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Abstract: Different vegetables are considered as sources of human health
promoting components. Leaf vegetables are widely used in human diet for many
reasons including their very high in bioactive compounds with physiological
significant roles. Irradiation is a non-thermal preservation method which involves
the exposure of food materials or products to radiation, for example ultraviolet
(UV-C) rays. This research was carried out to study the influence of ultraviolet
radiation treatment on the stability of bioactive compounds and antioxidant activity
in leafy vegetables throughout refrigerated storage. The analysis of variance for
the total phenolics (TP), carotenoids (TC) and chlorophyll (TCP) levels indicates
that their values were significantly (P < 0.05) affected by both the UV-C radiation
and the refrigeration storage period. Initial TP, TC and TCP values for all UV-
treated samples were significantly lower (P < 0.05) than those for the control
samples. When all leafy vegetables were included in the statistical analysis, there
was a positive significant (p<0.05) relationship between total phenolics @ =
0.584), total carotenoids (r* = 0.385), total chlorophyll (r* = 0.312) and antioxidant
activity in control and UV-treated samples throughout refrigerated storage. Also,
bacteriological analysis indicated that total aerobic bacterial growth (TABG) of
spinach, lettuce and chicory was recorded 5.51, 4.88 and 4.56 log,, cfu/g which
increased by rates of 58.11, 61.47 and 69.30% for the untreated samples and 31.80,
34.15 and 34.93% for the UV treated samples after 8 days of refrigeration at 4 °C,
respectively. In conclusion, UV-C treatment brings some benefits to the fresh cut
industry of leafy vegetables (spinach, lettuce and chicory) including prolonged
their shelf life based on total microbial counts but some reducing in an important
bioactive compounds i.e. phenolics, carotenoids and chlorophyll have been
reduced. Such notice should be taken in our consideration when the UV-treated
leafy vegetables will be used as functional foods and/or in diets planning.
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Introduction

Vegetables play an important role in human diets, as they support
the normal functioning of the different body systems. They provide our
cells with vitamins, minerals, fiber, essential oils and phytonutrients.
Vegetables contain low amounts of fat and calories (Banerjee et al.,
2012). Leaf vegetables came from very wide variety of plants and they
are plants with edible leaves. Each of us knows lettuce and spinach, as
well as mustard, but also early springtime nettles are valuable source of
vitamin C. Green leafy vegetables are popularly used for food, being a
rich source of B-carotene, ascorbic acid, minerals and dietary fiber. One
of the most popular vegetable is spinach, lettuce and chicory. They are
cultivated worldwide, and are some of the most consumed green leafy
vegetables in the raw form for its taste and high nutritive value, being
regarded as an important source of phytochemicals, including
carotenoids, phenolics and chlorophyll in the diet (Dragan et al., 2011,
Goh et al., 2012 and Chang et al., 2013).

The increased demand of fresh minimally processed vegetables
has led to an increase in the quantity and variety of produce available to
the consumer in the markets. Since the last decade, spinach, lettuce and
chicory and other analogous vegetables are still the most consumed fresh
processed vegetables (Nguyen-the and Carlin, 1994). The limited shelf-
life of fresh processed leafy vegetables is one of the greatest problems
faced by commercial marketers mainly due to the natural variability in
the material. Worldwide, all fresh-cut products are by necessity handled
in modified atmosphere packaging to achieve the necessary post-harvest
lifespan. However, it is very difficult to identify an optimal storage
atmosphere with the current techniques and methodologies. Thus, efforts
are made to optimize processing to reduce losses from microbial
spoilage as well as the design of moderate but workable alternative
preservation treatments.

Irradiation is a non-thermal preservation method which involves
the exposure of food materials or products to radiation, for example
ultraviolet (UV-C) rays. This treatment brings some benefits to the fresh
cut industry as its use is approved by the code of Food and Drug
Administration (FDA) in the USA on food products to control surface
micro-organisms, does not leave a residue, and does not require
extensive safety equipment (Yaun et al., 2004). UV-C light at 254 nm is
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lethal to most microorganisms (Bintsis et al.,, 2000) such as
Pseudomonas spp. on fresh meat (Stermer et al., 1987) and Salmonella
typhimurium on fish (Huang and Toledo, 1982), and it also can be
applied to prolong shelf life of food such as orange juice (Tran and
Farid, 2004). UV-C was reported to result in 90.99% inactivation of total
viable bacteria and total inactivation of yeast and mold in pineapple
juice (Noranizan et al., 2011).

