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1  | INTRODUC TION

Baijiu is an ancient Chinese liquor that belongs the six major dis-
tilled spirits in the world. Baijiu has a distinctive flavor different from 
other major distilled spirits, such as brandy, whiskey, rum, gin, and 
vodka (Jin, Zhu, & Xu, 2017; Liu & Sun, 2018). The flavors of baijiu are 
generally classified into twelve types, including three major and nine 
minor flavor types (Zheng & Han, 2016). Strong-flavor baijiu (SFB) is 
one of the major flavor types and accounts for approximately 70% of 
the total baijiu production in China. Production of SFB is unique and 
complex, involving solid-state fermentation, distillation, storage/
aging, and blending. Sorghum or a mixture of corn, rice, glutinous 
rice, and wheat are mostly used as raw materials for SFB produc-
tion, and daqu is used as the saccharifying and fermentative agent. 
Fermentation is carried out in a mud pit (Xu et al., 2017; Zou, Zhao, 

& Luo, 2018). As a result, SFB is rich in volatile compounds, includ-
ing esters, acids, alcohols, aldehydes, ketones, pyrazines, furans, 
phenols, aromatics, and sulfides (Liu & Sun, 2018; Wang, Fan, & Xu, 
2014). Furthermore, SFB contains some nonvolatile compounds, 
such as metals, amino acids, and peptides, which have potential 
functions and are beneficial to human health (Cui, 2008; Song et al., 
2018; Zhang, Wu, Xu, & Qian, 2014).

Storage is an essential procedure in SFB production. Fresh dis-
tilled baijiu with unpleasant, rough and pungent flavor needs to 
be stored in a pottery jar or a stainless-steel vessel for months or 
years to improve SFB quality (Zheng & Han, 2016). After storage, 
fresh distilled baijiu is converted into aged/stored SFB, and its flavor 
becomes mellow and harmonious, and even appears chen-aroma. 
During storage, some metals are released into SFB from the con-
tainers (Jiang, Xie, Wan, Chen, & Zheng, 2019). These metals can 
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affect the taste and smell of baijiu. Xiong, Xiang, and Zhao (2013) 
reported that Ca, Fe, Mg, and Cu released from pottery jar into baijiu 
improved the soft mellow and harmonious mouthfeel. However, the 
relationship between metals and flavor compounds of SFB, which 
is closely related to SFB quality, remains unclear because the flavor 
compounds are too complex.

Metals play an important role in modulating sensory attributes 
of alcoholic beverage. Cu, Fe, Mn, Al, and Zn influence the release 
and formation of some aroma compounds, such as hydrogen sul-
fide, methanethiol, and dimethyl sulfide in wine (Franco-Luesma & 
Ferreira, 2014; Viviers, Smith, Wilkes, & Smith, 2013). The presence 
of Cu at a low level leads to a better taste and aroma of brandy (Bonic 
et al., 2013). Therefore, understanding the effects of metals on the 
release and formation of aroma compounds of baijiu are important 
for modulating its flavor and sensory properties.

This work aimed to investigate the effects of metals released 
from pottery jar or stainless-steel vessel on the evolution of aroma 
compounds of SFB during storage. Release behaviors of metals 
into SFB were first investigated. Major metals Na, K, Ca, Mg, Al, 
and Fe in SFB samples were determined via inductively coupled 
plasma-optical emission spectrometry (ICP-OES), and trace metals 
Ag, As, Ba, Be, Cd, Cr, Cu, Li, Mn, Ni, Pb, Sr, Ti, Zn, La, Pr, Nd, Sm, 
Eu, and Gd were determined via inductively coupled plasma-mass 
spectrometry (ICP-MS). Then, changes of aroma compounds in 
SFB after adding various metal ions were analyzed via headspace 
solid-phase microextraction combined with gas chromatography–
mass spectrometry (HS-SPME-GC-MS), and the metal-binding 
abilities of aroma compounds were evaluated via fluorescence 
spectroscopy to further understand the effects of metals on 
aroma compounds of SFB.

