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The aim of this study was to investigate the effects of Torulaspora delbrueckii and Saccharomyces cerevisiae,
as pure fermenters and mixed fermenters (simultaneous and sequential culture), on the production of non-
volatiles and volatiles, and on the antioxidant activity in Golden Dried Longan juice and Golden Dried
Longan wines. Alanine, arginine, glutamic acid, leucine, proline, and gamma-aminobutyric acid (GABA)
were the most prominent amino acids that were found in these wines. The Golden Dried Longan Wine
fermented with monocultures of S. cerevisiae and T. delbrueckii produced a total volatile aroma content of
393.21 mg/l and 383.20 mg/l, respectively. Simultaneous culture of the two organisms produced the highest
total volatile aroma content, that affected most volatile compounds including isobutanol, ethyl acetate,
ethyl decanoate, ethyl heptanoate, ethyl hexanoate, ethyl pentanoate, isoamyl acetate, and isobutyl acetate. Of
the four treatments, the sequential culture possessed the highest total phenolic content (5.80 mg gallic acid
equivalents (GAE)/ml). In addition, the total phenolic content significantly correlated with the antioxidant
activity of the Golden Dried Juice and Golden Dried Longan Wine. These results suggest that co-cultures of
the two organisms used in the production of the Golden Dried Longan Wine may improve the intensity and
complexity of its aroma.
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Introduction

Longan (Dimocarpus longan Lour) is a tropical fruit
grown in the Asia Pacific region, especially Thailand.
Longan can be served fresh or processed as dried longan,
wine, and jam. Dried fruit is a favorite product for con-
sumers because of its unique flavor. Dried longan has
been found to contain glucose, sucrose, and fructose, and
also free amino acids that have been found to be associated
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with flavor precursors in winemaking. The major volatile
compounds from dried longan include ocimenes, furfural,
5-methyl furfural, iscamyl alcohol, linalool oxide, trans
geraniol, benzenemethanol, ethyl hexadecanoate, 2-acetyl-
furan, 2-furancarboxylic acid, and 2, 5 dihydrofuran [1].
The use of non-Saccharomyces species has attracted
interest for commercial winemaking as several studies
have shown the potential production of a greater diver-
sity of aromatic compounds in wine [2]. One of the non-
Saccharomyces yeasts, Torulaspora delbrueckii, is
already currently used in commercial winemaking [3],
as this yeast has been reported to have a positive impact
on the taste and aroma of wine together with a decreased
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production of undesirable compounds [4]. However,
Hensen et al. [5] reported that T. delbrueckii had less
tolerance to limited oxygen conditions compared to S.
cerevisiae. Hence, the mixed inoculation of S. cerevisiae
and T. delbrueckii could improve the aroma complexity
and intensity of wine, including from phenylethanol, iso-
amyl acetate, isobutyl acetate, ethyl hexanoate, 3-
hydroxybutanoate, ethyl decanoate, and terpenes [6, 7].

Golden dried longan is a processed agricultural product
of longan fruit, which is an important economic crop of
Thailand [8]. Most research into longan wines have
focused only on longan wines made from fresh longan
[9-11]. In the present research, golden dried longan was
chosen as a raw material for winemaking because it is
considered to have a rich amount of amino acids and
sugar suitable for yeast culture [1,9]. Furthermore,
most studies on longan wine to date have focused on the
characteristic flavor of fresh longan wine, and a few
research studies have evaluated the total phenolic
content and the antioxidant activity [11].

The main objective of the present research was to
determine the effect of S. cerevisiae in association with
T. delbrueckii by mono, simultaneous, and sequential
cultures on the aroma and amino acids, and to analyze
the functional activity (total phenolic content and the
antioxidant activity as determined by DPPH, ABTS, and
FRAP methods) of golden dried longan wines.

Materials and Methods

Yeast strains and preparation

S. cerevisiae strain C12 L.A. Bayanus and T. delbrueckii
ATCC 20100; I AM 4383 were obtained from Blue H,O
Filtration Pty Ltd. (Australia) and the Bioresource Col-
lection and Research Center (Taiwan), respectively. The
freeze-dried yeasts were propagated in a sterile nutrient
broth (0.25% w/v yeast extract, 2% w/v glucose, 0.25% w/v
malt extract, and 0.25% w/v bacteriological peptone at
pH 5.0) under static conditions at 25°C for up to 48 h,
and finally stored at -80C in YM medium with adding
glycerol 20% v/v before use.

