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Abstract

Nutrient loss, caused by lipid oxidation and hydrolysis, occurs in the scallop adductor muscle during refrigerated 
storage. To retard this process, chitosan coating with inclusion of antioxidant of bamboo leaves (AOB) and potas-
sium sorbate (PS) were used. Results indicated the coatings employed could significantly inhibit the increases in 
total number of colonies, total volatile basic nitrogen, peroxide value, thiobarbituric acid-reactive substances, 
lipase activity and free fatty acid content as well as the decrease in contents of triacylglycerols, phosphatidyl-
choline, phosphatidylethanolamine and polyunsaturated fatty acids (PUFA) in the scallop adductor muscle dur-
ing refrigerated storage. After 8 days, the contents of PUFA, eicosapentaenoic acid and docosahexenoic acid in 
the control adductor muscle decreased by 46.91, 47.46 and 45.50%, respectively, while the corresponding val-
ues were 35.93–36.68, 34.01–36.45 and 32.73–37.50%, respectively, for AOB- and PS-coated adductor muscles. 
Therefore, chitosan coatings incorporated with AOB and PS could retard nutrient loss by inhibiting lipid oxidation 
and hydrolysis.
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1. Introduction

Scallop is a commercially important bivalve with nearly 2.8 million 
tons production in 2017 (FAO, 2017). As a marine edible shellfish 
with increasing consumption, scallop has a unique and delicious 
flavor as well as healthy beneficial substances, such as proteins, 
carbohydrates, and lipids, especially long chain omega-3 polyun-
saturated fatty acids (n-3 LC-PUFA) (Copeman and Parrish, 2005). 
High amounts of moisture, neutral pH, active endogenous enzymes, 
and abundant nutrients like unsaturated fatty acids (UFA) and pro-

teins make the scallop easily perishable (Ramón et al., 2008). Re-
frigerated storage is a common preservation method for maintain-
ing and prolonging freshness of aquatic products (Chaijan et al., 
2006; Jiménez Ruiz, 2012). However, refrigerated storage can not 
fully inhibit microbial growth and chemical reactions which cause 
quality deterioration of aquatic products (Aubourg et al., 1997).

In recent years, the method of coating preservation has been 
used to improve the quality stability of aquatic products during re-
frigeration (Jeon et al., 2002; Keshri and Sanyal, 2009). It is a rela-
tively low-cost environmentally friendly technology with several 
advantages including lack of toxicity, biodegradability, biocom-
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patibility, and inhibition of microbial growth (Breda et al., 2017). 
The commonly used coating materials include cellulose, starch, 
chitosan, alginate, carrageenan, pectin, gelatin and wheat gluten, 
among which chitosan is most widely used due to its antifungal, 
antimicrobial and antioxidant properties (Dhall, 2013). Many re-
search work has indicated that coating films incorporated with ad-
ditives could effectively reduce microbes, total volatile basic ni-
trogen (TVB-N) and other indicators related to the decomposition 
of proteins in the refrigeration process of aquatic products, thus 
significantly improving the stability of products and quality reten-
tion (Fan et al., 2009; Jeon et al., 2002; Li et al., 2012; Keshri and 
Sanyal, 2009; Valipour et al., 2016; Pranoto et al., 2005).

Aquatic products contain a large amount of PUFA which makes 
them susceptible to oxidation (Selmi et al., 2010). Meanwhile, aquat-
ic products are rich in endogenous enzymes such as lipases, which 
can hydrolyse lipids and then release free fatty acids (FFA) that are 
highly prone to oxidation (Aubourg et al., 1997). Previous studies 
have shown that coating films incorporated with additives such as 
tea polyphenols, α-tocopherol and essential oils can inhibit lipid oxi-
dation during refrigerated storage of aquatic products such as fish 
(Valipour et al., 2016; Li et al., 2012). Shellfish is rich in PUFA in 
the form of phospholipids (PL) as well as triacylglycerols (TAG) and 
lipases; thus its lipid components undergo oxidation and hydrolysis 
during refrigerated storage, resulting in reduced nutritional value of 
products (Cabot and Lumb, 1981; Selmi et al., 2010). However, to 
the best of our knowledge, research on the effects of chitosan coat-
ings incorporated with additives on lipid oxidation and hydrolysis of 
shellfish during refrigerated storage has not yet been reported.

