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Abstract  Tropical countries produce a great 
variety of lignocellulosic residues from small-area 
planted crops. Large amount of “Tetra Pak” pack-
age are also produced without any disposal treat-
ment. In order to give solutions for waste manage-
ment, residues must be incorporated in other pro-
cesses, such as the manufacture of particleboards. 
The main objective of this work was to evaluate 
chemical compositions, extractives in different sol-
vent, chemical characterization of extracts in polar 
and un-polar solvent utilizing infrared spectrum 
analysis. A second aim of this study was to test the 
compatibility between chemical composition and ex-
tractives of empty bunch fruit of Elaeis guineensis
(BPF), the leaves of Ananas cumosos (PL) and “Tet-
ra Pak” packages with three timber species (Gmelina
arborea, Tectona grandis and Cupressus lusitanica).. 
Results showed that cellulose, ashes and lignin con-
tent of BPF, PL and “Tetra Pak” differ from those of 
the woody species. Similar result was obtained for 
pH and for the amount of substances extracted with 
different solvents. Infrared spectrum of water (po-
lar), and ethanol-toluene (un-polar) solutions showed 
that the greatest differences in extracts were found 
in BPF and PL, this in relation to the studied woody 
species. Finally, HCMA showed that residues from 
BPF and “Tetra Pak” packages are slightly different, 
considering chemical compositions and extract con-
tent, to other woody species used for particleboard 
manufacture. Moreover, PL has the least compatibil-
ity with the woody species. 

Keywords  Tropical species, infrared analysis, 
lignocellulose residues, agricultural crop. 

I. INTRODUCTION 
Several tropical countries have a suitable climate for a 
great variety of single crops and multi-purpose crops 
such as coffee and timber trees. “Tetra Pak” packages 
are a beverage and liquid food system widely used all 
over the world as an aseptic packaging material. 

Agricultural crops and “Tetra Pak” packages can be 
linked through the following disposal characteristics: 

1. In crops, post-harvest residues are not being dis-
posed or recycled appropriately (Bertsch, 2006, Ulloa et
al., 2004). 

2. Some crops have been blamed for environmental 
problems (Kissinger and Rees, 2010). 

3. The amount of waste generated by “Tetra Pak” 
packaging and the low percentage of recycling.  

An attractive option would be the possibility of 
combining the residues coming from sawmills, pineap-
ple production, oil palm fruit processing and “Tetra 
Pak” waste. Although these crops are composed by lig-
nocelluloses materials, their chemical composition is 
different, which reduces their compatibility. Lignocellu-
loses materials are formed of cellulose, lignin and ex-
tractives, and the amount and composition vary between 
them (John and Thomas, 2008). Extractives affect many 
processes where lignocellulose residues are utilized, for 
example pulp production or heat production (Tamaki 
and Mazza, 2010). They are natural substances whose 
chemical composition varies widely (Reddy and Yang, 
2005).  

Particleboards were traditionally produced from 
wood residues. However, in the last 20 years, a variety 
of raw lignocelluloses materials have been introduced as 
a complementary option (James, 2010). Particleboards 
made from pure agricultural residues or from the com-
bination of wood residues with other materials have 
shown excellent physical and chemical properties 
(Hashim et al., 2010; Onurah, 2005). Chemical compat-
ibility of these residues has been not studied previously.

The objective of the present study was to determine 
the chemical composition the extractives in different 
solvents and the chemical characterization of extracts in 
polar and un-polar solvent using infrared spectrum 
analysis. In addition, compatibility was established by 
means of using the chemical composition and extrac-
tives content, this for the empty bunch fruit of Elaeis 
guineensis, the pineapple leaves (Ananas cumosos), and 
the “Tetra Pak” packages. At last, lignocellulosic resi-
dues were compared with the wood of the three main 
timber species used for commercial plantations in Costa 
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Rica (Gmelina arborea, Tectona grandis and Cupressus 
lusitanica) and utilized in particleboards production. 

