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 6 

ABSTRACT 7 

Aims: This study aims at determining physical and chemical properties of Turkish pine nut 8 
shells and kernels over a time span. Besides, changes in composition and nutritive value of the 9 
pine nut are evaluated according to the prevailing climatic conditions. 10 
Study design: The experiment was conducted as completely randomized design, physical 11 

analyses were performed as three3, and chemical analyses as two2 replicates per sample 12 
prepared. 13 
Place and Duration of Study: Kozak District Agricultural Development Cooperative and Ege 14 
University of Department of Horticulture in Izmir, Turkey, between July and August in three crop 15 
years. 16 
Methodology: Pine nut (Pinus pinea L.) shell samples (Pinus pinea L.) were obtained from 17 
Kozak District Agricultural Development Cooperative., a union of farmers’ cooperatives during 18 
three crop years. The sampling is based on sub-sampling in-shell nuts from 50 kg bags in July 19 

and August. 20 subsamples were collected from different bags and 24, 27 and 36 aggregate 20 
samples (~ 3 kg) were prepared annually. Physical analyses were performed as 3, and 21 
chemical analyses as 2 replicates per sample prepared.   22 
Results: The in-shell nut quality displayed yearly differences in terms of cracked and defected 23 

nuts cracked varying . The ratio of cracked nuts varied between 17 and 43% and ratio of defects 24 
ranging ed between 2 and 4 %. The effect of yearly conditions was limited on analyzed quality 25 
parameters except number of kernels in 100 g. The pine nut kernel composition was determined 26 
as: moisture 4.64%, water activity 0.452, ash 4.19%, fat 45.8%, protein 31.98% and 27 

carbohydrates 13.16%. Potassium, phosphorus and magnesium were the predominant 28 
elements. Kernels are also rich in iron and zinc.  compared to other tree nuts. Oleic and linoleic 29 
acids were the major unsaturated fatty acids (85.4%), while palmitic and stearic acids were the 30 
as main saturated fatty acids (9.8%). 31 

  Conclusion: The results in this paper confirm that the pine nut kernels produced in Kozak 32 
area are a rich source of many important nutrients that appear to havinge a very positive effect 33 
on human health and possess additional quality attributes compared to other Mediterranean 34 
pine nuts from other origins.  35 

 36 
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 38 

1. INTRODUCTION 39 

 40 
Some species of Pinus genus produce kernels that are edible and highly nutritious. Pine nuts 41 

are produced mainly in Far-eastern Asian (Pinus chinesis[F1] and others) and Mediterranean 42 
countries (Pinus pinea L.). Annual world pine kernel production ranged between 17 330 (2008) 43 

and 34 445 MT (2011) during the last five5 years. With the stock over, the total kernel supply is 44 
reported to vary between 24 549 and 49 621 MT during the same period. Pine nut production 45 
shows fluctuations in Turkey as in other producing countries, and the yearly kernel exports 46 
totaled to 1303, 849, 703, 1473, 1356, 2180, 2174 and 1 227 MT between 2004 and 2011 [1]. 47 

The world demand for pine nuts is very strong especially in China and Russia, and the prices 48 
display an upward trend. Pinus chinesis that comprise the major part of world pine nut market is 49 
produced in China, Russia, Pakistan and DPR Korea. On the other hand, Turkey, Spain, 50 
Portugal, and Italy are the major producers of Pinus pinea, the Mediterranean pine nut [1].  51 

In the Mediterranean basin, Pinus pinea is an important species in the natural flora. 52 
Additionally it is grown as plantations mainly in Turkey, Spain, Portugal, Italy, Greece and 53 



Albania due to its regional importance [2]. The Turkish kernel production ranged between 350 54 
MT in 2012 to 1500 MT in 2008 between 2000 and 2012 [1]. Kozak plain in the western Aegean 55 

Region (İzmir province) of Turkey is historically an important pine nut production area providing 56 
more than 50% of the national supply. Pine nut production is the main income source for 55 000 57 
families in the region. The quality of pine nuts grown in Kozak plain is also superior to the other 58 
regions with its white colour and large sizes and they are mainly destined to export markets as 59 
Italy, Spain, Switzerland and USA [1].  60 

