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Abstract

Investigations into the most efficient solvent or solvent mixtures, which yield substantial quantities of tannins for the
production of adhesives for wood composite industries have been ongoing. However, knowledge of the synergistic effect of
ketones, alcohols, and water on the yield of soluble compounds and tannins from plants is lacking. Using the Soxhlet
extraction method, the synergistic effect of ketone, alcohol and water mixtures in the extraction of soluble compounds and
tannins from the barks of Moringa oleifera and Azadirachta indica was examined. Ketone, water and alcohol did not have a
definite synergistic effect on the yields of soluble compounds and tannins from the two plants. Mixtures of some solvents, as
opposed to their individual solvents, recorded high yield of soluble compounds. The reverse was also observed. Water extract
recorded the most substantial quantity of soluble compounds in M. oleifera while ethanol-methanol-water mixture (60:20:20)
extracted the highest quantity of soluble compounds in A. indica. The mixtures containing either a ketone or the alcohols
produced comparatively high tannin yields in A. indica. This trend was not so for M. oleifera. The efficiency of solvents to

extract soluble compounds depended mostly on the species.
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Introduction

Synthetic glues such as urea-formaldehyde,
resorcinol-formaldehyde and phenol-formaldehyde play
important roles in the production of wood composites
(Jetuah et al. 2001). National and international politics of oil-
producing countries such as Russia, Iran, Saudi Arabia and
the United States have led to the increase in the monetary
value of crude oil components (resorcinol and phenol) used
for glue production. This has necessitated the extraction of
polyphenolic compounds such as tannins, from several plant
parts (e.g. leaves, bark, fruits and stem) to replace the
expensive crude oil phenol and resorcinol components
(Readel et al. 2001) of adhesives. The demand for tannins
for the production of adhesives has increased significantly
due to their renewability and availability (Ugovsek et al.
2010). Many research has focused on the determination of
efficient ways of extracting these tannins from plant parts.
Conventionally, the extraction of tannins from plants is done
with solvents such as methanol, acetone, water, ethanol,
petroleum ether and sodium hydroxide or alkali (Darkwa and
Jetuah 1996; Shi et al. 2021). The non-conventional method
includes the use of ultrasound and microwave systems
among others (Azwandia 2015).

Singh et al. (2014) asserted that the selection of
solvents for extraction is an important phase for obtaining
extracts with acceptable yields. Over the past decades,
researchers have sought to determine the best solvents that
improve the efficiency of extracting tannins. Darkwa and
Jetuah (1996) reported 1% sodium hydroxide as a very
efficient solvent for extracting tannins from Rhizophora spp.
Antwi-Boasiako and Animapauh (2012) recorded a higher

amount of tannins for distiled water than 1% sodium
hydroxide and thus concluded that water is highly efficient
for tannin extraction from the leaves, bark and fruits of
Tetrapleura tetraptera. Downey and Hanlin (2010) examined
the relative effectiveness of aqueous mixtures of acetone
and ethanol (in ratios ranging from zero to 100%) in the
extraction of tannins. Acetone-water extracted more
condensed tannins than ethanol-water. A solvent
combination of acetone-water (80:20, v/v) used by Chavan
and Amarowicz (2013) also extracted considerably higher
amount of condensed tannins from beach pea (Lathyrus
maritimus L.). According to Fraga-Corral et al. (2020), unlike
the high polar hydrolysable tannins, condensed tannins
have limited solubility in polar organic solvents such as
water and would likely be efficiently extracted using low
polar solvents including acetone.

Stefanelli et al. (2013), Singh et al. (2014) and Dailey
and Vuong (2015) found that the extracting efficiencies of
solvents were enhanced when they were mixed together.
When solvents are combined, the range of soluble
compounds, which they can extract broadens. Therefore,
Arranz et al. (2009) explained that total plant polyphenols
have often been underestimated due to the choice of
extracting solvents and methods which could leave
compounds behind. According to Fraga-Corral et al. (2020),
the combination of water and either ethanol, sodium
hydroxide (NaOH), sodium carbonate (Na2COs), sodium
bisulphite (NaHSOs), or sodium sulphite (Na2SOs) improves
extraction efficiency. Singh et al. (2014) found that the yield
of extracts was higher for a mixture containing ethanol,
ether and water compared to acetone only and ether only.
Dailey and Vuong (2015) also indicated that the combination
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of methanol, ethanol, acetonitrile and acetone with water
resulted in a high yield of extracts compared to absolute
ethanol, acetonitrile, water and acetone.

