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The present study aimed to investigate the change in physicochemical and safety properties of grass carp during
fermentation with flavourzyme and Lactobacillus plantarum (FLF). The natural fermentation (NF) and fermen-
tation with Lactobacillus plantarum (LF) samples were used as control. The results showed that with increasing
fermentation time, the pH and water activity (Aw) in each fermented grass carp sample gradually decreased,
while the a-amino nitrogen (ANN), thiobarbituric acid reactive substance (TBARS), total volatile base nitrogen

(TVB-N), biogenic amines (BAs), and harmful microbial gradually increased. Besides, compared with NF samples
at each fermentation time, significantly lower pH, Aw, TBARS, TVB-N, BAs, and harmful microbial presented in
LF and FLF samples. However, FLF samples have a higher AAN content than that of NF and LF samples during
fermentation. Overall, the fermentation with Lactobacillus plantarum and flavourzyme could contribute to fer-
mented grass carp products with better physicochemical and safety properties.

1. Introduction

Grass carp (Ctenopharyngodon idellus), one of the four largest fresh-
water fish in China, is widely cultivated by farmers in Southeast Asia
because of its fast growth and high nutritional value (Yang et al., 2020).
In recent years, the aquaculture production of grass carp has increased
significantly in China, from 4.222 million tons in 2015 to 5.571 million
tons in 2020 (FAO, 2021). However, limited by its perishable charac-
teristics, most grass carp are mainly sold as living bodies and primary
processed products at lower price. The low processing utilization rate
and added value of grass carp have restricted the development of the
grass carp breeding and processing industry to some extent. How to
effectively improve the added value and utilization rate of grass carp is
currently the focus top of industrial producers and researchers.

Fish fermentation is a traditional food processing and preservation
technique, which can not only effectively improve the processing effi-
ciency and added value of freshwater fish but also give higher nutri-
tional value and unique flavor to related fermented fish products.
Fermented fish products are very popular with consumers and are
mainly made from salt, fresh fish flesh, and corn rice flour by sealed
fermentation for a certain period. Currently, according to variations in

the fermentation methods, the fermentation method mainly includes
natural fermentation (Zhao et al., 2021), inoculation fermentation with
single or multiple dominant bacteria (Gao, Wang, Jiang, Xu, & Xia,
2016; Gao, Wang, Xia, Xu, & Jiang, 2016), and fermentation with
exogenous enzymes (Li et al., 2014; Yang et al., 2020a; Zhang et al.,
2017). Among these fermentation methods, natural fermentation has
many disadvantages, such as being greatly affected by natural condi-
tions, long fermentation cycles, difficulty to control fermentation con-
ditions, high variability of product quality, and low safety, which is
difficult to achieve large-scale industrial production. Inoculation
fermentation is a commonly used method in fish processing, which can
promote the formation of a better flavor of fish products by selecting a
good starter for fish fermentation (Zhao et al., 2021). The main micro-
bial starter used for fish fermentation is lactic acid bacteria, staphylo-
coccus, and saccharomyces, such as Lactobacillus plantarum, Pediococcus
pentosus, Lactobacillus paracasei, Staphylococcus xylosus, and Saccharo-
myces cerevisiae, etc, which can reduce the pH and play an important role
in improving the safety and flavor of the fish product (Yang et al., 2020a;
Zeng, Chen, & Zhang, 2016; Zhao et al., 2021). However, studies have
found that low enzyme activity in lactic acid bacteria affects the matu-
ration cycle of fermented products to a certain extent (Yang, Xia, Zhang,
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Xu, & Jiang, 2016). Fermentation with exogenous enzymes is a novel
method to improve the quality of fermented fish products and shorten
the fermentation time. Relative studies reported that the addition of
exogenous enzymes can promote the decomposition of protein in meat
during fermentation, thereby improving the nutritional and flavor
quality of relevant fermented meat products (Yang et al., 2020a). Fla-
vourzyme, a kind of exogenous enzyme with both endopeptidase and
exopeptidase activity, which has been reported that can promote the
decomposition of proteins, thus improving the nutritional and flavor
quality of related-meat products (Li et al., 2014; Yang et al., 2020a;
Zhang et al., 2017). Nevertheless, to our knowledge, there are few
studies on fish product fermentation with exogenous enzymes. More-
over, no study has been conducted on the effects of flavourzyme on
fermented products under fermentation with lactic acid bacteria, espe-
cially its safety and physicochemical characteristics.