Pine nuts are utilized in the Mediterranean cuisine traditionally in breads, candies, sweets 61 
(baklava, halwa), sauces, cakes, salads and meat dishes as raw, roasted, whole or ground. It is 62 
an edible nut with a superb flavour and high protein content which make it a good nutritional 63 

source. Pine nut kernels are rich in protein, antioxidants and mono unsaturated fatty acids; are 64 
good sources of vitamin B1 (thiamine) and minerals, especially of potassium and phosphorus 65 
[3,4]. The lipid fraction of the kernels comprises more of unsaturated fatty acids. Oleic and 66 
linoleic acids account for more than 85% of the total fatty acids [4,5,6,7]. 67 

Many nuts are identified as rich in antioxidants [8]. Although walnut, pecans and chestnut 68 
have the highest content of antioxidants among tree nuts; pine nuts also contain significant 69 
amounts of total antioxidants [9]. Since oxidative stress is the common cause in chronic 70 
degenerative diseases, it is assumed that dietary antioxidants may exert a protective effect. 71 

Several researches studies suggest that antioxidants in nuts are beneficial against 72 
cardiovascular and other chronic diseases [9,10,11,12]. This effect is ascribed to fatty acid 73 
composition especially because of high linoleic acid content. 74 

Pine nut quality in-shell or kernel may show variations among species or subspecies 75 

depending upon geographical and climatic conditions [10,13,14]. Research work and data on 76 
physical and chemical properties of P. pinea kernels and of especially in-shell nuts are rather 77 
limited. There are no researches studies concerning the impact of climate or yearly conditions 78 
on the physical and chemical composition of pine nut kernels grown in Turkey.  79 

This study aims at determining physical and chemical properties of Turkish pine nut shells 80 
and kernels over a time span. Besides, changes in composition and nutritive value of the pine 81 
nut are evaluated according to the prevailing climatic conditions.  82 

 83 

2. MATERIALS AND METHODS 84 

 85 

2.1. Material 86 

Pine nut (Pinus pinea L.) shell samples (Pinus pinea L.) were obtained from Kozak District 87 
Agricultural Development Cooperative, a union of farmers’ cooperatives during three crop years. 88 
The sampling is based on sub-sampling in-shell nuts from 50 kg sealed jute bags one week 89 
after the removal of nuts from cones in July and August. 20 subsamples were collected from 90 

different bags and 24, 27 and 36 aggregate samples (~ 3 kg) were prepared annually. Physical 91 
analyses were performed as three3, and chemical analyses as two2 replicates per sample 92 
prepared. The kernel samples kept at +4oC under dark conditions were analyzed within a month 93 
after harvest. kept at +4oC until chemical analyses. 94 

 95 

2.2. Physical analysis 96 

From each sample, 100 g in-shell nut were examined visually and nuts were classified into 6 97 
quality classes as no cracking, cracking only on one side the crack length being 1/3, 2/3 or 3/3 98 
of the nut length, crack on both sides and cracked and kernel ready for germination and 99 
percentage of nuts in each group were determined as %. In-shell nuts were weighted (XB 100 
320M, Presica Instruments Ltd., Switzerland) and number of in-shells in 100 g was calculated. 101 
These in-shell pine nuts were broken manually and shells, kernels, and skins were carefully 102 
separated. Then, each part was weighted and number of kernels in 100 g and kernel ratio (%) 103 
as the ratio of kernel weight to in-shell nut weight were calculated. The defected kernel ratio 104 

was determined by visual evaluation of kernels obtained from 100 in-shell nuts. Kernels were 105 
classified into 6 classes as intact (white), with visible mould, black, green and discoloration of 106 
the tip and the ratios were calculated. The size was also determined by measuring the 107 
dimension of the principal axes; major diameters of 20 randomly selected kernel using a digital 108 

caliper (SC-6, Mitutoyo, Japan) with a sensitivity of 0.01 mm. 109 
 110 

2.3. Proximate analysis 111 

After the physical analyses, the remaining in-shell nuts were broken by special equipment and 112 
shells, kernel, and skin were carefully separated manually. Kernels (~ 600 g) were ground by a 113 



