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Abstract
Bacoor City, Cavite, is one of the Philippines' largest mussels producers. 
Thus, determining the changes in the microbiological and physico-chemical 
attributes of the mussels along its supply chain is essential to ensure the 
safety and quality of this commodity. Mussel samples were subjected to a 
time-distribution study to identify the presence of foodborne pathogens and to 
determine the changes in pH and drip loss. A high prevalence of pathogenic 
bacteria such as Escherichia coli, Salmonella, and Vibrio spp. was detected 
in the mussel culture sites. Microbiological counts and detection showed 
increased aerobic plate count (APC) along the supply chain, higher than the 
standard limits. The total coliform still conformed to the required range while 
E. coli levels increased along the supply chain, exceeding acceptable levels 
for raw consumption. For the presence of pathogenic bacteria in the different 
points of the supply chain, results revealed that enteric bacteria E. coli and 
Salmonella were present. Furthermore, pathogenic strains of Vibrio such as 
V. parahaemolyticus, V. cholerae, and V. alginolyticus were detected. The 
study emphasizes the need for improved post-harvest practices, including 
proper temperature control and packaging, to maintain the quality and safety 
of green mussels. Additionally, efforts to mitigate bacterial contamination 
in the culture areas and implement effective depuration processes are 
necessary to ensure consumer safety.
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Introduction
Green mussel (Perna viridis) is widely commercially 
cultivated in the Philippines.1,2,3 The meat of P. viridis 
is a valuable food source for human consumption. 
It is an alternative source of cheap animal protein, 
containing 36.15% protein, 19.72% lipids, and 
24.54% carbohydrates.4

Green mussels are known as filter feeders, which 
feed on suspended organic particles such as 
phytoplankton, zooplankton, and other organic 
materials by pumping water through a set of gill 
filaments and selectively discharging the inorganic 
particles like sediments through the excurrent 
siphon.5,6 Therefore, these bivalve mollusks may 
also accumulate harmful microorganisms such 
as bacteria, viruses, and parasitic pathogens that 
could impact their quality and safety as food, and 
eventually, it may cause diseases in consumers.7,8 
Spoilage and potential safety issues are some of 
the implications of these contaminants which are 
also a result of pollution and improper handling in 
post-harvest and storage procedures.8,9  

In the Philippines, Cavite is the top three-performing 
province that contributes to the bulk of shellfish 
harvest in the country.10 Furthermore, Bacoor Bay 
is the most significant mussel-producing area in 
the Philippines, with approximately 1,350 hectares 
devoted to mussel farming and an estimated yearly 
production of 4,000 metric tons per hectare of live 
mussels.11 The quality of mussels is highly influenced 
by the time between harvest and consumption, as 
they are highly perishable. Therefore, improved 
harvesting and post-harvesting processes are 
needed to ensure that mussels reach the market in 
optimal condition. To ensure the safety of mussel 
consumption, the current study aims to detect the 
level of pathogens and determine the physico-
chemical changes at each point in the supply chain, 
specifically from producers to consumers. 

Materials and Methods
Sampling Site
In the province of Cavite, green mussels (P. viridis), 
water, and soil sediment samples were collected 
within Canacao Bay's vicinities in April, the harvest 
month. Three (3) sampling areas (SA) were 
randomly selected between the coordinates 14˚ 29’ 
17.7” N to 14˚ 29’ 37.98” N latitude and 120˚ 55’ 39.6” 
E to 120˚ 55’ 15.18” E longitude. 

Survey Tool
The survey tool used to collect information about the 
structure and activities of the green mussel supply 
chain was based on Nuñal et al.12 and Love et al.,13 
with some modifications. Respondents were chosen 
based on their direct participation in the supply chain, 
starting from the producers and identifying upstream 
and downstream customers. Respondents were 
interviewed based on the following inclusion criteria: 
i) the producer should be actively involved in mussel 
culture for more than five years; ii) the wholesaler 
should be actively involved in the direct buying 
and selling of the harvest for more than 5 years; 
iii) retailer should be actively involved in retailing 
to restaurants, food hub, and consumers for more 
than five years; and iv) consumers who are regular 
buyers for more than 5 years. 

Simulation of the Supply Chain
Simulated time and distribution of green mussels 
along the supply chain in Bacoor City, Cavite, were 
identified through interviews and discussions with the 
respondents, specifically the producers, wholesalers, 
retailers, and consumers. The simulation was 
designed based on the results of surveys and 
interviews by following the actual handling practices, 
transit time, the temperature used, and packaging 
from mussel farmers to consumers. After harvest, 
four (4) sampling points within the supply chain of 
green mussels were identified for the simulation: 
at 0-3 hours, initial cleaning by the farmers after 
harvest; at 2-5 hours corresponding to the time 
upon receiving the mussels from producer to 
wholesalers; at 2-8 hours corresponding to the time 
when the supplies arrived at the market and sold 
by the retailers; and at 1-5 hours corresponding to 
the time when the products reach the consumers. 
All analyses conducted in this study were done at 
the Center for Lake and Sustainable Development 
(CLSD) of the Laguna State Polytechnic University, 
Los Baños, Laguna.

Physico-chemical Analysis of the Sampling 
Areas
The physico-chemical quality of water (temperature, 
dissolved oxygen, total dissolved solids, conductivity, 
pH, and salinity) in three (3) sampling areas was 
tested using a multi-parameter device (Laqua Horiba 
Multiparameter WQ330K). Surface water samples 
and sediments from the seabed were also collected.
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Microbiological Analyses
Water and seabed sediment samples were collected 
at every sampling area using sterile 10 mL conical 
centrifuge tubes. Meanwhile, approximately 100 g 
of green mussel meat was shucked from the pooled 
samples and placed inside sterile tubes. All samples 
were packed individually in sterile plastic bags and 
preserved in ice, maintaining temperatures below 
0°C until further microbiological analyses. 

