANOVA and Tukey’s Honestly Significant Dif-
ference (HSD) tests were used to determine significant
differences. Differences at p < 0.05 were considered sta-
tistically significant. Principal component analysis (PCA)
was conducted using PLS_TOOLBOX version 5.02 under
Matlab version 7.0.

Results and discussion

Effect of inoculation method on the biomass
evolution of yeasts

The growth kinetics of yeast strains in pure and mixed
culture fermentations are shown in Fig. 1. In PFs, BV818
achieved the maximum viable population (7.95 Log CFU/
mL) in four days, whereas P3-3 took five days to yield a
maximum population of 8.23 Log CFU/mL (Fig. 1a and b).
In the mixed inoculations, BV818 quickly adapted to the
red pitaya juices and displayed similar growth patterns to
that in PF (Fig. 1c, d). However, compared to that in PF,
the maximum populations of BV818 decreased to 7.92 Log
CFU/mL and 7.91 Log CFU/mL in CF and SF, respec-
tively. This result may be ascribed to the nitrogen com-
petition of the two strains. With regard to the growth of P3-
3, its proliferation followed the same pattern as in PF in the
initial two days in SF, but it was restricted and decreased to
5.80 Log CFU/mL when BV818 was inoculated. An even
greater dropping trend of P3-3 growth was observed in CF,
in which its population continuingly declined to 5.30 Log
CFU/mL. The growth of P3-3 was significantly affected by
the proliferation of BV818. This condition could be caused
by the formation of some killer toxins to P3-3 (Albergaria
et al. 2010; Ciani et al. 2010). These findings were con-
sistent with those in grape and cherry wine fermentations,
in which Metschnikowia species strains were used (Medina
et al. 2012; Sadoudi et al. 2012; Sun et al. 2014).

Effect of inoculation method on the physicochemical
properties of red pitaya wine

In BV818 PF, the alcoholic fermentation was completed in
seven days, whereas it took a longer fermentation time
(thirteen days) with a slower utilization rate of sugar in P3-
3 PF (Fig. 1a, b). Simultaneously, the °Brix values reached
stability at approximately 5% and 7% in BV818 and P3-3
PFs, respectively. Compared to P3-3 PF, the mixed inoc-
ulations with BV818 shortened the fermentation time to
seven and eight days in CF and SF, respectively (Fig. lc,
d).
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Fig. 1 Growth kinetics and °Brix changes during the red pitaya wine
making. The red pitaya wines were produced by a BV818 pure-
culture fermentation, b P3-3 pure-culture fermentation, ¢ co-culture
fermentation, and d sequential fermentation. The YEPD agar plate
was used for the viable count of the yeast cells in the pure-culture
fermentations (PFs). The WL nutrient agar medium (HBO0300,

For the general characteristics of the red pitaya wines
yielded by different inoculations (Table 1 columns 2-5),
the single inoculation of BV818 bringing about the highest
contents of titratable acidity and ethanol, whereas the sin-
gle inoculation of P3-3 led to the opposite results. The red
pitaya wines produced by CF and SF displayed medium
levels of the chemical parameters. Non-Saccharomyces
yeasts were commonly considered negative starters due to
their high production of undesirable metabolites, such as
acetic acid (Comitini et al. 2011; Sun et al. 2016). The non-
Saccharomyces yeast strain P3-3 used in this study yielded
a low concentration of volatile acidity, suggesting a
promising oenological feature of the strain. These results
were consistent with those in Comitini et al. (2011) and
Sun et al. (2014).
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Hopebio, Qingdao, China) was applied to the identification of wine
yeast colonies. The lysine medium (HB8814, Hopebio, Qingdao,
China) was used to differentiate non-Saccharomyces yeast cells
cultured in the mixed culture fermentation. The fermentations were
conducted until the residual sugar was lower than 4 g/L

Effect of inoculation method on the volatile profiles
of red pitaya wine

The application of the SPME/GCMS method allowed for
the identification and quantification of 35 volatile com-
pounds (Table 2). This finding differed from that reported
by Gong et al. (2017a, b), who identified 55 and 16 vola-
tiles in red pitaya wines. This difference could be attributed
to the different wine samples and analysis methods.

