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ABSTRACT • The present study consisted in determining the effects of a hygrothermal treatment on wood fibers 
from the Laureliopsis philippiana Looser species. The fibers were treated in autoclave at 150 °C for 90 minutes 
at a pressure of 430 kPa, which was generated during the evaporation process of the water in autoclave. Physical 
properties, color, and water retention capacity of hygrothermically treated and untreated fibers were analyzed. 
The chemical properties determined were the extractable amount in sodium hydroxide, toluene ethanol, hot and 
cold water, the cellulose, holocellulose and lignin contents, the pH value, the percentage of volatile and wash-
able acids, and the buffer capacity. In hygrothermically treated fibers, a change of color was detected as well as a 
reduction in the water retention capacity and an increase in the percentage of extractable, cellulose, lignin and a 
decrease of holocellulose. Also an increase in acidity, amount of volatile and washable acids and buffer capacity 
were determined. Due to the chemical changes observed in the treated fibers, these would present advantages in 
the manufacture of fiberboards, facilitating the setting of the amino resins.

Key words: hygrothermal treatment; Laureliopsis philippiana; fibers; physical and chemical properties; acidity; 
fiberboards 

SAŽETAK • Cilj rada bio je utvrditi učinke hidrotermičke obrade na vlakna drva Laureliopsis philippiana Loo-
ser. Vlakna su tretirana u autoklavu, na temperaturi 150 °C tijekom 90 minuta, i pri tlaku 430 kPa, koji je nastao 
tijekom procesa isparavanja vode u autoklavu. Analizirana su fizička svojstva, boja i kapacitet zadržavanja vode 
u hidrotermički obrađenim i neobrađenim vlaknima. Od kemijskih svojstava određena je ekstrahirana količina 
u natrijevu hidroksidu, toluen-etanolu te u toploj i hladnoj vodi, zatim sadržaj celuloze, holoceluloze i lignina, 
pH vrijednost, postotak hlapljivih kiselina i kiselina koje se mogu isprati te kapacitet pufera. U hidrotermički 
tretiranim vlaknima zabilježena je promjena boje i smanjenje kapaciteta zadržavanja vode te povećanje postot-
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ka ekstrakta, sadržaja celuloze i lignina, kao i smanjenje sadržaja holoceluloze. Također je utvrđeno povećanje 
kiselosti, količine hlapljivih kiselina i kiselina koje se mogu isprati te određen kapacitet pufera. Zbog kemijskih 
promjena uočenih na obrađenim vlaknima takva bi vlakna mogla imati prednost u proizvodnji ploča vlaknatica jer 
olakšavaju pozicioniranje amino smola.

Ključne riječi: hidrotermička obrada, Laureliopsis philippiana, vlakna, fizička i kemijska svojstva, kiselost, ploče 
vlaknatice

1  INTRODUCTION
1.  UVOD

Heat treatment darkens the color of the wood 
(Akgül and Korkut, 2012; Karlsson et al., 2012a; Cre-
spo et al., 2013), reducing the clarity and increasing the 
chromaticity (Karlsson et al., 2012a.). Darkening is 
proportional to the temperature and time of treatment, 
being uniform through the width and depth of the wood 
(Brauner and Conway, 1964), resulting in a greater 
darkening of hardwoods than of conifers (Schneider, 
1973; Sandoval-Torres et al., 2010).

The wettability of heat treated wood particles de-
creases in treated fibers (Poblete, 1983; Crespo et al., 
2013) as well as water retention capacity (Roffael and 
Kraft, 2012; Weigl et al., 2013). The higher the tem-
perature and the exposure time of heat treatment, the 
lower the amount of water absorbed by the wood (Pob-
lete, 1983; Kartal et al., 2007.).

Thermal decomposition of the constituent mole-
cules of the wood begins at temperatures below 160 °C 
(Yamauchi et al., 2005; Esteves and Pereira, 2009). 
Constitution water loss begins at this temperature, lead-
ing to a decrease in the content of OH groups (Hill, 
2006). The degradation of the chemical components 
causes the formation of acetic acid, formic acid and phe-
nolic compounds, as well as the formation of other aro-
matic and extractable compounds (Jämsä and Viitanie-
mi, 2001; Hill, 2006; Awoyemi and Jones, 2011). The 
formation of organic acids catalyze the hydrolysis of 
pectins, hemicelluloses and to a lesser extent, the amor-
phous cellulose. Simultaneously, the lignin is softened 
and is partially depolymerized (Mitchell, 1988; Garcia-
Jaldon et al., 1998). Furthermore, some components of 
the cell walls are reorganized, and the number of OH-H 
bonds decreases (Homan et al., 2000). Using an auto-
clave generates pressure, which has effects that can be 
important in regards to the composition, structure and 
properties of wood (Giebeler, 1983; Ding et al., 2011.). 
However, these treatments cause an improvement in cer-
tain physical properties (Burmester, 1973).

The production of acetic and formic acid at tem-
peratures below 200 °C (Fengel and Wegener, 1989; 
Alén et al., 2002) decreases the pH value of the wood 
(Kollmann and Fengel, 1965; Weiland and Guyonnet, 
2003; Wikberg and Maunu, 2004), increasing the 
amount of volatile and washable acids as well as the 
acidic buffer capacity (Poblete, 1983; Roffael, 1987a, 
b; Crespo et al., 2013.).

Acidity is an important factor to consider in the 
manufacture of wood panels, since the chemical reac-
tions that occur during the setting of the adhesive fol-
low an optimal course with a specific pH range for each 

type of adhesive. The variation in pH values affects the 
properties of fiber bonding, so knowing the acidity of 
the wood and its changes due to the form of processing 
are important in predicting the behavior of the wood 
and adhesive (Crespo et al., 2013).

Considering the changes in the physical and 
chemical properties of wood due to heat treatments, 
and its potential impact on production of boards, the 
aim of this study was to determine the effects of a hy-
grothermal treatment on fibers from L. philippiana, a 
species with unfavorable chemical characteristics for 
the production of boards with ureaformaldehyde (Pinto 
and Poblete, 1992; Poblete and Pinto, 1993). The ef-
fects on the physical and chemical properties that af-
fect the production of boards made   with L. philippiana 
fibers and amino resins were reported, considering the 
changes in color, in water retention capacity, in the 
main cell wall compounds, in the percentage of ex-
tractables, in varied pH values, in washable and vola-
tile acids, and in buffer capacity.