Aerobic Plate Count (APC)
Ten grams of samples were homogenized in 90 mL of 
sterile peptone water. Serial dilution was performed 
up to 10-5 and 0.1 mL sample was spread plated in 
plate count agar containing 0.5% sodium chloride 
(NaCl). After incubation at 37 °C for 24 h, colonies 
were counted and expressed in log10 CFU/g.14 

Enumeration of Coliform, Fecal Coliform and 
E. coli
With some modifications, the Food and Drug 
Administration Bacteriological Analytical Manual 
protocols for quantitative enumeration of coliform 
and E. coli were used.15 About 100 g of mussel meat 
was homogenized and added to 100 mL peptone 
water. Then, the Most Probable Number (MPN) was 
done using nine test tubes containing 9 mL of single-
strength MacConkey broth purple with sterilized 
Durham’s tube. In every 3 test tubes, 1 mL of sample 
from 10-1, 10-2, and 10-3 serially diluted tubes were 
inoculated. Tubes were incubated at 37ºC for 24 
h and then examined for acid and gas production. 
After incubation, test tubes showing gas production 
were counted and recorded as positive for coliforms.  
For the confirmation test on the presence of fecal 
coliforms and E. coli, a loopful of suspension from 
positive tubes was inoculated to test tubes containing 
Escherichia coli (EC) broth, incubated at 44ºC for 
24 h and were examined for gas production. To 
enumerate E. coli, the inoculum from the positive 
fecal coliform tubes was streaked onto eosin 
methylene blue agar (EMB) and incubated at 37 ºC 
for 24 h. Colonies exhibiting a metallic sheen with a 
dark center were inoculated into peptone water at 
44ºC for 24 h. Test tubes were added drop-wise with 
an indole reagent and the formation of a reddish/
pinkish top layer indicates the presence of E. coli 
in the sample.16

Detection of Salmonella
To detect Salmonella, a 25 g homogenized shellfish 
meat sample was added to 250 mL of lactose broth 
and incubated at 35 °C for 24 h for pre-enrichment. 
Afterward, 1 mL of the mixture was added to 10 mL of 
tetrathionate (TT) broth and vortexed, then incubated 
at 35 ± 2 °C for 24 h. A loopful from the TT broth was 
streaked on xylose lysine deoxycholate (XLD) agar 
plates, which were then incubated at 35 °C for 24 
h. Presumptive Salmonella colonies were identified 
on the plates. For confirmation, suspected colonies 
were touched with a sterile inoculating needle and 
streaked on a triple sugar iron (TSI) slant, followed 
by a stab culture. The TSI cultures were incubated 
at 37ºC for 24 h.17

Detection and Enumeration of Vibrio spp. 
To detect Vibrio species in green mussel samples, 
100 g of homogenized sample was added to 100 
mL of alkaline peptone water and serially diluted 
to 10-3 to determine the MPN value. The diluted 
samples were incubated overnight at 35 ± 0.5ºC and 
checked for turbidity. Then, loopfuls from these turbid 
tubes were streaked onto thiosulfate-citrate-bile 
salt sucrose (TCBS) agar and Vibrio Chromogenic 
(Condalab, Spain) culture media and incubated at 
35 ± 0.5ºC for 24 h. Colonies were examined for the 
presence of different Vibrio species. Presumptive 
identification was based on colony color and 
growth characteristics in the culture media. When 
observed on TCBS agar, V. parahaemolyticus 
colonies exhibit a green coloration, while V. cholerae 
colonies manifest as flat yellow in appearance. On 
the other hand, when examining samples on Vibrio 
Chromogenic Agar, the presence of V. cholerae 
is denoted by colonies displaying a pink-rose 
color. V. parahaemolyticus is indicated by colonies 
with a greenish-blue hue, while V. alginolyticus is 
represented by colorless colonies.18 

pH and Drip Loss of Mussel Meat
Collected green mussel meat samples were minced 
and weighed to determine the pH level. About 15 g 
of minced mussel meat was homogenized with 35 
mL of distilled water (adjusted to pH 7) and kept in 
the solution for 30 min. Meanwhile, drip loss was 
determined by placing 100 g of green mussel meat 
in a conical-shaped filter paper and allowing it to 
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sit and exude the liquid. The percent drip loss was 
measured by comparing the differences in the initial 
and final weight after a determined period. The 
percentage drip loss was computed following Min 
et al.19 Analyses were done in triplicates. 

Statistical Analysis
Fisher’s ANOVA and Tukey’s post-hoc test was 
applied for parametric statistical evaluation. Each 
test was done using Jamovi® (Version 3.2)

Results
Post-Harvest Practices along the Supply Chain 
Point
The results of interviews along the supply chain 
points indicated that harvested green mussels 
from producers reaching the table of consumers 
were commonly packed live in saturated woven 
polypropylene (PP) sacks and transported without 
ice via closed van trucks, jeepneys, or open-top 
tricycles and exposed in natural weather condition 
making it susceptible to possible spoilage and 
contamination. In the culture areas situated in 
Canacao Bay, the harvesting of green mussels 
typically commences at 06:00 AM and concludes 
around 10:00 AM. The duration of the harvesting 
process is dependent on factors such as the number 
of green mussels ordered by wholesalers and the 
specific culture methods employed by the producers. 
Three culture methods are practiced in the area: 
stake, raft, and long-line method, wherein the latter 
is a modified raft method. A long-line fishing gear 
design was adapted instead of using bamboo rafts 
as floating materials where green mussel cultches 
are attached. Producers started the initial cleaning 
of shells immediately in the boat after harvest. 
They frequently rinsed them with seawater from the 
culture areas before transporting them to the landing 
site which has a distance of approximately 4 km. 
These activities take about 3 h before the shellfish 
reach the wholesalers. The wholesalers also do 
an additional 2-5 h post-harvest activities upon 
receiving the shellfish. Usually, the post-harvest 
activities were thorough washing and cleaning of 
shells, sorting by size, packing, and tagging in a 
woven PP sack, and transporting to the retailers 
in nearby municipalities and provinces. The most 
prolonged duration where green mussels as live 
products stayed between supply chain points is in 
the retailer’s custody. Typically, it takes about 2-8 h 
before it reaches the consumers due to the demand 

for green mussels and competition amongst retailers 
in the market. Although the commodity stayed longer 
in this supply chain point, the commodity was still 
exposed in an open area without ice. Most retailers 
have no proper storage facilities or equipment (e.g., 
insulated containers) for storing their commodities 
for an extended period. Consumers typically have 
a maximum waiting time of 1-5 h to prepare the 
green mussels they purchase from the market 
before consuming them. Many shellfish consumers 
commonly employ the depuration method, which 
involves soaking mussels several hours before 
cooking to induce them to expel the contents of 
their stomach. This practice is adopted to ensure 
the safety of the mussels before consumption. 
Generally, common supply chain points of harvested 
green mussels in Bacoor City implemented simple 
post-harvest practices from producers to consumers, 
such as cleaning, washing, and frequent rinsing with 
seawater to delay spoilage. During transportation 
from point to point of the supply chain, no proper 
storage, equipment, or packaging was utilized to 
prolong the shelf-life of the commodity.