Thus, the aim of this study is to investigate the effect of chitosan 
coatings incorporated with additives on lipid oxidation and hydroly-
sis of shellfish during refrigerated storage. To fulfill this goal, scallop 
(Chlamys farreri) adductor muscle was coated with chitosan incor-
porated with antioxidant of bamboo leaves (AOB) and potassium 
sorbate (PS), respectively, and stored at 4 °C. The proximate com-
position, total number of colonies, TVB-N, peroxide value (POV), 
thiobarbituric acid-reactive substances (TBARS), contents of TAG, 
phosphatidylcholine (PC), phosphatidylethanolamine (PE) as well 
as FFA, fatty acid composition and lipase activity of the samples 
during various storage periods were determined. The observations 
made in this study indicated the importance of the mechanism of li-
pid oxidation and hydrolysis of shellfish during refrigerated storage 
and provided means to ensure nutrition quality retention.

2. Materials and methods

2.1. Materials

Fresh scallops (Chlamys farreri) (average length of each scallop 
shell of 5–6.5 cm), harvested in the Yellow Sea, were purchased 
in April 2018 from a local market in Dalian, Liaoning, China. The 
samples were stored in polystyrene foam boxes with ice and im-
mediately transported to the laboratory.

2.2. Reagents and chemicals

Chitosan, with 85% degree of deacetylation, was purchased from 
Sigma Co. (Saint Louis, MO, USA). AOB was purchased from 
Zhejiang Shengshi Biotechnology Co., Ltd. (Huzhou, Zhejiang, 
China). PS was purchased from Shanghai Xiangrui Biotechnology 
Co., LTD (Shanghai, China). High performance liquid chromatog-
raphy (HPLC) grade methanol, n-hexane and isopropanol were 

purchased from Spectrum Chemical Mfg. Corp. (Gardena, CA, 
USA). All other reagents were of analytical grade and purchased 
from Damao Chemical Reagent Co. (Tianjin, China).

2.3. Sample preparation

Scallop adductor muscles were manually stripped from the shells 
and then chitosan coated according to the procedure reported 
by Valipour et al. (2016) with some modifications. After being 
washed, samples were randomly assigned into three batches and 
coated with three solutions: (1) 1.5% chitosan solution (w/v, con-
trol group); (2) 1.5% chitosan solution containing 0.2% AOB (w/v, 
AOB-coated group); (3) 1.5% chitosan solution containing 0.2% 
PS (w/v, PS-coated group). The coating solutions were prepared 
by dissolving chitosan in a 0.5% (v/v) acetic acid solution to a final 
content of 1.5% (w/v). For dissolving the chitosan completely, the 
solution was left for 1 h under agitation at 40 °C. Then different ad-
ditives (AOB and PS) were introduced into the chitosan solutions, 
respectively, and the final coating solutions were homogenised 
at 10,000 rpm for 3 min. For coating process, samples were im-
mersed in each coating solution for 30 min and then well drained 
at room temperature. For each group, samples were individually 
wrapped and stored in a refrigerator at 4 ± 1 °C for 8 days. All 
samples collections were performed every 4 days and then imme-
diately stored at −80 °C until use.

2.4. Proximate composition analysis

Ash and crude protein contents were determined according to the 
AOAC (1990) methods as 938.08 and 981.10, respectively. Total 
carbohydrates content was determined by the phenol-sulfuric acid 
method, using glucose as the standard (Dubois et al., 1956). Water 
content was determined according to the first method of Chinese 
standard GB 5009.3 (2016).

2.5. Microbial assay

Total numbers of colonies in the scallop adductor muscle were de-
termined in plate count agar by the spread plate method (AOAC, 
2002).

2.6. Total volatile basic nitrogen (TVB-N) assay

The TVB-N of the scallop adductor muscle was determined ac-
cording to the second method of Chinese standard GB 5009.228 
(2016).

2.7. Peroxide value (POV) assay

The POV of the scallop lipid was determined according to the first 
method of Chinese standard GB 5009.227 (2016). The POV was 
expressed as mmol/kg reactive oxygen in lipid sample.

2.8. Thiobarbituric acid-reactive substances (TBARS) assay

The TBARS of the scallop adductor muscle were determined ac-
cording to Khan et al. (2006) with some modifications (Xie et al., 
2018) and expressed as mg malondialdehyde (MDA)/kg sample.
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2.9. Lipid extraction

A modified version of the Bligh and Dyer (1959) method was em-
ployed for total lipid extraction (Zhou et al., 2019). The extracted 
lipids were sealed under nitrogen and stored at −80 °C until further 
analysis within 2 weeks.

