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Abstract

As one of the typical appreciated seasonings, Shanxi aged vinegar is famous all over the world 
for its unique aroma formed during the baking stage. To evaluate the influence of two baking 
methods on the aroma profiles, headspace solid-phase microextraction (HS-SPME) in combi-
nation with gas chromatography-mass spectrometry (GC-MS) were carried out, and the odour 
intensity was evaluated by odour activity values. Results showed that there were 72 volatile 
compounds that could be identified and quantified in the analysed samples. Moreover, among 
them, the odour activity values (OAV) of 35 compounds were ≥ 1, and the contents of acetic 
acid, ethyl acetate, and acetoin were significantly higher than the other volatile compounds. 
There were 17 odour-active compounds newly produced after baking stage. Based on the 
principle components analysis (PCA), 11 newly produced volatile compounds as well as 
benzeneacetaldehyde and furfural, of which the OAVs had remarkable differences in two 
baking methods, were closely associated with the baking process. Additionally, acetophenone 
was formed specifically in the traditional methods, and five odour-active compounds 
(3-methylbutyl-acetate, hexanal, 2,3-dimethyl-5-ethylpyrazine, trimethyloxazole, and dime-
thyl disulphide) were detected only in the modern method. In conclusion, baking process has 
important influence on the formation and composition ratio of aroma profiles in Shanxi aged 
vinegar. The results obtained from the present work might provide guidance for improvement 
of the production process and quality optimisation of Shanxi aged vinegar.
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Introduction

 Vinegar is one of the common seasonings 
around the world, and has a long history in brewery 
and consumption (Giudici et al., 2017). In China, there 
are numerous vinegar manufacturers, of which Shanxi 
aged vinegar, Sichuan bran vinegar, Fujian Monascus 
vinegar, and Zhenjiang aromatic vinegar, are regarded 
as the most famous (Chen et al., 2013). Using specific 
raw materials or applying specific processes yield 
different tastes and flavour characteristics (Xiao et al., 
2011). For examples, baking and long aging time yield 
specific aroma in Shanxi aged vinegar (Zhu et al., 
2016); the specific flavour of Sichuan bran vinegar is 
due to the 60 different herbs used in the fermentation 
(Chen et al., 2009); Fujian Monascus vinegar is bright 
in colour due to the addition of Monascus as a fermenta-
tion starter (Jiang et al., 2019); and Zhenjiang aromatic 
vinegar is famous for its elegant and complex aroma 
(Al-Dalali et al., 2019).
 Shanxi aged vinegar is produced from 
sorghum as the main raw material. The sorghum is 
crashed and steamed into mashes. After cooling, the 

mashes are mixed with starter (called Daqu in Chinese) 
and water. Accompanied by the spontaneous growth 
of microorganisms from the starter, ethanol starts to 
produce. Acetic acid fermentation begins after alcohol 
fermentation for three days, and chaff and wheat bran 
are added into the mashes, and ethanol is fermented 
into acetic acid (Wu et al., 2012). Upon acetic-acid 
fermentation, the vinegar mashes are baked at an inter-
nal temperature of 98°C for three to five days, and trans-
ferred from one jar or trough to the next after every 24 
hours until the baking process is finished (Figure 1).
 For baking, traditional method of baking (TB) 
means heating the vinegar mashes in big ceramic jar 
and transferring vinegar mashes from one jar to the 
next by labour. It is inefficient and labour-intensive. 
In contrast, modern method of baking (MB) is replacing 
ceramic jar with a big rectangular stainless-steel trough, 
with auto-transferring of vinegar mashes from one 
trough to the next. Besides, MB also tries to reproduce 
the excellent flavour of TB, and not just only increases 
the volume of production.
 Baking is a necessary heating process which 
leads to significant change in chemical profile of the 
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aroma compounds in the production of Shanxi aged 
vinegar (Zhu et al., 2016). In this stage, the aroma com-
pounds are formed of the reducing sugars and amino 
acids as a result of the Maillard reaction. They are 
obtained from the hydrolysis of the residual starches, 
hemicelluloses, proteins, and metabolites of microor-
ganisms in a weakly acidic environment (Semmelroch 
and Grosch, 1995). Pyrazines, aldehydes, and ketones 
are thought to be the main products of such reactions 
(Zhu et al., 2016). The sorghum underwent through a 
long fermentation process to produce over 87 non-vol-
atile metabolites, which belong to amino acids, 
alcohols, sugars and sugar derivatives, organic acids, 
fatty acids, and alkanes before baking stages (Nie et 
al., 2017; Zhu et al., 2018b), which provided an impor-
tant material base for the Maillard reaction during the 
baking stages.
 To the best of our best knowledge, no previous 
studies have focused on the difference in the chemical 
profile of the key aroma compounds that are formed 
during the baking processes in the mashes of Shanxi 
aged vinegars. Therefore, the present work aimed to 
investigate the presence of the key aroma compounds 
and their changes during the baking stage by headspace 
solid-phase microextraction (HS-SPME) and gas 
chromatography-mass spectrometry (GC-MS). 
Beside the investigation of the chemical profile, the 
effects of the different baking methods (Figure 1) on 
the aroma profiles of Shanxi aged vinegar mashes was 
also assessed. The results of the present work would 
provide guidance for the improvement of the produc-
tion process and quality optimisation of the Shanxi 
aged vinegar.

