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Abstract

The bacterial diversity of salted mackerel “one-night courtyard” at soft frozen area
(=7°C-0°C) storage was studied. The fish samples at 0, 14, 21, 28, and 35 days were
analysis for bacterial structure using high-throughput sequencing technologies (HTS)
and biogenic amines using high-performance liquid chromatography (HPLC). The
analysis results of HTS showed that the dominant bacteria species was varied gradu-
ally following with storage time. On the Oth, 21st, and 28th days of storage, dominant
Vibrionaceae was accounting for 71.70%, 59.16%, and 70.68% of the total sequences
analyzed, respectively. On the 14th and 35th days, Shewanellaceae was the dominant
bacterial, accounting for 87.53% and 70.95% of the total sequences analyzed, respec-
tively. In addition, 21st and 28th days, an abundance of Operational Taxonomic Units
(OTUs) was top. The dominant bacterial of Proteobacteria, Firmicutes, was producer
of biogenic amines. Furthermore, the analysis results of HPLC shown the total bio-
genic amines of maximum amount 363.01 mg/kg in the sample of HY.14 lower than
1000 mg/kg of the FDA regulation. The range ability of cadaverine was obvious fol-
lowing with the storage time. Cadaverine was 87.36 mg/kg on the Oth day, and it was
maximum amount of 276.89 mg/kg on the 14th days. Putrescine was 20 mg/kg on
the Oth day and maximum amount of 55.04 mg/kg on the 28thdays of storage. The
tyramine was smallest amount of production, and the largest amount was 38.99 mg/
kg on 28th, and the smallest amount was 11.97 mg/kg on 35th. Nevertheless, the
maximum amount of histamine was 55.04 mg/kg on the Oth day and about 23.14 mg/
kg of histamine was little change from 14th to 35th days of storage. Dominant bacte-
ria affect the change of biogenic amines. The study can help understand the interac-
tion between microbial flora and biogenic amines in the salted mackerel of one-night

courtyard.
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1 | INTRODUCTION

The salted fish is a traditional processed aquatic product consumed
in China. It is popular because of its easy preservation, special fla-
vor, and rich nutrition (Dziezak, 1986). Especially, the salted fish of
one-night courtyard (salted fish pickled overnight) of coastal area in
Guangdong of China has a strong fresh flavor. The salted fish of one-
night courtyard belongs to low salt and coarse dry curing products,
can eat after 12 hr of pickling time, and maintain the freshness of the
fish and keep the fish nutrition, combined with domestic logistics
transport developed, the salted fish of one-night courtyard sells well
all over the country, so the eat-by freshness date is extended to more
than one month. Famous fish pickles include salted mackerel, redfish
and so on (Wu et al., 2016). The flavor of salted fish is the resultant
of fish characteristics and the activity of the microbial communities
involved in the pickling process, the salt concentration, and the pick-
ling conditions. The variety of microorganisms involved in the pickling
process affect the quality and the flavor of salted fish. The microor-
ganisms such as Lactic acid bacteria, Micrococcus, and Staphylococci,
which have enzyme such as proteases, lipases, and amino acid de-
carboxylases, can promote the decomposition of proteins into amino
acids and amino acids convert into biogenic amines or break up fats
into short chains of volatile fatty acids and esters (Liu et al., 2016). The
metabolic products of microorganisms not only impart a unique flavor
to pickled fish products but can also form harmful products (Bianchi
et al., 2011). In addition, some Lactic acid bacteria, Micrococcus, can
produce acids and antibiotics, which can inhibit the growth of spoil-
age bacteria and pathogens such as Staphylococcus aureus, Salmonella,
Vibrio cholerae, Vibrio vulnificus, Vibrio parahaemolyticus, and Vibrio al-
ginolyticus in salted fish products (Papageoriou et al., 2018).

Biogenic amines, which are produced by microbial amino acid,
decarboxylase to amino acids under favorable conditions, and the
salted fish is rich in amino acids. Such as Escherichia coli can pro-
duce cadaverine from lysine and putrescine from ornithine in the fish
products (Pessione et al., 2016). Lactobacillus curvatus can also pro-
duce histamine from histidine (Singh et al., 2012). The appropriate
amount of biogenic amines contributes to normal physiological func-
tion within the body, but excessive biogenic amine consumption may
lead to death in severe cases due to adverse effects on human health
that include hypertension, hypotension, rash, headache, flushing,
oral numbness, and digestive problems symptoms of food poisoning
(Lee et al., 2012; Wilson et al., 2012).

The formation of useful and harmful substances is closely related
to the bacterial structure. However, the structure and composition of
microorganisms in crude processing pickled fish of one-night court-
yard of South China are not comprehensive at present and in-depth
understanding. The ecological composition of bacterial communities
is one of the most important factors among those responsible for the
properties of one-night pickling salted fishes.

