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Abstract—Chemiluminescence (CL) measurements of black pepper and of papain using luminol and
lucigenin reactions were studied. Effects of grinding, irradiation (5-20 kGy) and particle size (750-140 um)
on CL of pepper, and of irradiation (10-30kGy) on CL of papain, were investigated. All the tested
treatments affected the luminescence response in both the luminol and lucigenin reactions; however, the
pattern of changes in each case, was inconsistent. Optimum pepper size for maximum luminescence was
560 um, and optimum irradiation doses were >15kGy for pepper and >20kGy for papain. Chemi-
luminescence may possibly be used as an indicator or irradiation treatment for pepper and papain at a
dose of 10 kGy or higher, but further research is needed to establish the reliability of this method.

INTRODUCTION

Radiation decontamination of spices, dry ingredients,
herbs and enzyme preparations, has been carried out
and found technically feasible, economically viable
and a safe physical process. The studies on commer-
cial enzyme preparations have shown that radiation
doses of 10-30kGy reduced the microbial load to
negligible levels and 3-10 kGy can reduce the counts
to 104g~'.™ It has been concluded that the irra-
diation of any food commodity up to overall average
dose of 10 kGy presents no toxicological hazard.® A
number of countries have already cleared radiation
processing of these dry food products, but in others
the food laws prohibit the use of a radiation treat-
ment. In order to ensure compliance with such food
laws, identification procedures for gamma irradiated
food materials are desirable. Chemiluminescence
(CL) measurements have been found useful in radi-
ation dosimetry, and have recently been tested as an
identification method for some irradiated foods.*'®
However, information regarding chemiluminescence
of pepper in relation to particle size, and of enzymes
is not available. Chemiluminescence is observed when
a chemical reaction yields an electronically excited
product, which either luminesces or transfers its
energy to another molecule, which then lumi-
nesces.!!"!? Reactions that produce CL are relatively
uncommon. Well investigated are reactions based on
cyclic acyl hydrazides (e.g. luminol) and acridine
derivatives (e.g. lucigenin), and their mechanisms
have been detailed earlier.'*'¥ Reactions of spices
with luminol have been tested*-'® while comparable
lucigenin reactions have been little reported.

The demand for dry ingredients and enzyme prep-
arations of good microbiological quality is expected
to increase in the future. It was, therefore, considered
worthwhile to investigate in this study to what extent
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the CL-measurements of irradiated spices and com-
mercial enzymes are suitable for a speedy and reliable
identification of radiation processing.

MATERIALS AND METHODS

Materials

Black pepper was obtained from a food store,
ground in a stainless steel grinder, sieved using 750,
560, 300, 200 and 140 zm screens, and kept in glass
vials. The commercial enzyme preparation of papain
from papaya latex was of Sigma-crude type 1 (prod-
uct No. P3250). All other chemicals were of analytical
grade, and the solutions were made with double-
glass-distilled water.

Irradiation

Irradiation was done at room temperature at doses
of 5, 10, 15 and 20 kGy for the peppers, and 10, 20
and 30 kGy for papain with 10 MeV-electrons. Nom-
inal doses are average values + 15%, the dose rate
was 10® Gy/s during the pulse.

Luminol reaction

Light emission (chemiluminescence) was initiated
by automatic dispension of 200 ul of luminol reagent
(5-amino-2,3-dihydro-1,4-phthalazine dione) added
to unirradiated and irradiated pepper and papain
samples pre-weighed in polystyrene cuvettes. The
composition of the reagent was as described first by
Atari and Ettinger''® and also used by Bogl and
co-workers:“10

125mg luminol (0.7 mM)
2.5mg hemin (3.8 uM)
1.25g Na,CO, (11.8 mM)

The solution was adjusted with 1 M HCI to pH 10.0
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and the volume made to 1000 ml with double distilied
water. The sample weight for each measurement was
15mg with at least 5 repeats in every case. All tests
were done at room temperature and measurements
recorded at SmV.

Lucigenin reaction

Again light emission was initiated by automatic
dispension of 200 ul of lucigenin reagent (bis-N-
methylacridinium nitrate) added to irradiated and
unirradiated samples in polystyrene cuvettes.

The lucigenin solution was a combination of:

Simg lucigenin (0.1 mM)
1.25¢ Na,CO, (11.8 mM)

The solution was adjusted to pH 12.0 and the volume
made to 1000 ml with water. The sample weight for
every measurement in each case was 15 mg with at
least 5 repeats. The measurements were recorded at
S50 mV at room temperature conditions.

