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Discrimination of wine age of Chinese rice wine by electronic
tongue based on amino acid profiles
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Abstract: To ensure a good reputation for the producers and to guarantee the basic quality of wine for the consumers, an
electronic tongue (E-tongue) coupled with a chemometric method was applied to rapidly discriminate the wine age of Chinese
rice wine. Amino acid profiles analyzed by an amino acid analyzer together with principal component analysis (PCA) was used
for validation of the wine age of the Chinese rice wine samples sourced from 1-year, 3-year, and 5-year. E-tongue responses
collected by a potentiometric E-tongue together with discriminant analysis (DA) were used for the rapid discrimination of the
wine age. The correlation between the E-tongue responses and the amino acid profiles was established by partial least squares
regression (PLSR). The results showed that the calibration and validation samples were all correctly discriminated by the
E-tongue coupled with DA. The E-tongue could be used for screening isoleucine (Ile), aspartic acid (Asp), tyrosine (Tyr), and
valine (Val), with a residual predictive deviation (RPD) of greater than 2.0. The results indicated that using an E-tongue combined
with DA was a reliable method for the discrimination of the wine age of Chinese rice wines.
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0

Introduction

The wine aging process has the potential to improve
wine quality over time. Most grape wines are aged in oak
barrels prior to bottling, allowing them to mature. For
similar reasons, Chinese rice wines are stored in ceramic
pottery to age. During the aging process, air penetrates
through the mud seal of the ceramic pottery and aids in
many reactions[1]. The aged Chinese rice wines have a
smoother, mellower, and richer mouthfeel and more harmonious
flavor than non-aged wines[2]. Compared with grape wines,
Chinese rice wine is fermented by rice, wheat Qu (the source
of the microorganisms and crude enzymes), and yeast[3]. The
brewing craft includes steeping rice, steaming rice, stirring,
fermenting with wheat Qu and yeast, squeezing, aging in
pottery, and bottling. The unique materials and brewing craft
lead to a low alcohol content and an abundance of amino
acids, proteins, oligosaccharides, and vitamins[4].
To guarantee the basic quality of wine for consumers
and to ensure a good reputation for the producers, wine laws
are strict on wine age labeling. For wine age or vintage year
determination, sensory evaluation is commonly used.
However, panelists must be well trained and highly
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experienced to successfully evaluate the wine age. Instrumental
methods have been utilized for wine age or vintage year
discrimination to distinguish certain chemical features, such
as phenolic compounds[5], amino acids, pigment composition[6],
flavonoids[7], acid[8], and volatile compounds[9]. The chemical
features are analyzed by high performance liquid
chromatography and gas chromatography/mass spectrometry.
Amino acids not only correlate with nutritional value[10], but
also contribute to the characteristic taste of wine[11]. The type
and amount of amino acids present influence the taste of the
wine[12]. Therefore, many attempts have been conducted to
use amino acid profiles for the discrimination of wines, such
as to classify white wines by variety, geographical origin,
and vintage year[13], and to correlate amino acids and storage
time of white wines, red wines, ice wines, and sparkling
wines[14]. Additionally, amino acid profiles have been used
to classify rice wines according to aging time and brand[15]
and to distinguish Merlot and Torrontés wines[16]. These
methods are of high accuracy. However, they require
extensive sample preparation and expensive instrumentation.
The electronic tongue (E-tongue) is an analytical
instrument that mimics the human sense of taste. It uses
nonspecific chemical sensors with a partial specificity to
differentiate compounds in a solution[17]. Due to its simple
and rapid use, E-tongue has been used for the discrimination
of wines according to vintage year or wine age[18], geographical
origin[19], and variety[20]. The studies of Rudnitskaya et al.[18]
showed that the Port wine age was correctly predicted using
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an E-tongue. However, there was no comparison with the
traditional analysis results.
In the current study, the amino acid profiles analyzed
by high performance liquid chromatography together with
principal component analysis (PCA) were applied for
validation of the wine age of the Chinese rice wine samples.
The taste fingerprint collected by a potentiometric E-tongue
together with discriminant analysis (DA) were used to rapidly
classify Chinese rice wines by wine age (1-year, 3-year, and
5-year). The correlation between the amino acid profiles and
E-tongue responses was established by partial least squares
regression (PLSR).

