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Background: The combination of nutrient removal using microalgae from wastewater with carbohydrate produc-
tion has been considered as a promising approach for sustainable wastewater treatment and production of valuable
products such as biofuels. In Ethiopia, urbanization and industrial development are not in tandem with wastewater
treatment system The objective of this study was to evaluate nutrient removal and carbohydrate production potential
of the indigenous microalgae Scenedesmus sp. grown in anaerobically digested brewery wastewater. The indigenous
Scenedesmus sp. was grown in an anaerobically digested brewery effluent in different seasons of the year. The biomass
was converted into carbohydrate using microwave, autoclave, and oven as pretreatment, followed by optimization for

Result: The overall removal efficiencies for the indigenous Scenedesmus sp. based wastewater treatment system
were over 99%, 92%, 63%, 65% and 75% for NH4+—N,TN, PO43* -P, TP and COD, respectively. The concentrations of final
effluent quality of these parameters except for phosphorus nutrient were below the permissible discharge limit for
brewery effluent standard set by Ethiopian Environmental Protection Authority. With regard to carbohydrate produc-
tion, microwave-assisted acid hydrolysis with HCl produced a higher total sugar than that of autoclave and oven
pretreatments. Among acid concentrations, HCl with 3 N produced a higher total sugar, which is significantly differ-
ent (P <0.05) to the other acid concentrations. The highest total sugar (233.89 mg g~ ') was obtained from microalgal
biomass during the 20 min hydrolysis time with 3 N HCl and 5% (w/v) biomass at 1000 watts and 120°C.

Conclusions: This study showed that there is an opportunity for using the indigenous microalgae for sustainable
wastewater treatment and for carbohydrate production that uses as bioethanol source in Ethiopia.
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Background

Brewery industry is one of the agro-industries that con-
sume more water and produce a huge amount of waste-
water. Brewery wastewater is characterized by high
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content of organic matter such as chemical oxygen
demand (COD) and biological oxygen demand (Akunna
et al. 2015). Anaerobic digestion has widely been used
for the treatment of this wastewater (Baloch et al. 2007;
Alvarado-Lassman et al. 2008). The removal efficiencies
of anaerobic digestion are generally about 80% to 90%
COD (Akunna et al. 2015). However, the effluent gener-
ated from anaerobic digestion contains a relatively high
amount of nutrients like ammonium and phosphorus
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with low content of chemical oxygen demand (Cai et al.
2013; Delrue et al. 2016). This indicates that further
nutrient removal using nitrification and denitrification
process is very difficult because of the low concentra-
tion of COD and the needs for an external carbon source
(Wang et al. 2015).

In Ethiopia, most brewery industries have been using
anaerobic digestion for their wastewater treatment.
After anaerobic digestion, some of these industries use
mechanical aeration for nitrogen removal and chemical
precipitation for phosphorus removals while the others
directly discharge into the river water. However, both
these approaches are unsustainable because the former
generally requires high cost, consumes high energy, pro-
duces a huge amount of sludge and generates second-
ary pollutants (Hoffmann 1998; Ruiz-marin et al. 2010;
Chaudhary et al. 2017). The latter contributes to the dete-
rioration of receiving water bodies. However, the use of
microalgae based treatment for effluent after anaerobic
digestion can eliminate the high cost of energy-intensive
mechanical aeration to provide oxygen for aerobic treat-
ment process as well as convert nitrogen and phosphorus
nutrients into useful biomass (Hu et al. 2019). Therefore,
microalgae based wastewater treatment can remove
nutrients in a less expensive, more efficient and safe way
compare to the conventional approaches (Hoffmann
1998; Ding et al. 2015).

