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Abstract: Validation of a simple and inexpensive dehydration system used to achieve required lethality levels in jerky 

products is described. Factors influencing the dehydration process were investigated. Steps in the process can be used as 

validation guidelines for similar systems. Temperature variations within the drying chamber were reduced by improving 

air circulation and tuning the ventilation system with regard to fan speed, fan blade clearance and air flow path. The me-

chanical complexity of the system was simplified by replacing multiple, high-speed fans with a single, low-speed, high-

volume fan. Wet-bulb temperature in the dehydration chamber was compared to the internal temperature of 6 mm thick 

marinated beef jerky slices during the pasteurization process. There was no significant difference between the dehydrator 

wet-bulb temperature and the product internal temperature after the wet-bulb temperature reached 60 C. Wet-bulb tem-

perature can be used as an effective critical control point (CCP) for product pasteurization for specific cases when verified 

with field trials. 
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INTRODUCTION 

 This paper describes the validation of a simple and inex-
pensive dehydration system that can be used to achieve re-
quired lethality levels in jerky products. In the validation 
process, guidelines for verifying similar systems are estab-
lished. Bowser [1] describes the construction of a low-cost 
dehydrator that was developed for small-scale meat proces-
sors. The dehydrator was designed as an alternative to ex-
pensive commercial units that are out of the price range of 
many small meat processors and start-up companies. 
Bowser’s publication provides a materials list, photographs, 
drawings and complete instructions necessary to build the 
dehydrator for a fraction of the cost of a commercial unit 
with similar capacity. The low-cost, simple dehydrator fills 
an equipment void that has long been empty. However, end 
users need more than equipment. Dehydration equipment 
must be proven to consistently produce a product that is 
wholesome and verifiably safe for human consumption. 

 In recent years, some dehydrated meats have received 
attention due to inadequate processing. Several outbreaks of 
gastroenteritis have been reported as a result of consuming 
beef jerky [2]. Acid adaptation of pathogens during the proc-
essing of beef jerky was studied by Calicioglu et al. [3]. 
Buege et al. [4] summarized the possible reasons behind the 
outbreaks when they reported that the traditional dehydration 
process for meats could result in an increased thermotoler-
ance for bacteria [5] and evaporative cooling at the surface 
of the meat product [6]. The evaporative cooling could result 
in a reduced lethality of the drying process. A study by Faith 
et al. [7] indicated that percent fat content as well as time 
and temperature had an influence on E. coli O157:H7 inocu- 
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lated in beef jerky. Allen et al. [8] evaluated the effect of 
high humidity and wet marinade methods for pasteurization 
of jerky. They found that some marinade pasteurization 
methods were feasible, and may be a preferred alternative for 
small processors, since monitoring of dehydrator humidity 
was not necessary. It has been suggested by LaBudde [6] to 
process meat prior to dehydration with “wet heat” to achieve 
pasteurization. The USDA [9] published a compliance guide-
line for jerky processors. The guideline was intended “to 
provide small and very small meat and poultry plants with 
guidance material and updated information on the safe 
manufacture of jerky.” 

 Guideline recommendations for thermal processing (or 
the lethality step) included maintaining a constant relative 
humidity above 90%. Buege et al. [4] observed that the in-
ternal temperature of the product was always similar to the 
wet-bulb temperature during the early stages of the dehydra-
tion process. They followed this observation with a strong 
recommendation for processors to use wet-bulb temperature 
measurements to control thermal processes. The wet-bulb 
temperature may be the preferred process control metric, 
since it can be measured directly using a simple thermocou-
ple, water reservoir and cotton wick. Proper maintenance of 
the wick and thermocouple calibration is required for ongo-
ing operations. Measurement of relative humidity requires 
additional of more complex and expensive equipment com-
pared to measurement of wet-bulb temperature.  

 As a practical consideration, humidity levels above 90% 
and high wet-bulb temperatures are difficult to achieve in 
drying chambers without the addition of steam. Any steam 
directly added to, or in contact with, a food product should 
be of the type that may be classified as “culinary” or “sani-
tary” steam [10]. Culinary steam is a utility that is often un-
available to the small and very small-scale meat processor 
because traditional steam generators (boilers) are relatively 
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expensive. State and local codes may also require a license 
for boiler operation and periodic inspection by a designated 
official. 