Given the great benefits provided by antioxidants, refrigerated
leafy vegetables that retained high amount of antioxidants from the fresh
vegetables are in demand. However, some of the bioactive compounds
i.e. antioxidants are destroyed by UV treatment (Pan et al., 2004,
Koutchma, 2009 and Goh et al., 2012). The losses of such bioactive
compounds may lead to colourless products, such as reported by Chen et
al. (1995) in carrot juice, and thus causes lower quality products.
Therefore, the objective of this study was to study the influence of UV-C
treatments on the bioactive compounds stability and antioxidant activity
of leafy vegetables throughout 8 days of refrigerated storage.

Materials and Methods
Materials

Selected leafy vegetables, spinach (Spinacia oleracea), lettuce
(Lactuca sativa) and chicory (Cichorium intybus) were obtained from
the Egyptian local markets, Cairo, Egypt. All chemicals, reagents and
solvents were of analytical grade and purchased from EI-Ghomhorya for
Drugs, Chemicals and Medical Instruments Trading Co. (Cairo, Egypt).

UV-C radiation treatments

The UV-C radiation device consisted of one bank of three
stainless-steel reflectors with unfiltered germicidal emitting lamps
(Atlanta Light Bulbs Inc., Tucker, Georgia) located 15 cm above the
radiation vessel. The emitted light was in the UV-C (220-290 nm, with
peak radiation at approximately 254nm) region. All of the Occupational
Safety Procedures for users was taken in the consideration through
enclosed the UV-C lamps, reflectors, and treatment area in a wooden
box supported by metal frame and covered with stainless steel cover.
The UV lamps were allowed to stabilize by turning them to 30 min.
Leafy vegetables i.e. spinach, lettuce and chicory were then placed over
a tray (50 x 40 cm, LxW) for the UV-C treatments. The tray consisted in
a polystyrene net. The UV-C radiation dose selected for these
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experiments was: 8.0 km?. Non-radiated spanish, lettuce and chicory
were considered as the control. Radiation of the product was carried out
in the air conditioning room at 18 °C to avoid a temperature increase
during the UV-C treatment. After radiation, 100 g of spinach, lettuce
and chicory were packaged and sealed in polypropylene bags and stored
at 4 °C for 8 days.
Determination of total phenolics content

Total phenolics in plant parts extracts were determined using
Folin-Ciocalteu reagent (Singleton and Rossi, 1965). Two hundred
milligrams of sample was extracted for 2 h with 2 ml of 80% MeOH
containing 1% hydrochloric acid at room temperature on an orbital
shaker set at 200 rpm. The mixture was centrifuged at 1000g for 15 min
and the supernatant decanted into 4 ml vials. The pellets were combined
and used for total phenolics assay. One hundred microliters of extract
was mixed with 0.75 ml of Folin-Ciocalteu reagent (previously diluted
10-fold with distilled water) and allowed to stand at 22 °C for 5 min;
0.75 ml of sodium bicarbonate (60 g/I) solution was added to the mixture
after 90 min at 22 °C, absorbance was measured at 725 nm. Results are
expressed as ferulic and equivalents.
Determination of total carotenoids content

Total carotenoids content (TC) analysis was performed according
to Moore (2003). The wavelength used was 450 nm and the TC was
calculated using extinction coefficient of 2500 according to the method
of Lima et al., (2005).
Determination of total chlorophyll content

Total chlorophyll (TCP) content was determined directly in
vegetables leaves by using portable chlorophyll meter hand-hold plant
nutrient meter hand-held chlorophyll analyzer, Model, Chlorophyll meter
SPAD-502Plus, Sasha, China.
Antioxidant activity

Antioxidant activity of plant extract and standards (a-tocopherol,
BHA, and BHT; Sigma Chemical Co., St. Louis, Mo) was determined
according to the B-carotene bleaching method following a modification
of the procedure described by Marco (1968). For a typical assay, 1mL of
[-carotene (Sigma) solution, 0.2 mg/mL in chloroform, was added to
round-bottom flasks (50 mL) containing 0.02 mL of linoleic acid (J.T.
Baker Chemical Co., Phillipsburg, NJ) and 0.2 mL of Tween 20 (BDH
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Chemical Co., Toronto, On). Each mixture was then dosed with 0.2 mL
of 80% MeOH (as control) or corresponding plant extract or standard.
After evaporation to dryness under vacuum at room temperature,
oxygenated distilled water (50 ml) was added and the mixture was
shaken to form a liposome solution. The samples were then subjected to
thermal autooxidation at 50 °C for 2 h. The absorbance of the solution at
470 nm was monitored on a spectrophotometer (Beckman DU-50) by
taking measurements at 10 min intervals, and the rate of bleaching of j3-
carotene was calculated by fitting linear regression to data over time. All
samples were assayed in triplicate. Various concentrations of BHT,
BHA, and a-tocopherol in 80% methanol was used as the control.
Antioxidant activity (AA, %) was calculated as percent inhibition
relative to control using the equation of Al-Saikhan et al., (1995) as
follow:

AA= (R control ~ R sample) IR control X 100

Where: R ¢onirol @Nd R sample Were the bleaching rates of beta-carotene in reactant mixture
without antioxidant and with plant extract, respectively.

