
Vol.: (0123456789)
1 3

Rev Environ Sci Biotechnol (2022) 21:583–633 
https://doi.org/10.1007/s11157-022-09624-1

REVIEW PAPER

Chemical composition and industrial applications 
of Maritime pine (Pinus pinaster Ait.) bark and other 
non‑wood parts

José Ignacio Alonso‑Esteban · Marcio Carocho ·  
Diana Barros · Manuela Vaz Velho ·  
Sandrina Heleno · Lillian Barros 

Received: 8 February 2022 / Accepted: 11 May 2022 / Published online: 14 June 2022 
© The Author(s), under exclusive licence to Springer Nature B.V. 2022

industrial applications, and it can be used to obtain 
dietary supplements and functional foods, adsorbents, 
and bio-based resins and foams. Resin has a promi-
nent industrial role too, especially in chemical indus-
try. In this manuscript, an overview of these applica-
tions is described, opening an innovation opportunity 
for enterprises to use the by-products and residue of 
maritime pine. Still, albeit the described application, 
maritime pine has further applications that are right 
now being studied under the premises of circular 
economy.

Keywords  Pinus pinaster · Phytochemistry · 
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1  Introduction

Maritime pine (Pinus pinaster Ait.) is a 20–30  m 
tall medium-sized pine, although some specimens 
can reach 40 m of height. It has a deep taproot with 
well-developed secondary roots, and a thick, bright 
reddish-brown and deeply fissured bark. Young trees 
have a regular ovoid or conic crown, while adult 
trees have an irregular and open crown with branches 
with close-packed branches at the ends. Needles are 
10–25 cm long and are mostly grouped by pairs. They 
have shiny green and well-marked lines of stomata 
on both faces. Cones have a moderately asymmetri-
cal ovoid-conic shape and are 8–22  cm long, being 
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light brown and persistent, usually grouped in clus-
ters. Their scales present broad ridge and up-curved 
prickles, while seeds are shiny black to brown above, 
and grey below, with an easily removable wing (Abad 
Viñas et  al. 2016; Correia et  al. 2007; de las Heras 
et al. 2012; Eckenwalder 2009).

This pine species is native to the western Mediter-
ranean basin, especially southwestern Europe, as well 
as some places of northwestern Africa, in smaller 
proportion. In Europe, it occurs in the Iberian Penin-
sula, southern France, including the island of Corsica, 
and western Italy (Abad Viñas et al. 2016). As seen in 
Fig. 1, there are several areas in Europe with a rela-
tive presence of maritime pine higher than 70%, cor-
responding to wide extensions of pine forests. These 
pine forests are located in the west coast of Portugal 
and Galicia (Spain), some areas of the middle basin 
of the Douro river (Portugal), in Castile and Leon 
(Spain), where an area called Tierra de Pinares (Pine 
Woodlands) ows its name to the dense pine forests 
that abund there; and southwestern France, in Landes 
de Gascogne, where the largest continuous plantation 
forest of maritime pine exists (Abad Viñas et al. 2016; 
Rodríguez-García et  al. 2015). This forest is unique 
because it was almost entirely planted by humans and 
is managed for specific industrial purposes (Layton 

et al. 2021). This species has also been cultivated in 
non-native Mediterranean regions, such as Turkey, 
where it was imported in 1970’s (Kurtca and Tumen 
2020), and in the southern hemisphere, where it was 
introduced for environmental and economical pur-
poses and became a highly invasive species, espe-
cially in South Africa (Abad Viñas et al. 2016).

Maritime pine is considered ecologically versa-
tile because it shows diverse growth characteristics, 
namely frost resistance and adaptation to drought and 
various types of substrates. It exhibits preference for 
warm temperate areas with an annual rainfall higher 
than 600 mm, although it can survive with 400 mm 
if there is sufficient atmospheric moisture. It dwells 
well in siliceous soils with coarse textures, especially 
sandy soils, dunes, and other poor substrates (Abad 
Viñas et  al. 2016). Due to its adaptability to differ-
ent environmental conditions, it has become a study 
model for studies in coniferous forest management 
and functional genomics (Arrillaga et  al. 2019), 
although main conifer models for functional genomic 
studies are loblolly pine (Pinus taeda L.) and Norway 
spruce (Picia abies L.) (Nystedt et  al. 2013; Zimin 
et al. 2017). Additionally, pine trees can be bio-mon-
itors of the occurrence of persistent organic pollut-
ants (POPs) in the environment, mainly through the 

Fig. 1   Geographical 
distribution of maritime 
pine (Pinus pinaster Ait.) 
in southwestern Europe. 
Adapted from Abad Viñas 
et al. (2016)
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needles, because of the retention properties of their 
waxy layer, however, the bark can accumulate air-
borne contaminants, due to its porosity. The presence 
of POPs, specifically polycyclic aromatic hydrocar-
bons, such as phenanthrene, fluoranthene, pyrene and 
fluorene, have been observed in maritime pine nee-
dles and bark (Ratola et al. 2009).

The regeneration of maritime pine forests is often 
unsuccessfully in the Mediterranean basin and the 
problem is worsening due to climate change (Ver-
garechea et  al. 2019). Maritime pine has been used 
to cover burned areas after wildfires and has shown 
a high resistance to low and moderate fires (Aguiar 
et  al. 2021; Molina et  al. 2021). However, wildfires 
are expected to increase due to land use changes, 
which result in biomass accumulation that contrib-
ute to the surface fuel-complex in the tall and dense 
shrub layer of maritime pine forests (Fernández-
Guisuraga et al. 2022).

From an economic point of view, maritime pine is 
one of the most important trees in the Iberian Penin-
sula forests, especially Pinus pinaster subsp. atlantica 
(Vieto et  al. 2019), together with eucalyptus (Euca‑
lyptus sp.), and poplar (Populus sp.), which are other 
relevant species. In Portugal it stands out as one of 
the three economically dominant species, which are 
eucalyptus, maritime pine, and cork oak (Quercus 
suber L.), which are used for wood, agglomerates 
of wood, pulp, biomass pellets, and cork industries 
(Nunes et  al. 2019; Santos et  al. 2021). These three 
species represent 75% of Portuguese forests, which 
currently represent in turn 35% of the total Portu-
guese area, with maritime pine representing roughly 
a third of all forestry area in Portugal (Fradinho et al. 
2002; Nunes et al. 2019).

Economic importance of maritime pine consists 
in the use of its wood as construction wood and as 
raw material for manufacturing furniture, poles and 
posts (Abad Viñas et  al. 2016). It is widely used by 
wood-based panel industry, pulp and paper industry 
too (Santos et  al. 2021). Besides, maritime pine is 
the most used pine species for nutritive and medici-
nal purposes (Mármol et al. 2019). It is used to pre-
vent landslides in sandy and slope areas, to preserve 
soils, and for afforestation of deserted agricultural 
lands because they are fast-growing trees, and their 
roots go deep into the soil. They have been used as 
a windbreak in the western coast of the Iberian Pen-
insula to protect agricultural crops against salt spray. 

Additionally, they are common shade trees in Euro-
pean recreational areas (Abad Viñas et  al. 2016; 
Kurtca and Tumen 2020).

It is worth stressing that maritime pine, unlike 
eucalyptus, is a native species and this fact shows 
environmental considerations, such as patterns of 
lichen abundance and diversity. Maritime pine plan-
tations provide a more suitable habitat for lichens in 
the Iberian Peninsula because they have higher lichen 
abundance and diversity than eucalyptus plantations 
(Calviño-Cancela et al. 2020). Maritime pine forests, 
as for other pines, are suitable ecosystems to produce 
edible fungi of the genera Boletus, Hygrophorus, Lac‑
tarius, Macrolepiota, and Tricholoma (Abad Viñas 
et al. 2016; Herrero et al. 2019). Although maritime 
pine shows an ecological adaptation to fire, fungi 
could be strongly affected, especially mycorrhizal 
taxa. Fungal communities of Mediterranean mari-
time pine forests seem to be more adapted to fire than 
those of boreal pine species, where only saprotrophic 
taxa are observed in the year following fire (Franco-
Manchón et al. 2019).

Taking into account the relevance in forestry of 
this pine species in Portugal, as well as in the rest of 
the Iberian Peninsula and other European regions, and 
the forest sustainability, it is important to know all 
potential uses beyond wood industry, thus moving up 
the value chain to exploit all parts of the tree. This is 
closely related to circular economy, which is an eco-
nomic system linked to sustainability, as it is based 
on the maximum use of resources and the minimum 
waste generation (Deutz 2020). Industrial potential of 
non-wood parts of several pine species has been pre-
viously studied (Neis et  al. 2019). In maritime pine, 
the scientific production associated to “Pinus pin‑
aster” topic has been almost constant in the last six 
years, as seen in Fig. 2, and many different research 
areas were covered. Depending on the database, 
it ranged from 113 to 136 or from 192 to 222, and 
the maximum values were achieved in 2021 in both 
cases. Besides these last articles, there are older arti-
cles that provide valuable knowledge about maritime 
pine, which were also consulted. This review aims to 
provide a wide view of the chemical composition of 
maritime pine bark and other parts of the tree which 
cannot be used by wood industry, such as needles, 
cones or resin, particularly secondary metabolites, as 
well as their industrial applications, especially those 
of bark, which is the most studied part.
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2 � Chemical composition of bark and other parts 
of maritime pine

Several parts of maritime pine have been studied by 
different authors and their data were summarised in 
Table 1. Bark composition was described by Ferreira-
Santos et al. (2020) and more than 70% corresponded 
to fibres, being lignin the major one and represented 
about 42%, followed by cellulose and hemicellu-
lose, with 17 and 12%, respectively. The percentage 
of fibre reported by Santos et  al. (2021) was even 
higher, 85.5%, because lignin, cellulose and hemi-
cellulose contents were higher, 46%, 23%, and 16%, 

respectively. Hemicelluloses of maritime pine bark 
were studied by Fradinho et al. (2002), who reported 
that xylose was the major component and that they 
also contained mannose, arabinose, glucose, uronic 
acids, and a small quantity of galactose and fucose. 
According to Santos et al. (2021), hemicellulose con-
tent in cones and needles were similar to barks, but 
cellulose content was higher, 34% and 29%, respec-
tively. Lignin was the major fibre in cones and nee-
dles, but their content was lower than barks, close to 
36%. Chemical composition of maritime pine knots 
and stumps was described by Celhay et  al. (2014), 
and fibres were also the major compounds in both 
cases, especially cellulose, which represented 51% in 
knots and 58% in stumps. Lignin content was simi-
lar in both parts of the tree, 15%, while hemicellulose 
content was much higher in knots, 25%, 2.5 times 
higher than in stumps.

Ash was lower than 1% in bark, knots, and cones, 
slightly higher than 1% in needles and close to 8% 
in stumps (Celhay et  al. 2014; Santos et  al. 2021). 
Gómez-Rey et  al. (2021) reported the mineral com-
position of needles and potassium was the major one, 
with a content close to 5 g/kg. The content of mag-
nesium was also remarkable, but lower than 2  g/kg, 
and the average content of calcium was close to 1 g/
kg. Phosphorus, sodium and aluminium presented a 
content between 0.2 and 0.8 g/kg, while the content 
of manganese, iron and zinc was lower than 0.1 g/kg. 
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Fig. 2   “Pinus pinaster” topic related research articles pro-
duced from 2016 to 2021

Table 1   Chemical composition of different parts of maritime pine (% of dry matter)

a Holocellulose (cellulose + hemicellulose)

Bark Needles Cones Knots Stumps

Ferreira-
Santos et al. 
(2020)

Fradinho 
et al. 
(2002)

Santos et al. 
(2021)

Santos et al. 
(2021)

Santos et al. 
(2021)

Celhay et al. 
(2014)

Celhay et al. 
(2014)

Ash/minerals 0.87 ± 0.00 0.8 0.40 ± 0.02 1.17 ± 0.06 0.42 ± 0.03 0.31 ± 0.05 7.92 ± 0.19
Proteins 1.64 ± 0.03 – – – – 0.38 ± 0.02 3.63 ± 0.03
Cellulose 17.39 ± 0.37 48.4a 23.2 ± 2.0 29.4 ± 1.6 33.8 ± 0.2 50.86 ± 1.32 57.55 ± 1.42
Hemicellulose 12.31 ± 0.20 48.4a 16.1 ± 3.8 16.1 ± 2.2 16.5 ± 3.4 24.58 ± 0.42 9.51 ± 1.25
Lignins 41.65 ± 0.24 33.2 46.2 ± 3.4 36.4 ± 2.1 35.7 ± 2.3 15.44 ± 1.22 15.47 ± 0.08
Lipophilic 

extractives/
fats

2.54 ± 0.26 3.1 1.17 ± 0.09 10.04 ± 0.12 5.14 ± 0.21 16.74 ± 0.17 –

Hydrophilic 
extractives

3.2 2.09 ± 0.02 2.99 ± 0.18 5.64 ± 0.09 12.94 ± 0.97 8.30 ± 0.33

Ethanol extrac-
tives

13.20 ± 0.31 10.3 8.71 ± 0.16 4.56 ± 0.07 2.09 ± 0.11 – –
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Copper and boron were minor mineral compounds, 
and their content was around 2–3 mg/kg.

2.1 � Chemical characterization of maritime pine bark 
in terms of bioactive compounds

2.1.1 � Phenolic compounds

Maritime pine bark is a rich source of polyphenols, 
such as flavonoids, phenolic acids, stilbenes, and 
tannins, which include proanthocyanidins, which in 
turn include procyanidins. The latter are mixtures of 
oligomers and polymers consisting of (+)-catechin 
and/or (−)-epicatechin units linked mainly through 
C4 → C8 and/or C4 → C6 bonds. These units can be 
doubly linked by a C4 → C8 bond and an additional 
ether bond between O7 → C2 (D’Andrea 2010). Pro-
cyanidins have different degrees of polymerization 
depending on the number of units, which influence 
their bioavailability and bioactivity, as well as their 
industrial potential (Yang et  al 2021). After lignins, 
procyanidins are the most widespread polyphenols in 
plants, and they can be found in barks, roots, leaves, 
and fruits, often in high concentrations (D’Andrea 
2010).

According to Jerez et  al. (2006), the degree of 
polymerization of procyanidins was 7.0 in aqueous 
extract, so it contained highly polymerized procya-
nidins, and the most abundant monomeric units were 
catechin and epicatechin. The aqueous extract was 
fractionated and the fraction soluble in both water and 
ethyl acetate, which is much less polar, contained oli-
gomeric procyanidins with a lower degree of polym-
erization, 3.0, and taxifolin, catechin and epicatechin 
as monomeric units. The ethanolic extract was also 
analysed and the degree of polymerization was 7.6 
(Jerez et al. 2007a), slightly higher than the value of 
the aqueous extract. A fraction soluble in water and 
ethyl acetate was also obtained from ethanolic extract 
and the degree of polymerization of procyanidins was 
2.3, more than three times lower. According to Jerez 
et al. (2007a), the higher the polymerization degree, 
the better antiradical activity against (2,2-diphenyl-
1-picrylhydrazyl) DPPH radical, regardless the pro-
cyanidin source.

Another fraction which was soluble only in water 
was obtained from the ethanolic extract. That fraction 
showed the highest degree of polymerization with an 
average value of 10.6 (Jerez et  al. 2007b). Catechin 

was the predominant terminal unit in both fractions 
from the ethanolic extract, while epicatechin was the 
main extension unit (Jerez et al. 2007a, b). Navarrete 
et al. (2010) indicated that the extract contained high 
molecular mass tannins formed by 20–21 flavonoid 
units, which might have solubility issues and precipi-
tation due to autocondensation.

The content of phenolic compounds of maritime 
pine bark has been widely studied and the results 
reported by the different authors were summarised in 
Table 2. Gascón et al. (2018) reported a procyanidin 
B1 and B2 content of 5.3 and 42 μg/g of bark, respec-
tively. Procyanidin B1 is a dimer of (+)-catechin and 
(−)-epicatechin, while procyanidin B2 is a dimer of 
(−)-epicatechin, in both cases the two units are linked 
through C4 → C8 bonds (Saito et  al. 2005). Their 
chemical structure, together with the most common 
phenolic compounds in maritime pine bark, were 
represented in Fig. 3. The two flavonoids are flavan-
3-ols, but the major flavonoid was taxifolin, which is 
a flavanolol, with triple the amount of catechin. Taxi-
folin was also the main phenolic compound found 
in maritime pine bark in Mármol et  al. (2022) stud-
ies being more abundant in aqueous extracts. On the 
other hand, procyanidin, hydroxybenzoic acid and 
caffeic acid were present in ethanolic and hydroetha-
nolic (50%) extracts but not detected in aqueous ones 
(Mármol et al. 2022).

Naringenin, which belongs to the group of fla-
vanones, was also found in different extracts of mari-
time pine bark with a content similar or higher than 
catechin. Besides flavonoids, maritime pine bark 
contains phenolic acids, albeit at lower than flavo-
noids. Other phenolic compounds which were widely 
found in maritime pine bark were ellagic acid and res-
veratrol. The first one showed a content higher than 
340 mg/L in aqueous extracts, and even higher than 
in hydroethanolic extracts (400 mg/L) (Ferreira-San-
tos et al. 2019), while the content of resveratrol was 
lower. It should be noted the presence of pinoresinol, 
which is a lignan that could be found in other parts of 
the tree, although in very low quantities.