High-throughput sequencing technology (HTS) is being widely
applied to obtain a more comprehensive analysis of microbial di-
versity (Aldrete-Tapia et al., 2014; Ercolini et al., 2012). This tech-

nique leads to accurate identification of microbial taxa, including
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those present in low abundance. HTS technology can be carried
out by the amplification of 16S rRNA regions coupled with the
generation of multimillion reads, and it has enough potential for
obtaining a complete coverage of microbial communities, for
in-depth study of the complex interactions between the spe-
cies present and amount of biogenic amines in a given microbial
ecosystem.

The study aimed to analyze the bacteria species involved at dif-
ferent pickling and storing process of salted mackerel until 35 days,
and understanding the effect of biological community structure of
salted fish on biogenic amines. Biological community structure of
salted fish samples was analyzed with HTS analysis conducted by
Illumina Miseq of the bacterial 16S rRNA hypervariable regions V3
and V4. The information obtained through HTS approach of micro-
biology can provide the useful data in understanding the interac-
tion between bacterial flora and biogenic amines, and improving the

quality of salted fish.

2 | MATERIALS AND METHODS

2.1 | Salting method for fishes based on traditional
of one-night courtyard of South China

The 15 fresh mackerels (about 25 cm, 225 g) were purchased in
the same booth from the market of Zhongcun, Panyu, Guangzhou,
Guangdong province, China, and send the samples with ice bag to lab
in Guangdong University of Technology right now, and put the fresh
fishes into refrigerator until use. Then, the fresh mackerels were
salted, salting method for fishes based on traditional of one-night
pickling salted fish of South China. All mackerels were washed clean
in the laboratory, and some salts (10% of the wet weight of fish) were
spread on them. The fishes were kept in a capped, sterilized bottle
at room temperature. After 12 hr, the pickled fishes were kept in the
soft frozen area (-7°C-0°C) of the refrigerator. Then, samples were
collected from day 14 and taken every 7 days, and the microorgan-
isms of the day O were used as the base control, so microbial commu-
nity analyses were carried out after O (HY.00), 14 (HY.14), 21 (HY.21),
28 (HY.28), and 35 (HY.35) days of storage.

2.2 | Microbiological analyses

For the accuracy of the experimental data, 10 g fish meat samples
were taken from three parts of the salted mackerel sample, respec-
tively, and crushed and blended together of 30 g sample aseptically,
then taking the mixed sample of 10 g, and diluted in 90 ml of sterile
peptone water (8.5 g/L NaCl and 1.0 g/L peptone solution at pH
7.0), and crushed to make uniform solutions. Then, 1.0 ml homoge-
neous liquids were diluted according to the ten-fold dilution method.
Aliquots (0.1 ml) of diluted liquid were spread on the surface of plate
count agar (Oxoid, CM0325B) supplemented with 10 g/L NaCl and
incubated at 32°C for 48 hr (Osimani et al., 2011). Each sample was
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duplicate analyzed. For bacterial counting, lactic acid bacteria (LAB)
were grown on pH 5.7 Man-Rogosa-Sharpe (MRS) agar (Haibo,
Qingdao, China) at 30°C for 72 hr under anaerobic conditions (ISO
15,214) (Aquilanti et al., 2012); Staphylococcus spp. counts were
grown on Mannitol-Salt-Agar (MSA) medium (Haibo, Qingdao,
China) at 37°C for 48 hr; total Enterobacteria (Gram-negative and cy-
tochrome oxidase negative) were grown on Violet Red Bile Glucose
(VRBG) agar (Haibo, Qingdao, China) at 37°C for 24 hr. Three suitable
dilution (107¢, 107, 1078) coated plates were selected. Each dilution
was repeated 3 times. The results of the microbial counts were ex-
pressed as means of log colony-forming units (CFU) + SD per gram

of sample.

2.3 | Total bacterial genomic DNA extraction

Total bacterial genomic DNA was extracted directly from the fish
sample. Each sample of 250 mg was weighed according to the
PowerSoil®DNA lIsolation kit (Mobio). Extraction of DNA was then
carried out based on instructions in TaKaRa MiniBEST Agarose Gel
DNA Extraction Kit Ver.4.0 (Takara Biotechnology Co., Ltd). DNA
was eluted with TE buffer, and aliquots of 2.0 ul of extracts were also
examined by electrophoresis on a 1% agarose gel. Finally, the eluted
DNA was stored at -20°C.

