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Abstract: The need to embrace a circular economy model for sustainable growth and development is
increasing due to the rise in human population and the dwindling natural resources available to meet
the demands for energy and food. In this study, anaerobic digestion of rice husk (RH) was carried out
under mesophilic conditions to produce biogas and digestates. Two particle sizes (300 and 600 µm)
and three dilution ratios (1:4, 1:6, and 1:8) were employed to determine the optimum conditions for
biogas production. The best anaerobic digesters (300 µm/1:6 and 600 µm/1:4) in each of the categories
produced a cumulative biogas of 3205 + 290 mL and 2310 + 320 mL, respectively. The digestates were
separated into solid and liquid fractions and characterized to evaluate their potential as biofertilizers
and nutrient sources for microalgae cultivation. The nitrogen and phosphorus contents of the solid
fractions (1.00 ± 0.01 and 0.97 ± 0.04) were significantly higher (p < 0.05) than the liquid fractions
whereas the liquid fractions had a higher potassium content than the solid fractions. The absence
of heavy metals in the digestates confirmed their safe application as biofertilizers. The pH values
of 4.70 and 5.50 reported in this study for liquid digestates are appropriate for the cultivation of
some strains of microalgae that thrive in an acidic medium. The ammonium nitrogen contents of
the liquid digestates (0.03% + 0.00% and 0.04% ± 0.00%) were moderate and not as high as some
values reported to inhibit the growth of some species of microalgae. However, the brownish color of
the liquid digestates could impair microalgae growth; thus, there is a need for dilution to increase
light penetration.

Keywords: anaerobic digestion; rice husk; liquid digestate; solid digestate; microalgae cultivation;
biofertilizer

1. Introduction

Nigeria, like many other developing countries in sub-Saharan Africa, is an agrar-
ian country and, as such, produces several hundred million tonnes of agricultural waste
annually [1]. Large quantities of such wastes accumulate every year, resulting not only
in the deterioration of the environment but also in the loss of potentially valuable ma-
terials, which can be processed to yield a number of value-added products [2]. The use
of agricultural wastes as raw materials is particularly convenient because it results in a
significant reduction in the amount of waste that ends up in landfills and reduces the
cost of production for biofuels and chemicals [3]. According to [4], agricultural wastes
can be categorized into three groups: those generated in the fields, those generated after
harvesting, and those generated during the processing of crops. Embedded in these wastes
are bioresources waiting to be explored to meet the ever-increasing need of modern society
for energy and chemicals from sustainable sources to mitigate problems associated with
the use of fossil fuels.

Processes 2022, 10, 1007. https://doi.org/10.3390/pr10051007 https://www.mdpi.com/journal/processes

https://doi.org/10.3390/pr10051007
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/processes
https://www.mdpi.com
https://orcid.org/0000-0001-5200-364X
https://orcid.org/0000-0001-7226-4302
https://doi.org/10.3390/pr10051007
https://www.mdpi.com/journal/processes
https://www.mdpi.com/article/10.3390/pr10051007?type=check_update&version=4


Processes 2022, 10, 1007 2 of 14

The aggressive drive of the Nigerian government to make the country self-sufficient
in rice production and the ambitious goal of exporting rice as a source of revenue have led
to a noticeable recent increase in rice cultivation [5]. This laudable effort of the government
has generated massive waste from rice processing, especially rice husks. In order not to
lose the gains of the rice revolution to the degradation of the environment through the
indiscriminate handling of waste, which can also lead to health problems, there is need to
adopt sustainable ways of converting these wastes to valuable products.

Valorization of RH via anaerobic digestion (AD) is a useful tool for addressing these
problems. The AD process generates biogas (which is a mixture of methane, carbon dioxide,
hydrogen sulfide, and some trace elements) and digestates (both liquid and solid (fiber))
from organic wastes in a sustainable manner that is both safe for the environment and
humans. AD technology also promotes the circular economy concept, which is a better
alternative to the conventional linear economy of a “take-make-dispose” industrial model
that is both unsustainable and environmentally unfriendly [6–8]. Fagerström et al. [9]
reported that the multifunctionality of AD, which includes treatment of wastes, reduction
in greenhouse gas emissions, the generation of heat and electricity, and the production
of biofertilizers (digestates), gives AD a clear-cut advantage over other renewable energy
processes, potentially playing a vital role in the future of the circular economy, which is
currently at its early stage.