Regarding extraction of phenolic compounds from 
bark, two parameters that influence the extraction 
yield are the solvent and the particle size. According 
to Abilleira et al. (2021), extraction yield of phenolic 
compounds could be 2.5–3 times higher with etha-
nol than with water. That is why ethanolic extracts 
presented a higher antioxidant activity in the ferric 
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Table 2   Phenolic compounds of maritime pine bark

Compound Solvent Unit Value References

Total phenolic compounds 
by type

Total phenolic compounds Ethanol g gallic acid equivalents/L 6.58–17.0 Jerez et al. (2006)
mg gallic acid equivalents/g 

bark
63.38 Vieito et al. (2018)

Ethanol:water (80:20, v/v) mg gallic acid equivalents/g 
extract

379.6–873.2 Abilleira et al. (2014)

mg gallic acid equivalents/g 
bark

7.52–39.52 Chupin et al. (2015)

Ethanol:water (50:50, v/v) mg gallic acid equivalents/g 
bark

73.48 Vieito et al. (2018)

Ethanol, water mg gallic acid equivalents/g 
extract

285.2–660.5 Simões et al. (2021)

Water mg gallic acid equivalents/g 
bark

50.09 Vieito et al. (2018)

Water (NaOH) mg gallic acid equivalents/g 
extract

19.34–96.81 Chupin et al. (2013)

Total condensed tannins Ethanol:water (80:20, v/v) g catechin equivalents/g bark 10.05–48.98 Chupin et al. (2015)
Water (NaOH) mg catechin equivalents/g 

extract
1.77–10.62 Chupin et al. (2013)

Ethanol, water mg catechin equivalents/g 
extract

84.4–125.1 Simões et al. (2021)

Total flavonoids Ethanol, water mg catechin equivalents/g 
extract

64.9–115.0 Simões et al. (2021)

Total proanthocyanidins Ethanol:water (80:20, v/v) mg cyanin chloride 
equivalents/g extract

217.8–552.4 Abilleira et al. (2014)

Water (NaOH) mg cyanidin equivalents/g 
bark

1.63–11.99 Chupin et al. (2015)

mg cyanidin equivalents/g 
extract

1.01–11.73 Chupin et al. (2013)

Phenolic acids
Caffeic acid Dichloromethane mg/kg bark 7 Sousa et al. (2018)

Ethanol:water (30:70, v/v) mg/L 11.5 Ferreira-Santos et al. (2020)
Ethanol:water (50:50, v/v) mg/L 10.9–21.4 Ferreira-Santos et al. (2019)

mg/L 13.8 Ferreira-Santos et al. (2020)
Ethanol:water (70:30, v/v) mg/L 12.0
Ethanol:water (90:10, v/v) mg/L 12.0
Water mg/L 6.2–6.8 Ferreira-Santos et al. (2019)

mg/L 4.2 Ferreira-Santos et al. (2020)
Water, ethyl acetate g/100 g extract 1.92 Iravani and Zolfaghari 

(2014)
Chlorogenic acid Ethanol:water (30:70, v/v) mg/L 11.0 Ferreira-Santos et al. (2020)

mg/L 44.1 Ferreira-Santos et al. (2021)
Ethanol:water (50:50, v/v) mg/L 15.7 Ferreira-Santos et al. (2020)
Ethanol:water (70:30, v/v) mg/L 15.5
Ethanol:water (90:10, v/v) mg/L 17.2
Water mg/L 5.8

Cinnamic acid Ethanol:water (30:70, v/v) mg/L 29.5 Ferreira-Santos et al. (2020)
mg/L 9.5 Ferreira-Santos et al. (2021)
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Table 2   (continued)

Compound Solvent Unit Value References

Ethanol:water (50:50, v/v) mg/L 38.1 Ferreira-Santos et al. (2020)
Ethanol:water (70:30, v/v) mg/L 53.4
Ethanol:water (90:10, v/v) mg/L 47.4
Water mg/L 5.4

o-Coumaric acid Ethanol:water (30:70, v/v) mg/L 57.8 Ferreira-Santos et al. (2021)
Ethanol:water (50:50, v/v) mg/L 25.0–63.2 Ferreira-Santos et al. (2019)
Water mg/L 29.5–33.5

p-Coumaric acid Dichloromethane mg/kg bark 8 Sousa et al. (2018)
Ethanol:water (30:70, v/v) mg/L 127.7a Ferreira-Santos et al. (2021)

Ferulic acid Dichloromethane mg/kg bark 61 Sousa et al. (2018)
Ethanol:water (30:70, v/v) mg/L 23.2 Ferreira-Santos et al. (2020)

mg/L 48.7 Ferreira-Santos et al. (2021)
Ethanol:water (50:50, v/v) mg/L 26.8–48.3 Ferreira-Santos et al. (2019)

mg/L 24.5 Ferreira-Santos et al. (2020)
Ethanol:water (70:30, v/v) mg/L 21.2
Ethanol:water (90:10, v/v) mg/L 21.3
Water mg/L 14.5–15.3 Ferreira-Santos et al. (2019)

mg/L 9.7 Ferreira-Santos et al. (2020)
Water, ethyl acetate g/100 g extract 2.33 Iravani and Zolfaghari 

(2014)
Gallic acid Ethanol:water (50:50, v/v) mg/L 0.3–4.7 Ferreira-Santos et al. (2019)

Water (NaOH) mg/g bark 1.43–5.50 Chupin et al. (2013)
3,4-Dihydroxybenzoic acid Ethanol:water (30:70, v/v) mg/L 35.5 Ferreira-Santos et al. (2020)

mg/L 93.0 Ferreira-Santos et al. (2021)
Ethanol:water (50:50, v/v) mg/L 9.5–17.3 Ferreira-Santos et al. (2019)

mg/L 36.0 Ferreira-Santos et al. (2020)
Ethanol:water (70:30, v/v) mg/L 47.4
Ethanol:water (90:10, v/v) mg/L 64.1
Water mg/L 8.0–11.1 Ferreira-Santos et al. (2019)

mg/L 29.7 Ferreira-Santos et al. (2020)
Rosmarinic acid Ethanol:water (30:70, v/v) mg/L 46.4 Ferreira-Santos et al. (2021)

Ethanol:water (50:50, v/v) mg/L 37.1–75.4 Ferreira-Santos et al. (2019)
Syringic acid Dichloromethane mg/kg bark 1 Sousa et al. (2018)
Vanillic acid Dichloromethane mg/kg bark 6 Sousa et al. (2018)

Ethanol:water (30:70, v/v) mg/L 8.0 Ferreira-Santos et al. (2020)
mg/L 64.5 Ferreira-Santos et al. (2021)

Ethanol:water (50:50, v/v) mg/L 5.8–6.3 Ferreira-Santos et al. (2019)
mg/L 9.5 Ferreira-Santos et al. (2020)

Ethanol:water (70:30, v/v) mg/L 10.0
Ethanol:water (90:10, v/v) mg/L 10.5
Water mg/L 3.0

Flavonoids
Apigenin Ethanol:water (30:70, v/v) mg/L 1.9 Ferreira-Santos et al. (2020)

mg/L 3.1 Ferreira-Santos et al. (2021)
Ethanol:water (50:50, v/v) mg/L 15.3–19.6 Ferreira-Santos et al. (2019)

mg/L 6.2 Ferreira-Santos et al. (2020)
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Table 2   (continued)

Compound Solvent Unit Value References

Ethanol:water (70:30, v/v) mg/L 12.4
Ethanol:water (90:10, v/v) mg/L 5.1

Catechin Dichloromethane relative abundance % n.d.–0.2 Simões et al. (2021)
Ethanol:water (30:70, v/v) mg/L 105.0 Ferreira-Santos et al. (2020)

mg/L 198.2 Ferreira-Santos et al. (2021)
Ethanol:water (50:50, v/v) mg/L 27.8–54.2 Ferreira-Santos et al. (2019)

mg/L 133.5 Ferreira-Santos et al. (2020)
Ethanol:water (70:30, v/v) mg/L 135.5
Ethanol:water (90:10, v/v) mg/L 133.0
Water (NaOH) mg/g bark 3.02–5.05 Chupin et al. (2013)
Water mg/L 28.3–40.2 Ferreira-Santos et al. (2019)
Water, ethyl acetate μg/g bark 102 Gascón et al. (2018)

g/100 g extract 4.12 Iravani and Zolfaghari 
(2014)

Epicatechin Ethanol:water (30:70, v/v) mg/L 127.7a Ferreira-Santos et al. (2021)
Water (NaOH) mg/g bark 0.84–1.92 Chupin et al. (2013)

Epicatechin gallate Water (NaOH) mg/g bark 0.31–0.99 Chupin et al. (2013)
Gallocatechin Ethanol:water (30:70, v/v) mg/L 140.3 Ferreira-Santos et al. (2020)

mg/L 180.5 Ferreira-Santos et al. (2021)
Ethanol:water (50:50, v/v) mg/L 15.3–19.6 Ferreira-Santos et al. (2019)
Water mg/L 7.0–15.0

mg/L 149.3 Ferreira-Santos et al. (2020)
Hesperidin Ethanol:water (30:70, v/v) mg/L 125.9 Ferreira-Santos et al. (2021)
Naringenin Ethanol:water (30:70, v/v) mg/L 128.0 Ferreira-Santos et al. (2020)

Ethanol:water (50:50, v/v) mg/L 170.5
Ethanol:water (70:30, v/v) mg/L 249.5
Ethanol:water (90:10, v/v) mg/L 239.6

Naringin Ethanol:water (30:70, v/v) mg/L 164.0 Ferreira-Santos et al. (2021)
Ethanol:water (50:50, v/v) mg/L 67.1–208.0 Ferreira-Santos et al. (2019)
Water mg/L 89.0–97.8

Quercetin Ethanol:water (50:50, v/v) mg/L 49.2–105.5 Ferreira-Santos et al. (2019)
mg/L 10.1 Ferreira-Santos et al. (2020)

Ethanol:water (70:30, v/v) mg/L 8.5
Ethanol:water (90:10, v/v) mg/L 10.9
Water mg/L 27.6–34.9 Ferreira-Santos et al. (2019)

Taxifolin Ethanol:water (30:70, v/v) mg/L 166.4 Ferreira-Santos et al. (2020)
mg/L 344.4 Ferreira-Santos et al. (2021)

Ethanol:water (50:50, v/v) mg/L 253.5–470.2 Ferreira-Santos et al. (2019)
mg/L 422.9 Ferreira-Santos et al. (2020)

Ethanol:water (70:30, v/v) mg/L 463.2
Ethanol:water (90:10, v/v) mg/L 463.9
Water mg/L 93.5–121.1 Ferreira-Santos et al. (2019)

mg/L 73.1 Ferreira-Santos et al. (2020)
Water, ethyl acetate μg/g bark 128 Gascón et al. (2018)

g/100 g extract 6.68 Iravani and Zolfaghari 
(2014)



591Rev Environ Sci Biotechnol (2022) 21:583–633	

1 3
Vol.: (0123456789)

reducing antioxidant power (FRAP) assays than aque-
ous extracts. Besides, the smaller the particle size, the 
higher the extraction yield. The smallest particle size 
tested by them was 0.5 mm, and the extraction yields 
for both ethanol and water were the highest. Chupin 
et  al. (2015) also observed that the extraction yield 
was higher with a particle size under 0.4 mm, without 
an impact on the nature of the extracted compounds.

Chupin et  al. (2013) also studied the influence of 
NaOH concentration in phenolic compound extractions 
and they observed that their content was higher with 
NaOH 1% than with 5%. Tannin and proanthocyanidin 
content were also higher with NaOH 1%. Besides, they 
indicated that the content of these compounds could be 
different depending on the tree because of the lixivia-
tion of water-soluble compounds caused by rain.

High pressure fractioned extraction methodology 
was employed by Braga et  al. (2008) to obtain dif-
ferent extract fractions having diverse antioxidant 

capacities, and it was influenced by catechin and 
epicatechin content, which were higher in ethanolic 
extracts, as it has been previously stated. Vieito et al. 
(2018) and Ferreira-Santos et al. (2020) observed that 
extracts obtained with intermediate ethanol concen-
trations (50–70%) were those with the highest bio-
activities because they contained a higher amount 
of phenolic compounds, which were correlated with 
antioxidant activity. It was observed using microwave 
assisted extraction that the extraction solvent (aque-
ous, hydroethanolic and ethanolic) strongly influ-
enced the antibacterial and anticancer effectivity of 
the bark extracts (Mármol et al. 2022).

Jerez et  al. (2006) studied the effect of tempera-
ture, contact time and liquid–solid ratio on the phe-
nolic compound extraction with ethanol, to maximize 
industrial process efficiency. The optimum extraction 
conditions were 50  °C, 90  min and 5:1 liquid–solid 
ratio, which rendered 17.0 gallic acid equivalents/L, 

Table 2   (continued)

Compound Solvent Unit Value References

Procyanidins
Procyanidin B1 Water, ethyl acetate μg/g bark 5.3 Gascón et al. (2018)
Procyanidin B2 Water, ethyl acetate μg/g bark 42 Gascón et al. (2018)
Others
Ellagic acid Ethanol:water (30:70, v/v) mg/L 67.2 Ferreira-Santos et al. (2020)

mg/L 62.1 Ferreira-Santos et al. (2021)
Ethanol:water (50:50 v/v) mg/L 231.1–402.2 Ferreira-Santos et al. (2019)

mg/L 120.6 Ferreira-Santos et al. (2020)
Ethanol:water (70:30, v/v) mg/L 122.6
Ethanol:water (90:10, v/v) mg/L 124.4
Water mg/L 123.7–342.2 Ferreira-Santos et al. (2019)

mg/L 53.6 Ferreira-Santos et al. (2020)
p-Hydroxybenzaldehyde Dichloromethane mg/kg bark 4 Sousa et al. (2018)
Pinoresinol Dichloromethane relative abundance % 0.7–3.0 Simões et al. (2021)

mg/kg bark 246 Sousa et al. (2018)
Resveratrol Ethanol:water (30:70, v/v) mg/L 10.9 Ferreira-Santos et al. (2020)

mg/L 56.8 Ferreira-Santos et al. (2021)
Ethanol:water (50:50, v/v) mg/L 19.5–40.0 Ferreira-Santos et al. (2019)

mg/L 13.5 Ferreira-Santos et al. (2020)
Ethanol:water (70:30, v/v) mg/L 18.9
Ethanol:water (90:10, v/v) mg/L 17.5
Water mg/L 3.8

Vanillin Dichloromethane mg/kg bark 33 Sousa et al. (2018)

tr. traces
a Epicatechin + p-coumaric acid
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although a high influence of temperature was 
observed. Testing 25–50  °C showed that the highest 
temperatures were those with the best yields, which 
were related to best antiradical activity. However, con-
tact time showed a low influence on phenolic com-
pound yield, so the authors concluded that the matrix 
structure of pine bark allowed an easier liberation of 
phenolic compounds than other natural matrices and 
prolonged extraction times would not be needed.

Chupin et al. (2015) indicated that the microwave 
assisted extraction is a methodology that allows the 
obtention of high amounts of condensed tannins. 
Ferreira-Santos et  al. (2019) evaluated the effect of 
ohmic heating on the extraction of phenolic com-
pounds and they concluded that this methodology 
caused a significant increase in total phenolic com-
pounds concentration in bark extracts.

2.1.2 � Non‑phenolic compounds

Besides phenolic compounds, maritime pine bark is 
a source of terpenoids. The structure of the most out-
standing compounds is represented in Fig. 4. Mellouk 

et  al. (2016) carried out the extraction of the essen-
tial oil by hydrodistillation with a Clevenger appara-
tus and through a solvent free microwave extraction, 
which showed a better yield than the classical method, 
with values of 3.3 and 2.2 g/100 g, respectively. The 
optimal irradiation conditions were 92.4  min and 
803.5  W. 56 compounds were identified, but only 
eight presented a relative area higher than 2% in both 
essential oils, with the following constitution in mono 
and sesquiterpenes: α-terpineol, β-caryophyllene, 
β-pinene, cyclofenchene, valencene, α-humulene, 
α-pinene, and 3-carene, in decreasing order.

Sousa et al. (2018) studied the chemical composi-
tion of lipophilic maritime pine bark extract, which 
was extracted with dichloromethane through a sox-
hlet apparatus. Diterpenic resin acids represented the 
majority, with a content of 235.3  mg/100  g of dried 
bark. Most of them were abietane-type resin acids, but 
the extract also contained pimarane-type resin acids. 
Dehydroabietic acid was the major compound, with a 
content of 95.4 mg/100 g of dried bark, which repre-
sented more than 40% of diterpenic resin acids. Sev-
eral dehydroabietic acid derivatives, included oxidized 

Fig. 3   Chemical structure of different phenolic compounds 
which are present in maritime pine bark (flavonoids: (+)-cat-
echin (1), (−)-epicatechin (2), taxifolin (3), and naringenin 

(4); procyanidins: procyanidin B1 (5) and procyanidin B2 (6); 
other phenolic compounds: ellagic acid (7), pinoresinol (8), 
and resveratrol (9))
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derivatives, were also found, so it was suggested that 
oxidation/dehydrogenation reactions had taken place. 
In addition to these compounds, they also found triter-
penoids and the major ones were β-sitosterol and betu-
lin, with a content higher than 40 mg/100 g of dried 
bark. Another compound which was present in the 
lipophilic maritime pine bark extract was pinoresinol, 
and its content was 24.6 mg/100 g of dried bark. This 
compound is a lignan, so it is a phenolic acid deriva-
tive and not a terpenoid, as the previous compounds 
found in the lipophilic extract. Mármol et  al. (2022) 
reported the presence of abietic acid derivate and 
15-hydroxydehydroabietic acid in microwave etha-
nolic and hydroethanolic (50%) extracts but not found 
in aqueous ones.

Kurtca and Tumen (2020) studied resin acids too, 
but they focused their work on seasonal variations and 
related it with fatty acids. Abietic acid was the major 
resin acid, followed by neoabietic and dehydroabietic 
acid. Regarding pimarane-type resin acids, their pro-
portion was lower than abietane-type resin acids, and 
the major one was pimaric acid. Samples obtained in 

February were those with a higher proportion of resin 
acids, and it decreased in samples obtained in May and 
even more in August, but samples collected in Novem-
ber were those with the lowest proportion of resin acids.

Kurtca and Tumen (2020) indicated that the pro-
portion of fatty acids was higher than resin acids 
only in November, and the proportion of saturated 
and unsaturated fatty acids was similar. However, in 
February, the proportion of saturated fatty acids was 
much lower than unsaturated fatty acids, while in 
May and August the proportion of unsaturated fatty 
acids were higher than saturated fatty acids. Still on 
the subject of fatty acids, available data was summa-
rized in Table 3. Sousa et al. (2018) reported that the 
content of fatty acids in dried bark was 0.75 g/100 g. 
So, the lipophilic fraction of maritime pine bark has 
a higher content of unsaponifiable compounds than 
saponifiable, which are fatty acids.

Fatty acid profile was mainly saturated, almost 
90%, but it has been indicated that there are large vari-
ations depending on time of year (Kurtca and Tumen 
2020). According to Sousa et  al. (2018), major fatty 

Fig. 4   Chemical structure of several terpenes which are 
present in different parts of maritime pine (monoterpenes: 
α-pinene (1), β-pinene (2), α-terpineol (3), and limonene (4); 
sesquiterpenes: β-caryophyllene (5), α-humulene (6), longi-
folene (7), α-cubebene (8), and germacrene D (9); diterpenes: 

abietic acid (10), dehydroabietic acid (11), levopimaric acid 
(12), abietadiene (13), abietatriene (14), pimaric acid (15), 
isopimaric acid (16), and manoyl oxide (17); triterpenes: betu-
lin (18) and β-sitosterol (19))
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acids were behenic acid (22:0) and lignoceric acid 
(24:0), both very-long-chain saturated fatty acids, and 
they represented 33.5% and 28.4% of total fatty acids, 
respectively. Next ones were arachidic (20:0) and pal-
mitic (16:0) acids, which represented 8.9% and 7.3%, 
respectively, so only two fatty acids had a relative 
abundance higher than 10%. Major unsaturated fatty 
acid was oleic acid (18:1n-9), which represented 6.4% 
of total fatty acids. These fatty acids were also detected 
by Kurtca and Tumen (2020), but the proportion was 
different. Oleic acid was the major one regardless the 
time of year. According to Simões et al. (2021), major 
fatty acids were arachidic acid and oleic acid, with out-
standing values of behenic and lignoceric acids too.