Materials and fermentation conditions

Golden dried longan was obtained from a local market
at Lamphun, Thailand, which was further dried by a hot
air dryer at 70C for 8 h, with the shell and seed removed
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before the drying. The dried longan was finally stored at
4°C until analysis was performed.

Pretreatment and fermentation process of dried longan
juice

First, 100 g of golden dried longan was placed into a
flask and 300 ml of distilled water was added. The sample
was homogenized to form longan juice using a blender
and then passed through a filter. The longan juice was
acidified to pH 3.5 with 50% w/v DL-malic acid (Canada)
and the °Brix adjusted to 20.0% with pure sucrose [12].

Multiple fermentations of the sterile longan wine were
conducted at 25°C under static conditions for 14 days:
two with the monocultures and two with the two co-cul-
tures (simultaneous and sequential). The monocultures
and co-cultures were inoculated with 1 x 10° CFU/ml for
both T. delbrueckii and S. cerevisiae. The simultaneous
inoculation involved inoculating with 7. delbrueckii and
S. cerevisiae at the same time. The sequential inocula-
tion involved inoculating with T. delbrueckii first,
followed by inoculating with S. cerevisiae after 24 h.

Analysis of the amino acids

Alanine, arginine, aspartic acid, GABA, glutamic acid,
glycine, isoleucine, leucine, lysine, phenylalanine, proline,
serine, threonine, tyrosine, and valine were supplied by
Sigma Chemicals (USA). AccQ-Flour reagent kits con-
taining reagent powder, borate buffer, and acetonitrile
were supplied by Waters Co. Ltd. (Milford, USA).

Amino acids analysis was performed using an HPLC
system (Water Alliance 2695 with heater, USA) based
on the method developed by Water AccQ-Tag [13] and as
used according to Zeng et al. [14]. Chromatographic sep-
aration by reversed-phase HPLC was performed using a
Hypersil GOLD™ Column C18 (4.6 mm X 150 mm,
3 um) (Thermo Fisher Scientific, USA) equipped with a
fluorescence detector (excitation, 250 nm; emission,
395 mm). The column thermostat was set at 37C. The
injection volume was 5 ul and the flow rate was 1.0
ml/min. The mobile phase was 10% AccQ-Tag eluent A
(A), acetonitrile (B), and Milli-Q water (C).

Analysis of the volatile compounds

The volatiles were analyzed by the headspace (HS)
solid-phase microextraction (SPME) method with 30/
50 yum DVB/Carboxen™/PDMS  StableFlex™ fiber



(Supelco: 57348-U, Sigma Aldrich, Spain) coupled with
GC-MS. GC-MS analysis was performed with an Agilent
7890B system, equipped with a DB-Wax UI column
(60 m X 0.25 mm coated with 0.25 pum film thickness).
The operation conditions were according to Liu et al.
[11]. The program consisted of swirling the vial at
250 rpm for 10 min at 40C, inserting the fiber to adsorb
at 40C for 10 min at 250 rpm, and then transferring the
fiber for desorption at 230C for 3 min.

The odor activity values (OAVs) were calculated as the
ratio between the average of the analytical concentra-
tions and the odor thresholds.

Total phenolic content

The total phenolic contents were determined using the
Folin-Ciocalteu method as adapted for wine analysis
[11]. The results are expressed herein as mg gallic acid
equivalents per milliliter of wine (mg GAE/ml).

2,2-Diphenyl-1-Picrylhydrazyl (DPPH) radical scavenging
activity

The scavenging activity of these wines was deter-
mined by DPPH assay, also slightly modified from the
procedure by Nuengchamnong and Ingkaninan [15].
First, 0.1 ml golden longan wine was mixed with 2.9 ml
of 0.1 mM DPPH methanolic solution, with the solution
then kept in the dark at room temperature for 30 min
before the absorbance was measured at 515 nm with a
spectrophotometer.

2,2"-azino-bis 3-ethylbenzthiazoline-6-sulfonic acid (ABTS)
radical scavenging activity

The ABTS assay was performed according to Buyuk-
tuncel et al. [16]. Stock solutions were produced by
mixing 7 mM ABTS solution and 2.4 mM potassium
persulfate solution and were then kept for 14 h at room
temperature in the dark. The solution was diluted by
mixing 1 ml ABTS solution with 60 ml methanol to
obtain an absorbance of 0.7+0.02 as measured at
734 nm using a spectrophotometer. Then, 0.1 ml of
golden longan wine was added to 2.4 ml ABTS solution.
After a further 6 min, the absorbance was measured.

