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The present study was conducted to investigate the effect of different doses of γ-irradiation treatment (0, 2, 
4, 6 kGy) on total phenolic, capsaicinoids contents, microbial load, and aflatoxin content of dried paprika 
powder (Capsicum annuum L.). Also, to investigate the hypocholesterolemic effect of γ-irradiated paprika 
powder (GPP) against a high-cholesterol diet (HCD) in rats. The results of γ-irradiation processing (0, 
2, 4, 6 kGy) showed that the higher the radiation dose, the higher the level of total phenols, capsaicin, 
dihydrocapsaicin and total capsaicinoid content. While there is a noticeable decrease in the aflatoxin’s 
contents, total bacterial, yeast and mold load as the radiation dose increases. The results obtained in this 
study demonstrated that γ-irradiation at dose 6 kGy was proven to be the most effective dose than the 
lower doses. Supplementation of GPP with HCD for 10 weeks resulted in a reduction in the levels of 
some lipid contents (total cholesterol, triglycerides, low and very low-density lipoprotein-cholesterol), 
tumor necrotic factor-alpha and interleukin-6, leptin, glucose, insulin, HOMA-IR (homeostatic index 
of insulin resistance), lipogenic enzymes activity (glucose-6-phosphate dehydrogenase and malic 
enzyme), level of malondialdehyde and the activity of some hepatic markers associated with significant 
elevation in the level of high-density lipoprotein-cholesterol (HDL-C), glutathione content (GSH) and 
the activity of antioxidant enzymes (SOD and CAT) compared to rats fed with HCD only. In conclusion, 
the study elucidates that gamma-irradiation technology (6 kGy) could be one of the best solutions for the 
decontamination of dried paprika powder while retaining its quality and bioactive components, allowing 
commercial application as a public healthy food product. In addition, the study revealed that γ-irradiated 
paprika powder (GPP) possesses bioactive constituents that can be used in the treatment of insulin 
resistance, hypocholesterolaemia, inflammation, and oxidative stress.

INTRODUCTION

Spices are used in a variety of food preparations and are 
crucial to diets all over the world. Ripe paprika fruit 

(Capsicum annuum L.) is one of the most widely used 
spices in the world in the dried and powder forms. Owing 
to its’ unique pungency, stimulating taste, colour, and 
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flavour after drying, red paprika powder is used in ethnic 
foods to improve appetite. Red paprika are considered as 
a natural source of bioactive chemicals including volatile 
oils, capsaicinoids, vitamin C, protein, fibre, mineral 
elements, and antioxidants compounds such as flavonoids, 
phenolic acids, ascorbic acid, and carotenoids. In addition 
to its ability to boost immunity and protect against 
infections, cardiovascular diseases, decongest, weight 
loss, and cancer (Kim et al., 2017, 2020). 

The bioactive component capsanthin (major 
carotenoid) in paprika can plays a protective role against 
lipid accumulation and avoid hypercholesterolemic 
disorders in the body as it absorbed into the body and 
distributed to plasma lipoproteins (Joo et al., 2021). 
Elevation of total cholesterol, LDL-cholesterol and 
accumulation of lipid enter the portal circulation and 
reach hepatocytes inducing inflammation and oxidative 
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stress (Joo et al., 2021). Besides being a risk factor for 
cardiovascular diseases, hypercholesterolemia can also be 
harmful liver and different organs in the body (Ongaratto 
et al., 2021).

