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Abstract 

Several epidemiological studies have revealed the potential benefits of an appropriate and 
equilibrated diet rich in fruit and vegetables to prevent several diseases in those people with genetic 
predisposition. Phytochemicals of vegetables, such as phenolic compounds, carotenoids and vitamins 
offer health-promoting benefits. Orange vegetables, such as carrots, pumpkin, sweet potatoes, etc., 
are very popular in the Mediterranean diet. These vegetables are important contributors of 
antioxidants in the diet as polyphenols, carotenoids and vitamins (A, C, E, etc). Accordingly, these 
vegetables could be used as a functional food if the content of such phytochemicals is enhanced. 
Abiotic stresses, such as UV-C, superatmospheric oxygen, wounding, etc., applied during postharvest 
can be used as a tool to enhance phytochemicals. Hence, these stressed vegetables with high health-
promoting properties can be consumed as a functional food, with high added value, or as a natural 
nutraceutical to be included in other functional foods like beverages like smoothies. 
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1. State of the art 

The current worldwide drive for a healthier 
lifestyle has led to a rising demand for 
convenient fresh foods, free from additives, 
with high nutritional value, including antioxidant 
and free-radical scavenging properties, to be 
consumed both in food services and at home [1]. 
Consumer demands in the field of food 
production have changed considerably in the 
last decades. Consumers more and more believe 
that foods contribute directly to their health. 
Today foods are not intended to only satisfy 
hunger and to provide necessary nutrients for 
humans but also to prevent nutrition-related 
diseases and improve physical and mental well-
being of the consumer. In this regard, functional 
foods play an outstanding role. The increasing 
demand on such foods can be explained by the 
increasing cost of healthcare, the steady 
increase in life expectancy and the need to 
satisfy population groups with special needs 
such as elderly and children [2]. 

Carrot (Daucus carota L.) is a popular vegetable 
among children and adults. The popularity of 
this vegetable is mainly due to the pleasant 
flavour, bright orange colour, healthiness and 

relative cheapness among other properties. 
Carrot is the major vegetable source of 
provitamin A carotenoids (especially β-
carotene) in the human diet, which have been 
reported to be protective against certain types 
of cancers and to have other health benefits [3]. 

Pumpkin (Cucurbita spp.) is one of the well-
known edible plants and has substantial 
medicinal properties due to the presence of 
unique natural edible substances. It contains 
several phyto-constituents belonging to the 
categories of alkaloids, flavonoids, and palmitic, 
oleic and linoleic acids. Various important 
medicinal properties including anti-diabetic, 
antioxidant, anti-carcinogenic, anti-
inflammatory and others have been well 
documented [4]. 

Sweet potato (Ipomoea batatas [L.] Lam) could 
be considered as an excellent novel source of 
natural health‐promoting compounds, such as 
β‐carotene and anthocyanins, for the functional 
food market. The high concentration of 
anthocyanin and β‐carotene in sweet potato, 
combined with the high stability of the colour 
extract make it a promising and healthier 
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alternative to synthetic colouring agents in food 
systems [5]. 

Reactive oxygen species could be important 
cause active agents of a great number of human 
diseases. Antioxidant components provide 
protection against harmful free radicals, which 
are produced by aerobic metabolism and have 
been strongly associated with reduced risk of 
chronic diseases, such as cardiovascular 
diseases, cancer, diabetes, Alzheimer’s disease, 
cataracts and age-related functional decline, in 
addition to other health benefits. Diets rich in 
orange and dark-green have been associated 
with a reduction in chronic diseases such as 
cardiovascular diseases, certain cancers and 
type 2 diabetes. These protective effects are 
generally credited to the additive and synergistic 
effect of antioxidants and other nutrients found 
in these vegetables. The importance of 
consuming orange and dark-green vegetables is 
underscored by the Healthy People 2010 
guidelines, which include an objective to 
increase the proportion of individuals aged 2 
years and older who eat at least one daily 
serving. The ‘5 A Day’ is a worldwide campaign 
(Spain, USA, United Kingdom, Germany, Canada, 
etc.) to encourage the consumption of at least 
five portions of fruit and vegetables each day, 
following a recommendation by the World 
Health Organization that individuals consume ‘a 
minimum of 400g of fruit and vegetables per day 
(excluding potatoes and other starchy tubers)’ 
[6]. The US Department of Agriculture also 
included a specific recommendation for dark-
green and orange vegetable intake in the 2005 
Dietary Guidelines for Americans. In general, 0.6 
to 0.9 servings of dark-green vegetables and 0.4 
to 0.6 servings of orange vegetables per week 
are recommended for adults. Yet, recent 
research indicates that intakes of dark-green 
and orange vegetables among Americans do not 
meet recommendations [7]. 