Ferric Reducing Antioxidant Power (FRAP)
The FRAP assay was performed based on a previously
published method by Buyuktuncel et al. [16]. The stock
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solution was prepared by mixing 300 mM acetate buffer,
10 mM 2,4,6-tripyridyl-s-triazine (TPTZ) in 40 mM HCI,
and 20 mM FeCl;3-6H50 in the proportion of 10:1:1 at
37C. The FRAP reagent was prepared fresh. Next,
15 ml of golden longan wine was mixed with 2.85 ml
FRAP solution. Then the absorbance was measured at
593 nm after 30 min.

The values of the three antioxidant activity methods
are expressed herein as a trolox-equivalent antioxidant
capacity (TEAC).

Statistical analysis

The results were compared by ANOVA using the
SPSS 20.0 software (SPSS Inc., USA) at p < 0.05. Princi-
ple component analysis was performed on the volatile
compounds using Minitab. Correlations were computed
using Pearson's correlation coefficient (r) by SPSS.

Results and Discussion

Amino acids

In total, 14 amino acids were detected in the golden
dried longan wines (Table 1). The main amino acids in
the juice were alanine, proline, and glutamic acid, while
proline was found to be the highest in wines. Proline,
alanine, glutamic acid, leucine, and GABA were
revealed as the main amino acids in the four fermented
wines, at concentrations over 1 mg/100 ml, similar to the
result found by Liu et al. [11]. The utilization of nitrogen
was the highest by the T. delbrueckii monoculture, fol-
lowed by S. cerevisiae culture, and then the sequential
and simultaneous cultures. Proline was the major resid-
ual amino acid in the golden dried longan wines. Similar
results in lychee wines were reported by Chen and Liu
[12] and Chen and Liu [17]. Proline is the least preferred
nitrogen source for yeast strains and is not utilized by
yeast under low oxygen conditions [18]. However, pro-
line can be synthesized by yeast cells from glutamic acid
in the cytoplasm, which consists of three enzymes,
namely, y-glutamyl kinase (the product of the PROI
gene), y-glutamyl phosphate reductase (the product of
the PRO2 gene), and Al-pyrroline-5-carboxylate (P5C)
reductase (the product of the PRO3 gene) [19, 20], which
also convert excess proline to glutamic acid in the mito-
chondria in two steps by proline oxidase (the product of
the PUTI gene) and P5C dehydrogenase (the product of
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Table 1. Amino acid content (mg/100 ml) of golden dried longan wines.

Wines
Amino acids Juice — — - -

S. cerevisiae T. delbrueckii Simultaneous Sequential

Asp 7.03+0.17° 0.50 + 0.03¢ 0.45 + 0.02° 0.72 + 0.03° 0.57 + 0.02¢
Ser 5.54 + 0.08° 0.50 + 0.01< 0.45 + 0.02¢ 0.56 + 0.055 0.62 + 0.03°
Glu 2061 + 0.64° 0.87 £ 0.03¢ 0.74 £ 0.03¢ 1.52 + 0.02° 1.05 + 0.08
Gly 0.91 + 0.04° 0.72 £ 0.06 0.76 + 0.02° 0.79 + 0.06° 0.65 + 0.06°
Arg 438 +0.17° 0.70 + 0.06° 0.66 + 0.03¢ 0.78 + 0.015¢ 0.94 + 0.16°
Thr 5.08 +0.13? 0.35 £ 0.10° 0.33 £ 0.02° 0.48 + 0.03° 047 + 0.05%
Ala 40.95 + 0.70° 1.51 + 0.04° 143 + 0.06° 2.51 + 0.03° 1.65 + 0.15°
Pro 26.13 + 0.84° 21.80 + 1.41° 2192 + 1.59° 19.78 + 0.22¢ 20.51 + 0.17¢
GABA 3.01 £0.15° 0.81 + 0.09° 0.62 + 0.04¢ 1.17 £ 0.08° 1.07 + 0.20°
Tyr 0.91 +0.19 0.42 + 0.03¢ 0.33 + 0.03¢ 0.65 + 0.02° 0.42 + 0.07°
Val 2.58 +0.13° 0.72 £0.12°¢ 0.64 + 0.05¢ 0.81 +0.03° 0.83 + 0.03°
lle 0.76 + 0.07° 0.32 + 0,08 0.26 + 0.02¢ 046 £ 0.01° 0.39 + 0.04%
Leu 2.90 + 0.08° 1.07 + 0.20%¢ 0.92 + 0.03¢ 132 +0.02° 1.27 £ 0.15%¢
Phe ND 0.77 £0.11° 0.60 + 0.05¢ 0.96 + 0.10° 0.86 + 0.06°°

Values of different superscripts in the same row are significantly different (p < 0.05)

ND not detected

the PUT2 gene) [21, 22]. Furthermore, proline can be
synthesized from arginine by two enzymes, namely,
arginase (the product of the CARI gene) and ornithine
transaminase (the product of the CAR2 gene) [23, 24].