Physico-chemical and Microbial Characteristics 
of the Culture Site
The physico-chemical characteristics of water in 
three sampling areas within the vicinity of Canacao 
Bay, Cavite, where green mussels are cultivated are 
the following: temperature (31.38±0.22ºC); dissolved 
oxygen (6.54±0.82 mg/L); total dissolved oxygen 
(23,595±292.40 mg/L); conductivity (47.21±0.66 
S/m); pH (7.41±0.22); and salinity (30.81±0.29 ppt). 

Meanwhile, the microbial quality of water and 
sediment samples obtained from the green mussel 
culture environment in Bacoor City, Cavite, is 
presented in Table 1. The MPN values of total 
coliforms in sediments were found higher compared 
to the levels detected in the water samples taken 
from the surface. Additionally, high levels of fecal 
coliforms and E. coli were detected in the water 
samples. Vibrio spp. was also detected in water 
and sediment samples in all sampling areas. Table 
2 displays the results of the confirmatory detection 
of Vibrio spp. and Salmonella spp. in the samples. 
The analysis indicates the presence of all four Vibrio 
species among sampling sites. Although some 
sites, such as SA2 for sediment, did not detect V. 
cholerae, its presence on other sampling sites still 
indicates its presence in Canacao Bay. Hence, the 
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same assumption can be made for the presence 
of V. vulnificus, although it was not detected in 
the water samples. Notably, V. vulnificus, a known 
virulent pathogen, was only detected in the sediment 

samples. Meanwhile, the presence of Salmonella 
was detected in both the water and sediment 
samples. 

Table 1: Detection of bacterial pathogens in sediment and water samples collected from 
the culture areas of green mussels in Bacoor City, Cavite

Pathogens                    Sediment*                                  Water*

 SA1 SA2 SA3 Mean SA1 SA2 SA3 Mean

Total Coliform 75 28 75 59.33 43 20 38 33.67
Fecal coliform and E. coli 150 460 460 356.67 1100 210 1100 803.33
Vibrio spp. 15 15 15 15 43 20 15 26

Values expressed in MPN/100g or mL.

Table 2: Confirmatory detection of bacterial pathogens in sediment and water samples 
collected from the culture areas of green mussels in Bacoor City, Cavite

Pathogens           Sediment*                                  Water*

 SA1 SA2 SA3 SA1 SA2 SA3

V. parahaemolyticus + ND + + + ND
V. cholerae + ND + ND ND ND
V. alginolyticus + + + + + +
V. vulnificus + ND + ND ND ND
Salmonella* + + + + + +

(+) - presence detected, (ND) - presence not detected, *detected at 25g

Microbial Counts of Mussels Along the Supply 
Chain
The microbial quality of green mussels harvested 
from Canacao Bay, Bacoor City, Cavite, was 
recorded during a simulated time and distribution 
across supply chain points. The APC in every 
supply chain point was the following: producer 
(log 7.40±0.58 CFU/g); wholesaler (log 7.63±0.40 
CFU/g); retailer (log 8.31±0.92 CFU/g); consumer 
(8.23±0.98 CFU/g). Although an increased count 
was observed, results indicated no significant 
differences among sampling points.

The MPN values of the three microbiological 
parameters about the different points in the mussel 
supply chain are shown in Table 3. Results showed 

an increase in total coliforms (11-21 MPN/100g), 
fecal coliforms and E. coli (43-290 MPN/100g) along 
the supply chain. Meanwhile, Vibrio spp. increased in 
concentration from the producer to retailer (3.6–6.1 
MPN/g) and decreased from retailer to consumer 
chain (6.1–3 MPN/g). Confirmatory tests of the 
presence of pathogens listed in Table 4 revealed 
that among the Vibrio species, V. alginolyticus 
was present in all sampling points. Earlier, V. 
parahaemolyticus was detected and reported to 
be present in the water and sediment samples, 
however, it was not detected in the mussel samples 
along the supply chain. Both V. cholerae and V. 
vulnificus were present in the wholesaler point only. 
The presence of Salmonella in the mussel samples 
along the supply chain was also confirmed. 
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Physico-chemical Analyses of Green Mussel 
Meat
The average pH value and percentage of drip loss 
from green mussels during the simulated time 
and distribution study are shown in Table 5. The 
average pH value of samples between each supply 

chain point has no significant differences (p=0.227) 
wherein the pH value remained slightly acidic during 
the supply chain simulation (6.07-6.22). On the 
other hand, by the time the green mussels arrived 
at the wholesalers after 3 h, the average percentage 
drip loss significantly increased (p=<0.001) from 0 

Table 3: Detection of bacterial pathogens in green mussel samples collected 
from Bacoor City, Cavite during time and distribution study

Pathogens                               Supplies Chain*                                                     Standard

 Producer Wholesaler Retailer Consumer Range

Total Coliform 11 14 15 21 230 MPN/100g (FDA NSSP)

Fecal coliform 43 93 150 290 230 MPN/100g (Codex Alimentarius)
and E. coli
Vibrio spp. 3.6 6.1 6.1 3 <30 MPN/g (FDA NSSP)

*Values expressed in MPN/100g.

Table 4: Confirmatory detection of bacterial pathogens in green mussel samples 
collected from Bacoor City, Cavite during time and distribution study

Pathogens                                                          Supplies Chain

 Producer Wholesaler Retailer Consumer

V. parahaemolyticus + ND + +
V. cholerae + ND + ND
V. alginolyticus + + + +
V. vulnificus + ND + ND
Salmonella + + + +

Values expressed (+) - presence detected, (ND) - presence not detected, *detected at 
25g sample

Table 5: Analyses of green mussel meat collected in Bacoor City, Cavite during 
time and distribution study

Analyses                                                       Supplies Chain

 Producer Wholesaler Retailer Consumer

pH 6.16±0.03ᵃ 6.22±0.16ᵃ 06.07±0.4ᵃ 6.22±0.57ᵃ
Drip Loss (%) >1ᵃ 25.60±4.73ᵇ 3.45±0.29ᵃ 5.97±2.66ᵃ

*Values expressed as mean ± SD. Superscripts indicate significant differences at P<0.001, 
and P>0.05 across the sampling areas.
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to 25.60±4.73% during the 2-5 h holding period. 
Afterward, the percentage drip loss slowed down 
to 3.45-5.97% in the retailer and consumer points. 