Numerous studies have demonstrated that the 
lung and others types of cancer are inversely 
related with the consumption of carotenes [8]. 
Phenolic compounds in fruits and vegetables are 
of great interest in two respects. First, they 
contribute to the sensory qualities of fruits and 
vegetables: colour, astringency, bitterness, and 
aroma. Second, some phenolics possess 
pharmacological properties and are used for 
therapeutic purposes [9]. The accumulation of 
phenolic compounds represents a major key 
factor in the inducible defence mechanisms of 
plants through the phenylpropanoid pathway. 
The induction of the phenylpropanoid 

metabolism could be also achieved 
experimentally by treatments with elicitors or 
exposure to specific stress conditions. However, 
wound signalling in plants is a complex process 
involving a whole array of molecules with 
regulatory activity, where the linear signalling 
pathways can form networks allowing 
overlapping and interlinking of signals or cross-
talk [10]. 

The fresh-cut produce market has undergone a 
rapid growth within the food industry, caused by 
trends in life style, diet, importance for health, 
and healthy alternative in restaurants. 
Additionally, there is an increasingly growing 
market for nutraceuticals and functional foods. 
Enhancing the health benefit properties of fruits 
and vegetables will add value and create new 
opportunities for growers and processors by 
reaching health-oriented markets. However, 
minimal processing operations damage fruits 
and vegetables tissue integrity which triggers 
deteriorative processes including oxidative 
browning, tissue softening, water loss and 
development of undesirable flavours and 
odours. In addition, removal of the natural 
protective epidermal barrier and increase of the 
moisture and dissolved sugars contents on the 
product surface provide ideal conditions for 
microbial colonization and proliferation [11,12]. 
Accordingly, there is a need to provide 
technologies that can ensure the delivery of high 
quality products, safe and with high levels of the 
desired nutraceuticals [1]. 

The application of postharvest abiotic stresses in 
fresh fruits and vegetables induces the 
accumulation of antioxidants. Among different 
fruits and vegetables, carrots have shown an 
excellent response to abiotic stresses to 
increase their health-promoting compounds 
[13,14,15]. Carrots respond to wounding stress 
accumulating phenolic compounds such as 
caffeoylquinic and ferulic acids. These 
antioxidant compounds are highly absorbed and 
metabolized in humans [13]. As a postharvest 
treatment, UV-C irradiation has proven 
beneficial to reduce respiration rates, to rot 
development control, and to delay senescence 
and ripening in different fruit and vegetables. 
Packaging under high oxygen conditions can be 
used to decrease microbial growth during shelf 
life of fresh-cut fruits and vegetables. 
Furthermore, this technique may keep sensory 
attributes, reducing enzymatic browning and 
preventing anaerobic fermentation and 
moisture and odour losses. The antimicrobial 
effect of high oxygen atmospheres, contrary to 
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the high CO2 levels reached within packages 
throughout storage, is not well known yet 
[12,16]. The most important enzymes 
associated with discoloration and browning are 
peroxidase and polyphenol oxidase. In addition, 
surface-tissue lignification of fresh-cut carrots 
leads to unfavourable colour changes that 
reduce acceptability. It has been observed that 
wounding activates the natural tissue defence 
mechanisms such as increased phenylalanine 
ammonia lyase activity, the key enzyme of the 
phenylpropanoid pathway [14]. 

To increase the intake of fruits and vegetables, 
as an alternative and/or addition to the 
consumption of fresh fruits and vegetables, the 
food industry offers the manufacture of 
beverages such as juices and smoothies. 
Smoothies, originally consisting of purely fresh 
fruits and vegetables, were first introduced in 
the 1960 in United States and re-emerged in the 
2000. Smoothies are blended drinks consisting 
of a number of ingredients including fruit (or less 
commonly vegetables), fruit juice, ice, yoghurt 
and milk. There are three main types of 
smoothies: fruit only, fruit and dairy, and 
functional. Smoothies could contribute to the 
supply of fruits and vegetables, especially to 
people who cannot consume fresh fruits and 
vegetables mainly due to market availability 
and/or convenience. Depending on the 
manufacture and composition, one smoothie 
could be enough to replace the nutritional value 
of at least one portion of fruits or vegetables 
[17]. 

The objective of this PhD Thesis will be to 
develop smoothies of orange vegetables with 
high content of bioactive compounds. The 
bioactive content of harvested vegetables will 
be conducted through abiotic stresses. 
Accordingly, conditions of abiotic stresses will be 
optimized in order to obtain the maximum 
bioactive content enhancements in the 
vegetables which will be used to obtain 
functional smoothies. Furthermore, optimum 
thermal and non-thermal treatments will be 
studied in order to obtain a product with 
excellent sensory attributes during its 
commercial life meeting always the applicable 
food safety regulations. 

 

2. Acknowledgements 

We acknowledge Spanish Ministry of Economy 
and competitiveness MINECO (AGL2013-48830-
C2-1-R) and FEDER for financial support. 

