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Abstract

Vibrio parahaemolyticus is a zoonotic disease transmitted to humans when handling or consuming
improperly cooked fish meat. This study aimed to evaluate the effect of thermal treatment on V.
parahaemolyticus isolates. Different heat treatment methods are used to determine the best methods for
controlling V. parahaemolyticus, isolated from fish meat, which include microwave, low-temperature long
time, and high-temperature short time methods. The V. parahaemolyticus isolates significantly declined in
bacteria count when they were kept at 4°C, and 25°C for a long time, and the V. parahaemolyticus isolates
significantly declined in bacteria count manner when they were kept at -20°C for a long time. The high
temperature and long-time exposure at 75°C/25 minutes by moist heat, 87°C/5 minutes by dry heat, and
70°C/20 minutes by frying heat were enough to kill V. parahaemolyticus isolates. This work can be useful
to decrease the hazards of infections related to V. parahaemolyticus and reduce the causes of fish-borne
pathogens.

Introduction

Fish farming is one of the best ways to solve 21st-century problems like feeding a rising population.
(Muringai et al., 2022). The United Nations (UN) reported that the current world population of 7.6 billion
is expected to reach 8.6 billion in 2030, 9.8 billion in 2050, and 11.2 billion in 2100 (UN, 2022).

The growing global population and longer life expectancy have raised concerns about food availability.
Food from terrestrial animals has been available to humans via agriculture for at least 5000 years
(Modlinska and Pisula, 2018). Protein-rich fish items are a popular human food choice. In the 21st century,
the importance of the fishing and farming industries in ensuring everyone has access to healthy food is
becoming more widely acknowledged. In 2020, it is predicted that the world will produce 178 million
metric tons of aquatic animals (FAO, 2022).

From fish to crabs to octopus, aquatic animal source foods (AASFs), which constitute the majority of
aquatic foods, provide critical nutrients that support human health and development. AASFs enhance
human health in at least three ways: being the primary omega-3 fatty acid supply, long-chain
polyunsaturated fatty acids docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA) (hereafter
referred to jointly as DHA+EPA), which may protect against cardiovascular disease and improve cognitive
function, help people eat less of the less-healthy red and processed meats that have been linked to negative
health outcomes, and help people get enough of the micronutrients (like vitamin A, calcium, and iron) they
need to prevent disease (Iannotti et al., 2022). The evidence of protein hydrolysate's physiological benefits,
including its antioxidant, anti-hypertensive, anti-inflammatory, antimicrobial, and hypocholesterolemia
effects, is limited (Kamaruddin et al., 2021).

Despite their great nutritional content, aquatic goods nonetheless face several safety issues associated with
their production methods and environmental dangers (Castello et al., 2023). People are understandably
worried about the safety of the food supply owing to the prevalence of dangerous bacteria in the marine
environment across the globe. The study designed by Carella et al. (2010) in Italy reported that marteiliosis
caused by the genus Marteilia has been shown to cause important production losses at the national and
international level in many of the susceptible species. Also, Smaldone et al. (2020) confirmed that the
presence of Anisakis larvae in fish represents a major public health concern. On the other hand, Anastasio
et al. (2014) confirmed that the treatment with Rosmarinus extends the shelf life of vacuum-packed
refrigerated swordfish steaks.

However, Vibrio parahaemolyticus, a type species of the genus Vibrio that belongs to the family
Vibrionaceae, serves as an excellent illustration (Taragusti et al., 2020). The Gram-negative halophilic



bacteria V. parahaemolyticus is ubiquitous in estuarine, marine, and coastal ecosystems. In humans, V.
parahaemolyticus is the most common cause of acute gastroenteritis after eating raw, undercooked, or
improperly handled seafood. Wound infections, ear infections, and septicemia caused by V.
parahaemolyticus are very dangerous, especially for those with compromised immune systems (Baker-
Austin et al., 2018). Fujino et al. (1953) initially identified V. parahaemolyticus in 1950 as the cause of
foodborne illness during a significant epidemic in Japan that resulted in 272 cases of sickness and 20
fatalities due to shirasu intake.

