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Abstract
Food irradiation is widely accepted as a proven and effective postharvest treatment to reduce the
bacterial contamination, extend the shelf life and maintain the food quality. Spices and herbs are the
most commonly irradiated commercial products. Low dose irradiation causes no adverse effects on the
visual quality of fresh herbs and spices. The appearance and color of food influence the consumer’s
product choice. Numerous studies are performed on the use of computer vision and image processing
for the color evaluation in the food industry. In the present study, fresh cilantro was chosen as a model
to estimate the change in the color parameters of gamma irradiated fresh cilantro leaves. Image analysis
method was proposed as an alternative to conventional colorimeters for color measurement of irradiated
fresh herbs and spices.
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1. INTRODUCTION
Food irradiation is a technology applicable for all groups of foods, as functional properties, nutritional quality
and sensory acceptability of foods are slightly affected. In a food system, there is an interaction between
radiation and water and other biological systems, resulting in radiolytic products as oxidizing agents and
changes are observed in the molecular structure of organic matter. Deoxyribonucleic Acid (DNA) is damaged
by radiation, preventing reproduction of microorganisms, insects and gametes (Chauhan et al., 2009). Gamma
rays of nucleides 60Co and, to a lesser extent, 37Cs or X-rays with energies up to 5 MeV, or accelerated electrons
with energies up to 10 MeV are the sources of ionizing radiation for food processing. These sources are feasible
for commercial use of irradiation as desired food preservative effects are achieved and no radioactivity is
observed in foods or packaging materials (Farkas, 2004). Gray (Gy) is the international unit for the absorbed
radiation dose; generally pasteurization doses are smaller than 10 kGy and sterilization doses are greater than
10 kGy. Irradiation is suitable for packaged products, as it causes minimum rise in the temperature of the
product, hereby preventing recontamination or reinfestation of the product. Ionizing radiation treatment of
foods is approved by World Health Organization, Food and Agricultural Organization, International Atomic
Energy Agency and many countries for producing better and safer foods. Space foods for astronauts are
sterilized by irradiation (Acheson & Steele, 2001).
Microbial decontamination of herbs and spices have been achieved by irradiation for more than 40 years.
CODEX and most countries have allowed the use of irradiation (WHO, 1994; Chmielewski & Migdal, 2005).
Doses greater than 10 kGy should not be applied to a food, except application of higher doses for technological
purpose. In Turkey, radiation processing of food is controlled by Food Irradiation Legislation of Republic of
Turkey Ministry of Agriculture and Forestry (URL1, 2019).
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Irradiation, compared with thermal treatment, leaves no chemical residues and is proven to be more effective
against bacteria (Tjaberg et al., 1972; Loaharanu, 1994; Thayer et al., 1996; Olson, 1998; Sádecká, 2007). As
heat sterilization of spices result in the loss of thermolabile aromatic volatiles and/or thermally induced
changes, ionizing radiation is less harmful to the spices and can be applied in place of ethylene oxide and
methyl bromide treatment. Minimal modifications on the quality attributes of food are observed.
The most suitable way for microbial safety of spices and herbs seemed to be gamma irradiation, resulting in
no change in the quality (Lee et al., 2005). Extensive research is available on the application of irradiation for
spices, herbs and vegetable seasonings. Andrews et al. (1995) observed a significant reduction at a dose of 5
kGy and total elimination of microbial contamination at 10 kGy, with no effect on flavor quality of dry ginger.
Of nine aromatic herbs and spices irradiated at 10 kGy, quinone radical content of all samples increased while
some samples showed significant decrease in total ascorbate and carotenoids content (Calucci et al., 2003).
Despite being well known decontamination method, less study has been performed for the treatment of fresh
herbs. Electron beam irradiation can be applied for fresh herbs, like Salvia Officinalis and Calendula
Officinalis (Minea et al., 2004). Electron beam treatment can be cost effective due to high throughput of ebeam processing (Khade et al., 2020). Escherichia coli O157:H7 inoculated on cilantro was effectively reduced
by irradiation and chlorination while maintaining product quality (Foley et al., 2004). Low irradiation doses
