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of the thermal inactivation studies are shown in Figures 1, 2 and 3. 
Figure 1 shows the thermal inactivation curve in minutes for 

Salmonella inoculated in salmon and then heated at 60° C. Figure 
2 shows the thermal inactivation curves for Salmonella inoculated 
in salmon and heated. Figure 3 shows the thermal inactivation 
curves for Salmonella inoculated in shrimp and heated to several 
temperatures. 

The results indicated D values for Salmonella in salmon of 
38.0 seconds at 60° C, 9.0 seconds at 63° and 3.6 seconds at 65°. 
The Z value was 4.9° C. The calculated D values for Salmonella 
in shrimp were 15.0 seconds at 60°, 7.8 seconds at 63° and 3.2 
seconds at 68°, with a Z value of 12° C.

The calculated Z value for shrimp in these studies was higher 
than the Z values for Salmonella in other food products. Unlike 
the salmon, the shrimp were not able to be homogenized into a 
smooth paste. There were membrane components and a more 
lumpy consistency to the homogenate, which may have provided 
some thermal protection to the inoculated Salmonella. 

A similar study by Merrill McPhearson and Sabrina Zywno 
also showed higher Z values for inoculated Salmonella in shrimp. 
They calculated a Z value of 11° C and D values of 41 seconds at 
60° C, 37 seconds at 61.4° and 23 seconds at 62.8° for S. enterica 
Serotype Weltevreden inoculated into brown shrimp, Penaeus 
aztecus. S. Weltevreden has also been shown to be a more heat-
resistant Salmonella serotype. 

Future Research
Future research will include additional thermal inactivation 

studies using other Salmonella serotypes and seafood products. 
In addition, seafood products will be prepared by different 
cooking methods, and then the visual characterization and 
intensity of products at endpoints will be assessed by a trained 
panel using descriptive culinary terminology with the Sensory 
Information Management System. Color changes will be mea-
sured using a tristimulus colorimeter, while firmness, cohesive-
ness and expressible moisture changes will be measured using  
a texture analyzer. 

Editor’s Note: The authors’ research is supported by funding from 
the National Fisheries Institute Fisheries Scholarship Fund 
and Virginia Sea Grant.

Figure 1. Thermal inactivation curve at 60° C for Salmonella 
in Atlantic salmon.
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Figure 2. Thermal inactivation curves for Salmonella  
in heated salmon.
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Figure 3. Thermal inactivation curves for Salmonella in heated shrimp. 

8

7

6

5

4

3

2

1

0

 C
o

nc
en

tr
at

io
n 

(l
o

g 
cf

u/
g)

0	 5	 10	 15	 20	 25	 30	 35	 40	 45	 50	 55

Time (seconds)

60° C

63° C

68° C

AquaInTech Inc.
Biotechnology Benefiting Aquaculture

Products and Services
For the Global Aquaculture Community

Consulting
Insightful and goal-oriented based on objective 
scientific analyses
• Operational technical audits for investors, owners, 

buyers, processors and their clients
• ACC certification, organic and NGO 

compliance issues
• Project planning, design and implementation
• Trouble shooting to minimize impact of profit-

limiting issues such as disease, water quality 
and animal husbandry.

More than 30 years of experience in all facets 
of aquaculture production. For complete details,
visit www.shrimpaquaculture.com.

Products
High-quality, low-cost, innovative products for all
your aquaculture production needs. Hatcheries, matu-
ration units, farms, feed mill ingredients and supple-
ments, etc. Visit www.aqua-in-tech.com for details.
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Mobile: 425-239-7682
E-mail: sgnewm@gmail.com


