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Introduction:

Jerky Is a shelf stable ready-to-eat product because of its low water activity (10). The
USDA-FSIS considers shelf stability to be achieved at (.85 a, , but 0.7 is required to
iInhibit mold growth (7). An impediment to effectively evaluating the safety of jerky can be
the difficulty in recovering microorganisms due to case hardening that can occur during
drying. For microbial analysis, the USDA/FSIS Microbiology Laboratory Guidebook for the
Examination of Fresh, Refrigerated and Frozen Prepared Meat, Poultry and Pasteurized
Egg Products prescribes sample preparation by stomaching or blending at high speeds for
2 min (11). If case hardening has occurred during the drying of jerky, the tough outer layer
may act as a barrier (9) to the extraction of bacterial cells during stomaching.

The USDA/FSIS requires a 5-log reduction in Salmonella during the manufacture of
jerky in order to ensure the safety of the finished product (10); E. coli O157:H7 is an
additional hazard that should be controlled in processed beef products. An inability to
recover pathogens from jerky can lead to false safety assessments.

Lactic acid bacteria (LAB) have been shown to be effective pathogen surrogates in the
validation of ground-and-formed beef jerky processes (2). In order to serve as a surrogate
organism for validation of whole muscle jerky processes, LAB must also be effectively
recovered.

Objective:

Our objective was to determine which of three sample preparation methods would give the
best recovery of Dbacterial cells from whole muscle beef jerky at various stages of
processing: stomaching a strip for 2 min (Method 1); pulsifying a strip for 2 min (Method 2);
or dicing a strip, soaking it in diluent (5 min), then stomaching it for 2 min (Method 3).

Materials and Methods:

Jerky Strips Preparation:

Aeef rounds, knuckles, and shoulder roasts sliced and cut into identical strips (5.08 cm by
15.24 cm by 0.25 cm).

Average strip weight was 29.6g (n=459) and average meat load per experiment was 1.8kg
(n=8 trials).

Inoculum Preparation:

A 13-strain combined pathogen cocktail, prepared from stationary-phase cells, contained
eight strains of Salmonella serovars and five strains of E. coli O157:H7, re-suspended in
But t e rphasphdteddibusnt (BPD). Inoculum level was 101° CFU/m.

ALAB inoculum was prepared from 0.5g of Pediococcus spp. (Saga 200) or Pediococcus
acidilactici (BioSource) re-suspended in 9ml BPD. Inoculum level was 10° CFU/ml.

Inoculation of Jerky Strips:

eEither pathogen cocktail or LAB inoculum T Saga 200 or BioSource -
pipetted onto the surface of each meat strip and evenly spread (Image 1).
eAfter a 30 min attachment period in a Biosafety hood, the strips were turned over and the
inoculation repeated on the other side (Image 2). Initial inoculum level was ~108 CFU/strip.
elnoculated strips were transferred to 1-gal Ziploc ® bags for marination using one of two
spice blends, Terikyaki or Original (Excalibur Seasoning Company). Inoculated meat/spice
mix was hand-tumbled for 5 min and then stored for 22-24 h at 4°C.

(0.4 ml) was

- —

Image 1.

Jerky Processing Conditions:
AViarinated strips were dried in a small-scale commercial dehydrator (Pragotrade model
TS160, C a b e lina.,0Ssdney, NE) in the laboratory, or in a commercial smokehouse/oven
(Model 2000, Alkar-RapidPak, Lodi, WI) at the Alkar-RapidPak Research and Technology
Center (ARPRTC, Lodi, WI) (Image 3).

ATwo processes were evaluated (Table 1): an isothermal process with the small-scale
dehydrator; a typical step-wise process in the commercial smokehouse.

AStrips were laid out in triplets consisting of one E. coli O157:H7 and Salmonella spp.
combined strip, one BioSource strip, and one Saga 200 strip (Image 4).

Table 1. Summary of Jerky Processes
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Step Set Dry Bulb Set Wet Bulb Actual Dry Bulb Actual Wet Bulb
Process Time (min) Temp. °C (°F) Temp. °C (°F) Temp. Range °C (°F) Temp. Range °C (°F)
1* 420 68.3 (155) NCa 15.8-65.6 (61-150) 17.0-43.8 (62-111)
2 90 54.5 (130) NC 15.0-67.2 (59-153) 14.8-38.3 (59-101)
60 60.0 (140) 21.1 (70) 33.5-81.6 (92-179) 32.6-41.1 (91-106)
60 65.6 (150) 26.7 (80) 58.3-77.3 (137-171) 40.7-44.0 (105-111)
60 70.1 (160) 32.2 (90) 32.8-93.0 (91-199) 38.0-47.3 (100-117)
60 /6.7 (170) NC 69.4-88.3 (157-191) 46.7-50.1 (116-122)

2 NC, not controlled, * n= 2 to 3 trials per spice/inoculum/dehydrator-smokehouse combination

Image 3.

