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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.

© All Rights Reserved

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
incolour dueto 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
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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 ofbaking (MB)isreplacing
ceramicjar withabigrectangular 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 (Zhuetal., 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;Zhuet 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.
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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
m?). The baked mashes were transferred from one jar
to the next at 24-h intervals, and samples were desig-
natedas 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 1* day. Fifteen subsamples (500 g each)
were collected at 2™ and 3" 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 m?). 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

Modern Method

The sampling method is the same as that of the first day.

—— Second day — Third day — Fourth day — Fifth day

! Traditional Method

Upper half second day

Second day  ypger half third day

Third day

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 (designatedas 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 um of divinylben-
zene-carboxen-polydimethylsiloxane
(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 pL of octanal (IS, 500 pg/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 atarate of | mL/min. Separation
occurred on an HP-5 MS column (30 m x 0.25 mm X
0.25 pum) and an RTX-Wax column (30 m % 0.25 mm
% 0.25 um) (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. Theion 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 retentionindices (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 pg/mL in

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

C =CxA+A,

where, C, = concentration of the volatile compound,
C = concentration of internal standard, 4_= peak area
of the volatile compound, and 4, = peak area of the
internal standard. Each sample was analysed in tripli-

cate.

Odour Activity Values (OAV)

The contribution of each volatile compound
tothe aroma profile was evaluated by the odouractivity
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-
nentanalysis (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).
Zhuetal. (2018b)reported that42 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



Han, K., Ji, W. and Wang, R. F./IFRJ 27(5) : 8§14 - 824

817

[ > [> €0 TI0OFLIO 100F1°0 SIN Td L18b1 891T1 19389 [£300 proe oneoe €
> - 60 ZI0F 910 0F90°0 SIN T pu L¥STI asjeouexay [Ajuadost (44
YLYT - S91C 81°6€ - L8'8T ¥610°0 €0°0 F S¥°0 1'0F99°0 SN ‘T pu (A 19389 1AUJR PIOE O10ULI00 1T
061 - 081 S01 - SS 2000 100 F LEO SO'0F91°0 SN Td 9 1¥El 67011 10389 [Apo proe oroueydor 0T
1> 1> L9°0 900F1°0 €00F 10 SN Td 0871 pu 19183 [AX3Y PIOE d1)3de 61
- - V/N $0°0 F60°0 pu SIN Td pu vLOT 318108 [AWROS! 81
- - V/N pu SO0 F 910 SN T pu 8°€901 10350 [Apo-[Aypo--Ax01pAy-g proe orouejuad LT
60°6S - €LTT - 72000 ¥0°0 F 60°0 pu SIN T4 TIPTl €9001 13180 [AY3d pIoE dI0UEXAY 91
- SSH-50T 2000 pu STOF 990 SIN Td 9°0T11 pu a1e100E-1AINQIATYIoW-¢ S1
1> 1> 79 6€0FTH0 LTIFIVE SIN Td v68L pu SR AR vl
J9)SH
[ > [> 0Zel YO'0FT0 100F11°0 SIN T 384T pu proe d1ozuaq €l
901 - I> 1> $0 ['0F€r0 T00FLTO SIN T ¥$0T pu proe olouejo0 4!
1> 1> € EI0FLTO €00FLIO SN ‘Td TLY61 pu proe otoueyday 11
1> > € €00 FS0'1 SO0FS0 SN Td T0z81 v'L66 proe d10uexdy 01
€9°1-8T1 1> 71 120FvL1 600F ST SIN Td 89991 $'658 pIok d1ouBINqIAYIoW-¢ 6
1> - 00T EI'0FSS0 pu SN T 1'9951 pu proe srouedordjApow-g 8
[ > [> Tl SO0 F8T0 LOOF9E0 SN ‘T £6EST pu proe srouedoxd L
I> [> 081 6STFIVIS 66'LFSL16 SIN T 8651 €'LS9 proe o1joe 9
pRYV
9L91-6'S1 ¥8'L-T¥9 ¥95°0 YTOFIT6 Y'0F 0¥ SN T TTiel LTI [oyode [AyiejAudyd S
[ > [> 001 SY'TF69°€ 60€EFSY SN ‘Td 60vS1 £'88L [orpaueIng-¢‘g v
> - S05°9 600 F¥1°0 pu SIN T 86801 pu Jouedoid-1-[Ayow-g €
089 - 0€S SLLT-STIT £00°0 COFINT €10 F8S0 SN Td 6°€IT1 SYEL Joueing-1-[Ayou-¢ z
1> 1> 0002 180F6T'1 I0F1T SN q q Joueyyo I
10403y
€ SL S S (3y/3w) € SL S S woneoynuopy _MXIA  SWSdH punoduos oN
AVO ploysaayp, (83/8w) uone.UIdIUC) XJpu[ uonudY

