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Abstract

Objectives: Spices are low moisture foods which have been known to be contaminated with
various pathogens and sun-dried Legon-18 pepper powder is not left out. Due to its contamination
with various pathogens, a study was conducted to determine the effects of gamma irradiation on
the decontamination of Legon-18 pepper powder and on some quality parameters.

Methods: Samples were obtained from a local farmer from the Eastern Region of Ghana. Sterility
tests were carried out. The samples were inoculated with known cfu/ml of Escherichia coli, Listeria
monocytogenes and Salmonella enterica Typhimurium. Samples were irradiated at 1, 2, 4, and 5
kilogray (kGy). Zero kilogray served as control (unirradiated). All samples were stored at 4°C for
60 days. Enumeration of the various pathogens was done in appropriate media. Some quality
parameters were determined after irradiating unsterile samples at 5 kGy and 0 kGy served as control.
Capsaicinoids and carotenoids were quantified using a high performance liquid chromatography.
The samples were stored at 4°C for 8 weeks.

Results: A dose-dependent effect on the inactivation of the pathogens was observed (P < 0.05).
Storage time affected the inactivation of the pathogens as well (P < 0.05). Complete inactivation of
the pathogens was observed at 5 kGy at day 0. Capsaicin, dihydrocapsaicin and total capsaicinoid
content of the samples irradiated at 5 kGy increased at 23.64%, 14.7 % and 20.95% respectively
as compared with the contents of the unirradiated samples. A gamma irradiation dose of 5 kGy
caused losses of 8.11%, 8.67% and 26.54% in capsanthin, beta carotene and beta cryptoxanthin
respectively. Quality parameters measured reduced with storage (P < 0.05).

Conclusions: Gamma irradiation inactivated pathogens at 5 kGy. Lower doses used during the
study could inactivate the pathogens but with time. All quality parameters and carotenoids
quantified were affected by gamma irradiation and storage period (P < 0.05).
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Introduction

One of the most widely used spice in the world has been identi-
fied as red pepper (Capsicum annuum) or chili (Lee et al., 2004).
Chili, as a spice is known as the next most important vegetable
after tomato (Ochoa-Alejo and Ramirez-Malagon, 2001; Ali,
2006; Liu et al., 2013). It is produced in several countries (Rufino
and Penteado, 2006; Pinto ef al., 2016). Ripened matured fruits
are harvested, and processed into fine powder. The powder is used
as a spice, food colourant, a flavouring (Jung et al., 2015) and as
a sauce in Ghana, a special sauce known as ‘shito’ is produced
(Doku, 2015).

Processed spices (including chili powder) have been known to be
reservoirs of microorganisms (Bhunia, 2018; Kahraman and Ozmen,
2009; DOH/VICTORIA/AU, 2010; Jung et al., 2015) due to the
source of these and processing methods (Buckenhuskes and Rendlen,
2004; Jung et al., 2015). Chili has been indicated that pepper can
have high microbial contamination of viable counts exceeding 107
colony-forming unit (cfu) per gram with most of these being spore
formers (Boer et al., 1985; Piggott and Othman, 1993).

Microbial decontamination methods that have been used in
spice including chili are the use of fumigants and irradiation tech-
niques (Gregoire et al., 2003; Schweiggert et al., 2007; Rico et al.,
2010; Witkowska et al., 2011; Kim et al., 2013; Cheon et al., 20135;
Jung et al., 2015), however some of these methods have been iden-
tified to adversely affect quality parameters of pepper powder and
others as carcinogens (Tainter and Grenis, 2001; Almela et al., 2002;
Lilie er al., 2007; Schweiggert et al., 2007). The Joint Food and
Agriculture Organization (FAO), the International Atomic Energy
Agency (IAEA), and the World Health Organization (WHO) have
approved the use of gamma irradiation for the decontamination of
foods and it is used in over 51 countries (WHO, 1981). In light of
this, a study was conducted to determine the effect of gamma ir-
radiation on the decontamination of notable pathogens in Legon-18
pepper powder, which is one of the most consumed pepper powder
in Ghana (MOFA, 2007; Sualihu, 2012; Doku, 2015).

