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ABSTRACT

This research aimed to determine the concentration of tannins in the bark and in the
branches of ten species of Caatinga occurrence species. The Folin-Denis colorimetric
method was used to determine the phenol content and the tannins are precipitated using a
protein. The tannin content was obtained by the difference between the supernatant and the
non-tannic phenol content. The data were subjected to the Shapiro-Wilk normality’s test and
after, to Analysis of Variance using a 2x10 factorial design and Turkey’s test was used to
detect differences. For bark sample, the species Parapiptadenia zehntneri, Parapiptadenia
rigida and Libidibia ferrea presented the three highest percentages among the studied
species, being 10.84%, 10.74% and 10.27%, respectively. For branch sample,
Aspidosperma pyrifolium presented the highest percentage of tannins among the ten
species, with 9.15% of these substances. It is possible to suggest the use of other parts of
the tree to extract the tannins, such as the branches and their bark, offering an alternative for
the extraction that is usually made from the main trunk and providing sustainability to the
Caatinga.

Keywords caatinga's species, non-timber forest product, wood extractives and phenolic
compounds

1. INTRODUCTION

The northeastern Brazilian region has a range of Non-timber forest products (NTFPs) that
can be used from the diversity of species, generating employment and income. More than 70
plant species were cataloged in the Caatinga, which have potential for use as NTFPs, of
which 18 are highlighted as being of intensive use. Among them, species such as Libidibia
ferrea, Myracrodruon urundeuva and Tabebuia aurea, are examples of species considered
to be priority for use by communities [1,2].
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Among the most well-known NTFPs, the tannins are highlighted, they can be defined as
substances that have the capacity to precipitate proteins and can be classified as natural or
synthetic according to their origin. The plants use these substances for defense against fungi
and other pathogens, due to their toxicity, which stimulates their use also as a natural
preservative. The species exploited for their high percentage of tannic substances are
generally used for medicinal purposes, in leather tanning process, manufacture of adhesives
and paints [3,4,5].

The tannin content varies according to the species, as well as their age, part of the plant
collected, season and place of collection, but in general the highest percentages are in the
bark and leaves [6]. Studies show that, in addition to the stem, other parts of the trees may
contain a number of tannins that can be extracted for use in, for example, the industry [7].

In general, Caatinga species are related to medicinal uses such as anti-inflammatory,
healing and antioxidant, probably due to the presence of phenolic compounds and,
specifically, tannins. Some studies carried out with Caatinga species that presented
considerable levels of potential tannins for extraction were M. urundeuva, for medicinal use
and leather tanning; P. pyramidalis for its anti-inflammatory, antioxidant and antimicrobial
properties; P. rigida and P. zehntneri, present a high percentage of tanantes substances,
which confers resistance to the attack of xylophages [8,9,10,11,12].

On the other hand, these substances can cause problems when present in species used as
forage. Studies point out the relation of the tannic substances to the abortion of pregnant
ruminants. This emphasizes the importance of studying the chemical composition of the
species, such as Caatinga, to predict the possible effects that can cause according to the
application which will be destined [13,14].

This research aimed to quantify and compare the content of tannins present on the branches
and on the bark of species of occurrence in the caatinga, verifying the potential use of other
parts of the tree for greater use in the logging of these species.

2. MATERIAL AND METHODS
2.1 Study Area Characterization

The material was collected in the city of Piranhas (9° 37 'S and 37° 46' W, altitude of 110 m),
located in the State of Alagoas, located in the Meso-region of the Sertdo and Alagoana
Microregion of the S&o Francisco Region. The city has a Tropical semiarid climate,
according to the Kdppen classification, with an average rainfall of 492.2 mm / year and and
average annual air temperature of 26.6 °C [15].

Branches of the following species were used for the research: Parapiptadenia zehntneri
(Harms) M.P.Lima & Lima), Parapiptadenia rigida (Benth.) Brenan, Myracrodruon urundeuva
Allemdo, Mimosa hexandra Micheli, Poincianella pyramidalis (Tul.) L.P. Queiroz, Tabebuia
aurea (Silva Manso) Benth. & Hook. f ex S. Moore, Commiphora leptophloeos (Mart.) J.B.
Gillett, Erythrina velutina Wild., Libidibia ferrea (Mart. ex Tul.) L.P. Queiroz and
Aspidosperma pyrifolium Mart. & Zucc. All the species used are of occurrence of the
Caatinga biome and were chosen from the use history for de extraction of non-timber forest
products. The branches were collected from adult trees, during the summer, from an area of
managed native forest. No information is available regarding the age of the trees.

