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ABSTRACT
A number of outbreaks of salmonellosis since

2006 associated with the consumption of Salmo-
nella-contaminated peanut butter have increased
concerns about this food and the associated
processing methods. Laboratory studies were
conducted to determine the level of Salmonella
reduction associated with oil and dry roasting of
peanuts. After inoculation with either Salmonella
or Enterococcus faecium, peanuts were dry roasted
for various time durations at 5 temperatures
ranging from 129–163 C and oil roasted at 120–
160 C for three different time durations. At each
dry roast combination of temperature and time in
the study, Salmonella and E. faecium reductions
were 2.7 log Colony Forming Units (CFU)/g or
greater. Dry roast temperature of 154 C provided
4.6–4.7 log CFU/g reduction of Salmonella at
10 min and greater than 5.4 log CFU/g reduction
at15 min. Oil roasting for 1.5 min at 150 C resulted
in greater than a 6.0 log CFU/g reduction of
Salmonella. E. faecium log CFU/g reductions were
significantly less than Salmonella reductions in all
treatments indicating a greater heat tolerance by
E. faecium and documentation that it is an
acceptable surrogate for Salmonella on peanuts.

Key Words: Salmonella enterica, Entero-
coccus faecium, peanuts, roasting, survival
studies.

In the last several years, Salmonella contamina-
tion of peanuts and peanut-containing products
has resulted in outbreaks of salmonellosis and
several product recalls. An outbreak related to
peanut butter and subsequently roasted peanuts
occurred in 1996 (Scheil, et al. 1998) and in 2001,
in-shell peanuts were associated with an outbreak
in Australia (Kirk, et al., 2004). In 2006 an
outbreak associated with peanut butter occurred
in the U.S. and in 2006–2007, peanut butter was
associated with an outbreak that resulted in over
600 confirmed cases but no deaths (Centers for
Disease Control, 2007). In 2008–2009 in the U.S.,

peanut butter and peanut butter-containing prod-
ucts containing Salmonella were associated with an
outbreak with over 525 confirmed cases and 8
alleged deaths (Centers for Disease Control, 2009).
These occurrences demonstrate the critical necessi-
ty to adequately reduce Salmonella at every stage of
peanut handling, roasting, and post roast process-
ing to control the ingress, spread, and growth of
Salmonella in overall processing and packaging
environments. In response to these Salmonella
outbreaks, the U.S. Food and Drug Administra-
tion (FDA) provided a guidance document ad-
dressing the risk of Salmonella in foods that
contain a peanut-derived product as an ingredient
(Food and Drug Administration, 2009). In that
document FDA recommended that peanuts and
peanuts as ingredients should be subjected to a
validated process to adequately reduce the presence
of Salmonella. Dry and oil roasting of peanuts are
the processing steps that should result in adequate
reduction of Salmonella that may potentially be
present on raw peanuts.

Studies on the effect of temperature and time
protocols on Salmonella in peanut butter have been
reported (Ma, et al., 2009; Burnett, et al., 2000;
Shachar and Yaron 2006) and generally indicate
that an acceptable reduction of the organism in
contaminated peanut butter is not possible with
current commercial practices. Although peanut
butter is the most consumed roasted peanut
product, dry and oil roasted peanuts are also
consumed in whole, half, or chopped nut forms and
elimination of Salmonella on these products is also
of food safety concern.

Because of increasing concerns for food safety,
processors and manufacturers are being required to
provide validation documentation to include mi-
crobial challenge studies and/or time and temper-
ature determinations in peanut roasters. Time/
temperature determinations are only of value in
validation studies if the relationship of time
and temperature to reduction of Salmonella or a
suitable surrogate are available. Data on the length
of time and temperatures required for a 4 or 5 log
CFU/g reduction of Salmonella on specific whole
commodities is somewhat lacking, although some
information is available for almonds (Almond
Board of California, 2007a and 2007b). Based on
these two studies, the almond industry has provid-
ed limited data on the time/temperature protocols
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resulting in a 4 log CFU/g reduction of S.enteritidis
Phage Type 30 (SE PT 30) identified in the 2001
almond outbreak. Data on specific thermal process
reduction of Salmonella in peanuts are not cur-
rently publically available.

