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The purpose of this study was to analyze the volatile compounds in baby ginger paocai and the fresh baby ginger and identify
the key aroma components that contribute to the flavor of baby ginger paocai. A total of 86 volatile compounds from the two
baby ginger samples were quantified; these compounds were extracted by headspace solid-phase microextraction (HS-SPME)
and analyzed by gas chromatography-mass spectrometry (GC-MS). The aroma composition of baby ginger paocai was different
from that of fresh baby ginger. Baby ginger paocai was characterized by the presence of aroma-active compounds which varied in
concentration from 0.03 to 28.14%. Geranyl acetate was the aroma component with the highest relative content in baby ginger
paocai. S-myrcene, eucalyptol, trans-3-ocimene, Z-ocimene, linalool, decanal, cis-citral, geraniol, geranyl acetate, curcumene,
and f3-bisabolene contributed to the overall aroma of the product of baby ginger paocai which had gone through a moderate

fermentation process.

1. Introduction

Baby ginger, which is a kind of ginger rhizomes (Zingiber
officinale Roscoe), is often referred to as “immature ginger” or
“young ginger” or “tender ginger.” In virtue of its agreeable
flavor, good texture, and health function, baby ginger is
consumed as a kind of vegetable by more and more people
in the world [1]. Baby ginger will wilt within 2 days under
the normal temperature. If fresh baby ginger was treated by
the measure proposed by Liu et al. [2], its commodity rate
could reach 95% and 80% after 24 d and 30 d, respectively.
An etal. [3] found that the method of intermittent microwave
and convective drying for ginger was a very promising drying
method for its quality retention, but dried ginger products
were limited for use. In order to meet the consumer’s demand
for baby ginger in nonharvesting season, novel products of
baby ginger are developed, such as baby ginger paocai (which
is also referred to as “pickled baby ginger” or “pao zi jiang” in
Chinese), frozen baby ginger, and instant baby ginger slices.
Ginger paocai, as a Chinese pickle, has been consumed by
the people of Sichuan province in China for a long time [4]. In
China, the production of a paocai often needs to go through
a fermentation process assisted by brine [5, 6]. Ginger paocai
production could be not only a solution to improving the

flavor of raw ginger, but also a solution to helping to increase
the consumption of this functional food. However, the quality
of baby ginger paocai will be affected by the fermentation
conditions. For example, the amount of salt could influence
the sensory quality of the fermented vegetables [7].

In quality indices, aroma is one of the most appreciated
characteristics that confirm the initial impression of con-
sumers. Recently, there were many researches on the aroma
composition of food, and the experts in these studies believed
that the flavor of food was different with its type. Further-
more, some volatile compounds of some food products are
not detected by consumers because of their thresholds and
interactions with other compounds [8]. The headspace solid-
phase microextraction (HS-SPME) conditions of volatile
compounds in ginger were optimized by Yu et al. [9].
Chavalittumrong and Jirawattanapong [10] analyzed varia-
tion of active components of Curcuma domestica rhizome at
different growth stages. Bartley and Jacobs [11], Huang et al.
[12], and An et al. [3] analyzed the effects of drying methods
on volatile compounds in ginger, respectively. As yet, there
are very few studies on the quality of baby ginger paocai.
Therefore, our aims were to analyze the volatile compounds
obtained by headspace solid-phase microextraction (SPME)
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from the fresh baby ginger and baby ginger paocai, and
compare their flavor composition, and to identify the key
aroma components that really contribute to the flavor of this
pickle product, so that we would explore the relationship
between micro ecology and quality changes of baby ginger
during its fermentation process. Furthermore, The results of
this research would be helpful to the process optimization and
quality control of baby ginger paocai.

2. Materials and Methods

2.1. Materials. Baby ginger paocai was sampled from Yingu
Food Inc. located in Chengdu, China. The baby ginger paocai
was produced according to the processing method and the
particular steps described in subsequent content. Firstly, the
selected fresh baby ginger samples were washed in water jet
washer and then drained. After being cut, 8 kilograms of fresh
baby ginger was put into one of the 25-litre pottery jars which
were washed, sterilized, and cooled in advance. Before the
baby ginger samples were put into the jar, the jar had 16 litres
of 4% saline water, so that the baby ginger paocai was slightly
salted. Then 60 grams of bacterial powder, as a starter culture
for the baby ginger fermentation, was added to the jar. There
were 1.5 x 10'° cfu active lactic acid bacteria in each gram of
the bacterial powder. Finally, the jars were sealed and placed
in a room where the temperature was 25 + 2°C.