Digestates, which are the by-products of AD systems, can be used as biofertilizers
and may serve as a source of additional income for local farmers. Horta and Carneiro [8]
successfully used solid digestate from biogas plant fed with pig slurry and cereal straw as a
nitrogen source for the cultivation of lettuce (Lactuna sativa L.) and kale (Brassica oleracea var.
Winterborn). In another study [10], a three-year application of digestate from agricultural
plants significantly increased the physico-chemical properties of the soil and the yield
of switchgrass in comparison with soil without fertilizer. Koszel et al. [11] observed
improvements in the soil quality and crop yields when liquid digestate from a biogas plant
was used in the cultivation of alfalfa and winter wheat. From the aforementioned, the
use of digestates as biofertilizers encourages sustainable agricultural practices, which can
significantly reduce the carbon footprint of the production and use of mineral fertilizers [12].
Digestates are projected to be an alternative to mineral fertilizers, which are expensive
and problematic for the environment. The use of mineral fertilizers has been reported to
negatively impact the environment through greenhouse gas emissions, contamination of
soil and water aquifers, eutrophication, etc. [13,14].

Biogas digestates are usually separated into liquid and solid fractions (fiber) through
various methods such as filtration, centrifugation, sedimentation, and pressing [15]. Diges-
tates are produced in large quantities because of the increasing acceptance of AD, and this
is expected to rise in the near future. Therefore, research efforts are ongoing to find other
applications for the digestates [16]. Some of the alternative applications of solid digestates
include being used as biochar or bioadsorbents to remove heavy metals from aqueous
solution, building materials, animal bedding, aquaculture to fertilize fish ponds, in biofuels,
and biopesticide production [17,18].

Liquid digestates also have some applications in addition to being used as biofertilizers,
including microalgae cultivation, struvite recovery, pretreatment of feedstocks for improved
biogas yields, a source of nutrient for soilless farming, ammonia stripping, etc. [19,20].
Most of these alternative applications are still in their infancy and, in most cases, have
yet to be effectively commercialized [21–23]. However, the most common application of
digestates is still as a biofertilizer or soil conditioner. Based on the aforementioned, there is
a need for more research evaluating the fertilizing potential and alternative applications of
digestates in terms of their physico-chemical properties. This is imperative because different
feedstocks are used in biogas plants and the composition and quality of these digestates
largely depend on the type of feedstock used in the AD process [23,24]. Nonetheless,
other factors affect the properties of digestates, namely retention time, pH, temperature,
pretreatment conditions, etc. [25].
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Microalgae cultivation has recently gained prominence because of the opportunities
it offers in terms of biofuels and bioproducts production, wastewater treatment, and
mitigation of CO2 emissions. However, the cost of nutrients for cultivating microalgae is a
major setback in the commercialization of the process for derivation of greater benefits [26].
One of the solutions being explored to overcome this challenge is the use of digestates
from the AD process as a sustainable nutrient source. Several studies have been conducted
using digestates from biogas plants run on different classes of substrates for microalgae
cultivation [27,28]. However, to the best of our knowledge, no study has been conducted on
the possibility of using liquid digestates from AD of RH for the cultivation of microalgae.
It is therefore important to have in-depth knowledge of the physico-chemical properties of
digestates to evaluate their suitableness as a nutrient source for microalgae cultivation and
proffer likely pretreatments that can improve their practical applications in this respect.

Hence, the objective of this study was to characterize the separated liquid and solid
fractions of digestates from AD of RH to evaluate their possible applications as biofertilizers
and/or as a nutrient source (liquid fractions) for microalgae cultivation for sustainable
management of digestates.

2. Materials and Methods
2.1. Sample Collection and Preparation

Rice husk was collected from Auchi, Etsako West Local Government Area, Edo State,
Nigeria. The sample was sun-dried, ground, and passed through 300 and 600 µm mesh
sieves. The samples were kept in airtight containers prior to physico-chemical analyses and
anaerobic digestion process. The seed inoculum was obtained from cow dung and kept in
an anaerobic environment for about four weeks.