II. METHODS 
A. Abbreviations 
TG: Tectona grandis; GA: Gmelina arbórea; CL: 
Cupressus lusitanica ; BPF: empty bunch fruit of Elaeis
guineensis; PL: Pineapple (Ananas comosus) leaves; 
TPP: “Tetra Pak” packages; MC: Moisture content 
B. Material 
A sample of oil palm fruits (BPF) were collected in 
from two plantations in the South Pacific Coast of Costa 
Rica. A sample of pineapple plants (PL) without fruit 
were collected from two plantations in the Central Pa-
cific coast of Costa Rica. Wood samples of Gmelina
arborea (GA), Tectona grandis (TG) and Cupressus 
lusitanica (CL) were collected from mature plantations 
in Costa Rica for its characterization (Moya and Muñoz, 
2010). “Tetra Pak” packages (TPP) were obtained from 
daily consumption milk containers. 
C. Sampling and materials  
Two oil palm fruits were separated in samples from the 
bunch. Next, both fruits were cut to obtain sizes ranging 
from 2 to 3 cm long. Pineapple were cut in 2 cm long 
pieces and “Tetra Pak” boxes were cut in 1 cm wide 
sheets, and subsequently cut in 2 cm long pieces. The 
plantation wood samples came from 3 cross sections 
measuring 3 cm of thickness, extracted from 3 different 
trees and cut at a height of 1.3 m (Moya and Muñoz, 
2010). In these woody species, due to the presence of 
sapwood and heartwood in the transversal sections, 
samples were taken only from the heartwood portion. 
The samples were ground to obtain chips of 2 cm 
length. From the green (non dried) material, 3 different 
samples were taken to measure green humidity content. 
The remaining material was dried until reaching close to 
the 12% humidity content and next it was ground. In 
this procedure, the pre-cut material of the different lig-
nocellulose materials were ground to less than 0.6 mm 
particle size and sieved between two meshes of 0.25 
mm and 0.42 mm (40 to 60 meshes respectively). The 
selected material for the tests was that retained between 
the 40 and 60 meshes. 
D. Chemical analysis 
Chemical analysis consisted on determining pH, mois-
ture content in green condition, ash content, and cellu-
lose and lignin content. The methodology proposed by 
Moore and Johnson (1967) was used to determine the 
pH and the ASTM D-4442-92 standard (ASTM, 2003a) 
was used to determine moisture content (MC). The 
ASTM D-1102-84 standard (ASTM, 2003b) was used to 
determine ash content and the TAPPI T222 om-02 
method (Tappi, 2002) was used to quantify lignin con-
tent. Finally, the Seifert’s procedure (Seifert, 1960) was 
used to determine the cellulose content. 
E. Extractions 
The extractives are substances located into the hemicel-
lulose-cellulose-lignin tissues and are important for the 
establishment of compatibility with other lignocellulosic 

