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Abstract

The consumption of spices and nuts has been increased due to the
public favoring healthy and fresh foods. Since nuts and spices are prone to
deteriorating quality during cooking and sterilization procedure, they are
usually consumed as raw material or treated with minimal subsequent
sterilization processes. However, these foods are often exposed to foodborne
pathogens such as Salmonella during the harvesting, which is a serious hazard
for the food safety or due to the low moisture contents during the drying and
pulverizing processes promoting the forming of strains of Bacillus spores,
some foods are easy to get damages in quality from thermal treatment. Thus,
the red peppers were sterilized to prevent the formation of spores from the
vegetative Bacillus cells. Based on the previous study that the lab-scale
sterilization using superheated steam (SHS) was conducted on black
peppercorns, pecans, and almonds, the SHS equipment was improved for the
industrial applications as a scale-up study in consideration of increasing the
treatment amount of samples and changing the direction of SHS flow in order
to reduce heat loss. In this study, the applicability of the modified equipment
was verified as a sterilization apparatus on food. Salmonella inoculated on
black peppercorns, pecans, and almonds was decontaminated below to

detection limit (1 log CFU/g) by 100°C saturated steam, 140 and 180°C



superheated steam. And E. coli, and Salmonella inoculated on red pepper were
achieved below to detection limit (0.6 log CFU/g) within 10 s by 120, 150,
and 180°C SHS, and total aerobic bacteria was reduced within 20, 30, and 50
s by 120, 150, and 180°C SHS, respectively. Due to SHS treatment at a high
temperature for a short time, capsaicin content did not change.

Recently, instant foods are more demanded as the number of singles
and dual income households increase. Garlic, one of the main ingredients in
instant food, is easily contaminated with Bacillus, which allows heat-resistant
spores to form and be present in garlics at the level of 2-3 log CFU/g even
after washing step. For retort foods containing garlic, sterilization is done at
121.1°C. However, the time for an additional processing is necessary owing
to deal with heat-resistant bacteria and Bacillus spores including Bacillus
cereus strain in the garlic, causing the quality loss of the foods. For this reason,
B. cereus spores were pretreated with SHS to reduce the total time for
subsequent retort processing and minimize the quality deterioration of foods.
The study for inactivating the B. cereus spores by SHS was conducted with
garlics cloves and sliced garlics, and germinants were used to induce the spore
germination in order to increase the efficiency of the SHS sterilization process.
As a result, the treatment of SHS at 180°C on garlic cloves inactivated the
contamination of the spores by 3 log CFU/g within 90 s. Inactivation of the

spores on garlic cloves was more efficient than the sterilization on garlic slices,



because garlic slices were dried up faster during the SHS treatment. Effects of
the germination inducers were investigated using a germinant buffer with -
alanine, inosine (as famously known as germination inducers), and disodium
5’-inosinate (IMP). The Ala+IMP buffer was applied to real food sample with
spores inoculated. The sample treated with the germinant buffer was about 0.5
log CFU/g more effective to reduce the spores than the sample without
germinant buffer treatment. As a result, a synergistic effect of Ala+IMP was
confirmed. The inactivation pattern of B. cereus spores by SHS on garlic was
fitted by the Weibull model and tr-value calculated from the Weibull model
was tended to decrease as temperature increased. Through pre-treatment
sterilization of spores in garlic, total retort processing time could be reduced

which minimizes food quality loss.
Key words: superheated steam, sterilization, black peppercorns, pecan
halves, almond kernels, red peppers, garlics, Salmonella, Escherichia coli,

Bacillus cereus spore.
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Part 1.

Applicability verification of superheated steam

(SHS) sterilization equipment on foods



.  INTRODUCTION

As the recent demands for healthy and convenient foods have grown,
the importance of nuts and spices has also increased every year. Due to the
growing consumption of nuts and spices, a safe supply of food production is
necessary [1].

Since the quality of taste, texture, and color for nuts and peppers
change greatly when cooked, they are usually consumed after minimal
sterilization and cooking process. It is known that Salmonella serovars are
widespread in nature and are frequently found on the surface of tree nuts and
spices, therefore Salmonella contamination is easy to occur when harvesting
by hand, or when products are dried in the sun. Owing to these reasons,
outbreaks of Salmonella food poisoning derived from nuts and spices are
being reported [2].

The previous study of sterilization process using superheated steam
resulted in that did not damage the quality of nuts and spices, but that required
a modified superheated steam equipment that reflected a size-up research for
the application in the food industry [3]. Two points were considered before
the modification. (i) Increasing the amount of samples to be treated, (ii)
Minimizing heat loss. The size of reacting cell was increased responsible for

the sterilization treatment. When samples were placed in the reacting cells on



a flat surface, the previous reacting cell was capable of holding 3 g of black
peppercorns, 9 g of pecans, and 9 g of almonds, whereas the remodeled
reacting cell was able to treat 50 g of black peppercorns, 150 g of pecans, and
150 g of almonds at once [4]. The reacting chamber was also recreated with
insulation materials to minimize equipment related heat-loss. Also, in the
original apparatus, the direction of the fluid flowed from bottom to up,
reducing heat transfer efficiency by interfering with fluid flow and causing
heat loss. To compensate this flaw, the direction of the fluid flow was modified
from top to bottom so that the heat energy from the superheated steam could
be utilized for the sterilization process of the food, and the steam that lost heat
energy were then directed further downward into the condenser for discharge.
To further decrease the heat-loss during the steaming process, nozel-type
manifold pipes were used to connect the superheater to the reacting chamber
rather than the conventional enlargement pipe [5].

Thus, after the superheated steam equipment was modified, the new
equipment was used to inactivate food-borne pathogens in black peppercorns,
pecan halves, almond kernels and red pepper to verify applicability for the
food sterilization, and compared them with results with the previous

equipment.



Superheated steam (SHS) is a steam heated above the boiling point.
When the food is treated with SHS, condensate water was occurred in the early
stage because of the low temperature of the food. At this time, high latent heat
of condensation is instantaneously transmitted to the microorganisms on the
surface of food so that moist heat sterilization was processed. When SHS is
continuously supplied and the condensate water on the surface of the food is
completely evaporated, the sterilization process by dry heat in which the
contaminated microorganisms are inactivated by the sensible heat of SHS
occurs [6]. In other words, SHS sterilization has both the effect of moist heat
sterilization and dry heat sterilization, so the speed of microbial sterilization
is fast, which has the advantage of instant surface sterilization [7].

Previous studies have been conducted to decrease E. coli, Salmonella
and total aerobic bacteria in red pepper powder [8] [9]. However, the
vegetative cells in red pepper formed spores and biofilms during the
drying/grindling processes as the growth environment became poor due to the
decrease of moisture content, and the rise of temperature [10]. There was a
limitation in inactivating heat resistant bacterial spores without changing the
quality of red pepper powder. Therefore, in this study, changing the process

order from washing — drying — grinding — sterlization — packaging

to washing — sterilization — drying — grinding — packaging was



proposed. By changing the process order, it was expected to sterilize the raw
food material without damaging its quality, thereby preventing the bacterial
spore and biofilm formation, decreasing the number of contaminated bacteria,
reducing the risk of the contamination of machinaries in the food industry, and

the cross-contamination during the manufacturing process at the same time.



