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decontamination of powdered black .pepper (Piper nigrum L.) by using 
microwave 
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Powdered black· pepper with varying moisture contents were subjected to intermittent or continuous 
treatments (2450:t50 MHz, 450 Watt) for 50 or 150 sec. Microwave treatment reduced microbial load in all treated 
samples. Higher product moisture and prolonged treatment time resulted in higher microbial reductions. The highest 
microbial reduction was in the groups, to which microwave treatment was applied continuously for 150 sec . Compared 
to the untreated samples in this group, the counts of total aerobic mesophilic microorganisms, Enterobacteriaceae , and 
yeast and mould were reduced by 87.8, 94.9 and 90.7%, respectively. However, in ali the treated groups, the losses 
of volatile oil were between 3.9 and 18.7%. The results indicated that microwave treitment caused microbial reductions 
in the powdered black pepper, although the reductions were unsatisfactory. The levels of the reduction depended on the 
moisture content of the samples and exposure time. The Josses of volatile oils occurred during the process were in 
acceptable levels . 
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Spices and herbs, which are used 
>ver thousands of years by many civiliza-
ions to enhance the flavour and aroma of 
oods, may be contaminated with undesir-
_ble substances depending on their growth 
nd storage conditions. Many spices sup-

by dealers contain a number of mi-
roorganisms. The microbial contamina-
ion !eve! may be as high as 108 cfu/g. 

of spices mostly consist of 
erobic and anaerobic spore-forming bac-
~ria, such as Micrococcus spp., coliforms, 
easts and moulds. Food poisoning bac-
:ria like Salmonella spp., Staphylococ-
us aureus, C/ostridium perfringens, Ba-
illus cereus and Escherichia coli have 
Iso been reported in spices and herbs 

et al 2000, Banerjee and Sarkar 
003, Buckenhüskes 1996, Fehlhaber and 
rnetschke 1992, McKee 1995, Pafumi 
986, Rosenberger and Weber 1993). 
ince microbiological content of spices in 

natura! state is high, it is often nec-
;sary to decontaminate them before us-

in food products. Heat treatments, 
)mmonly used to reduce the microbial 
)unts in many foodstuffs, have not been 
·eferred to decontaminate spices due to 
,sses in volatile oil as well as flavour 
:gradation (Gerhardt 1994 ). Treatment 
ith ethylene oxide is another effective 
ethod which can reduce the microbial 

by 90% in spices (Gerhardt 1994, 
1986, Yajdi and Pereira 1973). 

1is gas, however, has been classified as 
carcinogen and it can react with chlo-

rides in foods to produce toxic and per-
sistent chlorhydrins (Their and Bolt 2000), 
as traces of ethylene oxide may remain on 
spices after treatment (Gerhardt and Effio 
1983). For these reasons the use of this 
gas for microbial reduction in spices has 
been prohibited. üne of the most effec-
tive treatments to reduce or eliminate 
bacterial and fungal populations in spices 
is by ionizing radiation (Weber 1983, 
Zaied et al 1996, Zehnder and Ette! 1981). 
But this method is not commonly used in 
food industry because of the public reac-
tion against irradiated foods. And it also 
alters the flavour (Piggott and Othman 
1993, Emam et al 1995). 
• Microwave treatment, therefore, 
could be an altemative method to decon-
taminate spices. Microwaves are widely 
used in food industry and also possess 
destructive effects on microorganisms. in 
foods (Daniel et al 1980, Decerau 1986, 
Fujikawa and Ohta 1994, Reuters 1995, 
Rosenberg and Bögl 1987, Stolle and 
Schalch 2000). 

Some workers investigated the ef-
fects of microwave heating on microbio-
logical quality of spice and herb and 
reported that the reduction of microorgan-
isms varied for different applications 
(Gerhardt and Rommer 1985, Dehne and 
Bögl 1993, Dehne et al 1991, Emam et 
al 1995, Legnani ~t al 2001). However, 
Vajdi and Pereira (1973) reported that 
microwave of spice could not 
reduce microbial population effectively. 
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The aim of this study was to evaluate the 
effect of microwave treatment on the 
microbial load and volatile oil level of 
powdered black pepper. 
Materials and methods 