Materials and methods

Microbiological analysis

Source of samples

The samples that were used during the study were collected from a
local farmer in the Eastern Region of Ghana. The pepper powder
was obtained from matured harvested, dried, and milled samples.

Sterility tests

The samples were used for the experiment were exposed to gamma
irradiation dose of 20 kilogray (kGy) at a dose rate of 1.97 kGyh!
at the Radiation Technology Centre located at premises of the
Biotechnology and Nuclear Agriculture Research Institute of the
Ghana Atomic Energy Commission for the purpose of removing
background microflora (Deng er al., 2015). Samples were spread
plated on selective media [Cefixime tellurite sorbitol MacConkey
(CT-SMAC) Becton Dickinson Diagnostic Systems (BD) for E. coli;
Palcam Listeria Selective (PLS) agar (BD) for L. monocytogenes and
Xylose Lysine Deoxychocolate (XLD) for S. enterica Typhimurium)|
under sterile conditions to confirm the sterility of the samples (Jeong
etal.,2010; Deng et al.,2015). Ten grams of the samples from sterile
pouches were weighed into sterile stomacher pouches (Seward, UK)
and 90 ml of sterile buffered saline water was added. The samples
that were irradiated were homogenized, serially diluted, spread

plated, and incubated at 48 hours at 37°C for L. monocytogenes
and 24 hours for E. coli and S. enterica Typhimurium.

Preparation of culture and inoculation

The pathogens were inoculated into the samples according to the
procedures of Ducic et al (2016) and Cheon et al., (2015) with some
modifications.

Listeria monocytogenes inoculum was prepared by transferring
0.1 ml of the stock cultures into 10 ml of tryptic soy broth (TSB)
from BD, Maryland, USA. The inoculum was incubated at 37°C for
24 hours. A loop of the pathogen was taken and incubated in TSB
in falcon tubes on a shaker for 24 hours at 37°C. The cells were har-
vested and centrifuged for 10 minutes at 3000 g at a temperature of
4°C. The formed pellets formed were washed and re-suspended in
10 ml of 0.1% PBS and adjusted to yield a final cell concentration of
approximately 10° CFU/ml.

Stock cultures of E. coli and S. enterica Typhimurium were stored
at -80°C in 0.7 ml of Tryptic Soy Broth (TSB; Difco) and 0.3 ml of
50% glycerol were streaked onto Tryptic Soy Agar (TSA; Difco) and
later incubated at 37°C and stored at 4°C for 24 hours. A loop of each
of the pathogens was taken, incubated in TSB in falcon tubes on a
shaker at 37°C for a 24-hour period. Cells were harvested by centri-
fugation at 4000 g for 20 minutes at 4°C. These were washed thrice
with phosphate-buffered saline (PBS). Final pellets were re-suspended
in 10 ml of PBS which was approximately 107-10% cfu/ml.

Approximately, equal proportions of the various pathogens were
used to prepare a cocktail which was used for the inoculation of the
pepper powder samples. One millilitre of the cocktail was added to
10 g of the samples in sterile pouches (dimensions of 0.118 m in
width and 0.170 m in length) which corresponded to 10°-10° of
the various pathogens. Inoculated pepper samples were thoroughly
mixed and dried in a biosafety hood for an hour.

Sample irradiation

Inoculated pepper samples in the pouches were irradiated at a dose
rate of 2.01 kGy/h at 1, 2, 4, and 5 kGy, and unirradiated (0 kGy)
samples were used as control.

Enumeration of pathogens

The pathogens used in the study were enumerated according to the
procedures of Jeong et al., (2010), Cheon et al. (2015), Deng et al.
(2015), and Ducic et al. (2016) with some modifications. A 90 ml
of sterile PBS was poured into 10 g of the inoculated samples in
sterile stomacher bags and homogenized. Serial dilutions of the sam-
ples were carried out and spread plated under sterile conditions onto
PLS, CT-SMAC, and XLD agars (BD) for L. monocytogenes, E. coli,
and S. Typhimurium, respectively. Listeria monocytogenes was incu-
bated for 48 hours at 37°C and E. coli and S. Typhimurium.