Il. MATERIALS AND METHODS

2.1. Superheated steam (SHS) equipment

The SHS equipment in this research consisted of a water reservoir, a
steam boiler (model DWE-15, Dae-Woo Steam Boiler, Daegu, Korea), 5 kW
superheater, pipelines, reacting chamber and power controller. A steam boiler
generated 100°C saturated steam with 15 kWh™ heater capacity, 20.19 kwh
steam evaporative capacity and 5 kgr(cm?)™? of maximum usage pressure. A
superheater played a role of turning 100°C saturated steam into superheated
steam (5 kW, 101-220°C, 1 atm). To increase the amount of samples and
compensate the thermal losses due to condensate water, steam direction,
pipelines and reacting chamber were modified from the machinery of previous
research (Figure 1 and 2). Steam temperature was controlled by the power of
superheater, and monitored consistently at the exit of superheater and

processing chamber.



Figure 1. Schematic diagram of the previous superheated-steam sterilization
equipment: (A) water reservoir, (B) boiler (15 kW), (C) superheater (5 kW),
(D) reacting chamber with band heater, (E) power controller, (F) SHS

temperature monitoring system.



Figure 2. Schematic diagram of the modified superheated-steam sterilization
equipment: (A) water reservoir, (B) boiler (15 kW), (C) superheater (5 kW),
(D) reacting chamber, (E) power controller, (F) SHS temperature monitoring

system (G) thermocouple #1, (H) thermocouple #2, (I) condenser.



2.1.1. SHS pipelines and temperature monitoring

As the sample throughput increased, the superheated steam outlet was
expanded. Using 5 nozzles from the outlet of the superheater, steam could be
sprayed evenly. In addition, to minimize heat loss, the manifold pipes were
insulated with heat insulating material and the length of the manifold pipes
was made as short as it could be. In order to solve the condensate water
problem, the flow direction of steam was changed from up to down.

Temperature of superheated steam was automatically measured
through two thermal couples of PT 100Q which is a line connection type of
temperature sensors. Two thermal sensors were installed at the exit of the

superheater and the inlet of the reacting chamber, respectively (Figure 3).



Figure 3. Superheated-steam sterilization equipment. (a) manifold pipes, (b) 5
nozzles connected to the outlet of superheater, (c) thermocouple #1 at the

superheater outlet, (d) thermocouple #2 at the reacting chamber inlet.

L % 4 v 8



2.1.2. SHS reacting chamber and reacting cell

In order to increase the amount of treated sample, the diameter of
reacting cell was increased from 6 cm to 30 cm (Figure 4). Based on almond
kernels and pecan halves, using reacting cells (300 mm D) up to 200 g of
samples were treated as monolayer.

In the previous superheated steam system, the reacting chamber was
composed of an outer reacting chamber shell, a band heater, an air jacket, a
silicon gasket, a standard clamp, and an internal reacting cell. In case of the
modified equipment, the reacting chamber (480 mm x 380 mm x 500 mm)
was manufactured that can be insulated, so that it did not require the use of

external components.
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2.2. Bacterial strains and inoculum preparation

2.2.1. Bacterial strains

In this study, three serotypes of Salmonella (S. Typhimurium ATCC
19585, S. Enteritidis PT-30, and S. Enteritidis NCCP 12236) and E. coli K-12
MG 1655 were used from the bacterial culture collection of Seoul National
University (Seoul, South Korea). All bacteria stored at -80°C in 0.7 mL of
tryptic soy broth (TSB, Difco, Franklin Lakes, NJ, USA) and 0.3 mL of 50%
glycerol (v/v). Bacterial strains were streaked onto tryptic soy agar (TSA, MB
Cell, Los Angeles, CA, USA), and incubated at 37°C for 24 h and stored at

4°C.

2.2.2. Inoculum preparation

Three strains of Salmonella were cultured in 5 mL of TSB at 37°C for
24 h. After incubation, 0.2 mL of each culture was spread onto TSA and
incubated at 37°C for 24 h. Bacterial lawns were scraped using sterile spreader
with 10 mL of 0.2% (w/v) buffered peptone water (BPW, Difco) and harvested
together to obtain the cocktailed Salmonella inoculum (total 30 mL, mixing
ratios 1:1:1), corresponding to 10.39 + 0.11 log CFU/qg.

Each strain of E. coli K-12 and S. Typhimurium was cultured in 5 mL

of TSA at 37°C for 24 h, harvested by centrifugation at 4000xg for 20 min at

13 '



4°C and washed three times with 5 mL of BPW, corresponding to
approximately 10°-10'° CFU/mL. Subsequently, suspended pellets of the two
pathogen species were combined to produce the Salmonella and E. coli

cocktailed inoculum (10 mL).

2.3. Sample preparation and inoculation

Whole raw almond kernels, pecan halves and black peppercorns were
purchased at a local market (Seoul, South Korea). 500 g of each samples was
used to inoculate. Samples were placed in a sterilized polyethylene bag (12 x
18 cm) and mixed with the cocktailed Salmonella inoculum (sample 500 g :
inoculum 150 mL). Hand shaking was carried out for 2 min and dried for 2 h
in a biosafety hood.

Red pepper was purchased at a local grocery store (Seoul, South
Korea), removed the seeds and head of the red pepper and washed in running
water. 10 mL of culture cocktail was applied to 100 g of red pepper in a sterile
polyethylene bag and mixed by hand massage for 1 min and dried for 2 hiina

biosafety hood.

14 ]



2.4. SHS treatment

25 g of black peppercorns, pecan halves and raw almond kernels for
Salmonella were individually treated using 100°C saturated steam, 140 and
180°C superheated steam. Black peppercorns were treated at an interval of one
second for nine seconds and pecan halves and almonds were treated at
intervals of three seconds for 30 s. The trimmed peppers were placed on a
reacting cell and heat treated by 120, 150, and 180°C of SHS at intervals of
ten seconds for 50 min. Treated samples were immediately transferred to

sterile stomacher filtra-bag (Labplas Inc., Sainte-Julie, QC, Canada).

2.5. Bacterial enumeration

Treated samples were 10-fold diluted by adding BPW, and
homogenized for 2 min in a stomacher (Hansol Tech Co., Seoul, South Korea).
After homogenization, the resulting suspension was serially diluted in 9 mL
of BPW, and 0.1 mL of diluent was plated onto Salmonella selective agar
(xylose lysine desonycholate agar, XLD, Oxoid, Basingstroke, UK), E. coli
selective agar (Sorbitol MacConkey agar, Oxoid, Basingstoke, UK) and TSA
for total aerobic bacteria enumeration. At the level of detection limit, 1 mL of
the resulting suspension was directly plated. All plates were incubated at 37°C

for 24 h, and colonies were counted.

15 ]



Injured cells of Salmonella were enumerated using the overlay (OV)
method after samples were heat treated. 0.1 mL of the resulting sample
solutions was spread plated onto a non-selective media, TSA. For enumerating
the recovered number of Salmonella at the detection limit level, 1 mL of the
resulting sample solution was plated onto TSA. The plates were incubated at
37°C for 2 h to allow injured cells to recovery, and then over-poured with
XLD, Salmonella selective agar (OV-XLD). The plates were incubated at

37°C for 22 h and colonies were counted [11].

2.6. Quality evaluation of samples

2.6.1. Color measurement and moisture content

Chromaticity, and moisture content were measured to evaluate of
quality. Color Hunter’s color values (L*, a*, b*) of samples were measured
by a Chroma Meter CR-400 (KONICA MINOLTA, Sensing, Inc., Osaka,
Japan).

Moisture content was measured as follows. The weighing glass bottle
was placed in the drying oven and dried to constant weight at 105°C.
Afterward, the weighing glass bottle was brought to the desiccators and cooled
before being weighed (W1). SS/SHS treated, samples were placed inside the

weighing glass and weighed (W>). After samples were dried at 105°C, samples

16 '



were weighed with the weighing glass bottle (Ws) in a second time. The

sample’s moisture content was then calculated by the formula below in terms

of % dry basis (1).

