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Abstract: Nitrite, ethyl carbamate, and biogenic amines in fermented vegetables are considered
harmful compounds. In this study, the concentration of the nitrite, ethyl carbamate, and biogenic
amines in four different varieties of fermented vegetables in China was determined. The results
show that the nitrite concentration in the fermented cabbage was the highest, followed by fermented
mustard, fermented bamboo, and fermented radish. Additionally, nitrite concentration in two
fermented cabbage samples and one fermented mustard sample exceeded the maximum allowed
residue limit (20 mg/kg) suggested by China’s National Food Safety Standards. However, only
one fermented cabbage sample had a very low level of ethyl carbamate (<10 ug/kg). Otherwise,
higher biogenic amines were found in the samples of fermented cabbage, fermented bamboo, and
fermented mustard. Additionally, the concentration of biogenic amines in some samples exceeded the
recommended limit. On the contrary, biogenic amines in fermented radish samples were relatively
low. Therefore, the concentration of nitrite and biogenic amine should be closely monitored and
controlled during the vegetable fermentation processes, especially for the fermentation processes of
bamboo, cabbage, and mustard.

Keywords: fermented vegetables; nitrite; ethyl carbamate; biogenic amines; detection methods;
principal component analysis

1. Introduction

Fermentation is a traditional way of preserving vegetables in China. Various vegeta-
bles, including celery, mustard, and potherb [1] can be fomented. The fermented vegetables
are prepared as follows: Fresh vegetables are washed with clean water and then sealed in
earthenware jars with a 3-6% NaCl solution for 30—40 days at 20-25 °C for fermentation [2].
Despite the health benefits of fermented vegetables, such as decreasing the cholesterol
level, promoting digestion, and improving gut health [3,4], nitrite, ethyl carbamate, and
biogenic amines present in fermented vegetables can cause health problems.

Nitrite, a potentially cancer-causing compound, is commonly present in fermented
vegetables [5]. Hou et al. [6] found that the concentration of nitrite ranges from 0.01 mg/kg
to 42.03 mg/kg in fermented vegetables in northeastern China. Liu et al. [7] reported
that the nitrite concentration of 65 samples was detected to be above 20 mg/kg among
378 fermented vegetable samples, which is the maximum nitrite concentration in fermented
vegetables according to Chinese National Food Standard regulation.

Ethyl carbamate, a probable carcinogen, is widely found in fermented foods and
beverages, such as bread, spirits, wines, sake, and soy sauce [8]. During the fermentation
process, the chemical reactions of the precursors such as ethanol, urea, and hydrocyanic
acid can produce ethyl carbamate [9]. Kim et al. [10] reported that the concentration of
ethyl carbamate in Korean-style fermented vegetable, kimchi, ranged from 0 to 16 ug/kg,
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with a mean value of 4 ug/kg. However, to the best of our knowledge, the studies and
surveys on the ethyl carbonate concentration in the Chinese-style fermented vegetable
are few.

Biogenic amines are a group of organic nitrogen compounds with low molecular
weight. Most of them are produced via enzymatic decarboxylation of amino acids by mi-
croorganisms during the fermentation process [11]. Typical biogenic amines are tryptamine,
B-phenethylamine, putrescine, cadaverine, histamine, and tyramine [12]. A low dose of
biogenic amines can be quickly metabolized in the intestinal tract [13], while a high level
of biogenic amines may lead to adverse symptoms, including skin rashes, headache, hot
flushes, and nausea [14]. Lee et al. [15] reported that the histamine and tyramine concentra-
tions in fermented onion in Korea exceeded the recommended limits, which posed a risk to
the health of consumers.

Fermented bamboo, fermented cabbage, fermented mustard, and fermented radish
are four popular fermented vegetables in China. Currently, there is little information on
the levels of nitrite, ethyl carbamate, and biogenic amines in the four types of fermented
vegetables, which raises concerns regarding the potential health risk associated with con-
suming these fermented vegetables. Therefore, the objective of this research is to investigate
the concentration of nitrite, ethyl carbamate, and biogenic amines in fermented vegetable
products. The results provide valuable information to food producers, health professionals,
and consumers for developing and consuming healthier fermented vegetables.

2. Materials and Methods
2.1. Samples

Samples of fermented bamboo, fermented cabbage, fermented mustard, and fermented
radish were all purchased on Alibaba.com (accessed on 16 October 2020) (Alibaba Network
Technologies Co., Ltd., Guangzhou, China). For each type of fermented vegetable, the
top 15 commodities from different brands were selected as the samples for our analysis,
according to the sales ranking of fermented mustard on Alibaba.com. Before analysis, the
samples were stored at —20 °C. Different brands of fermented bamboo, fermented cabbage,
fermented mustard, and fermented radish were labeled FB1-FB15, FC1-FC15, FM1-FM15,
and FR1-FR15, respectively. All reagents used for the analyses were of analytical grade
reagents and were purchased from Sigma-Aldrich.