On the 7th day of the baby ginger fermentation, the baby
ginger paocai was sampled and stored in a refrigerator at 4°C.
The fresh baby ginger was also sampled from this food com-
pany and stored in a freezer at 4°C prior to analysis, in order to
compare its flavor formation with that of baby ginger paocai.
The fresh baby ginger, as the raw material for baby ginger
paocai, was of good quality and short of serious mechanical
damage. The collected baby ginger samples were of similar
length (about 6 + 1 cm) while they had hardly any fibrous
parts except for their outer skins.

A mixture of n-alkanes (C7-C40, 1000 mg/L each com-
ponent in hexane) was purchased from 02si smart solutions
(Charleston, USA). Decane, which was used for quantitative
analysis of volatile compounds, was purchased from LGC
Labor GmbH (Augsburg, Germany).

2.2. Extraction of Volatile Compounds. Researchers usually
cut and crush the samples for aroma analysis, so that the
aroma substances are extracted completely. In order to exhibit
the overall flavor of the baby ginger samples, every sample
was sliced, chopped, and mixed together. And then, using
the random sampling method, 5g of the chops mixture was
obtained and put in a headspace bottle. All parameters were
analyzed and determined atleast in triplicate at each sampling
time.

After comparing the extraction characteristics of several
kinds of SPME fibers (such as PDMS, PDMS/DVB, Car-
boxen/PDMS, and DVB/CAR/PDMS), the authors selected
a stableflex 50/30 yum DVB/CAR/PDMS fiber (1 cm, Supelco,
Bellefonte, PA, USA) for the extraction and concentration
of volatile compounds of baby ginger. Before being used to
extract volatile compounds of baby ginger, the SPME fiber
was cleaned thermally at 270°C for 1h.

Journal of Food Quality

The optimum sampling conditions of aroma compounds
in baby ginger samples with the DVB/CAR/PDMS fiber were
investigated. Before the aroma components were extracted by
the fiber, there was a partition equilibrium of the aroma com-
ponents between the crushed baby ginger and the headspace
of the bottle. The process of the equilibrium of aroma
components was conditioned at 45°C for 30 min. And then
the DVB/CAR/PDMS fiber was exposed to the headspace for
30 min at 45°C so that the fiber could enrich aroma compo-
nents completely.

2.3. Gas Chromatography-Mass Spectrometry (GC-MS) Anal-
ysis. 'The volatile compounds of baby ginger were identified
by the method of gas chromatography-mass spectrometry
(GC-MS). The gas chromatograph, whose model was Agilent
7890A, was equipped with a HP-5MS capillary column
(30m x 0.25mm x 0.25 um, Agilent technologies). Helium
was used as the carrier gas and its flow rate is 1 mL/min
in the HP-5MS capillary column. The SPME fiber, which
concentrated the aroma components in advance, was exposed
into the injection port of the gas chromatography (GC) at
250°C for 5min in the splitless mode, so that the aroma
components were desorbed completely. To separate all the
aroma components of baby ginger, the gas chromatography
was run under a specialized oven temperature program.
On the basis of reference to the analytical methods [3,
13], the optimized temperature program was as follows: the
temperature was initially kept at 50°C for 1 min and increased
by 4°C/min to 110°C and maintained for 5 min; afterwards,
it was increased by 1°C/min to 135°C and kept for 3 min and
then increased by 10°C/min to 230°C and held for 3 min and
finally returned to 50°C. The model of the mass spectrometry
was Agilent 5975C. Mass spectra were recorded at 70 eV in
the ionization mode of electron impact ion source (EI) with
a solvent delay of 3 minutes and were scanned in the m/z
range of 50-550 amu with 2.91scan/s. The temperature of the
electron impact ion source (EI) was 230°C.

The mass spectra of the volatile compounds of baby
ginger were compared with the data system library (NIST 11)
and authentic references [14]. And the data whose matching
degrees were more than 80 could be used for qualitative
analysis and quantitative analysis. When the spectral peaks
were analyzed qualitatively, their retention indexes (RI) were
computed with the mixture of n-alkanes. The mass spectra of
the mixture of n-alkanes were obtained by using the same HS-
SPME conditions and GC-MS conditions as those of the baby
ginger samples.