Wy —W3
Wo—Wy

Moisture content (% dry basis) = ( ) X 100 1)

2.6.2. Capsaicin content

The capsaicin content was estimated by high performance liquid
chromatography (HPLC; 2695 Separations module, WATERS, Milford, MA,
USA) following the Hoffman’s method. The capsaicin (Sigma, St. Louis, MO,
USA) standard curve was obtained for quantification. The capsaicin was
extracted from red pepper powder which was SHS treated/non-treated, dried
and pulverized. The quantification of capsaicin was done on a C18 Novapak
column with detection at 280 nm. The mobile phase of 50% acetonitrile,
injection volume of 20 pL, and a flow rate of 0.8 mL/min was used [12].

1 g of the sample was precisely weighed, and 13 mL of acetone was
added. The sample was extracted in a water bath at 30°C for 5 h and filtered.
The acetone was completely removed by evaporator (30°C), and 5 mL of
methanol was again added. The resulting solution was filtered through a 0.45

um filter, passed through a Sap-Pak cartrige.
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2.7. Heat resistance parameter

To determine the D-values, the data corresponding to each temperature
were used and plotted a thermal death curve (TDC). TDC was fitted with first

order kinetics model (2)

log (Nlo) = —kt @)

where No is the initial number of microorganisms CFU/g, N is the number of
microorganism at time t (CFU/g), t is treatment time (sec or min) and K is a
rate constant (s or min™).

The D-values were determined using the average slope (D =
—1/slope) for each treatment.

The z-values were calculated by plotting the log D against temperature
and calculating the inverse negative of the slope of the thermal death time

curve z = —1/slope)

18 ]



2.8. Statistical analysis

All experiments were conducted in triplicate and the data were
analyzed using IBM SPSS 21.1 (SPSS Inc., Chicago, IL, USA). Duncan’s
multiple comparison test was used for investigating in order to determine

significant difference (p < 0.05) of the results.
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1. RESULTS AND DISCUSSION

3.1. Operation of the equipment for SHS treatment

Temperature profiling was performed to verify that the temperature of
the new installed reacting chamber was well controlled (Figure 5). The
temperature difference between the superheater outlet (#1) and the inlet of the
reacting chamber (#2) was about 20°C in case of 140°C setting up. At 180°C
setting, the temperature difference was approximately 30°C. This was due to
the fact that heat loss was occurred during the superheated steam generation.
The enthalpy of 120, 140, 150, and 180°C superheated steam were 2716, 2756,
2776, and 2835 kJ/kg, respectively. The heat loss, thus, was about 40 and 60
kJ/kg at 140, and 180°C each. The higher temperature of superheated steam,
the faster rates of heat transfer leading to increase heat loss. After 1 h from the
operation of the device, it was confirmed that the temperature was well

controlled.
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3.2. Inactivation of the cocktailed of Salmonella Typhimurium and
Salmonella Enteritidis on black peppercorns, pecan halves, and raw

almond kernels

The initial levels of inoculation were 8.89 + 0.06 log CFU/g for black
peppercorns, 7.69 + 0.08 log CFU/g for pecan halves, 7.43 £ 0.10 log CFU/g
for almond kernels. After SS/SHS treatment, the survival curves were obtained
as Figure 6. Regardless of the samples, inoculated Salmonella was decreased
to below the detection limit, but the rates of decrease were different depending
on the type of samples. Salmonella was inactivated most effectively in black
peppercorns with a decline in 6, 5and 4 s at 100, 140, and 180°C, respectively.
It is presumed that the heat transfer was efficiently carried out to the large
surface area of the black peppercorns. Salmonella was effectively reduced
killed within 24 s in pecans and almonds by 100°C SHS and in case of the
SHS treatment at 140 and 180°C, Salmonella was killed more rapidly than
when treated at 100°C.

Injured cells of Salmonella were enumerated using OV-XLD. After
180°C SHS treated for 6 s on black peppercorns, no recovered cells were
detected. In case of pecan halves, Salmonella was decreased below the
detection limit when treated at 180°C for 15 s, but recovered cells were

observed on OV-XLD. Recovered cells were not enumerated when SHS was
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treated for 18 s. When heat treated with 180°C SHS for 12 s, Salmonella
population were reduced to below the detection limit, and recovered cells were

also not detected.
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Compared to the decontamination performance of the previous
equipment and modified equipment, the sterilization rate at 100°C was faster,
140°C was slightly faster, and in the case of 180°C, approximately 1.5 times
slower tendency was shown (Table 1). First of all, it would have affected the
rate of inactivation since there was a difference in the speed of the fluid in the
device after retrofitting. The volumetric flow rate could be determined

according to volumetric flow rate (3).

. . AV av
Q=¥ = m =% g

where, Q (V): the volumetric flow rate (m3 / s), V: the flow rate (m/s), and

t: time (s). And volumetric low rate is also defined by (4)
_Q
U=~ (4)

where, U: flow velocity (m/s), Q: the flow of volume (m?3 / s), and A: cross-
sectional vector area (m?).

The above equation is applicable only for the flat or plane cross-section.
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The volumetric flow rates were constant before and after the
customized SHS equipment was modified because heater capacity (15 kW/h)
and steam evaporative capacity (20.19 kg) of the boiler were the same and the
specification (5 kW single-phase) of the 2" superheater was the same. And
the area of the reacting chamber inlet of the modified equipment was wider
than that of the previous equipment. Therefore, the flow velocity (U, m/s) of
modified equipment was slower than that of previous equipment.

In the 1% boiler, 18.171 kg/h (13.5 kW) of 100°C saturated steam was
generated. Specific volume of 100°C saturated steam is 1.67 m®/kg. It was thus
30.35 m%h of the flow of volume. Since the diameter was 6 cm, the flow
velocity could be derived by substituting into equation (4), as about 2.98, 3.37
and 3.71 m/s at 100, 140 and 180°C, respectively.

The Reynolds number (Re) helps to predict the pattern of the fluid, and
widely used in fluid flow situation such as in a pipe. The Reynolds number is
a dimensionless number that can be used to determine the flow conditions of
laminar or turbulent flows in a pipe and to know the effect of fluid flow on

heat transfer, and can be given as follows (5).

Re < 2100 : laminar flow
(5) 2100 < Re < 4000: transition flow
H Re > 4000 : turbulent flow

Re # =
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where, D: the diameter of the pipe (m), v: the mean velocity of the fluid
(m?/s), p: the density of the fluid (kg/m3), u:the dynamic viscosity of the

fluid (Pa - sor N -s/m? or kg/(m-s)).

Each value was substituted to obtain the Reynolds number of SS/SHS
in case of the previous system, and the results were 13199, 15999, and 14258
at 100, 140, and 180°C, respectively, which means that all flows were
turbulent.

Due to the flow direction from bottom to top, SS/SHS steam was
disturbed by the net at the bottom of the reacting cell in the previous system.
There were two possibilities to be hindered. First, the important reason was
that the cell net acted as an obstacle, causing flow volume reduction and heat
energy loss. In practice, the flow rate just above the sample was measured at
0.5 m/s, leading to decrease in the flow of volume to 14.14 m®/s. This value
was less than half of the flow volume that generated in the 1% boiler. When the
Reynolds numbers were calculated, each value was 2214 (100°C), 2373
(140°C), and 1921 (180°C) which was transition flow or laminar flow which
has lower the thermal energy transfer capability than that of turbulent flow [6].
Second, the steam consumes the heat energy to evaporate the condensed water
on the cell net, so that all heat energy could not be used to inactivate bacteria

in the sample, which would have slowed the death rate. The steam that lost
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heat energy would slow down and form a stagnation zone right above the net
of cell bottom where the sample was placed, which in turn interferes with the
progress of the new steam with thermal energy. Consequently, the heat energy
could not be efficiently transmitted.