Determination of total aerobic bacteria (TAB)

TAB was determined by plating suitable dilution in duplicates
using nutrient agar medium (Difco Manual 1966). This medium consists
of beef extract, bacto peptone, agar and sodium chloride by 3, 5, 15, and
5 g/L, respectively and completed by distilled water t01000 ml then the
pH adjusted to 7. Plates were incubated at 32°C for 3 days before
counting and recording the results.

Statistical analysis

Statistical analysis was performed with the Student t-test and
MINITAB program (Minitab Inc., State College, PA).
Results and Discussions

The effect of UV treatments on the total phenolics levels (TP) of
leafy vegetables throughout refrigerated storage

Data in Table (1) and Figure (1) show the effect of UV treatments
on the total phenolic levels (TP) of leafy vegetables throughout
refrigerated storage. The TPC of tested leafy vegetables i.e. spinach,
lettuce and chicory decreased during storage. The analysis of variance
for the TP data indicates that the TP values were significantly affected (P
< 0.05) by both the UV-C radiation and the storage period. Initial TP
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values for all UV-treated samples were significantly lower than those for
the control (P < 0.05). For the control samples, the TP of spinach, lettuce
and chicory was recorded 462.56, 286.40 and 405.92 mg GAE/100 g
FW, which decreased to 398.45, 231.38 and 377.54 mg GAE/100 g FW
(-13.86, -19.21 and -6.99 % a percent of control samples) at the end of
storage period (8 days at 4 °C), respectively. All the UV- treatment was
effective in significant (P < 0.05) decreasing the level of the TP in
vegetable samples after storage periods. The decreasing rates for the all
tested vegetables i.e. spinach, lettuce and chicory were -30.15, --25.92
and -24.02% (as a percent of control samples). The opposite direction
was recorded for some phenolics member (e.g. flavonoids) in UV treated
fruit juices such as starfruit, citrus and pineapple (Arcas et al., 2000;
Bhat et al., 2011 and Goh et al., 2012).The increment of total
flavonoidsis due to the increased biosynthesis of phenylalanine ammonia
lyase (PAL). After irradiation, PAL content increases (Charles et al.,
2008 and Pombo et al., 2011) and this in turn increases the biosynthesis
of flavonoids (Gonzalez-Aguilar, 2007 and Alothman et al., 2009). The
reason that different result obtained in this study as compared to those in
the literature was not determined, but the possible reason might be that
UV dosage applied in this study was lower than authors discussed above.
The reduction of some phenolics member (e.g. flavonoids) in UV-treated
pineapple juice after storage was reported by other authors (Caro et al.,
2004 and Goh et al., 2012).

The effect of UV treatments on the total carotenoids levels (TC) of

leafy vegetables throughout refrigerated storage

Data in Table (2) and Figure (2) show the effect of UV treatments
on the total carotenoid levels (TC) of leafy vegetables throughout
refrigerated storage. The TC of tested leafy vegetables i.e. spinach,
lettuce and chicory decreased during storage. The analysis of variance
for the TC data indicates that the TC values were significantly affected
(P <0.05) by both the UV-C radiation and the storage period. Initial TC
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Figure 1. The effect of UV treatments on total phenolic levels (% of
change) of leafy vegetables throughout refrigerated storage
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Figure 2. The effect of UV treatments on the total carotenoids levels (%
of change) of leafy vegetables throughout refrigerated
storage
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values for all UV-treated samples were significantly lower than those for
the control (P < 0.05). For the control samples, the TC of spinach,
lettuce and chicory was recorded 41.73, 19.82 and 7.98 mg /100 g FW,
which decreased by -16.82, -22.70 and -11.03 % (a percent of control
samples) at the end of storage period (8 days at 4 °C), respectively. All
the UV- treatment was effective in significant decreasing (P < 0.05) the
level of the TC in vegetable samples after storage periods. The
decreasing rates for the all tested vegetables i.e. spinach, lettuce and
chicory were -34.96, -52.62 and-38.47 % (as a percent of control
samples). In similar study, Dragan et al., (2011) reported that a major
contributor to the total carotene content of vegetables was b-carotene
which is the main carotenoid with pro-vitamin A activity. Regarding the
concentration of this pigment Podsedek (2007) also reported that leafy
vegetables are indeed a richer source of B-carotene than other crops.
Bhaskarachary et al., (2008) also demonstrated similar domination of -
carotene in 17 species of leafy vegetables.Significant reduction of TC in
pineapple juice after UV treatment was also reported by Goh et al.,
(2012). The lower TC in UV treated juice can be explained by the light
sensitive nature of carotenoids. This might be due to the nature of double
bonds in carotenoids which easily absorbed UV and then undergo the
process of UV photolysis. Also, Goh et al., (2012) reported that the
greater reduction of TC in UV-treated pineapple juice might be due to
the oxidation enzyme which cannot be inactivated by UV treatment.