materials and chemicals compounds. The study of their 
amounts or quality issues allows knowing better their 
behavior with other materials or substances. The extrac-
tives were determined in A)water (hot and room tem-
perature), according to D-1110-84 (ASTM, 2003c), 
which established extractives for such extraneous mate-
rials (tannins, gums, sugars, starches and coloring mat-
ters); B) in sodium hydroxide using the D-1109-84 
standard (ASTM, 2003d) and solubility of wood was 
determined in a hot dilute alkali solution; C) in an etha-
nol-toluene solution using the D-1107-96 standard 
(ASTM, 2003e); D) in an ethanol-hexane (1:1) solution 
commonly used for determining oils, wax levels, fats, 
resins, tannins and other ether-insoluble components; E) 
in dichloromethane (CH2-Cl2) using the D-1108-96 
standard, which is a measurement of waxes, fats, resins, 
oils, and similar materials (ASTM, 2003f); F) and the 
extractives-free residue using the D-1105-96 standard 
for determining the extractives that are soluble in neu-
tral solvents and that are not a part of the wood (ASTM, 
2003g). Each extractive was determined in separated 
samples and not carried out by succession.  
F. Infrared spectrum analysis 
Infrared spectrum analysis was performance using polar 
and un-polar extracts and cool water extracts, and etha-
nol extracts were selected as polar and un-polar, respec-
tively. Analysis was performed over the cool water ex-
tract and the ethanol-toluene solution extract and two 
analyses were taken from each extract type. Following 
both extractions, the water and the ethanol-toluene solu-
tion were evaporated from their respective extracts to a 
Petri dish. These extractives were selected because they 
represent a polar and an un-polar solvent which 
measures the performance. Next, samples from the solid 
extracts were taken for the next phase of the analysis. 
The solid sample from the ethanol-toluene extraction 
was placed then on a sodium chloride (NaCl) plate; with 
the samples from the water extraction, a potassium 
bromide (KBr) pellet was made. Sample analyzed  were 
carried out with an FT-IR Spectrometers (infrared spec-
trometer) of the brand Thermo Scientific. IR analysis 
was carried out using a KBr disk. 
G. Data analysis 
Statistical analysis was carried out using the SAS 8.1 
software (SAS Institute, Inc., Cary, NC, USA). The 
normality and presence of extreme values or outliers 
were tested for each chemical variable. A general statis-
tical description (average and variation coefficient) was 
performed for the different variables. The one-way 
ANOVA (analysis of variance) was used for establish-
ing the difference between five lignocellulosic residues. 
Additionally, Tukey’s test was applied to establish dif-
ferences between chemical variable means. Finally, hi-
erarchical clustering for multivariate analysis (HCMA) 
was carried out for testing the compatibility between 
residues. Three different HCMA were performed: (i) 
utilizing chemical characteristics (cellulose, lignin, 
moisture and ash content, pH, and extractives extracted 
in cool and hot water (NaOH, solution of ethanol-
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toluene, ethanol-hexane, dichloromethane, and free ex-
tractives), (b) utilizing IR spectra of extracted in cold 
water and (c) utilizing IR spectra in ethanol-toluene ex-
tracts. The goal was to find a grouping of residues such 
that variation in chemical composition and IR spectra 
within each cluster were as small as possible, and a dif-
ference between clusters could be maximized. This si-
militude was tested by linking distances between 
groups. Statistical SAS and STATISTICA programs 
were used to evaluate the grouping. 

III. RESULTS 
A. Chemical composition 
Results of chemical composition analyses are shown in 
table 1. The pH of TPP was the highest value and clos-
est to neutral, and was not statistically different from the 
TG wood. GA and CL woods, and the BPF residue pre-
sented a pH value statistically lower than the TPP resi-
due, but not different from the TG wood (Table 1). Fi-
nally, PL leaves presented the lowest pH value of all 
studied residues, with their pH of 4.5.  

For MC, it was found that all residues present statis-
tically different values, with the exception of CL and 
GA. PL residues have the highest MC, followed by GA 
and CL, while TG and BPF present intermediate humid-
ity values (Table 1). 

Wood (TG, GA and CL) residues had the lowest ash 
percentages, presenting values less than 1.1%. BPF ash 
percentage was statistically higher than PL. TPP had a 
higher ash percentage (Table 1). Nevertheless, TPP ash 
value should be interpreted with caution. This residue, 
added to the cellulose and polyethylene layers, has an 
aluminum layer which does not burn during the ash- 
burning test, thus producing a high amount of ashes due 
to the residual aluminum. 

With respect to cellulose, it was found that TPP pre-
sented the highest percentage, followed by GA, which 
turned to be statistically different from CL, TG and PL. 
BPT residue had the least cellulose content (Table 1). 
With respect to lignin, it was found that CL residue 
showed the highest percentage, whereas PL residue 
yielded the lowest percentage. GA, TG and BPF resi-
dues showed values ranging from 25 to 30%. Once 
more, TPP has high lignin content; however, since this 
residue was evaluated with polyethylene and aluminum 
layers, results may be biased. It is very likely that the 
cellulose found in this residue is mostly lignin-free. 

TPP residue comes from a beverage container for 
human consumption. Therefore, a neutral pH level and 

low humidity was assumed and later on confirmed with 
the tests (Table 1). On the opposite, the agricultural res-
idues (BPF and PL) have a tendency to be slightly acid 
or highly humid, especially PL. BPF presented a pH 
similar than residues of some woody species; however, 
it was found that PL was statistically more acid than 
those of the woods (Table 1). 