 The Bowser dehydrator was designed to pasteurize prod-
uct using high humidity. Required levels of humidity were 
achieved by evaporating water on the heating coil and by 
producing water vapor with a small, low-pressure electric 
water heater. The product pasteurization process required 
sealing the dehydrator by closing the inlet and outlet air 
ducts and entrance/exit door. Once the dehydrator was 
sealed, water vapor was added to the chamber along with 
heat through the forced-air heating coil. Pasteurization was 
completed when the target wet-bulb temperature was reached 
and held for the recommended time period [11]. Spot tem-
perature measurements were taken at random locations in the 
dehydration chamber to check temperature consistency. Re-
sults revealed that the air temperature varied by as much as 
10 C, which was regarded as unacceptable. This large 
temperature difference occurred at the product-loading end 
of the dehydration chamber from the top to bottom of the 
chamber during tests on the fully heated dehydrator at a tem-
perature set point of 60 C. It was assumed that the wet-bulb 
temperature would vary proportionally with the dry-bulb 
temperature (verification of this assumption is given in the 
results section).  

MATERIALS AND METHODS 

 Temperature variation within the Bowser dehydrator was 
believed by the authors to have been caused by poor air dis-
tribution which led to thermal gradients in the chamber. It 
was hypothesized that higher velocity, and more uniformly 
distributed air movement were needed to reduce temperature 
variations. Portable fans (model 1825 by Lasko Products, 
Inc., West Chester, PA) were purchased and placed in the 
dehydrator to test the hypothesis. Spot temperature meas-
urements showed that the temperature variation was reduced 
significantly when the fans were used – confirming that in-
creased air movement was needed. Since the portable fans 
were a temporary measure (they couldn’t withstand the con-
ditions of the high-humidity, high-temperature pasteurization 
process) they were replaced with six, 35.6 cm diameter, four 
blade fans (23 degree pitch, CCW rotation, MSC Supply, 
Melville, NY). The fan blades were mounted on shafts that 
extended through the wall of the dehydrator. Fan drives were 
externally mounted on the dehydrator where they were ex-
cluded from the high heat and humidity conditions of the 
drying chamber. 

 The shaft drive system consisted of two motors (model 
M3545, Baldor, Fort Smith, AR) and two variable-frequency 
drives (model L200, Hitachi America, Ltd., Tarrytown, NY) 
that were each linked to three fan shafts using a belt and four 
sheaves. This arrangement worked well to reduce tempera-
ture variations and provide independent control of fan banks, 
but was eventually abandoned because of fan balancing is-
sues and high maintenance of the multiple fan blades, shafts, 
bearings and drives. A simpler method was needed to move 
air in the dehydrator. After some research, it was discovered 
that low speed, high volume fans (or LSHV fans) have been 
successfully used in similar applications. The advantages of 
LSHV fan system were immediately apparent: one motor, 
one belt, five drive shafts, six sheaves, and 10 bearings were 
eliminated from the previous system. 

 The installed fan (model 48-5-SLP-30-PAG-6WR-P1-1”-
BR, Multiwing America, Burton, OH) is shown in Fig. (1). 
The LSHV fan shaft was located at the geometric center of 
the dehydration chamber on the end wall of the dehydrator. 
The location was selected to uniformly direct air over racks 
positioned in the dehydration chamber. A motor and vari-
able-speed drive (described above), were used to power the 
LSHV fan. A 2.5 cm diameter by 61 cm long shaft with a 
full-length key and a flange bearing (mounted on the inside 
wall of the dehydrator) and pillow block bearing (mounted 
on the outside wall of the dehydrator) were used to support 
the LSHV fan. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Low-speed, high-volume fan used to improve air circula-

tion in the dehydration chamber. 

 

 Distance (clearance) between the hub of the LSHV fan 
and the wall of the dehydrator was variable, based on the 
length of the shaft and the space available. Since the shaft 
was fully keyed, the LSHV fan could be positioned any-
where on its exposed length. This was important because, 
according to the manufacturer of the LSHV fan, clearance 
would affect air movement rates. An experiment was de-
signed to determine the optimum clearance for the LSHV fan 
in the dehydrator. LSHV fan speed was fixed at 250 rpm and 
the recirculation fan motor (which moved air past the heating 
coil of the dehydrator) was turned on at full speed. We 
started with 15 cm of clearance between the centerline of the 
LSHV fan hub and the dehydrator wall and measured the air 
speed at six locations around the perimeter of the dehydra-
tion chamber using a hot-wire anemometer (model 9545, TSI 
Inc., Shoreview, MN). The LSHV fan was moved away from 
the wall in 2 cm increments and air speeds recorded until the 
maximum available clearance of 31 cm was reached. It was 
assumed that the air speed would remain relatively constant 
at the optimum clearance distance. 