Volatile compounds

A total of 27 volatile compounds were detected in
golden dried longan wines, including alcohols, ester, ter-
penes, and acid (Table 2). Dried longan wine cultured
simultaneously using T. delbrueckii and S. cerevisiae
had the highest the concentration of total volatile com-
pounds (471.64 mg/l) due to the production of high con-
tents of alcohols and esters, followed by sequential, 7.
delbrueckii and S. cerevisiae cultures, respectively.
Similar previous studies found that a co-culture with 7.
delbrueckii and S. cerevisiae could improve the aroma
intensity and complexity of wine. Different chemical
hydrolysis rates or enzymatic hydrolysis and synthesis
affect the evolution of volatile compounds [6, 7]. Alcohols
were the most abundant of the volatile compounds in
golden dried longan wines. Ethanol, ethylhexanol, isobu-
tanol, isoamyl alcohol, methionol, and 2-phenylethanol
were the main alcohols produced by the four fermented
wines. Ethanol was the most prominent alcohol, with
the S. cerevisiae monoculture producing the significantly
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highest ethanol content, followed by T. delbrueckii, and
the simultaneous and sequential cultures, respectively.
S. cerevisiae can quickly grow under low oxygen condi-
tions and is tolerant to a high ethanol production,
whereas T. delbrueckii slowed down fermentation and
produced less ethanol [6, 17, 25]. On the other hand, the
co-culture could improve the levels of isobutanol and iso-
amyl alcohol, which was similar to the results reported
by Chen and Liu [17], who found that the highest con-
centration of isobutanol and isoamyl alcohol in lychee
wines was from cultures with a co-culture compared
with different yeast monocultures, which was also simi-
lar to research published by Arslan et al. [25] in Narince
wines. The production of 2-phenylethanol did not show
significant differences among the four fermented wines.
In addition, the results found methionol in dried longan
wines, which gives a cauliflower and cooked potato
flavor, and its content exceeded its threshold value of
1 mg/l in the wine cultured with T. delbrueckii [25],
while T. delbrueckii also increased the content of
methionol in Chardonnay wines [3]. Higher alcohols,
such as 2-phenylethanol, isobutanol, and isoamyl alcohol
were produced via the Ehrlich pathway, which involves
the utilization of amino acids. Aromatic amino and
branched-chain amino acids are important precursors of
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Table 2. Volatile compounds content (mg/l) in golden dried longan wines.