Paprika like the other spices can be contaminated by a 
wide range of microorganisms from the soil and windblown 
dust and by bird droppings and during cultivation, 
harvesting, storage, and distribution (Balakrishnan et 
al., 2022a). Presences of such microorganisms (bacteria, 
fungi, and viruses) can cause different diseases in the chili 
crop leading to reduce the yield of the plant and can be 
implicated in human illnesses and leading to mortality 
and morbidity in man. Although, there have been several 
microbial decontaminating methods, some of them have 
side effects including ethylene dioxide method could 
be source of carcinogens, the steam treatment induced 
degradation of product quality and some of methods could 
leave pesticide residues (Schottroff et al., 2021). Food 
irradiation is a hygiene process that used ionizing radiation 
for eliminating or reducing microorganisms and extending 
the shelf life of some food products without causing nutrient 
changes or forming harmful substances (Kim et al., 2020). 
The safety of γ irradiation technology has been approved 
by the World Health Organization (WHO), the United 
Nations Food and Agriculture Organization (FAO) and 
US-FDA as a cold sterilization process that can be used to 
decontaminate spices due to its high penetration into food 
components without degrading their quality (Balakrishnan 
et al., 2022a). The goal of this study was to evaluate the 
effectiveness of different doses of γ-irradiation (2, 4 and 6 
kGy) on the microbial load, total phenolics, capsaicin, and 
dihydrocapsaicin of dried paprika powder (DPP). Also, 
this article aimed to study the hypo-insulinemic, hypo-
cholesterolemic, anti-inflammatory and antioxidative 
activity of γ-irradiated paprika powder (GPP) against 
high-cholesterol diet (HCD). 

MATERIALS AND METHODS

All experiments were carried out at the Egyptian 
Atomic Energy Authority (EAEA), Food Irradiation 
Research Department. Paprika powder (Capsicum annuum 
L.) was obtained from local market of spices, grains, and 
oils (Cairo, Egypt). Chemicals and reagents were purchased 
from Sigma Chemical Co. (St. Louis, MO, USA).

Gamma irradiation treatment
The Paprika powder was air packaged in polyethylene 

bags and treated with γ rays at the dose of 2, 4 and 6 kGy, 
using Indian Gamma Cell (Ge 4000 A)60 Co source at a 
dose rate of 0.8053 kGy/h at the National Centre for 
Radiation Research and Technology (NCRRT), Egypt. 

Alanine dosimeter (Traceable to Physical Lab. (UK) are 
used for measuring the absorbed irradiation dose. 

Determination of total polyphenolic and total flavonoids
For quantification of total polyphenol content, the 

Folin-Ciocalteu’s method was used (Singleton et al., 1999). 
The results of total polyphenol content were expressed as 
mg of gallic acid equivalents per ml of sample (mg GAE/
ml) (Zaki et al., 2013).

Microbial studies 
Total bacterial count (TBC) and yeast and mold count 

(YMC) were determined by the serial dilution method 
using pour plate technique (Aneja, 1996). The raw and 
gamma-irradiated paprika samples (100 g) were grinded 
in a food grinder without addition of any water or buffer. 
The homogenized sample of about 1 g was dissolved in 9 
mL of 0.1% sterile peptone water. The solution was kept 
in stirring condition for about 30 min. This solution (1mL) 
was further diluted by dissolving in 9 mL of sterilized 
peptone water (0.1%). This way a dilution of 10−3 was 
obtained i.e., sample was diluted 1000 times followed 
by pour plating on nutrient agar and potato dextrose agar 
media to determine TBC and YMC, respectively. After 
that, the samples were incubated at 35 oC for 2 days for 
TBC and 30 oC for 4 days for YMC. The colonies so 
formed were counted and expressed as log cfu/g of sample.

Determination of aflatoxin 
Aflatoxins were extracted and cleaned up according 

to the AOAC official method 2005-08 and LCTech sample 
preparation and analyses method. High-Performance 
Liquid Chromatography (HPLC) was used for the 
separation and quantification of aflatoxin (AFB1, AFB2, 
AFG1 and, AFG2,) (Richard, 2000).

Determination of capsaicin and dihydrocapsaicin 
The major capsaicinoids (capsaicin and 

dihydrocapsaicin) in raw and gamma-irradiated paprika 
were determined by comparison to external reference 
standards injected under the same conditions. Their 
identification was based on the retention times measured 
under identical HPLC conditions while their quantitative 
determination in the different paprika samples was carried 
out using the peak areas (Nwokem et al., 2010). 

Animal groups
Male albino rats Sprague Dawley (170 to 200g body 

weight (B. WT)) were purchased from the Egyptian Holding 
Company for Biological Products and Vaccines (Cairo, 
Egypt) and used for the different investigations carried out 
in the present study. Rats were acclimated to controlled 
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laboratory conditions for two weeks. Rats were maintained 
on rodent diet and tap water ad libitum. The HCD contained 
100 g cholesterol, 30 g propyl thiouracil, and 100 g cholic 
acid in 1 L of peanut oil (Inoue et al., 1990). 