2.1.3 � Bioactive properties

Several compounds previously mentioned, especially 
phenolic compounds, are well-known because of their 
biological properties. Chemical composition is affected 
by environmental factors, such as climate and season-
ality (Kurtca and Tumen 2020; Rodríguez-García et al. 
2015), so the bioactive properties will also be affected 
because they depend on chemical composition.

The most studied bioactivity of pine bark is anti-
oxidant and it has been evaluated through ABTS 

(2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic 
acid) diammonium salt), DPPH and FRAP (ferric 
reducing antioxidant power) assays. Results obtained 
by different authors are difficult to compare because 
of the variety of units used to express the results, as 
it can be seen in Table  4. The most comprehensive 
study was carried out by Ferreira-Santos et al. (2020), 
who studied the activity of aqueous and hydroetha-
nolic extracts. According to them, in most cases, 
hydroethanolic extracts were more active than aque-
ous extract. They tested different concentrations of 
ethanol and the extract obtained with ethanol 50% 
(v/v) was the most active one, as it showed the lowest 
IC50 values in the ABTS and DPPH assays (59.41 and 
49.74  μg/mL, respectively, Table  4) and the highest 
reducing power (138.5 mmol Fe2 + /g extract).

Besides antioxidant activity, Ferreira-Santos et al. 
(2020) studied antihyperglycemic and antimicrobial 
activities. They reported that maritime pine bark 
extracts had a potent inhibitory activity of diges-
tive enzymes, so they had the potential to reduce 
glucose absorption and could be used as a food sup-
plement with antidiabetic properties. The antihy-
perglycemic activity was tested through α-amylase 
and α-glucosidase inhibition assays. They observed 
that the extraction with ethanol 70% (v/v) yielded an 

Table 3   Fatty acid 
composition of maritime 
pine bark

tr. traces

Kurtca and Tumen (2020) 
(relative abundance %)

Simões et al. (2021) 
(relative abundance %)

Sousa et al. 
(2018) (mg/
kg)

Caproic acid (6:0) 3
Caprylic acid (8:0) 1
Pelargonic acid (9:0) 1
Myristic acid (14:0) tr.–0.48 1
Pentadecylic acid (15:0) 1
Palmitic acid (16:0) 3.06–10.47 0.3–3.4 55
Margaric acid (17:0) 4
Stearic acid (18:0) 0.12–0.98 0.4–1.0 23
Oleic acid (18:1n-9) 5.10–21.93 2.3–4.0 48
Elaidic acid (18:1n-9) 5
Linoleic acid (18:2n-6) 2.87–13.60 22
α-Linolenic acid (18:3n-3) 0.14–0.59 1.2
Arachidic acid (20:0) 1.04–3.72 5.6–8.9 67
Behenic acid (22:0) 0.57–9.34 1.4–2.0 251
Tricosylic acid (23:0) 0.26–0.39 0.5–0.9 30
Lignoceric acid (24:0) 0.36–10.30 1.2–2.1 213
Cerotic acid (26:0) 0.11–1.72 20
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Table 4   Bioactivities of different parts of maritime pine

Bioactivity/part Solvent Unit Value References

Antioxidant activity
ABTS assay
 Bark Ethanol:water (30:70, v/v) IC50, μg/mL 89.18 Ferreira-Santos et al. (2020)

Ethanol:water (50:50, v/v) μmol trolox equivalents/g 
bark

394.28–918.49 Ferreira-Santos et al. (2019)

IC50, μg/mL 59.41 Ferreira-Santos et al. (2020)
Ethanol:water (70:30, v/v) IC50, μg/mL 65.57
Ethanol:water (90:10, v/v) IC50, μg/mL 112.1
Water μmol trolox equivalents/g 

bark
110.60–155.88 Ferreira-Santos et al. (2019)

IC50, μg/mL 106.61 Ferreira-Santos et al. (2020)
 Needles Acetone IC50, μg/mL 163.45 Tümen et al. (2018)

n-Hexane IC50, μg/mL 170.92
Water (essential oil) IC50, μg/mL 52–65 Fkiri et al. (2019)

IC50, μg/mL 107.28 Tümen et al. (2018)
 Cones Acetone IC50, μg/mL 99.13

n-Hexane IC50, μg/mL 115.82
Water (essential oil) IC50, μg/mL 102.24

DPPH scavenging activity
 Bark Ethanol:water (30:70, v/v) IC50, μg/mL 73.11 Ferreira-Santos et al. (2020)

Ethanol:water (50:50, v/v) μmol trolox equivalents/g 
bark

165.07–237.27 Ferreira-Santos et al. (2019)

IC50, μg/mL 49.74 Ferreira-Santos et al. (2020)
mg ascorbic acid 

equivalents/g bark
108.74 Vieito et al. (2018)

Ethanol:water (70:30, v/v) IC50, μg/mL 55.04 Ferreira-Santos et al. (2020)
Ethanol:water (90:10, v/v) IC50, μg/mL 100.1
Ethanol inhibition % 32.1–85.6 Jerez et al. (2006)

mg ascorbic acid 
equivalents/g bark

95.58 Vieito et al. (2018)

Water μmol trolox equivalents/g 
bark

113.29–199.14 Ferreira-Santos et al. (2019)

IC50, μg/mL 99.96 Ferreira-Santos et al. (2020)
mg ascorbic acid 

equivalents/g bark
82.24 Vieito et al. (2018)

Ethanol, water IC50, μg/mL 1.2–1.8 Simões et al. (2021)
 Needles Acetone IC50, μg/mL 171.12 Tümen et al. (2018)

n-Hexane IC50, μg/mL 203.28
Water (essential oil) IC50, μg/mL 228.01 Aloui et al. (2021)

IC50, mg/mL 12a Fekih et al. (2019)
IC50, μg/mL 42–56
IC50, μg/mL 145.80 Tümen et al. (2018)

 Cones Acetone IC50, μg/mL 156.23
n-Hexane IC50, μg/mL 192.54
Water (essential oil) IC50, μg/mL 85.82

 Knots Water IC50, mg/L 22.1 Celhay et al. (2014)
 Stumps Water IC50, mg/L 63.6
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Table 4   (continued)

Bioactivity/part Solvent Unit Value References

FRAP
 Bark Ethanol:water (30:70, v/v) mmol Fe2+/g extract 112.4 Ferreira-Santos et al. (2020)

Ethanol:water (50:50, v/v) μmol Fe2+/g bark 1178.78–2158.59 Ferreira-Santos et al. (2019)
mmol Fe2+/g extract 138.5 Ferreira-Santos et al. (2020)

Ethanol:water (70:30, v/v) mmol Fe2+/g extract 122.9
Ethanol:water (80:20, v/v) trolox equivalents/g 

extract
145 Abilleira et al. (2021)

Ethanol:water (90:10, v/v) mmol Fe2+/g extract 101.3 Ferreira-Santos et al. (2020)
Water trolox equivalents/g 

extract
126 Abilleira et al. (2021)

μmol Fe2+/g bark 473.93–611.70 Ferreira-Santos et al. (2019)
mmol Fe2+/g extract 101.9 Ferreira-Santos et al. (2020)

Ethanol, water mmol TE/g extract 2.8–4.1 Simões et al. (2021)
 Needles Acetone reducing capacity % 19.74 Tümen et al. (2018)

n-Hexane reducing capacity % 16.28
Water (essential oil) reducing capacity % 18.31

 Cones Acetone reducing capacity % 30.11
n-Hexane reducing capacity % 25.13 Tümen et al. (2018)
Water (essential oil) reducing capacity % 27.92

Non-site-specific hydroxyl 
radical scavenging 
activity

 Needles Acetone IC50, μg/mL 192.35 Tümen et al. (2018)
n-Hexane IC50, μg/mL 158.26
Water (essential oil) IC50, μg/mL 152.27

 Cones Acetone IC50, μg/mL 130.44
n-Hexane IC50, μg/mL 184.26
Water (essential oil) IC50, μg/mL 105.17

Antihyperglycemic activity
α-Amylase inhibition 

assay
 Bark Ethanol:water (30:70, v/v) IC50, μg/mL 536.4 Ferreira-Santos et al. (2020)

Ethanol:water (50:50, v/v) IC50, μg/mL 546.3
Ethanol:water (70:30, v/v) IC50, μg/mL 254.2
Ethanol:water (90:10, v/v) IC50, μg/mL 300.3
Water IC50, μg/mL 531.5

α-Glucosidase inhibition 
assay

 Bark Ethanol:water (30:70, v/v) IC50, μg/mL 132.8 Ferreira-Santos et al. (2020)
Ethanol:water (50:50, v/v) IC50, μg/mL 122.7
Ethanol:water (70:30, v/v) IC50, μg/mL 138.4
Ethanol:water (90:10, v/v) IC50, μg/mL 162.8
Water IC50, μg/mL 166.2

Antimicrobial activity
Acitenobacter baumanii
Needles Water (essential oil) zone of inhibition (10 μL/

disc), mm
6a Fekih et al. (2019)
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Table 4   (continued)

Bioactivity/part Solvent Unit Value References

Aeromonas hydrophila
Needles Water (essential oil) zone of inhibition (20 μL/

disc), mm
5–6 Fkiri et al. (2019)

Bacillus cereus
Bark Ethanol:water (30:70, v/v) zone of inhibition (50 mg/

mL), mm
10.2 Ferreira-Santos et al. (2020)

Ethanol:water (50:50, v/v) zone of inhibition (50 mg/
mL), mm

9.9

Ethanol:water (70:30, v/v) zone of inhibition (50 mg/
mL), mm

10.8

Ethanol:water (90:10, v/v) zone of inhibition (50 mg/
mL), mm

10.3

Water zone of inhibition (50 mg/
mL), mm

9.6

Ethanol zone of inhibition (65 mg/
mL), mm

10.7 Mármol et al. (2022)

Ethanol:water (50:50, v/v) zone of inhibition (65 mg/
mL), mm

11.2

Water zone of inhibition (30 mg/
mL), mm

8.4

Needles Water (essential oil) zone of inhibition (10 μL/
disc), mm

6a Fekih et al. (2019)

zone of inhibition (20 μL/
disc), mm

10–13 Fkiri et al. (2019)

Candida albicans
Needles Water (essential oil) zone of inhibition (10 μL/

disc), mm
6-10a Fekih et al. (2019)

Citrobacter freundii
Needles Water (essential oil) zone of inhibition (10 μL/

disc), mm
6a Fekih et al. (2019)

Clostridium perfringens
Bark Ethanol:water (30:70, v/v) zone of inhibition (50 mg/

mL), mm
13 Ferreira-Santos et al. (2020)

Ethanol:water (50:50, v/v) zone of inhibition (50 mg/
mL), mm

13.0

Ethanol:water (70:30, v/v) zone of inhibition (50 mg/
mL), mm

13.0

Ethanol:water (90:10, v/v) zone of inhibition (50 mg/
mL), mm

12.7

Water zone of inhibition (50 mg/
mL), mm

12.7

Ethanol zone of inhibition (65 mg/
mL), mm

14.4 Mármol et al. (2022)

Ethanol:water (50:50, v/v) zone of inhibition (65 mg/
mL), mm

15.6

Water zone of inhibition (30 mg/
mL), mm

11.9

Enterococcus faecalis
Needles Water (essential oil) zone of inhibition (10 μL/

disc), mm
12a Fekih et al. (2019)
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Table 4   (continued)

Bioactivity/part Solvent Unit Value References

Escherichia coli
Needles Water (essential oil) zone of inhibition (10 μL/

disc), mm
6a Fekih et al. (2019)

zone of inhibition (20 μL/
disc), mm

8–10 Fkiri et al. (2019)

Klebsiella pneumoniae
Needles Water (essential oil) zone of inhibition (10 μL/

disc), mm
6a Fekih et al. (2019)

Listeria monocytogenes
Bark Ethanol:water (30:70, v/v) zone of inhibition (50 mg/

mL), mm
7.8 Ferreira-Santos et al. (2020)

Ethanol:water (50:50, v/v) zone of inhibition (50 mg/
mL), mm

7.9

Ethanol:water (70:30, v/v) zone of inhibition (50 mg/
mL), mm

8.7

Ethanol:water (90:10, v/v) zone of inhibition (50 mg/
mL), mm

8.3 Ferreira-Santos et al. (2020)

Water zone of inhibition (50 mg/
mL), mm

7.4

Ethanol zone of inhibition (65 mg/
mL), mm

8.4 Mármol et al. (2022)

Ethanol:water (50:50, v/v) zone of inhibition (65 mg/
mL), mm

8.5

Needles Water (essential oil) zone of inhibition (10 μL/
disc), mm

6a Fekih et al. (2019)

zone of inhibition (20 μL/
disc), mm

6–8 Fkiri et al. (2019)

Proteus mirabilis
Needles Water (essential oil) zone of inhibition (10 μL/

disc), mm
6a Fekih et al. (2019)

Pseudomonas aeruginosa
Needles Water (essential oil) zone of inhibition (10 μL/

disc), mm
7a Fekih et al. (2019)

zone of inhibition (20 μL/
disc), mm

7–9 Fkiri et al. (2019)

Salmonella Typhimurium
Needles Water (essential oil) zone of inhibition (10 μL/

disc), mm
6a Fekih et al. (2019)

zone of inhibition (20 μL/
disc), mm

7–8 Fkiri et al. (2019)

Staphylococcus aureus
Bark Ethanol:water (30:70, v/v) zone of inhibition (50 mg/

mL), mm
10.1 Ferreira-Santos et al. (2020)

Ethanol:water (50:50, v/v) zone of inhibition (50 mg/
mL), mm

9.7

Ethanol:water (70:30, v/v) zone of inhibition (50 mg/
mL), mm

10.1

Ethanol:water (90:10, v/v) zone of inhibition (50 mg/
mL), mm

10.2
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extract which showed the best α-amylase inhibitory 
activity and a good α-glucosidase inhibitory activity 
(Table 4).

Regarding antimicrobial activity, Ferreira-Santos 
et  al. (2020) tested extracts against several bacteria 
and fungi, and those at a concentration of 50  mg/
mL were more active against Gram-positive bacteria 
(Table  4), such as Bacillus cereus, Listeria mono‑
cytogenes, Staphylococcus aureus, and especially 
Clostridium perfringens. These findings were simi-
lar to the results obtained by Mármol et  al (2022), 
Gram-positive bacteria showing to be more suscepti-
ble to pine bark extracts than Gram-negative bacteria 
(Table 4).

Ferreira-Santos et  al. (2021) encapsulated bark 
extract by spray-drying using maltodextrin to under-
stand the influence of encapsulation on the antioxi-
dant and antimicrobial activity and bioaccessibility of 
phenolic compounds during gastrointestinal digestion 
(GID). The individual phenolic contents were signifi-
cantly reduced after in vitro GID, especially in gastric 
and intestinal phases. The encapsulation increased the 
bioaccessibility of phenolic compounds when sub-
jected to the digestion conditions of the oral, gastric 
and intestinal phases by 11%, 15%, and 14%, respec-
tively. After GID, the encapsulated extract showed 
a smaller reduction in its antioxidant activity when 
compared to the non-encapsulated extract. They also 
studied the cellular viability on intestinal Caco-2 cells 
and the extracts, both non-encapsulated and encapsu-
lated, showed a significant reduction of the viability 
at concentrations higher than 500 μg/mL. With regard 

to antioxidant activity in Caco-2 cells, the encapsu-
lated extract presented a reduction of 34% of endog-
enous intracellular ROS.

A first screening on potential anti-cancer proper-
ties was carried out by Ferreira-Santos et al. (2020) in 
A549 cells (human lung cancer), and they found that 
only the tumour cells were affected by the extracts as 
the abnormal cell proliferation was inhibited without 
interrupting normally functioning cells. Gascón et al. 
(2018) used Caco-2 cells (human colorectal adeno-
carcinoma) for testing the antiproliferative effect of 
bark extracts obtained from several pine species. All 
of them showed cytotoxic potential and the authors 
related that effect to disturbances in redox balance, 
which could change mitochondrial membrane perme-
abilization, cytochrome c release, and caspase-3 acti-
vation. The extract obtained from maritime pine bark 
was the most active, possibly due to the high content 
of procyanidin B2.

Thaichinda et  al. (2020) studied the antiprolifera-
tive activity on A375 cells (human malignant mela-
noma) and the maritime pine bark extract induced 
apoptosis. It was observed a decrease in the formation 
of reactive oxygen species (ROS) induced by hydro-
gen peroxide and an increase in the expression and 
activity of cleaved caspase-3.

The antiproliferative activity of aqueous, hydroeth-
anolic and ethanolic pine bark extracts was also ana-
lysed by Mármol et al. (2022) using the tumour cell 
lines, Caco-2 (human colorectal adenocarcinoma), 
MCF-7 (human breast adenocarcinoma) and HepG2 
(human hepatocellular carcinoma). Aqueous extracts 

Table 4   (continued)

Bioactivity/part Solvent Unit Value References

Water zone of inhibition (50 mg/
mL), mm

9.4

Ethanol zone of inhibition (65 mg/
mL), mm

11.4 Mármol et al. (2022)

Ethanol:water (50:50, v/v) zone of inhibition (65 mg/
mL), mm

11.5

Water zone of inhibition (30 mg/
mL), mm

9.2

Needles Water (essential oil) zone of inhibition (20 μL/
disc), mm

18–20 Fkiri et al. (2019)

ABTS 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt, DPPH 2,2-diphenyl-1-picrylhydrazyl, FRAP ferric 
reducing antioxidant power
a Needles and other aerial parts (twigs and buds)
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displayed the highest antiproliferative effect against 
all the analysed cell models. In terms of effectivity, 
HepG2 cells showed a better response to both aque-
ous and hydroethanolic extracts followed by Caco-2 
and finally MCF-7 cells, whereas Caco-2 cell line dis-
played a higher sensitivity to ethanolic extracts than 
HepG2 and MCF-7 (Mármol et al. 2022).