The points dropped below the detection limit for each sample were
fitted based on temperature and time in the previous and modified equipment
system as seen in the figure 7-9. The fitting model was applied differently for
each food. In the graphs, there were crossing points, suggesting that other
factors such as geometrical factors, the thermal conductivity of the fluid (k),
the convective heat transfer coefficient (h), the characteristic length, the
thermal loss of variance, and amount of samples, besides temperature and the
velocity also affected. But, temperature-dependent sterilization curves were
indicated that temperature was an important factor in decontamination of
microorganism on foods. Thus, it is considered that the modified equipment

could be applicable to inactivation of pathogens.
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Time (s)
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Temperature (C)

Previous equipment

Modified equipment

y=-0275x% + 52.1667 (R®=0.0973)
— — —  y=-0025x+85 (R°=1)

oe

Figure 7. Temperature vs. time correlation comparison between the previous
and modified equipment fitted with a linear model in the case of black

peppercorns.
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Figure 8. Temperature vs. time correlation comparison between the previous
and modified equipment fitted with an inverse first order model in the case of

pecan halves.
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Figure 9. Temperature vs. time correlation comparison between the previous
and modified equipment fitted with a linear model in the case of raw almond

kernels.



3.3. Inactivation of the cocktailed Escherichia coli K-12 and

Salmonella Typhimurium, and total aerobic bacteria on red peppers

The level of inoculation on red pepper was confirmed as 8.42 + 0.08
log CFU/qg for S. Typhimurium and 8.36 + 0.18 log CFU/g for E. coli by plate
counts. After 10 s exposure of 120, 150, and 180°C SHS treatment, both
bacteria were reduced to below the detection limit, leading to 7 log CFU/g
reduction (Figure 10). To inactivate the total aerobic bacteria, more SHS
treatment time was required so that 50, 30, and 20 s were taken when red
peppers were treated with 120, 150, and 180°C SHS. From the results,
microbial safety can be more effectively achieved when the sterilization
process is performed in the raw material than when it is performed in the final
product. Not only that, the secondary contamination can be reduced thanks to

supply of clean raw materials.
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3.4. Effect of SHS treatment on foods quality

Photographs were taken to observe changes in the appearance of
samples, black peppercorns, pecan halves, almond kernels and red pepper

which were non-treated and treated by SHS.

3.4.1. Color and moisture content

The chromaticity and moisture content were measured and the results
were listed (Table 2-9). In case of black peppercorns, there was no difference
in treated and non-treated black peppercorns under superheated steam.
Whereas, after SS treatment, the condensed water remained enough to be
visually distinguishable, and black peppercorns were clump up by the
unremoved condensate water. Considering microbial reduction, color change,
and moisture content, treatment with 180°C SHS in a short time would
appropriate for sterilization of black peppercorns. For pecan halves, there was
no visible difference from the pecan halves between before and after SHS
treated while condensate water was observed when 100°C SS was treated. And
there was also no significant difference in chromaticity in all samples. After
treated by 140 and 180°C SHS, water content was not much change. When the
pecan was treated with 100°C, on the other hand, condensate water was
observed with the naked eye, and the moisture content also showed an increase

in water content about 3 times as compared with a control sample.
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Nevertheless, the pecan inherent odor was generated during the heat treatment
regardless of steam temperature, suggesting that quality loss occurred. As for
almond kernels, condensate water was observed under SS treatment and skin
loosening was caused compared with the control group. While there was no
significant difference in lightness after SHS exposure, there was a statistically
significant difference with a* and b* values. Notwithstanding, no visible
difference was observed and there was no change in moisture content.
Regarding red pepper, the values of L, a, and b were slightly decreased in all
samples after SHS treatment. The color change was the smallest when treated
with 150°C SHS for 30 s, compared with 120°C for 50 s and 180°C for 20 s.
Although there was a statistically significant difference in chromaticity when
treated with SHS, as shown in the figure 11, no visible change in appearance

was observed.
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Figure 11. Appearances of non-treated and treated samples for the time

required to reduce below the detection limit.
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3.3.2. Capsaicin content

Measuring the change in capsaicin was necessary to investigate
changes in physicochemical properties of pepper after SHS treatment in terms
of the most important component of pepper flavor, a lipid-soluble ingredient
with a spicy taste. The residual rate of capsaicin, when heated at 100°C for 10
h, was 84.7% in the atmosphere [13]. Although capsaicin is known to be
highly thermo-stable, it was necessary to confirm the thermal stability of
capsaicin when treated with 180°C SHS.

The HPLC system was conducted to determine the capsaicin standard
curve with 10, 20, 40, 60, 80 and 100 mg% of capsaicin standard solution and
retention time was approximately 11 min. The capsaicin content of control
was 17.55 + 0.51 mg% and the capsaicin content of the SHS heat treated
sample was 19.04 + 0.38. mg% (Figure 12-b).

Statistical analysis was carried out and it was concluded that there was
no significant difference between before and after SHS treatment. Even
though SHS is at a high temperature, it is treated for a short time, it has little
effect on the loss of capsaicin, which is the most important ingredient in the

quality of pepper.
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IV. CONCLUSIONS

More than 5 log CFU/g of food-borne pathogens such as the cocktailed
Salmonella on black peppercorns, pecan halves, and almond kernels were
inactivated in a short time using SHS of the modified equipment. The time to
reduce the bacteria according to the temperature of the previous and the
modified equipment was different depending on the difference in factors such
as the flow rate, sample amount, size of the reacting chamber, obstacles in the
flow direction of the steam, etc.

In case of the treatment microorganisms in red peppers which are raw
materials of red pepper powder, the populations of Salmonella and E. coli were
reduced within 10 s regardless of the temperature of SHS, and more than 7 log
CFU/qg reduction of total aerobic bacteria were achieved after treated with
120°C for 50 s, 150°C for 30 s and 180°C for 20 s without the capsaicin
content loss. As the result, superheated steam (SHS) equipment was verified

the applicability of sterilization microorganism in foods.
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Part 2.
Inactivation of Bacillus cereus spores on

garlic using superheated steam
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I. INTRODUCTION

The consumption and demand of instant foods and retort foods are
increasing as the number of single and working households increase.
Accordingly, food companies produce more and more different types of retort
foods, so the types of retort foods have been more diversified. Retort products
contain lots of spices in general, and garlic (Allium sativum L.) is one of the
representative spices since garlic has a unique flavor and aroma that are from
diallyl thiosulfinate (allicin) discovered by Cavallito and Bailey, and has been
reported to be good for health [14].

However, garlic is easily contaminated by Bacillus cereus which is a
soil originated spore-forming microorganism having a remarkable thermal
resistance [15] [16] [17]. Controlling Bacillus cereus spores is important in
food industry because they can provoke infection and toxin types of foodborne
ilinesses when they are germinated [18] .

Retort food is a ready-to-eat food that can be stored and distributed
with a long shelf-life at room temperature. So, complete sterilization is
recommended in food industry. Thermal processing is a widely used cooking
and sterilization method, but it is not always sufficient to decontaminate all
bacterial spores due to the presence of cold point [19]. Despite the fact that

both microbiological safety and quality for taste and nutrition are important,
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excessive heat treatment, which causes damage of food quality, is inevitable
to ensure microbiological safety.