2.4 | PCR amplification and sequencing

The DNA extracted as described above was used to study the bacte-
rial diversity by high-throughput sequencing of 16S rDNA genes. In
detail, PCR amplifications of the bacterial V3-V4 16S rRNA regions
were carried out using the TaKaRa LA Taq® (Takara Biotechnology
Co., Ltd) and the primer pairs 341F (5'-CCTAYGGGRBGCASCAG-3')
and 806R (5'-GGACTACNNGGGTATCTAAT-3'). Each PCR mixture
was performed using 2.5 pul 10xEx Taq Buffer, 1 ul dNTP (2.5 mM),
1 ul each of primer, 0.5 pul rTag enzyme, 2 ul DNA template, and 17 pl
ddH,O to make the final volume 25 pl. The PCR amplification pro-
gram was designed as follows: initial denaturation at 94°C for 5 min;
34 cycles of denaturation at 94°C for 1 min, annealing at 55°C for
1 min, extension at 72°C for 2 min; and a final extension at 72°C for
5 min. The PCR amplicons were visualized on a 1.5% agarose gel.
To reduce the randomness of the PCR reaction, each template was
subjected to five parallel PCR reactions, and all the products were
mixed for further study. The PCR product portions of all samples
were multiplexed into a single pool using equal molecular weights
and were concomitantly purified using the solid phase reversible im-
mobilization (SPRI) based method of the TaKaRa MiniBEST Agarose
Gel DNA Extraction Kit Ver.4.0 (Takara Biotechnology Co., Ltd).
Sequencing libraries were generated using TruSeq® DNA PCR-Free
Sample Preparation Kit (lllumina, USA) following manufacturer's rec-
ommendations, and index codes were added. The library quality was
assessed on the Qubit@ 2.0 Fluorometer (Thermo Scientific) and

Agilent Bioanalyzer 2100 system. At last, the library was sequenced

on an lllumina HiSeq 2500 platform and 250 bp-end reads were
generated.

Raw sequences were processed in QIIME1.7.0 (Caporaso,
Bittinger, et al., 2010). Sequences were quality trimmed into op-
erational taxonomic units (OTUs) at a 97% identity Threshold
(Edgar., 2010). Representative sequences from individual OTUs were
then aligned against the Green genes corset (DeSantis et al. 2006)
using PyNAST (Caporaso, Kuczynski, et al., 2010). Taxonomic as-
signment was carried out with the RDP classifier (Wang et al., 2007).
Resampling for each sample according to the minimum sequence

numbers was performed before the downstream analyses.

2.5 | Sequence data preparation and analyses

Paired-end reads were assigned to samples based on their unique
barcode and truncated by cutting off the barcode and primer se-
quence. Paired-end reads were merged using FLASH (Magoc &
Salzberg, 2011), a very fast and accurate analysis tool, designed to
merge paired-end reads when at least some of the reads overlap the
read generated from the opposite end of the same DNA fragment,

and the splicing sequences were called raw tags.

2.6 | Biogenic amines determination

The analysis methods and HPLC systems for biogenic amines de-
termination were described in a previous research paper (Qiao
et al., 2020).

All biogenic amine standards, histamine dihydrochloride, tyra-
mine dihydrochloride, putrescine dihydrochloride, and cadaverine
dihydrochloride were purchased from Wako (Tokyo, Japan). The
standard amines (50 mg) were dissolved in 0.1 M HCI. The standard
amine solutions were diluted by 0.1 M HCI (each at 10 pg/ml) and
used as the standard stock solution, respectively.

Each fish sample of 5 g was homogenized with 50 ml of 20%
trichloroacetic acid in centrifuge tube for 10 min at room tempera-
ture. The homogenates were centrifuged (8000g, 10 min, 4°C) and
filtered with 0.2 um membrane filter paper (Wako, Japan), and 10 ml
supernatant was diluted to 100 ml with distilled water. Standard
amine samples 5 ml and fish samples 5 ml were derivatized with dan-
syl chloride. A derivatized standard solution and a derivatized fish
sample solution 10 pl were used for HPLC analysis.

The content of amines in the samples were determined with a lig-
uid chromatography (Shimadzu, Tokyo, Japan) consisting of a PU-980
pump, low pressure gradient unit LG-980-02, Fluorescence detector
RF-550, A Symmetry C18 Waters column (5 pm, 250 mm x 4.6 mm,
Waters, USA). The gradient elution program begins with solvent A
6:4 (V/V) acetonitrile: water at a flow rate of 1.3 ml/min for the first
30 min, followed by a linear increase solvent A: solvent B (aceto-
nitrile) 0:100 for 20 min, further solvent A: solvent B (acetonitrile)
0:100 held constant for 10 min with excitation wavelength 325 nm

and fluorescence wavelength 525 nm.
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Standard biogenic amines and fish samples were analyzed to-
gether. A standard solution was also analyzed intermittently be-
tween fish samples to check chromatographic consistency. Each
sample was analyzed for triplicate. The peak heights of the stan-
dard biogenic amine solutions were used to prepare standard
curves and then for determination of the amine content in the fish
samples.

2.7 | Statistical analysis

All experiments were performed in triplicate. All statistical analy-
ses were performed using the SPSS statistical program (Version on
21, IBM Co.). And a value of p < .05 was considered as statistically
significant. Data were expressed as mean + standard deviation
(n=3).