Enumeration of Surviving Cells:

ASamples were taken post-inoculation, post-marination, and at intervals throughout the drying process.

Image 4.

At designated intervals, three jerky strips per spice per inoculum (combined pathogens/Saga

200/BioSource) were removed from the dehydrator/smokehouse and surviving cells enumerated using
one of three methods.

Avlethod 1: Place jerky strip in a stomacher bag with 99 ml BPD and stomach for 2 min at medium
speed (Stomacher 400 Circulator lab blender, Seward, Worthington, UK)
Avethod 2: Place jerky strip with 99 ml BPD in a stomacher bag and pulsify for 2 min at 3000 RPM

(Pulsifier®, Microbiology

nternational, Frederick, MD)

AViethod 3: Dice jerky strip into small pieces (1.3 cm?) with a sterile knife, place diced meat in a

stomacher bag with 99 m

Speed

ASerial dilutions were made in BPD and recovered LAB were plated on brain heart infusion agar (Image
5) with lactobacilli deMan Rogosa Sharpe (MRS) agar overlay (Image 6). Recovered E. coli O157:H7

BPD and soak for 5 min soak, followed by stomaching for 2 min at medium

and Salmonella spp. were direct-plated on modified eosin methylene blue (MEMB) agar, which has

been shown to be a superior method for enumeration of these pathogens from jerky (2).

fSamples were incubated at 35°C for 24 h (MEMB) or 48 h (MRS), and recovery (%) was calculated
relative to post-marination samples. A value of 0.5 CFU/strip was assigned when the lowest dilution

had no countable colonies.

Image 5.

Statistical analyses:

AThe recovery (%) of organisms from post-marination counts (log CFU/strip) was calculated for each

sampling time in the dehydrator/smokehouse.

MARanked recovery values (highest =1; one value for each sample taken at each sampling for each
process in each trial) were analyzed using PROC GLM in SAS (version 9.1; SAS, Institute, Inc., Cary,

NC).

Image 6.
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Results and Discussion:

Dicing, soaking for 5 min, and stomaching for 2 min (Method 3), significantly enhanced recovery of both
pathogens and LAB from jerky compared to stomaching for 2 min (Method 1) and pulsifying for 2 min (Method
2) across all conditions (commercial dehydrator p<0.0001, commercial smokehouse p<0.001) (See Figures 1-2
as examples).
Method 3 enhanced recovery over stomaching and/or pulsifying alone by:

0.86 CFU/strip for E. coli O157:H7 (n=90)

1.59 CFU/strip for Salmonella spp. (n=89)

1.15 CFU/strip for BioSource (n=93)

1.23 CFU/strip for Saga 200 (n=75)
In samples taken from either the commercial dehydrator or smokehouse, there was no difference in recovery of either
pathogens or LAB using Method 1 or Method 2. Based on post-marination levels, survival of LABs was significantly
greater than pathogens (dehydrator p < 0.0001, smokehouse p <.005) for each sampling time and each process (data
not shown). As the samples dried, the water activity (a,) decreased from 0.934 to 0.563 or 0.558 for the dehydrator or
smokehouse, respectively.
As jerky dries at high temperatures, the water activity decreases and case hardening can occur. Researchers
evaluating the safety of various beef jerky processes have routinely prepared meat by stomaching for 60 s (5,6) to 2
min (1-4, 8), with the 2 min stomaching time recommended by the USDA (11) being most common. Our results clearly
show that when meat is diced and soaked before stomaching, Method 3, there is greater recovery of bacterial cells
from inoculated meat as it undergoes drying/heating. Such a method should be employed in order to accurately assess
the safety of cooking/heating processes. The significantly greater recovery of LABs over pathogens at each sampling
time (dehydrator p < 0.0001, smokehouse p <.005) supports previous work in our lab showing that two LAB cultures,
BioSource and Saga 200, may be suitable pathogen surrogates for in-plant validation of beef jerky process lethality (2).
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Figure 1. E. coli O157:H7 lethality throughout processes 1 Figure 2. Salmonella spp. lethality throughout processes 1
and 2 using methods 1, 2, and 3. Key: 0 Method 1, and 2 using methods 1, 2, and 3. Key: 0 Method 1,
dehydrator; y Method 2, dehydrator;> Method 3, dehydrator; dehydrator; y Method 2, dehydrator;> Method 3, dehydrator;

Method 1, smokehouse; + Method 2, smokehouse; and 0 Method 1, smokehouse; + Method 2, smokehouse; and 0
Method 3, smokehouse. Method 3, smokehouse.

Conclusions:

In beef jerky dried under commercial conditions, there was statistically greater recovery of both pathogens and LAB
using an enhanced method of sample preparation which involves dicing the dried meat into small pieces and allowing
the diced meat to soak in diluent for 5 min before stomaching. Such a sample preparation method should be employed
In the enumeration of bacterial cells from meat where drying and/or cooking may lead to surface hardening and a
decreased ability to recover and enumerate organisms of interest.
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