B. Extractives 
A summary of the quantity of extractives in the different 
types of solvents (organic and inorganic) are shown on 
table 2. Cold water extractives varied from 5.9 to 
27.8%, with PL having the highest statistical value. The 
three plantation woods had the lowest values (from 5.9 
to 7.8%) and BPF and TPP residues had intermediate 
values. Hot water extractives were found to be higher 
than the cold water extractives, ranging from 7.0 to 
38.3%. Moreover, they revealed a similar trend to that 
of the cold water extractives: PL being statistically 
higher, followed by BPF and TPP, and lastly, the 3 
woody species presented the lowest content of cold wa-
ter extractives. The amount of extractives in NaOH 
yielded the highest percentage of extractives, varying 
from 24.2 to 54.3%. BPF and PL residues showed the 
highest percentage with this solvent (statistically signif-
icant). The three plantation woods and the TPP residue 
were not statistically different. The amount of extrac-
tives from an ethanol-toluene solvent ranged from 3.8 to 
11.5%, with BPF showing the highest percentage, fol-
lowed by PL and GA; while  CL, TG and TPP account-
ed for the lowest values (statistically significant). The 
content of extractives in an ethanol-toluene mixture 
was, in general, lesser than that normally found in an 
ethanol-hexane mixture. Values varied from 0.3 to 
7.5%. BPF, with PL and CL residues having the highest 
percentages, followed by GA and TG, while TPP 
showed the lowest percentages, all statistically signifi-
cant (Table 2). The extractives from dichloromethane 
yielded a lower percentage than the other tested sub-
stances, ranging from 0.5 to 8.4%. The statistically 
highest percentage was for BPF, followed by PL resi-
dues. On the opposite, CL, GA and TG residues yielded 
intermediate values and without statistical significance. 
Ground TPP presented the lowest statistical value. Last-
ly, extractives-free were statistically equal in BPF, PL, 
CL and TG. No statistical differences were found be-
tween CL and GA; TPP yielded the lowest percentages 
(statistically different). 

Table 1. Chemical characteristics of oil palm fruit sections of Elaeis guineensis, Ananas comosus leaves, “Tetra Pak” pack-
ages and three wood species growing in plantations. 

Parameters Elaeis guineen-
sis (BPF) 

Ananas como-
sus (PL)

 “Tetra Pak” 
package (TPP) 

Cupressus lu-
sitánica (CL) 

Gmelina arbo-
rea (GA)

Tectona gran-
dis (TG) 

pH 5.9BA (0.81) 4.5C (0.18) 7.4D (0.02) 4.9A (0.03) 5.6AB (0.05) 6.4BD (0.07)
MC (%) 39.1C (8.97) 88.0D (2.50) 7.3E (0.30) 58.9A (3.42) 65.1A (2.16) 51.3B (2.97)
Ash (%) 5.4B (0.98) 6.8C (1.67) 11.0D (1.36) 0.2A (0.04) 1.1A (0.08) 0.8A (0.13) 

Cellulose (%) 37.8C (1.83) 39.9A (1.63) 66.7D (1.98) 39.3AC (0.26) 46.6B (1.08) 41.4A (1.52) 
Lignin (%) 31.4C (9.80) 13.9D (4.40) 25.4B (1.70 ) 46.4A (1.35) 25.6B (0.03) 30.1C (1.03) 

Note: Averages with equal letters do not present significant differences. Determined at P-value >0.01. The values in parenthesis represent varia-
tion coefficients.
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Fig. 1. IR spectra for ethanol-toluene extracts of different lignocellulosic residues. 

C. Characterization of extractives 
Infrared spectroscopy - FTIR for the water and ethanol-
toluene extracts are shown in Figures 1 and 2, respec-
tively, indicating the type of functional groups presented 
in residues of lignocellulose extracts.  