2  MATERIALS AND METHODS
2.  MATERIJALI I METODE

2.1  Materials
2.1.  Materijali

L. philippiana wood harvested in the region XIV 
of Los Rios Pre-Andean mountain range (Chile) was 
used. The wood was chipped and shredded through a 
mechanical process, using water to prevent tempera-
ture increase during the extraction of fibers. After ob-
taining the fibers, these were conditioned to room tem-
perature and humidity.

2.2  Methods
2.2.  Metode

The fibers were placed into a steel basket in an 
autoclave at 150 °C for 90 minutes. The autoclave con-
tained water to a height leaving a space of 2 cm be-
tween the fibers and water. Due to the steam generated 
in the autoclave, there was an increase in pressure dur-
ing the process, which was controlled and reached 430 
kPa. After the treatment was finalized, the fibers were 
conditioned to room temperature and humidity. After 
being conditioned, the fibers with and without hygro-
thermal treatment were dried at 70 °C to 4 % moisture 
content.

The evaluation of color of the fibers before and 
after the hygrothermal treatment was performed using 
color tables for soils (Munsell, 1994) and an X-Rite 
spectrophotometer, with which the measurements were 
made using built in computer software with the D65/10 
brightness option.
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The water retention capacity was measured ac-
cording to the methods employed by Poblete (1983). 
Therefore, a certain amount of fibers were left in the 
distilled water for 18 hours. Then, a sample was poured 
into a pulp testing apparatus and centrifuged at a speed 
of 2850 rpm for 5, 10, 15 and 20 seconds, to extract the 
water. After completing each centrifuging process, the 
fibers were taken to a pre-weighed beaker, then 
weighed again, and dried in an oven at 103 °C to con-
stant weight. Finally, the beaker was cooled with the 
fibers in a desiccator and weighed. Water retention ca-
pacity (WRC-value) was calculated by the following 
equation:

The chemical components were determined ac-
cording to the standards and methods described below:
-  Preparation of wood for chemical analysis (TAPPI 

264 cm-97).
-  Water solubility of wood and pulp (TAPPI 207 cm-

99).
-   Solubility in 1% of sodium hydroxide (0.25 N) of 

wood and pulp (TAPPI 212 om-98).
-   Extractables in toluene ethanol (TAPPI 204 cm-97).
-   Hoffer Kurschner cellulose method according to 

Hessler and Merola (1949).
-  Poljak holocellulose method according to Haas et al. 

(1955).
-   Insoluble lignin in acid (Klason lignin) (TAPPI 222 

om-98).
-   PH value of a filtered sawdust solution with water 

according to Roffael et al. (2000).
-   Volatile and washable acids according to Poblete 

(1983).
-   Buffering capacity, according to Roffael et al. 

(2000).

3  RESULTS AND DISCUSSION
3.  REZULTATI I RASPRAVA

3.1  Color
3.1. Boja

According to the comparison made using the 
Munsell color tables for soils, a change in the color of 
the yellow fibers (2.5 Y 4/8) to a reddish yellow (10 YR 
5/6) was detected. Measurements taken with the spec-
trophotometer confirm a darkening of the hygrothermi-
cally treated fibers, making them less clear (lower L* 

value), redder (higher value of a*), more blue (lower 
value of b*), with a lower color saturation (C*) and a 
lower hue angle (h°). The reduction in the hue angle 
indicates a change of color of the fibers from a greenish 
yellow to a reddish blue (Table 1).

Sullivan (1967a, b) states that the color variations 
in the wood will focus on the clarity and saturation, 
which coincides with the difference in lightness (L*) 
and hue angle (h°) between the hygrothermically treat-
ed and untreated fibers.

The color changes observed in this experiment are 
consistent with those detected by different authors who 
found color changes from light to dark after solid wood 
vaporization at high temperatures (Brauner and Con-
way, 1964) and in solid wood subjected to a hygrother-
mal treatment (Momohara et al., 2003; Oelhafen et al., 
2006a, b; Todorovic et al., 2012). Darkening was also 
determined in L. philippiana particles subjected to a hy-
grothermal treatment (Crespo et al., 2013). In a study 
with fibers, Widsten et al. (2001) stated that by increas-
ing the temperature of defibration from 171-202 °C the 
fibers become darker, which indicates an increased fre-
quency of chromophore groups, free radicals and qui-
nonic structures on the surfaces of the fibers.

The color change in the heat treated L. philippi-
ana fibers is related to the increased amount of extract-
ables (Table 2), since according to Sundqvist and 
Morén (2002) the extractables participate in the color 
formation of the heat-treated wood. Karlsson et al. 
(2012a) claim that the degradation of the monosaccha-
rides is an important factor in the formation of the color 
of the wood during heat treatment. Similarly, Dubey 
(2010) ensures that compounds degraded by heat, 
along with the extractables and other compounds such 
as sugars with low molecular weights and amino acids, 
tend to migrate to the surface of the wood during the 
heat treatment process, which results in a darkening.

Thermal oxidation of cellulose (Matsuo et al., 
2012), the formation of colored degradation products of 
hemicelluloses (Sehlstedt-Persson, 2003; Sundqvist, 
2004; Dubey, 2010), and the generation of chromophor-
ic groups by oxidation, primarily the increase of lignin 
carbonyl groups, in particular the appearance of qui-
nones (González-Peña and Hale, 2009; Dubey, 2010), 
also may have influenced the color change recorded in 
hygrothermically treated fibers to a lesser extent.

Considering that the market for furniture and 
construction prefer boards with light surfaces, the 
darkening recorded in the present study may result in a 

Table 1 Color comparison of L. philippiana hygrothermically treated and untreated fibers
Tablica 1. Usporedba boje hidrotermički obrađenih i neobrađenih vlakana drva L. philippiana

Parameter / Svojstvo Untreated fibers
Neobrađena vlakna

Treated fibers
Obrađena vlakna 

L* (lightness 100 “white” 0 “black”) / L* (svjetlina 100 “bijelo” 0 “crno”) 60.56 48.36
a* (chromaticity +a* “red” -a* “green”)
a* (kromatičnost +a* “crveno” -a* “zeleno”) 3.13 4.66

b* (chromaticity +b* “yellow” -b* “blue”)
b* (kromatičnost +b* “žuto” -b* “plavo”) 13.11 9.00

C* (color saturation) / C* (zasićenost boje) 13.48 10.13
h° (hue angle) / h° (kut boje) 76.59 62.61
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disadvantage for marketing boards made with these 
fibers.