3 | RESULTS AND DISCUSSION

3.1 | Results

3.1.1 | Microbiological analyses

Plate count agar media for microbiology analysis

Bacterial counts were calculated on plate count agar media, and the

results are shown in Figure 1. The total number of colonies decreased

slowly following with the increase of storage time and ranged from
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FIGURE 1 The number of total bacteria, staphylococci, lactic acid
bacteria, Escherichia coli following with storage time

TABLE 1 OUTs and estimation of species richness

Observed
Sample species Sequence(n) Reads OTU(n)
HY.00 112 46,359 136
HY.14 53 47,621 55
HY.21 377 42,229 398
HY.28 276 53,221 306
HY.35 182 33,332 200

3.54 to 3.12 log cfu/g from O day to 35 days. Staphylococcus and
Enterobacteriaceae counts were approximately the same, and
Staphylococcus and Enterobacteriaceae appeared in a decreasing
trend. Staphylococcus was 1.23log cfu/g at the O day and decreas-
ing to 0.56log cfu/g at 35 days, and Enterobacteriaceae was 0.88log
cfu/g at the O day and decreasing to 0.47logcfu/g at 35 days. While
because the Lactobacillus are the dominant bacteria in pickled prod-
ucts, so they showed an increasing trend, but the increasing rate of

Lactobacillus was relatively low.

3.1.2 | Analysis of bacterial diversity by high-
throughput DNA sequencing

Species taxonomy and abundance distribution analysis

The V3-V4 region sequence reads of 16S rDNA were obtained by the
sequencing of the amplicon pool. After filtering low-quality reads, a
total of 192,762 remained. To facilitate a quick and comprehensive
understanding of the OTU clustering and annotation of each sam-
ple, the OTU clustering and annotation results of each sample were
comprehensively analyzed (Table. 1). It indicated that the richness of
the samples varied from a minimum of 55 (HY.14) to a maximum of
398 (HY.21) OTUs. As a result of this screening step, 222,762 high-
quality sequences were used for subsequent analysis.

The rarefaction curve, which is a form of sample dilution curve,
was constructed by the extracted sequencing data and the corre-
sponding number of species (OTUs number) (Figure 2). The five-
curve tended to be flat, reflecting the rationality of sequencing data
and that more data will only produce a small number of new species
(OTUs).

The a-diversity of the bacteria in the salted fishes was analyzed
(Table 1). The ACE estimator demonstrated the difference between
56.17 (HY.14) and 402.83 (HY.21) of the potential numbers of OTUs
in the samples, and similar analysis data were obtained with the chao
richness estimator (54.11-396.8), indicating a significant variation in
bacterial richness. And HY.21 had the highest Shannon index (4.31),
and the second Shannon index was HY.28 (3.57), and the lowest
Shannon index was 1.57, indicating the highest bacteria diversity
was HY.21 and the lowest bacteria diversity was HY.14.

Structure and abundance analysis of the flora
Venn diagram can be used to count the number of OTUs that are
common and unique to multiple samples. The OTU with a similarity

Simpson
ACE Chao estimator Shannonindex  index
145.73 132.67 212 0.58
56.17 54.11 1.57 0.39
402.83 396.8 4.31 0.8
333.91 328.98 3.57 0.77
209.12 202.32 2.59 0.59
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FIGURE 2 Rarefaction curves analysis of bacteria of the salted
fish sample
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FIGURE 3 Venn analysis of microbial community of the salted
fish samples following with storage time

of 97% was selected for this study. The results are shown in Figure 3,
which can directly show the similarity and overlap of OTU composi-
tions among apparent samples. 32 common OTUs in the five samples
were shown in the Figure 3 of the Venn analysis, and the highest of
377 OTUs were found in the sample of HY.21, and the lowest OTUs
of 53 were found in the sample of HY.14. The number of OTUs from
the cluster showed some differences for samples at different times,
and the number was basically HY28 >HY21 >HY35>HY00 >HY14
(p < .05).

All samples of the sequences were clustered which were based
on the identified OTU with 97% sequence similarity for in-depth
analysis. At the 16Sr RNA phylum level, 11 dominant microphytes
were detected in the five samples (Figure 4a). Proteobacteria is

the most dominant phylum, accounting for 94.9%, followed by

Firmicutes, accounting for 4.76% of the total phyla. The most domi-
nant phylum of Proteobacteria was presented in HY.21, and the most
dominant phylum of Firmicutes was presented in HY.28. The other
phylum such as Actinobacteria and Bacterioidetes was also commonly
presented in these samples at relatively lower abundance. And
Figure 4b of the genus level showed similar trends. Shewanellaceae
and Vibrionaceae were dominant, and Shewanellaceae was account-
ing for 42.7%, Vibrionaceae was accounting for 46.1%. However, the
dominant Lactobacillus which often appears in pickled products was
the highest in salted fish sample of HY.28.

The detail of species classification and relative abundance per-
centage of the salted fish samples following with storage time were
shown in Figure 5, and the salted fish samples were dominated by
two main bacterial phylum ascribed to Proteobacteria (90.36% in
HY.00, 98.80% in HY.14, 74.10% in HY.21, 78.31% in HY.28 and
88.55% in HY.35), and Firmicutes (4.82% in HY.00, 0.60% in HY.14,
17.47% in HY.21, 18.67% in HY.28, and 3.01% in HY.35), followed
by Bacteroidetes (1.2% in HY.00, 1.0% in HY.14, 6.02% in HY.21,
1.5% in 28 HY.28 and 0.5% in HY.35, respectively), although with
low relative abundance (Figure 6). The dominated staphylococcus,
lactobacillus, and streptococcus belonged to Firmicutes, and dom-
inated Shewanellaceae, Enterobacteriaceae, Halomonadaceae, and

Vibrionaceae belonged to Proteobacteria.