Discussion
Post-Harvest Practices Along the Supply Chain 
Point
The post-harvest practices described in this 
research do not conform with WHO,20 which states 
that vehicles for the transportation of live shellfish 
should have proper chilling equipment to maintain 
a temperature as close as possible to 0°C tolerable 
to the live commodity and to avoid contamination, 
exposure to extreme temperature, and drip loss due 
to the drying effect of the sun and wind. According to 
Boyd and Wilson21 mussels transported at ambient 
and chilling temperatures have an expected shelf-
life of four days and nine days, respectively. PNS-
BAFS22 recommended that the product should be 
packaged using suitable food-grade materials that 
are clean, free of contaminants, and any foreign 
objects. Also, bulk packaging of mixed species is not 
recommended. Proper packaging should be used 
since it enables food to be transported safely for long 
distances from its place of origin while maintaining 
its nutritional value.23

Physico-chemical and Microbial Characteristics 
of the Culture Site
The ideal values of water parameters suitable for 
culturing green mussels are 27 to 30ºC for water 
temperature; >5 mg/L for dissolved oxygen; 7.0 to 8.5 
for pH and 27 to 35 ppt for salinity; 10,000-100,000 
mg/L for TDS; 30-55 S/m for conductivity.2,24,25 
Based on these reference ideal values, it affirms that 
Canacao Bay passed the recommended parameter 
values and is ideal for the culture of green mussels. 

In this study, the sampling was during summer 
which resulted in a significant increase in the 
densities of total coliforms. Atherholt et al.,26 stated 
that the occurrence of high coliform bacteria counts 
is primarily observed during the summer season, 
which corresponds to a period of elevated water 
temperatures. Furthermore, the high E. coli counts in 
the water can be attributed to the association of the 
pathogen with particles present in the water.27 Most 
of the studies indicated higher levels of bacterial 
load in the sediment than in the water samples of 
a lake or bay environment.28,29 Also, the high level 
of fecal coliforms and E. coli and Vibrio spp. in the 

water sample was due to harvest activities in the 
sampling area which caused the mixing of sediments 
and water during the sampling. With the presence 
of Vibrio species in the culture sites, V. alginolyticus 
was present in both water and sediment samples 
since it is the most halotolerant among all species 
of Vibrio.30 Notably, V. vulnificus, a known virulent 
pathogen, was detected in the sediment samples 
only because they tend to suspend in particulate 
matter.31,32 According to Kaysner et al.,18 Vibrio spp. 
are fragile to extreme heat and cold, hence, the 
varying results among samples could be due to 
the conditions during transport from the sampling 
site to the laboratory. Meanwhile, the presence of 
Salmonella in the samples was already expected 
since the sampling sites were near the residential 
areas, where some of the houses and stilts were 
built upon the water, and disposal of wastes was 
not properly observed. According to Liu et al.,33 the 
presence of Salmonella in the environment indicates 
contamination by sources such as sewage, animal 
feces, or contaminated runoff. Meanwhile, the 
Philippine standard for bivalve culture sites should 
fall under the Class SA waters wherein the total 
coliform and E. coli count should be 70 MPN/100mL 
and ≤ 1.1 MPN/mL.25 In the present study, the culture 
sites passed the standard for total coliforms but 
they failed the standard limit for E. coli count. Fecal 
coliforms, including E. coli, are employed as markers 
to evaluate the quality of shellfish and determine 
the classification of the areas where shellfish are 
cultivated and harvested.34 The presence of an 
excessive amount of fecal contamination in seawater 
can have severe consequences because it can lead 
to outbreaks of waterborne diseases, affecting not 
only swimmers but also those who consume seafood 
from contaminated waters.35

Microbial Counts of Mussels Along the Supply 
Chain
The microbial quality of green mussels harvested 
from Bacoor City, Cavite was recorded during 
simulated time and distribution across supply chain 
points. The APC of mussel samples was higher 
than the standard limits set by PNS/BAFS,36 which 
is log 5.70 CFU/g only. As mentioned previously, the 
mussel culture area failed the DENR25 standards for 
the total coliform load. Since APC measures the total 
bacterial population in a sample, the recorded values 
have exceeded the required limit for fresh bivalves. 
It can be noted that APC increased along the supply 
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chain because icing or lowering the temperature 
during transit was not practiced. This increase can 
be attributed to the lack of proper practices such 
as icing or temperature control during transit since 
most bacteria associated with food are mesophilic 
and they multiply rapidly in warm temperatures which 
typically range from 20 to 45ºC.37

Meanwhile, the results for total coliforms conformed 
to the range required by the FDA NSSP which is 
230 MPN/100g, while the fecal coliform and E. 
coli content increased to a level deemed to be 
unacceptable for raw consumption. As mentioned 
in this study, the fecal coliform content of the water 
samples did not pass the standards set by DENR25 
for suitable culture sites. Furthermore, the immobile 
nature and filter-feeding mechanism of mussels 
make them capable of harboring and transmitting 
foodborne pathogens. This is attributed to their 
propensity to accumulate pathogenic bacteria and 
other biological particles within their tissues over an 
extended period.38,39 The bacterial load in the retailer-
to-consumer chain experienced an increase due to a 
holding period of 2-8 h. During this interval, mussels 
are stacked in the market or stored in sacks before 
being sold to customers. This period of storage can 
contribute to a further rise in the bacterial load of the 
mussels. Fecal coliforms, specifically E. coli, have 
a rapid doubling time of 20 min, hence, this long 
period before the consumers cook the mussels is 
already detrimental and can lead to an increased risk 
of foodborne diseases.40 In the microbiological food 
safety standards for live bivalve mollusks, one of 
the criteria is the absence of Salmonella spp. which 
means that none of the samples should contain 
any detectable levels of this bacteria.41 Salmonella 
is a common culprit behind foodborne illnesses in 
humans. Non-typhoidal salmonellosis is associated 
with a high incidence of gastroenteritis cases that 
are linked to the consumption of contaminated food 
while typhoidal strains have the potential to cause 
a serious systemic illness known as enteric fever. 
This bacterium is a major cause of illness worldwide 
and is associated with substantial morbidity and, in 
some cases, mortality.33,42 Meanwhile, due to the 
filter-feeding mechanism of mussels, Vibrio spp. 
has also been detected in the samples. Different 
species of Vibrio cause illness in humans such 
as V. cholerae which causes cholera, an intense 
diarrheal ailment that can become life-threatening 
in the absence of treatment. This disease is typically 