Roaster temperature evaluation is easily accom-
plished by passing thermocouples through the
roaster which are positioned to provide coverage
across the roaster belt and throughout the bed of
peanuts (unpublished). Interpretation of roaster
temperature data relative to Salmonella reduction is
currently inappropriate because time and temper-
ature information on reductions of Salmonella in
dry and oil roasting of peanuts is unavailable.
Information on Salmonella reductions in peanuts
resulting from various combinations of time and
temperature are needed. Additionally, information
on Salmonella reduction in commercial peanut
roaster operations which include not only time
and temperature, but also, bed depth and airflow
are also needed.

Prevalence of Salmonella on raw, grade samples
of peanuts encompassing all growing areas over
three crop years (2008–2010) was estimated at
2.33% (Calhoun, et al., 2010). The concentration
levels of Salmonella in positive samples, as deter-
mined by a most-probable-number (MPN) assay,
were ,0.03 to 2.4 MPN/g. (Calhoun, et al., 2010).
In comparison, the isolation frequency for Salmo-
nella ranged from 0.6–1.5% over four years (2001–
2004) in raw almonds sampled from throughout
California (Danyluk, et al., 2006a and 2006b).
When detected, levels were 1.2 to 2.9 MPN/100 g.
On a more detailed level, an outbreak of salmo-
nellosis associated with consumption of raw
almonds in 2000 to 2001 resulted in an isolation
frequency of 84% in fifty 22.7-kg boxes of recalled
almonds and MPN of 8.5 6 1.3 MPN/100 g
(Danyluk, et al., 2006a and 2006b). Bansal et al.
(2010) found the prevalence of Salmonella on
kernels and inshell almonds to be 1.6 and 0.9%,
respectively, in 2006, and 0.83 and 2.2%, respec-
tively, in 2007. When detected, levels were 1.4 to
15.5 MPN/100 g (average 2.3 MPN/100 g) or 1.4 to
18.3 MPN/100 g (average 2.1 MPN/100 g) using
two different methods of MPN determination.

In response to the peanut butter contamination
incident of 2006–2007 (CDC, 2007), the American
Peanut Council contracted with Deibel Laborato-
ries (Gainesville, FL, 32606) to conduct studies to
examine the effect of various time and temperature
protocols on the reduction of Salmonella on
peanuts. The objective of that work, reported
herein, was to examine various time and temper-
ature parameters for reduction (4 log CFU/g)
of Salmonella using either dry or oil roasting.

Ancillary to this objective, determination of ap-
propriate hold temperature of inoculated peanuts
was also investigated. In addition, parallel exper-
iments were performed to establish that the
previously investigated (Almond Board California,
2007b) surrogate, Enterococcus faecium, had simi-
lar or greater heat resistance as Salmonella and
would thus be a suitable non-pathogenic surrogate
for peanut processing plant validation studies. This
organism was tested and approved for use in
validation of a 4 log CFU/g reduction in almond
processing (Almond Board California, 2007b). A
minimum 4 log CFU/g reduction level in this
peanut study was selected based on the mandated 4
log CFU/g reduction of Salmonella previously set
for almonds.

Materials and Methods
Sample Materials

Peanuts used in the study were unblanched,
runner-type; unblanched virginia-type and blanched
virginia-type obtained from a commercial sheller.
Varieties were not identified. Runner-type peanuts
are the most commonly grown and most commonly
used to manufacture peanut butter. Virginia-type
peanuts are large peanuts commonly found in
cocktail nuts or roasted in the shell. Although all
types of peanuts may be used in peanut butter the
range of sizes utilized in the study is representative of
all market types to include spanish and valencia
market types. Unblanched and blanched refer to the
presence or absence, respectively, of the peanut seed
coat. Peanut seed coat removal (blanching) is
accomplished by gentle abrasion after low heat
application. An intact seed coat serves as a barrier to
air and/or moisture into the seed lumen (area
between the cotyledons). Removal of the seed coat
may result in increased surface area during inocu-
lation due to increased access to the lumen and
cotyledon internal faces.

Peanuts used in the study contained 48.5 6 1.0%
oil as determined by NMR (mq Minispec, Bruker
Optics, Houston, TX) and moisture content for
nonblanced peanuts was 7.0 6 0.5% while blanched
peanuts contained 6.5 6 0.5% moisture. After-
roast moisture content for all samples ranged from
1–2% as is common in roasted peanuts. All
moisture contents were calculated from original
and oven dried (130 C for 3 hr) weight of each
sample.

