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Abstract: The objective of this study was to investigate the aroma profile and major flavor compounds
in Xiaoqu liquor by a combination of sensory profiling, GC-O/GC-MS analysis, and SBSE-GC-MS.
A total of 57 important volatile compounds (FD ≥ 2) were screened based on the retention
indices, aromatic characteristics, standard comparison, and aroma extract dilution analysis (AEDA).
By calculating the odor activity values (OAVs), 32 aroma active compounds were identified in Xiaoqu
liquor. In the aroma recombination experiments, these active compounds were dissolved in 46%
ethanol water at their natural concentrations, resulting in successful simulations of the typical aromas
of Xiaoqu liquor, including fruity aroma, sweet aroma, and grain aroma. Omission experiments
showed that the critical compounds that contribute to the characteristic flavor of Xiaoqu liquor
include ethyl octanoate, acetaldehyde, 1,1-diethoxyethane, isoamyl acetate, ethyl acetate, valeric acid,
1-octen-3-ol, and ethyl isovalerate. The results provide some guidance for upgrading the fermentation
and microbial strain in the production of Xiaoqu liquor.

Keywords: Xiaoqu liquor; aroma extract dilution analysis; odor activity value; sensory
characterization; flavor compounds

1. Introduction

Based on the aroma, Chinese liquor can be classified into fen-flavor, strong-flavor, Maotai-flavor,
rice-flavor and other flavor types, which have highly different stylistic features in their aromas [1].
Fen-flavor liquor is the earliest liquor in China and is honored as the origin of all liquors. It is pure, sweet,
mild, and natural with a fresh aftertaste [2]. According to the distiller’s yeast used in the production
process, fen-flavor liquor can be further classified into Daqu, Fuqu, and Xiaoqu types. Xiaoqu fen-flavor
liquor is mainly produced in Hubei, Chongqing, and Yunnan, China. Owing to its sweet, fresh, mild,
natural, and pure tastes, it is very popular among consumers in the South Central China. The unique
flavor characteristics are attributed to the production techniques of saccharification before fermentation,
steaming and distillation, as well as management of vinasse and raw materials [3,4].

In recent years, gas chromatography olfactometry (GC-O), solid-phase microextraction (SPME),
and gas chromatography/mass spectrometry (GC/MS) have been widely applied to the research on
the aroma compounds in liquor [5], and Chinese researchers have conducted a number of in-depth
studies of the strong-flavor, Daqu fen-flavor, and Maotai-flavor liquor. For example, Wang et al. have
investigated the major components in Maotai-flavor liquor by liquid-liquid extraction and GC/MS
and carried out quantification analysis of 48 aroma compounds; finally, 29 compounds were identified
as the skeleton components, and the results were validated by aroma recombination and omission
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experiments [6]. Fan et al. conducted a quantitative analysis of 66 flavor compounds in soft-style liquor
with Head Space Solid Phase Microextraction (HS SPME) and identified the key flavor compounds
such as ethyl hexanoate and 2-methyl ethyl butyrate by calculating the odor activity values (OAVs) [7].
These studies have greatly expanded the understanding of the chemical composition of Chinese liquor.
Up to date, about 700 micro components have been detected in Daqu fen-flavor liquor; however, there
have been few reports about the flavor compounds in Xiaoqu liquor. The flavor of Xiaoqu liquor not
only greatly determines the taste and quality of the liquor itself but also plays a feedback regulatory
role in the production techniques and microbial system. Therefore, it is highly necessary to further
dissect the flavor of Xiaoqu liquor and the related compounds.

This study aims to identify the volatile compounds by GC-O, stir bar sorptive extraction (SBSE),
and GC-MS in Xiaoqu liquor based on the sensory quantitative description. Besides, the key aroma
compounds in Xiaoqu liquor were identified by aroma extract dilution analysis (AEDA) and OAV
determination. Finally, the results were validated by aroma recombination and omission experiments,
and the flavor compounds in Xiaoqu liquor were fully dissected, which may provide important
reference and support for improving the production techniques of Xiaoqu liquor.

2. Materials and Methods

2.1. Materials and Reagents

The Xiaoqu liquor was produced by the Jing Brand Co. Ltd. (Daye, Hubei, China), with sorghum
as the raw material and green-covering Guanyin Tuqu as the distiller’s yeast. The production process
involved fermentation at 33 ◦C for 15 d in the stainless-steel groove, brewing under pressure, and
condensation distillation, with the volume fraction of ethanol in the distillation products being
controlled at nearly 55%. The sample was designated as JPXQL.