Dose level of raw and gamma-irradiated paprika
According to the study of Kanki et al. (2003) the no-

observed adverse effect level (NOAEL) of DPP was found 
to be 5% in the diet (0.67 g/rat/day or 2948.4 mg/kg bw/
day for male rats).

Experimental design
The study was performed on the adult male rats 

divided in four groups. Each group comprised 7 animals.
Group 1 (Control group): Control rats fed with normal 

pellet diet for 10 weeks. Group 2 (HCD group): Rats fed 
with HCD for 10 weeks. Group 3 (HCD and RPP): Rats 
fed with HCD plus 5% raw paprika powder (RPP) for 10 
weeks (Kanki et al., 2003). Group 4 (HCD and GPP): Rats 
fed with HCD plus 5% gamma-irradiated paprika powder 
GPP for 10 weeks.

At the end of the experiment (10 weeks), rats were 
fasted for 24 h and anaesthetized with diethyl ether. 
Blood samples were collected through heart puncture and 
allowed to coagulate and centrifuged for to obtain serum 
for biochemical analysis. Also, liver tissues were removed 
for biochemical investigation.

Biochemical analysis
Total cholesterol (TC), triglycerides (TG) and high-

density lipoprotein-cholesterol (HDL-C) were determined 
according to the procedure described by Allain et al. 
(1974), Fossati and Prencipe (1982) and Demacker et al. 
(1980), respectively. Low-density lipoprotein-cholesterol 
(LDL-C) and very low-density lipoprotein-cholesterol 
(VLDL-C) were evaluated according to Friedwald’s 
formula (Friedwald et al., 1972) by the following equations: 
LDL-C (mg/dl)= TC-(TG/5+HDL-C), vLDL (mg/dl) = 
TG/5. The activity of serum aspartate transaminase (AST) 
and alanine transaminase (ALT) was estimated according 
to Reitman and Frankel (1957), and serum γ-glutamyl 
transferase (GGT) was assessed according to Rosalki 
(1975). Detection of serum leptin, tumour necrotic factor-
alpha (TNF-α) and interleukin-6 (IL-6) was performed by 
ELISA technique (BioSource International, Camarillo, CA, 
USA) according to the manufacturer’s instructions. Serum 
samples were analyzed for glucose (Trinder, 1969) and 
insulin hormone was determined by radioimmunoassay 
kit supplied by Diasari, Italy. The homeostatic index of 
insulin resistance (HOMA-IR) was calculated using the 
equation: [fasting insulin concentration x fasting glucose 
concentration x 0.05551] /22.5 (Wallace et al., 2004).

The hepatic cytosolic and microsomal fractions were 
prepared using 0.25 M sucrose/0.5 M EDTA buffer (pH 
7.4) and 1.15% KCl solution, respectively. The activities of 
glucose-6-phosphate dehydrogenase (G6PDH) (Baginski 
et al., 1974), malic enzyme (ME) (Ochoa, 1969), catalase 
(CAT) (Johansson and Borg, 1988), and superoxide 
dismutase (SOD) (Minami and Yoshikawa, 1979) were 
measured in the cytosolic fraction. The concentration 
of GSH was measured by Beutler et al. (1963) and 
malondialdehyde (MDA) was measured according to 
Yoshioka et al. (1979). 

Statistical analysis 
Results were presented as mean±SE (n= 7). 

Experimental data were analysed using one way analysis of 
variance (ANOVA). Duncan’s multiple range test was used 
to determine significant differences between means. Data 
were statistically analysed by the aid of Statistical Package 
of the Social Sciences, SPSS version 25 (copyrighted by 
IBM SPSS software, USA). Differences between means 
were considered significant at P < 0.05.

