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Lay Summary:  
Lay Summary:  
Water activity describes the available water in food that can support the growth of bacteria, 
yeasts and molds.  Water activity is defined as the vapor pressure of water in the substance 
divided by the vapor pressure of pure water at the same temperature. 
 
Water activity and moisture content are not the same measurement. Often, it is assumed that 
foods with higher moisture content will have higher water activity levels than dry foods. 
However, this is not always correct. It is possible to have foods with the same moisture content 
but very different water activities due to a variety of different reasons.  Because of this 
misnomer, dry foods are often thought to be safe, shelf-stable products (Podolak et. al, 2010). 
Yet, these products can still provide marginal survival and growth conditions for an infection-
causing dose of bacteria (Podolak et. al, 2010; FDA, 2012).   
 
FDA reports that the minimum reported aw for Salmonella spp is 0.94 (FDA 2013).  However, 
Salmonella species have the ability grow at water activity levels low as 0.91 (Dilbaghi and 
Sharma 2007) and some researchers suggest the lowest water activity for Salmonella growth may 
be lower.  Long-term survival of Salmonella (greater than 8 month) has been reported in foods 
with water activities as low as 0.18 (Kotzekidou, 1998).  Beuchat (2009) reported that 
Salmonella can adapt to extreme environmental conditions and survival is enhanced at low water 
activity.  Beuchat further reported that thermal tolerance is enhanced at pH near 7 and at low 
water activity.   
 
Christian and Scott (1953) discovered that water activity (Aw) is the only measurement of water 
in foods that correlates with Salmonella growth. Although Salmonella growth will decrease due 
osmotic shock at low water activity levels, Salmonella can persist and survive in dry or low 
moisture environments for years depending on the food product (Mossel et al, 1965; Tysset and 
Durand, 1976). The survivability of Salmonella in the low-moisture, finished rendered animal 
feeds is of great importance to the rendering industry, particularly due to the FDA’s zero 
tolerance regulation for pet foods. The purpose of this project was examine the relationship 
between water activity and moisture content in finished rendered meals and to determine if a 
cocktail of Salmonella Enteritidis, Salmonella Newport, Salmonella Choleraesuis, and 
Salmonella Dublin (four of the eight pathogenic strains identified by the FDA as hazardous in 
animal feeds) can survive and grow in storage in different humidity levels in these low moisture, 
commercial products.   
 
The results of this study supported the findings of previous research conducted in foods.  
Initially, the rendered meal samples were inoculated with a Salmonella cocktail and incubated 
for 14 days without added humidity. In the poultry and beef meals, the Salmonella population 
declined due to osmotic shock and low available water; however, at day 14, Salmonella was still 
detected.  In the second part of this study, the uninoculated, rendered meal samples were exposed 
to 50, 70, and 90% humidity levels at 28°C (83°F), and thus, the water activity levels of each 
sample in each humidity level increased gradually over 96 hours. The water activity levels 
increased to a range in which Salmonella species can readily survive and potentially grow. 
Additionally, an experiment was conducted indicating that the Salmonella population decreased 
after inoculation of 7 logarithms (log10) in the rendered meals stored at 90% humidity at 28°C 



 
 

 

(83°F). Although the Salmonella levels decreased on average of 2-3 log10 cfu/g in the meals, 
Salmonella survived and was still detectable after 24, 48, and 72 hours of storage. Finally, the 
rendered meal samples were adjusted to aw of approximately 0.7, 0.8 and 0.9 and inoculated with 
9 log10 of a Salmonella cocktail. During this experiment, the Salmonella population declined 
after during the first 24 hour after inoculation. Despite the higher adjusted water activity levels in 
some of the samples, the Salmonella did not recover during the 96 hour incubation period.   
 
Objective (s):   

a) Using commercially available rendered meal samples, examine the relationship between 
water activity and moisture content. 
 

b) Using commercially available rendered meal samples, determine the water activity and 
survivability of a cocktail containing Salmonella Choleraesuis, Salmonella Enteriditis, 
Salmonella Newport and Salmonella Dublin over various storage times at 28°C (83°F) 
with no added humidity 
 

c) By adjusting the water activities of commercially available rendered meal samples, 
determine the water activity level and recoverability of a cocktail containing Salmonella 
Choleraesuis, Salmonella Enteriditis, Salmonella Newport and Salmonella Dublin over 
various storage times at 28°C (83°F) with no added humidity. 
 

d) Determine the water activity and survivability of a cocktail containing Salmonella 
Choleraesuis, Salmonella Enteriditis, Salmonella Newport and Salmonella Dublin over 
various storage times at 50, 70, and 90% humidity levels at 28°C (83°F) in  commercially 
available rendered meal samples, 

 
Project Overview:   

 
Introduction: 
Water activity or aw is the ratio of partial vapor pressure of water in a substance divided by the 
standard state partial vapor pressure of water. It is the unit that shows how much available water 
in the food matrix microorganisms can utilize (Barbosa-Canovas et al 2008). The minimum 
reported aw for Salmonella spp is 0.94 (FDA 2013).  In 1969, Liu et al. showed that when the 
moisture level of meat and bone meal is increased, the heat resistant of Salmonella decreases, 
with this declining effect starting between 15% to 20% moisture levels. Also, artificially 
inoculated Salmonella Seftenberg had lower heat resistance than naturally contaminated 
Salmonella. In 2005, Carlson et al. investigated the relationship between water activity and 
Salmonella survival rate in ground turkey.  The data showed that the rate of thermal inactivation 
of Salmonella cocktail (8 strains) decreased 64% when increase the ground turkey water activity 
from 0.95 to 0.99 at 60ºC, this data supports that low water activity can increase Salmonella 
thermal resistance. 
The pathogenicity of many bacterial strains can be increased depending on the osmo-regulatory 
capacities, composition of food and processing environments. In this study, the data indicated  
osmotic shock can decreased Salmonella populations in the rendered animal meals. Under 
certain conditions, if pathogenic bacteria are present in high numbers in dry food, or the infective 
dose is low, or the products rehydrate during manufacture processing or storage environment, 



 
 

 

then the risk to consumer remains. 
 

Water Activity Experiments 
 

Determination of Water Activity and Moisture Content Measurement  
 
Background 
Salmonella spp. are Gram-negative, rod shaped pathogenic bacteria that can originate from a 
variety of sources and cause contamination problems for both the food and rendered animal feed 
industries.  Dry and/or low moisture products including animal feed, flour, spices, chocolate, 
powders, herbs are often considered to be very stable, safe, long shelf life products. These 
products are usually high in proteins, carbohydrates and other nutrients, which are the essential 
nutrients for microorganisms including pathogenic bacteria.  Animal feed, spices and food 
products have been associated with Salmonella contamination.  In 1962, Burr and Helmboldt 
examined 436 animal by-product samples and reported 12.8% were positive for 10 different 
serotypes of Salmonella. In 1963, Isa et al. reported 43 out of 281 animal feed and feed 
constituent samples were Salmonella positive (about 15%).  
 
Data indicates Salmonella can persist for long periods of time in a wide range of dried food 
products.  This study was designed to determine survival of Salmonella in low water activity 
rendered animal products. Water activity or aw is the ratio of partial vapor pressure of water in a 
substance divided by the standard state partial vapor pressure of water. It is the unit that shows 
how much available water is in the food matrix that microorganisms can utilize (Barbosa-
Canovas et al 2008). The minimum reported aw for Salmonella spp is 0.94 (FDA 2013). 
However, after the outbreaks noted in peanut butter, the minimum recommended aw for dry 
foods or ingredients is being questioned.  There has been limited research conducted regarding 
the survival rate of pathogenic Salmonella serotypes in rendered animal meals and its mechanism 
for survival in such low water activity environment. 
 