Waring blender (Blender 8011ES, USA) and used for proximate, fatty acids, and mineral 114 
analyses. 115 

Moisture content of kernels was measured by drying samples to a constant weight, in an oven 116 
(UM400, Memmert, Germany) at 70°C [15] and calculat ed based on the percentage of weight 117 
loss. Water activity was measured with a water activity meter (TH 500, Novasina, Pfaeffikon, 118 
Switzerland) at 25°C.  119 
Total ash was determined by drying samples for 12 h at 75°C in an oven and then transferring 120 
the crucible to a muffle furnace. The temperature was gradually raised to 550°C , and the 121 
samples were ashed for 24 h. until reaching to a white colour. Protein analysis in kernel 122 
samples of pine nut was determined by the Kjeldahl method [16]. The percentage of crude 123 

protein was estimated by multiplying the total nitrogen content by a factor of 5.30 [16]. Total 124 
carbohydrates were calculated by subtracting the total percentage of other components from 125 
100. Total fat of pine nut kernel was found using the Soxhlet extraction method with petroleum 126 
ether [16]. 127 

 128 

2.4. Analysis of fatty acids 129 
The fatty acid composition was determined on the lipid extracts after methylation to form fatty 130 

acid methyl esters (FAME) according to the IUPAC Method No.: 2.301 [17] by a Hewlett 131 
Packard 6890N gas chromatograph (Agilent, Polo Alto, CA), equipped with a Supelco SP2380 132 
capillary column (60 m x 0.25 mm i.d., 0.20 µm film thickness; Supelco, Bellefonte, PA) and 133 
flame ionization detector (FID). Fatty acid standard SupelcoTM 37 Component FAME mix 134 
(Supelco, Bellefonte, PA) was used for determination of fatty acid fractions. Helium was used as 135 
the carrier gas at flow rate of 1.1 ml/min; the split ratio was 1:20. An autosampler/injector 136 
HP7683 B Series was used and the injector and detector temperatures were 220°C. The oven 137 
temperature was programmed at 165°C for 35 min; tem perature was then elevated at 5°C per 138 

minute to 195°C and held for 15 min.  139 
 140 

2.5. Analysis of minerals 141 

Samples were wet-ashed with a mixture of nitric acid and perchloric acid solution, on a hot plate 142 
at 200°C. Then, the absorbances of the extract were  determined by the atomic absorption 143 
spectrophotometer (Spectra AA 220 Fast Sequential, Varian, Australia), and the amounts of 144 

minerals were calculated with the standard curves. Phosphorus was analyzed 145 
spectrophotometrically in the form of vanadium phosphomolybdate [18]. 146 
 147 

2.6. Statistical analysis 148 
The experiment was conducted as completely randomized design. Significant differences 149 
among groups were determined using Duncan’s multiple range tests at P≤0.05. Standard 150 

deviation of the mean (SD) was also calculated from the replicates. All data were subjected to 151 
analyses of variance (ANOVA) by using IBM® SPSS® Statistics 19 statistical software (IBM, 152 
NY, USA).  153 

 154 

3. RESULTS AND DISCUSSION 155 
 156 

3.1. Physical properties of in-shell nuts 157 

The ratio of cracked in-shell nuts varied significantly (P≤0.01) according to the years and as the 158 
overall average the ratio of in-shell pine nuts having cracks was calculated as 27%. The major 159 

mode of cracking was determined as cracking of the in-shell on one side but lengthwise (3/3). 160 
The cracked ratio was the highest in the 3rd year compared to other two years. The cracking 161 
ratios were higher in lengthwise crack on one side of the in-shell, cracks on both sides and 162 
cracks where kernels are ready to germinate. In the first and second years, the ratios of cracked 163 

in-shells and the mode of cracks (except lengthwise (3/3) crack on one side) were rather similar 164 
(Table 1). 165 