Extensive review of past research on tannin extraction
revealed that most often, the solvent combinations have
been made from either water and the alcohols or ketones
and water. It is not clear from literature whether there would
be an improvement in the extraction efficiencies of the
solvents when two or more ketones only or alcohols only are
combined. These combinations could be explored to
determine their efficiencies in the extraction of tannins from
plants.

Tannins, which are secondary compounds are readily
available as they are widely distributed in plants (Antwi-
Boasiako and Animapauh 2012). They are often found in the
growth areas of trees, such as the secondary phloem and
xylem and the bark (Hagerman 2002). Moringa oleifera and
Azadirachta indica possess tannins in their barks which can
be exploited for adhesive production (Prakash et al. 2002).

The objective of this research was to evaluate the
efficiencies of ketones, alcohols and water and their
combinations in extracting tannins from the barks of Moringa
oleifera and Azadirachta indica. This was achieved by
measuring the yield of soluble compounds and the amount
of tannins (i.e. stiasny number) obtained from the barks of
the two species by the solvents. Results from this research
would provide the composite industry with knowledge on the
possible range of solvent combinations, which can improve
the amount of tannins obtained from plants for adhesive
production.

Materials and Methods

Study Area

This study was conducted at the General Chemical
Laboratory of the Faculty of Renewable Natural Resources
(FRNR), Kwame Nkrumah University of Science and
Technology (KNUST), Kumasi, Ghana. Bark samples of 33-
year-old A. indica trees and 27-year-old M. oleifera trees
were collected from the demonstration farms of the FRNR
and the Department of Horticulture, KNUST. The sites are
located in the moist semi-deciduous forest zone with an
average altitude of 260 m and dominated by sandy loam
soil. The zone has an average annual rainfall of 1,270 mm
(Nolan and Twumasi 1992) and an average temperature of
25.9°C.

Sampling and Processing of Materials

The bark samples were collected from five randomly
selected trees each of A. indica and M. oleifera. The
samples were obtained from the stem of the trees at a
distance of 4 feet from the ground along the boles of the
trees, air-dried for 1 week, milled in the Wiley mill and
sieved through a 0.5um mesh. The milled samples were
kept in airtight containers.

Preparation of Solvent Mixtures

Two  alcohols  [ethanol ~ (Model ~ Number:
MFCD00003568) and methanol (Model  Number:
MFCDO00004595)], one ketone [acetone (Model Number:
MFCD00008765)] (all from VWR chemicals) and water were
the solvents used for the extraction.

Table 1. Ratio of the individual solvents mixed together for the extraction of tannins

Solvent/Solvent Ratio of the individual solvents in the mixture (%) Total (%)
mixtures ID Acetone Ethanol Methanol Water ’

A 25 25 25 25 100

B 60 20 20 0 100

C 0 60 20 20 100

D 20 0 60 20 100

E 20 20 0 60 100

F 0 0 0 100 100

G 100 0 0 0 100

H 0 100 0 0 100

| 0 0 100 0 100

J 50 50 0 0 100

K 50 0 50 0 100

L 50 0 0 50 100

M 0 50 50 0 100

N 0 50 0 50 100

0 0 0 50 50 100

These solvents were all miscible according to the
solvent miscibility table. The ratios of these solvents in
Table 1 were adopted from the ratios used by previous
authors (e.g. Downey and Hanlin 2010; Antwi-Boasiako and
Animapauh 2012) in similar works. About 250ml each of
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fifteen (15) solvent mixtures at 90% concentration were
prepared in a conical flask for the extraction process.

Tannin Extraction Process

Five grams of the milled samples from each species
was weighed and loaded into the thimble of Glas-col Soxhlet
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Extraction apparatus (Model: Glas-Col 100D RJ30424). The
extraction solvent was placed in a distillation flask and
heated to reflux until the solvent in the thimble chamber
turned colourless. The extraction process was replicated
three times for each species and solvent(s).