Powdered black pepper (PBP) (Piper 
nigrum L.) samples were collected from 
various retail points in Istanbul, Turkey. 
Microbiological and chemical analysis (to 
determine the initial microbial count, 
moisture content and volatile oil level), 
was performed and each batch of PBP 
were divided into 3 equal portions of 
about 800 g each, as group A, B and C. 
Each group sample was then divided into 
4 subgroups (approx 200 g) each accord-
ing to process types and processing times, 
and were aseptically put into sterile poly-
ethylene bags, suitable for microwave 
heating. The moisture content of Groups 
B and C were adjusted to 15 and 17.5%, · 
respectively, by spraying sterile tap water 
(Gerhardt and Romer 1985), and A was 
a natura! control. 

Microwave treatment: A specially 
designed industrial type microwave oven 
(2450±50 MHz) (Machine and Chemistry 
Company, Turkey) was used during trials. 
The samples in plastic bags were placed 
on to running band of the oven and flat-
tened to approximately 5 mm. For each 
trial, a total of 12 samples were individu-
ally (one by one following each other) 
subjected to intermittent or continuous 
microwave heating (2450±50 MHz, 450 
W) for various holding times (50 or 150 
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sec). At the intermittent application, a 5 
sec standing time was given for each 10 
sec exposure time. Standing times were 
not added to the total application time. 
Microwave treatment trials were replicated 
fo r three times by using distinct PBP. 

Analysis: Treated and untreated black 
pepper samples were mixed thoroughly in 
thei r respective bags , before drawing 
samples for analysis. 

For microbiological analysis, 10 g of 
samples were placed in sterile Stomacher 
bags and homogenized for 2 min in 90 ml 
of sterile 0.1 % peptone water (Oxoid, 
CM 9) using Stomacher Lab Blender 
(Seward , England). Serial decimal dilu-
tions were prepared in same diluents . Total 
aerobic mesophilic microorganisms were 
enumerated on plate count agar (Oxoid, 
CM 325) after incubating the plates at 
30°C for 48 h, Enterobacteriaceae on 
violet red bile dextrose agar (Oxoid, CM 
485) and incubated with a double layer 
for 24 h at 37°C, and yeasts and molds 
on potato dextrose agar (Oxoid, CM 139) 
containing 75 g/1 NaCl (Sigma, S 7653) 
and 4 ml/1 chlortetracycline. HCI (Biolife, 
420000) at 25 °C for 5 days (Andrews 
1992, Harrigan 1998). 

To deterrnine the moisture contents, 
the samples were dried at 103±2°C up to 
the dry matter amount reached to a con-
stant value or the differences in weight 
becomes < l mg between the !ast two 
measurements (Staesche 1970). Volatile 

Table 1. Mean total counts of microorganisms 

Groups' Moisture Exposure Treatment 
content, % time, sec type2 

Untreated 
AA Natura! 50 C 
AB 50 
AC 150 C 
AD 150 I 
BA 15.00 50 C 
BB 50 I 
BC 150 C 
BD 150 I 
CA 17.50 50 C 
CB 50 I 
CC 150 C 
CD 150 

oil contents of PBP we're deterrnined ac-
cording to the AOAC (1997). Ground 
spice samples were boiled in H O solu-

2 
tion. Released volatile oil (vapour form) 
was condensed and collected in trap, and 
then measured through trap calibration. 

Statistical analysis: Each experiment 
was replicated 3 times. Microbial reduc-
tion and volatile oil losses were calcu-
lated on the absolute values. Colony counts 
were converted to logarithmic values. 
ANOVA and Duncan's multiple range test 
were used to analyze the microbiological 
log counts and volatile oil amounts . Sta-
tistical estimations were perforrned using 
the SfSS (8.0 package programme). 
Results and discussion 