The effect of UV treatments on the total chlorophyll levels (TCP) of
leafy vegetables throughout refrigerated storage

Data in Table (3) and Figure (3) show the effect of UV treatments
on the total chlorophyll levels (TCP) of leafy vegetables throughout
refrigerated storage. The TCP of tested leafy vegetables i.e. spinach,
lettuce and chicory decreased during storage. The analysis of variance
for the TCP data indicates that the TCP values were significantly
affected (P < 0.05) by both the UV-C radiation and the storage period.
Initial TCP values for all UV-treated samples were significantly lower
than those for the control (P < 0.05). For the control samples, the TCP of
spinach, lettuce and chicory was recorded 179.90, 91.17 and 308.00 mg
/100 g FW, which decreased by-26.45, -29.87 and -18.51% (a percent of
control samples) at the end of storage period (8 days at 4 °C),
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respectively. All the UV- treatment was effective in significant
decreasing (P < 0.05) the level of the TC in vegetable samples after
storage periods. The decreasing rates for the all tested vegetables i.e.
spinach, lettuce and chicory were -32.85, -37.03 and -35.68% (as a
percent of control samples). Although UV-C radiation prolonged shelf
life of fresh-cut spinach, lettuce and chicory based on total microbial
counts some reducing in an important bioactive compounds i.e.
phenolics have been reduced. Chlorophyll refers to the phytochemical
that gives plants their green color and pigmentation. This chemical is
responsible for absorbing solar energy to facilitate photosynthesis, a
process in which plants convert energy from sunlight into sugars.
Chlorophyll can get from green vegetables or through liquid
supplementation purchased from vitamin stores. Chlorophyll provides
nutritional benefits to the body and helps keep you healthy including
healthy bones, strong muscles, maintaining normal blood pressure and
needs for the blood to clot properly. (Niizu and Rodriguez-Amaya,
2005and Liu et al., 2007). In similar study, Dragan et al., (2011)
reported that chlorophyll was the most abundant pigment observed
among species/cultivars including the tested leafy vegetables.
Species/cultivars with high levels of chlorophylls also had relatively
high amount of lutein and total carotenes. The positive correlation
between the contents of chlorophyll and carotenoids have been also
reported for other leafy crop species, like as kale (Kopsell et al., 2004),
Swiss chard (Ihl et al., 2006) and lettuce (Caldwell and Britz, 2006).

The effect of UV treatments on the antioxidant activity (AA) of leafy
vegetables throughout refrigerated storage

Data in Table (4) and Figure (4) show the effect of UV treatments
on the AA of leafy vegetables throughout refrigerated storage. The AA
of tested leafy vegetables i.e. spinach, lettuce and chicory decreased
during storage. The analysis of variance for the AA data indicates that
the TPC values were significantly affected (P < 0.05) by both the UV-C
radiation and the storage period. Initial AA values for all UV-treated
samples were significantly higher than those for the control (P < 0.05).
For the control samples, the AA of spinach, lettuce and chicory was
recorded 64.45, 57.72 and 62.64% , which decreased to -19.35, -23.92
and -13.25% (a percent of control samples) at the end of storage period
(8 days at 4 °C), respectively. All the UV- treatment was effective in
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Figure 3. The effect of UV treatments on the total chlorophyll levels (%
of change) of leafy vegetables throughout refrigerated storage
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Figure 4. The effect of UV treatments on the antioxidant activity (% of
change) of leafy vegetables throughout refrigerated storage
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decreasing the level of the AA in vegetable samples after storage

periods. The decreasing rates for the all tested vegetables i.e. spinach,

lettuce and chicory were -35.25, -42.27 and -32.23% (as a percent of

control samples).

