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Abstract. The present study was conducted to determine the biochemical characteristics of 

Fraxinus ornus subsp. cilicica, seeds, an endemic tree species of Turkey. Seeds were collected from three 

provenances (Düziçi-Osmaniye, Andırın-Kahramanmaraş, Pozantı-Adana). Seed reserve composition 

(total soluble sugars, reducing sugars, carotenoids, xanthophylls, total soluble proteins, total tocopherol, 

total soluble phenolics, flavanoids and oil content) and seed fatty acids contents were examined. Total 

soluble sugars content and total tocopherol contents of seed among provenances did not differ 

significantly but other seed constituents were different among provenances. The highest amount of fatty 

acids present in F. ornus subsp. cilicica seeds were linoleic and oleic acids. The present study is the first 

report dealing with various aspects of seed composition and should provide valuable information for this 

endemic species. 
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Introduction 

Fraxinus ornus (L.) (Oleaceae), also known as Manna ash (Fraxigen, 2005), can be 

used for numerous purposes for example, afforestation/reforestation of deforested areas, 

urban landscape design, forest restoration and manna production. Manna refers to white 

or faded yellow sugary substance that dried exudates collected from diverse natural 

sources and used in several locations around the world as a traditional sweet, emergency 

food or traditional medicine to treat trivial diseases (Harrison, 1950). Manna production 

for many years was the source of mannitol used as nutritive sweetener (Debord et al., 

1987; Wisselink et al., 2002). Mannas have been known from the earliest times, 

particularly in Asia Minor, where some mannas are still regularly used in the 

preparation of local sweets. 

Fraxinus ornus subsp. cilicica (Lingelsh) Yalt., localy named as Taurus flowering 

ash, is an endemic tree species of Turkey. The species has ornamental value because of 

its flower, foliage and interesting crown form (Dirr and Heuser, 1987). This species is 

an insect-pollinated tree (Verdú et al., 2007), fruits are winged, elongated and single 

seeded samaras borne in clusters (Bonner, 2008). It is distributed on southern parts of 

Turkey, mostly on Taurus and Amanos mountains in the East. Taurus flowering ash 

could reach 8-10 m height and sometimes reach up to 20 m height (Yaltirik, 1978; 

Browicz, 1982; Yilmaz and Tonguç, 2009). Taurus flowering ash mostly found in 

karstic areas on sunny southern slopes and grows from 350 m to 1500 m above sea 

level. Throughout its natural distribution areas, it is scattered generally as individual 

trees and rarely as clusters and groups. F. ornus subsp. cilicica wood is used to make 

shovel handles and therefore scattered populations of this species are under the threat of 

illegal harvest (Yilmaz and Tonguç, 2013a). However, there are no special conservation 

programs for the tree species in Turkey. In the last decades, there is an increasing 

awareness in using native local trees for reforestation and urban planting studies (Grey 

and Deneke, 1992; Ürgenç, 1998). 
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Forestry activities are long-term investments, therefore use of high quality seeds are 

critical to have successful seedling establishment. Factors in relation to the provenance 

and genetic diversity among the populations together with variety within origins should 

be taken into consideration because field performance of the seeds obtained from 

different origins of the same species might be varied greatly (Evans, 1982; Duryea, 

1985). Though high quality seeds have fundamental importance for success in 

plantation forestry, chemical properties are yet more important. The term of high quality 

seeds for reforestation and urban planting studies refers to not only provenance but 

more importantly chemical composition of the seeds (Ayaz et al., 2011). While many 

studies deal with seed size, seed dispersal and seed size and seedling establishment, 

research on seed reserve contents of forest trees has been started studying recently 

(Brancalion et al., 2008; Soriano et al., 2011; Ataíde et al., 2013). 

Although some studies on the seed morphology and physiology (Yilmaz and Tonguç, 

2009; Yilmaz and Tonguç, 2013b) and seed fatty acid and mineral content (Ayaz et al., 

2011) of endemic Fraxinus ornus subsp. cilicica species were carried out, there is no 

detailed studies on the seed chemical composition. The purpose of the present study was 

to obtain information regarding to the chemical composition of F. ornus subsp. cilicica 

seeds collected from three different provenances. 

Material and methods 

Seed collection 

Fraxinus ornus subsp. cilicica seeds were collected from three provenances; Düziçi-

Osmaniye, Andırın-Kahramanmaraş and Pozantı-Adana. The seeds were collected in 

October 2016 at least from 10 individual trees and were packed and transported to the 

laboratory. Seeds were air dried and 400 seeds were taken and seed wings were 

removed before the analysis. Taurus ash seed morphologies were analyzed in detail 

previously among the provenances and therefore they were not included in the present 

study (Yilmaz and Tonguç, 2009, 2013a). Seed provenances and their locality 

properties were given in Table 1 and Figure 1. 