2

Materials and methods

2.1 Chinese rice wine samples
Three wine age sample groups (1-year, 3-year, and 5year) were collected from one brewery in Shanghai, China.
There were 13, 12, and 7 samples for the three groups,
respectively. Among the 32 samples, 6 samples were
randomly selected to be validation samples (2 samples from
each wine age year group); the other 26 samples were used
as calibration samples. The three wine age groups were
selected from different production dates.
2.2 Amino acid analysis
The amino acid profiles of the Chinese rice wines were
analyzed by a Hitachi 835-50 amino acid analyzer (Hitachi,
Tokyo, Japan). The amino acids were aspartic acid (Asp),
glutamic acid (Glu), asparagine (Asn), serine (Ser), glutamine
(Gln), histidine (His), glycine (Gly), threonine (Thr),
arginine (Arg), alanine (Ala), tyrosine (Tyr), cysteine (Cys),
valine (Val), methionine (Met), tryptophan (Trp), phenylalanine
(Phe), isoleucine (Ile), leucine (Leu), lysine (Lys), and
proline (Pro). They were separated on a #2619 Hitachi
ion-exchange resin (2.6 mm×150 mm). The buffer was
sodium citric acid with the pH value adjusted to 2.2. The
flow rate was 0.225 mL/min. The wavelength used was 338
nm. The column temperature was maintained at 53 ℃.
The peaks were assigned by comparing the peak
retention time with amino acid standard solutions (SigmaAldrich Corp., St. Louis, Mo., USA). The concentrations
were determined by comparing the peak areas with those of
the external standards.
2.3 E-tongue analysis
The taste fingerprints of the Chinese rice wines were
collected on a potentiometric E-tongue (Alpha M.O.S.
Toulouse, France). Seven silicon-based potentiometric sensors
were used as working electrodes. An Ag/AgCl electrode was
used as a reference electrode. The potentiometric difference
between the working and reference electrode was recorded
as the E-tongue response. The intensity of the response was
identified by the flavors sour (SRS), sweet (SWS), bitter
(BRS), salty (STS), umami (UMS), composite (GPS), and
composite (SPS). Nine replicate measurements were conducted
on each of the 32 Chinese rice wine samples and were
averaged for further analysis. Between the measurements, the
sensors were rinsed with a 10 % (v/v) alcohol solution.
2.4 Chemometric methods
The differences between the E-tongue responses of
different wine age was analyzed by Duncan’s multiple-range
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test using the software SAS 8.2 (SAS Inc., Cary, NC, USA).
The E-tongue responses and discriminant analysis (DA)
were used to determine the wine age of the 32 Chinese rice
wine samples. Mean scores for each class were calculated.
Then the Mahalanobis distance of each observation’s scores
from each group mean was computed, and the observation
was assigned to the nearest group mean[21]. Principal
component analysis (PCA) was used to process the amino
acid data to classify the samples by their wine age.
The correlation between the E-tongue responses and the
amino acid profiles was analyzed by PLSR. PLSR was a
commonly used linear multivariate analysis method to find
fundamental relationships between X (E-tongue responses)
and Y (amino acid content, mg/L). Statistics including
correlation coefficient for calibration (rcal), root mean square
error of calibration (RMSEC), correlation coefficient for
validation (rval) and root mean square error of validation
(RMSEP) were calculated. Residual predictive deviation
(RPD) was used to evaluate how well the calibration models
could predict the compositional data. RPD was the ratio of
standard deviation (SD) and RMSEP. When RPD was higher
than 3.0, the model could be used for analytical purposes[22].
When the RPD was higher than 2.0 but lower than 3.0, the
model could be used for the screening purpose. When the
RPD was lower than 1.5, the model could not be used.
DA, PCA, and PLSR were performed using TQ Analyst
(Thermo Nicolet Corp., Madison, Wisconsin, USA).

3
3.1

Results and discussion

Amino acid data analysis
Table 1 summarized the quantitative analysis results for
the 20 amino acids in the 32 Chinese rice wine samples. The
most abundant amino acids were Ala, Arg, Glu, Pro, Leu,
and Lys, with the average amount above 200 mg/L. The
results were in accordance with those obtained by other
researchers examining amino acid content in Chinese rice
wine[4]. Amino acids were mainly from the hydrolysis of
nitrogen sources. Proteins in rice and wheat were the main
source of the nitrogen in the Chinese rice wines[4]. The
abundance of the nitrogen sources was the reason for the
high amino acid contents in the Chinese rice wines. Because
amino acids were the precursors of aroma compounds, they
could play important roles in the organoleptic properties[23].
They had high correlation with the taste properties[24]. The
taste attributes of the amino acids could be summarized as
follows: Glu and Asp tasting sour; Gly, Ala, and Thr tasting
sweet; Arg and Lys tasting sweet/bitter; and others tasting
bitter[25-26]. The abundance in amino acids could provide
Chinese rice wine a rich mouth feeling.
Table 1 showed that the contents of Asp, Glu, Asn, Ser,
Thr, Ala, Tyr, Val, Phe, Ile, Leu, Lys, and Pro in the 3-year
sample group were higher than those in the 5-year sample
group, and those in the 5-year group were higher than those
in the 1-year group. Amino acids were mainly released from
proteins during the fermentation process[12]. Their contents
could vary according to the protein content in the raw
materials. The protein content in the raw materials could
vary according to the species, climate, region of origin, et
al.[27]. Therefore, the investigation of amino acid profiles was
considered as a strategy to ensure the authenticity of the

