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A B S T R A C T

Phenolic compounds are regarded as the most abundant plant metabolites that are known to decompose pro-
gressively into soils, likened to other soil organic materials. Once assimilated into soils, they can control soil
processes, including organic matter decomposition and nutrient cycling. Established that phenolic compounds can
influence nutrients availability and soil quality, it becomes crucial to investigate into soil phenolics through the
application of appropriate extraction technique and quantification of total phenolic content in soils. This study
therefore aimed at utilizing ethanol, hexane and diethyl ether organic solvents to extract and quantify total
phenolic content of soil, sampled from a vegetable growing area. Conventional organic solvent extraction method
was employed to extract phenolics, while spectrophotometric technique was utilized to quantify total phenolic
content. The highest extraction yield of 34.52% was achieved with ethanol followed by diethyl ether (28.23%)
and hexane (25.47%). Interestingly, hexane, which had the least extraction yield, rather recorded the highest
phenolics concentration of 5.50 � 0.02 mgGAE/g, with ethanol producing a concentration of 2.04 � 0.05
mgGAE/g and 3.82 � 0.01 mgGAE/g for diethyl ether. The percent recovery, limit of detection (LOD) and limit of
quantification (LOQ) of phenolic compounds were found to be 102%, 0.8 mg/g and 1.5 mg/g for ethanol; 96%,
0.6 mg/g and 1.2 mg/g for diethyl ether and 94%, 0.4 mg/g and 1.0 mg/g for hexane respectively. These results
indicate that for an extraction efficiency and greater yield, the use of ethanol as solvent is preferred whereas
extraction using hexane is suitable for total phenolics quantification. The findings of this study have provided a
vital insight regarding the influence of organic solvents on the extractability and quantification of total phenolic
content of soil.
1. Introduction

Soil is a dynamic ecosystem in which physical, chemical, and bio-
logical components interact (Bastida et al., 2009). Soil comprises of four
key components including mineral matter, organic matter, soil air and
soil water. Mineral matter includes particles such as stones, pebbles,
sand, silt and clay while organic matter encompasses animal bodies, dead
twigs, roots, leaves and other animal and plant residues as well as living
organisms (Saha, 2004). Soil is used as a medium for plant growth and
habitat for microorganism. It can as well be used for biomass production,
filtering, buffering and transformation action, providing biological
habitat and gene reserve (Saha, 2004).

Phenolic compounds refer to a class of organic compounds that have
one or more hydroxyl groups directly attached to an aromatic ring
(William et al., 2017). They constitutes the most abundant secondary
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metabolites in plants and can be categorized into non-soluble compounds
such as condensed tannins, lignins, cell-wall bound hydroxycinammic
acids, or soluble compounds including phenolic acids, phenylpropanoids,
flavonoids and quinones (Rispal et al., 2005). Phenolic compounds
basically enter soils in a form of liquid or particulate matter, originating
from plant materials and industrial wastes (Hattenschwiler and Vitousek,
2000). Following their entry into soils, they influence soil organic matter
decomposition and nutrient cycling (Fierer et al., 2001; Toberman et al.,
2010). Phenolic compounds in soils may also play a role in controlling
many aspects of plant-soil interactions, including the alteration of soil
nutrient availability, root and hypocotyl growth inhibition and limitation
of water and mineral uptake by plants (Inderjit et al., 2009).

Quantification of phenolic compounds has been achieved through a
variety of techniques including the Folin-Ciocalteu assay, CuO oxidation-
GC and a high performance liquid chromatography (HPLC) method (Min
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et al., 2015).However, as quantity of phenolic compounds in soils can vary,
the Folin-Ciocalteu assay is usually employed to determine the total
phenolic content of a soil (Min et al., 2015). This assay is relatively simple
and less expensive compared to the CuO oxidation-GC and the HPLC
techniques. A study by Bastola et al. (2017) established that the
Folin-Ciocalteu assay with gallic acid as standard is best and more appro-
priate for total phenolic content quantification, compared to other stan-
dards including ferulic acid, chlorogenic acid, catechol and vanillic caid.

