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Abstract

The coagulating potential of the crude extract from the barbatimao bark for the
treatment of dairy effluent was assessed and compared with industrial coagulants
such as aluminum sulfate (inorganic coagulant), the crude extract of black wattle
bark (used in the manufacture of natural organic coagulants), and gallic acid (the
main constituent of condensed tannins). The aqueous extract of barbatimio was ob-
tained by refluxing for 12 h, and the black wattle was provided by a producer of nat-
ural coagulants. The determinations of total phenolic compounds and tannins in the
extracts were performed by the Folin-Ciocalteu method and precipitation with case-
in, respectively. The treatment of the effluent with coagulant was performed by the
Jar-Test. After testing, the effluent was evaluated for turbidity, total solids, and bio-
chemical oxygen demand (BOD). A higher content of phenolic compounds (19.81%
mg of gallic acid/g extract) was observed in the barbatimio extract than in the black
wattle extract (14.24% mg of gallic acid/g extract). However, the extracts contained
the same amount of tannins, 13.95% for the barbatimio extract and 12.89% for the
black wattle extract. A 63%, reduction in BOD was observed for the effluent treated
with barbatimdo extract, 35% for the black wattle extract, 58% for gallic acid and
60.59% for the treatment with aluminum sulfate. Treatment with gallic acid caused a
98% reduction in the turbidity of the effluent; with aluminum sulfate, a 97% reduc-
tion was obtained; with barbatimdo extract, 96%, and with black wattle extract,
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93%. The barbatimdo extract was shown to be a potential coagulant for dairy efflu-
ents.

Keywords

Stryphnodendron adstringens, Acacia mearnsii, Tannins

1. Introduction

Dairy industries produce effluents that have high levels of organic matter, consisting
mainly of milk and its by-products. These effluents are rich in proteins, lipids and car-
bohydrates [1]. The disposal of this type of untreated wastewater into bodies of water
decreases the amount of dissolved oxygen because it increases the concentration of or-
ganic matter in the receiving body. It triggers the self-purification process of rivers or
lakes, which may cause the death of aquatic species and the proliferation of waterborne
diseases [2].

The importance of wastewater treatment is recognized throughout the world. In Bra-
zil, it is regulated by agencies such as the CONAMA (National Environment Council),
which sets standards for the disposal of waste [3]. In view of the current legislation, the
treatment of wastewater is accomplished in three stages: preliminary, primary and sec-
ondary treatment.

The preliminary treatment removes coarse solids. The primary treatment removes
suspended solids, and its action can be increased by a chemical process that uses coa-
gulants to promote the reduction in the amount of the organic matter. The secondary
treatment removes residual organic material, usually with the addition of a biological
stage [2].

In the primary treatment, the suspended or particulate organic matter is removed by
gravity [2]. However, simple decanting cannot eliminate all the colloidal impurities [4],
so the addition of chemical agents is necessary. This addition favors the neutralization
of the repulsive forces between the particles in suspension and causes agglomeration
and sedimentation. This process is termed coagulation and is accomplished by means
of electrically charged chemical compounds that bind or adsorb on the surfaces of par-
ticles present in colloidal suspension.

Inorganic salts are widely used in coagulation because they have electrical charges
that are opposite those of the colloids [4]. Aluminum and iron salts are among those
used. Their use increases the concern about the quality of such treatments because
these metals are undesirable in the treated water and the sludge obtained at the end of
the process. They are heavy metals, and aluminum has undesirable effects [5].

Tannins are macromolecules derived from secondary plant metabolism [6]. Tannins
are organic coagulants that have been developed for cleaning treatments because they
are biodegradable coagulants obtained from renewable sources. These natural coagu-

lants assist in the removal of organic matter; they are able to form insoluble complexes
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in water with nitrogenous compounds, including proteins [6].