disseminated through contaminated water sources 
and direct person-to-person contact. Conversely, 
non-cholera Vibrio species like V. parahaemolyticus, 
V. alginolyticus, and V. vulnificus lead to Vibriosis, 
a group of infections commonly acquired from 
exposure to seawater or the ingestion of inadequately 
cooked seafood that is contaminated.43 Despite 
its presence, the concentration was within the 
acceptable limit of <30 MPN/g as stipulated in the 
FDA NSSP. The reduction in Vibrio load observed 
between the retailer and consumer stages can be 
attributed to the depuration process practiced by 
consumers. During this process, mussels are soaked 
in water for several minutes until a turbid solution 
is obtained. This soaking allows the mussels to 
expel the contents of their digestive glands.44 Also, 
V. parahaemolyticus is halophilic and undergoes 
rapid lysis upon contact with freshwater, hence the 
reduction in their number.45 The primary purpose 
of the depuration process is to mitigate the risks 
associated with the consumption of live shellfish, 
particularly mussels, by final consumers.46 In other 
countries, mussels that are purchased alive and 
intended for cooked consumption need to undergo 
the depuration process.47 This is because the 
mere commercialization of these shellfish does not 
guarantee the elimination of disease-causing agents, 
necessitating the implementation of depuration to 
ensure their safety.48,49

Physico-chemical Analyses of Green Mussel 
Meat
The results of this study were in agreement with the 
pH range of seafood which typically ranges from 
6.2 to 6.5.50 Azanza et al.51 and Lin et al.52 reported 
that the pH levels of fresh green mussels are near 
neutral. Also, bivalves such as clams and oysters 
have a pH of 6.26-6.48 and 6.28-6.42, respectively.53 
In this pH range, autolytic enzymes are active 
thereby causing the rapid autolysis of fish muscle. 
This process occurs more swiftly in seafood than in 
mammals and poultry.50,54,55 In general, seafood is 
less stable and classified as highly perishable food 
products due to its high moisture content and the 
presence of nutrients which are more susceptible 
to microbial spoilage.56,57 Furthermore, a low pH in 
mussels is an indicator of spoilage since this favors 
the growth of microorganisms such as enterococci, 
lactobacilli, and yeasts.54 These spoilage bacteria 
generate odor and unpleasant flavors in seafood 
due to their metabolic activities.56 Meanwhile, 
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throughout the simulated experiment, which lasted 
approximately 12 h, the samples lost about 35% 
fluid from their tissues. As a result, there is a loss of 
water, iron, and proteins during the transformation 
of muscle into meat.58 The significant drip loss 
experienced during the initial 6-hour period from 
the producer to the wholesaler can be attributed to 
prolonged transportation in vehicles lacking proper 
cooling systems. According to Huff-Lonergan,59  
a high storage temperature can lead to an increased 
drip loss which can affect the quality of the product. 
The results of this study were in agreement with 
Otto et al.60 wherein drip loss in case-ready meats 
exhibited a notable rise during the initial day, 
followed by diminishing increments in the latter half 
of the observation period during a 7-day experiment 
period. The low percent drip loss achieved in the 
later stages of the simulation can be attributed to 
the near-neutral pH of the samples. In seafood, a 
low pH level is associated with high drip loss.61,62,63 
In terms of the physico-chemical quality of the fresh 
mussels, the pH level of the samples did not lower 
to a point where it can promote increased drip loss 
which can subsequently affect the quality in terms 
of sensorial characteristics. Hence, maintaining the 
fluids in mollusks as live seafood commodities is 
essential for preserving their freshness, viability, 
and quality.64

Conclusion
Mussel samples were subjected to a time-distribution 
study to identify the presence of foodborne 
pathogens and to determine the changes in pH and 
drip loss. In terms of the physico-chemical properties 
of water, the parameters meet the requirements for a 
culture site. However, the results of the experiments 
revealed that the mussel culture site was high in 

fecal coliforms and E. coli, and the presence of 
Vibrio and Salmonella were detected. Results of the 
interview with the individuals involved in the supply 
chain revealed that post-harvest practices used 
were not compliant with recommended standards 
by WHO and FAO. Hence, the presence of the 
aforementioned pathogenic bacteria at the different 
points of the supply chains was detected. The APC 
of the samples also exceeded the microbial load 
required for fresh bivalves. The pH level of the fresh 
mussel meat remained constant while experiencing 
an increased drip loss during the initial period of 
the simulation. The presence of these pathogens 
emphasizes the importance of implementing 
stringent safety measures. These measures include 
closely monitoring the growing areas, enhancing 
sanitary practices, employing depuration techniques, 
and ensuring the thorough cooking of mussels. 
By implementing these measures, the aim is to 
effectively reduce or eliminate the microbial load 
present in mussels, comply with international and 
recommended standards, and ultimately ensure their 
safety before consumption. 

Acknowledgments
The authors extend their utmost appreciation to the 
Municipal Agriculture Office of Bacoor, Cavite, and 
the research staff of the Center for Lake Sustainable 
Development. 

Funding
This research study did not receive any funding 
support.

Conflict of Interest
The authors declare no conflict of interest.

References

1. Guerrero R. D. The Philippines Recommends 
for Mussels and Oysters. PCARRD Tech. 
Bull. 1983; 2:1-46.

2. Aypa S.M. Mussel culture. In: Regional 
Seafarming Development and Demonstration 
Project (RAS), Selected Papers on Mollusk 
Culture. UNDF/FAO (RAS/90/ 002), National 
Inland Fisheries Institute, Bangkok; 1990

3. Philippine Statistics Authority (PSA). Fisheries 
Statistics of the Philippines 2019-2021. 

Philippine Statistics Authority; 2022. Part 8/
pp. 276-279. ISSN 2012-0397. 

4. Saritha K., Mary D., Patterson J. Nutritional 
Status of Green Mussel Perna viridis at Tamil 
Nadu, Southwest Coast of India. J Nutr Food 
Sci. 2015; 2015:1-4. DOI:10.4172/2155-
9600.S14-003

5. Jørgensen C.B. Bivalve Filter Feeding: 
Hydrodynamics, Bioenergetics, Physiology 
and Ecology. Fredensborg, Denmark: Olsen 



804ROSARIO et al., Curr. Res. Nutr Food Sci Jour., Vol. 11(2) 795-807 (2023)

& Olsen; 1990.
6. Tan K.S., Ransangan J. Feeding Behaviour 

of Green Mussels, Perna viridis Farmed 
in Marudu Bay, Malaysia. Aquac. Res. 
2017 ;48(3 ) :1216-1231 .  h t tps : / /do i .
org/10.1111/are.12963

7. Institute of Medicine (US) Committee on 
Evaluation of the Safety of Fishery Products. 
Microbiological and Parasitic Exposure and 
Health Effects. In: Ahmed F.E. Seafood 
Safety. Washington, DC: National Academy 
Press (US); 1991: 30-79. https://www.ncbi.
nlm.nih.gov/books/NBK235727/. Accessed 
June 25, 2023. 

