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Tannic Potential of Bark from Forest
Species from South Piaui

ABSTRACT

This research aimed to compare yield and quality of tannic powder extracts from forest residues from
courbaril (Hymenea courbaril Duke) and black sucupira (Bowdichia virgiloides Kunth.) generated from
a joinery. Tannic extract was obtained with an adapted soxhlete extractor. Extract was analysed about
its extraction yield (Y%), total solids (TS%), humidity (H%), corrected soluble and insoluble solids
(SS%, 1S%), tannic and non-tannic contents through formaldehyde and skin powder method (TCf%,
nTCf%, TCp%, nTCp%), ashes content (%), density (g cm-3) and pH. The experimental design was
entirely casualized, with variables compared through F test. Courbaril presented yield of 15.87%, and
black sucupira of 17.09%. For TCf% and nTCf%, courbaril presented 74.66% and 12.66%
respectively, and black sucupira presented 64% and 12.66% respectively. Species showed potential
for the production of tannic extract, with highlight to courbaril.

Keywords: Hymenea courbaril Duke, skin powder, Brazilian savanna and Caatinga.
1. INTRODUCTION

The furniture industry is known for heating up the wood industry due to its leconori=~feedback and
income generation. With this production, a great quantity of forest residues is ated. These
residues, when in large quantity, impact the environment by polluting the air when incinerated and
also the(water courses through leaching. In addition to bringing damage to the environment, forest
residues also harm companies’ logistics due its volume, occupying large spaces [1].

Before this generation of forest residues, it is necessary to think‘lternative ways for its utilization,

considering its impact on the environment. Companies around the world have been reusing these

residues (bark, shavings) for decades. Products such as pellets, agglomerated panels and briquettes
produced for a long time and have won their place in the market.

Another way f8IVEIIS) these residues would be producing tannin for animal tanning and/or adhesive
production. Exploitation of tree barks would be one of the ways to extract hydrolysable tannins for
production of adhesives for panels, once these give panels better characteristics such as resistance
and better collage [2]. Some species have been used for tannin production for animal tanning as
chestnut tree, acacia and quebracho [3]. For the northeast of Brazil, the Angico vermelho
(Anadenanthera columbrina (Vell.) Brenan var. cebil (Gris.) Alts) is the most used species in animal
tanning, for both goats and cattle.

Allied to this great tannin extraction, there is a (problematic of predatory exploitation. Without a
management plan, this species has not been properly explored, which is promoting reduction of its
population density in the region.

There is a clear need to use new species for tannin extraction for animal tanning in order to diversify
the product and diminish the pressure on Anadenanthera columbrina. When using bark residues
for this purpose, value addition to this material should also be considered.
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Before this, t resent study aims to compare yield and quality of tannin powder extracts from forest
residues (ba of distinct species (Hymenea courbaril Duke and Bowdichia virgiloides Kunth.)
generated at a joinery located in Piaui extreme south.

2. MATERIALS AND METHODS

Study area characterization

Bark from courbaril and black sucupira stems were collected in Corrente, located in the extreme south
of Piaui. Bark from both species were obtained at a rural community called Pau de Terra, 15 km from
the municipality seat, using three individuals of each spe Species were identified by a local
bushman. The municipality has an area of 3,048.466 km?, population of 25,407 habitants. It is
located in a transition zone between Brazilian savanna and Caatinga biomes, and a small portion of
Atlantic forest. It comprises the geographical coordinates of 10° 26’ 34” S and 45° 09’ 43" W [4].

The city is bathed by Corrente and Paraim rivers, and also by a few streams. The municipality has
mean altitude of 438 m above sea level in its urban centre, with minimum mean temperatures of 23°C
and maximum mean temperature of 39°C, with rain in November to April and mean annual rainfall of
900 mm [4]. Soil in the region is classified as yellow Latosol (allic or distrophic), with mean texture in
association with quartz-type sand or red-yellow podzolic concretionary plinthic or non-plinthic [5].