In particular, since these microorganisms are resistant to most medications, the risk of infection is increased.
The presence of thermostable toxins is thought to contribute to V. parahaemolyticus’ pathogenicity.These
toxine is the main virulence factors of V. parahaemolyticus including direct hemolysin and thermostable
direct hemolysin-related hemolysin , which are encoded by the tdh and trh genes (Raghunath, 2015; Ha et
al., 2023).

Several environmental conditions, such as water temperature, salt, and oxygen concentrations, contact with
plankton, the presence of sediment, organic materials in suspension, and marine creatures, are known to
affect the prevalence and dispersion of V. parahaemolyticus (Haque et al., 2022).

From most to least significant, environmental markers for the occurrence of V. parahaemolyticus are sea
surface temperature, salt, pH, chlorophyll, and turbidity (Namad and Deng, 2023).

Vibrio species have the highest rates of growth among bacteria, multiplying in response to favorable
circumstances such as high temperature, salt, and dissolved oxygen nearly instantly (Abioye et al., 2021).

The study conducted by Zhang et al. (2021) aimed to reduce the risks of infections caused by V.
parahaemolyticus, results revealed that V. parahaemolyticus in alkaline peptone water (APW)-salt broth
decreased gradually at O and 5°C. while increasing rapidly when the temperature was greater than 15°C.
There is some evidence that storing V. parahaemolyticus at temperatures between -18 and -30°C for 15 to
30 days may decrease the pathogen to undetectable levels (3 MPN/g). The number of V. parahaemolyticus
bacteria in APW-salt broth might drastically decrease if frozen. V. parahaemolyticus was more effectively
inactivated by storage at -18°C than by storage at -30°C. As a bonus, V. parahaemolyticus was killed off
from a concentration of 10,000 MPN/g to undetectable levels after being heated to 60°C for 5 minutes,
70°C for 2 minutes, or 80°C or higher for 1 minute. In light of the paucity of research on the topic, we
investigated the effects of exposing V. parahaemolyticus isolated from Yemeni fish meat to room
temperature (21°C), refrigeration (4°C), freezing (-20°C), and various cooking methods.

Materials and Methods

Isolation of Vibrio parahaemolyticus from fish meat

Fish tissue samples were taken in clean plastic bags. Sterile blades were used to mince fish into tiny bits,
releasing any attached germs into the enrichment broth. A clean environment was used for this procedure.
10 g of fish flesh were reconstituted in 90 mL of APW and incubated for 24 hours at 37°C in an incubated
atmosphere for enrichment broth. Subsequently, a loopful [1 pl] of enrichment broth was streaked onto
thiosulfate citrate bile salt sucrose media (TCBS) agar plates. Identification of suspected colonies was
conducted by conventional biochemical tests. After the growth of V. parahaemolyticus colonies on
selective media, another subculture was made on the same media, and the plates were incubated at 37°C
for 24 hours to purify the colony. The pure V. parahaemolyticus colonies on TCBS media were described
morphologically (shape, size, surface texture, edge and elevation, color, opacity, etc.), and then the
suspected colonies were subjected to the identification procedures described. The bacterial smears were
prepared from suspected colonies and stained with Gram stain. The suspected V. parahaemolyticus isolates
appear as pink-colored, curved, rod-shaped, Gram-negative bacteria. Typical colonies of V.



parahaemolyticus were identified using biochemical tests including catalase, oxidase, urease, indole,
motility, MR-VP, citrate, and TSI (Hi-Media, India). Tubes of nutrient broth (0%, 3%, 6%, 8%, and 10%
NaCl) were inoculated with the suspected colonies and incubated at 37°C for 24 hours. V. parahaemolyticus
showed growth only in nutrient broth containing 3%, 6%, and 8% NaCl, but no growth occurred in nutrient
broth without NaCl and there was also no growth in nutrient broth containing 10% NaCl. All media and

reagents were obtained from Hi-Media, India, and the biochemical tests were done according to Hassan et
al. (2012).