 166 
Table 1. Cracking modes (%) of in-shell nuts sampled in different years 

167 

Years No Cracking One side Both sides Ready for 

 1/3 2/3 3/3  germination 



1 78.26±5.79 az 0.06±0.14 0.77±0.58 14.28±4.21 b 3.89±1.92 b 2.74± 1.42 b 

2 83.34±7.60 a 0.78±1.00 2.94±2.26   7.98±4.29 c 3.44±2.76 b 1.53±0.89 b 

3 57.40±8.13 b 0.54±1.31 1.42±2.20 22.11±6.36 a 7.58±4.05 a 11.23±3.45 a 

 ** NS NS ** * ** 

z Means separation within columns by Duncan’s multiple range test, P≤0.05[F2] 168 
NS, *, **, Nonsignificant, significant at P≤0.05 or P≤0.01, respectively 169 

 170 
Among climatic conditions namely time and amount of precipitation and temperature may play 171 
significant role on in-shell pine nut and kernel properties. The major factors affecting higher 172 
cracked ratios in the 3rd year was found to be due to higher fluctuations in day and night 173 
temperatures during the drying period of cones in stacks. The diurnal temperatures ranged 174 
within wider limits (12.3%) during the period between April and June in the third study year 175 
compared to the other two years [19]. Despite higher cracked ratios, kernel quality was not 176 

affected from cracking. This can occur because in-shell nuts were sampled without exposing to 177 
a long-term storage. Under normal conditions, in-shell nuts can be stored for more than a year. 178 
If in-shell pine nuts are kept for longer periods under inappropriate storage conditions, cracking 179 
may advance and cracks on both sides may occur and kernels may start germination process 180 

which consequently affects the kernel quality. When cracking enhances, the kernel is more 181 
exposed to interaction with the ambient conditions, however, there is no research results on 182 
pine nuts to confirm this hypothesis. 183 

 184 

3.2. Physical properties of kernels 185 

The percentage of sound and intact kernels varied (P≤0.05) according to the yearly conditions 186 
and the mean sound and intact kernels was calculated as 96.37%. The major defect was found 187 
to be yellow kernels. The ratio of intact and sound kernels was the lowest in the first year of 188 
sampling due to higher ratio (3.46 %) of yellow kernels. The other defects (mouldy, black, green 189 
or tip discoloration) were quite low (<1.0 %) and similar in the three years of the study (Table 2). 190 

Changing of kernel colour to yellow or black is associated with lipid oxidation and enzymatic and 191 
non-enzymatic reactions. One of the major factors affecting the speed of these reactions is the 192 
water activity of the kernels [20]. During the first year of the study, high percentage of yellow 193 
kernels may have resulted possibly from increasing trends in water activity and water contents 194 

as well as some other possible factors. The percentage of mouldy kernels was below 1.0% 195 
since many fungi species cannot grow at water activity levels below 0.60 [21]. 196 
 197 

Table 2. Intact white (healthy) and defected pine nut kernel ratios sampled in different 198 

crop years 199 

Years Intact white Defected kernels (%) 

 

 Yellow Mouldy Black Green 

Tip 

discoloration 

1 94.08±1.08 

bz
[F3] 3.46±0.50 a 0.72±0.38  0.54±0.19 0.34±0.24  0.96±0.49  

2 97.07±1.32 a 0.53±0.57 b 0.44±0.33  0.73±0.25 0.16±0.23  0.37±0.46  

3 97.97±1.54 a 1.08±0.74 b 0.51±0.53  0.08±0.14 0.06±0.19  0.38±0.50  

 * ** NS NS NS  NS 

z Means separation within columns by Duncan’s multiple range test, P≤0.05 200 



NS, *, **, Nonsignificant, significant at P≤0.05 or P≤0.01, respectively 201 
 202 
Number of in-shell nuts per 100 g was almost similar in all 3 years and varied between 134 203 