Sampling and bark preparation

Initially, 5kg of bark from s@:f 5 species most used in a joinery located in the city of Corrente, in the
state of Piaui. They were: Tabebeuia alba, Daugerbia cearensis D., Pterodon ermaginatus, Hymenea
courbaril Duke and Bowdichia virgiloides Kunth.. Barks were removed from the stem using a
machete. Then, barks went through a preliminary study to determine which had tannin potential,
following methodology presented by ([6], [7] and [8]. Stiasny number was determined, which
corresponds to the content of reactive polyphenols in the tannic extract (condensed tannin or
proanthocyanidins). ng them, courbaril and black sucupira had the highest significative content of
tannin in their barkst-a=l thus they were used on this research.

Bark samples (5 kg) were stored in plastic bags, hermetically closed and addressed to the Laboratory
of Forest Products Technology (LTPF) from Federal University of Campina Grande (UFCG) — Patos —
PB campus, Centre of Health and Rural Technology (CSTR).

Bark particles were reduced after going through a forage machine, and hen directed to a milling
process in a Willey-type mill. Pauses were performed during this process to guarantee that the
samples were not chemically damaged. Then, the material was classified according to its
granulometry after passing through a vibrating sieve [9]. After the sieving process, the material that
passed through a 40-mesh sieve was selected and some material was retained in the 60-mesh sieve.
Finally, each sample was stored separately in closed containers.

Obtainment of bovine skin and preparation of skin powder

Bovine skin was obtained from the Rural National Learning Service (SENAR) of Campina Grande —
PB. Bovine skin went through the normal processing used by the institution. Arriving from the
slaughterhouse, the skin was washed with current water to remove salt and impurities. Then, it was
washed with water and detergent for 4 hours in a tannery machine. This machine is used to remove
dirt, salt and to slightly hydrate the skin. After, the skin was washed again and put in the tannery
machine with 40% water, sodium sulphide and lime for 1.5 hours. Right after this period, the material
was left in the tannery machine, turned off, for more 18 hours turning on the machine every 2 hours
for 15 minutes. After this step, the skin was washed with current water and flesh and fat were
removed. The skin was then put in the tannery machine again where decalcification was performed,
using water and ammonia sulphite during 4 hours. After decalcification, bovine skin was washed,
stretched with clips and dried in the shadow. This material was then taken to LTPF, where the skin
was cut in little pieces of approximately 2 cm? with a scissor. This material was milled with a Willey-
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type mill with 40 and 60 mesh, generating skin powder that was stored in hermetically closed
containers at room temperature.

Obtainment of tannic powder extract

Approximately @; of air dried sample from species bark (sample 1) was soaked for 24 hours in
distilled water arma-allocated in an extraction chamber in a Soxhlete extractor, which was adapted to
avoid the reflux to return to the volumetric flask, directed to a beaker away from the high temperature
of the boiling volumetric flask. The process was finished when 1000 ml of solution was generated.

The beaker containing the liquid extract was put in a stove at constant temperature of 50°C with
internal ventilation until liquid evaporation. Then, the anhydrous mass of the residue was calculated
by difference in relation to the mass of the empty beaker. This sample was grounded with a pistil and
a mortar and then sieved. This process aimed to make an extract that could be sieved through the 60-
mesh sieve.

Determination of the extraction parameters

After obtaining sample 1 (tannic extract), a second sample (sample 2) of 5 g was taken and put in the
oven at 100°C to obtain its anhydrous mass, in order to calculate its humidity according to regulation
D 6403 [10b].

With the dry mass from sample 1 and humidity of sample 2, the anhydrous mass of the sample used
in the extraction was calculated using the following Equation 1:

(1) Ma, = Mu.(1 — (U%/100))
Where:
Ma, = anhydrous mass of the primary sample (g);
Mu, = Air dried mass of the sample used, 40g (9);
U% = humidity of the secondary sample (%).

With the anhydrous mass, the yield of the tannic extract was calculated using Equation 2:

(2)Y% = (Me/Ma,) x 100
Where:
Y% = yield of the tannic powder extract (%);
Me = anhydrous mass of the extract in the container (g);
Ma, = anhydrous mass of the particles used in the extraction (g).

