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Abstract  
 
The biological activity and the pharmaceutical properties of plants are strongly dependent on their structure.  
In the current study, the FT-IR spectroscopy technique was applied to detect molecular components in forest tree seeds 
samples. We used FTIR (Fourier transform infrared) spectroscopy because this tehnique gives information on specific 
functional chemical groups present in organic matter. However, the whole spectrum may also contain information that 
relates to more general chemical or biological properties. The FT-IR results revealed the presence of different bio-
active compounds in pine such as flavonoids, tannins, sugars, acids, proanthocyanidins, carotenoids, citric metabolites 
and others. The comparison of the antioxidant activity of the studied forest tree emphasized a hierarchy of the 
antioxidant capacity in pineseeds and beechseeds. The purpose of the study was to investigate the antioxidant capacity 
and nutritional value of pineseeds and beechseeds. Antioxidant capacity was evaluated with photochemical assay as 
well as humidity, protein, fibre, lipid and carbohydrate content. The highest antioxidant capacity was observed in 
beechseeds 1292.79 ± 5.71 in comparation whit pineseeds 1.78 ± 0.39 (μg/mg equivalent ascorbic acid). 
These results can provide useful information providing a research interest for the identification of new molecular 
compounds from forest tree seeds.  
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INTRODUCTION 
 
Conifers, including Scots pine (Pinus sylvestris 
L.), are a major source of wood products for 
forest industry. 
The various species of pine are distributed 
throughout the northern hemisphere, found in 
Asia, Europe and North America, both in the 
wild (in coniferous forests) and in pine 
plantations that exist in several countries.  The 
main pine seed producing countries are China, 
North Korea, Russia, Pakistan, Afghanistan, 
Italy, Spain, Portugal, Turkey. (Sharashkin and 
Gold, 2004). 
This type of seeds contains a large amount of 
vitamin A, as well as lutein, an essential 
antioxidant for preventing macular degeneration. 
The significant magnesium content in pine 
seeds makes them ideal, through consumption, 
for eliminating fatigue and stress. 
Pinolenic acid is a polyunsaturated fatty acid 
found exclusively in pine nut oil. It may help 

lower LDL (bad) cholesterol levels in the blood 
(Lee et al., 2004). Selective increase in 
pinolenic acid (all-cis-5, 9, 12-18:3) in Korean 
pine (Pinus koraiensis) nut oil by crystalli-
zation and its effect on LDL-receptor activity. 
Beech (Fagus sylvatica L.) species are largely 
represented in the European, Asia and North 
America flora and various parts of the tree are 
used in traditional medicine. 
The non-extractable components in bark 
include polysaccharides (cellulose, hemicellu-
lose and pectic substances), phenolic polymers 
(lignin and high-molecular-weight tannins) and 
cross-linked polyesters (cutin and suberin (El-
Bahy, 2005).  
Some of the most important health benefits of 
beech include its ability to stimulate hair 
growth, protect the immune system, improve 
the health of the skin, boost newborn health, 
reduce respiratory distress, prevent infections, 
relieve pain, detoxify the kidneys, and protect 
against chronic diseases (Takala et al., 2023). 
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The beech acorn contains Omega 6 and Omega 
3 which have been shown to have medicinal 
properties. Nuts of beech and pine are tasty 
nutrient-dense nuts produced in the fall by 
beech and pine trees (Fagus s., Pinus s.).  
The biological activity and the pharmaceutical 
properties of plants are strongly dependent on 
their structure.  
In the last year, FT-IR spectroscopy has been 
introduced as a very efficient and nondestruc-
tive analytical tool for the reliable way to deter-
mine the functional groups of tree components. 
IR (infrared) spectroscopy is one such method 
which may be applied to dried samples and 
gives information on the broad chemical groups 
present depending upon the absorption peaks 
present. However, the whole spectrum may 
contain information that may relate to more ge-
neral physical, chemical or biological proper-
ties. NIR (Near infrared reflectance) spectroscopy 
has been used extensively to assess changes 
during litter decomposition (McLellan et al., 
1991), composting (Ben Dor et al., 1997) and 
for the prediction of soil (Couillard et al., 1997) 
and peat properties (HaÈmaÈlaÈinen and 
Albano, 1992; McTiernan et al., 1998). 
FTIR is widely used in quantitative and quali-
tative analysis of wood because of its capacity 
to give information on the presence of 
functional groups, on composition and on some 
specific structural features (Esteves et al., 
2013). 
Fourier Transform Infrared Spectroscopy (FT-
IR) techniques were used by Feria-Reyes et al., 
(2023) to evaluate the tannin content in the 
bark of five pine species. 
Also, FT-IR spectroscopy has also been used to 
study the chemical and biological properties of 
peat in pine forests (Chapman et al., 2003). 
The use of the FT-IR technique has also been 
reported for the analysis of food matrices 
(Andronie et al. 2016, Bebu et al. 2020), but 
literature mentions lots of works that involve 
the use of this technique and its great potential 
to be used in a large variety of other research 
fields (Andronie et. al. 2019; Keseru et al., 
2016; Bebu et al., 2019, Andronie et al., 2022).  
In this work, we employed FT-IR spectroscopy 
to characterize the spectra of the pine seeds 
(Pinus sylvestris) and beech seeds (Fagus 
sylvatica). Also, we analyzed the antioxidant 
capacity of the two types of seeds.  