A peak near 3420 cm-1 (corresponding to O-H 
groups) was obtained for all residues. Groups with 
stretching vibration near 2960 cm-1 (corresponding to C-
H bond vibration), 1705-1735 cm-1 (C=O stretching 
band), 1240-1375 cm-1 (C-H methyl group vibrations), 
1150-1300 cm-1 (C-O vibrations of alcohol, phenol or 
esters) and in the proximity of 720 cm-1 (corresponding 
to a C-O bond) were also present in all ethanol-toluene 

extracts from residues (Fig. 1), with the exception of 
EFB (Fig. 1b). C=O groups, possibly from wax, were 
present in the lignocellulose residues, except for EFB in 
the ethanol extracts (Fig. 1b). Band at 1755 cm-1, as ob-
served in lignocellulose residues (except for EFB), sug-
gest ester-type carbonyl groups, such as those in waxes 
or triacyl glycerols.  Woods and TPP presented group 
vibrations between 1450-1460 cm-1 (Fig. 1c-1f), PL be-
tween 1460 and 1410 cm-1 (Fig. 1a), and the BPF stalk 
in 1440 cm-1 (Fig. 1b). These absorptions are associated 
to aromatic moieties. 

The following differences were found between IR 
analyses of different residues: 
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(i) (Ethanol-toluene extracts, in BPF do not show vibra-
tion around 1603-1654 cm-1.  Besides, this residue 
did not show vibration between 1000 and 1100 cm-1,
which can be amide (N-H) groups (Fig. 1b). But am-
ide groups were present in the 3 woods, TPP and PL.  

(ii) The woods and PL, TPP and BPF differences were 
noted in vibrations ranging from 1509 to 1594 cm-1

in water extracts, corresponding to aromatic C=O. 
These groups were solely present in the three types 
of wood (Fig. 1d-1f).  

(iii) Although low vibrations of 809 to 945 cm-1 did 
not show C-H groups in woody species, in contrast 
to PL (Fig. 1a), BPF (Fig. 1b) and TPP (Fig. 1c); 
characteristics high at 2900-2800 cm-1 corroborated 
the presence of C-H in these woody species, as well 
as, PL, BPF and TPP. 

(iv) Only BPF and TPP showed vibrations ranging 
from 1130 to 1180 cm-1 (Figs. 2b and 2c), corre-
sponding to C-O groups from alcohols, phenols or 
esters.

(v) Vibrations between 720 and 900 cm-1 appeared in all 
the woods, TPP and BPF (Fig. 2b-2f) but were not 
present in PL (Fig. 2a). However, these vibrations 
are difficult to establish because many vibrational 
modes that appears in this IR region. 

D. Residues comparisons 
The comparison of the six types of lignocellulose resi-
dues using chemical characteristics (lignin, cellulose, 
pH, amount of water and amount of extractives using 
different solvents) by hierarchical clustering multivari-
ate analysis show a similarity between the three wood 
types, linkage distances were the lowest, less than 22 

(Fig. 3a). While BPF residue is also similar to these 
three types of woods because its linkage distance with 
woody species was less than PL and TPP. In contrast, 
TPP residue was slightly different from the woods and 
BPF (the latter with a large linkage). PL showed the 
largest differences in comparison to the other studied 
residues (Fig. 3a). Degree of similarity was determined 
by evaluating the chemical characteristics. It was found 
that the ash of extractives using NaOH solution were 
highly significant for chemical aspects defining similari-
ty (Table 3). Additionally, the humidity content, extrac-
tives obtained with water (cold and hot), ethanol-hexane 
solution, and a dichloromethane solution were less sta-
tistically significant (Table 3). 

The evaluation of residue similarity with the infrared 
spectra of water extracts (Fig.3b) indicated a similar 
grouping than chemical components (Fig. 3a). The 
woody species extracted in water were closely grouped, 
having various similarities with BPF extracts (linkage 
distance being the lowest), followed by TPP extracts 
and lastly PL extracts, which presented the least similar-
ity with the other residues (. they yielded close linkage 
distance) (Fig. 3b). 

Grouping of residues using the infrared spectra on 
ethanol-toluene extracts revealed some differences in re-
lation to the aforementioned groupings. BPF stalk was 
different than the woody species, the latter being 
grouped amongst similar conditions, but more similar to 
PL extracts. Moreover, TPP extracts have intermediate 
characteristics between the group of woods and the one 
formed by BPF and PL (Fig. 3c). 