The mean colony counts of total 
aerobic mesophilic microorganisms, En-
terobacteriaceae spp. and yeast-mould in 
untreated PBP samples were 6.3, 4.4, and 
3.9 log10 cfu/g, respectively (Table 1). 
Microwave treatment resulted in higher 
reduction from 49.5 to 87.8% for total 
aerobic mesophilic microorganism count 
from 7.5 to 94.9% for Enterobacteriaceae 
spp. count and from 33.9 to 90.7% for 
yeast and mould count. The significant 
difference (p:S:0 .05) was obtained only 
between the control (untreated) group and 
group C for total aerobic mesophilic 
microorganism count and Enterobacteri-
aceae spp. count. The differences in yeast 
and mould counts between the 
were not significant. Sirnilar results were 

reported by other authors who worked on 
the microbial decontamination of PBP 
microwave. Emam et al (1995) reported 
that the number of total aerobic meso-
philic microorganisms (6.9 log 10 cfu/g) 
decreased to < 104 cfu/g after microwave 
treatment (2450 MHz, 750 W) for 75 sec; 
and the reduction with microwave expo-
sure was similar to the reduction that was 
obtained with 10 kGy g- irradiation. They 
also reported that number of yeast and 
mould (4.9 log 10 cfu/g) was decreased to 
< 102 cfu/g depending on the time of 
microwave exposure. In another study, 
Gerhardt and Romer (1985) reported that 
microwave applications (2450 MHz, 650 
W) for various periods of time resulted in 
reductions in bacterial count of PBP rang-
ing between 13.7 and 99.7% and de-
creased the yeast and mould to < 02 cfu/ 
g. Dehne and Bögl (1993) determined 
that the number of aerobic mesophilic 
microorganisms in the powdered white 
pepper was reduced from 6. 1 to 4 log 

10 
cfu/g by using microwave (2450 MHz, 
0.6 kW). Legnani et al (2001 ) also ob-
tained a successful result on the reduc-
tions of moulds and faecal indicators using 
microwave heating. Contrary to above 
results, Vajdi and Pereira ( 1973) reported 
that microwave treatment of black pepper 
and other spices was not effective in re-
ducing the microbial population. 

Microbial reductions obtained in the 
present study were to a lesser degree than 

and volatile oil contents of powdered black pepper treated with microwave. 

Mesophilic aerobic Enterobacteriaceae Yeast and mould Volatile oil 
log 10 cfu/g Reduction, log 10 cfu/g Reduction, log, 0 cfu/g log 10 cfu/g Reduction, 

o/o o/o o/o o/o 
6.3±0.26 • O.O 4.4±0.30· O.O 3.9±0.30· O.O l.56±0 187' O.O 
6. l±0.21 •b 49.5 4.3±0.21 'b 7.5 3.8±0.27' 33.9 1.50±0.169 ' 3.9 
6.Q±Q.21 ab 56.0 4.3±Ü.29'b 44.6 3.6±0.40' 33.1 1.49±0.170 • 4.2 
6.Ü±Ü.2Q•b 57.1 4.1±0. l 7'bc 40 .0 3.5±0.31' 60.5 J.45±0.149 ' 6.8 

5.9± Ü.22•b 68.0 4. l ±0.29•bc 70.1 3.6±0.28' 49.3 1.46±0.155' 6.4 
5.9±0.16'b 69.2 4.0±0.21 abcd 68.9 3.5±0.26· 63.0 1.43± 0.172' 8.1 

5.8±0.12 ab 75.1 4.0±0.29•bcd 65.6 3.7±0.26 • 41.6 1.44±0.171' 7.6 
5.7±0. lQ ab 81.8 3.7±0. •bcd 87.6 3.4±0.28' 69.7 1.36±0.203' 12.5 
5.7±0.07 ab 81.6 3. 7±0.27•bcd 83.8 3.4±0.42' 64.3 1.38±0.187' 11.6 
5.7±0.16 b 80.5 3.8±0. I 7•bcd 84.4 3.4±0.23' 71.1 1.32±0.146' 15.5 
5.6± Ü.22b 80.8 3.6±0.12bcd 90.8 3.3±0.25" 74.2 1.34±0.161' 14.2 
5.5± Ü.21 b 87.8 3.3±Q.32'd 94.9 2.9±0 .25' 90.7 1.27±0.199' 18.7 
5.6± Ü.24b 86.7 3.3± 0.20" 92.4 3.2±0.26' 79.3 1.29±0.244' 17.2 

'As in text; 2At the interrnittent app!ication, a 5 sec standing time was given f~r each 10 sec exposure time; Means in a column with different 
superscripts are (p~0.05) different from one another; n=3; C: Continuous; I: Interrnittent 
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mentioned above. The differences 
1 rhe reductions between the present study 
nd orher srudies may be due to the vana-
ons in the applications such as frequency, 
isrance from the source, shape and type 
f container, as well as the potential power 
f the microwave sources. The power of 

oven used in the present study 
Iower ( 450 W) than those used in the 

bove studies, which rnight be the main 
for lower rnicrobial reductions. 