MATERIALS AND METHODS  
 
In this research, we analyzed two different 
varieties of forest trees seeds (pine - Pinus 
sylvestris var. hamata) and beech Fagus 
sylvatica tree from the forests of Romania) 
according to the analytical information 
obtained from dried seeds by means of Fourier 
transform infrared spectroscopy (FT-IR). One 
common varieties of seeds from forest tress 
plants, pine seed (Pinus sylvestris), beech seed 
(Fagus sylvatica) was bought from a naturist 
store. The seeds samples were crushed using a 
commercial blender (Figure 1). 
 

 
   a) 

 
b) 

Figure 1. The forest trees seeds: beech - Fagus  
sylvatica (a) and pine - Pinus sylvestris (b) 

 
Moisture determination 
The determination of moisture content was eva-
luated by the air-oven method, according to the 
methodology previously described by Kumar 
and Balasubrahmanyam (1986) with slightly 
modifications. The weighted sample was intro-
duced into a vial containing lid and conditioned 
at 105 °C for at least 45 minutes until a constant 
mass was obtained and therefore cooled in air-
oven. Then 5-10 g of sample were spread uni-
formly on the entire surface of the vial and 
weighted with an accuracy of 0.001 g.  
The humidity content was expressed in 
percentages. 
 
FT-IR spectroscopy 
The sample was prepared using calcinated 
potassium bromide as a matrix material and 
was mixed at a proportion of 3 mg of the 
sample (powder of pine seeds and beech seeds) 
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to 200 mg KBr. Then the mixture was conden-
sed in 15 mm dies at a pressure equal to 10 t till 
2 min. Same procedure was applied for all 
samples (Crișan et al., 2019) 
Measurements were carried out on the infrared 
scale of 350-4000 cm-1 and a spectral resolu-
tion was set at 4 cm-1 using a Jasco FT-IR-4100 
spectrophotometer (Oklahoma City, OK United 
States) using KBr pellet technique. All spectra 
were acquired over 256 scans.  
The spectral data were analysed using Origin 
6.0 software (Figures 2 and 3).  
Measurements were carried out on infrared 
scale of 500-4000 cm-1. 
 
Photochemical assay 
The ACL (Antioxidant Capacity of the 
Liposoluble Compounds) method previously 
described by (Hegedus et al., 2010), was used 
for estimating the antioxidant capacity. 
Photochem® equipment (Analytik Jena AG, 
Jena, Germany) was used for measuring the 
antioxidant capacity. 
The hydrophilic and lipophilic radical-scaven-
ging activities were measured using the ACL 
kits, provided by the manufacturer. 
The extractions for ACL measurements were 
also carried out according to the manufacturer’s 
protocol using Kit and methanol. 
For these measurements we used 1 g of extract 
of the sample with 20 ml of methanol, then 
centrifuge the sample for 5 minutes (10,000 
rpm). 
The equipment calibration and measurement of 
samples were based on the inhibition of free 
radicals. The values of antioxidant capacity 
were achieved by establishing measurement 
curves that were compared to the measurement 
curves obtained for the standard solution.  
The results were expressed in ascorbic acid 
equivalents (μg/mg). Data was calculated 
automatically using a software program called 
PCL soft.  
 
Statistical analysis  
The IBM SPSS v.19.0 for Windows, was used 
for statistical analysis. Basic statistics were 
implemented in order to emphasize the 
arithmetic mean (X) ± standard deviations (SD) 
of the content of humidity and antioxidant 
capacity of the studied forest seeds. 

The mean concentration of humidity and 
antioxidant capacity were compared across the 
various forest plants using ANOVA followed 
by Tukey’s test. Differences of the means were 
considered to be significant when p-value < 
0.05 (Paunovic et al., 2019). ANOVA analysis 
was followed by Tukey’s test in order to 
perform multiple comparisons regarding the 
antioxidant capacity of considered forest tree 
seeds. 
 
