Journal of Applied Microbiology in Food Industry (Volume 12 — Issue 2) ... Pages 75 to 91 I

Infrared irradiation and its effects on the contamination level and quality
of dried barberry

Mahdiyeh Vafadarghasemi !, Mahdi Kashaninejad *?>, Morteza Khomeiri 3, Mahdiyeh Hasani *

1. Department of Food Science and Engineering, Baharan Higher Education Institute, Gorgan, Iran.
2. Faculty of food processing Engineering Department, Gorgan university of Agricultural sciences & Natural
Resources, Gorgan, Iran.
3. Faculty of food science and technology, Gorgan university of Agricultural sciences & Natural Resources,
Gorgan, Iran

Received Date:2025.10.21 Accepted Date:2026.05.20

[ Downloaded from amfi.ir on 2026-09-17 ]

Abstract

Microbial load and the growth of microorganisms are among the most critical factors affecting the quality of
barberries. Due to the importance of barberries as a food seasoning, the objective of this study was to investigate
the effect of infrared irradiation on reducing the number of Penicillium oxalicum spores in dried barberries and
its qualitative characteristics. Penicillium oxalicum spores were used as an indicator of dried barberry
contamination to evaluate the effect of infrared irradiation. penicillium oxalicum was inoculated into dried
barberry samples. The samples were then treated with three infrared irradiations at three power levels (150, 250,
and 375 watts) for three durations (60, 100, and 120 seconds) at two different thicknesses (1 and 1.5 cm) and two
water activities (0.8 and 0.6). Sensory evaluation of the samples was also performed by assessors. In addition to
the sensory evaluation and measurement of Penicillium oxalicum levels, moisture content and color factors (L",
a’, b" and AE) were also measured. Results showed that infrared lamp irradiation of barberry had a significant
effect on reducing Penicillium oxalicum to 2.9 CFU/g across all treatments, with the greatest decrease in moisture
content (3.4%) observed in the sample treated with the 375-watt lamp at 120 seconds and a thickness of 1
centimeter. Additionally, the darkening of the barberry samples increased with rising lamp power, while moisture
content and water activity decreased, along with a reduction in sample depth.
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EXTENDED ABSTRACT

Introduction

Barberry (Berberis vulgaris) is a strategic agricultural product in Iran, primarily cultivated in the Khorasan region.
However, its high nutritional and medicinal value leads to its distribution in various local markets across the
country. Despite initial drying, the product's quality during supply is often challenged by microbial contamination.
In regions with higher relative humidity, such as the local markets of Gonbad-e Kavus where the samples for this
study were obtained, the risk of secondary contamination and fungal growth significantly increases.Penicillium
oxalicum has been identified as a dominant fungal contaminant in these samples. This mold not only causes
physical spoilage but also produces hazardous mycotoxins that pose severe health risks, including carcinogenicity
and nephrotoxicity. Traditional decontamination methods often compromise the sensitive pigments and bioactive
compounds of the fruit. Therefore, infrared (IR) irradiation—a "clean," energy-efficient, and rapid technology—
is investigated here as a viable alternative for decontaminating barberry while maintaining its commercial and
sensory standards.

Materials and Methods
Sample Preparation and Inoculation

Dried barberry samples were purchased from local markets in Gonbad-e Kavus. Samples were cleaned, and their
initial water activity (aw) was measured and adjusted to 0.6 and 0.8 using controlled rehydration. The target
pathogen, P. oxalicum, was isolated from contaminated fruit and identified via PCR and sequencing (showing
>99% homology with NCBI Gene Bank). Samples were inoculated to a standardized load of Log 3 cfu/g.

IR Treatment and Experimental Design

Treatments were conducted in a custom-designed IR tunnel. A full factorial design was employed with the
following variables:

e Lamp Power: 150, 250, and 375 W
e  Treatment Time: 60, 100, and 120 s
e Sample Thickness: 1.0 and 1.5 cm

e Initial aw: 0.6 and 0.8 The distance between the IR lamps and the sample was fixed at 20 cm. Analysis
included microbial counting on PDA, color measurement (L*a*b* color space), and a 5-point Hedonic
sensory evaluation (color, aroma, taste, texture, and overall acceptability) by 10 trained panelists. Data
were analyzed using SAS software (P < 0.05).

Results
Inactivation of Penicillium oxalicum Spores

The statistical analysis revealed that infrared irradiation lamp power, treatment time, and their interactive effect
were the most significant factors influencing spore inactivation (P < 0.05). Spore counts consistently decreased
as lamp power and exposure duration increased. The maximum microbial reduction reached approximately Log
2.9 cfu/g (nearly a 3-log reduction), which was attained under the most intense processing conditions: 375 W
power, 120 s duration, 1.0 cm sample thickness, and an initial water activity of 0.8. While sample thickness and
initial water activity showed a numerically positive effect on inactivation, these factors were not statistically
significant (P > 0.05).

Moisture and Color Changes

The final moisture content was significantly affected by lamp power, time, and initial water activity (P < 0.05).
Similarly, these three variables were confirmed as significant factors influencing all three-color indices (L*, a*,
b*). Increased treatment intensity (higher power and longer time) led to a significant reduction in $L"*$
(decreased lightness) and b* (decreased yellowness), indicating a degree of thermal degradation and surface
browning. However, despite these changes, the overall color change (AE) remained statistically non-significant
in most comparison groups (P > 0.05), suggesting that the visual impact was within acceptable limits.

Sensory Evaluation

Lamp power proved to be the most influential factor, significantly affecting all sensory parameters (P < 0.05).
Samples treated with the lowest power (150 W) consistently received the highest overall acceptability scores from
the panelists. These samples retained their fresh-like aroma and characteristic tartness. Conversely, increasing the
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water activity from 0.6 to 0.8, particularly at the 150 W power level, resulted in a significant improvement in the
textural attributes of the barberry, preventing the excessive hardening often associated with thermal processing.

Discussion and Conclusion

The antimicrobial efficacy of IR irradiation is directly proportional to the delivered energy (Power $\times$ Time).
The thermal kill observed in this study aligns with inactivation kinetics reported for other microbial contaminants
in dried fruits. The significant reduction in L* and b* indices at high intensity highlights the inherent "Safety-
Quality Trade-off" in thermal decontamination; excess thermal load compromises the natural aesthetics of the
fruit. This dilemma was further emphasized by the sensory results: treatments most effective at microbial
reduction (high power) simultaneously led to the lowest overall acceptability scores due to over-drying and texture
degradation. In conclusion, IR irradiation represents an effective technology for reducing the P. oxalicum fungal
load in dried barberry, achieving up to a 3-log reduction. While the method significantly impacts microbial safety,
achieving full industrial implementation requires further optimization. A balanced set of conditions—specifically
lower power levels (around 150 W) combined with adjusted water activity—ensures adequate microbial safety
standards while effectively mitigating adverse effects on the sensory and color quality of this valuable fruit.
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