Therefore, to investigate the effect of lactic acid bacteria and exog-
enous enzymes on physicochemical and safety properties of fermented
grass carp, the dorsal meat of grass carp was used as the research object,
and the Lactobacillus plantarum and flavourzyme were selected as the
starter. The change in pH, water activity, a-amino nitrogen, total volatile
base nitrogen content, harmful microbial, and biogenic amines of grass
carp meat during fermentation with Lactobacillus plantarum and fla-
vourzyme were monitored. Natural fermentation (NF) and fermentation
with Lactobacillus plantarum (LF) were used as control. This study may
provide some useful information for the improvement of fermentation
methods and production of the high-quality fermented fish products.

2. Materials and methods
2.1. Materials

Twenty fresh grass carp (Ctenopharyngodon idellus, 2.5-3 kg/fish)
were purchased from a local aquatic products market (Shanghai, China).
All fish were killed, decapitated, descaled, and gutted, followed by a
quick collection of dorsal meat. All the dorsal meat were cut into 3 cm x
2 cm X 2 cm cubes. Lactobacillus plantarum (No. 192567) was purchased
from Beijing Beina Tronlink Biotechnology Research Institute (Beijing,
China). Flavourzyme (enzyme activity 30,000 U/g) was purchased from
Beijing Solebo Technology Co., Itd (Beijing, China). Toxic biogenic
amines standards, histamine hydrochloride (purity 98 %), phenyleth-
ylamine hydrochloride (purity 98.6 %), tyramine hydrochloride (purity
99.1 %), putrescine hydrochloride (purity 99.8 %), cadaverine hydro-
chloride (purity 99.7 %), tryptamine hydrochloride (purity 98 %),
spermine hydrochloride (purity 98.8 %), spermidine hydrochloride
(purity 99.9 %), and octopamine hydrochloride (purity 99.3 %) were
purchased from Sartorius Stedim Biotech GmbH (Goettingen, Germany).
All the other chemical regents were of analytical grade.

2.2. Preparation of samples

The fermented samples were prepared according to the method of Xu
et al with some modifications as follows (Xu, Li, Xia, Zang, & Gao, 2019).
The dorsal meat of grass carp were cured with salt (3 %, w/w) and sugar
(2 %, w/w) at 4 °C for 24 h, followed by a maxing thoroughly with
ground roasted corn (20 %, w/w). The resulting fish samples were
divided into 3 batches and prepared with different starter cultures,
including LF (1 % Lactobacillus plantarum) and FLF (a combination of 10
U/g flavourzyme and 1 % Lactobacillus plantarum) and a batch without
any starter (natural fermentation, NF). Among them, the NF and LF
samples were used as control. Then, the fish sample, corn, and starter
cultures were completely mixed in a ceramic container and sealed
tightly with water surrounded. These samples were incubated in an in-
cubation chamber (KBF-240, Binder Inc, German) at 25 °C with 75 %
humidity for 15 d. The samples were withdrawn and analyzed on 0, 5,
10, and 15 d, respectively. Finally, the corn flour in fermented samples
were removed and obtained fish meat was kept at —80 °C for further
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analysis.
2.3. Determination of pH and water activity (Aw)

The pH was determined according to the method of Yang et al
(2020). 2 g of samples were transferred into 18 mL of distilled water and
homogenized for 1 min using an FM-200 homogenizer (Shanghai Fokker
Equipment Co. 1td, Shanghai, China). Then, the homogeneous solution
was centrifuged at 10000 x g for 10 min at 4 °C. The supernatant was
collected, and the pH values were measured using a digital pH (Mettler
Toledo FE28, Shanghai, China) at room temperature. The determination
of Aw was conducted at 25 °C by a water activity tester (Decagon De-
vices, Pullman, USA). All tests were performed at least in triple.

