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ABSTRACT - A study was carried out to establish a detection method for irradiated black and
white pepper. Samples were packed in polyethylene bags and irradiated with 2.5, 5, 7.5, 10 and
15 kGy using a Co-60 irradiator. The samples were suspended in water, and alkalized with
sodium hydroxide solution. Apparent viscosity was determined after heat gelatinization using a
Brookfield DV-III rotation viscometer at 30°C with 30, 60, 90, 120, 150, 180, and 210 rpm.
Means and standard deviations of the viscosities of all samples decreased by increasing the stir-
ring speeds. The viscosities increased in all samples by increasing the concentration. Regression
expressions and coefficients of viscosity which decreased with increasing irradiation dose of 10%
and 13% black pepper, and 7% and 10% white pepper were 0.9531 (y=—131.29x+1,769.0), 0.9725
(y=—351.33x+4,036.0), 0.9731 (y=2,208.0¢°***), and 0.9959 (y=5,116.0e°**™), respectively, at 120
rpm. This trend was similar for all stirring speeds. These results suggest that the detection of
irradiated black and white pepper at various doses is possible by the viscometric method.
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INTRODUCTION as a decontamination process and is increasingly being
used for the microbial decontamination of dry food in-
gredients, such as spices and herbs.” Pepper is irradiated

in 26 countries as of 1995” and the trade of irradiated

Pepper is one of the major food items treated with
ionizing radiation because pepper in its natural state is

highly contaminated with molds, yeasts and bacteria, and
is very vulnerable to insect infestation."” For the
increasing demand for decontaminated spices, until
recently, fumigation which used chemical agents such as
ethylene oxide and propylene oxide has been the main
method used for the decontamination of spices, though it
has many problems. Heating the spices at 38~60°C for
6~8 hr can decrease the volatile compounds and the
ethylene oxide can form toxic, flammable and explosive

2,3)

mixtures with air.”” Hence in many countries ionizing

radiation has become an economically viable alternative

fAuthor to whom correspondence should be addressed.
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pepper will increase, since irradiation does not adversely
affect the quality and safety of the product.” Many health
authorities and consumer organizations demand unequivocal
The
existence of simple and effective tests would be highly
desirable to supplement the control of trade in irradiated

tests for the identification of irradiated foods.

foods.” Recently, detection studies for irradiated foods
have been widely performed with physical, chemical,
and biological methods.*” Among these detection techni-
ques, viscometric detection studies were mainly carried
out for dried vegetables and spices using a viscometer
and the measurement of viscosity has been proposed as
a method to detect the irradiation treatment of these food
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products.'™” Starch is degraded by ionizing radiation,
resulting in a decrease in viscosity.*”® The viscosities of
black and white pepper, which contain large amounts of
starch,” are also reduced by irradiation, so that viscosity
measurement has been proposed as a method to detect
irradiation treatment of black and white pepper. More-
over, it is a useful detection technique because the
viscosity measurements widely carried out at public and
private laboratories dealing with foods, simple and
inexpensive.” Another advantage is that viscosity changes
are quite stable on storage.>” On the basis of this back-
ground, the aim of this study was to clarify the effects of
viscosity conditions on the viscosity value, to establish
parameters for detecting irradiated pepper which is
independent of viscosity measuring conditions, and to
add new data in this field, such as the influence of
various rpms and regression expressions and coefficients
not yet examined in viscometric detection using a
viscometer.

MATERIALS AND METHODS

Materials and irradiation

Black and white pepper harvested in Malaysia was
purchased from a supplier. The moisture contents of
black and white pepper were 13.15+0.50% and 13.40+£
0.70%, and starch contents of dried black and white
pepper were 046 g+0.01 g/g and 0.67 g+ 0.05 g/g,
respectively. The moisture content was measured by the
AOAC method.”” The starch content was determined
according to Hayashi and Kawashima's method™ using
the enzyme reaction of glucose oxidase and peroxidase.
The samples were packed in polyethylene bags and
irradiated with 2.5, 5, 7.5, 10 and 15 kGy using a Co-60
irradiator (AECL, Canada) with a dose rate 166.6 Gy/
min at the Korea Atomic Energy Research Institute. A
ceric-cerous dosimeter was used to measure the exact
total absorbed doses.