 Speed of the LSHV fan was adjustable using the vari-
able-frequency drive. The maximum speed was determined 
to be 350 rpm, since at speeds above 400 rpm vibrations 
were noticed in the LSHV fan system due to balancing and 
bearing and shaft alignment issues. An experiment was de-
signed to determine the optimal speed of the LSHV fan (up 
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to 400 rpm). We expected, based on the manufacturers input, 
that the air velocity inside the dehydration chamber would 
reach a peak at the optimum LSHV fan speed. During ex-
periments, the recirculation fan was set at high speed. We 
adjusted the LSHV fan speed from 50 to 400 rpm in incre-
ments of 50 rpm. Air velocity was measured using the same 
procedure given above. 

 We observed that recirculation air in the dehydrator was 
impinging on the dehydrator wall and the discharge side of 
the LSHV fan. To solve this, an adjustable baffle (1.21 mm 
thick, 81 x 56 cm galvanized flat sheet metal) was installed 
to help direct recirculated air to the low pressure side of the 
LSHV fan. Hinges were fixed to one of the long sides of the 
baffle and were anchored to the interior walls of the dehydra-
tor. Anchoring points on the interior dehydrator walls were 
selected to allow full adjustment of the baffle angle, and to 
provide the most affect on the direction of the recirculated 
air. Three anchor locations were specified (shown in Fig. 2) 
and described below: 

L1. Centered on the wall, directly across from and level 
with the bottom of the recirculated air discharge duct. 

L2. Centered on the same wall as, and parallel with and 
adjacent to the top of the recirculated air discharge 
duct. 

L3. Centered on the same wall as, and parallel with and 
adjacent to the bottom of the recirculated air dis-
charge duct. 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). Three anchor locations for the hinged baffle that were 

tested in the study. L1 is level with and directly opposite the bottom 

of the air duct discharge. L2 is parallel and adjacent to the top side 

of the air discharge duct. L3 (baffle position shown) is parallel and 

adjacent to the bottom side of the air duct. The baffle angle, , was 

adjusted by changing the length of the anchor chain (-15 degree 

baffle angle shown). 

 

 A small chain was attached to the side of the baffle oppo-
site the hinges. The loose end of the chain was attached to a 
hook that was anchored on the dehydrator wall as shown in 
Fig. (2). The chain was used to adjust the angle of the baffle. 
In this paper, baffle angles refer to the angle that the body of 
the baffle makes with respect to the horizontal plane (see 
Fig. 2). Angles above the horizontal plane are positive, while 
angles below are negative. 

 The optimum baffle angle and location (anchor point) for 
our installation was determined by operating the dehydrator 
at a set temperature (about 60 C), without product and meas-
uring the air temperature at 12 locations in the dehydrator. 
Optimum baffle angle and location would be identified when 
variation in temperature readings was minimized. The dehy-
drator was sealed and all racks and trays (no product) were 
placed in the dehydration chamber. The north wall of the 
dehydrator (Fig. 3) was drilled and two thermocouples (5TC-
TT-K-24-72, Omega Engineering, Stamford, CT) were in-
serted at each location (T1, T2, T3, T4, T5, and T6) marked 
in the figure. One thermocouple was placed just inside the 
north wall (and labeled T1N) at the location shown in Fig. 
(3); the other was placed at the same elevation directly 
across the dehydration chamber on the south wall (and la-
beled T1S). Each thermocouple was fixed at approximately 
10 cm from the surface of the wall. All locations (T1 through 
T6) received two thermocouples that were placed similarly. 

 

 

 

 

 

 

 

 

 

 

 

Fig. (3). North wall of dehydrator showing location of drilled holes 

where thermocouples where inserted to measure air temperature. 

Two thermocouples were inserted in each hole and placed on the 

north and south sides of the dehydration chamber. 

 

 Elevation (with respect to the floor of the dehydrator) of 
each thermocouple location was: T1=T4=165 cm, T2=T5=97 
cm, and T3=T6=20 cm. T1 and T4, T2 and T5, T3 and T6, 
corresponded to the top shelf, middle shelf, and bottom shelf 
of a mobile drying rack, respectively. The temperature 
measurement locations were selected to account for as much 
variation in air flow as possible (prior tests revealed that 
most of the variation in temperature occurred near the walls 
of the chamber). A Fluke data logger (Hydra series II model 
2635A, Everett, WA) was used to record temperature data. 

 The baffle angle was adjusted in 15 degree increments, 
depending upon anchor location and freedom of movement 
available, and air temperature measurements were recorded 
when steady state conditions were reached. Baffle adjust-
ment increments for each hinge location are listed in Table 1. 
Fan speed was fixed at 250 rpm and fan clearance was 29 
cm. 