2  | MATERIAL S AND METHODS

2.1 | Materials

SFB samples were the same level base baijiu and provided by 
Luzhoulaojiao Co., Ltd. (Luzhou, China). Samples were stored in 
pottery jar or type 304 stainless-steel vessel for 0, 1, 2, 3, 5, and 
10 years. The volume of the pottery jar is 1 m3, and its surface 
area is approximately 5.8 m2 in comparison to 1 m3 of SFB. The 
volume of the stainless-steel vessel is 10 m3, and its surface area 
is approximately 2.1 m2 in comparison to 1 m3 of SFB. During stor-
age, the pottery jar was sealed and put in a cave at 20°C. The 
stainless-steel vessel was sealed and put in the shade at a room 
temperature which varied with the seasons. Standard solutions of 
Na, K, Ca, Mg, Al, Fe, Ag, As, Ba, Be, Cd, Cr, Cu, Li, Mn, Ni, Pb, Sr, 
Ti, Zn, La, Pr, Nd, Sm, Eu, and Gd were purchased from Guobiao 
Testing & Certification Co., Ltd. Acetic acid, butanoic acid, and 
hexanoic acid (GC grade, ≥98% purity) were purchased from Dr. 
Ehrenstorfer. Internal standard, methyl hexanoate, was purchased 
from ANPLE Scientific Instrument Co., Ltd. A C7–C40 n-alkane mix-
ture (O2SI Smart Solutions) was employed to determine retention 

indices (RIs). Ethanol (high-performance liquid chromatography 
grade, 99% purity), nitric acid, hydrogen peroxide, NaCl, KCl, 
CaCl2, MgCl2•6H2O, AlCl3•6H2O, FeCl3•6H2O, and CuCl2•2H2O 
were of analytical grade and purchased from Kelong Chemical Co., 
Ltd. Milli-Q water (18.2 MΩ/cm resistivity) was prepared through 
a Milli-Q system (Millipore).

2.2 | Analysis of metals in the stored SFB by ICP-
OES and ICP-MS

SFB samples (25 ml) were heated at 80°C until their volume was 
reduced to 2–3 ml. Then, the concentrated samples were digested 
at 120°C with 5 ml nitric acid and 1 ml hydrogen peroxide. After 
cooling to room temperature, these digested solutions were di-
luted to 25 ml with Milli-Q water. The concentrations of major 
metals, such as Na, K, Ca, Mg, Al, and Fe, were determined by 
ICP-OES (Optima 8000; PerkinElmer), and the concentrations of 
trace metals, such as Ag, As, Ba, Be, Cd, Cr, Cu, Li, Mn, Ni, Pb, Sr, Ti, 
Zn, La, Pr, Nd, Sm, Eu, and Gd, were determined by ICP-MS (ELAN 
9000/DRC-e; PerkinElmer).

2.3 | HS-SPME extraction and GC-MS analysis of 
aroma compounds in SFB

Aqueous solutions of NaCl, KCl, CaCl2, MgCl2, AlCl3, FeCl3, and 
CuCl2, in which the metal ion has a concentration of 1,000 mg/L, 
were prepared individually. Different volumes of the above-men-
tioned solutions were added into fresh SFB samples to obtain 2 and 
10 mg/L of Na+, K+, and Ca2+, 0.5 and 2 mg/L Mg2+, Al3+, Fe3+, and 
Cu2+. SFB samples with addition of metal were regarded as experi-
mental groups, and SFB sample without addition of metal was the 
control group. All samples were stored at 25°C for a week.

Changes in aroma compounds of fresh SFB after adding various 
metal ions were analyzed through HS-SPME-GC-MS using the re-
ported method with some modifications (Huang et al., 2019; Zhang, 
Wu, & Xu, 2014). SFB sample (1 ml) and methyl hexanoate (10 μL, 
1,310 μg/L in 70% ethanol/water solution v/v) as internal standard 
were added into a 20-mL screw-capped headspace vial. The vial was 
placed in thermostatic water bath, equilibrated at 40°C for 10 min 
and extracted for 45 min at the same temperature by being exposed 
to a 50/30 μm divinylbenzene/carboxen/polydimethylsiloxane fiber 
(2 cm; Supelco, Inc.). Subsequently, the fiber was transferred into an 
injector to desorb at 250°C for 5 min.

Volatile aroma compounds were then analyzed via GC-MS 
(QP2020; Shimazu, Japan). HP-Innowax column (60 m × 0.25 mm 
i.d. × 0.25 μm; Agilent) was used as capillary column. Helium (purity 
99.999%) was used as carrier at a constant flow rate of 1 ml/min. 
Injector was maintained at 250°C. Oven temperature was started 
at 40°C for 5 min, raised to 100°C at rate of 4°C/min, then ramped 
to 230°C at a rate of 6°C/min and held for 15 min. For MS analysis, 
electron ionization was used at 70 eV. Temperatures of the interface 
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and the ion source were set at 250 and 230°C, respectively. The 
mass range scanned was from 30 to 450 amu at a scan rate of 0.3 s.