2.2. Batch Anaerobic Digestion

Batch AD of rice husk (RH) was performed at substrate-to-water ratios of 1:4, 1:6, and
1:8, separately, to determine the optimum dilution ratios of the two particle sizes for a
retention time of twenty-one days. The substrates were charged into 1.5 L glass reactors and
tightly closed with rubber stoppers. The digesters were codenamed RH314, RH316, RH318,
RH614, RH616, and RH618 based on the particle size and substrate-to-water ratio. The
experiments were conducted at an average ambient temperature range of 29 ± 2 ◦C for a
retention time of 21 days. Biogas production was recorded by using the water displacement
method. All experiments were performed in duplicate. The digestates from the most
promising digesters based on biogas production were separated into solid and liquid
fractions by filtration. The digestates were characterized to determine their potential as a
biofertilizer and/or nutrient source for microalgae cultivation.

2.3. Analytical Methods

The following physico-chemical analyses were performed on the raw RH and cow
dung: inoculum moisture content, ash content, carbon, nitrogen, total solid (TS), and
volatile solid (VS) according to standard methods. The lignin, cellulose, and hemicellulose
contents of raw RH were analyzed following the method by [29]. The mineral composi-
tions of the digestates were determined using an atomic absorption spectrophotometer
(AAS) (Buck Scientific, Norwalk, CT, USA), while phosphorus content was determined by
colorimetric method [30]. Chemical oxygen demand was conducted on the liquid diges-
tates using the titrimetric method [31]. The pH values were determined by a digital pH
meter while electrical conductivity (EC) was determined by a handheld digital electrical
conductivity meter (HANNA Instruments, Woonsocket, RI, USA).

2.4. Statistical Analysis

Analysis of variance (ANOVA) using SPSS software v. 20 (IBM SPSS Statistics for Win-
dows, Armonk, NY, USA) was performed to compare confidence intervals and significance
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between treatments. The factors were considered significant when the probability (p value)
was less than 0.05.

3. Results and Discussion
3.1. Characterization of Feedstocks and Inoculum

Table 1 shows the physicochemical properties of the raw RH and inoculum used in the
experiment. The TS, VS, and VS/TS values were relatively high, which are advantageous
to AD. The TS was higher than the 79.64% reported for raw bagasse by [32], but lower than
the 94.56% reported for pawpaw stalk by [33], whereas the VS was similar to the 70.9%
reported for vegetable waste by [34]. The VS/TS ratio was comparable to the 0.85 reported
for food wastes by [35]. The C/N ratio is an important parameter of biogas production,
and the value reported in this study for RH was within the range (20:1–30:1) recommended
for the AD process [36]. Cellulose content (Figure 1) was the highest in the sample, with
55.53%, followed by hemicellulose with 27.54%, while lignin had the lowest value of 16.47%.
The cellulose content of RH reported in this study was higher than the 39.60% reported
for rice straw by [37]. The initial and final pH values (Figure 2) range from 4.8 to 6.6, with
an increase in pH at the end of AD, which was indicative of the substrates resistance to
decrease in pH.

Table 1. Physicochemical properties of raw rice husk.

Parameter (%) Rice Husk Inoculum

Moisture content 9.45 ± 0.03 82.56 ± 0.01
Ash content 17.78 ± 0.00 6.49 ± 0.02
Carbon 45.68 ± 0.00 51.95 ± 0.02
Nitrogen
* C/N
Total solids

1.60 ± 0.01
28.640 ± 0.18
90.56 ± 0.03

0.44 ± 0.02
116.76 ± 2.67
17.44 ± 0.01

Volatile solids
* VS/TS
Extractives

72.78 ± 0.03
0.80
13.72 ± 0.13

10.95 ± 0.03
0.63
ND

Lignin 16.47 ± 0.03 ND
Cellulose 55.53 ± 0.69 ND
Hemicellulose 27.54 ± 0.28 ND

* Parameter has no unit, ±standard deviation.
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3.2. Daily and Cumulative Biogas Production

All the digesters had a fast start-up, with biogas production commencing within the
first 24 h, except for digesters RH318 and RH618 which produced no gas and incidentally
both had the same dilution ratio. Samples in the 300 µm particle size category had an opti-
mum substrate-to-water ratio of 1:6 while 1:4 was the optimum for samples in the 600 µm
category. This confirmed that dilution ratios beyond 1:6 (for the 300 µm category) and 1:4
(for the 600 µm category) may not be desirable for the AD of RH under these experimental
conditions. The substrate-to-water ratio plays a significant role in the efficiency of the AD
process [38].