Materials and methods

Vinegar mash sampling
 In the present work, the mash samples of 
Shanxi aged vinegar were provided by Dengshanjing 
Vinegar Group Co. Ltd in February, 2019. The 
sampling method is shown in Figure 1. For traditional 
method, the vinegar mashes were baked at an internal 
temperature of 98°C for 3 d in big ceramic jar (0.5 
m3). The baked mashes were transferred from one jar 
to the next at 24-h intervals, and samples were desig-
nated as TS_1, TS_2, and TS_3. Except for fourth jar, 
the top, middle, and bottom cross-section were select-
ed for sampling in each jar. For each cross-section, 
three subsamples were collected to a total of nine 
subsamples. The fourth jar was divided into two parts 
(upper and lower); six subsamples were collected in 
each part. Finally, 18 subsamples (500 g each) were 
collected at 1st day. Fifteen subsamples (500 g each) 
were collected at 2nd and 3rd d, respectively. For 
modern method, the vinegar mashes were baked at an 
internal temperature of 98°C for 5 d in big rectangular 
stainless-steel trough (50 m3). The baked samples were 
transferred from one jar to the next at 24-h intervals, 
and samples were designated as MS_1, MS_2, MS_3, 
MS_4, and MS_5. In each trough, the top, middle, and 
bottom cross-section were selected for sampling. Each 
cross-section was divided into three sections, to a total 
of nine subsamples. Twenty-seven subsamples (500 
g each) were collected in one trough. The subsamples 
of one jar or trough were fully mixed to make a single 
representative sample. Then, 500 g sample of each jar 
or trough was taken by method of 

Figure 1. The flowchart of modern and traditional baking method and sampling points in each jar and trough. (a) the 
arrows present corresponding position of vinegar mashes that were transferred from one jar to another; (b) the dotted line 
represents the boundary between vinegar mashes in the middle of the second and third day (the fourth jar); and (c) the 
positions of subsamples in each jar.
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coning and quartering. We also sampled the vinegar 
mashes that were ready for baking (designated as S_0). 
All the samples were placed in a cooler at -80°C.

Headspace Solid-Phase Microextraction (HS-SPME) 
method
 The volatile compounds were extracted by the 
HS-SPME. The SPME fibre (Supelco, Bellefonte, PA, 
USA) was coated with 50/30 μm of divinylben-
z e n e - c a r b o x e n - p o l y d i m e t h y l s i l o x a n e 
(DVB-CAR-PDMS). It was conditioned for 30 min at 
230°C in the GC injector before each extraction. A 
15-mL glass vial was used to place 1 g of a sample 
and 10 μL of octanal (IS, 500 μg/ml in methanol), then 
tightly crimped by a silicon septum. The glass vial was 
placed in a water bath, maintained at 45°C for 30 min 
for the SPME extraction of the volatiles. Then, the 
SPME fibre was inserted into the GC injection port 
for thermal desorption of the absorbed volatiles at 
250°C for 5 min in a splitless mode.