Chemiluminescence measurements

In order to measure the emitted light, a lumi-
nescence photometer of LKB Co. (model 1251) was
used. The integral CL intensity was registered during
the first 5s after injecting luminol/lucigenin into the
polystyrene cuvettes containing irradiated and un-
irradiated samples of the pepper and the papain as
well as the maximum of the CL intensity (peak)
also during the first 5s. A time constant of 0.2 was
used as a smoothing factor. Mostly, samples were
measured within 6 h after the irradiation treatment.

RESULTS AND DISCUSSION

Initially, the influence of the grinding process on
the formation of free radicals was considered to be of
interest. The data regarding chemiluminescence of
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luminol and lucigenin reactions in relation to particle
size (surface area) of ground pepper are presented in
Table 1. As is evident from peak-max as well as
integral values, luminescence of these unirradiated
samples was detectable by both the luminol and
lucigenin reactions. However, the intensity was
higher with lucigenin than luminol. The luminescence
response generally increased in peppers ground to
pass through 750-300 um sieves, whereas it inconsis-
tently decreased when the sample particle size varied
200-140 um. These results indicate that grinding,
and/or the surface area of the samples play a role in
causing chemiluminescence. Determination of the
coefficient of variation (CV) of the data also revealed
wide differences among the values. Table 2 shows the
CL-intensity of luminol and lucigenin reactions as a
function of irradiation dose applied to the peppers
(750 um). Again the intensity for the lucigenin reac-
tion was much higher than the luminol reaction both
in the form of peak-max and integral value. The
CL-intensity was unexpectedly found to decrease
with the 5.0kGy treatment as compared to the
unirradiated control in both the reactions used. A
radiation dose up to 10.0 kGy did not result in any
pronounced effect on luminol-CL, rather it further
decreased the lucigenin-CL. However, at doses of
15.0-20.0kGy, the CL-intensity was much higher
than the unirradiated sample in both the luminol
and lucigenin reactions. Comparison of CL-means
of irradiation and grounding treatments showed
marginal differences, which are inadequate for prov-
ing the suitability of this method for detection of
irradiation treatment, especially at lower doses.
The effect of irradiation treatment (10 kGy) and
the particle size of pepper (750-140 um) on the
CL-intensity employing luminol and lucigenin reac-
tions, was also investigated, and the results are
presented in Table 3. The data revealed an increased

Table 1. Effect of grinding with different sicves on the chemiluminescence intensity of pepper

Luminol-CL Lucigenin-CL
Sieve-size Peak-max Integral-value Peak-max Integral-value

(pm) (mV) (mV/5s) (mV) (mV/5s)

750 29+09 53+10 87+7 275+ 15

560 3.1+08 55+1.0 96+ 6 301 +20

300 56+1.0 54+09 9348 258+6

200 1.3+0.2 34109 94+9 233+ 11

140 13402 43+08 89+6 255+ 19
Mean 29 48 92 264

Ccv 61 19 4 10

Table 2. Effect of gamma irradiation doses on the chemiluminescence intensity of pepper (750 pm)

Luminol-CL Lucigenin-CL
Irradiation dose Peak-max Integral-value Peak-max Integral-value
(kGy) (mV) (mV/S3) (mV) (mV/5s)
Unirradiated 24410 69+14 107 + 19 266 + 11
5.0 20+0.7 69+0.7 97+11 23145
10.0 39+1.1 74413 79+10 255+ 28
15.0 8243 n.r£2 11112 385+27
20.0 46104 99+14 128 +20 428 + 42
Mean 4.0 8.5 104 313
cv 31 21 14 7




Gamma-irradiated pepper and papain

Table 3. Effect of irradiation (10 kGy) and sieve size on the chemiluminescence intensity of pepper

swype  Luminol-CL ozt Lucigenin-CL
Sieve-size Peak-max Integral-value Peak-max Integral-value
(um) (mV) (mV/5s) (mV) (mV/55)
750-Unirradiated 47+14 124+ 0.6 106 + 13 285+ 38
-Irradiated 1143 204+ 1.8 106 +9 328428
560-Unirradiated 2415 27+6 137+32 318 + 56
-Irradiated 36+9 “43+13 118 +23 308 + 52
300-Unirradiated 9.7+19 16+2 95+20 208 + 41
-Irradiated 17+6 2+3 7747 184 + 22
200-Unirradiated 55+13 1143 9246 189 + 18
-Irradiated 73+3 13+6 81+2 210+ 7
140-Unirradiated 35+1.8 12+6 83+6 226+ 10
-Irradiated 85+3 2+4 87+10 283 +37
Mean 13 20 98 254
Ccv 81 48 19 22