Extraction represents the initial stage in phenolics analysis, which in-
volves the isolation of the active phenolic compounds from the soil ma-
terial (Cacace andMazza, 2003). The extraction yield is mostly dependent
on the nature of solvent used with varying polarity, temperature, extrac-
tion method, nature of the chemical compound, existence of interfering
substances and solvent to sample volume ratio (Koleva et al., 2002). A
number of extraction techniques and solvents have been used in previous
studies to extract phenolics. Halvorson et al. (2009) extracted phenolics
from soil using water, acidified methanol and acetone, and reported that
acidified methanol yields more phenolics than water and acetone.

A related study by Santana et al. (2009) on the extraction of phenolic
compounds from environmental samples (water, sediments and soils)
using various extraction techniques (Soxhlet, ultrasound agitation, mi-
crowave assisted extraction, etc.) with different solvents (methanol,
acetone, triethylamine, water, etc) reported a significantly higher re-
coveries of phenolic compounds. Thus, Soxhlet extraction with methanol
as solvent gave a percent recovery of 83–97% whereas the ultrasound
agitation technique with acetone achieved a percent recovery of 81–99%
of phenolic compounds.

Organic solvent extraction has been the main method to effectively
extract phenolic compounds from soils (Min et al., 2015). Unfortunately,
very few of these organic solvents including methanol, citrate and
acetone have been employed in the extraction procedures (Halvorson
et al., 2009; Min et al., 2015; Arditsoglou and Voutsa, 2008); with the
prospect of many others remaining unexploited. Hence, this present
study is focused on investigating the probable use of ethanol, hexane and
diethyl ether to extract and quantify total phenolic content of soil,
sampled from a vegetable growing area. The outcome of this research
will provide a great insight concerning the extraction efficiency of the
solvents utilized. The study will as well ascertain the total phenolic
content of the soil, which is essential for the study of soil organic matter
formation and nutrient cycling.

2. Materials and methods

2.1. Study design

This study was solely based on laboratory experimentations to extract
and quantify total phenolic content from soil samples, collected from
vegetables growing area at the University of CapeCoast Agriculture Farms.
Three different organic solvents including ethanol, hexane and diethyl
ether were employed in the extraction processes. Following extraction, the
extract yield of each solvent was calculated using the appropriate formula.
With UV-visible spectrophotometer, the total phenolic content in each
extract was determined and the spectral characteristics of the analyte
(phenolic compounds) in the UV-visible region studied.

2.2. Sample collection and preparation

The soil sample was collected from vegetable growing area at the
University of Cape Coast Agriculture Farms using the traverse soil sam-
pling technique. The surface litters at the sampling spot were cleared by
splashing. Soil Auger was drove to plough a depth of 15 cm to draw soil
samples and placed in a clean bucket. Foreign materials such as roots,
stones, pebbles and gravels were removed and the desired samples were
collected into a clean polythene bag and sent to the laboratory for air-
drying and analysis. The air-dried samples were sieved with a 2 mm
sieve to obtain finely powdered soil materials for extraction and analysis.
2

The soil used in this study was a loamy soil composed of 40% sand, 40%
silt and 20% clay. Other important quality parameters of this soil were
determined. This encompassed soil pH (6.0), organic matter content
(2.6%), cation exchange capacity (8 meq/100g) and structural stability
(0.006 cm�1).

2.3. Sample extraction

A conventional cold maceration solvent extraction technique as
described by Handa et al. (2008) with slight modifications was employed
to extract phenolic compounds from soil samples. Sample-to-solvent ratio
of 10:100 (w/v) was used for the extraction. Ten grams (10 g) of the
air-dried soil sample was macerated in a stoppered 250 mL Erlenmeyer
flask containing 100 mL of 95% ethanol. The mixture was allowed to
stand at room temperature for 72 h with frequent agitation. It was then
filtered through whatman No.1 filter paper (125 mm), and the solvent
evaporated using a rotary evaporator (Stuart RE 400, UK). Minute traces
of solvent left in the extract were desiccated with a vacuum desiccator to
obtain whitish dry residues. The dried residue of extract was then
weighed to determine the extraction yield. The same procedure was
repeated for the other solvents (hexane and diethyl ether), and the
extraction yield for each solvent determined using Eq. (1) below;

