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The decontamination effect of milling by a jet mill was investigated by counting the number
of bacteria in brown and white rice flour with mean particle diameters of 3, 20, and 40 um pre-
pared by the jet mill. In the jet mill, the particles are crushed and reduced in size by the me-
chanical impact caused by their collision. Although the brown and white rice grains were
contaminated with approximately 10° and 10° CFU/g bacteria, the microbial load of the rice
flour decreased as the mean particle diameter decreased, ultimately decreasing to approxi-
mately 10* and 10° CFU/g in the brown and white rice flour. The temperature and pressure
changes of the sample were not considered to have an effect on reducing the bacterial count
during the milling. Hence, it was thought that the rice flour was decontaminated by other ef-

fects.

Key words . Food powder/Particle size/Polished rice/Unpolished rice.

Disinfection of food powder is problematic since
the quality of most kinds of food powder is seriously
affected by heat (Kawashima, 1981). Radiation is a
promising method for disinfecting food without signifi-
cant quality deterioration; however, in Japan, the use
of radiation for food processing is prohibited except
for the inhibition of sprouting in potatoes (Hayashi,
1998). Hence, the food industry is still in need of an
effective non-thermal disinfection method for food
powder.

A jet mill is a milling machine that reduces the par-
ticle size by applying an extremely strong impact to
the material with a high-speed current of air or gas,
enabling the milled food powder particles to have a
mean diameter of less than 20 um (Hayakawa et al.,
1996; Jarrard and Hung, 2007). Decreasing the parti-
cle size of food powder particles to a size as small as
that of bacteria by using this kind of milling machine
is expected to affect the survival of the bacteria due
to physical effects on the bacteria that presumably
accompany the production of such small flour parti-
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cles. This concept of disinfection by milling was previ-
ously presented by Horiuchi (2004), who reported
that the number of bacteria in the powder of the fruit
body of Agaricus blazei Murril decreased from 10°
CFU/g to 10° CFU/g when the mean diameter of the
powder particles was decreased to 10.96 um. Recent
jet mills are expected to yield more effective decon-
tamination of food powder since they are able to pro-
duce fine food powder particles with a mean diameter
of less than 5 um. However, it is quite difficult to find
published data discussing the relation between parti-
cle size and the bacterial load of the food powder af-
ter milling. More data on particle size and the
disinfection effect should be acquired to investigate
the potential of the milling disinfection method.

Rice flour is used as an ingredient in an increasing
number of food products including bread,
confectionaries, beverages, and salad dressing
(Kadan et al., 2008; Yoza et al., 2008). However, rice
flour is frequently contaminated with bacteria, as are
many kinds of food powder (Hayashi, 1998). If a fine
milling process inactivates the bacteria in rice flour, it
is expected that less contaminated rice flour of higher
quality will be produced by improving the jet mill to
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reduce the flour particle size. In this study, rice flour
with a mean particle diameter from 3 to 40 um was
prepared using a jet mill. The decontamination effect
of the mean particle diameter by milling was subse-
quently investigated.

Brown rice (Oryza sativa L. cv. Koshihikari) har-
vested in Ibaraki Prefecture, Japan, in 2007 was pur-
chased from a local rice distributor and stored at 5
°C before the experiments. White rice was obtained
by polishing the purchased brown rice grains down to
90% weight. Preliminary experiments presented that
the concentration of naturally contaminating bacterial
cells in the rice was constant within a narrow range of
10°—10° CFU/g. The decontamination of rice grains
from the natural contaminants by the jet mill was con-
sequently investigated in this study.

Figure 1 schematically depicts the jet mill (IDS-2,
Nippon Pneumatic Mfg. Co., Ltd.) used in this study.
This system generates a supersonic air current by
blowing pressurized air supplied by a compressor
through a supersonic nozzle. The ingredient particles
injected into the air jet stream are accelerated and
crushed by collision with an impact plate and with
other particles. Particles are input from a feeder, and
the crushed particles are sent to a classifier. The
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FIG. 1. Schematic drawing of the jet mill. 1, Compressor; 2,
Supersonic nozzle; 3, Impact plate; 4, Adjustment ring for
the impact plate; 5, Impact plate holder; 6, Feeder; 7,
Classifier.

TABLE 1. Milling conditions.

classifier separates the fine particles from the large
ones, sending the fine particles to a cyclone separa-
tor by an air current. Finally, the fine particles are cap-
tured from the air current and sent to a sample vessel
by the cyclone separator. The large particles are re-
turned to the supersonic air jet stream from the clas-
sifier and pulverized again. The particles circulate
inside the jet mill until they have been crushed to a
size small enough for separation by the classifier.