Indeed, many studies have been conducted to control spores [20] [21]
[22] but there is still no effective technique, so it is clear that more research is
needed in terms of application to food.

In addition, germinant was used to sterilize spores more efficiently
[23]. Germinant could be initiators to induce germination of the spores, which
makes it easier to decontaminate the spores due to the fact that germinated
spores and vegetative cells do not have as high heat resistance as spores [24].
According to advanced research of the genome, there are 7 putative
germination (ger) operons in Bacillus cereus ATCC 14579, and in particular,
reacted to amino acids or purine ribosides [25] [26]. In this study, experiments
were conducted with -alanine, and inosine, one of the well-known
components for a germinant. Unfortunately, because inosine is not permitted
to be used as a food additive by CAC (Codex Alimentarius Commission; the
International Food Standards Committee), it was necessary to find a substitute
for inosine. Disodium 5’-inosinate (IMP, Disodium inosine 5’-
monophosphate) is the disodium salt of inosinic acid and not only allowed to
be used as a food additive but also now widely used on food industry as a
flavor enhancer [27]. Consequently, r-alanine, inosine, and disodium 5’-

inosinate were studied as single germinants or in combination.
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To the best of my knowledge, there are no reported decimal reduction
time (D-value) for B. cereus spores in garlic to superheated steam treatment.
Therefore, the aim of this study was to evaluate the effect of superheated steam
on garlic and to obtain the thermal resistance data of B. cereus spores in garlic.
Survival curves were fitted by Weibull model to find out the kinetics of B.

cereus spores, and tr-value, and z-value were calculated based on these data.



Il. MATERIALS AND METHODS

2.1. Bacterial strain and preparation of the inoculum of Bacillus
cereus spore

2.1.1. Bacterial strain

B. cereus KCTC 3624 (ATCC 14579) used in this research was
obtained from Korean collection for type cultures (KCTC). Stock culture was
kept frozen at -80°C in 0.7 mL of Tryptic Soy Broth (TSB, Difco, Franklin
Lakes, New Jersey, USA) and 0.3 mL of 50% glycerol (v/v). Bacterial strain
was streaked onto tryptic soy agar (TSA, MB Cell, Los Angeles, CA, USA),

and incubated at 30°C for 24 h and stored at 4°C.

2.1.2. Production and purification of B. cereus spore and

preparation of the inoculum of B. cereus spore

B. cereus was pre-cultured in 5 mL of Tryptic Soy Broth (TSB, Difco,
Franklin Lakes, New Jersey, USA) at 30°C for 24 h. After incubation, 0.2 mL
of culture was spread onto Difco Sporulation Medium (DSM) containing per
liter 8 g bacto nutrient broth (Difco), 10 mL of 10% (w/v) KCI, 10 mL of 1.2%

(w/v) MgSO4-7H20, ~1.5 mL (pH to 7.6) of 1 M NaOH, with 1.5% micro agar
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and after autoclave, 1 mL of 1 M Ca(NOz3).-4H.0, 1 mL of 0.01 M
MnCl2-4H20, and 1 mL of 1 mM FeSO4-7H20, and incubated at 30°C for 5
days to produce a bacterial lawn.

Spores were gradually formatted for 5 days and it was observed
through optical microscope (x1000). Spores were collected by scraping the
surface of the DSM agar with 10 mL of sterile distilled water and washed three
times by centrifugation (10,000xg, 15 min, 4°C) for B. cereus spore
purification. The pellet was resuspended in 5 mL distilled water and 5 mL
ethanol and the suspension was kept at 4°C for 12 h in order to reduce the
number of vegetative cells [28, 29] [30]. It was confirmed through preliminary
experiments that 99.99% of B. cereus vegetative cells were eliminated by the
method of spore purification with 50% ethanol. The obtained suspension was
washed three times by centrifugation under the same conditions, and the finial
pellet was resuspended in 10 mL of 0.2% (w/v) buffered peptone water (BPW,
Difco, Franklin Lakes, New Jersey, USA) as the spore inoculum

corresponding to approximately 10° CFU/mL.

2.1.3. Sample preparation and inoculation

Garlics (Hapcheon-gun, Gyeongsangnam-do, Korea) for this study
were purchased at a local market (Seoul, Korea). The garlic cloves were

washed with running water and water was removed from garlic cloves. Sliced
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garlics (about 2 mm thickness) were used.

Samples were inoculated with the B. cereus spore inoculum using a
spot-inoculation method. Inoculated garlics were dried by low temperature
drying at 4°C to prevent the spore from germinating. Samples were placed in

a desiccator which had been pre-cooled for 12 h.

2.2. SHS treatment

The whole garlics inoculated with B. cereus spores were treated with
120, 150, and 180°C of superheated steam for 0.5, 1, 1.5, 2, 2.5, and 3 min.
For SHS treatment to garlic cloves with 3 log CFU/mL inoculation level, SHS
was exposed to the same temperature for 10, 20 and 30 s. SHS treated samples

were then immediately transferred to a sterile stomacher bag.

2.3. Germinants-induced germination of B. cereus spore

L-alanine, inosine, and disodium 5’-inosinate (IMP) as germinants
were used due to the fact that bacterial spores are once germinated, the heat
resistance becomes weak. 50 mM of _-alanine, 5 mM of inosine, and 5 mM of
IMP were used. The combination of _-alanine (50 mM) + inosine (5 mM) and
L-alanine (50 mM) + IMP (5 mM) were done to investigate the synergistic

effect [31] [32] [16] [25] [24].
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B. cereus spores were germinated preferentially in the germination
buffer. The germination buffer was made by adding germinants to distilled
water. 1 mL of the purified spore inoculum was put into micro-tube,
centrifuged and discarded the supernatant. 1 mL of the germination buffer was
filled in the micro-tube, and mixed well with a pipette. Each micro-tube was
allowed to leave at a room temperature for a set period of time and then the
germination buffer was removed by centrifugation. After repeating washing
three times with distilled water, 0.5 mL of distilled water and 0.5 mL of
ethanol were added and left at 4°C for 12 h. Germinated spores were

eliminated by 50% ethanol and the remaining spores were counted.

2.4. SHS treatment after the germination of B. cereus spore

2 mL of germinant buffer, the mixture of 50 mM (-alanine and 5 mM
disodium 5’-inosinate, was sprayed on about 100 g of the garlic cloves and 50
g of sliced garlic and left for 15-20 min. And then samples were treated with
120, 150, and 180°C of SHS. SHS treated garlics were immediately transferred

to a sterile stomacher bag.
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2.5. Bacterial enumeration

The number of B. cereus was enumerated by spreading on the MYP
agar (Mannitol-egg yolk-polymyxin agar, Oxoid, Basingstoke, UK). The
population of germinated spores was calculated by subtracting the number of
survivors after purification with 50% ethanol from the initial population of

spores (6) [31] [33].
Germination = Initial number of spore — Spore survivors (6)

Garlics treated by SHS were placed into a sterile stomacher bag with
the 0.2% BPW as much as 9 times the weight of samples and homogenized
for 2 min with a stomacher (Hansol Tech Co., Seoul, Korea). Samples were
serially diluted in BPW, and 0.1 mL of diluent was spread onto MYP (B.
cereus selective agar) for B. cereus enumeration. All plates were incubated at
30°C for 24 h and colonies were counted.

Injured cells of B. cereus were enumerated using the overlay (OV)
method after samples were heat treated. 0.1 mL of the resulting sample
solutions was spread plated onto a non-selective media, TSA. For enumerating
the recovered number of B. cereus at the detection limit level, 1 mL of the
resulting sample solution was plated onto TSA. The plates were incubated at

37°C for 2 h to allow injured cells to recovery, and then over-poured with
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Brilliance Bacillus Cereus agar (BBC, Oxoid, Basingstoke, Hampshire,
England). The plates were incubated at 37°C for 22 h and colonies were

counted after the overlaid medium was solidified.