2.4. Determination of a-amino nitrogen (AAN)

Determination of o-amino nitrogen was performed by formalin
titration method with slight modification (Guidi & Abreu Gloria, 2015).
A total of 5 g samples were homogenized with 100 mL of distilled water
and subsequently centrifuged at 10000 x g for 1 min at 4 °C. The su-
pernatant (20 mL) was diluted to 80 mL with distilled water, and then
the combined supernatant was titrated with sodium hydroxide (NaOH,
0.05 mol/L) to the end pH of 8.2. 10 mL of formalin solution (37 %, v/v)
was added and the mixture was titrated again with NaOH to the end pH
of 9.2. The volume of NaOH consumed for the second titration was
recorded as V5. The volume of NaOH consumed for the blank titration
was recorded as V;. The AAN content was calculated by the following
equation:

(V3 = Vi) X Crorr X 0.014

20
m X 300

ANN(g/100g) = x 1000

Where 0.014 is the molecular weight of nitrogen (g/mol).
2.5. Determination of thiobarbituric acid reactive substance (TBARS)

Determination of TBARS was performed according to the method of
Gao et al. (2016). 1 g of samples were homogenized with 10 mL of cold
trichloroacetic acid solution (7.5 %, w/v) for 1 min. After standing for
10 min at 4 °C, the homogeneous solution was filtered with neutral filter
paper. Then, the filtrate (3 mL) and 2-thiobarbituric acid (5 mL, 0.02
mol/L) were mixed and reacted in a boiling water bath for 40 min. The
absorbance of the reaction solution was measured at 532 nm. 1,1,3,3-
tetraethoxypropane was used as the standard curve, and the TBARS
value was expressed as mg MDA/kg sample.

2.6. Determination of total volatile base nitrogen content (TVB-N)

Determination of TVB-N was performed by the micro-diffusion
method of Conway (Cobb, Alaniz, & Thompson, 1973).

2.7. Determination of harmful microbial

Determination of harmful microbial was performed according to the
methods of Zeng et al. with slight modification (Zeng, Xia, Jiang, &
Yang, 2013). The count of each microorganism was as follows: Entero-
bacteriaceae on Violet red bile glucose agar medium cultured at 37 °C for
24 h; Pseudomonas on CFC agar medium cultured at 25 °C for 48 h;
Staphylococcus aureus on Baird-Parker plate cultured at 37 °C for 48 h.
The number of harmful microbial was expressed as lg CFU/g.

2.8. Determination of biogenic amines
Determination of biogenic amines was performed according to the

methods of Hu et al. (Hu, Xia, & Liu, 2007). 5 g of samples were ho-
mogenized with 20 mL perchloric acid (5 %, w/v) and centrifuged at
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5000 r/min for 10 min. The mixture was filtered with neutral filter
paper, and then the supernatant was collected in a 50 mL volumetric
flask after two repetitions. The volume of supernatant was fixed to 50
mL with 5 % perchloric acid. The supernatant (10 mL) and sodium
chloride (0.5 g) were mixed until completely dissolved, and then hexane
was added to remove fat. After 10 min of ultrasound treatment, the
upper organic phase of mixture was discarded after static stratification.
The mixture (5 mL) was adjusted to pH 12 with cold potassium hy-
droxide solution (2 mol/L). Precolumn derivatization was performed.
After blending with 1 mL of saturated sodiumbicarbonate (10 mg/mL)
and 1 mL of dansyl chloride (10 mg/mL), the mixture was allowed to
react at 60 °C for 20 min. Ammonia was added into reaction solution to
stop derivatization, and then stand for 30 min in darkroom. The mixture
was fixed to 5 mL acetonitrile. Finally, the supernatant was filtered with
a 0.22 pm membrane for testing. The determination of biogenic amines
was conducted using high-performance liquid chromatograph (W2690-
2998, Waters Co., Milford, MA, USA). The main parameter was set as
following: chromatographic column: Waters Symmetry C18 (250 mm
length x 4.6 mm inner diameter x 5 pm thickness); detection wave-
length: 254 nm; column temperature: 35°C; injection volume: 10 pL;
flow rate: 1.0 mL/min. Gradient elution program was shown in Table 1.
Standard BAs were used for the quantification of different BAs through
the same derivatization and analysis methods.