Qualitative Test for Tannins Obtained from the
Extraction Process

The extracts obtained by the different solvents were
subjected to 3 drops of iron (lIl) chloride (FeCls) solution and
the colour changes were recorded and compared to the Axis
Gear Standard Colour Chart (www.axisgear.ca), which
served as a reference point. A blue to green or blue-black
colouration indicated the presence of tannins (Darkwa et al.
1996). The test was repeated three times for each extract.

Quantitative Test for Soluble Compounds

Percentage Yield of Soluble Compounds Obtained from
A. indica and M. oleifera by the Solvents. The weights of
five empty beakers were recorded and the beakers were
filled with 5g of the milled samples and oven-dried at 105 +
2°C for 24 h. The oven-dried milled samples were cooled in
a desiccator for 1h and re-weighed. Oven-dried weight of
the milled samples were determined from the difference
between final weight of filled beakers and empty beakers.
About 200ml of the extracts from the different solvents were
oven-dried at 105 + 2°C for 4 h, cooled in a desiccator for 1
h and weighed. The percentage yield of soluble compounds
was determined by the formula (Antwi-Boasiako and
Animapauh 2012);

Yield (%) = Weight of extracts after oven—drying % 100

Oven—dried weight of milled samples

The Amount of Tannins (Stiasny Number or
Formaldehyde Precipitate number) Contained in the
Soluble Compounds. Stiasny number or formaldehyde
precipitate number, which relates directly to the amount of
tannins in the soluble compounds was determined. Stiasny
number determination described by Wissing (1955) was
adopted in quantifying the amount of tannins. A mixture of
concentrated hydrochloric acid (250 ml) and Formaldehyde
(40%) (500 ml) (1:2 v/v) was prepared in a volumetric flask.
50 ml of the extracts obtained from the extraction process
was oven dried at 105 £ 2°C for 4 h, cooled in a desiccator
for 1 h and the oven-dried weight recorded. Another 50 ml of
the extracts were reacted individually with 10 ml of the
Hydrochloric acid and Formaldehyde mixture to form a
suspension. The suspension was then heated under reflux
for 30 min. The suspension was allowed to cool to enable
the formed precipitates to settle. The suspension was then
filtered and the precipitate washed with hot water and oven-
dried at 105 + 2°C until constant weight. This process was
replicated three times for each solvent extract. The stiasny
number was determined by the formula (Antwi-Boasiako
and Animapauh 2012);

Stiasny number (%) =
Weight of precipitate after oven—drying

x 100

Oven— dry weight of extract

Data Analysis

The data were subjected to ANOVA and LSD test to
determine the significant differences (p < 0.05) between the
amount of tannins extracted by the solvents and their
mixtures.

Results

Qualitative Test for Tannins Obtained from the
Extraction Process

The colour of the extracts from A. indica and M.
oleifera before their reaction with iron (lll) chloride varied
from cinnamon to gold. After the reaction, there was a
change in colouration, which ranged from black to army
(Table 2). This indicated the presence of tannins in the
extracts.

Quantitative Test for Soluble Compounds in A. indica
and M. oleifera

Percentage Yield of Soluble Compounds Obtained from
A. indica and M. oleifera by the Solvents. More soluble
compounds were obtained from A. indica than M. oleifera for
all the solvents (Figure 1). In A. Indica, the mixture
containing the alcohols (ethanol and methanol) and water
(i.e., E-M-W) extracted the highest soluble compounds
(97.96 + 1.71%) followed by the ketone and water mixture
(i.e., Acetone-Water) (69.01 + 8.36%). The least yield of
soluble compounds was obtained by the ketone and the
alcohols mixture (i.e., A-E-M) (23.78 = 0.34%). ANOVA
showed significant differences between the solvents. For M.
oleifera, water gave the highest yield of soluble compounds
(39.39 + 1.5%) followed by the mixture of ketone and water
(i.e., Acetone-Water) (30.74 + 3.79%) (Table 3). The
difference was not significant (p>0.05). The least yield of
soluble compounds was obtained from the ketone/acetone
only (3.29 + 0.21%). ANOVA showed significant differences
between the solvents.