Purpose: 
Water activity levels and moisture contents of pet-food grade and feed-grade poultry and beef 
meat and bone meals as well as feather meal and blood meals were measured to determine if 
there was a correlation between the two different types of measurements. Also, this experiment 
would determine if the water activity levels of the meals were within a survivable range for 
Salmonella species. 
 
Materials and Methods: 
 

Rendering Meal Sample Collection 
Samples of pet-food grade and feed-grade poultry and beef meat and bone meals as well as 
feather meal and blood meal were received from rendering plants in the U.S. All samples were 
stored at room temperature in sealed, 1-gallon, Ziploc® bags until needed for experimentation. 
 

Water Activity and Moisture Content 
The initial water activity of each sample was measured in duplicate in water activity sample cups 
(40107, Decagon Devices, Inc, Pullman, WA) using a dew-point water activity meter (Aqualab 



 
 

 

series 3TE, Decagon Devices, Inc., Pullman, WA). Initial moisture content in each meal sample 
was determined in duplicate by three separate drying methods as follows: infrared radiation 
drying using an infrared moisture analyzer (IR-35, Denver Instrument, Denver, CO, USA), 
forced convection oven (FD-53, Binder Inc., Bohemia, NY) drying at 135 C for 2 h (AOAC 
930.15), and forced convection oven (FD-53, Binder Inc., Bohemia, NY) drying at 104 C for 3 h 
(Thiex and Van Erem, 1999).  
 
To determine moisture content via the infrared moisture analyzer (IR-35, Denver Instrument, 
Denver, CO, USA), 11.0 x 2.9 cm aluminum drying pans (25433-022, VWR Scientific Products, 
Suwanee, GA) containing approximately 2-3 g of each meal sample were placed into the 
instrument. The hood of the instrument was then lowered to automatically signal the beginning 
of the moisture analysis test. Moisture content (%) results for each meal sample were reported on 
the instrument’s screen.  
 
To ascertain moisture content via the oven drying methods, a 5.7 x 1.6 cm aluminum drying pan 
with tab (25433-008, VWR Scientific Products, Suwanee, GA) was weighed (NewClassic 
ML4002E/03, Mettler Toledo International, Inc., Greifensee, Switzerland) and the tared weight 
(T) was recorded to the nearest 0.01 g. Each aluminum drying pan was tared to zero while on the 
balance and then 2 g of each well-mixed meal sample was added each tared pan. The weight of 
each meal sample was recorded to the nearest 0.01g (M). Each meal sample was evenly 
distributed in the aluminum drying pan by gently shaking and then placed into a preheated oven 
(FD-53, Binder Inc., Bohemia, NY). 
 
The aluminum drying pans containing approximately 2 g of each meal sample were dried using 
each of the two oven drying methods: forced air oven drying at 135°C for 2 h (AOAC 930.15) 
and forced air oven drying at 104°C for 3 h (Thiex and Van Erem, 1999). Then aluminum drying 
pans containing the samples were allowed to cool in a dessicator. Once the dried samples cooled, 
the weight of the pan and dried samples was measured and recorded (S). The moisture content 
(%) of each sample was determined by  
 
Moisture Content (%) = 100-[(S-T)*100/M] 
 
Results: 
 
No correlations were apparent between moisture content measurements and water activity levels 
of the meals samples.  The three moisture analysis methods produced very variable results. 
 
Samples did have water activity levels that were within the survivable range of Salmonella. 



 
 

 

Table 1. Average water activity and percentage moisture measured by three methods in rendered animal products (± standard 
deviation). 
 

Sample 
Code # Sample 

Average 
Water 
Activity Level 

Standard 
Deviation 

Average 
Moisture 
Content at 
135C for 2 h 
(%) 

Standard 
Deviation (%) 

Average 
Moisture 
Content at 
104C for 
3h (%) 

Standard 
Deviation (%) 

Average Moisture 
Content from 
Moisture 
Analyzer (IR 
35)(%) 

Standard 
Deviation (%) 

0.3467.083.5365.752.1216.750.0010.3435Poultry By-Product Meal2A/B

0.1773.262.8282.001.4142.500.0030.276Poultry By-Product Meal3A/B

3.6276.092.1212.250.0001.500.0110.2805Poultry By-Product Meal4A/B

0.2263.171.4143.500.7072.750.1330.341Poultry By-Product Meal5A/B

0.2765.402.1213.751.4145.000.0000.326Poultry By-Product Meal6A/B

0.0493.461.4142.500.7073.250.0030.299Poultry By-Product Meal7A/B

0.2553.920.7072.253.5363.750.0010.31Poultry By-Product Meal8A/B

0.2973.472.1213.250.7071.750.0100.313Poultry By-Product Meal14A/B

0.9622.980.7071.750.0002.000.0160.2945Poultry By-Product Meal20A/B

0.0073.311.4142.500.7072.750.0740.3415Poultry By-Product Meal21A/B

0.4383.841.4142.002.8283.000.0010.246Poultry By-Product Meal22A/B

0.1703.270.0001.501.4142.500.0010.3205Poultry By-Product Meal23A/B

0.0783.5118.3858.502.1212.750.0370.3235Poultry By-Product Meal24A/B

0.3752.860.0001.501.4142.500.0340.281Poultry By-Product Meal25A/B

0.1563.200.7071.252.1211.250.0230.316Poultry By-Product Meal26A/B

0.2055.0913.4358.251.4144.500.0410.316Poultry By-Product Meal27A/B

0.1915.400.7074.754.24328.000.0280.3725Poultry By-Product Meal28A/B

0.0855.550.7074.251.4145.000.0010.337Poultry By-Product Meal29A/B

0.4534.842.8283.502.1213.750.0060.3265Poultry By-Product Meal30A/B

0.2764.500.7072.750.0003.500.0100.309Poultry By-Product Meal31A/B

0.1633.690.7072.252.1212.750.0420.3465Medium Ash Poultry Meal38A/B

0.3964.791.4143.500.0003.000.0180.2995Medium Ash Poultry Meal40A/B

0.2833.580.0001.502.8283.000.0020.2545Poultry Meal42A/B



 
 

 

0.3043.550.7070.751.4143.000.0110.2905Poultry Meal45A/B

0.2553.782.1211.750.0002.500.0060.2455Medium Ash Poultry Meal46A/B

0.2553.332.8283.002.8284.500.0000.356Poultry Meal47A/B

0.1563.400.7072.252.8282.500.0080.278Poultry Meal48A/B

0.1274.270.7071.250.0004.000.0080.2785Medium Ash Poultry Meal51A/B

1.5633.691.4144.500.0004.000.0130.3325Poultry Meal57A/B

0.0424.020.7071.752.8283.000.0110.2885Poultry Meal60A/B

0.6724.872.8282.507.0711.500.0070.248Medium Ash Poultry Meal64A/B

0.7509.8116.2635.750.70711.250.0420.501Medium Ash Poultry Meal65A/B

0.0573.902.8284.004.2432.000.0050.2525Poultry Meal66A/B

0.0714.430.0002.504.9503.750.0310.296Medium Ash Poultry Meal71A/B

0.1845.041.4143.502.8283.000.0710.3315Medium Ash Poultry Meal72A/B

0.2622.785.6571.500.7071.250.0100.288Poultry Meal75A/B

0.0783.682.1210.753.5362.750.0440.233Medium Ash Poultry Meal76A/B

0.3043.640.7070.752.1213.750.0020.2995Poultry Meal77A/B

0.0354.391.4142.500.7074.750.0560.3515Poultry Meal80A/B

0.0493.620.0002.502.1212.250.0080.3375Medium Ash Poultry Meal82A/B

0.0002.032.1212.251.4141.000.0530.2295Poultry By-Product Meal86A/B

0.4811.886.3643.751.4141.000.0300.204Poultry By-Product Meal89A/B

0.2262.340.0000.501.4141.500.0480.239Poultry By-Product Meal90A/B

0.0643.860.7072.752.1213.750.0180.2335Poultry By-Product Meal98A/B

0.3613.332.8282.500.0002.000.0010.283Poultry By-Product Meal116A/B

 



 
 

 

Table 1 (continued). Average water activity and percentage moisture measured by three methods in rendered animal products (± 
standard deviation). 