Golden dried Golden dried longan wines
Compounds L -~ " : ;
longan juice S. cerevisiae T. delbrueckii Simultaneous Sequential
Alcohols
Ethanol 1438 +4.82° 160.03+351%°  14676+824°  14380+4.75°  142.80 +5.01°
Ethylhexanol ND 0.71 £ 0.10° 114+ 0132 ND ND
Isobutanol ND 10.20 + 0.63° 761 £ 1.16° 21.54 +0.532 2045 +0.772
Isoamyl alcohol ND 67.14 + 3.09° 60.59 + 4.70° 97.59 + 6.60° 102.41 + 6.88°
Methionol ND 1.04 + 0.14¢ 135+0.112 1.29 + 0.06%° 1.12 + 0.06™
2-Phenylethanol ND 27.08 +1.22% 2973 +069 2918 +290N 2921 + 1.06
Sum 1438 +4.829 26621 +267°  247.19+1266° 29341 +11.18%  296.00 + 11.59%
Esters
Ethyl acetate ND 7.56 + 0.59° 8.05 + 0.70° 12.93 + 0.66° 13.57 + 0.59°
Ethyl butanoate ND ND ND 1.16 + 0.08N° 1.24 £ 012N
Ethyl decanoate ND 11.15 + 0.62° 14.00 + 1.28% 14.42 + 0.46° 1241 + 0.87°
Ethyl 9-decenoate ND ND ND ND 0.95 +0.10
Ethyl dodecanoate ND 212+0.12° 213 £0.07° 215+0.12° 240 £0.12°
Ethyl heptanoate ND 1.93 + 0.08° 2.10 £0.10% 2.76 £ 0.15 2.21 £ 0.08°
Ethyl hexanoate ND 16.21 + 041° 12,62 +0.779 26.45 + 0.48° 18.29 + 0.84°
Ethyl nonanoate ND 0.95 + 0.04° 1.53 £ 0.07° 0.74 + 0.07¢ 0.66 + 0.04¢
Ethyl octanoate ND 3113+ 1.36° 39.28 +1.287 38.64 +6.19° 3297 +2.52°
Ethyl pentanoate ND ND 0.65 + 0.06° 1.32 £ 0.04° 1.07 +0.08°
Isoamy! acetate ND 3327 +4.12° 3357 +3.91° 50.40 + 5.50° 45.16 + 2.82°
Isobutyl acetate ND 1.04 + 0.09¢ ND 321+£0.27° 1.71 £0.03°
Phenylethyl acetate ND ND ND 2.26 +0.10"° 2.36 + 0.09"°
Isoamyl propionate ND ND ND 0.64 + 0.09 ND
Sum ND 10535+518" 113944735 15710+ 132° 13501 + 4.58°
Miscellaneous
1, 3, 6-Octatriene, 3, 7-dimethyl-, (E)-  0.42 + 0.32° 6.22 + 0.49° 8.72 + 0.64° 8.59 + 0.38° 6.24 + 0.63°
1, 3, 7-Octatriene, 3, 7-dimethyl-, (E)- ND 0.63 + 0.04"° 0.70 £ 0.11 ND ND
2,3-Butanediol 0.15+0.15 ND ND ND ND
Acetic acid 0.74 + 0.86° 821+ 0.19% 8.13 £ 0.63° 8.40 + 0.33° 8.25 +0.17°
D-Limonene ND ND ND 0.64 +£ 0.04 ND
Linalool ND 0.80 + 0.08" ND 0.93 £ 0.07"° ND
Oxime-, methoxy-phenyl- ND 1.84 + 0.02M° 1.93 + 0.06™° ND ND
Sum 1.76 + 0.64° 21.66 + 0.97° 2210 +0.22° 21.12 + 0.64° 15.82 + 0.64°
Total 1569 4599  39321+6.81°  38320+459° 47164+ 1201  446.82 + 16.52°

Values of different superscripts in the same row are significantly different (p < 0.05)
ND not detected.

aromatic profiles in wine. Phenylalanine, valine, and
leucine were utilized and derived 2-phenylethanol,
isobutanol, and isoamyl alcohol [26]. Higher alcohols are
necessary precursors for the synthesis of some esters,
which is desirable as an increased concentration of

esters enhances the wine flavor [27].

Esters are one of the most important volatile com-
pounds and are largely responsible for the fruity aroma
in wine [26]. A total of 14 esters were identified in golden
dried longan wines (Table 2). Among the identified
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esters, isoamyl acetate, ethyl acetate, ethyl decanoate,
ethyl hexanoate, and ethyl octanoate were the most
prominent esters in these wines, and also contribute to
the fruity and floral flavor. Similar research publication
was reported by Zhang et al. [7], who found five esters
had contents above their thresholds, and the results
were also found to be consistent with research on com-
mercial wine, which found that the esters have an effect
on the aromatic profiles of the wines [26]. The simulta-
neous culture led to a higher production of most of the
esters compared to the other cultures and exhibited the
highest total volatile aroma content (471.64 mg/l), which
was in agreement with previous findings [7, 11, 25].

Two major groups of esters are synthesized during
fermentation by yeasts: acetate esters and ethyl esters
[26]. Acetate esters are formed from an alcohol (complex
alcohol derived from amino acid metabolism or ethanol)
and an acetyl-CoA [28]. Most acetate esters (isoamyl ace-
tate, ethyl acetate, isobutyl acetate, isoamyl propionate,
and phenylethyl acetate) in golden dried longan wine
cultures with a co-culture had a higher level than in the
monocultures, similar results were observed by Zhang et
al. [7] and Arslan et al. [25]. Among the acetate esters,
isoamyl acetate (banana note) was detected in the larg-
est amount by the co-culture in wines, in which the yeast
was associated with an overexpression of IAH-encoded
ester degrading enzyme and related with the branched-
chain amino acid transferase gene BAT1, which is cor-
related with an enhanced production of isoamyl alcohol,
which is the precursor of isoamyl acetate [29]. The con-
centration of alcohol and acetyl-CoA and the activity of
the alcohol acetyltransferase (AAT) affect the formation
of acetate esters [28]. These acetate esters are important
as they are associated with desirable floral and fruity
flavors in wine [27].