Extraction yield (%) ¼ Weight of dry extract / weight of sample � 100 (1)

2.4. Spectrophotometric method validation and recovery of phenolic
compounds

In other to determine the sensitivity and accuracy of the spectro-
photometric analytical technique utilized in the study, the limit of
detection (LOD) and limit of quantification (LOQ) together with the spike
recovery experiment were performed. The LOD and LOQ were measured
based on the standard deviation response of the blank. From the cali-
bration curve of gallic acid standard, the slope was determined, which
was used to calculate the LOD and LOQ from the following equations:
LOD ¼ 3.3(SD/S) and LOQ ¼ 10(SD/S). Where; “SD” is the standard
deviation of the response of the curve and “S” is the slope of the cali-
bration curve. With the spike recovery test, samples were separated into
two portions and a known amount (0.5 mg/L) of analyte added to one
portion. The phenolics concentration was then determined for both the
spiked (F), and unspiked portions (I) and the percent recoveries (% R)
calculated as; % R ¼ F – I/A � 100. Where “A” is the concentration of
phenolics added to the spiked portion (Adusei et al., 2019).

2.5. Quantification of total phenolic content

The total phenolic content (TPC) in each extract was determined
using the Folin-Ciocalteu assay as described by Ainsworth and Gillespie
(2007) following slight modifications. Gallic acid was used as a standard.
Half a milliliter (0.5 mL) aliquot of 10, 20, 40, 80 and 100 μg/mL gallic
acid solutions were mixed with 2 mL of Folin-Ciocalteu reagent (diluted
1:10 with de-ionized water) and was neutralized with 4 mL of sodium
carbonate solution (7.5%, w/v). The reaction mixture was incubated at
room temperature for 30 min with intermittent shaking for colour
development. The absorbance of the resulting blue colour was measured
at 765 nm with a UV-visible spectrophotometer (Shimadzu UV
mini-1240). The same technique was repeated for all the extracts and the
TPC determined from the standard calibration curve of gallic acid and
expressed as mg/g gallic acid equivalent (GAE) of the dry extract.

2.6. UV-visible spectroscopic characterization of total phenolic content

Twomilliliter (2 mL) of Folin-Ciocalteu reagent (diluted 1:10 with de-
ionized water) was neutralized with 2 mL of 2% (w/v) sodium carbonate
solution. The mixture was scanned in the UV-visible region from 200 to
800 nm and the absorbance determined to serve as a reference. One
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milliliter (1 mL) aliquot of each extract was mixed with 2 mL of Folin-
Ciocalteu reagent (diluted 1:10 with de-ionized water) and was
neutralized with 2 mL of 2% (w/v) sodium carbonate solution in separate
test tubes. The reaction mixture was incubated at room temperature for
30 min with intermittent shaking for colour development. Mixture of the
three extracts was scanned in the UV-visible region from 200 to 800 nm
and the absorbance determined and plotted as a function of wavelength
(Aleixandre-Tudo and Toit, 2018).

2.7. Statistical analysis

All experimental procedures were performed in triplicate and results
presented as mean together with their standard deviations. The obtained
data were analyzed with GraphPad Prism 5.01. A one-way ANOVA was
employed in the statistical comparisons of mean values among extracts,
and P-values less than 0.05 (P < 0.05) were regarded as statistically
significant. The Pearson correlation analysis was carried out to evaluate
the correlation between the extraction yield and TPC of extracts.

