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Introduction 

Litopenaeus vannamei, as one of the most common aquatic 
food resources in the world, holds a large market share and 
high nutritional values (Sánchez-Muros et al., 2020). However, 
the presence of black spots and microbial spoilage in improper 

storage conditions usually limited their expected shelf-life. In 
order to delay melanosis and prolong the shelf-life of perishable 
crustaceans, several anti-melanosis agents, for example, 4-hex-
ylresorcinol, sulfite-based compounds and phosphates, have 
been studied for melanosis inhibition (Amparyup et al., 2013). 
Moreover, due to the potential hazards of synthetic chemical 
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Abstract
This study aimed to investigate the effect of different coating materials on the quality of shrimp (Litopenaeus vannamei) during 
chilled storage for 10 days. Fresh shrimp were randomly divided into five groups: the control group, the hypotaurine treatment 
group (2%), the chitosan group (1%), the hypotaurine + chitosan group (2% hypotaurine solution with 1% of chitosan), and the 
sodium metabisulfite treatment group (1.25%). Compared with other treatments, the lower accumulation of total visible counts 
(TVC, 5.25 Log10 CFU/g), total volatile basic nitrogen (TVB-N, 22.5 mg/100 g) and thiobarbituric acid values (TBA, 0.58 mg MDA/
kg) suggested that coating of chitosan-hypotaurine could retard the microbial activity, protein degradation and lipid oxidation 
of shrimp. Meanwhile, results demonstrated that the chitosan coating combined with hypotaurine showed an excellent perfor-
mance in inhibiting quality deterioration (pH 7.5, ∆E 7.0, hardness 393 g, and elasticity 0.69). Furthermore, the melanosis degree 
of shrimp was alleviated, and the sensory parameters, including appearance, odor and texture, were maintained to the accept-
able level by chitosan based hypotaurine treatment during the chilled storage. 
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additives to human health, natural products, especially natural 
antioxidants and melanin inhibitors, have been intensively stud-
ied as alternatives (Sharifian et al., 2019; Shiekh et al., 2019).

Chitosan, a potential natural food preservative, has been 
widely used in seafood preservation due to its biodegradability, 
biocompatibility, remarkable antimicrobial and antifungal prop-
erties, and film-forming properties (Lim et al., 2021). Recent 
studies have shown that incorporation of natural preservatives 
in chitosan films significantly maintained the physicochemical 
quality of aquatic products and inhibited spoilage (Negm et 
al., 2020), thus extending the expected shelf-life during cold 
storage. Yuan et al. (2016) investigated the synergistic effects 
of chitosan and pomegranate extracts on the quality of Pacific 
white shrimp during cold storage, and demonstrated that simul-
taneous treatment with chitosan and pomegranate extracts ex-
hibited more acceptable sensory properties and effectively delay 
the increase of total viable count (TVC) and total volatile base 
nitrogen (TVB-N) values than any other single treatments. Pre-
vious studies have shown that hypotaurine had an outstanding 
polyphenol oxidase inhibiting property and antioxidant proper-
ty (Acharya & Lau-Cam, 2013), and inhibited the formation of 
melanosis and maintained the quality of Litopenaeus vannamei 
during storage. It is an ideal alternative of sulfate compounds (Li 
et al., 2020a). 

In the aim of achieving better antibacterial effects and 
retaining the freshness of Litopenaeus vannamei, the conven-
tional coating preservation method was used by immersing the 
shrimp in the chitosan/anti-melanosis agents and then drained 
in the air. The changes of color differences, melanosis degree, 
textural properties, pH, TVB-N and thiobarbituric acid values 
(TBA) values, TVC, and sensory properties during 10-days 
storage at 4℃ were carefully evaluated, and compared between 
different groups treated with/without hypotaurine, chitosan or 
sodium metabisulfite to investigate the synergistic effect of hy-
potaurine and chitosan on the quality of Litopenaeus vannamei 
during chilled storage.