Generally, there was a sharp increase in biogas production in the first two days of the
AD process, followed by a gradual decline until there was no production. The availability
of substrates at the early stages of AD could be a factor, and as AD progressed, there was a
depletion in the amount of substrates on which the microorganisms could feed [39].

Figure 3 shows that digesters RH314 and RH616 attained their peak values on day 1,
whereas RH316, RH318, and RH614 reached their daily peak production on day 2. Digester



Processes 2022, 10, 1007 7 of 14

RH316 had the highest peak value of 1555 mL, followed by RH318 with 1510 mL, and
RH614 had the lowest peak value of 895 mL.
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The cumulative biogas production shown in Figure 4 revealed that all the samples
in the 300 µm particle size category produced more biogas in comparison than those in
the 600 µm particle size sample. Digester RH316 produced the overall highest volume
of 3205 ± 290 mL, followed by RH318 with 3190 ± 300 mL. The least production in this
category was achieved by RH314 with 2505 ± 250 mL, whereas RH614 and RH616 produced
2310 ± 320 and 2025 ± 290 mL, respectively. This could be a result of increased available
specific surface area, which made the substrates more easily accessible to microorganisms.
However, this is not always the case in every AD process.
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3.3. Technical Digestion Time T90

Technical digestion time T90 is the time taken to achieve the 90% production of biogas
during AD process. AD was carried out in the present study for 21 days, and T90 was
calculated. Digesters RH316, RH318, and RH616 had a T90 of 3 days while those of digesters
RH314 and RH614 were 4 and 5 days respectively. The conditions at which a shorter T90
was achieved should be adopted when AD of RH is carried out in a continuous system in
order to reduce the down time of a biogas plant and significantly increase profit.

3.4. Flame Test

All the healthy digesters tested positive for the flame test in the first two days of AD
process. This provided an indication of the high methane content in the samples because
methane is the only component with energy value in biogas [40].

3.5. Effect of AD on Lignin, Cellulose, and Hemicellulose

A comparison of the lignin, cellulose, and hemicellulose (LCH) contents of raw rice
husk and digestates is presented in Figure 1. The degradation rates of cellulose were
70.45% and 78.23% for RH3316 and RH614, respectively, which established that most of the
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biogas was produced from the degradation of cellulose by the anaerobic microorganisms.
The digestates had increased contents of both lignin and hemicellulose. An increase in
these components can be attributed to the degradation of cellulose [41]. Pognani et al. [42]
observed the same trend of significant increase in these macromolecules in the course of AD
of some organic wastes. The presence of these macromolecules in solid digestates improves
their quality as soil conditioners [25].

3.6. Characterization of Solid and Liquid Digestates

The physico-chemical properties of the separated digestates are presented in Table 2.
The pH values of the digestates were in the acidic range (4.70–6.40), which encourages their
usage in soils that are excessively alkaline in nature. The nitrogen contents were in the
range of 0.05–1.00% for both solid and liquid digestates. The solid digestates had a higher
nitrogen content than the liquid fractions. The nitrogen contents of the solid fractions
were higher than the 0.45% reported for solid digestate from an agricultural biogas plant
by [7]. The same trend was observed in the phosphorus contents of the digestates; the
solid digestates had higher (p < 0.05) values than the liquid digestates. This observation
is in agreement with the findings of [43] on phosphorus distribution in untreated and
mechanically separated digestates. Logan and Visvanathan [44] found 55% to 65% of
the total phosphorus in the solid fraction of the digestates after separation, while the
remaining 35% to 45% was found in the liquid digestates. The phosphorus values of the
solid digestates were higher than 0.11% (1.10 g/kg) reported for Virginia fanpetals digestate
(DVF) by [24] and the 0.26% reported for Napier grass digestate by [45]. The value of RH614
(solid) is similar to 0.84% (8.4 g/kg) reported for whey-permeate codigested with manure
reported by [46].

Table 2. Physicochemical properties of liquid and solid digestates.

