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In recent years, there is an increasing interest on the utilization of natural additives for development of functional 
foods with health-promoting properties. Several fruits and vegetables were found to be a good source of antioxidant 
polyphenols. Moreover, their antioxidant activities can be comparable with this of synthetic antioxidants, such as 
butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT) and ter-butylhydroquinone (TBHQ), which are 
the most common used food additives (Chan et al, 2018). However, some studies have reported the harmful effects 
of synthetic antioxidants on human health. On the other hand, consumers are more and more pretentious when they 
buy food by demanding products with satisfactory organoleptic characteristics, like attractive color and odor. Thus, 
researchers are interested in the study of natural antioxidants generated from food industry by-products that have 
acceptable both organoleptic and antioxidant properties. 

Pomegranate is an excellent source of bioactive components with a considerable amount of various phenolic 
compounds. During pomegranate juice processing large amounts of by-product wastes are generated composed of 
peels (78%) and seeds (22%) with limited use as animal feed (Cam et al, 2013). However, pomegranate peels were 
found to contain higher amounts of phenolics than the edible fleshy parts and so, over the last decade many 
researchers have focused on their exploiting in food industry as natural antioxidants. Several studies have been 
published to extract phenolics from pomegranate peels with various extraction methods. Nevertheless, phenolic 
compounds can be easily degraded by environmental factors, such as light, oxygen and temperature, losing their 
antioxidant activity and even producing negative sensory effects on products. One way to improve the stability of 
these compounds is through microencapsulation whereby the phenolics are encased inside a wall material. Spray 
drying is the most popular encapsulation technique in food applications, used in 51% of the publications 
(Labuschagne, 2018). Through this technique, polyphenols could be protected naturally and several problems, such 
as low solubility, low stability and unpleasant taste, color, and odor, can be overcome. 

Numerous food products have been fortified with phenolic compounds from fruits and vegetables. Abid et al 
(2017) reported that phenolic extract of tomato by-products can be used as antioxidant in extending the self-life of 
butter. Benvenutti et al (2019) observed that the incorporation of apple pomace phenolic extract improved the 
bioactivity and sensorial quality of cider. Similar results were reported from Lorentzo and Munekata (2014), Luca et 

al (2014), and Saponjak et al (2016) for the addition of green tea phenolics to pork patties, encapsulated sour cherry 
phenolics to cake, and encapsulated sour cherry pomace phenolics to cookies, respectively. Concerning the 
pomegranate peel extract, a number of research works study the antioxidant effect of this extract in various food 
products, such as cooked chicken (Naveena et al, 2008), sunflower oil (Iqbal et al, 2008), ice cream (Cam et al, 
2013), fish oil (Topuz et al, 2014), hazelnut paste (Kaderides et al, 2015), and beef meatballs (Turgul et al, 2016). 

In our previous work (Kaderides & Goula, 2018), total phenolics extracted from pomegranate peels by 
ultrasound-assisted technique were encapsulated by spray drying using orange fiber powder as wall material. 
However, the final step of a successful encapsulation process is that the encapsulated powder can be easily 
incorporated in foods.  

Thus, in this study, the efficiency of crude and encapsulated pomegranate peel extract in improving the total 
phenolic content (TPC), antioxidant activity (AA), and self-life of sunflower oil and cookies was evaluated during 
storage, using Folin–Ciocalteu and DPPH methods and determining the peroxide values (PV). Moreover, sensory 
evaluation was carried out for the cookies samples. Cookies were enriched with extract at a phenolics concentration 
of 5000 ppm, whereas in the case of sunflower oil, the phenolic concentration was 500 and 1000 ppm. For the 
storage study, the cookies products were kept at 25oC for 21 days. Regarding the sunflower oil, due to the time-
consuming nature of the testing at storage conditions of 40oC or lower, the simple accelerated method of using oven 



storage at 60oC for 26 days was carried out. Samples were periodically withdrawn during the storage in order to 
measure PV, TPC, AA, and color. 