RESULTS AND DISCUSSIONS  

 
FT-IR analysis 
The FT-IR spectra were used to identify the 
functional groups of the macronutrients bades 
on the IR absorption in typical spectral regions.  
The characteristics of pine and beech seeds 
were the bands obtained from proteins, lipids 
and carbohydrates and these were clearly 
highlighted in the spectra obtained by the FT-
IR technique. 
Carbohydrates possess characteristic IR 
absorptions between 1200 and 750 cm relevant 
to coupling and combination of stretching and 
deformation or vibrational modes of individual 
bonds in the molecular skeleton. 
 

 
Figure 2. FT- IR spectrum of pine seeds  

(Pinus sylvestris) 
 
The absorption bands for rocking of CH2 may 
be found at 721 cm-1.  
 

 
Figure 3. FT- IR spectrum of beech seeds 

(Fagus sylvatica) 
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The nutritional quality of the studied  
The nutritional values for 100 g of two types of 
forest plants and the characteristic differences 
among them were present in Table 1. 

 
Table 1. Nutritional parameters of the investigate seeds  

(100 g/sample) 

Samples Calories 
(kcal) 

Lipids 
(g) 

Protein 
(g) 

Carbohydrates 
(g) 

Fiber 
(g) 

Pine 673±3.08 68.40±0.89 13.7±0.73 13.1±0.69 3.7± 
0.89 

Beech  619±2.05 51±1.39 17.21±1.24 20.59±0.34 11.5± 
0.48 

Note: *The mean difference at significant p< 0.05. 
 
In pine seeds was identified the highest 
concentration in lipids and calories.  
The beech seeds have the highest carbohydrates 
and fibers content in comparison with their 
content in pine. In addition, the beech showed 
an content of protein in comparison with pine.  
 
Statistical analysis for the humidity content 
and antioxidant capacity 
The test revealed significant differences 
between the mean amounts of calories, lipids 
and protein contained respectively in Pinus 
sylvestris and Fagus sylvatica (Table 1). Also, 
the amount of fiber contained in beech is 
significantly higher than that reported in pine 
seeds. 
The Turkey test revealed significant differences 
between the mean amount of antioxidants 
contained respectively in the two categories of 
forest trees considered. The results of Turkey‘s 
test are displayed in Table 2.  
 

Table 2. The content of humidity and antioxidant 
capacity in tested seeds 

Samples Humidity 
Antioxidant Capacity 

(μg/mg equivalent 
ascorbic acid) 

Pine (Pinus 
sylvestris) 0.39± 0.04 1.78 ± 0.08 

Beech (Fagus 
sylvatica) 0.51 ± 0.07 1292.79 ± 5.71 

Note: *The mean difference at significant p< 0.05. 
 
The significance was determined at p < 0.05.  
The results were expressed or plotted as the 
mean values ± standard deviation. 
Relationships among antioxidant capacity and 
humidity content of pine and beech seeds are 
presented in Table 3. We obtained a strong 
significant positive correlation at p<0.05 level 

between antioxidant capacity and humidity 
content of considered seeds. 

 
Table 3. Linear correlation coefficients between 

antioxidant capacity and humidity content of tested seeds 

Samples 

Antioxidant Capacity 
(μg/mg equivalent 

ascorbic acid) - Pinus 
sylvestris 

Antioxidant Capacity 
(μg/mg equivalent 

ascorbic acid) - 
Fagus sylvatica) 

Humidity - pine 
(Pinus 
sylvestris) % 

0.62* - 

Humidity - 
beech (Fagus 
sylvatica) % 

- 0.93* 

Note: *Correlation is significant at p< 0.05 
 
CONCLUSIONS  
 
The data revealed that the beech have the 
highest antioxidant capacity when compared 
with pine samples. Beech samples from natural 
shop exhibit antioxidant capacity and more 
investigations should be performed in order to 
describe the complex interactions between 
antioxidants and the human body. It is 
promising to observe that molecular 
compounds, such as those in pine and beech 
seeds, may provide a potential interest in food 
and pharmaceutical research. 
The comparison of the antioxidant activity of 
the studied forest tree seeds emphasized a 
hierarchy of the antioxidant capacity in pine 
seeds and beech seeds. 
The resulted data revealed that the beech seeds 
have the highest antioxidant capacity. We 
obtained a strong significant positive 
correlation at p<0.05 level between antioxidant 
capacity and humidity content of considered 
seeds.FT-IR spectroscopy could provide 
quantitative information concerning the 
functional groups of treem components 
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