2.1.4 � Pharmacokinetics

Studies about the pharmacokinetics of maritime pine 
bark extracts are scarce. Grimm et  al. (2006b) stud-
ied pharmacokinetics of 300  mg single dose and 
200 mg multiple dose (five days). In the single dose 
essay, catechin was detectable after 30 min and over 
the whole experimental period (14 h), the maximum 
plasma concentration was observed after 4  h and it 
subsequently decreased and remained almost constant 
from 6 to 14 h, because of the metabolic generation 
of catechin from procyanidins. Caffeic acid showed a 
similar time course, but plasma concentrations were 
lower. Ferulic acid reached its maximum plasma con-
centration at 1 h, it decreased thereafter and remained 
almost constant and showed a small increase at the 
end. Pharmacokinetics of taxifolin was different 
and it was not possible to detected before 2  h. The 
maximum plasma concentration was observed after 
8 h and then it remained constant until 14 h. One of 
the main metabolites, δ-(3,4-dihydroxyphenyl)-γ-
valerolactone, was detected after 6 h and reached the 
maximum plasma concentration at 10 h. In the multi-
ple dose essay, steady state conditions were reached 
by catechin, caffeic acid and ferulic acid, but not by 
taxifolin.

Regarding phase II metabolism, the degree of con-
jugation with sulphate and glucuronic acid showed 
significant interindividual variability (Grimm et  al. 
2006b), but it was possible to detect in urine the 
presence of ferulic acid and taxifolin, as well as the 
metabolites δ-(3,4-dihydroxyphenyl)-γ-valerolactone 
and δ-(3-methoxy-4-hydroxyphenyl)-γ-valerolactone, 
free and conjugated with glucuronic acid/sulphate 
(Düweler and Rohdewald 2000; Virgili et  al. 2000). 
According to Düweler and Rohdewald (2000), that 
could be considered evidence of human metabo-
lism of maritime pine bark procyanidins, and Virgili 
et  al. (2000) identified the excretion of ferulic acid 
in urine as a marker of maritime pine bark extract 
consumption.

Kurlbaum and Högger (2011) studied the plasma 
protein binding of various constituents of the extract 
by high performance affinity chromatography 
(HPAC) and ultrafiltration. In both cases, (+)-cat-
echin and taxifolin were the constituents with the 
highest binding human serum albumin (HSA), from 
95 to 100%. The values of binding HSA of ferulic 
acid were similar and close to 76%. However, the two 
methodologies gave different results in the case of 
caffeic acid and procyanidin B1. Caffeic acid showed 
a binding HSA of 66% and 79% by HPAC and ultra-
filtration, respectively, and procyanidin B1showed 
values of 82% and 35%, respectively. According to 
the authors, the low binding HSA of procyanidin B1 
obtained by ultrafiltration was unexpected, so future 
studies would let a better understanding of the extract 
pharmacokinetics.

2.2 � Chemical characterization of other parts of 
maritime pine in terms of bioactive compounds

The chemical composition of the different parts of 
maritime pine is included in this subsection, which 
is divided by parts: woody parts (branches, knots, 
and stumps), needles, cones, and oleoresin. Most 
important bioactive compounds in these parts are ter-
penoids and data reported by different authors were 
summarised in Table  5, while bioactivities were 
included in Table 4.

2.2.1 � Bioactivity of branches, knots and stumps

Gaspar et  al. (2020) reported total phenolic con-
tent of several branch extracts, reporting that the 
essential oil contained 1.11  mg of gallic acid 
equivalents/100  mg of extract, while the aque-
ous extract presented double the amount, 2.41 mg 
gallic acid equivalents/100  mg. They also studied 
the extraction with supercritical CO2 observing 
that higher temperatures decreased the content of 
total phenolic compounds. The maximum content, 
3.25 mg gallic acid equivalents/100 mg of extract, 
was obtained at 35  °C with a density of 600  kg/
m3. Celhay et  al. (2014) studied total phenolic 
compounds of knots and stumps, which contained 
1.68% and 0.59% of dry matter, respectively. The 
hydrophilic extracts of knots and stumps showed 
a total phenolic content of 132 and 72  mg gal-
lic acid equivalents/g of extract, respectively. 
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Table 5   Terpenoid composition of different parts of maritime pine (relative area %)

Bark Needles Cones Branches/twigs Oleoresin

Monoterpenes – – – –

Artemiseole 0.18–0.20 – – – –

Mellouk et al. (2016) – – – –

Borneol 1.46–1.54 0.03–0.21 0.25–0.61 0.01–0.03 tr.–0.10

Mellouk et al. (2016) Kurtca and Tumen (2020) Kurtca and Tumen (2020) Mediavilla et al. (2021) Arrabal et al. (2002)

10a – – – 0.4–0.7

Sousa et al. (2018) – – – Arrabal et al. (2005)

Bornyl acetate – n.d.–0.5b 0.52–0.75 0.11 –

– Fekih et al. (2019) Kurtca and Tumen (2020) Mediavilla et al. (2021) –

– n.d.–0.07 0.25 – –

– Fkiri et al. (2019) Tümen et al. (2018) – –

– 0.28–0.45 – – –

– Kurtca and Tumen (2020) – – –

Camphene 0.31–0.49 n.d.–1.7b 1.91–3.16 0.29–0.35 0.63–0.65

Mellouk et al. (2016) Fekih et al. (2019) Kurtca and Tumen (2020) Mediavilla et al. (2021) Arrabal et al. (2002)

– n.d.–0.47 1.17 – 0.6–0.7

– Fkiri et al. (2019) Tümen et al. (2018) – Arrabal et al. (2005)

– 0.83–1.34 – – –

– Kurtca and Tumen (2020) – – –

– 0.10 – – –

– Tümen et al. (2018) – – –

6-Camphenol 0.15–0.26 – – – –

Mellouk et al. (2016) – – – –

Campholenic aldehyde 0.14–0.23 0.01–0.12 0.28–0.93 0.02–0.06 –

Mellouk et al. (2016) Fkiri et al. (2019) Kurtca and Tumen (2020) Mediavilla et al. (2021) –

– n.d.–0.15 0.18 – –

– Kurtca and Tumen (2020) Tümen et al. (2018) – –

Camphor 0.17–1.12 n.d.–0.6b 0.18–1.01 – –

Mellouk et al. (2016) Fekih et al. (2019) Kurtca and Tumen (2020) – –

12 n.d.–0.02 0.10 – –

Sousa et al. (2018) Kurtca and Tumen (2020) Tümen et al. (2018) – –

3-Carene 1.87–2.23 n.d.–15.0b n.d.–4.59 0.01 –

Mellouk et al. (2016) Fekih et al. (2019) Kurtca and Tumen (2020) Mediavilla et al. (2021) –

– n.d.–0.02 7.32 – –

– Kurtca and Tumen (2020) Tümen et al. (2018) – –

– 0.37 – – –

– Tümen et al. (2018) – – –

4-Carene 0.42–0.47 – – – –

Mellouk et al. (2016) – – – –

Carvone – – 0.05–0.14 – –

– – Kurtca and Tumen (2020) – –

– – 0.05 – –

– – Tümen et al. (2018) – –

trans-Carveol – – 0.05–0.15 – –

– – Kurtca and Tumen (2020) – –

– – 0.12 – –
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Table 5   (continued)

Bark Needles Cones Branches/twigs Oleoresin

– – Tümen et al. (2018) – –
Cryptone – n.d.–0.3b – – –

– Fekih et al. (2019) – – –

Cyclofenchene 3.76–4.36 – – – –

Mellouk et al. (2016) – – – –

m-Cymene 0.26–0.37 – – – –

Mellouk et al. (2016) – – – –

o-Cymene – 0.04–0.14 – – –

– Fkiri et al. (2019) – – –

p-Cymene – n.d.–0.3b 0.18–0.7 – –

– Fekih et al. (2019) Kurtca and Tumen (2020) – –

– 0.08–0.12 0.48 – –

– Kurtca and Tumen (2020) Tümen et al. (2018) – –

– 0.05 – – –

– Tümen et al. (2018) – – –

p-Cymenene 0.63–0.99 n.d.–1.3b – 0.01–0.02 –

Mellouk et al. (2016) Fekih et al. (2019) – Mediavilla et al. (2021) –

p-Cymen-8-ol – n.d.–0.3b 0.14–0.26 – –

– Fekih et al. (2019) Kurtca and Tumen (2020) – –

– – 0.27 – –

– – Tümen et al. (2018) – –

Eucalyptol – n.d.–0.3 n.d.–0.3 0.01–0.02 –

– Kurtca and Tumen (2020) Kurtca and Tumen (2020) Mediavilla et al. (2021) –

α-Fenchene – 0.97 – 0.01 –

– Aloui et al. (2021) – Mediavilla et al. (2021) –

α-Fenchol 0.91–1.03 0.03–0.21 0.10–0.33 – –

Mellouk et al. (2016) Kurtca and Tumen (2020) Kurtca and Tumen (2020) – –

– – 0.13 – –

– – Tümen et al. (2018) – –

Fencholenic aldehyde – – 0.06–0.22 – –

– – Kurtca and Tumen (2020) – –

– – 0.05 – –

– – Tümen et al. (2018) – –

cis-Geraniol – n.d.–0.03 – – –

– Fkiri et al. (2019) – –

trans-Geraniol 4a n.d.–0.08 – 0.01–0.03 –

Sousa et al. (2018) Fkiri et al. (2019) – Mediavilla et al. (2021) –
Geranyl acetate – n.d.–0.8b 0.06 0.11–0.13 –

– Fekih et al. (2019) Tümen et al. (2018) Mediavilla et al. (2021) –
– n.d.–1.67 – –
– Kurtca and Tumen (2020) – –
– 0.29 – –
– Tümen et al. (2018) – –

Geranyl isovalerate – n.d.–0.27 – 0.02 –
– Fkiri et al. (2019) – Mediavilla et al. (2021) –
– 0.11–0.19 – – –
– Kurtca and Tumen (2020) – – –
– 0.14 – – –
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Table 5   (continued)

Bark Needles Cones Branches/twigs Oleoresin

– Tümen et al. (2018) – – –
Geranyl 2-methylbutirate – n.d.–0.4b – – –

– Fekih et al. (2019) – – –
Homomyrtenol – n.d.–0.07 – – –

– Fkiri et al. (2019) – – –
δ-5,8-Iridadiene – n.d.–0.12 – – –

– Fkiri et al. (2019) – – –
trans-Isolimonene – n.d.–0.19 – – –

– Fkiri et al. (2019) – – –
Isoborneol 1.01–1.27 – – – –

Mellouk et al. (2016) – – – –
Isoterpinolene – n.d.–0.01 – – –

– Fkiri et al. (2019) – – –
Limonene 1.93–2.13 51.89 3.54 n.d.–10.5 1.44–1.78c

Mellouk et al. (2016) Aloui et al. (2021) Tümen et al. (2018) Gaspar et al. (2020) Arrabal et al. (2002)
– 0.1–7.8b – 3.23–4.35 1.6–1.9c

– Fekih et al. (2019) – Mediavilla et al. (2021) Arrabal et al. (2005)
– n.d.–0.03 – – –
– Fkiri et al. (2019) – – –

Linalool 0.13–0.32 n.d.–1.8b 0.10 – –

Mellouk et al. (2016) Fekih et al. (2019) Tümen et al. (2018) – –
– 0.06–0.08 – – –
– Fkiri et al. (2019) – – –
– 0.29–2.17 – – –
– Kurtca and Tumen (2020) – – –
– 0.09 – – –
– Tümen et al. (2018) – – –

Linalyl acetate – 0.14–0.25 – 0.14–0.16 –
– Kurtca and Tumen (2020) – Mediavilla et al. (2021) –

Lyratol – n.d.–0.1b – – –

– Fekih et al. (2019) – – –
p-Mentha-1,5-dien-8-ol – 0.04–0.16 0.47–0.87 – –

– Kurtca and Tumen (2020) Kurtca and Tumen (2020) – –
– – 0.89 – –
– – Tümen et al. (2018) – –

Myrcene – n.d.–13.6b 1.58–3.92 n.d.–10.9 0.65–0.88

– Fekih et al. (2019) Kurtca and Tumen (2020) Gaspar et al. (2020) Arrabal et al. (2002)
– n.d.–0.04 0.89 5.97–9.45 1.1–1.2
– Fkiri et al. (2019) Tümen et al. (2018) Mediavilla et al. (2021) Arrabal et al. (2005)
– 1.77–3.05 – – –
– Kurtca and Tumen (2020) – –
– 4.14 – –
– Tümen et al. (2018) – –

Myrtenal – n.d.–7.5b 0.59–1.10 0.04–0.05 –

– Fekih et al. (2019) Kurtca and Tumen (2020) Mediavilla et al. (2021) –
– n.d.–0.32 – –
– Fkiri et al. (2019) – –
– 0.03–0.16 – –
– Kurtca and Tumen (2020) – –

Myrtenol 4a – 1.24 0.03–0.04 –
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Table 5   (continued)

Bark Needles Cones Branches/twigs Oleoresin

Sousa et al. (2018) – Tümen et al. (2018) Mediavilla et al. (2021) –
Neryl acetate – n.d.–0.08 – –

– Kurtca and Tumen (2020) – –
cis-β-Ocymene 0.12–0.38 n.d.–0.08 – 0.01 –

Mellouk et al. (2016) Kurtca and Tumen (2020) – Mediavilla et al. (2021) –
– – – n.d.–0.978 –
– – – Gaspar et al. (2020) –

trans-β-Ocymene 0.45–0.57 n.d.–0.1b n.d.–0.02 0.25–0.26 –
Mellouk et al. (2016) Fekih et al. (2019) Kurtca and Tumen (2020) Mediavilla et al. (2021) –
– 0.03–0.08 – – –
– Kurtca and Tumen (2020) – – –
– 0.06 – – –
– Tümen et al. (2018) – – –

Perillaldehyde 0.37–0.62 – – – –
Mellouk et al. (2016) – – – –

Perillene – – – – –
– – – Mediavilla et al. (2021) –

α-Phellandrene – n.d.–0.2b 1.98–3.14 0.01–0.02 –
– Fekih et al. (2019) Kurtca and Tumen (2020) Mediavilla et al. (2021) Arrabal et al. (2002)
– 0.07–0.10 – – 1.9–2.9
– Kurtca and Tumen (2020) – – Arrabal et al. (2005)

β-Phellandrene – n.d.–2.1b 3.36–4.23 0.77–0.98 1.44–1.68c

– Fekih et al. (2019) Kurtca and Tumen (2020) Mediavilla et al. (2021) Arrabal et al. (2002)
– 0.07–0.18 – – 1.6–1.9c

– Fkiri et al. (2019) – – Arrabal et al. (2005)
– 1.98–3.15 – – –
– Kurtca and Tumen (2020) – – –
– 0.85 – – –
– Tümen et al. (2018) – – –

α-Phellandren-8-ol – n.d.–0.07 – – –
– Fkiri et al. (2019) – – –

α-Pinene 2.32–2.35 7.02 28.94–37.96 n.d.–8.53 69.92–70.26
Mellouk et al. (2016) Aloui et al. (2021) Kurtca and Tumen (2020) Gaspar et al. (2020) Arrabal et al. (2002)

– 18.0–72.7b 32.57 25.50–27.13 70.9–83.1

– Fekih et al. (2019) Tümen et al. (2018) Mediavilla et al. (2021) Arrabal et al. (2005)

– 0.21–1.99 – – –

– Fkiri et al. (2019) – – –

– 18.85–29.83 – – –

– Kurtca and Tumen (2020) – – –

– 13.53 – – –

– Tümen et al. (2018) – – –

β-Pinene 5.17–5.46 0.42 10.36–15.13 n.d.–12.2 18.60–18.91

Mellouk et al. (2016) Aloui et al. (2021) Kurtca and Tumen (2020) Gaspar et al. (2020) Arrabal et al. (2002)

– n.d.–33.6b 27.39 18.80–29.44 4.5–13.9

– Fekih et al. (2019) Tümen et al. (2018) Mediavilla et al. (2021) Arrabal et al. (2005)

– 0.02–0.22 – – –

– Fkiri et al. (2019) – – –

– 2.43–4.29 – – –
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Table 5   (continued)

Bark Needles Cones Branches/twigs Oleoresin

– Kurtca and Tumen (2020) – – –
– 9.81 – – –

– Tümen et al. (2018) – – –

Pinocamphone – – 0.13–0.51 0.03–0.1 –

– – Kurtca and Tumen (2020) Mediavilla et al. (2021) –

trans-Pinocarveol 0.87–1.07 0.02–0.11 0.28–0.93 0.04–0.1 –

Mellouk et al. (2016) Fkiri et al. (2019) Kurtca and Tumen (2020) Mediavilla et al. (2021) –

– 0.04–0.12 1.55 – –

– Kurtca and Tumen (2020) Tümen et al. (2018) – –

Pinocarvone 0.49–0.72 n.d.–0.3b 0.14–0.51 0.02–0.03 –

Mellouk et al. (2016) Fekih et al. (2019) Kurtca and Tumen (2020) Mediavilla et al. (2021) –

6a n.d.–0.04 0.33 – –

Sousa et al. (2018) Fkiri et al. (2019) Tümen et al. (2018) – –

– n.d.–0.04 – – –

– Kurtca and Tumen (2020) – – –

Piperitone – 0.01–0.03 – 0.02 –

– Fkiri et al. (2019) – Mediavilla et al. (2021) –

– n.d.–0.04 – – –

– Tümen et al. (2018) – – –

Sabinene – 1.25 – 0.03–0.05 –

– Aloui et al. (2021) – Mediavilla et al. (2021) –

– n.d.–0.3b – – –

Terpin 16a Fekih et al. (2019) – – –

Sousa et al. (2018) – – – –

– – – – –

α-Terpinene – n.d.–0.83 0.05–0.11 0.01–0.02 –

– Fkiri et al. (2019) Kurtca and Tumen (2020) Mediavilla et al. (2021) –

– 0.07–0.15 0.06 – –

– Kurtca and Tumen (2020) Tümen et al. (2018) – –

γ-Terpinene – n.d.–0.2b 0.08 0.02–0.03 –

– Fekih et al. (2019) Tümen et al. (2018) Mediavilla et al. (2021) –

– 0.02 – – –

– Tümen et al. (2018) – – –

α-Terpineol 8.35–19.54 n.d.–2.1b 2.71–4.00 n.d.–1.24 –

Mellouk et al. (2016) Fekih et al. (2019) Kurtca and Tumen (2020) Gaspar et al. (2020) –

13a 0.18–0.32 1.20 0.1–0.27 –

Sousa et al. (2018) Fkiri et al. (2019) Tümen et al. (2018) Mediavilla et al. (2021) –