RESULTS

The results tabulated in Table I indicated that the 
total phenols, capsaicin, dihydrocapsaicin and total 
capsaicinoid content were significantly (p≤ 0.05) increased 
with increasing irradiation doses and was higher in the 
samples irradiated at 6 kGy dose. The percentage change 
7.3%, 10.39%, 9.98% and 9.3%, respectively from the raw 
sample (14.32 mg GAE/g, 981 mg/kg, 583.1 mg/kg and 
1564.1 mg/kg, respectively).

The total bacterial and yeast and mold count Table I, 
in the control samples were 5.0±0.17 log cfu/g and 3.67 ± 
0.11 log cfu/g, respectively. The results revealed that after 
the radiation treatment, the total bacterial and yeast and 
mold load decreased significantly (p≤ 0.05) in irradiated 
samples compared to control and was below the detectable 
levels at an irradiation dose range of 6 kGy. It was found 
that an average 14.69%, 25.93%, and 30.8 % reduction in 
aflatoxin was seen in the paprika sample for 2, 4, and 6 
kGy, respectively.

As shown in the results under the influence of HCD 
a significant increase was observed in the serum level of 
some liver markers (γGT, ALT and AST), glucose, insulin 
,homeostatic index of insulin resistance, lipid profile 
contents (TC, TG, LDL-C, vLDL-C), level of serum 
adipokines (leptin , TNF-α and IL-6), lipogenic enzyme 
activity (G6PDH and malic enzyme), and the level of 
hepatic MDA accompanied by significant reduction in the 
level of HDL-C, GSH and the activity of SOD and CAT 
compared to control group (Table II).

Evaluating the Potential Effect of Gamma-Irradiated Dried Paprika Powder 1415
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Table I. Effect of different doses of γ irradiation on total phenolic, capsaicinoids contents, microbial load (log cfu/g) 
and aflatoxins (AFB1, AFB2, AFG1, and AFG2) of Capsicum annuum.

Parameters Radiation dose (kGy)
0 2 4 6

Total phenolic (mg GAE/g) 14.32 ± 0.55 d 14.56 ± 0.62 c 14.81 ± 0.69 b 15.37 ± 0.73 a

Capsaicin (mg/kg) 981 ± 9.0 d 1011± 9.8 c 1042 ± 12 b 1083 ± 13 a

Dihydrocapsaicin (mg/kg) 583.1 ± 5.5 d 604.4 ± 6.6 c 625.2 ± 6.8 b 641.3 ± 7.3 a

Total capsaicinoids (mg/kg) 1564.1 ± 15.5 d 1615.4 ± 16.3 c 1667.2 ± 16.7 b 1724.3 ± 19.7 a

Microbial load (log cfu/ g) Total bacterial count 5.0 ± 0.17 3.0 ± 0.15 1.0 ± 0.11 ND
Yeast mold count 3.67 ±0.11 2.96 ± 0.17 1.52 ± 0.18 ND

Aflatoxins AFB1 16.55 15.23 13.52 13.07
AFB2 1.57 1.69 1.31 0.89
AFG1 1.03 0.93 0.45 0.39
AFG2 3.59 1.57 1.56 1.38

Total aflatoxins (ppb) 22.74 19.42 16.84 15.73
% Reduction aflatoxins   14.69 25.93 30.8

Table II. Effect of raw and γ-irradiated paprika along with high cholesterol diet on lipid profile, serum adipokinase, 
leptin, lipogenic enzymes, hepatic markers, insulin, lipid peroxidation and oxidative stress markers in rats.

Parameters Control HCD HCD+ RPP HCD + GPP (6 kGy)
Lipid profile  
TC (mg/dl) 172.22± 5.83d 242.87±6.11a 195.11±4.86b 183.65±4.72c

TG (mg/dl) 119.16±3.79d 198.65±4.79a 146.72±3.78b 135.38±3.54c

HDL-C (mg/dl) 53.41±1.59a 40.22±1.38d 46.51±1.32c 48.95 ±1.29b

LDL-C (mg/dl) 94.98±3.15d 162.92±4.25a 119.26±3.91b 107.63±3.29c

vLDL-C (mg/dl) 23.83±1.73d 39.73±1.82a 29.34±1.59b 27.07±1.53c

Adipokinase  
TNF-α (pg/mL) 642.17 ± 21.3d 925.55 ± 31.2 a 772.45 ± 25.8 b 716.69 ± 23.5c