The effect of UV treatments on the total aerobic bacterial growth
(TABG) of leafy vegetables throughout refrigerated
storage

Data in Table (5) and Figure (5) show the effect of UV
treatments on the TABG of leafy vegetables throughout refrigerated
storage. The microflora of tested leafy vegetables i.e. spinach, lettuce
and chicory increased during storage. The analysis of variance for the
TABG data indicates that the TCP values were significantly affected (P
< 0.05) by both the UV-C radiation and the storage period. For the
control samples, the TABG of spinach, lettuce and chicory was recorded
5.51, 4.88 and 4.56 log;ocfu/g which increased to 8.13, 7.88 and 7.72
logiocfu/g (58.11, 61.47 and 69.30% as a percent of control) at the end
of storage period (8 days at 4 °C), respectively. All the UV- treatment
was effective in reducing growth the TABG in vegetable samples after
storage periods in comparing with the untreated samples. The increasing
effect rates for the all tested vegetables were closed to each other ranged
31.80-34.93% (as a percent of control samples). Therefore, UV-C
radiation prolonged shelflife of fresh-cut spinach, lettuce and chicory
based on total microbial counts. Actually, in compliance with the
recommended microbial limit of total plate counts for ready-to-eat
vegetables established by the Spanish legislation (Boleti'n Oficial del
Estado, BOE, 2001) (7 log cfu g'1), the untreated control of spinach,
lettuce and chicory had a shelf-life that was at least 4, 6 and 6 days
shorter than UV-C treated samples, respectively. All of the present data
are in accordance with that obtained by Allende et al., (2006). They
reported that there were different growth behaviors among bacterial
groups but they all responded similarly towards UV-C radiation
treatment. UV-C radiation was effective in reducing growth of most of
the tested micro-organisms. Maximum growth reductions were observed
between 2 and 6 days of storage for the higher radiation doses (2.37 and
7.11 kJm_2). Also, Allende and Artes (2003a, b) found similar results
when minimally processed lollo rosso and red oak leaf lettuces were
treated with 0.4, 0.81, 2.44, 4.07, and 8.14 kJm™ on only
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Figure 5. The effect of UV treatments on the total aerobic bacterial
growth (TABG) of leafy vegetables throughout refrigerated
storage

one side of the tissue. Data of previous studies mentioned that studies
illustrated that the UV light penetrates the outer cell wall of the
microorganism, passes through the cell body, reaches the DNA and
alters the genetic material. The microorganisms are thereby destroyed in
a non-chemical  manner.  [http://www.aquafineuv.com/ UV
Technology/UV Science.aspx]

Correlation analysis

In the correlation analysis, important differences were found
between phenolics, carotenoids, chlorophyll and antioxidant activity of
control and UV-treated leafy vegetables throughout refrigerated storage
(Figures 6). When all leafy vegetables were included in the statistical
analysis, there was a positive significant (p<0.05) relationship between
total phenolics (> = 0.584), total carotenoids (r* = 0.385), total
chlorophyll (r* = 0.312) and antioxidant activity in control and UV-
treated leafy vegetables throughout refrigerated storage. These
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Figure 6. Correlation between antioxidant activity (AA) and bioactive

compounds in control and UV-treated leafy vegetables
throughout refrigerated storage: (a) AA vs. total phenolics, (b)
AA vs. carotenoids, and (c) AA vs. chlorophyll.
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correlations confirm that phenolic compounds mainly, carotenoids and
chlorophyll partially responsible for the antioxidant activity of the
control and UV-treated leafy vegetables throughout refrigerated storage.
Also, these data indicates that many other bioactive compounds beside
phenolics, carotenoids and chlorophyll such vitamins, fibers, minerals
etc probably contribute in the antioxidant activity of the tested leafy
vegetables. This information was confirmed by Krishnaswamy and
Raghuramulu (1998) who reported that antioxidant properties, one
medicinal plant that has been proposed having interesting antioxidant
activity and protective capacities due to the presence of components
such as vitamins C and E, and other non-nutrient substances is dietary
practices including leafy vegetables. Also, Velioglu et al., (1998)
reported that the correlation coefficient between total phenolics and
antioxidative activities of 28 plant products and by-products, including
sunflower seeds, flaxseeds, wheat germ, buckwheat, several fruits,
vegetables, and medicinal plants was statistically significant. Also,
Elhassaneen and Abd Elhady (2014) reported relationship between
antioxidant activity and total phenolics in selected vegetable commonly
consumed in Egypt.