Analysis of chemical composition
The chemical composition of the samples analysed were capsaicinoids
and carotenoids.

Capsaicinoids

Capsaicinoids analysed in the samples were capsaicin and
dihydrocapsaicin, which are the main capsaicinoids responsible for
the hotness of chili pepper (Lu et al., 2017).

Source of capsaicinoids
Standards of the capsaicinoids were obtained from Extrasynthese
(Lyon, France) and used for the study.
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Extraction

Extraction of the capsaicinoids of interest was done according
to the procedure of Barbero et al. (2006). The pressurized liquid
extractor (Fluid Management Systems, USA) was used for the ex-
traction of the two main capsaicinoids. One gram of powdered
Legon-18 pepper samples was weighed and contents extracted
using accelerated solvent extractor equipped with a 100-ml stain-
less steel extraction cells. Loaded cells with the pepper samples
mixed with inert sea sand which had been homogenized, were filled
with 90% ethanol to a pressure of 1500 psi. Heat was applied for
the initial period of heat-up time; static extraction was effected
after all valves were closed. Contents of the cell were rinsed with
the extraction solvent and purged with N, gas for 120 seconds. The
extracts were collected from the cells after depressurization of the
system (Barbero et al., 2006).

Quantification

Sample extracts were filtered through a 0.45-pm Millipore mem-
brane filter and injected into an HPLC PDA (PerkinElmer Flexar),

which was equipped with a revered phase column SunFire TM C,
(5 pm, 4.6 x 150 mm; Waters) thermostated at 30°C for both quali-
tative and quantitative analysis. Capsaicinoids were separated by an
isocratic mixture of water: acetonitrile 55:44 v/v. Detection wave-
length was set at 280 nm (Giuffrida et al., 2013). Calibration curves
of the standards were drawn using Microsoft Excel, 2010.

Total capsaicinoids and Scoville Heat Units
Total capsaicinoids and Scoville Heat Units (SHU) were computed
according to the procedure of Aguiar et al. (2016) and Jung et al.
(2015) and Orellana-Escobedo et al. (2013), respectively. Total
capsaicinoids (TC) expressed as

TC = capsaicin + dihydrocapsaicin; and SHU were expressed
as SHU = [(% dihydrocapsaicin x 16.1) + (% capsaicin x 16.1)] x
10,000

Carotenoids
The main carotenoids analysed during the study were beta carotene
and cryptoxanthin, capsanthin and zeaxanthin.

Table 1. Survival of E. coli after gamma irradiation and during storage at 4°C in powdered Legon-18 pepper (C. annuum).

Storage Microbial Count (log cfug™)
Days 0 kGy 1 kGy 2 kGy 4 kGy 5 kGy

0 6.69 = 0.08* 517 =£0.11% 4.59 = 0.11% 3.51+0.11" ND

2 6.43 = 0.094° 4.84 + 0.11% 424 +0.11% 3.11 = 0.11% ND

5 6.24 = 0.084¢ 4.44 = 0.11% 3.94 £ 0.11% 2.81 = 0.15" ND
12 5.67 +0.114d 4.24 = 0.11% 3.66 = 0.19% 2.41 + 0.15% ND
21 4.85 + 0.09% 4.07 = 0.118 3.03 = 0.09¢% 2.11 = 0.15%¢ ND
30 3.53 = 0.094 3.43 = 0.09% 2.87 = 0.13% 1.78 = 0.12¢ ND
45 ND ND ND ND ND
60 ND ND ND ND ND

Least Significant Difference: Means with the same letters (upper cases) in the same row are not significantly (P > 0.05) different from each other and means with

the same letters in the same column (lower case, doses per day) are not significantly different (P > 0.05) from each other. Key: ND = not detected.

Table 2. Stepwise regression analysis for the inactivation of E. coliin powdered Legon-18 pepper (C. annuum) stored at 4°C.

Step Change Step (P value) Final (P value) R? adjusted (%)
1 Add X, 0.000* 0.000* 39.309

Add X, 0.000* 0.000* 76.751
3 Add X *X, 0.000* 0.000* 91.302

Key: X = storage days; X,= doses (kGy) of gamma irradiation.