The effects of inoculation method on the concentration
and type of volatile compounds in the red pitaya wines are
shown in Table 2 (columns 7-10) and Fig. 2. The wines
yielded by PFs displayed relatively low total contents of
the volatile compounds, and P3-3 PF generated the lowest
value. The CF and SF evidently increased the total con-
centrations of the volatiles, and the largest content was
achieved by SF. These findings suggested that certain
synergistic interactions might occur in the two yeast
strains. Regarding the relative content of the volatiles,
esters were the main components in the BV818 PF wine
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Table 1 General physicochemical properties of the red pitaya wines resulting from different inoculations (columns 2-5) and fermentation
temperatures (columns 5-8)

BV8I8 P3-3 CF SF (25 °C) SF (17 °C) SF (21 °C) SF (29 °C)

Reducing sugar (g/L) 1.72 £ 0.06° 274 £0.08"  2.03 &+ 0.04 2.17 £ 0.06° 2.68 + 0.11* 243 £0.10°  2.19 £ 0.04°
Titratable acidity (g/L)  7.08 + 0.12% 575 £ 0.08° 643 £0.11® 653 £0.12® 658 £0.05® 651 £0.04® 637 £ 0.08"
Volatile acidity (g/L) 0.68 & 0.05" 0.56 £ 0.03*  0.60 & 0.02*  0.61 & 0.06* 0.63 + 0.04* 0.62 + 0.04*  0.65 £ 0.06"
Ethanol (% vol) 10.8 + 0.03* 8.9+ 0.08° 105+ 0.04® 104 £ 0.05%° 103 £ 0.02° 104 £ 0.04%5¢ 104 + 0.065€

Values shown represent the averages of triplicate samples (data are mean + SD)

Values with different superscript capital letters in the same row are significantly different (p < 0.05)

BV818: wine samples inoculated with S. bayanus BV818 alone at 25 °C

P3-3: wine samples inoculated with M. agaves P3-3 alone at 25 °C

CF: wine samples inoculated with BV818 and P3-3 simultaneously at 25 °C
SF (25 °C), SF (17 °C), SF (21 °C) and SF (29 °C): wine samples inoculated with P3-3 prior to BV818 48 h at 17 °C, 21 °C, 25 °C and 29 °C,

respectively

sample, but the main constituents in P3-3 PF, CF, and SF
were alcohols. Compared to that in BV818 PF, the pro-
portion of acids decreased in the other three methods. The
wine produced by P3-3 PF displayed the highest relative
contents of aldehydes, ketones, and phenols. In summary,
modifying the inoculation method affected the global
volatile profiles of the red pitaya wine and might conse-
quently influenced the wine style and quality like those for
papaya wine (Lee et al. 2010) and dry white wine (Puertas
et al. 2018).

In the present study, pure and mixed inoculations pro-
duced the alcohols at concentrations below 300 mg/L,
which can actively influence the wine flavor (Duarte et al.
2010). Compared to those produced by PFs, the CF con-
siderably increased the concentrations of propan-1-ol,
3-methyl-1-butanol, and phenethyl alcohol. More diverse
types of alcohols yielded by SF exhibited higher contents
than those produced by PFs. Propan-1-o0l, 3-methyl-1-bu-
tanol, and phenethyl alcohol were the main higher alcohols
in many kinds of wines, such as Chinese Baijiu (Li et al.
2017), red wine (Ma et al. 2017), and beer (Ocvirk et al.
2018). 3-Methyl-1-butanol is formed through deamination
and decarboxylation reactions from leucine (Molina et al.
2009). 3-Methyl-1-butanol negatively contributes to wine
quality when the content is higher than its odor threshold.
On the contrary, a high level of phenethyl alcohol, which is
synthesized through the transamination of L-phenylalanine,
contributes a pleasant odor of the wine (Swiegers et al.
2005). These findings were in agreement with that reported
in Sun et al. (2014), which found that mixed fermentation
with Metschnikowia species could enhance the production
of the three main higher alcohol compounds in cherry
wine.