2.2. Determination of pH Value, Titratable Acidity, and Salinity

pH value was measured using a PHS-3G pH meter (INESA Scientific Instrument
Co., Ltd., Hangzhou, China). Titratable acidity (TA) was measured by titrating the brine of
each sample with a 0.10 M NaOH solution until the pH reached 8.2 & 0.2, and the results
were expressed as the concentration of lactic acid according to the method described by Liu
et al. [16]. Salinity was measured using Mohr’s titration [17], and the detailed process is
described as follows: A total of 1 g fermented vegetable sample was combined with 9 mL
of distilled water and then homogenized and filtered; Finally, 10 mL of the filtered sample
was mixed with 1 mL of 2% potassium chromate indicator and titrated with 0.02 M AgNOs
solution until the solution became reddish brown (the endpoint of the titration).

2.3. Determination of Nitrite Concentration

The nitrite concentration of each sample was measured using the Griess reaction [18].
Briefly, 4 g of sample was first homogenized with 30 mL of distilled water. Then, the
homogenized sample was heated at 95-100 °C for 20 min and immediately cooled in an
ice bath. Next, the sample was combined with 0.5 mL of 30% w/v ZnSO4-7H;0 solution
and 0.5 mL of 15% (w/v) K4Fe (CN)g-3H,O solution, followed by shaking. After filtration,
the sample solution was sequentially mixed with 1 mL of 0.2% sulfanilamide, and 1 mL of
0.1% N-1-naphtyethylene diamine dihydrochloride, which are color development reagents.
This color development reaction was carried out at room temperature for 15 min. The
optical density (OD) of each sample was obtained at a wavelength of 538 nm with a reagent
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blank as a reference. The standard curve was obtained by performing the same color
development process and OD analysis.

2.4. Determination of Ethyl Carbamate Concentration

The ethyl carbamate concentration in each sample was measured using a gas
chromatography-mass spectrometry (GC-MS) method [19]. For each analysis, 4 g of
sample was homogenized with 4 mL of distilled water and then sonicated for 10 min.
After that, the mixture was kept static in a solid-phase extraction column (ANPEL
Laboratory Technologies Inc., Shanghai, China) for 10 min. Next, the mixture was
washed with hexane and eluted with 10 mL of ethyl acetate-diethyl ether solution
(5:95, v/v). Then, the eluent was evaporated to 0.5 mL via N flow at room temperature
and brought to a volume of exactly 1 mL for testing.

The GC-MS analysis was conducted with an Agilent 7890A-5975C equipped with
a DB-WAX column (30 m x 0.25 mm L.D., 0.25 um df; Agilent Technologies, Inc., Santa
Clara, CA, USA). Helium was used as the carrier gas and the flow rate was 1.0 mL/min.
Sample aliquots (2.0 uL/sample) were injected under splitless mode. The temperature of
the GC oven was programmed as follows: holding at 50 °C for 1 min, ramping to 180 °C
at a rate of 8 °C/min, and ramping to 240 °C at a rate of 40 °C/min, followed by holding
at 240 °C for 5 min. The mass spectral analysis was performed in a 70 eV electron impact
ionization mode; the temperatures of the injector port and mass spectrometer interface
lines were 220 °C and 250 °C, respectively. For qualitative analysis, the mass spectrometer
was conducted in scan mode, while for quantitative analysis, the mass spectrometer was
conducted under the selected ion monitoring (SIM) mode. The ethyl carbamate fragment
ions have m/z values of 44, 62, 74, and 89. The calibration curves of ethyl carbamate were
constructed using peak area.

2.5. Determination of Biogenic Amine Concentrations

The concentrations of biogenic amines were analyzed according to the method devel-
oped by Zhang et al. [20] with slight modifications: First, 1 g of a sample was homogenized
with 3 mL of 0.4 M HCIO,4 and extracted with ultrasound (80 W, 50 °C, 1 h). Then, the
mixture was centrifuged at 10,000 g for 5 min, and the supernatant was collected. Next,
250 pL of the supernatant was combined with 25 puL. of NaOH solution (2 M), 75 pL of
saturated NaHCO3, and 500 pL of dansyl chloride (5 mg/mL). The mixture was heated at
55 °C for 40 min. Next, 25 uL. of NH4OH solution (25%) was added to the mixture, which
was incubated at 55 °C for another 10 min. After being filtered by a membrane with a pore
size of 0.22 pum, the treated sample was analyzed by an Agilent high-performance liquid
chromatography system. The system was equipped with an Eclipse XDB-C18 column
(dimensions: 4.6 mm x 250 mm, particle size: 5 um) and a 254 nm UV detector. The sepa-
ration of the amines was achieved using a linear gradient of acetonitrile/H,O mixtures as
the mobile phase. The gradient elution program was as follows: 0—4 min, 50% acetonitrile;
4-22 min, 50-90% acetonitrile; 22-30 min, 90-50% acetonitrile; 30-35 min, 50% acetonitrile.
The injection volume, flow rate, and column temperature were 10 pL, 0.8 mL/min, and
25 °C, respectively.