Table 1 presents the milling conditions of the jet
mill for preparing rice flour particles with mean diame-
ters of 3, 20, and 40 um. The produced particle size
usually decreases when the nozzle stagnation pres-
sure (i.e., pressure upstream from the nozzle throat)
is increased, the distance from the injection point to
the impact plate (¢ in Fig. 1) is decreased, or the
feed rate is decreased. To mill 40um-flour, the impact
plate was not attached to the jet mill. In this condition,
the rice particles were crushed by collision with other
particles and with the impact plate holders. The set-
tings of the classifier were adjusted for each milling
condition. The temperatures at 10mm downstream
from the injection point (Position A in Fig. 1) and at
the surface of the impact plate or the impact plate
holder (Position B in Fig. 1) were measured by a
thermocouple for each condition. 1000g of rice
grains was milled for each condition.

The jet mill was disassembled and all the parts of
the mill were cleaned by an air jet cleaner before the
experiments; however it was difficult to sterilize all the
parts of jet mill due to their sizes and materials.
Hence cross contamination between the samples
was presumably caused through the mill structure. In
this study, the cross contaminants in the rice flour
were evaluated by milling sterilized rice grain as fol-
lows. First, the jet mill was disassembled and cleaned
by an air jet cleaner after milling the white rice to
20um-flour particles. Second, the white rice sterilized
by 25 kGy gamma-ray irradiation was milled with the
jet mill to 20um-flour particles. Finally, the cross con-
taminants were evaluated by counting the microbial
load of the rice flour.

The size distribution of the rice flour particles was
determined by a laser diffraction particle analyzer
(SALD-2100, Shimadzu Corporation). Mass median

Target mean
diameter (um)

Nozzle stagnation
pressure (MPa)

Distance to the

impact plate d (mm) Feed rate (kg/h)

3 0.65
20 0.42
40 0.30

62 6
92 12
— 12

“The impact plate was not used for milling the 40um-flour.
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TABLE 2. Temperature and collected amounts of sample mass.

Target mean

Temperature (°C)

Collected sample mass (g)

diameter (um) Position A

Position B White

Brown

3 0.7
20 1.7
40 3.5

836 781
886 794
867 804

diameter Ds, of the flour was calculated from the par-
ticle size distribution curves obtained with the particle
analyzer. The mass median diameter Ds, is the diame-
ter that 50% of the particles by mass in the flour are
smaller than and the other 50% of the particles are
larger.

The population of bacteria was determined by the
direct-plating method. Rice flour homogenized in
0.1% peptone water was serially diluted in 0.1% pep-
tone water. The sample solution was surface-plated
in duplicate on plate-count agar (Merck). The num-
ber of colonies was subsequently counted after incu-
bating the plate at 37°C for 48 hours.

The air jet temperatures inside the mill at each ex-
perimental condition are presented in Table 2. The
average air temperature at 10 mm from the nozzle in-
jection point decreased after the pressure of the air
supplied by the compressor decreased to almost at-
mospheric pressure by adiabatic expansion inside
the nozzle diffuser. The average air temperature in-
creased at the impact plate surface by comparison
with the air temperature inside the diffuser. It was be-
cause the high velocity air current was compressed
by collision with the impact plate and the kinetic en-
ergy of the air current was converted into thermal en-
ergy by the formation of a boundary layer on the
surface of impact plate.

The amounts of sample mass collected in the ves-
sel under each condition are presented in Table 2.
The collected sample mass was smaller than the
sample mass supplied to the mill due to the moisture
evaporation from the sample (40~50 g/batch) and
sample loss. Some fraction of the lost sample re-
mained inside the jet mill adhering on the inner sur-
face of the mill, and another fraction of the lost
sample was exhausted outside the mill. The yields of
brown rice flour were lower than that of white rice.
More of the brown rice flour presumably remained in-
side the mill since such flour contains bran oil and is
more adhesive. The yield tended to decrease as the
mean diameter of the flour particle decreased. It was
because the flour became cohesive and adhesive as
the particle size decreased (Fitzpatric et al., 2004;
Sotome et al., 2009). In addition, the separative
power of the cyclone separator generally decreases
as the particle size of the flour decreases. Hence, the
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FIG. 2. Particle size distribution of the rice flour. The mass
median diameter of the flour: (1) 3.3 um; (2) 18.6 um; (3)
37.2um; (4) 3.5um; (56) 22.1 um; (6) 35.9 um.

sample fraction that was not captured by the cyclone
separator and exhausted outside of the mill presuma-
bly increased as the particle size decreased.