2.10. Fatty acids composition analysis

The determination of FA composition of the scallop lipid was 
achieved by using an Agilent 7890A GC-5975C MSD (Agilent, 
Palo Alto, CA, USA) equipped with an HP-5-MS capillary col-
umn (30 m × 0.25 mm, 0.25 μm) (Agilent). Preparation of fatty 
acid methyl esters of the sample was carried out according to a 
method previously described with slight modifications (Jeong and 
Lachance, 2001; Yin et al., 2015). One milligram of nonadecanoic 
acid (C19:0, Sigam-Aldrich, USA) was used as the internal stand-
ard for quantitative analysis of individual fatty acids and the results 
were expressed as mg/g on a dry weight basis.

2.11. Triacylglycerol (TAG) and free fatty acid (FFA) analysis

The TAG and FFA were quantitatively determined according to our 
previous study (Xie et al., 2018), and the results were expressed as 
mg/g (on a dry weight basis).

2.12. Phosphotidylcholine (PC) and phosphotidylethanolamine 
(PE) analyses

The PC and PE were quantitatively determined as described in a 
previous study (Zhou et al., 2019), results were expressed as mg/g 
(on a dry weight basis).

2.13. Lipase activity assay

The determination of lipase activity in the scallop adductor muscle 
was performed using a kit according to the manufacturer’s instruc-
tions (Jiancheng Technology Co., Nanjing, China), as described 
previously (Xie et al., 2018). One unit (U) of lipase activity is de-
fined as 1 nmol of released 4-methylumbelliferone per min at 37 
°C.

2.14. Statistical analysis

Each experiment was relicated three times. The statistical analyses 
were performed by Duncan test using SPSS version 16.0 (SPSS 
Inc., Chicago, IL, USA). P values of < 0.05 were considered sta-
tistically significant.

3. Results and discussion

3.1. Changes in proximate composition of scallop adductor 
muscle during refrigerated storage

The fresh scallop adductor muscles with different treatments con-
tained 3.84–3.92% lipid, 79.87–80.79% protein, 17.10–17.58% 
total carbohydrates and 4.48–4.69% ash (on a dry weight basis) 

before refrigerated storage. During the 8 days of refrigerated stor-
age, the protein contents of the scallop adductor muscles decreased 
slightly, while the ash contents increased marginally, but the corre-
sponding values for other components remained unchanged (Fig-
ure 1). Arannilewa et al. (2006) also reported a decreasing trend 
of protein content and a slightly rising trend in the ash content 
of tilapia fish (Sarotherodun galiaenus) during the frozen storage. 
This may be attributed to the action of endogenous enzymes and 
bacteria which cause the decomposition of proteins in food during 
storage (Arannilewa et al., 2006).

3.2. Changes in total numbers of colonies of scallop adductor 
muscle during refrigerated storage

The total numbers of colonies in the scallop adductor muscles with 
all treatmentsincreased time-dependently during refrigerated stor-
age (Figure 2a). The initial values of colonies of the control, AOB-
coated and PS-coated adductor muscles were 3.26 ± 0.17, 3.24 ± 
0.15 and 3.22 ± 0.22 lg(CFU/g), respectively, which increased to 
6.72 ± 0.10, 5.22 ± 0.17 and 5.14 ± 0.32 lg(CFU/g), respectively, 
after 8 days of refrigerated storage, and increased by 2.06-, 1.61- 
and 1.60-fold, respectively. By contrast, the AOB- and PS-coated 
adductor muscles both showed significantly lower values of colo-
nies than that of the control adductor muscle during the refriger-
ated storage (P < 0.05).