2.6. Scanning electron microscopy (SEM)

The skins of garlic cloves and sliced garlics which were inoculated by
B. cereus spores were fixed inside the petri dish lid using a tape. Three droplets
of 2% osmium tetroxide were dropped on a petri dish and it was covered with
the lid and sealed using parafilm. The petri dish was left in the safety hood for
more than 24 h so that the moisture in garlics was completely eliminated.
Dehydrated samples were mounted on the stubs and samples were sputter
coated with platinum (Pt) using a vacuum coater (EM ACE200, Leica,
Germany). The SEM images were obtained using a Filed-Emission Scanning

Electron Microscope (SUPRA 55VP, Carl Zeiss, Germany).

2.7. Measurement of water activity (Aw)

Water activity measurement was practiced using water activity meter

4TE (Aqua Lab, WA, USA) and repeated three times. The temperature range

during the measurement was 25.0 + 1.0°C during the measurement.
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2.8. Statistical analysis

All experiments were conducted in triplicate and one way analysis of
variance (ANOVA) was performed using IBM SPSS 21.1 (SPSS Inc., Chicago,
IL, USA). Duncan’s multiple comparison test was used for investigating in

order to determine significant difference (p < 0.05) of the results.
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1. RESULTS AND DISCUSSION

3.1. Inactivation of B. cereus spore on garlics

In order to investigate the reduction pattern of B. cereus spore
depending on shapes of garlic, garlic cloves and sliced garlics inoculated by
B. cereus spores were used to SHS treatment. The initial inoculation levels of
spore were 6.22 =+ 0.26 log CFU/g on garlic cloves, and 6.44 £ 0.15 log
CFU/qg on sliced garlics, and garlics were treated by 120, 150, and 180<C of
SHS for 0.5, 1, 1.5, 2, 2.5, and 3 min. The results were shown in the

following (Figure 13).

3.1.1. Inactivation of B. cereus spore on garlic cloves and sliced

garlics

The results showed that the inactivation of spores on sliced garlic was
slightly slower than that on garlic cloves. Thus, three factors were assumed to
be affected. (i) Influence on the internal cracks or structure, (ii) influence on
the outer coating film, and (iii) the water activity. First of all, scanning electron
microscopy (SEM) images were taken to confirm the effect of the internal
structure or cracks. Secondly, the same experiment was carried out with the
garlic cloves removed the outer coating film to examine the influence of the
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coating film. Lastly, to investigate the water activity (Aw) which is well-
known to affect the thermal resistance of spores, were measured by a water
activity meter after garlic cloves, sliced garlics and peeled garlics were
treated by SHS [34].

SEM images of the garlic cloves and the sliced garlics surface were
obtained (Figure 14). As a result of SEM images, spores were well attached to
the surface of garlic cloves and sliced garlics, and it is hard to conclude that
inner cracks and structures by the exposed surface affected.

In order to confirm the effect of outer coating film, B. cereus spore
was inoculated on garlic cloves without coating film and 120, 150, and 180C
of SHS treatment was performed and the initial inoculation level was 6.26
+ 0.14 log CFU/g on peeled garlic. Regardless of outer coating film,
the reduction pattern was similar when SHS was treated on garlic cloves
and peeled garlic cloves (Figure 15).

Water activities of garlic cloves, sliced garlics and peeled garlics were
then measured and the following results were obtained (Figure 16). It was
initially considered that water activities had an effect on the heat resistance of
spores. However, as the water content gradually decreased, the tendency that
the resistance of spores became stronger did not coincide. The thermal energy
applied to the spore on garlics was not mainly transmitted by the conduction

of moisture in the food, and rather, the heat energy of the SHS was directly
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transmitted to the spore on the food surface by the convection [35]. It was
therefore concluded that thermal energy was used to dry the food
moisture leading to a slower spore inactivation in the sliced garlic than a
reduction in the garlic clove [36] [37] [38].

In addition, as a result of the measurement of water activity, it
was confirmed that the latent heat was instantaneously transferred,
resulting in rapid sterilization rate due to the generation of condensate water

on the surface of the garlic in the early 0-0.5 min of SHS treatment.
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Figure 13. Survival curves for B. cereus spores inoculated on garlic cloves and

sliced garlics treated with 120°C (@, O), 150°C (A, A), and 180°C (H,

[1) SHS for 3 min.

64



99

‘parejnaoul alods snalad g (p) ‘parejnaoul-uou (9) a1j1eb padl|s Jo adeIns pue ‘parejndoul
alods snaJad g (q) ‘parejnaoul-uou (&) a1j4eb ajoym Jo aodepins ‘sydesboioiwoloyd Adoasoloiw uoadsis Buluueds T ainbi4




99

‘ulw ¢ J0j SHS ([J ‘M) 2,08T pue (V ‘¥) 2,05T ‘(O ‘@) 2-0ZT Yum pajean

w1y Bueod J81N0 PIAOWBI SBAOID dIj1el pue SaA0]d J1j4eb Uuo pale|ndoul saiods SNasd g o) SAAIND [eAIAINS "GT 8inbi-

{uw) 2w Jus wieal |

{uIw) 2wy Jus wieal | {uIw) 2w Jus wiesl |

I3 5T < L I 0 |anue € T 4 R I 0 |2nuE I3 5z 4 R L 50 |2uag
L L L L L L I L L L L L L I L L L L L L Is
g g

20EL ORI —w—

Opgita) B

Opgita) B
(Opgita) B

2,051 nop aped psEag —O— 2,021 o e papad —0—

2051 MR AUED —w—

2,074 0D AUED —w—
e



L9

'SHS 2,08T (1) pue

‘“Do0ST (8) ‘0,02T (p) Aq payeass ‘(<) sorjreb pajsad sy pue (@) S8A0J d114el 8yl Jo MY pue SHS J,08T (9) pue ‘0,0ST

(a) ‘0,027 () Ag parean ‘(O) saijeb padi|s ayl pue (@) SeA0JD 21j4eb 8yl JO MY Juswainseaw AJIAIOR J8JepA "9T aunbi4 =~

T mang [ ”LF”wE._.
[ T z B L 50 Kumeo < sz . - ' 50 romen £ sz z s L 50 jomog
- e =o E
2081 Hueb —
R e [ 2051 el pasad —<— - 20z1 wEb parEed —— e
I 2051 3000 HUES —— = 2.07) EHORTLED e 2z
Freo Loes v
| ez Feso s=0
e = beeo E g0 E
H s g
FEo & Foso o ED =
2 g g
rm=o Fzso & TED
= =
F s - e
| sso g Feso .
.mmu F=e 26D

() swaL () 2wl {unu} =)
H 5T T g 1 ST lonued < R 4 e L §0 oMo 3 5T 4 B 1 S0 oD
[::1V] L L L L L L oo oeD

08 WIS~ 2051 IWRIRIE —C— 2.0zt aueb peos —o—

LT RAI D~ =0 P [Fe=o S0TL 2D DIED —— 80
o | Freo e
®0 Fezo a0
o £ Feo 2 sen 3§

L1 = o
=0 w oo = 06D z
=
w0 = F=e 3 wo &
w0 Fro 60
%0 [eso 260
=0 Feo 25D

ok ook n oot m



3.2. Inactivation of B. cereus spore using germinants

To investigate the effects of germinants on germination of B. cereus
spore, experiments were carried out in the buffer. Non-treated (control),
Sterile water (water), 50 mM (-alanine (Ala), 5 mM inosine (Ino), 5 mM
disodium 5’-inosinate, 50 mM (-alanine + 5 mM inosine (IMP), and 50 mM
L-alanine + 5 mM disodium 5’-inosinate were used as germinants [39]. Initial
number of spores on buffer was 9.01 + 0.08 log CFU/mL. Each germinants
was treated to spores and leaving for 60 min at a room temperature. As a result,
0.10 log CFU/mL in water, 0.25 log CFU/mL in the _-alanine buffer, 0.83 log
CFU/mL in the inosine buffer, 1.41 log CFU/mL in the IMP buffer, 1.21 log
CFU/mL in the Ala+Ino combination buffer, and 2.10 log CFU/mL in the Ala
+ IMP combination buffer were germinated, respectively (Figure 17). When
L-alanine and IMP were treated, the effect of the germination rate was the
highest.