Salmonella enterica servovars used in the study
were S. Enteritidis PT 30, ATCC 1045 (almond
outbreak organism used for Almond Board of
California (ABC) validation studies); S. Tennessee
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(2006/2007 peanut outbreak strain); S. Typhimur-
ium TM-1 (Reference strain employed for cooking
regulations, USDA Appendix A); S. Newport
C2:e,h:1,2 (Deibel Labs culture collection); S.
Cubana G2:229 (Deibel Labs culture collection);
S. Redba (Deibel Labs culture collection); and S.
Bredeney (Deibel Labs culture collection).

Enterococcus cultures used in the study were
E. faecium ATCC 8459 (NRRL B-2354 used in
Almond Board of California studies) and E.
faecium ATCC 35667. Throughout the manuscript,
references to Salmonella and Salmonella inoculums
or E. faecium inoculums in regard to testing in this
study refer to the mixture of the Salmonella
servovars and the E. faecium cultures, respectively,
as described above. Appropriate sterile conditions
were utilized in culture, inoculation, and enumer-
ation procedures.
Inoculum Procedure

All media utilized were obtained from DB
Diagnostics (Sparks, MD 21152). All cultures were
grown in Tryptic Soy Broth at 35 C for 24 hrs. The
broth cultures (1.0 ml /plate) were then spread over
15mm 3 150mm plates of Tryptic Soy Agar (TSA)
Broth and incubated for 24 hrs at 35 C. After
incubation, 5–6 ml of 0.1% peptone was added to
each plate and the bacterial lawn loosened with a
sterile spreader. Sterile pipettes were used to collect
the loosened cells from five plates and the
collections were pooled into a 25 ml inoculum
preparation. Each 25 ml preparation was used to
inoculate a 400g batch of peanuts.

Five 400g peanut batches of each peanut type
were prepared with either mixed Salmonella inoc-
ulum or mixed E. faecium inoculum. Separate 400g
batches of each peanut type were weighed into
30.3cm 3 30.5cm Cryovac (Duncan, SC 29334) bags
and 25 ml mixed inoculum was added. The bags
were closed and mixed by hand by repeated
inversion for 1 minute and the inoculated peanuts
were poured out onto filter paper over a metal
rack in a sterile plastic tub. The inoculated peanuts
in tubs were loosely covered with sterile cheese-
cloth and allowed to dry for 24 hrs at room
temperature (about 24 C). Prior to the roasting
tests, six 25 g samples of each batch were plated
onto appropriate agars to confirm that the
inoculation level was at least 7 log CFU/g. The
agars employed were TSA and Bismuth Sulfite
Agar (BSA) for Salmonella and Dextrose Tryp-
tone/Yeast Extract Agar (DTYE) and Kenner
Fecal agar supplemented with Triphenyltetrazo-
liumchloride (TTC) agar (KF) for E. faecium.
Moisture content of peanuts did not increase as a
result of the exterior application of 25 ml of
inoculum onto 400 g of peanuts. Visual observa-

tion indicated that water from the inoculum
application of 1 min was quickly evaporated or
was absorbed by the filter paper onto which the
inoculated peanuts were poured.

The same protocol was utilized to conduct
preliminary evaluations of Salmonella and E.
faecium survival after various holding temperatures
before roasting. Unblanched, virginia-type peanuts
were inoculated with Salmonella (7.84 log CFU/g)
and E. faecium (7.81 log CFU/g) and held at 4.4,
10.0, 15.5 and 21.1 C for 24 hrs. Peanuts from all
hold temperatures were subsequently oil roasted
for 1.5 min at 140 C and dry roasted for 10 min at
149 C before enumeration.
Ovens and Thermocouple Devices

For dry roasting experiments, a Fisher Scientific
(Waltham, MA 02454) Isotemp 851F convection
oven was utilized and for oil roasting, an Oster
(Fort Lauderdale, FL 33301) commercial oil
roaster was modified with a circulating device. All
temperature measurements (5 sec intervals) were
recorded with a Multichannel Occurrent Logger
Evaluation unit (Model Xpert-Ready Gold, ECD
Corp., Milwaukie, OR).
Roasting Temperatures and Times

