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ABSTRACT

The development of alternatives for reuse of coconut shell allows inadequate solid residues disposal reduc-
tion and provides a novelty option close to the production sites. This paper aims to evaluate the tannin extrac-
tion potential of the green coconut mesocarp, as well as its adhesive capacity. Tannin extraction was per-
formed with sodium sulfite diluted in water at 0%, 1%, 5% and 8% concentrations. It was observed which
extraction resulted in better yield and characteristics to be used as an adhesive agent. The concentration of
sodium sulfite at 5% allowed higher yields of tannin extraction. When compared to phenol formaldehyde, the
tannin had similar adhesive characteristics such as 153.84 cp viscosity and 54.57% solid content. For the FT-
IR spectroscopy analysis, dry samples of the coconut mesocarp were used. The peaks observed in the infrared
spectrum of the green coconut mesocarp are characteristic of tannins found in biomass, presenting desirable
chemical characteristics to be used as an adhesive agent. The coconut mesocarp is a material with potential
for tannin extraction, making it suitable to be used in the gluing of panels.
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RESUMO

O desenvolvimento de alternativas para o aproveitamento da casca de coco possibilita a reducéo da dis-
posicdo inadequada de residuos sélidos e proporciona uma nova opg¢do de rendimento junto aos locais de
producéo. O presente trabalho tem como objetivo avaliar o potencial de extracdo de taninos do mesocarpo de
coco verde e sua capacidade adesiva. A extragdo do tanino foi feita em dgua com adicdo de sulfito de sédio a
0%, 1%, 5% e 8%. Em seguida, observou-se qual dessas extracbes demonstrou melhores rendimentos e ca-
racteristicas para ser usado como agente adesivo. A concentracdo de sulfito de sodio a 5% possibilitou maior
rendimento na extragdo de taninos. Quando comparado com fenol-formaldeido, o tanino apresentou carac-
teristicas adesivas similares como viscosidade 153,84 cp e teor de solido 54,57%. Para a andlise de espec-
troscopia FT-IR foram utilizadas amostras secas do mesocarpo do coco. Os picos observados no espectro de
infravermelho do mesocarpo do coco verde séo caracteristicos de taninos encontrados em biomassa, apresen-
tando caracteristicas quimicas desejaveis para ser utilizado como agente adesivo. O mesocarpo do coco € um
material com potencial para extracdo de taninos a ser empregados na colagem de painéis.

Palavras-chave: Cocos nucifera, adesivos, residuos.

1. INTRODUCTION

Renewable resources can be used to replace phenolic compounds from the petrochemical sector. Examples of
such resources are lignin residue derived from pulping, tannins from bark, wood of some forest species and
products derived from the carbonization of forest biomass [1]. Among these options, tannins present the most
desirable qualities for such substitution, more specifically, condensable tannins [2].

Autor Responsavel: Fernanda Lago Morbeck Data de envio: 15/05/2018 Data de aceite: 16/05/2019

10.1590/S1517-707620190003.0748



(@her | MORBECK, F.L.; LELIS, R.C.C.; SCHUELER, M.V.E., et al. revista Matéria, v.24, n.3, 2019.

Tannins are polyphenols of high molecular weight, found in several parts of plants, bark, root, wood
and fruits. They easily react with formaldehyde and thus may be used as source of adhesive, while mitigating
issues with agricultural market residues [1].

According to the Brazilian national solid waste policy, all farmers must elaborate a solid waste man-
agement plan, describing how the waste will be correctly disposed of. This led to an increase in the use of
non-timber forest residues; as result, those residues became alternatives as raw material in manufacture of
different forest-based products, such as tannin [3].

The coconut fruit mesocarp is considered a form of waste, since its monoculture is destined to the use
of coconut water and its pulp. Coconut residue is a noble material that can be used in different ways, ranging
from the upholstery fabric for automobiles manufacture as well as for the extraction of tannin [4].