Volatile aroma compounds were identified by comparing their 
mass spectra (MS) with the NIST14 mass spectra database and 
comparing their retention indices (RIs) with those of reference com-
pounds. Net changes were used to evaluate aroma volatility and 
were calculated according to the equation: Net change (%) = (mean 
peak area of control—mean peak area of experimental group)/ mean 
peak area of control × 100% (Huang et al., 2018; Zhang et al., 2014).

2.4 | Fluorescence spectra of SFB and acids solution

Fluorescence excitation-emission matrix (EEM) spectra of the SFB 
samples stored in pottery jar for 0, 1, 2, 3, 5, and 10 years were 
measured using a fluorescence spectrometer (F-7000; Hitachi). 
Excitation and emission wavelengths were recorded from 200 nm to 
350 nm and 200 nm to 450 nm, respectively, with 2.5 nm slit widths.

Different volumes of NaCl, KCl, CaCl2, MgCl2, AlCl3, FeCl3, and 
CuCl2 aqueous solutions, in which metal ion concentration was 
2000 mg/L, were added into fresh SFB samples to obtain differ-
ent concentrations of Na+ (0.5, 5, 20, and 100 mg/L), K+ (0.5, 5, 20, 
and 100 mg/L), Ca2+ (0.5, 5, 20, and 100 mg/L), Mg2+ (0.5, 5, 20, 
and 100 mg/L), Al3+ (0.5, 2, 10, and 50 mg/L), Fe3+ (0.5, 2, 10, and 
50 mg/L), and Cu2+ (0.2, 0.5, 2, and 10 mg/L). Fresh SFB samples 
with metal ions were stilled for a week. Then, fluorescence intensi-
ties at the maximum emission wavelength of the samples were re-
corded with the maximum excitation wavelength of 280 nm. F0 and F 
were the fluorescence intensities of the SFB with and without metal 
ions, respectively.

Fluorescence emission spectra of acid solutions with different 
concentrations of a metal ion (Na+, K+, Ca2+, Mg2+, Al3+, Fe3+, or Cu2+) 
were recorded at maximum excitation wavelength of 220 nm. Acid 
solutions include 0.5 g/L of acetic acid, butanoic acid, and hexanoic 
acid in 70% (v/v) ethanol/water. Metal ion concentrations were 0, 
0.1, 0.5, 2, 5, 10, 20, and 50 mg/L.

2.5 | Statistical analysis

Each sample was analyzed in triplicate for each determination. The 
results in tables are presented as mean ± standard deviation. One-
way analysis of variance (ANOVA) and Duncan's multiple range tests 
were carried out with SPSS 25.0 software to evaluate significant dif-
ferences of assay (p < .05).

3  | RESULTS AND DISCUSSIONS

3.1 | Quantification of metals in SFB

Twenty-six metals in fresh and stored SFB samples were analyzed via 
ICP-OES and ICP-MS, and the results are listed in Table 1. Na, K, Ca, 

Mg, Al, and Fe are the major metals with high content in baijiu (Xie, 
Jiang, & Wu, 2017). Hence, their concentrations were determined by 
ICP-OES, which is usually used to analyze samples with high total dis-
solved solids content. Besides, the minor metals Ag, As, Ba, Be, Cd, 
Cr, Cu, Li, Mn, Ni, Pb, Sr, Ti, Zn, La, Pr, Nd, Sm, Eu, and Gd were ana-
lyzed by ICP-MS, which is more sensitive, but limited to samples with 
low total dissolved solids content (Martin, Watling, & Lee, 2012; Šelih, 
Šala, & Drgan, 2014). Fresh SFB had little amounts of metals because 
most of metals remained in Zaopei after distillation (Li et al., 2016; 
Zou et al., 2018). However, some metals were dissolved out from con-
tainers during storage. SFB sample stored in pottery jar for 10 years 
contained 4,245.333 μg/L Ca, 1643.333 μg/L Na, 1548.000 μg/L K, 
1,028.667 μg/L Al, 390.333 μg/L Mg, and 328.333 μg/L Fe. These 
metal concentrations were remarkably higher than those in other sam-
ples. The maximum concentration of Cu (336.667 μg/L) was achieved 
in SFB stored in stainless-steel vessel for 5 years. These metal con-
centrations found in stored samples were below the international 
statutory limits of alcoholic beverages (Iwegbue, Overah, Bassey, & 
Martincigh, 2014). Concentrations of Ba, Cr, Mn, Ni, Sr, Ti, and Zn were 
in the range of 0.093–46.959 μg/L, and Li concentration ranged from 
0.003 to 14.901 μg/L. Concentrations of trace metals Ag, As, Be, Cd, 
and Pb were <1.289 μg/L, and concentrations of La, Pr, Nd, Sm, Eu, and 
Gd were below 0.5 μg/L in all samples. Relatively low levels of major 
and trace metals detected in stored SFB indicated that metal concen-
trations released from pottery jar and stainless-steel vessel during 
storage did not exceed the recommended allowable daily intake ac-
cording to the alcohol control database of the WHO (Bonic et al., 2013; 
Iwegbue, Overah, Bassey, & Martincigh, 2014; Salako, Adekoyeni, 
Adegbite, & Hammed, 2016).