Among the identified esters, acetate esters were the most
representative aroma family in fruit wines (Dzialo et al.

2017). Acetate esters are considered more effective to the
perceived aroma than the ethyl esters derived from med-
ium-chain fatty acids (Dzialo et al. 2017). The concentra-
tions of more than half of the esters yielded by CF were
higher than those generated by BV818 PF. Similar
behavior but with more types of esters were increased by
SF. Compared to BV818 PF, the SF remarkably enhanced
the contents of most detected esters except isoamyl lactate
and ethyl myristate. The increase in ester production could
be attributed to the enhanced contents of precursor alcohols
or organic acids. These results were consistent with those
in Sadoudi et al. (2012), which found that the sequential
inoculation with M. pulcherrima produced higher levels of
most esters than the inoculation of S. cerevisiae alone.

Acids actively contributed to the flavor of wine at levels
below their odor thresholds. Nevertheless, unpleasant
sweaty, sour, and thin odors could be aggravated at a high
content of acids (Hernanz et al. 2009). A total of two
medium-chain fatty acids (heptanoic acid and nonanoic
acid), which were absent in the wine fermented by BV818
alone, appeared in the condition of the mixed inoculations
with P3-3. The CF over PFs elevated the concentrations of
acetic acid and 2-ethylhexanoic acid, but the concentra-
tions of another two medium-chain fatty acids, octanoic
acid and decanoic acid, were increased by SF besides
2-ethylhexanoic acid.

A small amount of benzaldehyde was observed in P3-3
PF, CF, and SF. Compared to that of BV818 PF, the con-
centration of acetoin increased by 19% and 12% in CF and
SF, respectively. Only one phenol was identified in this
study. The concentration of 4-ethyl-2-methoxyphenol in
CF and SF was 93% and 58% higher than that in BV818
PF, respectively. Strains of wine yeast, wild yeast (Sac-
charomyces cerevisiae), and non-Saccharomyces yeast
exhibited distinguished phenolic off-flavors productivity in

@ Springer
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Fig. 2 Concentrations of total volatiles, alcohols, esters, acids,
aldehydes and ketones, and phenols produced by different inocula-
tions. BV818: wine samples inoculated with S. bayanus BV818 alone
at 25 °C. P3-3: wine samples inoculated with M. agaves P3-3 alone at
25 °C. CF: wine samples inoculated with BV818 and P3-3 simulta-
neously at 25 °C. SF (25 °C), SF (17 °C), SF (21 °C) and SF (29 °C):

the winemaking environment (Shinohara et al. 2000). The
enhancement of 4-ethyl-2-methoxyphenol content in mixed
fermentation could be due to the strain P3-3 that natively
possesses a relatively strong ability of accumulating this
compound (Table 2).

PCA was performed on the 35 volatile compounds
shown in Table 2. The loadings of the volatiles and the
distribution of the wine samples are shown in Fig. 3. Mixed
inoculations brought about differences in the composition
of volatile compounds from pure inoculations. The SF was
situated in the first quadrant and was related more to four
groups of compounds, including six alcohols (A2
2-methyl-1-propanol, = A4  3-methyl-1-butanol, A6
6-methyl-2-heptanol, A7 2-nonanol, A10 3,7-dimethyl-(R)-
6-octen-1-ol, and All phenethyl alcohol), six esters (El
ethyl acetate, E5 ethyl lactate, E8 ethyl decanoate, E9
diethyl succinate, E10 ethyl phenylacetate, and E13 ethyl
hexadecanoate), two acids (AC4 2-ethylhexanoic acid and
ACS8 decanoic acid), and one ketones (AK2 acetoin). The
characteristic aroma of CF, mainly related to Al propan-1-
ol, A8 2,3-butanediol, E4 ethyl hexanoate, and AK1 ben-
zaldehyde, was relatively close to that of SF. The wine
samples produced by P3-3 and BV818 PFs were situated in