During the extraction process, a thermometer was used to obtain the temperature of the sample
submitted to extraction in standard intervals (every 45 minutes). To complement the analysis, the total
time of the process was registered.

Quantification of the tannic powder extract

Preparation of the analytical solution

Tannic powder extract (3g) was deposited in a Petri dish on an analytical balance with 0.1 mg
precision to register its exact mass. With a funnel, 400 ml of distilled water at 80 °C was transferred to
a 500 ml volumetric flask, washing the Petri dish with the extract and the funnel carefully. The mixture
was agitated vigorously until homogenised. Solution was then cooled until room temperature
gradually for 12 hours in order to avoid temperature shocks. Finally, volume was completed to 500 ml
with distilled water at room temperature.

Total solids and humidity content

Air dried tannic extract (1g) was deposited in a Petri dish and its exact mass was registered. It was
taken to the oven at 103+2°C for 12h and then cooled in the desiccator until room temperature (15
minutes). The anhydrous mass of the residue was measured using an analytical balance. Total solid
content was calculated using Equation 3, and humidity according to Equation 4:
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(3) TS% = (Ma/Md ) x 100
Where:
TS = total solids of the tannic powder extract (air dried), in %;
Ma = mass of extract after dry (g);
Mde = mass of dried extract (1g), in g.

4)U% =100% — TS%
Where:
U% = extract humidity;
ST = total solids (%);

Soluble and Insoluble solids

Analytical solution was submitted to a filtration sequence. The first filtration was performed with
quantitative paper filter no. 40. From the filtered solution, a second filtration was performed using
porous melting pot n° 2 (mean porosity 40-100um).

After filtrations, two aliquots of 50 ml each were taken with a pipette. One was deposited in a beaker
and the other on a volumetric flask. The beaker was transferred to the oven for 12h and then cooled
in the desiccator until room temperature (15 minutes), then the total anhydrous mass was registered
using an analytical balance.

Soluble solids content was calculated according to Equation 5, and insoluble solids according to
Equation 6.

(5) S5% = [(Mrs/Mda) x 100]

Where:

Mrs = anhydrous mass of the residue obtained after filtrations, extrapolated for the volume of the
solution (g);

Mda = airdried mass of the powder extract used to prepare the analytical solution (g).

(6) I1S% =TS% — SS%
Where:
IS = insoluble solids (%);
ST = total solids (%);
SS% = soluble solids (%).

Tannic and non-tannic compounds by formaldehyde method

The analytical solution (80ml) filtered through a melting pot with porosity 2 was used. From this
filtered, an aliquot of 50 ml was taken with a pipette and transferred to a 500 ml flat-bottomed flask,
and 4 ml of 40% formaldehyde and 1 ml of concentrated hydrochloric acid were added. The mixture
was kept at 100°C using a heating mantle during 30 minutes under constant agitation. Filtration was
performed using a quantitative paper filter (medium filtration) using 100 ml of distilled water. After
filtration, the retained material was taken to an oven to obtain the constant mass of the precipitate.
Calculation was performed according to Equations 7 and 8.

(7) CTC% = ((Mp/g,) x 100)
Where:
CTC = condensed tannin content on powder extract (%);
Mp = anhydrous mass of the precipitate (g);
g4 = anhydrous mass of the powder extract (g).

(8) CnT% = SS% — CTC%

Where
CnT = condensed non-tannic content (%);
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SS% = soluble solids
CTC = condensed tannin content on powder extract (%).

Tannic and non-tannic compounds by filter method

After putting 5g of skin powder in the Procter campanula, this portion was immersed in non-filtered
analytical solution until the powder was completely damp. After 24h, the dripping process was initiated
(8-10 drops per minute) during two hours, collecting 90 ml of the solution. The first 30 ml were
eliminated. From the remaining 60 ml, 50 ml was taken with a pipette and overdried at 100°C to obtain
the anhydrous mass of the residue.

During this process, particles of substances from the skin powder were transported so it was
necessary to perform a black test using the previously described methodology, replacing the
analytical solution with distilled water and then determining the dry residue of the filtered.