One of the species that have been studied for the production of these coagulants is
the black wattle (Acacia mearnsii), native to Australia. It is cultivated in Brazil in the
state of Rio Grande do Sul for the commercial production of natural coagulants. How-
ever, its spread is hampered by the high degree of seed dormancy [7]. There are Brazil-
ian species, such as the barbatiméio (Stryphnodendron adstringens), that contain high
levels of tannins, especially in the bark of their trunks. This species is native and en-
demic to the Brazilian cerrado and is known by the community for its high medicinal
value [8]. It is a two to eight-foot-tall, deciduous [9], evergreen tree [10].

The study of the barbatimio is of fundamental importance because it can lead to re-
sults that will increase the economic value of the species. This plant has been inordi-
nately exploited by the rural community and pharmaceutical industries [8], and its
conservation through sustainable management is important. This study can lend sup-
port for that conservation. This study evaluated the potential of the crude extract of
barbatimio bark as a coagulant in the treatment of dairy effluents and compared its
clotting effect with those of the coagulants used commercially, such as the black wattle

extract and aluminum sulfate.

2. Material and Methods

2.1. Collection and Processing of Plant Material

Plant material (bark) from the barbatimédo was collected from five trees located close to
one another. The collection was performed in the southeast of Minas Gerais in the mu-
nicipality of Itumirim, in the morning in February 2013.

The plant utilized was identified as Stryphnodendron adstringens (barbatimio), a
member of the Fabaceae family. A voucher specimen was prepared and is deposited in
the Herbarium of the Biology Department of the Federal University of Lavras (UFLA)
under number 27475.

The processing of the plant material occurred on the day of collection. The bark was
placed in a ventilated oven with mechanical circulation of the air (FANEM 320-SE) at
30°C for about seven days in the Organic Chemistry Laboratory-Essential Oils of the
Chemistry Department of UFLA. After drying, the material was ground in a grinder
(Weq, 132 M 1076) in the Department of Forest Science of the UFLA using a sieve with
a 1.5 mm aperture (12 to 14 mesh).

2.2. Obtaining Crude Extracts of Barbatimao and Black Wattle

The aqueous extract of the bark from barbatimdo (EACB) was obtained by refluxing
86.52 g of dried and ground material in a round bottom flask (1 L) with 500 mL of dis-
tilled water. The material was left at a slow reflux for 12 hours, counting from the be-
ginning of boiling. After the material was filtered through a Buchner funnel, the filtrate
was freeze-dried (Labconco, Freezone 4.5) for five days in the Biochemistry Laboratory
of the Chemistry Department of UFLA, The solid residue was stored in a brown bottle
at approximately 4°C. The crude extract of black wattle was provided by an industry
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(ECAN) that manufactures natural organic coagulants.

2.3. Determination of Total Phenols and Tannins

The total phenolic contents in black wattle and barbatimao extracts were determined by
the Folin-Ciocalteu method, and the tannin content was determined by precipitation
with casein [11]. The determinations were performed in the Organic Chemistry Labor-
atory of the Chemistry Department of UFLA.

2.4. Collection and Evaluation of Dairy Effluent

The raw wastewater was provided by a dairy near Lavras, MG, Brazil. This wastewater
was evaluated soon after collection with respect to turbidity, employing a turbidimeter
(TB microprocessor 1000, TECNOPON); pH; and the biochemical oxygen demand
(BOD), which was obtained by measuring the dissolved oxygen (DO day) and the oxy-
gen (DO Day 5) consumed by microorganisms in the degradation of organic matter
during the 5-day interval [2].

2.5. Dairy Effluent Decantation Assay

The treatments were performed at the Organic Chemistry Laboratory of the Chemistry
Department of UFLA using the “jar test” (Micro controlled JT-203, MILAN) equip-
ment. All the analyses were performed in duplicate.

The treatments were performed using 1 L of the raw effluent in an acid medium. The
pH of the raw wastewater was adjusted with sulfuric acid to about 4.5, which is the
isoelectric point of casein [12].

The first treatment consisted only of acidification of the crude effluent. In the second
treatment, 1.5 g of barbatimao extract was added, and 1.5 g of black wattle extract was
added in the third treatment.