The content of biogenic amines

The contents of biogenic amines are shown in the Table 2 and
Figure 7. The total amount of biogenic amines was 162.16 mg/kg
in the sample of HY.00, and the total biogenic amines increased
following with storing time gradually, up to maximum amount of
363.01 mg/kg in the sample of HY.14, and reached next maximum
amount of 296.52 mg/kg in the sample of HY.21, and went down to
142.5 mg/kg in the sample of HY.28 and 68.42 mg/kg in the sample
of HY.35, and cadaverine, putrescine, and tyramine first increased
and then decreased. Among them, the variety of cadaverine was ob-
vious, on the Oth, 14th, 21st and 28th, 35th days of storage; cadav-
erine was 87.36, 276.89, 224.76, 25.33, 12.17 mg/kg, respectively.
Putrescine was 20.00, 40.05, 36.44, 55.04, 20.74 mg/kg on the Oth,
14th, 21st and 28th, 35th days of storage. The tyramine was small-
est amount of production, and the largest amount was 38.99 mg/
kg on 28th days, and the smallest amount was 11.97 mg/kg on 35th
days. The variation trend of the content of putrescine and tyramine
was basically the same. Nevertheless, the amounts of histamine de-
creased gradually following with storage time, the largest amount
was 55.04 mg/kg on the Oth day and the smallest amount was
23.14 mg/kg on 28th days of storage, and there was little change in
histamine on 21st and 28th, 35th days of storage.

4 | DISCUSSION

The analysis of bacterial communities involved in the salted fish was

carried out by the microbiological and molecular method of HTS, and
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FIGURE 4 Relative abundance of (a) 17
bacteria of salted fish samples (a) phylum
level (b) genus level
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at the same time, variation of biogenic amines was also analysis using
HPLC methods, and it is helpful for understanding the interaction
between the microbial floras and biogenic amines. Change rules of
bacterial counts on plate count agar media were consistent with the
result of HTS, Staphylococcus and Enterobacteriaceae appeared in a
decreasing trend, and the Lactobacillus of the dominant bacteria in
pickled products showed an increasing trend.

Bacterial structure in the salted fish samples was dominated by
two main bacterial phyla ascribed to Proteobacteria and Firmicutes.
The clustering results showed that Shewanellaceae (37.26% of total
sequences) and Vibronaceae of Proteobacteria (40.20% of total se-
quences) were the dominant microorganisms. Firmicutes were the
second most dominant bacteria, and Lactobacillus belonging to
Firmicutes mainly produce propionic acid, butyric acid, lactic acid, or-
ganic acid, and other amino acids that play an important role in prod-
uct flavor and human health (Bianchi et al., 2011), while Lactobacillus,

Streptococcus, and Staphylococcus of Firmicutes are the main bacteria

Sample Name

in the fermented product and affected the flavor of salted fishes, and
they also produce biogenic amines (Liu et al., 2016; Papageorgiou
etal., 2018).

The influence of microbial community succession on the produc-
tion and accumulation of biogenic amines in the fish samples fol-
lowing with storing time was studied. All the biogenic amines were
initial increase and the decrease afterward following with storage
time in this study, and the change of cadaverine was obvious, the
content of cadaverine was 276.89 mg/kg of the highest level on the
14th day. And the accumulated amount of putrescine and tyramine
were low level, the change trend was basically same. Among them,
histamine showed a slow decrease trend, and 55.04 mg/kg of hista-
mine in the sample of HY.00 exceeded 50 mg/kg of FDA guideline
(FDA, 1996). And 23 mg/kg of histamine remained unchanged in the
samples from 14 days to 35 days elementary, and the accumulation
of histamine and other biogenic amine was consistent with the dom-

inant flora of reported the biogenic amine producer and decomposer
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FIGURE 5 Tree species classification of the salted fish samples. Different colors of circles indicated different levels of classification,

the size of the circle represented the relative abundance of the classification, two digital classification below were indicated relative
abundance percentage, the percentage of all the former said the classification and classification of the species in the sample, while the latter
represented the percentage of the species classification accounted for the selected samples

of staphylococcus and Escherichia in the samples of HY.00 after 12 hr
pickling (Kim et al., 2009). The amount of biogenic amines was re-
lated to dominant bacteria of Prevotellaceae in the sample of HY.14,
although no paper has reported the ability of Prevotellaceae to pro-
duce biogenic amines, and screened Prevotellaceae in this study has
the ability to producing biogenic amines, mainly cadaverine and
tyrosine (data not shown). And dominant bacteria of Shewanella,
Proteus, in the sample of HY.21 can produce the biogenic amines
(Ge et al., 2017; Helinck et al., 2013; Wang et al., 2019). And
Lactobacillus, Vibrionaceae, and Staphylococcus dominated in the

sample of HY.28, and there were also dominant amine-producing

strains in Vibrionaceae (Landete et al., 2007). And on the one hand,
lactic acid bacteria have the ability to produce amine; on the other
hand, lactic acid bacteria can degrades biogenic amines, mainly de-
grades putrescine and cadaverine. And Staphylococcus also degrades
biogenic amines. Resulting in the gradual decrease of amount of bio-
genic amines (Zaman et al., 2010), because of the presence of dom-
inant lactic acid bacteria from 28th day, lactic acid bacteria and its
metabolites can inhibit the growth of other microorganisms, more-
over, because of the influence of low temperature and low salt, so
the microbial population and microbial metabolites decrease grad-

ually, and the content of biogenic amines decrease gradually. The
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abundance of salted fish samples following with storage time