After this step, the content of non-tannic compounds was calculated according to Equation 9 and the
content of tannic compounds according to Equation 10:

(9) nTS% = (gs/P,) x 100

Where:

nTS% = non-tannic solids from powder extract (%);

g3 = anhydrous mass of the residue without tannins minus the black value, extrapolated for the
volume of the solution (g);

P, = airdried mass of the powder extract used to prepare the analytical solution (g).

Assuming that part of the tannins in solution will be retained in the powder skin, tannin content was
calculated by the difference between soluble and insoluble non-tannic solids (Equation 10).

(10)TC% = S§5% — nTS%
Where:
TC% = tannin content in the powder extract (%);
SS% = soluble solids, Equation 6 (%);
nTS = non-tannic solids, Equation 8 (%).

Correction for 0% humidity

A correction of humidity was performed, as most values related to tannic extract correspond to
humidity content of the airdried extract. Therefore, it was necessary to know the anhydrous mass of
the extract, through Equation 11, in order to calculate the mass of the extract in the desired
humidity conditions, through Equation 12.

(11) M, = Mgy % (1 — (U%/100))
Where:
M, = anhydrous mass of the extract used to prepare the analytical solution (Q);
M.q = airdried mass of the extract used to process the analytical solution (%);
U% = humidity of the extract.

(12) MU, = Mgy, + (1 — (Uyg,/100))

Where:

MU, = anhydrous mass of the extract used to prepare the analytical solution in a certain humidity (g);
Mos = anhydrous mass of the extract used to prepare the analytical solution (g);

Uy9, = correction humidity (%).

In this way, from the previous equations, unit P, was replaced by the mass of the extract on MU,q,, for
correction of results considering the anhydrous mass of the powder extract.
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Determination of tannin content in the residue

Knowing the extraction yield for each analysed species, the tannic content and considering both
methodologies (formaldehyde and skin powder), the tannin content in the bark was calculated
(Equation 13).

(13)TC,% = (Y% x TC%/100)

Where:

TCr = tannin content in the residue (%);

Y% = powder extract yield (%);

TC% = tannin content in the powder extract.

Determination of apparent density, pH and ashes

The NBR 14449 [11a] was used to determine the apparent density of the powder extract using a
graduated cylinder. Using NBR 11119 [11b], pH of the analytical solution was determined using a pH
meter model LUCA 2000.

Determination of ashes content was performed according to norm NBR 11042 [12]. A mass of 1g of
tannic extract was placed in a previously weighted melting pot in a balance with a 0.001 g precision.
Samples were calcined in a Bunsen burner and then placed in a muffle furnace at 800°C for 3 hours.

Experimental design and statistical analysis

The experimental design was entirely casualized, with treatments corresponding to the two species,
each submitted to five extractions (repetitions) that were analysed in duplicates (subrepetitions). Main
variables analysed were extraction temperature (°C), extraction time (h:min), tannic extract yield (Y %),
total solids of the extract (TS%), extract humidity (U%), corrected solublr solids (SSc%), corrected
insoluble solids (ISc%), tannic content by formaldehyde method (TCf%), non-tannic content by
formaldehyde method (nTC%), tannic content by skin powder method (TCp%), non-tannic content by
formaldehyde method (nTCp%), ashes content (%), density (g cm'3) and pH. These variables were
compared using a F test. For the data set, assumptions of normality and homoscedasticity were
verified. In all cases, a 5% error probability was considered.

3. RESULTS AND DISCUSSION
Parameters of the generation of tannic extract
Humidity of the bark of both studied species did not differ among each other (Table 1). This shows

that experimental conditions were the same in both cases and that species have similar behaviour
regarding humidity loss and absorption from the environment.

Table 1. Parameters of the generation of the tannic extract analytical solution from Hymenea
courbaril and Bowdichia virgiloides barks.

Species U (%) Temperature (C°) Time (h:min) Yield (%)
Hymenea courbaril ~ 4.32"™ 67.8™ 6:46"™ 15.87°
Bowdichia virgiloides 4.72 68.2 6:48 17.09
p value (%) 28.30 79.33 87.32 0.09

U= humidity; Temperature = sample temperature during extraction; Time = extraction time; h = hours
min = minutes; Yield = extraction yield (%); ns = non-significant statistical difference; s = significant
statistical difference.