Whereas the combination of the solvents resulted
in a higher quantity of soluble compounds than the yield
from the individual solvents in some instances, the reverse
was also recorded for some mixtures. For instance, in A.
indica, acetone, methanol and water independently
produced a soluble compound yield of 31.44%, 34.06% and
34.54% respectively while their combination extracted
43.03% of soluble compounds. Similarly, in M. oleifera,
while methanol and ethanol independently produced
11.58% and 7.97% of soluble compounds respectively, their
mixture extracted up to 12.62% of these compounds.
Nevertheless, while ethanol and water separately extracted
7.97% and 39.39% of soluble compounds from M. oleifera,
their combination extracted only 13.53% of soluble
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compounds. The mixture of three or more solvents did not
improve the vyield of soluble compounds in M. oleifera.
Likewise, the yields of soluble compounds from acetone
(31.44%), ethanol (43.51%) and methanol (34.06%) were
higher than that from their mixture (23.78%) in A. indica. For
example, while acetone, methanol and water independently
extracted 3.29%, 11.58% and 39.39% of soluble

compounds respectively, their mixture extracted only 7.94%
of soluble compounds.

With the exception of Ethanol-Water, Methanol-
Water and A-E-M-W mixtures, all combinations containing
water generally produced high yield of soluble compounds
in A. indica. This was not so in M. oleifera.

Table 2. Colour change of extracts before and after reaction with Iron (IIl) chloride

Extract colour

. Solvent(s) used for the . . Extract colour after
Species extraction before reaction with reaction with FeCl Inference
FeCl, 3
A. indica Acetone (A) Cinnamon Black Tannin present
A. indica Methanol (M) Brick Forest Tannin present
A. indica Ethanol (E) Brick Forest Tannin present
A. indica Water (W) Brick Forest Tannin present
A. indica Acetone-Ethanol Brick Forest Tannin present
A. indica Acetone-Methanol Brick Forest Tannin present
A. indica Acetone-Water Cocoa Black Tannin present
A. indica Ethanol-Methanol Brick Black Tannin present
A. indica Ethanol-Water Cinnamon Black Tannin present
A. indica Methanol-Water Brick Black Tannin present
A. indica A-E-M-W Cinnamon Forest Tannin present
A. indica A-E-M Brick Black Tannin present
A. indica E-M-W Brick Black Tannin present
A. indica A-M-W Brick Forest Tannin present
A. indica A-E-W Brick Black Tannin present
M. oleifera Acetone Gold Forest Tannin present
M. oleifera Methanol Army Army Tannin present
M. oleifera Ethanol Army Army Tannin present
M. oleifera Water Gold Gold Tannin present
M. oleifera Acetone-Ethanol Citrus Forest Tannin present
M. oleifera Acetone-Methanol Citrus Forest Tannin present
M. oleifera Acetone-Water Coffee Forest Tannin present
M. oleifera Ethanol-Methanol Citrus Forest Tannin present
M. oleifera Ethanol-Water Gold Army Tannin present
M. oleifera Methanol-Water Gold Army Tannin present
M. oleifera A-E-M-W Citrus Forest Tannin present
M. oleifera A-E-M Lemon Army Tannin present
M. oleifera E-M-W Tangerine Army Tannin present
M. oleifera A-M-W Lemon Army Tannin present
M. oleifera A-E-W Tangerine Army Tannin present

Table 3. Mean percentage yield of soluble compounds from A. indica and M. oleifera

Yield of soluble compounds (%)

Solvents/Solvent Mixtures

A. indica M. oleifera

Acetone 31.44 + 3.67abcdef 3.29 +(.21abc
Methanol 34.06 + 1.88aghikmn 11.58 + (0.81defohi
Ethanol 43.51 £ 0.590parstu 7.97 £ 1.33dkimnopq

Water 34.54 + 1.59bgovwxyzap 39.39 £ 1.50*
Acetone-Ethanol 42.77 + 0.52hpvypOmd 6.61 £ 0.69arstuw
Acetone-Methanol 42.55 + 0.631awvAuén 8.76 + 2.22¢kyzap

Acetone-Water 69.01 £ 8.36* 30.74 £3.79*
Ethanol-Methanol 4542 + 6.94pa12 12.62 + 2.08fxveem

Ethanol-Water 33.29 + 1.49cix45 13.53 £0.189v0

Methanol-Water 33.11 £ 0.330ky367 15.94 £ 0.22r%

A-E-M 23.78 £ 0.34 4.41 £ 0.02cnta1
E-M-W 97.96 +1.71* 9.38 + (.1(0houz0u23
A-M-W 43.03 £ 0.77mtans18e 7.94 £ (.05ipvad124
A-E-W 40.60 + 0.72nuBon2579¢ 9.50 + 0.43iqwpm34
A-E-M-W 35.58 + 1.17¢lsz014689 6.71 £ 0.05bmsyAusn