Measuring method of apparent viscosity

Viscosity was measured according to Hayashi et al's
method>*"*' with a slight modification. Black and white
pepper were placed in glass bottles to prepare an aqueous
solution (10% and 13% black pepper, 7% and 10% white
pepper). After adding 2.14 ml of 33% NaOH, the samples

were mixed thoroughly for 30 sec. The glass bottles were
heated for about 30 min in a 95°C water bath (occasional
stirring). The glass bottles were left in an incubator (30°C)
for 3 hr to maintain uniform temperature. The viscosity
was determined using the spindle RV 6 of a Brookfield
DV-III rotation viscometer (Brookfield Engeineering
Laboratories Inc., USA) at 30°C and measured at 30, 60,
90, 120, 150, 180, and 210 rpm.

Calculation of parameter originated from apparent
viscosity

Identification parameters A, B, and C were calculated
as follows; parameter A = viscosity per irradiation dose/
moisture content, parameter B=parameter A per irradiation
dose/starch amount in 1 g of sample, and parameter C=
parameter B per irradiation dose/the control of parameter
B. Parameter C removed the variation affected by
viscosity was listed as a main parameter.

Statistical analysis

Significant difference was determined by using Duncan's
multiple range test (p<0.05) in a one-way ANOVA, and
regression expressions and coefficients were determined
through the regression analysis of the SPSS (Statistical
Package for Social Science) version 7.5. All experiments
were repeated three times.

RESULTS AND DISCUSSION

Changes of viscosity according to concentration and
various stirring speeds for irradiated black pepper
To study the changes of viscosity according to con-
centration and various stirring speeds for irradiated black
and white pepper, a study was performed with samples of
7% and 13% concentration prepared for this study, and
samples of 10% concentration used in previous studies.”
The viscosities of irradiated black pepper are shown in
Tables 1 and 2. The viscosities of unirradiated black
pepper (control) prepared with 10% concentration at 30,
60, 90, 120, 150, 180, and 210 rpm were measured at
4,471.31£73.6, 2,836.7159.1, 2,145.3+11.6, 1,769.7+
4.6, 1,523.0%£10.0, 1,350.3+6.0 and 1,223.7£12.7 cP,
respectivelj/. The viscosities of the samples irradiated at
15 kGy were measured at 411.14:38.4, 300.0+0.0, 255.6
+5.3, 230.5+4.8, 219.9+11.5, 205.6+3.8 and 188.9+
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Table 1. Viscosities of black pepper prepared with a 10% concentration at various doses and rpms (Unit : centipoise (cP))

rpm Irradiation Dose (kGy)
Control1) 2.5 5 75 10 15

30 4471317369 *4,021.7119.6° *2,881.3+£183.5°  1,533.3£100.0° A771.2+67.1° *411.1 £384°
60 2,836.7+59.1*  P25757+81"  B1,8653+87.1° 51,029.0+343"  5551.87+33.5 5300.0£0.0"
90 €,1453+11.6° ©1,989.0%:11.0°  ©1,459.0%£39.2° €829.6+33.9° €4382+27.8° ©2556+5.3
120 P1,769.7+4.6°  °1,6550+180° °1,223.34252° "73444+25.1° 3845+ 16.8° ©230.5+4.8"
150 £1,523.0+£100° F1450.7% 107" E1,0747+137 PF655.8 +27.0° PE349.1 £ 16.8° 221994115
180 f1,3503+6.0°  F1296.7+169°  957.01139° #5988 +25.2¢ 5319.7+8.3° P£205.6+3.8'
210 $1,223.7+127*  °1,1723+109° 879.4+2.8° F543.1 £ 14.3 F290.5+8.3¢ F188.9+2.8

" Control: unirradiated sample.
2*" Means with the same superscripts in each row are not significantly different (p <0.05). (n=3)
*6 Means with the same superscripts in each column are not significantly different (p <0.05). (n=3)Means + Standard Deviation for 3 mea-

surements

Table 2. Viscosities of black pepper prepared with a 13% concentration at various doses and rpms (Unit : centipoise (cP))

Irradiation Dose (kGy)

fpm Control” 25 5 75 10 15

30  V%0,744.0+9529%  "8488.7L269.6° 5499312848 42577911466  *1,7700%340° A1,4223+387°
60 $6,201.0+ 500.0° 52980+ 132.1°  ®3,518.0+201.8° 1,62241+91.9° ’1,196.7+£67.2°  "961.1+19.2°
90 €4,911.0+326.0° 4,009.3+88.1° €2,762.3 £ 145.0° €1,285.9+17.2° €898.3£353.6° ©759.3+.6.4°
120 "4,036.7+219.7° "3,319.+399.6" 2,322.0+ 134.5° 1,024.5+37.4° 7433 £20.8° P646.7+5.8°
150 P3,44501160.6° 82,7937+ 65.2° 2,013.3+115.5 £852.6+83.6° 644.8+12.0° 5769+ 8.5°
180  ®3,0703+122.2° F24553+839°  ¥1814.0+135.0° 78334707 585.0+17.2° 5204+ 6.4°
210 52,753.7£86.2° 2,235.0+£23.5 "1,655.01 141.6° 660.7+90.7° 509.6+21.9° 9479.3+5.5°

-9 Refer to the legend in Table 1. Means = Standard Deviation for 3 measurements

2.8 cP, respectively. The viscosities decreased according
to increasing irradiation dose in all groups.