2.9. Data analysis

All tests were performed in triplicate. The results were presented as
the mean + standard deviation (SD). Significance analysis (P < 0.05)
was performed by one-way analysis of variance (ANOVA) and Duncan’s
multiple range tests using SPSS 21.0 software (IBM, Armonk, NY, USA).
The graphs were drawn using Origin2019b software (Origin Lab Cor-
poration, Northampton, USA).

3. Results and discussion
3.1. pH analysis

pH is one of the important factors affecting the safety of fermented
products. Change in pH of grass carp samples with different fermenta-
tion conditions during fermentation were presented in Fig. 1A. As shown
in Fig. 1A, the pH changes of all samples showed the same trend during
fermentation, which decreased first and then tended to be stable as
fermentation time increased. The initial pH value of the grass carp
sample was 6.67 + 0.06. After 5 days of fermentation, the pH changes of
all samples decreased significantly. Notably, the pH value of FLF sam-
ples (4.39 £ 0.06) was significantly lower than that of NF samples (5.00
+ 0.05) and LF samples (4.60 + 0.01), which indicated that the
fermentation with Lactobacillus plantarum and flavourzyme would
accelerate the pH reduction rate of grass carp samples at the early stage
of fermentation. However, after 10 days of fermentation, the pH change
of each sample tended to be stable. At 15 days of fermentation, the pH of
NF, LF, and FLF fermented samples were 4.42 + 0.05, 4.20 + 0.02, and
4.24 + 0.04, respectively. There was no significant change in pH

Table 1
Gradient elution program for biogenic amine analysis.

Time program/min A:10 mmol/L Ammonium acetate/% B: Acetonitrile/%

0 40 60
5 40 60
7 50 50
8 40 60
10 30 70
15 20 80
20 20 80
25 30 70
30 40 60
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between LF samples and FLF samples, suggesting that flavourzyme
addition had little effect on the pH of grass carp samples at the late
fermentation stage. Furthermore, the pH value of LF and FLF samples
were significantly lower than that of NF samples at 15 days of fermen-
tation, indicating that fermentation with Lactobacillus plantarum and
fermentation with Lactobacillus plantarum and flavourzyme could be
committed to better safety of fermented products.

3.2. Aw analysis

The low Aw is considered to effectively inhibit the growth of mi-
croorganisms and ensure the storage stability of fermentation products.
Change in the Aw of grass carp sample with different fermentation
conditions during fermentation were shown in Fig 1B. As shown in
Fig.1B, a relatively low Aw change was presented in all fermented
samples because of the high relative humidity during the fermentation
process. The initial value (0.950 + 0.003) of the fermented sample was
much lower than that of the fresh fish flesh due to salt curing pretreat-
ment. Some studies indicated that salt curing can effectively reduce the
Aw of fish products, thereby effectively inhibiting the spoilage of the fish
products (Jittinandana, Kenney, Slider, & Kiser, 2002; Wang, Xia, Gao,
Xu, & Jiang, 2017). The Aw of all fermented samples were decreased
gradually with increasing fermentation time, which may be related to
the decline of pH during fermentation. Relevant studies have confirmed
that the water-holding capacity of related meat products decreases
significantly as the pH value decreased or is close to the isoelectric point
value of protein (Capita, Llorente-Marigomez, Prieto, & Alonso-Calleja,
2006; Huff-Lonergan & Lonergan, 2005). Besides, it was remarkable that
FLF samples had the lowest Aw value during the whole fermentation
process, followed by LF and NF samples. This phenomenon may be
explained by enhanced protein hydrolysis caused by the inoculation of
Lactobacillus plantarum and flavourzyme, thereby resulting in a further
weakening of water holding capacity and reduction of Aw value. After
15 days of fermentation, the Aw of all fermented samples ranged from
0.913 + 0.001 to 0.927 + 0.007, with the lowest value (0.913 + 0.001)
being observed for FLF samples, indicating that fermentation with
Lactobacillus plantarum and flavourzyme may contribute to fermented
fish products with better storage stability.