2.4. Gas Chromatography-Olfactometry (GC-O) Analysis. GC-O
analysis was performed on a GC equipped with a PHASER
olfactory port (GL Sciences, Inc., Tokyo, Japan) and a HP-
5MS capillary column (30m X 0.25mm x 0.25ym, Agi-
lent technologies). Analytical conditions were the same as
those for GC-MS analysis. Olfactometry analysis for aroma
compounds of baby ginger paocai was performed by three
skilled panellists and repeated twice by each assessor. Refer-
ring to previous research conclusions [15, 16], aroma extract
dilutions analysis (AEDA) by adjusting split ratio was a better
method for GC-O analysis. In this study, split ratios 10:1,
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FIGURE 1: Percentage of the different chemical groups of components present in the two baby ginger samples.

25:1,50:1,100:1, and 200 :1 were used while splitless mode
was not considered. There was a flavor dilution (FD) factor
evaluating the activity of aroma compounds. The FD factor
of an aroma-active compound represented the highest split
ratio at which the compound could be detected at the sniffing
port. Then, the FD factor was defined as the dilution step at
which a compound was detected at least half of the six times.

3. Results and Discussion

After being concentrated by the SPME fiber on the optimal
extraction conditions, the volatile compounds of baby ginger
samples were separated and detected under the before-
mentioned GC-MS conditions. The total ion current (TIC)
chromatogram for the aromatic compounds of each baby
ginger sample was obtained by GC-MS.

According to the results of qualitative analysis, there were
86 volatile compounds identified in the two baby ginger
samples. The results of GC-MS analysis were listed in Table 1.
In the pickled baby ginger, there were 58 volatile compounds,
whose mass concentrations add up to 931.8 mg/kg, belonging
to different chemical classes: olefines (32), esters (11), alcohols
(8), aldehydes (3), ketones (3), and furan (1). However, the
volatile compounds of the fresh baby ginger belonged to
different chemical classes: olefines (51), esters (9), alcohols
(14), aldehydes (2), ketones (1), and alkane (1); the sum
of their mass concentrations was 2012.8 mg/kg. Percentage
of the different chemical groups of components present in
the two ginger samples was shown in Figure 1. The aroma
compounds present were in a dynamic state of change over
the fermentation period as some components increased and
other components decreased. This result implied that the

overall aroma characteristics also changed during the fer-
mentation.

As seen from Figure 1(a), the principal volatile con-
stituents of the fresh baby ginger or baby ginger paocai
consisted of olefines, esters, alcohols, and aldehydes. Among
them, olefine was the material type with the highest content.
Compared with the fresh baby ginger, baby ginger paocai had
less volatile olefines and more volatile esters, in terms of either
relative content or absolute content (mass concentration);
furthermore, in terms of absolute content, baby ginger paocai
had less volatile alcohols and had more volatile aldehydes or
ketones; in terms of relative content, baby ginger paocai had
more volatile alcohols or aldehydes or ketones. So we could
infer that olefine was one of the main volatile components
in fresh baby ginger. This result is similar to the results of
previous studies on ginger samples [3, 12]. Furthermore, ester
might be one of the main volatile components in baby ginger
paocai, while some scholars such as Xu et al. [17], Liu et al.
[18],and Wu et al. [19] also considered ester as one of the main
characteristics of pickles.

The volatile compounds listed in Table 1 largely belonged
to terpenoids or their derivatives, for example, monoter-
pene hydrocarbons (MH), sesquiterpene hydrocarbons (SH),
oxygen-containing monoterpenes (OCM), and oxygen-
containing sesquiterpenes (OCS); this result was consistent
with the result of Angel et al. [20] who studied essential oil
composition of several starchy Curcuma species. The compo-
sition of terpenoids in the two baby ginger samples was shown
in Figure 1(b). Monoterpene hydrocarbons (MH), sesquiter-
pene hydrocarbons (SH), and oxygen-containing monoter-
penes (OCM) were the principal volatile constituents of the
fresh baby ginger or baby ginger paocai. In terms of absolute
content, baby ginger paocai had less monoterpene hydro-
carbons (MH) or sesquiterpene hydrocarbons (SH) than the
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fresh baby ginger. However, in terms of either absolute con-
tent or relative content, baby ginger paocai had more oxygen-
containing monoterpenes (OCM) than the fresh baby ginger.
In baby ginger paocai, oxygen-containing monoterpenes
(OCM), which was a type of terpenoid with relative content
of 56.34% and far more than the other terpenoids, consisted
of 8 alcohols (12.75%), 2 aldehydes (13.32%), and 8 esters
(30.27%). In the fresh baby ginger, the content of oxygen-
containing monoterpenes (OCM) was only 20.16% while rel-
ative content of sesquiterpene hydrocarbons (SH) was 71.06%
and far more than that of the other terpenoids. So we could
conjecture that oxygen-containing monoterpenes (OCM)
belonged to the characteristic flavor components of baby gin-
ger paocai, and this process phenomenon could be caused by
the accumulation of esters in the fermentation process of baby
ginger paocai. The result again confirmed that esters were
the characteristic components of pickles.