@ Springer

wine samples inoculated with P3-3 prior to BV818 48 h at 17 °C,
21 °C, 25 °C and 29 °C, respectively. Data are the averages of three
independent experiments and error bars represent & SD. Values with
different capital letters in the columns are significantly different
(p < 0.05)

the second and fourth quadrants, respectively, and far from
those volatile compounds. These results demonstrated that
mixed inoculation of P3-3 and BV818 enhanced the con-
centrations of volatile compounds and improved the aroma
characteristic of red pitaya wine.

The odor activity values (OAVs) were used to further
investigate the contribution of each compound to the flavor
of the red pitaya wines (Table 3). The OAVs of ten types of
volatile compounds were above 1 in this test. 3,7-Dime-
thyl-(R)-6-octen-1-0l was the only alcohol that exhibited
high concentrations and surpassed its odor threshold.
Therefore, an intensely sweet and rose odor could be
captured in the wines yielded by BV818 PF, CF, and SF.
Isoamyl acetate, ethyl hexanoate, and ethyl octanoate
presented OAVs > 1 in the four red pitaya wine samples,
thus contributing fruity and fatty odors to wines. An
OAV > 1 of ethyl acetate was only found in SF, thereby
contributing an intense pineapple odor to the wine yielded
by sequential inoculation. The OAVs of ethyl decanoate
and phenethyl acetate produced by CF and SF were > 1,
thus bringing out intense grape, rose, honey and tobacco
odors to the wines produced by mixed inoculations.
Although the concentrations of octanoic acid (a sweat and
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Fig. 3 Loadings of the volatile compounds and the distribution of the
wine samples in the first two PCs. BV818: wine samples inoculated
with S. bayanus BVS818 alone at 25 °C. P3-3: wine samples
inoculated with M. agaves P3-3 alone at 25 °C. CF: wine samples
inoculated with BV818 and P3-3 simultaneously at 25 °C. SF: wine
samples inoculated with P3-3 prior to BV818 48 h at the correspond-
ing fermentation temperatures (17 °C, 21 °C, 25 °C and 29 °C). P:
Phenols, A: Alcohols, E: Esters, AC: Acids, AK: Aldehydes and
ketones

cheese odor), decanoic acid (a rancid and fat odor), and
4-ethyl-2-methoxyphenol (a spice and clove odor) differed
in four wines, all of their OAVs were > 1. However, high
concentrations of acids and phenols could negatively affect
the wine flavor.

Effect of inoculation method on the sensory
properties of red pitaya wine

As shown in Figure S1A, the wines produced by BV818
and P3-3 PFs showed differences in the senses except for
the “floral” and “fruity” features. These results indicated
that the wines fermented with different genera of the yeasts
could result in different sensory properties, depending on
the function of yeast strains during fermentation. Com-
pared to PFs, CF and SF reinforced the floral, fruity, and
sweet aromas of the red pitaya wine. This finding could be
resulted from the large quantities of 3,7-dimethyl-(R)-6-
octen-1-ol, ethyl acetate, isoamyl acetate, ethyl hexanoate,
ethyl octanoate, ethyl decanoate, and phenethyl acetate
produced in CF and SF. The wine produced by SF showed
the highest score in “sweaty” rating due to its large content
of octanoic acid. The mixed inoculations with P3-3 over
BV818 PF increased the “fatty” and “spicy” ratings
without influencing the global aroma of the wines yielded
by CF and SF. These results suggested that the mixed
inoculation with non-Saccharomyces strains could enhance
the sensory complexity and aromatic intensity of the red
pitaya wine. This result was consistent with PCA, sug-
gesting that the flavor of the red pitaya wines produced by
CF and SF are relatively similar in this test.