Preparation of Vibrio parahaemolyticus

Isolates of V. parahaemolyticus were cultured on TCBS selective agar aerobically at 37°C for 24 hours .
The pure isolates were inoculated in APW and incubated at 37°C for 24 hours. The density of bacteria was
measured using a 0.5 MacFarland stander tube then it was confirmed using a spectrophotometer at the
optical wavelength 480 nm. Each mL contained 108 colony-forming unit (CFU)/mL (Yeung and Thorsen,
2016).

Preparation of fish meat samples

The soft fish meat pieces that did not give any growth of the V. parahaemolyticus were used in the current
study. A 25 gm for each piece, where inoculated with 108 cells/mL of V. parahaemolyticus on the surface
and inside of each meat piece with a sterile disposable syringe. All the pieces were incubated in
polyethylene bags and divided into two parts.

Study the survival of Vibrio parahaemolyticus at room temperature, cooling, and freezing

Room temperature (21°C)

After 3 days at 21°C, the fish tested for spoilage of V. parahaemolyticus at O time and after 1,2, and 3 days.
CFU was counted as previously described in duplicate plates by using TCBS agar (Yeung and Thorsen,
2016).

Cooling temperature (4°C)

The number of CFU was determined at O time and after 1, 2, and 3 days of incubation in the refrigerator at
4°C, each piece was mixed well after cutting with 250 mL of APW broth, and the loop full was streaked
on TCBS agar at 37°C for 24 hours in duplicate plates (Almashhadany, 2020).

Freezing temperature (-18°C)

Samples were taken from inoculated polyethylene bags after O, 1, 2, 3,4, 5, 6, and 7 weeks after being
stored at -18°C. CFU was measured on triplicate plates using the methods previously described, by using
TCBS agar (Almashhadany, 2020).

Study the impact of cooking, microwaving, and frying on Vibrio parahaemolyticus

Cooking (moist heat temperature)

The inoculated pieces of fish meat were transferred and inserted in a sterile Erlenmeyer flask containing
300 mL of sterile distilled water, which was closed with aluminum foil. The flasks were incubated
separately in a water bath in different temperature conditions (50°C/5 minutes; 55°C/10 minutes; 65°C/15
minutes; 70°C/20 minutes; and 75°C/25 minutes). The internal temperature of fish meat was measured by



a special wire thermometer. The CFU was counted on duplicate plates in TCBS agar (Almashhadany,
2020).

Microwave (dry temperature)

Five pieces of fish meat experimentally contaminated with 108 CFU/mL were put in sterile polyethylene
bags. Then, each piece was exposed to short radiation inside the microwave. Five conditions were used in
microwave temperature conditions (55°C/1 minute; 63°C/2 minutes; 71°C/3 minutes; 79°C/4 minutes; and
87°C/5 minutes). Each piece was mixed well after cutting with 250 mL of APW broth and the loop full was
streaked on TCBS agar at 37°C for 24 hours in duplicate plates (Geedipalli et al., 2007).

Frying (dry temperature)

Pieces of fish meat were contaminated with V. parahaemolyticus were placed in the frying oil. A special
wire thermometer was used to determine the internal temperature of the fish meat. Five different conditions
were used in the frying temperature test (50°C/5 minutes, 55°C/10 minutes, 65°C/15 minutes, 70°C/20
minutes, and 75°C/25 minutes). The CFU was calculated in duplicate plates in TBS (Saad et al., 2015).

Results

Survival of Vibrio parahaemolyticus at room temperature (21°C)

The highest bacterial count was found on day 1 after incubating fish meat at room temperature (21°C),
while the lowest bacterial count was found on day 3 (Table 1). There is a highly significant difference
between the time of fish meat preservation and the count of bacteria.