3.2  Water retention capacity
3.2.  Kapacitet zadržavanja vode

The variation of the water retention capacity of 
the fibers with and without hygrothermal treatment, af-
ter centrifugation at different times, is presented in Fig-
ure 1.

 In Figure 1, it can be observed that the water re-
tention capacity in hygrothermically treated fibers per-
manently decreases with the centrifugation time, which 
implies that less water is absorbed and retained. The 
water retention capacity of treated fibers was always 
less than that of untreated fibers, with an average dif-
ference of approximately 15.9 %.

The decrease in water retention capacity coin-
cides with the reduction of wettability with ureaform-
aldehyde in hygrothermically treated L. philippiana 
particles, reported by Crespo et al. (2013). Similarly, in 
particles thermally modified at 180 °C for 1.5 hours, 
Weigl et al. (2013) reported a decrease of 28.0 % and 
46.0 % of the water retention capacity, which is related 
to the reduction of polarity. Coincidentally, Roffael and 
Kraft (2012) indicate that the thermal modification of 
the wood leads to a marked decrease of the water reten-
tion capacity. After subjecting particles to heat treat-
ment, these authors reported a decrease in water reten-
tion values (after 72 hours in water) of 27.0 % for 
Fagus sylvatica, 19.4 % for Fraxinus excelsior and 
30.0 % for Picea abies.

Jayme and Fengel (1963) claim that excessive 
drying of wet pulp at 105 °C for 24 hours results in a 
substantial reduction in the water retention value, even 
though the fibers still presented expanded cellular 
walls showing an irregular lamellate structure, which 
suggests that the OH groups in the fibrils were partially 

inactivated. In this way, the resistance of the inner wall 
is adversely affected and the water retention capacity 
of the fiber walls is extremely reduced.

The wettability of the thermally modified wood 
decreases with treatment between 130 and 210 °C with 
a maximum of approximately 190 °C (Esteves and 
Pereira, 2009). Hakkou et al. (2005) affirm that the 
change in the wettability may be due to the conforma-
tional arrangement of the wood biopolymers resulting 
in the loss of residual water or, more likely, due to the 
plasticization of lignin. Meanwhile Chen et al. (2012) 
ensure that the formation of acetic acid, in addition to 
hydrolyzing the hemicelluloses, also leads to a loss of 
hydroxyl groups in the form of water, which is why 
heat treated wood becomes more hydrophobic.

From a practical point of view, the decrease in 
fiber wettability caused by heat treatment may affect 
the distribution of the adhesive in the production of 
boards, and may also have a negative effect on their 
painting.

3.3  Chemical components
3.3.  Kemijski sastav

The average values   of different chemical deter-
minations of L. philippiana fibers with and without hy-
grothermal treatment are shown in Table 2.

Extractables in cold and hot water
In Table 2, the average values   of extractables in 

different solvents are expressed as a percentage based 
on dry wood. An increase was found in hygrothermi-
cally treated fibers, from 0.4 % to 8.5 % in the percent-
age of extractables in cold water and from 0.9 % to 
10.3 % in the percentage of extractables in hot water. 
Crespo et al. (2013) found similar variations in a previ-
ous study of hygrothermically treated L. philippiana 
particles. Coinciding with the trend found in the pre-
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Figure 1 Values   of water retention capacity of L. philippiana fibers hygrothermically treated and untreated after centrifuga-
tion at different times
Slika 1. Vrijednosti kapaciteta zadržavanja vode hidrotermički obrađenih i neobrađenih vlakana drva L. philippiana nakon 
različitog vremena centrifugiranja
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sent investigation, other researchers found an increase 
in the number of extractables in hot water when treat-
ing solid Cryptomeria japonica wood (Yilgör and Kar-
tal, 2010) as well as the extractables in water, in Picea 
abies and Pinus sylvestris fibers after a defibration pro-
cess (Widsten et al., 2001). Karlsson et al. (2012b) 
state that the heat treatment of Picea abies, Pinus syl-
vestris and Betula pendula wood, in saturated steam at 
160 and 170 °C, produced higher contents of water 
soluble carbohydrates, which correspond to the mono-
saccharides.

Extractables in 1 % of sodium hydroxide
The percentage of extractables in 1 % sodium hy-

droxide (0.25 N) increased from 13.3 % in untreated 
fibers to 33.1 % in thermally treated fibers. Crespo et 
al. (2013) also reported an important increase in the 
amount of these extractables in hygrothermically mod-
ified L. philippiana particles. Similarly, Yilgör and 
Kartal (2010), soon after heat treating Cryptomeria ja-
ponica wood, reported an increase of extractables in 1 
% sodium hydroxide. The increase of extractables in 
1% sodium hydroxide in the treated fibers is due to the 
degradation of the hemicellulose and cellulose that 
were subjected to high temperature. According to TAP-
PI 222 (om-98), hot alkali solution extracts low-molec-
ular-weight carbohydrates consisting mainly of hemi-
cellulose and degraded cellulose in wood. The 
solubility of wood could indicate the degree of fungus 
decay or of degradation by heat, light, oxidation, etc. 
As the wood decays or degrades, the percentage of the 
alkali-soluble material increases (Morgan, 1931; 
Procter and Chow, 1973 cited by TAPPI 222 om-98).

Extractables in toluene ethanol
An increase from 0.8 to 8.4 % in the amount of 

extractables in the toluene ethanol of hygrothermically 

treated L. philippiana fibers was detected, which is 
consistent with what Crespo et al. (2013) reported for 
L. philippiana particles. Other researchers also found 
increases in the amount of extractables in toluene etha-
nol following heat treatment, in Pinus patula wood in a 
nitrogen atmosphere (Mohareb et al., 2012), in Pinus 
sylvestris wood heat treated with steam and pressure 
(Ding et al., 2011) and in Cryptomeria japonica wood 
heat treated in an oven (Yilgör and Kartal, 2010).

Changes in extractable content reflect a change of 
the main chemical components of wood. The increase 
of extractables in the heat treated fibers is due to the 
temperature degradation of hemicelluloses; the molec-
ular chains are then broken and extracted by the sol-
vents used.