Considering the increasing demand for tannins, the search for renewable sources and the need to gen-
erate alternatives that give destiny or add value to the green coconut shell, the present work aimed to chemi-
cally characterize the green coconut mesocarp by FT-IR spectroscopy and evaluation of its extracts properties,
comparing them to the synthetic phenol-formaldehyde (PF) adhesive as well as its potential as an adhesive.

2. MATERIAL AND METHODS

2.1 Material obtention

Mesocarp of green coconut (Cocos nucifera) collected in the city of Itaguai (Rio de Janeiro, Brazil) was used
as raw material. The material was air dried, fragmented in hammer mill, sieved and stored. This material was
used in chemical analysis by infrared spectroscopy and tannin extraction.

2.2 Chemical analysis of mesocarp by Fourier transform infrared spectroscopy (FT-IR)

Infrared spectroscopy is a technique used for both characterization and qualitative analysis of vegetal fibers.
According to SOCRATES [5] the infrared spectrum of any substance is used to find out the frequencies re-
lated to a determined group or chemical bond. The usage of Fourier transform for instrumental analysis of
infrared spectroscopy has enabled analytical studies of solid plants and their respective components [6].

For the FT-IR spectroscopy analysis, dry samples of the coconut mesocarp were used. The samples
were milled in ball mill until the average particle acquired a dust-like granulometry, and dried using a lyophi-
lizer (TERRONI®) for complete dehydration of the material.

The spectra were on a VARIAN 640-IR FT-IR spectrometer set in transmittance mode with a 4 cm™
resolution, 128 scans, 4000-400 cm™ spectral range.

2.3 Tannin extraction

Tannin extraction was carried out with water and water with addition of different concentrations of sodium
sulphite (Na,S0O,). giving 4 treatments (Table 1). For each extraction, 10 g of mesocarp were placed in a flask
with 150 mL distilled water under reflux for 2 hours at 80 °C. After extraction, the material was vacuum fil-
tered. For each treatment, five replicates were performed.

Table 1: Treatments used for extracting tannins from the green coconut mesocarp.

TREATMENTS EXTRACTIONS
T1 H,0
T2 H,0 + 1% Na, SO,
T3 H,O + 5% Na, SO,
T4 H,O + 8% Na, SO;

Salt percentage was calculated based in coconut mesocarp dry mass

2.4 Evaluation of the extracts properties
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For each treatment, extractives contents, content of polyphenols condensed by the Stiasny method (number of
Stiasny - NS), tannin content and non - tannin content were determined. After each extraction, a 25 mL ali-
quot of the filtrate was separated to determine the extractive content, according to FERREIRA et al. [7]. The
contents of condensed polyphenols were calculated by Stiasny's reaction [8]. Based on the content of poly-
phenols and extractive contents, the percentage of tannins was calculated. The treatment that obtained the
best yield in tannins was chosen for autoclaving.

2.5 Autoclave extraction

Tannin extraction was performed in an autoclave at 80 °C for a period of 2 hours. The mesocarp: liquor ratio
was 1:15. After each extraction, the material was filtered and oven-dried at 103 + 2 °C. Subsequently, the
material was oven-dried at 60 °C and milled until the average particle size was of 200 mesh for subsequent
adhesive production.

2.6 Determination of adhesive properties

The adhesive properties evaluated were: viscosity, solids content, gel time and pH. Viscosity was determined
using a Ford Cup (Universal) type viscometer and following the parameters as ASTM D-1200 [9]. The solids
content was calculated according to BRITO [10]. Gel time was obtained using 10g adhesive samples from
each treatment, placed in test tubes 15 cm in height and 2 cm in diameter. The rod-tube assembly was dipped
in a glycerin bath at 130 °C. With the aid of the stick, the liquid was constantly stirred with vertical move-
ment, as a function of the increase in the resistance of the adhesive upon reaching the "gel phase". The gelati-
nization time for each treatment was that between immersion of the tube in the glycerin and the moment the
sample hardened. The pH of the tannic extract solution was determined by digital pH meter at room tempera-
ture. The pH value was recorded after a time of 4 minutes of contact of the electrode with the solution.

