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 Abstract. Non-wood forest products (NWFPs) represent an important nutritional resource for the rural population. The most common worldwide NWFPs are represented by forest fruits, edible mushrooms, seeds, game, medicinal plants and much more. These NWFPs are used for their positive health properties. Due to the fact that Romania has at its disposal a large variety of relief forms, numerous NWFPs are present on its territory, with a preponderance of forest fruits. These are rich in vitamins and have antioxidant properties, being used in alimentation, medicinal or cosmetic industry. The present article presents the most representative forest fruits from Timiș County. As such, the forest fruits characteristic for this County are the following: cornel cherries (Cornus mas L.), wild strawberry (Fragaria vesca L. ), brier (Rosa canina L.), sea buckthorn (Hippophae rhamnoides L.), blackberry (Rubus hirtus W. et K.), forest pears (Pyrus pyraster L.), alderberry (Sambucus nigra L.) and cherries  (Prunus avium L.).

Their classification was realized after an analytical hierarchical process (AHP) based on 19 well established criteria whose analysis was realized by renowned specialists. Based on this process, the most popular and sought after forest fruits from Timiș County are sea buckthorn, cherries and blackberries. The most perishable forest fruits are wild strawberries and brier, while the quantity of forest pears, cherries and elderberry harvested in 8 hours is much higher than the one of wild strawberries, sea buckthorn and brier. The sea buckthorn fruits can be used for treating different cardiovascular diseases, cancer, asthma and pulmonary diseases, while cherries and wild strawberries represent a rich source of proteins, minerals, vitamins and different substances with antioxidant purpose. The portfolio of derived forest fruits products is very diverse. As such, it is usually represented by the following products: tea, syrup, liqueur, jam, cosmetic products and a diverse range of products used in the medicinal industry.
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INTRODUCTION
During the last decades, the role of the forest has changed all around Europe. As such, besides its main resource (wood), its non-wood resources started to be acknowledged and used. The Food and Agriculture Organization (FAO) uses the term “non-wood forest products” (NWFPs) to characterize these resources. 

The FAO Forestry Department has launched a priority program in 1991 for developing and promoting non-wood products. Forest fruits, medicinal plants, edible mushrooms, seeds and game could be found among these NWFPs. These products are used with medicinal purposes, in the food or cosmetic industry, as well as in constructions (especially fibers) (JANSE, G., AND OTTITSCH, A., 2005). 

FAO estimates that approximately 80% of the population from developing countries uses NWFPs in medicinal and edible purposes (http://www.fao.org ).

The consumption of forest fruits has a special importance due to their flavonoid content, known for its antioxidant properties with an impact in decreasing cardiovascular diseases (KNEKT, P., ET AL. 1997, MILIVOJEVIĆ, J., ET AL. 2011, KANODIA, L., ET AL. 2011).

The purpose of this paper is to present the main important forest fruits from Timiș County (Figure 1).
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Fig.1. Location of Timis County (source: wikipedia.com)

MATERIAL AND METHODS
Thomas Saaty has created a couple of decades ago a model for analyzing decisions based on more criteria. The Analytical Hierarchy Process (AHP) was used over time for taking certain decisions in numerous fields (SAATY, TI, 2008). This process was also used for determining the most important forest fruits from Timiș County. This county is located in the West side of Romania, in Banat region (Figure.1) and has a total surface of 6564,9 ha. According to INSSE, in 2017 forests have occupied 6405,8 ha, represented by broad-leaved forests (occupying 4481,8 ha) and resinous ones (1924 ha) (http://statistici.insse.ro).Expert Choice Desktop (v. 11.5.1683) was used as analysis software. The following forest fruits can be found in Timiș County: cornelian-cherry (Cornus mas L.), blackberry (Rubus hirtus W. et K.), wild strawberry (Fragaria vesca L. ), elderberry (Sambucus nigra L.), brier (Rosa canina L.), sea buckthorn (Hippophae rhamnoides L.), cherry  (Prunus avium L.), shadberry (Pyrus pyraster L.) and many others.