Survival of Vibrio parahaemolyticus at a cooling temperature (4°C)

The highest bacterial count was found on inoculating day (day 0) while the lowest bacterial count was
found on day 3 (Table 2). There is a highly significant difference between time exposure to 4°C
temperatures and V. parahaemolyticus bacterial count.

Survival of Vibrio parahaemolyticus at freezing temperature (-18°C)

The weekly bacterial count in fish meat at freezing temperature -18°C is illustrated in Table 3. The highest
bacterial count was found in fish meat in the first week after incubating at a freezing temperature of -18°C,
while no bacterial growth was recorded at week 7. Long preservation of fish meat at freezing temperature
was a weekly signficantly decline in bacterial count (p=0.000) compared with the week of inoculation.

Impact of cooking (moist heat)

The cooking temperature affected V. parahaemolyticus bacterial count depending on the time of fish meat
exposure to cooking and temperature degree. Long-time exposure to increasing temperature is more
effective in declining bacterial count (Table 4). There are highly significant (p=0.000) differences and a
negative correlation between the time and cooking temperature.

Impact of microwave (dry heating)

The effect of microwave on V. parahaemolyticus count depends on the time exposure and the temperature
degree. Long-time exposure to increasing temperature is more effective in declining bacterial count (Table
5). There are high significant (p=0.000) differences between the time and temperature exposure of fish
meat to the microwave.



Impact of frying

The long-time exposure with increasing the frying temperature is more effective in declining bacterial count
as shown in Table 6. There are high significant (p=0.001) differences between the time and temperature
exposure of fish meat.

Discussion

The United States Center for Disease Control and Prevention produced a surveillance study covering the
years 2009-2018, and it found that fish was the food category most often linked to single-food-category
foodborne outbreaks (Centers for Disease Control and Prevention, 2018; Ahmed, 2021).

V. parahaemolyticus is the most common bacterial cause of food poisoning in humans and originates in
seafood. This bacterium was first identified in 1950 and has since been isolated from both epidemic and
isolated cases of gastroenteritis across the globe (Matsuda et al., 2020; Beshiru and Igbinosa, 2023).
Several methods of food preservation have been developed to fight the spread of disease-causing microbes.
However, one of the most common methods for killing spoilage and harmful bacteria is cold storage
followed by heating treatment (Agriopoulou et al., 2022).

In our study, the results of room temperature and cooling (4°C) were accompanied by a gradual decrease
in the counts of V. parahaemolyticus until the end of the experiment period (Tables 1 and 2). From Table
2, we show that there is a highly significant difference between the time exposure of fish meat at 25°C and
the count of bacteria. The room temperature was shown to be more effective in reducing the bacterial count
than the cooling temperature. Physical, biological, and chemical treatment options are all viable options for
preservation. Techniques such as high-pressure processing, vacuum sealing, and vacuum freezing are all
examples of physical preservation; fermentation, which inhibits the growth of spoilage and harmful
microbes, is an example of a biological therapy, whereas the use of antimicrobial drugs is an example of a
chemical treatment (Chiozzi et al., 2022).

V. parahaemolyticus may live in shell stock oysters for at least three weeks at 4°C and then proliferate in
as little as 2 or 3 days at 35°C. Similarly, 48 hours of storage at 5°C decreased the number of cells of V.
parahaemolyticus in cooked fish mince and surimi, whereas storage at 25°C resulted in growth. According
to the results of these analyses, naturally occurring vibrios may successfully reproduce in unshelled shell-
stock oysters (DePaola et al., 2003).

Both V. parahaemolyticus and V. vulnificus required a minimum of 13°C and 11°C, respectively, to develop
in broth. At temperatures between 13 and 30°C, flounder and salmon sashimi had significantly different
lag times and specific growth rates (p=0.05) (Kim et al., 2012). V. parahaemolyticus in the concentration
of APW in salt broth rose sharply above 15°C, dropped progressively between 0 and 5°C, then rose again
above 15°C (Zhang et al.,2021)

However, the review published by Sheikh er al. (2022) states that almost half of the publications found
growth to be correlated with rising temperatures, and nearly a third found the link to be more nuanced.
There were additional reports of stunted development (6%), as well as no impact (9%). The majority of
Vibrio spp. tested favorably responded to an increase in temperature, although others did not.