 
Table 1. Seed provenances and their localities used in the study 

Provenances Latitude Longitude Altitude (m) 
Mean annual 

rainfall (mm) 

Mean annual 

temperature (°C) 

Adana (Pozantı) 37°22’ 34°53’ 1150 916.9 11.1 

Kahramanmaraş (Andırın) 37°32’ 36°18’ 950 1477.2 14.2 

Osmaniye (Düziçi) 37°16’ 36°30’ 1400 1362.9 11.2 

 

 

Biochemical analyses 

All chemicals were purchased either from Merck-Millipore (Darmstadt, Germany) or 

Sigma-Aldrich Chemical Co. (St Louis, USA). Spectrophotometric measurements were 

made on a T80 spectrophotometer (PG Instruments, UK). Total soluble and reducing 

sugars were extracted as described by Tonguç et al. (2012). The total soluble sugars 

content was determined by the phenol sulfuric acid assay (DuBois et al., 1956) and the 

reducing sugars content was determined by Somogyi method (Somogyi, 1952). Glucose 

was used as standard and the results were expressed as mg/g dry weight. Total 
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carotenoids and xanthophylls contents were determined according to Association of 

Official Analytical Chemists (AOAC) (AOAC, 1984). 10 ml of acetone-hexane (4:6) 

solvent was added to 1.0 g pulverized seed samples and the mixture was shaken at 

15 minutes and the upper phase was washed twice with 20% NaCl solution. Two phases 

were separated, and the aliquots were taken from the upper phase and read on a 

spectrophotometer at 436 and 474 nm wavelengths. The protein extraction was performed 

according to the method of Larson and Beevers (1965) and the total soluble protein 

content was determined following Hartree method (Hartree, 1972). Bovine serum 

albumin (BSA) was used as standard. Total tocopherol content was determined according 

to modified Emmerie-Engel method (Baker et al., 1980). Standard curve was prepared 

using α-tocopherol. Total soluble phenolics and flavonoid contents of the seeds were 

determined following procedures of Sakanaka et al. (2005). Standart curve was prepared 

using (+)-catechin solution and the results were expressed as mg/g dry weight. 

The oil content and fatty acid composition of the seeds were determined using Nuclear 

magnetic resonance (NMR, Bruker mq-one, USA) and Gas chromatography (GC, Perkin 

Elmer Auto System XL, USA), respectively. The oil samples (50-100 mg) were extracted 

and converted to its fatty acid methyl esters (FAME) by the method of Maquard (1987). 

GC-MS analysis was performed as described by Tonguç and Erbaş (2012). Total free 

fatty acids content of seeds (%) was determined as oleic acid equivalents. 

 

Figure 1. Location map of seed collection sites 

 

 

Statistical analysis 

Chemical compositions of provenances were measured 3 times independently and 

results were analyzed with the analysis of variance (ANOVA). To determine differences 

between the means, Duncan’s Multiple Range test was performed. 
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Results and Discussion 

Total of nine parameters related to seed reserves as well as fatty acids compositions 

were measured to determine chemical composition of F. ornus subsp. cilicica seeds 

from 3 provenances. The highest reducing sugars content was found from seeds 

collected from Adana (146.32 mg/g) followed by Kahramanmaraş (141.29 mg/g) and 

Osmaniye (138.52 mg/g), however reducing sugars content of the seeds collected from 

Kahramanmaraş and Osmaniye did no differ significantly. On the other hand, total 

soluble sugars contents was not statistically significant among the provenances 

(Table 2). 

The highest total carotenes (0.894 mg/g) and xanthophylls (0.586 mg/g) contents 

were obtained from seeds collected in Osmaniye. Unlike reducing sugars content, 

F. ornus subsp. cilicica seeds from Osmaniye provenance had higher carotene 

(0.894 mg/g) and xanthophylls (0.586 mg/g) contents than F. ornus subsp. cilicica seeds 

collected from Adana and Kahramanmaraş. 