 

Sample 
Code # Sample 

Average 
Water 

Activity Level 
Standard 
Deviation 

Average 
Moisture 

Content at 
135C for 2 h 

(%) 
Standard 

Deviation (%) 

Average 
Moisture 

Content at 
104C for 
3h (%) 

Standard 
Deviation (%) 

Average Moisture 
Content from 

Moisture 
Analyzer (IR 

35)(%) 
Standard 

Deviation (%) 

0.3617.004.9505.250.3547.250.0080.4285Meat and Bone Meal9A/B

0.2767.610.7078.250.7078.500.0300.3495Meat and Bone Meal10A/B

0.3186.182.8285.000.3546.250.0080.3985Meat and Bone Meal11A/B

0.3896.780.7076.250.7077.000.0010.334Meat and Bone Meal12A/B

0.3046.455.6574.500.7076.500.0080.405Meat and Bone Meal13A/B

0.3183.492.1212.752.4754.250.0080.299Blended MBM17A/B

0.4744.250.7073.751.4144.000.0170.327Blended MBM18A/B

0.1843.810.0003.500.0002.500.0160.2545Beef and Pork Meal36A/B

0.1063.773.5361.250.0003.000.0010.338Beef and Pork Meal41A/B

0.2334.480.7073.251.0614.500.0420.305Beef and Pork Meal52A/B

0.2903.030.7071.250.7072.750.0030.241Beef and Pork Meal54A/B

0.1702.720.7071.250.7072.500.0090.2215Beef and Pork Meal59A/B

0.2123.922.1212.251.0613.500.0010.286Beef and Pork Meal62A/B

0.5234.202.1211.750.0001.750.0160.266Beef and Pork Meal73A/B

0.3544.260.7071.750.3543.500.0190.2795Beef and Pork Meal74A/B

0.0493.794.9503.752.8283.250.0100.319Beef and Pork Meal79A/B

0.2473.352.1212.250.3541.500.0200.294Beef and Pork Meal85A/B

0.1984.620.0003.001.0615.250.0300.365Meat and Bone Meal87A/B

0.0854.547.0711.500.7074.750.0550.375Blended MBM88A/B

0.4176.670.0006.500.7076.000.0650.474Meat and Bone Meal96A/B

0.1486.722.8287.000.3547.750.0040.36Meat and Bone Meal100A/B

0.5026.232.1216.750.3545.750.0180.465Meat and Bone Meal101A/B

0.1915.905.6577.000.7076.000.0040.298Meat and Bone Meal114A/B

0.0995.030.7074.751.7684.750.0080.3355Meat and Bone Meal115A/B



 
 

 

Table 1 (continued). Average water activity and percentage moisture measured by three methods in rendered animal products (± 
standard deviation). 

 

Sample 
Code # Sample 

Average 
Water 

Activity Level 
Standard 
Deviation 

Average 
Moisture 

Content at 
135C for 2 h 

(%) 
Standard 

Deviation (%) 

Average 
Moisture 

Content at 
104C for 
3h (%) 

Standard 
Deviation (%) 

Average Moisture 
Content from 

Moisture 
Analyzer (IR 

35)(%) 
Standard 

Deviation (%) 

0.7927.184.2435.500.3546.250.0200.355Feather Meal15A/B

0.2837.043.5364.250.3547.250.0080.331Feather Meal16A/B

0.1844.130.7072.251.7684.750.0010.235Feather Meal32A/B

0.3684.406.3642.750.3543.250.0010.255Feather Meal33A/B

0.1844.630.7074.251.0614.250.0000.368Feather Meal34A/B

0.0924.552.8283.500.0003.000.0120.3185Feather Meal35A/B

0.0357.422.8285.000.3547.750.0000.518Feather Meal39A/B

0.0499.560.0008.501.0619.750.1150.464Feather Meal44A/B

0.02811.292.12110.750.00012.000.0260.5325Feather Meal49A/B

0.0928.262.1218.250.7078.500.0250.4655Feather Meal55A/B

0.1414.150.7072.750.0003.500.0610.318Feather Meal58A/B

0.46712.6110.60716.751.41411.500.0300.535Feather Meal63A/B

0.1207.280.7076.751.4148.000.0000.45Feather Meal67A/B

0.8347.610.7077.251.0618.750.0000.345Feather Meal69A/B

31.000.0050.3515Feather Meal78A/B 0.3049.012.8286.504.243

0.07810.070.7079.750.00010.000.0030.444Feather Meal81A/B

0.0356.972.1216.250.3547.250.0050.3385Feather Meal92A/B

0.0144.393.5362.750.0003.500.0010.3315Feather Meal97A/B

0.1564.544.9501.750.3544.250.0040.3065Feather Meal99A/B

0.1704.800.7073.751.0614.750.0570.3Feather Meal110A/B

0.3825.490.7074.751.4147.500.0110.324Feather Meal111A/B

0.1135.420.7073.750.3545.250.0170.353Feather Meal112A/B

0.1063.653.5363.750.7073.500.0060.3105Feather Meal113A/B

 



 
 

 

Table 1 (continued). Average water activity and percentage moisture measured by three methods in rendered animal products (± 
standard deviation). 
 

Sample 
Code # Sample 

Average 
Water 

Activity Level 
Standard 
Deviation 

Average 
Moisture 

Content at 
135C for 2 h 

(%) 
Standard 

Deviation (%) 

Average 
Moisture 

Content at 
104C for 
3h (%) 

Standard 
Deviation (%) 

Average Moisture 
Content from 

Moisture 
Analyzer (IR 

35)(%) 
Standard 

Deviation (%) 

0.66510.402.82810.000.00011.000.0520.579Blood Meal19A/B

0.0579.110.0007.500.3548.750.0010.428Blood Meal37A/B

0.1569.812.1218.250.7079.500.0080.381Blood Meal43A/B

0.2839.319.19211.251.0619.250.0010.5715Blood Meal50A/B

0.2559.571.4149.000.3549.750.0020.5135Blood Meal53A/B

0.0149.051.4149.000.7079.000.0010.577Blood Meal56A/B

0.0928.581.4148.001.4148.000.0300.5675Blood Meal61A/B

0.3688.722.1219.750.3548.750.0240.239Blood Meal68A/B

0.2408.392.1219.750.7078.000.0010.5175Blood Meal70A/B

2.2777.860.0009.500.3549.250.0060.362Blood Meal83A/B

0.1569.394.9509.251.0618.750.0010.442Blood Meal84A/B

6.3298.462.12114.250.35414.750.0040.655Blood Meal91A/B

0.2198.441.4148.500.7078.000.0310.515Blood Meal93A/B

1.47811.501.41414.500.70714.000.0980.593Blood Meal94A/B

0.0079.380.0009.001.06111.250.0100.375Blood Meal95A/B

 
 
 
 
 
 



 
 

 

Table 1 (continued). Average water activity and percentage moisture measured by three methods in rendered animal products (± 
standard deviation). 
 