Conclusion

Irradiation is a non-thermal preservation method which involves
the exposure of food materials or products to radiation, for example
ultraviolet (UV-C) rays. This treatment brings some benefits to the fresh
cut industry of leafy vegetables (spinach, lettuce and chicory) including
prolonged their shelf life based on total microbial counts but some
reducing in an important bioactive compounds i.e. phenolics,

carotenoids and chlorophyll have been reduced. Such notice should be

taken in our consideration when the UV-treated leafy vegetables will be
used as functional foods and/or in diets planning.

45



Journal of Home Economics, Volume 27, Number (2), 2017

References

Allende, A.; Artes, F. (2003-a) UV-C radiation as a novel technique for
keeping quality of fresh processed ‘Lollo Rosso’ lettuce. Food
Research Int. 36:739-746.

Allende, A.; Artes, F. (2003-b). Combined ultraviolet—-C and modified
atmosphere packaging treatments for reducing microbial growth of
fresh processed lettuce. Lebensmittel Wissenschaft Technology,
36(8): 779-786.

Allendea A. , James L. McEvoyb, Yaguang Luob, Francisco Artesc, Chien
Y. Wangb (2006). Effectiveness of two-sided UV-C treatments in
inhibiting natural microflora and extending the shelf-life of minimally
processed ‘Red Oak Leaf” lettuce. Food Microbiology 23: 241-249

Alothman, M., Bhat, R. and Karim, A.A. (2009). UV radiation-induced
changes of antioxidant capacity of fresh-cut tropical fruits. Innovative
Food Science and Emerging Technologies 10: 512-516.

Al-Saikhan, M. S.; Howard, L. R. and Miller, J. C., Jr. (1995). Antioxidant
activity and total phenolics in different genotypes of potato (Solanum
tuberosum, L.). Journal of Food Science., 60 (2): 341-343.

Arcas, M.C., Botia, J.M., Ortuiio, A.M. and Rio, J.A.D. (2000). UV
irradiation alters the levels of flavonoids involved in the defense
mechanism of Citrus aurantium fruit against Penicilliumdigitatum.
European Journal of Plant Pathology 106: 617-622.

Banerjee A., Datta J.K. and Mondal N.K. (2012). Biochemical changes in
leaves of mustard under the influence of different fertilizers and
cycocel. Journal of Agricultural Technology, 8 (4): 1397-1411.

Bhaskarachary, K.; Ananthan, R. and Longyah, T. (2008). Carotene content
of some common (cereals, pulses, vegetables, spices and condiments)
and unconventional sources of plant origin. Food Chemistry, 106: 85-
89.

Bhat, R., Ameran, S., Voon, H.C., Karim, A.A. and Tze, L.M. (2011).
Quality attributes of starfruit (Averrho acarambola L.) juice treated
with UV radiation. Food Chemistry 127: 641-644.

Bintsis, T., Litopoulou-Tzanetaki, E. and Robinson, R.K. (2000). Existing
and potential applications of UV light in the food industry — a critical
review. Journal of the Science of Food and Agriculture 80: 637-645.

46



Journal of Home Economics, Volume 27, Number (2), 2017

Boleti’'n Oficial del Estado (BOE), (2001). Normas de higiene para la
elaboracio” n, distribucio” n y comercio de comidas preparadas,
Madrid, Spain, Real Decreto 3484/2000, pp. 1435-1441.

Caldwell, C. R., & Britz, S. J. (2006). Effect of supplemental ultraviolet
radiation on the carotenoid and chlorophyll composition of green
house-grown leaf lettuce (Lactuca sativa L.) cultivars. Journal of
Food Composition and Analysis, 19: 637-644.

Caro, A.D., Piga, A., Vacca, V. and Agabbio, M. 2004. Changes of
flavonoids, vitamin C and antioxidant capacity in minimal processed
citrus segments and juices during storage. Food Chemistry 84: 99-
105.

Chang S.K., Nagendra Prased K., Amin I. (2013). Carotenoids retention in
leafy vegetables based on cooking methods. International Food
Research Journal, 20 (1): 457— 465.

Charles, M.T., Goulet, A. and Arul, J. (2008). Physiological basis of UV-C
induced resistance to Botrytis cinerea in tomato fruit IV. Biochemical
modification of structural barriers. Postharvest Biology and
Technology 47: 41-53.