Materials and Methods

Materials
Chitosan (CAS 9012-76-4), hypotaurine (CAS 300-84-5) and 
sodium metabisulfite (SMS, CAS 7681-57-4) were purchased 
from Sigma-Aldrich (Shanghai, China). Standard plate count 
agar (PCA), trichloroacetic acid (TCA), TBA, malondialdehyde, 
ethylenediamine tetraphosphate (EDTA), methyl red and ethyl 

cresol green were purchased from Sinopharm Chemical Reagent 
(Shanghai, China). The shrimp (Litopenaeus vannamei) were 
purchased from the local supermarket (Hangzhou, China).

Sample preparation
The shrimp (Litopenaeus vannamei) were randomly divided 
into 5 different treatment groups, including a control group, the 
hypotaurine treatment group, the chitosan group, combined 
with hypotaurine and chitosan treatment, and a SMS treatment. 
The concentration of the soaking solution of hypotaurine is 2% 
(w/v), of chitosan treatment is 1% (w/v), of SMS treatment is 
1.25% (w/v). The shrimp were immersed into treatment solu-
tions at a ratio of 1:2 (solution to shrimp) after 30 min under 4℃, 
and then taken it out and drain naturally at room temperature. 
The shrimp from different treatments were packaged again in 
sterile polyethylene bags and then stored at 4℃ for further ex-
periments.

Evaluation of microbiological
Microbial analyses were performed as described by Meiyu Chen 
(Chen et al., 2021). A total of 10 g samples were transferred into 
90 mL of 0.09% (w/v) sterilized sodium chloride (NaCl) buffer 
solution and homogenized for 5 min using a stomacher blender 
at a low speed of 6 times per second. A 10-fold dilutions meth-
od was conducted by NaCl buffer solution before spreading and 
plating. The PCA was used as media for the TVC of bacteria 
test, and incubated at 37℃ for 48 h. the TVC results were ex-
pressed as Log10 CFU (colony – forming units) / g.

pH value and LAB value
During the storage, pH values of each sample were measured by 
a pH meter (Thermo Orion 710A+, Beverly, MA, USA) imme-
diately in the suspension of tissue homogenates of 2 g minced 
shrimp and 20 mL 0.1 mol/L potassium chloride solution. 

Color changes of shrimp at different storage time were eval-
uated by a colorimeter (CR-10, Konica Minolta, Tokyo, Japan). 
The physical appearance of each shrimp sample was captured 
and the hunter color values were recorded. The total color dif-
ference (ΔE) was calculated as follows:

2 2 2E a bE∆ = ∆ + ∆ + ∆

where ∆L, ∆a and ∆b represented the color difference be-
tween each shrimp after treatment to fresh (L, lightness; a, red-
ness/greenness; b, yellowness/blueness).
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Assay of texture profile analysis (TPA)
The TA-XT2i Testing Machine (Stable-Micro System, Surrey, 
UK) was used to evaluate the texture of shrimp samples. The 
analysis is based on the compression of the ready-to-eat shrimp 
samples which imitates the human biting (Li et al., 2020b), with 
slight modification. The P5 flat-bottomed cylindrical probe, 
which is 50 mm in diameter, was selected to use. The texture 
measurement was composed of 2 consecutive compressions, 
and the measurement distance was 50% of the initial height of 
the shrimp sample. The descending speed and crosshead speed 
were all set to 1 mm/s for 5 s under the 10 g trigger force. The 
values for hardness and elasticity are automatically calculated by 
the software, and each set of samples is measured in parallel 6 
times.

Assay of total volatile base nitrogen (TVB-N)
TVB-N contents of each sample were determined according to 
the semi-micro steam distillation method of Ge et al. (2020). In 
brief, five grams of minced Litopenaeus vannamei shrimp were 
mixed with 25 mL of sterile deionized water. The mixture solu-
tion was homogenized by an oscillator (ZHWY-2102C, Shang-
hai Zhicheng Analytical Instrument Manufacturing, Shanghai, 
China) and shaken at 1,200×g for 3 h. Then, the homogenate 
was centrifuged at 16,000×g for 10 min to get the supernatant. 
Subsequently, 5 mL of the supernatant was mixed with 5 mL of 
10 g/L magnesium oxide (MgO) suspension and analyzed using 
an automatic Kjeldahl Apparatus (KN780, Jinan Alva Instru-
ment, Jinan, China). Results were described as mg/100 g. 

