Lethality of Small-Scale Commercial Dehydrator and Smokehouse/Oven Drying Processes Against Escherichia coli O157:H7-, Salmonella spp.-, Listeria
monocytogenes-, and Staphylococcus aureus-inoculated Turkey Jerky and the Ability of a Lactic Acid Bacterium to Serve as a Pathogen Surrogate
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Absgal‘Ct: blished study (5) h ored the lethality of ke iork Table 1. Processing conditions used to manufacture whole-muscle turkey jerky in a small- Results and Discussion:

nly one published stu as explored the lethality of commercial turkey jer - -

processeg agairl?st Salmonellayand other ppathogens Proce{;sors therefore. are I%r:]iteél/ scale commercial dehydrator or a commercial smokehouse/oven. Across all processes and spices, Saga 200, E. coli 0157:H7, and Salmonella survived equally well (p > 0.05; see

in their ability to comply with USDA guidance requiring use of jerky-making processes Process  Step Cumulative Set Dry Bulb Set Wet Bulb supe_rscrlptls n colur:nnI hia?_mgsfof 'I'lflble_ 2)k Therl?_fore, Saga 200 appears to_be a shwtable pathpggfn-surlrogate for

validated for lethality. Our laboratory strives to provide the industry with novel in-plant Number Time (min) Time (min) Temp. °C (°F)  Temp. °C (°F) USOT m_eva_ualtlnglt ef ethallly of turkey jer 3é-ma Ing processes. By comparison, there were significantly greater

process validation methods using GRAS lactic acid bacteria (LAB) starter cultures as 12 360 360 68.3 (155) NCP reductions in eVE'S O . m_onc_)gytogen_es and . aureus. . . e

pathogen surrogates; here this concept is applied to whole-muscle turkey jerky:. g 360 360 68.3 (155) NG *The processes differed significantly in average lethality, across all organisms and spices. Significantly greater
Whole muscle turkey strips (5.08cm x 15.24cm x 0.6¢m) were inoculated with 10 370 13é (275) NG lethality was observed with the smokehouse process involving elevated wet-bulb temperature (Process 3), or

Listeria monocytogenes (5 strains), Staphylococcus aureus (5 strains), Saga 200 (LAB 3 90 90 57.2 (130) 51.7(125) when a post—dehydratlon_ove_n heating st_ep was added to a E_S?h process Iin a §mal| commercial _dehydrator

_Pediococcus acidilactici), or a mixed inoculum of Escherichia coli O157:H7 and 150 240 85.0(185) NG (Process 2; see superscripts in row headl_ngs of Table 2). Significantly less Iethallty was observed In §amp|es

Salmonella (5 and 8 strains, respectively). After allowing for bacterial attachment, strips 4 90 90 54.5 (130) NC procegged usmhg a4 sma;ll-scale’ cc_)mmerc_lal dehydrator operated hat the mla ximdm tedmpzra_ture setting af‘c:

were marinated in Barbeque or Teriyaki spice mixes, hand tumbled, marinated 12 to 24 60 150 60.0 (140) NC accol: Lng (0 t.e mand ac_turers mstrucﬂqns (Procesds 1)r’] or_d\_/v e sa:np €5 Were dned in-a commercia

h (4 °C) and processed in a small commercial dehydrator or a large commercial 60 210 65.5 (150) NC >MOKe O.usgéjsmg aSt.?p'W'T’e t]?fmperature w:crc;als_,e and no humidity control (Process 4).

smokehouse/oven. Initial inoculum concentration was ~107 CFU/cm?. 60 270 71.1 (160) NC *Spice mix did not significantly a e_ct process lethality. . .
Inoculum destruction was evaluated during three types of procesess: drying alone *Only samples processed according to Process 2 or 3 consistently met the USDA 5-log pathogen reduction

. . . tandard.
(dehydrator, smokehouse), drying (dehydrator) + post-dehydration storage, or drying aProcess 1 — small commercial dehydrator (Cabela’s) > . . L . .
(dehydrator) + post-dehydration oven heating. Samples were analyzed after marination, orocess 2 — small commercial dehydrator + 10 min heating at 133°C The addition of vacuum storage at 21 C_ for_4 wks significantly |_ncreased pathogen c_lestructlon by_ 0.49 log
- : : - - . CFU/cm? (p<0.05) over standard processing in a small commercial dehydrator, but did not result in overall
during the drying process, and, where appropriate, after post-dehydration oven heating brocesses 3,4 - commercial smokehouse/oven robial reduct L | dard (d o
at 133°C, or after 4-wk vacuum-storage at 21 °C. Trials were performed in triplicate. NC. not controlled microbial reductions meeting the USDA 5-log standard (data not shown).