TABLE 2 Content of biogenic amines in

the samples

300
250

200

biogenic amines (mg/kg)
3

10

Sample
HY.00
HY.14
HY.21
HY.28
HY.35

ignored. Microbes give special flavor for salted fish, but form the
biogenic amines at the same time. The interaction was preliminary
analysis between bacterial diversity and biogenic amines production
in a salted mackerel in the study. So microbes should be controlled in
the process of processing salted fishes. Future studies will focus on
interactions between bacterial flora and biogenic amines by detail

experiment.

Biogenic amines

Putrescine Cadaverine Histamine Tyramine
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
20.00 +0.02 87.36 +0.17 55.04 +0.21 -
40.05+0.11 276.89 +0.23 25.33+0.14 20.74 +0.12
36.44 +0.13 22476 + 0.19 23.15+0.16 12.17 + 0.05
55.04 +0.03 25.33+0.18 23.14 £ 0.24 38.99 +0.20
20.74 +0.09 12.17 £ 0.07 23.54 +0.08 11.97 + 0.08

15 20

Storage time (d)

25

Note: “-": Not detected.
Each result was measured three times to calculate the average value.
The values are expressed as averages of the average value + SD (p < .05).

30 35

FIGURE 7 Variation trend of biogenic amines following with

storage time

40

ACKNOWLEDGMENTS

The research was financially supported by the National Natural
Science Foundation of China (No. 31101743). The research was
supported by The Science and Technology Planning Project of
Guangdong Province, China (2016A010105021).

CONFLICT OF INTEREST
Zhihua Tao, Weigi Liu, Qinxia Hu, Xue Wu, Shuying Xie, Hongmei
Zhang, and Minghui Fu declare that they have no conflict of interest.

AUTHOR CONTRIBUTIONS

Zhihua Tao: Formal analysis (equal); Funding acquisition (equal);
Investigation (equal); Writing-original draft (equal); Writing-review &
editing (equal). Weiqi Liu: Investigation (equal); Methodology (equal);



TAO ET AL.

ﬂl—Wl LEY-

Software (equal). Qinxia Hu: Data curation (equal); Methodology
(equal). Xue Wu: Resources (equal); Visualization (equal). Shuying Xie:
Supervision (equal). Hongmei Zhang: Validation (equal); Visualization
(equal). Minghui Fu: Resources (equal); Software (equal). Yang Jiang:

Investigation (equal); Writing-original draft (equal).

ETHICAL STATEMENT
This article does not contain any studies with human participants or

animals performed by any of the authors.

DATA AVAILABILITY STATEMENT
All data included in this study are available upon request by contact
with the corresponding author.

ORCID
Xue Wu
Hongmei Zhang
Minghui Fu

https://orcid.org/0000-0001-7559-9917
https://orcid.org/0000-0002-0696-8747
https://orcid.org/0000-0002-1991-3497

REFERENCES

Aldrete-Tapia, A., Escobar-Ramirez, M. C., Tamplin, M. L., & Hernandez-
Iturriaga, M. (2014). High-throughput sequencing of micro-
bial communities in Poro cheese, an artisanal Mexican cheese.
Food Microbiology, 44, 136-141. https://doi.org/10.1016/j.
fm.2014.05.022

Aquilanti, L., Kahraman, O., Zannini, E., Osimani, A., Silvestri, G.,
Ciarrocchi, F., Garofalo, C., Tekin, E., & Clementi, F. (2012). Response
of lactic acid bacteria to milk fortification with dietary zinc salts.
International Dairy Journal, 25(1), 52-59. https://doi.org/10.1016/j.
idairyj.2011.12.006

Bianchi, F., Dall'Asta, M., Del Rio, D., Mangia, A., Musci, M., & Scazzina,
F.(2011). Development of a headspace solid-phase microextraction
gas chromatography-mass spectrometric method for the deter-
mination of short-chain fatty acids from intestinal fermentation.
Food Chemistry, 129(1), 200-205. https://doi.org/10.1016/j.foodc
hem.2011.04.022

Caporaso, J. G., Bittinger, K., Bushman, F. D., DeSantis, T. Z., Andersen,
G. L., & Knight, R. (2010). PyNAST: A flexible tool for aligning se-
quences to a template alignment. Bioinformatics, 26(2), 266-267.
https://doi.org/10.1093/bioinformatics/btp636

Caporaso, J. G., Kuczynski, J., Stombaugh, J., Bittinger, K., Bushman, F.
D., Costello, E. K., Fierer, N., Pefa, A. G., Goodrich, J. K., Gordon,
J. |, Huttley, G. A,, Kelley, S. T., Knights, D., Koenig, J. E., Ley, R.
E., Lozupone, C. A., McDonald, D., Muegge, B. D., Pirrung, M.,
Knight, R. (2010). QIIME allows analysis of high-throughput com-
munity sequencing data. Nature Methods, 7(5), 335-336. https://
doi.org/10.1038/nmeth.f.303

Dziezak, J. D. (1986). Biotechonology and flavor development. Food
Technol, 40(4), 108-120.

