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1 Introduction
Alginate is a polysaccharide consisting of mannuronic and 

guluronic acids. The polymers of alginate can exist as either 
homopolymeric sequences of G blocks (GG), M blocks (MM), or 
as a heteropolymeric sequence containing alternating structures 
of M and G blocks (MG) (Haug et al., 1974). Alginate is found in 
brown algae and makes up a large amount of intracellular material 
while also being present in cell wall. Alginate and its derivatives 
are generally used in food, agriculture, and pharmaceutical 
industries due to their gelling ability, stability, and high viscosity 
(Ci et al., 1999; Johnson et al., 1997).

Alginate lyase is an enzyme that catalyzes the degradation of 
alginate and exists in a variety of organisms including bacteria, 
fungi, brown algae, ect. (Rahman et al., 2010; Singh et al., 2011; 
Wang et al., 2013). Alginate lyase has broad applications, for example 
in the production of alginate-derived bioactive oligosaccharides 
(Natsume et al., 1994; Kawada et al., 1997; Iwamoto et al., 2005), 
treatment of patients infected with mucinous Pseudomonas 
aeruginosa biofilm (Alkawash et al., 2006) and the isolation of 
protoplasts from marine algae (Sawabe et al., 1993). Alginate can 
be depolymerized into alginate oligosaccharide (AOS), which has 
certain advantages over some chemical and physical methods. 
These advantages include high yields and the production of 
specific oligosaccharides (Boucelkha et al., 2016). Recent reports 
have shown that alginate hydrolysates and their derivatives 
can promote plant growth and prevent dental cavities. These 
compounds also show anti-oxidant, anti-tumor, antimicrobial, 
anti-coagulatory, anti-inflammatory, and immunomodulatory 
activity (Hu et al., 2004; Miura et al., 2001).

Shrimp have many beneficial organic compounds, such as 
polyunsaturated fatty acids, amino acids, and peptides. Commercial 
shrimp can be highly perishable which leads to significant odor 
and soft texture. This perishability is due to microbial growth 
and lipid oxidation, which mainly causes the deterioration 
in the quality of such products (Mastromatteo  et  al., 2011). 
Recently, a combined treatment of antibiotics and functional 
marine oligosaccharides has received increasing attention 
due to increased demand for health safety (He  et  al., 2014). 
As consumer demand for shrimp continues to increase, they 
are increasingly concerned about the preservation of shrimp. 
In modern society, the demand for healthy and green food has 
also increased. Therefore, major focus of the industry has been 
to develop more biological preservatives to replace chemical 
preservatives. Thus an increasing amount of research has been 
directed at the development of natural preservatives to improve 
shelf life of aquatic products. Two preservatives widely used 
in food and medicine are chitosan oligosaccharide (COS) and 
alginate-derived oligosaccharides (ADO) due to their physiological 
characteristics. ADO is a product of sodium alginate degradation 
by alginate lyase (Blackwood et al., 1983). However, alginate 
lyase enzyme activity is reduced at cold temperatures which 
conflicts with refrigeration storage of aquatic products being 
one of the main long-term preservation methods. Refrigeration 
is important since it deters microbial growth while maintaining 
mouthfeel and nutrient content. However, ADO treatment does 
not necessarily improve product quality (Gonçalves & Gindri, 
2009). Thus, further research is necessary to determine the effect 
of AOS coating on preservation of shrimp. Alginate hydrolysates 
and their derivatives possess important properties, which make 
them a promising candidate for future applications.
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Here we isolated a marine bacterium classified as Flavobacterium 
sp. strain B2 (described below in detail) from kelp’s or abalone’s 
viscera. This bacterium produces alginate lyase enzyme that acts 
on sodium alginate. The AOS treatment prepared by enzymatic 
hydrolysis can have a positive effect on the preservation of shrimp, 
which provides a mechanism for bio-preservation technology.