The increase in the percentage of extractables 
could affect the strength of the boards made   from treat-
ed fibers, because during the hygrothermal treatment, 
the amount of hydrophobic extractables increases, 
which could prevent a good bond between the wood 
and adhesive.

Cellulose
In hygrothermically treated L. philippiana fibers, 

the percentage of cellulose increased from 57.4 % to 
64.1 %. Crespo et al. (2013) also reported an increase 
in the percentage of cellulose in hygrothermically 
treated L. philippiana particles. Coincidentally, Yildiz 
et al. (2006) stated that heat treatment of Picea orien-
talis wood, in an oven at 150 °C for 2 hours in the pres-
ence of air, produced an increase in the cellulose con-
tent. According to Tjeerdsma and Militz (2005), the 
cellulose from Fagus sylvatica and Pinus sylvestris 
wood undergoes few changes at temperatures of 165 
and 185 °C in wet and dry conditions with nitrogen 
gas. Fengel and Kollmann (1965) claim that cellulose 
undergoes significant changes starting from 180 °C 

Table 2 Chemical components of L. philippiana fibers with and without hygrothermal treatment
Tablica 2. Kemijski sastav hidrotermički obrađenih i neobrađenih vlakana drva L. philippiana

Property / Svojstvo Untreated fibers
Neobrađena vlakna

Treated fibers
Obrađena vlakna 

Extractables / Ekstrakti
(% DWB) 

Cold water / hladna voda 0.35 8.45
Hot water / topla voda 0.90 10.29
1% of sodium hydroxide (0.25 N)
1 %-tni natrijev hidroksid (0,25 N) 13.32 33.06

Toluene ethanol / toluen-etanol 0.79 8.40
Wood polymers / Drvni 
polimeri
(% DWBFE) 

Cellulose / celuloza 57.39 64.11
Holocellulose / holoceluloza 62.68 60.20
Lignin / lignin 24.41 29.63

pH Value / pH vrijednost  
Filtered sawdust solution with water after stirring 
for 4 h / filtrirana otopina piljevine s vodom nakon 
4-satnog miješanja

5.65 3.52

Volatile acids, %
Hlapljive kiseline, % Acid as acetic acid

kisela kao octena kiselina

0.026 0.071

Washable acids, %
Kiseline koje se ispiru, % 0.018 0.207

Buffer capacity NaOH 0.01 
mol/l (mmol / 100 g wood)
Kapacitet pufera NaOH 0,01 
mol/l (mmol / 100 g drva)

NaOH solution consumed
potrošena otopina NaOH 0.75 11.91

DWB – Dry Wood Basis / na bazi suhog drva; DWBFE – Dry Wood Basis Free of Extractables / na bazi suhog drva bez ekstrahiranog dijela
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treatments, with small changes at lower temperatures. 
The increase in percentage of the cellulose presented in 
Table 2 is not due to an increase of the cellulose con-
tent, but rather to the relatively high degradation of the 
hemicelluloses, which changes the percentage share of 
the compounds (Esteves et al., 2011).

Holocellulose
The percentage of holocellulose in hygrothermi-

cally treated fibers decreased from 62.7 % to 60.2 % in 
respect to the untreated fibers. In a previous study of 
hygrothermically treated L. philippiana particles, Cre-
spo et al. (2013) reported a decrease in the percentage 
of holocellulose. Coinciding with the results obtained, 
Akgül and Korkut (2012), following a heat treatment at 
150 °C, reported a decrease in holocellulose content, 
which they attributed to the degradation of hemicellu-
loses. With the increase of temperature and pressure, 
holocellulose content decreases (Mohareb et al., 2012; 
Ding et al., 2011).

The increased cellulose content and the general 
increase of the extractable compounds identified in this 
study should be produced by the depolymerization of 
hemicellulose, which is detected by the decrease in 
holocellulose.

Lignin
According to Table 2, the percentage of lignin de-

termined in hygrothermically treated L. philippiana fib-
ers increased from 24.4 % to 29.6 %. According to 
Windeisen et al. (2007), the lignin starts to degrade in 
the beginning of treatment but at a lower rate than the 
polysaccharides. Wienhaus (2005) stated that lignin sof-
tens and melts between 120 and 130 °C, and at higher 
temperatures, the softening is associated with reactions 
to condensation. Nuopponen et al. (2004) and Yilgör 
and Kartal (2010) state that the percentage share of 
lignin increases with temperatures above 140 °C, which 
is probably due to the degradation of hemicelluloses.

The increase in lignin content in hygrothermi-
cally treated L. philippiana fibers coincides with the 
increase registered in particles of this species reported 
by Crespo et al. (2013). Widsten et al. (2001) also re-
corded an increase in the amount of lignin, after ther-
momechanical defibration at 188 °C. However, at 202 
°C, their share decreased.

Alén et al. (2002) and Nuopponen et al. (2004) 
reported increases in lignin content with increasing 
treatment temperature. With Pinus sylvestris wood, 
heat treated at 205 °C for 1.5 hours, Ding et al. (2011) 
also determined an increase in the lignin content of 6.6 
%, when treated with steam without pressure, and 15.8 
% when treated with steam at a pressure of 350 kPa, 
attributing this increase to the decreased holocellulose 
content.

The increase in the amount of lignin in hygrother-
mically treated fibers indicates the formation of polym-
erized products (Gosselink et al., 2004). In pressurized 
hygrothermal treatments, there is a correlation between 
the changes in the ultrastructure and the extractability of 
lignin. A low extractability of lignin is produced due to 

the formation of high molecular weight fractions 
(Košíková et al., 1990). The heat treated lignin deter-
mined in wood is probably not pure, since the reactions 
of polycondensation with other components of the cell 
wall result in reticulations, contributing to an increase in 
the apparent lignin content (Tjeerdsma and Militz, 2005; 
Boonstra and Tjeerdsma, 2006).

pH value
Table 2 shows that the pH value of the hygrother-

mically treated fibers is considerably more acidic than 
that of the untreated fibers. The reduction of pH value 
in hygrothermically treated L. philippiana fibers coin-
cides with the decrease in the pH value of the same 
hygrothermically treated particle species (Crespo et 
al., 2013). Yilgör and Kartal (2010) also reported a de-
crease in the pH value after 2 hours of heat treating 
Cryptomeria japonica wood. Coincidentally, other re-
searchers determined a decrease of the pH in particles 
coming from logs vaporized at 60 °C, for 16 hours 
(Çolak et al., 2007) and in fibers obtained through ther-
momechanical refinement with steam and pressure for 
3 minutes (Xing et al., 2006 ).