The branches were randomly removed from the first third of the canopy and were packed in
properly sealed plastic bags. All the collected material presented perfect phytosanitary
conditions

2.2 Sample Preparation
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All the next steps of the methods to obtain the tannins content were made according to the
methodology described by [4] under controlled laboratory conditions. The barks were
removed from the branches with the help of knives and reduced to smaller pieces, then were
air dried. The branches were fragmented and then milled in a knife mill (Willey) with a 2 mm
particle selection screen to obtain sawdust. The barks were about 2 mm thickness and the
branches were 2 cm in diameter. After processing, the materials were packaged in
hermetically sealed containers and kept at room temperature.

2.3 Obtaining the Plant Extract

For the preparation of the plant extracts, 0.2 g of sawdust or barks were used, to which 20
mL of ethanol (80%) in Erlenmeyer flask were added, remaining for a period of 30 minutes
under constant agitation. The extract obtained was filtered on filter paper into a 50 ml
volumetric flask, then the residue was washed and the volume of the flask filled with distilled
water. Five replicates were performed for each sample, for both bark and branches. The
extract was homogenized and transferred to a bottle, identified and kept refrigerated until the
following ingredients were used.

2.4 Determination of Total Phenolic Compounds

For the determination of total phenols, the following solutions were used: saturated sodium
carbonate solution, standard tannic acid solution, dilute standard solutions and the Folin-
Denis reagent. All of them were previously prepared.

Using a pipette, 0.2 ml of standard tannic acid solution (concentrations: 25, 50, 100 and 200
mg.L-1) was transferred to a tube, then 5 ml of distilled water, 1.0 ml of saturated sodium
carbonate solution (350 g / L) and 0.5 ml of the Folin-Denis reagent were also added in the
tube. The same procedure was performed for the plant extracts obtained in step “Obtaining
the Plant Extract”.

The spectrophotometric reading of the vegetable extracts and standard solutions was
performed in the 760 nm range, using a spectrophotometer (Spectrum brand, model SP
1105 335 at 1000 nm), to obtain the absorbance values and the standard curve preparation.

2.5 Tannin Precipitation

After the determination of the total phenols, the same samples were used to precipitate the
tannins, adding in each one 50 mg of protein (bovine serum albumin), responsible for
reacting with the tanic substances and performing the precipitation. The tube was sealed
and shaken for one minute. The mixture was allowed to stand for a period of 24 hours in a
refrigerator and then centrifugation was performed for 10 minutes at a speed of 2000 rpm.
Then, the spectrophotometric reading of the plant extracts was made, also in the 760 nm
range, was carried out to determine the supernatant.

From the supernatant the total non-tannin phenols content was determined. The tannins
present were calculated by difference between the supernatant and the precipitate.

2.6 Experimental Design and Statistical Analysis
For the statistical analysis, the software Assistat 7.7 beta was used. The data were

submitted to the Bartlett test (5%) to verify the homogeneity of the variances, and the
Shapiro-Wilk test (5%) to verify its normality. The results were submitted to Variance
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Analysis, considering a factorial 2x10, where the sources of variation were the parts of the
tree (bark of the branch and branch), the species and the interaction of the factors (parts of
the tree x species). In those that presented significant difference, the Tukey’s test was used
at the 95% probability level for the comparison of averages.

3. RESULTS AND DISCUSSION

By means of spectrophotometric reading, a default curve was obtained (figure 1) from
different concentrations of tannic acid.
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Fig. 1. Default curve of tannic acid and the resulting curves from the values obtained
by the absorbances for bark and branch

According to the coefficient of determination (R2), the standard curve of tannic acid fits the
model. Thus, the equation: y = 0.0004 x + 0.0049, obtained from the tannic acid
concentrations by the regression analysis, was used to obtain the tannin content in the
extracts.

In general, the species showed higher tannin content in the bark samples, especially P.
zehntneri, P. rigida and L. ferrea, as can be seen in Figure 2.
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161
162
163 A significant statistical difference was observed between position and species, as well as the
164 respective interaction of mean tannin contents for the ten species.
165 It was verified that the effect of the interaction of the factors part of the plant x species was
166  significant for the factors individually and in the interaction, which shows that they are not
167 independent. In this way, the test of comparison of means of interaction was verified,
168  verifying tannin contents within the species in the bark and branch samples, according to
169  Table 1.
170
171
172
173 Tablel. Mean values of total tannin content (%) present in the bark and branch,
174 respectively, of ten tree species of the Caatinga
175
Parts of the plant
Bark Branch
Species Mean Standard Coefficient of Mean Standard Coefficient of
Deviation variation (%) Deviation variation (%)
P. zehntneri 10,84 aA 2,91 26,89 5,93 aB 2,05 34,63
P. rigida 10,74 aA 1,46 13,57 5,69 aB 1,76 31,00
L. ferrea 10,27 aA 1,89 18,40 6,20 aB 1,99 32,14
A.pyrifolium 9,59 aA 2,67 27,85 9,15aA 2,65 28,97
T.aurea 9,00 abA 2,75 30,60 6,04 aA 2,60 43,01