Table 2. Extractives for different oil palm fruit sections of Elaeis guineensis, for Ananas comosus leaves, for “Tetra Pak” 
packages, and for three species growing in plantations. 

Extractives  
percentage   

Elaeis guineensis 
(BPF) 

Ananas comosus 
(PL)

Cupressus
lusitanica (CL) 

Gmelina
arborea (GA)

Tectona
grandis (TG)

“Tetra Pak” 
package (TPP) 

Cold water 13.4A (1.22) 27.8B (0.61) 5.9C (0.17) 7.8C (0.08) 7.2C (0.09) 13.0A (0.41) 
Hot water 16.4A (1.82) 38.3B (0.75) 7.0C (0.07) 9.0C (0.15) 8.5C (0.44) 13.9D (0.31) 
NaOH at 1% 54.3A (12.43) 53.8A (13.14) 24.2B (0.51) 26.1B (0.56) 23.8B (0.12) 25.6B (0.07) 
Ethanol toluene 11.5A (1.06) 9.4B (1.08) 3.8C (0.06) 7.2D (0.12) 4.6C (0.14) 5.5C (0.15) 
Ethanol hexane 7.5A (2.53) 5.7A (1.66) 5.2A (0.18) 1.5B (0.24) 2.2B (0.15) 0.3C (0.27) 
Dichloromethane 8.4A (0.78) 3.6B (0.73) 1.5C (0.2) 2.2C (0.12) 2.2C (0.08) 0.5D (0.03) 
Extractives-free 13.0A (2.67) 13.7A (1.95) 10.6AB (0.12) 9.2B (2.67) 13.7A (0.94) 0.5C (0.03) 

Note: Averages with equal letters do not present significant differences. Determined at P-value >0.01. The values in parenthesis represent varia-
tion coefficients. 

Table 3. Significance of chemical characteristics for grouping for three woody species, empty fruit bunch and pineapple 
leaves using chemical compositions. 

Chemical characteristics Between df Within df F 
pH 4.3 3 1.1 2 2.6 
Moisture content 3583.8 3 95.6 2 25.0* 
Ash 91.2 3 0.4 2 144.7** 
Cellulose 568.0 3 28.3 2 13.4 
Lignin  322.5 3 239.5 2 0.9 
Extractives in cool water 308.5 3 20.4 2 10.1* 
Extractives in hot water 668.9 3 17.8 2 25.0* 
Extractives in NaOH at 1% 1131.9 3 2.9 2 257.8** 
Extractives in ethanol toluene 40.8 3 3.5 2 7.8 
Extractives in ethanol hexane 37.5 3 1.8 2 13.5* 
Extractives in dichloromethane 37.4 3 1.9 2 12.9* 
Extractives- free  37.5 3 90.1 2 0.3 

Legend: * Statistically significant for =0.05. ** Statistically significant for =0.01. 
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Fig. 2. IR spectra of extracts in water for three woody species, empty fruit bunch and pineapple leaves. 

IV. DISCUSSION 
Low pH levels on PL affect negatively some types of 
adhesiveswhen used as residues to manufacture parti-
cleboards. Adhesives are formulated for pH neutral ma-
terials (Xing et al., 2006; Halvarsson et al., 2010). Resi-
dues with low pH levels may affect curing time, by ac-
celerating or retarding the curing process for the adhe-
sive (Xing et al., 2004). However, there are alternatives 
to solve the low pH problem; by adding a pH buffer 
when particles are being bonded (Xing et al., 2004), or 
by treating particles with acid or alkaline substances 
(Munawar et al., 2008).  

The amount of water contained in PL may negative-
ly affect its possible use in particleboards. In such prod-
ucts, an MC lower to 10% is necessary (Xing et al.,

2006), resulting in high energetic consumption when the 
material is being dried (Moya and Tenorio, 2012). Nev-
ertheless, there are other options of mechanical nature, 
such as the use of mills with centrifuges, which may be 
implemented to dry pineapple residues, aiming at im-
proving the efficiency in water elimination (Moya and 
Tenorio, 2012; Wong, 2007). BPF residue has the ad-
vantage of having a lower MC than woods commonly 
used in particleboards. 