The use of microalgae-based treatment wat not a
new idea but has been studied since the 1950s and has
received much attention in recent decades (Rawat et al.
2011). Microalgae are photosynthetic microorganisms
that use energy from the sun to grow, consuming inor-
ganic nutrients and CO, (Ruiz-martinez et al. 2012),
and are suggested as an alternative to the conventional
wastewater treatment (Martinez et al. 2000). The use
of microalgae-based wastewater treatment potentially
has advantages of low operational cost, simultaneously
remove nitrogen and phosphorus, dont require chemi-
cals addition, discharge oxygenated effluent in to receiv-
ing water bodies, capture CO,, and produce biomass
(Arbib and Garrido-pe 2013; Mennaa et al. 2015). Recent
studies have reported that the microalgal species such as
Chlorella (Kwon et al. 2020; Yu et al. 2019) and Scenedes-
mus (Nagi et al. 2020; Tripathi et al. 2019) used to remove
nutrients (nitrogen and phosphorus) and organic mat-
ter (like COD) from raw wastewater and anaerobically
digested effluent.

Different studies have been conducted previously on
the utilization of microalgae for nutrient removal from
anaerobically digested brewery effluent. The removal
of 96% TN and 91% TP from brewery AD effluent
using Chlorella protothecoides was reported by Darpito
et al. (2014) with the maximum of 1.88 g L™! biomass
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production. Ferreira et al. (2017) also reported that the
cultivation of Scenedesmus obliquus in brewery effluent
removed a maximum of 89% total nitrogen and 40.2%
phosphate with 0.94 g L™ of biomass production and
20-26% of total sugar yield. Therefore, there is a possi-
bility to use the indigenous microalgae such as Scened-
esmus sp. for AD brewery effluent treatment in Ethiopia.
Scenedesmus sp. is most widely studied microalga genera
for wastewater treatments because of its high efficiency
of nutrient removal (Dickinson et al. 2013). The effi-
ciency of Scenedesmus sp. in nutrient removal from dif-
ferent wastewater types (i.e., municipal, agricultural, and
industrial wastewater) has been reported in several pre-
vious studies. For example, Xin et al. (2010) and Mcginn
et al. (2012) cultivated Scenedesmus sp. in domestic
and municipal effluents in batch mode, reporting that
98% TN and 96% TP, and 90% TN and TP, respectively.
Recently, Tripathi et al. (2019) reported a complete
removal of nitrogen and phosphorus from municipal sec-
ondary effluent using Scenedesmus sp.

Beside nutrient removal, Scenedesmus sp. produce
useful biomass in wastewater, which can be used as a
potential source for proteins, carbohydrates, pigments
and lipids (Ruiz-martinez et al. 2012; Ding et al. 2015).
Scenedesmus sp. is a well-known microalga that has able
to accumulate carbohydrates (or starch) in its cells and
cell walls (Sivaramakrishnan and Incharoensakdi 2018).
The carbohydrate present in Scenedesmus sp. was a valu-
able source for bioethanol production (Mata et al. 2010;
Miranda et al. 2012; Sivaramakrishnan and Incharoen-
sakdi 2018). However, pretreatment is needed to extract
carbohydrates from microalgal biomass before pro-
cessing into bioethanol. The use of pretreatment is to
breakdown the cell walls of the microalgal biomass and
then releases fermentable sugar for bioethanol produc-
tion (Phwan et al. 2019). Several pretreatments were
employed to release carbohydrate from microalgal bio-
mass. For example, microwave and autoclave (Herndandez
et al. 2015), oven heating (Harun et al. 2011), and auto-
clave (Miranda et al. 2012) are used to disrupt and to
hydrolyze microalgae biomass into monosaccharides. In
addition, chemical lysis using acid and alkaline reagents
also employed to hydrolyze microalgae biomass (Harun
et al. 2011; Miranda et al. 2012). The efficiencies of each
pretreatment depend on the characteristics of microal-
gae, such as cell wall composition and biomolecule pro-
duction potential (Costa et al. 2020). Therefore, suitable
pretreatment methods should be chosen to maximize the
carbohydrate extraction from microalgal biomass, which
subsequently uses as substrate for bioethanol production.