On the basis of the above results, compared to BV818
and P3-3 PFs, the moderate levels of physicochemical
properties were found in the red pitaya wines yielded by
CF and SF. Although the growth of P3-3 was inhibited by
BVE818 in mixed inoculations, synergistic interactions
might occur between the two strains. Thus, high concen-
trations of volatile components were accumulated by CF

Table 3 OAVs (> 1) for the main volatile compounds in the red pitaya wines resulting from different inoculations (columns 5-8) and

fermentation temperatures (columns 8-11)

Code Compounds Odour _ Odour threshold BV818 P3- CF SF SF SF SF
description” (ng/L)?* 3 25°C) (17°C) (21°C) (29°C)
A10  3,7-Dimethyl-(R)-6- Sweet, Rose 40 1.7 06 1.7 20 2.1 1.9 1.7
octen-1-ol
El Ethyl acetate Pineapple 7500 0.9 04 09 1.0 1.0 1.2 1.0
E3 Isoamyl acetate Banana 30 1.8 1.6 19 23 1.4 29 1.0
E4 Ethyl hexanoate Apple peel, fruit 14 1.4 39 46 3.1 4.5 4.1 2.0
E6 Ethyl octanoate Fruit, fat 20 3.5 81 7.8 6.2 7.9 7.1 4.6
E8 Ethyl decanoate Grape 200 0.6 02 1.0 10 1.2 1.2 0.9
Ell Phenethyl acetate Rose, honey, 250 0.8 29 1.7 14 1.1 1.5 1.0
tobacco
AC6  Octanoic acid Sweat, cheese 500 1.8 1.3 1.6 1.9 1.9 2.1 24
AC8 Decanoic acid Rancid, fat 150 3.2 1.0 27 35 2.7 3.9 2.8
P1 4-Ethyl-2- Spice, clove 11 5.0 19.1 9.6 79 6.5 6.8 10.0
methoxyphenol

“https://www.flavornet.org/flavornet.html

20AVs were calculated by the ratio of the concentration of a compound to its odor threshold value
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and SF. Although SF and CF presented a very similar
profile, SF scored the highest in three positive perceptions
(floral, fruity, and sweet) and global aroma (Figure S1A).
Furthermore, SF produced the highest total content of
volatiles. Therefore, the strong flavor and excellent fusion
of notes in the red pitaya wine produced by SF were able to
yield the best sensory profile (pure, elegant, and harmo-
nious fruit and wine aroma, coupled with full-bodied,
mellow, and refreshing taste). Moreover, as far as tech-
nology is concerned, a slightly longer initial fermentation
stage plays an important role in the wine quality, such as
the presentation of color and the formation of aroma (Sun
et al. 2016). Therefore, the sequential inoculation was used
in the following trials, which focused on the effects of
fermentation temperature on the volatile and sensory pro-
files of the red pitaya wine.

Effect of fermentation temperature
on the physicochemical properties of red pitaya wine

Table 1 (columns 5-8) shows the general physicochemical
properties of the red pitaya wines via SF at different tem-
peratures. No evident changes in titratable acidity, volatile
acidity, and ethanol were found at the four temperatures.
This result differed from that on apple wine, which was
produced by single inoculation of S. cerevisiae (Peng et al.
2015). This discrepancy highlights that the importance of
raw material and non-Saccharomyces yeast might play a
role in alcoholic fermentation along with Saccharomyces
strains at various temperatures.