2 Materials and methods
2.1 Shrimp sample preparation

The white shrimp (P. vannamei) were purchased from 
Fuqing Yihua Food Co., Ltd. (Fujian, China). Fresh live shrimp 
were shipped to the lab within 30 minutes and remained alive 
before experiment. The shrimp were killed with crushed ice and 
washed with deionized water. Shrimp were soaked based on size 
for 30 min with sterile distilled water and AOS. Samples treated 
with different solutions were randomly divided into ziplock bags 
and placed at 4 ± 1 °C for quality evaluation.

2.2 Preparation of AOS

Bacteria was fermented to get alginate lyase, which was 
precipitated by ammonium sulfate and dialyzed to get crude 
protein. Crude protein was filtered by 0.22 μm filter membrane 
and loaded first onto a DEAE-650C column (1.6×25 CM) from 
American GE Ltd pre-equilibrated with phosphate buffer (PB) 
(20 mM, pH 8.0). Unbound protein was removed by rinsing with 
the PB buffer. Bound protein was eluted with a linear gradient 
from 0 M to 0.25 M sodium chloride (NaCl) in PB buffer (20 mM, 
pH 8.0). Finally, the column was eluted with 1M NaCl in PB buffer 
(20 mM, pH 8.0). Each fraction was tested for enzyme activity. 
The fraction displaying peak enzyme activity was analyzed by 
SDS-PAGE (12.5%T, 5%C), and the active fraction loaded onto 
a Sephacryl S-200 column (1.6×100 CM) pre-equilibrated with 
PB (20 mM, pH 8.0) before loading. 20 g/L of sodium alginate 
was degraded by alginate lyase to obtain AOS.

2.3 Physicochemical analysis

Sensory evaluation

The sensory evaluation of shrimp was conducted according 
to the methods (Erickson et al., 2007; Xu et al., 2014a; Chen et al., 
2019) with some changes. The aroma, color and muscle tissue of 
shrimp samples were evaluated by analysis panel consisting of eight 
panelists. The sensory quality of the shrimp was comprehensively 
scored. The score is 10 points. The 9 points or higher are strongly 
acceptable, the 7-9 points are a slightly acceptable range, and 
the 6-7 points are acceptable. 5-6 points are unacceptable, and 
less than 5 points are completely unacceptable.

Texture Profile Analysis (TPA)

TPA determination of shrimp was performed using a texture 
analyzer (TA-XT plus, UK). The P/5 (d=5 mm) cylindrical probe 
was used on the second and the third abdominal section of 
shrimp, with a deformation of 40% and a test speed of 1 mm/s.

Determination of pH

To determine pH of the shrimp after coating, 2 g of minced 
shrimp was homogenized with 20 mL of distilled water for 30 minutes, 
and the homogenate was filtered. pH was measured using a digital 
STARTER 2100 pH meter (OHRUS, Shanghai, China).

Determination of TVB-N

The TVB-N values were calculated by the GB 5009.228-2016 method. 
2 g of minced shrimp was homogenized with 4 mL distilled water 
and 16 mL of 2 g/L trichloroacetic acid (TCA). The mixture was 
incubated for 30 minutes and then filtered. A 2 mL filter and 5 mL 
of a 1% (m/v) magnesium oxide (MgO) solution was added to 
the reactor, respectively. The distillation was collected in a flask 
containing 10 mL of a 10 g/L aqueous solution of boric acid and 
then mixed with an indicator containing 30 μL of 1 g/L methyl 
red and 170 μL of 1 g/L bromocresol green. 0.1 M hydrochloric 
acid solution was used to titrate the solution. The TVB-N value is 
shown in milligrams of nitrogen (1 mg/100 g) per 100 g of sample.

Determination of K-value

Adenosine triphosphate (ATP) and its degradation products 
were measured by the improved method of SC/T 3048-2014. 
2 g of chopped shrimp were homogenized with 20 mL of 10% 
(v/v) cold perchloric acid and then centrifuged at 10,000 x g for 
10 min. The analyte in the precipitate was extracted with 10 mL 
of 5% (v/v) cold perchloric acid and centrifuged at 10,000 x g 
for 10 min. The pH of the two supernatants was adjusted to 
6.0 to 6.4 using 10 M sodium hydroxide (NaOH), followed by 
centrifugation at 10,000 x g for 10 min. The supernatants were 
filtered with a 0.22 μm membrane filter. The peak at 254 nm was 
detected by HPLC technique. 0.02 M PB (pH 6.0) was used as the 
mobile phase. The Formula 1 to determine K-values is as follows:

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )% /K  Value   HxR Hx  ATP ADP AMP IMP HxR Hx  100+      + + = + + + × 	 (1)

where ATP is adenosine triphosphate concentration in the 
sample (μmol/g); ADP is adenine diphosphate concentration 
in the sample (μmol/g); AMP is adenylate concentration in the 
sample (μmol/g); IMP is inosine concentration in the sample 
(μmol/g); HxR is the concentration of hypoxanthine nucleoside 
in the sample (μmol/g); Hx is the concentration of hypoxanthine 
in the sample (μmol/g).

2.4 Microbial analysis

Microbiological analysis

Microbiological analysis was performed according to the 
method of GB/T 4789.2-2008. Shrimp was homogenized in a 
90 mL 0.9% sterile physiological saline solution by a stomacher 
stirrer for 2 min. The resulting mixture was serially diluted in 
a 1:10 ratio in sterile saline. 0.1 mL of the appropriate dilution 
was plated in triplicate on LB agar plates and incubated at 30 °C 
for 48 hours. Total bacterial count (TBC) was measured and 
expressed by log CFU/g.

Microbial diversity analysis

Total genomic DNA extraction kit (Sangon Biotech, Shanghai, 
China) following manufacturer instructions. High-throughput 
sequencing of extracted DNA was carried out using Illumina 
Hiseq2500 system (Illumina, San Diego, CA, USA). The reads 
from the original DNA fragments were merged by Base Calling 
analysis and the results were stored in FASTQ file format, which 
includes reads information and its corresponding sequencing 
quality information.
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CD-HIT was used for clustering raw sequences into operational 
taxonomic units (OTUs) at a 97% similarity level. The OTU 
statistics and graphical output were conducted in R program 
version 1.8.0. The microbial communities were examined by 
using network analysis and Pearson rank correlations.

2.5 Statistical analysis

Each experiment was repeated three times. Data was processed 
using Origin 8.5. Data is displayed as mean ± SD. Statistical 
significance was analyzed by one-way analysis of variance 
(ANOVA) using SPSS 17.0 (Chicago, IL, USA). p = 0.05 was 
set to a statistically significant level.

3 Results and discussion
3.1 Physicochemical analysis

Preparation of AOS

Bacteria was grown in a 250 mL flask and alginate lyase 
was purified via electrophoretic homogeneity by two-step ion 
exchange chromatography and gel filtration chromatography. 
Purified fractions show a single band in SDS-PAGE with the 
correct corresponding molecular weight of approximately 80 kDa 
(Figure 1, lane 5). AOS was obtained by purified alginate lyase 
degradation of alginate at 30 °C and pH 8.0.

Sensory evaluation

There was no obvious difference between shrimps treated 
AOS and the control group on the 2nd day (Table 1). On the 
4th day, the sensory score of shrimps treated AOS was 8.38, 
which was higher than that of the control group. On the 6th day, 
the treated group score of 7.81 was still within the acceptance, 
significantly higher than the control group score of 5.81. On the 
8th day, the control group score of 3.44 was less than a strongly 
unacceptable degree, but the treated group score of 6.06 was 

acceptance. Thus, the results implied that the group treated AOS 
can extend the shelf life of the shrimps by 2 days.

Values were expressed using means ±standard deviation. 
Different letters in each data indicate a statistically significant 
different (p < 0.05).

Texture Profile Analysis (TPA)

From the perspective of consumer acceptability, texture is 
a very important sensory indicator. Shrimp was coated by AOS 
or stored in distilled H20 to evaluate their quality after storage 
at 4 ± 1 °C for 8 days. As shown in Figure 2, the hardness and 

Figure 1. SDS-PAGE analysis of Strain B2, M: the standard protein 
molecular weight markers; (1) crude fermentation of Strain B2; 
(2) PB wash of DEAE-650C column; (3) 0.25 M NaCl in PBS elution 
of DEAE-650C column; (4) 1 M NaCl in PBS elution of DEAE-650C 
column; (5) PB by Sephacryl S-200 column.