The amounts of barbatimdo and black wattle extracts used in the treatments were
previously determined in settling tests, in which various 0.5 g portions of extracts were
added. The optimum dose was considered to be that in which the greatest reduction in
turbidity and BOD was observed.

In the fourth treatment, 0.200 g of gallic acid (used as a model) was added because
barbatimio extracts are rich in hydrolysable black wattle tannin and release gallic acid
units [6]. The amount of gallic acid used in the treatment of the effluent was equivalent
to the amount of tannin present in the barbatimao and black wattle extracts.

In the fifth treatment, 65 mL of 4% aluminum sulphate, equivalent to 2.6 g of Al,
(SO,);, was used. This dosage was determined from the turbidity of the effluent, which
is a common practice in treatment plants.

After the addition of the coagulant, the system was stirred for 1 minute at 67 g. The
determination of settled solids was performed in inmhoff cones for 1 hour [3]. In natu-
ra effluent was used as the blank for the analysis. After decanting, the effluents were
evaluated for turbidity, using a turbidimeter (TB microprocessor 1000, TECNOPON),
pH using pH strips and BOD.
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2.6. Determination of DBO

The biochemical oxygen demand (BOD) was performed by measuring dissolved oxygen
consumed (DO) by microorganisms in the organic matter degradation process during
the 5-day interval [2]. Therefore, two measurements of dissolved oxygen were con-
ducted, one at the time of sampling (first day) and one on the fifth day of incubation of
the sample at 23°C + 1°C in BOD (SOLAB, SL-200). The BOD was calculated by the
following relationship.

BOD =DO - DO

fifth day first day

2.7. Statistical Analysis

The experimental design was completely randomized. The average for total phenolic
compounds and tannins were compared by the F test at 5% probability. As for turbidi-
ty, settled solids and BOD were compared by the Scott-Knott test at 5% probability. The

tests were performed using the Sisvar [13] statistical program.

3. Results and Discussion

3.1. Determination of Total Phenolic Compounds and Tannins

The crude extract from barbatimédo had a strong red color, characteristic of condensed
tannins [6]. After lyophilization of the extract, a fine, reddish brown powder was ob-
tained (Figure 1). The total phenolic compounds and tannins present in the barba-
timdo and black wattle extracts are presented in Table 1.

Literature data demonstrate that extracts of black wattle and the barbatima barks

contain around 20% to 30% of tannins, respectively. There is a variation in chemical

EACB ECAN

N = ———

Figure 1. Crude extract of barbatimdo (EACB) and black wattle (ECAN).

Table 1. Contents of total phenolic compounds and tannins in the extracts of barbatimao and
black wattle barks.

Extract Total phenols (mg of gallic acid/g of extract) =~ Tannins (mg of gallic acid/g of extract)
Barbatimao 19.81 £0.53 a 13.95+0.37 a

Black wattle 1424 £0.35b 12.89 +0.29 a

The means followed by the same letter in a column do not differ according to the F Test at a 5% level of probability.
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composition according to species [8] [11] [15]. Statistically, the barbatimio extract
contained more phenolic compounds than the black wattle extract, but the barbatimio
and black wattle extracts contained the same amount of tannins, so it was possible to

establish a relationship between tannin content and the coagulant action of the extracts.

3.2. Decantation Assay

The results for effluent treatment are presented in Table 2. Assays for determining the
dosage of extract are important because there is an optimum ratio between proteins
and tannins that provides the maximum precipitation [14] and the greatest reduction in
the organic matter in the effluent.

The largest reductions in turbidity were observed for the treatments with ECAN, gal-
lic acid and aluminum sulfate. These coagulants decreased the turbidity of the effluent
from 1348 to 30 NTU, representing approximately 97% reduction. Turbidity measures
the transparency of the sample via the light scattering caused by particles or suspended
solids. Thus, the reduction in turbidity of the effluent is associated with coagulation
because the impurities are removed from the effluent in the form of solids (sludge).
Theoretically, the turbidity, BOD and solids variables are directly related.