Sample 
Code # Sample 

Average 
Water 

Activity Level 
Standard 
Deviation 

Average 
Moisture 

Content at 
135C for 2 h 

(%) 
Standard 

Deviation (%) 

Average 
Moisture 

Content at 
104C for 
3h (%) 

Standard 
Deviation (%) 

Average Moisture 
Content from 

Moisture 
Analyzer (IR 

35)(%) 
Standard 

Deviation (%) 

102A/B Plant #1* 1.2373.667.7786.252.4752.750.0180.3425

103A/B Plant #2* 0.1914.270.0004.000.7074.000.0020.3635

104A/B Plant #3* 0.4534.450.0003.000.3543.250.0040.3185

105A/B Plant #4* 0.0644.660.0003.500.7074.500.0000.361

106A/B Plant #5* 2.0653.763.5362.750.0004.500.0010.318

107A/B Plant #6* 0.2194.692.8283.501.0613.750.0120.2965

108A/B Plant #7* 0.2193.841.4142.000.7072.000.0010.259

109A/B Plant #8* 0.5377.874.2437.001.0617.250.0840.4365

          
          

 *Renderer did not identify product          



 
 

 
 

 

 
High Humidity Storage and Impact on Water Activity  

 
Introduction: 
The water activity of pet-food grade and feed-grade poultry and beef meat and bone meals was 
measured after 24, 48 and 96 h time intervals of storage in 50%, 70% and 90% humidity levels.  
The purpose of the study was to determine if the meal samples absorbed moisture and if water 
activity levels were impacted. No Salmonella was added to the meals for this experiment. 
 
Materials and Methods: 
 

Rendering Meal Sample Collection 
Samples of pet-food grade and feed-grade poultry and beef meat and bone meals were supplied 
by rendering plants in the U.S. Twelve poultry by-product meal samples and twelve beef meal 
samples were randomly selected for this experiment. All samples were stored at room 
temperature in sealed, 1-gallon, Ziploc® bags until needed for experimentation. 
 

Water Activity 
The initial water activity of each sample was measured in duplicate in water activity sample cups 
(40107, Decagon Devices, Inc, Pullman, WA) using a dew-point water activity meter (Aqualab 
series 3TE, Decagon Devices, Inc., Pullman, WA).  
 

Environmental Chamber  
An environmental chamber was retrofitted to allow temperature and humidity modifications.  
Temperature and humidity of the environmental chamber unit were monitored by a thermometer 
and humidity meter (90113-1, Springfield Precision, Oak Brook, IL). The humidity was 
controlled via a 1-gallon humidifier (EE5301O, Crane USA, Bensenville, IL) connected to an 
electronic thermohygrostat controller with a humidity sensor (Plug and Play, Thermomart, 
Toronto, Canada). This unit allowed the humidity to be precisely controlled and monitored 
within the environmental chamber.  

 
Humidity Trials 

Samples of poultry and beef meat and bone meals used for testing were randomly selected prior 
to experimentation. Each meat and bone meal sample was weighed (10 g) in duplicate into large 
11x 2.9 cm aluminum pans (25433-022, VWR Scientific Products, Suwanee, GA). Each 
uncovered sample was placed in the environmental chamber (702-ASHR4, Labline Environette, 
Labline Instruments, Inc., Melrose Park, IL) set at 50% humidity at 28°C (83°F) for 24 h. 
Additional samples of the same products were stored under the same conditions for 48 h and 96 
h. The experiment was repeated at each 70% and 90% humidity levels at 28°C (83°F). The water 
activity of each of the samples was measured after the appropriate time interval. The initial water 
activity was re-measured in two randomly selected meal samples prior to humidity exposure to 
determine if water activity changed while the meal samples were stored in 1-gallon, Ziploc® 
bags. All samples upon removal from the environmental chamber were immediately sealed in 1-
gallon, Ziploc® bags until water activity measurements. For water activity measurement, samples 
were vigorously shaken and then transferred in duplicate (approximately 2-3 g) into water 
activity cups. The samples then were sealed in the water activity cups with parafilm (52858-032, 



 
 

 
 

 

VWR Scientific Products, Suwanee, GA and stored at room temperature in sealed, 1.5-gallon, 
Rubbermaid® storage container until water activity was measured and recorded (within 2 to 4 
hours of sample collection). 
 
 
Results: 
Water activity levels of each poultry and beef meal sample increased with exposure to 50, 70, 
and 90% humidity levels at 28°C (83°F) when subsamples were measured at 24, 48, and 96 h 
(Figures 9-14). The poultry rendered meals were grouped together according to their initial water 
activity levels. The low initial water activity group had levels ranging from 0.204-0.239. The 
medium initial water activity level group had levels ranging from 0.246-0.268. The high initial 
water activity level group had levels ranging from 0.3515-0.501. After exposure to 50% 
humidity levels at 28°C (83°F) for 96 h, the low initial water activity group increased to an 
average water activity level of 0.552±0.006.  The medium initial water activity level group had 
reached an average water activity level of 0.557±0.007. The high initial water activity level 
group increased its average water activity level to 0.560±0.015 (Figure 1). 
 
The beef rendered meals were grouped together according to their initial water activity levels. 
The low initial water activity group had levels ranging from 0.2215-0.286. The medium initial 
water activity level group had levels ranging from 0.327-0.3405. The high initial water activity 
level group had levels ranging from 0.4285-0.474. Exposure to 50% humidity levels at 28°C 
(83°F) for 96 h, the low initial water activity group increased to an average water activity level of 
0.558±0.009.  The medium initial water activity level group had reached an average water 
activity level of 0.529±0.005. The high initial water activity level group increased its average 
water activity level to 0.571±0.004 (Figure 2).  
 
After exposure to 70% humidity levels at 28°C (83°F) for 96 h, the low initial water activity 
group for poultry meals increased to an average water activity level of 0.737±0.017.  The 
medium initial water activity level group had reached an average water activity level of 
0.730±0.017. The high initial water activity level group increased its average water activity level 
to 0.714±0.026 (Figure 3). 
 
After exposure to 70% humidity levels at 28°C (83°F) for 96 h, the low initial water activity 
group for beef meals rose to an average water activity level of 0.745±0.012.  The medium initial 
water activity level group had reached an average water activity level of 0.734±0.005. The high 
initial water activity level group increased its average water activity level to 0.735±0.003 (Figure 
5).  
 
After exposure to 90% humidity levels at 28°C (83°F) for 96 h, the low initial water activity 
group for poultry meals increased to an average water activity level of 0.976±0.004.  The 
medium initial water activity level group had reached an average water activity level of 
0.979±0.005. The high initial water activity level group increased its average water activity level 
to 0.988±0.010 (Figure 3). The water activity levels increased to a range in which Salmonella 
species can survive and potential grow. The minimum reported aw for the growth of Salmonella 
species is 0.94 (FDA 2013). 
 



 
 

 
 

 

Exposure to 90% humidity levels at 28°C (83°F) for 96 h led to the low initial water activity 
group for beef meals increasing to an average water activity level of 0.968±0.006.  The medium 
initial water activity level group increased to an average water activity level of 0.963±0.002. The 
high initial water activity level group reached an average water activity level to 0.966±0.004 
(Figure 6). Similar to the poultry meal products, the water activity levels gradually increased 
with exposure to humidity to a range in which Salmonella species can persist and multiply. The 
minimum reported aw for the growth of Salmonella species is 0.94 (FDA 2013). 
 
 

 
 
 
 

             
 

Figure 1. Water activity levels in randomly selected, poultry rendered meal samples prior 
to humidity exposure as well as 24, 48, and 72 h at 50% humidity at 28°C (83°F).1 

 

 

1To calculate averages and to show overall trends, the poultry rendered meals were 
grouped together according to their initial water activity levels. The low initial water 
activity group had levels ranging from 0.204-0.239. The medium initial water activity 
level group had levels ranging from 0.246-0.268. The high initial water activity level 
group had levels ranging from 0.3515-0.501. 



 
 

 
 

 

 
 

             
 

Figure 2. Water activity levels in randomly selected, beef rendered meal samples prior to 
humidity exposure as well as 24, 48, and 72 h at 50% humidity at 28°C (83°F). 1 

 

 
1To calculate averages and to show overall trends, the beef rendered meals were grouped 
together according to their initial water activity levels. The low initial water activity 
group had levels ranging from 0.2215-0.286. The medium initial water activity level 
group had levels ranging from 0.327-0.3405. The high initial water activity level group 
had levels ranging from 0.4285-0.474. 
 