3. Results and discussion

3.1. Extraction yield

The most important step prior to quantification of soil phenolics is the
extraction stage. This stage involves the isolation of the active phenolic
compounds from soil material, which has the capacity to affect the
extraction yield, as well as the quantity of phenolics to be extracted.
Under the same extraction time and temperature, the composition of
sample together with the solvent used for extraction becomes the key
significant factor (Koleva et al., 2002). In this present study, ethanol,
hexane, and diethyl ether organic solvents were used to obtain the
various soil extracts. As presented in Table 1 and Figure 1, the extraction
yield ranged from 25.47% for hexane extract to 34.52% for ethanol
extract, with diethyl ether producing an intermediary extract yield of
28.23%. The findings of this study displaying differences in extraction
yield may be attributed to the disparity in polarity of the extraction
solvents. Thus, the polarity of solvents used increase in the following
order: hexane < diethyl ether < ethanol. Hence, ethanol being the more
polar solvent with higher polarity produced the highest extraction yield
compare to the others. Similar findings on the impact of solvents on
extraction yield of phenolic compounds was established in a study by
Jinshui et al. (2014), on “phenolic compounds determination in apple
orchard soil”, where methanol, ethanol, acetone and methylene
dichloride were used as extraction solvents. The variation in results of
this present study to that of Jinshui et al. (2014) may be due to the dif-
ferences in extraction techniques (conventional cold maceration and
Dionex Acelerated Solvent Extraction System) utilized in the two studies.

The findings of this study also corroborate the statement by Zhao
et al. (2006) that the solubility of phenolic compounds is directly related
to its molecular structure and polarity of the extraction solvent. Hence,
ethanol being the polar solvent with similar molecular structure (the
presence of OH group) to that of phenolic compounds, could be
Table 1. Extraction yield and total phenolic content of organic solvent soil
extracts.

Solvent Extraction yield (%) TPC (mgGAE/g)

Ethanol 34.52 � 0.15a 2.04 � 0.05a

Diethyl ether 28.23 � 0.24b 3.82 � 0.01b

Hexane 25.47 � 0.26c 5.50 � 0.02c

P-value 0.0326 0.0214

TPC¼ Total Phenolic Content; GAE¼ Galic Acid Equivalent. Data are presented as
mean � standard deviation. Means in a column with different letter superscripts
are significantly different (P< 0.05; Tukey: compare all pairs of columns, at 95%
confidence level).
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responsible for the better solubility and extraction of phenolics than the
others. The above result of this study has therefore revealed the influence
of solvents on the extraction yield of phenolic compounds in soils.

3.2. Spectrophotometric method validation and recovery of phenolic
compounds

The standard gallic acid calibration plot was obtained to be linear
with a correlation coefficient (R2) of 0.9797 and a regression equation of
y ¼ 0.0014x þ 0.0957. This revealed a good linear relationship between
the analyte concentrations and the spectrophotometric responses. The
LOD of phenolic compounds were 0.8 mg/g, 0.6 mg/g and 0.4 mg/g for
ethanol, diethyl ether and hexane extracts respectively, whereas LOQ
were found to 1.5 mg/g, 1.2 mg/g and 1.0mg/g for ethanol, diethyl ether
and hexane extracts respectively. With the spike recovery test for
phenolic compounds, higher recoveries of 102%, 96% and 94% were
obtained for ethanol, diethyl ether and hexane extracts respectively.
These results signify the sensitivity, precision and accuracy of the spec-
trophotometric technique in determining the total phenolic content of
the soil extracts.

3.3. Quantification of total phenolic content of soil

The quantitative determination of total phenolic content (TPC) of
extracts was performed using UV-visible spectrophotometer. As pre-
sented in Table 1 and Figure 1, phenolics concentration was found to be
higher in hexane extract than that of ethanol and diethyl ether. Thus, the
TPC values were in the order of hexane > diethyl ether > ethanol. This
result represents an inverse relationship between solvent polarity or
extraction yield and TPC. Thus, the more non-polar solvent extract
(hexane extract, with the least extraction yield) was found to be relatively
high in TPC, compare to ethanol and diethyl ether extracts. To demon-
strate this negative or inverse relationship between the extraction yield
and TPC, the Pearson's correlation analysis was performed. A strong in-
verse non-significant correlation (Pearson r¼ -0.9850, P¼ 0.1104 and R2