Among the identified esters, ethyl esters provide a
pleasant fruity and floral note and are formed from an
alcohol (ethanol) and a short or medium-chain fatty acyl-
CoA derivative via an alcoholysis mechanism. Alcoholy-
sis is a transferase reaction, in which the acyl moiety of
acyl-CoA is transferred to an alcohol [30, 31]. The major
ethyl esters identified in golden dried longan wines pro-
duced from the pure and co-cultures were ethyl deca-
noate, ethyl hexanoate, and octanoate, with their
content ranging from 7 to 50 mg/l. The co-culture pre-
sented significantly more higher ethyl esters than the
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other cultures, possibly due to the fermentation anaero-
bic conditions, whereby medium chain fatty acyl-CoAs
accumulate, which results in increased ethyl ester syn-
thesis [32]. Additionally, the significantly highest con-
centrations of ethyl nonanoate and ethyl octanoate were
in the T. delbrueckii culture. This finding was in agree-
ment with recent researches that reported the concen-
tration of ethyl esters depends on the concentration of
the fatty acid precursor [31] and that a significant
amount of medium chain (C4-C10) fatty acids accumu-
late with a T. delbrueckii culture [2].

In addition, others volatiles including terpenes and
acids, were also detected in these wines. Terpenes pro-
vide the main floral and fruity character of wine and
have low odor thresholds [7]. Terpenes, including 1,3,6-
octatriene, 3,7-dimethyl-, (E)-, 1,3,7-octatriene, 3,7-
dimethyl-, (E)-, D-limonene, and linalool, were identified
in these wines (Table 2). These compounds present in
glycoside form can be released by yeast hydrolytic
enzymes via acid-induced hydrolysis [33]. Linalool
(citrus-like notes) was found in the S. cerevisiae pure
culture and the simultaneous culture. Other volatile
compounds detected in these wines included acetic acid
and oxime-, methoxy-phenyl.

Odor activity values (OAVs) and principal component
analysis (PCA)

The OAVs is a measure of the importance of a specific
compound to the odor of a food sample [3]. Volatile com-
pounds with an OAVs higher than 1 provide a pleasant
wine aroma [17]. As seen in Table 3, twelve odorants
were selected and quantified (Isoamyl alcohol, 2-pheny-
lethanol, ethyl acetate, ethyl butanoate, ethyl decanoate,
ethyl hexanoate, ethyl octanoate, isoamyl acetate, isobutyl
acetate, phenylethyl acetate, D-limonene and linalool).
Ethyl octanoate showed a higher OAVs than the other
odorants, which contribute to the floral and fruity odors
in a concentration ranging from 15565 to 16485 mg/l.
Similar results were observed by Chen and Liu [12] and
Chen and Liu [17] in lychee wines, in which they found
that ethyl hexanoate and ethyl octanoate were the major
compounds in their four treated wines and also that
ethyl hexanoate and ethyl octanoate had higher OAVs.
The OAVs of ethyl octanoate in the T. delbrueckii cul-
ture was the highest, but there was no significant differ-
ence with the culture with simultaneous inoculation.



Golden Dried Longan Wines Fermented with Mixed Yeasts 7

Table 3. The odor activity values (OAVs) in golden dried longan wines cultured with different yeast strains.

Longan

Odor Threshold

Compounds . S. cerevisiae T. delbrueckii Simultaneous Sequential References
juice (mg/l)

Alcohols
Ethanol - - - - - - -
Ethylhexanol - - - - - - -
Isobutanol - 0.26 0.19 0.54 0.51 40 [45]
Isoamy! alcohol - 224 2.02 3.25 341 30 [45]
Methionol - - - - - - -
2-Phenylethanol - 2.71 297 2.92 2.92 10 [45]

Esters
Ethyl acetate - 1.01 1.07 1.72 1.81 75 [45]
Ethyl butanoate - - - 58 62 0.02
Ethyl decanoate - 55.75 70.00 72.10 62.05 0.2 [46]
Ethyl 9-decenoate - - - - - - -
Ethyl dodecanoate - 0.36 0.36 0.36 0.41 5.9 [45]
Ethyl heptanoate - - - - - - -
Ethyl hexanoate - 3242.00 2524.00 5290.00 3658.00 0.005 [12]
Ethyl nonanoate - - - - - - -
Ethyl octanoate - 15565.00 19640.00 19320.00 16485.00 0.002 [45]
Ethyl pentanoate - - - - - - -
Isoamyl acetate - 1109.00 1119.00 1680.00 1505.33 0.03 [17]
Isobutyl acetate - 0.65 - 2.00 1.07 1.6 [46]
Phenylethyl acetate - - - 9.04 9.44 0.25 [46]
Isoamyl propionate - - - - - - -