Edgar, R. C. (2010). Search and clustering orders of magnitude faster
than BLAST. Bioinformatics, 26(19), 2460-2461. https://doi.
org/10.1093/bioinformatics/btq461

Ercolini, D., De Filippis, F., La Storia, A., & lacono, M. (2012). "Remake"
by high-throughput sequencing of the microbiota involved in
the production of Water Buffalo Mozzarella Cheese. Applied
and Environmental Microbiology, 78(22), 8142-8145. https://doi.
org/10.1128/aem.02218-12

FDA (1996). Decomposition and histamine in raw, frozen tuna and mahi-
mabhi, canned tuna; and related species. Compliance Policy Guides,
7108. 240, Sec. 540.525.

Ge, Y., Zhu, J.,, Ye, X., & Yang, Y.(2017). Spoilage potential characterization
of Shewanella and Pseudomonas isolated from spoiled large yellow
croaker (Pseudosciaena crocea). Letters in Applied Microbiology, 64(1),
86-93. https://doi.org/10.1111/lam.12687

Helinck, S., Perello, M.-C., Deetae, P., de Revel, G., & Spinnler, H.-E.
(2013). Debaryomyces hansenii, Proteus vulgaris, Psychrobacter
sp and Microbacterium foliorum are able to produce biogenic
amines. Dairy Science & Technology, 93(2), 191-200. https://doi.
org/10.1007/513594-012-0102-5

Kim, M.-K., Mah, J.-H., & Hwang, H.-J. (2009). Biogenic amine for-
mation and bacterial contribution in fish, squid and shellfish.
Food Chemistry, 116(1), 87-95. https://doi.org/10.1016/j.foodc
hem.2009.02.010

Landete, J. M., de las Rivas, B., Marcobal, A., & Mufnoz, R. (2007).
Molecular methods for the detection of biogenic amine-
producing bacteria on foods. International Journal of Food
Microbiology, 117(3), 258-269. https://doi.org/10.1016/j.ijfoo
dmicro.2007.05.001

Lee, Y.-C., Huang, T.-C., Lin, C.-S., Lin, C.-M., & Tsai, Y.-H. (2012).
Determination of Histamine and Histamine-forming bacteria in
striped marlin fillets (Tetrapturus audax) implicated in a food-borne
poisoning. Toxicon, 60(2), 161-162. https://doi.org/10.1016/j.toxic
on.2012.04.133

Liu, S. P, Yu, J. X,, Wei, X. L., Ji, Z. W,, Zhou, Z. L., Meng, X. Y., & Mao,
J. (2016). Sequencing-based screening of functional microorgan-
ism to decrease the formation of biogenic amines in Chinese rice
wine. Food Control, 64, 98-104. https://doi.org/10.1016/j.foodc
ont.2015.12.013

Magoc, T., & Salzberg, S. L. (2011). FLASH: Fast length adjustment of
short reads to improve genome assemblies. Bioinformatics, 27(21),
2957-2963. https://doi.org/10.1093/bioinformatics/btr507

Osimani, A., Aquilanti, L., Babini, V., Tavoletti, S., & Clementi, F.
(2011). An eight-year report on the implementation of HACCP
in a university canteen: Impact on the microbiological qual-
ity of meals. International Journal of Environmental Health
Research, 21(2), 120-132. https://doi.org/10.1080/09603123.
2010.515669

Papageorgiou, M., Lambropoulou, D., Morrison, C., Namiegnik, J., &
Plotka-Wasylka, J. (2018). Direct solid phase microextraction com-
bined with gas chromatography - Mass spectrometry for the deter-
mination of biogenic amines in wine. Talanta, 183, 276-282. https://
doi.org/10.1016/j.talanta.2018.02.006

Pessione, E., & Cirrincione, S. (2016). Bioactive molecules released
in food by lactic acid bacteria: Encrypted peptides and biogenic
amines. Frontiers in Microbiology, 7(2393), 876-876. https://doi.
org/10.3389/fmicb.2016.00876

Qiao, N., Tao, Z., Xie, S., Zhang, H., Zhang, T., & lJiang, Y. (2020).
Investigation of biogenic amines in dried bonito flakes from differ-
ent countries using high-performance liquid chromatography. Food
Analytical Methods, 13(12), 2213-2221. https://doi.org/10.1007/
s12161-020-01830-3

Singh, V. P., Pathak, V., & Verma, A. K. (2012). Fermented meat products:
Organoleptic qualities and biogenic amines-a review. American
Journal of Food Technology, 7, 278-288.