In the fresh baby ginger samples, geraniol (21, 5.78%),
geranyl acetate (31, 6.07%), [-bisabolene (49, 5.31%), f3-
sesquiphellandrene (50, 7.49%), 3-phellandrene (60, 6.55%),
B-himachalene (75, 9.76%), zingiberene (76, 18.82%), or a-
farnesene (77, 10.60%) was the compound with an abso-
lute content exceeding 100 mg/kg, and they could belong
to the main flavor components of the fresh baby gin-
ger. The relatively high contents of f-bisabolene (49),
B-sesquiphellandrene (50), B-phellandrene (60), and zin-
giberene (76) account for the odor of the fresh baby ginger,
which was consistent with the result of Huang et al. [12]
and An et al. [3]. Geranial, zingiberene (76), or a-farnesene
(77) was considered by Bartley and Jacobs [11] to be one
of the main flavor fractions of Australian-grow ginger. f3-
himachalene (75) had never been listed as a characteristic
component in the past literature on the analysis of volatile
compounds of ginger. The differences in the main volatile
composition may be attributed to not only methods of
extraction for volatile compounds [13], but also the quality
of ginger which is closely related to the different origins of
ginger, cultivation techniques, harvest time, and other factors
[21].

In baby ginger paocai, geranyl acetate (31, 28.14%) was
the only compound with an absolute content exceeding
100 mg/kg, while B-bisabolene (49, 10.64%), trans-citral (22,
8.45%), geraniol (21, 8.19%), curcumene (44, 6.3%), and
cis-citral (20, 4.87%) were also among the main volatile
components. The relatively high content of esters accounts
for the odor of the baby ginger paocai, which was consistent
with the result of Xu et al. [17] and Liu et al. [18]. Some
volatile compounds, which were the major components of
the fresh baby ginger, were not detected in baby ginger
paocai, for example, -phellandrene (60), S-himachalene
(75), zingiberene (76), and a-farnesene (77). There were still
some volatile compounds detected in the fresh baby ginger,
but not detected in baby ginger paocai, such as octanol (62),
borneol (64), citronellol (65), and elemol (80). Furthermore,
there were 8 volatile compounds, which were not detected in
the fresh baby ginger but detected in baby ginger paocai, con-
sisting of cryptone (16, 0.27%), decanal (18, 0.13%), 3-decen-
1-ol, acetate, (Z)- (32, 0.19%), ethyl geranate (33, 0.22%),
2,6-octadienoic acid, 3,7-dimethyl-, ethyl ester (34, 0.18%),
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(E)-2-decenyl acetate (35, 0.18%), sesqui rosefuran (52,
0.03%), and 4-(1,5-dimethylhex-4-enyl) cyclohex-2-enone
(56, 0.23%). The 8 volatile compounds might be the interme-
diary or the final metabolite of microbial metabolism. Sulfur-
containing compound was not detected in this study while
it was one of the characteristic aroma components of pickles
[17, 19]. This difference should be directly related to the raw
materials of pickles.

The preceding difference in flavor composition of the
two baby ginger samples is intrinsically related to microbial
fermentation and the dissolution of some flavor compounds.
As mentioned earlier by scholars, kimchi fermentation
process is achieved by bacteria, yeasts, fungi, and other
microorganisms; lactic acid bacteria are the most important
microorganisms which affect the sensory quality of pickled
vegetables. The formation of flavor is a complicated process
that occurs during homolactic and heterolactic fermentation
by lactic acid bacteria [22]. Some of the metabolites in the
microbial fermentation process react with certain ingredients
in the vegetables to produce new substances, so that the flavor
composition of vegetables could be improved [19].

The contribution of each volatile substance to the flavor of
baby ginger paocai is not only related to its relative content,
but also related to its absolute content and sensory threshold.
So the aroma composition of baby ginger paocai was analyzed
by GC-O method in the study. In the sensory evaluation,
baby ginger paocai exhibited overall “spicy,” “camphor-like,”
“herbal,” “fruity,” “flowery,” “ginger-like,” and “balsamic”
aroma qualities. The highest sensory scores were for ginger-
like, camphor-like, flowery, and fruity aroma, while the lowest
score was for woody note. With the increase of the split ratio
from 10:1 to 200: 1, the paocai volatile extracts of HS-SPME
fiber were diluted. Fifty-eight aroma-active compounds were
identified (Table 2).