So, the survival number of spores after the combination buffer with 50
mM _-alanine and IMP 5 mM was conducted in order to find out the change
patter of germination depending on over time (Figure 18). The germination
was reached a maximum at 15 min, and no further germination occurred after
the lapse of time. Thus, the germination treatment time was set at 15 min, and
the germination in the buffer was performed and the result was as follows

(Figure 19). The initial level of spore was 9.02 + 0.05 log CFU/mL. According
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to the result, the germinated spore population was decreased when inosine
(0.69 log CFU/mL) or IMP (1.34 log CFU/mL) was treated for 15 min, and
increased when sterile water (0.29 log CFU/mL), L-alanine (0.52 log CFU/mL),
Ala+Ino (1.58 log CFU/mL), or Ala+IMP (2.41 log CFU/mL) was treated for
15 min. Moreover, synergistic effects of germinants combination were
observed, both the 50 mM Ala + 5 mM Ino buffer and the 50 mM Ala + 5 mM
IMP.

The germination buffer of 50 mM Ala + 5 mM IMP, which had the
best germination effect, was applied to the real food and the spore inactivation
experiment was conducted. Sterile water was sprayed and compared the
results for exclusion the effect of moisture. The initial contamination level of
B. cereus spore was 6.42 + 0.30 log CFU/g. From the figure 20, Ala+IMP
combined germinant buffer could induce the spore germination in garlic
leading to more effective inactivation of spore than that the samples without
germinant buffer. When water was sprayed instead of the germinant buffer,
water played a role of a protective layer serving as conserve bacteria, and
thermal energy by SHS was used to evaporate water. Consequentially, the
reduction rate of spores was slower with water than samples that were
untreated.

Expletively, no apparent change in the quality was observed when

treated with germinant buffer and water.
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3.3. Recovery of B. cereus after the SHS treatment

Table 10 and 11 show levels of sublethally injured B. cereus on garlic
cloves and sliced garlic after SHS treatment. And table 12 and 13 were for
recovered B. cereus with treated Ala+IMP germinant buffer and with spraying
water. Injured cells showed a tendency to recover slightly, but there was no

statistically significant difference in overall treatment results.

74 ]



7

"(50°0> d) wasayip Apuedyiubis ase uwnjod e ul s)diiasIadns JuaIaIp YIM SanfeA ayL "UOITeIASP pJepuels ¥ anfen abelane juasaidal eleq ;

920 TESO 00> OTOFLLT  oZ20F8ST  I00FT9Z  OT0T6IZ £
QTOT6VT  HTOTOTT  £T0T0S5C  Q00T0PZ  £00TL9Z  .T00 T 0§72 52
OPOTOST  £S0FL6T  £T0TEC  STOTELZ  Z00TL8Z 400 T 082 Z
BTOTPOE  £POT69C  BTOTEEE  STOTI8E  STOTESE  STOTOSE g1
STOTOVE  oTOTOVE  WZE0FTTY  o€0T00%  STOTOFE  «ST0T8LE 1
ZE0TSLE  STOTISE  OT0TAUY  STOTEVY  HTOFIVY  6T0FIED 50
OZ0FSTO  9T0FSTY  9T0TGTY  9T0TSTY  9T0FSTY  L9207F ST 0
999-AO0 dAN 999-A\O dAN 299-A0 dAN () ow
96081 96067 26021 youiealL

JUBWIRaI) SHS JalJe SaA0[0 oIfJel uo snaJad g palanodal pue painfuiun jo (6/04D 6o]) [eAIAINS "0T 8]ge.L



9.

"(50°0> d) wasayip Appuealy1ubis ate uwnjod e ul s)d1ias1adns JUaIaH P YIM SanjeA 8y “UOIIeIASP pJepuels F anfeA abelaae Jussaldal eleq ;

2€E0 FES'T e8E0 FOV'T e8¢0 + G5'C elC0FC22C «800+90€C T0+S0€ €
900+8T¢C HO00+2TC O0TO0FVOE 0T'0F¢8¢C B00+FO0VE 600 +GCE G¢
V00 FCEC W00 FG2C  0€0F.9€ e,00F9T'C  PO0FGLE  «800+0S€ 14
elTOFPVGE  LETOFEPE  9C0F6SY BOOFEOY 0C0FTEY  O6TO0+8TY QT
el00FO0VY  E00F6CY 8TO0FGLY  600+F05Y 8OO0 FEVY  LITOFIVY T
700 F86'7  0TO0+GSY  9T0+T9G el00FCES  LETO0F.97V 600 +6SY g0
ST0O+VV9  STO+VP9 eGT°0 + 779 STOFVV9 STOFVP9  STO+VV9 0
2d49-NAO dAW 24949-NAO dAN 2d49-AO dAIN (uIw)
J-08T J-08T 3021 SUIi IUBLABSLL

JUBWIRaN) SHS Jale SolfJel padl|s Uo snalad ‘g palanodal pue painfuiun jo (6/n4D 6oj) feAlAIns TT ajqel



LL

'(50°0> d) Jualayp Appueayyiubis ase uwinjod e ul s)d1osIadns JUBIBPIP YIM SaNJeA 3Y | "UOIRIASD pJepuels F anjeA abelane Jussaidal ereq ; 1

e70'0 ¥+ €0°C e,E€0F9CT q¢0'0 + L6°¢ eCT'0+GT°¢ 2700 FGT'E e¢0'0 ¥26'¢ €
e0T°0 ¥ €G°C 2900 ¥ ¥T°C e€00 ¥ V0°C e€T0+8L°¢C e€00 ¥ 62°C eGC'0 ¥ C0°€ g'¢
e70'0 ¥+ 06°C eVT°0 ¥85°¢C 2S00 ¥ TC'E 2900 ¥ 9T°€ e70°0 ¥+ 09°€ ¢90°0 +9V'E 14
V10 +0V'€E ST0+TC°€ eVC’0 ¥ ¢8°C e0C'0 ¥ 29°€ 9T 0+CTV e€C'0 ¥ 06°E QT
€00 ¥96°C e6T°0 ¥ LG°E eGC'0 +8EY eGC'0F9CY VCO0FTLY e7C'0 ¥ 9E'Y T
elC'0 ¥ 99V e9C'0 + V'V eC€'0 F10'S 0T'0 + €8V e¢T'0 FEC'S STO0FVT'S G0
e6T°0 + EV'9 e6T°0 FEV'9 2670 FEV'9 e6T°0 FEV'9 670 FEV'9 e6T'0 FEV'9 0
3499-NAO dAW 2d9-AO dAW 2d49-NAO dAN (uIw) awn
J.08T 3097 J.0¢T HioUealL
Juswiieal}