8. Odeyemi O.A., Dabadé D.S., Amin M., Dewi 
F.R., Kasan N.A., Onyeaka H., Anyogu A., 
Dada A.C., Stratev D. Microbial Diversity of 
Bivalve Shellfish and the Use of Innovative 
Technologies for Preservation, Monitoring 
and Shelf- l i fe Extension. Food Res . 
2023;7(2):209-221. https://doi.org/10.26656/
fr.2017.7(2).998

9. Evans K.S., Athearn K., Chen X., Bell K.P., 
Johnson T. Measuring the Impact of Pollution 
Closures on Commercial Shellfish Harvest: 
The Case of Soft-shell Clams in Machias 
Bay, Maine. Ocean Coast Manag. 2016; 
130:196-204. https://doi.org/10.1016/j.
ocecoaman.2016.06.005. 

10. BFAR. Philippine Shellfish Industry Roadmap 
2021-2025. Quezon City, Philippines: Bureau 
of Fisheries and Aquatic Resources; 2022. 
ISSN 2945-4409. 

11. Menzel W., Rosell N.C. The Green Mussel 
(Perna viridis) in the Philippines. In: Estuarine 
and Marine Bivalve Mollusk Culture. Boca 
Raton: CRC Press; 2018. 

12. Nuñal S.N., Monaya K.J.M., Mueda C.R.T., 
Santander-De Leon M.S. Microbiological 
Quality of Oysters and Mussels Along 
Its Market Supply Chain. J Food Prot. 
2023;86(3):100063. https://doi.org/10.1016/j.
jfp.2023.100063

13. Love D.C., Lane R.M., Kuehl L.M., Hudson B., 
Harding J., Clancy K., Fry J.P. Performance 
and Conduct of Supply Chains for United 
States Farmed Oysters. Aquac. 2020; 
515:734569. https://doi.org/10.1016/j.
aquaculture.2019.734569

14. Association of Official Analytical Chemists 
(AOAC). Official Method of Analysis of the 

Association of Official Analytical Chemists. 
Arlington, VA, USA. AOAC; 1990. No. 934.06. 
https://law.resource.org/pub/us/cfr/ibr/002/
aoac.methods.1.1990.pdf. Accessed June 
25, 2023. 

15. Feng P., Weagant S. D., Grant M. A., 
Burkhardt W. Enumeration of Escherichia 
coli and the Coliform Bacteria, chap 4. In: 
Bacteriological Analytical Manual Online. 
U.S. Food and Drug Administration, Silver 
Spring, MD: 2022. https://www.Fda.gov/food/
laboratory-methods-food/bam-chapter-4-
enumeration-escherichia-coli-and-coliform-
bacteria. Accessed on June 28, 2023.

16. Ginigaddarage P.H.,  Surendra I .H. , 
Weththewa W.K., Ariyawansa K.W., Arachchi 
G.J., Jinadasa B.K., Hettiarachchi K.S., 
Edirisinghe E.M. Microbial and Chemical 
Quality of Selected Dried Fish Varieties 
Available in Sri Lankan Market. Sri Lanka 
J Aquat Sci. 2018;23(1):119. https://doi.
org/10.4038/sljas.v23i1.7552

17. Andrews W. H., Wang H., Jacobson A., Ge B., 
Zhang G., Hammack T. Salmonella, chap 5. 
In: Bacteriological Analytical Manual online. 
U.S. Food and Drug Administration, Silver 
Spring, MD: 2018. https://www.fda.gov/food/
laboratory-methods-food/bam-chapter-5-
Salmonella. Accessed on June 28, 2023.

18. Kaysner C. A., DePaola A. Jr. Vibrio, chap 9. 
In: Bacteriological analytical manual online. 
U.S. Food and Drug Administration, Silver 
Spring, MD: 2004. https://www.fda.gov/food/
laboratory-methods-food/bam-chapter-9-
Vibrio. Accessed on June 28, 2023.

19. Min Y., Dong S., Su M., Zhao Y., Zeng 
M. Physicochemical, Microbiological and 
Sensory Quality Changes of Tissues 
from Pacific Oyster (Crassostrea gigas) 
During Chi l led Storage.  J Food Sci 
Technol. 2020;57(7):2452-2460. https://doi.
org/10.1007/s13197-020-04280-1

20. World Health Organization. Code of Practice 
for fish and fishery products. Food and 
Agriculture Organization. 2020. https://apps.
who.int/iris/rest/bitstreams/1314991/retrieve. 
Accessed on June 25, 2023.

21. Boyd N. S.,  Wilson N. D. C. Handling and 
processing of raft-farmed mussels. In: 
Symposium on Fish Utilization Technology 
and Marketing in the Indo-Pacific Fishery 



805ROSARIO et al., Curr. Res. Nutr Food Sci Jour., Vol. 11(2) 795-807 (2023)

Commission Region. Food and Agriculture 
Organization of the United Nations. 1978; 
IPFC/78/SYMP/52. https://www.fao.org/apfic/
publications/detail/en/c/419932/. Accessed 
June 25, 2023. 

22. Philippine National Standard (PNS)/Bureau of 
Agriculture and Fisheries Standards (BAFS). 
Live and Raw Molluscs-Product Standard. 
Table 1. Microbiological Safety Requirements 
(PNS/BAFS 89-2021). 2021. https://bafs.
da.gov.ph/bafs_admin/admin_page/pns_file/
PNS%20BAFS%2089-2021%20Live%20
and%20Raw%20Bivalve%20Molluscs%20
-%20Product%20Standard.pdf. Accessed 
June 25, 2023. 

23. Marsh K., Bugusu B. Food Packaging - 
Roles, Materials, and Environmental Issues. 
J Food Sci. 2007;72(3):39-55. https://doi.
org/10.1111/j.1750-3841.2007.00301.x

24. Soon T.K., Ransangan J. Feasibility of Green 
Mussel, Perna viridis Farming in Marudu 
Bay, Malaysia. Aquac Rep. 2016;4:130-135. 
https://doi.org/10.1016/j.aqrep.2016.06.006

25. Department of Environment and Natural 
Resources (DENR). DAO-2021-19. Published 
June 30, 2021. https://ncr.denr.gov.ph/
images//dao-2021-19-updated-water-quality-
guidelines-wqg-and-general-ef_p21757.pdf. 
Accessed on June 23, 2023.

