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SUMMARY
After harvest, almond hulls and shells are separated from kernels in specialized huller-sheller

(HS) facilities. This study evaluated various cleaning and sanitizing treatments on contact surfaces
typically found in HS facilities. Dust (hull, shell, and soil particulates) was collected from an HS facility
and applied to samples of new and worn conveyor belting and painted and unpainted galvanized steel.
Dust-contaminated surfaces (100 cm') were swabbed before and after blowing with air for 30 s and/
or wetting with water, an aqueous commercial cleaner, or isopropyl alcohol quaternary ammonium
(IPAQUAT) sanitizer. Aerobic plate counts (APCs) and, in some cases, adenosine triphosphate (ATP)
levels were determined. Combinations of air, commercial cleaner, and IPAQUAT significantly reduced
APCs and ATP levels; however, the correlation between APCs and ATP levels was poor. The use of
water or aqueous cleaners is not recommended for HS facilities unless complete dust removal can
be assured and there is adequate time for thorough drying of equipment (e.g., post- or pre-season).
Air blowing reduced APCs by 10 fold (on worn and new belting) to 100 fold (on unpainted and
painted steel). In the laboratory, applying an IPAQUAT sanitizer after air blowing reduced APCs by
an additional 10 fold on belting or 100 fold on steel surfaces. However, when this same treatment
was evaluated in a commercial HS facility, the APCs were not significantly reduced on any of the
surfaces tested.
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INTRODUCTION

Huller and huller-sheller (HS) 6icili-
ties receive harvested almonds and remove
the hull only or the hull and shell to pro-
duce in-shell or shelled almond kernels,
respectively. Large volumes of "dust"-
composed primarily of shell and/or hull
particulates and soil collected during
harvest—are generated by the hulling and
shelling operations (10. This dust, which
is ubiquitous in huller and HS facilities,
coats conveyor and equipment surfaces
shortly after almonds enter the facility and
the hulling and shelling begin.

Almond-contact surfaces (e.g., pro-
cessing equipment and conveyors) in HS
facilities constitute important points it
which microbial contamination could
spread within and between production
lots. HS facilities are in operation for
about 5 months during the almond
harvest, which generally runs from July
through November. These facilities have
not traditionally employed in-season
cleaning and sanitizing programs beyond
general housekeeping. Some of the HS
dust is ducted to a cyclone or fabric filter
for collection and disposal. Dust not
captured by the cyclones is removed by
periodic air blowing of the ceilings, walls,
equipment, and floors, and then collecting
and disposing of the dust (1).

Many HS facilities are not con-
structed to meet the 21 Code of Federal
Regulations (CFR) 110 Current Good
Manufacture Practices (GM Ps) because
they have not traditionally been classified
as food processors (2). In addition, the
equipment is not designed or intended
to be broken down for regular cleaning
except at the end of the season or while
in repair.

After the 2000 to 2001 outbreak of
salmonellosis associated with raw almond
consumption (5), HS facilities were asked
to register as food processing facilities and
to substantially increase the amount and
frequency of in-season cleaning and sani-
tation, and GMPs for cleaning and sanitiz-
ing HS facilities were then established (1).
However, data validating the efficacy of
sanitation in dry food facilities is difficult
to find. Most textbooks on sanitation
devote only minor chapters to dry facility
sanitation methods, primarily for cereals,
grains, and their products (8, 9).

The overall objective of this research
was to provide the almond HS industry
with data on the efficacy of cleaning
and sanitizing methods specific to their
equipment and facilities. The following
studies were carried out: (i) evaluating
various cleaning and sanitizing treat-
ments on surfaces typically found in HS
facilities, for potential use in the off- or
pre-season; (ii) evaluating the in-season
industry practice of removing dust with
air blowing followed by application of
an alcohol-based quaternary ammonium
sanitizer for reducing the microbial loads
on kernel-contact surfaces; and (iii) evalti-
ating the efficacy of this sanitizing method
ri an almond HS ftcilitv.