Sufficient pathogen lethality was achieved using a commercial smokehouse
process with high wet-bulb temperature, or when drying in a small commercial
dehydrator (6 h) was followed by heating for 10 min in a 133° oven. Across all
processes and spices, survival of Saga 200, E. coli O157:H7, and Salmonella spp. was

Table 2. Mean lethality (A log CFU/cm?) against Salmonella spp., E. coli O157:H7, L. monocytogenes, S.
aureus, and Saga 200 (LAB) on whole-muscle turkey jerky marinated in Teriyaki (Teri) or Barbeque (BBQ)
spice mix and processed as described in Table 1. (n=3)

not significantly different (p<0.05). Saga 200 could serve as an effective pathogen SEUNINEIES E. coli O157:H71? Saga 200!
surrogate for in-plant validation of turkey jerky processing. Teri BBQ Teri BBQ Teri BBQ Teri BBQ Teri BBQ

_ _ 1A 2.6(0.2) 3.8(04) 23(0.3) 3.0(0.2) 3.1(0.7) 3.0(0.2) 26(0.2) 41(14) 26(0.6) 2.6(1.1)
Materials and Methods: 28 53(0.3) 53(0.3) 4.0(0.7) 4.2(0.9) 50(19) 44(21) 49(12) 49(1.0) ND ND*

Turkey Jerky Strip Preparation:

*Turkey breasts (whole de-boned) were purchased from a local butcher shop pre-sliced
(0.6 cm thickness) and then cut into identical strips (5.08 cm by 15.24 cm by 0.60 cm).
*Average strip weight was 29 g.

38 4.2(0.1) 4.6(0.5) 7.7(0.2) 6.5(1.2) 54(0.9) 55(0.7) 6.3(0.3) 6.4(0.8) 4.5 (0.6) 5.1(0.2)
47 2.2(0.8) 2.4(0.9) 1.8(0.2) 2.3(0.2) 3.8(1.3) 4.4(1.8) 3.4(0.5) 3.5(0.1) 3.1(0.2) 3.2(0.4)

*ND=Not determined.