Miscellaneous
1, 3, 6-Octatriene, 3, 7-dimethyl-, (E)- - - - - - - -
1, 3, 7-Octatriene, 3, 7-dimethyl-, (E)- - - - - - - -
2,3-Butanediol - - - - - - -
Acetic acid - 0.04 0.04 0.04 0.04 200 [45]
D-Limonene - - - 42.67 - 0.015 [47]
Linalool - 5333 - 62.00 - 0.015 [45]

Oxime-, methoxy-phenyl- - -

However, the co-culture presented significantly higher
levels of isoamyl alcohol, ethyl acetate, ethyl decanoate,
ethyl hexanoate, and isoamyl acetate. These results let
us hypothesize that mixed fermentation can improve
and enhance the wine quality, as has been confirmed by
several researchers, who have reported that co-cultures
(i.e., T. delbrueckii and S. cerevisiae) can produce more
higher esters, which contribute more to the aroma in
wine.

PCA was applied to assess the differences between dif-
ferent fermentations and these aromatic compounds.

The first two principal components accounted for 83.67%
of the total variance in the wines, with PC1 accounting
for 72.94% of the total variance and PC2 27.06% (Fig. 1).
The wines obtained from both pure and mixed cultures
could be clearly separated, possibly due to the different
formation paths of the aroma compounds in these wines
(Fig. 1A). The simultaneous and sequential cultures
were in the positive part of PC1, and there was high levels
of alcohol and esters in these wines, which were cor-
related to the high concentration of OAVs in the co-
cultures (Table 3). This finding was in agreement with
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Fig. 1. The principal component analysis for selected volatiles
in golden dried longan wines fermented with four cultures.
Score plot of the yeast strains (A) Biplot between the yeast
strains and volatile compounds (B): Isoamyl alcohol (1); 2-
Phenylethanol (2); Ethyl acetate (3); Ethyl butanoate (4); Ethyl
decanoate (5); Ethyl hexanoate (6); Ethyl octanoate (7); Isoamyl
acetate (8); Isobutyl acetate (9); Phenylethyl acetate (10); D-Lim-
onene (11); Linalool (12).

recent research demonstrating that the co-culture fer-
mentation of T. delbrueckii and S. cerevisiae generated
remarkably more of the desired aroma compounds [7].
The biplot of Isoamyl alcohol, ethyl acetate, ethyl

butanoate, ethyl hexanoate, isoamyl acetate, isobutyl
acetate, phenylethyl acetate and D-limonene were
positioned in the positive part of PC1 and were also
found between both the co-culture plots, suggesting that
these volatile compounds could be produced at a high
level from both co-cultures (Fig. 1B). Furthermore, the
biplot of 2-phenylethanol, ethyl octanoate, and ethyl
decanoate were located between the T. delbrueckii plot
and the simultaneous culture plot in the positive part of
PC2, which could explain why their odors obtained from
the T. delbrueckii and the simultaneous culture showed
higher values. Additionally, linalool was found in the
positive part of PC1 and the negative part of PC2, which
were also positioned between the sequential culture plot
and S. cerevisiae.

Total phenolic content and antioxidant activity

It is well accepted that wine is rich in oxidants. Sev-
eral researchers have reported that wine phenolics have
health-protective properties, such as against diabetes,
osteoporosis, obesity, allergies, neurodegenerative dis-
eases, cardiovascular diseases, and some cancers [34].
As a result, the total phenolic content of golden dried
longan juice was significantly higher than for the other
wines (17.807 mg GAE/ml), followed by the sequential,
simultaneous, S. cerevisiae, and T. delbrueckii cultures,
with values of 5.80, 5.34, 5.20, and 4.95 mg/ml, respec-
tively (Table 4). These results were higher than those
reported in red wine, which varied from 1.207-4.263 mg/
ml, while only a few phenolics were found in fresh longan
wine (0.781 mg/ml) [11]. Furthermore, the total phenolic
content of the juice was about three-fold higher than for
the other wines. Similarly, Kelebek and Selli [35] found
that the total phenolic content of mandarin juice was
two-fold higher than for the other wines, possibly due to

Table 4. The total phenolic content and the antioxidant activity of golden dried longan juice and wines.