The acidification of wood occurs because dea-
cetylation of hemicelluloses and acetylated oligosac-
charides is produced at temperatures of 145-190 °C, 
(Garrote et al., 2001), increasing the emission of for-
mic and acetic acid from the wood (Roffael and Uhde, 
2012), the acetic acid being the catalyst of depolymeri-
zation and condensation reactions of polysaccharides 
(Nuopponen et al., 2004).

The decrease in pH of hygrothermically treated 
L. philippiana fibers permits the prediction of better 
setting of amino resins, which may solve the problems 
reported by Poblete and Peredo (1990) and Pinto and 
Poblete (1992) when manufacturing boards with parti-
cles of this species.

Volatile and washable acids
The percentage of volatile and washable acids, 

determined as acetic acid, in hygrothermically treated 
L. philippiana fibers registered strong increases when 
hygrothermically treated (Table 2). The change in these 
compounds is an indicator of acidification caused by 
the treatment. In a previous study, hygrothermically 
treated L. philippiana particles in the same conditions 
as used in this study, registered an increase in the per-
centage of volatile and washable acids (Crespo et al., 
2013). Poblete (1983) obtained similar results after 
drying Fagus sylvatica and Picea abies wood chips at 
100 °C for 16 hours.

The percentage increase of volatile and washable 
acids is beneficial for the manufacture of boards made 
with L. philippiana and amino resins, since it provides 
the optimal pH environment for the setting of such res-
ins.

Buffer capacity
While the pH of wood measures the specific level 

of acid activity under given conditions, the buffer ca-
pacity measures the resistance of wood to changes in 
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the pH levels. Wood with a high buffering capacity re-
quires the addition of a larger amount of acid catalyst 
to reduce the pH until the required level for optimal 
setting of the resin (Maloney, 1977). Determining the 
amount of sodium hydroxide consumed is an indirect 
way of determining the buffer capacity of the wood. 
The amount of NaOH (0.01mol/l), in mmol/100g of 
wood, added to reach a pH value of 7, represents the 
buffer capacity of the fibers whose values are shown in 
Table 2.

According to Table 2, in hygrothermically treated 
L. philippiana fibers, the buffer capacity increased 
drastically; these results being consistent with the reg-
istered increment of a previous investigation (Crespo 
et al., 2013). Xing et al. (2006) also showed an increase 
in the buffer capacity of fibers obtained through a ther-
momechanical refinement using steam and pressure for 
3 minutes.

The decrease of the alkalinity of the fibers when 
subjected to hygrothermal treatment results in a sig-
nificant increase in the consumption of NaOH, with a 
much greater equilibrium capacity of ionization (buff-
ering capacity). This effect is determined by wood ex-
tractables. In addition to the decrease of the pH value 
and the increase of the volatile and washable acids, the 
decrease in alkalinity is an important parameter to op-
timally induce polymerization of the amino resins. 
These changes allow for better adhesion between the 
fibers and may positively influence the mechanical 
properties of the boards made with treated fibers. Ac-
cording to Çolak et al. (2007), wood acidity plays a 
very important role in generating the optimal pH envi-
ronment for setting the ureaformaldehyde resins.

4  CONCLUSIONS
4.  ZAKLJUČAK

Hygrothermically treated L. philippiana fibers at 
150 °C for 90 minutes and 430 kPa of pressure, pre-
sented significant changes in their physical and chemi-
cal properties. There was a color change from greenish 
yellow to reddish blue, as well as a lowered water re-
tention capacity. The percentages of extractables in 
cold and hot water suffered increases that far exceed 
the original value. The same trend was observed for the 
amount of extractables in sodium hydroxide and in 
toluene ethanol. The percentage of cellulose increased 
from 57.4 % to 64.1 % and lignin percentage increased 
from 24.4 % to 29.6 %, while the holocellulose per-
centage decreased from 62.7 % to 60.2 %. A significant 
decrease in pH value from 5.6 to 3.5 was determined, 
as well as a sharp increase in the percentage of volatile 
and washable acids, while the buffering capacity in-
creased about 16 times.

The color change and the reduced water retention 
capacity of hygrothermically treated L. philippiana fib-
ers reported in this study may present a disadvantage 
for the marketing of MDF as well as for the bonding 
process in manufacturing. However, the slight degra-
dation of the cell wall components and the increased 
acidity of the treated fibers may be an advantage for 

producing MDF, as it would facilitate the setting of 
amino resins as adhesive and its reaction with wood. In 
general, the hygrothermal treatment of this species is 
presented as a viable alternative for the production of 
MDF and favors production with resin containing ure-
aformaldehyde.

Acknowledgement – Zahvala 
This study was supported by a grant from the Co-

misión Nacional de Investigación Científica y Tec-
nológica (CONICYT) of Chile and the Secretaría Na-
cional de Educación Superior, Ciencia, Tecnología e 
Innovación (SENESCYT) of Ecuador.

5  REFERENCES
5.  LITERATURA

1. Akgül, M.; Korkut, S., 2012: The effect of heat treatment 
on some chemical properties and colour in Scots pine and 
Uludağ fir wood. International Journal of Physical Sci-
ences, 7 (21): 2854-2859. 

 http://dx.doi.org/10.5897/IJPS12.281.
2. Alén, R.; Kotilainen, R.; Zaman, A., 2002: Thermochem-

ical behavior of Norway spruce (Picea abies) at 180-225 
ºC. Wood Science and Technology, 36 (2): 163-171. 

 http://dx.doi.org/10.1007/s00226-001-0133-1.
3. Awoyemi, L.; Jones, I., 2011: Anatomical explanations 

for the changes in properties of western red cedar (Thuja 
plicata) wood during heat treatment. Wood Science and 
Technology, 45 (2): 261-267. 

 https://doi.org/10.1007/s00226-010-0315-9.
4. Boonstra, M.; Tjeerdsma, B., 2006: Chemical analysis of 

heat treated softwoods. Holz als Roh- und Werkstoff, 64 
(3): 204-211. https://doi.org/10.1007/s00107-005-0078-4.