1,1-Diethyloxyethane, n-propanol, isobutanol, n-butanol, isopentanol, pentanol, acetic acid, propionic
acid, butyric acid, valeric acid, caproic acid, heptanic acid, octoic acid, isovaleric acid, ethyl butyrate,
ethyl isovalerate, isoamyl acetate, ethyl valerate, ethyl caproate, ethyl heptanoate, ethyl octanoate,
ethyl nonanoate, ethyl decanoate, ethyl phenylacetate, ethyl dodecanoate, ethyl phenylpropionate,
hexanol, furfural, benzaldehyde, phenylacetaldehyde, and phenylethanol were purchased from
SAFC99 (chromatographic purity > 98%). Ethyl 2-hydroxyhexanoate, 5-methylfurfural, naphthalene,
4-methylguaiacol, 4-Ethylguaiacol, phenol, 2-Nonanone, 1-octene-3-ol, 1-nonanol, diethyl succinate,
hexylacetate, ethyl undecanoate, γ-nononolactone, tetramethylpyrazine, 2-ethylhexanol, tert-pentanol,
amyl acetate, and n-alkanes (C7–C30) were purchased from Sigma-Aldrich (chromatographic purity
> 97%, Shanghai, China). Diethyl azelate, ethyl palmitate, isoamyl butyrate, styreneT, and phenethyl
acetate were obtained from CNW (purity > 98%). Ethyl formate was purchased from Dr. Ehrenstorfer
Gmbh (chromatographic purity > 90%). Ethyl acetate and ethyl lactate were purchased from the Chinese
Medicine Wokai (chromatographic purity > 99%, Shanghai, China). Methanol (purity > 40%) and diethyl
pimelate (purity > 97%) were purchased from XiYa Reagent (Shandong, China). Ethyl benzoate was
purchased from Toronto Research Chemicals (TRC), Canada (Toronto, ON, Canada). Diethyl succinate was
purchased from Aladdin Bio-Chem Technology Co., LTD. (purity > 98%, Shanghai, China). Ethyl oleate
and ethyl linoleate were purchased from ANPEL (purity > 95%, Shanghai, China).

All the standards used in the study were chromatographically pure. Sodium hydroxide, sulphuric
acid, sodium bicarbonate, and sodium chloride were of analytical purity. Chromatographically pure
anhydrous ethanol, ether, pentane, and acetonitrile were obtained from the Beijing Mreda Technology
Co., Ltd. (Beijing, China). Phosphoric acid and potassium dihydrogen phosphate of analytical purity
were purchased from China Pharmaceutical (Shanghai Chemical Reagent Co. Ltd., Shanghai, China).
The water used was ultrapure water.
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2.2. Instruments

The instruments employed included electronic AB135-S analytical balance (METTLER-TOLEDO,
Shanghai, China), Agilent 7890B-5977C Gas Chromatograph-mass Spectrometer (Agilent Technologies
Inc., Palo Alto, CA, USA), DB-FFAP Capillary-column Chromatography (60 m × 0.25 mm, 0.25 µm), ODP2
Gas Chromatography Olfactometry, MPS2 Three-in-one Automatic Sample, Twister for SBSE (0.5 mm in
film thickness, 10 mm in length; PDMS) (German GERSTEL, Demilheim, Germany); and DVB/CAR/PDMS
Three-phase Solid Phase microextraction (1 cm 50/30 µm, American SUPELCO, Bellefonte, PA, USA).

2.3. Methods

2.3.1. Sensory Evaluation of Xiaoqu Liquor

The sensory evaluation of Xiaoqu liquor was performed according to previous studies [8,9]
and EN ISO 8589 “Sensory Analysis General Guidance for the Design of Test Rooms”. The sensory
evaluation panel was composed by 10 professional liquor tasters (among which five are national level
liquor tasters) selected from Jing Brand Co. Ltd. A series of standard solutions of different aromas at
different intensities were prepared. The panelists were then invited to examine the aroma one by one.
The intensity (quality or time of duration) was evaluated by the panel or individual panelists with a
five-grade marking system, and the description methods are presented in Table 1. Subsequently, the
descriptors of the sensory characteristics of Xiaoqu liquor were sorted out, including eight descriptors:
fruity, floral, grain, sweet, fermented grain, chaff, sour, and green. The aroma of the liquor samples was
described by the panelists after 90 s of olfactory evaluation in a professional liquor tasting room, and the
interval between two rounds was 30 min. The panelists would make evaluation of the aroma intensity
based on the screened aroma indices, and the average values were taken to plot the aroma profiles.

Table 1. Sensory quantitative description of Xiaoqu liquor.

Score 0 1 2 3 4 5

Intensity None or not present Detectable or threshold Weak Intermediate Strong Very strong

2.3.2. SBSE Conditions

The stir bar of SBSE was allowed to age for 60 min at the injection port before use. Two milliliters
of sample was transferred into a 20-mL headspace bottle. Then, 8 mL ultrapure water was added,
and the stir bar was placed into the bottle, followed by heating and stirring for 1 h (1100 rpm, 55 ◦C).
After that, the stir bar was taken out and designated as stir bar 1. Then, 1.5 g NaCl was added into the
sample, and another stir bar was placed in the bottle. The above process was repeated to obtain stir
bar 2. The two stir bars were then transferred to a thermal desorption device for desorption (250 ◦C,
15 min) and further GC-MS analysis.