IL-6 (pg/mL) 320.45 ± 19.2d 491.98± 22.6 a 407.35± 20.1 b 375.31± 19.8c

Leptin, ng/mL 4.75 ± 0.29 d 9.86 ± 0.82 a 6.94 ± 0.34 b 6.17 ± 0.31c

Lipogenic enzymes  
G6PDH (μmole/min/mg hepatic protein) 1.97 ± 0.15 d 5.85 ± 0.37 a 2.35 ± 0.55 b 2.15 ± 0.26 c

ME (μmole/min/mg hepatic protein) 0.66 ± 0.05 d 1.36 ± 0.07 a 0.89 ± 0.03 b 0.78 ± 0.04 c

Hepatic marker  
AST (U/ml) 31.63±0.79 d 87.35±2.35 a 43.38±0.67 b 39.42±1.58 c

ALT (U/ml) 29.75±1.42 d 90.63±1.42 a 47.62±0.83 b 38.51±0.75 c

γGT (U/ml) 5.13±0.38 d 19.86±0.59 a 8.21±0.48 b 7.39±0.47 c

Glucose(mg/dl) 129.26 ± 7.43d 231.68 ± 9.72a 154.31 ± 7.21b 143.85 ± 7.11c 
Insulin(μU/ml) 7.83 ± 0.52d 16.45 ± 0.61a 11.26 ± 0.54 b 10.35 ± 0.52 c 
HOMA-IR 2.49 ± 0. 21d 9.40 ± 0.36 a 4.28 ± 0.24 b 3.67 ± 0.22 c 
Oxidative stress markers  
MDA (n mol/g tissue) 219.86±3.21d 506.36±5.13a 348.72±4.53b 298.75±3.36c

GSH (mg/g tissue) 33.19±0.62a 18.67±0.54d 26.35±0.56 c 29.89±0.53 b

SOD (U/mg protein) 47.89±0.82a 26.53±0.73d 36.12±0.64c 40.96±0.70b

CAT (U/mg protein) 49.63±0.74a 30.26±0.62d 40.15±0.67c 43.93±0.63b

HCD, high cholesterol diet; RPP, raw paprika powder, GPP, gamma-irradiated paprika powder, G6PDH, glucose-6-phosphate dehydrogenase; ME, malic 
enzyme; TNF-α, tumour necrotic factor-alpha; IL-6, interleukin-6, HOMA-IR, homeostatic index of insulin resistance, was calculated as [fasting insulin 
x fasting glucose concentration x 0.05551]/22.5
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Table II showed supplementation of HCD-rats with 
either RPP or GPP caused a significant reduction in the 
levels of γGT, ALT, AST, glucose, insulin, HOMA-IR, 
TC, TG, LDL-C, vLDL-C, lipogenic enzyme activity, 
leptin, TNF-α, IL-6, and MDA associated with significant 
elevation in the level of HDL-C, GSH and the activity of 
antioxidant enzymes (SOD and CAT) compared to rats fed 
with HCD (Table II).

DISCUSSION

Paprika (Capsicum annuum L.) is a rich source 
of phenols, flavonoids, carotenoids and capsaicinoids 
(capsaicin and dihydrocapsaicin) that can be used to prevent 
oxidative damage and myocardial disease. However, the 
quality of paprika is reduced during drying due to the 
cross-contamination of microorganisms, insects, and dirt. 
Gamma irradiation is widely used as a non-thermal, safe, 
and most effective method for the reduction of spoilage 
and pathogenic aerobic microorganisms without altering 
quality criterion (Ayob et al., 2021). 