No significant difference also occurred for time and temperature when generating the analytical
solution from tannic extract, therefore the experiment was standardized regarding extraction
conditions and thus the only factor that caused alterations on yield was the species.



316  [6] cited mean values of humidity of 7.93% for Anadenanthera columbrina, 9.72% for cashew tree,
317 8.96% for Mimosa teuiflora and 9.75% for red jurema. [7] cited mean values of humidity for Mimosa
318 teuiflora of 9.6% and for black acacia of 8.3%.
319
320 Tannic extract yield of H. courbaril and Bowdichia virgiloides were of 15.87% and 17.09%,
321 respectively. [13] worked with quantification of tannin contente in bark an wood of five tree legume
322  species. They found yield values varying from 4 (Acacia mangium) to 16% (Piptadenia gonocantha),
323 which is similar to the values found in this work. Analysing total tannins in aromatic and medicinal
324 plants, [6] found value of tannic extract yield varying from 12.9% for Thymus vulgaris to 23.3%, for
325  Acacia mearnsii. Tannin extraction was performed using 5g of bark from each species and 50 ml of
326  ethanol in an erlenmeyer for 10 days. [15] performed tannin extraction of bark from four Pinus species
327 with water and different concentrations of sodium peroxide. They found mean tannic extract yield of
328 13.19 % for Pinus caribea var. caribaea; 15.38% for Pinus caribaea var. hondurensis; 18.39% for
329 Pinus caribaea var. bahanmensis; and 21.51% for Pinus oocarpa. Therefore, the values found by
330 these authors are higher than the ones found in this work. This can be explained by the fact that each
331 species has a determined tannin content in its composition, considering that this content can reach up
332  to 40% in the bark of some forest species [15].
333
334 Tannic extract quantification
335
336 For total solids (TS%), there was no significant difference between species, as H. courbaril presented
337 93;16% and Bowdichia virgiloides 92.40% (Table 2). It can be concluded that their hygroscopicity are
338  similar, considering that such parameters are related to humidity and they were stored under the
339 same conditions.
340
341 Table 2. Comparisons between total solids, humidity content, soluble and insoluble solids of tannic
342 extracts of barks from Hymenea courbaril and Bowdichia virgiloides.

Species TS(%) U(%) SSc(%) 1Sc(%)

Hymenea courbaril 93.16" 6.84™ 87.33° 5.82°

Bowdichia virgiloides 92.40 7.60 79.00 13.39

p value (%) 5.16 5.16 0.01 0.06
343 TS (%) = total solids; U (%) = humidity; SS(%) = corrected soluble solids; ISc(%) = corrected insoluble
344 solids; ns = non-significant statistical difference; s = significant statistical difference.
345
346 [7] found mean values of total solids of 39;9% for Mimosa teuiflora, and 56.8% for black acacia, with
347  significative difference between species. In different parts of Anadenanthera columbrina, [16] found a
348  content of 23.30% of total solids in the bark. [12] analysed the viability of tannins for leather tanning in
349 four species of the Brazilian semiarid region. They found total solid content of 22.46% for red angico;
350 33.36% for cashew tree; 26.32% for black jurema and 24.64% for Mimosa teuiflora. In a study
351 qualifying plant tannin content in some indigenous species from Sudan, [8] cited mean values varying
352 from 18.9% (Zizyphusspina-christi) to 51.8% (Acacia mearnsii). [17] found a mean value of total solids
353 of approximately 54.16% for barbatimao. However, the methodology used by these authors differ from
354 the one used in this study, as they performed quantification directly from the material and not from the
355 tannic powder extract obtained from the material.
356
357 Humidity of tannin extract from species was 6.84% for Hymenea courbaril and 7.60% for Bowdichia
358 virgiloides, with no significant difference between them. The main factor that allowed this result was
359 the same environmental condition provided to the extracts from both species. Studies species showed
360 low humidity, which is desirable because the lower the humidity, the higher the anhydrous mass and
361 higher the yield. Regarding to the parameters of the tannic extract, norm IS 6199 (2006) determined
362  for black acacia extracts a maximum value of 6% of humidity. In the technical file of TANAC company
363 [18], a mean humidity of 6.5% was found for the product Weibull® (extract from natural mimosa,
364 indicated for tanning and re-tanning of regular leather). In the technical file of Seta company [18], a
365  value of 7% was found for extract of acacia of universal use.
366
367 There was no significative difference between insoluble solids. H. Courbaril presented a content of
368 5.82% and black sucupira of 13.39%. These values are low, especially or H. courbaril, which is
369 preferable as this fraction of total solids is not soluble in water. For soluble solids, H. courbaril
370 presented 87.33% and Bowdichia virgiloides presented 79%. Content of soluble solids was high in
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this study, especially for H. courbaril, which is also preferable as this parameter corresponds to the
portion of total solids that is soluble in water. [8] cited a mean value of 48.7% f soluble solids for
Acacia mearnsii in it tannic content. Norm IS 6199 (2006) determined a maximum value of 2.5% of
insoluble solids for black acacia extract. The product from SETA company, Seta Sun ®, presented a
value of 1% [18].