Gas Chromatography-Mass Spectrometry (GC-MS)
 Analyses were performed using an Agilent 
7890A gas chromatograph coupled to a 5975C mass 
spectrometer (Agilent Technologies). Helium was 
used as the carrier gas at a rate of 1 mL/min. Separation 
occurred on an HP-5 MS column (30 m × 0.25 mm × 
0.25 μm) and an RTX-Wax column (30 m × 0.25 mm 
× 0.25 μm) (Agilent Technologies), respectively. For 
both columns, the initial oven temperature was 40°C, 
which was held for 3.5 min, then ramped to 90°C at a 
rate of 5°C/min, and ramped again to 230°C at a rate 
of 6°C/min, which was held for 2 min. The mass detec-
tor operated at 150°C in electron impact mode at 70 
eV. The ion source and transfer line temperatures were 
230 and 250°C, respectively. The chromatograms 
were recorded in the full scan mode in the mass range 
of m/z 33-450.

Identification and quantitation of volatile compounds
 The volatile compounds were identified by 
mass spectra (MS) and retention indices (RI). The mass 
spectra of the compounds were compared with the 
reference mass spectra (91% minimum similarity) 
from the National Institute of Standard and Technolo-
gy library (NIST 11). The RI of unknown compounds 
were calculated from the retention times of n-alkanes 
(C6-C30) for both columns using the linear interpola-
tion (Aili et al., 2012). Then, the RI were compared 
with those previously reported in the literature and at 
the NIST Chemistry WebBook (DOI: https://-
doi.org/10.18434/T4D303) database.
 The compounds were quantified using inter-
nal standard method. Octanal (IS, 500 μg/mL in 

methanol) was added as an internal standard to each 
sample. The relative concentration of each volatile 
compound was calculated as follows:

Cc =Ci×Ac÷Ai

where, Cc  = concentration of the volatile compound, 
Ci = concentration of internal standard, Ac = peak area 
of the volatile compound, and Ai = peak area of the 
internal standard. Each sample was analysed in tripli-
cate.

Odour Activity Values (OAV)
 The contribution of each volatile compound 
to the aroma profile was evaluated by the odour activity 
value, which was measured as the ratio of the concen-
tration of each compound to its detection threshold in 
water. The odour descriptions and threshold values 
were taken from those available in the literature and 
two online databases, i.e. Flavornet (www.flavor-
net.org) and Perflavory Information System (ww-
w.perflavory.com). 

Statistical analysis
 All assays were conducted in triplicate, and 
results were expressed as mean ,± standard deviation. 
The data of OAVs were used to study the differences 
in the aroma during the baking processes by heat map 
(false colour image) analysis. The principal compo-
nent analysis (PCA) was performed as an unsupervised 
method to ascertain the degree of differentiation 
between two baking methods. All statistical analyses 
were performed by using R (software version 3.6.1).