5. Brauner, A.; Conway, E., 1964: Steaming Walnut for 
color. Forest Products Journal, 14 (11): 525-527.

6. Burmester, A., 1973: Einfluß einer Wärme-Druck-Be-
handlung halbtrockenen Holzes auf seine Formbestän-
digkeit. Holz als Roh- und Werkstoff, 31 (6): 237-243. 

 https://doi.org/10.1007/BF02607268.
7. Chen, Y.; Gao, J.; Fan, Y.; Tshabalala, M.; Stark, N., 

2012: Heat-induced chemical and color changes of ex-
tractive-free black locust (Robinia pseudoacacia) wood. 
BioResources, 7 (2): 2236-2248. 

 https://doi.org/10.15376/biores.7.2.2236-2248.
8. Çolak, S.; Çolakoğlu, G.; Aydin, I.; Kalaycioğlu, H., 

2007: Effects of steaming process on some properties of 
eucalyptus particleboard bonded with UF and MUF ad-
hesives. Building and Environment, 42 (1): 304-309.

https://doi.org/10.1016/j.buildenv.2005.08.013.
9. Crespo, R.; Torres, M.; Valenzuela, L.; Poblete, H., 2013: 

Propiedades químicas, color y humectabilidad de partícu-
las de Laureliopsis philippiana (tepa) con y sin tratami-
ento térmico. Maderas. Ciencia y tecnología, 15 (3): 337-
348. 

 http://dx.doi.org/10.4067/S0718-221X2013005000026.
10. Ding, T.; Gu, L.; Liu, X., 2011: Influence of steam pres-

sure on chemical changes of heat-treated mongolian pine 
wood. BioResources, 6 (2): 1880-1889. 

 http://dx.doi.org/10.15376/biores.6.2.1880-1889.
11. Dubey, M. 2010: Improvements in stability, durability 

and mechanical properties of radiata pine wood after 
heat-treatment in a vegetable oil. Ph. D. Thesis. Univer-
sity of Canterbury. Christchurch, New Zealand, 211 p. 

12. Esteves, B.; Pereira, H., 2009: Wood modification by 
heat treatment: A review. BioResources, 4 (1): 370-404.

https://doi.org/10.1016/j.buildenv.2005.08.013


Crespo Gutiérrez, Torres Uribe, Poblete Wilson: Hygrothermal Treatment of Tepa...  .........

76  DRVNA INDUSTRIJA  71 (1) 69-77 (2020)

13. Esteves, B.; Videira, R.; Pereira, H., 2011: Chemistry and 
ecotoxicity of heat treated pine wood extractives. Wood 
Science and Technology, 45 (4): 661-676. 

 https://doi.org/10.1007/s00226-010-0356-0.
14. Fengel, D.; Wegener, G., 1989: Wood. Chemistry Ultras-

tructure Reactions. Walter de Gruyter. Berlin, Germany, 
613 p. 

15. Garcia-Jaldon, C.; Dupeyre, D.; Vignon, M., 1998: Fi-
bres from semi-retted hemp bundles by steam explosion 
treatment. Biomass and Bioenergy, 14 (3): 251-260. 

 https://doi.org/10.1016/S0961-9534(97)10039-3.
16. Garrote, G.; Domínguez, J.; Pajaró, C., 2001: Study on 

the deacetylation of hemicelluloses during the hydrother-
mal processing of Eucalyptus wood. Holz als Roh- und 
Werkstoff, 59 (1-2): 53-59.

 https://doi.org/10.1007/s001070050473.
17. Giebeler, E., 1983: Dimensionsstabilisierung von Holz 

durch eine Feuchte/Wärme/Druck-Behandlung. Holz als 
Roh- und Werkstoff, 41 (3): 87-94. 

https://doi.org/10.1007/BF02608498.
18. González-Peña, M.; Hale, M., 2009: Colour in thermally 

modified wood of beech, Norway spruce and Scots pine. 
Part 1: Colour evolution and colour changes. Holz-
forschung, 63 (4): 385-393. 

 https://doi.org/10.1515/HF.2009.078.
19. Gosselink, R.; Krosse, A.; van der Putten, J.; van der 

Kolk, J.; Klerk-Engels, B.; van Dam, J., 2004: Wood 
preservation by low-temperature carbonization. Indus-
trial Crops and Products, 19 (1): 3-12. 

 https://doi.org/10.1016/S0926-6690(03)00037-2.
20. Haas, H.; Schoch, W.; Ströle, U., 1955: Herstellung von 

Skelettsubstanzen mit Peressigsäure. Das Papier, 9 
(19/20): 469-475.

21. Hakkou, M.; Pétrissans, M.; Zoulalian, A.; Gérardin, P., 
2005: Investigation of wood wettability changes during 
heat treatment on the basis of chemical analysis. Polymer 
Degradation and Stability, 89 (1): 1-5. 

 https://doi.org/10.1016/j.polymdegradstab.2004.10.017.
22. Hessler, L.; Merola, G., 1949: Determination of Cellu-

lose in Cotton and Cordage Fiber. Analytical Chemistry, 
21 (6): 695-698. https://doi.org/10.1021/ac60030a014.

23. Hill, C., 2006: Wood modification. Chemical, thermal, 
and other processes. John Wiley & Sons Ltd., West Sus-
sex, England, 296 p.

24. Homan, W.; Tjeerdsma, B.; Beckers, E.; Joressen, A. 
2000: Structural and other properties of modified Wood. 
8p. In: World Conference on Timber Engineering. Ses-
sion 3. 3.5 Material properties of timber. Whistler, Cana-
da, 16 p. 

25. Jämsä, S.; Viitaniemi, P., 2001: Heat treatment of wood 
– better durability without chemicals. In: Rapp A (ed.). 
Review on heat treatments of wood. European Thematic 
Network for Wood Modification. The European Com-
mission. Hamburg, Germany, 66 p. 

26. Jayme, G.; Fengel, D., 1963: Über die Veränderung des 
Feinbaus feuchter Zellstoffe bei der Trocknung. Das Pa-
pier, 17 (10a): 550-555.