2.3.3. GC-MS Analysis

The gas chromatography was conducted with the following conditions: injection port temperature,
250 ◦C; carrier gas, helium (purity ≥ 99.999%); constant flow at the rate of 1.42 mL/min; column
temperature programming: initial temperature 40 ◦C, held for 5 min, increased to 250 ◦C at a rate
of 3.5 ◦C/min, and held for 10 min. The mass spectral analysis was performed with the following
conditions: ion source, electron bombardment ion source (EI); energy, 70 eV; temperature, 230 ◦C;
MS Quad temperature, 150 ◦C; MS transfer line temperature, 280 ◦C; solvent delay, 0 min; full ion
scanning in the range of 20–500 amu.

2.3.4. GC-MS-O Analysis

The gas chromatography and mass spectral analysis were conducted under the same conditions
as the above section. The parameters for the olfactometric device were set as: air flow rate, 50 mL/min;



Beverages 2020, 6, 42 4 of 11

sniff port temperature 200 ◦C; the effluents flowed into the olfactometric device at the capillary column
with a split ratio of 1:1. The aroma compounds in the Xiaoqu liquor were analyzed by the aroma extract
dilution analysis (AEDA) method. The samples were serially diluted with diethyl ether at the ratio of
1:2; the GC-O aroma analysis was conducted by three trained panelists; and the aroma characteristics
were recorded. Flavor dilution factor (FD factor) was used to indicate the aroma intensity [10]. Usually,
the compounds with FD ≥ 2 were considered as aroma active compounds.

2.3.5. Aroma Recombination and Omission Experiments

The aroma recombination and omission experiments were performed according to the previously
reported methods [11]. The recombination medium was prepared by dissolving 2 g/L lactic acid in
46% ethanol by volume, and the compounds with OAVs ≥ 1 were all dissolved in the medium at
their natural concentrations, which were then equilibrated for 10 min under ambient temperature and
used as the aroma recombination solution. For the omission experiments, all the compounds with
OAVs between 1 and 10 were dissolved in the medium at their natural concentrations, and those with
OAVs ≥ 10 were omitted. The solutions were equilibrated under ambient temperature for 10 min to
obtain the solution for omission experiments. Then, 20 mL of recombination solution and omission
solution was respectively taken and placed into glasses specialized for tasting that were covered with
aluminum foil. At the same time, a small glass of original Xiaoqu liquor was prepared. All the samples
were randomly numbered for sensory evaluation. The descriptive evaluation was performed in the
same way as in Section 2.3.2.

2.4. Data Processing

2.4.1. Qualitative Method

The mass spectra of each volatile compound were compared with those in the NIST11.L Database
(Agilent Technologies Inc.), and the compounds with positive and negative matching scores higher
than 800 were screened. The retention indices of each compound were calculated, and a comprehensive
qualitative analysis was carried out based on the retention indices reported in previous literature.
Finally, an accurate qualitative analysis was performed by comparison with the standards.

2.4.2. Quantitative Method

Standard solutions were prepared, and 2-ethyl hexanol was used as the internal standard. GC-MS-
SBSE was used, and quantification ion was chosen to plot the standard curve by the five-spot method.

2.4.3. Odor Active Value (OAV) Calculation

OAV was defined as the ratio of the concentration (C) of the odor compound to the threshold value
(T), namely OAV = C/T. An OAV < 1 indicates that the compound has little contribution to the overall
aroma of the sample, while an OAV ≥ 1 indicates that the compound has significant contribution to the
overall aroma, which was identified as a critical aroma compound [12]. The higher the OVAs were,
the more significant the contribution of the compound would be.

3. Results and Discussion

3.1. Qualitative Analysis of Xiaoqu Liquor

Aroma compounds are very important characteristics of Chinese liquor or Xiaoqu liquor. A total
of 80 aroma compounds were identified from Xiaoqu liquor by GC-MS-O (Figure 1). AEDA proposed
by Matsui et al. [13] is an effective approach to screen the critical aroma compounds. The aroma
compounds extracted from the sample were diluted sequentially with dichloromethane at a 1:1 ratio,
and each dilution was analyzed once by each panelist until the aroma could not be detected. The fold of
dilution was then regarded as the flavor dilution (FD) factor of the compound. Generally, a high value
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of FD indicates that the compound has a greater contribution to the overall flavor of the sample [14].
As shown in Table 2, a total of 13 compounds with FD ≥ 8 were detected in Xiaoqu liquor, including
ethyl octanoate, acetaldehyde, 1,1-diethoxyethane, isoamyl acetate, ethyl hexanoate, dimethyl trisulfide,
1-octen-3-ol, valeric acid, ethyl acetate, ethyl isovalerate, isobutanol, ethyl caprate, and ethyl laurate.
Among these compounds, ethyl octanoate had the highest FD value of 256 and correspondingly the
greatest contribution to the aroma, which is consistent with its contribution to the aroma of Daqu
liquor [11]. Besides, compared with in Daqu liquor, acetaldehyde, esoamyl acetate, and ethyl laurate
have great contributions to the aroma of Xiaoqu liquor, among which acetaldehyde contributes to the
fruity and grass aroma (FD = 32), isoamyl acetate mainly contributes to the banana aroma (FD = 32),
and ethyl laurate contributes to the sweet and fruity aroma (FD = 8). The identification of the 13 aroma
compounds such as ethyl octanoate provides a basis for quantifying the contributions of the key aroma
compounds in Xiaoqu liquor.
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Figure 1. Aroma intensity of JPXQL by GC-MS-O.