Means with the same superscripts in the same column are not significantly different at 5% confidence level
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Figure 1. Mean percentage yield of soluble compounds obtained from A. indica and M. oleifera

The Amount of Tannins (Stiasny Number or
Formaldehyde Precipitate Number) Contained in the
Soluble Compounds. The amount of tannins obtained
from A. indica by all the solvents (i.e., 27.24 + 1.61 - 98.74
+ 0.27%) were generally higher than those from M. oleifera
(1.61 £ 0.2 — 34.56 + 3.4%) (Figure 2). The alcohols and
water mixture (E-M-W) produced the highest yield of tannins
in A. indica (98.74 = 0.27%) while Ethanol only gave the
highest vield (34.56 + 3.4%) in M. oleifera. The least
amount of tannins was obtained by water in A. indica (27.24
+ 1.61%) and Methanol-Water in M. oleifera (1.61 £ 0.2%)
(Table 4).

The mixtures containing either a ketone (i.e., acetone)
or the alcohols (i.e., methanol and ethanol) produced
comparatively high tannin yield in A. indica (Figure 2). This

trend was not so for M. oleifera. With the exception of water
only and, acetone, ethanol and methanol mixture (A-E-M),
the individual solvents performed better than their various
mixtures in M. oleifera. For A. indica, however, the mixtures
largely produced high yield of phenols than the individual
solvents except for some few mixtures involving either
Methanol or Ethanol. The differences between the tannin
yields of the solvents were significant for both species
except between E-M-W and Acetone-Water in A. indica and,
Acetone and Methanol, and Acetone and Ethanol in M.
oleifera.
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Table 4. Total amount of tannins (Stiasny number) contained in the soluble compounds from A. indica and M. oleifera

Total amount of tannins (%)

Solvents

A. indica M. oleifera
Acetone 33.31+£2.512 30.63 £ 1.052bcde
Methanol 77.53 + 4.27bcde 33.44 + 3.56%
Ethanol 92.83 + 0.88fehikl 34.56 + 3.400f
Water 27.24 +1.612 3.94 + 0.83ikm
Acetone-Ethanol 97.87 £ 0.77fmnopq 24.03 £ 1.54m0
Acetone-Methanol 93.16 £ 1.15gmstw 12.48 + 0.53p
Acetone-Water 98.03 £ 0.27hnrwxy 27.20 + 2.85¢qnst
Ethanol-Methanol 70.48 + 5.88¢= 8.94 £ 1.44ipuww
Ethanol-Water 82.38 + 4.60ccB 3.16 + 0.64kwy
Methanol-Water 71.27 £ 1424 1.61 £ 0.20
A-E-M 88.44 + 0.24isB 43.90 +0.31*
E-M-W 98.74 + 0.277twor 7.43 % 3.58mmyz
A-M-W 97.72 + 0.32kpux0d 2449 + 4 3240
A-E-W 93.28 + 0.43lawpmd 31.50 % 1.14enit
A-E-M-W 82.62 + 1.17ew 14.97 +£2.29v
Means with the same superscripts in the same column are not significantly different at 5% confidence level.
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Figure 2. Total amount of tannins (Stiasny number) contained in the soluble compounds from A. indica and M. oleifera

Discussions

Qualitative Test for Tannins Obtained from the
Extraction Process

Tannins are phenols, which are tested qualitatively
using ferric salts. They form compounds with ferric salts
such as iron (Ill) chloride, which possess a metal centre
bound to ligands (atoms, ions or molecules). The ligands
donate electrons to the metal ( Fe**) and this transfer of
charges, gives a very strong spectral signal in the visible
range of the electromagnetic spectrum. Phenols contain
hydroxyl groups (hydrogen and oxygen) and are relatively
strong acids as iron (lll) chloride which is a Lewis acid.
According to Sarhan and Bolm (2009), all oxygen containing
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compounds act as bases in the presence of Lewis acids.
This results in an acid-base reaction, with the formation of a
precipitate and ligand exchanges, which causes a colour
change.