In this study, the results revealed that the levels 
of total phenolic contents and capsaicinoids contents 
of paprika powder were significantly increased as the 
radiation dose increase. The increased with radiation 
treatment was higher in the samples irradiated at 6 kGy 
dose. The significant elevation in the total phenolic 
contents could be due to irradiation induces breaking or 
degradation of larger phenolic compounds into smaller 
ones and there is also the release of phenolic compounds 
from glycosidic compounds (Hussain et al., 2019). Also, 
the results obtained that main capsaicinoids analyzed 
during the study were dihydrocapsaicin and capsaicin 
and the total capsaicinoids were expressed as a sum of 
these two pungent components (Ayob et al., 2021). The 
positive correlation between gamma-radiation and the 
level of dihydrocapsaicin and capsaicin could be attributed 
to the change in conformation of molecules along with 
nei’ghboring compounds when subjected to gamma 
irradiation doses and thus, leading to increase in extraction 
efficiency. The results in agreement with the results of 
Iqbal et al. (2016) who observed a significant increase in 
capsaicin and dihydrocapsaicin contents of hot pepper by 
4.74% and 4.37%, respectively after gamma-radiation at 
6 kGy.

During this study, an obvious reduction has been 
observed in the total bacterial and yeast and mold load 
and aflatoxins content (AFB1, AFB2, AFG1, and AFG2) in 
irradiated samples compared to control and total bacterial 
and yeast and mold load was below the detectable levels at 
an irradiation dose of 6 kGy in agreement with the results 
of Edae et al. (2022). Hussain et al. (2019) suggested 

that the reduction in the total viable microbial cells by 
γ-irradiation can be related to the ability of gamma rays 
to break the hydrogen bonds in DNA that are responsible 
for maintaining the double helical structure of DNA. 
Therefore, any break in the hydrogen bond leads to 
complete destruction of DNA and inability of cells to 
replicate, causing microbial cell death. 

Aflatoxins mainly produced by some strains of 
Aspergillus flavus, Aspergillus parasiticus, and Aspergillus 
nomius molds are highly toxic and carcinogenic substance 
that degrades paprika quality and render it unfit for 
consumption (Balakrishnan et al., 2022b). γ radiation has 
been studied for its efficiency in destroying mycotoxins 
in agricultural produce and processed foods. Iqbal et al. 
(2013) concluded that aflatoxin contamination decreased 
as the radiation dose was increased, even though complete 
removal for aflatoxin was not attained. Balakrishnan et 
al. (2022b) explained that the reduction in aflatoxin by γ 
radiation can be directly by acting on aflatoxin producing 
molds under specific conditions to eliminate toxin 
production, and indirectly by eradicating mold survival 
which leads to the avoidance of aflatoxin producing fungal 
growth.

In the present study, the results obtained that the 
gamma-irradiation of dried paprika powder at dose of 6.0 
kGy had significant effect in terms of increasing the total 
phenolic and capsaicinoids contents and decreasing the 
total bacterial and yeast and mold load while decreased 
aflatoxins content. Therefore, GPP at a dose of 6.0 kGy 
were used to conduct the biological experiment and study 
its hypo-cholesterolemic effect against HCD.

The results of biological study showed that feeding 
on HCD induced a significant elevation in lipid profile, 
lipogenic enzyme activity (G6PDH and malic enzyme), 
hepatic lipid peroxidation and level of some hepatic 
markers along with reduction of HDL-C serum levels, 
GSH content and the activity of hepatic antioxidant 
enzymes (SOD and CAT) compared to control group. 
Zălar et al. (2022) reported that hyperlipidaemia, along 
with high LDL-C and low HDL-C serum levels, are 
key factors in the incidence of coronary heart disease, 
morbidity, and cerebrovascular mortality. With respect 
to the study of Adekunle et al. (2013), the elevation of 
serum levels of LDL-C and vLDL-C could be related to 
transporting of more cholesterol and triglyceride are being 
transported from the liver to the extra-hepatic tissues. Li 
et al. (2011) suggested that long-lasting high-fat diet leads 
to lipid metabolism disturbance and hyper-lipidemia by 
reducing lipid metabolic enzymes such as hepatic lipase 
and lipoprotein lipase. Xu et al. (2004) has also reported 
that the impaired hepatic lipid homeostasis because of 
lipid accumulation attributed to the increasing activity of 
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the enzymes involved in fatty acid biosynthesis in the rats 
by the dietary cholesterol.