Table 2. Volatile compounds in JPXQL determined by GC-O.

No. Compounds RI
FD Identification Aroma Description

DB-FFAP HP-5MS

1 Acetaldehyde 882 - 32 MS, Std, Odor, RI Fruity, grass
2 Ethyl acetate 895 576 8 MS, Std, Odor, RI Pineapple, apple, fruity
3 1,1-diethoxyethane 897 721 32 Std, Odor, RI Fruity
4 3-methylbutyraldehyde 923 624 1 MS, Odor, RI Grass, malt
5 Ethyl 2-methylbutyrate 965 - 2 MS, Odor, RI Nail enamel
6 Sec-butanol 1008 - 4 Std, Odor, RI Fruity
7 Isobutyl acetate 1014 - 2 MS, Odor, RI Fruity
8 Ethyl butyrate 1016 803 4 MS, Std, Odor, RI Apple, pineapple, fruity
9 N-propanol 1029 569 4 Std, Odor, RI Fruity, floral, grass
10 Ethyl isovalerate 1064 856 8 MS, Std, Odor, RI Apple
11 Isobutanol 1078 611 8 MS, Std, Odor, RI Fruity
12 Ethyl valerate 1122 903 2 MS, Std, Odor, RI Fruity, apple, strawberry
13 Isoamyl acetate 1131 883 32 MS, Std, Odor, RI Banana
14 N-butanol 1144 656 2 MS, Std, Odor, RI Pungent odor, mellow
15 Isoamyl alcohol 1193 763 4 Std, Odor, RI Fruity, floral, foul odor
16 Ethyl hexanoate 1219 1013 32 MS, Std, Odor, RI Sweet, fruity, cellar aroma
17 Isoamyl butyrate 1254 2 MS, Std, Odor, RI Fruity, floral
18 N-amyl alcohol 1259 763 2 MS, Std, Odor, RI Fruity
19 Dimethyl trisulfide 1352 - 16 MS, Std, Odor, RI Gas odor, rot vegetable odor, garlic odor
20 3-hydroxy-2-butanone 1374 755 1 MS, Std, Odor, RI Burning, sweet
21 Ethyl lactate 1309 820 2 MS, Std, Odor, RI Fruity, grass
22 N-hexanol 1315 868 4 MS, Std, Odor, RI Grass, floral
23 Ethyl heptanoate 1317 1121 2 MS, Std, Odor, RI Pineapple, floral
24 2-nonanone 1384 1032 4 MS, Std, Odor, RI Milk
25 Trans-2-hexene-1-ol 1400 - 1 MS, Odor, RI Grass
26 Ethyl octanoate 1413 1211 256 MS, Std, Odor, RI Pear, litchi, fruity
27 Acetic acid 1431 - 2 Std, Odor, RI Sour, vinegar
28 Furfural 1449 831 1 MS, Std, Odor, RI Burning odor, nuts
29 1-octen-3-ol 1455 990 16 MS, Std, Odor, RI Grass, fruity, dust
30 Benzaldehyde 1509 966 2 MS, Std, Odor, RI Apricot, nut
31 Ethyl nonanoate 1513 1289 2 MS, Std, Odor, RI Sweet, fruity
32 Propionic acid 1525 698 4 Std, Odor, RI Water odor
33 Ethyl caprate 1617 1395 8 MS, Std, Odor, RI Pineapple, floral
34 Butyric acid 1618 811 4 MS, Std, Odor, RI Sweat odor, acidic odor, cellar mud odor
35 Phenylacetaldehyde 1636 1041 4 MS, Std, Odor, RI Rose
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Table 2. Cont.

No. Compounds RI
FD Identification Aroma Description

DB-FFAP HP-5MS

36 N-nonanol 1647 1168 2 MS, Std, Odor, RI Lipid, floral
37 Isovaleric acid 1659 842 4 MS, Std, Odor, RI Sweat odor
38 Ethyl benzoate 1660 1165 2 MS, Std, Odor, RI Flower
39 Diethyl succinate 1665 1188 2 MS, Std, Odor, RI Sweet
40 2-thiophene formaldehyde 1710 - 2 MS, Odor, RI Cooked cabbage
41 Ethyl undecanoate 1716 - 2 MS, Odor, RI Floral
42 Valeric acid 1719 903 16 MS, Std, Odor, RI Cellar mud odor, sweat odor, acid odor
43 Ethyl phenylacetate 1788 1241 2 MS, Std, Odor, RI fruity
44 Phenethyl acetate 1815 1259 2 MS, Std, Odor, RI Rose, floral, rubber
45 Ethyl laurate 1824 1589 8 MS, Std, Odor, RI Sweet, fruity
46 Hexanoic acid 1845 980 2 MS, Std, Odor, RI Sweat odor, animal odor, acid odor
47 Ethyl phenylpropionate 1885 1348 1 MS, Std, Odor, RI Jack fruit, fruit drops, honey
48 Phenethyl alcohol 1907 1110 2 MS, Std, Odor, RI Rose, Chinese rose
49 Heptanoic acid 1919 - 1 MS, Std, Odor, RI Acid odor, sweat odor
50 4-methylguaiacol 1966 1087 1 MS, Std, Odor, RI Smoking, soy sauce
51 Ethyl myristate 2036 1688 4 MS, Std, Odor, RI Floral
52 4-ethylguaiacol 2053 1277 1 MS, Std, Odor, RI Melon, fruity, sweet
53 Caprylic 2059 - 2 MS, Std, Odor, RI Fatty
54 γ-nonalactone 2072 1368 4 MS, Std, Odor, RI Cream, coconut, cream Biscuit
55 Ethyl palmitate 2255 - 4 MS, Std, Odor, RI Nuts
56 Ethyl oleate 2477 - 1 MS, Std, Odor, RI Fatty
57 Ethyl linoleate 2528 - 1 MS, Std, Odor, RI Fatty