and 143, the average being 138. The kernels were the smallest in the third year of sampling 204 

compared to the other years. The number of kernels was 474, 484 and 541 in 100 g 205 
respectively in 2004, 2005 and 2007. In the first year, kernel ratio was the highest (28.90%) 206 
whereas the lowest (26.43%) in the third year (Table 3). As the average of 3 years, number of 207 
kernels per 100 g and kernel ratio were determined as 499 and 27.73%. A previous study 208 
reported kernel ratio as 27.28% [5]. The yearly cultural practices and harvest times (generally 209 
February-April) were similar during the 3 years of study thus, kernel weight and kernel ratio 210 
were more prone to yearly changes in the climatic conditions. Excessive rainfall especially 211 
during pollination period affects fruit set and consequently yield [19]. Thus, the yearly variations 212 

in yields (e.g. very low yield in 2006) are experienced in Kozak Region, as well.  213 
 214 
Table 3. Some physical characteristics of pine nut kernels sampled in different crop 215 

years 
216 

Years Number of in-

shell nuts/100 

g 

Number of 

kernels/100 g 

Kernel ratio  

(%) 

Kernel 

length (mm)  

Kernel width 

(mm) 

1 137±8.7 474±21.1 az 28.90±1.06 a 14.31±0.74 5.58±0.15 a 

2 134±5.4 481±33.9 a 27.86±1.71 ab 14.47±0.42 5.51± 0.13 ab 

3 143±10.3 541±42.6 b 26.43±1.47 b 13.97±0.45 5.35± 0.21 b 

 NS ** * NS * 

zMeans separation within columns by Duncan’s multiple range test, P≤0.05 217 
NS, *, **, Nonsignificant, significant at P ≤0.05 or P≤0.01, respectively 218 

 219 
The effect of yearly conditions on kernel length was not marked, whereas created a significant 220 
(P≤0.05) effect on kernel width. The kernels were wider in the first year compared to the crop of 221 

the third year (Table 3). This result is in accordance with the kernel size and kernel ratio. 222 
Average kernel length and width were 14.25 mm and 5.48 mm respectively.  223 

 224 

3.4. Chemical composition of kernels 225 
The moisture content and water activity did not vary significantly among the three study years. 226 
The mean moisture content and water activity values are calculated as 4.64% and 0.452, 227 

respectively (Table 4). Moisture content of the kernels was lower than the maximum level (8%) 228 
allowed by the Turkish Standard (TS 1771) in all years [22]. Similarly water activity values were 229 
below the threshold levels for further aflatoxin production [23]. The measured water activity 230 
values were also at levels that will slow down the lipid oxidation process [20].  231 

 232 
Table 4. Some chemical characteristics of pine nut kernels sampled in different crop 233 

years 
234 

Years Moisture 

(%) 

Water 

activity 

Ash  

(%) 

Protein 

(%) 

Oil  

(%) 

Carbohydrates 

(%) 

1 4.95±0.53 0.478±0.06 4.13±0.16 31.61±1.31 45.2±0.46 14.11±2.14 

2 4.34±0.85 0.447±0.08 4.24±0.14 32.65±0.92 46.4±0.55 12.37±2.24 



3 4.62±0.77 0.431±0.05 4.21±0.13 31.66±1.12 45.9±0.63 13.61±2.37 

 NS NS NS NS NS NS 

NS, Nonsignificant 235 

Ash content of kernels was similar in all years and averaged to 4.19 % confirming the results 236 
obtained by [5]. Yearly averages in protein contents of kernels were alike and averaged to 237 

31.98%. Among all the Pinus varieties, the highest protein content was reported for P. pinea 238 
[24]. Similar results were reported by [5,25,26]. No significant differences existed in 239 
carbohydrate content and the average is calculated as 13.36% (Table 4). 240 
In the present study, the amount of oil was 45.8% on average (Table 4). [27] reported that the 241 
kernel oil content of some pine nut varieties changed from 31% to 68%. Commercial pine nut 242 
samples (P. pinea) analyzed in Italy contained 50.3% oil [26]. In general, pine seeds are rich in 243 
oils; their contents vary due to differences in species and environmental factors. 244 
Fatty acid composition of the Mediterranean pine nut is reported to be identical, qualitatively. 245 