– 0.31 – – –

– Tümen et al. (2018) – – –

cis-β-Terpineol 0.39–0.46 – – – –

Mellouk et al. (2016) – – – –

trans-β-Terpineol 0.13–0.26 – – – –

Mellouk et al. (2016) – – – –

4-Terpineol 0.71–2.19 n.d.–0.5b 0.27–0.48 – –

Mellouk et al. (2016) Fekih et al. (2019) Kurtca and Tumen (2020) – –

– 0.03–0.12 0.21 – –
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– Fkiri et al. (2019) Tümen et al. (2018) – –
– 0.03–0.15 – – –

– Kurtca and Tumen (2020) – – –

– 0.03 – – –

– Tümen et al. (2018) –

Terpinolene 0.13–0.23 n.d.–1.7b 0.71 n.d.–0.334 0.67–0.68

Mellouk et al. (2016) Fekih et al. (2019) Tümen et al. (2018) Gaspar et al. (2020) Arrabal et al. (2002)

– 0.25–0.55 – 0.35–0.91 0.2–0.5

– Fkiri et al. (2019) – Mediavilla et al. (2021) Arrabal et al. (2005)

– 0.19 – – –

– Tümen et al. (2018) – – –

Thuja-2,4(10)-diene – n.d.–0.3b – – –

– Fekih et al. (2019) – – –

α-Thujene 0.21–0.33 n.d.–0.1b n.d.–0.05 0.01 –

Mellouk et al. (2016) Fekih et al. (2019) Kurtca and Tumen (2020) Mediavilla et al. (2021) –

– n.d.–0.02 0.10 – –

– Kurtca and Tumen (2020) Tümen et al. (2018) – –

Tricyclene – n.d.–0.1b 0.15–0.19 0.04 –

– Fekih et al. (2019) Kurtca and Tumen (2020) Mediavilla et al. (2021) –

– 0.1–0.16 0.11 – –

– Kurtca and Tumen (2020) Tümen et al. (2018) – –

Thymol methyl ether – 1.1 0.11–0.18 0.05–0.11 –

– Aloui et al. (2021) Kurtca and Tumen (2020) Mediavilla et al. (2021) –

– n.d.–0.1b – – –

– Fekih et al. (2019) – – –

– 0.07–0.09 – – –

– Kurtca and Tumen (2020) – – –

trans-Verbanol – – 0.03 – –

– – Tümen et al. (2018) – –

Verbanone – – n.d.–0.08 – –

– – Kurtca and Tumen (2020) – –

– – 0.36 – –

– – Tümen et al. (2018) – –
Verbenene – n.d.–0.05 0.27–0.87 0.02–0.04 –

– Fkiri et al. (2019) Kurtca and Tumen (2020) Mediavilla et al. (2021) –
– n.d.–0.07 – – –
– Kurtca and Tumen (2020) – – –

cis-Verbenol – n.d.–0.2b 0.13 – –
– Fekih et al. (2019) Tümen et al. (2018) – –

trans-Verbenol – n.d.–0.02 n.d.–0.14 – –
– Kurtca and Tumen (2020) Kurtca and Tumen (2020) – –

Verbenone – n.d.–0.6b 0.38–0.86 – –
– Fekih et al. (2019) Kurtca and Tumen (2020) – –
– n.d.–0.07 0.41 – –
– Fkiri et al. (2019) Tümen et al. (2018) – –
– n.d.–0.04 – – –
– Kurtca and Tumen (2020) – – –
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Sesquiterpenes – – – – –
Alloaromadendrene oxide – n.d.–0.05 – – –

– Fkiri et al. (2019) – – –
α-Amorphene – 1.51 0.75–1.33 0.49–1.3 –

– Aloui et al. (2021) Kurtca and Tumen (2020) Mediavilla et al. (2021) –
– 1.39–10.72 0.03 – –
– Fkiri et al. (2019) Tümen et al. (2018) – –
– 6.91 – – –
– Tümen et al. (2018) – – –

γ-Amorphene – – – 0.15–0.37 –
– – – Mediavilla et al. (2021) –

Aromadendrene – 0.14–0.17 – – –
– Fkiri et al. (2019) – – –

Aromadendrene oxide 0.24–0.36 – – – –
Mellouk et al. (2016) – – – –

Aristol-9-en-3-ol – n.d.–0.2 – – –
– Fkiri et al. (2019) – – –

α-Bisabolene – n.d.–0.4b – 0.02–0.1 –

– Fekih et al. (2019) – Mediavilla et al. (2021) –
– n.d.–1.8 – – –
– Fkiri et al. (2019) – – –
– 0.26–0.46 – – –
– Kurtca and Tumen (2020) – – –

β-Bisabolene – – n.d.–0.32 – –
– – Kurtca and Tumen (2020) – –

β-Bourbonene – n.d.–0.5 0.12–0.26 – –
– Fkiri et al. (2019) Kurtca and Tumen (2020) – –
– n.d.–0.53 – – –
– Kurtca and Tumen (2020) – – –

Cadalene – 0.12 – – –
– Aloui et al. (2021) – – –

Cadina-1,4-diene – n.d.–0.66 0.05–0.08 0.05–0.08 –
– Fkiri et al. (2019) Kurtca and Tumen (2020) Mediavilla et al. (2021) –
– 0.09–0.34 – – –
– Kurtca and Tumen (2020) – – –
– 0.10 – – –
– Tümen et al. (2018) – – –

Cadina-1(6),4-diene – – – 0.04–0.1 –
– – – Mediavilla et al. (2021) –

Cadina-3,5-diene – – – n.d.–0.265 –
– – – Gaspar et al. (2020) –

α-Cadinene 0.24–0.37 n.d.–0.99 n.d.–0.09 n.d.–0.515 –
Mellouk et al. (2016) Fkiri et al. (2019) Kurtca and Tumen (2020) Gaspar et al. (2020) –
– 0.16–0.33 – 0.05–0.1 –
– Kurtca and Tumen (2020) – Mediavilla et al. (2021) –
– 0.05 – – –
– Tümen et al. (2018) – – –

γ-Cadinene – 0.1–5.0b 0.50–0.91 0.129–3.26 0.85–0.87

– Fekih et al. (2019) Kurtca and Tumen (2020) Gaspar et al. (2020) Arrabal et al. (2002)
– 1.32–2.10 0.14 0.32–0.7 n.d.–0.5
– Kurtca and Tumen (2020) Tümen et al. (2018) Mediavilla et al. (2021) Arrabal et al. (2005)
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– 0.49 – – –
– Tümen et al. (2018) – – –

δ-Cadinene 0.61–1.06 n.d.–8.43 1.11–2.03 0.896–7.11 –
Mellouk et al. (2016) Fkiri et al. (2019) Kurtca and Tumen (2020) Gaspar et al. (2020) –
– 3.17–5.48 – 0.94–2.09 –
– Kurtca and Tumen (2020) – Mediavilla et al. (2021) –
– 1.52 – – –
– Tümen et al. (2018) – – –

α-Cadinol – 0.62–1.44 n.d.–0.27 n.d.–1.6 –
– Fkiri et al. (2019) Kurtca and Tumen (2020) Gaspar et al. (2020) –
– 0.11–0.76 – 0.04 –
– Kurtca and Tumen (2020) – Mediavilla et al. (2021) –
– 0.35 – – –
– Tümen et al. (2018) – – –

α-Calacorene – 0.47–1.66 n.d.–0.04 n.d.–0.368 –
– Fkiri et al. (2019) Kurtca and Tumen (2020) Gaspar et al. (2020) –

β-Calacorene – – – n.d.–0.136 –
– – – Gaspar et al. (2020) –

Calamenene – n.d.–1.9b – n.d.–0.0950 –
– Fekih et al. (2019) – Gaspar et al. (2020) –
– n.d.–0.1 – 0.02–0.03 –
– Fkiri et al. (2019) – Mediavilla et al. (2021) –

Calarene epoxide 0.14–0.18 – – –
Mellouk et al. (2016) – – –

Caryolan-8-ol – – – n.d.–0.243 –
– – – Gaspar et al. (2020) –

Caryophylla-3,8(13)-
dien-5-β-ol

– n.d.–0.52 – – –

– Fkiri et al. (2019) – – –
Caryophylla-

2(12),6(13)-dien-5-one
– 0.02–0.07 – – –

– Fkiri et al. (2019) – – –

cis-β-Caryophyllene – 0.08–0.19 n.d.–0.09 – –

– Kurtca and Tumen (2020) Kurtca and Tumen (2020) – –

trans-β-Caryophyllene 4.92–7.63 8.2 0.38–0.86 0.207–13.7 3.15

Mellouk et al. (2016) Aloui et al. (2021) Kurtca and Tumen (2020) Gaspar et al. (2020) Arrabal et al. (2002)

– 0.3–25.1b 1.49 8.31–12.06 2.1–5.5

– Fekih et al. (2019) Tümen et al. (2018) Mediavilla et al. (2021) Arrabal et al. (2005)

– 10.74–14.66 – – –

– Fkiri et al. (2019) – – –

– 8.26–12.14 – – –

– Kurtca and Tumen (2020) – – –

– 15.46 – – –

– Tümen et al. (2018) – – –

Caryophyllene oxide 1.42–1.51 n.d.–1.3b n.d.–0.02 n.d.–0.411 –

Mellouk et al. (2016) Fekih et al. (2019) Kurtca and Tumen (2020) Gaspar et al. (2020) –

7a 0.09–2.24 0.04 0.25–0.26 –

Sousa et al. (2018) Fkiri et al. (2019) Tümen et al. (2018) Mediavilla et al. (2021) –
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– 0.10–0.18 – – –
– Kurtca and Tumen (2020) – – –

– 0.47 – – –

– Tümen et al. (2018) – – –

Caryophyllenyl alcohol 1.09–1.19 – – – –

Mellouk et al. (2016) – – – –

Cedreanol – n.d.–0.02 – – –

– Fkiri et al. (2019) – – –

α-Cedrenal – n.d.–0.38 – – –

– Fkiri et al. (2019) – – –

Clovene – – – n.d.–1.07 –

– – – Gaspar et al. (2020) –

α-Copaene – n.d.–3.8b 0.53–0.71 n.d.–0.785 0.09–0.14

– Fekih et al. (2019) Kurtca and Tumen (2020) Gaspar et al. (2020) Arrabal et al. (2002)

– 0.09–0.36 0.19 0.35–0.6 n.d.–0.1

– Fkiri et al. (2019) Tümen et al. (2018) Mediavilla et al. (2021) Arrabal et al. (2005)

– 1.2–1.77 – – –

– Kurtca and Tumen (2020) – – –

– 0.61 – – –

– Tümen et al. (2018) – – –

β-Copaene – 1.83 n.d.–0.14 0.369–8.14 –

– Aloui et al. (2021) Kurtca and Tumen (2020) Gaspar et al. (2020) –

α-Costol – n.d.–0.29 0.06–0.16 –

– Fkiri et al. (2019) – Mediavilla et al. (2021) –

γ-Costol – n.d.–0.36 – – –

– Fkiri et al. (2019) – – –

α-Cubebene – n.d.–0.4b – 0.0434–0.247 0.11–0.13

– Fekih et al. (2019) – Gaspar et al. (2020) Arrabal et al. (2002)

– 2.23–3.40 – 0.12–0.24 0.1–0.4

– Fkiri et al. (2019) – Mediavilla et al. (2021) Arrabal et al. (2005)

– 0.28–0.43 – – –

– Kurtca and Tumen (2020) – – –

β-Cubebene – 0.64–1.30 – n.d.–0.214 –

– Fkiri et al. (2019) – Gaspar et al. (2020) –

– 0.18–0.27 – – –

– Kurtca and Tumen (2020) – – –

Cubenol 0.75–0.81 – – 0.04–0.05 –

Mellouk et al. (2016) – – Mediavilla et al. (2021) –

Cycloisosativene – – 0.15–0.16 – –

– – Kurtca and Tumen (2020) – –

Cyclosativene – n.d.–0.02 0.08 – –

– Fkiri et al. (2019) Tümen et al. (2018) – –

Dehydroaromadendrene – n.d.–0.25 – – –

– Fkiri et al. (2019) – – –

9,10-Dehydro-isolongi-
folene

– n.d.–0.07 – – –
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– Fkiri et al. (2019) – – –
8,9-Dehydro-neoisolongi-

folene
– n.d.–0.03 – – –

– Fkiri et al. (2019) –– – –

1-Deoxycapsidiol – n.d.–0.11 – – –

– Fkiri et al. (2019) – – –

Diepicedrene-1-oxide – n.d.–0.06 – – –

– Fkiri et al. (2019) – – –

1,10-Diepicubenol – – – n.d.–0.264 –

– – – Gaspar et al. (2020) –

α-Elemene – n.d.–0.42 n.d.–0.20 0.02–0.03 –

– Fkiri et al. (2019) Kurtca and Tumen (2020) Mediavilla et al. (2021) –

β-Elemene – 0.05 – – –

– Tümen et al. (2018) – – –

δ-Elemene – 0.16–0.24 – – –

– Kurtca and Tumen (2020) – – –

δ-Elemol – – n.d.–0.08 – –

– – Kurtca and Tumen (2020) – –

Epizonarene – – – n.d.–0.675 –

– – – Gaspar et al. (2020) –

Eudesma-4(14),7(11)-
diene

– n.d–0.15 – – –

– Fkiri et al. (2019) – – –

β-Eudesmol 0.84–0.99 n.d.–0.28 0.03–0.18 – –

Mellouk et al. (2016) Fkiri et al. (2019) Kurtca and Tumen (2020) – –

– n.d.–0.04 – – –

– Kurtca and Tumen (2020) – – –

Farnesal – n.d.–0.12 – – –

– Fkiri et al. (2019) – – –

β-Farnesene – 0.30–0.40 0.25–0.45 n.d.–0.297 –

– Kurtca and Tumen (2020) Kurtca and Tumen (2020) Gaspar et al. (2020) –

0.17 0.07 0.1–0.14 –

– Tümen et al. (2018) Tümen et al. (2018) Mediavilla et al. (2021) –

Farnesol – n.d.–0.73 – n.d.–0.232 –
– Fkiri et al. (2019) – Gaspar et al. (2020) –
– 0.21 – 0.01–0.05 –
– Tümen et al. (2018) – Mediavilla et al. (2021) –

Farnesyl acetate – 0.64 – 0.05 –
– Aloui et al. (2021) – Mediavilla et al. (2021) –
– n.d.–0.5b – – –
– Fekih et al. (2019) – – –
– 0.06–0.43 – – –
– Fkiri et al. (2019) – – –
– 0.88 – – –
– Tümen et al. (2018) – – –

Fonenol – n.d.–0.29 – n.d.–0.656 –
– Fkiri et al. (2019) – Gaspar et al. (2020) –

β-Funebrene – – – 0.09–0.23 –
– – – Mediavilla et al. (2021) –
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Germacrene – n.d.–4.7b – – –
– Fekih et al. (2019) – – –

Germacrene B – n.d.–0.11 – – –
– Fkiri et al. (2019) – – –

Germacrene D – 1.86–4.63 3.22–9.66 4.05–10.37 –
– Fkiri et al. (2019) Kurtca and Tumen (2020) Mediavilla et al. (2021) –
– 20.36–25.63 0.01 – –
– Kurtca and Tumen (2020) Tümen et al. (2018) – –
– 0.40 – – –
– Tümen et al. (2018) – – –

Globulol – n.d.–0.45 – – –
– Fkiri et al. (2019) – – –

α-Guaiene – n.d.–0.05 – – –
– Fkiri et al. (2019) – – –
– n.d.–0.03 – – –
– Kurtca and Tumen (2020) – – –

Guiaol – n.d.–0.5b – 0.09–0.19 –
– Fekih et al. (2019) – Mediavilla et al. (2021) –
– n.d.–1.62 – – –
– Fkiri et al. (2019) – – –
– 0.24–0.59 – – –
– Kurtca and Tumen (2020) – – –
– 0.56 – – –
– Tümen et al. (2018) – – –

α-Gurjunene – n.d.–0.21 – – –
– Fkiri et al. (2019) – – –

γ-Gurjunene – n.d.–0.11 – – –
– Fkiri et al. (2019) – – –

γ-Gurjunenepoxide-(2) 0.18–0.37 – – – –
Mellouk et al. (2016) – – – –

α-Himachalene 0.20–0.50 – – – –
Mellouk et al. (2016) – – – –

α-Humulene 2.19–3.34 tr.–30.7b 0.07–0.13 0.0565–2.65 0.39–0.42

Mellouk et al. (2016) Fekih et al. (2019) Kurtca and Tumen (2020) Gaspar et al. (2020) Arrabal et al. (2002)
– 3.53–4.45 0.28 1.2–1.79 0.3–0.9
– Fkiri et al. (2019) Tümen et al. (2018) Mediavilla et al. (2021) Arrabal et al. (2005)
– 1.82–2.22 – – –
– Kurtca and Tumen (2020) – – –
– 2.70 – – –
– Tümen et al. (2018) – – –

Humelene epoxide II – n.d.–0.4b – – –

– Fekih et al. (2019) – – –
Humulol 0.42–0.47 – – – –

Mellouk et al. (2016) – – – –
Isoaromadendrene 

epoxide
0.43–0.49 0.04–0.11 – – –

Mellouk et al. (2016) Fkiri et al. (2019) – – –
Isogermacrene D – – – n.d.–0.195 –

– – – Gaspar et al. (2020) –
Isoledene – n.d.–0.04 – – –
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– Fkiri et al. (2019) – – –
Isolongifolol 4a – – – –

Sousa et al. (2018) – – – –
Isospathulenol – n.d.–0.03 – – –

– Fkiri et al. (2019) – – –
Lepidozenal – n.d.–0.04 – – –

– Fkiri et al. (2019) – – –
Longiborneol 0.63–0.82 – n.d.–1.09 n.d.–0.287 –

Mellouk et al. (2016) – Kurtca and Tumen (2020) Gaspar et al. (2020) –
Longicamphenylone 0.16–0.19 – – – –

Mellouk et al. (2016) – – – –
Longicyclene – – 0.79–0.99 – –

– – Kurtca and Tumen (2020) – –
– – 0.42 – –
– – Tümen et al. (2018) – –

Longifolene 21a 1.53 11.22–12.82 n.d.–1.86 2.38–3.02

Sousa et al. (2018) Aloui et al. (2021) Kurtca and Tumen (2020) Gaspar et al. (2020) Arrabal et al. (2002)
– n.d.–3.4b 9.45 1.70–2.11 2.2.–5.3