The following criteria were taken into consideration for analyzing the main forest fruits from Timiș County: harvesting period, harvested quantity by one worker in 8 hours, harvesting cost,  harvesting knowledge, tools needed for harvesting, complexity of harvesting process,  the development of the harvesting process, recognition knowledge, distribution range, biotic threats, abiotic threats, perishability, market potential, market demand, “celebrity” of the product on the market, the price of the raw product, the price of the derived product, portfolio of derived products and transport from the harvesting point to the storage centre. 

The same criteria were used in other similar studies from different Romanian Counties such as: Maramureș (ENESCU, C.M., ET AL., 2017), Prahova (ENESCU, C.M., ET AL., 2018), Ialomița (ENESCU, C.M., 2017) and Bihor (TIMIȘ-GÂNSAC, V., ET AL., 2018).

RESULTS AND DISCUSSIONS
Table number 1 presents the 19 criteria that were taken into account for analyzing the most important forest fruits from Timiș County. The criteria analysis was based on the opinions of specialists. 

Table 1

The AHP appreciation interval (alternative ranking)

	Criteria
	Cornus mas L.
	Rubus hirtus W. et K.
	Fragaria vesca L.
	Sambucus nigra L.
	Rosa canina L.
	Hippophae rhamnoides L.
	Prunus avium L.
	Pyrus pyraster L.

	
	1
	2
	3
	4
	5
	6
	7
	8

	1
	Harvesting period
	7
	2
	1
	5
	8
	6
	3
	4

	2
	Harvested quantity by one worker in 8 hours
	4
	5
	1
	6
	3
	2
	7
	8

	3
	Harvesting cost
	3
	2
	1
	4
	6
	8
	5
	7

	4
	Knowledge for harvesting
	7
	4
	3
	6
	5
	8
	1
	2

	5
	Tools needed for harvesting
	2
	3
	1
	6
	8
	4
	7
	5

	6
	Complexity of harvesting process
	2
	3
	1
	4
	5
	8
	7
	6

	7
	Development of the process of harvesting
	1
	5
	3
	2
	7
	8
	6
	4

	8
	Knowledge for recognition
	8
	4
	3
	7
	5
	6
	1
	2

	9
	Distribution range
	1
	5
	4
	3
	6
	7
	8
	2

	10
	Biotic threats
	1
	7
	3
	6
	2
	5
	8
	4

	11
	Abiotic threats
	3
	7
	8
	2
	1
	5
	6
	4

	12
	Perishability
	3
	7
	8
	2
	1
	4
	5
	6

	13
	Market potential
	1
	6
	5
	2
	4
	7
	8
	3

	14
	Market demand
	1
	5
	6
	3
	4
	7
	8
	2

	15
	“Celebrity” of the product on the market
	1
	6
	4
	2
	5
	7
	8
	3

	16
	The price of raw product
	2
	6
	8
	3
	4
	5
	7
	1

	17
	The price of the derived product
	1
	6
	8
	2
	4
	5
	7
	3

	18
	Portfolio of derived products
	2
	8
	5
	1
	4
	7
	6
	3

	19
	Transport from the harvesting point to the storage center
	1
	7
	6
	3
	5
	8
	4
	2


Based on the analytical hierarchy process (AHP), the most popular and sought forest fruits are sea buckthorn, cherry and blackberry (Figure.2). The quantity of harvested wild pears, cherries and elderberry fruits during 8 hours is very high in comparison with wild strawberries, sea buckthorn and brier. The most perishable forest fruits are wild strawberry and blackberry.  