The coupling of wastewater treatment with biomass
production offers a solution for wastewater manage-
ment issues as well as for the demand of sustainable
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biofuel feedstocks (Sturm and Lamer 2011). Most studies
were focused on the combination of AD brewery eftlu-
ent treatment using Chlorella sp. with lipid extraction
(Farooq et al. 2013; Darpito et al. 2014). However, very
few studies were conducted to evaluate the combination
of microalgal based treatment of AD brewery effluent
with carbohydrate production from microalgal biomass.
Furthermore, there is lack of concrete and reliable data
on the utilization of indigenous microalgae for waste-
water treatment with biomass production in Ethiopia.
Therefore, this study was conducted to evaluate the per-
formance of indigenous Scenedesmus sp. for treatment
of AD brewery effluent in different seasons of the year.
Moreover, the biomass obtained after AD brewery efflu-
ent treatment was converted into carbohydrate using
different pretreatment methods such as microwave, auto-
clave, and oven heating to evaluate the maximum pos-
sibility of carbohydrate/sugar/ production. Additionally,
this study was conducted to evaluate the effects of acid
concentrations and hydrolysis times on carbohydrate
production from microalgal biomass.

Methods and materials

Microalgae

The indigenous microalga used in this study was Scened-
esmus sp. which was isolated from water sample of Lake
Ziway in Ethiopia. The isolation and characterization was
done using a Basel Bold Medium (BBM) (Nichols and
Bold 1965), which contained (per liter) 175 mg KH,PO,,
25 mg CaCl,-2H,0, 75 mg MgSO,-7H,0, 250 mg NaNO;,
75 mg K,HPO,, 25 mg NaCl, and 11.42 mg H;BO;, 1 mL
of microelement Stock solution (which consist of: 8.82 g
ZnSO,7H,0, 1.44 g¢ MnCl,-4H,0, 0.71 g MoO,, 1.57 g,
CuSO,-5H,0 and 0.49 g Co(NO,),-6H,0, per liter), 1 mL
of Solution-1 (which consist of: 50 g Na,EDTA and 3.1 g
KOH, per liter), and 1 mL of Solution-2 (which consist
of: 4.98 g FeSO, and 1 mL concentrated H,SO,, per liter),
and final pH of 6.8. The isolation process was done by
combining capillary pipetting and agar plating methods
with a serial dilution following procedures as described
in Andersen and Kawachi (2005). It was performed by
repeated capillary pipetting, sub-culturing, agar plating
and serial dilution. The isolated indigenous microalgae
were identified as Scenedesmus sp. by observing the mor-
phological characteristics through a light microscope,
and according to the key of identification described in
Bellinger and Sigee (2010), Shubert and Gértner (2015).
The inoculum of the isolated Scenedesmus sp. was also
prepared using BBM in 1 L conical flasks under condi-
tions of 5.5 K lux light intensity and 12:12 light/dark cycle
at room temperature.
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Brewery wastewater effluent

The Anaerobically digested (AD) effluent used in this
study was taken from St. George Brewery industry found
in Addis Ababa City. The AD brewery effluent was col-
lected after UASB reactor using clean and VU-light steri-
lized plastic containers. The samples of the wastewater
were taken in months of December, March, June and
October 2018/2019, presenting Winter, Spring, Sum-
mer and Autumn seasons of the year, respectively. The
samples were immediately transported to the laboratory
and filtered using Whatman No. one filter paper. The
AD brewery effluent was characterized for organic con-
tent (COD) and nutrient contents (TN, NH,"-N, TP and
PO -P).

Experimental conditions

The experiments of this study were performed in batch
mode by using a 2 L conical flask as photobioreactors
(Oliveira et al. 2017) in each season of the year. The iso-
lated microalgae, Scenedesmus sp. was cultured in trip-
licate in an unsterilized AD brewery effluent by adding
10% of inoculums (Ansari et al. 2017a) an exponential
phase in flasks with total working volume of 1.6 L. The
flasks were illuminated from the top by using six fluo-
rescent lamps (18 W each, PHILIPS) with a maximum
surface light illumination of 5.5 Klux (Li et al. 2014) and
photoperiod of 12:12 light/dark cycle at room tempera-
ture (18-24 °C). The photoperiod was kept using a Time
switcher. The flasks were aerated using an aerator to pro-
vide CO, and for mixing the culture. The treatment was
done for the period of 18 days in all seasons. At the end
of the experiment, the biomass were harvested using a
centrifuge and washed with distilled water, and dried
using an oven at 60 °C. The dried microalgal biomass pul-
verized and stored at 4 °C until carbohydrate /total sugar/
content analysis.