Inoculum Preparation: Figure 1. Figure 2. Conclusions:
lnocula consisted of ~10% CFU/ml of either Listeria monocytogenes (5 strains), Lethality sufficient to meet USDA performance standards can not be achieved against E. coli O157:H7 or
Staphylococcus aureus (5 strains), Saga 200 (LAB — Pediococcus acidilactici; Kerry ~ Enumeration of Surviving Cells: Salmonella spp. using a small-scale commercial dehydrator. A short (10 min) post-drying oven-heating step at
Bioscience, Rochester, MN), or a mixed inoculum of E. coli O157:H7 and Salmonella  *Samples were taken post-marination, at intervals throughout the drying process, and, where 133°C (275°F), following a 6-h drying time at 68.3°C (155°F), will achieve the target lethality. Post-drying room
spp. (5 and 8 strains, respectively). Both the E. coli O157:H7 and Salmonella strains  appropriate, after the post-dehydration oven heating, or during the 4-wk storage period. temperature storage under vacuum will lead to a slight (0.49 log CFU/cm?), but significant (p<0.05), increase in
had been screened for thermotolerance and have been used in jerky process validation ~ *At designated sampling times, jerky strips (one per spice/ inoculum combination) were removed from  |ethality. Saga 200 is a suitable pathogen-surrogate in the validation of whole muscle turkey jerky processes using
studies previously in our laboratory (1,3). the dehydrator/smokehouse, placed in separate Whirl-pak filter bags with 99 mI BPD and stomached 3 small scale commercial dehydrator or a smokehouse.
-Pathogen inocula were prepared from stationary-phase cells that were re-suspended  Tor 2 min at medium speed. Further serial dilutions were made in BPD.
in Butterfield’s phosphate diluent (BPD). e E. coli O157:H7 and Salmonella were enumergted using _modlfled eosin meth_ylene blue (M-EMB) |
«LAB inoculum was prepared from 0.5g of Saga 200 re-suspended in 9ml BPD. agar prepared from lactose-free EMB (Difco) with the addition of 10 g/l D-sorbitol and 5 g/I NaCl. Referen_ces. o | |
This has been shown to be a superior method for enumeration of these pathogens from jerky (1). 1. Borowski, A., S.C. Ingham and B.H. Ingham. 2009. Validation of ground-and-formed beef jerky processes using
Inoculation of Turkey Strips: For enumeration of L. monocytogenes, S. aureus, and Saga 200, samples were spread-plated on commercial lactic acid bacteria starter cultures as pathogen _surrogates. J. F_ood Prot. 72: 1234-1247_. |
«Either a pathogen- or LAB-inoculum (0.4 ml) was pipetted onto the surface of each  brain heart infusion agar (BHIA, Difco), incubated 1 h at 35°C for injury-repair, and selective- 2. Buege, D.R,, G Searls, and S.C. Ingham. 2006_. L_ethal_lty of commercial whole-muscle beef jerky manufacturing
meat strip at 21°C in a biosafety hood and evenly spread. medium overlays were performed : Listeria Selective agar (LSA, Difco) plus Listeria selective processes against Salmonella serovars and Escherichia coli 0157:I_—I7. J-. Food Pr_ot. 69:2091-2009. |
eAfter a 30 min attachment period, the strips were turned over and the inoculation  supplement (Difco), Baird-Parker (BP) agar (Difco) plus egg yolk-tellurite supplement (Difco), and 3. Diesrchke, S., S.C. Ingham and B.H. Ingham. 2010. Use of lactic acid bacteria as pathogen surrogates to validate
. o " : : commercial whole-muscle beef jerky process lethalithy against Escherichia coli O157:H7, Salmonella spp., Listeria
repeated on the other side. Initial inoculum level was ~107 CFU/cm?. lactobacilli deMan Rogosa Sharpe (MRS) agar (Difco), respectively. onoc - -
_ _ o _ . o ytogenes, and Staphylococcus aureus. (in preparation)
elnoculated strips were transferred to 1-gal Ziploc ® bags for marination using one of  °Plates were |ncuba2ted at 35°C for ZAT h (M-EMB) or 48 h (LSA, BP, and MRS overlay plates). The 4. Harrison, J.A., and M. A. Harrison. 1996. Fate of Escherichia coli O157:H7, Listeria monocytogenes, and Salmonella
two spice blends: Barbeque or Terikyaki (Excalibur Seasoning Company). Inoculated Count_(log CI_:U/Cm ) f.or e_ach organism was CaI_CuIated, and mean counts were calculated for each typhimurium during preparation and storage of beef jerky. J. Food Prot. 59:1336-1338.
turkey strip/spice mix was hand-tumbled for 5 min and stored for 18-24 h at 4°C. organism-spice combination at each sampling time. 5. Porto-Fett, A.C.S., J.E. Call, C.-A. Hwang, V. Juneja, S. Ingham, B. Ingham, and J.B. Luchansky. 2009. Validation of
commercial processes for Inactivation of Escherichia coli O157:H7, Salmonella Typhimurium, and Listeria
Turkey Strip Processing Conditions: Statistical analyses: monocytogenes on the surface of whole-muscle turkey jerky. Poultry Sci. 88:1275-1281.
-Marinated strips were dried in a small-scale commercial dehydrator (Pragotrade model ~ *Mean log reduction for each process-spice-organism combination was calculated. 6. United States Department of Agriculture, Food Safety and Inspection Service. 2001. Performance Standards for the
TS160, Cabela’s Inc.) in the laboratory, or in a commercial smokehouse/oven (Model  *Mean log reduction values were analyzed by three way Anova to determine significant differences Production of Processed Meat and Poultry Products. Available at: http://www.fsis.usda.gov/OPPDE/rdad/FRPubs/97-
2000, Alkar-RapidPak) at the Alkar-RapidPak Research and Technology Center between processes, spice marinades, and organisms, with interactions between these factors also 013P.htm. Accessed 5 May 2010.
(ARPRTC, Lodi, WI) (Figures 1 and 2). evaluated for significance (version 9.1; SAS, Institute, Inc). A paired t-test was used to evaluate the
*Strips were laid out in groups of four, consisting of one strip inoculated with E. coli ~ Significance of lethality achieved during post-dehydration vacuum storage. Acknowledgments:
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O157:H7 and Salmonella spp., and one strip each inoculated with L. monocytogenes,
S. aureus, or LAB.

Four thermal processes were evaluated: 1) a 6-h heating process in a small-scale
commercial dehydrator set at maximum unit temperature (68.3°C); 2) the 6-h heating
process in a dehydrator followed by heating 10 min in a pre-heated 133°C oven,; 3) a
smokehouse process with an initially high wet-bulb temperature; and 4) a step-wise
smokehouse process with no humidity (wet-bulb temperature) control (Table 1).
«Additionally, the effect on process lethality of post-dehydration vacuum-storage for up
to 4-wk was evaluated for samples dried 6-h in a small-scale commercial dehydrator.
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