 



 
 

 
 

 

 
 

             
 

Figure 3. Water activity levels in randomly selected, poultry rendered meal samples prior 
to humidity exposure as well as 24, 48, and 72 h at 70% humidity at 28°C (83°F). 1 
 
 
1To calculate averages and to show overall trends, the poultry rendered meals were 
grouped together according to their initial water activity levels. The low initial water 
activity group had levels ranging from 0.204-0.239. The medium initial water activity 
level group had levels ranging from 0.246-0.268. The high initial water activity level 
group had levels ranging from 0.3515-0.501. 
 



 
 

 
 

 

 
 

             
 

Figure 4. Water activity levels in randomly selected, beef rendered meal samples prior to 
humidity exposure as well as 24, 48, and 72 h at 70% humidity at 28°C (83°F).1 
 
 
1To calculate averages and to show overall trends, the beef rendered meals were grouped 
together according to their initial water activity levels. The low initial water activity 
group had levels ranging from 0.2215-0.286. The medium initial water activity level 
group had levels ranging from 0.327-0.3405. The high initial water activity level group 
had levels ranging from 0.4285-0.474. 
 



 
 

 
 

 

 

             
 

Figure 5. Water activity levels in randomly selected, poultry rendered meal samples prior 
to humidity exposure as well as 24, 48, and 72 h at 90% humidity at 28°C (83°F). 1 
 
 
1To calculate averages and to show overall trends, the poultry rendered meals were 
grouped together according to their initial water activity levels. The low initial water 
activity group had levels ranging from 0.204-0.239. The medium initial water activity 
level group had levels ranging from 0.246-0.268. The high initial water activity level 
group had levels ranging from 0.3515-0.501. 
 

 



 
 

 
 

 

 

             
 

Figure 6. Water activity levels in randomly selected, beef rendered meal samples prior to 
humidity exposure as well as 24, 48, and 72 h at 90% humidity at 28°C (83°F). 1 
 
 
1To calculate averages and to show overall trends, the beef rendered meals were grouped 
together according to their initial water activity levels. The low initial water activity 
group had levels ranging from 0.2215-0.286. The medium initial water activity level 
group had levels ranging from 0.327-0.3405. The high initial water activity level group 
had levels ranging from 0.4285-0.474. 
 

Conclusions:   
Exposure of rendered products to high humidity can lead to rapid increases in water activity of 
the products and can cause the products to develop favorable water activity conditions for 
microbial growth. 



 
 

 
 

 

 
 
Introduction: 
The water activity of pet-food grade and feed-grade poultry and beef meat and bone meals 
increases when exposed to high humidity levels. Therefore, this experiment was conducted to 
determine if four of the eight pathogenic strains of Salmonella recognized by FDA can grow 
and/or survive in humid storage conditions in these commercial products.  
 
Materials and Methods: 
 

Rendering Meal Sample Collection 
Samples of pet-food grade and feed-grade poultry and beef meat and bone meals were collected 
from rendering plants in the midwestern, southeastern, and western U.S. Four poultry by-product 
meal samples and four beef meal samples were randomly selected for this experiment. All 
samples were stored at room temperature in sealed, 1-gallon, Ziploc® bags until needed for 
experimentation. 
 

Salmonella Preparation 
Salmonella Enteritidis (USDA H4386 serotype, recognized by FDA as hazardous for animal 
feeds, was obtained for this study from Dr. Vijay Jejuna of the USDA Agricultural Research 
Service, Microbial Food Safety Research Unit, 600 East Mermaid Lane, Room 2129, 
Wyndmoor, PA 19038 (FDA, 2010; FDA, 2013). Salmonella Enteritidis was grown in 5L of 
TSB (90000-050, VWR Scientific Products, Suwanee, GA) with 0.1% (wt/vol) yeast extract 
(0210330390, MP Biomedicals, LLC, Solon, OH) overnight and then concentrated by 
centrifugation. Centrifugation was conducted at 7,000 x g for 7 min (GSA rotor, DuPont RC5C 
Sorvall Instruments Centrifuge, DuPont Company, Newtown, CT) at 4°C in sterile centrifuge 
bottles (47735-696, VWR Scientific Products, Suwanee, GA) and the supernatant was discarded 
after autoclaving. The pellet was resuspended in 5 mL sterile TSB (90000-050, VWR Scientific 
Products, Suwanee, GA). The slurry of Salmonella Enteritidis was inoculated into each irradiated 
poultry and beef rendering materials at the rate of 200 µL culture per 20 g sample. 
 

Environmental Chamber Conditions 
Temperature and humidity of the environmental chamber unit were monitored by a thermometer 
and humidity meter (90113-1, Springfield Precision, Oak Brook, IL). The humidity was 
controlled via a 1-gallon, drop humidifier (EE5301O, Crane USA, Bensenville, IL) connected to 
an electronic thermohygrostat controller with a humidity sensor (Plug and Play, Thermomart, 
Toronto, Canada). This unit allowed the humidity to be precisely controlled and monitored 
within the environmental chamber.  
 

Humidity Trials 
Samples of poultry and beef meat and bone meals used for testing were randomly selected prior 
to experimentation. Each meat and bone meal sample was weighed (20 g) in duplicate into 
sterile, 50 mL Falcon tubes 89039-660, VWR Scientific Products, Suwanee, GA). The initial 
water activity was re-measured in two randomly selected meal samples prior to humidity 
exposure to determine if water activity changed while the meal samples were stored in 1-gallon, 



 
 

 
 

 

Ziploc® bags. Each sample was inoculated with 200 μL of the Salmonella cocktail. Uninoculated 
samples were included.  
 
As a preliminary experiment to determine how to best distribute the culture within the samples, 
two hundred μL of crystal violet dye (90008-894, VWR Scientific Products, Suwanee, GA) was 
added to 20 g each of poultry and beef meal sample in a sterile Falcon tube bag. Crystal violet 
dye (90008-894, VWR Scientific Products, Suwanee, GA) was used to represent the culture. The 
mixtures were vortexed (Super Mixer, 1290, Labline Instruments, Inc., Melrose Park, IL) for 2 
min on the high setting. Subsamples were observed for color uniformity using a microscope 
(Meiji MT52104, Meiji Techno Co., Ltd., Santa Clara, CA) at 10x and 40x magnification. 
Results indicated that a 1:10 ratio of culture to sample and vortex mixing would allow for even 
distribution of culture throughout each of the poultry and beef meal samples. 
 
Prior to experimentation, a preliminary experiment was conducted to determine if a sterile 
0.45μm filter (HVLP002500, EMD Millipore, Bedford, MA) affixed to the top of the open tube 
with a rubber band (20791966, OfficeMax Incorporated, Naperville, IL) and laboratory tape 
(89098-062, VWR Scientific Products, Suwanee, GA) would allow moisture to enter the sample 
tubes. Six sterile 50 mL tubes were filled with 20 g of Indicating DrierRite® (22890-900, VWR 
Scientific Products, Suwanee, GA). Two of the tubes were topped with the 0.45μm filters, two of 
the tubes were topped with the loosely fitting caps, and two of the tubes were left opened. All of 
the tubes were placed into the environmental chamber (702-ASHR4, Labline Environette, 
Labline Instruments, Inc., Melrose Park, IL) on a slightly angled orbital shaker  (Model 1000, 
89032-088, VWR Scientific Products, Suwanee, GA) set speed of 2 rpm at 90% humidity and 
28°C (83°F) for 24 h. The tube with the filter retained moisture at the same rate as the open tube. 
The tube with the loosely fitting cap retained the least amount of moisture. Therefore, the sample 
tubes were covered with a sterile 0.45μm filter during experimentation to allow moisture 
exposure but prevent bacterial aerosolization contamination during incubation of the inoculated 
samples. 
 