MATERIALS AND METHODS

Almond HS dust
As previously reported by our labo-

ratory (3), the aerobic plate counts
(APCs) of almond dusts (hull, shell, and
soil particulate material) collected from
various locations in two HS facilities
ranged from 5.8 to 6.8 log CFU/g. For
this study, a single dust sample (with an
APC of 6.8 ± 0.1 log CFU/g) collected
from one of these facilities was selected
as the representative dust to use for the
contamination of surfaces. The dust
sample was stored at ambient temperature
(23 ± 3°C) in a sealed polyethylene bag
(30.5 x 30.5 cm, Bitran; Com-Pac Int.,
Carbondale, II,), which was placed inside
a scaled plastic tub.

Surfaces
Samples of conveyor belting

monly used in the HS industry, including
unpainted new galvanized steel, and new
or worn smooth belting or worn scalloped
belting, were obtained from HS facilities.
Each surface type was cut into 15 x 15
cm squares (225 cm 2). Some of the new
galvanized steel squares were painted for
use in the study.

A standard washing procedure was
developed to prepare the surface samples
before treatment (dust contamination and
cleaning/sanitizing). Squares were rinsed
with running distilled water for 1 mm,
sanitized with 75% ethanol by spraying to
completely wet the surface, blotted with
facial tissues, and then air dried at room
temperature. Surfaces washed by this pro-
cedure were free of visible dust and had
APCs of< 2.4 log CFU/lOO cm2.

A contamination protocol
for surfaces

In initial experiments, which evalu-
ated more traditional wet-processing
cleaning and sanitizing protocols, 5 mg of
HS dust was applied to surface samples.
For subsequent experiments, 1 g of dust
was applied; this quantity more closely
represented dust levels observed in HS
facilities during operation. A stainless
steel fine-mesh strainer was used to evenly
distribute 5 mg or 1 g of dust onto each
stirface as it was lying horizontally. All
the dust-contaminated surfaces were left
undisturbed for 10 s before applying a
treatment; air blowing, tap water, cleaner,
sanitizer, or various combinations of
these treatments were used, as described
below.

The movement and weight of al-
monds on conveyor belts and equipment
surfaces may compress the dust, making
its subsequent removal more difficult. To
determine the effect of compacted dust on
surface cleaning, I g of dust was spread
over various surface squares and the same
surface type was placed face down on
top of the dust. A 1-I beaker filled with
water to a weight of 1 kg was placed on
the back side of the top square and left
for 18 to 24 h to press the dust onto the
test surface. The top square was removed
and a cleaning or sanitizing treatment was
applied to the bottom surface square, as
described below.

Cleaner and sanitizer

A commercial cleaner (HC- 10
Chlorinated Kleer-Mor; Ecolab, St. Paul,
MN) that is representative of those used
in wet food-processing facilities, and an
alcohol-based quaternary ammonium
(IPAQUAT) sanitizer (Alper D2 [58.6%
isopropyl alcohol]; Best Sanitizers Inc.,
Penn Valley, CA) used in HS facilities at
the time of the study, were evaluated. The
cleaner was prepared by adding 1 package
(230 g) to 15 liter of warm water (49°C)
as instructed on the label. The sanitizer
was supplied at full strength (200 ppm)
and was used at this concentration.

Cleaning and sanitizing
treatment protocols

For the air blowing treatment, each
dust-contaminated surface was placed
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Aerobic plate count (log CFU/cm2)'

Surface without dust Surface with dust	 30 s air + 60 s
Surface	 Thickness (cm)	(negative control)	(positive control)	30 s air	IPAQUAT
New steel"
	

0.15	1.1 ±0.3A
	

5.1 ±0.4C
	

3.4±0.2B	1.5±0.5A

Painted steel'
	

0.15	1.6±0.IA
	

5.5 ± 0.8 C
	

3.5±0.2B	1.2±0.9A

4.1±0.3B	2.9±0.2B

New conveyor belting

Smooth, yellow"'

Worn conveyor belting

Smooth, white"

Smooth, red, thick1

Smooth, red, thin1

Scalloped, blackt

Scalloped, white

0.5

0.4

0.6

0.2

0.3-0.5

0.3-0.7

1.6 ± 0.4A

.5 ± 0.2A

1.4 ± 0.6A

1.7 ± 0.4A

2.4 ± 0.5A

2.2 ± 0.1 A

5.0 ± 0.0 D

5.3 ± 0.7 D

5.3 ± 0.4 D

5.5 ± 0.0 D

5.3 ± 0.4 D

5.4 ± 0.4 D

3.9 ± 0.0 C

3.8 ± 0.4 C

4.1 ±0.1 C

4.0 ± 0.2 C

4.1 ±0.1 C

3.2 ± 0.0 B

2.8 ±0.1 B

3.1 ±0.0 B

3.2 ±0.1 B

3.2 ± 0.0 B

'Means (n = 6) with different letters in the same row are significantly different (P < 0.05).