P. pyramidalis 7,74 abA 1,57 20,32 7,13 aA 2,91 40,84

M. hexandra 7,23 abA 1,25 17,36 6,31 aA 2,43 38,53
C. leptophlogos 6,75 abA 4,30 63,63 4,95 aA 0,92 18,52
M. urundeuva 6,07 abA 4,12 67,86 7,85 aA 3,05 38,90
E..velutina 4,02 bA 1,49 37,05 5,80 aA 2,35 40,54
Average overall 8,23 3,23 49,60 6,50 2,42 37,27
176
177 Means followed by the same letter do not differ statistically from each other, according to the Tukey
178 test at the 5% level of significance. Upper case letters in horizontal correspond to the factor part of the
179 tree (bark of the branch or branch) and lowercase letters in vertical corresponds to the factor species.
180 *Values in parentheses correspond to the standard deviation and coefficient of variation (%),
181 respectively.
182
183
184
185 Considering the part of the tree used to determine the tannin content (bark and branch), a
186  statistical difference was observed between these factors. This behavior is within the
187 expected range since many studies confirm the presence of tannins in higher percentages in
188  tree barks [6] which may occur due to its use as a mechanism of defense against pathogens
189  and its cicatrizing effect.
190
191  The tannin content obtained for the bark varied between 4.02% and 10.84%, presenting the
192 general average value of 8.23%, being the species A. pyrifolium, P. zehntneri, P. rigida and
193 L. ferrea, similar among them and differed only from the E. velutina species. The other
194  species did not present statistical differences among themselves. It was observed for the
195 branch factor, mean values from 4.95% to 9.15%, with an overall mean of 6.50%.
196
197  The Acacia mearnsii De Wild. is a species used for the commercial extraction of tannins in
198 Rio Grande do Sul (Brazil) and can produce on average 27% of tannin only in the bark.
199  When comparing the values obtained with the tannin content of the black acacia species, it
200 is perceived that they are inferior. However, it is worth mentioning that the concentration of
201  tannins decreases in the base-top direction, in addition to being present in a larger quantity
202 in the older structures of the trees [16]. This distribution justifies the lower percentages found
203 in the present study, since the material used came from branches, which are structures
204  younger and closer to the tree canopy. Although producing a smaller percentage, the
205 extraction of tannins from tree branches could promote greater sustainability to commercial
206 plantations.
207
208 The two "angico" species showed the highest percentage of tannins determined from the
209 bark, with 10.84% in P. zehntneri and 10.74% in P. rigida. In general, the species of "angico"
210 are of great importance in the exploitation of the bark that is rich in tannins [17] point out that
211  P. rigida species presents between 15% and 25% of tannins in their bark. The authors
212 pointed out that "angico" species present greater potential to be exploited in productive
213 models with this objective, due to their great potential for timber and multiple use,
214  constituting a better use of the species. However, there is still insufficient information to
215 confirm the effective recovery of the species after bark extraction. Therefore, it is suggested
216  the extraction at the time of cutting of the adult trees associated with the use of the individual
217  for other purposes, besides stimulating the use of the barks coming from the management of
218  the branches instead of the bark of the shatft.

219
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The species A. pyrifolium presented the highest percentage of tannins in the branches
(9.15%) and the fourth species with the highest percentage of tannins in the bark (9.59%).
This species is on the list of the most toxic plants in the Caatinga, with reports of abortion
cases in goats, sheep and cattle due to their chemical composition [13]. However,
substances found in this species can also have benefits, as [18] states, in which he showed
in his study the anti-inflammatory action of the plant extract related to the presence of
tannins and flavonoids. The author also states that in Juazeiro do Norte, a city located in
northeastern Brazil, it is common practice to extract these components that are present in
the bark of the trees of this species to be used in the treatment of urinary inflammations and
dermatitis.

The family Anacardiaceae, which M. urundeuva belongs to, is well known for the presence of
phenolic compounds. In studies with species of the Caatinga to evaluate the content of
tannic substances, the authors [19] found higher percentages for species M. urundeuva and
P. pyramidalis. Superior results were found for M. urundeuva (67.89 mg), L. ferrea (53.95
mg), and C. leptophloeos (31.63 mg) [20]. However, the results for the species E. velutina
(8.80 mg) and T. aurea (18.60 mg) were higher than those obtained by the same author,
being 0.24 mg for E. velutina and 5.91 mg for a species of the genus Tabebuia.