Table 1. Changes of sensory scores in control group and AOS treated group.

Treatment
Storage time (days)

0 2 4 6 8
Control 10 ± 0.00 8.56 ± 0.42ab 7.56 ± 0.42c 5.81 ± 0.26d 3.44 ± 0.42e

AOS 8.88 ± 0.23a 8.38 ± 0.35b 7.81 ± 0.26c 6.06 ± 0.32d

Figure 2. Texture changes of shrimp during cold storage, AOS: treated with alginate oligosaccharides; Control: treated with distilled water; each 
bar represents mean ± SD. *p < 0.05, based on the Student’s t-test, and significant differences can be seen for both treatments. (a) for hardness; 
(b) for chewiness.
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chewiness of the AOS and water decreased over the 8 days period. 
However, the AOS treatment group had a higher hardness and 
chewiness compared to the control group. This result is similar 
to the results of other studies (Hsu  et  al., 2016; Feng  et  al., 
2016; Huang  et  al., 2015). Overall, the chewiness of shrimp 
treated with AOS tended to be better than the control group. 
This is indicative that AOS coating was effective in improving 
the rheological properties of the treated shrimp. However, the 
hardness was not significantly higher in the AOS treatment 
compared to the control group and may be due to the low initial 
quality of shrimp used in our study.

pH value

The pH of the AOS treated shrimp was significantly lower 
compared to the distilled water control group during refrigerated 
storage (p < 0.05) (Figure 3). The AOS coated shrimp reached 
an acceptable level of pH 7.74 on the 6th day. However, the pH 
of the control group approached 7.91 on the 6th day. This pH is 
designated as reaching the end of the stored shrimps shelf life 
and is consistent with the previous results (Galvão et al., 2017). 
There was a great relationship between the enzymes present in the 
shrimp tissues and the changes of microbial metabolites, which 
effected the pH of the sample. The increase in pH is attributed 
bacterial growth and protein decomposition by enzymes to 
produce basic compounds (Wu  et  al., 2014). The pH of the 
stored shrimp is also influenced by other factors, such as the 
type of fish and the growth environment. Therefore, pH of the 
sample can be used as a supplementary indicator to represent 
the quality of the stored shrimp.

TVB-N

Total volatile basic-nitrogen (TVB-N) is another major 
indicator of shelf life for seafood. In general, shrimp’s TVB-N 
content increased over the time of refrigerated storage regardless 
of treatment. However, we found that the TVB-N content of 
shrimp treated with AOS was lower than that of the control 
group (p < 0.05). As was shown in Figure 4, the final TVB-N 
content was about 23.3 mg/100 g for AOS coated shrimp, which 
is lower than reported by Bonilla et al. (2018). TVB-N content in 
the control group was approximately 30.3 mg/100 g at day 8 of 
storage. A limit TVB-N of 30 mg/100 g for shrimp products is 
usually regarded as spoiled. The above results are consistent with 
previous studies in which the TVB-N value of shrimp treated with 
a chitosan-carvacrol coating had been found to be significantly 
decreased (Wang et al., 2018). The results indicate, based off 
of TVB-N content of stored shrimp, that AOS coating can be 
used to extend the shelf life of shrimp by 2 days during storage.

K-value

Figure 5 shows the change in K-value of the two different 
treatments of shrimp during refrigeration. The K-value increased 
over time in both the AOS coated shrimp and the control group. 
The K-value of the AOS coated shrimp was lower (p < 0.05) than 
the control group over the measured time period. As the storage 
time increases, many biochemical reactions occur in the stored 
shrimp that may affect freshness, including adenosine triphosphate 
(ATP) degradation to hypoxanthine. The increase in K-value was 

Figure 3. pH changes of shrimp during cold storage, AOS: treated with 
alginate oligosaccharides; Control: treated with distilled water; Each 
bar represents mean ± SD. *p < 0.05, based on the Student’s t-test, and 
significant differences can be seen for both treatments.