Figure 2 presents the particle size distribution of
rice flour. In all samples, a narrow particle distribution
with a single peak was observed. The mass median
diameters of all of the samples were within the range
of the target mean diameter = 20%. In the 20 um and
40 um samples, a few particles with diameters much
smaller than the mean diameter were found. These
small particles were mainly produced when the edges
of relatively large particles were removed by succes-
sive collisions with other particles. In contrast, very
few 3um-sample particles had a diameter much
smaller than the mean diameter. This was
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presumably because the smaller particles produced
in milling the 3um-samples were not captured by the
cyclone separator.

Figure 3 presents the changes in bacterial count in
the rice flour caused by milling. The bacterial counts
in the rice flour decreased as the mean particle di-
ameter decreased. The bacterial count for the white
rice flour was smaller than that for the brown rice
flour. This was presumably because most of the bac-
teria contaminating the brown rice existed on the
grain surfaces; hence polishing removed some of the
bacteria. The microbial load of the flour prepared
from the irradiated rice was 22 + 12 CFU/g (n =5),
though microorganisms were not detected from the ir-
radiated rice grains. Hence, it was considered that the
bacteria counts of the flour presented in Fig. 3 con-
tained 1~2 log CFU/g cross contaminants.

It was supposed that the bacterial counts in the rice
flour decreased as the flour particle size decreased
since the bacteria in the flour were influenced by
some physical effects during the milling. The tem-
perature of the sample changed during the milling
since there was a temperature change in the air cur-
rent inside the mill caused by compression and ex-
pansion. However, the bacteria in the rice flour
samples were not considered to have been affected
by the heat during milling since the increases in air
temperature inside the mill, which were highest on the
surface of the impact plate (Table 2), were not high
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FIG. 3. Bacterial counts of the rice grains (@, white; A,
brown) and the rice flour (O, white; /\, brown). The mean
diameter of the rice grains was defined as the mean diame-
ter of the voluminal equivalent sphere of the grains. Bars
represent the standard error of the means (n = 3).

enough for bacterial inactivation.

The pressure change of the air current was another
physical effect on the sample. In the jet mill used in
this study, the location where the sample was most
pressurized was the surface of impact plate. Based
on some assumptions, the air pressure on the impact
plate surface Ps was predicted as follows. First, the
ideal adiabatic compression of the air current was as-
sumed on the impact plate surface. Second, the air
pressure at position A in Fig. 1 (P.) was assumed to
be atmospheric (0.101 MPa), though the P, actually
should be lower than the atmospheric pressure since
the air pressure at the injection point (i.e. upstream
from the position A) was almost atmospheric pres-
sure. The Ps under the 3 um-flour milling condition
was calculated from the temperatures presented in
Table 2 as

1.403

7
= Tra0s
p, = L) p, :(—273'15“)'7 j' " 0.101=0.144[MPa] (1)

T, 273.15+36.0

where v is the specific heat ratio of air. On the other
hand, it has been noted in the literature that a hydro-
static pressure greater than 200 or 300 MPa was re-
quired for the inactivation of several species of
microorganisms (Koseki and Yamamoto, 2006;
O'Reilly et al., 2000; Patterson et al., 1995). The pre-
dicted pressure Ps was much lower than these values
and not high enough for bacterial inactivation.

Destruction of the bacteria cells was thought to be
one of the possible factors of the decease in micro-
bial load of the flour. When the rice particles were
processed by the milling, there was a probability that
the bacteria cells were destroyed at the same time.
There is an extremely low probability of this if the
flour particle size is remarkably larger than the bacte-
ria cell size, but the probability increases as the flour
particle size decreases to become comparable with
the bacterial cell size. In this study, however, the mi-
crobial load of flour already had decreased when the
mean diameter of the rice particles was approxi-
mately 20 or 40um, at which most of the rice particles
were larger than the size of common bacteria (0.5~5
«m). This result suggested that an effect other than
cell destruction was involved in the decontamination
of rice flour during the milling.