26. Atherholt T.B., Procopio N.A., Goodrow S.M. 
Seasonality of Coliform Bacteria Detection 
Rates in New Jersey Domestic Wells. US 
Envi Prot Agen Papers. 2016; 259:1-16. DOI: 
10.1111/gwat.12482

27. Wu T., Zhai, C., Zhang J., Zhu D., Zhao 
K., Chen Y. Study on the Attachment of 
Escherichia coli to Sediment Particles at 
a Single-Cell Level: The Effect of Particle 
Size. Water. 2019; 11(4): 819. https://doi.
org/10.3390/w11040819

28. Chase E., Young S., Harwood V.J. Sediment 
and Vegetation as Reservoirs of Vibrio 
vulnificus in the Tampa Bay Estuary and 
Gulf of Mexico. Appl Environ Microbiol. 
2015;81(7):2489-2494. doi :10.1128/
aem.03243-14

29. An Y-J., Kampbell D.H., Breidenbach G.P. 
Escherichia coli and Total Coliforms in Water 
and Sediments at Lake Marinas. Environ 
Pollut. 2002;120(3):771-778. doi:10.1016/
s0269-7491(02)00173-2.

30. Su J., Zhang Y., Hu T., Ming H., Xie Y., Jin 
Y., Shi T., Fan J. Prevalence, Antibiotic 
and Heavy Metal Resistance of Vibrio spp. 
Isolated from the Clam Meretrix meretrix at 
Different Ages in Geligang, Liaohe Estuary in 
China. Front Mar Sci. 2022;9. doi:10.3389/
fmars.2022.1071371.

31. Kopprio G.A., Neogi S.B., Rashid H., Alonso 
C., Yamasaki S., Koch B.P., Gärdes A., Lara 
R.J. Vibrio and Bacterial Communities Across 
a Pollution Gradient in the Bay of Bengal: 
Unraveling their Biogeochemical Drivers. 
Front Microbiol. 2020;11:594. doi:10.3389/
fmicb.2020.00594

32. Lara R., Neogi S., Islam M., Mahmud Z., 
Yamasaki S., Nair G. Influence of Catastrophic 
Climatic Events and Human Waste on Vibrio 
Distribution in the Karnaphuli Estuary, 
Bangladesh. Ecohealth. 2009;6:279-286. 
doi:10.1007/s10393-009-0257-6.

33. Liu H., Whitehouse C. A., Li B. Presence 
and Persistence of Salmonella in Water: The 
Impact on Microbial Quality of Water and 
Food Safety. Front Public Health. 2018; 6. 
https://doi.org/10.3389/fpubh.2018.00159

34. Hunt D.A. Indicators of Quality for Shellfish 
Waters. In: Hoadley A.W., Dutka B.J., 
editors. Bacterial Indicators/Health Hazards 
Associated with Water. Philadelphia: 
American Society for Testing and Materials; 
1977; 337-345.

35. Pandey P.K., Kass P.H., Soupir M.L., Biswas 
S., Singh V.P. Contamination of water 
resources by pathogenic bacteria. AMB 
Express. 2014; 4:51. doi: 10.1186/s13568-
014-0051-x

36. Philippine National Standard (PNS)/Bureau of 
Agriculture and Fisheries Standards (BAFS). 
Live and Raw Molluscs-Product Standard. 
Table 1. Microbiological Safety Requirements 
(PNS/BAFS 89-2021). 2021. https://bafs.
da.ov.ph/bafs_admin/admin_page/pns_file/
PNS%20BAFS%2089-2021%20Live%20
and%20Raw%20Bivalve%20Molluscs%20
-%20Product%20Standard.pdf. Accessed 
June 28, 2023. 

37. Gill C.O., Newton K.G. The Ecology of 
Bacterial Spoilage of Fresh Meat at Chill 
Temperatures. Meat Sci. 2003;64(1):93-108. 
doi:10.1016/s0309-1740(02)00163-3.

38. Mosteo R., Goñi P., Miguel N., Abadías J., 



806ROSARIO et al., Curr. Res. Nutr Food Sci Jour., Vol. 11(2) 795-807 (2023)

Valero P., Ormad M. P. Bioaccumulation of 
Pathogenic Bacteria and Amoeba by Zebra 
Mussels and their Presence in Watercourses. 
Environ Sci Pollut Res. 2015; 23(2):1833-
1840. DOI: 10.1007/s11356-015-5418-2

39. Azalea A.M., Katherine C.G., William A.M. 
Fecal Coliform Accumulation Within a River 
Subject to Seasonally-Disinfected Wastewater 
Discharges. Water Res. 2010; 44:4776-82. 
DOI: 10.1016/j.watres.2010.05.060

40. Gibson B., Wilson D.J., Feil E., Eyre-Walker 
A. The Distribution of Bacterial Doubling 
Times in the Wild. Proc R Soc B Biol Sci. 
2018;285(1880):20180789. doi:10.1098/
rspb.2018.0789.

41. European Commission (EC). Commission 
Regulation on Microbiological Criteria 
for Foodstuffs (EC 2073/2005). 2005. 
http://faolex.fao.org/docs/pdf/eur61603.pdf. 
Accessed June 29, 2023

42. Rabsch W., Tschape H., Baumler A. Non-
Typhoidal Salmonellosis: Emerging Problems. 
Microbes Infect. 2001; 3:237–247.

43. Baker-Austin C., Oliver J.D., Alam M., Ali A., 
Waldor M.K., Qadri F., Martines-Urtaza, J. 
Vibrio spp. Infections. Nat Rev Dis Primers. 
2018; 4:1–19. https://doi.org/10.1038/
s41572-018-0005-8

44. Oliveira J., Cunha A., Castilho F., Romalde 
J. L., Pereira M. J. Microbial Contamination 
and Purification of Bivalve Shellfish: Crucial 
Aspects in Monitoring and Future Perspectives 
– a Mini-Review. Food Control. 2011; 
22(6): 805–816. https://doi.org/10.1016/j.
foodcont.2010.11.032

45. Food and Drug Administration. FDA Circular No. 
2022-012 - Guidelines on the Microbiological 
Requirements and Assessment of Certain 
Prepackaged Processed Food Products 
Repealing FDA Circular No. 2013-010 entitled 
“Revised Guidelines for the Assessment of 
Microbiological Quality of Processed Foods”. 
https://www.fda.gov.ph/fda-circular-no-2022-
012-guidelines-on-the-microbiological-
requirements-and-assessment-of-certain-
prepackaged-processed-food-products-
repealing-fda-circular-no-2013-010-entitled-
revised-g/. Accessed on August 18, 2023. 