There was a significative difference in tannic content by formaldehyde method between species,
especially for courbaril that presented a content of 74.66%, while black sucupira presented 64%.
There was also a significative difference for tannic content by skin powder method, especially for
courbaril.

Table 3. Comparisons between tannic and non-tannic contents using formaldehyde and skin powder
for tannix extracts from courbaril and black sucupira barks.

Species TCH(%) nTCH(%) nTCp(%) TCp(%)
Hymenea courbaril 74.66° 12.66"™ 32.78™ 54.53°
Bowdichia virgiloides  64.00 14.99 34.80 43.06

P value (%) 0.03 24.65 33.83 0.01

TCf(%) = tannic content by formaldehyde method; nTCf(%) = non-tannic content by formaldehyde
method; nTCp(%) = tannic content by skin powder method; TCp(%) = tannic content by skin powder
method; ns = non-significant statistical difference; s = significant statistical difference.

To determine tannic and non-tannic content, the skin powder method reacts with condensed and
hydrolysed tannins, while the formaldehyde method reacts only with condensed tannins. This implies
that values from skin power method should be higher, which was not observed in this study. This can
be explained by the fact that the powder skin used was the one produced in laboratory, instead of the
commercial standard.

[19] analysed tannic extracts of Pinus oocarpa bark aiming its utilization as adhesives for wood. They
found a tannic content of 15.06% using the formaldehyde method. [20] evaluated the productivity of
condensed tannins in bark and found values for tannic content varying from 63% to 71.2% for Mimosa
tenuiflora using formaldehyde method. [19] analysed adhesives made from tannins from eucalypt
barks and found tannic content of 73.20% for Eucalyptus grandis and 72.54% for Eucalyptus pellita.

Regarding tannic content by skin powder method, there was a significative difference between the
analysed species. Courbaril presented a content of 54.53% and Bowdichia virgiloides of 43.06%.

[7], in a work to quantify tannins, found for Mimosa tenuiflora and black acacia values of 24.1% and
47.8%, respectively, using the skin powder method.

Weibull®, a product from TANAC, presented a value of 72% for content of tannic substances [18],
while Seta Sun®, a product from SETA, presented a value of 72.5% [18].

According to the results from the formaldehyde method, there was no significant difference on non-
tannic content between species. H. Courbaril presented a content of 12.66% and Bowdichia
virgiloides of 14.99%.

[16] analysed the content of tannic substances in different parts of Anadenanthera columbrina tree,
and found values close to 9.35% using the formaldehyde method. However, in this study, this value
refers to the bark itself and not to the tannic powder extract obtained from the bark.

[21] determined the tannin content of Mimosa tenuiflora for production of formaldehyde tannic
adhesive and found values between 7.60% and 9.60% of non-tannics in the bark from stem of this
species. [22] extracted tannin from acacia bark and found a mean non-tannic content of
approximately 4.59%.