The phenol-formaldehyde resin and its modifications with green body mesocarp tannic extracts were
also evaluated for gel time, viscosity, pH and solids content. The methodology followed the above. The FF
resin was modified by replacing part of the resin with a 50% solids tannic extract solution in the proportions
of 10%, 20% and 30% (90:10, 80:20, 70:30). The determination of the gel time of the FF resin and its modi-
fications with coconut mesocarp tannins was carried out in a ratio of 1:1, using 10 g of solution (base dry
mass of solids) and 10 mL of formaldehyde, which was the agent hardener. The solids content and pH were
evaluated according to the previous methodology

2.7 Statistical Analyses

For statistical analyzes, characterization and quantification of the tannic extract performed using completely
randomized design with five replicates, at 5% probability, evaluating the effect of the sodium sulfite content
on the tannin yield, based on the statistical significance of the coefficients, ANOVA and Tukey.

3. RESULTS AND DISCUSSIONS

3.1 Chemical analysis of mesocarp by Fourier transform infrared spectroscopy (FT-IR)
Figure 1 shows the infrared spectrum of the green coconut mesocarp tannin.



(@her | MORBECK, F.L.; LELIS, R.C.C.; SCHUELER, M.V.E., et al. revista Matéria, v.24, n.3, 2019.

80~
70—

50~
40~
30-

20~

%Transmittance

921 i///
//

2
,

2940 -416
9
22

7
1377 9
204 70

816

1405 43
2

3385 4
1627 6
1606
1446 22
1
1097 9
1044 172

ISl e S S PR Sy iy S gl sl Ginn s sy m R e L e g | s AT G S s g s b e g g g f e s DR e e f S e s
3800 3600 3400 3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800
Wavenumber

Figure 1: FT-IR spectrum of green coconut mesocarp.

Infrared analysis provided data that may help to understand the sample chemically. The absorption
peak at ~ 3400 cm™ evidences stretching of hydroxyl groups (O-H) in aliphatic and phenolic structures [11].
This group presents a band in the region between 3500 and 3000 cm™, referring to the vibrations of the OH
group. This band is wider in the tannin and adhesive spectra due to hydroxyl- rich structures present in the
aromatic rings [12].

At 2930 cm™ a weak band related to the axial deformation of the methylene CH bond is present, dif-
ferent from that is observed in industrial adhesives, since this band presents itself a little more intense due to
HCH groups formed with furfuryl alcohol linkage to phenolic rings of tannins [13]. This band also indicates
predominant bonds that bind the aromatic rings of the tannins, and may represent the formation of the resin
[13; 12].

At 1600 cm™ and 1620 cm™, C = C stretch of aromatic rings can be found [14, 15]. Axial deformation
of the C = C bond of the aromatic ring occurs in those linkages and indicate high number of interflavonoid
bonds [16]. The peak at 1520 cm™ refers to the stretching of C-C and C-O [17].

The peak at 1446 cm™ refers to the stretching of aromatic ring vibrations [18]. The one at ~ 1400 cm™
refers to the C-OH folding in the plane, are widened due to the axial deformation of the C = C bond in aro-
matic rings [19]. Upon checking an adhesive IR spectrum, the band contained in the range of ~ 1450 to ~
1400 cm™ disappears. According to ARANGUREN et al. [20], the increase of the substituent rings causes a
reduction of these bands, which suggests the occurrence of cross-linking reactions between the components
(tannin and hardener).

In 1370 cm™, bending of aromatic groups is observed [21], whereas at 1204 cm™, C-O stretching of C-
OH bonds can be identified [22]. The peak at 1097 cm™ is attributed to aromatic C-H folding in the plane
[18].