The ash quantity contained in both agricultural resi-
dues is higher than that in the woody residues, as these 
plants contain deposits of microfossils or phytolithis 
(Halvarsson et al., 2010). High ash content has a nega-
tive effect on production processes abdon particleboards 
both physical and mechanical performance (Halvarsson 
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et al., 2010). Velázquez et al. (2003), mentions that 
when ash content is less than 1.5% it does not affect the 
physical and mechanical properties of particleboards 
made from Miscanthus sinensis.

Cellulose and lignin content determine the properties 
of future materials that may be manufactured from ma-
terials presenting a high content of these polymers 
(Lopes and Felisberti, 2006; John and Thomas, 2008). 
Particularly, in particleboards these contents determine 
the degree of particle cohesion and the products’ me-
chanical performance (Westin et al., 2000). High struc-
tural performance in particleboards may be obtained 
with TPP residue due to the purification degree that this 
product has while manufacturing packaging material 
(Korkmaz et al., 2009). TPP and BPF residues present 
high lignin content but slightly less than woody species 
commonly used to manufacture particleboards. Pineap-
ple has the disadvantage of having low lignin content, 
which may result in low structural performance of these 
types of products. 

The amount of lignin in some derived products may 
have negative effects, such as the high energy consump-
tion required in case of extracting cellulose, as in pulp-
ing processes (John and Thomas, 2008). Nonetheless, in 
products requiring high performance for mechanical 
stress such as particleboards, for example, lignin confers 
rigidness, resistance and protection to fibers (Saheb and 
Job, 1999). As mentioned previously, lignin content 
values for TPP should be treated with caution since this 
value may also contain aluminum or other aggregate 
polymers during packaging manufacture (Korkmaz et
al., 2009). 

Extractives are non-structural or secondary compo-
nents made of many lignocelluloses materials, in which 
a great number and variety of components may be found 
(Tamaki and Mazza, 2010). The effect of extractives in 
lignocellulosic material has become more prominent in 
the last years, because lignocellulose residues are a nat-
ural source of energy or source of raw material (Reddy 
and Yang, 2005). Moreover, the extractives percentage 
present in different lignocellulose residues has different 
effects depending on their prospective uses, being im-
portant to know their effects (Trianoski et al., 2011). 
For example, Chen et al. (2007) and Thammasouk et al.
(1997) affirm that water and ethanol extractives from 
different lignocellulose materials may be composed of 
non-structural sugars, organic acids, organic material, 
nitrogenous material, greases and other minor com-
pounds. Those extractives, dissolved in the aforemen-
tioned solvents; do not allow part of the lignin precipi-
tate when using lignocellulose residues in ethanol pro-
duction. These authors concluded that extractives from 
these kinds of residues need to be removed to attain 
higher efficiency. In the present study it was also found 
that it is necessary to eliminate the extractives, either a 
portion or all, for stalk or pineapple with high contents 
of extractives. 

Specifically, tests performed with some 
lignocellulosic residues in the present study evidenced 

that mixing them does not result in producing boards 
with suitable properties (Moya et al., 2013, 2014). For 
example, Onuorah (2005) found that, when different 
wood species are combined with palm oil plant residues, 
boards get lower mechanical resistance values without 
evidencing the reason for this. It could be assumed that 
the low resistance found by the author could be due to 
the amount and type of extractives present in each of the 
lignocellulosic residues, which determine residue com-
patibility; thus affecting board performance. Neverthe-
less, some practices have been implemented to improve 
residue performance in board production. For instance, 
Laemsak and Okuma (2000) and Munawar et al. (2008) 
have improved performance of particleboards in differ-
ent lignocellulose residue types by giving particles a 
pre-treatment with vaporization and explosion. 