3.2. GC-FID and SBSE-GC-MS Analysis

By GC-O analysis, a total of 57 compounds were identified to contribute to the aroma of Xiaoqu
liquor, and their contributions were quantified by the FD values. However, the extraction and
condensation process might have caused some loss of the aroma compounds, which might affect the
evaluation results of the aroma [15]. Hence, it is necessary to conduct quantitative analysis of the 57
compounds and calculate their OAVs, so as to more accurately demonstrate the contribution of each
compound to the overall aroma of Xiaoqu liquor. To this end, GC-FID combined with SBSE-GC-MS
was used for the quantitative analysis, which has been validated to be an effective method in previous
studies. The standard curve and the contents of compounds are shown in Table 3. In Xiaoqu liquor,
the content of ethyl octanoate (5502.82 µg/L) was significantly higher than that in Daqu liquor (2163.91
µg/L), but the contents of ethyl lactate (442,370 µg/L) and ethyl acetate (537,920 µg/L) were lower [11].
Besides, higher contents of acetaldehyde (151,980 µg/L), isoamyl acetate (7099.8 µg/L), and ethyl
laurate (2827.21 µg/L) were found in Xiaoqu liquor. It can be speculated that different contents of such
important aroma compounds contribute to the unique flavor of Xiaoqu liquor.

Table 3. Quantitative results of volatile compounds in JPXQL.

No. Compounds Quantitative Ion Linear Equation R2 Threshold µg/L Content µg/L

1 Acetaldehyde b - 1200 [17] 151,980 ± 2200.54
2 Ethyl acetate b - 32,600.00 [17] 537,920 ± 3221.14
3 1,1-diethoxyethane b - 2090.00 [17] 96,040 ± 2376.11
4 3-methylbutyraldehyde b 44 Y = 0.0364x + 0.0412 0.9997 179,000 [17] 421.45 ± 21.25
5 Ethyl 2-methylbutyrate b 57 Y = 0.135x + 0.04631 0.9996 - 115.43 ± 9.88
6 Sec-butanol b - 50,000.00 [21] 138,820 ± 1356.89
7 Isobutyl acetate b 88 Y = 0.1356x + 0.0035 - 45.67 ± 6.98
8 Ethyl butyrate a 71 Y = 0.3334x + 0.004 0.9999 80.50 [17] 529.76 ± 36.98
9 N-propanol b - 53,952.63 [17] 520,420 ± 3654.76

10 Ethyl isovalerate a 88 Y = 0.4286x + 0.007 0.9999 6.90 [17] 88.92 ± 4.76
11 Isobutanol b - 28,300.00 [17] 427,310 ± 3761.56
12 Ethyl valerate a 85 Y = 0.4443x + 0.0174 0.9999 26.80 [17] 180.74 ± 13.14
13 Isoamyl acetate a 70 Y = 0.4885x + 0.0021 0.9999 93.93 [17] 7099.8 ± 437.81
14 N-butanol b - 2733.35 [17] 6080 ± 465.77
15 Isoamyl alcohol b - 179,190.83 [17] 1,003,550 ± 6543.65
16 Ethyl hexanoate a 88 Y = 0.988x + 0.0394 0.9999 55.33 [17] 2283.89 ± 111.43
17 Isoamyl butyrate a 71 Y = 0.2916x + 0.0016 0.9999 - 8.31 ± 2.11
18 N-amyl alcohol a 55 Y = 0.0105x + 0.0027 0.9999 64,000.00 [17] 421.2 ± 27.44
19 Dimethyl trisulfide a 126 Y = 0.118x + 0.04361 0.9999 0.18 [19] 4.22 ± 0.02
20 Ethyl lactate b - 128,000.00 [17] 442,370 ± 4356.32
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Table 3. Cont.