3.3. AAN analysis

ANN is an important indicator in fermented products, which can not
only reflect the degree of protein hydrolysis of fermented products but
also reflect its fermentation degree to a certain extent. Higher ANN
content could improve the umami taste of fermented products. Change
in AAN content of grass carp samples with different fermentation con-
ditions during fermentation were shown in Fig. 1C. As shown in Fig. 1C,
the AAN content of all fermented samples increased gradually with the
prolonging of fermentation time, indicating that proteins in fermented
samples were continuously hydrolyzed during fermentation. This phe-
nomenon might be contributing to the role of endogenous cathepsin and
microbial protease in the fermentation process (Li et al., 2021). After 15
days of fermentation, the ANN content in the NF, FL, and FLF group
samples increased from 0.153 + 0.006 g/100 g to 0.237 + 0.012 g/100
g, 0.230 + 0.010 g/100 g, and 0.293 + 0.006 g/100 g, respectively.
Notably, the AAN content of the FLF sample was significantly higher
than the other two groups at each fermentation time point, which
indicated that fermentation with Lactobacillus plantarum and fla-
vourzyme can promote the hydrolysis of protein and accelerate the
maturation of fermented grass carp samples.

3.4. TBARS analysis
TBARS value is widely used to reflect the degree of lipid oxidation of

meat and meat products (Jo & Ahn, 2000). An increase in TBARS in-
dicates the production of secondary lipid oxidation products, and TBARS
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Fig. 1. Chang in the pH(A), water activity(B), A-amino nitrogen content(C), thiobarbituric acid reactive substance(D), and total volatile basic nitrogen(E) of grass

carp samples with different fermentation conditions during fermentation.

of qualified fish products should not be higher than 5 mg MDA/kg (Zeng
etal., 2013). Change in TBARS value of grass carp samples with different
fermentation conditions during fermentation were shown in Fig. 1D. As
shown in Fig. 1D, the TBARS value of all samples increased first and then
decreased gradually as fermentation time increased. The initial TBARS
value of the sample was 0.066 + 0.002 mg/kg. The TBARS value of NF
(0.132 + 0.001 mg/kg) reached the maximum value on the 10th day of
fermentation, while the TBARS values of LF (0.171 + 0.004 mg/kg) and

FLF (0.162 + 0.008 mg/kg) samples reached the maximum at 5 days of
fermentation, indicating that inoculation of Lactobacillus plantarum
accelerated the oxidation process of samples during sample fermenta-
tion. This phenomenon may be due to Lactobacillus plantarum being
involved in the degradation of hydroperoxides into malondialdehyde at
the early stage of fermentation, thus promoting the oxidation of fat in
fermentation samples, which is consistent with the results reported by
Gao et al. (2016). However, the decline in TBARS values of all samples at
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the end of the fermentation process may be explained by the degradation
of aldehydes or further reactions with other compounds (e.g., amino
acids and Maillard intermediates), which lead to the production of some
other types of flavor compounds (Huang, Li, Huang, Li, & Sun, 2014).
Furthermore, after 15 days of fermentation, the TBARS value of LF and
FLF samples were significantly lower than that of NF samples, which
indicated that the oxidation degree of fermentation with Lactobacillus
plantarum and fermentation with Lactobacillus plantarum and fla-
vourzyme were lower than that of natural fermentation at the end of the
fermentation stage. Inoculation of Lactobacillus plantarum can signifi-
cantly affect the lipid oxidation in the fermentation samples, and both
fermentation methods can effectively inhibit the oxidation degree of
fermented products.