Chen, H.E., Peng, H.Y. and Chen, B.H. (1995). Changes of
carotenoids,colour and vitamin A contents during processing of carrot
juice. Journal of Agricultural and Food Chemistry 43: 1912-1918.

Difco Manual of Dehydrate Culture Media and reagents procedures (1966).
Nith. Ed. Difco Laboratories, Detroitt, Michigan, USA.

Dragan Z.; Dean B. and Helena S.(2011). Carotenoid and chlorophyll
composition of commonly consumed leafy vegetables in
Mediterranean countries. Food Chemistry 129: 1164-1168.

Elhassaneen Y. and Abd Elhady, Y. (2014). Relationship between
antioxidant activity and total phenolics in selected vegetables, fruits,
herbs and spices commonly consumed in Egypt. Journal of American
Scienc, 10(6): 86-94.

Goh, S.G.; Noranizan, M.; Leong, C.M.; Sew C.C. and Sobhi, B. (2012).
Effect of thermal and ultraviolet treatments on the stability of
antioxidant compounds in single strength pineapple juice throughout
refrigerated storage. International Food Research Journal 19 (3):
1131-1136.

47



Journal of Home Economics, Volume 27, Number (2), 2017

Gonzélez-Aguilar, G.A., Zavaleta-Gatica, R. and Tiznado-Hernandez, M.E.
(2007). Improving postharvest quality of mango Haden by UV-C
treatment. Postharvest Biology and Technology 45: 108-116.

Huang, Y.W. and Toledo, R. (1982). Effect of high and low intensity UV
irradiation on surface microbiological counts and storage-life of fish.
Journal of Food Science 47: 1667-1669.

Ihl, M., Shene, C., Scheuermann, E., & Bifani, V. (2006). Correlation of
pigment content through colour determination using tristimulus
values in a green leafy vegetable, Swiss chard. Journal of the Science
of Food and Agriculture, 66: 527-531.

Kopsell, D. A.; Kopsell, D. E., and Lefsrud, M. G. (2004). Variation in
lutein, B-carotene, and chlorophyll concentrations among Brassica
oleraceae cultings and seasons.HortScience, 39: 361-364.

Koutchma, T. (2009). Advances in UV light technology for non-thermal
processing of liquid foods. Food and Bioprocess Technology 2: 138-
155.

Krishnaswamy K., Raghuramulu N. (1998) Bioactive phytochemicals with
emphasis on dietary practices. Indian Journal of Medical Research,
No. 108, p. 167-181

Lima, V.L.A.G., Mélo, E.A., Maciel, M.1., Prazeres, F.G., Musser, R.S. and
Lima, D.E.S. (2005). Total phenolic and carotenoid contents in
acerola genotypes harvested at three ripening stages. Food Chemistry
90: 565-568.

Liu, Y. T.; Perera, C. O., and Suresh, V. (2007). Comparison of three
chosen vegetables with others from South East Asia for theit lutein
and zeaxanthin content. Food Chemistry, 101:1533-15309.

Moore, J.P. (2003). Carotenoid synthesis and retention in mango
(Mangiferiindica) fruit and puree as influenced by postharvest and
processing treatments. University of Florida, M.Sc. Thesis. Florida,
FL.

Nguyen-the, C., Carlin, F., (1994). The microbiology of minimally
processed fresh fruits and vegetables. CRC Crit. Rev. Food Sci.Nutr.
34, 371-401.

Niizu, P. Y., and Rodriguez-Amaya, D. B. (2005). New data on the
carotenoids composition of raw salad vegetables. Journal of Food
Composition and Analysis, 18, 739-749.

48



Journal of Home Economics, Volume 27, Number (2), 2017

Noranizan, M., Sharizah, S., Sew, C.C. and Karim, R. (2011). Comparison
between pulsed light and ultraviolet treatment on microflora survival
and quality attributes of pineapple juice. Universiti Malaysia
Terengganu 10th International Annual Symposium (UMTAS), Kuala
Terengganu, Malaysia, July 11-13, 2011, p.172.

Pan, J., Vicente, A.R., Martinez, G.A., Chaves, A.R. and Civello, P.M.
(2004). Combined use of UV-C irradiation and heat treatment to
improve postharvest life of strawberry fruit. . Journal of the Science
of Food and Agriculture 84: 1831-1838.

Podsedek, A. (2007). Natural antioxidants and antioxidant capacity of
Brassica vegetables: A review. LWT, 40: 1-11.