The species C. leptophloeos presented one of the lowest percentage of tannins among the
ten species of this study, both in the bark (6.75%) and in the branch (4.95%). However, this
species belongs to the genus Mimosa, which usually presents species with potential use in
folk medicine for the treatment of bronchitis, cough, ulcers, among others, due to the
antibiotic properties of the tannins [21]. The same occurred with M. urundeuva, which
presented one of the lowest percentages (6.07%).

In general, the values obtained were lower than those generally found in the literature
[16,18,21], especially for species that are economically exploited for the extraction of
tannins, such as those of the genus Parapiptadenia. However, the use of younger tree
structures (branches) may justify the results obtained, since higher tannin contents are found
in older structures of the tree, such as the main trunk, which accumulate larger amounts of
tannins in their husks and heartwood [6].

4. CONCLUSION

The species P. zehntneri (10,84%), P. rigida (10,74%) and L. ferrea (10,27%) presented the
highest potential for extraction of bark tannins, being the most suitable for this purpose
among the others. Considering the branches, A. pyrifolium (9,15%) was the most suitable
species for tannin extraction, since it presented the highest percentage of this substance.

The use of parts of the tree for the extraction of tannins instead of using the trunk, such as
the branches and the bark, can be suggested. This can provide greater sustainability to the
planting, as an alternative for the extraction, which is usually carried out from the main trunk.
It is suggested that other researchers that work with NTFPs may develop further research to
study the potential use of other parts of the tree to extract tannins and thus provide more
information that may facilitate the sustainable management of Caatinga species.



268
269
270
271
272
273

274
275
276
277
278

279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317

COMPETING INTERESTS

Authors have declared that no competing interests exist.

AUTHORS’ CONTRIBUTIONS

This work was carried out in collaboration between all authors. Authors TRSL, TCS and
ECGA conceived and designed the research. Authors TRSL, TCS, ECGA and CAR
performed the experiments. Authors TRSL and TCS analyzed the data. Authors TRSL, TCS,

ECGA,

RLB and JXM wrote and edited the manuscript. All authors read and approved the

final manuscript.

REFERENCES

1.

10.

11.

Pareyn FGC. A importancia da producdo ndo-madeireira na Caatinga. p. 131-144.
In. Uso Sustentavel e Conservacédo dos Recursos Florestais da Caatinga, Gariglio,
M. A. et al., organizadores. Brasilia: Servico Florestal Brasileiro, 2010.

Aguiar GP, Rocha JDS, Santos AJ, Silva JCGL, Hoeflichs VA. Comportamento do
mercado dos principais produtos florestais ndo-madeireiros da regido nordeste do
Brasil. Enciclopédia da Biosfera, Goiania. 2014;10;18; 983-992. Portuguese

Paes JB, Santana GM, Azevedo TKB, Morais RM, Calixto Janior JT. Substancias
ténicas presentes em varias partes da arvore angico-vermelho (Anadenanthera
colubrina (Vell.) Brenan. var. cebil (Gris.) Alts.), Scientia Forestalis, Piracicaba,
2010;38; 87;441-447. Portuguese.

Bezerra Neto E, Barreto LP. Andlises quimicas e bioquimicas em plantas. 1th ed.
Recife: Editora Universitaria da UFRPE, 2011.

Calegari L, Lopes PJG, Santana GM, Stangerlin DM, Oliveiras E, Gatto FA.
Eficiéncia de extrato tanico combinado ou ndo com &cido bdrico na protecdo da
madeira de Ceiba pentandra contra cupim xil6fago. Floresta, Curitiba, 2014; 44;
1;43 - 52. Portuguese.

Sartori CJ, Castro AHF, Mori FA. Teores de Fendis Totais e Taninos nas Cascas de
Angico-vermelho (Anadenanthera peregrina). Floresta e Ambiente, Rio de Janeiro,
2014;.21;.3;394-400.

Azevédo TKB, Cardoso MGA, Campos DBP, Souza DG, Nunes LJ, Gomes JPS,
Carnaval AAA, Silva GGC. Substancias tanicas presentes em partes da arvore
sabid (Mimosa caesalpiniifolia Benth.) em plantio comercial de 5 anos.
Agroecossistemas,2017; 9; 2; 263- 274. Portuguese.

Aratjo, T.A.S.; Alencar, N.L.; Amorim, E.L.C.; Albuquerque, U.P. A new approach to
study medicinal plants with tannins and flavonoids contents from the local
knowledge. Journal of Ethnopharmacology, 2008;.120;72-80.