Total phenolics DPPH ABTS FRAP
(mg GAE/ml) (mg TEAC/ml) (mg TEAC/ml) (mg TEAC/ml)
Juice 17.807 + 0.535? 11.180 + 0.169° 47314 + 1.844° 8.788 + 0.3712
S. cerevisiae 5.20 + 0.19¢ 443 +0.10° 24.54 + 0.23¢ 5.14 + 0.40°
T. delbrueckii 495 +0.12° 449 + 0.09° 23.53 + 0.39¢ 512 +0.13¢
Simultaneous 534 +0.10° 498 +0.10° 24,97 + 0.35¢ 526 +0.21¢
Sequential 5.80 + 0.16° 6.80 + 0.23° 28.06 + 0.38° 597 +0.22°

Values of different superscripts in the same column are significantly different (p < 0.05)

http://dx.doi.org/10.4014/mbl.1907.07006



the transformation of phenolic compounds into con-
densed forms that possessed slightly different chemi-
cal properties, as was also confirmed by Akalin et al.
[36] in pomegranate juice and wines.

The antioxidant capacity of golden dried longan wines
was estimated by three methods namely, DPPH, ABTS,
and FRAP. DPPH is an assay method that measures
changes in the concentration of stable free radicals
according to the electron-donating ability of the sample
[37]. The oxidation activity of the wines ranged from
4.43 to 6.80 mg TEAC/ml, and 11.18 mg TEAC/ml for
the juice. Here, the golden dried longan wines had a
markedly higher antioxidant capacity (DPPH) than
reported in the previous studies of Kelebek and Selli [35]
and Lorenzo et al. [38].

The antioxidant capacity values of the wines from
different cultures decreased in the order: golden dried
longan juice > sequential > simultaneous > 7. delbrueckii
> 8. cerevisiae. The decrease in the antioxidant capacity
values of dried longan juice was possibly due to the for-
mation and oxidation of phenolic compounds [35].

In ABTS, a radical cation is synthesized in the stable
form using potassium persulphate [39]. The antioxidant
activity of the wines by the ABTS assay ranged from
23.53-28.06 mg TEAC/ml. Among the four treatments,
the sequential culture had the highest antioxidant
capacity, followed by the simultaneous, S. cerevisiae, and
T. delbrueckii cultures. However, the antioxidant capac-
ity of dried longan juice was higher than for the wines,
confirming earlier findings [35].

The FRAP assay determines the reducing potential of
an antioxidant reacting with an Fe?*-TPTZ complex to
producing Fe**-TPTZ [39]. The FRAP values ranged
from a minimum of 5.12 to a maximum of 8.79 mg
TEAC/ml in wines fermented with T. delbrueckii and
dried longan juice, respectively. Dried longan wine
prepared by the sequential culture between S. cerevisiae
and T. delbrueckii had the highest FRAP value (5.97 mg
TEAC/ml) among the four fermented.

The Pearson’s correlation coefficients of total phenolic
content with the DPPH, FRAP, and ABTS assays were
0.954, 0.992, and 0.974, respectively. The differences
among the three antioxidant activity assays, namely the
DPPH, ABTS, and FRAP, results depended on the
chemical reagent involved. However, these results also
showed a strong correlation between total phenolic con-
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tent and the three methods used for testing the antioxi-
dant capacity, confirming that phenolic compounds may
affect the radical scavenging activity of golden dried lon-
gan juice and wine, corroborating the results in the
wines tested by other researchers [16, 35, 38].

Amino acids are synergistic antioxidants. Their mech-
anism can be enhanced by the chelation of pro-oxidative
metal traces and by regeneration of the oxidized primary
antioxidants [40]. Additionally, it was previously reported
that proline functions as an antioxidant, and also it was
suggested it scavenges intracellular reactive oxygen
species (ROS) to protect cells from oxidative damage
[41]. B-Alanine functions (at least in part) by combining
with histidine to generate carnosine by the enzyme car-
nosine synthase, in which carnosine is a non-enzymatic
free radical scavenger and natural antioxidant [42, 43].
Furthermore, other researchers have demonstrated that
GABA is produced primarily by the decarboxylation of
L-glutamic acid and catalyzed by glutamate decarboxy-
lase and also that it functions as a bioactive compound.
This bioactive compound could potentially protect
against or ameliorate the oxidative stress induced by
nephrectomy or chronic kidney disease [44]. As seen in
Table 1, proline, alanine, glutamic acid, leucine, and
GABA were identified as the main amino acids in golden
dried longan wines. These results let us hypothesize that
the residues of amino acids, especially the most abun-
dant amino acids, are correlated to the total phenolic
content and related to the antioxidant activity in golden
dried longan juice and wines.
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