27. Karlsson, O.; Yang, Q.; Sehlstedt-Persson, M.; Morén, 
T., 2012a: Heat treatments of high temperature dried 
Norway spruce boards: Saccharides and furfurals in sap-
wood surfaces. BioResources, 7 (2): 2284-2299. 

 https://doi.org/10.15376/biores.7.2.2284-2299.
28. Karlsson, O.; Torniainen, P.; Dagbro, O.; Granlund, K.; 

Morén, T., 2012b: Presence of water-soluble compounds 
in thermally modified wood: carbohydrates and furfurals. 
BioResources, 7 (3): 3679-3689. 

 https://doi.org/10.15376/biores.7.3.3679-3689.

29. Kartal, S.; Hwang, W.; Imamura, Y., 2007: Water absorp-
tion of boron-treated and heat-modified wood. Journal of 
Wood Science, 53 (5): 454-457. 

 https://doi.org/10.1007/s10086-007-0877-9.
30. Kollmann, F.; Fengel, D., 1965: Änderungen der chemis-

chen Zusammensetzung von Holz durch thermische Be-
handlung. Holz als Roh- und Werskstoff, 23 (12): 461-
468. https://doi.org/10.1007/BF02627217.

31. Košíková, B.; Mlynár, J.; Zákutná, L.; Joniak, D.; Micko, 
M., 1990: The Relationship between Ultrastructure and 
Lignin Extractability of Steamed Hardwoods. Holz-
forschung, 44 (4): 249-255. 

 https://doi.org/10.1515/hfsg.1990.44.4.249.
32. Maloney, T., 1977: Modern Particleboard & Dry-Process 

Fiberboard Manufacturing. Miller Freeman Publications. 
San Francisco, United States, 672 p. 

33. Matsuo, M.; Umemura, K.; Kawai, S., 2012: Kinetic 
analysis of color changes in cellulose during heat treat-
ment. Journal of Wood Science, 58 (2): 113-119. 

 https://doi.org/10.1007/s10086-011-1235-5.
34. Mitchell, P., 1988: Irreversible property changes of small 

loblolly pine specimens heated in air, nitrogen, or oxy-
gen. Wood and Fiber Science, 20 (3): 320-355.

35. Mohareb, A.; Sirmah, P.; Pétrissans, M.; Gérardin, P., 
2012: Effect of heat treatment intensity on wood chemi-
cal composition and decay durability of Pinus patula. 
European Journal of Wood and Wood Products, 70 (4): 
519-524. https://doi.org/10.1007/s00107-011-0582-7.

36. Momohara, I.; Ohmura, W.; Kato, H.; Kubojima, Y., 2003: 
Effect of High-Temperature Treatment on Wood Durabili-
ty against the Brown-rot Fungus, Fomitopsis palustris, and 
the Termite, Coptotermes formosanus. In: 8th International 
IUFRO Wood Drying Conference, pp. 284-287. 

37. Munsell, 1994. Soil color charts. Revised edition. Gretag 
Macbeth. New Windsor, United States. 

38. Nuopponen, M.; Vuorinen, T.; Jamsä, S.; Viitaniemi, P., 
2004: Thermal modifications in softwood studied by FT-
IR and UV resonance Raman spectroscopies. Journal of 
Wood Chemistry and Technology, 24 (1): 13-26. 

 https://doi.org/10.1081/WCT-120035941.
39. Oelhafen, M.; Niemz, P.; Hurst, A., 2006a: Untersuchungen 

zur thermischen Vergütung von Esche und Rotbuche mit 
dem Ziel der Farbänderung. Teil 1: Vorversuche und physi-
kalische Eigenschaften. Holztechnologie, 47 (2): 25-32.

40. Oelhafen, M.; Niemz, P.; Hurst, A., 2006b: Untersuchun-
gen zur thermischen Vergütung von Esche und Rotbuche 
mit dem Ziel der Farbänderung. Teil 2: Optische Eigen-
schaften. Holztechnologie, 47 (3): 19-24.

41. Pinto, A.; Poblete, H., 1992: Efecto del catalizador en las 
propiedades de tableros de partículas con madera de tepa. 
Ciencia e Investigación Forestal, 6 (2): 259-279.

42. Poblete, H. 1983: Veränderungen in Holzspänen 
Während der Trocknung und des Pressens zu Holzspan-
platten. Dissertation zur Doktorgrades. Georg August 
Universität zu Göttingen, 157 p.

43. Poblete, H.; Peredo, M., 1990: Tableros de desechos del 
debobinado de especies chilenas. Bosque, 11 (2): 45-58.

44. Poblete, H.; Pinto, A., 1993: Avances sobre el efecto del 
catalizador en el fraguado de ureaformaldehído en table-
ros de L. philippiana. Bosque, 14 (1): 55-61.

45. Roffael, E., 1987a: Wie wirkt sich die Trocknung von 
Kiefernholzspänen auf die Festigkeit von Spanplatten 
aus? Teil 1: Bindung von Holzspänen mit PMDI-klebst-
offen. Adhäsion, 31 (7/8): 37-41.

46. Roffael, E., 1987b: Einfluß der Trocknungsbedingungen 
auf Kiefernspäne und ihre Verleimbarkeit mit UF-
Harzen. Holz als Roh- und Werkstoff, 45 (11): 449-456. 

 https://doi.org/10.1007/BF02606776.

https://doi.org/10.1016/S0961-9534(97)10039-3
https://doi.org/10.1515/HF.2009.078
https://doi.org/10.1016/j.polymdegradstab.2004.10.017
https://doi.org/10.1515/hfsg.1990.44.4.249
https://doi.org/10.1081/WCT-120035941


.........Crespo Gutiérrez, Torres Uribe, Poblete Wilson: Hygrothermal Treatment of Tepa...