Fragaria vesca L. is a perennial, diploid plant that can reach 15-30 cm in height. The flowers are white, bisexual, while the fruits are pulpy, red and very flavored (OOSUMI, T., ET AL., 2006, ALBANI, M.C., ET AL., 2004). The species is originating from West Ural Mountains and is spread out almost on the entire Earth. The raspberry fruits are rich in vitamin C, A and B1 as well as in mineral salts of calcium, magnesium, iron and phosphorus (HUMMER, K., ET AL., 2011, KANODIA, L. ET AL., 2011, DYDUCH-SIEMIŃSKA, M., ET AL., 2015). 
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Figure 2. Ranking for the eight types of forest fruits

Raspberry is used in the medicinal industry for treating intestinal affections, tuberculosis, hypertension, asthenia, rheumatism, kidney sand or for cleaning the organisms from toxins (DIAS, M.I.,  ET AL., 2016, https://www.cabi.org). Many derived products can be obtained from raspberry, such as jam, syrup, tea, cosmetic products, liqueur etc (DIAS, M.I.,  ET AL., 2016).
Hippophae rhamnoides L. is native from Eurasia, while in our country it can be found from the Danube Delta up to the pre-mountain area (ȘOFLETEA AND CURTU, 2007). Due to its high adaptability towards climate and soil, the species is cultivated in the Carpathians and is used in fighting against soil erosion. The sea buckthorn fruits have a rich content of vitamin C (higher than brier), essential oils, flavonoids and minerals (ROP, O., ET AL., 2014, COSTANDACHE, C. ET AL., 2016, DINCĂ, L., ET AL., 2018). Sea buckthorn fruits can be used for treating different cardiovascular diseases, cancer, asthma, gastric ulcer and pulmonary affections. The species has a rich portfolio of derived products, so that the market is filled with syrup, comfiture, brandy, tea, different medicines and cosmetic products (NEGI, P.S., ET AL., 2005, SURYAKUMAR, G., & GUPTA, A., 2011).

Prunus avium L. is a medium height tree, with a large area of distribution, from Eurasia up to North Africa (Figure. 3). The cherry wood is brown-red and is used for producing furniture and musical instruments (WÜNSCH, A. AND HORMAZA, J.I., 2002, VAUGHAN, S.P., AND RUSSELL, K., 2004, http://www.euforgen.org). Cherries are the most widespread fruits from the temperate area. They contain numerous proteins, minerals, vitamins and substances with an antioxidant purpose.
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Figure. 3. Distribution area of Prunus avium L. (source: http://www.euforgen.org)
The consumption of cherries can reduce the apparition of certain diseases, such as cancer or in preventing some pains or inflammations (JACOB, R.A., ET AL., 2003, FANIADIS, D., ET AL., 2010). Both cherry wood and fruits have a very high economic value (DINCĂ, L. AND DINCĂ M., 2003).
Rubus hirtus W. et K. is a crawling shrub that can be found in Romania preponderantly in common beech, Norway spruce and common beech-resinous mixed forests (ȘOFLETEA, AND CURTU, 2007, PANCER‐KOTEJA, E., ET AL., 1998). Blackberries are harvested in autumn, from August until October, while the harvested quantity can reach 100-250 kg/ha (VASILE, D., ET AL., 2016). Most of the Rubus fruits have antioxidant properties due to their content of antocian, phenols and polyphenols. These fruits, as well as the above mentioned ones have certain properties that can be used in reducing and preventing the apparition of cancer or cardiovascular diseases (OSZMIAŃSKI, J., ET AL., 2015).

CONCLUSIONS
Timiș County is characterized by the presence of a large variety of forest fruits. The most representative forest fruits from this area were determined based on an analytical hierarchical process that followed certain criteria. As such, the top species were: sea buckthorn, cherries, blackberries and wild strawberries. 

Forest fruits have the conditions necessary for growing and developing in this region as it is characterized by diverse relief forms that fulfill the ecological requests of these species. 

ACKNOWLEDGMENTS

The authors would like to thank Mr. Cristian Mihai Enescu (Faculty of Agriculture Bucharest) for his support in analyzing the data.