 
Table 2. Chemical composition of F. ornus subsp. cilicica seeds from different origins 

Provenance 

Reducing 

sugars 

(mg/g) 

Total 

soluble 

sugars 

(mg/g) 

Carotenes 

(mg/g) 

Xanthophyll 

(mg/g) 

Total 

Soluble 

proteins 

(mg/ml) 

Total 

tocopherol 

(mg/g) 

Total 

soluble 

phenolics 

(mg/g) 

Flavonoids 

(mg/g) 

Total oil 

content 

(%) 

Adana 146.32a* 200.24 0.776b* 0.517c** 10.06b* 76.16 5.95a* 2.22a* 23.83c** 

Kahramanmaraş 141.29ab 199.96 0.763b 0.556b 9.10b 76.94 5.35b 2.18a 28.42a 

Osmaniye 138.52b 199.52 0.894a 0.586a 11.47a 76.48 4.70c 1.89b 25.18b 

The values on the same row followed by the same letter are not significantly different at p<0.05 

 

 

Total soluble protein content was also differed significantly between the seed 

sources. Protein content was not significantly differed between Adana and 

Kahramanmaraş (Table 2). The highest protein content among the seeds was observed 

in Osmaniye provenance (11.47 mg/ml) and the lowest protein content was found in 

seeds from Kahramanmaraş (9.10 mg/ml). 

Total tocopherol content of F. ornus subsp. cilicica seeds were close to each other 

and varied between 76.16-76.94 mg/g. While seeds from Adana had lower tocopherol 

content than the seeds from Kahramanmaraş and Osmaniye provenances, the difference 

was not statistically significant. 

Total soluble phenolics content was significantly differed among the provenances 

and changed between 4.70-5.95 mg/g, and the highest soluble phenolics content was 

observed from the seeds collected from Adana provenance. Total flavanoid content 

ranged between 1.89-2.24 mg/g among the seed sources and was different between 

Osmaniye and Adana-Kahramanmaraş provenances. 

Total oil content was also measured and statistically different variations were found 

among the seeds collected from Adana, Kahramanmaraş and Osmaniye provenances. 

Seeds from Kahramanmaraş had the highest oil content (28.42%) while seeds from 

Adana (23.83%) and Osmaniye (25.18%) had lower oil contents. 

Fatty acid compositions of F. ornus subsp. cilicica seeds from different seed 

provenances were also examined. GC/MS analysis revealed 3 major fatty acids (C16:0 

palmitic acid, C18:1 oleic acid, C18:2 linoleic acid) and 5 minor fatty acids (C16:1 

hexenoicacid, C17:0 heptadecanoic acid, C18:0 stearic acid, C18:3 linolenic acid). 

Detected fatty acids accounted more than 97% of total fatty acids found in F. ornus 
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subsp. cilicica seeds. Majority of the fatty acids were unsaturated fatty acids and 

linoleic and oleic acids constituted the majority of the unsaturated fatty acids. Palmitic 

acid had the highest amount among the saturated fatty acids (Table 3). 

Seeds contain carbohydrates, proteins and lipids as reserve molecules and they are 

usually accumulated as insoluble large macromolecules (Vidigal et al., 2016). These 

macromolecules are the fundamental constituent of seed biomass and are the source of 

energy playing important roles for the seedling during germination, early development 

and survival (Soriano et al., 2011; Wahid and Bounoua, 2013; Zhao et al., 2018). 

During the germination enzymatic pathways are activated upon imbibition to convert 

these molecules into smaller soluble units for energy production and synthesis of new 

molecules (Bewley et al., 2013). Other molecules, such as vitamins, carotenoids and 

xanthophylls, are also present in seeds in varying amounts. Presence of these molecules 

protects seeds from enzymatic and non-enzymatic lipid peroxidation during the storage 

and germination (Priestley, 1986). Information on chemical composition of seeds 

belong to wild species is scarce therefore some chemical parameters were determined 

for F. ornus subsp. cilicica seeds in the present study. 

 
Table 3. Fatty acid contents (%) of F. ornus subsp. cilicica seeds 

Fatty Acid  RT* 
Seed Provenance 

Adana Kahramanmaraş Osmaniye 

C16:0 Palmitic acid 24.564 11.69 8.88 11.36 

C16:1C7 7-hexenoic acid 25.234 0.31 0.75 1.24 

C16:1C9 9-hexenoic acid 27.013 0.16 0.24 1.55 

C17:0 Heptadecanoic acid 29.408 0.32 0.25 0.95 

C18:0 Steraic acid 32.780 2.65 1.99 3.05 

C18:1 Oleic acid 33.408 24.73 17.50 19.12 

C18:2 Linoleic acid 34.916 57.56 66.67 56.33 

C18:3 Linolenic acid 37.193 0.60 0.95 0.70 

*Retention time 

 

 

It has been reported that type and amount of seed reserves have influence on 

germination rate, germination percentage or both (Zhao et al., 2018). Different reserves 

have different influence on germination for example protein content was positively 

correlated with germination percentage in different tree speceies (Brancalion et al., 

2006; Soriano et al., 2011; Wahid and Bounoua, 2013), yet total soluble sugars content 

was not have influence on germination percentage in Pinus pinaster (Wahid and 

Bounoua, 2013) and did not significantly different among the seeds of the different 

populations. Oilseed species such as sunflower and safflower seeds showed significant 

reduction of protein and oil reserves during the germination and early seedling growth, 

but total soluble sugars and reducing sugars did not decreased significantly (Tonguç et 

al., 2012; Erbaş et al., 2016). Seed germination parameters have been studied previously 

(Yilmaz and Tonguç, 2013a,b) but we did not investigate type of the reserves used 

during the germination and early seedling growth. Different species use different 

reserves for germination and F. ornus subsp. cilicica seeds are rich in sugars, proteins 

and lipids and their role in germination should be investigated further to ascertain their 

role during germination and seedling growth. 