"€ SLpue ¢ SN ur spunodwod 9[1je[oA Jo uonesyiuenb pue uonedIIuSpP] '] S[qeL,



818

Han, K., Ji, W. and Wang, R. F./IFRJ 27(5) : 814 - 824

>
I'v-LE1

91'TTI1
GLE9 - SLEY
[ >
€SE-¥0'C
¥$'6T-SSTT
SL'8-ST9
STl - 001
>
LYTLS - €E'8YS
£€°¢88 - 058
£CE8 - ey

LT-91'1
1>
96°0¢ - ¥0°6<
Ly'e-6C1
1>
$88-59'1
1>

1>

91'C-79'1
§T9T-SLET
[>
9€'6-60'1
YL €T - €1'CC
STII-SL8
S6- S¢S
1>
SC8 - 565
Ir-¢
L9916l - L999¥I
L9981 - 08

91 -8C1
1>
911 -8T6
96'C-¥S'1
1>
90°¢-861
9 e€-6E¢
1>

V/N
V/N
8
65900

LEO0
800000
L1
V/N
SL0
€
V/N
800°0
¥00°0
S
9000
100
1000
€00°0

I
80
S0
9¢S1°0
008
9650°0
4
19061°¢
V/N

['0F8T0
0°0 FLTO
€C0F 891
600 F81°0

100 FL0°0
80°0 F £+'0
wWOFLEOD
EI0F €TO
960 F60°C
8Y'01 FE€1'8L
LI'OFYCTO
10°0 F90°0
SO0 F S0
LI'OFCVO
LOOFICE
pu
00F¥0'1
900 F61°0

LTOFEY']
80°0 FT€0
YTeEFSL
LT'OFLEO
17’0 F+S°0
pu
TLOFSOT
STOFICO
Y00 F 1°0

SO0 FSTO

C00FST0

P70 F80°C
pu

100 FL0°0
100FT0
['0F8C0
200FTO0
ITFTT
TrTF 1889
[ANIE (]
100 F80°0
80°0F €0
9T'0F 2790
690 F9Tt
€0°0F800
LTOFE0T
IT'0F+0

600 FLE'T
I'0F61°0
6T0F 19T
II'0F S0
C00FSI0
€00F 10
€00F L0
100 F1T°0
200 FS0°0

SN ‘Td
SN ‘Td
SN ‘Td
SN Td

SN Td
SN T
SN ‘Td
SN ‘Td
SN ‘Td
SN Td
SN ‘T
SN ‘Td
SN ‘Td
SN Td
SN Td
SN T
SN Td
SN ‘Td

SN Td
SN Td
SN Td
SN ‘Td
SN ‘Td
SN Td
SN Td
SN T
SN ‘Td

1'G8¢1
pu

¥'88C1

433!

€Yol
8'1¢€0¢
Leegol
9'8L0T
8'9¢S1
€oovl
6'9L81
pu
Lev9l
[44\14
L'YLST
1°5901
¥'6¢8
LST8

65¢C
S0S81
0Tl
S68L1
€8L91
9CLI1
[A22)!
Y ersl
P8ESI

pu
8eell
€0IL

pu

pu
1'0LEl
8'8LTI
v'86vl
£'€96
§9¢€8
€9611
€'8011
98¥01
£6101
8°L96

pu
6959

pu

8°000C
86651
(414!
clIscl
G981
99L11
9'66¢1
L00¢1
€001

Juoueing-z-(Ax0[A100.)-¢
Qu0)ay [Ayjouwr [Azuaq

u103008
Juouoydojooe

9pAyopIex0qied-g-ojonAd-H [ -[Aylouw- |
suoueInj-(H¢)z-1Auad-g-01pAyrp
OPAoP[BI9IBIUIZUIG-IUIPIAY}-D
[euaxay-z-[Auayd-z-[Aypow-g

IpAyoprezuaq
[eangang

ureo1oe(JAmy-g)¢-[Ayiow-g

leueuou

opAyapreIeorauszuaq
opAyoprexoqied-g-ojoAd-H |
OpAyop[ex0qIBdURIN-Z-[AYIoUl-G

Jeuexoy
[euengAyow-¢
[eueInq[AYIow-7

19159 [AU32 IOk JI0UBIIPEXIY
10189 [AU}d PIOB OI0UBIIPOP
19189 [Aype[Auayd-g pioe onode
10159 JAU}0 IOk J1}90BIUIZUSq
19159 [AIRIp pIoe dloIpaueng
10182 JAYJQ pIok J10ZUdq
10159 A3 proe o10uBdIIP
19159 [AY39 proe d10uBUOU
9)B100€ [OUBYIOWIURIN-T

0S
6%
8Y
Ly

U033
9%
Sy
4%
94
(4%
8%
(1]
6¢
8¢
LE
9¢
s¢
43
€€

opAyapv
43
I€
0¢
6C
8¢
LT
9T
4
4




"Pass0I0 J0U Sem
punoduiod oY) Jo onjea PoYsAIY} oy} JO “pajod)ap J0uU sem punodwiod oy} osnesoq paje[nofed Jou sem punoduiod Jo AV Y3 Jey) sa3ed1pul (-) Ysep y -onjea pioysaiy Jo joe[ = /N
‘pa102)ap 10U = P°U ‘sAeSSE DI} ISBI] J© JO (IS F SUBdW Ik eje(] "(9D) duex[e )SIJ AU JO T > [ = q PUL {SOJIPUI UONURI = [ A1owon)oads ssewr = SIA :SPOYIaW UOHEIIUdP]