The microbial spoilage of aquatic products is one of the im-
portant reasons for the large amount of food waste during stor-
age (Chaillou et al., 2015). Therefore, inhibition of the growth of 
bacterial communities is a crucial means to retard the spoilage of 
aquatic products during storage. Previous studies have also indi-
cated that chitosan coatings incorporated with polyphenols and 
preservatives could significantly inhibit the growth of bacterial 
population and retard food spoilage (Valipour et al., 2016; Li et 
al., 2012; Pranoto et al., 2005). For example, Li et al. (2012) re-
ported that large yellow croaker (Pseudosciaena crocea) coated 
with chitosan incorporated with tea polyphenol had significantly 
lower microorganisms counts than control group during refriger-
ated storage. Pranoto et al. (2005) reported that chitosan coating 
incorporated with PS increased the resistance of several kinds of 
food pathogen bacteria. PS is a common antibacterial preserva-
tive used by the food industry. The polyphenols have been proven 
to possess antibacterial activity by affecting the osmotic pressure 
to alter the cell morphology, thereby destroying the plasma mem-
brane and causing the leakage of cellular components (Perumalla 
and Hettiarachchy, 2011). Due to the migration of the additives 
from coating materials to the surface of the products (Sangsuwan 
et al., 2015), the additives could interact with the bacteria in the 
adductor muscle during refrigerated storage to achieve their anti-
bacterial activity.

3.3. Changes in total volatile basic nitrogen (TVB-N) of scallop 
adductor muscle during refrigerated storage

The values of TVB-N of the scallop adductor muscles with dif-
ferent treatments all increased gradually during the course of re-
frigerated (Figure 2b). The initial values of TVB-N of the control, 
AOB-coated and PS-coated adductor muscles were 10.38 ± 0.20, 
11.03 ± 0.26 and 12.28 ± 0.13 mg/100 g, respectively, which in-
creased to 22.30 ± 0.26, 19.37 ± 0.19 and 20.71 ± 0.20 mg/100 g, 
respectively, after 8 days of refrigerated storage, and increased by 
2.15-, 1.76- and 1.69-fold, respectively. By contrast, the AOB- and 
PS-coated adductor muscles both had significantly lower values of 
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TVB-N than that of the control adductor muscle during refriger-
ated storage (P < 0.05).

Total volatile basic nitrogen are alkaline nitrogenous substances 
such as ammonia and amines produced by the decomposition of 
amino acids during the process of food spoilage under the action 
of enzymes and bacteria (Jiménez Ruiz et al., 2012). Therefore, 
TVB-N is widely used as an indicator to represent the stage of 
deterioration or loss of freshness of aquatic products (Jiménez 
Ruiz et al., 2012). Previous studies have also indicated that ed-
ible coatings incorporated with polyphenols and preservatives 
could significantly inhibit the increase of TVB-N in food stuffs 
during storage (Jeon et al., 2002; Li et al., 2012; Keshri and San-

yal, 2009). For example, Li et al. (2012) reported that chitosan 
coating incorporated with tea polyphenol could more effectively 
maintain the TVB-N values of large yellow croaker (Pseudos-
ciaena crocea). In addition, Keshri and Sanyal (2009) reported 
that alginate coatings incorporated with preservatives (sodium 
ascorbate, citric acid and glycerol) significantly retarded the in-
crease of TVB-N in meat patties. Spoilage bacteria and endog-
enous enzymes in food stuffs play important roles in increasing 
TVB-N (Fan et al., 2009). Therefore, the inhibitory effects of the 
two types of chitosan coatings on TVB-N of the scallop adduc-
tor muscle during refrigerated storage may be attributed to their 
antibacterial activities.

Figure 2. Changes in total numbers of colonies (a) and TVB-N (b) of the control scallop adductor muscle, AOB-coated scallop adductor muscle and PS-
coated scallop adductor muscle during refrigerated storage. Values of different groups with different lowercase letters (a–h) are significantly different at 
P < 0.05.

Figure 1. Changes in lipid (a), protein (b), carbohydrate (c) and ash (d) contents of the control scallop adductor muscle, AOB-coated scallop adductor 
muscle and PS-coated scallop adductor muscle during refrigerated storage. Values in the different column with different lowercase letters (a–e) are signifi-
cantly different at P < 0.05.
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3.4. Changes in lipid oxidation levels of scallop adductor muscle 
during refrigerated storage