Hydrolysis of microalgae biomass

The hydrolysis of microalgae biomass were carried out
using acid and alkali hydrolytic agents in a microwave
(Milestone SK-10 and SK-12, Italy), autoclave (Model, DIX-
ONS and ST3028) and oven (Model, GX65B) as pretreat-
ments. 0.5 g dried and pulverized microalgae biomass was
used for carbohydrate extraction. The carbohydrate was
extracted by the acids HCI and H,SO,, and alkalis NaOH
and KOH with the concentration of 3 N, which was chosen
according to Miranda et al. (2012). The extraction of car-
bohydrate using H,O used as control. In microwave, 0.5 g
of microalgal biomass was mixed with 10 mL of H,O, HCI,
H,SO,, NaOH and KOH in Teflon vessel sealed with a Tef-
lon cap and subjected to microwave pretreatment at 120 °C
and 1000 W for 15 min as modified from Boonmanumsin
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et al. (2012). In autoclave and oven pretreatment, 0.5 g of
microalgal biomass was mixed with 10 mL of H,O, HC],
H,SO,, NaOH and KOH in a closed test tube and heated
at 120 °C for 30 min as modified from Miranda et al. (2012)
and Harun et al. (2011), respectively.

Optimization of acid concentration and extraction time

After selection of best pretreatment (i.e., microwave) and
hydrolytic agent (i.e., HCI) for carbohydrate extraction, the
effects of acid concentrations and extraction times were
optimized and evaluated. 0.5 g of microalgal biomass was
mixed with 10 mL of different HCI concentrations (i.e., 0.1,
0.5, 1, 2, 3,4, 5 and 6 N) in sealed digestion Teflon vessel
and subject to microwave pretreatment at 1000 watts and
120 °C for 15 min. Similarly, 0.5 g of microalgal biomass
was suspended in 10 mL of HCI concentration (best result
of the above) and also subjected to microwave pretreat-
ment at 1000 watts and 120°C for different extraction times
(ie., 5,10, 15, 20, 25 and 30 min). Finally, in each pretreat-
ment, the samples were cooled to room temperature and
the supernatant which containing the released carbohy-
drate /total sugars/ was separated by centrifugation.

Analytical methods

Biomass production and productivity

The growth of the indigenous Scenedesmus sp. was moni-
tored by measuring the optical density at 680 nm (ODgg)
(Lee et al. 2013) using a JENWAY spectrophotometer
(model 6705). The biomass concentration as the dry weight
was determined according to the standard method for the
total suspended solids (APHA 1999). A 5 mL of microalgae
suspension was used for the measurement of dry weight
by vacuum filtration using pre-heated and weighted glass
microfiber filter (Whatman G/FC,). Then, the filters con-
taining microalgae biomass were dried overnight at 105°C
in an oven and cooled in a desiccator, and the dry weight
was measured. The calibration curve was established
between dry cell weight and optical density by preparing
and measuring five serial dilutions from algal suspension as
stock. Equation (1) was obtained from the calibration curve
between dry weight and optical density at 680 nm.

DW (gL™1) = 0.95 %« ODggo — 0.037 R? =0.9916

(1)

The biomass productivity during the cultivation period,

Py (mg L™ d7?), was calculated by using the Eq. (2) (Zhu
et al. 2013).