For each experiment, five or more minutes after
the oven had reached the set temperature or oil
temperature had stabilized to the set temperature,
2.5 cm diameter 3 7.5 cm tall, cylindrical,
aluminum wire baskets containing 25 g of each
type of inoculated peanuts were placed in the oven
or oil roaster. Inoculated samples were held at
4.4 C prior to roasting and exposure time to a
given set temperature was initiated based on
preliminary studies to determine the length of
time for internal temperatures to ‘‘come up’’ to the
oven set point. Preliminary determinations of
‘‘come up’’ times were conducted in triplicate for
all times and temperatures by sealing a thermo-
couple tip into each respective peanut type and
placing the sealed peanut in the center of the
basket prior to placing the basket into the oven or
oil. The approximate time for the peanuts to reach
the oil temperature in the circulating bath was one
(1) min for all three peanut types. The approxi-
mate ‘‘come-up’’ times for the respective peanut
types were 3.5 min for the blanched virginia-type,
4.0 min for the unblanched runner-type and
5.0 min for the unblanched virginia-type. During
all tests, ‘‘come-up’’ times were allowed before
predetermined roasting times were initiated. Dry
roasting temperatures evaluated for Salmonella
and E. faecium reduction on peanuts were 129,
138, 146, 154, and 163 C with times ranging up to
60 min at the lower temperatures and as low as
10 min for the higher temperatures. Oil roasting
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temperatures were 120, 130, 140, 150, and 160 C
with times ranging up to 5 min for the lower
temperature and as low as 0.5 min for the highest
temperature. Each dry and oil roasting tempera-
ture and time protocol was evaluated in triplicate
for each peanut type. After each heat treatment,
the wire baskets were removed and the peanuts
were immediately placed into sterile Cryovac bags
in an ice bath to halt thermal lethality.
Enumeration of Treated Peanuts

After cooling, the treated samples were enumer-
ated immediately by transferring the 25 g portion
into 50 ml of sterile buffer in a heavy duty Cryovac
bag, stomaching for 2 min, sitting stationary for
2 min, shaking and diluting, and spread plating in
0.1 ml aliquots onto the respective plating medium
described previously. Duplicates from each of the
three replications were incubated at 35 C for 48 hrs
and counted. Mean organism counts were convert-
ed to log CFU/g. Limit of detection of the
enumeration methods with an initial dilution of
25/75 or 1/3 (25 g peanuts and 50 g buffer) and
spread plating 0.1 ml was the log of 0.0333 or 1.48.
Log CFU/g reductions were calculated by sub-
tracting the log CFU/g of the mean of survivor
counts from the log CFU/g of organisms on the
inoculated peanuts. Preliminary experiments to
compare the Stomacher method and a surface
wash method were conducted.
Statistical Analysis

Data were analyzed with Statistical Analysis
System (version 8.2) software (SAS Institute, Cary,
NC). Analysis of variance with the general linear
models (GLM) procedure and Duncan’s multiple
range tests were used to identify the significant
differences among sample means (p , 0.05).

Results and Discussion
Inoculated Peanut Hold Temperature

The effect of inoculated peanut temperature
before roasting could be a factor in accurate
determination of the thermal reduction of the
mixed inoculums of both Salmonella and E.
faecium . When inoculated, raw peanuts were held
at 4.4, 10.0, 15.5 and 21.1 C for 24 hr before oil
roasting, peanuts from all hold temperatures
roasted for 1.5 min at 140 C resulted in a post
roast mean of ,1.48 log CFU/g (limit of
detection) of Salmonella for all temperatures and
a range of 2.36–2.81 log CFU/g of E. faecium over
all hold temperatures (Table 1). Similarly, dry
roasting of peanuts from each hold temperature
for 10 min at 149 C resulted in a log CFU/g of
Salmonella range of 3.41–3.90 and log CFU/g of
E. faecium range of 3.70–3.96 (Table 2). General-
ly, significantly greater survival of both organisms
was observed at the lowest or lower hold
temperatures and subsequently all tests were
conducted with inoculated peanuts held at a
temperature of 4.4 C before roasting.
Dry Roast

The oven ‘‘come-up’’ times for the various
peanut types varied from 3.5–5 min because of the
hold temperature of 4.4 C and in relation to
moisture content and size of the peanuts. The
blanched virginia-type peanuts contained the
lowest moisture content due to the heat applied
during blanching and had the shortest come up
time (ca.3.5 min). The unblanched runners ‘‘come
up’’ time was ca. 4.0 min and the unbalanced
virginia-type was ca. 5 min. Lower moisture
content in the blanched sample resulted in shorter

Table 1. Effect of initial peanut temperature on survival of Salmonella and Enterococcus faecium on inoculateda , unblanched, virginia-

type peanuts oil roasted for 1.5 minutes at 140 C.