Each inoculated and uninoculated sample was covered with a sterile 0.45μm filter affixed to the 
top of the open tube with a rubber band and laboratory tape. The samples were initially placed 
into an incubator without additional humidity for 24h. Then, samples were enumerated and 
subsequently placed in the environmental chamber (702-ASHR4, Labline Environette, Labline 
Instruments, Inc., Melrose Park, IL) set at 90% humidity at 28°C (83°F) for 48 and 72 h. The 
water activity of each of the samples was measured after the appropriate time interval to 
determine if the samples absorbed moisture or if the water activity levels stayed the same at 90% 
humidity. Subsamples (approximately 2-3 g) were aseptically collected in duplicate from the 
inoculated and uninoculated samples with sterile stainless steel spatulas (82027-532, VWR 
Scientific Products, Suwanee, GA) and transferred into water activity cups. The water activity 
cups (40107, Decagon Devices, Inc, Pullman, WA) were sealed with parafilm (52858-032, VWR 
Scientific Products, Suwanee, GA) and stored at room temperature in sealed, 1.5-gallon, 
Rubbermaid® storage container until water activity was measured and recorded. Additionally, 1 g 
subsamples of each uninoculated and inoculated sample was aseptically transferred with sterile 
stainless steel spatulas and transferred into sterile standard Standard Class O 
phosphate/magnesium chloride dilution buffer (BDH-0268-500g, VWR Scientific Products, 
Suwanee, GA; J364-100g, VWR Scientific Products, Suwanee, GA) at each time interval. 



 
 

 
 

 

Dilutions were carried out to the 10-9 dilution and plated in duplicate onto XLD (90003-996, 
VWR Scientific Products, Suwanee, GA) (Wehr and Frank, 2004). Controls included media and 
diluent sterility controls as well as uninoculated rendering samples (50% fat). Plates were 
incubated overnight at 35ºC and enumerated. 
 
Results : 
The initial Salmonella Enteritidis culture concentration used to inoculate poultry and beef 
samples was 3.60*109 CFU/g. After inoculation, enumeration of the poultry meal samples 
indicated an average Salmonella population of 1.11*107 ± 9.89*106 CFU/g. After 24 h without 
humidity, the inoculated poultry samples were enumerated and revealed an average Salmonella 
population of 3.11*105 ± 2.13*105 CFU/g. Samples were then placed into the humidity chamber 
set at 90% humidity at 28°C (83°F) for 48 and 72 h. At 48h and 72 h, samples were enumerated. 
At 48h, the average Salmonella population decreased to 4.69*105 ± 4.80*105 CFU/g. At 72 h, the 
average population of Salmonella in the poultry meal samples further decreased to 9.03*104 ± 
5.85*104 CFU/g. The Salmonella population in the poultry samples decreased approximately 3 
log10 cfu/g despite the exposure to increased humidity levels.  
Enumeration of the inoculated beef meal samples indicated an average Salmonella population of 
1.38*107 ± 9.95*106 CFU/g. After 24 h without humidity, the inoculated beef meal samples were 
enumerated and revealed an average Salmonella population of 2.66*105 ± 1.48*105 CFU/g. All 
samples were then placed into the humidity chamber set at 90% humidity at 28°C (83°F) for 48 
and 72 h. At 48h and 72 h, samples were enumerated. At 48h, the average Salmonella population 
decreased to 1.26*105± 1.87*104 CFU/g. At 72 h, the average population of Salmonella in the 
beef samples only slightly decreased to 1.19E*105 ± 4.08*104 CFU/g. The Salmonella 
population in the beef meal samples decreased approximately two logarithmic (log10) cycles 
despite the exposure to increased humidity levels and rising water activity levels. Enumeration of 
the uninoculated poultry and beef meals samples indicated no growth of Salmonella on XLD 
agar plates. However, the water activity levels of the beef and poultry samples gradually 
increased throughout the 72 h at the 90% humidity level. 
 
Salmonella growth decreased after inoculation but still detectable in both poultry and beef 
rendered meal samples when enumerated at 24, 48, and 72 h (Figures 7 and 9). Water activity 
levels of each poultry and beef meal samples increased with exposure to 90% humidity levels at 
28°C (83°F) when subsamples were measured at 24, 48, and 72 h (Figures 8 and 10). The water 
activity levels increased to a range in which Salmonella species can survive and potential grow. 



 
 

 
 

 

 

             
 
 

Figure 7. Growth of Salmonella Enteriditis (SE) in randomly selected, inoculated poultry 
and beef rendered meal samples upon inoculation as well as 24 (without humidity), 48, 
and 72 h at 90% humidity at 28°C (83°F). 

 
 



 
 

 
 

 

 

             
 
Figure 8. Water activity levels in randomly selected, inoculated poultry and beef rendered 
meal samples upon inoculation as well as 24 (without humidity), 48, and 72 h at 90% 
humidity at 28°C (83°F). 



 
 

 
 

 

 

             
 

Figure 9. Growth of Salmonella Enteriditis (SE) in randomly selected, uninoculated 
poultry and beef rendered meal samples upon inoculation as well as 24 (without 
humidity), 48, and 72 h at 90% humidity at 28°C (83°F). 



 
 

 
 

 

 

             
 

Figure 10. Water activity levels in randomly selected, uninoculated poultry and beef 
rendered meal samples upon inoculation as well as 24 (without humidity), 48, and 72 h at 
90% humidity at 28°C (83°F). 

 



 
 

 
 

 

 
Survival of Salmonella Introduced into Rendered Meals over 14 Days Storage 

 
Introduction: 
In this study, selected poultry and beef meals were analyzed for their initial water activity and 
then inoculated with pathogenic Salmonella cocktails. Survival rate was monitored on day 0, 7 
and 14 at 28°C. 
 
Materials and Methods: 
 

Poultry and Beef Meal Sample Preparation 
Twelve poultry meal samples and twelve beef meal samples were randomly chosen from 
samples supplied by rendering companies in the United States.  Poultry samples include five 
poultry by-products meals, four poultry meals and three medium ash poultry meals.  Beef 
samples include six meat and bone meals, five beef and pork meal and one blended meat and 
bone meal. Aqualab (Aqualab series 3TE, Decagon devices Inc, Pullman WA 99163) and sample 
cups (AquaLab Sample Cups 500 qty bottoms from Decagon Devices, Inc. in Pullman, WA 
99163) were used to measure the water activity of these samples in duplicate. After determining 
the water activity and comparing to other poultry meal samples; four of these samples were in 
the range of lower water activity compare to other poultry meal samples, four samples were in 
the medium water activity range, and four samples were in the higher water activity range. Beef 
samples also were divided into different categories based on their initial water activity with four 
samples in the lower water activity range, four in the medium range and four in the higher water 
activity range.  

Salmonella cocktail Preparation 
Four serotype strains of Salmonella were used to make the cocktail: Salmonella Enteriditis, 
Salmonella Choleraesuis, Salmonella Newport, and Salmonella Dublin.  Ten microliter of Each 
individual strain was inoculated into 1 L of the sterile Trypticase soy broth (VWR Scientific 
Products, Suwanee, GA) broth with 1% yeast extract (MP Biomedicals, LLC, Solon, Ohio), and 
incubated at 35°C overnight. After 24hr of incubation, each overnight culture was washed three 
times by centrifugation at 7,000 x g for 7 min (GSA rotor, DuPont RC5C Sorvall Instruments 
Centrifuge, DuPont Company, Newtown, CT) and resuspended in sterile physiological (0.85%) 
saline. The concentration of each individual strain was adjusted to 0.7 optical density (about 109 
cfu/mL) (μQuant Universal Microplate Spectrophotometer, Bio-Tek Instruments, Winooski, VT) 
at 600 nm and then mixed together with the equal volume. After mixing, the Salmonella cocktail 
was placed on ice immediately. Salmonella cocktail for beef and poultry samples were prepared 
freshly on separate date.          