Wang, Q., Garrity, G. M., Tiedje, J. M., & Cole, J. R. (2007). Naive
Bayesian classifier for rapid assignment of rRNA sequences
into the new bacterial taxonomy. Applied and Environmental
Microbiology, 73(16), 5261-5267. https://doi.org/10.1128/
aem.00062-07

Wang, Y., Wang, F., Bao, X., Feng, J., & Fu, L. (2019). Inhibition of biogenic
amines in Shewanella baltica by anthocyanins involving a quorum
sensing system. Journal of Food Protection, 82(4), 589-596. https://
doi.org/10.4315/0362-028x.Jfp-18-445

Wilson, B. J., Musto, R. J., & Ghali, W. A. (2012). A case of histamine
fish poisoning in a young atopic woman. Journal of General


https://orcid.org/0000-0001-7559-9917
https://orcid.org/0000-0001-7559-9917
https://orcid.org/0000-0002-0696-8747
https://orcid.org/0000-0002-0696-8747
https://orcid.org/0000-0002-1991-3497
https://orcid.org/0000-0002-1991-3497
https://doi.org/10.1016/j.fm.2014.05.022
https://doi.org/10.1016/j.fm.2014.05.022
https://doi.org/10.1016/j.idairyj.2011.12.006
https://doi.org/10.1016/j.idairyj.2011.12.006
https://doi.org/10.1016/j.foodchem.2011.04.022
https://doi.org/10.1016/j.foodchem.2011.04.022
https://doi.org/10.1093/bioinformatics/btp636
https://doi.org/10.1038/nmeth.f.303
https://doi.org/10.1038/nmeth.f.303
https://doi.org/10.1093/bioinformatics/btq461
https://doi.org/10.1093/bioinformatics/btq461
https://doi.org/10.1128/aem.02218-12
https://doi.org/10.1128/aem.02218-12
https://doi.org/10.1111/lam.12687
https://doi.org/10.1007/s13594-012-0102-5
https://doi.org/10.1007/s13594-012-0102-5
https://doi.org/10.1016/j.foodchem.2009.02.010
https://doi.org/10.1016/j.foodchem.2009.02.010
https://doi.org/10.1016/j.ijfoodmicro.2007.05.001
https://doi.org/10.1016/j.ijfoodmicro.2007.05.001
https://doi.org/10.1016/j.toxicon.2012.04.133
https://doi.org/10.1016/j.toxicon.2012.04.133
https://doi.org/10.1016/j.foodcont.2015.12.013
https://doi.org/10.1016/j.foodcont.2015.12.013
https://doi.org/10.1093/bioinformatics/btr507
https://doi.org/10.1080/09603123.2010.515669
https://doi.org/10.1080/09603123.2010.515669
https://doi.org/10.1016/j.talanta.2018.02.006
https://doi.org/10.1016/j.talanta.2018.02.006
https://doi.org/10.3389/fmicb.2016.00876
https://doi.org/10.3389/fmicb.2016.00876
https://doi.org/10.1007/s12161-020-01830-3
https://doi.org/10.1007/s12161-020-01830-3
https://doi.org/10.1128/aem.00062-07
https://doi.org/10.1128/aem.00062-07
https://doi.org/10.4315/0362-028x.Jfp-18-445
https://doi.org/10.4315/0362-028x.Jfp-18-445

TAO ET AL.

CWILEY--*2

Internal Medicine, 27(7), 878-881. https://doi.org/10.1007/s1160
6-012-1996-6

Wu, VY., Chen, Y., Li, L., Yang, X., Yang, S., Lin, W., Zhao, Y., & Deng, J.
(2016). Study on biogenic amines in various dry salted fish con-
sumed in china. Journal of Ocean University of China, 15(4), 681-689.
https://doi.org/10.1007/s11802-016-2958-0

Zaman, M. Z., Abu Bakar, F., Selamat, J., & Bakar, J. (2010). Occurrence of
biogenic amines and amines degrading bacteria in fish sauce. Czech
Journal of Food Sciences, 28(5), 440-449. https://doi.org/10.17221/
312/2009-cjfs

How to cite this article: Tao, Z., Liu, W., Hu, Q., Wu, X,, Xie, S.,
Zhang, H., Fu, M., Yang, J., & Jiang, Y. (2022). Interaction
between bacterial diversity and biogenic amines production in
a salted mackerel stored at soft frozen (-7°C-0°C) storage.
Food Science & Nutrition, 10, 412-421. https://doi.org/10.1002/
fsn3.2647



https://doi.org/10.1007/s11606-012-1996-6
https://doi.org/10.1007/s11606-012-1996-6
https://doi.org/10.1007/s11802-016-2958-0
https://doi.org/10.17221/312/2009-cjfs
https://doi.org/10.17221/312/2009-cjfs
https://doi.org/10.1002/fsn3.2647
https://doi.org/10.1002/fsn3.2647