3.5. TVB-N analysis

TVB-N is a common and effective method to analyze the spoilage
degree of fish and fish products. The higher the content of TVB-N, the
greater the degree of corruption. Change in the TVB-N value of grass
carp samples with different fermentation conditions during fermenta-
tion were shown in Fig. 1E. As shown in Fig. 1E, the TVB-N value of all
fermented samples increased continuously with the increase of
fermentation time. However, after 10 days of fermentation, compared
with NF samples, LF samples had a significantly lower TVB-N content,
which may be due to the inoculation of Lactobacillus plantarum. Relative
studies have reported that lactic acid and bacteriocin produced by
Lactobacillus plantarum would neutralize volatile basic nitrogen in meat
products, thereby inhibiting the accumulation of TVB-N content. Be-
sides, inoculation of Lactobacillus plantarum may affect TVB-N produc-
tion by inhibiting the growth of other pathogenic and psychrophilic
bacteria during fermentation (Yin, Pan, & Jiang, 2002). Meanwhiles,
after 15 days of fermentation, the TVB-N content of LF and FLF samples
were 21.40 + 0.27 mg/100 g and 23.85 + 0.59 mg/100 g, respectively,
which were lower than 25 mg/100 g, indicating that LF and FLF samples
fermented for 15 days still maintain relatively good freshness and
nutritional value.

3.6. Harmful microbial analysis

Enterobacter, Staphylococcus aureus and Pseudomonas are common
pathogenic and spoilage bacteria in fermented fish products, which have
an important influence on the safety of the products. Change in harmful
microbial number in grass carp samples with different fermentation
conditions during fermentation were shown in Table 2. The initial
numbers of Enterobacter, Staphylococcus aureus and Pseudomonas were
2.36 + 0.10, 3.25 + 0.19, and 2.43 + 0.38 lg CFU/g, respectively. The
number of three harmful microbial changes in all samples showed the
same trend during fermentation, which increased first and then
decreased as fermentation time increased. The increase in harmful mi-
crobial numbers may be due to the abundance of nutrients in fish at the
early stage of fermentation, which creates favorable conditions for the
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growth and reproduction of harmful microbial. However, the decrease
in the number of harmful bacteria at the end of the fermentation, it may
be related to the decrease of Aw, nutrient consumption, and accumu-
lation of metabolites (Yang et al., 2021). Meanwhile, it was interesting
to note that the number of three kinds of harmful microbial in LF and
FLF samples increased at a lower rate than that in NF samples from the 5
days of fermentation, and the number of Enterobacter, Staphylococcus
aureus, and Pseudomonas in LF and FLF samples were significantly lower
than that in NF sample at the 15th day of fermentation, which indicated
that Lactobacillus plantarum had a better inhibitory effect on harmful
microbial. Nevertheless, there was no significant difference in harmful
microbial numbers between LF and FLF samples at the end of fermen-
tation, indicating that inoculation of flavourzyme had no effect on the
growth of harmful microbial in fermentation samples.

3.7. Bas analysis

Biogenic amines, a group of low molecular nitrogen organic com-
pounds with biological activity, can be divided into three categories
according to the substitution of hydrogen atoms by alkyl or aromatic
groups in their ammonia molecules, which are referred to aliphatic (e.g.,
putrescine, cadaverine, spermidine, spermine, etc), aromatic (e.g.,
phenylethylamine, tyramine, etc) and heterocyclic biogenic amines (e.
g., tryptamine, histamine, etc) (Jain & Verma, 2018). Excessive con-
sumption of biogenic amines, particularly histamine and tyramine,
could cause serious health hazards, such as blood pressure imbalance,
headache, breathing difficulties, and vomiting (Shalaby, 1996). There-
fore, the biogenic amine is regarded as an important evaluation indi-
cator for microbial pollution and quality deterioration in fermented
foods (Tasic et al., 2012). Change in BA content of grass carp samples
with different fermentation conditions during fermentation were shown
in Table 3. As shown in Table 3, 8 kinds of BAs were detected in the
fermented samples, including phenethylamine, putrescine, cadaverine,
histamine, octopamine, tyramine, spermidine, and spermine. In the
whole fermentation process, cadaverine, histamine, octopamine, tyra-
mine and spermidine were the main BAs. The content of histamine and
tyramine changes in all samples showed the same trend during
fermentation. With increasing fermentation time, the content of hista-
mine increased first and then decreased, while the content of tyramine
increased gradually. The contents of other BAs fluctuated in the
fermentation process and their variation trends were significantly
different, which may be caused by the unstable decomposition of some
biogenic amines. Some studies have reported that putrescine, spermi-
dine, and spermine are usually formed by a multi-step reaction in meat
products (Benkerroum, 2016; Min-Ki, Jae-Hyung, & Han-Joon, 2009).
Histamine and tyramine are considered to be the most toxic bioamines
in fermented foods (Shalaby, 1996). After 15 days of fermentation, the
content of histamine and tyramine in NF samples was significantly
higher than that in the other two samples. It was noteworthy that the
contents of histamine and tyramine in LF and FLF samples were rela-
tively lower than NF samples at the end stage of fermentation, which