2.6. Method Validation

The method validation was based on accuracy, precision, and sensitivity. The cali-
bration curves and the related linearities (coefficients of determination, R?) were obtained
using the linear regression method. Accuracy refers to how close a measurement is to the
theoretical value, while precision refers to how close the measurements of the same sample
are to each other. Matrix spikes with a nitrite concentration of 50, 20, or 5 mg/kg, an ethyl
carbamate concentration of 20, 10, or 5 ng/kg, and a biogenic amine concentration of 100,
50, or 20 mg/kg were employed in the analysis. The accuracy was evaluated based on the
recovery rate (RR) of the spiked sample analysis. The intra- and inter-day percent relative
standard deviations (RSD %) were determined. The limit of detection (LOD) and limit of
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quantification (LOQ) were used to evaluate the sensitivity of the methods. LOD is defined
as the concentration of an analyte with a signal-to-noise (S/N) ratio of 3:1, while LOQ is
defined as the concentration of an analyte with an S/N ratio of 10:1 [21].

2.7. Statistical Analysis

All tests were carried out in triplicate. All data in this manuscript are expressed as
mean =+ standard deviation (SD). Analysis of variance (ANOVA) testing was conducted
using SPS517.0 (SPSS, Inc., Chicago, IL, USA), and Duncan’s test (p < 0.05) was adopted
for the comparisons between multiple means. The plots were plotted using Origin v2021b
(Origin Lab Corporation, Northampton, MA, USA).

3. Results and Discussion
3.1. Method Validation

The methods for nitrite, ethyl carbamate, and biogenic amine analyses were validated,
and the obtained statistical data are listed in Table 1. The accuracies and precisions of the
analysis methods can be assessed based on the RR values and the RSD values, respectively.
For the majority of analyses, the RR values rangeed within 81—124%, and the RSD values
were below 11%. As suggested by the FDA guidance document [22], precision below
16% is acceptable for bioanalytical method validation, suggesting the analytical methods
used in this study were reliable. The sensitivities of the analysis method can be found
based on the LOD and LOQ values, respectively [21]. The LOD and LOQ values of the
nitrite analysis were 0.22 mg/kg and 0.74 mg/kg, respectively; the LOD and LOQ values
of the ethyl carbamate analysis were 2.12 ug/kg and 7.07 pug/kg, respectively; the LOD
and LOQ values of biogenic amine analyses ranged from 0.16 mg/kg to 0.39 mg/kg and
from 0.53 mg/kg to 1.31 mg/kg, respectively. Moreover, all these parameters were well
below the maximum residue limits for fermented vegetables. These results suggested that
those analysis methods had high sensitivity and were suitable for analyzing nitrite, ethyl
carbamate, and biogenic amines.

Table 1. Statistical data of method validation tests for nitrite, ethyl carbamate, and biogenic amines.
RSD: relative standard deviations; LOD: limit of detection;LOQ: limit of quantification.

Fortification Level Recovery (%) RSD (%) LOD LOQ
50 mg/kg 81.1+9.7 10.1

Nitrite 20 mg/kg 85.6 +13.8 10.8 0.22 0.74
5mg/kg 108.7 + 10.7 3.83
20 ug/kg 110 +£5 4.86

Ethyl Carbamate 10 ug/kg 911+ 6.2 3.60 2.12 7.07
5ug/kg 89.4+93 3.75
100 mg/kg 117.6 £5.3 1.90

Putrescine 50 mg/kg 115.6 +24 2.37 0.25 0.84
20 mg/kg 96.0 + 5.8 0.65
100 mg/kg 124 £ 10 3.77

Cadaverine 50 mg/kg 102 + 21 5.46 0.22 0.73
20 mg/kg 94.0 +10.7 1.36
100 mg/kg 123+7 7.01

Tyramine 50 mg/kg 118+ 6 6.48 0.25 0.83
20 mg/kg 112+ 2 245
100 mg/kg 117 £ 12 5.87

Histamine 50 mg/kg 117 + 4 3.67 0.28 0.95

20 mg/kg 108 +7 7.05
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Fortification Level Recovery (%) RSD (%) LOD LOQ
100 mg/kg 107 £ 8 6.76

Tryptamine 50 mg/kg 107 £ 7 5.55 0.39 131
20 mg/kg 101+ 6 4.60
100 mg/kg 112+ 10 8.89

{-Phenethylamine 50 mg/kg 109 -4 3.32 0.24 0.79
20 mg/kg 104+ 6 4.36
100 mg/kg 110 = 18 6.69

Spermidine 50 mg/kg 112 +13 3.17 0.16 0.53
20 mg/kg 11347 0.83
100 mg/kg 115+5 3.41

Spermine 50 mg/kg 109 £ 6 3.67 0.29 0.98
20 mg/kg 109 + 16 6.88

3.2. pH, Titratable Acidity, and Salinity

The characteristics and flavor of fermented vegetables are associated with pH, titrat-
able acidity, and salinity [23]. Overall, the pH of the fermented mustard samples was
the highest among the four types of fermented vegetables, which was significantly lower
than the samples of fermented cabbage and fermented radish. The titratable acidity of the
fermented mustard samples was the highest among the four types of fermented vegetables,
which was significantly higher than the samples of fermented bamboo, shown in Figure 1B.
Generally, fermented vegetables are considered to be ripe when the pH is below 4.0, and
the TAA is greater than 0.3% [24]. In this study, a pH over 4.0 was only found in one
sample of fermented bamboo, and the TAA was over 0.3% in all samples. This result was
consistent with previous reports on fermented vegetables. The salinity values of the four
types of fermented vegetables showed large differences (Figure 1C). The average salinity
of fermented cabbage samples was 10.78%, which was the highest among the four types of
fermented vegetables. The average salinity of fermented radish samples was the lowest.
The differences in salinity were indicative of consumer preference regarding different
fermented vegetables, as fermented vegetables are often cooked with other vegetables, and
consumers have different taste preferences.
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Figure 1. Physicochemical characteristics of different types of fermented vegetables: (A) pH, (B) titratable acidity, and
(C) salinity. FB, fermented bamboo; FC, fermented cabbage; FM, fermented mustard; FR, fermented radish; * indicates