In determining the presence of tannins in plant
extracts Darkwa and Jetuah (1996) and Lysyuk (2011)
explained that when iron (lll) chloride is added to the
extracts and the colour of the extract changes to blue-black
or green, it indicates that tannins are present. When 3
drops of iron (Ill) chloride were added to the extracts from
the barks of Moringa oleifera and Azadirachta indica, their
colours changed to shades of green and black (Table 2).
The colour change could be attributed to the ligand
exchanges between the phenols and iron (lll) chloride.
Dhawan and Gupta (2017) similarly observed these colour
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changes with Datura metel leaves extract after reaction with
iron (I1) chloride, and concluded that the extract contained
tannins.

The difference in the colours of the extracts after their
reaction with the Lewis acid represents the variations in the
amount of tannins found in the plants. Deep green to black
colouration shows a high tannin content while light blue to
green or no shade of green indicates a low or no tannin
content (Antwi-Boasiako and Animapauh 2012). A. indica
bark gave deeper colour shades of forest (green with black
undertone) and black than M. oleifera where the extract
colours were gold, and mostly army (light shade of green).
Thus, A. indica bark extracts were expected to have a
higher tannin content than M. oleifera.

Quantitative Test for A. indica and M. oleifera

Percentage Yield of Soluble Compounds Obtained from
A. indica and M. oleifera by the Solvents. The yield of
soluble compounds from plant parts is a measure of the
efficiency of the extracting solvent(s) (Antwi-Boasiako and
Animapauh 2012; Boadu et al. 2018). Plant extracts contain
carbohydrates, alkaloids, terpenoids and phenols
(Hagerman 2002); high yield of soluble compounds means
there is a high percentage of these components in the
extract of the plant. In the present study, more soluble
compounds were obtained from A. indica than M. oleifera for
all the solvents. These compounds have varying polarities
(Akowuah et al. 2005) and their dissolution in specific
solvents depends, among others, on the polarity of the
solvent (Cuong et al. 2020). According to Zuo et al. (2002),
polar substances easily dissolve in polar solvents and vice
versa. The solvents used in the extraction of soluble
compounds from A. indica and M. oleifera had an increasing
order of polarity as acetone < ethanol < methanol < water
(Tan and Kassim 2011). The yield of soluble compounds in
M. oleifera also increased as acetone (3.29%) < ethanol
(7.97%) < methanol (11.58%) < water (39.39%). Thus, more
of the soluble compounds in M. oleifera were possibly polar
and therefore dissolved in the most polar of all the solvents
(i.e., water). Similarly, methanol extraction resulted in a
higher yield of soluble compounds from Datura metel leaves
than acetone (Dhawan and Gupta 2017). In A. indica,
however, ethanol, which is less polar than water had a high
yield of soluble compounds (43.51%) than methanol
(34.05%) and distilled water (34.53%). Thus, unlike M.
oleifera, more of the soluble compounds in A. indica could
have been less polar and were, therefore, likely attracted to
ethanol than the highly polar solvents such as water.
Chavan and Amarowicz (2013) explained that the
yield of soluble compounds is often improved by the use of
multiple solvents for extraction. This is due to the synergistic
strength of the solvents produced by the mixture. This
assertion was found to be partially true in the current study
since not all the solvent mixtures improved the soluble
compound vyield from A. indica and M. oleifera. This work

has found that the type of plant species contributes to the
extracting efficiencies of the solvents and their mixtures.

Mixtures containing water extracted the highest
quantities of soluble compounds in both species. Darkwa
and Jetuah (1996) explained that water is able to dissolve a
large range of compounds including the low molecular
weight carbohydrates compared to the other solvents. Its
combination with the alcohols and ketone broadened the
range of compounds that could be dissolved by the mixture.
Hence, the high vyield of soluble compounds recorded for
mixtures containing water.