Table 3. Survival of S.Typhimurium after gamma irradiation and during storage at 4°C in powdered Legon-18 pepper (C. annuum).

Storage Days Microbial Count (log cfug™)
0 kGy 1 kGy 2 kGy 4 kGy 5 kGy

0 6.49 = 0.08* 5.57 =0.11% 5.37 = 0.07¢% 4.40 = 0.09: ND

2 6.38 = 0.08% 5.55+0.11% 5.18 + 0.05% 3.89 = 0.08"® ND

N 5.72 = 0.114° 5.32 = 0.11% 5.00 = 0.11% 3.65 = 0.08" ND
12 5.62 + 0,114k 5.10 = 0.11% 4.80 + 0.09% 3.44 + 0.08"d ND
21 5.52 +0.114 4.90 = 0.09% 4.60 = 0.09¢ 3.02 = 0.09%¢ ND
30 5.12 = 0.11Ad 4.60 = 0.09% 3.65 + 0.08¢ 2.72 £ 0.11°f ND
45 4.99 + 0.11Ad 3.79 + 0.08% 2.88 =0.11¢ 1.46 + 0.13P ND
60 4.65 = 0.09¢ ND ND ND ND

Least Significant Difference: Means with the same letters (upper cases) in the same row are not significantly (P > 0.05) different from each other and means with

the same letters in the same column (lower case, doses per day) are not significantly different (P > 0.05) from each other. Key: ND = not detected.
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Source
Standards of beta carotene, capsanthin, zeaxanthin, and beta
cryptoxanthin were obtained from Extrasynthese (Lyon, France).

Extraction

One gram of the pepper samples was weighed and contents ex-
tracted using the accelerated solvent extractor equipped with 100-ml
stainless steel extraction cells. The cells were loaded with the hom-
ogenized samples mixed with inert sea sand. The cells were filled
with 90% ethanol to a pressure of 1500 psi. Heat was applied for
the initial period of heat-up time, after which static extraction took
place after all the valves were closed. The cells were rinsed with the
extraction solvent and purged with N, gas for 2 minutes. Extracts
from the cells were collected from the cells with 20 ml falcon tubes
after depressurization of the system.

Quantification
The carotenoids studied were quantified using an HPLC (Topuz and
Odzemir, 2004).

Extracts from the samples were filtered through a 0.45-pm mem-
brane filter (Millipore), into a glass vial (2 ml) and then used for

HPLC injection. Each carotenoid was chromatographically separ-
ated by an AQUA Su C,; 125A (150 x 4.60, 5 pm) reversed-phase
column with a gradient of acetone:water at the beginning 75:25.
Microsoft Excel, 2010 was used to draw the calibration curves of
the standards.

Data analysis

StatGraphics Centurion XV.I. and Least Significant Difference
(P < 0.05) were used to analyse the data obtained and means separ-
ated, respectively.

Results and discussion

Gamma irradiation has been used for the decontamination of spices
and other foods. The effects of gamma irradiation on microorgan-
isms in foods lead to the inactivation of such pathogens (Ban and
Kang, 2014; Deng et al., 2015; Yu et al., 2017).

Legon-18 pepper samples were contaminated with pathogens
such as E. coli, L. monocytogenes, and S. Typhimurium and exposed
to gamma irradiation at various doses to determine its effect on their
inactivation.

Table 4. Stepwise regression analysis for the inactivation of S.Typhimurium in powdered Legon-18 pepper (C. annuum) stored at 4°C.

Step Change Step (P value) Final (P value) R? Adjusted (%)
1 Add X, 0.000* 0.000* 60.892
2 Add X, 0.000* 0.000* 80.360
3 Add (X,7? 0.000* 0.000* 82.376
4 Add (Xl)Z 0.003* 0.003* 83.556
5 Add X *X, 0.011* 0.011* 84.334

Key: X = storage days; X,= doses (kGy) of gamma irradiation.

Table 5. Survival of L. monocytogenes after gamma irradiation and during storage at 4°C in powdered Legon-18 pepper (C. annuum).