X — Xo

P
P T

2)

where X, (mg LY is the initial biomass concentration at
t, (day, d) and X, (mg L) is the biomass concentration at
t (day, d).
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COD and nutrient analysis

The concentrations of nutrients and COD were deter-
mined by taking a sample every 2 days from the micro-
algae culture after filtration using a 0.45 pm syringe
filter. The concentration of COD and TN was measured
using the COD Digestion Reagent (HACH) and the Total
Nitrogen Reagent Set (HACH) according to HACH pro-
cedure (HACH 2002), respectively. The measurement of
COD and TN was performed using a HACH spectropho-
tometer (HACH, Loveland, USA). The concentrations of
NH,"-N and PO,*>"-P were estimated using the Phenate
method and Ascorbic acid method as provided in APHP
(1999), respectively. The concentration of TP was deter-
mined after persulfate digestion using an Ascorbic acid
method, as stated in APHP (1999). The NH,"-N, PO~
-P and TP concentrations were measured using a JEN-
WAY spectrophotometer (model 6705). The pH of the
wastewater and the culture was measured using HACK
pH meter (HACK®, HQ440d, Loveland, USA). The
removal efficiencies of COD and Nutrients were calcu-
lated by using the Eq. (3) (Renuka et al. 2013):

_G-C
0

R x 100 (3)
where C;, and C is the concentration of AD brewery efflu-
ent before and after microalgae treatment, respectively.

Total carbohydrate determination

The total carbohydrate (total sugar) of microalgae bio-
mass was determined using a phenol-sulfuric acid
method (Dubois et al. 1956) using the standard curve
with glucose. The supernatant obtained after pretreat-
ment was neutralized by adding sodium carbonate
(Nay,CO;) until the effervescence ceased (Kassim and
Bhattacharya 2016). The supernatant solution was then
diluted to 50 mL with distilled water. Afterward 2 mL
was taken using 25 mL of test tube and 1 mL of 5% phe-
nol solution and 5 mL of 98% sulfuric acid was added to
it. Then, the test tube was vortexed and kept in the 30 °C
water bath for 30 min. Finally, the absorbance was read at
490 nm and the total sugar was determined based on the
standard curve. The measurement of carbohydrate /total
sugar/ was done using the JENWAY spectrophotometer
(model: 6705).

Data analysis

All experiments were carried out in triplicate and the
results were presented in Table and Figure as mean val-
ues and standard deviation (SD). The figures were made
using Excel 2013 and the statistical analyses were per-
formed using R-software. The comparisons of mean
values of different treatments were conducted using one-
way analysis of variance (ANOVA) followed by post hoc
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Tukey’s honesty significant differences. The differences
were significant at P <0.05.

Result and discussion

Characterization of AD Brewery effluent

The AD brewery effluent was collected in Decem-
ber, March, June, and October for the representation
of the four seasons namely Winter, Spring, Summer,
and Autumn, respectively. The AD brewery effluent
used in this study was characterized for COD, NH,-N,
TN, PO,>"-P and TP to know their concentrations.
Table 1 shows characteristics of the AD brewery efflu-
ent used during the experiments in each season with a
permissible discharge limit for brewery effluent stand-
ard recommended by the Ethiopian environmental
protection authority (EEPA). The maximum concen-
trations of COD, NH,"-N, TN, PO,*>" and TP obtained
were 439.3+6.11, 45.7+£1.61, 57.7+0.58, 41.38+1.0,
53.5+1.95 mg L’lv respectively, which were all recorded
in a March whereas the minimum concentrations
recorded were 370.34+6.11 mg L' COD in December,
41.341.52 mg L™! NH,"-N in December, 44.3 +1.00 mg
L' TN in June, 35.341.03 mg L™! PO,*~ -P in June and
47.2+1.64 mg L™' TP in October. Farooq et al. (2013)
and Darpito et al. (2014) reported anaerobically digested
brewery effluent had concentrations of 100-275 mg L™
COD, 50-75 mg L™ TN, and 10-55 mg L™ TP, which
were comparable with the findings in this study for TN
and TP but not for COD. Results in this study showed
that the concentrations of COD, nitrogen and phospho-
rus nutrients exceeded the permissible discharge limit of
brewery effluent standard recommended by EEPA (2003).
It was clear that the brewery effluent obtained after the
UASB reactor needs further treatment before discharging
into the receiving water bodies. Hence, the use of indig-
enous microalgae for nutrient removal is an alternative
option for the treatment of AD brewery effluent. Micro-
algae growth and removal of nutrients in wastewater
are affected by nitrogen to phosphorus ratio (Cai et al.,
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2013). N/P ratios in AD brewery effluent of this study
ranged from 1:0.89 in June to 1:1.21 in March, which sug-
gested that the AD brewery effluent was with nitrogen
deficiency. However, McGinn et al., (2011) reported that
the concentration of 40 mg L™! ammonia nitrogen and of
1-10 mg L™! phosphates were adequate to support most
of the freshwater algae strain. Therefore, the nutrient
concentrations presented in brewery AD effluent were
enough to support the growth of microalgae.