Sample inoculation 
Aluminum cans (Uline S-15743 No-handle pint cans, Pleasant Prairie, WI, 53158) and an 
electric paint shaker (F5 portable paint shaker, Sequoia Brands Inc, Odessa, FL 33556) were 
obtained. Thirty grams of each poultry and beef meal were aseptically measured into autoclave 
sterilized aluminum paint cans (in duplicate). All the aluminum cans were sealed aseptically, 
shaken on an electric paint shaker and incubated at 28°C. Samples were enumerated at 0, 7 and 
14 days for Salmonella.  A preliminary experiment on sample mixing was conducted by 
pipetting 0.3 mL of crystal violet (Crystal violet dye - 90008-894, VWR Scientific Products, 
Suwanee, GA) into the aluminum cans containing either poultry and beef meal.  The cans were 



 
 

 
 

 

sealed and shaken on a commercial paint shaker for different time intervals. Glitterbug Powder 
(Brevis, Salt Lake City, UT) mixed in water was also used to poultry meal to see if the inoculum 
could be thoroughly mixed together using the paint shaker.  After observing the preliminary test 
results under the microscope or UV light (Brevis, Salt lake city, UT), 10 min processing of the 
sample cans on the paint shaker was chosen in order to achieve complete mixing.   
For the inoculated samples, 0.3 mL of the Salmonella cocktail was aseptically inoculated into the 
aluminum can (Uline S-15743 no-handle pint cans, Pleasant Prairie, WI, 53158) containing pre-
measured rendered meals and then immediately shaken for 10 min on the paint shaker (F5 
portable paint shaker, Sequoia Brands Inc, Odessa, FL 33556).  After 10 min of shaking, the 
aluminum can was aseptically opened and 1 gram of the inoculated poultry/beef meal was 
transferred into the sterile standard Class O phosphate/magnesium chloride dilution buffer.  This 
step was repeated in duplicate.  
 After mixing the inoculated animal meal with the dilution buffer by shaking and vortexing 
(Super Mixer, 1290, Labline Instruments, Inc., Melrose Park, IL), serial dilution was made by 
spread plating on xylose lysine deoxycholate agar (XLD, 90003-996, VWR Scientific Products) 
plates.  Initial Salmonella cocktail concentration was determined by serial dilution plating. 
Uninoculated samples were also plated with the same procedure. All the plates were incubated at 
35°C for 24 hr.  All the aluminum cans were sealed asceptically and incubated at 28°C. The 
same dilution plating procedure was repeated at day 7 and day 14.  
 
Results and Discussion: 
After water activity measurement, samples were divided into low, medium and high water 
activity category. Poultry and beef sample initial water activity are shown in Tables 2 and 3. For 
the poultry samples, group A, B and C had average water activity of 0.39, 0.25, and 0.23 
respectively. For the beef samples, group D, E and F had average water activity of 0.54, 0.42, 
and 0.35 respectively. Preliminary experiments were conducted to test whether Salmonella 
cocktail inoculation would impact the water activity of both poultry and beef samples; the results 
indicated that inoculation of 0.3 ml of Salmonella cocktail into 30 gram of the rendered animal 
meal would not make a significant difference in water activity of the rendered animal meal.  
Initial Salmonella cocktail population for poultry samples were 9.39±0.07 log10 cfu/g. At day 0, 
for poultry samples, group A, B, and C had average Salmonella concentration of 6.37, 5.56 and 
6.90 log10 cfu/g respectively. At day 7, group A, B, and C had average Salmonella concentration 
of 2.47, 2.95 and 3.23 log10 cfu/g respectively. At day 14, group A, B, and C had average 
Salmonella concentration of 2.78, 3.25 and 3.21 log10 cfu/g respectively (Figure 10). As noted in 
Figure 10, the Salmonella population decreased an average of 3-4 log10 cfu/g after inoculation 
into rendered products despite the initial water activity level.  
Initial Salmonella cocktail population for beef samples were 9.17±0.04 log10 cfu/g respectively. 
At day 0, for beef samples, group D, E, and F had average Salmonella concentrations of 6.67, 
6.18 and 5.95 log10 cfu/g respectively. At day 7, group D, E, and F had average Salmonella 
concentrations of 3.63, 3.50 and 3.42 log10 cfu/g respectively. At day 14, group D, E, and F had 
average Salmonella concentrations of 2.88, 2.80 and 3.38 log10 cfu/g respectively (Figure 11). As 
noted in Figure 11, the Salmonella population decreased an average of 3-4 log10 cfu/g after 
inoculation into rendered products despite the initial water activity level.  
From day 0 to day 7 (Figure 10 and 11), inoculated Salmonella populations decreased from 
approximately 6 log 10 to 3 log 10 for both poultry and beef samples. The water activity for 
poultry samples were ranged from 0.204 to 0.501, and the water activity for beef samples ranged 



 
 

 
 

 

from 0.322 to 0.657. The minimum reported aw for Salmonella spp is 0.94 (FDA 2013) and  
osmotic shock can also decrease Salmonella population in the dry rendered animal meals.  
At day 14, Salmonella populations of 2.78, 3.25 and 3.21 log10 cfu/g remained in the three 
groups, respectively, in the poultry meal.  In beef, Salmonella populations of 2.88, 2.80 and 3.38 
log10 cfu/g in the three groups remained.  
 
The results supported previous researchers’ conclusion that artificially inoculated pathogenic 
Salmonella populations decline in low water activity environments due to many factors including 
osmotic shock and low available water. However, at day 14 of this study, Salmonella was still 
detected in the poultry and beef meals. Further research and information is needed for more 
accurate correlation between water activity and Salmonella survival in rendered animal matrix. 
 
Table 2.  Poultry sample initial water activity before inoculating Salmonella cocktail. Group A 
has four higher water activity poultry meals, group B has four medium water activity poultry 
meal, and group C has four lower water activity poultry meal. 

Initial water activity aProduct typeSample No. w 

0.501Medium ash poultry mealA1
0.3725Poultry by-product mealA2
0.356Poultry mealA3
0.3515Poultry mealA4
0.2545Poultry mealB1
0.2525Poultry mealB2
0.248Medium ash poultry mealB3
0.246Poultry by-product mealB4
0.239Poultry mealC1
0.233Medium ash poultry mealC2
0.2295Poultry by-product mealC3
0.204Poultry mealC4

 
Table 3. Beef sample initial water activity before inoculating Salmonella cocktail. Group D has 
four higher water activity beef meals, group E has four medium water activity beef meal, and 
group F has four lower water activity beef meal. 

Initial water activity aProduct typeSample No. w 

0.657Meat and bone mealD1
0.517Meat and bone mealD2
0.503Meat and bone mealD3
0.499Meat and bone mealD4
0.485Meat and bone mealE1
0.444Meat and bone mealE2
0.390Beef and pork mealE3
0.3725Beef and pork mealE4
0.364Beef and pork mealF1
0.353Blended MBMF2
0.353Beef and pork mealF3
0.322Beef and pork mealF4



 
 

 
 

 

 
 
 
 

 

 
Figure 10. Poultry samples with inoculated Salmonella cocktail at day 0, day 7 and day 14. 
Initial Salmonella cocktail population for poultry samples were 9.39±0.07 log10 cfu/g. A is the 
group average of four poultry samples with higher initial water activity, B is the group average 
of four poultry samples with medium water activity, and C is the group average of four poultry 
samples with low water activity.  
 

 



 
 

 
 

 

 
Figure 11. Beef samples with inoculated Salmonella cocktail at day 0, day 7 and day 14. Initial 
Salmonella cocktail population for beef samples were 9.17±0.04 log10 cfu/g. D is the group 
average of four beef samples with higher initial water activity, E is the group average of four 
beef samples with medium water activity, and F is the group average of four beef samples with 
low water activity.  