Storage Microbial Count (log cfug™)
Days 0 kGy 1 kGy 2 kGy 4 kGy 5 kGy

0 6.26 = 0.08 5.87 = 0.11% 4.97 +0.11% 4.83 = 0.12P ND

2 6.15 = 0.08% 5.42 = 0.11% 4.46 = 0.09¢ 3.81 +0.11" ND

N 6.04 = 0.08% 5.28 + 0.11% 4.26 = 0.09¢ 3.12 = 0.11P¢ ND
12 5.78 = 0.114° 5.02 = 0.11% 4.10 = 0.09% 2.86 = 0.11%¢ ND
21 5.42 = 0.114¢ 4.90 = 0.09% 3.84 = 0.09% 2.66 = (0.13Pde ND
30 5.18 +0.114d 4.30 = 0.09% 3.15 = 0.08¢ 2.46 + 0.13P¢ ND
45 5.07 = 0.11Ad 3.19 = 0.08" 2.47 £ 0.11¢ 1.96 = 0.13>* ND
60 4.85 = 0.094¢ 2.22 +0.11% ND ND ND

Least Significant Difference: Means with the same letters (upper cases) in the same row are not significantly (P > 0.05) different from each other and means with

the same letters in the same column (lower case, doses per day) are not significantly different (P > 0.05) from each other. Key: ND = not detected.

Table 6. Stepwise regression analysis for the inactivation of L. monocytogenes in powdered Legon-18 pepper (C. annuum) stored at 4°C.

Step Change Step (P value) Final (P value) R? Adjusted (%)
1 Add X, 0.000* 0.000* 68.864
2 Add X, 0.000* 0.000* 84.500
3 Add (XZ)2 0.011 0.011* 85.223
4 Add X,*X, 0.053** 0.053** 85.579

Key: X = storage days; X,= doses (kGy) of gamma irradiation.
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Table 8. Effect of gamma irradiation and storage on some carotenoids in Legon-18 pepper (C. annuum) powder at 4°C.

Storage Capsanthin (mg/100 g) Beta carotene (mg/100 g) Beta cryptoxanthin (mg/100 g)
weeks 0 kGy 5 kGy 0 kGy 5 kGy 0 kGy 5 kGy

0 1.48 = 0.00™ 1.36 = 0.02% 10.27 = 0.00® 9.38 = 0.00™ 2.11 = 0.0210 1.55 = 0.01P
1 1.46 = 0.01% 1.35 £ 0.01% 10.04 = 0.00 9.24 = 0.00™ 2.05 = 0.00%° 1.59 = 0.00P
2 1.42 + 0.00" 1.33 = 0.00¢% 9.92 = 0.00% 8.78 + 0.00% 2.03 = 0.02%0 1.56 =+ 0.03P
3 1.41 = 0.00® 1.30 = 0.00%= 9.43 = 0.00™ 8.48 = 0.00% 1.95 = 0.00™ 1.48 = 0.01¢
4 1.41 = 0.00°® 1.27 = 0.00P* 9.20 = 0.00™ 8.23 + 0.02% 1.87 = 0.00% 1.43 = 0.028¢
5 1.41 = 0.00® 1.26 = 0.00P< 8.91 = 0.02" 8.21 = 0.00" 1.80 = 0.01"° 1.40 = 0.00%
6 1.38 = 0.02¢ 1.23 = 0.00¢ 8.69 = 0.07< 7.91 £ 0.00C* 1.71 = 0.00< 1.30 = 0.004
7 1.35 = 0.02% 1.20 = 0.00% 8.48 + 0.00% 7.26 = 0.00% 1.66 = 0.00% 1.24 = 0.004
8 1.32 = 0.024° 1.14 = 0.04* 8.17 = 0.004° 6.01 = 0.00" 1.50 = 0.034 1.24 = 0.11%

Least Significant Difference: Means with the same letters (upper case, within the same column) are not significantly (P > 0.05) different from each other and

means with the same letters in the same row (lower case, doses within a particular week) are not significantly different (P > 0.05) from each other.

of L. monocytogenes. The observed pattern is similar to the obser-
vation of Yu et al. (2017), Jeong and Kang (2017), and Waje et al.
(2008). The irradiation effects might have led to injuries to cells as
well as the effects of gamma irradiation on the cellular components
(Yong et al., 2015).