Figure 4. TVB-N content of shrimp during cold storage, AOS: treated 
with alginate oligosaccharides; Control: treated with distilled water; 
Each bar represents mean ± SD. *p < 0.05, based on the Student’s t-test, 
and significant differences can be between both treatments.

Figure 5. K-value changes of shrimp during cold storage, AOS: treated 
with alginate oligosaccharides; Control: treated with distilled water; 
Each bar represents mean ± SD. *p < 0.05, based on the Student’s t-test, 
and significant differences can be seen between both treatments.
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associated with the accumulation of hypoxanthine and inosine, 
which can be attributed to enzyme action. AOS coating may 
reduce the rate of ATP degradation by inhibiting endogenous 
autolytic enzyme activity, which can increase the quality of 
shrimp during storage.

3.2 Microbial analysis

Total Bacteria Count (TBC)

During cold storage, the shelf life of seafood can be negatively 
affected due to bacterial growth. Shrimp lose market value 
due to the total bacteria count (TBC) exceeding spoilage level. 
The initial TBC of both the AOS coated and control groups was 
about 2.52 log CFU/g, indicating a high quality of the shrimp. 
This measurement is consistent with the results of the previous 
studies by Li et al. (2017) and Arancibia et al. (2015). The TBC 

of both groups gradually increased during storage, however the 
increase of TBC was slower in the AOS treatment compared 
to the control treatment (Figure 6). This may be due to AOS 
treatments potentially having antibacterial activity against 
Pseudomonas as reported in other studies using low molecular 
weight alginate oligomers (Pritchard et al., 2017b).

Composition analysis of the intestinal microbial community

Figure 7 shows differences in the intestinal microbial communities 
from both AOS treated shrimp and control groups. Our results 
show an obvious differences in the shrimp intestinal bacterial 
community between AOS treated group and the control group. 
Most bacteria found in the shrimp intestinal contents belonged 
to the phylum Escherrichia-Shigella, but it should be noted that 
bacteria from the phylum Shewanella and Pseudoalteromonas 
are major spoilage bacteria found on shrimp. The amount of 
bacteria from the Shewanella and Pseudoalteromonas phylum 
in AOS treated group was lower compared to the control group. 
Furthermore, cluster analysis indicates that AOS treatment 
changes the bacterial community structure, with bacteria from the 
Candidatus-Bacilloplasma phylum decreasing in AOS treated group. 
The data also revealed that bacteria from the Vibrio phylum was 
reduced after AOS treatment, which is widely found in shellfish.

The analysis also revealed changes in bacterial composition 
between AOS and control groups after 8 days of storage. 
The predominant bacteria found in seafood was bacteria from 
the Shewanella and Pseudoalteromonas phylums (Mejlholm 
& Dalgaard, 2015; Serio et al., 2014; Ikutegbe & Sikoki, 2014; 
Capita et al., 2018; Fu et al., 2018). AOS has been shown to have 
antibacterial activity (Pritchard et al., 2017a; Tøndervik et al., 
2014; Xu et al., 2014b; Li et al., 2018). Moreover, the abundance 
of bacterial composition in samples varied greatly between the 
AOS treated shrimp and shrimp stored in distilled water. This 
emphasizes that AOS coating has considerable effects on the 
composition of the microbial community.

4 Conclusions
The results of this paper show that AOS coating can better 

increase the quality of white shrimp compared to untreated white 
shrimp. This is supported by AOS treatment not only maintaining 
better sensory scores and characteristics of texture but by also 
showing a higher capacity to inhibit microbial counts, a lower 
TVB-N formation, and a lowered K-value and pH during storage. 
Therefore, AOS and similar kinds of biological preservative may 
have a vital effect on the preservation of future seafood.
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Figure 6. TBC number of shrimps during cold storage, AOS: treated 
with alginate oligosaccharides; Control: treated with distilled water; 
Each bar represents mean ± SD. *p < 0.05, based on the Student’s t-test, 
and significant differences can be seen for both treatments.

Figure 7. The main phylums of bacteria found in shrimp intestinal 
bacterial communities among different samples, AOS: treated with 
alginate oligosaccharides; Control: treated with distilled water.
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