 
 

 
 

 

 
 

Survival of Salmonella Cocktail in Rendered Meals with Water Activity 
 Adjusted to 0.7, 0.8 and 0.9 

 
Introduction: 
In this experiment, several poultry and beef rendered animal meals were selected and adjusted to 
0.7, 0.8 and 0.9 water activity. A four serotype Salmonella cocktail was inoculated into these 
samples and incubated at 28°C for 0 hr, 24hr, 48hr and 96hr. 
 
Materials and Methods: 

Poultry and beef meal sample preparation 
Four poultry meal samples and four beef meal samples were randomly chosen from samples 
supplied by rendering facilities in the United States. An Aqualab water activity device (Aqualab 
series 3TE, Decagon devices Inc, Pullman WA 99163) and sample cups (AquaLab Sample Cups 
500 qty bottoms from Decagon Devices, Inc. in Pullman, WA 99163) were used to measure the 
water activity of these samples in duplicate. After determining the water activity and comparing 
to other poultry meal samples, two higher initial water activity and two lower water activity 
samples were selected. Two poultry by-products meals and two medium ash poultry meals were 
selected. For the beef samples, two higher water activity and two lower water activity samples 
were selected, including two beef and pork meal and two meat and bone meals. After recording 
their initial water activity, each of the beef and poultry samples were adjusted to approximately 
aw of 0.7, 0.8 and 0.9 by adding sterile ddH2O. Preliminary experiments had been conducted to 
test the amount of water needed in order to reach aw of 0.7, 0.8 and 0.9 with poultry and beef 
samples, respectively.  

 
Salmonella cocktail preparation 

Four serotype strains of Salmonella were used to make the cocktail: Salmonella Enteriditis, 
Salmonella Choleraesuis, Salmonella Newport, and Salmonella Dublin.  Ten microliter of each 
individual strain was inoculated into 1 L of the sterile Trypticase soy broth (VWR Scientific 
Products, Suwanee, GA) broth with 1% yeast extract (MP Biomedicals, LLC, Solon, Ohio), and 
incubated at 35°C overnight. After 24hr of incubation, each overnight culture was washed three 
times by centrifugation at 7,000 x g for 7 min (GSA rotor, DuPont RC5C Sorvall Instruments 
Centrifuge, DuPont Company, Newtown, CT) and resuspended in sterile physiological (0.85%) 
saline. The concentration of each individual strain was adjusted to 0.7 optical density (about 109 
cfu/mL) (μQuant Universal Microplate Spectrophotometer, Bio-Tek Instruments, Winooski, VT) 
at 600 nm and then mixed together with the equal volume. After mixing, the Salmonella cocktail 
was placed on ice immediately.  

 
Sample inoculation 

Preliminary experiment on sample mixing was conducted by inoculating 0.1 mL of crystal violet 
(Crystal violet dye - 90008-894, VWR Scientific Products, Suwanee, GA) into the 45 ml 
Falcon® tubes with 10 gram of poultry/beef meal and then vortexed on the fast setting for 
approximately 1 min for thoroughly mixing. For the inoculated samples, 0.1 mL of the 
Salmonella cocktail was aseptically inoculated into the Falcon® tube then immediately vortexed 
for 1 min.  After vortexing, the Falcon® tube was aseptically opened and 1 gram of the 



 
 

 
 

 

inoculated poultry/beef meal was transferred into the sterile standard Class O 
phosphate/magnesium chloride dilution buffer in duplicate.   After mixing the inoculated animal 
meal with the dilution buffer by shaking and vortexing, tubes were incubated at 28°C for 0 day, 
24hr, 48hr and 96hr.  Serial dilutions were made by spread plating on xylose lysine deoxycholate 
agar (XLD, 90003-996, VWR Scientific Products) plates.  Initial Salmonella cocktail 
concentration was determined by serial dilution plating. Uninoculated samples with initial water 
activity and adjusted aw of 0.7, 0.8 and 0.9 were plated with the same procedure. All the XLD 
plates were incubated at 35°C for 24 hr.  
 
Results and Discussion: 
After initial water activity measurement, samples were divided into low and high water activity 
category. Poultry and beef sample initial and adjusted water activity are shown in Tables 4 and 5. 
Preliminary experiments had been conducted to test whether Salmonella cocktail inoculation will 
impact the water activity of both poultry and beef samples, and the data showed that inoculation 
of 0.1 ml of Salmonella cocktail into 10 gram of the rendered animal meal did not have 
significant different in water activity of the rendered animal meal.  
In all samples, populations of Salmonella slowly decreased with time in the 0.7, 0.8 and 0.9 
water activity samples (Figures 12-15).   
 
Table 4. Poultry sample water activity before inoculating Salmonella cocktail. Group A and B 
had four higher water activity poultry meals; group C and D had four medium water activity 
poultry meal. Initial means the initial water activity. 0.7, 0.8 and 0.9 means the adjusted water 
activity level.  

Actual Measured WaterProduct typeSample No.
activity aw 

0.69Medium ash poultry mealA Initial
0.708Medium ash poultry mealA 0.7
0.873Medium ash poultry mealA 0.8

Medium ash poultry mealA 0.9  0.92 
0.416Poultry by-product mealB Initial
0.68Poultry by-product mealB 0.7
0.827Poultry by-product mealB 0.8
0.921Poultry by-product mealB 0.9
0.262Medium ash poultry mealC Initial
0.713Medium ash poultry mealC 0.7
0.805Medium ash poultry mealC 0.8
0.914Medium ash poultry mealC 0.9
0.1285Poultry by-product mealD Initial
0.683Poultry by-product mealD 0.7
0.815Poultry by-product mealD 0.8
0.92Poultry by-product mealD 0.9

 



 
 

 
 

 

 
Table 5.  Beef sample water activity before inoculating Salmonella cocktail. Group E and F had 
four higher water activity beef meals, group G and H had four medium water activity beef meal. 
Initial means the initial water activity. 0.7, 0.8 and 0.9 means the adjusted water activity level.  

Water activity aProduct typeSample No. w 

0.536Meat and bone mealE Initial
0.769Meat and bone mealE 0.7
0.838Meat and bone mealE 0.8

Meat and bone mealE 0.9  0.92 
0.49Meat and bone mealF Initial
0.78Meat and bone mealF 0.7
0.85Meat and bone mealF 0.8
0.91Meat and bone mealF 0.9
0.27Beef and pork mealG Initial
0.739Beef and pork mealG 0.7
0.838Beef and pork mealG 0.8
0.927Beef and pork mealG 0.9
0.256Beef and pork mealH Initial
0.77Beef and pork mealH 0.7
0.838Beef and pork mealH 0.8
0.92Beef and pork mealH 0.9

 



 
 

 
 

 

 

 
Figure 12. Poultry A and B sample average bacterial count with inoculated Salmonella cocktail 
at 0 hr, 24 hr, 48 hr and 96 hr. Initial Salmonella cocktail population for poultry samples were 
9.55±0.06 log10 cfu/g. A and B  poultry samples were the selected sample with higher initial 
water activity.  
 
 
 
 

 
Figure 13. Poultry C and D sample average bacterial count with inoculated Salmonella cocktail 
at 0 hr, 24 hr, 48 hr and 96 hr. C and D  poultry samples were the selected sample with lower 
initial water activity.  



 
 

 
 

 

 
 

 
Figure 14. Beef E and F sample average bacterial count with inoculated Salmonella cocktail at 0 
hr, 24 hr, 48 hr and 96 hr. Initial Salmonella cocktail population for beef samples were 9.55±0.06 
log10 cfu/g. E and F beef samples were the selected sample with higher initial water activity.  
 
 
 
 
 
 
 

 



 
 

 
 

 

Figure 15. Beef G and H sample average bacterial count with inoculated Salmonella cocktail at 0 
hr, 24 hr, 48 hr and 96 hr. G and H beef samples were the selected sample with lower initial 
water activity.  
 
 
Conclusion: 
Low water activity causes slow decrease in populations of Salmonella in rendered animal 
products. 
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