The most efficient coagulants in reducing BOD were barbatimao bark extract, gallic
acid and aluminum sulfate, which reduced the BOD from 1256 to 463, 525 and 495
mg-L™, respectively. The barbatimdo bark extract is not among the coagulants that
caused the greatest reduction in turbidity. A reduction from 1348 to 96 NTU was ob-
served with this extract, corresponding to a 92.87% reduction. However, the greatest
amount of precipitation (200 mL of sludge from 1 L of effluent) was observed with this
extract.

Despite the fact that the greatest reduction in turbidity was observed with the black
wattle bark extract and the second greatest quantity of sludge (285 mL-L™") was ob-
tained with this extract, it was not as effective as the others in reducing the BOD. A 35%
reduction in organic matter from 1256 to 816 mg-L™" was observed.

The acidification of the effluent caused a 91% reduction in turbidity and a 40% re-

Table 2. Effect of different anticoagulants on some physical and chemical properties of the efflu-

ent.

Coagulant Dose pH Turbidity NTU™  Sélids mL-L™ BOD mg-L™!
Blank - 11 1348 a of 1256 a
H,S0, 1.00 mL 4.50 122b 20e 754 b
EACB 150 g 4.50 96 b 200 a 463 c
ECAN 150 g 4.50 42 ¢ 185 b 816 b

Gallic acid 0.20¢g 4.50 30c 72d 525¢

Al(SO,); 2,60 g 4.50 52 ¢ 95 ¢ 495 ¢

"NTU-Turbidity unit. The means followed by the same letter in the columns do not differ by the Scott-Knott test at a
5% level of probability.
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duction in BOD. This observation can be attributed to the fact that pH 4.5 is the isoe-
lectric point of casein, the principal milk protein [12]. At this pH, the surface electric
charge of casein is null, and there is no repulsion between the colloidal particles, so
clumping and settling of these particles results so that there is a reduction in turbidity
and BOD of the effluent.

Despite the fact that good results in decreasing turbidity and BOD were obtained by
acidification of the medium, the addition of coagulants potentiates that decrease be-
cause the dairy effluent is composed of other proteins and impurities in addition to
casein and these proteins are also in a colloidal state.

Colloidal particles are stabilized by the electrical double layer formed on the surface
of the colloids, which prevents approach and agglomeration [15] [16]. These impurities
generally have a negative surface charge and are destabilized by positively charged elec-
trolytes such as acids and inorganic salts such as aluminum sulfate [4]. The barbatimio
and black wattle extracts precipitate proteins because they are rich in tannins, but these
tannins also act as electrolytes because tannins are phenolic compounds and behave as
weak acids. These molecules are stable even when electrically charged because of re-
sonance that is provided by aromatic groups.

Although the barbatimao and black wattle extracts have almost the same amount of
tannins (13.95% and 12.89%, respectively), better results in the precipitation of organic
matter were obtained with the barbatimédo extract. This fact can be attributed to the
greater amount of phenolic compounds and the presence of other secondary metabo-
lites characteristic of the species that assist in coagulation.

The reductions in BOD obtained with the barbatimio extract and with aluminum
sulfate were higher than that provided by the legislation, which established a minimum
of 60% reduction in BOD effluent as a criterium for disposal [3]. The reduction in BOD
observed with gallic acid, which was used as a model for the extracts, was similar to that
observed with the barbatimdo extract, 58% and 63%, respectively. This fact suggests
that the coagulating action of the extract is mostly controlled by hydrolysable tannins
present in the extract. This relationship was not observed for the black wattle extract, as
this reduced the BOD by only 35%.

4. Conclusion

The crude extract of barbatimdo has a potential as a coagulant for the treatment of
dairy effluent because its use leads to a reduction in biochemical oxygen demand in ac-
cordance with the law and it contributed to the decrease in turbidity of the effluent after

treatment.
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