– Fekih et al. (2019) Tümen et al. (2018) Mediavilla et al. (2021) Arrabal et al. (2005)
– n.d.–0.03 – – –
– Fkiri et al. (2019) – – –
– 0.16–0.27 – – –
– Kurtca and Tumen (2020) – – –
– 0.64 – – –
– Tümen et al. (2018) – – –

α-Longipinene – 1.16 1.71–2.44 n.d.–0.273 –
– Aloui et al. (2021) Kurtca and Tumen (2020) Gaspar et al. (2020) –
– 0.15 1.20 0.14–0.18 –
– Tümen et al. (2018) Tümen et al. (2018) Mediavilla et al. (2021) –

Muurola-3,5-diene – – – 0.04–0.09 –

– – – Mediavilla et al. (2021) –

Muurola-4(14),5-diene – – – n.d.–0.302 –

– – – Gaspar et al. (2020) –
α-Muurolene 0.16–0.17 n.d.–0.4b 0.38–0.63 n.d.–2.42 –

Mellouk et al. (2016) Fekih et al. (2019) Kurtca and Tumen (2020) Gaspar et al. (2020) –

– 1.19–1.92 0.07 0.3–0.63 –

– Kurtca and Tumen (2020) Tümen et al. (2018) Mediavilla et al. (2021) –

– 0.07 – – –

– Tümen et al. (2018) – – –

γ-Muurolene – – – n.d.–0.168 –

– – – Gaspar et al. (2020) –

τ-Muurolol – n.d.–1.52 0.03–0.16 n.d.–2.18 –

– Fkiri et al. (2019) Kurtca and Tumen (2020) Gaspar et al. (2020) –

– 0.10–0.63 – n.d.–0.03 –

– Kurtca and Tumen (2020) – – –

Nerolidol – n.d.–0.7b – n.d.–0.228 –

– Fekih et al. (2019) – Gaspar et al. (2020) –
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Table 5   (continued)

Bark Needles Cones Branches/twigs Oleoresin

γ-Patchoulene – n.d.–0.12 – – –
– Fkiri et al. (2019) – – –

Salvial-4(14)-en-1-one – n.d.–0.51 – – –

– Fkiri et al. (2019) – – –

Sativene – – 0.52–0.64 0.04–0.05 –

– – Kurtca and Tumen (2020) Mediavilla et al. (2021) –

– – 0.26 – –

– – Tümen et al. (2018) – –

α-Selinene – n.d.–0.18 – 0.02–0.05 –

– Fkiri et al. (2019) – Mediavilla et al. (2021) –

β-Selinene – 0.16–0.32 – – –

– Fkiri et al. (2019) – – –

Spathulenol – 0.36 – – –

– Aloui et al. (2021) – – –

Valencene 2.70–2.76 n.d.–0.05 0.24–0.43 – –

Mellouk et al. (2016) Fkiri et al. (2019) Kurtca and Tumen (2020) – –

– 0.88–1.36 – – –

– Kurtca and Tumen (2020) – – –

Vilgarol B – n.d.–1.99 – – –

– Fkiri et al. (2019) – – –

α-Ylangene – 0.33–0.66 – n.d.–0.233 –

– Fkiri et al. (2019) – Gaspar et al. (2020) –

– 0.17–0.25 – 0.06–0.15 –

– Kurtca and Tumen (2020) – Mediavilla et al. (2021) –

– 0.04 – – –

– Tümen et al. (2018) – – –

Diterpenes – – – – –

Abienol – – – – 0.36–0.69

– – – – Arrabal et al. (2002)

– – – – 0.3–1.3

– – – – Arrabal et al. (2005)

Abietadiene – 2.5 – 0.579–36.3 –

– Aloui et al. (2021) – Gaspar et al. (2020) –

– 1.51–4–10 – 0.85–4.34 –

– Kurtca and Tumen (2020) – Mediavilla et al. (2021) –

– 10.81 – – –

– Tümen et al. (2018) – – –

Abieta-8,12-diene – n.d.–3.4b – 0.35–1.33 –

– Fekih et al. (2019) – Mediavilla et al. (2021) –

Abieta-8(14),12-diene – – – n.d.–1.50 –

– – – Gaspar et al. (2020) –

Abieta-8(14),13(15)-
diene

– n.d.–2.3b – n.d.–3.07 –

– Fekih et al. (2019) – Gaspar et al. (2020) –

Abietal – – – n.d.–3.46 –

– – – Gaspar et al. (2020) –
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Table 5   (continued)

Bark Needles Cones Branches/twigs Oleoresin

Abietane – n.d.–8.61 – – –
– Fkiri et al. (2019) – – –

Abietatriene – 0.92 – n.d.–4.39 –

– Aloui et al. (2021) – Gaspar et al. (2020) –

– n.d.–4.97 – 0.06–0.87 –

– Fkiri et al. (2019) – Mediavilla et al. (2021) –

– 0.35–0.62 – – –

– Kurtca and Tumen (2020) – – –

– 8.36 – – –

– Tümen et al. (2018) – – –

7,13,15-Abietatrienoic 
acid

– – – – 0.68–0.72

– – – – Arrabal et al. (2002)

– – – – 0.9–1.7

– – – – Arrabal et al. (2005)

Abieta-8,11,13-trien-
7-one

– n.d.–0.11 – – –

– Fkiri et al. (2019) – – –

Abietic acid 0.61–23.53 – – n.d.–4.12 13.36–13.67

Kurtca and Tumen 
(2020)

– – Gaspar et al. (2020) Arrabal et al. (2002)

9.1–14.14 – – – 12.8–14.7

Simões et al. (2021) – – – Arrabal et al. (2005)

62a – – – 14.0–16.1

Sousa et al. (2018) – – – Ottavioli et al. 
(2019)

Abietol – – – n.d.–3.86 –

– – – Gaspar et al. (2020) –

Agathadiol – n.d.–0.14 – – –

– Kurtca and Tumen (2020) – – –

– 0.29 – – –

– Tümen et al. (2018) – – –

Biformene 0.68–1.34 n.d.–0.01 – – –

Mellouk et al. (2016) Fkiri et al. (2019) – – –

Cembrene – 12.22 – – –

– Aloui et al. (2021) – – –
– n.d.–0.02 – – –
– Fkiri et al. (2019) – – –

Cupressene – 0.98–3.43 – – –
– Kurtca and Tumen (2020) – – –
– 5.21 – – –
– Tümen et al. (2018) – – –

Dehydroabietal – – – n.d.–1.26 –
– – – Gaspar et al. (2020) –

Dehydroabietic acid 2.23–6.61 n.d.–0.2 – n.d.–3.17 3.01–3.60
Kurtca and Tumen 

(2020)
Fkiri et al. (2019) – Gaspar et al. (2020) Arrabal et al. (2002)

6.9–11.4 – – – 3.5–6.6
Simões et al. (2021) – – – Arrabal et al. (2005)
954a – – – 10.1–23.5
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Table 5   (continued)

Bark Needles Cones Branches/twigs Oleoresin

Sousa et al. (2018) – – – Ottavioli et al. 
(2019)

Dehydroabietol – – – n.d.–1.09 –
– – – Gaspar et al. (2020) –

Epimanoyl oxide – 1.74 – – –
– Aloui et al. (2021) – – –
– 0.17–0.29 – – –
– Fkiri et al. (2019) – – –

Ferruginol – n.d.–0.08 – – –
– Fkiri et al. (2019) – – –

7-Hydroxydehydroabietic 
acid

2.3–3.7 – – – –

Simões et al. (2021) – – – –
297a – – – –
Sousa et al. (2018) – – – –

15-Hydroxydehydroabi-
etic acid

1.5–2.5 – – – 0.2–1.2

Simões et al. (2021) – – – Ottavioli et al. (2019)
269a – – – –
Sousa et al. (2018) – – – –

15-Hydroxy-7-oxodehy-
droabietic acid

75a – – – –

Sousa et al. (2018) – – – –
Di(dehydroabietic acid) 1.5–3.9 – – – –

Simões et al. (2021) – – – –
18a – – – –
Sousa et al. (2018) – – – –

7,15-Dihydroxydehydro-
abietic acid

100a – – – –

Sousa et al. (2018) – – – –
– – – –

Isoabienol – – – – 0.94–1.07
– – – – Arrabal et al. (2002)
– – – – 0.1–0.9
– – – – Arrabal et al. (2005)

Isopimara-7,15-diene – n.d.–0.05 – –
– Fkiri et al. (2019) – –

Isopimaral – – – – 0.82–0.85
– – – – Arrabal et al. (2002)
– – – – 0.1–0.5
– – – – Arrabal et al. (2005)

Isopimaric acid 0.39–1.66 – – – 7.86–8.48
Kurtca and Tumen 

(2020)
– – – Arrabal et al. (2002)

1.63–2.15 – – – 4.0–11.00
Simões et al. (2021) – – – Arrabal et al. (2005)
128a – – – 6.1–6.9
Sousa et al. (2018) – – – Ottavioli et al. (2019)

11,13-Labdien-8-ol – – – – 0.34–0.36
– – – – Arrabal et al. (2002)
– – – – n.d.–0.2
– – – – Arrabal et al. (2005)
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Table 5   (continued)

Bark Needles Cones Branches/twigs Oleoresin

13(16),14-Labdien-8-ol – – – n.d.–0.724 –
– – – Gaspar et al. (2020) –

Levopimaric acid 0.96–2.70 – – n.d.–2.99 42.03–42.30e

Kurtca and Tumen 
(2020)

– – Gaspar et al. (2020) Arrabal et al. (2002)

– – – – 41.2–45.3e

– – – – Arrabal et al. (2005)
– – – – 8.1–21.2
– – – – Ottavioli et al. 

(2019)
Manool – n.d.–0.01 – n.d.–7.19 –

– Fkiri et al. (2019) – Gaspar et al. (2020) –
Manoyl oxide 1.28–1.95 3.45 – – –

Mellouk et al. (2016) Aloui et al. (2021) – – –
Methyl abietate – 0.03–0.04 – – –

– Fkiri et al. (2019) – – –
Neoabietadiene – 0.19–0.61 – n.d.–0.76 –

– Kurtca and Tumen (2020) – Mediavilla et al. (2021) –
– 0.87 – – –
– Tümen et al. (2018) – – –

Neoabietic acid tr.–13.39 – – – 16.99–17.72
Kurtca and Tumen 

(2020)
– – – Arrabal et al. (2002)

– – – – 16.1–17.2
– – – – Arrabal et al. (2005)
– – – – 5.5–10.5
– – – – Ottavioli et al. 

(2019)
Neoabietol – – – n.d.–1.03 –

– – – Gaspar et al. (2020) –
Neophytadiene – 0.07–0.1 – n.d.–0.434 –

– Fkiri et al. (2019) – Gaspar et al. (2020) –
7-Oxoabieta-8,11,13-

triene
– n.d.–0.22 – – –

– Fkiri et al. (2019) – – –
7-Oxodehydroabietic acid 179a – – – –

Sousa et al. (2018) – – – –
Palustric acid – – – – 42.03–42.30e

– – – – Arrabal et al. (2002)
– – – – 41.2–45.3e

– – – – Arrabal et al. (2005)

– – – – 8.5–9.5

– – – – Ottavioli et al. (2019)

Pimara-8(9),15-diene – n.d.–0.58 – – –

– Fkiri et al. (2019) – – –

Pimara-8(14),15-diene – n.d.–0.03 – n.d.–0.0957 –

– Fkiri et al. (2019) – Gaspar et al. (2020) –

Pimaric acid 1.12–2.87 – – – 6.63–7.14

Kurtca and Tumen 
(2020)

– – – Arrabal et al. (2002)

6.1–10.2 – – – 6.6–7.5
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Table 5   (continued)

Bark Needles Cones Branches/twigs Oleoresin

Simões et al. (2021) – – – Arrabal et al. (2005)
217a – – – 9.3–10.8

Sousa et al. (2018) – – – Ottavioli et al. 
(2019)

Pimarinal – – – – 0.48–0.61

– – – – Arrabal et al. (2002)

– – – – 0.1–0.4

– – – – Arrabal et al. (2005)

Phytol – 1.23 – – –

– Aloui et al. (2021) – – –

– n.d.–0.04 – – –

– Fkiri et al. (2019) – – –

Pumiloxide – n.d.–0.12 – – –

– Fkiri et al. (2019) – – –

Rimuene – 0.78–2.44 – n.d.–7.58 –

– Kurtca and Tumen (2020) – Gaspar et al. (2020) –

– 9.13 – 0.35–1.63 –

– Tümen et al. (2018) – Mediavilla et al. (2021)

Sandaracopimaric acid 0.39–1.66 – – – 1.61–1.74

Kurtca and Tumen 
(2020)

– – – Arrabal et al. (2002)

128a – – – 1.3–1.5

Sousa et al. (2018) – – – Arrabal et al. (2005)

– – – – 1.2–1.3

– – – – Ottavioli et al. 
(2019)

Sandaracopimarinal – – – n.d.–0.672 –

– – – Gaspar et al. (2020) –

Sandaracopimarinol – – – n.d.–0.665 –

– – – Gaspar et al. (2020) –

Sclarene 0.36–0.77 n.d.–8.25 – –

Mellouk et al. (2016) Fkiri et al. (2019) – – –

Sclareol – 0.06 – – –

– Tümen et al. (2018) – – –

Verticiol 0.33–0.77 – – – –

Mellouk et al. (2016) – – – –

Triterpenes – – – – –

Betulin 465a – – – –

Sousa et al. (2018) – – – –

Campesterol 33a – – – –

Sousa et al. (2018) – – – –

β-Sitosterol 0.31–6.69 – – – –

Kurtca and Tumen 
(2020)

– – – –

0.4–0.8 – – – –

Simões et al. (2021) – – – –

434a – – – –

Sousa et al. (2018) – – – –
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Gabaston et  al. (2020) identified several phenolic 
compounds in maritime pine knots, many of them 
lignans, such as isolariciresinol, nortrachelogenin, 
matairesinol, lariciresinol, secoisolariciresinol, 
and derivatives. In addition to lignans, the knots 
contained several stilbenes, which were resvera-
trol, pinosylvin, pinostilbene, pterostilbene, and 
derivatives, and flavonoids, mainly taxifolin, 
pinocembrin, aromadendrin, and derivatives.

Volatile compounds of branches were studied by 
Gaspar et  al. (2020) and Mediavilla et  al. (2021). 
According to Gaspar et  al. (2020), monoterpenes 
were those naturally emitted by maritime pine 
branches, especially β-pinene, which represented 
12.2% of relative abundance (Table  5). Limonene 
and β-myrcene were major compounds too, with 
more than 10%, while α-pinene represented 8.5%. 
The extract obtained by hydrodistillation was rich 
in sesquiterpenes and diterpenes. The only sesquit-
erpene with a relative abundance higher than 10% 
was β-caryophyllene, with 13.7%. β-Copaene and 
δ-cadinene represented 8.14% and 7.11%, respec-
tively. Regarding diterpenes, abietadiene was the 
major one with 20.2%. Mediavilla et  al. (2021) 
reported higher relative abundances for α-pinene 
and β-pinene, which were higher than 20% in most 
cases, and even close to 30%. β-Myrcene maxi-
mum relative abundance was close to 10%, but 
limonene showed lower values. β-Caryophyllene 
was a major sesquiterpene and the maximum 
relative abundance was 12.06%, close to the 
value reported by Gaspar et  al. (2020). However, 
β-copaene and δ-cadinene were minor sesquiterpe-
nes, according to Mediavilla et al. (2021), and they 
reported a high relative abundance of germacrene 

D, which had a maximum value of 10.37%. Diter-
penes showed lower relative abundances and abi-
etadiene presented a maximum value of 4.34%. 
Celhay et al. (2014) studied antioxidant activity of 
knots and stumps through DPPH assay and aque-
ous extracts of knots were more active, with an 
IC50 of 22.1 mg/L.

2.2.2 � Needles

Aloui et al. (2021) studied the essential oil obtained 
from needles by steam distillation, identifying 20 
compounds, but only six presented a relative abun-
dance higher than 2% (Table  5). Major compounds 
were monoterpenes, especially limonene, which rep-
resented more than half of essential oil, 51.9%, and 
α-pinene about 7.0%. Cembrene, manoyl oxide and 
abietadiene, all of them diterpenes, represented 12.2, 
3.5 and 2.2%, respectively. Regarding sesquiterpenes, 
the major one was β-caryophyllene, which presented 
a relative abundance of 8.2%.

These results do not seem consistent with the pre-
vious data of Fkiri et  al. (2019), who found more 
than 100 compounds in the needle essential oil. They 
analysed the essential oil, obtained by hydrodistil-
lation, from two different varieties and most of the 
compounds were only present in one of them. Major 
compounds were sesquiterpenes and β-caryophyllene 
presented the highest relative abundance, from 10.7 
to 14.7%. α-Humulene and α-cubenene were the two 
other compounds with a relative abundance higher 
than 2% in the two varieties, while α-amorphene 
and germacrene D exceeded 2% only in one of them, 
but it was close to it in the other one. Limonene 
was detected in one of the varieties and its content 

n.d. not detected, tr. traces
a Result expressed as mg/kg of dried bark
b Needles and other aerial parts (twigs and buds)
c Limonene + α-phellandrene
d Stigmast-4-en-3-one + 2,3-dihydroxypropyl tetracosanoate
e Levopimaric acid + palustric acid

Table 5   (continued)
Bark Needles Cones Branches/twigs Oleoresin

Stigmast-5-ene n.d.–0.1 – – – –
Simões et al. (2021) – – – –

Stigmast-4-en-3-oned 120a – – – –

Sousa et al. (2018) – – – –



619Rev Environ Sci Biotechnol (2022) 21:583–633	

1 3
Vol.: (0123456789)

was very low, while it represented more than half 
of essential oil according to Aloui et  al. (2021). 
α-Pinene was the other major compound reported by 
Aloui et al. (2021), detected in the two varieties ana-
lysed by Fkiri et  al. (2019), but in lower quantities. 
Kurtca and Tumen (2020) reported a high relative 
abundance of α-pinene, from 18.85 to 29.83%, and 
it was the major compound in needle essential oil. 
Tümen et al. (2018) indicated that relative abundance 
of α-pinene was 13.53% and the major monoterpene, 
followed by β-pinene, with a relative abundance of 
9.81% (Table 3).

Fekih et  al. (2019) studied the essential oil 
obtained by hydrodistillation from aerial parts, which 
included needles, twigs and buds. Their results could 
not be compared directly because the plant material 
contained more than the needles, still, there were 
interesting similarities and differences to discuss. 
Limonene, with a maximum value of 7.8%, showed 
a higher relative abundance than in the case of Fkiri 
et al. (2019), but it did not reach the value reported by 
Aloui et al. (2021). Even so, the monoterpenes were 
the major compounds because the relative abundance 
of α-pinene was very high, from 18.0 to 72.7%, and 
β-pinene showed higher results as well, with a maxi-
mum value of 33.6%.