Effect of fermentation temperature on the volatile
profiles of red pitaya wine

The volatile profiles of the red pitaya wines via SF at
different temperatures are presented in Table 2 (columns
10-13). The highest total amount of volatiles was found at
21 °C, and the lowest amount was produced at 17 °C. A
relatively cold condition generally renders a greater
preservation of volatiles (Beltran et al. 2008). However,
low temperature can also weaken the growth and the
metabolism of yeasts and decrease the production of
volatile compounds, such as higher alcohol concentration
(Beltran et al. 2008). On the contrary, high temperature
accelerates the yeast metabolism, yet physical loss of
volatiles in wines can be aggravated (Yilmaztekin et al.
2013). The proportion of the five groups of volatiles varied
at different temperatures. The wine fermented at 25 °C
exhibited the highest proportion of alcohols, whereas the
largest proportions of esters and acids were produced at
21 °C. The concentrations of benzaldehyde and acetoin
decreased with increasing temperature. A similar trend was
observed for the changes in the main volatiles (OAVs > 1)

@ Springer

ethyl hexanoate, ethyl octanoate, and ethyl decanoate.
Conversely, the concentration of the main contributor
4-ethyl-2-methoxyphenol kept on rising from 17 to 29 °C.
The concentrations of the main volatiles isoamyl acetate,
phenethyl acetate, and decanoic acid dramatically
increased when the temperature rose from 17 to 21 °C and
gradually decreased thereafter between 21 and 29 °C.
According to the PCA result, the SFs at 17 °C, 21 °C,
and 25 °C produced similarities in the characteristic aroma
of the red pitaya wine. However, the wine sample fer-
mented at 29 °C, which was mainly related to A2 (2-
methyl-1-propanol), AC3 (hexanoic acid), AC4 (2-ethyl-
hexanoic acid), and AC6 (octanoic acid), was located at the
different quadrants. These results revealed that changing
the fermentation temperature could modulate the aroma
character and flavor profile of the red pitaya wine.

Effect of fermentation temperature on the sensory
properties of red pitaya wine

As shown in Figure S1B, the wine fermented at 21 °C was
characterized by intense notes of floral, fruity, sweet, and
fatty, moderate sweatiness, and relatively slight spiciness.
The highest rating of fatty might negatively influence the
global aroma of this wine. Compared to those produced at
21 °C, wine samples yielded at 25 °C were more intense in
the spicy sense but rated less in attributes including “fru-
ity”, “sweet”, “sweaty”, and “fatty”. The high score of
global aroma (pure, elegant, and harmonious fruit and wine
aroma) produced at 25 °C (a slightly higher than that
produced at 21 °C, p > 0.05) was benefited from the
optimal combination of various perceptions. The moderate
intensity of the notes was produced at 17 °C. The wine
made at 29 °C scored the highest level of sweaty and spicy
senses and was rated the lowest of the other features. The
low levels of active odors and high levels of undesirable
odors resulted in the lowest score of global aroma at 29 °C.
These findings were consistent with those of volatile pro-
files, suggesting that the flavor properties of wines pro-
duced at 21 °C and 25 °C were relatively similar in this
work. Therefore, the fermentation temperatures ranging
from 21 to 25 °C appear suitable for making the desirable
red pitaya wine.

Conclusions

Results showed a positive effect on the production of the
red pitaya wine by mixed inoculations of S. bayanus
BV818 and M. agaves P3-3. Mixed inoculations influenced
the yeast-yeast interactions and consequently the final wine
quality, especially the enhancement of the aroma intensity,
complexity, and global sensory quality. Fermentation
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temperature modulated the volatile production of the red
pitaya wine. An appropriate temperature was advantageous
to the aroma profile and sensory quality of the red pitaya
wine. To our knowledge, this study is the first to use the M.
agaves strain in mixed inoculation fermentation of fruit
wine. Although different ratios of yeasts are needed to fully
investigate the effects of mixed inoculation on the wine
flavor, this study can provide knowledge on the aroma
properties of the red pitaya wine and establish foundations
for its production with the desired flavor profile.
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