The concentrations of most metals in SFB increased during 
storage (Figure S1). When SFB was stored in pottery jar, the con-
centrations of Na, K, Ca, Mg, Al, and Fe increased considerably, and 
concentrations of Ba, Be, Cu, Li, Mn, Ni, Sr, Ti, and Zn increased 
slightly. Pottery jar is made from fired clay and covered with glaze 
over the surface. Its main components are SiO2 and Al2O3 and con-
tain small amounts of metallic oxides, such as CaO, Fe2O3, CuO, NiO, 
and TiO2 (Schleicher, Miller, Watkins-Kenney, Carnes-McNaughton, 
& Wilde-Ramsing, 2008). These metallic oxides can be slowly dis-
solved into baijiu during storage (Yang, Zhao, & Liu, 2001); therefore, 
most metals in SFB increased during storage in pottery jar. When 
SFB was stored in stainless-steel vessel, concentrations of Fe and Cu 
in SFB increased greatly and concentrations of Cr, Mn, Ni, Sr, Ti, and 
Zn increased slightly. The Cu in SFB should be the impurity, which 
was introduced from welding process in production of the stain-
less-steel vessel (Magnabosco, Ferro, Bonollo, & Arnberg, 2006).

Metals in alcoholic beverages have a two-faced role. Metals of 
proper amount and type are beneficial to modulating the flavor of alco-
holic beverages and human health. For example, Fe and Cu can remove 
bad odors, and K, Ca, Cu, Zn, Fe, and Mg are essential metals in the 
human body (Ibanez, Carreon-Alvarez, Barcena-Soto, & Casillas, 2008). 
However, excess metals in alcoholic beverages would negatively influ-
ence their organoleptic quality and flavor and cause harm to human 
health. Excess Cu can give unpleasant tastes, and excess Fe changed 
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the color of spirits to yellow or even brown (Pohl, 2007). Hence, metal 
concentrations in SFB should be limited according to the international 
statutory limits in alcoholic beverages recommended by the WHO.

3.2 | Effect of main metals on aroma compounds 
in SFB

Na, K, Ca, Mg, Al, Fe, and Cu, which had relatively high concentra-
tions in stored SFB, were chosen for further study of their effects 
on volatile aroma compounds. HS-SPME method is widely used for 
identification and quantification of volatile components in baijiu 
(Fan & Qian, 2005; Zhang et al., 2014). In this study, a total of 30 
volatile aroma compounds, including 17 esters, 6 alcohols, 4 acids, 
1 ketone, 1 aldehyde, and 1 furan, were identified in SFB and quan-
tified through the HS-SPME method (Table 2). Addition of 2 mg/L 
Na+, K+, Ca2+, Mg2+, Al3+, Fe3+, or Cu2+ to the fresh SFB resulted in 
different effects on the headspace concentrations of esters, al-
cohols, acids, ketone, furan, and aldehyde. For esters, the volatil-
ity in the experimental groups largely decreased compared with 
the control group. When Na+ was added, the volatility of esters 
decreased by 0.04%–15.84%, except ethyl pentanoate and pro-
pyl hexanoate, which increased by 0.07% and 0.38%, respectively. 
After adding K+, the volatility of some esters decreased by 0.22%–
20.22% and others increased by 1.08%–7.93%. Addition of Ca2+, 
Mg2+ or Fe3+ decreased the volatility of esters by 3.28%–33.41%, 
1.71%–37.63%, and 0.58%–31.83%, respectively. When Al3+ was 
added, the volatility of most esters decreased by 1.34%–13.22% 
except ethyl lactate, pentyl hexanoate, and hexyl hexanoate. After 
adding Cu2+, the volatility of some esters decreased by 1.21%–
18.89%, and others increased by 0.88%–9.14%. For alcohols, 
volatility decreased by 0.50%–41.65% in the experimental groups, 
except that the headspace concentration of 1-propanol increased 
by 4.20% after adding Fe3+. For acids, the volatility of most acids 
in the experimental groups increased, except that the volatility of 
acetic acid, butanoic acid, and pentanoic acid decreased by addi-
tion of K+ and Fe3+. For ketone, furan, and aldehyde, the headspace 
concentrations decreased by 0.50%–24.90% after adding metals. 
However, concentrations of 2-nonanone increased by 0.98% after 
adding K+; concentrations of 2-nonanone and furfural increased 
by 3.62% and 1.59%, respectively, after adding Al3+; and furfural 
concentration increased by 6.12% after adding Cu2+.