The indicators of lipid oxidation, including POV (Figure 3a) and 
TBARS (Figure 3b), of the scallop adductor muscles with differ-
ent treatments all increased time-dependently during refrigerated 
storage. The initial POV of lipids from the control, AOB-coated 
and PS-coated adductor muscles were 8.38 ± 0.29, 7.77 ± 0.44 and 
8.39 ± 1.05 mmol/kg, respectively, which increased to 17.18 ± 0.41, 
9.63 ± 0.73 and 10.52 ± 0.35 mmol/kg, respectively, after 8 days of 
refrigerated storage, and increased by 2.05-, 1.24- and 1.25-fold, 
respectively. Meanwhile, the initial values of TBARS for the three 
aforementioned adductor muscles were 1.16 ± 0.01, 1.14 ± 0.03 and 
1.17 ± 0.02 mg MDA/kg, respectively, which increased to 2.23 ± 
0.05, 1.32 ± 0.02 and 1.53 ± 0.03 mg MDA/kg, respectively, after 8 
days of refrigerated storage, and increased by 1.92-, 1.16- and 1.31-
fold, respectively. Obviously, chitosan coatings incorporated with 
AOB and PS significantly reduced the increase of POV and TBARS 
in the adductor muscles during refrigerated storage.

The fresh adductor muscles before refrigerated storage con-
tained 7.55–7.61 mg/g PUFAs, 1.34–1.35 mg/g monounsaturated 
fatty acids (MUFA) and 4.08–4.10 mg/g saturated fatty acids (SFA) 
(dry basis) (Table 1). Among PUFA, eicosapentaenoic acid (EPA, 
C20:5 n-3, 2.94–2.99 mg/g) and docosahexaenoic acid (DHA, 
C22:6 n-3, 3.87–3.92 mg/g) were dominant. After refrigerated 
storage, the contents of MUFA, PUFA, EPA and DHA in all scallop 
adductor muscles were significantly reduced. For the control ad-
ductor muscle, those lipid components decreased by 41.79, 46.91, 
47.46 and 45.50%, respectively. While the corresponding values 
were 32.09, 35.93, 36.45 and 32.73%, respectively, for the AOB-
coated adductor muscle, and were 36.30, 36.68, 34.01, 37.50%, 
respectively, for the PS-coated adductor muscle. By contrast, chi-
tosan coatings incorporated with AOB and PS could significantly 
prevent the oxidation of PUFA, especially EPA and DHA, in the 
adductor muscles during refrigerated storage.

Lipid oxidation is a major cause for quality deterioration of 
aquatic products during refrigerated storage (Jeon et al., 2002). 
The mechanism of lipid oxidation occurring in refrigerated aquatic 
products is mainly autoxidation (Sun et al., 2011). The UFA mol-
ecules generate lipid alkyl radicals by losing a hydrogen atom and 
then form peroxyl radical by reacting quickly with oxygen. While 
peroxyl radical can form hydroperoxide and another lipid alkyl 
free radical by abstracting another hydrogen from an unsaturated 
lipid, and then propagate the free radical chain reaction (Johnson 
and Decker, 2015; Nawar, 1996). In this process, the primary oxi-

dation products (hydroperoxides) are unstable and can be easily 
decomposed into various secondary oxidation products such as 
aldehydes, alcohols, ketones, hydrocarbons, volatile organic acids, 
and epoxy compounds (Kindleysides et al., 2012). In this study, 
the increase of primary oxidation products (POV) and secondary 
oxidation products (TBARS), as well as the decrease of PUFA in 
the adductor muscles during refrigerated storage were significantly 
inhibited by chitosan coatings incorporated with AOB and PS, in-
dicating the antioxidant effects of the coatings.

Previous studies have also indicated that chitosan coatings in-
corporated with polyphenols could significantly inhibit lipid oxi-
dation (Valipour et al., 2016; Li et al., 2012). For example, Li et al. 
(2012) reported that large yellow croaker (Pseudosciaena crocea) 
coated with chitosan incorporated with tea polyphenols had sig-
nificantly lower values of POV and TBARS during cold storage. 
AOB used in this study was a commercial polyphenolic antioxi-
dant which is listed in the Chinese standard GB 2760 (2014). Its 
antioxidant activity is provided by supplying hydroxyl hydrogen to 
lipid peroxyl radicals and could also act as inhibitor of lipid oxida-
tion by removing singlet oxygen molecules (Brewer, 2011). PS has 
also been proven to possess antioxidant activity by influencing the 
electroreduction of oxygen as well as its interaction with reactive 
oxygen species (Korotkova et al., 2006). Therefore, the inhibitory 
effects of the two types of chitosan coatings on lipid oxidation in 
scallop adductor muscle during refrigerated storage may be due to 
their antioxidant activities.