were shown to have a smaller effect on sensory quality of parsley leaves than drying and freezing. Irradiation
doses up to 1.4 kGy extended the shelf-life of minimally processed parsley leaves to 30 days (Cătunescu et al.,
2019). The visual quality of fresh mint was not affected by low irradiation doses and samples showed good
quality for up to 9 days of storage (Hsu et al., 2010). A study of methanolic extracts of ten commercial herbs
and spices irradiated in the range 0 - 30 kGy done by Polovka & Suhaj (2013) showed that the observed
changes in antioxidant activity induced by -irradiation were without practical significance and would have no
negative effect on the health of the consumer.
Consumer’s choice and preferences are generally influenced by color. Visual, instrumental and machine vision
systems are applied for color measurement of many food products, including fruits and vegetables, spices and
flavors, cereals and grains. Compared to the colorimetry and spectrophotometry, machine vision with digital
imaging has advantages, namely analysis of the whole sample surface and objective evaluation of irregular
color or surface (Giese, 2003). Machine vision with image processing has been found increasingly useful in
the food industry. Brosnan & Sun (2004) reviewed the application of computer vision system and image
processing in the food industry, mainly fruits and vegetables, meat, fish, pizza, cheese, bread and grain. There
is an increasing trend in the use of machine vision system for the measurement of color. Machine vision system
has the following parts; a camera linked to a computer, controlled lighting and software for camera settings,
image capture and image processing. The image can be evaluated immediately or stored for further analysis
(Balaban & Odabasi, 2006). Minz & Saini (2021) suggested computer vision system to measure the color of
mozzarella cheese as an option to spectrophotometer. Although color spectrophotometer limits the measuring
area, computer vision system permits the user to measure the color over the whole surface. Computer vision
system is recommended as a rapid and low-cost quantification instrument.
Generally, fresh herbs, such as fresh cilantro, parsley and basil, are eaten raw and widely used as seasoning in
many meals without any treatment step for microbial treatment. Herbs, which are grown low to the ground,
can be contaminated easily from irrigation water (US FDA, 2022). Cilantro (Coriandrum sativum) is annual
and herbaceous plant from the Apiceae family, originating from Mediterranean region. The leaves and stems
are used to flavor dishes. The mature seeds are called coriander and used for flavoring (Abascal & Yarnell,
2012). Cilantro is a herb consumed worldwide and shows a wide range of health benefits from antibacterial to
anticancer effects (Mauer & El-Sohemy, 2012). Khade et al. (2020) studied the effect of combined treatment
of washing with potable water, sodium hypochlorite and radiation at 2 kGy to ensure safety and to eliminate
the microbial load of coriander, mint and spinach. Shelf life was extended up to 15 days at 4-6°C by the
developed combination. Irradiation of spices and herbs has a high potential application in many countries. The
objective of this study was to determine a relationship between color parameters of fresh cilantro leaves
subjected to irradiation with a simple computer vision system. The color of irradiated fresh cilantro was
compared with non-irradiated cilantro.
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2. MATERIALS AND METHODS
Fresh cilantro samples were supplied by commercial grade and placed in polyethylene bags. 0, 1, 2 and 3 kGy
(at a dose rate of 0,626 kGy/h from a Cobalt-60 source) irradiation doses were applied at Turkish Energy,
Nuclear and Mineral Research Agency, Ankara, Turkey. Non- irradiated samples were used as controls. The
absorbed doses were controlled by alanine dosimetry.
The measurements were made with a simple computer vision system (CVS). Image analysis is the core of this
system. The objects are distinguished from the background and quantitative information is produced to be used
in the control systems (Brosnan & Sun, 2004). Images of samples were captured by a scanner in jpeg format
with a resolution of 300 dpi and a region of interest (ROI) was selected to obtain color information (Figure 1).
Intensity values of ROI were read from the image for each color coordinate system (CIE XYZ, CIE L*a*b*,
Hunter Lab and RGB). The programme BAB BS200ProP was used to process the color parameters. BAB
BS200ProP image analysis system enables the user to acquire images from external sources, such as camera,
scanner and keep the images in a database.