Separation of bacteria cells from the rice particles
was another possible reason for the decrease in the
microbial load of the flour by the milling. It was sup-
posed that some bacteria cells were detached from
the rice particle when the particles were processed
by the milling. This probability would also increase as
the rice particles are milled into smaller sizes. Since
the size of bacteria cell was presumably smaller than



the particle size of most fractions of rice flour (Fig.
2), it was possible that the remaining and exhausted
fractions of the bacteria cells detached from the rice
particle were larger than that of the rice particles. In
the case of brown rice, it was supposed that the ad-
hesion of bran, in which the microbial load is higher
than the rice core, on the inner surfaces of the mill
contributed more to the decrease in microbial load
because the microbial load of the 40 um-flour already
decreased while the microbial load of 40 um-particles
from the white rice flour was almost same level with
that of white rice grains (Fig.3).

The results obtained in this study suggested that
milling by the jet mill tended to remove the bacteria in
the rice flour. However, the decontamination effect
was smaller than the result presented by Horiuchi
(2004), even though the mean particle diameter of
the powder prepared by Horiuchi exceeded the mean
diameter of the finest rice flour particles prepared in
this study. This was presumably because the decon-
tamination effect of the jet mill was affected by the
physical properties of the powder ingredient as well
as the size and morphology of the contaminating bac-
teria. Therefore, it will be necessary in future studies
to clarify in more detail the relation between the parti-
cle size and the decontamination effect for each food
material and each bacterial species to determine the
full potential use of milling for disinfection.

In addition, it is supposed that the quality of fine
food powder may change easily because the oxida-
tion of the powder as well as the evaporation of some
kind of components will be accelerated due to the
large specific surface area. It is also supposed that
some of the bacteria cells damaged by the milling be-
come viable but non-cultural (VNC). For the develop-
ment of a practical disinfection technology by milling,
the research from various points of view is required to
solve these problems.

Nevertheless, it can be concluded that the current
jet milling technology is already practically useful
since the reduction of the microbial load to
1/10~1/100 and the production of the flour (i.e
original purpose of the milling) are simultaneously
achieved.

DECONTAMINATION BY JET MILL 83

ACKNOWLEDGMENTS

The authors express their appreciation for the fi-
nancial  support provided by the Food
Nanotechnology Project from the Ministry of
Agriculture, Forestry and Fisheries, Japan.

REFERENCES

Fitzpatrick, J. J., Barringer, S.A., and Igbal, T. (2004) Flow
property measurement of food powders and sensitivity of
Jenike's hopper design methodology to the measured
values. J. Food Eng., 61, 399-405.

Hayakawa, |., Linko, Y.-Y., and Linko, P. (1996) Novel me-
chanical treatments of biomaterials. Lebensm.-Wiss. u.-
Technol., 29, 295-403.

Hayashi, T. (1998) Decontamination of dry food ingredi-
ents with "soft-electrons" (low-energy electrons). Jon.
Agr. Res. Q., 32, 293-299.

Horiuchi, K. (2004) Japan Patent, P2004-242556A.

Jarrard, M. Jr., and Hung, Y.-C. (2007) Milling of cowpea
flour using cyclone assisted milling. Appl. Eng. Agric., 23,
785-792.

Kadan, R. S., Bryant, R. J., and Miller, J. A. (2008) Effects
of milling on functional properties of rice flour. J. Food
Sci., 73, 151-154.

Kawashima, K. (1981) Radiation sterilization of spices (In
Japanese). Nippon Shokuhin Kogyo Gakkaishi, 28, 52-
61.

Koseki, S., and Yamamoto, K. (2006) pH and solute con-
centration of suspension media affect the outcome of
high hydrostatic pressure treatment of Listeria
monocytogenes. Int. J. Food Microbiol., 111, 175-179.

O'Reilly, C. E., O'Connor, P. M., Kelly, A. L., Beresford, T. P.,
and Murphy, P. M. (2000) Use of hydrostatic pressure for
inactivation of microbial contaminants in cheese. App.
Env. Microbiol., 66, 4890-4896.

Patterson, M. F., Quinn, M., Simpson, R., and Gilmour, A.
(1995) Sensitivity of vegetative pathogens to high hydro-
static pressure treatment in phosphate-buffered saline
and foods. J. Food Prot., 58, 524-529.

Sotome, |, Tsuda, M., Okabe, M., Oshima, S., Hossen, M.
S., Itakura, M., Takenaka, M., Okadome, H., and Isobe, S.
(2009) Effect of milling method and particle size on
Carr's flowability and floodability indices of rice flour (In
Japanese). Jon. J. Food Eng., 10, 95-106.

Yoza, K., Okabe, M., and Shima, J. (2008) Present state
and issues of rice powder utilization: rice bread (In
Japanese). Nippon Shokuhin Kagaku Kogaku kaishi, 55,
444-454,