Regarding non-tannic content by skin powder method, the studied species presented mean values of
32.78% for courbaril and 34.80% for Bowdichia virgiloides, with no significative difference between
species. Seta Sun®, from SETA company, showed a value of 26.5% for non-tannic substances
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content [18]. Norm [23] establishes tannic and non-tannic contents of 72% and 27% respectively, for
black acacia tannic extract.

It is observed that the values found in this work strongly differ from the results of the authors cited
above. This is mainly due to the methodology used and the species. Another factor that can be
considered is the period when samples were collected, as in different seasons tree tend to produce
certain substances in distinct quantities.

Ashes content, density and pH from both studied species presented statistical difference between
each other (Table 4).

Table 4. Ashes content, apparent density and pH of tannic extract from bark of the studies species.

Species Ashes content (%) Density (g cm™) pH
Hymenea courbaril 4.06° 0.788° 6.34°
Bowdichia virgiloides 1.82 0.720 5.57
P value (%) 0.01 1.24 0.65

ns = non-significant statistical difference; s = significant statistical difference.

Ashes represent the content of inorganic substances in the material, constituted by aluminium, iron,
potassium, calcium, copper and manganese ions. In other words, ashes are the inorganic part left of
the material after calcinated and with its organic matter transformed in CO,. In Seta Sun®, a mean
value of 3.5% of ashes content was found [18].

Ashes are an undesirable part in the tannic extract, that is, the lower the ash content in the material,
the better its utilization and, consequently, its quality. The Bowdichia virgiloides stands out for its low
quantity of this parameter in its composition (1.82%).

Regarding density of tannic extract of the studied species, H. courbaril presented apparent density of
0.788 g cm®, and Bowdichia virgiloides of 0.720 g cm®. Density expresses the degree of ass
concentration in a determined volume, that is, it defines the quantity of tannic extract present in a
given place and/or container. In this work, courbaril stands out.

The pH determines how acid, basic or neutral a substance is. In this aspect, the studied species were
statistically different between each other. H. Courbaril presented pH of 6.34, and Bowdichia virgiloides
of 5.57.

In Weibull® and Seta Sun®, values of 4.5 to 5.0 and 4.3 to 4.7 were cited, respectively [18]. In a study
evaluating tannins reactivity from barbatimao bark, [17] found a mean pH value of 4.9 in the tannic
extract. Analysing parameters of tannic extract from black acacia through norm IS 6199 (2009), a pH
value varying from 4.8 to 5.4 was found. [15]) verified tannin content from bark of four Pinus species
and found pH values of 3.45 for Pinus caribaea var. bahamensis, 3.27 for Pinus caribaea var.
caribaea, 3.21 for Pinus caribaea var. hondurensis and 3.35 for Pinus oocarpa. [19] studied chemical
propertis of Pinus oocarpa bark extract in order to use it as adhesive and found pH of 3.14 for its
tannic extract.[8] analysed tannic content of many species in Sudan ans found mean pH of 6 for
Acacia mearnsii e Azadiratcha indica.

Tannic content in the residue
Using the formaldehyde method, the tannic content in material from H. courbaril and Bowdichia
virgiloides was 11.85% and 10.94%, respectively. Using the skin powder method, values were 8.65%

and 7.36%, respectively (Table 5).

Table 5. Tannic content of the material, for both species and methods.

Speci Tannic content (%)
pecies

Formaldehyde Skin powder

Hymenea courbaril 11.85 8.65
Bowdichia virgiloides 10.94 7.36
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In order to determine whether a forest species is considered viable in tannin production, regardless of
the method used, the tannin content in the material must be at least 10% [24;8]. H. Courbaril and
Bowdichia virgiloides presented higher values using formaldehyde method. This implies that both
species studied have the potential to be exploited commercially. Also, there is the advantage that the
raw material originates from waste, that is, free material, which minimizing production costs.

4. CONCLUSIONS

Bark residues from H. courbaril and Bowdichia virgiloides were shown to have potential for tannic
extract production due to its considerable values of yield and tannic extract quality.

In general, H. courbaril was the one that stood out because it presented better values in the majority
of the evaluated parameters.
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