Results and discussion

Chemical profile of both final baked mashes
 The characteristic volatile profiles of the 
samples were determined by the HS-SPME/GC-MS 
method. A total of 72 volatile compounds (listed in 
Table 1) were identified in the MS_5 and TS_3 
samples. These volatile compounds were classed into 
nine classes: alcohols (five), acids (eight), esters (19), 
aldehydes (14), ketones (four), phenols (six), heterocy-
cles (14), hydrocarbons (one), and sulphides (one). 
Zhu et al. (2018b) reported that 42 volatile compounds, 
which belonged to esters, alcohold, ketones, and 
aldehydes, were found at the stages of alcohol and 
acetic acid fermentation. The types of volatile com-
pound, by contrast, had significant increase after 
baking. Most of 72 volatile compounds were also 
reported as odour-active compounds in other kinds of 
vinegar, including the Zhenjiang aromatic vinegar 
(Al-Dalali et al., 2019), balsamic vinegar 
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(Marín et al., 2002), and wine vinegar (Perestrelo et 
al., 2018). To gain a deeper insight into the chemical 
profile and content of the volatile compounds of the 
analysed samples, the 72 volatile compounds were 
quantified in the MS_5 and TS_3 (Table 1). Presented 
results (Table 1) indicated that the volatile profiles of 
the analysed samples were complex after the baking 
processes. The major volatile compounds were acetic 
acid (91.75 and 81.41 mg/kg in MS_5 and TS_3, 
respectively), and furfural (68.81 and 78.13 mg/kg in 
MS_5 and TS_3, respectively), which accounted for 
about 75.43 and 71.02% of total volatile compounds 
in MS_5 and TS_3, respectively. The acetic acid is a 
well-known major product in the fermentation process. 
It is formed by acetic acid bacteria (Zhu et al., 2018b), 
but the bacteria cannot survive in the high-temperature 
environment (Ohmori et al., 1980). Hence, the baking 
process, which was maintained the vinegar mashes at 
98°C, should be irrelevant to the production of acetic 
acid. The furfural is widespread in foods (Ortu and 
Caboni, 2017; Srivastava et al., 2018), juices (Zhu et 
al., 2018a), wine (Ortu and Caboni, 2017), and vine-
gars (Marín et al., 2002; Zhu et al., 2016; Al-Dalali et 
al., 2019) as an important aroma component, whose 
formation is promoted by heat treatment.
 However, the contribution of volatile com-
pounds in aroma depends not only on the amount of 
the compound, but also on the OAVs (Yi et al., 2016; 
Talaverano et al., 2017). Hence, the concentration of 
these compounds was converted into odour activity 
values (OAVs) with their odour threshold (Table 1). 
On the basis of the OAVs, 35 compounds (OAV ≥ 1) 
were considered as the odour-active compounds in the 
MS_5 or TS_3. In addition, OAV value for eight com-
pounds cannot be calculated due to a lack of threshold 
values. Previous studies reported that compounds with 
OAV ≥ 1 were considered as major contributors to 
aroma (Gómez-Míguez et al., 2007; Talaverano et al., 
2017; Styger et al., 2011). Although the content of 
acetic acid was 46 and 40% of the total amount of iden-
tified compounds in MS_5 and TS_3, respectively, it 
was not considered as the odour-active compound 
because of the high threshold (OAV < 1). On the 
contrary, some of the compounds presented in trace 
amounts were considered as contributors to the aroma 
because of their lower threshold. Results in Table 1 
showed that dihydro-5-pentyl-2(3H)-furanone (2375 
- 2625 in MS_5 and 4375 - 6375 in TS_3), 3-methylbu-
tanal (1466.67 - 1916.67 in MS_5 and 850 - 883.33 in 
TS_3), 5-methyl-2-furancarboxaldehyde (595 - 825 
in MS_5 and 548.33 - 571.67 in TS_3), 2-methoxyphe-
nol (468.75 - 543.75 in MS_5 and 412.5 - 800 in TS_3), 
3-methyl-1-butanol (112.5 - 177.5 in MS_5 and 530 
- 680 in TS_3), 3-methylbutyl-acetate (205 - 455 in 

MS_5 and 245 - 325 in TS_3), 2-pentylfuran (35 - 55 
in MS_5 and 165 - 205 in TS_3), dimethyl disulphide 
(145.45 - 309.09 in MS_5 and 45.45 - 118.18 in TS_3), 
and heptanoic acid ethyl ester (55 - 105 in MS_5 and 
180 - 190 in TS_3) were the characteristic compounds 
which contributed to the aroma profiles of the baked 
samples. 