第2期

于海燕等：基于氨基酸组成的黄酒酒龄电子舌鉴别

wine[13]. These researchers revealed that the analysis of the
amino acid profiles was meaningful for understanding the
differences between various wines.
Table 1 Statistical analysis results of free amino acids
concentration in 32 Chinese rice wine samples
analyzed by amino acid analyzer
mg·L−1
Amino acid

1-year age

3-year age

5-year age

Asp

198.80±20.12

220.65±22.88

214.05±20.85

Glu

282.86±26.85

327.62±29.80

307.43±37.33

Asn

83.38±29.18

125.74±11.63

120.26±16.00

Ser

26.81±2.47

30.83±4.47

28.54±4.06

Gln

7.90±4.63

5.95±3.69

8.37±0.81

His

81.58±11.25

86.08±7.39

80.91±9.04

Gly

174.42±43.38

169.55±17.28

173.76±17.52

Thr

110.44±13.47

121.13±11.64

115.26±8.56

Arg

379.12±97.66

250.79±30.79

269.32±75.08

Ala

478.36±32.06

577.67±45.87

543.48±38.90

Tyr

172.91±15.37

194.80±13.76

186.77±18.37

Cys

27.02±5.58

21.62±3.28

22.03±1.36

Val

136.40±11.83

179.67±23.72

164.87±30.35

Met

35.50±4.31

33.35±3.37

29.10±6.93

Trp

1.73±2.41

7.42±4.76

7.01±3.30

Phe

162.48±15.48

183.59±13.64

173.16±15.98

Ile

99.65±7.80

121.53±9.79

117.33±15.01

Leu

225.38±22.54

244.79±15.44

241.00±23.81

Lys

212.95±21.10

239.34±17.28

222.90±18.07

Pro

264.51±26.30

289.92±27.99

286.78±16.12

Total

3162.19±238.87

3432.05±222.95

3312.35±239.81

The profiles of the 20 amino acids of the 32 Chinese
rice wine samples were analyzed by PCA. The first three
principal components (PCs) explained 90.465 % of the total
variance. PC1 and PC2 explained 53.236 % and 25.254 %,
respectively. As Fig. 1 showed, the Chinese rice wines
sourced from the same wine age gathered together. This
indicated that the samples were all correctly labeled.

Fig.1 PCA results for 32 Chinese rice wine samples sourced from
1-year, 3-year, and 5-year based on their amino acid profiles

3.2

E-tongue data analysis
Once prepared, the E-tongue sensors were immersed in
the Chinese rice wine samples and potentiometric experiments
were carried out. The responses of the seven potentiometric
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sensors were stable after the 100th second with a relative
standard deviation response lower than 1 %. Using the
transient recording at the 120th second of the SRS, SWS,
BRS, STS, UMS, GPS, and SPS sensors, the average
E-tongue responses of the 1-year, 3-year, and 5-year Chinese
rice wine sample groups were illustrated in Fig 2. Fig 2
showed that the signal intensity differences of BRS, GPS,
STS, SPS, and SWS sensors among the 1-year, 3-year, and
5-year sample groups were small. This indicated that the
taste of the 1-year, 3-year, and 5-year groups were similar in
sour, salty, bitter, sweet and composite flavors. The bitter
flavor of the Chinese rice wine was mainly related to peptide,
higher alcohol, amino acid contents, and other factors[28].
There was signal difference (P<0.05) in the responses of the
UMS and BRS sensor.

Note: Different abc letters on the SRS, GPS, STS, UMS, SPS, SWS and BRS
sensors indicated they were significantly different at P<0.05.