Assay of thiobarbituric acid (TBA)
According to the method of Wu et al. (2016), 3 g of shrimp 
meat mixed with 30 mL of 7.5% (w/v) TCA (containing 0.1% 
EDTA), and homogenized at 60,000×g for 2 min and then cen-
trifuged at 16,000×g for 10 min. The TBA solution (0.02 mol/L) 
was added to the supernatant solution at a ratio of 1:1. The mix-
ture solution was held in the water bath at 90℃ for 40 min. The 
absorbance value of the sample was measured at 532 nm with 
distilled water as blank, while with 1,1,3,3-tetraethoxypropane 
as the standard curve. The result was expressed as the milligram 
of malondialdehyde contained in 1 g shrimp meat (mg MDA/
kg).

Melanosis evaluation
The melanosis state of Litopenaeus vannamei shrimp was de-
termined by five professional panelists as described by Montero 

et al. (2001), and made some modifications. On each coating 
treatment group, 10 shrimp were evaluated for black spots on 
the surface and head by visual inspection, and then scored the 
intensity using a 10-point descriptive scoring scale (ranging 
from 0 = no melanosis in the sample to 10 = extremely heavy 
melanosis). The result was collected as the means of the scores 
given by the panelists.

Sensory evaluation
Sensory scores were assayed according to the method by 10 pro-
fessionally trained sensory panelists (five male and five females, 
aged from 19 to 45), modified from Li et al. (2013). Ten shrimp 
of each treatment group during chilled storage were evaluated 
from three aspects: appearance, odor and texture properties. 
Each panelist had completed 8 h of training to familiarize them-
selves with the attributes. The scoring range of each parameter 
is 0–10 with radar chat, of which 10 is the strongest intensity of 
the attribute, while 0 denotes the lowest quality and the most 
unacceptable. The results presented as the radar charts are the 
average number from all sensory panelists.

Statistical analysis
All measurement steps were repeated 3 times, and parallel ex-
periments were performed in triplicates. The experimental re-
sults were usually expressed in the form of mean ± SD. The data 
were analyzed by ANOVA and Duncan multiple comparison (p 
< 0.05). The figures were drawn by origin 9.0 software.

Results and Discussion

Analysis of total visible counts (TVC) change
The effects of different coating treatments on the TVC of Litope-
naeus vannamei during 10 days of iced storage are shown in Fig. 
1. The TVC of all shrimp samples significantly (p < 0.05) in-
creased according to the time of storage, but the increasing rates 
were different, from fastest to lowest was the control group, SMS 
group, hypotaurine group, chitosan group, and the hypotaurine 
- chitosan group, respectively. With the increase of storage time, 
the bacteria in the control group grew much higher than those 
in the coating treatment groups, indicating that all coating 
methods of the SMS, chitosan and hypotaurine can effectively 
inhibit the growth and reproduction of microorganisms and 
maintain the freshness of shrimp. On the 8th day of storage, the 
TVC of the control, which was 6.3 Log10 CFU/g, had exceeded 
the safety limit of 6.0 Log10 CFU/g for pollution-free aquatic 
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products (Odeyemi et al., 2020). While at the end of the 10th 
day, the TVC of shrimp with treatment under 1.25% SMS, 2% 
hypotaurine, 1% chitosan, and combined with hypotaurine and 
chitosan coating solution were 5.83, 5.66, 5.42, and 5.25 Log10 
CFU/g, respectively. Furthermore, the hypotaurine-chitosan 
treated shrimp were observed to maintain the lowest TVC value 
during the whole storage time. The results suggested that coat-
ing of chitosan with hypotaurine could have a synergistic effect 
on microbial activity and a further improvement in antimicro-
bial properties during frozen storage.