Overall, each metal had a different effect on the evolution 
of volatile aroma compounds. These metal cations generally 
promoted hydrolysis of esters, and the increase in acids helped 
strengthen the hydrogen bond between water and ethanol (Nose, 
Hojo, Suzuki, & Ueda, 2004) and reduce the organoleptic stimula-
tion. Moreover, the decrease in the headspace concentrations of 
some aroma compounds implied that the hydroxyl of alcohols and 
the carboxyl of acids, and other aroma compounds probably bound 
with metal cations.

Figure 1 shows the effects of adding different concentrations 
of these metals on the evolution of volatile aroma compounds 

in SFB samples. Total headspace concentrations of esters and 
alcohols decreased with increased metal ion concentrations 
(Figure 1a,c), whereas acid concentrations increased, except for 
the addition of Fe3+ (Figure 1b). This result implied that Fe3+ had 
a stronger ability to interact with carboxyl of acids in SFB than 
other metal ions (Na+, K+, Ca2+, Mg2+, Al3+, and Cu2+). Esters and 
acids were the main aroma compounds in baijiu. Total acid con-
tent increased and total ester content decreased during the aging 
period (Qiao, Zhang, & Wang, 2013). Therefore, the above results 
indicated that the quality of aged SFB was associated with Na, K, 
Ca, Mg, Al, Fe, and Cu, and these metals had an aging-advancing 
function.

F I G U R E  1   Effect of metal ions at different concentrations on 
esters (a), acids (b), and alcohols (c) in SFB samples. Values with 
different superscript letters are significantly different (p < .05)
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3.3 | Effects of main metals on fluorescence of 
SFB and acids solution

Fluorescence analysis was used to study the mechanism of inter-
action between metals (Na, K, Ca, Mg, Al, Fe, and Cu) and SFB. 
Fluorescence EEM landscapes of fresh and stored SFB samples are 
shown in Figure 2, and their spectral characteristics are listed in 
Table 3. Maximum fluorescence intensity decreased with increas-
ing aging time in pottery jar. Maximum excitation and emission 

wavelengths moved from 280 nm to 250 nm and from 309 nm 
to 316 nm, respectively. Fluorescence of components, such as 
flavonoids, salicylic acid, and (–)-epigallocatechin gallate with 
β-lactoglobulin, was changed after binding with Cu2+, Sn2+, Zn2+, 
Mn2+, Al3+, and Fe3+ through fluorescence analysis (Lavrik & Mulloev, 
2010; Zhang, Sahu, Xu, Wang, & Hu, 2017; Zhang, Shi, Sun, Xiong, 
& Peng, 2011). Hence, the above-mentioned change in SFB fluores-
cence might be ascribed to the binding of some metals released from 
pottery jar to the components in SFB during storage.

F I G U R E  2   Fluorescence EEM landscapes of SFB samples. (a), (b), (c), (d), (e), and (f) are SFB samples stored in pottery jar for 0, 1, 2, 3, 5, 
and 10 years, respectively
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Fluorescence quenching is a useful technique to determine bind-
ing affinities of metals to target components (De Costa & Jayasinghe, 
2004; Tan, Kim, & Kool, 2011). Different concentrations of Na+, K+, 
Ca2+, Mg2+, Al3+, Fe3+, and Cu2+ were separately added into fresh SFB 
and acid solutions. Changes in SFB fluorescence intensity in the pres-
ence of Na+, K+, Ca2+, Mg2+, Al3+, Fe3+, and Cu2+ are shown in Figure 3. 
Fluorescence intensity of SFB was slightly changed by adding Na+, 
K+, Ca2+, Mg2+, and Al3+ at a low concentration (Figure 3a–e) but 
gradually decreased with increased concentrations of Fe3+ and Cu2+ 
(Figure 3f,g). Plots of F0/F for SFB versus metal ions at different con-
centrations exhibited that the binding affinity of Fe3+ was higher than 
that of Cu2+ (Figure 3h). Fluorescence intensities of acid solutions 

TA B L E  3   Fluorescence EEM spectral characteristics of SFB 
samples aged in pottery jar

SFB samples
Peak position λex/λem 
(nm/nm) Intensity (a.u.)