According to the results, the incorporation of extracts improved the nutritional value (TPC and AA) of the 
products and enhanced their storage stability. In the case of cookies, it was observed that a large amount of the 
phenolic compounds was degraded during baking even if they were encapsulated. However, encapsulation had a 
significant effect (p ≤ 0.05) on the preservation of TPC compared to the crude extract. All the sunflower samples 
containing extract had lower values of PV than the control sample. Concerning the samples of cookies, low PV at all 
storage times was observed, so these products were highly stable in terms of oxidation. Regarding the sensory 
evaluation of cookies, the results showed that the enriched products had acceptable sensorial qualities. Compared to 
the control sample, sensory scores of enriched products showed significant (p ≤ 0.05) changes in astringency, color, 
and odor. Color became darker in products enriched with crude extract, partly due to the higher level of polyphenols, 
whereas it became brighter and more yellow in the case of the encapsulated extract addition due to the wall material 
(orange wastes). Hence, encapsulated extract addition caused an increase in the scores for color and odor compared 
to control sample and the product with crude extract. However, the addition of extracts, mainly of the encapsulated 
one, led to an increase of astringency, but without affecting significantly the final evaluation of products. Thus, the 
process of encapsulating pomegranate peel polyphenols and their incorporation in foods described in this study 
represent a promising way for functional food development. 

References 
Abid, Y., Azabou, S., Jridi, M., Khemakhem, I., Bouaziz, M., & Attia, H. (2017). Storage stability of traditional 

Tunisian butter enriched with antioxidant extract from tomato processing by-products. Food Chemistry, 233, 
476–482. 

Benvenuttia, L., Bortolinia, D.G., Nogueiraa, A., Zielinskib, A.A.F., & Alberti, A. (2019). Effect of addition of 
phenolic compounds recovered from apple pomace on cider quality. LWT - Food Science and Technology, 100, 
348–354. 

Cam, M., Erdogan, F., Aslan, D., & Dinc, M. (2013). Enrichment of functional properties of ice cream with 
pomegranate by-products. Journal of Food Science, 78, C1543–C1550. 

Chan, C-L., Gan, R., Shah, N.P., & Corke, H. (2018). Enhancing antioxidant capacity of Lactobacillus acidophilus-
fermented milk fortified with pomegranate peel extracts. Food Bioscience, 26, 185–192. 

Iqbal, S., Haleem, S., Akhtar, M., Zia-ul-Haq, M., & Akbar, J. (2008). Efficiency of pomegranate peel extracts in 
stabilization of sunflower oil under accelerated conditions. Food Research International, 41, 194–200. 

Kaderides K, & Goula A.M. (2018). Encapsulation of pomegranate peel extract in orange juice by-products. Journal 

of Food Engineering, submitted. 
Kaderides, K., Goula, A.M., & Adamopoulos, K.G. (2015). A process for turning pomegranate peels into a valuable 

food ingredient using ultrasound-assisted extraction and encapsulation. Innovative Food Science & Emerging 

Technologies, 31, 204–215. 
Labuschagne, P. (2018). Impact of wall material physicochemical characteristics on the stability of encapsulated 

phytochemicals: A review. Food Research International, 107, 227–247. 
Lorenzo, J.M., & Munekata, P.E.S. (2016). Phenolic compounds of green tea: Health benefits and technological 

application in food. Asian Pacific Journal of Tropical Biomedicine, 6, 709–719. 
Luca, A., Cilek, B., Hasirci, V., Sahin, S., & Sumnu, G. (2014). Storage and baking stability of encapsulated sour 

cherry phenolic compounds prepared from micro- and nano-suspensions. Food Bioprocess Technology, 7, 204–
211. 

Naveena, B.M., Sen, A.R., Vaithiyanathan, S., Babji, Y., & Kondaiah N. (2008). Comparative efficacy of 
pomegranate juice, pomegranate rind powder extract and BHT as antioxidants in cooked chicken patties. Meat 

Science, 80, 1304–1308. 
Šaponjac, V.T., Cetkovic, G., Brunet, J.C., Pajin, B., Djilas, S., Petrovic, J., Loncarevic, I., Stajcic, S., & Vulic, J. 

(2016). Sour cherry pomace extract encapsulated in whey and soy proteins: Incorporation in cookies. Food 

Chemistry, 207, 27–33. 
Topuz, O.K., Yerlikaya, P., Ucak, I., Gumus, B., Buyukbenli, H.A., & Gokoglu, N. (2014). Influence of 

pomegranate peel (Punica granatum) extract on lipid oxidation in anchovy fish oil under heat accelerated 
conditions. Journal of Food Science and Technology, 52, 625–632.  

Tugrul, S.S., Ayla Soyer, A., & Işıkçı, F. (2016). Effect of pomegranate peel extract on lipid and protein oxidation in 
beef meatballs during refrigerated storage. Meat Science, 116, 126–132. 