Figure 1. Color measurement from image of scanned cilantro leaves
Of the color parameters, the ratio of white to black, red to green, and yellow to blue are represented by L*
value, a* value and b* value, respectively. Positive values of a* indicate red color and negative values indicate
green color. Positive values of b* are measured for yellow color and negative values are for blue color. Color
saturation or intensity is measured by chroma. Hue angle (h°) defines the comparative amount of redness and
yellowness, where angle of 0°/360°, 90°,180° and 270° indicates red/magenta, yellow, green and blue color or
purple or intermediate color between neighboring pair of basic colors (McGuire,1992). Hue angle and chroma
were calculated from a* and b* color space, done by using the formulae (Wrolstad & Smith, 2010).

𝑏∗
ℎ𝑢𝑒 𝑎𝑛𝑔𝑙𝑒 (°) = arctan( ∗ )
𝑎

(1)

𝑐ℎ𝑟𝑜𝑚𝑎 = √(𝑎 ∗2 + 𝑏 ∗2 )

(2)
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3. RESULTS AND DISCUSSION
Color is an important quality index and plays a main role for consumer preferences and consumer acceptability.
RGB (red, green, blue), Hunter Lab, CIE (Commission Internationale de l’Eclairage) L*a*b*, CIE XYZ, CIE
Yxy and CIE LCH are the color coordinate systems used to define color a sample (Giese, 2003). Of the color
spaces, most commonly used system in the food industry is CIE L*a*b*, owing to its uniform color
distribution, as well as the perception system is very near to the human eye (Markovic et al., 2013). In this
study, color changes observed after irradiation were evaluated by image analysis system in L*a*b* model
system of fresh cilantro (Table 1).
Table 1. Color parameters of non-irradiated and irradiated fresh cilantro
Dose (kGy)

RGB

CIE L*a*b*

Hunter Lab

0

111

155

79

59.33

-28.86

34.9

52.33

-24.4

23.4

1

105

147

73

56.44

-27.99

34.4

49.35

-23.1

22.4

2

102

144

71

55.3

-27.92

34.0

48.19

-22.8

21.9

3

99

141

70

54.18

-27.72

33.1

47.06

-22.5

21.3

L* value, which is the color coordinate characterizing the lightness, decreased upon irradiation (Figure 2a).
During irradiation, L* values showed a decrease in all treatments, being higher in control compared to
irradiated samples (Table 1). The observed values were of the range 59.33-54.18. No significant effect was
observed on aroma, amount of total volatile compounds, color or overall visual quality of fresh cilantro leaves
irradiated at doses up to 2 kGy (Fan et al., 2003). L* value decreased as radiation dose increased in dry smoked
shrimp. Increasing radiation dose resulted in a trend of decrease in whiteness (Akuamoah et al., 2018).
Significant decrease was monitored in the appearance, color and texture of fresh spinach after irradiation (AlSuhaibani & Al-Kuraieef, 2016). Undesirable changes in the sensory quality of foods can be prevented by the
selection of suitable dose. Irradiation of fresh-cut iceberg lettuce and spinach at doses of 1 and 2 kGy enhanced
the microbial safety while maintaning quality (Fan et al., 2012).
Chroma value, proportional to the strength of the color, shows the degree of saturation of color. A change was
observed in the chroma between the non-irradiated and irradiated samples. The highest chroma value was
observed for non-irradiated sample (Figure 2b). The observed chroma values were of the range 45.29-43.17.
A general trend of decrease was noted in chroma values (Table 2). Control quince fruits, either due to browning
or chlorophyll degradation, showed higher chroma values compared to irradiated fruits (Hussain et al., 2019).
When gamma irradiation and low energy electron beam treatment were compared for allspice berries, caraway
seeds, oregano and rosemary leaves, no difference was found in color, water activity, chlorophyll and
caretonoid contents and terpenoic compounds for storage time up to 105 days (Schottroff et al., 2021).
Irradiation would have no adverse effect on the acceptability of fresh herbs.
The hue angle (h°), where values above 100°C representing green color and values below 90°C yellow color,
is often used for color determination. In our study, the highest value was obserbed for 3 kGy irradiation. (Figure
2c). The hue angle range was within the 120° region, suggesting green color. The observed hue angle values
were of the range 129.13-129.95. The lower the irradiation dose employed the less undesired effects were
observed for products containing organic colors (Reid, 1995). For fresh mushrooms and dried mushrooms,
good linear correlations were reported by Kortei et al. (2015) between the hue angle and the lightness after
irradiation. Irradiation had no adverse effect on product quality. Knowledge of the effect of irradiation on the
color of the food products can be used to decide the optimum irradiation dose for the food.
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a)

b)

c)

Figure 2. a) Color lightness, b) chroma and c) hue angle,
for non-irradiated and irradiated fresh cilantro
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Table 2. Chroma and hue angle values of non-irradiated and irradiated fresh cilantro
Dose (kGy)

L* value

chroma

hue (º)

0

59.33

45.29

129.59

1

56.44

44.35

129.13

2

55.30

43.99

129.39

3

54.18

43.17

129.95

4. CONCLUSION
Food quality and safety are important for the food industry. Food irradiation is a suitable technology for fresh
herbs and spices, as ionizing radiation effectively inhibits physical changes during postharvest deterioration
and maintains a fresh product appearance. Instrumental color measurement combined with image processing
eliminates the limitations of the subjective human sensory analysis In this study, computer vision system with
image processing is utilized to measure the color of irradiated fresh cilantro. The study has been conducted on
the images of fresh cilantro which are captured before and after irradiation. This study proposes that color can
be measured only by using a simple scanner, avoiding the use of an expensive colorimeter. Tristimulus values
can be converted into other color systems. The color lightness (L*) decreased when fresh cilantro was
irradiated. A change in chroma value was observed between the fresh and irradiated cilantro; fresh cilantro
showing the highest chroma value (45.29). The hue angle (h°) was highest at 2 kGy. Image analysis can be a
viable technique to measure the color of irradiated foods, providing better characterization of irradiated foods
and improving irradiated food quality.
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