Changes of odour-active compounds during the 
baking processes
 To investigate the influence of the different 
baking methods on the volatile compounds of various 
baked samples, the aforementioned volatile com-
pounds were quantified in one unbaked and eight baked 
samples. The results are shown in the form of the heat 
map of the OAVs (Figure 2). A total of 38 compounds 
were selected to be the principal aroma compounds of 
the baked samples in order to evaluate their contribu-
tions during the baking processes. These included 35 
odour-active compounds, acetic acid, ethyl acetate, 
and acetoin. Besides, three volatile compounds were 
selected mainly based on the concentration of volatiles 
(greater than 1 mg/kg) and the OAV value (close to 
1). Because the compounds with the OAV < 1 may 
also contribute to the aroma profile through the addi-
tive effects of the compounds with similar structure 
or odour (Francis and Newton, 2005). Eventually, 
acetic acid, ethyl acetate, and acetoin met the 
above-mentioned conditions.
 The contributions and odour description of 
the principal aroma compounds in various samples are 
shown in Figure 2, including alcohols (two), acids 
(three), esters (ten), aldehydes (ten), ketones (two), 
phenols (four), heterocycles (six), and sulphides (one). 
Overall, 21 compounds, which mainly belong to 
alcohols, acids, esters, and aldehydes were quantified 
in S_0; they were usual metabolites of microorganisms 
(Cirlini et al., 2011; Giudici et al., 2017; Al-Dalali et 
al., 2019). After baking, the hexanoic acid ethyl ester 
was disappeared in the MB; while the benzoic acid 
ethyl ester and 2-pentylfuran were disappeared in the 
TB. Although the OAVs of these compounds, except 
benzaldehyde, furfural, and 3-methylbutanoic acid 
decreased with the increase in baking time, they were 
still an important part of odour-active compounds in 
TB or MB after baking. This is in agreement with the 
previously published research on the Tartary buck-
wheat Vinegar (Aili et al., 2012). 17 new compounds 
were gradually formed with the increase in the baking 
time, which caused a significantly different odour in 
both MB and TB samples before and after baking. In 
addition, the new compounds were not exactly the 
same in MB and TB. The result (Figure 2) showed that 
11 new compounds (2-methylbutanal, 
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3-methylbutanal, 5-methyl-2-furancarboxaldehyde, 
1-methyl-1H-pyrrole-2-carboxaldehyde, 2-methoxy-
phenol, 4-ethylphenol, 4-ethyl-2-methoxyphenol, 
2-methoxy-4-vinylphenol, 2-ethyl-5-methylpyrazine, 
trimethylpyrazine, and tetramethylpyrazine) were 
formed in both MB and TB; five new compounds, 
including 3-methylbutyl-acetate, hexanal, 2,3-dime-
thyl-5-ethylpyrazine, trimethyloxazole, and dimethyl 
disulphide were detected only in MB; and the 
acetophenone was formed only in TB. Furthermore, 
the different effect of two baking methods on the same 
compound has been shown in the case of MB and TB. 
The OAVs of volatile compounds such as aldehydes, 
heterocycles, and sulphides gradually increased from 
MS_1 to MS_5. Finally, they became the main contrib-
utor to the aroma composition of the MB baked 
samples. On the contrary, the volatile compounds that 
belong to alcohols, acids, and phenols contributed 
more to the aroma of the TB baked samples. These 
odour-active compounds made up the aroma profile 
in the final product of TB or MB because the aging 
process only altered the aroma levels rather than the 
aroma molecules (Liang et al., 2016).
 The result of OAVs for these compounds 
between MB and TB showed a significant diversity 
(Figure 2). Four aldehydes (the 2-methylbutanal, 
3-methylbutanal, hexanal, and 5-methyl-2-furancar