'Manufacturer not available; 'Goodyear, Marysville, OH; dThermoid Bellefontaine, OH;

'Scandura Scottsdale, GA; Nobet (location not available); tBelt Concepts, Marysville, OH.

horizontally in the bottom of a clear poly-
propylene bag (61 x 91 cm; Fisher, Fair
Lawn, NJ) inside a large plastic tub. Tygon
R-3603 tubing (4.8min I.D. and 14 min
O.D.; Fisher Scientific) was used to blow
in-house air across the surface for 30 s by
manually moving the tubing from side to
side with one hand, while sealing the top
of the bag with the other hand to prevent
the dust from flying out of the bag.

For the liquid cleaning treatments,
each dust-contaminated surface was
placed vertically (to prevent pooling of
liquid) into a plastic dishwashing basket
set in a sink. Tap water or cleaner (200
ml) was slowly poured from the top
over the entire surface. Alternatively, the
IPAQUAT was sprayed over the surface,
using five consecutive sprays to ensure that
the surface was wetted for a minimum of
I mm, as per the manufacturer's instruc-
tions. All the liquid-treated surfaces were
held at ambient temperature to dry (ap-
proximately 10 mm) before swabbing.

Various combinations of the cleaning
treatments were also examined for their
efficacy in reducing microbial loads on the
surfaces. These combination treatments

were carried out following the protocols
above, one following the other. For ex-
ample, the air + water + cleaner treatment
consisted of air blowing, followed directly
by the tap water treatment and then fol-
lowed by the cleaner treatment.

Swab sampling to evaluate
surface microbial load

A 100-cm 2 area of each dust-con-
taminated surface was swabbed using
a standard technique (4, 6, 7) before
and after various cleaning treatments or
combinations of treatments. A disposable
sterile template (Weber Scientific, Hamil-
ton, NJ) with a 10 x 10 cm opening was
placed over each surface to ensure that
a consistent area was swabbed. Com-
mercial swabs in 7 ml neutralizing solu-
tion (buffered peptone water containing
lecithin and Tween 80; Weber Scientific,
Hamilton, NJ) were used. Each swab
sample was vortexed at high speed for
5 s and the buffer was serially diluted
(10 fold) in Butterfield's phosphate buffer
(BPB). Appropriate dilutions were plated
onto Petrifilm aerobic count (AC) plates

(3M Microbiology Products, St. Paul,
MN). Swabs of clean surfaces (no dust)
were used as negative (uninoculated) con-
trols, and swabs of surfaces covered with
dust (no cleaning treatment) were used as
positive (inoculated) controls.

ATP-bioluminescence to
evaluate surface cleanliness

A commercial ATP-bioluminescence
monitoring system (LUMinatorT; Charm
Sciences, Lawrence, MA) was used on
dust-contaminated unpainted steel sur-
faces before and after cleaning. Standard
swabbing techniques for direct surface
sampling were carried out using the Pock-
etSwab (Charm Sciences). Results were
expressed in relative light units (RLU).