The Amount of Tannins (Stiasny Number or
Formaldehyde Precipitate Number) Contained in the
Soluble Compounds. The Stiasny number of extracts is an
estimate of the amount of reactive tannins that get attached
to formaldehyde in the process of quantifying the phenols
(Simon et al. 1992; Paridah 2002; Pandey and Rizvi 2009).
Thus, a high stiasny number of a plant extract means that
most of the soluble compounds in the extract that got
attached to formaldehyde are tannins (Hagerman, 2002;
Antwi-Boasiako and Animapauh 2012). For all solvents,
more tannins were obtained from A. indica (i.e., 27.24
1.61 - 98.74 £ 0.27%) than M. oleifera (1.61 £ 0.2 — 34.56
+ 3.4%). For the single solvents, Darkwa and Jetuah (1996)
recorded higher tannin content (74%) in the soluble
compounds extracted from Rhizophora spp. with water than
those extracted with ethanol (61%) and petroleum ether
(3.2%). On the contrary, water produced lower amount of
tannins (27.24% in A. indica and 3.94% in M. oleifera) in the
present study than ethanol (92.83% and 34.56%
respectively). The mixtures containing either a ketone (i.e.,
acetone) or the alcohols (i.e., methanol and ethanol)
produced comparatively high tannin yield in A. indica. Thus,
although water extracted more soluble compounds in both
species, smaller percentage of these compounds were
tannins. Tannins have low polarity (Tian et al., 2009) and
the condensed type has limited solubility in highly polar
organic solvent such as water (Fraga-Corral et al. 2020).
The low polarity of tannins probably restricted its dissolution
in water, which has high polarity compared to the low polar
solvents such as ethanol and acetone (Zuo et al. 2002).
Downey and Hanlin (2010) found acetone-water
mixture more effective than ethanol-water mixture for the
extraction of condensed tannins from grape skin. Chavan
and Amarowicz (2013) also reported higher quantities of
tannins from beach pea with acetone-water mixture than
ethanol-water and methanol-water mixtures. Our results
agree with the observation by these authors. With the
exception of mixtures involving either methanol or ethanol,
the solvent mixtures generally improved the stiasny
numbers of extracts from A. indica. For example, while the
alcohols and water mixture (E-M-W) produced the highest
yield of tannins (98.74 + 0.27%), water only produced the
least amount of tannins (27.24 + 1.61%). In M. oleifera,
however, more tannins were extracted by the individual
solvents (e.g. 34.56 + 3.4% by ethanol only) than their
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various mixtures (e.g. 3.16 = 0.64% by ethanol-water
mixture) except water only and, acetone, ethanol and
methanol mixture (A-E-M). Therefore, a mixture of solvents
will not always produce a synergistic effect on the yields of
soluble compounds and tannins from plants.

According to Yazaki and Collins (1994) and Ferreira et
al. (2008), at least 65% of tannins must be obtained from
extracts of plants in order to recommend that plant as a raw
material source for commercial wood adhesive production.
With the exception of extracts from acetone only and water
only in A. indica, the quantities of tannins from the other
solvent extracts were above 65%, which meets the
threshold for adhesive production. Thus, extracts from A.
indica would be most useful to commercial adhesive
producers. In M. oleifera, all the solvent extracts did not
contain the minimum amount of tannins required for
adhesive  production. However, based on the
recommendation of Ferreira et al. (2008), tannins extracted
with acetone, methanol, ethanol, Acetone-Ethanol-Methanol
and Acetone-Ethanol-Water mixtures can serve as tannin
mordants.

Conclusions

The present work investigated the synergistic effect of
ketone, water and alcohols on the yield of soluble
compounds and tannins from the barks of two tropical
plants, namely, Azadirachta indica and Moringa oleifera.
The conclusions from the work are as follows.

Mixtures of ketone, water and alcohols will not always
produce a positive synergistic effect on the yields of soluble
compounds and tannins from plants. The extracting
efficiencies of the solvents depended mostly on the species.
While water extracted the highest quantity of soluble
compounds in M. oleifera, ethanol-methanol-water mixture
extracted the highest quantity of soluble compounds in A.
indica.

Although water extracted more soluble compounds
than all other solvents in M. oleifera, a small percentage of
these compounds were tannins. The mixture containing
ketone (i.e., acetone) and the alcohols (i.e., methanol and
ethanol) produced comparatively high tannin yield even
though it extracted low quantities of soluble compounds. In
A. indica, the least yield of soluble compounds was obtained
by the ketone and the alcohols mixture (i.e., A-E-M) while
mixtures containing either a ketone or the alcohols produced
comparatively high tannin yield.

Unlike M. oleifera extracts, A. indica extracts from all
the solvents except acetone only and water only would be
most useful to commercial adhesive producers since the
quantities of tannins obtained from them were higher than
the minimum threshold (65%) required by the adhesive
industry.
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