significantly different means at p < 0.05; ** indicates significantly different means at p < 0.01.

3.3. Nitrite

The nitrite concentration data of the four types of fermented vegetables are shown in
Table 2. The average nitrite concentrations in fermented bamboo, fermented cabbage, fer-
mented mustard, and fermented radish samples were 2.93 & 2.04 mg/kg, 12.13 + 7.76 mg/kg,
7.46 + 5.54 mg/kg, and 1.82 + 2.05 mg/kg, respectively. The average nitrite concentration in
fermented radish samples was the lowest among the four types of fermented vegetables, while
the average nitrite concentration in fermented cabbage samples was the highest. Ding et al. [5]
reported that the concentration of nitrite in kimchi was 14 mg/kg, which is much higher than
those found in red cabbage and fermented olives (2.0 mg/kg and 3.0 mg/kg, respectively).
These results agreed with our results, suggesting that the difference in nitrite concentrations
among different types of fermented vegetables was large. As the nitrite in fermented vegeta-
bles is reduced from nitrate during the fermentation process, the large difference in nitrite
concentrations among different types of vegetables may be due to the significant difference in
nitrite concentrations among different types of fresh vegetables.

Table 2. Nitrite concentrations in different types of fermented vegetables: FB, fermented bamboo; FC, fermented cabbage;
FM, fermented mustard; FR, fermented radish; LOD: limit of detection. Mean + SD (standard deviation) values in the same
row, followed by different letters (a, b, ¢, etc.) are significantly different (Duncan’s test, p < 0.05).

Nitrite concentration
(mg/kg)

The Different Kind of Fermented Vegetables FB FC FM FR
Mean + SD 293 +204c 1213 £7.76a 746 £5.54b 1.82£2.05¢
Range <LOD-5.39 1.43-31.82 0.81-22.83 <LOD-5.62

Number of samples

0 2 1 0

(Nitrite content higher than 20 mg/kg)

As shown in Figure 2, the nitrite concentration varied significantly between the same
type of fermented vegetable samples. This is because the nitrate content is also affected
by fermentation temperature, fermentation time, and NaCl concentration. In China, the
maximum allowed nitrite content in fermented vegetables is 20 mg/kg. In this study, the
nitrite concentration in two fermented cabbage samples (13.33% of the total fermented
cabbage samples) and one fermented mustard sample (6.67% of the total fermented mustard
samples) were above 20 mg/kg (Figure 2B,C). The literature on the nitrite concentration in
fermented vegetables is scarce. Among fermented vegetables, fermented cabbage is the
most widely studied. Additionally, Liu et al. reported that the nitrite concentrations of
118 fermented cabbage samples were high, ranging from 5.8 mg/kg to 32.4 mg/kg, with
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an average of 17.2 = 2.1 mg/kg [7]. Among the 118 samples, 24 samples had a nitrite
concentration above 20 mg/kg, which was 20.34% of the total samples. These results
suggested that the high nitrite levels in fermented cabbage and fermented mustard pose
health risks to consumers, and controlling nitrite concentration in fermented vegetables is
urgently needed.

=
S

A B
35+
a
2 a K M
r 30
E b
M 1] ! N
=
ab -]
H ab ab S0
H [
H s ¢
be 2P cd
bed E def cde de
] e
h def
H 1 o 10 efg efg
1 cd = 5 T 2
cd i = fgh
m ’T‘ ‘ X ﬂ H i
: ] ]
FB-1 FB-2 FB-3 FB-4 FB-5 FB-6 FB-7 FB-8 FB-9 FB-10 FB-11 FB-12 FB-13 FB-14 FB-15 FC-1 FC-2 FC-3 FC-4 FC-5 FC-6 FC-7 FC-8 FC-9 FC-10 FC-11 FC-12 FC-13 FC-14 FC-15
The samples of FB The samples of FC

de

fgh efg

|

il

D

el
2 a
g M
=

b £

- b g b
§ 4 T
H
S [
E d

de d = 2 £
ah df:f fg E ef I f
1
[ [ )

FM-1 FM-2 FM-3 FM-4 FM-5 FM-6 FM-7

FM-8 FM-9 FM-10FM-11FM-12FM-13FM-14 FM-15
The samples of FM

FR-1 FR-2 FR-3 FR-4 FR-5 FR-6 FR-7 FR-8 FR-9 FR-10 FR-11 FR-12 FR-13 FR-14 FR-15

The samples of FR

Figure 2. The concentration of nitrite in different types of fermented vegetables: (A) fermented bamboo, (B) fermented
cabbage, (C) fermented mustard, and (D) fermented radish. FB, fermented bamboo; FC, fermented cabbage; FM, fermented
mustard; FR, fermented radish. The different letters (a, b, ¢, etc.) indicate significantly different (Duncan’s test, p < 0.05).