Regarding the freezing technique (-18°C), the results show that the highest bacterial count was found in
fish meat in the first week after incubating at a freezing temperature of -20°C. While no bacterial growth
was recorded at week 7 (Table 3).

Fresh aquatic products have a high nutrient density, but they are readily perishable. As an effective
preservation method, freezing could help aquatic products maintain their quality and safety. Nonetheless,



mechanical damage caused by ice crystals and the oxidation of proteins and lipids would inevitably result
in a decline in the frozen product's quality during freezing and preservation (Qiao et al., 2022)

Lund et al. (2000) mentioned that freezing generally causes a reduction in levels of vibrio during storage
by 3 to 4 log!® units or greater. Recoveries after storage for 8 days at -20°C have been reported for V.
parahaemolyticus in seafood, after 3 months in rock lobster tails inoculated at 10* to 10 per sample and
stored at -18°C and, broth V. parahaemolyticus was recovered from pre-sterilized shrimp homogenate
inoculated at approximately 108 g'.

Johnston and Brown (2002) reported that the number of cells was not diminished by freezing. Research
into pasteurization at low temperatures revealed that V. parahaemolyticus was very resistant to heat. All
three pathogens were killed by pasteurization at 70°C for 2 minutes. The heat tolerance of non-cultivatable
cells was either the same or greater than that of normal cells.

Liu et al. (2009) showed that bacteria in seafood may be killed by storing it at 3°C for 7 days, freezing it,
or subjecting it to low-temperature pasteurization and that at -18°C or -24°C, live cells can be inactivated
for 15-28 weeks.

Mudoh et al. (2014) showed that V. parahaemolyticus may be killed or its development slowed by thermal
treatment and cold storage (including refrigeration, icing, and freezing). Keeping meals at a low
temperature (10°C) was an efficient way to prevent the spread of V. parahaemolyticus.

V. parahaemolyticus might be eliminated (3 MPN/g) after being frozen at -18 and -30°C for 15-30 days.
The number of V. parahaemolyticus bacteria in APW-salt broth might be drastically reduced if frozen.
They demonstrated that storing at -18°C was more effective than storing at -30°C in deactivating V.
parahaemolyticus.

However, freezing is one of the most popular procedures since it prevents the development of most bacteria
and the action of enzymes, two factors that may hasten spoilage in meat. Also, Wang et al. (2023) chicken
breasts purchased frozen must be thawed and returned to temperatures between 2 and 4°C before being
used for any other purpose.

However, the danger of quality decline is increased during tempering, therefore it is important to choose a
technique that minimizes damage to the chicken breast. The structure of meat and other properties are
severely altered after freezing, and the "fresh-keeping" effect is not fully realized (Cao et al., 2023).
While fresh aquatic goods are abundant in nutrients, they quickly go bad. The quality and safety of aquatic
items may be better preserved by the use of freezing as a preservation technique. However, the quality of
frozen food will certainly decrease during freezing and preservation due to mechanical damage induced by
ice crystals and the oxidation of proteins and lipids (Qiao et al., 2022).