The viscosity of unirradiated black pepper (control)
and irradiated black pepper prepared with 10% con-
centration on 2.5, 5, 7.5, 10, and 15 kGy dropped from
4,471.3%73.6, 4,021.7£19.6, 2,881.3£183.5, 1,533.3%
100.0, 771.2£67.1, and 11.1£38.4 cP, respectively, at
30 rpm to 1,223.7%12.7, 1,172.3+£10.9, 879.4+2.8,
543.1114.3, 290.5£ 8.3, and 188.9+ 2.8 cP, respectively,
at 210 rpm (Table 1). The viscosities showed a reduction
with increasing doses. The viscosity of unirradiated black
pepper (control) and irradiated black pepper prepared
with 13% concentration showed a reduction with increa-
sing doses and stirring speeds. This tendency was similar
for the viscosities of black pepper prepared with 10%
concentration (Table 2). Significant variations in the
viscosity of black pepper prepared with 10% concentra-
tion and 13% concentration showed differences between
irradiation dose and same trend between increasing
stirring speeds (p<0.05).

Similar results for black pepper have been reported. De

Alwis and Grandison” reported that irradiated black
pepper showed a marked reduction in viscosity and
higher irradiation doses gave rise to higher reductions in
apparent viscosity. Most of the above results agreed with
those reported by many other researchers, as well as de
Alwis and Grandison."™”

Generally, black pepper has a high amount starch and
that with higher starch contents showed higher viscosity
values.? Hence, the reason that the viscosity values of
black pepper prepared with 13% concentration were higher
than those of black pepper prepared with 10% con-
centration seems to be caused by the difference starch

content of the sample.

Changes of viscosity according to concentration and
various stirring speeds for irradiated white pepper
Table 3 shows the viscosities of unirradiated and
irradiated white pepper prepared with 7% concentration.
The viscosities of unirradiated white pepper prepared
with 7% concentration at 30, 60, 90, 120, 150, 180, and
210 rpm were measured at 4,611.0%£183.7, 3,199.0+

Journal of Food Hygiene and Safety, Vol 15, No. 2



Application of Viscometric Method for the Detection of Irradiated Black and White Pepper 117

Table 3. Viscosities of white pepper prepared with a 7% concentration at various doses and rpms(Unit : centipoise (cP))

Irradiation Dose (kGy)

P Control” 25 5 75 10 5

30 246110+ 183.7%  *1,667.01£100.0° 4400.0+0.0° #200.0% 0.0 A88.9+19.2° 266.7+0.0°
60 53199.0+67.0° 51,238.7+58.7° 5350.0+0.0° 51722496 AB77749.6° 50.0£0.0°
90 €2,5773+61.8" €1,0443+50.9 ©311.1+0.0° €1497 +5.6° "877.8+0.0° 44467
120 P2.208.7 +50.0° L9222+ 37.6° P288.9+4.8° €154.6+42° ABTD2+4.8° 45842
150 £1,972.3+51.6° PE840.01+33.3° £268.9+3.8° ®144.4+77° 5689+ 7.7° €437+34°
180 71,793.3 £45.3° B774.1 +28.0° 7251.94£3.2° PE138.5+5.6° B67.8+5.9° €42.6+32°
210 F1,653.0+35.6° F720.7+27.1° 92349428 F1322+5.1¢ 563.5+ 2.8 €429+00°

-9 Refer to the legend in Table 1. Means + Standard Deviation for 3 measurements

67.0,2,577.31£61.8, 2,208.7%-50.0, 1,972.3+51.6, 1,793.3
+45.3 and 1,653.01£35.6 cP, respectively. The visco-
sities of the sample irradiated at 15 kGy were measured
at 66.71£0.0, 50.01£0.0, 44.41+6.7, 45.8+4.2, 43.7£3 4,
42.61+3.2 and 42.910.0 cP, respectively. The viscosities
showed a marked reduction with increasing doses. This
trend was similar for all stirring speeds. Increasing
stirring speeds gave rise to a reduction in viscosity in all
groups.