SHS Jaye BulAe.ads Jarem a)11a1S YlIM SaA0|2 d1j4eh uo snatad 'g patanodal pue painfuiun jo (604D 60o|) [eAIANg 2T 9jgel



'(50°0> d) wauayip Appuedyiubis ase uwinjod e ul s)d1osIadns JUBIBYIP YHM SaNJeA 3U | "UOIRIASD pJepuels F anjeA abelane Jussaidal ereq ; 1

8L

900 +¢ST 200 T> e/C0+06°T ¢0L'0 +86°0 eST0+EV'C eGT°0+ 08T €
8T 0+E6'T 200 T> e8E°0 ¥ 0V'C 207’0 + 99T e0T0FTLC eVC’'0 ¥ €0°C g'¢
610+ TLC V0 ¥ 29T 29T°0 +¢8°¢ V10 +0C°¢ 2670 + LT'E 6T0FTLC 14
e/T°0 ¥66°¢C eGC'0+0E°¢ elC0F6T€C e/0°0 ¥88°¢C 2G€°'0 +8EC eVT°0 F0T°E QT
2900 ¥ LC°€ e6'0 ¥8L°¢C 2800 ¥ 96°C V¢ 0+ GT°€E €V 0 FVLE e6T°0 ¥9G9°E T
eIT0+.9°€ e80°0 ¥ 9€°€ €T 0+ VLV e80'0 ¥ 96°'€ 2180 + ¥9'S B8T0F TV G0
e€€'0 899 e€€'0 899 2€€°0 + 899 e€€'0 ¥859°9 2€€'0 ¥+ 899 e€€'0 ¥89°9 0
3499-NAO dAW 2d9-AO dAW 2d49-NAO dAN (uIw) awn
J.08T 3097 J.0¢T HioUealL

Juswiean SHS Jaye BulAeids ajeulsoul

-.S WNIPOSIP + auluee-T YIM SaA0[d dIjJedb uo snaiad g paltanodal pue painfuiun jo (604D 6oj) [eAnins €T sjgel



3.4. Kinetic study for the SHS inactivation of B. cereus spores
on garlics

Because spores in garlics were contaminated about 2-3 log CFU/g, B.
cereus spores were inoculated at 3 log CFU/g level in garlic cloves and
sliced garlics in order to investigate the reduction patterns for the SHS and
the results are shown in the figure 21. 120, 150, and 180°C of SHS were
treated to samples for 30 s. To find out the effect of germination buffer on
inactivation of B. cereus spores, Ala+IMP germinant buffer was sprayed on
garlics. Spores were slightly more reduced in the germination buffer sprayed
samples. After the exposure to 120, 150 and 180°C SHS on garlic cloves for
30 s, 1.59, 1.84, and 2.38 log CFU/g of spores were decreased without
germinant buffer, and 2.12, 2.16 and 3.09 log CFU/g of spores were reduced
with germinant buffer. At 120, 150 and 180°C SHS in sliced garlic, 1.12,
1.44, and 2.01 log CFU/g of spores were decreased without germinant
buffer, and 1.59, 2.19, 2.56 log CFU/g of spores were reduced with
germinant buffer. In this study, spores corresponding to 0.52 + 0.16 log
CFU/g on garlic cloves and 0.59 + 0.12 log CFU/g on sliced garlics were
more affected by the germinant buffer on average. B. cereus spores in
garlics were more effectively decreased with higher SHS temperature and

longer treatment time.
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Figure 21. Survival curves of B. cereus spores inoculated approximately 3 log

CFUlqg after treated with SHS for 30 s in garlic cloves (a) without germinant

buffer, (b) with germinant buffer, and in sliced garlics (c) without germinant

buffer, (d) with germinant buffer.
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The inactivation pattern of spores was analyzed to figure out the
survival kinetics of B. cereus spores with Weibull model [40]. Fitting equation

of the Weibull model was as follows (7):
log () ) = ax® ™

The survivor curves fitted by Weibull model for B. cereus spores on
garlic cloves and sliced garlic with 120, 150, and 180°C SHS were shown in
the figure 22 and 23, and table 14 and 15. « and S values were used to
calculate tr-value which indicates stochastic 1 log reduction time [41], and z-
value. The tr-values of all samples, garlic cloves and sliced garlics
with/without germinant buffer, were calculated and tended to decrease as the

SHS temperature were risen.
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In the initial stage, the spores were effectively reduced by the latent
heat effect from the condensation water, and after the condensate water was
removed, the spore reduction was explained by the sensible heat energy. In
other words, moist heat sterilization and dry heat sterilization occurred. The
two different sterilization mechanism in survival curves of B. cereus spores
could explain as known that the core enzymes and the inner membranes were
damaged by the wet heat sterilization, and DNA of spores were injured by the
dry heat sterilization process [20].

When the SHS was treated on garlic cloves and sliced garlics for 30 s,
tanned samples were not observed. Therefore, 2-3 log CFU/g of B. cereus
spores in garlics could be controlled using the SHS pretreatment. In addition,
the spores could be more efficiently decreased if the germinant buffer was
used properly. It is expected that the pre-treatment with SHS could be effective
to reduce the total sterilization time of retort products such as cream base sauce
and soup, in which garlic is the raw material containing spores with the highest
heat resistance. Therefore, the SHS pretreatment for controlling spores can be
applied as an important process in the food industries in order to minimize the

quality loss of retort products.



IV. CONCLUSIONS

In order to investigate the reduction pattern of Bacillus cereus spores
on the superheated steam depending on the shape of garlics, the effect of
inactivation was better in the garlic cloves than in sliced garlics. The reason
for this result was assumed to be surface effects and water activity. Through
the experiment carried out by removing the outer coating film and the SEM
images, it was not thought to have been influenced by the surface effect. The
spore reduction effect was better than that of sliced garlic, and it was thought
to be due to water activity. The rapid decrease of water activity in sliced garlic
could be interpreted that the heat energy of the superheated steam partially lost
to evaporate the water. In other words, more heat energy was used to Kkill
spores due to the low evaporation of water, which resulted in better
bactericidal effects. For more effectively sterilize the spores, the germination
experiment was conducted. It was done in germinant buffers with _-alanine
and inosine which were well-known substance of germination. Disodium 5’-
inosinate (IMP) was used as a substitute for inosine, which is not approved as
a food additive. The germinant buffer combined 50 mM of _-alanine and 5
mM of IMP was confirmed to have a synergistic effect on the buffer.
Approximately 15 min after the reaction, the germination rate was reached its

maximum level. When the germinant buffer was applied to garlic cloves, the
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decontamination effect of spores was slightly better than the samples without
the germination inducer. In addition, when the sterile water was sprayed as a
control for the water content of the germination inducing agent, the
sterilization effect was rather reduced because the moisture acted as a
protective layer and had to eliminate. In experiments with 3 log CFU/qg level
which was the actual contamination levels, spores corresponding to about 0.5
log CFU/g were more effectively decreased with Ala+IMP germinant buffer.
Especially, when the garlic cloves were sprayed by Ala+IMP germinant buffer,
and treated with 180°C of SHS for 30 s, approximately 3 log CFU/g of the
spore population could be reached. The inactivation of B. cereus spores in
garlic with SHS treatment was fitted with the Weibull model. It is significant
that there was little research on the synergistic effect of _-alanine and disodium
5’-inosinate as germinants. When IMP, which is allowed to be used as a food
additive, was applied in combination with r-alanine, the synergistic effect on
spore germination was confirmed. The potential of IMP in the food industry

was presented not only as a sweetener but also as a spore germinant substance.
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