No. Compounds Quantitative Ion Linear Equation R2 Threshold µg/L Content µg/L

21 N-hexanol a 56 Y = 0.0368x + 0.0094 0.9999 5370.00 [19] 1200.1 ± 81.22
22 Ethyl heptanoate a 88 Y = 1.9144x + 0.0224 0.9999 13,153.17 [17] 118.86 ± 15.43
23 2-nonanone a 71 Y = 0.351x + 0.0015 0.9999 200.00 [20] 17.8 ± 3.43
24 Trans-2-hexene-1-ol 57 Y = 0.0886x + 0.2365 0.9967 - 15.9 ± 4.43
25 3-hydroxy-2-butanone 45 Y = 0.9168x + 0.0381 0.9957 - 16.87 ± 2.41
26 Ethyl caprylate a 88 Y = 3.5369x + 0.1477 0.9993 12.87 [16] 5502.82 ± 300.25
27 Acetic acid b - Y = 0.1593x + 0.1712 0.9927 160,000.00 [17] 526,890 ± 5436.87
28 Furfural a 96 Y = 0.0164x + 0.0214 0.9996 44,029.73 [17] 7440.7 ± 633.21
29 1-octen-3-ol a 72 Y = 0.178x + 0.0761 0.9999 6.12 [17] 127.3 ± 11.54
30 Benzaldehyde a 106 Y = 0.0696x + 0.1094 0.9998 4200.00 [17] 379.6 ± 31.01
31 Ethyl nonanoate a 88 Y = 4.5654x + 0.4416 0.9994 3150.61 [17] 59.99 ± 22.55
32 Propionic acid b - Y = 0.3745x + 0.0127 0.9956 18,200 [17] 44,000 ± 3879.54
33 Ethyl caprate a 88 Y = 11.147x + 0.1139 0.9997 1122.30 [17] 5638.78 ± 453.33
34 Butyric acid b - Y = 0.5299x + 0.0148 0.9977 964.00 [17] 8590 ± 598.45
35 Phenylacetaldehyde a 91 Y = 0.0318x + 0.0185 0.9998 262.00 [17] 2371.58 ± 54.76
36 1-nonanol a 70 Y = 0.1021x + 0.0705 0.9994 80.00 [20] 300.6 ± 21.25
37 Isovaleric acid b - Y = 0.4347x + 0.0165 0.9903 1050.00 [19] 7900 ± 664.31
38 Ethyl benzoate a 105 Y = 5.3927x + 1.871 0.9972 1430.00 [17] 13.96 ± 5.43
39 Diethyl succinate a 101 Y = 0.0655x + 0.0935 0.9973 353,193.2 [17] 12,744.58 ± 1153.43
40 2-thiophene formaldehyde 111 Y = 0.2458x + 0.1877 0.9996 - 42.54 ± 1.64
41 Ethyl undecanoate a 88 Y = 3.1092x + 0.0019 0.9999 1000.00 [20] 15.5 ± 1.44
42 Valeric acid b - Y = 0.5067x + 0.0144 0.996 389.00 [17] 11,750 ± 435.76
43 Ethyl phenylacetate a 91 Y = 3.8913x + 0.535 0.9996 406.83 [17] 71.35 ± 22.14
44 Phenethyl acetate a 104 Y = 0.5141x + 0.3711 0.9995 909.00 [17] 1927.65 ± 132.43
45 Ethyl laurate a 88 Y = 13.156x + 7.4179 0.9836 400.00 [20] 2827.21 ± 212.45
46 Hexanoic acid b - Y = 0.7798x + 0.0158 0.9973 2520.00 [17] 4950 ± 445.65
47 Ethyl phenylpropionate a 104 Y = 4.5528x + 0.5711 0.9996 125.00 [17] 68.75 ± 13.54
48 Phenethyl alcohol a 91 Y = 0.0217x + 0.001 0.9999 28,922.73 [17] 33,223.98 ± 2341.60
49 Heptanoic acid b - Y = 0.5468x + 0.0165 0.9959 - 5157 ± 413.54
50 4-methylguaiacol a 138 Y = 0.0545x + 0.0268 0.9999 314.56 [17] 252.8 ± 15.87
51 Ethyl myristate a 88 Y = 17.385x + 3.0862 0.9973 180.00 [17] 1721.8 ± 23.46
52 4-ethylguaiacol a 137 Y = 0.2148x + 0.1277 0.9998 122.74 [17] 85.9 ± 32.77
53 Caprylic b - Y = 0.6233x + 0.0172 0.9955 2701.23 [17] 3790 ± 378.65
54 γ-nonalactonea 85 Y = 0.1615x + 0.0014 0.9999 90.70 [17] 142.7 ± 11.65
55 Ethyl palmitate a 88 Y = 10.878x + 0.5365 0.997 39,299.35 [17] 10,168.61 ± 981.45
56 Ethyl oleate a 55 Y = 1.2131x + 0.6878 0.9357 130,000.00 [23] 1942.51 ± 165.66
57 Ethyl linoleate a 67 Y = 1.2392x + 0.4638 0.9592 - 3099.13 ± 564.32

Note: 1. The retention indices are the results of DB-FFAP chromatographic column. 2. In the identification of
compounds, MS stands for mass spectrometric detection; Std is the identification of the standards; RI is the retention
index. 3. ND refers to “not detected”. 4. refers to “no threshold value” and “no retention index from the literature”.
5. a stands for the identification of the quantitative analysis results of SBSE-GC-MS. 6. b refers to the quantitative
analysis results of GC-FID. The same below.