Pombo, M.A., Rosli, H.G., Martinez, G.A. and Civello, P.M. (2011). UV-C
treatment affects the expression and activity of defense genes in
strawberry fruit (Fragaria x ananassa, Duch.). Postharvest Biology
and Technology 59: 94-102.

Singleton, V. L. and Rossi, J. A., Jr. (1965). Colorimetry of total phenolics
with phosphomolybdic-phosphotungstic acid reagents. Am. J. Enol.
Vitic. 16: 144-158.

Stermer, R.A., Lasater-Smith, M. and Brasington, C.F. (1987). Ultraviolet
irradiation — an effective bactericide for fresh meat. Journal of Food
Protection 50: 108-111.

Tran, M.T.T. and Farid, M. 2004. UV treatment of orange juice. Innovative
Food Science and Emerging Technologies 5: 495-502.

Velioglu, Y.S.; Mazza, G.; Gao, L. and Oomah, B.D. (1998). Antioxidant
activity and total phenolics in selected fruits, vegetables and grain
products. J. Agric. Food Chem., 46 (10): 4113-4117.

Yaun, B.; Sumner, S.; Eifert, J.; Marcy, J. (2004). Inhibition of pathogens
on fresh produce by ultraviolet energy. International Journal of Food
Microbiology, 90 (1): 1-8.

49



Journal of Home Economics, Volume 27, Number (2), 2017

L ol g Adadill) S yall el o Daudinl) (598 AL Adalaal) il
3 el ¢y A S LT A8 o) <l g piadd) A BansOU alaal) oLl 9
" Clay) ¢ adlas Al

e =G0 - (3308 30 Raala e il A 0 IS -l S Y )
e 58l - 5 el daals e 30 A - 400 cleliall aud”

a3 LS ey pidall Aaall a5 ) U sSall | jaiae Aball g il ygia
gl ) lld 8 Lay e il (5 pdall 3138 pUail) 3 a5 §Uas e 48550 <5 jumal)
Ayl sa aeill ey LS Al A ol sandll ) 5 €13 L gl g ddail] LS jall (g L gina
JEall s e e LoD Lglatia 5 450380 0 sal) (o o3 LA (g oy (T 2 5l s e s
el s Al )l Gaadl 13 goal 25 (UV-C) = dikiall uld Landid) (358 4xid)
8 B3SO aladl) Lalalls Lagln ddadill S all i o dmadill (358 AaiYL
i oSNy Y gidl) @ sanal Cplill Jilad padis 2 el Al el 480 <l g juadl)
Lsine il Lead G ) somkall A8 )5l iy peadl) e B AIKH @l
b i el G R 5 Ladial) (358 AL Aabaalls 58 s n @il (p<0.05)
@Y il g sanal (p<0.05) ssine oRliRY S ) Lsadid) (358 AdYL Alaladl)
& ladie dlajliall cilipelly 45 )lie 48 )5l il 5 puadldl 8 ASN O ) SIS 5 i )\l
(p<0.05) 4 sine A8dle lia culS ¢ Slany) Jaill 3 485 5l) 5 jumil) g Gpanad
O 55 S sana (12 = 0,385) LS iy IS (12 = 0.584) Gl il il o
B8 AVl Aldlrall ligall s Adailiall Cliall 3 500850 sladl Lliilly (12 = 0.312)
Al sell LSl sai Maal O o sl iS00 Sl edal LS 2 pall 3l ol dnnisl
<y Al (loggg cfu/g) .07 ¢ € AN ¢ 0.0) Jan By pudl 5 (udll g bl 3
CYEN0 T Ay ghallae pull g pemdll el 7T 5T EY 5 0AN Y Ve
Glo digiadapn € Lo il e ol A da Andiil) (368 4a3Y0 Alebaall il /7€ QY
St adad Aelival 20 ) ey L) (358 AasVL lelaall (lad gl iy s
Oe o) &5 lly Lgiadla 3ae Jsk Jie Gyl s peadl s ilndl Jia da jlall 48 )
Ggn A gag Al @l i AY) sl e (Shy ¢ s Sl sl g gane DA
i Sl Y gl Jie Laslon dadil) Aalgdl ClSHall o sl (8 palisd)
Alaleall 48 ) 5l) <l g il aladiad die SlieY) b glill 3T ey N o KU

Agaal) s sl Jaglads A LAY ) diula 5 A,0e 1S dnndinl] (558 AL

(Db g 5 SIS i o Ny gidl) e dddaiad) ) Auaodill (358 AalY) sdalidal) cilalsl)
A gl Ly sl GJSS\ 22l ¢yl ¢ gl cé.'\l..p.d\

50