Environmental factors and seed provenances may influence seed morphology and 

reserve composition. In a previous stduy, seed morphologies of F. ornus subsp. cilicica 

trees colleceted from 8 provenances were described (Yilmaz and Tonguç, 2009). While 
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there were differences among the seed morphologies depending on provenances, only 

the mean temperature had influence on samara width among the studied parameters. In 

the present study, mean temperature of Kahramanmaraş was different to have an 

influence on seed morphology. Total soluble sugars and tocopherol amounts did not 

differ significantly between provenances, but other reserves of the seeds showed 

significant differences among the provenances. (Table 2). Effects of precipitation on 

seed lipid, protein and sugar contents on 19 tree species were reported. Lower rainfall 

increased seed protein content of 12 species while it reduced sugar content of seeds in 2 

species. Lipid content of 5 species decreased and one species showed increased lipid 

content out of 19 tree species in Mexico (Soriano et al., 2011). Phenolics and flavonoids 

in the seeds have major roles for protecting plant species against insect feeding, 

herbivory and abiotic stresses such as drought, temperature flactuations, lipid 

peroxidation (Mierziak et al., 2014). Caratenoids and xhanthophylls are present in 

photosynthetic tissues and in seeds and protect plants from oxidative damage. 

Caratenoids in plant seeds also involved in abscisic acid production and seed dormancy 

(Howit and Pogson, 2006). Tocopherols are also present in seeds and their major role is 

the prevention of lipid peroxidation during seed storage and germination (Sattler et al., 

2004). In the present study, amount of caratenoids and xanthophylls, and total phenolics 

and flavanoids was different among the seeds from the provenances, suggesting 

different mechanisms may have involved in the accumulation of these compounds. We 

have studied effects of storage temperature and seed moisture content of F. ornus subsp. 

cilicica seeds collected from 5 provenances (Yilmaz et al., 2014) but their effects on 

seed storability have not been investigated. The present study will be helpful to 

investigate seed storage compounds and seed storability of F. ornus subsp. cilicica 

seeds. 

The present study is a preliminary study to determine some seed reservers of 

F. ornus subsp. cilicica seeds and was conducted one year therefore it was not possible 

to identify. Influence of environmental factors on seed reserve composition at present. 

Multi year studies must be conducted to deliminate effects of environmental factors on 

seed reserve composition. 

Seed fatty acid composition have also been investigated. Majority of fatty acids were 

mono and poly unsaturated fatty acids in F. ornus subsp. cilicica seeds. GC/MS analysis 

revealed 97% of fatty acids present in seeds therefore there are other undetected fatty 

acids and their amounts and types should be investigated further. Lajara et al. (1990) 

and Bozan and Kaplan (2007) stated that fatty acid profiles are affected by temperature, 

plant species, genotype and environmental conditions. Differences in fatty acid 

compositions might be due to lower altitude of seed source and therefore the warmer 

climate of Kahramanmaraş compared to other provenances (Tables 1, 3). Similar results 

were reported by Ayaz et al. (2011) that provenances in the cooler temperatures were 

tended to deposit higher levels of oleic acid for Fagus orientalis seeds. 

Conclusion 

The present study was conducted to quantify different seed reserves and chemical 

constituents in F. ornus subsp. cilicica seeds. Seed reserves such as seed oil content and 

8 other seed reserves involving in different features of seed life and seed fatty acid 

contents have been investigated. Seven compounds present in seeds were differently 

accumulated in seeds dependeing on seed source. Total soluble sugars and total 
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tocopherol contents among the provenances were not different. Eight different fatty 

acids have been detected in F. ornus subsp. cilicica seeds and majority of fatty acids 

were unsaturated fatty acids. Previous studies revealed that seed reserve accumulation 

depends on many factors such as environment and maternal plants, and seed 

provenances differ in their germination capabilities. Further studies would be necessary 

to conduct to investigate type of reserves accumulated in different seasons and used 

during the seed germination and their effects on germination capability among different 

seed provenaces of F. ornus subsp. cilicica seeds. 
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