Chitosan-based materials have been emerging as prom-
ising and effective bacteriostatic agents for most food-borne 
pathogens (Rashki et al., 2021), which could retard the growth 
of spoilage organisms and extend the shelf-life of fish, meat, 
vegetables and fruits products (Kumar et al., 2020). Ju et al. 
(2021) also reported that using amino acid modified chitosan 
showed higher antibacterial efficiency against Escherichia coli 
than a single chitosan solution, which is agreed with our cur-
rent study results. The most acceptable proposed mechanism 
responsible for antimicrobial activities of chitosan is based on 

the interaction of negatively charged microbial cell membranes 
with positively charged amine groups in chitosan, destroying 
the membrane and changing the cell permeability, leading to 
the leakage of intracellular contents, and ultimately reducing the 
microbial growth (Hosseinnejad & Jafari, 2016). In addition, the 
destruction of the lipopolysaccharide layer of the gram-negative 
bacteria cell membrane, against by chitosan, can also influence 
antimicrobial action and lead to cell death (Yuan et al., 2016). 

Analysis of pH value change 
Effect of hypotaurine, chitosan and SMS coating treatments on 
pH values of shrimp are shown in Fig. 2(A). The pH of fresh 
shrimp at the beginning of storage (Day 0) was 7.17. The pH 
value in all treatment groups increased significantly (p < 0.05) 
during storage, while the pH changing rates were varied with 
each other. Among them, the pH value of the control group has 
the largest change compared to other groups (p < 0.05). The 
pH change in shrimp can be attributed to the accumulation of 
alkaline compounds caused by lipid peroxidation and protein 
alteration by various bacterial activities or metabolic enzymes 

Fig. 1. The total plate count (TVC) changes in Litopenaeus vannamei treated with the different coating solution. The red line 
(6.0 Log10 CFU/g) represented the safety limit for TVC in aquatic products. Control, immersed in distilled water; HTU, immersed in 2% 
hypotaurine solution; Chitosan, immersed in 1% chitosan solution; HTU + chitosan, immersed in 2% hypotaurine solution combined 
with 1% chitosan solution; SMS, immersed in 1.25% sodium metabisulphite. 
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(Wang et al., 2015). Results obtained from the study showed 
that shrimp samples both coasted with chitosan alone and hy-
potaurine-chitosan blending solution can delay the pH values 
increase, indicating that the combination of chitosan coating 
and hypotaurine may reduce the decomposition of protein and 
improve food safety.

Analysis of color difference
The ∆E value was used to measure the color change and com-
prehensively indict the correlation of color saturation between 
different treatment groups. Hence, it has been widely accepted 
as a quality parameter to evaluate food deterioration during 
storage, especially in seafood (Moradi et al., 2019). As shown 
in Fig. 2(B), the changes in ∆E value of shrimp among all treat-
ments increased with the extension of storage time. However, 
the ∆E of shrimp coated with chitosan, hypotaurine, and hy-
potaurine-chitosan were all significantly lower than that of the 

control group within the 10 days (p < 0.05). The lower ∆E val-
ues observed from chitosan, hypotaurine, and hypotaurine-chi-
tosan group suggested that they could effectively delay the color 
change of shrimp. Particularly, compared with the single hy-
potaurine or chitosan coating group, the hypotaurine-chitosan 
blending coating group has the lowest increment in ΔE value, 
indicating that the mixed solution can obviously delay the prog-
ress of spoilage and the blackening of shrimp heads. This phe-
nomenon was supposed due to the hypotaurine-chitosan mixed 
solution contributing to the free-radical scavenging ability and 
chelation of metal ions (Sathe et al., 2016), and endowing the 
blend coating with antioxidant activities and enzyme inhibition 
ability. According to a similar study, Na et al. (2018) investigat-
ed the influence of chitosan + ε-polylysine coating material on 
pacific white shrimp’s sensorial properties. The results showed 
that the samples treated with chitosan and chitosan with ε-poly-
lysine had higher overall acceptable scores and less color differ-

Fig. 2. Physical properties (A) pH value, (B) ∆E, (C) hardness property, (D) elasticity in Litopenaeus vannamei treated with 
the different coating solution. a–eThe various lowercase letters on the same storage time indicated the significant differences (p < 
0.05) in ∆E values under different treatments. Control, distilled water; HTU, hypotaurine solution; Chitosan, chitosan solution; HTU + 
chitosan, hypotaurine combined with chitosan solution; SMS, sodium metabisulphite. 
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ence than the control group during froze storage.
However, during the latter chilled storage period, a marked 

increase of ∆E value was noticed, and a peak above 12.5 was 
achieved at the end of the 10-days storage. This result may be 
attributed to the fact that the addition of SMS has little influ-
ence on preventing the protein denaturation, chemical autolytic 
reaction and enzyme catalyzed reaction of shrimp during long 
term storage (Miraglia et al., 2020).