The survival of V. parahaemolyticus in moist heat temperature (cooking) is more effective in declining
bacterial count. There are highly significant (p=0.000) differences and a negative correlation between the
time and cooking temperature exposed to fish meat and V. parahaemolyticus bacterial count (Table 4).
According to Andrews et al. (2000), shell stock oysters infected with 105 MPN/g of V. parahaemolyticus
were found to have non-detectable levels of the pathogen after being subjected to a 10-minute heat
treatment at 50°C; this finding revealed that V. parahaemolyticus exhibited significant heat resistance.
Virulence-causing vibrios may be killed by boiling shellfish to an interior temperature of at least 60°C for
several minutes. After 10 seconds of heating, interior and external oyster flesh temperatures were found to
be identical, as shown by temperature and pressure profiles. The venting pressure was 52% lower in the
100 g package despite taking 1.53 times as long as in the 50 g package. Total inactivation of both pathogens
was accomplished after microwave, heating at 100% power for 50 seconds on 50 g and 60 seconds on 100
g of oyster flesh, respectively. The research proved the steam-venting package combined with microwave



heating could inactivate microorganisms via uniform heating, avoidance of overheating, and temperature
maintenance (Espinoza Rodezno et al., 2023).

Yeung and Boor (2004) showed that at 48-50°C for 5 minutes, V. parahaemolyticus cells are no longer
identifiable, indicating that the bacteria may be rendered harmless by adequate cooking of shellfish
products. The amount of V. parahaemolyticus in APW-salt broth significantly dropped after being heated
to 50°C, demonstrating the efficacy of heating therapy in reducing V. parahaemolyticus levels. However,
after 10 minutes of heating the culture broth at 50 or 55°C, there were still 1034 CFU/mL of viable cells
following the heat treatment. No viable cells were found in the culture broth at 60°C for 5 minutes, and at
70°C or higher for 1 minute while heating the culture cocktail at higher temperatures (60, 70, 80, 90°C)
could accomplish a larger than log -6 decreases. V. parahaemolyticus infection may be reduced from 106
MPN/mL to a non-detectable level by cooking at 60°C for 5 minutes, 70°C for 2 minutes, and 80°C or
higher for 1 minute.

V. parahaemolyticus was killed from 10,000 MPN/g to undetectable levels when exposed to temperatures
of 60°C for 5 minutes, 70°C for 2 minutes, or 80°C or above for 1 minute, as specified. Because V.
parahaemolyticus is so easily killed by heat, any trace of it in cooked food indicates that it was either
undercooked or decontaminated (Zhang et al., 2021).

The microwave (dry temperature) effect on V. parahaemolyticus bacterial count depends on the time fish
meat is exposed to dry heat and the temperature degree. Long-time exposure with increasing the dry
temperature is more effective in declining bacterial count as shown in Table 5. There are high significant
(p=0.000) differences between the time and temperature exposure of fish meat. To store a wide range of
raw or partially pre-cooked meals, microwaveable containers with active venting technology have been
created for fresh and frozen goods (Regier, 2014). However, microwave heating has the potential to replace
traditional heating methods for killing off V. vulnificus and V. parahaemolyticus. Although microwaves
may be used to prepare food, they are most often used as a fast-heating technique (Kubo et al., 2020).
After just 10 seconds of heating, the interior and external temperatures of the oyster flesh were found to be
the same. The 100 g package required 1.53 times as much time to vent as the 50 g package, yet the venting
pressure was 52% lower. Both viruses were completely inactivated after 50, and 60 seconds of microwave
heating at 100% power on 50, and 100 grams of oyster flesh, respectively. A combination of steam venting
and microwave heating shown to inactivate germs, heat evenly and avoid overheating the research
(Espinoza Rodezno et al., 2023).

The final part of this study includes the impact of frying on V. parahaemolyticus. The results confirmed
that the bacterial count depended on the time of exposing fish meat to frying and the degree of temperature.
The long time exposure with increasing frying temperature is more effective in reducing bacterial count
(Table 6). There are high significant (p=0.001) differences between the time and temperature.

In the study performed by Ong et al., 2023, the log range at which pathogens are killed by pan-frying is
wide. It was determined to be between 1.1 and 7.0 on a scale used in virtual kitchens, achieved by Ye et al.
(2012) a more cautious assessment of risk when compared to the cooking log decrease range of -2.5 to -7.5
estimated by Tan et al. (2019).