Fig.2

Average E-tongue responses of 1-year, 3-year, and 5-year
Chinese rice wine sample groups

Using the transient recording at the 120th s of the seven
sensors, wine age discrimination models were developed.
Fig 3 showed the pairwise distance plots for the 1-year and
3-year, 1-year and 5-year, and 3-year and 5-year groups,
respectively. For the calibration samples, it was observed
that the 1-year and 3-year, 1-year and 5-year, 3-year and
5-year groups separated clearly, except one 5-year calibration
sample. The Mahalanobis distance of the sample from 1-year,
3-year, and 5-year group mean distance was 4.35, 3.79, and
3.26, respectively. Therefore, it was correctly classified. For
the validation samples, the 1-year, 3-year, and 5-year
validation samples were all in their own group. The 6 validation
samples were all correctly classified. In the research of Gay
et al.[29] and Rudnitskaya et al. [30], E-tongue also demonstrated
a good capability to discriminate wines by wine age.
3.3 Correlation between E-tongue responses and amino
acid profiles
PLSR models for the 20 amino acids were established.
The performances of the calibration and validation models
were shown in Table 2. For the determination of Ile, good
results were obtained, with an rval higher than 0.9 and a low
RMSEP. The RPD value for the Ile model was 2.70, close to
3.0, indicating that the model was robust. The RPD values
for Asp, Tyr, and Val were all slightly higher than 2.0,
indicating that these models could be used for screening
purposes. This indicated that the E-tongue responses had
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correlation with these four amino acids. The E-tongue
system displayed insufficient prediction performance for Arg
and Gly, with low rval and RPD value. This might be due to
the low sensor sensitivity to Arg and Gly. Due to the low
concentration of Ser, Gln, Cys, Met, and Trp, the E-tongue
system displayed insufficient prediction performance for
these compounds with RPD value lower than 2.0.

Fig.3

Pairwise distance plot for wine age discrimination
models established by E-tongue and DA

Table 2 Calibration and validation performance for PLSR
models for 20 amino acids in Chinese rice wine

Asp

Factor
used
5

Glu

3

Asn

2

Amino acid

0.88

RMSEC
/(mg·L−1)
9.92

0.78

RMSEP
/(mg·L−1)
9.96

0.75

29.10

0.73

27.60

1.40

0.74

13.30

0.73

13.90

1.80
1.90

rcal

rval

RPD
2.05

Ser

1

0.33

3.37

0.49

1.68

Gln

4

0.77

2.45

0.68

2.24

1.23

His

4

0.76

6.51

0.59

4.07

1.30

Gly

2

0.52

15.60

0.22

15.80

0.86

Thr

3

0.77

6.17

0.50

4.60

1.20

Arg

4

0.84

47.50

0.38

80.40

1.07

Ala

4

0.84

21.10

0.81

21.20

1.99

Tyr

3

0.89

4.60

0.83

4.90

2.10

Cys

2

0.69

3.60

0.77

2.19

1.63

Val

4

0.84

12.70

0.82

12.90

2.01

Met

2

0.32

4.15

0.54

3.67

1.16

Trp

4

0.68

3.28

0.05

4.68

0.93

Phe

3

0.78

6.10

0.78

6.79

1.75

Ile

4

0.91

5.40

0.91

5.30

2.70

Leu

4

0.80

13.50

0.79

17.00

0.61

Lys

3

0.75

13.60

0.74

13.20

1.29

Pro

1

0.32

19.90

0.72

12.70

1.29

4
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Conclusions

The applicability of the E-tongue combined with
chemometrics for the rapid routine control of wine age was
demonstrated in this study. The suitability of the E-tongue
system for wine age discrimination was confirmed, with the
validation samples all correctly classified. The E-tongue
method combined with the DA was a reliable for wine age
discrimination. The E-tongue could be used for screening
isoleucine (Ile), aspartic acid (Asp), tyrosine (Tyr), and
valine (Val), with a residual predictive deviation (RPD) of
greater than 2.0.
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基于氨基酸组成的黄酒酒龄电子舌鉴别
于海燕，张

燕，许春华，田怀香

（上海应用技术大学食品科学与工程系，201418）
摘 要：该研究采用电子舌结合化学计量学方法用于黄酒酒龄的快速鉴别。为确证黄酒样品酒龄，采用氨基酸分析仪分析了 1 年陈、
3 年陈和 5 年陈黄酒中 20 种氨基酸，并利用主成分分析（principal component analysis，PCA）对氨基酸数据进行了分析。采用电位
型电子舌采集了不同酒龄黄酒样品的味觉指纹信息，并采用判别分析（discriminant analysis，DA）方法结合味觉指纹信息建立黄酒
酒龄快速鉴别模型。采用偏最小二乘法（partial least squares regression，PLSR）建立电子舌响应信号与氨基酸含量之间的相关关系。
氨基酸数据结合 PCA 分析表明所有样品均标注正确；电子舌结合 DA 所建黄酒酒龄鉴别模型可将 3 个年份预测集样品正确区分；
异亮氨酸（Ile）
、天门冬氨酸（Asp）、酪氨酸（Tyr）和缬氨酸（Val）与电子舌相关性高，模型的相对分析误差（Residual predictive
deviation, RPD）高于 2。研究表明电位型电子舌结合判别分析是黄酒龄鉴别的稳健方法。
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