3.3. Analysis of Aroma Active Compounds in Xiaoqu Liquor

Both AEDA and OAV can be used to effectively evaluate the aroma of flavor substances in a single
matrix. However, neither of the two methods considers the possible interactions among different
flavor substances in the same matrix, such as the enhancement and inhibition effects that have been
confirmed by previous studies. The compounds with higher OAVs are usually considered to have
more significant contributions to the overall aroma of the sample, and those with OAVs above 1 are
generally regarded as aroma active compounds. As shown in Table 4, by calculating and comparing
the OVAs of the 57 compounds, a total of 32 compounds were found to have OAVs above 1 in Xiaoqu
liquor, and the number is smaller than that in Daqu liquor (50 compounds) [11]. The top 10 compounds
in OVAs were ethyl octanoate, acetaldehyde, isoamyl acetate, 1,1-diethoxyethane, ethyl hexanoate,
valeric acid, dimethyl trisulfide, 1-octen-3-ol, ethyl acetate, and isobutanol. All together, there were
13 ester compounds, which is in agreement with the fact that ester aroma is dominant in the overall
aroma of Chinese liquor [16]. It has been reported that ester compounds have important influence on
the sensory characteristics such as the dominant aroma and flavor of Chinese liquor and contribute
to the fruity and floral aroma of fen-flavor liquor [17]. In Xiaoqu liquor, the contents of ethyl acetate
and ethyl lactate were the highest, and some other ester compounds in lower contents had great
contributions to the overall flavor due to their lower odor threshold values and higher OAVs, such as
ethyl octanoate (sweet aroma like brandy), isoamyl acetate (representative of sweet aroma in fruit
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taste), ethyl hexanoate (sweet aroma, fruity aroma, and cellar aroma), ethyl valerate, ethyl isovalerate,
and ethyl butyrate [18,19].

Table 4. Odor activity values (OAVs) of the key flavor compounds in JPXQL.

No. Compounds OAV No. Compounds OAV No. Compounds OAV

1 Ethyl octanoate a 427.57 12 N-propanol b 9.65 23 Ethyl lactate b 3.46
2 Acetaldehyde b 126.65 13 Ethyl myristate a 9.57 24 Acetic acid b 3.29
3 Isoamyl acetate a 75.59 14 Phenylacetaldehyde a 9.05 25 Sec-butanol b 2.78
4 1,1-diethoxyethane b 45.95 15 Butyric acid b 8.91 26 Propionic acid b 2.42
5 Ethyl hexanoate a 41.28 16 Isovaleric acid a 7.52 27 N-butanol b 2.22
6 Valeric acid a 30.21 17 Ethyl laurate a 7.07 28 Phenethyl acetate a 2.12
7 Dimethyl trisulfide a 23.44 18 Ethyl valerate a 6.74 29 Hexanoic acid b 1.96
8 1-octen-3-ol a 20.8 19 Ethyl butyrate a 6.58 30 γ-nonalactone a 1.57
9 Ethyl acetate b 16.5 20 Isoamyl alcohol b 5.6 31 Caprylic b 1.4
10 Isobutanol b 15.1 21 Ethyl caprate a 5.02 32 Phenethyl alcohol a 1.15
11 Ethyl isovalerate a 12.89 22 1-nonanol a 3.76

Note: 1. a stands for the identification of the quantitative analysis results of SBSE-GC-MS. 2. b refers to the
quantitative analysis results of GC-FID.

The aldehyde compounds with great contributions to the aroma of Xiaoqu liquor were acetaldehyde
and acetal. Acetaldehyde has a spicy odor and can contribute to fruity, coffee, wine, and grass aromas
in a concentration dependent manner. Acetal has a fruity aroma and can promote the soft sensory
feeling and aged aroma of the liquor [20]. Among the alcohol compounds, besides ethanol, other
compounds with relatively higher OAVs included isobutanol, n-propanol, and 1-octen-3-ol, among
which isobutanol and n-propanol have a slight wine aroma, while 1-octen-3-ol is the representative
of mushroom aroma. Alcohol compounds can help to make the liquor mellow and thick and are the
precursors for the production of ester compounds as well [21].

Acetic acid and lactic acid were the acids with the highest content in Xiaoqu liquor; however,
they had little contribution to the flavor due to their relatively higher threshold values. The acid
compounds that have certain influence on the aroma of Xiaoqu liquor included valeric acid and
butyric acid, which have water odor and putrefactive odor and thus exert some negative effects on the
flavor. The compounds that contribute to the aroma of Xiaoqu liquor mainly include acetaldehyde,
ethyl phenylpropionate, and phenethyl acetate, which confer the liquor with elegant floral aroma and
sweet aroma.