Linoleic acid is the major fatty acid followed by oleic, palmitic and stearic acids [28]. The effect 246 
of yearly conditions on fatty acid amounts was observed to be statistically in-significant. The 247 
composition of fatty acids in pine nut kernels from Kozak region confirm that the most important 248 
fatty acid is the linoleic acid (C18:2), followed by oleic (C18:1), palmitic (C16:0), stearic (C18:0), 249 

eicosatrienoic (C20:3) and linolenic acids (C18:3) (Table 5). Previous studies also showed that 250 
the oils of Pinus varieties contained oleic and linoleic acids at relatively high levels 251 
[4,7,14,29,30]. In the research, other fatty acids were identified with lesser amounts, in the 252 
decreasing order as eicosenoic (C20:1), arachidic (C20:0), heptadecanoic (C17:0), palmitic 253 
(C16:1) and myristic acid (C14:0) (Table 5). Previous studies reported similar results [5,28]. In 254 
addition to the above mentioned ones, eicosadienoic (C20:2) [28] and heneicosanoic acid 255 
(C21:0) were also determined as 0.53% and 0.12%, respectively.  256 

 257 

 258 
Table 5. Fatty acid composition of pine nut kernels sampled in different crop years (% of 259 

total fatty acid content[F4]) 260 

Fatty acids Year 1 Year 2 Year 3 

C14:0 0.04±0.002NS 0.05±0.004 0.04±0.003 

C16:0 6.30±0.16NS 6.37±0.21 6.26±0.10 

C16:1 0.10±0.01NS 0.10±0.01 0.07±0.01 

C17:0 0.12±0.01NS 0.10±0.02 0.11±0.02 

C18:0 3.54±0.06NS 3.59±0.06 3.41±0.13 

C18:1 38.44±0.53NS 38.21±0.39 38.29±0.51 

C18:2 46.79±0.32NS 47.08±0.52 47.43±0.77 

C18:3 1.20±0.04NS 1.17±0.06 1.14±0.05 

C20:0 0.38±0.03NS 0.37±0.04 0.35±0.11 

C20:1 0.52±0.04NS 0.52±0.03 0.63±0.07 

C20:2 0.59±0.09NS 0.54±0.05 0.46±0.07 

C20:3 1.85±0.18NS 1.76±0.19 1.68±0.22 



C21:0 0.11±0.02NS 0.14±0.01 0.12±0.02 

Σ Sat. 10.49±0.16NS 10.61±0.19 10.30±0.17 

Σ Unsat. 89.49±0.19NS 89.38±0.18 89.70±0.18 

Σ Punsat. 50.43±0.49NS 50.55±0.42 50.71±0.37 

Σ Unsat./Σ Sat. 8.53±0.34NS 8.42±0.28 8.71±0.21 

Σ Punsat./Σ Sat. 4.81±0.18NS 4.76±0.13 4.92±0.16 

NS, Nonsignificant 261 
Σ Sat., saturated fatty acid; Σ Unsat., unsaturated fatty acid; Σ Punsat., polyunsaturated fatty acid 262 

 263 
P. pinea kernel oil is rich in unsaturated fatty acids. The total unsaturated fatty acid contents 264 

such as oleic, linoleic and linolenic acids were at high levels (89.52%). Among the unsaturated 265 
fatty acids, 38.96% was monounsaturated fatty acids and 50.56% was polyunsaturated fatty 266 
acids. In this study, saturated fatty acids accounted for 10.47% of the total fatty acids (Table 5) 267 
whereas [5] reported saturated fatty acid percentage as 13%. [28] reported that the saturated 268 