3.4. Ethyl Carbamate

In this study, one fermented cabbage sample showed a low level of ethyl carbamate
(<10 ug/kg), and other fermented vegetable samples had no detectable ethyl carbamate.
Similarly, Hasnip et al. [25] studied the concentration of ethyl carbamate in 23 pickled
vegetable samples and found that only one sample had a detectable ethyl carbamate of
8 ug/kg. At present, regulations regarding ethyl carbamate concentration have only been
implemented on alcoholic beverages. For example, in Canada, the maximum allowed ethyl
carbamate levels in alcoholic beverages are 30 ug/kg, 100 ng/kg, 150 pg/kg, 200 ug/kg,
and 400 ng/kg for wine, fortified wine, distilled spirits, sake, and fruit brandies, respec-
tively [26]. Therefore, the results of this study showed that the chance of excessive ethyl
carbamate intake associated with consuming fermented vegetables is very low.

3.5. Biogenic Amine

As shown in Table 3, among the four types of fermented vegetables, fermented
cabbages had the highest average concentrations of putrescine (54.75-319.41 mg/kg
in range and 153.53 + 82.38 mg/kg on average), cadaverine (13.03-262.46 mg/kg in
range and 105.26 & 67.98 mg/kg on average), histamine (2.29-70.17 mg/kg in range
and 45.44 £+ 19.16 mg/kg on average), tryptamine (8.98-66.04 mg/kg in range and
20.22 £ 14.71 mg/kg on average), f-Phenethylamine (2.58-26.68 mg/kg in range and
13.42 + 6.12 mg/kg on average); fermented bamboos had the highest average con-
centrations of spermidine (2.58-154.84 mg/kg in range and 38.96 & 42.19 mg/kg on
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average) and spermine (0.59-23.14 mg/kg in range and 7.92 &+ 6.76 mg/kg on average).
In addition, the concentration of biogenic amines in fermented radish was relatively
low, and spermine was not detected in all fermented radish samples. Statistical analysis
of these data showed significant differences in biogenic amine concentration among
the four types of fermented vegetables. This is due to the difference in precursors,
microorganisms, and conditions for cell proliferation [13]. In addition, the biogenic
amines of the four types of fermented vegetables mainly consisted of putrescine, ca-
daverine, tyramine, and histamine, and the concentration of 3-phenethylamine and
spermine were relatively low in all four types of fermented vegetables. Similarly, Mayr
and Schieberle [27] investigated the biogenic amine concentration in sauerkraut and
observed that putrescine (108.9 mg/kg on average), tyramine (60.66 mg/kg on aver-
age), and histamine (37.01 mg/kg on average) were the main biogenic amine species,
followed by cadaverine (21.5 mg/kg on average) and spermidine (10.98 mg/kg on
average). The authors also found that the concentrations of spermine (1.2 mg/kg on
average) and 3-phenethylamine (0.73 mg/kg on average) were very low.

Table 3. The concentrations of biogenic amines in different types of fermented vegetables: FB, fermented bamboo; FC,
fermented cabbage; FM, fermented mustard; FR, fermented radish; LOD: limit of detection. Mean =+ SD (standard deviation)
values in the same row followed by different letters (a, b, ¢, etc.) are significantly different (Duncan’s test, p < 0.05).

Different Group of Samples FB FC M FR
. , Mean + SD 11612+ 107.79a  153.53+82.38a  38.47 +31.68b 182 +22.07b
utrescine Range 16.61-349.06 54.75-319.41 5.30-113.21 2.71-61.70
Cadaveri Mean =+ SD 7596 £79.25a 105264+ 67.98a  29.11429.99b 153 +1.25b
adaverme Range 12.92-269.73 13.03-262.46 0.26-97.76 <LOD-4.55
Tyramine Mean =+ SD 74.85 +42.82 a 91.78 + 35.18 a 19.53 + 12.09 b 496 +7.66b
y Range 22.15-177.68 43.73-166.14 1.10-41.72 <LOD-25.73
Histam Mean =+ SD 52.06 + 40.7 a 4544 +19.16a 3493 +32.78 a 533 +8.85b
istamine Range 6.52-138.13 2.29-70.17 0.62-70.23 <LOD-17.47
, Mean + SD 895+ 5.44b 2022+ 1471a 17.12 4+ 14.9 ab 894+ 496 b
Tryptamine
Range 2.71-22.32 8.98-66.04 3.05-62.79 3.45-20.86
8-Phenethylamine Mean =+ SD 952 +4.97b 1342 +6.12a 398 +3.49 ¢ 028 +0.29d
Y Range 4.81-22.54 2.58-31.53 0.77-13.53 <LOD-0.57
o Mean =+ SD 38.96 +42.19 a 6.11+141b 6.81 +£5.48b 2.73+253b
Spermidine
Range 2.60-154.84 3.82-8.65 1.10-20.39 <LOD-8.68
Soermine Mean =+ SD 7.92+6.76a 05+051b 095+ 1.16b <LOD
P Range 0.59-23.14 <LOD-1.29 <LOD-3.41 <LOD
Total biogenic amines Mean =+ SD 38432 +27201a 42696 +202.08a  151.02+99.02b  43.06 + 41.39b
& Range 88.58-955.91 169.73-893.77 38.36-377.43 9.53-156.43