Raw peanut temp. (C) Rep Log CFU/g Salmonella Meanb Log CFU/g E. faecium Meanb

4.4 A 1.48 ,1.48 a 2.78 2.81 a

B 1.48 2.86

C ,1.48 2.80

10.0 A ,1.48 ,1.48 a 2.61 2.56 b

B 1.48 2.72

C 1.48 2.34

15.5 A ,1.48 ,1.48 a 2.59 2.42 b

B ,1.48 2.34

C ,1.48 2.32

21.1 A ,1.48 ,1.48 a 2.28 2.36 b

B ,1.48 2.38

C ,1.48 2.43

aInoculated Salmonella log CFU/g5 7.84; E. faecium log CFU/g 5 7.81.
bMean of 3 replications.
Means in a column followed by the same lower case letter are not significantly different (p, 0.05).
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come up time because there was less water to be
removed during roasting and thus a shorter time
of evaporative cooling. Intact seed coats (non-
blanched) may also retard moisture removal and
increase equilibration (‘‘come up’’) time. The
difference between ca 3.5–5 min is relatively small
compared to potential differences that occur in
commercial dry roasters in which heat is applied to
peanuts for a total time of 35–45 min (personal
communication) although few peanuts enter a
commercial roaster at 4.4 C.

In separate testing with medium runner peanuts
of the same moisture content, peanuts at room
temperature (ca. 25 C) varied little from oven
temperatures from beginning to end of a 15 min
oven roast at 165 C. (data not presented) The use of
4.4 C as a starting temperature was based on
survival of microorganisms and resulted in a much
slower set point temperature response as indicated
from 3.5–5 min ‘‘come up’’ times.

At each dry roast combination of temperature
and time in the study, Salmonella and E. faecium
reductions were 2.7 log CFU/g or greater (Table 3).
For each temperature setting, increasing time
resulted in highly significant (P, 0.001) differences
in final log CFU/g reductions. At 129 C, 30–45 min
were required to achieve a 4 log CFU/g reduction
of Salmonella and E. faecium. At 138 C, between
15–25 min of exposure were required for a 4 log
CFU/g reduction of both organisms. At 146 C,
10 minutes exposure resulted in a 3.5–3.7 log CFU/
g reduction of Salmonella and 3.1–3.2 log CFU/g
reduction of E. faecium. After 15 min the reduc-
tions for both organisms were 4.4 log CFU/g or
greater. Temperatures of 154 and 163 C provided a

4.1 log CFU/g reduction or higher of both
organisms. Salmonella reductions at 163 C for
10 min were 5.8 log CFU/g or higher. This reduction
suggests that exposure to 163 C for a time period
somewhat less than 10 min should provide a 4 log
CFU/g reduction. In both dry and oil roasting
(Tables 3 and 4) reductions of E. faecium were less
than those of Salmonella. The use of E. faecium as a
surrogate organism in commercial roasting evalua-
tions should provide a positive margin of error in
estimating reduction of Salmonella.

The market type and blanched condition of
peanuts did not appear to affect the temperature/
time required to achieve a given log CFU/g
reduction of Salmonella or E. faecium inoculated
onto the peanuts.
Oil Roast

Because of the thermal conductivity of the oil
medium (ca. 0.17) compared to air (ca 0.025), and a
rapid release of water vapor (thermal conductivity
ca 0.16) at the peanut surface during the initial
heating period, oil roast processing is more
effective in reducing microorganisms than air
roasting (The Engineering Toolbox, 2013). For
the same reasons, (as well as an initial temperature
of 4.4 C) the ‘‘come up’’ time in oil roasting was
much less than for dry roasting. The come up time
for peanuts to reach the oil temperature in the
circulating oil bath was approximately one (1) min
for all three peanut types. For each tem-
perature setting, adjusting the time of oil roasting
resulted in significant differences (p,0.0001)
among final log CFU/g reductions (Table 4). All
protocols resulted in a 4.0 log CFU/g reduction
of Salmonella and most resulted in a 5 log CFU/g

Table 2. Effect of initial peanut temperature on survival of Salmonella and Enterococcus faecium on inoculateda, unblanched, virginia-

type peanuts dry roasted for 10 minutes at 149 C.