46. Hassen A., Mahrouk M., Ouzari H., Cherif 
M., Boudabous A., Damelincourt J.J. UV 
Disinfection of Treated Wastewater in a 

Large Scale Pilot Plant and Inactivation of 
Selected Bacteria in a Laboratory UV Device. 
Bioresour Technol. 2000;74(2):141-150. 
doi:10.1016/S0960-8524(99)00179-0

47. Guimarães Filho C.E., Calixto F.A., Kasnowski 
M.C., Mesquita, E. de. Depuration of Bivalve 
Molluscs: A Literature Review. Food Sci 
Technol. 2022; 42. https://doi.org/10.1590/
fst.06622

48. Lee R., Lovatelli A., Ababouch L. Bivalve 
Depuration: Fundamental and Practice 
Aspects (FAO Fisheries Technical Paper). 
Rome: FAO; 2008. http://www.fao.org/
documents/card/en/c/91ea7200-8fdb-55ce-
857b-a5816e157609/. Accessed June 23, 
2023. 

49. Younger A.D.,  Lee R.J. ,  Lees D.N. 
Microbiological Monitoring of Bivalve Shellfish 
Harvesting Areas in England and Wales 
– Rational and Approach. In: Villalba A, 
Reguera B, Lopez-Romalde JL, Beiras R, 
editors. Molluscan Shellfish Safety. Santiago 
de Compostela: Conselleria de Pesca da 
Xunta de Galícia and Intergovernmental 
Oceanographic Commission of UNESCO; 
2003.

50. Fraser O., Sumar S. Compositional Changes 
and Spoilage in Fish—An Introduction. Nutr. 
Food Sci. 1998; 98: 275–279.

51. Azanza M.P., Azanza R.V., Ventura S.R. Heat 
Shocking of Philippine Green Mussels, Perna 
viridis. Int J Food Sci Technol. 2005; 40(7), 
689–694. 

52. Lin C.-S., Tsai Y.-H., Chen P.-W., Chen 
Y.-C., Wei P.-C., Tsai M.-L., Lee Y.-C. 
Impacts of High-Hydrostatic Pressure on 
the Organoleptic, Microbial, and Chemical 
Qualities and Bacterial Community of 
Freshwater Clam during Storage Studied 
Using High-throughput Sequencing. LWT. 
2022; 171:14124. https://doi.org/10.1016/j.
lwt.2022.114124

53. Hir imuthugoda N.Y. ,  Gamage C.S. , 
Marapana R.A.U.J., Gunarathna S. Growth 
Characteristics and Meat Quality Attributes 
of Clam (Geloina vexans) and Oysters 
(Crassostrea madrasensis) Harvested from 
Two Lagoons of Sri Lanka. Indian J Mar Sci. 
2016; 45(6):772-777. 

54. Kontominas M. G., Badeka A. V., Kosma I. 
S., Nathanailides, C. I. Recent Developments 



807ROSARIO et al., Curr. Res. Nutr Food Sci Jour., Vol. 11(2) 795-807 (2023)

in Seafood Packaging Technologies. Foods. 
2021; 10(5): 940. https://doi.org/10.3390/
foods10050940

55. Ghaly A.E., Dave D., Budge S., Brooks M.S. 
Fish Spoilage Mechanisms and Preservation 
Techniques. Review. Am. J. Appl. Sci. 
2010; 7: 846–864. https://doi.org/10.3844/
ajassp.2010.859.877.

56. Odeyemi O. A., Burke C. M., Bolch C. C., 
Stanley, R. Seafood Spoilage Microbiota 
and Associated Volatile Organic Compounds 
at Different Storage Temperatures and 
Packaging Conditions. Int. J. Food Microbiol. 
2018; 280: 87-99. 

57. Erkmen O. Bozoglu T. Spoilage of Fish 
and Other Seafoods: Food Microbiology: 
Principles Into Practice. Chichester, United 
Kingdom: John Wiley & Sons, Ltd. 2016: 
301–306. doi: 10.1002/9781119237860.ch18

58. Ponsuksili S., Jonas E., Murani E., Phatsara 
C., Srikanchai T., Walz C., Wimmers 
K. (2008). Trait Correlated Expression 
Combined with Expression QTL Analysis 
Reveals Biological Pathways and Candidate 
Genes Affecting Water Holding Capacity of 
Muscle. BMC Genom. 2008; 9(1). https://doi.
org/10.1186/1471-2164-9-367

59. Huff-Lonergan E. Fresh Meat Water-Holding 
Capacity. In: Joseph P. Kerry, David Ledward, 
editor. Improving the Sensory and Nutritional 
Quality of Fresh Meat. United Kingdom: 
Woodhead Publishing Series in Food 
Science, Technology and Nutrition. University 

of Reading, UK: Woodhead Publishing; 2009: 
147-160. 

60. Otto G., Roehe R., Looft H., Thoelking L., 
Henning M., Plastow G. S., Kalm E. Drip 
Loss of Case-Ready Meat and of Premium 
Cuts and their Associations with Earlier 
Measured Sample Drip Loss, Meat Quality, 
and Carcass Traits in Pigs. Meat Sci. 2006; 
72(4):680-687. https://doi.org/10.1016/j.
meatsci.2005.10.001

61. Cowie W.P., Little W.T. The Relationship 
Between the Toughness of Cod Stored at -29° 
C and its Muscle Protein Solubility and pH. 
Int J Food Sci Technol. 1966;1(4):335-343. 
https://doi.org/10.1111/j.1365-2621.1966.
tb02022.x

62. Kelly T.R. Quality in Frozen Cod and 
Limiting Factors on its Shelf Life. Int J Food 
Sci Technol. 1969;4(2):95-103. https://doi.
org/10.1111/j.1365-2621.1969.tb01502.x

63. Vidode Mattio N.D., Paredi M.E., Crupkin 
M. Postmortem Changes in the Adductor 
Muscle of Scallop (Chlamys tehuelchus) in 
Chilled and Frozen Storage. J Aquat Food 
Prod Technol. 2001;10(3):49-60. https://doi.
org/10.1300/J030v10n03_05

64. Food and Agriculture Organization (FAO) 
and World Health Organization (WHO). Code 
of Practice for Fish and Fishery Products. 
Rome: FAO; 2020. ISBN 9789251331705. 
ftp://ftp.fao.org/codex/Publications/Booklets/
Practice_code_fish/CCFFP_2012_EN.pdf. 
Accessed June 25, 2023.