 After the optimum fan position, fan speed and baffle an-
gle were determined, we verified the assumption that the 
wet-bulb temperature changed in direct proportion to the 
dry-bulb temperature. The 12 thermocouples described 
above were outfitted with 3.2 mm diameter water-wicking 
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cotton sleeves (SKU #4430, Pepperell Braiding Co., Pep-
perell, MA) to enable them to measure wet-bulb temperature. 
Location of the thermocouples did not change. The tip of 
each thermocouple was inserted about 1 cm into the end of a 
1.0 m length of hollow cotton tube. 

 The free end of the cotton tube was kept in a water reser-
voir (237 ml capacity, item number 4293T77, McMaster 
Carr, Atlanta, GA) as shown in Fig. (4). 

 

 

 

 

 

 

 

Fig. (4). Setup for wet-bulb temperature sensors showing the water 

reservoir and cotton sock placed over the thermocouple. A clear 10 

cm long Tygon® tube covers the cotton wick from the reservoir to 

within about 2 cm of the terminus of the wick. 

 

 A 15 cm length of clear Tygon® tubing (6.35 mm OD, 
0.80 mm wall thickness) was used to protect the wick be-
tween the point of exit from the water reservoir and the 
thermocouple. A Nylon liquid-tight cord grip (69915K47, 
McMaster Carr, Atlanta, GA) was threaded into the lid of the 
container and used to hold the Tygon® tubing in place. 

 The final validation test for the dehydrator was a com-
parison of the ambient wet-bulb temperature and internal 
temperature of beef jerky during the pasteurization process. 
The wet-bulb temperature was measured adjacent to four 
pieces of jerky using thermocouples and wet-bulb wicks as 
described. Internal temperature of the beef jerky was meas-
ured by carefully inserting a precision fine-wire thermocou-
ple (Part # 5TC-TT-K-30-72, Omega Engineering, Inc., 
Stamford, CT) into the center of meat slices before drying. 
Temperature data logging was accomplished using the Fluke 

Hydra system as stated above. Meat slices were lean beef, 
approximately 6 mm thick, 8 cm wide and 25 cm long, mari-
nated in a water-based flavoring solution prior to dehydra-
tion. 

RESULTS 

 Results of the clearance test between the fan and the wall 
are plotted in Fig. (5). Optimal fan/wall clearance was ob-
tained at 29 cm where the air velocity was nearly at the 
maximum and the standard deviation was relatively low. Fig. 
(6) gives a plot of average air speed in the dehydration 
chamber at various fan speed settings. The optimal fan speed 
was identified at 250 rpm and was associated with peak air 
velocity in the dehydrator chamber. Plots of the standard 
deviation and range of air temperature measurements col-
lected during tests for the optimum baffle angle and location 
are shown in Fig. (7). The baffle angles and location with the 
lowest standard deviation and range were between 0 and -30 
degrees at baffle anchor location L3 (shown in Fig. 2). Wet-
bulb temperatures for the twelve measurement locations in 
the dehydrator averaged 53.5 C over a time span of 1 minute 
(n = 72) with a range of 0.816 C and a standard deviation of 
0.215 C. 

Table 1. Baffle Adjustment Increments for Each Hinge Location 

Hinge Anchor Location (see Fig. 2) Angles Tested (degrees from horizontal 

L1 L2 L3 

75 X   

60 X  X 

45 X  X 

30 X  X 

15 X  X 

0 X  X 

-15 X  X 

-30 X X X 

-45  X X 

-60  X  

-75  X  

 

 

 

 

 

 

 

Fig. (5). Results of the test to determine optimum clearance be-

tween the fan hub and the dehydrator wall. 
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Fig. (6). Fan speed plotted against average air velocity (measured at 

six locations) downwind of the fan. 

 

 

 

 

 

 

 

 

 

 

 

Fig. (7). Plot of range and standard deviation of air temperature 

measurements used to determine optimum baffle angle and loca-

tion. 

 

Fig. (8) shows a plot of average internal jerky temperature of 
the four slices of jerky and average wet-bulb temperature 
(taken adjacent to each jerky slice) vs. time in the dehydra-
tor. Statistical analysis was performed on a portion of the 
data shown in the plot using Student’s t-test to assess the 
difference between the measured wet-bulb temperature and 
the internal product temperature of the four slices of jerky 

for a 12-minute pasteurization process. Measurements taken 
during the warm up time prior to reaching the wet-bulb tem-
perature set point (60 C) for the pasteurization process were 
excluded from the data set to allow for startup conditions. 
Results of the t-test were calculated using Minitab v 14 
(Minitab, Inc., State College, PA) and are shown in Table 2. 