fatty acids accounted for 11.2 to 13.1 % of the total fatty acids in pine nut kernels of Turkish 269 
origin, those from Izmir possessing the lowest value which confirmed the value (10.5 %) 270 
obtained in the study. Thus, the variations with the other research results are due to the origin of 271 
the pine nut samples. 272 
The mineral compositions of the pine nut kernels were similar in all three years of study except 273 
phosphorus (P). The P content was higher in kernels sampled during the second year of the 274 
study compared to the first year. Several studies have indicated that mineral composition of tree 275 
nuts is affected by variety, geographical origin, harvest year, climate, soil characteristics, and 276 

management practices [31,32]. In the case of Kozak region, all factors except climatic 277 
conditions are negligible. Thus, the effect on P seems to occur as a consequence of yearly 278 
climatic conditions. Potassium (736 mg/100 g) was the highest mineral in pine nut kernels 279 
followed by phosphorus and magnesium. The other elements, in descending order by quantity, 280 

were Ca, Fe, Zn, Mn, Na and Cu. Compared to other tree nuts, the Mediterranean pine nut 281 
kernels were rich in phosphorus, magnesium, iron and zinc [32,33,34].  282 

 283 
Table 6. Mineral composition of pine nut kernels (mg/100 g) sampled in different crop 284 

yearsz 285 

Minerals Year 1 Year 2 Year 3 

Potassium 746±64.3NS 732±48.1 723±58.9 

Phosphorus 628±33.7 by* 683±44.5 a 652±38.4 ab 

Calcium 15.2±25.5NS 16.1±16.4 16.8±11.4 

Magnesium 357±11.4NS 364±10.0 366±5.5 

Iron 12.0±4.5NS 9.5±1.8 11.0±2.1 

Zinc 6.3±0.8NS 6.9±1.1 6.5±0.6 

Copper 3.2±0.8NS 3.5±0.6 3.2±0.3 

Manganese 5.4±1.0NS 6.0±1.2 6.1±0.9 

Sodium 4.3±1.3NS 4.6±1.1 5.1±0.8 

zResults are the means of four replicate samples ±SD. 286 
yMeans separation within rows by Duncan’s multiple range test, P≤0.05. 287 



NS, *, Nonsignificant or significant at P≤0.05 respectively. 288 

 289 

4. CONCLUSIONS 290 
 291 
The Mediterranean pine nut is a specialty nut used in traditional dishes in many countries and 292 

recently differentiated from other pine nut species causing bitter mouth. [35] report that pine nut 293 
is highly susceptible to irregular plant and climatic cycles that result in dramatic yearly 294 
fluctuations and that in USA, a good crop is obtained once in seven years.  In the study, The 295 
yearly climatic conditions exerted marked impact also quality namely on cracked in-shell ratio of 296 
pine nut. Especially in the third year of the study, the ratio of cracked nuts advanced to 42.6 %. 297 
High number of cracked in-shells may further reduce marketable kernel ratio through promoting 298 
germination, oxidation, or mould or aflatoxin formation. In this respect, drying process needs to 299 
be revisited in Kozak district and additional precautions must be implemented under 300 

unfavourable climatic conditions. 301 
The results confirm that the pine nut kernels are a rich source of many important nutrients 302 

that appear to have positive effects on human health. They are rich in protein, potassium, 303 
phosphorus, and magnesium contributing . They also contribute to daily zinc and iron intake. 304 

The fatty acid composition of pine nut displays importance in terms of human nutrition and 305 
health. The fatty acid composition shows high contents of linoleic acid and especially linolenic 306 
acid have positive effects regarding the cardiovascular system [356,367,378]. The nutritional 307 
value of linoleic acid is due to its metabolism at tissue levels which produces the hormone-like 308 
prostaglandins [356,389]. For pine nuts sampled from Kozak (İzmir) the saturated fatty acid 309 
ratios were determined between 10.3 to 10.6 % comparatively lower than the other reported 310 
ratios [5,28]. The results obtained in this paper confirm that the pine nut kernels produced in 311 
Kozak area are a rich source of many important nutrients that appear to have a very positive 312 

effect on human health and possess additional quality attributes compared to Mediterranean 313 
pine nuts from other origins. 314 
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