Swab sampling of almond HS
facility

Commercial swabs (Weber Scien-
tific) were used to evaluate the efficacy of
a representative sanitation routine used
in one almond HS facility. To clean
equipment surfaces, this facility removed
dust with pressurized air and then ap-
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FIGURE I. Cleaning treatment efficacy as measured by aerobic plate count (U)
or ATP bioluminescence (1_i) on unpainted steel surfaces contaminated with 5 mg of
dust. Treatments included: (I) uriinoculated control, (2) inoculated control, (3) 30 s air,
(4) 200 ml water, (5) 200 ml cleaner, (6) 60 S IPAQUAT, (7) 30 s air + 200 ml water, (8)
30 s air + 200 ml cleaner, (9) 30 s air + 200 ml water + 200 ml cleaner, (10)30 s air +
200 ml cleaner + 60 s IPAQUAT, (II) 30 s air + 200 ml water + 200 ml cleaner + 60 s
I PAQUAT.
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plied an IIAQUAT sanitizer, as recom-
mended in the almond Huller/Sheller
Good Manufacturing Practices and
Sanitation Manual (1). Duplicate swab
samples were collected from each of 20
sample sites before and after the facility's
sanitation routine. Swabbing consisted
of 10 horizontal strokes and 10 vertical
strokes within an approximate 10 x 10
cm sampling area of various surfaces, in-
eluding belting and steel (unpainted and
painted) equipment. The swab samples
were immediately placed in a cooler with
freezer packs and were transported to the
laboratory for microbiological analysis.
All swab samples were analyzed within
24 h of sampling. Each swab sample
was vortexed vigorously, and serially di-
luted (10 fold) in BPB, after which 1 ml
was plated onto single Petrifllm AC and
E. coli/coliform plates. The facility was
swabbed twice during one harvest season
and the data from each surface type were
combined.

Statistical analysis

Data were analyzed using Statistical
Analysis System (version 8.2) software
(SAS Institute, Cary, NC). Analysis of
variance by the General Linear Model
(GLM) procedure and Duncan's multiple
range tests were used to determine the
significant differences (P < 0.05) among
tests or methods.

RESULTS AND DISCUSSION
It is common for HS facilities to

operate continuously during the harvest
season, generating large volumes of dust
that cover all surfaces soon after start up.
Under conditions of high dust volume
and low moisture, it is recommended
that processing equipment not be cleaned
using aqueous products (9). Introducing
moisture to this environment may increase
the risk for almond contamination, by
providing niches for microorganisms,
such as Salmonella, to grow (3). During
the off-season, however, when equipment
can be disassembled and completely dried,

the use of an aqueous cleaner, in combina-
tion with other cleaning treatments, may
be beneficial.

Cleaning treatment efficacy on
unpainted steel surfaces, as evaluated by
APC and ATP, is shown in Fig. 1. After
application of 5 mg of dust, the APC was
4.2 ± 0.2 CFU/100 cm' (Fig. 1-bar 2), and
following air blowing, the APC dropped
by 1.9 log CFU/100 cm 2 , to 2.3 ± 0.1 log
CFU/100 cm' (Fig. 1-bar 3).

Significant (P < 0.05) reductions
after air blowing, to the level of the
uninoculated control, were observed for
all treatment combinations, with the
exception of 30 s air + 200 ml water (Fig.
1-bar 7). The greatest reductions in APC
(3.6 log CFU/ 100 cm 2) were observed fol-
lowing the combination of 30 s air + 200
ml cleaner + 60 s IPAQUAT (Fig. 1-bar
10). Applying a force to the surfaces to
compact the dust did not have a signifi-
cant effect (P> 0.05) on APCs, before or
after cleaning or sanitizing, compared to
surfaces where no force was applied (data
not shown).

The ATP readings did not correlate
well with the APCs (Fig. 1), particularly
for treatment with 60 s IPAQUAI (Fig
1-bar 6; APC low/ATP high) and 30
air + 200 ml water (Fig. 1-bar 7; APC
higher/ATP equivalent to uninoculated
control). For this reason, the ATP-biolu-
minescence system was not used in further
experiments.

Under laboratory conditions, the
new and worn surfaces contaminated
with 1 g of dust had APCs of 5.0 to 5.5
log CFU/100 cm before sanitizing (Table
1). Air blowing for 30 s reduced APCs by
1 to 2 log CFU/100 cm2 , depending on
the surface, with the greatest reductions
observed on steel surfaces. Applying an
alcohol-based sanitizer (IPAQUAT) after
air blowing reduced APCs further, by 1
log CFU/100 cm- on belting surfaces and
by 2 log CFU/100 cm 2 on steel surfaces.
Air blowing followed by IPAQUAT was
an equally effective treatment on all worn
belting surfaces.