Han, K., Ji, W. and Wang, R. F./IFRJ 27(5) : 814 - 824

- 60°60€ - S'SHl 1100°0 pu 600 FST0 SIN Td L0501 pu oprydnsip jAysoturp (9
apryding

1> - 001 900 F2€0 pu SN T 8'66¢€1 pu SUBdPELS} 1L
U0qIvIOIPAH

- 9 - p1 $00°0 pu 800 FSI°0 SN T €70C1 pu s[ozexolAyjouLy 0L

> > 685°8S 90°0 F LSO EI0FL60 SN T 76961 pu suoueye-([&-z-[ouAd-HT)-1 69

I> 91 -L0°T 4 610 F TSI 6£0F€ST SIN ‘T 6'T8Y1 pu surzelAdjAyrourend) 89

- TS°0T-¥0°61 SET°0 pu I'0FL9T SN ‘Td TOLYI pu surzerAdjAype-g-1AypowIp-¢ g L9

- - V/N LOOFITO €00 F2T0 SIN Td 1°22S1 STl surzelAd[Ayse-9-[AyjowILI -6°¢ T 99

I > > 9 800 FEI'0 T00F 10 SN ‘T4 TIPET pu ourzelAdjAyio S9

1> [> Sl Y00 FSI°0 €0°0 F80°0 SIN T 8'gecl pu surzelAdjAyiewp-9°g 9

> > 09 £0°0 F80°0 YOOF 110 SIN T 121 pu ourzelKdjAyjouwr €9

T81T-€LTL €0°€T- 6€°61 €€0°0 SI'OF LSO 90°0F L0 SN T v TIvl £9001 ourzelKdjAyjoun 79

6T-61 vT-81 10 SO0 F¥T0 €00FIT0 SN Td €66€1 89001 suizeikdjAypow-g-1Aye-g 19

1> 1> 9 200 FH1°0 00 F 210 SIN Td 8°T6E1 TH001 surzeiAdjAyrow-g-1Ay1e-g 09

- > ST 900 F 11°0 200 F LEO SN Td TEesel pu surzesKdjAyiewp-¢°g 6S

- SS- ¢ 900°0 pu 90°0F LT0 SIN ‘T pu $'966 ueinyAyuad-7 8¢

> 1> 08 90°0F 10 €00 FHT0 SIN T $'90$1 9916 suoueyR-([Aueiny-7)-| LS
99450190

> 1> S 8€°0 T #S°0 LOOF8TO SN T L8661 pu Joudyd 9¢

[ > [> 0€ST ZI0F920 LOOFETO SIN ‘T L$961 pu [oyew Ss

SO'1T-8SI1 8- LEL 610°0 600 F 1€°0 100FST°0 SIN T S161¢ pu [oudydjAuIA-p-Axoyou-g s

ST9¢- 679 8¢¥T - €1°81 910°0 YTOFHE0 SO0 FHE0 SN T £'620C ['v8T1 [ousydAxoypow-z-[Aye-f €S

PI'LT - €€°€ 1L'S-18°€ 120°0 STOFIEO0 00F1°0 SN Td $'891¢ pu JoudydjAyso-f (49

008 - S'TIY SL'EVS - SL'89Y 91000 1€0FL60 900 F 1870 SIN Td 68581 €601 JousydAxotow-g IS
ouwdydq

819



Han, K., Ji, W. and Wang, R. F./IFRJ 27(5) : 814 - 824 820

(Marin 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 inthe MS_5and 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 5and TS 3, respectively. The acetic acid is a
well-knownmajorproductin 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 (Marin 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 (Yiet 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 5SorTS 3.Inaddition, 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 (Gomez-Miguez 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
-2625inMS 5and4375-6375inTS_3), 3-methylbu-
tanal (1466.67 - 1916.67 in MS_5 and 850 - 883.33 in
TS _3), 5-methyl-2-furancarboxaldehyde (595 - 825
inMS 5and548.33-571.67inTS_3),2-methoxyphe-
nol (468.75-543.75inMS_5and412.5-800inTS_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 5and245-325in TS 3), 2-pentylfuran (35 - 55
inMS _5and 165-205in TS 3), dimethyl disulphide
(145.45-309.09inMS 5and45.45-118.18in TS _3),
and heptanoic acid ethyl ester (55 - 105 in MS_5 and
180-190in 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 inoneunbaked and eightbaked
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
inS_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 ef 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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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.

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 1toMS 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
aresult, 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
etal., 2016). They were also formed in small amounts
inthe otherkind of vinegars that were not baked (Marin
etal.,2002; Al-Dalalietal.,2019) because the Maillard
reaction continues slowly during the aging process.
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Figure 3. Score (A) and loading (B) plot of PCA according to the 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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