BIBLIOGRAPHY
ALBANI, M.C., BATTEY, N.H., AND WILKINSON, M.J., 2004 - The development of ISSR-derived SCAR markers around the SEASONAL FLOWERING LOCUS (SFL) in Fragaria vesca. Theoretical and applied genetics, 109(3), pp. 571-579.

COSTANDACHE, C., PETICILA, A., DINCA, L., VASILE, D., 2016 - The usage of Sea Buckthorn (Hippophae rhamnoides  L.) for improving Romania's degraded lands,  AgroLife Scientific Journal, 5(2) pp. 50-58. 

DIAS, M.I., BARROS, L., MORALES, P., CÁMARA, M., ALVES, M.J., OLIVEIRA, M.B. P., ... AND FERREIRA, I. C., 2016 - Wild Fragaria vesca L. fruits: a rich source of bioactive phytochemicals. Food & function, 7(11) pp. 4523-4532.

DINCĂ, L., DINCĂ, M., 2003 - Considerations regarding the valuable broadleaved species in Romania, Analele ICAS, 46(1), pp. 315-320.

DINCĂ, L., HOLONEC, L., SOCACIU, C., DINULICĂ, F., CONSTANDACHE, C., BLAGA, T., PETICILĂ, A., 2018 - Hipphophae salicifolia D. Don: a miraculous species less known in Europe. Notulae Botanicae Horti Agrobotanici Cluj-Napoca, 46(2) pp. 474-483.

DYDUCH-SIEMIŃSKA, M., NAJDA, A., DYDUCH, J., GANTNER, M., AND KLIMEK, K., 2015 - The content of secondary metabolites and antioxidant activity of wild strawberry fruit (Fragaria vesca L.). Journal of analytical methods in chemistry.

ENESCU, C.M., DINCĂ, L., VASILE, D., 2017 - Importance of non-wood forest products for Maramureș County. Revista de Silvicultură și Cinegetică 40 pp. 92-97.

ENESCU, C.M., 2017 - Which are the most important non-wood forest products in the case of Ialomița County?, AgroLife Scientific Journal 6(1) pp. 98-103.
ENESCU, C.M., DINCĂ, L., CRIȘAN, V., 2018 - The most important non-wood forest products from Prahova County, Revista Pădurilor 1 pp. 45-51.

FANIADIS, D., DROGOUDI, P.D., AND VASILAKAKIS, M., 2010 - Effects of cultivar, orchard elevation, and storage on fruit quality characters of sweet cherry (Prunus avium L.). Scientia Horticulturae, 125(3) pp. 301-304.

HUMMER, K., BASSIL, N., NJUGUNA, W., 2011 - Fragaria. In: Wild Crop Relatives: Genomic and Breeding Resources, Temperate Fruits [ed. by Kole, C.]. Berlin, Germany: Springer.

JACOB, R.A., SPINOZZI, G.M., SIMON, V.A., KELLEY, D.S., PRIOR, R.L., HESS-PIERCE, B., AND KADER, A. A. 2003 - Consumption of cherries lowers plasma urate in healthy women. The Journal of nutrition, 133(6) pp. 1826-1829.

JANSE, G., AND OTTITSCH, A., 2005 - Factors influencing the role of non-wood forest products and services. Forest Policy and Economics, 7(3) pp. 309-319.

KANODIA, L., BORGOHAIN, M., AND DAS, S., 2011 - Effect of fruit extract of Fragaria vesca L. on experimentally induced inflammatory bowel disease in albino rats. Indian journal of pharmacology, 43(1), pp. 18.

KNEKT, P., JÄRVINEN, R., SEPPÄNEN, R., HELIÖVAARA, M., TEPPO, L., PUKKALA, E., AND AROMAA, A. 1997 - Dietary flavonoids and the risk of lung cancer and other malignant neoplasms. American journal of epidemiology, 146(3) pp. 223-230.