Raw peanut temp. (C) Rep Log CFU/g Salmonella Meanb Log CFU/g E. faecium Meanb

4.4 A 3.85 3.90 a 3.97 3.96 a

B 3.91 3.94

C 3.94 3.98

10.0 A 3.79 3.87 a 3.93 3.94 a

B 3.90 3.96

C 3.91 3.94

15.5 A 3.40 3.42 b 3.96 3.87 a

B 3.52 3.81

C 3.32 3.85

21.1 A 3.41 3.41 b 3.63 3.70 b

B 3.43 3.79

C 3.41 3.67

aInoculated Salmonella log CFU/g5 7.85; E. faecium log CFU/g 5 7.46.
bMean of 3 replications.
Means in a column followed by the same lower case letter are not significantly different (p, 0.05).
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or greater reduction. E. faecium reductions were
consistently less than those for Salmonella and were
greater than 5 log CFU/g at the longest (or next to
longest) time for all temperatures.

Oil roasting in these studies was similar to
commercial oil roasting in that peanuts were place
in oil for a time then removed. Commercial oil
roasters use a moving belt to transport peanuts into

Table 3. Salmonella and Enterococcus faecium log CFU/g reductions achieved by dry roasting of unblanched runner (UR), unblanched

(UV) and blanched (BV) virginia-type peanuts with various oven roaster temperature and time protocols.

Temp(C) Time(min)

Salmonella log reductiona,b E. faecium log reductiona,b

UR UV BV UR UV BV

129 30 3.5 a, A 3.3 a, B 3.2 a, B 3.0 a, C 2.9 a, C 2.7 a, D

45 4.6 b, A 4.3 b, B 4.3 b, B 4.1 b, C 3.9 b, D 3.9 b, D

60 6.4 c, A 6.0 c, B 5.9 c, B 5.4 c, C 5.2 c, D 5.0 c, E

138 15 3.6 a, A 3.4 a, B 3.4 a, B 2.8 a, C 2.9 a, C 2.8 a, C

25 4.8 b, A 4.6 b, B 4.6 b, B 4.3 b, C 4.2 b, C 4.1 b, D

35 .6.4 c, A .6.3 c, A .6.3 c, A .6.0 c, B 5.8 c, B .6.0 c, C

146 10 3.7 a, A 3.5 a, B 3.5 a, B 3.1 a, C 3.2 a, C 3.1 a, C

15 5.1 b, A 4.9 b, B 5.0 b, AB 4.4 b, C 4.4 b, C 4.5 b, C

20 6.4 c, A .6.3 c, B .6.3 c, B .6.0 c, C .6.0 c, C .6.0 c, D

154 10 4.7 a, A 4.6 a, A 4.7 a, A 4.1 a, B 4.1 a, B 4.1 a, B

15 . 6.4 b, A 5.5 b, B 5.4 b, B 4.7 b, C 4.8 b, D 4.6 b, D

20 . 6.4 b, A .6.3 c, B .6.3 c, B .6.0 c, C .6.0 c, C .6.0 c, D

163 10 6.0 a, A 5.8 a, B 6.0 a, A 5.2 a, C 4.9 a, D 5.2 a, C

15 . 6.4 b, A . 6.3 b, B .6.3 b, B .6.0 b, D .6.0 b, C .6.0 b, C

20 . 6.4 b, A . 6.3 b, B .6.3 b, B .6.0 b, D .6.0 b, C .6.0 b, C

aMean of 3 replications.
bInitial inoculated Log CFU/g for Salmonella and E. faecium, respectively, were UR 7.9, 7.5; UV 7.8, 7.5; BV 8.2, 8.1.
Means in a column for a given temperature followed by the same lower case letter are not significantly different (p, 0.05).
Means in a row followed by the same capital letter are not significantly different (p, 0.05).

Table 4. Salmonella and Enterococcus faecium log CFU/g reductions achieved by oil roasting of unblanched runner (UR), unblanched

(UV) and blanched (BV) virginia-type peanuts with various oil roaster temperature and time protocols.