At 1040 cm™, the symmetrical CO stretch [23] is identified, while the peaks at 816 cm™ and at ~ 921
cm™ are attributed to “out-of-plane” aromatic CH bending [24,13] and the para-substituted aromatic ring and
tetrasubstituted 1,2,3 and 4, respectively. That confirms the formation of the adhesive by condensation with
the furfuryl alcohol molecule. CARNEIRO et al. [25] state that the free C6 and / or C8 positions of the flavo-
noid units form the reactive sites of the tannin. The peaks observed in the FTIR spectrum of the green coco-
nut mesocarp are characteristic of tannins found in biomass [26], presenting desirable chemical characteris-
tics to be used as an adhesive agent.

3.2 Evaluation of the mesocarp extraction with water and different concentrations of sodium sulfite

Table 2 shows the results of the average values obtained for the properties of the extracts of the coconut mes-
ocarp extracted with water and water under additions of different percentages of sodium sulfite (Na,SOs)
concentrations.



(@her | MORBECK, F.L.; LELIS, R.C.C.; SCHUELER, M.V.E., et al. revista Matéria, v.24, n.3, 2019.

Table 2: Mean values of extractive contents, number of Stiasny, tannin and non-tannins of the coconut mesocarp, after
extraction with water and different concentrations of sodium sulfite.

TREATMENTS EXTRACTIVES (%) STIASNY INDEX (%) TANNINS (%) NON-TANNINS (%)
(H,0) 6.08 b 24.83a 153D 454a
(H,0 + 1% Na, SO,) 9.26b 28.03a 256 b 6.70a
(H,0 + 5% Na, SO,) 19.22a 1841a 337a 15.85a
(H,0 + 8% Na, SO,) 4.40b 27.08a 12b 321a

Means followed by same letters do not differ by Tukey test (P > 0,05).

The initial parameter in the characterization of substances found in the bark is the yield in extractives,
because it makes possible to define the treatment to be used based on higher productivity and the most effec-
tive way of obtaining these extractives [27]. The different percentages of sodium sulfite (Na,SOj) resulted in
a change in yield values in total solids(extractive). The treatment with the addition of 5% sodium sulphite
presented the highest extractive value and was statistically superior to the other treatments. The effect of the
treatments on extractive removal of the coconut shell was significant in the conditions of the experiment.

The Stiasny index (SI) expresses the polyphenol content in the extract. The results obtained for the
coconut mesocarp indicated that the treatment with the addition of 1% of sodium sulfite favored a greater
solubilization of polyphenols, presenting the highest value of SI, but the ANOVA performed to evaluate the
variance between the number of Stiasny, according to the different treatments of the extraction, shows that
there was no significant difference between the means of the treatments (Table 2). The values found for the
Stiasny index show the potential of the coconut mesocarp as a source of condensable polyphenols for wood-
based adhesives production. PING et al. [13] defined the Stiasny index as an indicator of the polyphenol ex-
tracts purity. PIZZl and MITTAL [1] stated that Sl is a parameter that indicates the ability of extractives to
react with formaldehyde in the preparation of adhesives.

Tannin extraction from plant species is an important step, since the tannins during extraction may un-
dergo variations or rearrangements in their properties and structure. The quality of the tannins varies, on a
large scale, with the type of extraction employed; Therefore, the extraction conditions must be standardized
and optimized, aiming the production of extracts with properties adjusted to the synthesis of adhesives [28].
The percentage of tannin varies according to species and substance used in the extraction. When tannins are
extracted, several non-tannic components are also extracted. Therefore, when extracting a family of com-
pounds with a specific type of solvent, other types of compounds are extracted together [29].

According to the results found in the statistical analysis, 5% sodium sulphite obtained better yield in
the tannic extraction of the coconut mesocarp when compared to water and other concentrations. The results
obtained in relation to tannin values (Table 2) are in accordance with the literature, which states that con-
densed tannins can reach a range of 2 to 40% of the dry mass of the bark of plant species [30].