¼ 0.9702) was established among the two parameters (extraction yield
and TPC). This correlation result indicates that higher extraction yield
does not necessarily infer higher phenolic concentrations, as total
phenolic content is dependent on the active phenolic compounds present
Min et al. (2015). These results agree with the previous study by Helaleh
et al. (2001) who established an inverse relationship between the
extraction yield and TPC of soil extracts. The highest TPC obtained by the
hexane extract (the more non-polar solvent among the three) also depicts
that most of the phenolic compounds in the extracts were either
non-polar in nature, or partially methylated (Viacava et al., 2017), and
hence extracted effectively with hexane. According to Min et al. (2015),
higher phenolic concentrations lower soil organic matter decomposition
rate. This is because the high phenolic content is inhibitory to the
decomposing microbial community, and phenolics can polymerize or
form complexes with other molecules, such as proteins, with a high
resistance to decomposition. Hence, higher phenolic concentrations in
soils are undesirable, as this can influence organic matter decomposition
and soil processes (Min et al., 2015). Previous studies have frequently
used solvents such as water, ethanol, methanol and acetone to analyze
total phenolics in soils (Jinshui et al., 2014; Halvorson et al., 2009).
However, this present study has revealed the efficiency and influence of
the understudied organic solvents (ethanol, hexane and diethyl ether) on
the extraction yield and TPC of soil, with little or no data in literature.

3.4. UV-visible spectroscopic characterization of total phenolic content

The UV-visible profile of the extracts was taken at 200–800 nm
wavelength as shown in Figure 2. The results revealed that all the three
soil extracts (ethanol, hexane and diethyl ether extracts) absorbed UV
light at 200–300 nm wavelength. The occurrence of absorptions at this
wavelength (200–300 nm) reveals the presence of flavanol monomers,



Figure 1. A bar chat representation of the influence of organic solvents on the extraction yield and total phenolic content of soil from vegetable growing area. TPC ¼
Total Phenolic Content. Different letters (a, b and c) indicate statistically significant difference (P < 0.05) among solvents. Thus, extraction yield: P ¼ 0.0326 and TPC:
P ¼ 0.0214.

Figure 2. UV-visible spectra of total phenolic content of organic solvent soil extracts.
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since monomers of flavanol have an absorption maximum at around
240–290 nm due to their conjugated ring and substitution pattern
(Santos-Buelga et al., 2012). However, these colourless compounds did
not show absorption features in the visible region of the electromagnetic
spectrum. The above result of this study revealed that, there are other
phenolic compounds in the extracts that were not detected in the visible
region during quantification at 765 nm. This is because some monomers
of certain phenolic compounds do not absorb light in the visible region of
the electromagnetic spectrum, due to their colourless nature. Hence,
there is the need to consider the ultraviolet range of the electromagnetic
spectrum when quantifying total phenolic compounds in soil extracts.
The highest absorption in the ultraviolet region of the electromagnetic
4

spectrum for this study was attained by ethanol extract, followed by
diethyl ether and hexane, confirming their extraction efficiencies in the
visible region of the electromagnetic spectrum.

4. Conclusion

This study has revealed the influence of solvents on the extraction
yield and TPC of soil, sampled from a vegetable growing area. Ethanol
was established to be more efficient, with an extract yield of 34.52%
compare to diethyl ether (28.23%) and hexane (25.47%). In contrast to
extraction yield, ethanol which had the highest extract yield rather
recorded the least phenolic concentration of 2.04 � 0.05 mgGAE/g, with



N. Akomeng, S. Adusei Heliyon 7 (2021) e08388
diethyl ether producing 3.82 � 0.01 mgGAE/g of TPC and 5.50 � 0.02
mgGAE/g for hexane. A strong inverse correlation was established be-
tween the extraction yield and TPC of extracts. In general, extraction
using ethanol provides significantly better results, in terms of extraction
yield while extraction with hexane is suitable and preferred for total
phenolics quantification in soils. Finally, this study recommends future
research on identifying and quantifying the individual phenolic com-
pounds in the understudied soil sample.
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