Table 2
Change in harmful microbial number in grass carp samples with different fermentation conditions during fermentation.
Fermentation time Enterobacter(lg CFU/g) Staphylococcus aureus (1g CFU/g) Pseudomonas(lg CFU/g)
d
@ NF LF FLF NF LF FLF NF LF FLF
0 2.36 + 2.36 + 2.36 + 3.25 + 3.25 + 3.25 + 243 + 2.43 +0.38% 243+
0.10% 0.107d 0.10%¢ 0.19"4 0.19%¢ 0.19%¢ 0.38%° 0.38%°
5 6.88 + 5.52 & 5.61 + 6.90 + 6.18 + 6.17 + 6.42 + 3.93 + 4.26 +
0.0842 0.11%° 0.14% 0.044° 0.028 0.04%2 0.0342 0.08%% 0.10%
10 6.09 + 5.95 + 5.73 + 7.90 + 5.78 + 6.27 + 6.01 + 4.26 + 0.245%% 440 +
0.01" 0.03% 0.08% 0.04"2 0.16% 0.10% 0.02° 0.17%
15 5.24 + 4.06 + 4.05 + 6.49 + 5.59 + 5.43 + 4.38 + 3.39+036% 339+
0.03%¢ 0.028¢ 0.02%° 0.13¢ 0.06%° 0.10%° 0.43%° 0.09%°

Note: Different uppercase letters (A-D) among the different treatments at the same time point indicate significant differences (p < 0.05), and different lowercase letters
(a—d) among the different times for the same treatment indicate significant differences (p < 0.05).
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Table 3
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Change in biogenic amines content of grass carp samples with different fermentation conditions during fermentation.

Sample Fermentation Biogenic amines content(mg/kg)
time(d) . R X ; . ; ) e )
Phenethylamine  Putrescine Cadaverine Histamine Octopamine Tyramine Spermidine Spermine Total
content
NF 0 0.39 + 0.007d 0.83 + 2.98 + 3.19 + 4.46 + 3.39 + 511 + 1.82 + 22.16 +
0.06"¢ 0.06"° 0.00%¢ 0.10%" 0.10%¢ 0.06"2° 0.0014 0.13%
5 1.08 £ 0.02°¢ 1.97 + 4.81 + 3.91 + 4.00 + 3.75 + 470 + 2.20 + 26.42 +
0.074° 0.0742 0.02A° 0.05%¢ 0.124° 0.07%° 0.00%¢ 0.10%¢
10 3.16 + 0.37%° 3.07 + 5.23 + 4.93 + 8.24 + 3.96 + 4.80 + 2.62 + 36.00 +
0.15"2 0.49"2 0.28"2 0.20% 0.34"° 0.03%P 0.00"® 0.53%2
15 6.10 + 0.14%° 1.15 + 3.25 + 3.98 + 459 + 438 + 5.46 + 3.03 + 31.94 +
0.414B¢ 0.13%2 0.314° 0.20%° 0.0142 0.73% 0.0142 0.75°
LF 0 0.39 + 0.00%? 0.83 + 2.98 + 3.19 + 4.46 + 3.39 + 5.11 + 1.82 + 22.16 +
0.06"7 0.06"° 0.00"? 0.10%" 0.10%° 0.06"2° 0.00"? 0.13"
5 0.38 + 0.09% 0.88 + 3.37 + 3.23 + 423+ 3.39 + 5.03 + 1.79 + 22.30 +
0.11% 0.12% 0.11% 0.78%° 0.2242 0.29%2° 0.13% 1.39%°
10 0.60 + 0.45% 0.98 + 2.98 + 3.67 + 3.64 + 3.48 + 4.96 + 1.82 + 22,13 +
0.23% 0.01%° 0.08% 0.12%° 0.3142 0.05%° 0.17%° 1.05%°
15 0.60 + 0.28% 0.82 + 3.03 + 322+ 5.96 + 3.61 + 479 + 2.30 + 24.33 +
0.05% 0.014° 0.05% 0.29% 0.0142 0.06"° 0.11% 0.31%
FLF 0 0.39 + 0.00"° 0.83 + 2.98 + 3.19 + 4.46 + 3.39 + 5.11 + 1.82 + 22.16 +
0.06"° 0.06"7 0.00%? 0.10%" 0.10%° 0.06% 0.00"° 0.13P
5 0.35 + 0.01%° 1.06 + 3.10 + 3.40 + 4.29 + 3.50 + 4.92 + 1.93 + 22.55 +
0.11% 0.18% 0.19%2" 0.34%° 0.66"° 0.107Bb¢ 0.137BP 1.63%
10 0.33 + 0.00%" 0.81 + 2.97 + 3.66 + 481 + 3.88 + 5.04 + 2.29 + 23.80 +
0.028° 0.04%8 0.43% 0.80%° 0.231P 0.01%%° 0.09%2 0.40%°
15 0.53 + 0.07% 0.87 + 3.02 + 3.16 + 6.58 + 453 + 4.89 + 1.94 + 25.53 +
0.01%° 0.03%2 0.028° 0.09% 0.0242 0.07 0.04<P 0.04%