The changes of viscosities for unirradiated and
irradiated white pepper prepared with 10% concentration
are given in Table 4. As shown in Table 4, the viscosities
of white pepper prepared with 10% concentration
measured at 30, 60, 90, 120, 150, 180, and 210 rpm
dropped from 10,816.31£256.6, 7,003.31£62.0, 5,985.3+
254, 5,166.7144.4, 48747+203.8, 4,188.31+ 141.8 and
3,951.3110.1 cP, respectively, in the unirradiated control
to 23431334, 205.6+254, 191.8+£22.8, 177.1£17.1,
166.7£20.0, 154.4+ 16.8 and 149.9£19.5 cP, respectively,
for the
according to increasing stirring speeds. The viscosities of

samples irradiated at 15 kGy and decreased

white pepper prepared with 10% concentration were
higher than those of white pepper prepared with 7%
concentration. As the concentration of the sample

increased, the viscosity increased with a concentration
dependent relationship in white pepper. This tendency
was similar for all stirring speeds. Significant variations
in the viscosity of white pepper prepared with 7%
concentration and 10% concentration showed clear
differences both with increasing stirring speeds and
irradiation doses (p<0.05).

Similar results for white pepper have been reported.

' reported that .the viscosity of white

Hayashi et al.
pepper suspensions decreased with doses for all white
pepper samples, and many other researchers also re-
ported similar results. The results in our study were con-

sistent with those reported by many other researchers .”'”

In principle, the other researchers™>”

explained that the
reduction of viscosity in irradiated starch seems to be
caused by the free radicals created by gamma irradiation.
Increasing dosages of gamma irradiation creates increa-
sing intensities of free radicals in carbohydrates, which
are responsible for molecular changes such as the
uncoiling of starch chains and fragmentation by the
breaking of hydrogen bonds of the starch molecules.
These changes may affect the physical and rheological
properties of starch and decrease viscosity.

Based on the above papers, the reason for the reduction

Table 4. Viscosities of white pepper prepared with a 10% concentration at various doses and rpms centipoise (cP))

Irradiation Dose (kGy)

fpm Control” 25 5 75 10 15

30 9410,816.3£256.6% 1477.7£533.9° 20147+ 168 2877.8+279.6° 24167+ 104.1" #234.333.4°
60 57,003.3+ 62.0° 4,859.0+£324.9° 51,5757+ 8.1° A8700.0 £ 204.8° 48338 7+ 78.6° *8205.625.4°
90 €5,9853+254° €3,564.74666.5°  ©1,3820+669°  “*637.0+200.1°  *"299.6+69.2° 56191.822.8°
120 P5,166.7+44.4° ©3011.3+5148  °1,191.7+550°  **575.0+175.0° 278.1 £61.6° 5¢177.117.1°
150 P48747+203.8"  °2,690.3+6458"  F10643+235  *°5289+1449° 263.5+55.2° 5°166.720.0"
180 ®4,188.3+ 141.8° 2,329.0 £ 407.9° 1,009.0+ 8.5 5503.7 + 142.2¢ 5246.3 +50.4* €154.416.8°
210 ¥3.951.3+10.1° 2,100.7 +250.0° f9672+21.1° 54762+ 133.3° %238.1+49.5° €149.919.5°¢

"% Refer to the legend in Table 1.

Means * Standard Deviation for 3 measurements
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Table 5. Parameter C of irradiated black pepper and white pepper at various doses and rpms

m Irradiation Dose (kGy)
P Control” 25 5 75 10 15
30 1.0000 0.8994 0.6444 03429 0.1725 0.0919
A? 60 1.0000 0.9080 06576 03627 0.1946 0.1057
90 1.0000 09271 0.6801 0.3867 0.2042 0.1191
120 1.0000 0.9352 0.6913 0.4150 02172 0.1303
150 1.0000 0.9525 0.7057 0.4306 0.2292 0.1443
180 1.0000 0.9603 0.7087 04434 0.2368 0.1522
210 1.0000 0.9580 0.7186 04438 02373 0.1544
30 1.0000 08712 0.5643 0.2646 0.1816 0.1460
60 1.0000 0.8543 0.5673 02616 0.1930 0.1550
90 1.0000 0.8163 05625 0.2618 0.1829 0.1546
BY 120 1.0000 0.8223 05752 02538 0.1841 0.1602
150 1.0000 0.8109 0.5843 0.2475 0.1872 0.1675
180 1.0000 07997 0.5909 02551 0.1906 0.1695
210 1.0000 0.8119 0.6010 0.2399 0.1850 0.1741
30 1.0000 03615 0.0867 00433 0.0193 0.0145
60 1.0000 03872 0.1094 0.0538 0.0243 0.0156
90 1.0000 0.4052 0.1207 0.0581 0.0302 00172
c 120 1.0000 0.4175 0.1308 0.0699 0.0327 0.0207
150 1.0000 0.4259 0.1363 0.0732 0.0349 0.0221
180 1.0000 04317 0.1405 00772 0.0378 0.0238
210 1.0000 0.4360 0.1097 0.0800 0.0383 0.0259
30 1.0000 06913 0.1863 0.0812 0.0385 00217
60 1.0000 0.6938 0.2249 0.0999 0.0483 0.0293
90 1.0000 0.5956 0.2309 0.1064 0.0501 0.0320
D° 120 1.0000 0.5828 0.2306 0.1113 0.0538 0.0343
150 1.0000 0.5519 02183 0.1085 0.0540 00342
180 1.0000 0.5561 0.2400 0.1203 0.0588 0.0369
210 1.0000 0.5317 0.2448 0.1205 0.0603 0.0379