Treatments to diminish extractives effects in ligno-
cellulose materials are based mainly on adding some 
kind of substance to improve the compatibility of pre-
sent materials when residues are used for manufacturing 
particleboards, (García et al., 2011). For example, 
Halvarsson et al. (2009) found that in order to diminish 
extractives’ effects on wheat straw, particles must be 
treated with iron chloride and hydrogen peroxide, there-
fore improving physical and mechanical properties of 
particleboards made with this lignocellulose material. 
Furthermore, Han et al. (1998) improved structural per-
formance of particleboards using reed and wheat straw, 
with silane matrix as coupling agent. 

The grouping results of the different residues once 
more confirm that woody species have similar chemical 
components in terms of quantity and quality (Fig. 3). In 
fact, chemical composition analysis (Table 1) and per-
centage of extractives with different solvents (Table 2) 
revealed few differences in the three wood types. This 
finding shows that fine structural and physical condi-
tions in particleboards can be achieved by using a com-
bination of these woods for their manufacture.  

With respect to BPF and TPP, chemical composition 
(Fig. 3a) and infrared spectra of water and ethanol-
toluene extracts are slightly different to the woods. This 
result may be influenced by humidity, ash content and 
amount of extracts that can be dissolved in a sodium 
hydroxide solution (Table 3). PL residue presented less 
compatibility with the several wood types, differing in 
most chemical components (Table 1) and extractives 
that may be extracted with aqueous solutions (Fig. 1 and 
2). 

Particleboard production has focused on raw materi-
al coming from woody species and in some other cases 
these boards have been constructed with wood blends. 
However, the increasing demand of forest conservation, 
irregularities in wood production and pressure to use 
lignocellulose residues from agricultural activities, favor 
other non-wood residue types in the process of parti-
cleboard (Kalia et al., 2009). Nevertheless, extractives’ 
chemical composition results (Table 3) have shown that 
potential inclusion of BPF stalk or PL present high con-
tents of different extractives and in a certain manner are  
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Fig. 3. Tree grouping for three woody species, empty fruit bunch and pineapple leaves. (a) Using chemical characteristics, (b) 
Using IR spectra of extracted in water and (c) Using IR spectra of extracted in ethanol-toluene solution.

slightly different to the woods (Fig. 3), which may af-
fect compatibility when mixing some of the woods uti-
lized and extractives coming from oil palm and pineap-
ple leaves. 

On the other hand, industrial TPP residue offers 
great advantages in relation to agro-forestal residues; it 
possesses low amount of dissolved extractives in all im-
plemented solvents. Moreover, this residue is lightly ac-
id (pH=4-5), which gives it great potential to manufac-
ture particleboards using blends with another type of 
lignocellulose residue, and presents similarity with all 
studied residues (Fig. 3). 

V. CONCLUSIONS 
Chemical composition and extractives in PL are differ-
ent to the composition of GA, TG and CL woods, to 
BPF stalk and TPP. The main differences are related to: 
its low pH level; initial high humidity; ash content; low 
lignin content; extractives dissolved in water, ethanol-
toluene and dichloromethane. In addition, some extrac-
tives composition detected in IR spectroscopy differ 
since several compounds are not present in the woody 
species, BPF and PL. 

Grouping results of residues confirm once more that 
woody species have similar quantity and quality of 
chemical components. Meanwhile, BPF stalk and TPP 
are slightly different to wood, as found in similarity 

comparison with woods using chemical composition 
and infrared spectra of water and ethanol-toluene ex-
tracts.

Consequently, particleboards manufactured with 
mixtures of these lignocellulose residues can differ with 
mixing proportions, especially with PL.  On the other 
hand, woody species are similar to oil palm fruit bunch 
and TPP. The similarity of these agricultural materials 
could permit the mixing of wood and oil palm fruit 
bunch and TPP. However, although there is chemical 
compatibility between these materials, further studies on 
mechanical compatibility on real particleboards are nec-
essary.

Although TPP present polyethylene and aluminum 
layers, the performance between this residues and 
woody species was not affected. Mechanical properties 
of mixtures between those residues in particleboards 
presented excellent compatibility with the woody spe-
cies (Moya et al., 2013 and 2014). 
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