Excess intake of biogenic amines can lead to various health problems. At present,
there are no government regulations on the concentration of biogenic amines in fermented
vegetables. To the best of our knowledge, histamine is the only biogenic amine that
has a government regulation in fish products: 50 mg/kg limit according to the US Food
and Drug Administration [22]. Several researchers have proposed concentration lim-
its of biogenic amines in food: 100-800 mg/kg for tyramine, 100 mg/kg for histamine,
30 mg/kg for B-phenylethylamine, and 1000 mg/kg for total biogenic amines [28,29]. As
shown in Figure 3A, fermented bamboo samples with a histamine concentration above
100 mg/kg were FB-4 (138.13 + 16.46 mg/kg) and FB-8 (124.72 + 20.81 mg/kg); fer-
mented bamboo samples with a tyramine concentration above 100 mg/kg were FB-4
(177.68 £+ 11.75 mg/kg), FB-8 (108.31 + 11.28 mg/kg), and FB-11 (104.88 + 8.52 mg/kg);
the fermented bamboo sample with a 3-Phenethylamine concentration above 30 mg/kg
was FB-10 (31.53 & 3.05 mg/kg). As shown in Figure 3B, there was no fermented cab-
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FB-10 (143.54 &+ 12.97 mg/kg), and FB-11 (129.21 £ 9.07 mg/kg). As shown in Figure 3C,
the fermented mustard sample with a histamine content above 100 mg/kg was FM-6
(121.30 £ 1.75 mg/kg). As shown in Figure 3D, the contents of histamine, tyramine, and
amphetamine in fermented radish samples were all below their limits. Hence, fermented
bamboo had a probability of exceeding the maximum allowed concentrations of histamine,
tyramine, and amphetamine; fermented cabbage had a risk of exceeding the maximum
allowed concentration of tyramine and amphetamine; fermented mustard had a risk of
exceeding the maximum allowed concentration of histamine; however, fermented radish
had no risk of exceeding the maximum allowed concentration of biogenic amines.
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Figure 3. The concentration of biogenic amines in different types of fermented vegetables: (A) fermented bamboo,
(B) fermented cabbage, (C) fermented mustard, and (D) fermented radish. FB, fermented bamboo; FC, fermented cabbage;
FM, fermented mustard; FR, fermented radish.

4. Conclusions

The concentration of the nitrite, ethyl carbamate, and biogenic amines in four types of
Chinese fermented vegetables (15 samples per type of fermented vegetable) were studied.
The nitrite concentration in two fermented cabbage samples and one fermented mustard
sample exceeded the maximum allowed residue limit (20 mg/kg) suggested by China’s Na-
tional Food Safety Standards. However, ethyl carbamate was only found in one fermented
cabbage sample, and its concentration was below 10 pg/kg. Hence, the risk of excessive
ethyl carbamate intake associated with consuming fermented vegetables was extremely
low. In addition, the concentrations of biogenic amines in fermented bamboo, fermented
cabbage, and fermented mustard samples were high, and the concentration of biogenic
amines in some samples exceeded the recommended limit. Therefore, to minimize the
health risk, the concentrations of nitrite and biogenic amines should be closely monitored



Foods 2021, 10, 3150 10 of 11

and controlled during the vegetable fermentation processes, especially for the fermentation
processes of bamboos, cabbages, and mustard.

Author Contributions: Y.Y. (Yangyang Yu) collected the data and wrote the manuscript; Y.Y. (Yuan-
shan Yu) and Z.X. designed the experiments and reviewed the manuscript. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was supported by Guangdong Provincial Key Research and Development
Program (No. 2020B020220003) and Guangzhou Science and Technology Project (No. 201903010045).

Acknowledgments: This research was supported by Science and Technology Project of Yunnan
Province (202002AE320006), Guangdong Provincial Agricultural Science and Technology Innova-
tion and Extension Project in 2020 (No.2020K]J101), Science and Technology Plaining Project of
Guangzhou (N0.202102021197), Guangzhou Science and Technology Project (No. 201903010045),
Science and Technology Project of Late Flowering Chinese Cabbage in Zengcheng District Indus-
trial Park (GDYNJLZBZC2020-31), Discipline team building projects of Guangdong Academy of
Agricultural Sciences in the 14th Five-Year Period (No. 201604TD).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Li Q; Kang, J.; Ma, Z; Li, X;; Liu, L.; Hu, X. Microbial succession and metabolite changes during traditional serofluid dish
fermentation. LWT-Food Sci. Technol. 2017, 84, 771-779. [CrossRef]