"Control: unirradiated sample

2A: Black pepper prepared to 10% concentration
¥B: Black pepper prepared to 13% concentration
“IC: White pepper prepared to 7% concentration
*ID: White pepper prepared to 10% concentration

in viscosity in black and white pepper was guessed similar

to that of starch explained by other researchers ***”

Parameter values derived from viscosity, and the
regression expressions and coefficients of irradiated
black and white pepper.

To remove the affected variation for viscosity, the
parameter values derived from the viscosity of black and
white pepper are listed in Table 5. Hayashi et al."”” re-
ported that the viscosity divided by the starch content to
calculate a normalized parameter provides a more con-
sistent response to irradiation treatment than any other
viscosity values. The parameter values of irradiated black

and white pepper showed a dose dependent relation
between unirradiated and irradiated samples and indi-
cated that all of the values for the unirradiated samples
were higher than the irradiated ones. A normalized
parameter of the samples is a better parameter for
detecting irradiation treatment than the viscosity value
itself because the moisture and starch contents of black
and white pepper have an influence on viscosity. There-
fore, we expect that the viscosity (parameters A, B, and
C) divided by moisture, starch content, and the control of
parameter B provide detection values that reduce the
fluctuation of viscosity values among the pepper samples.
The regression expressions and coefficients of irradiated
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Table 6. Regression expressions and coefficients of black pepper and white pepper prepared with different concentrations at various

rpms
rpm A" B” c? DY

10 y =-363.21x+4471.0 y =-845.85x+9774.0 y = 4611.0e*4** y = 10816e*"*
*=0.9688 =0.9673 R*=0.9825 ’=0.9660

60 y =-223.46x+2836.0 y =-533.63x+6201.0 y = 3199.0e > y =7003.0e %%
=0.9660 R*=0.9675 R’=0.9708 R*=0.9708

90 y =-164.02x+2145.0 y =-428.33x+4911.0 y = 2577.0e %" y = 5985.0¢ ****
=0.9562 R?=0.9770 R?=0.9695 R*=0.9695

120 y =-131.29x+1769.0 y =-351.33x+4036.0 y = 2208.0e %% y =5116.0¢ ™
=0.9531 R*=0.9731 R2 =0.9714 =0.9932

150 y =-1120.22x+1523.0 y =-299.90x+3445.0 = 1972.0e %34 y = 4874.0¢°%%
R*=0.9427 R?=0.9707 R2 0.9890 =0.9959

180 y =—962.133x+1350.0 y =-265.69x+3070.0 y = 1793.0e % y =2614.8¢°"
R’=0.9385 R*=0.9727 R’=0.9877 R’=0.9972

210 y =-86.771x+1223.0 y =-239.53x+42753.0 y = 1653.0¢*7* y = 2497 5¢°*
R?=0.9369 = 0.9666 =0.9878 =0.9990

DA: Black pepper prepared to 10% concentration B: Black pepper prepared to 13% concentration
C: white pepper prepared to 7% concentration  “D: white pepper prepared to 10% concentration

y : viscosity x : irradiation dose

black and white pepper are listed in Table 9. The
regression coefficients of irradiated black and white
pepper showed very high relationship between irradiation
dose and viscosity. This trend was similar for all stirring
speeds.

CONCLUSION

All samples indicated a decrease of viscosity and
standard deviation by increasing the stirring speeds.
Viscosity is dependent on the concentration of the
suspended white and black pepper and detection was

possible for all concentrations. These results suggest that
the detection of irradiated black and white pepper at
various stirring speeds and different concentrations is
possible by the viscometric method.
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