Analysis of textural properties change
The hardness and elasticity textural properties are two of the 
most primary qualities to meet the acceptableness of food to 
consumers. According to the report of Mohan et al. (2012), 
hardness means the resistance at maximum compression during 
the first and second compression, while elasticity represents the 
ability to recover to original form after the deforming force is 
removed. As can be seen in Fig. 2(C) and (D), the changes in 
hardness and elasticity values of Litopenaeus vannamei during 
4℃ storage within 10 d were monitored and recorded. The 
initial hardness of fresh shrimp was 521 g (Day 0). A mildly de-
creasing trend of hardness was shown at the first 2-days, rang-
ing from a control group of 480 g to the hypotaurine-chitosan 
group of 495 g. However, thereafter, the hardness parameter 
of all the shrimp treatment groups decreased significantly (p < 
0.05), and the hypotaurine-chitosan coating treatment group 
showed the lowest decreasing trend compared to other treated 
and untreated samples. The maintain of high hardness (393 g at 
10-day) in hypotaurine-chitosan group could be attributed to 
the chitosan and hypotaurine mixing coating may function as a 
proteolysis-resistance agent, thus protein denaturation could be 
delayed (Salari et al., 2018).

A similar decreasing trend was noticed between elasticity 
and hardness. The initial elasticity of shrimp was 0.85, and at 
the end of the low-temperature storage, the elasticity value of 
hypotaurine-chitosan, hypotaurine, SMS, chitosan, and control 
group were 0.69, 0.67, 0.63, 0.54, and 0.41, respectively. The 
results revealed that additional chitosan coating after hypotau-
rine treatment significantly improved the coating efficiency to 
Litopenaeus vannamei, and provided protection against the de-
forming force and enhanced elasticity capacity. 

In fact, the textural parameters of shrimp could be affected 
by various factors. Among them, the stability of myofibrillar 
protein and the strength of connective tissue played the most 
important roles (Cao et al., 2019). In this study, these textural 
results firmly demonstrated the positive synergistic effect of 

hypotaurine-chitosan coating in textural properties for shrimp 
during storage. Terriente-Palacios & Castellari (2022) found 
that hypotaurine, as one kind of uncommon bioactive molecule, 
showed potent anti-heavy metals activities. In addition, Colovic 
et al. (2018) also found it could be demonstrated to provide pro-
tection against free radicals. Hence, the simultaneous treatment 
between chitosan and hypotaurine can retard the denaturation 
and degradation of myofibrillar protein and collagen proteins, 
improving the textural properties of shrimp.

Analysis of total volatile base nitrogen (TVB-N) changes 
The main spoilage mechanisms of protein-rich foods, includ-
ing meat and fish, were occurred by metabolic processes and 
microbial activity. During the spoilage period, the degradation 
of proteins and other nitrogen compounds can cause the accu-
mulation of organic amines volatile (Bekhit et al., 2021), such 
as ammonia, methylamine, dimethylamine, trimethylamine 
and other similar compounds, which are called TVB-N. Since 
the TVB-N content always showed a similar trend to other 
biomarkers of spoilage, it has been widely accepted as a quality 
indicator of food freshness, especially in seafood. The TVB-N 
content of shrimp exposed to different treatments during the 
chilled storage was shown in Fig. 3(A). The control group with-
out any coating treatment of shrimp exhibited a remarkable 
increase from 3.1 mg/100 g to 41.7 mg/100 g with prolonged 
storage time during 10 days, and surpassed the threshold of 
30.0 mg/100 g at 6th day after storage. In line with the upward 
trend of the control group, the TVB-N content of shrimp treat-
ed by chitosan, hypotaurine and SMS coating also increased 
significantly (p < 0.05). However, the lowest increase rate was 
observed in hypotaurine-chitosan coating group, and the 
TVB-N level was 22.5 mg/100 g at the end of storage, indicating 
it was still edible and acceptable. Based on the results obtained 
above, it can be concluded that coating of the hypotaurine and 
chitosan mixing has a positive effect on shrimp spoilage and 
protein degradation, thus prolonging the shelf-life of refriger-
ated shrimp. Similar results have been reported by Zhang et al. 
(2012) in grass carp with chitosan-antioxidants coating, and the 
result showed that the TVB-N value in chitosan + acetic acid 
+ tea polyphenol group was significantly less than the control 
samples (10.02 < 22.36 mg/100 g, on the 10th day).