Parameter (%) RH316 (Solid) RH614 (Solid) RH316 (Liquid) RH614 (Liquid)

pH 6.30 6.40 4.70 5.50
TDS (ppm) ND ND 2180 3080
EC (µS/cm)
NH4-N

ND
ND

ND
ND

20,552
0.03 ± 0.00

24,702
0.04 ± 0.00

COD (mg/L) ND ND 784.00 522.00
Carbon
Nitrogen
* C/N
Potassium

44.16 ± 0.03
1.00 ± 0.01
44.16 ± 0.03
0.08 ± 0.00

43.25 ± 0.05
0.97 ± 0.04
44.59 ± 0.05
0.09 ± 0.00

ND
0.05 ± 0.00
ND
0.69 ± 0.01

ND
0.05 ± 0.00
ND
0.81 ± 0.02

Phosphorus
N:P
C:P
Calcium

0.68 ± 0.00
1.47 ± 0.00
13.72 ± 0.13
0.055 ± 0.00

0.80 ± 0.00
1.25 ± 0.00
54.06 ± 0.00
0.06 ± 0.00

0.03 ± 0.00
1.67 ± 0.00
ND
0.21 ± 0.00

0.06 ± 0.00
0.83 ± 0.00
ND
0.23 ± 0.01

Sodium 0.42 ± 0.00 0.19 ± 0.01 4.33 ± 0.04 1.81 ± 0.03
Magnesium 0.15 ± 0.00 0.21 ± 0.09 0.75 ± 0.00 0.78 ± 0.01
Manganese
Iron
Chromium
Cadmium
Lead
Nickel

0.008 ± 0.00
0.45 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00

0.009 ± 0.00
0.56 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00

0.001 ± 0.00
0.01 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00

0.002 ± 0.00
0.01 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00
0.00 ± 0.00

* Parameter has no unit, ±standard deviation.

The potassium values of the samples ranged from 0.08% to 0.81%, with the liquid
digestate fractions having higher (p < 0.05) values than the solid fractions, in agreement
with the report by [36]. The N:P ratio of the samples ranged from 0.83% to 1.67%, which
is below the 5–30 range reported by [47] for some strains of microalgae; yet, the N:P ratio
of 1.67 ± 0.00 for RH316 (liquid) is similar to the 1.71 reported by [48] for the cultivation
of Haematococcus species of microalgae. The values for NH4-N concentration for the
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liquid digestates were 0.03% and 0.04% (at 300 and 400 mg/L, respectively). These values
were higher than the 0.006% (0.06 g/kg) reported by [49] for liquid digestate from swine
manure, but lower than the 0.32% (3.2 g/L) of filtered liquid digestate from the organic
fraction of municipal solid waste (OFMSW) used in the cultivation of five species of
microalgae [50]. The liquid digestate in the aforementioned study was diluted due to
having a high concentration of NH4-N to enhance microalgae growth. It was reported that
a high concentration of NH4-N could inhibit the growth of microalgae [27].

The calcium contents of the samples ranged from 0.06 to 0.23%, which is lower than
the 2.96% reported for the digestate from the codigestion of cattle slurry, maize silage, and
haylage by [51]. The sodium concentration ranged from 0.19% to 4.33%, with RH316 (liquid)
having the highest value and RH614 (solid) having the least value. All the values were,
however, higher than the 0.12% (1200 mg/L) reported for the liquid digestate obtained
from the AD of food wastes from households and industry by [52]. The magnesium
concentration was higher in the liquid fraction than in the solid digestates. The values
(0.75% and 0.78%, respectively) for RH316 and RH614 (liquid) were higher than the 0.62%
recorded for the digestate from a biogas plant run on pig slurry and maize silage [53].
The values for manganese and iron ranged from 0.001% to 0.009% and 0.01% to 0.56%,
respectively. The solid fractions had higher values for these micronutrients than the liquid
fractions. The values for RH316 and RH614 were higher than the 0.003% reported for
digestate from Carica papaya fruit peels by [54]. Their iron contents were equally higher
than the 0.20% reported by the same author for digestate from Tithonia diversifolia shoot.

A negative correlation was reported between the lignin content of digestates and
nitrogen release: the higher the lignin content, the lower the nitrogen release [55]. According
to the aforementioned, RH316 is a better nitrogen-releasing digestate than RH614. Nitrogen
and phosphorus contents in the solid digestates were significantly (p < 0.05) (Table S4
Supplementary Material) higher than in liquid digestates; on the other hand, the potassium,
calcium, magnesium, and sodium contents of the liquid digestates were significantly
(p < 0.05) higher than those of the solid digestates. Liquid biofertilizers are preferred by
farmers to solid ones due to ease of handling and the possibility of mixing them with
herbicides [56].