Hypercholesterolemia could increase the hepatic 
lipid peroxidation by activation of β-adrenergic receptors 
that could increase lipolysis to yield free fatty acids that 
are able to uncouple the mitochondrial phosphorylation 
and further generate free radicals resulted in oxidative 
damage (Bhandari et al., 2011). This oxidative damage 
leads to hepatic tissue damage causing the release of 
liver enzymes to the plasma and occurrence of hepatic 
dysfunction (Dikshit et al., 1995). HCD also resulted in 
hyperinsulinemia, elevation of level of serum adipokines 
(leptin, TNF-α and IL-6) and insulin resistance which is 
in agreement with Jung et al. (2016) who indicated that 
abnormal lipid metabolism in obesity is a major cause 
of dyslipidaemia, insulin resistance, inflammation, and 
hepatic steatosis. Bhandari et al. (2011) reported that leptin 
might contribute to hepatic steatosis by promoting insulin 
resistance and by altering insulin signalling in hepatocytes, 
to promote increased intracellular fatty acids. 

Group of rats fed on HCD with either RPP or 
GPP exhibited significant reduction in the serum lipid 
profile, glucose and insulin level, insulin resistance, 
adipokine secretion, lipogenic enzyme activity (G6PDH 
and malic enzyme), hepatic lipid peroxidation and level 
of some hepatic markers associated with enhancement 
of antioxidant status and HDL-C compared to HCD-
group. Kim et al. (2017) suggested that red paprika 
and capsanthin have anti-obesity and hepatoprotective 
capabilities and are effective in ameliorating hepatic 
steatosis and adipogenesis induced by a high-fat diet in 
mice. The red pigmentation of paprika fruits (Capsicum 
annuum L.) is related to presence of capsanthin which 
considered as one of the most powerful antioxidants and 
has high activity for scavenging free radicals (Kennedy 
et al., 2021). They added that capsanthin belongs to class 
of carotenoids called xanthophylls that can participate in 
the primary defence mechanism of HDL against oxidative 
stress and may also be expected to affect lipid metabolism 
and/or maintain favourable blood lipid profiles. Several 
studies revealed that ingestion of paprika, which possesses 
abundant carotenoids and capsanthin, may modulate lipid 
metabolism by improving the HDL-C concentrations and 
alter adipocytokine levels or hepatic gene expression 
(Jeyakumar et al., 2007; Hussein et al., 2007). 

Kim et al. (2017) concluded that the red paprika and 
capsanthin treatments against high fat diet ameliorated the 
dysregulation of serum adipokines (leptin, adiponectin, 
plasminogen activator inhibitor-1 (PAI-1), TNF-α and IL-
6) and significantly decreased the activities of the hepatic 
enzymes involved in FA and TG synthesis (G6PDH 
and ME). In addition, the red paprika and capsanthin 

treatments significantly reduced the mRNA expression 
of leptin and resisting in epididymal white adipose tissue. 
On the other hand, Chen et al. (2017) observed that 
hypolipidemic effects of paprika may be attributed to its 
ability to decrease the serum level of TC, LDL-C, and TG, 
meanwhile increasing serum HDL-C and inhibition of lipid 
synthesis via suppressing the expression of 3-hydroxy-
3-methylglutaryl coen-zyme A(HMG-CoA), cholesterol 
7-hydroxylase (CYP7A1) and fatty acid synthetase (FAS).

CONCLUSION

The study’s findings demonstrate that gamma-
irradiation technology is an effective treatment in 
microbial decontamination of dried paprika powder while 
preserving its quality and bioactive components, enabling 
for its commercial use as a healthy food content. However, 
this irradiation dose (6 kGy) was not effective in complete 
reduction of aflatoxins. Finally, the results concluded that 
GPP exhibited higher significant hypo-insulinemic, hypo-
cholesterolemic, anti-inflammatory and antioxidative 
activity against HCD than RPP and that could be due to 
the useful effect of gamma-irradiation in enhancing the 
effectiveness of paprika powder evidenced by increasing 
in the total phenolic and capsaicinoids contents and 
decreasing the total bacterial and yeast and mold load and 
aflatoxins content.
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