boxaldehyde), four heterocycles (trimethylpyrazine, 
2,3-dimethyl-5-ethylpyrazine, tetramethylpyrazine, 
and trimethyloxazole) and one sulphide (dimethyl 
disulphide) showed outstanding influence on the 
aroma profile of the MB baked samples. The outstand-
ing contributors in TB were more complex. Those 
contributors included one alcohol (phenylethyl 
alcohol), two acids (3-methylbutanoic acid and 
octanoic acid), two aldehydes (furfural and dihy-
dro-5-pentyl-2(3H)-furanone), four phenols (2-meth-
oxyphenol, 4-ethylphenol, 4-ethyl-2-methoxyphenol, 
and 2-methoxy-4-vinylphenol), and two heterocycles 
(2-ethyl-5-methylpyrazine and trimethylpyrazine). As 
a result, the final baked sample of the TB yielded sour, 
woody, and baked food or smoky bacon odour (Figure 
2). Contrary to TB, the final baked sample of MB 
exhibited a lower sour odour that was mixed with the 
baked or roasted food sensory (Figure 2). Regardless 
the difference in the odour intensity, these compounds 
were finally retained in products of Shanxi aged vine-
gar (Chen et al., 2013; Zhu et al., 2016), and their 
certain types remained stable, while only their levels 
were slightly altered during the aging process (Liang 
et al., 2016). They were also formed in small amounts 
in the other kind of vinegars that were not baked (Marín 
et al., 2002; Al-Dalali et al., 2019) because the Maillard 
reaction continues slowly during the aging process.

Figure 2. Heat map analysis of 38 principal aroma compounds in the samples of modern and 
traditional baking method. Each number in the atlas represents one compound listed in Table 1.



Principal Component Analysis (PCA)
 In order to analyse the trend in the aroma 
profiles of Shanxi aged vinegars more deeply, princi-
pal component analysis (PCA) was performed to 
check the intrinsic variation in the data matrix, and to 
determine which volatile compounds contributed the 
most to the difference. Figure 3A shows the score 
plot of the first principal component (PC 1, 64.32% 
of total variance) versus the second principal compo-
nent (PC 2, 18.70% of total variance). The nine vine-
gar samples were clearly divided into the two 
regions. A large gap was observed between the 
unbaked and the baked samples (Figure 3A). S_0 is 
located on the top-left of plot. Except for MS_1, all 
the baked samples which are located in the negative 
region of the PC1 and PC2, were clearly isolated 
from the S_0. The esters including ethyl acetate, 
hexanoic acid ethyl ester, heptanoic acid ethyl ester, 
octanoic acid ethyl ester, decanoic acid ethyl ester, 
benzoic acid ethyl ester, and benzeneacetic acid ethyl 
ester were responsible for the gap (Figure 3B). The 
gap between the MS_1 and TS_1 was the largest in 
the baked samples. The most probable cause was that 
heating rate had difference between MB and TB. 
Then the gaps narrowed during the baking processes. 
The main reason was that newly formed volatile 
compounds accumulated. Meanwhile, the loading of 
PCA (Figure 3B) showed that 13 odour-active com-
pounds, of which the OAVs had differences in two 
baking methods, were tightly associated with the 
baking process. They were the 2-methylbutanal, 
3-methylbutanal, 5-methyl-2-furancarboxaldehyde, 
furfural, 1-methyl-1H-pyrrole-2-carboxaldehyde, 
2-methoxyphenol, benzeneacetaldehyde, 

4-ethylphenol, 4-ethyl-2-methoxyphenol, 2-meth-
oxy-4-vinylphenol, 2-ethyl-5-methylpyrazine, 
trimethylpyrazine, and tetramethylpyrazine, which 
belong to the aldehydes, phenols, and heterocycles.

Conclusions

 In total, 72 volatile compounds were identi-
fied and quantified in the baked samples of MB and 
TB. Among them, 38 were considered as the princi-
pal odour compounds, including the 35 odour-active 
compounds (OAV ≥ 1), acetic acid, ethyl acetate, and 
acetoin. Most of the new compounds were formed 
from the first day of baking. The heat map and PCA 
analysis indicated that the influence of different 
methods was stronger on the accumulation of the 
principal odour compounds and less on their types. In 
addition, the proportion of each aroma compounds 
between two baking methods in general had differ-
ence, which means the modern method still could not 
fully reproduce the aroma of the traditional method. 
Therefore, the modern method still requires improve-
ment.
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