influence of irradiation on luminol-CL in contrast to
the generally irregular effect on lucigenin-CL. How-
ever, a profound effect on the CL of both lucigenin
and luminol reactions occurred in relation to mesh
size. Maximum luminescence intensity was found in
the samples ground through a sieve of 560 um in both
the cases of luminol and lucigenin reactions. A de-
crease in CL with decreasing particle size was also
observed for irradiated carbohydrates.® In order to
make an overall estimate of dispersion of CL-values
in relation to both the mesh size and irradiation, the
coefficient of variation was measured. This revealed
striking differences in the values. However, general
occurrence of higher standard deviation damages the
suitability of this method as an accurate and re-
producible technique. This may also be the reason for
the large deviations in intensity if one compares the
results in Table 2 and 3.

In order to test the influence of irradiation treat-
ment during different gaseous atmospheres on the
CL-intensity of pepper, experiments were carried out
using air, argon and vacuum. The results of these
studies are presented in Table 4. It was found that an

irradiation dose of 10 kGy increased the intensity in
both the CL-reactions. Strangely enough, the CL-
intensity with luminol was more in the samples
irradiated under argon and vacuum than those under
air, whereas a reverse trend was observed in the case
of lucigenin-CL. However, these changes were not
statistically significant because of large CV. Deter-
mination of CV is especially appropriate under condi-
tions where there are extreme values or when it is
desired to express variation as a percentage of the
average around which the deviations are taken.
Further experiments were conducted to test the
suitability of CL-measurements for identification of
irradiated commercial enzymes, here papain. The
data in Table 5 showed almost a regular increase in
the luminol-CL, but an irregular increasing trend in
the lucigenin-CL. Maximum luminol-CL was ob-
served at 30 kGy, while with lucigenin-CL it was at
20kGy. In this case the influence of sample-particle
size on CL of papain was not studied as it might
affect the activity and charge properties of papain.
Although CL-measurement for detection of irra-
diated enzymes have not been attempted by others,

Table 4. Effect of irradiation environment on the chemiluminescence intensity of pepper (750 um). Radiation dose

10kGy
Luminol-CL Lucigenin-CL
Peak-max Integral-value Peak-max Integral-value
Material {mV) (mV/Ss) (mV) (mV/5s)
Pepper unirradiated 1.7+0.5 46+1.2 73416 163+ 14
Pepper irradiated (air) 7.3+3 63+2 119+7 3034+ 30
Pepper irradiated (argon) 126 £ 0.9 81+1.1 96 + 14 295+33
Pepper irradiated (vacuum) 1142 83+2 96 + 14 244 +25
Mean 10.7 6.8 96 251
Ccv 14 25 13 10
Table 5. Effect of irradiation doses on the chemiluminescence intensity of papain
Luminol-CL Lucigenin-CL
Irradiation dose Peak-max Integral-value Peak-max Integral-value
(kGy) (mV) (mV/53) (mV) (mV/5s)
Unirradiated 442 10+4 264 + 54 606 + 20
10.0 8+3 16+3 276 + 42 600 + 200
20.0 6+2 16+2 348 +24 908 + 146
30.0 1446 21+4 344 + 34 830 +103
Mean 8 16 308 736
(4 40 21 12 16
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application of this method for spices'” and several
other food-stuffs, has been tried.*® These authors
had concluded that the CL-method permits quick
and reliable detection of treatment with ionizing rays
at least with some spices. However, the findings of the
present study on black pepper and papain showed
generally inconsistent and irreproducible results ob-
tained by this method. Other treatments, e.g. the
grinding process and especially the particle size of the
test sample were found to have a profound effect on
CL-values. Occurrence of large standard deviations
in many cases obviously shows a need for further
research in the chemiluminescence measurements as
an identification method for gamma irradiated food-
stuffs. We wish to point out that all results obtained
with black pepper in this study were derived from one
sample of pepper. Our experience with samples of
different origin shows even greater deviations and
thus even greater uncertainties in the use of chemi-
luminescence as a method of identifying irradiated
samples.
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