Note: Different uppercase letters (A-D) among the different treatments at the same time point indicate significant differences (p < 0.05), and different lowercase letters
(a—d) among the different times for the same treatment indicate significant differences (p < 0.05).

was suspected to be related to the lower number of Enterobacter and
Pseudomonas (Table 2). Studies have confirmed that Enterobacter and
Pseudomonas have high decarboxylase activity, which can decarboxylate
free amino acids in meat products and is closely related to the formation
of biogenic amines (Bover-Cid, Miguelez-Arrizado, & Vidal-Carou,
2001). Besides, at the later stage of fermentation, the total bioamine
content in each fermentation sample increased significantly from the
initial value of 22.16 + 0.13 mg/kg to 31.94 + 0.75, 24.33 + 0.31 and
25.53 + 0.04 mg/kg, respectively, which was much lower than 1000
mg/kg (Standard for biogenic amine limits, Food and Drug Adminis-
tration). Moreover, compared with the NF samples, total biogenic
amines of LF and FLF samples were decreased by 29.94 % and 25.11 %,
respectively. Significantly lower biogenic amine content presented in LF
and FLF samples, which indicated that fermentation with Lactobacillus
plantarum and flavourzyme was effective method to control the forma-
tion of biogenic amines in fermented samples.

4. Conclusion

Fish fermentation is a traditional food processing and preservation
techniques, which can not only effectively improve the processing effi-
ciency and added value of freshwater fish but also give higher nutri-
tional value and unique flavor to related fermented fish products. The
effect of Lactobacillus plantarum and flavourzyme on physicochemical
and safety properties of grass carp during fermentation were investi-
gated. The natural fermentation and fermentation with Lactobacillus
plantarum fermentation samples were as control. The results showed that
the pH and Aw in fermented grass carp gradually decreased, while the
ANN, TBAR, TVB-N, and harmful microbial and biogenic amines grad-
ually increased with increasing fermentation time. Compared with NF
samples at each fermentation stage, significant lower pH, Aw, TBARS,
TVB-N, harmful microbial, and biogenic amines were presented in LF
and FLF group samples. However, FLF group samples have an obviously
higher AAN content than that of NF and LF group samples during

fermentation. All these results indicated that fermentation with Lacto-
bacillus plantarum and flavourzyme can accelerate the acid production in
fish meat, weaken its water holding capacity, inhibit its oxidation de-
gree, and promote a better flavor and safety quality for fermented
samples. This study may be conducive to a better understanding of the
change in physicochemical and safety properties of grass carp during
fermentation with flavourzyme and Lactobacillus plantarum, and provide
some useful information for the production of high-quality fermented
fish products.
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