At the commercial HS facility tested,
samples collected from equipment sur-
faces before air blowing and application
of IPAQUAT had average APCs of 4.2
to 4.8 log CFU/100 cm 2 , similar to the
inoculated controls prepared for use in
the laboratory (Fig. 2). Coliform counts
were 1.8 ± 0.9, 2.5 ± 0.7, and 1.3 ± 0.5
log CFU/100 cm 2 for steel, painted steel,
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FIGURE 2. Microbial populations on surfaces at a commercial almond HS facility
before •) and after (1) pressurized air blowing followed by application of an alcohol-
based sanitizer (IPAQUAT). Limit of detection (0.8 log CFU/ 100 cm2).

APC

LL

Steel (n=8)

5
U
0a

U.

2

11filir'Ll
Steel (n=8)

7

Coliform
6

S

U
a4
a

U-3

Steel (n=8)

0

	

Painted Steel (n =4)
	Smooth Black Belting

(n=28)

• Before Sanitation
C3 After Sanitation

fT

	Painted Steel (n =4)
	Smooth Black Belting

(n=28)

• Before Sanitation
o After Sanitation

iIi
	Painted Steel (n =4)	Smooth Black Belting

(n=28)

and smooth black belting, respectively.
The presumptive E. coti counts were
:S: 2.0 log CFU/100 cm2 in all samples
collected. No significant changes in APCs,
coliform counts, or F. co/i counts were
seen following sanitation of the HS facility
for any of the three surfaces tested (steel,
painted steel, or smooth black belting).
Under commercial conditions, air was
blown onto equipment starting at the
highest point and working down, so the
durations during which air was applied
to individual surfaces varied but were
generally less than 30 s. In the labora-
tory, air was applied to relatively small
sample surfaces for 30 s. The difficulty in
uniformly removing dust and applying
1PAQUA1' under commercial conditions
max', in part, provide an explanation for
the observed lack of microbial reduction
compared with results of the labora-
tory experiments. In addition, dust levels
equivalent to those present prior to clean-
ing and sanitizing were observed within
minutes of resuming production.

RECOMMENDATIONS

Iraditional wet facilit y cleaning
and sanitizing methods using water and
chemical cleaners were very effective in re-
ducing APCs tinder laboratory conditions
and may be appropriate for HS facilities
in the off- or pre-season, when all parts
of the equipment are accessible, dust can
be completely removed, and time needed
for thorough drying is available. This type
of cleaning is not recommended during
the processing season when water may
provide harborage for pathogens in inac-
cessible areas of equipment. Based on the
inconsistent results observed in this study,
ATP is not recommended for monitoring
sanitation in HS facilities.

Current recommended in-season HS
cleaning and sanitation practices (1) sig-
nificantly reduced microbial populations
on both new and worn kernel-contact
surfaces under laboratory conditions,
but not when evaluated in a commercial
facility. The volume of dust generated
in HS facilities, the speed with which it
is generated, and the inability to break
down equipment for cleaning make it dif-
ficult to effectively sanitize these facilities
in season, given current conditions and
available methodology.

Before Sanitation
D After Sanitation

7

:	
Presumptive E. co/i
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3-A SSI Announces Updated 3-A Sanitary Standards

3-A Sanitary Standards, Inc. (3-A SSl) announces the availability of two updated
3-A Sanitary Standards.

The revised 3-A Sanitary Standards include:

Standard 84-02 Personnel Access Ports for Wet Applications —This standard covers
the sanitary aspects of atmospheric or pressure-type personnel access ports and
associated covers for wet applications.
Standard 20-25 Multiple-Use Plastic Materials —This sanitary standard covers the
material requirements of plastics for multiple-use as product contact and/or cleaning
solution contact surfaces in equipment for production, processing, and handling of milk
and milk product(s).Test criteria are provided for plastics as a means of determining
their acceptance as to their ability to be cleaned and to receive effective bactericidal
treatment and to maintain their essential functional properties and surface finish in
accelerated use-simulating tests.

Copies of the documents are now available for purchase in electronic format or printed
version through the 3-A SSI Web site at www.3-a.org.
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