Temp(C) Time(min)

Salmonella log reductiona,b E. faecium log reductiona,b

UR UV BV UR UV BV

120 2 4.2 a, B 4.0 a, C 4.3 a, A 3.4 a, D 3.4 a, D 4.4 a, A

3 6.3 b, A 6.1 b, B 6.4 b, A 5.1 b, D 5.1 b, D 5.8 b, C

5 .6.4 c, C .6.3 c, D .6.8 c, A .5.7 c, E .5.7 c, F .6.8 c, B

130 1 4.9 a, A 4.6 a, B 5.0 a, A 3.9 a, C 3.9 a, C 5.0 a, A

2 5.8 b, A 5.7 b, AB 5.8 b, A 4.5 b, C 4.4 b, C 5.6 b, B

3 .6.4 c, BC .6.3 c, C .6.8 c, A 5.7 c, D .5.4 c, E 6.5 c, B

140 1 4.9 a, B 4.8 a, C 5.1 a, A 4.0 a, D 4.0 a, D 5.0 a, AB

1.5 .6.4 b, B 6.3 b, B 6.7 b, A 4.7 b, D 4.6 b, D 6.0 b, C

2 .6.4 b, C .6.3 b, D .6.8 b, A .5.7 c, E .5.7 c, F .6.8 c, B

150 1 5.2 a, B 5.0 a, B 5.9 a, A 4.2 a, C 4.1 a, C 5.1 a, B

1.5 .6.4 b, B .6.3 b, B .6.8 b, A 5.1 b, D 4.9 b, E 6.0 b, C

2 .6.4 b, C .6.3 b, D .6.8 b, A .5.7 c, E .5.7 c, F .6.8 c, B

160 0.5 4.7 a, B 4.4 a, C 5.2 a, A 3.9 a, D 3.9 a, D 5.1 a, A

1 .6.4 b, B .6.3 b, B .6.8 b, A 5.6 b, C 5.4 b, D 6.4 b, B

1.5 .6.4 b, C .6.3 b, D .6.8 b, A .5.7 c, E .5.7 c, F .6.8 c, B

aMean of 3 replications.
bInoculated log CFU/g Salmonella and E. faecium, respectively, were UR 7.9, 7.2; UV 7.8, 7.2; BV 8.2, 8.2.
Means in a column for a given temperature followed by the same lower case letter are not significantly different (p, 0.05).
Means in a row followed by the same capital letter are not significantly different (p, 0.05).
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and out of the oil. Normal oil exposure times in
commercial oil roasters are 4–5 min and oil
temperatures are in excess of 150 C for the entire
process. Salmonella reduction in all peanut types
was .6 log CFU/g at 150 C for 1.5 and 2 min and
at 160 C for 1 and 1.5 min. Similarly, reduction of
Salmonella on inoculated almonds oil roasted at
127 for 30 sec was 3.6 log CFU/g but Salmonella
could not be recovered by enrichment of 1g
samples after almonds inoculated at 5 log CFU/g
were exposed to oil at 127 C for 1.5 min (Du, et al.,
2010). Commercial oil roasting times and temper-
atures that achieve acceptable kernel color and
texture resulted in much greater than 5 log CFU/g
reductions of Salmonella in both almonds and
peanuts.

The experimental protocols of both dry and oil
roasting experiments incorporated the use of an ice
bath to rapidly halt thermal lethality in peanuts
removed from the roasting environment. This was
done to provide more accurate information con-
cerning thermal destruction achieved at the identi-
fied target temperatures. In commercial roasting,
peanuts do not enter the roaster at very low
temperatures and they are cooled more slowly with
ambient temperature air after exposure to roasting
temperatures. Thus, for a given temperature in
these laboratory studies, commercial processing
using those temperature settings expose peanuts to
that temperature and temperatures decreasing
slowly from that temperature for longer times than
those use in these laboratory experiments.

Summary and Conclusions
These studies were conducted to provide general

information on potential Salmonella and E. fae-
cium reductions at temperatures somewhat below
and above temperatures normally encountered in
commercial peanut roasting. These data should be
referenced by industry only as general guidelines
since results obtained from specific manufacturing
plant production processes may vary. Equipment,
equipment function and raw peanut composition
may influence the achieved Salmonella reduction in
any particular set of conditions. Commercial
processors should verify and monitor bed depth,
air flow, and belt speed in commercial roasters to
assure that heat is applied as uniformly as possible
across and within the peanut bed. Processors
should confirm oven temperature in relation to
set point, temperature variability within the roast-
er, and microorganism reduction through an
effective microbiological validation testing pro-
gram for finished roasted peanuts.
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