P0 280/309 5,371

P1 280/308 5,355

P2 280/307 4,197

P3 285/311 1,441

P5 285/312 1,286

P10 250/316 145

Note: P0, P1, P3, P5, and P10 are SFB samples stored in pottery jar for 
0, 1, 3, 5, and 10 years, respectively.

F I G U R E  3   Effect of metal ions on 
SFB fluorescence intensity at different 
concentrations (a-g). The plots for SFB 
fluorescence quenching by metal ions (h). 
λex = 280nm
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were almost unchanged after adding different concentrations of Na+, 
K+, Ca2+, Mg2+, and Al3+ into the acids solution but decreased with 
increased concentrations of Fe3+ and Cu2+ (Figure S2). These fluores-
cence quenching data showed that Fe3+ and Cu2+ had higher binding 
affinity with carboxyl of acetic acid, butanoic acid, and hexanoic acid 
in 70% (v/v) ethanol/water solution than Na+, K+, Ca2+, Mg2+, and Al3+.

Irto et al. (2018) reported that Fe3+, Al3+, Cu2+, and Ca2+ could bind 
with a compound derived from nitrilotriacetic acid. Hussain, Rahim, 
and Farooqui (2012) showed that the binary complexes of mandelic 
acid ligand with Fe3+ and Cu2+ had higher stability than those with 
Cd2+, Zn2+, Ni2+, and Co2+. Their results indicated that these metals, 
especially Fe3+ and Cu2+, could chelate or bind with different organic 
compounds, which is consistent with our fluorescence analyses. 
Besides, Fe3+ and Cu2+ even have oxidative potential and may oxi-
dize aroma compounds in SFB (Benı ́tez, Castro, Antonio Sanchez, 
Pazo, & Barroso, 2002; Danilewicz, 2007; Iwegbue, Overah, Bassey, 
& Martincigh, 2014). Hence, we inferred that some metal ions could 
bind with or oxidize aroma compounds, especially acids in SFB, and 
thereby form colloidal particles or complexes during the storage. 
This study would be helpful to understand why metals can reduce 
organoleptic stimulation of alcoholic beverages.

4  | CONCLUSION

Some metals were dissolved out from pottery jar and stainless-
steel vessel into the SFB during storage. Their concentrations 
were lower than the recommended allowable daily intake. When 
SFB was stored in pottery jar, the concentrations of Na, K, Ca, 
Mg, Al, and Fe remarkably increased, and concentrations of Ba, 
Be, Cu, Li, Mn, Ni, Sr, Ti, and Zn slightly increased. When SFB was 
stored in stainless-steel vessel, the concentrations of Fe and Cu 
greatly increased, and concentrations of Cr, Mn, Ni, Sr, Ti, and Zn 
slightly increased. Metals released from pottery jar and stainless-
steel vessel into SFB were consistent with the main components 
of the two containers. It is worth noting that the Cu released in 
SFB should be the impurity, which was introduced from welding 
process in production of the stainless-steel vessel. Headspace 
concentrations of most esters, alcohols, ketone, furan, and al-
dehyde in fresh SFB decreased, whereas headspace concentra-
tions of most acids increased after adding Na+, K+, Ca2+, Mg2+, 
Al3+, Fe3+, and Cu2+. These metal cations promoted the decrease 
in total ester content and the increase in total acid content, indi-
cating that these metal cations had an aging-advancing function. 
Furthermore, maximum fluorescence intensity of SFB decreased 
with increasing aging time. This result might be ascribed to the 
binding between metals released from the container and aroma 
components, especially acids in SFB during storage. This binding 
can promote the formation of metal-aroma compound complexes 
or colloidal particles. This finding is helpful to explain the release 
of metal cations and the formation of aroma compounds of baijiu 
during storage, which is significant for modulating the flavor and 
sensory properties of baijiu.
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