Woody and camphor-like were perceived at lower reten-
tion indices, followed by balsamic, flowery, spicy, and fruity.
At the end of the analysis the camphor-like quality appeared
again, followed by the fruity. Compounds with a balsamic
note (4), camphor-like note (8), flowery note (9, 10, 13, 18, 20,
and 21), fruity note (31, 49), and ginger-like note (44) were
the most important aroma-active components in baby ginger
paocai. Most of these aroma compounds correlated well with
the sensory attributes detected in sensory evaluation. These
eleven odorants were all detected in fresh baby ginger except
for decanal (18). Decanal (18) might be the product of
lactobacillus fermentation.

A strong fruity note was found to be the characteristic
flavor of baby ginger paocai, compared with fresh baby ginger.
The pleasant fruity note of baby ginger paocai could be
attributed to the combined effects of cis-citral (20), geranyl
acetate (31), and S-bisabolene (49). The three aroma-active
components had high FD values (200 : 1); their accumulation
may be due to the relatively long fermentation time and lactic
acid fermentation stage involved in the production of baby
ginger paocai. Geranyl acetate (31) was found at a relatively
high concentration (>200 mg/kg) in baby ginger paocai and
had a low aroma threshold in water (0.15mg/kg) [23]. This
result again confirmed that geranyl acetate (31) was a char-
acteristic aroma component of baby ginger paocai. Volatile
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esters except for acetic acid, octyl ester (19), and bornyl
acetate (23) were fruity for the aroma quality of baby ginger
paocai, which was in accordance with the result of Wu et al.
[19]. All volatile esters except for farnesol, acetate (57), and
(E,E)-farnesyl acetate (58) belonged to the body note of baby
ginger paocai.

The camphor-like note was a part of the typical aroma of
baby ginger paocai while camphor was considered by Angel et
al. [20] to be a characteristic component in ginger. However,
camphor was not detected in baby ginger paocai or the fresh
baby ginger. Eucalyptol (8) was one of the most intense
camphor-like odorants (split ratio 200:1) in this study, and
it belonged to the top note of baby ginger paocai. Eucalyptol
(8) had a low aroma threshold in water (0.0046 mg/kg) [24],
and its absolute content was 26.255 mg/kg. Asimportant parts
of the camphor-like compounds, cryptone (16) and 4-(1,5-
dimethylhex-4-enyl)cyclohex-2-enone (56) belonged to the
body note and the base note, respectively.

Regarding flowery notes, compounds trans-f-ocimene
(9), Z-ocimene (10), linalool (13), and decanal (18) were
detected with high FD factors (200 : 1). The odor thresholds of
the four substances were 0.034 mg/kg [25], 0.034 mg/kg [25],
0.006 mg/kg [23], and 0.003 mg/kg [26] for compounds 9, 10,
13, and 18, respectively. Decanal (18) was one of metabolic
products in the fermentation process of baby ginger. Sesqui
rosefuran (52) could be transformed from cis-f3-farnesene
(72) or a-farnesene (77). Cis-citral (20) and trans-citral (22)
also were flowery. All the flowery compounds of baby ginger
paocai belonged to its body note.

4. Conclusions

The results obtained by analyzing aroma compounds of baby
ginger paocai and fresh baby ginger demonstrated that the
aroma formation of baby ginger was significantly changed by
lactic acid fermentation. The main ingredients of fresh baby
ginger or baby ginger paocai belonged to alcohols, aldehydes,
olefines, and esters. These volatile aroma compounds were
mostly terpenoids or their derivatives. S-myrcene (4), euca-
lyptol (8), trans-B-ocimene (9), Z-ocimene (10), linalool (13),
decanal (18), cis-citral (20), geraniol (21), geranyl acetate (31),
curcumene (44), and f-bisabolene (49) were all the crucial
aromatic components with more significant sensory contri-
bution to the overall flavor of the product of baby ginger
paocai which had experienced a moderate fermentation
process.

Additional Points

Practical Application. Baby ginger, as a vegetable, is not only
directly used as a raw material for cooking, but also salted into
ababy ginger paocai (which is a Chinese pickle). This research
analyzed the aroma composition of baby ginger paocai and
found the key aroma-active compounds. These results will
be helpful to the process optimization and quality control of
baby ginger paocai.
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