3.5. Changes in lipid hydrolysis degrees of scallop adductor 
muscle during refrigerated storage

During refrigerated storage, the contents of TAG (Figure 4a), PC 
(Figure 4c) and PE (Figure 4d) decreased time-dependently, while 
the content of FFA (Figure 4b) increased time-dependently. The ini-
tial values for the four aforementioned lipid components in the ad-
ductor muscles before refrigerated storage were 10.56–11.34, 6.45–
6.48, 2.14–2.18 and 6.20–6.38 mg/g (dry basis), respectively. After 
8 days of refrigerated storage, the contents of TAG, PC and PE in 
the control adductor muscle decreased by 19.89, 19.14 and 19.14%, 
respectively, and the content of FFA increased by 1.63-fold. At the 
same time, the corresponding values for the AOB-coated adductor 
muscle were 8.05, 14.06, 14.06% and 1.21-fold, respectively, while 
those values for the PS-coated adductor muscle were 9.05, 15.81, 
15.81% and 1.19-fold, respectively. By contrast, chitosan coatings 
incorporated with AOB and PS significantly reduced the decline of 
TAG, PC and PE and the enhancement of FFA in the adductor mus-

Figure 3. Changes in POV (a) and TBARS (b) of the control scallop adductor muscle, AOB-coated scallop adductor muscle and PS-coated scallop adductor 
muscle during refrigerated storage. Values of different groups with different lowercase letters (a–f) are significantly different at P < 0.05.
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cles during refrigerated storage. Meanwhile, the activities of lipase 
in the adductor muscles all increased gradually along with the stor-
age time (Figure 5). The initial lipase activities of the control ad-
ductor muscle, AOB-coated adductor muscle and PS-coated adduc-
tor muscle before refrigerated storage were 129.3 ± 5.17, 121.54 
± 5.17 and 102.58 ± 9.08 U/g, respectively, and the corresponding 
values rose to 359.46 ± 14.40, 258.60 ± 7.76 and 205.16 ± 18.16 
U/g, respectively, after 8 days of refrigerated storage, and increased 
by 2.78-, 2.13- and 2.00-fold, respectively.

The decrease of TAG, PC and PE contents and the increase of 

FFA content in the adductor muscles indicated the occurrence of 
lipid hydrolysis during refrigerated storage. A previous study also 
reported the decrease in the contents of TAG and PL as well as 
an increase in the content of FFA in sardine (Sardinella gibbosa) 
muscle during iced storage due to the hydrolysis of lipids (Chaijan 
et al., 2006). The presence of lipase in adductor muscle and the 
increase of its activity during refrigerated storage suggested that the 
enzyme could conduce to the hydrolysis of lipids. Cabot and Lumb 
(1981) also proposed the important role of lipase in TAG hydrolysis 
at low temperatures. Our results indicated that chitosan coatings in-
corporated with AOB and PS inhibited the growth of lipase activity, 
thereby inhibiting lipid hydrolysis. The lipase of aquatic products 
includes both endogenous enzymes and exogenous enzymes pro-
duced by spoilage organisms such as Bacillus, Pseudomonas and 
Burkholderia (Gupta et al., 2004). In this study, chitosan coatings 
incorporated with AOB and PS significantly inhibit bacterial prolif-
eration, which may be the reason for the reduction of lipase activity 
and the consequent inhibition of lipid hydrolysis.

4. Conclusion

Nutrient loss, caused by lipid oxidation and hydrolysis, occurs in the 
adductor muscle of scallop during refrigerated storage. Our results 
indicated that chitosan coatings incorporated with AOB and PS could 
significantly inhibit the increases in POV, TBARS, and FFA contents 
as well as the decreases in contents of TAG, PC, PE and PUFA espe-
cially EPA and DHA in the scallop adductor muscle during refriger-
ated storage. Thus, chitosan coatings with added components could 
retard nutrient loss by inhibiting lipid oxidation and hydrolysis.

Figure 4. Changes in contents of TAG (a), FFA (b), PC (c) and PE (d) in the control scallop adductor muscle, AOB-coated scallop adductor muscle and PS-
coated scallop adductor muscle during refrigerated storage. Values of different groups with different lowercase letters (a–g) are significantly different at P 
< 0.05.

Figure 5. Changes in lipase activity of the control scallop adductor mus-
cle, AOB-coated scallop adductor muscle and PS-coated scallop adductor 
muscle during refrigerated storage. Values of different groups with differ-
ent lowercase letters (a–g) are significantly different at P < 0.05.
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