DRVNA INDUSTRIJA  71 (1) 69-77 (2020) 77

47. Roffael, E.; Poblete, H.; Torres, M., 2000: Über die Acid-
ität von Kern- und Splintholz der Kastanie (Castanea 
sativa) aus Chile. Holz als Roh- und Werkstoff, 58 (1-2): 
120-122. 

https://doi.org/10.1007/s001070050397.
48. Roffael, E.; Kraft, R., 2012: Einfluss der thermischen 

Modifizierung von Holz auf das Wasserrückhaltevermö-
gen (WRV-Wert). European Journal of Wood and Wood 
Products, 70 (1-3): 393-395. 

 https://doi.org/10.1007/s00107-011-0540-4.
49. Roffael, E.; Uhde, M., 2012: Influence of storage on the 

emission of volatile acids from wood chips. European 
Journal of Wood and Wood Products, 70 (5):763-765. 

 https://doi.org/10.1007/s00107-011-0585-4.
50. Sandoval-Torres, S.; Jomaa, W.; Marc, F.; Puiggali, J., 

2010: Causes of color changes in wood during drying. 
Forestry Studies in China, 12 (4): 167-175. 

 https://doi.org/10.1007/s11632-010-0404-8.
51. Schneider, A., 1973: Zur Konventionstrocknung von 

Schnittholz bei extreme hohen Temperaturen. Zweite 
Mitteilung: Trocknungsschäden, Sorptions-, Farb- und 
Festigkeitsänderungen von Kiefern-Splint- und Buchen-
holz bei Trocknungstemperaturen von 110 bis 180 ºC. 
Holz als Roh- und Werkstoff, 31 (5): 198-206.

52. Sehlstedt-Persson, M., 2003: Colour responses to heat-
treatment of extractives and sap from pine and spruce. In: 
Proceedings 8th International IUFRO Wood Drying Con-
ference. Brasov, Romania, pp. 459-464. 

53. Sullivan, J., 1967a: Color characterization of wood: 
spectrophotometry and wood color. Forest Products Jour-
nal, 17 (7): 43-48.

54. Sullivan, J., 1967b: Color characterization of wood: 
color parameters of individual species. Forest Products 
Journal, 17 (8): 25-29.

55. Sundqvist, B.; Morén, T., 2002: The influence of wood 
polymers and extractives on wood colour induced by hy-
drothermal treatment. Holz als Roh- und Werkstoff, 60 (5): 
375-376. https://doi.org/10.1007/s00107-002-0320-2.

56. Sundqvist, B., 2004: Colour changes and acid formation 
in wood during heating. Doctoral Thesis. Luleå Univer-
sity of Technology. Skellefteå, Sweden, 154 p.

57. TAPPI (Technical Association of the Pulp and Paper In-
dustry), 2000: TAPPI Test Methods 2000 – 2001. TAPPI 
Press, Atlanta, United States. 

58. Tjeerdsma, B.; Militz, H., 2005: Chemical changes in hy-
drothermal treated wood: FTIR analysis of combined hy-
drothermal and dry heat-treated wood. Holz als Roh- und 
Werkstoff, 63 (2): 102-111. 

 https://doi.org/10.1007/s00107-004-0532-8.
59. Todorovic, N.; Popovic, Z.; Milic, G.; Popadic, R., 2012: 

Estimation of heat-treated beechwood properties by 
color change. BioResources, 71 (1): 799-815. 

 https://doi.org/10.15376/biores.7.1.0799-0815.
60. Weigl, M.; Schmidberger, C.; Müller, U., 2013: Water 

retention of wood particles – characterization of polarity 

and particle size. European Journal of Wood and Wood 
Products, 71 (2): 147-151. 

 https://doi.org/10.1007/s00107-012-0634-7.
61. Weiland, J.; Guyonnet, R., 2003: Study of chemical mod-

ifications and fungi degradation of thermally modified 
wood using DRIFT spectroscopy. Holz als Roh- und 
Werkstoff, 61 (3): 216-220. 

 https://doi.org/10.1007/s00107-003-0364-y.
62. Widsten, P.; Laine, J.; Qvintus-Leino, P.; Tuominen, S., 

2001: Effect of high-temperature fiberization on the 
chemical structure of softwood. Journal of Wood Chem-
istry and Technology, 21 (3): 227-245. 

 https://doi.org/10.1081/WCT-100105374.
63. Wienhaus, O., 2005: Chemische Änderungen bei der 

Wärmebehandlung von Holz. Schweizerische Zeitschrift 
für Forstwesen, 156 (11): 427-431. 

 https://doi.org/10.3188/szf.2005.0427.
64. Wikberg, H.; Maunu, S., 2004: Characterisation of ther-

mally modified hard- and softwoods by 13C CPMAS 
NMR. Carbohydrate Polymers, 58 (4): 461-466. 

 https://doi.org/10.1016/j.carbpol.2004.08.008.
65. Windeisen, E.; Strobel, C.; Wegener, G., 2007: Chemical 

changes during the production of thermo-treated beech 
wood. Wood Science and Technology, 41 (6): 523-536.

 https://doi.org/10.1007/s00226-007-0146-5.
66. Xing, C.; Zhang, Y.; Deng, J.; Riedl, B.; Cloutier, A., 

2006: Medium-density fiberboard performance as af-
fected by wood fiber acidity, bulk density, and size distri-
bution. Wood Science and Technology, 40 (8): 637-646. 
https://doi.org/10.1007/s00226-006-0076-7.

67. Yamauchi, S.; Iijima, Y.; Doi, S., 2005: Spectrochemical 
characterization by FT-Raman spectroscopy of wood 
heat-treated at low temperatures: Japanese larch and 
beech. Journal of Wood Science, 51 (5): 498-506. 

 https://doi.org/10.1007/s10086-004-0691-6.
68. Yildiz, S.; Gezer, E.; Yildiz, U., 2006: Mechanical and 

chemical behavior of spruce wood modified by heat. 
Building and Environment, 41 (12): 1762-1766.

 https://doi.org/10.1016/j.buildenv.2005.07.017.
69. Yilgör, N.; Kartal, S., 2010: Heat modification of wood: 

chemical properties and resistance to mold and decay 
fungi. Forest Products Journal, 60 (4): 357-361. 

 https://doi.org/10.13073/0015-7473-60.4.357. 

Corresponding address: 

Prof. ROMMEL CRESPO, Ph.D. 

Universidad Técnica Estatal de Quevedo 
QUEVEDO, ECUADOR
e-mail: rscgtexcmex@hotmail.com

https://doi.org/10.1081/WCT-100105374
https://doi.org/10.3188/szf.2005.0427
https://doi.org/10.1016/j.carbpol.2004.08.008
https://doi.org/10.1016/j.buildenv.2005.07.017
https://doi.org/10.13073/0015-7473-60.4.357

	Hygrothermal Treatment of Tepa (Laureliopsis philippiana Looser) Fibers: Effects on Chemical and Phy