Table 2. Results of a paired t-test for dehydrator wet-bulb 

temperature and jerky slice internal temperature for 

a 12 minute pasteurization process (shown in figure 

8), with wet-bulb temperature above 60 C. Number 

of observations = 48 

Test Result 

99.9% Confidence Interval for 

mean difference 

(-0.2646, 0.1908) 

T-value -0.57 

P-value 0.572 

 

DISCUSSION 

 Temperature consistency (both dry and wet-bulb) 
throughout the dehydration chamber was an important factor 
that was used to tune the performance of the dehydrator. We 
found that uniform air flow and sufficient volume were vital 
for the maintenance of temperature consistency. Significant 
thermal gradients and air flow channels existed in the origi-
nal dehydrator design that rendered the process unpredictable 
and unsafe (health risk from unpasteurized product). Im-
provements were needed to reduce temperature variation in 
the drying chamber. Fans were installed and tested to dis-
tribute air more uniformly within the drying chamber. A 
LSHV fan was found to provide the most adequate air 
movement without adding too much complexity to the sys-
tem. 

 Three installation parameters were critical for optimum 
LSHV fan operation: 

1. Fan clearance 

2. Fan speed 

3. Air flow 

 First, the fan should be mounted with adequate clearance 
between the low pressure side and its surroundings. We 
mounted the fan in a manner that allowed us to adjust the 
clearance between the inlet side of the fan and the adjacent 
wall of the dehydrator. Second, the fan should be operated at 
an optimum speed of rotation. Slower fan rotation may not 
achieve adequate mixing, while faster rotation wastes en-
ergy. An inexpensive, variable-frequency drive was pur-
chased and installed to control the LSHV fans drive motor; 
providing a means for continuous speed adjustment within 
the manufacturer’s recommended speed range. 

 Directing recirculation air flow to the fan was the third 
important parameter in optimizing the system performance. 
Return air to the LSHV fan was brought from the dehydra-
tion chamber in a separate duct and directed to the low pres-
sure side of the fan using an adjustable baffle. The three baf-
fle locations and various angles that were tested were deter-

 

 

 

 

 

 

 

 

 

 

Fig. (8). Plot of internal jerky and wet-bulb temperature over time 

during the dehydrator start up and pasteurization process. 
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mined by visual estimation of the best flow path; then the 
optimum location and position were identified by experi-
mentation. 

 Temperature consistency enhanced product safety since 
the process could achieve the critical control point (CCP) 
temperature with a higher degree of reliability. For example, 
if the CCP was a wet-bulb temperature of 60 C for 12 min-
utes, and the process had a wet-bulb temperature standard 
deviation (sigma) of 0.22 C, then a six-sigma process would 
require a wet-bulb temperature set point of 60 C + (0.22 C x 
6) = 61.32 C. The six-sigma process is statistically capable 
of producing fewer than two defects (products that did not 
achieve the pasteurization temperature) per million units 
produced [12]. Quality of the finished product would be en-
hanced because the wet-bulb temperature set point for pas-
teurization was increased by the relatively modest amount of 
1.32 C to achieve the six sigma production criterion. If the 
standard deviation of the wet-bulb temperature of the dehy-
drator had been 6 C, as it was before optimization, then the 
set point for the six sigma process would have been 60 C + 
(6 C x 6) = 96 C. The 34.68 C higher pasteurization tempera-
ture would require more energy to reach and could poten-
tially reduce the overall quality of the product due to over-
cooking. 

 Based on the results of a paired t-test, we reject the hy-
pothesis that there is a difference between the internal tem-
perature of a jerky slice and the ambient wet-bulb tempera-
ture at a confidence level of p = 0.572. We are 99.9% confi-
dent that the wet-bulb temperature will be at most 0.19 C 
higher and at least 0.26 lower than the internal temperature 
of the product. Practically this verifies the assumption that 
the ambient wet-bulb temperature of the dehydrator can be 
used as a CCP for the jerky pasteurization process with a 60 
C set point using the given Bowser dehydration system. Be-
low 60 C the wet-bulb and internal jerky temperatures ap-
pear to be different, as shown in Fig. (8), and the wet-bulb 
temperature may not be a good estimate of the internal tem-
perature of the product. Measurements of wet-bulb and 
product internal temperature should be recorded and com-
pared for unique dehydrators and pasteurization processes to 
establish the validity of using the wet-bulb temperature as a 
CCP. 
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