Pereira PS, Santos ACA, Paese K, Wasum R, Rossato M, Rota LD, Pauletti GF,
Serafini LA. Uso da Myracroduon urundeuva Allemao (aroeira do sertdo) pelos
agricultores no tratamento de doengas. Revista Cubana de Plantas Medicinales,
Havana, 2014; 21; 4. Spanish.

Silva TTS, Lima VLA, Alves AS, Monteiro DR, Ferreira Filho JGA. Estresse salino
na germinacdo de sementes de craibeira. Revista Educacdo Agricola Superior,
2014;29;1,.23-25. Portuguese.

Severiano CE. Potencial do manejo de Parapiptadenia rigida (Benth.) Brenan em
sistema de alto fuste jardinado. Santa Maria: Universidade Federal de Santa Maria,
2015, 90p. Dissertacéo de Mestrado. Available:



366

318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

https://repositorio.ufsm.br/bitstream/handle/1/8759/SEVERIANO%2C%20CAMILA%
20ELIZABETE.pdf?sequence=1&isAllowed=y

Oliveira CAM. Avaliacdo tecnolégica e fitoquimica de sementes de Parapiptadenia
zehntneri (Harms) M.P. Lima & H.C. Lima. Recife: Universidade Federal Rural de
Pernambuco, 2017, 112p. Tese de Doutorado. Available:
http://www.ppgcf.ufrpe.br/sites/www.ppgcf.ufrpe.br/files/documentos/cassia_alzira_
mendes_de_oliveira_0.pdf

Pereira JCS. Estudo alelopatico, fitoquimico e genotdxico de extratos aquosos de
Aspidosperma pyrifolium Mart. e Combretum leprosum Mart. em Allium cepa.
Mossor6: Universidade Federal Rural do Semi-Arido, 2015, 69f. Dissertacéo
Mestrado. Available: https://ppgpa.ufersa.edu.br/wp-
content/uploads/sites/60/2014/10/DISSERTACAO-JOSE-CARLOS-DA-SILVEIRA-
PEREIRA.pdf

Silva, D. L. S.; Oliveira, K. P.; Aroeira, L. J. M.; Chaves, D. F.; Ponciano, M. F.;
Braga, A. P.; Lima Junior, D. M. Chemical composition of Caatinga potential forages
species. Tropical and Subtropical Agroecosystems, Yucatan, 2015;18;3;267-272.
Santos GR, Santos EMC, Lira ES, Gomes DL, Souza MA, Araujo KD. Analise da
precipitacdo pluvial e temperatura do ar de Olho D’Agua do Casado, Delmiro
Gouveia e Piranhas, Alagoas. Regne, 2017;3;1;16-27. Portuguese.

Maestri R, Graca LR, Simdes JW, Freitas AJP. Andlise da adubacéo fosfatada na
producédo fisica e econbmica da acacia-negra. Boletim de Pesquisa Florestal,
Colombo, 1987;14;.39-53. Portuguese.

Meunier IMJ, Ferreira RLC. Uso de espécies produtoras de taninos para curtimento
de peles no nordeste do Brasil. Biodiversidade, Mato Grosso, 2015;14;.1;98-104.
Portuguese.

Rodrigues JVM. Desenvolvimento de uma solucdo oral com atividade farmacolégica
a partir de extrato de Aspidosperma pyrifolium Mart. Campina Grande: Universidade
Estadual da Paraiba, 2015. 112p. Dissertagdo de Mestrado. Available:
http://tede.bc.uepb.edu.br/jspui/handle/tede/2483

Monteiro JM, Lins Neto EMF, Amorim ELC, Strattmann RR, Arauljo EL, Albuquerque
UP. Teor de taninos em trés espécies medicinais arbéreas simpatricas da Caatinga.
Revista Arvore, Vigosa, 2005; 29; 6;.999-1005. Portuguese.

Araljo TAS. Taninos e flavonoides em plantas medicinais da Caatinga: um estudo
de etnobotanica quantitativa. Recife: Universidade Federal de Pernambuco, 2008.
71p. Dissertacdo Mestrado. Available:
https://repositorio.ufpe.br/bitstream/123456789/3231/1/arquivo2107_1.pdf
Clementino ELC, Santos JS, Felismino DC, Medeiros ACD, Silva H, Chaves TP.
Avaliacdo de atividades biolégicas dos extratos de Commiphora leptophloeos
(Imburana) (Mart.) J. B. Gillet. Revista Cubana de Plantas Medicinales, Havana,
2016; 21; 4. Spanish.