As previously stated, one of the major sesquiter-
pene compounds was β-caryophyllene, and the rela-
tive abundance reported by Fkiri et  al. (2019) was 
the highest and reached a maximum value of 25.1%. 
The presence of α-humulene, α-cubebene and a ger-
macrene derivative was reported by Fkiri et al. (2019) 
too, and the relative abundance of the first one, which 
was 30.7%, stood out because it was much higher 
than data reported by Fekih et al. (2019). According 
to Kurtca and Tumen (2020), the major sesquiterpene 
was germacrene D, with a maximum relative abun-
dance of 25.63%, more than twice maximum value 
of β-caryophyllene, which were 12.14%. However, 
Tümen et al. (2018) reported a much higher relative 
abundance of β-caryophyllene, 15.46%, than germa-
crene D, 0.40%. Regarding diterpenoids, several abi-
etane derivatives were reported by all the authors, but 
compounds and relative abundances were differed 
depending on the study. Abietadiene and abietatriene, 
as well as manoyl oxide, were those reported by a 
higher number of authors. The relative abundance of 
abietadiene indicated by Tümen et al. (2018) was the 
highest one, 10.81%.

Maritime pine needles are covered by cuticular 
waxes and Nikolić et al. (2020) studied their compo-
sition. Nonacosal-10-ol was the major compound and 
represented more than three quarters of wax composi-
tion. They also studied the n-alkanes proportion and 
long chain alkanes (n-C25-35) represented more than 
80% of total n-alkanes. The most dominant was n-
C29, which represented a quarter of total n-alkanes.

Antioxidant activity of needle essential oil was 
studied by several authors, but Tümen et  al. (2018) 
studied extracts too, and according to their results, 
which are included in Table  4, the essential oil was 
more effective than the extracts in all assays with the 
lowest IC50 values (107.28–152.27 μg/mL), except in 
the case of FRAP because acetonic extract showed 
the highest reducing capacity (19.74%). DPPH scav-
enging activity was the most frequent methodology 
for testing antioxidant activity of needle essential oil 
and IC50 values ranged from 42  μg/mL (Fkiri et  al. 
2019) to 12 mg/mL (Fekih et al. 2019), so there was a 
several orders of magnitude difference between them.

Aloui et  al. (2021) tested the antibacterial activ-
ity of needle essential oil against Bacillus subtilis, 
Listeria monocytogenes, Salmonella enterica and 
Escherichia coli and they considered that it showed 
a strong growth inhibition in all cases. The study of 
Fkiri et  al. (2019) included seven bacteria and the 
best results were observed against Bacillus cereus and 
Staphylococcus aureus (Table 4). Fekih et al. (2019) 
tested nine bacteria and the highest inhibitory activity 
was detected against Enterococcus faecalis. Besides, 
they observed antifungal activity against several Can‑
dida albicans strains.

2.2.3 � Cones

Tümen et  al. (2018) and Kurtca and Tumen (2020) 
studied essential oil from cones too, and they found 
that monoterpenes were major compounds, espe-
cially α-pinene and β-pinene, which presented a 
maximum relative abundance of 37.96% and 27.39%, 
respectively (Table  5). Regarding sesquiterpenes, 
β-caryophyllene’s relative abundance was much lower 
than in needles, and longifolene (or junipene) was 
the major one, with a maximum relative abundance 
of 12.82%. According to Kurtca and Tumen (2020), 
germacrene D was also present in cone essential oil 
and its relative abundance ranged from 3.22 to 9.66%, 
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but Tümen et al. (2018) reported a much lower value, 
0.01%. The authors did not detect any diterpene in 
cone essential oil.

Antioxidant activity of cone essential oil and ace-
tonic and n-hexanic extracts has also been studied 
by Tümen et  al. (2018). The essential oil was more 
active than extracts in non-site-specific hydroxyl and 
DPPH radical scavenging activity assays (IC50 105.17 
and 85.82  μg/mL, respectively, Table  4), while ace-
tonic extract was the most effective in the ABTS and 
FRAP assays (IC50 99.13 μg/mL and 30.11% reduc-
ing capacity, respectively, Table  4). The acetonic 
extract was more active than n-hexanic extract in all 
the methods tested.

2.2.4 � Oleoresin

Oleoresins are semi-solid extracts composed of resin 
and essential fatty oils. The oleoresin of maritime pine 
is especially rich in resin acids, mainly abietic acid and 
pimaric acid derivatives, which are diterpenoids with 
implication in plant defence, especially against insects 
(López-Goldar et  al. 2020). Ottavioli et  al. (2019) 
studied Corsican maritime pines and they established 
a classification in two groups, the first one stood out 
due to the presence of dehydroabietic acid, with an 
average relative abundance of 23.5%, while levopima-
ric acid was highlighted in the second group, with an 
average relative abundance of 21.2% (Table 5). These 
compounds showed a lower relative abundance in the 
other groups, but the values (10.8% and 8.1%) were 
higher than other resin acids. Abietic acid was similar 
in the two groups, with average values of 16.1% and 
14.0%. Its major derivatives, in addition to dehydro-
abietic and levopimaric acids, were neoabietic acid, 
which showed a relative abundance higher than 10% 
in one the groups, and palustric acid, with a relative 
abundance close to 9%. Pimaric acid was close to 10% 
in both groups, while isopimaric acid was lower than 
7% and sandaracopimaric acid close to 1%. Ottavioli 
et al. (2019) also reported the presence of the lignan 
pinoresinol in maritime pine oleroresin.

The previous studies of Arrabal et al. (2002, 2005) 
indicated that diterpenes were major compounds of 
oleoresin of Iberian maritime pines, but they reported 
the presence of monoterpenes and sesquiterpenes 
too. Abietane-type resin acids showed the highest 
relative abundances, especially the sum of levopima-
ric and palustric acids, which represented more than 

40%. Abietic acid relative abundance was similar in 
the three studies (Arrabal et  al. 2002, 2005; Otta-
violi et  al. 2019), but dehydroabietic acid showed a 
lower relative abundance in the studies of Arrabal 
et  al. (2002, 2005), close to 3% in most cases. On 
the contrary, neoabietic acid reached higher relative 
abundance percentages (16–17%) in their studies. 
The profile of pimarane-type resin acids was similar, 
although there were differences in values, with pima-
ric and isopimaric acids as the main ones, followed 
by sandaracopimaric acid (Arrabal et al. 2002, 2005; 
Ottavioli et al. 2019).

3 � Industrial applications of bark and other parts 
of maritime pine

Maritime pine is especially exploited for its wood, as 
stated above, and one of the main by-products of the 
wood industry is bark, which represents up to 20% 
of the pine’s trunk (Vieito et  al. 2019). Bark is dis-
carded in the first stages of transformation, as well 
as the branches and needles, while woodchips and 
sawdust are by-products which are generated in other 
transformation stages (Abilleira et  al. 2021; Zhou 
2003). Branches are considered a pruning residue too 
(Gaspar et al. 2020). Needles and cones were widely 
used in small rural farms to light the fire in traditional 
kitchens and as agricultural mulches. However, now-
adays they are mostly left in the forest, and contrib-
ute towards dissemination of forest fires due to being 
extremely flammable (Santos et al. 2021). In this sec-
tion, several industrial applications of the different 
parts of maritime pine were covered. It is worthy of 
mention that some of these applications are not exclu-
sive to maritime pine (Neis et al. 2019), although this 
review does not contain information on other species.

3.1 � Applications of bark in pharma‑food industries

Pine bark was traditionally used in Europe against 
scurvy, kidney, and bladder symptoms (Drehsen 
1999) as well as other ailments. Recently, it is mono-
graphed in the United States Pharmacopeia (USP) as 
a dietary supplement (Kurlbaum and Högger 2011). 
Nowadays, it has become somewhat interesting for 
pharma-food industries, namely by patenting it as a 
source of procyanidins under the trade name of Pyc-
nogenol® (Horphag Research, Ltd. UK, Geneva, 
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Switzerland) and its quality is specified in the USP. 
The term pycnogenol is confusing due it being used 
as a synonym of proanthocyanidins from differ-
ent plants, not only maritime pine. Some grape seed 
extracts were labelled in the USA as containing pyc-
nogenols because they had proanthocyanidins, but 
they were considerably different (D’Andrea 2010). 
Oligopin® is another formulation based on mari-
time pine bark (Dziedziński et  al. 2021), as well as 
Flavangenol®, which consist of aqueous extracts of 
maritime pine bark and (Mármol et al. 2019).

Systemic toxicity and mutagenicity of maritime 
pine bark extract was evaluated by Segal et al. (2018), 
having carried out a bacterial reverse mutation assay 
and an in  vitro mammalian chromosome aberration 
assay with human lymphocytes, and the results indi-
cated that the extract was not genotoxic in both bac-
terial and human cell assays. Toxicity was evaluated 
in an acute oral limit test and a 90-day repeated oral 
dose toxicity study with Sprague Dawley rats. The 
extracts were not acutely toxic by oral administration 
up to 2 g/kg, and that the oral administration of 1 g/
kg/day for 90 days was well tolerated and no adverse 
effects were observed.

3.1.1 � Therapeutic applications

Therapeutic applications of pycnogenol are very 
widespread, but D’Andrea (2010) considered that 
none of them had strong evidence and only two of 
them presented good scientific evidence, against 
asthma and chronic venous insufficiency. Other thera-
peutic uses, more than 20, were considered unclear. 
Dziedziński et  al. (2021) referred that the pharma-
cological activity declared by the manufacturer for 
Pycnogenol® were antimicrobial activity, treatment 
of asthma, attention deficit hyperactivity disorder 
(ADHD), chronic venous insufficiency, diabetes, 
erectile disorders and osteoarthritis. Oligopin® man-
ufacturer declared that its pharmacological activity is 
cardiovascular and vein health, antioxidant, treatment 
of male disorders and ADHD.

Notwithstanding the foregoing, there are several 
studies about the positive health effects of the extract 
of maritime pine bark and the commercial products. 
David et  al. (2019) indicated that dietary supple-
mentation with this extract was related to attenuated 
oxidative and inflammatory mediators and impaired 
tumour development due to the chemoprotective 

activity of the procyanidins. D̆uračková et al. (2003) 
reported positive effects of supplementation with 
extract of maritime pine bark to patients with erec-
tile dysfunction. Enseleit et  al. (2012) studied the 
effect on endothelial function in patients with stable 
coronary artery disease and an improvement was 
observed. The extract had a great effect upon nitric 
oxide availability in untreated and dysfunctional cells, 
and plasma nitrite concentrations increased 8 h post-
consumption in healthy volunteers (Jones et al. 2020). 
However, according to Uhlenhut and Högger (2012), 
one of the main metabolites of maritime pine bark 
extract, δ-(3,4-dihydroxyphenyl)-γ-valerolactone, 
inhibited nitrite production because it had the capac-
ity to reduce the expression of nitric oxide synthase. 
Valls et al. (2016) reported an improvement on lipid 
cardiovascular profile in stage-1 hypertensive patients 
after supplementation with maritime pine bark 
extract. The concentration of oxidized-low density 
lipoprotein and the systolic pressure decreased, while 
the concentration of high-density lipoprotein-choles-
terol increased.

A study carried out by Feng et al. (2011) suggested 
the potential of the procyanidin-rich extract from bark 
as a new anti-human immunodeficiency virus type-1 
(HIV-1) agent, as it inhibited not only HIV-1 binding 
to host cells, but also its replication in vitro after entry 
in susceptible cells. Malekahmadi et  al. (2020) sug-
gested that maritime pine bark extract could improve 
clinical and nutritional status in traumatic brain injury 
patients. According to Furumura et  al. (2012), sup-
plementation with maritime pine bark extract showed 
a significant decrease in clinical grading of skin pho-
toaging scores, which meant a clinically significant 
improvement in photodamaged skin. Paarmann et al. 
(2019) suggested that maritime pine bark extract 
could be potentially used in the prevention of mild 
cognitive impairment of Alzheimer’s disease, in early 
stages, but clinical evaluation should be carried out.

Panahande et al. (2019) tested the effectiveness of 
maritime pine bark extract on bone remodelling in 
postmenopausal osteopenic women, and a positive 
effect on bone markers was observed. Rašković et al. 
(2019) evaluated the hepatoprotective potential of 
maritime pine bark extract, specifically the protective 
effect on acetaminophen‐induced acute liver injury in 
rats. The hepatoprotective effect was due to the free 
radical scavenging properties of the extract to inhibit 
the production of acetaminophen reactive metabolites. 
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Schäfer et  al. (2005) observed that human plasma 
obtained from people who had consumed maritime 
pine bark extract inhibited Cyclooxygenase 1 (COX-
1) and COX-2 enzyme activity. They concluded that 
the bioavailability of the active compounds should 
be high because the effect was observed only 30 min 
after the ingestion of the extract.

Shin et al. (2016) evaluated the potential of mari-
time pine bark extract to inhibit chronic obstructive 
pulmonary disease (COPD), but some clinical tri-
als did not show beneficial effects of maritime pine 
bark extracts, particularly the case for polycystic 
ovary syndrome (PCOS). According to Qorbani et al. 
(2020), supplementation with maritime pine bark 
extract did not seem to improve hormonal and meta-
bolic parameters in women with PCOS.

The potential use of maritime pine bark extract in 
prophylaxis and therapy of several disorders related 
to a lack of balance or an excessive matrix metallo-
proteinases (MMP) activity was studied by Grimm 
et  al. (2003). MMP are Zn-dependent proteolytic 
enzymes that can be activated by ROS and contrib-
ute to the inflammatory network and proteolytic tis-
sue damage in pathophysiological conditions. In vivo 
metabolites of maritime pine bark extract showed 
antioxidant activity and inhibitory activity on MMP. 
Two major metabolites of the extract, which were 
products of (+)-catechin metabolism, were δ-(3,4-
dihydroxyphenyl)-γ-valerolactone and δ-(3-methoxy-
4-hydroxyphenyl)-γ-valerolactone. Both showed a 
big inhibitory activity toward MMP-1 (collagenase 
1), MMP-2 (gelatinase A), and MMP-9 (gelatinase 
B). However, only the former showed a good anti-
oxidant activity because the latter was less active 
in the FRAP assay and did not display superoxide 
scavenging activity. Still, δ-(3,4-dihydroxyphenyl)-
γ-valerolactone was more active than its metabolic 
precursor, (+)-catechin. Later, Grimm et  al. (2006a) 
provided evidence of anti-inflammatory activity of 
maritime pine bark extract by inhibition of proinflam-
matory gene expression. After oral administration of 
200 mg of the extract for five days, plasma obtained 
from volunteers showed a significant inhibition of 
ex vivo metallopeptidase 9 (MMP-9) enzyme release 
from monocytes as well as an inhibition of NF-κB 
activation. Thaichinda et  al. (2020) also observed a 
reduction of MMP-9 release, which was associated to 
the antiproliferative activity of the maritime pine bark 
extract on malignant melanoma.

Besides the oral administration, topical use of mar-
itime pine bark extract has also been studied. Pagano 
et al. (2021) developed a bio-adhesive film which was 
based on xanthan gum and alginate and that contained 
glycerol as plasticizing agent. The film was loaded 
with the maritime pine bark extract, and it released 
within 24 h by a sustained mechanism. It was consid-
ered that the film could be used in wound treatment 
because it was capable to absorb a simulated wound 
fluid, nearly 65% of its own weight, it was adapt-
able to different surfaces, and it showed mechani-
cal resistance. Wound treatment is not exclusive of 
bark because Tümen et al. (2018) studied the effects 
of cones and needles on wound healing, and they 
observed that cone essential oil was also promising.

3.1.2 � Food enrichment

Maritime pine bark extracts have been used for food 
enrichment. Yesil-Celiktas et  al. (2010) added mari-
time pine bark extract to orange juice to develop a 
beverage which could provide a daily intake of the 
extract and fulfill the expectations of consumers. 
The fortified juice showed higher total phenolic com-
pounds, ascorbic acid content, and radical scaveng-
ing activity compared to the control. The shelf-life 
was established in six months due to reduction of 
scavenging activity beyond that date, as well as color 
degradation. Frontela-Saseta et  al. (2011) added the 
extracts to fruit juices to increase the phenolic con-
tent. Fruit juices without extract showed a signifi-
cant decrease in total phenolic compounds after the 
in  vitro gastrointestinal digestion (GID), while an 
increase in the antioxidant potential of enriched fruit 
juices was observed after the digestion process. A 
similar trend was observed in the antiproliferative 
activity of fruit juices with and without extracts after 
in vitro GID. The authors concluded that to obtain a 
stable phenolic-enriched-fruit juice with better anti-
oxidant properties, the use of maritime pine bark 
extracts should be studied in depth.

Subsequently, Frontela-Saseta et  al. (2013) stud-
ied the effect of fresh and digested juices with and 
without extracts in an in  vitro model of intestinal 
inflammation with Caco-2 cells. It was concluded 
that in vitro GID reduced the anti-inflammatory effect 
of fruit juices regardless of the presence of extracts. 
However, the production of inflammatory media-
tors, mainly IL-8 and NO, by Caco-2 cells after the 
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inflammatory stimuli did not result in a decrease of 
transepithelial electrical resistance, so the maritime 
pine extracts seemed to protect the permeability of 
intestinal cells. Besides, the extracts were effective in 
reducing the secretion of the mentioned inflammatory 
mediators, but they did not show a significative effect 
on radical oxygen species (ROS) production.

The influence of fruit juices with maritime pine 
bark extracts on gut microbiota was tested before and 
after in vitro GID. Fresh fruit juices enriched with the 
extract showed the highest inhibitory activity on path-
ogenic bacterial growth, mainly Escherichia coli and 
Enterococcus faecalis. The presence of the extract 
slightly increased the growth of Lactobacillus casei 
rhamnosus and L. gasseri, as well as Bifidobacterium 
longum and B. breve. GID process reduced in approx-
imately 10% the antibacterial activity of juices against 
most pathogenic bacteria. So, the addition of mari-
time pine bark extract to fruit juices could maintain 
the probiotic population and decrease the pathogenic 
bacteria, therefore, it may be a potential modulator of 
intestinal microflora (López-Nicolás et al. 2014).