The mechanism of the TVB-N accumulation inhibition 
by chitosan and hypotaurine was supposed. On the one hand, 
chitosan can alter the microbial cell membranes barrier prop-
erties and inhibit their biological activity (Pan et al., 2015), thus 
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slowing down the protein decomposition by micro-bacteria in 
shrimp during storage. On the other hand, hypotaurine, a kind 
of sulfur-containing amino acid, may play an important role 
against oxygen reactive species and defense the oxidation of 
protein and other nitrogen compounds (Métayer et al., 2008). 

Thiobarbituric acid (TBA) analysis
The development of lipid oxidation can be followed by the 
primary products of lipid oxidation, and secondary oxidation 
products (Mariutti & Bragagnolo, 2017). The TBA, a secondary 
product of oxidative degradation of unsaturated fatty acids, has 
been widely used for the measurement of malonaldehyde con-
tent, and shows the degree of lipid oxidation sate through colo-
rimetric method, particularly in high-lipid seafood (Kulawik et 
al., 2018). 

The influence of different coating treatments on lipid oxi-
dation in shrimp during cold storage was presented in Fig. 3(B). 
At the beginning of the storage, the TBA value of fresh shrimp 
was in the range of 0.18–0.20 mg MDA/kg. During the stor-
age period, the TBA values of all treatment groups were noted 
with a significant (p < 0.05) increment, indicting an accelerated 
process of the degradation of lipid molecules and formation of 
secondary oxidation products. Among all samples, the highest 
increase throughout the chilled storage was measured for the 
control group (from 0.19 to 1.52 mg MDA/kg), and the result 

indicated that the control group shrimp was no longer suitable 
for consumption and testing after six days at 4℃ storage, be-
cause its TBA content was above 0.7 mg MDA/kg. Shrimp treat-
ed with a mixed solution by hypotaurine and chitosan showed 
the lowest level of TBA, compared to the single solution of 1.25% 
SMS, 2% hypotaurine and 1% chitosan, during whole the stor-
age at 4℃ for 10 days (0.58 mg MDA/kg < 0.7 mg MDA/kg). 
Hence, it can be concluded that hypotaurine-chitosan coating 
was effective in controlling lipid oxidation and prolonging the 
shelf-life during chilled storage of Litopenaeus vannamei.

Shoveler (2005) pointed out that amino acids of taurine 
and hypotaurine possess the potency to interrupt redox status 
by reacting with weak O-H bonds and alkyl radicals, and thus 
have an important role in defense against oxidative stress. The 
blending result of chitosan and hypotaurine coating in shrimp 
storage showed an improved antioxidation property than the 
hypotaurine group, confirming the existence of the synergistic 
effect of the compound solution method.