In the present study, the moisture 
ontent of the samples subjected to rni-
rowave and exposure times were found 

be very effective in reducing microbial 
opulation. Increasing exposure time from 
O to 150 sec improved the effecti veness 
f treatment, as expected. However, no 
orrelation was found between the reduc-
on levels and heating products (intermit-
:nt or continuous). Increasing the mois-

content of PBP also increased the 
!ductions. The least rnicrobial reduction 
1as obtained in group AA, non-moist-
ned (12.4%) and treated with rnicrowave 
ontinuously for 50 sec. On the other 
and, the most effective reduction was 
bserved in group CC, moistened to 17 .5% 
nd subjected to microwave treatment 
ontinuously for 150 sec. Gerhardt and 
.omer (1985), who investigated the ef-
:ct of microwave treatments on the rni-
roorganisms in moistened spices, also 
!ported that the reductions in the rnicro-
ial counts increased as the moisture 
ontent increased. 

Heat generation by microwave oc-
urs by the movement of water molecule 
nd friction between the molecules (Daniel 
t al 1980, Mudgett 1989, Stolle and 
chalch 2000). Therefore, heat generation 

be low, if the samples have low 
1ater content. According to Vajdi and 
ereira (1973), spices are incapable of 
eing heated sufficiently by microwave 
ue to their low moisture content. In the 
resent study, the observation of higher 

destruction in samples contain-
more moisture is apparently related to 

igh !eve! of heat release . 
The most important advantage of the 

heating is the ability to rapidly 
enerate heat in the product.. And thus, 

heating method may prevent the losses 
f volatile oil which is responsible for 
1pica l flavour in spice, because the ex-

• posure time to decontarninate the rnicro-
organisms is shorter than that of conven-
tional methods. In the present study, the 
mean volatile oil level in the PBP just 
before the applications was found to be 
l.56±0.19ml/100g (on dry weight basis). 
However, in the treated groups, the amount 
of volatile oils decreased to various de-
grees (3. 9-18. 7 % ) . Although the volatile 
oil content of the treated samples were 
lower than that of the control, the differ-
ences were not significant statistically ( < 
0.05). Interrnittent treatment did not af-
fect the losses markedly compared to 
continuous treatment. Increasing exposure 
time and moisture content of black pepper 
also increased the losses in volatile oil 
contents. Emam et al (1995) reported that 
increasing exposure time from 40 to 75 
sec caused higher losses in volatile oil 
contents. Gerhardt and Romer (1985) alsa 
determined that prolonged microwave 
treatments from 50 to 150 sec increased 
the loss of volatile oil in spices and con-
tinuous process resulted in more losses of 
volatile oil than the interrnittent applica-
tion. But, the losses of volatile oil ob-
tained from the work of Gerhardt and 
Romer (1985) occurred at higher levels 
than the losses reported by the study pre-
sented here, and reached up to 78% in 
22% moistened samples. In another study, 
Dehne and Bögl (1993) treated a rnixture 
of spices with rnicrowave and reported 
volatile oil losses as 6.0-10.5% for crushed 
white pepper, 8.7-18.2% for crushed black 
pepper, and 47.1 % for ground black pep-
per. The. authors recomrnended that it 
would, therefore, appear to be more ben-
eficial to pasteurize the spices before 
grinding. Emam et al (1995) found low 
levels of volatile oil losses in non-moist-
ened PBP samples treated with rnicro-
wave. These researchers suggested the 
use of rnicrowave treatment for decon-
tarnination of PBP without the loss of 
their flavour components. Plesi et al (2002) 
also investigated the effect of rnicrowave 
treatment on volatile oil compounds of 
white and black pepper, and reported that 
the rnicrowave treatment seems to pre-
serve the principal aroma of compounds. 

In conclusion, application of various 
microwave treatments reduced the levels 
of rnicroorganisms in PBP samples; and 
spraying samples with water treatment 
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before increased microbial reductions. 
There have_ alsa been some reductions in 
the volatile oil levels, as well with high 
moisture which may be considered ac-
ceptable. 
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