Most of the studies with maritime pine bark 
extracts were based on their bioactive properties 
beneficial for human health and only a few stud-
ies focused on its ability for preserving foods. Its 
addition in meat reduced growth of Staphylococcus 
aureus, numbers of Escherichia coli (O157:H7), and 
Salmonella Typhimurium and retarded the growth 
of Listeria monocytogenes and Aeromonas hydroph‑
ila (Hameş-Kocabaş et  al. 2008; Ahn et  al. 2007). 
Another studied carried out in food of animal origin 
was that of Ahn et al. (2002), who studied the addi-
tion of maritime pine bark extract to ground beef and 
it retarded the formation of thiobarbituric acid reac-
tive substances (TBARS) and hexanal during the 
refrigerated storage and reduced the development of 
warmed-over flavour (WOF) in the cooked meat. Igle-
sias et al. (2010) studied the efficacy of maritime pine 
bark extract for inhibiting lipid oxidation in bulk fish 
oil and fish oil-in-water emulsions. They used non-
galloylated fractions with different polymerization 
degrees, and it was observed that the lowest polymer-
ized fractions were the most active in bulk fish oils, 
whereas proanthocyanidins with an intermediate 
polymerization degree showed the highest efficiency 
in the emulsions. The results obtained in both stud-
ies provided useful information to design natural 

antioxidant additives with application in foods of ani-
mal origin.

Ruggeri et al. (2008) studied the addition of mari-
time pine bark extract to yogurt, and they concluded 
that it was a valuable ingredient to enrich it in phe-
nolic compounds. It was not observed any modifica-
tion of the nutritional composition (pH, titratable 
acidity, macronutrients, and folates) and the growth 
of microorganisms (Lactobacillus delbrueckii ssp. 
bulgaricus and Streptococcus thermophilus). Besides, 
the phenolic content was not affected during storage.

3.2 � Adsorbent applications of bark

Another application of maritime pine bark is the use 
as adsorbent for the removal of metals and metalloids 
from liquid effluents. Vázquez et al. (1994) tested the 
adsorption of Zn(II), Cu(II) and Pb(II) from waste-
water with the bark pre-treated with formaldehyde 
in acidic medium with good results. The same pre-
treated formaldehyde bark was also used for Cd(II) 
and Hg(II) adsorption, and the adsorption capacity 
was similar to the three previous metals. According 
to Vázquez et al. (2002), the mechanism was based on 
ion exchange with the hydroxyl protons of ring B of 
the procyanidin.

Cutillas-Barreiro et  al. (2014, 2016) studied the 
adsorption of several heavy metals and the adsorption 
percentage was higher than 70% for all of them, being 
Pb(II) the metal with the highest value, 99%. Cu(II), 
Cd(II), Zn(II) adsorption percentages were close to 
80%, while Ni(II) adsorption percentage was 75%. 
The retention of Pb(II) and Cu(II) in the maritime 
pine bark was mostly irreversible. Besides, Pb(II) and 
Cu(II) could displace the others from their adsorption 
sites and reduced their removal in multielement con-
ditions. Cu(II) could be partially displaced by Pb(II), 
but Pb(II) could not be displaced by Cu(II). So, mari-
time pine bark could be very effective for Pb(II) and 
Cu(II) from water.

Arim et al. (2018a, b, c, 2019) studied the uptake 
of Cr(III) ions with maritime pine bark from aque-
ous solutions, not only for environmental protec-
tion, but its high interest of removal at the industrial 
level because of economic reasons. The adsorption 
capacity of maritime pine bark towards Cr(III) ions 
is significantly influenced by the particle size and 
initial pH solution, while the adsorbed amount of 
Cr(III) ions is strongly dependent on the pore volume 
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distribution of the adsorbent (Arim et al. 2018b). The 
superficial properties of bark are suitable to promote 
modifications by physical or chemical treatments, 
which results in an increased adsorption capacity 
(Ahmaruzzaman 2011). One of the most effective 
treatments is the xanthation treatment of hydroxyls 
groups, which consists in an alkaline wash of bark 
with NaOH and the addition of CS2 (Arim et  al. 
2019), because sulphur-bearing groups, such as xan-
thates, have a higher affinity for heavy metals (Pil-
lai et al. 2013). The xanthate bark showed a Cr(III) 
removal efficiency of 95% in aqueous solutions, 
much better than the 16% of non-treated maritime 
pine bark (Arim et al. 2019).

Bacelo et al. (2018) developed a tannin-adsorbent 
for Sb uptake; for this, tannins were extracted from 
the bark in aqueous alkaline solution with NaOH, 
and converted into biosorbents, which are insoluble 
matrices, by polymerization with NaOH as solvent/
catalyst and formaldehyde as reactant. The adsorption 
of Sb(III) took place extensively in the pH range from 
2 to 8, with optimum removals found at pH close to 
the neutrality (pH 6–8), while the uptake of Sb(V) 
was only efficient from strong acidic waters (pH 2–4). 
Bacelo et  al. (2020) modified this tannin-adsorbent 
by Fe(III) loading for As uptake. An oxidation with 
HNO3 as step prior to contact with the Fe(III) solu-
tion was carried out and the resultant adsorbent was 
efficient for As(V) adsorption, especially at pH 3. The 
adsorption of As(III) was negligible because its con-
version to As(V) was blocked because the reduction 
of Fe(III) to Fe(II) was coupled with the oxidation of 
the OH groups of the tannin-adsorbent.

Recently, Torrinha et al. (2021) studied the poten-
tial of maritime pine bark to uptake Au(III) from 
hydrochloric acid and aqua regia solutions, which 
were simulated hydrometallurgical liquors. Bark was 
previously treated with NaOH and the adsorbent pre-
sented high selectivity towards Au(III). That adsor-
bent could be used to recover this precious metal from 
waste electrical and electronic equipment. However, 
the elution in acidic thiourea solution was limited, 
19%. So, future research will be needed to improve 
the gold elution from the exhausted adsorbents.

Besides metals and metalloids, maritime pine bark 
can be used for phenolic compounds adsorption. 
Vázquez et  al. (2006, 2007) tested the adsorption of 
phenol from aqueous solutions with the formaldehyde 
pretreated bark that was previously used for cation 

adsorption (Vázquez et al. 1994, 2002). In the case of 
phenol, the time necessary to reach the breakthrough 
point decreased with an increase in the flow rate, 
which also implied a better utilization of the adsor-
bent because the equivalent length of unused material 
was lower (Vázquez et al. 2006). The highest phenol 
removal was achieved with a high solid/liquid ratio 
and a low pH. However, it was only efficient for low 
phenol concentrations (Vázquez et al. 2007).

Litefti et  al. (2019) studied the potential of mari-
time pine bark as a low-cost adsorbent for the removal 
of Congo red dye, which contains several phenolic 
rings, from wastewaters. Congo red adsorption was 
a spontaneous and exothermic process which was 
strongly dependent on pH, and natural pH of 6 pro-
vided the highest adsorption rate. Adsorbent dosage 
and temperature influenced the adsorption rate too. 
The adsorption followed the pseudo-second-order 
kinetic model and Freundlich isotherm provided the 
most accurate fit to the data, which showed a hetero-
geneous and multi-layer adsorption with simultaneous 
intra-particle and external diffusion. The study was 
conducted with water-treated bark and high adsorp-
tion percentages were achieved, but too much time 
was needed to reach equilibrium compared to other 
adsorbents. So, alternative pre-treatments must be 
tested in order to improve the adsorption efficiency.

Bark tannins can be used as organic coagulants for 
microalgae harvesting, which is a technique that can 
control cyanobacterial harmful blooms. Álvarez et al. 
(2021) studied the efficiency of different flocculants 
obtained from tannin-rich barks, and they concluded 
that coagulation-flocculation using tannins from P. 
pinaster was the most suitable harvest method. The 
main advantages were the high harvesting efficiency, 
the reduction of environmental and energy impacts, 
and the improvement of the process economics.

3.3 � Applications of bark in biomaterial industries

Pine bark can also be used for biomaterial production, 
mainly tannin-based resins and foams. These bioma-
terials are a natural alternative for petroleum-based 
polymers (García et al. 2014; Feng et al. 2013).

One the most common ways for tannin-based resin 
preparation is to mix tannin with hardeners, such as 
paraformaldehyde, and then to adjust the pH of the 
mixture to around 10 because alkaline conditions 
are necessary for the decomposition of the hardeners 
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into formaldehyde (Feng et al. 2013). Vázquez et al. 
(1992, 1993, 1996) specifically studied maritime pine 
bark tannins and they observed that their copolym-
erization with high-methylol resoles yielded a resin 
which was superior to commercial phenol–formal-
dehyde resin for the manufacture of weather and boil 
proof plywood boards. Besides, phenol–formalde-
hyde resole fortified with maritime pine bark tannins 
was successfully used in bonding eucalyptus veneer 
to plywood, with shorter press time and higher veneer 
moisture content tolerance. Phenol–formaldehyde 
resin with up to 50% of phenol substituted by tannins 
met the correspond standards for plywood adhesives 
and with 60% it was found to cure at a lower tempera-
ture. López-Suevos and Riedl (2003) also observed a 
lower resin curing temperature, 75–85 °C, when tan-
nins were added to phenol–urea–formaldehyde resins.

García et al. (2014) worked with tannin-based res-
ins which were prepared from bark condensed tannins 
and different aldehydes. In that case, phenolic resins 
were novolacs and not resoles, as they were synthe-
sised by acid-catalysed polycondensation and were not 
methylol-bearing structures (Pizzi and Ibeh 2014).

Navarrete et  al. (2013) developed a tannin-based 
adhesive for wood panels from maritime pine bark. 
Several hardeners were tested, but paraformalde-
hyde showed good results and the adhesive obtained 
could fulfil the quality standards. Ndiwe et al. (2019) 
obtained bio-adhesives without aldehydes from mari-
time pine tannins and bio-hardeners, which were exu-
dates from two African gum arabic trees (Vachellia 
nilotica (L.) P.J.H.Hurter & Mabb. and Senegalia 
senegal (L.) Britton). The bio-adhesive was used for 
particleboard manufacture and the panels met the 
requirements of European legislation.

The first generation of tannin-based foams were 
obtained from prorobinetinidin/profisetinidin tannins, 
but procyanidin condensed tannins have been used 
for this purpose more recently. Procyanidin tannin-
based foams are good insulation materials because 
of their low thermal conductivity, self-extinguish-
ing property, and high fire resistance (Lacoste et  al. 
2014a). Lacoste et al. (2013a, b) worked with radiata 
pine (Pinus radiata D.Don) bark as source of pro-
cyanidins with good results, and then started work-
ing with maritime pine bark (Lacoste et  al. 2014a, 
b, 2015). The foams they synthetised from maritime 
pine bark were tannin/furanic foams which were 
obtained using glyoxal as hardener. The reactivity of 

formaldehyde was higher, but it has been classified as 
carcinogenic, so glyoxal, which has been classified as 
non-toxic and non-volatile, was chosen. In addition, 
1-methoxy-2propanol, polyethoxylatedcastor oil, and 
polyethylene glycol 400 were used as surfactants and 
plasticizers, which were very important in the foam 
formulation because of the high reactivity of mari-
time pine bark tannins (Lacoste et al. 2014a).

Thermal conductivity of tannin-based foams was 
highly dependent of temperature and humidity, but 
they could be included among the best organic insu-
lation foams (Lacoste et  al. 2014b). Besides thermal 
conductivity, tannin-based foams obtained from mari-
time pine bark have shown to give good sound absorp-
tion and acoustic insulation characteristics, especially 
at frequencies equal and higher than 1000  Hz. At 
lower frequencies, 250–500  Hz, the insulation was 
lower, but respectable (Lacoste et al. 2015).

Hydroxypropyl tannin derivatives are useful for 
tannin-based foam industry too, and their synthe-
sis from maritime pine bark tannins was described 
by García et  al. (2013). The authors used propyl-
ene oxide in a NaOH aqueous solution at pH 12 for 
their synthesis, and hydroxypropylated tannins from 
maritime pine bark showed an outstanding potential 
to be used as macromeric building-blocks. In addi-
tion, the hydroxypropylated tannin reaction products 
showed different thermal and solubility (in organic 
solvents) properties depending on the degree of sub-
stitution. Besides, tannins can be used as precursors 
for polyurethane foam production because they are 
natural polyols which contain both aliphatic and aro-
matic hydroxyl groups (Feng et al. 2013), as polyure-
thane chemistry is based on the combination of isocy-
anates with polyols. García et al. (2015) described the 
synthesis of novel thermosetting polyphenol-based 
polyurethane films from hydroxypropylated tannins, 
which were the source of polyols, and diisocyanates. 
Different hydroxypropylated tannins, which were 
produced by different degrees of substitution (García 
et al. 2013), influenced the elasticity of polyurethane 
films (García et al. 2015).

3.4 � Industrial applications of other parts of the tree

Maritime pine needles and cones have been used for 
activated carbon production. The plant material was 
pyrolyzed under argon flow and the obtained bio-
char was activated with a chemical activation agent. 
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Yumak (2021) observed that better results were 
obtained with cones and KOH as activation agent. 
Cone derived activated carbon showed higher BET 
(Brunauer–Emmett–Teller) surface area, mesopore 
volume/micropore volume ratio, and specific capaci-
tance. According to the author, electrodes based on 
that type of activated carbon could have supercapaci-
tor applications because of their high electrochemical 
stability and their repeatable cycle behaviour. Wood 
chips were used for biochar production by pyrolysis 
too. Aguirre et  al. (2021) studied its application on 
corn production, and they observed an improvement 
in the Mediterranean climate. Corn production could 
increase even 84% because of the enhancement of 
sulphate, magnesium, and saturation percentage in 
soil, as well as the increase of nitrate retention after 
planting. However, further research is needed in order 
to improve its economic profitability.

Cones have been used for particleboard production 
with good results. According to Santos et  al. (2021), 
the incorporation of cones showed a positive influence 
on the internal bond strength of the particleboards. 
Besides, the particleboards produced with maritime 
pine-cones had a higher water resistance than conven-
tional wood-based panels. They concluded that it was 
possible to replace up to 20% of wood particles on par-
ticleboards and comply the industrial specifications.

Oleoresin is considered a renewable non-timber 
product which gains relevance in the European resin 
industry. Its extraction is a complementary forestry 
activity to timber production which contributes to 
the social and economic development of rural areas. 
Besides, this activity helps to preserve forest ecosys-
tems (Vázquez-González et al. 2021).

Resin is considered the most important non-wood 
product. It is obtained by tapping and it undergoes 
steam distillation to obtain turpentine and rosin. Tur-
pentine represents 15–53% of resin and contains vol-
atile compounds, while rosin remains in the still as a 
non-volatile residue (Abad Viñas et al. 2016; Ottavioli 
et al. 2019; Rubini et al. 2021). Rosin has many indus-
trial applications, and it is used to obtain of varnishes, 
printing inks, and paintings, as well as glues and adhe-
sives (Ottavioli et  al. 2019). Varnishes with maritime 
pine rosin have been used since sixteenth century, 
especially by violin makers. Those varnishes used 
to contain linseed oil and new formulations inspired 
by the antique violin coating were studied recently 
(Frances et  al. 2020). They studied the influence of 

heat treatment of rosin and they concluded that soften-
ing point and glass transition increased with tempera-
ture, while brightness and solvent resistance decreased 
with temperature. Regarding chemical composition, 
heat treatment caused the apparition of dehydrogenated 
and oxidised forms of abietane-type acids.

As it has been previously said, another industrial 
application of maritime pine resin is the production of 
printing inks. According to Karademir et  al. (2020), 
it is an alternative to alkyd resins in the production of 
printing ink. They added the resin into vegetable and 
mineral oil-based solvents in pure form with alkyd 
resin in different proportions, and they reported a 
positive effect in high print gloss, high light fastness, 
good set-off, and rub resistance of ink. Hybrid uses 
including maritime pine resin will enable produc-
tion of varnish and viscoelastic ink with high rheol-
ogy stability. Lastly, Donoso et  al. (2021) indicated 
that turpentine has appropriate properties to become 
a drop-in bio-jet-fuel. However, it has a major draw-
back which is its high sooting tendency, which can be 
mitigated by partial hydrogenation, which saturates 
the double bounds of pinenes and avoids the forma-
tion of m-xylene during the combustion process. 
They reported that hydrogenated turpentine could 
be blended up to 50% with Jet A-1 aviation fuel, so 
it could be a sustainable alternative to fossil fuels in 
aviation.

4 � Perspectives and conclusions

Future perspectives of maritime pine non-wood parts 
are promising, especially bark. Secondary metabo-
lism of this species is quite active and different com-
pounds are synthesized, the main one being phenolic 
compounds and terpenes. Phenolic compounds are 
mainly located in bark, which is rich is condensed tan-
nins derived from flavan-3-ols, such as catechin and 
epicatechin. These compounds stand out because of 
their bioactive potential, especially antioxidant and 
antimicrobial activities. Besides, maritime pine bark 
contains terpenes, group to which resin acids belong. 
Resin acids have a diterpenic structure and are abietic 
and pimaric acid derivatives. In addition to bark, they 
are present in other parts, especially resin. Needles 
and cones are rich in terpenes too, but monoterpenes 
and sesquiterpenes are the majority. These compounds 
showed antioxidant and antimicrobial potential too.
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Non-woody parts have a diverse range of industrial 
applications, especially bark. This part of the tree is 
commonly used as a dietary supplement because of 
the phenolic compounds of its extract, which has 
shown good scientific evidence in the treatment of 
asthma and chronic venous insufficiency. Bark extract 
has been used for food enrichment too, in food of 
animal and plant origin, especially fruit juices, as a 
functional ingredient. In addition to pharma-food 
industries, maritime pine bark has applications as 
bioadsorbent for the removal of different substances 
from liquid effluents, which could allow for decon-
tamination of both inorganic and organic compounds, 
especially metals and metalloids. Bark has industrial 
applications in biomaterial industry too. Pine bark 
can also be used for biomaterial production, mainly 
tannin-based resins and foams, which are a natural 
alternative for petroleum-based polymers. Industrial 
potential of resin stands out too because it is raw 
material in the production of turpentine and rosin, 
which are widely used by several chemical industries.

In conclusion, maritime pine is part of the Ibe-
rian landscape and plays an important role in their 
environment, industry, and economy. Maritime pine 
is more than a source of wood, but several parts of 
the tree, bark being prominent among them, are dis-
carded and became industrial by-products. Besides, 
other parts of the tree are left in the forest and have 
a negative impact on the environment because of 
risks of fire. So, the development, consolidation, and 
implementation of industrial applications of maritime 
pine by-products and apparently little useful parts of 
the tree can enable full use of the plant material and 
reduce the amount of industrial waste, which implies 
better use of forest resources with an improvement of 
the long-term sustainability of industrial activities, 
accordingly to the principles of circular economy.
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