The COD concentrations of the liquid digestates are shown in Table 2, with RH316
having a higher value of 784 mg/L and that of RH614 being 522 mg/L. The value for RH614
was lower than the 672.65% reported for rubber processing effluent digestate used as a soil
conditioner by [57]. The COD concentration of RH316 (liquid) was similar to the 720 mg/L
reported for 50% diluted distilled liquid digestates obtained from an agricultural biogas
plant, operated with maize silage and distillery stillage, which was found not to inhibit the
growth of two algal strains, Chlorella vulgaris and Arthrospira platensis, cultivated in it [58].

The EC of the liquid digestates were 20,552 and 24,702 µS/cm (20.55 and 24.70 mS/cm,
respectively) for RH316 and RH614 respectively. The values are much higher than
3000 µS/cm (3 dS/m) recommended as the threshold value for the prevention of soil
salinity [8]. Additionally, the values were outside the acceptable range (750–3000 µS/cm)
for liquid digestates as irrigation water [47]. Jamison et al. [59] suggested that digestates
high in electrical conductivity should be used in combination with other fertilizers to
improve their suitability for plant cultivation. The pH values of the liquid fractions were
4.70 and 5.50, which are outside the reported optimal range of 6.8–7.4 for microalgae culti-
vation [35]. However, the Parachlorella species of microalgae was successfully cultivated
in an acidic liquid digestate [27]. This shows that some strains of microalgae can thrive at
the pH values recorded in this study. Digestates for microalgae cultivation can therefore
be tailor-made based on appropriate pretreatments to meet the nutrient requirements of a
specific strain of microalgae to ensure optimum yield. As pointed out by [48], to obtain
an appropriate cultivation medium, it is important to consider the species of microalgae
to be cultivated and the properties of the digestates. Figure 5 shows the pelletized diges-
tates (biofertilizers) and liquid digestates produced in this study. The liquid digestates
were brownish in color and, as such, will need to be diluted to increase light penetration
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which is one of the conditions for effective microalgae cultivation [48,58]. Zuliani et al. [26]
reported significant growth rates in three strains of microalgae (C. vulgaris, C. sorokiniana,
and Scenedesmus) when the digestate was diluted 30 times. Nevertheless, digestates should
be diluted with caution to avoid the loss of nutrients which could be detrimental to the
growth of microalgae [26,27].
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3.7. Heavy Metal Loads in Digestates

The standards for the limits of heavy metals in digestates adopted by some European
countries are shown in Table 3. A comparison of the results obtained in this study of heavy
metal contents with these standards revealed that both solid and liquid digestates are safe
for application as biofertilizers or soil conditioners.

Table 3. Biofertilizer standards from some European countries.

Heavy Metal
U.K.
PAS 110:2010
(mg/kg DM)

Sweden
SPCR 120
(mg/kg DM)

France
NFU 44-051
(mg/kg DM)

Ireland
(mg/kg DM)

Cd 1.5 1 3 1.5
Cr 100 100 120 100
Cu 200 600 300 300
Hg 1 1 2 1
Ni 50 50 60 50
Pb 200 100 180 150

Sources: [60,61].

4. Conclusions

In this study, we characterized solid and liquid digestates from the AD of RH under
mesophilic conditions. The most promising digesters from the two categories were RH314
and RH61. Digester RH314 produced 3205 ± 290 mL of biogas which was significantly
higher (p < 0.05) than the 2310 ± 320 mL produced by RH618. The characterization of
solid and liquid digestates from the AD process revealed that the solid fractions have
better fertilizing potential than the liquid fractions in terms of nitrogen and phosphorus
contents. The nitrogen contents of RH314 (solid) and RH618 (solid) were 1.00% ± 0.01%
and 0.97% ± 0.04%, respectively, which were significantly higher (p < 0.05) than the
0.05% ± 0.00% recorded for the liquid digestates. The phosphorus values for RH314 (solid)
and RH618 (solid) were 0.68% ± 0.00% and 0.80% + 0.00%, respectively which were equally
higher than the values obtained for the liquid digestates. The heavy metal contents of
the digestates revealed that they are environmentally benign and do not pose any threat
to the environment. The findings further revealed the microalgae cultivation capability
of the liquid digestates. The results showed that the liquid digestates can be used for
the cultivation of some strains of microalgae but they might not be suitable for others.
Therefore, some pretreatments may be necessary to improve their qualities as profitable
media for microalgae cultivation.
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