BRIGIDA and MORSYLEIDE [31] obtained tannins content of 6.03% extracting coconut husk with
solely hot water, higher than those found in this paper. It was observed that the increase in the percentage of
extracting salt (sodium sulfite) to 5% led to an increase in tannin yield. This agrees with what was suggested
by GONCALVES et al. [30] and PI1ZZI and MITTAL [1], who showed that the higher the extractor percent-
age, the greater the solubility of sugars, amino acids and pectins, thus increasing tannins water solubility.

CARVALHO et al. [32] recommended extraction with sodium sulfite at 5% in an experiment
with Pinus caribaea var. bahamensis, as high yields of tannins with a low percentage of non-tannins were
obtained when compared to treatments with 8 and 10% of sodium sulfite. For VITAL et al. [33], 4.5% sodi-
um sulphite was recommended to obtain tannins from Eucalypus grandis peel, since it presented higher yield.

Studies conducted by FERREIRA et al. [7] evaluated the yield of the tannin content from bark of four
pinus species and verified that the tannin extraction with distilled water with 5% of sodium sulfite added to
the bark of Pinus oocarpa allowed higher yields of tannins. VIEIRA et al. [27] also observed for the bark of
Pinus oocarpa when testing eight forms of tannin extraction, investigating the usage of bark tannins as adhe-
sive for wood glue, that the extraction with 5% of sodium sulfite indicated higher tannin yield, being used
later to make the tannin-formaldehyde adhesive.
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Regarding percentages of non-tannins, the lowest value of non-tannins was found in the 8% sodium
sulfite water extraction, however, no significant differences were observed when compared to water extrac-
tion and other treatments. According to VIEIRA et al. [27] non-tannins correspond to the fraction of sugars
and other non-phenolic extractives present in the bark extracts, and can negatively influence the quality of the
adhesive.

3.3 Evaluation of the properties of polyphenols and adhesive agents

Mean values of coconut mesocarp tannin extracted with 5% sodium sulfite and the industrial phenol formal-
dehyde synthetic adhesive can be observed in Table 3 for comparison and evaluation of the viability of the
tannin extract in question.

Table 3: Tannin and Phenol-formaldehyde adhesive properties.

PROPERTIES TANNIN PHENOL-FORMALDEHYDE
pH 3.97 12.48
Viscosity (cp) 153.84 197.74
Solids content (%) 54.57 46.86
Gel time (mim) >30 >30

Physical-chemical characteristics of the adhesive such as pH, viscosity, gel time and solids content di-
rectly influence the adhesive cure time, which is related to the efficiency wood panels manufactory, since a
decrease in production costs in panels made with adhesive occurs, of which cure time is low [34].

The pH range between tannin and phenol formaldehyde is very wide and distinct, where each has a
characteristic. The coconut tannin presents an acidic pH value, which is already a characteristic of the tannic
extracts. MORI et al. [29] found pH values below 5 for eucalyptus and black wattle tannin adhesives. Phenol
formaldehyde has an alkaline (basic) pH. The pH is an important factor during the bonding process, since it
can interfere with the curing process of a resin [35], besides the fact that the pH in the adhesive does not have
a value below 2.5, and doesn’t exceed 11, as this may result in fiber degradation [36]. The pH value of coco-
nut tannin was within the ideal range for use.

The viscosity values of the tannin compared to phenol formaldehyde were quite close. When the ex-
tract is the base of sulphites, the hydrolysis of carbohydrates, which have a relatively high molecular weight
hydrocolloid gums, and the disruption of the interflavonoid (C4-C6 or C4-C8) bonds of the polymer units of
the tannins occurs [1]. The presence of these high molecular weight gums is responsible for the high viscosity
characteristic of the tannic extract. The viscosity is an important quantity for the adhesive, because when low
it results in better spread on the surface of the wood, due to the high fluidity, contributing for the greater pen-
etration of the adhesive and its absorption by the wood. High viscosity values can result in a weak glue line,
with insufficient amount of adhesive in the glue line, thus impairing the adhesive distribution capacity, wet-
ting and adhesion [37]. A viscosity value higher than 1500 centipoises (cp) is considered high and harmful
[10]. Considering the viscosity data, the tannic extract presented excellent value for use in panels, demon-
strating feasibility to cover the surfaces of the particles, thus influencing the dispersion of the adhesive on the
surface of the material.