Conclusions

The presence of Vibrio species in seafood is a public health concern, particularly as long as seafood is used
as a vector for their spread. Every year over the last decade, a new Vibrio species has emerged, posing a
potential environmental health risk to humans. Monitoring and epidemiology, as well as studying the
validity of different methods, including cold storage and heat treatment, are essential for establishing



efficient control measures to limit the risk of infection by this bacterium and assure the safety of foods.
According to the results obtained in this study, the occurrence rate of V. parahaemolyticus in fish samples
collected from Dhamar city was higher than recommended.

The V. parahaemolyticus isolates significantly declined in bacteria count when they were kept at 4°C and
25°C for a long time, and the V. parahaemolyticus isolates significantly declined in bacteria count manner
when they were kept at -20°C for a long time. The high temperature and long-time exposure at 75°C/25
minutes by moist heat, 87°C/5 minutes by dry heat, and 70°C/20 minutes by frying heat were enough to
kill V. parahaemolyticus isolates. In summary, consuming seafood after one of the above storage methods
or heat treatments proved to be a good technique to reduce the risk of infections related to V.
parahaemolyticus and reduce the causes of fish-borne pathogens.
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Table 1. Vibrio parahaemolyticus count after preservation of fish meat at room temperature (21°C)
for 3 days.

Dependent variable Day N | Mean of bacterial count n=(n x10%) | SD p
Time of preservation | Day 0 6 198.2 9.24
Day 1 6 192.8 9.64
Day 2 6 176.0 7.80 0.000
Day 3 6 152.0 5.25

SD, standard deviation.

Table 2. Vibrio parahaemolyticus count after preservation of fish meat at Refrigerator (4°C) for three
days with one day sampling interval.

Dependent variable | Day N | Mean of bacterial count = (n x10%) | SD p
Time of exposure Day 0 | 6 198.2 9.24
Day1 | 6 192.8 10.89
0.004
Day2 | 6 182.5 5.65
Day3 | 6 178.0 9.53

SD, standard deviation.

Table 3. Weekly count of Vibrio parahaemolyticus in fish meat at freezing (-18°C)

Dependent variable | Week N | Mean of bacterial count =(n x10%) | SD p
Time of exposure Week 0 | 6 198.2 9.24

Week1 |6 180.8 13.48 0.000

Week2 |6 146.2 7.19

Week3 |6 96.3 9.22

Week4 |6 44.2 16.68

Week5 |6 11.7 4.76

Week 6 |6 1.0 1.55

Week7 | 6 0.0 0.00

SD, standard deviation.



Table 4. Impact of cooking (moist heat) on Vibrio parahaemolyticus.

Dependent variable | Moist heat temperature | N | Mean of bacterial count | SD p
=(n x103)
Temperature of 50°C/5 minutes 6 | 1643 16.76
exposure 55°C/10 minutes 6 | 128.7 12.89
0.000
65°C/15 minutes 6 | 106.8 6.76
70°C/20 minutes 6 |58.5 22.06
75°C/25 minutes 6 223 24.71
SD, standard deviation.
Table 5. Impact of microwave (dry heating) on Vibrio parahaemolyticus.
Dependent variable | Dry heat temperature | N | Mean of bacterial count | SD p
=(n x10%)
Temperature of 55°C/1 minute 6 126.0 19.30
exposure
63°C/2 minutes 6 85.0 16.55 0.000
71°C/3 minutes 6 34.5 14.04
79°C/4 minutes 6 2.5 1.38
87°C/5 minutes 6 0.0 0.00
SD, standard deviation.
Table 6. Impact of frying on Vibrio parahaemolyticus.
Dependent variable | Frying heat N | Mean of bacterial count =(n x10%) SD p
temperature
Temperature of 50°C/5 minutes 6 |253 20.59
exposure 5 -
55°C/10 minutes | 6 10.0 9.08 0.001
65°C/15 minutes | 6 4.8 5.38
70°C/20 minutes | 6 0.0 0.00
75°C/25 minutes | 6 0.0 0.00

SD, standard deviation