3.4. Aroma Recombination and Omission Experiments

Aroma recombination and omission experiments are general methods to validate the critical
aroma compounds [11]. On a quantitative basis, various aroma compounds at different concentrations
are added into certain medium to produce an overall aroma [22,23]. In addition, sensory analysis
has also been used to study the relationship between flavor substances in the liquor and the liquor
flavor. The 32 compounds with OAVs ≥ 1 were recombined, and the aroma was compared with that of
the base liquor. Figure 2 shows that the recombination solution had rich aroma, particularly fruity
aroma, grain aroma, and distiller’s grain aroma. A comparison of the aroma properties in the original
liquor and recombination sample showed that they had highly similar aroma profiles with only very
slight differences. These slight differences could be due to that the recombination sample did not
undergo the aging process of the original liquor, and the reactions among compounds did not fully
occur because of the short time of establishment, or the medium for the recombination did not contain
some non-volatile compounds that interact with the aroma compounds. Although there were slight
differences in aroma properties between the two samples, the statistical results showed that there were
no significant differences in the eight properties analyzed in the aroma profiling, indicating that the
simulation system of Xiaoqu liquor was successfully established. These results also imply the high
accuracy and reliability of the aroma compound extraction method, AEDA combined with GC-O,
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quantitative analysis of complementary aroma active compounds, and the method for identifying the
key aroma components based on OAV calculation used in this study.Beverages 2020, 6, x FOR PEER REVIEW 11 of 14 
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Table 5 shows the results of the omission experiments. Among the 11 scenarios of omission
experiments, six scenarios of omission would lead to significant differences in aroma profiles (p ≤ 0.05).
The omission of all the ester compounds resulted in extremely significant differences in aroma profile,
indicating the dominant role of ester compounds in the flavor of Xiaoqu liquor. Besides, omission
of ethyl octanoate showed that this compound has great contribution to the aroma of Xiaoqu liquor.
When ethyl acetate and ethyl lactate were omitted at the same time, there were obvious changes in
the aroma profile, implying that these two compounds contribute greatly to the aroma of the liquor.
Furthermore, when these two compounds were respectively omitted alone, the omission of ethyl
acetate would lead to significant differences, while that of ethyl lactate would not, indicating that ethyl
acetate has a greater contribution to the overall aroma than ethyl lactate. Although the content of ethyl
lactate is high in Xiaoqu liquor, it may only affect the mouthfeel instead of the aroma of the liquor [24].

Table 5. Omission experiments of the aroma compounds from JPXQL.

No. Compounds Omitted from the Recombination n a Significance b

1 All esters 10 ***
1-1 Ethyl octanoate 7 *
1-2 Ethyl acetate 8 **
1-3 Ethyl lactate 5
1-4 Ethyl acetate and ethyl lactate 8 **
1-5 Isoamyl acetate 6
1-6 Ethyl isovalerate 6
2 1,1-diethoxyethane 8 **
3 Acetic acid and valeric acid 10 ***
4 1-octen-3-ol 4
5 All alcohols 5

Note: n a: times of correct judgment of the 10 panelists in the triangle test of aroma differences. Significance b:
*, significant differences (p ≤ 0.05); **, highly significant difference (p ≤ 0.01); ***, extremely significant differences
(p ≤ 0.001).

The omission of acetic acid and valeric acid led to extremely significant differences in aroma
profile, indicating that these two acids contribute greatly to the sour taste in the overall aroma of Xiaoqu
liquor. The omission of 1-octen-3-ol and all alcohol compounds did not lead to obvious changes in
aroma profile, possibly due to the presence of a large amount of ethanol in the liquor, which is of very
high volatility and a low threshold value and thus affects the judgment on the alcohol compounds.
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4. Conclusions

Here, we took Xiaoqu liquor as the subject and employed SBSE-GC-MS to extract as well as
qualitatively and quantitatively analyze the volatile compounds in Xiaoqu liquor. Besides, the key
aroma compounds in Xiaoqu liquor were identified by GC-MS-O combined with AEDA and OAV, which
were then evaluated and validated through aroma recombination and omission experiments. A total of
32 key aroma compounds were identified from Xiaoqu liquor, among which ethyl octanoate was found
to be the most important aroma compounds with a FD value of 256, followed by 12 compounds such as
acetaldehyde, 1,1-diethoxyethane, isoamyl acetate, and ethyl hexanoate. It was also found that Xiaoqu
liquor has high contents of ethyl octanoate, acetaldehyde, isoamyl acetate, and ethyl laurate. The aroma
recombination and omission experiments of the 32 compounds showed that the recombination sample
had very similar sensory characteristics to the original liquor, and some compounds such as ethyl
octanoate, ethyl lactate, acetic acid, and valeric acid play important roles in the flavor of Xiaoqu liquor.

Overall, Xiaoqu liquor has a smaller number of key aroma compounds than Daqu liquor, as well
as some unique key aroma compounds such as 1-octene-3-ol and 1,1-diethoxyethane, and these
aroma compounds have different contributions to the aroma compared with those of Daqu liquor.
These factors together contribute to the unique aroma characteristics of Xiaoqu liquor. Our findings
provide a full characterization of the flavor of Xiaoqu liquor and lay a foundation for further dissecting
the mechanism that underlies its unique flavor.
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