Solids content is an important property and can be understood as that part of the adhesive that forms
the glue line, since after evaporation of the liquid components, "curing"” or adhesive polymerization occurs,
forming the glue line, which is responsible for the bond between substrates and for the transfer of tensions
generated in the wood - glue - wood system. High solids content contributes to the quality of the glue line,
due to the greater amount of solid material, improving the adhesion between the wood and the adhesive. The
ideal range to maintain good material quality is around 40 to 45% [36]. Some studies have shown that it is
possible to work with solid content for tannin-based adhesive with values of 40 to 55%. MORI, et al. [29]
studied values of 55% for mixtures of adhesives and tannins removed from the bark of the black wattle; In
the present study, it was observed that the Eucalyptus grandis tannins were significantly different from those
obtained with other species.
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The working time of an adhesive refers lifespan of the adhesive after its preparation, until the gel
phase, when it reaches the maximum viscosity. It was found that the tannin-based adhesive had a working
time of more than 30 minutes, as well as phenol formaldehyde. The proportions between the tannin and the
hardener (formaldehyde) determine the stiffness or elasticity of the glue line formed and will facilitate or
hinder the spread of the adhesive in the wood. High amounts of tannin lead to a more rigid glue line, while an
excess of formaldehyde results in a more elastic glue line. This fact is directly linked to the gel time of the
adhesive, i.e., the feasibility of working with the adhesive, prior to its polymerization or cure.

The results show that the tannin extracted from the coconut mesocarp has the potential to be used as
an adhesive agent in the production line, compared to phenol formaldehyde.

Mixtures of phenol-formaldehyde with tannin were made in three different proportions in order to
analyze whether tannins mixed with phenol formaldehyde improve their qualitative characteristics as an ad-
hesive. Table 4 presents values of the adhesives properties.

It was observed that as the proportion of tannin increases in the mixtures, pH value reduces, which is
desirable in an adhesive since a positive result, since a pH above 11 interferes negatively in the mechanical
properties of the panels, accelerating the degradation of the fibers.

Table 4: Phenol formaldehyde adhesive properties in different concentrations with coconut mesocarp tannin.

CONCENTRATION (%): PHENOL + TANNIN SOLUTION
PROPERTIES

90/10 80/20 70/ 30
pH 12.08 11.28 10.87
Viscosity (cp) 240.67 286.87 237.36
Gel time (min) 30.00 6.92 3.32

Viscosity is one of the most important factors, since a high viscosity will make it difficult to spread
the adhesive on the surface of the wood. The viscosity of the solution was very uniform, even though there
was variation in its concentration in the mixture. The values are within optimum range, which should be be-
low 1500 cp, maximum value for use as a manufacturing adhesive of wood panels [36].

Gel time provides important information about adhesive cure; it can hinder or facilitate the panel mak-
ing process, influencing the formation of glue line. One of the major limitations in the use of tannin-based
adhesive is the high reactivity of the tannins with the binding agent, thus forming a very fast curing adhesive
[29]. The gel time has undergone many variations. There is a high difference in gel time values from the
80:20 and 70:30 mixtures, evidencing that the addition of mesocarp tannin greatly accelerated the reaction.

4. CONCLUSIONS

» The mesocarp of the green coconut is a material with potential for the extraction of tannin and for the man-
ufacture of composites;

* 5% sodium sulphite presented better yield in tannic extraction;

* When compared with synthetic adhesives, the coconut tannic extracts presented values that meet adhesive
standards up until 50% solution;

« The bands observed in the FTIR spectrum of the green coconut mesocarp are characteristic of tannins found
in biomass, presenting desirable chemical characteristics to be used as adhesive.
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