References 
[1] Artés F., Gómez P.,  Aguayo A., Escalona V.H., 
Artés-Hernández F. 2009. Sustainable sanitation 
techniques for keeping quality and safety of 
fresh-cut plant commodities. Postharvest Biol. 
Technol. 51: 287-296. 
[2] Siró I., Kapolna E., Kapolna B.,  Outweigh A. 
2008. Functional food. Product development, 
marketing and consumer acceptance—A review. 
Appetite. 51: 456–467. 
[3] Kjeldsen F.,  Christensen L.P., Edelenbos M. 
2013. Changes in volatile compounds of carrots 
(Daucus carota L.) during refrigerated and frozen 
storage. J. Agric. Food Chem. 51: 5400−5407. 
[4] Yadav M., Jain S., Tomar R., Prasad G.B.K.S., 
Yadav H. 2010. Medicinal and biological 
potential of pumpkin: an updated review. Nutr. 
Res. Rev. 23: 184-190. 
[5] Bovell‐Benjamin A.C. 2007. Sweet Potato: A 
review of its past, present, and future role in 
human nutrition. Adv. Food Nutr. Res. 52: 1–59. 
[6]http://www.who.int/dietphysicalactivity/frui
t/en/ 
[7] Izumi B.T. et al. 2011. Associations between 
neighborhood availability and individual 
consumption of dark-green and orange 
vegetables among ethnically diverse adults in 
Detroit. Diet Assoc. 111: 274-279. 
[8] Ziegler R.G., Colavito E.A., Hartge P., 
McAdams M.J. 1996. Importance of α-carotene, 
β-carotene, and other phytochemicals in the 
etiology of lung cancer.  J. National Cancer 
Institute. 88: 612-615. 
[9] Alasalvar C., Grigor J.M., Zhang D., Quantick 
P.C., Shahidi S. 2001. Comparison of volatiles, 
phenolics, sugars, antioxidant vitamins and 
sensory quality of different colored carrot 
varieties. J. Agric. FoodChem. 49: 1410-1416. 
[10] Heredia J.B., Cisneros-Zevallos L. 2009. The 
effect of exogenous ethylene and methyl 
jasmonate on pal activity, phenolic profiles and 
antioxidant capacity of carrots (Daucus carota) 
under different wounding intensities. 
Postharvest Biol. Technol. 51: 242–249. 
[11] Iqbal T., Rodrigues F., Mahajan P., Kerry J., 
Gil L., Manso M. 2008. Effect of minimal 
processing conditions on respiration rate of 
carrots. J. Food Sci. 73: 396-402. 
[12] Alegria C., Pinheiro J., Duthoit., Gonçalves 
M. 2012. Fresh-cut carrot (cv. Nantes) quality as 
affected by abiotic stress (heat shock and UV-C 
irradiation) pre-treatments. LWT - Food Sci. 
Technol. 48: 197-203. 

http://www.sciencedirect.com/science/article/pii/S1043452606520017
http://www.sciencedirect.com/science/bookseries/10434526
http://www.sciencedirect.com/science/bookseries/10434526/52/supp/C
http://www.who.int/dietphysicalactivity/fruit/en/
http://www.who.int/dietphysicalactivity/fruit/en/


4º Workshop en Investigación Agroalimentaria – WiA15. Cartagena, 11-12 de mayo de 2015 

 242 | 269 
 

[13] Jacobo-Velázquez D.A., Martínez-
Hernández G.B., Rodríguez S.C, Cao C.M., 
Cisneros-Zevallos L. 2011. Plants as biofactories: 
Physiological role of reactive oxygen species on 
the accumulation of phenolic antioxidants in 
carrot tissue under wounding and hyperoxia 
stress. J. Agric. Food Chem. 59: 6583-6593. 
[14] Cisneros-Zevallos L. 2003. The use of 
controlled postharvest abiotic stresses as a tool 
for enhancing the nutraceutical Content and 
adding-value of fresh fruits and vegetables. J. 
Food Sci. 68: 1560-1565. 
[15]Fernando Reyes L., Villarreal J.E., Cisneros-
Zevallos L. 2007. The increase in antioxidant 
capacity after wounding depends on the type of 
fruit or vegetable tissue. Food Chem. 101: 1254–
1262. 
[16] Martínez-Hernández G.B., Artés-Hernández 
F., Gómez P.A., Formica A.C, Artés F. 2013. 
Synergistic combination of electrolyzed water, 
UV-C and superatmospheric O2 packaging for 
improving fresh-cut broccoli quality. 
Postharvest Biol. Technol. 76: 125–134. 
[17] Di Cagno R., Minervini G., Rizzello C.G., De 
Angelis M., Gobbetti M. 2011. Effect of lactic 
acid fermentation on antioxidant, texture, color 
and sensory properties of red and green 
smoothie. Food Microbiol. 28: 1062-1071. 
 
 