A significant effect (P < 0.05) of gamma irradiation and storage
was observed from the stepwise regression analysis (Table 6), which
had an R? = 86.07% or 0.8607.

Model (3) from the regression analysis for the inactivation is
expressed as

Inactivation of
L.monocytogenes (log cfu/g) = 6.470 — 0.0514X; — 0.645X;
~0.0820(X5)? + 0.0039X; * X,

Where X; = storage days
X, = doses (kGy) of gamma irradiation

Chemical composition

Effect of gamma irradiation on capsaicinoids during storage

The capsaicinoids analysed in the study were capsaicin and
dihydrocapsaicin (Table 7). Total capsaicinoids and SHU were
computed as described earlier. Samples that were irradiated at §
kGy had higher values as compared to the samples that were not ir-
radiated. Samples irradiated at 5 kGy recorded percentage increase
of 23.64%, 14.7%, and 20.95% in capsaicin, dihydrocapsaicin,
and total capsaicinoids, respectively as compared with the control.
There was a general reduction in the capsaicinoid content of the
samples during storage. Since TC and SHU were computed from
the capsaicinoids analysed, similar patterns of were observed.
Giuffrida et al. (2014), Yu et al. (2017), and Topuz and Odzemir
(2004) in a previous indicated that gamma and storage caused a re-
duction in the content of capsaicinoids, however, Byun et al. (1996)
and Lee et al. (2004) indicated the stability of capsaicinoids below
15kGy. The observed higher contents in the samples irradiated
are similar to the observations of Giuffrida et al. (2014), Yu et al.
(2017), and Topuz and Odzemir (2004) and this may be attributed
to the induction of water deficit by gamma irradiation (Farkas,
2006). The general reduction in the capsaicinoids, TC, and SHU
during storage may be due to the effect of milling and residue en-
zymatic action (Wang et al., 2009).

Effect of gamma irradiation on carotenoids during storage

The carotenoids in the pepper samples analysed were capsanthin,
beta carotene, beta cryptoxanthin, and zeaxanthin. Zeaxanthin was
below the detection point hence no data on this. The other carot-
enoid contents (Table 8) reduced after exposure to gamma irradi-
ation at 5 kGy as compared to the contents of the samples that were
not irradiated (P < 0.05). Gamma irradiation at S5kGy caused losses
8.11%, 8.67%, and 26.54% in capsanthin, beta carotene, and beta
cryptoxanthin, respectively in the pepper samples as compared with
the unirradiated samples. There was a general reduction in the ca-
rotenoid content during storage (P < 0.05). These observations have
been reported elsewhere in literature (Pérez-Galvez and Minguez-
Mosquera, 2001; Topuz and Ozemir, 2003; Kim et al., 2004; Kim
et al., 2006; Rico et al., 2010; Giuffrida et al., 2014; Guadarrama-
Lezama et al., 2014; Jung et al., 2015). The reduced content after
irradiation and during storage may due to the secondary effects
of gamma irradiation, component oxidation, form of the milled
sun-dried pepper samples, and the structure of the carotenoids.

Conclusions

Gamma irradiation and storage had significant effect (P < 0.05)
on the inactivation and quality parameters determined in Legon-
18 pepper powder. Gamma irradiation can be used for the decon-
tamination of pathogens such E. coli, L. monocytogenes, and S.
Typhimurium in Legon-18 pepper powder. A dose of 5 kGy can
inactivate all the pathogens immediately after exposure to gamma
irradiation, not withstanding, doses such as 2 and 4 kGy can also
be used for the inactivation of the pathogens used in the study but
subject to storage time of 60 days. E. coli could be inactivated at a
dose of 1 kGy at day 30. Samples irradiated had lower carotenoid
contents as compared to the unirradiated. Zeaxanthin was below the
detection limit. Higher values of hotness indices were observed in the
irradiated but not in the unirradiated samples.
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