2. Chen, A.-J,; Luo, W,; Peng, Y.-T.; Niu, K.-L.; Liu, X.-Y.; Shen, G.-H.; Zhang, Z.-Q.; Wan, H.; Luo, Q.-Y,; Li, S5.-S. Quality and
microbial flora changes of radish paocai during multiple fermentation rounds. Food Control 2019, 106, 106733. [CrossRef]

3.  Chen, P; Wu, Z; Zhao, Y.; Wei, Y.; Xu, R.; Yan, L.; Li, H. Cultivation-independent comprehensive investigations on bacterial
communities in serofluid dish, a traditional Chinese fermented food. Genom. Data 2016, 7, 127-128. [CrossRef] [PubMed]

4. Chen, P; Zhao, Y.; Wu, Z; Liu, R;; Xu, R;; Yan, L.; Li, H. Metagenomic data of fungal internal transcribed spacer from serofluid
dish, a traditional Chinese fermented food. Genom. Data 2016, 7, 134-136. [CrossRef]

5. Ding, Z.; Johanningsmeier, S.D.; Price, R.; Reynolds, R.; Truong, V.-D.; Payton, S.C.; Breidt, F. Evaluation of nitrate and nitrite
contents in pickled fruit and vegetable products. Food Control 2018, 90, 304-311. [CrossRef]

6. Hou, ].C;Jiang, C.G.; Long, Z.C. Nitrite level of pickled vegetables in Northeast China. Food Control. 2013, 29, 7-10. [CrossRef]

7. Liu, L;; Du, P; Zhang, G.; Mao, X.; Zhao, Y.; Wang, J.; Duan, C.; Li, C.; Li, X. Residual nitrite and biogenic amines of traditional
northeast sauerkraut in China. Int. J. Food Prop. 2017, 20, 2448-2455. [CrossRef]

8. Lim, H.S.; Lee, K.G. Development and validation of analytical methods for ethyl carbamate in various fermented foods. Food
Chem. 2011, 126, 1373-1379. [CrossRef]

9.  Chain, E. Ethyl carbamate and hydrocyanic acid in food and beverages 1 Scientific Opinion of the Panel on Contaminants. EFSA
J. 2007, 5, 264-271.

10. Kim, Y.; Koh, E.; Chung, H.J.; Kwon, H. Determination of ethyl carbamate in some fermented Korean foods and beverages. Food
Addit. Contam. 2000, 17, 469-475. [CrossRef]

11. Jin, YH.; Lee, ].H.; Park, YK, Lee, J.-H.; Mah, J.-H. The Occurrence of Biogenic Amines and Determination of Biogenic
Amine-Producing Lactic Acid Bacteria in Kkakdugi and Chonggak Kimchi. Foods 2019, 8, 73. [CrossRef] [PubMed]

12. Li, L.; Wen, X.; Wen, Z; Chen, S.; Wang, L.; Wei, X. Evaluation of the Biogenic Amines Formation and Degradation Abilities of
Lactobacillus curvatus From Chinese Bacon. Front. Microbiol. 2018, 9, 01015. [CrossRef]

13.  Swider, O.; Roszko, M.L.; Wojcicki, M.; Szymczyk, K. Biogenic Amines and Free Amino Acids in Traditional Fermented
Vegetables-Dietary Risk Evaluation. . Agric. Food Chem. 2020, 68, 856-868. [CrossRef]

14. Feddern, V.; Mazzuco, H.; Fonseca, EN.; de Lima, G.J.M.M. A review on biogenic amines in food and feed: Toxicological aspects,
impact on health and control measures. Anim. Prod. Sci. 2019, 59, 608-618. [CrossRef]

15. Lee, J.-H,; Jin, YH.; Park, Y.K,; Yun, S.J.; Mah, ].-H. Formation of Biogenic Amines in Pa (Green Onion) Kimchi and Gat (Mustard
Leaf) Kimchi. Foods 2019, 8, 109. [CrossRef] [PubMed]

16. Liu, Z; Li, J.; Wei, B.; Huang, T.; Xiao, Y. Bacterial community and composition in Jiang-shui and Suan-cai revealed by high-
throughput sequencing of 165 rRNA. Int. J. Food Microbiol. 2019, 306, 108271. [CrossRef] [PubMed]

17.  Kang, M.; Park, ].S.; Yoo, S.R. Effect of clove powder on quality characteristics and shelf life of kimchi paste. Food Sci. Nutr. 2019,
7,537-546. [CrossRef]

18. Kim, S.H.; Kang, KH.; Kim, S.H,; Lee, S.; Lee, S H.; Ha, E.S.; Sung, N.J.; Kim, ]J.G.; Chung, M.J. Lactic acid bacteria directly
de-grade N-nitrosodimethylamine and increase the nitrite-scavenging ability in kimchi. Food Control 2017, 71, 101-109. [CrossRef]

19. Zhou, K;; Siroli, L.; Patrignani, F; Sun, Y.; Lanciotti, R.; Xu, Z. Formation of Ethyl Carbamate during the Production Process of
Cantonese Soy Sauce. Molecules 2019, 24, 1474. [CrossRef]