Analysis of melanosis 
The melanosis scores of Litopenaeus vannamei shrimp under 
different coating treatments were depicted in Fig. 4. The mela-
nosis scores of all treatment groups were found to increase sig-
nificantly (p < 0.05), indicating that the visual sensory quality of 
shrimp decreased rapidly along with chilled storage. However, 

Fig. 3. Freshness indicator of (A) TVB-N and (B) TBA. (A) TVB-N and (B) TBA changes in Litopenaeus vannamei treated with the 
different coating solution. The red line in TVB-N (30.0 mg/100 g) represented the freshness threshold of nitrogen-compounds 
accumulation, and in TBA (0.7 mg MDA/kg) meant the threshold of lipid oxidation in aquatic products. Control, distilled water; HTU, 
hypotaurine solution; Chitosan, chitosan solution; HTU + chitosan, hypotaurine combined with chitosan solution; SMS, sodium 
metabisulphite; TVB-N, total volatile base nitrogen; TBA, thiobarbituric acid.
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the melanosis scores at the end of storage were varied among 
different treatments, from highest to lowest as follows: the 
control group (7.2), the single chitosan coating group (4.5), the 
single hypotaurine coating group (4.4, not significantly different 
with chitosan group), the hypotaurine-chitosan group (3.6), 
and the SMS group (2.8). As previously reported, both chitosan 
and hypotaurine coating plays an effective role to delay the 
melanosis phenomenon of shrimp during storage. Notably, the 
lowest scores were observed in shrimp coated with 1.25% SMS 
solution, which means that SMS may have the best effective 
melanosis inhibition ability in this study. 

The melanosis in shrimp was mainly occurred by tyrosine 
converted into quinones by polyphenol oxidase (PPO), and fur-
ther increase the extent of melanosis (Sae-leaw et al., 2018). Mol 
and Turkmen (Mol & Türkmen, 2010) have reported significant 
improvements in anti-molanosis by SMS, due to preventing en-
zymatic browning and decreasing dehydration in shrimp. How-
ever, the SMS solution may tend to cause sulfur dioxide residues 

in food and compromise the food safety attributes of the treated 
shrimp (Thepnuan et al., 2008). Therefore, the hypotaurine 
combined with chitosan coating could be used as a green and 
alternative method to alleviate the melanosis of Litopenaeus 
vannamei during chilled storage.

Sensory evaluation
Sensory evaluation of shrimp with different coating methods 
during storage was shown in Fig. 5. In the early four days, the 
appearance, odor and texture of shrimp with coating treatments 
were all above 8 scores, better than the control group. The radar 
chart indicated that the coating methods, with SMS, hypotau-
rine, chitosan, and mixed hypotaurine-chitosan solution, all 
have a positive effect for shrimp to maintain the good sensory 
properties in the early chilled storage. But the sensory evalua-
tion scores show a downward trend with the increase of storage 
time. Compared with the single coating solution by hypotau-
rine, chitosan, SMS group, the hypotaurine-chitosan group 

Fig. 4. Melanosis changes in Litopenaeus vannamei treated with the different coating solution. Control, distilled water; HTU, 
hypotaurine solution; Chitosan, chitosan solution; HTU + chitosan, hypotaurine combined with chitosan solution; SMS, sodium 
metabisulphite.
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could delay the deterioration of shrimp and prolong the food 
shelf-life. Similarly, Cheng et al. (2021) also reported that chi-
tosan-based coatings combined with amino-acid could inhibit 
endogenous protease and show effectively maintain the sensory 
property of beef slices on chilled storage. 

Conclusion

The present study verified that the blending coating treatment 
combined with hypotaurine and chitosan served as an effective 

method to inhibit microbial growth, reduce pH value and color 
difference change, and improve the texture properties of hard-
ness and elastic of Litopenaeus vannamei under chilled storage 
within 10 days. The chitosan coating combined with hypotau-
rine also showed an excellent performance in controlling pro-
tein degradation and lipid oxidation, and decreasing the content 
of TVB-N and TBA for shrimp. Furthermore, this method can 
inhibit the degree of melanosis phenomenon and improve the 
sensory scores of shrimp. These results implied that the chitosan 
coating combined with hypotaurine can be valuable as a coating 

Fig. 5. Sensory evaluation in Litopenaeus vannamei treated with the different coating solution. Control, distilled water; HTU, 
hypotaurine solution; Chitosan, chitosan solution; HTU + chitosan, hypotaurine combined with chitosan solution; SMS, sodium 
metabisulphite.
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material for shrimp during storage, with various advantages of 
ensuring safety quality and prolonging the shelf life of the sea-
food.
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