MILIVOJEVIĆ, J., MAKSIMOVIĆ, V., NIKOLIĆ, M., BOGDANOVIĆ, J., MALETIĆ, R., AND MILATOVIĆ, D., 2011 - Chemical and antioxidant properties of cultivated and wild Fragaria and Rubus berries. Journal of Food Quality, 34(1) pp. 1-9.

NEGI, P.S., CHAUHAN, A.S., SADIA, G.A., ROHINISHREE, Y.S., AND RAMTEKE, R.S., 2005 - Antioxidant and antibacterial activities of various seabuckthorn (Hippophae rhamnoides L.) seed extracts. Food Chemistry, 92(1) pp. 119-124.

OOSUMI, T., GRUSZEWSKI, H.A., BLISCHAK, L.A., BAXTER, A.J., WADL, P.A., SHUMAN, J.L., ... AND SHULAEV, V., 2006 - High-efficiency transformation of the diploid strawberry (Fragaria vesca) for functional genomics. Planta, 223(6) pp. 1219-1230.

OSZMIAŃSKI, J., NOWICKA, P., TELESZKO, M., WOJDYŁO, A., CEBULAK, T., AND OKLEJEWICZ, K., 2015 - Analysis of phenolic compounds and antioxidant activity in wild blackberry fruits. International journal of molecular sciences, 16(7) pp. 14540-14553.

PANCER‐KOTEJA, E., SZWAGRZYK, J., AND BODZIARCZYK, J., 1998 - Small‐scale spatial pattern and size structure of Rubus hirtus in a canopy gap. Journal of Vegetation Science, 9(6), pp. 755-762.

ROP, O., ERCIŞLI, S., MLCEK, J., JURIKOVA, T., AND HOZA, I., 2014 - Antioxidant and radical scavenging activities in fruits of 6 sea buckthorn (Hippophae rhamnoides L.) cultivars. Turkish Journal of Agriculture and Forestry, 38(2), pp. 224-232.

SAATY, T.L, 2008 - Decision making with the analytic hierarchy process. International Journal of Services Sciences 1(1) pp. 83-98.

SURYAKUMAR, G., AND GUPTA, A. 2011 - Medicinal and therapeutic potential of Sea buckthorn (Hippophae rhamnoides L.). Journal of Ethnopharmacology, 138(2) pp. 268-278.

ȘOFLETEA N.,AND CURTU L., 2007 - Dendrologie, Ed. Universității ”Transilvania”, Brașov.

TIMIȘ-GÂNSAC, V., ENESCU C.M., DINCĂ, L., ONEȚ, A, 2018 - The management of non-wood forest products in Bihor county, Natural Resources and Soustainable Development, 8(1) pp. 27-34.
VASILE, D., DINCĂ L., VOICULESCU, I., 2016 - Wild berries collected in 2016 from national forest fund managed by RNP Romsilva. Revista de Silvicultură și Cinegetică, 38 pp. 72-75.

VAUGHAN, S.P., AND RUSSELL, K., 2004 - Characterization of novel microsatellites and development of multiplex PCR for large‐scale population studies in wild cherry, Prunus avium. Molecular Ecology Notes, 4(3) pp. 429-431.
WÜNSCH, A., AND HORMAZA, J.I., 2002 - Molecular characterisation of sweet cherry (Prunus avium L.) genotypes using peach [Prunus persica (L.) Batsch] SSR sequences. Heredity, 89(1) pp. 56.

AGR301A - Suprafata fondului forestier pe categorii de terenuri si specii de paduri, macroregiuni, regiuni de dezvoltare si judete http://statistici.insse.ro (Accessed  February 1, 2019)
Fragaria vesca (wild strawberry)  https://www.cabi.org  (Accessed  February 6, 2019)

Non-wood forest products 2018.  http://www.fao.org (Accessed February, 5, 2019)

Prunus avium Wild cherry http://www.euforgen.org (Accessed  February 7,.2019)