20. Zhang, Q.Q.; Rui, X.; Shi, Y.X.; Wang, X.Y.; Dong, M.S. Effects of phenolic acids on the biogenic amine formation of Enterobacter

aerogenes. J. Food Process. Preserv. 2018, 42, 13554. [CrossRef]


http://doi.org/10.1016/j.lwt.2017.06.051
http://doi.org/10.1016/j.foodcont.2019.106733
http://doi.org/10.1016/j.gdata.2015.12.019
http://www.ncbi.nlm.nih.gov/pubmed/26981386
http://doi.org/10.1016/j.gdata.2015.12.028
http://doi.org/10.1016/j.foodcont.2018.03.005
http://doi.org/10.1016/j.foodcont.2012.05.067
http://doi.org/10.1080/10942912.2016.1239632
http://doi.org/10.1016/j.foodchem.2010.11.110
http://doi.org/10.1080/02652030050034055
http://doi.org/10.3390/foods8020073
http://www.ncbi.nlm.nih.gov/pubmed/30769885
http://doi.org/10.3389/fmicb.2018.01015
http://doi.org/10.1021/acs.jafc.9b05625
http://doi.org/10.1071/AN18076
http://doi.org/10.3390/foods8030109
http://www.ncbi.nlm.nih.gov/pubmed/30909649
http://doi.org/10.1016/j.ijfoodmicro.2019.108271
http://www.ncbi.nlm.nih.gov/pubmed/31377413
http://doi.org/10.1002/fsn3.833
http://doi.org/10.1016/j.foodcont.2016.06.039
http://doi.org/10.3390/molecules24081474
http://doi.org/10.1111/jfpp.13554

Foods 2021, 10, 3150 11 of 11

21.

22.

23.

24.

25.

26.

27.

28.

29.

Yang, ].; Zhu, X.; Zhang, P.; Wang, Y.; Xiao, Y.; Yang, B.; Qu, H.; Jiang, Y. Detection of toxic methylenecyclopropylglycine and
hypoglycin A in litchi aril of three Chinese cultivars. Food Chem. 2020, 327, 127013. [CrossRef]

FDA. Guidelines for the Validation of Chemical Methods for the FDA FVM Program; US Food and Drug Administration, Office of
Foods and Veterinary Medicine: Rockville, MD, USA, 2015; pp. 113-152.

Cheigh, H.; Park, K.Y.; Lee, C. Biochemical, microbiological, and nutritional aspects of kimchi (Korean fermented vegetable
products). Crit. Rev. Food Sci. Nutr. 1994, 34, 175-203. [CrossRef] [PubMed]

Zhang, Q.; Chen, G.; Shen, W.; Wang, Y.; Zhang, W.; Chi, Y. Microbial safety and sensory quality of instant low-salt Chinese
paocai. Food Control 2016, 59, 575-580. [CrossRef]

Hasnip, S.; Crews, C.; Potter, N.; Christy, J.; Chan, D.; Bondu, T.; Matthews, W.; Walters, B.; Patel, K. Survey of ethyl carbamate in
fermented foods sold in the United Kingdom in 2004. . Agric. Food Chem. 2007, 55, 2755-2759. [CrossRef] [PubMed]

Lee, K.-G. Analysis and risk assessment of ethyl carbamate in various fermented foods. Eur. Food Res. Technol. 2013, 236, 891-898.
[CrossRef]

Mayr, C.M.; Schieberle, P. Development of Stable Isotope Dilution Assays for the Simultaneous Quantitation of Biogenic Amines
and Polyamines in Foods by LC-MS/MS. |. Agric. Food Chem. 2012, 60, 3026-3032. [CrossRef]

Bai, X.; Bo, Y.B.; Mah, ].H. Formation and destruction of biogenic amines in Chunjang (a black soybean paste) and Jajang (a black
soybean sauce). Food Chem. 2013, 141, 1026-1031. [CrossRef] [PubMed]

Tao, T.; Qian, K.; Shi, T.; Wang, F.; Li, J.; Cao, Y.; Hu, Q. Monitoring the contents of biogenic amines in sufu by HPLC with SPE
and pre-column derivatization. Food Control 2011, 22, 1203-1208.


http://doi.org/10.1016/j.foodchem.2020.127013
http://doi.org/10.1080/10408399409527656
http://www.ncbi.nlm.nih.gov/pubmed/8011144
http://doi.org/10.1016/j.foodcont.2015.06.041
http://doi.org/10.1021/jf063121c
http://www.ncbi.nlm.nih.gov/pubmed/17328558
http://doi.org/10.1007/s00217-013-1953-6
http://doi.org/10.1021/jf204900v
http://doi.org/10.1016/j.foodchem.2013.03.054
http://www.ncbi.nlm.nih.gov/pubmed/23790882

	Introduction 
	Materials and Methods 
	Samples 
	Determination of pH Value, Titratable Acidity, and Salinity 
	Determination of Nitrite Concentration 
	Determination of Ethyl Carbamate Concentration 
	Determination of Biogenic Amine Concentrations 
	Method Validation 
	Statistical Analysis 

	Results and Discussion 
	Method Validation 
	pH, Titratable Acidity, and Salinity 
	Nitrite 
	Ethyl Carbamate 
	Biogenic Amine 

	Conclusions 
	References