Biomass production

The utilization of nutrients by microalgae enhanced their
growth and reduced the nutrient content in the waste-
water. As a result, it supports the purpose of wastewater
treatment and biomass production (Yang et al. 2016).
The cultivations of indigenous Scenedesmus sp. on brew-
ery effluent in this study conducted in four seasons of
the year to evaluate biomass production and nutrient
removal. Figure la, b shows the biomass production
and productivity obtained after 18 days of treatment
at different seasons of the year. The maximum biomass
production was obtained on the 17th day in March and
October, and on the 18th day in December and June.
The results were 1.10+0.004, 1.21+0.003, 0.991 £+0.001
and 0.978 £0.004 g L™! in December, March, June and
October, respectively. The maximum biomass produc-
tivities achieved were found to be 65.384+0.31 mg L™
d™! in December on day 10, 76.40+0.35 mg L' d! in
March on day 10, 58.65+1.08 mg L™* d™! in June on
day 13 and 61.9740.13 mg L™* d™! in October on day
12. The maximum biomass production and productivity
obtained in March were significantly different (P <0.05)
compared with the other three months in Ethiopia. This
attribution may be due to the March month in Ethiopia
has relatively warmer temperature compared to the other
three months. Therefore, the growth of microalgae influ-
enced by room temperature of each season of this study.
This indicates that biomass production from indigenous
Scenedesmus sp. varied within seasons of this study due

Table 1 Characteristic of Brewery AD effluent. The value indicates means +SD (n=3)

Parameter Unit Month of different Seasons Discharge limit
(EEPA 2003)

December March June October

pH - 7.7+£0.04 7454£0.03 725£0.01 7.50£0.04 -

CoD mg L™ 37034611 4393+6.11 389+36 399.7+£5.68 250

NH4+7N mg L 413+£152 457+£1.61 350£091 441+£15 20

N mg L 56.7+0.58 57.7+0.58 4434£1.00 57.0+1.00 40

PO, P mg L™’ 38.1£039 4138+141 353+£1.03 365£15 -

TP mg L 49.36+0.46 5354195 49.94+0.97 472+£1.64 5

N/P ratio 1:1.45 1:1.08 1:0.89 1:1.21
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Fig. 1 Biomass production as dry weight (a) and productivity (b) of Scenedesmus sp. grown on AD brewery effluent in different months. The means
and standard errors of the three replicates are indicated. (P < 0.05 for different letters)

to room temperature variation. The biomass productions
obtained in this study were comparable to the finding of
Ferreira et al. (2017), who found a maximum of 0.94 g
L~! using Scenedesmus obliquus in a brewery effluent.
But they reported higher biomass productivity (217 mg
L' d7!) than that obtained in this study. The biomass
production and productivity achieved in this study were
lower than those obtained by Farooq et al. (2013), who
found 3.22 g L™! and 226.6 mg L™! d™! using Chlorella
vulgaris in brewery effluent, respectively. Furthermore,
Darpito et al. (2014) reported the biomass production
of 1.88 g L™! and productivity of 290 mg L™! d™! using
Chlorella protothecoides in a brewery effluent, which
was higher than this study. The variation observed in
biomass production and productivity among different
studies might be due to difference in microalgae type,
cultivation period and cultivation conditions (including
initial algal inoculum concentration, working volume,
light/dark cycle, temperature, pH and CO, concentration
(Yang et al. 2016). In general, the findings of this study
are shown a promising result to combine AD brewery
effluent treatment with biomass production for biofuel
feedstocks in Ethiopia.

Nutrient and COD removal by Scenedesmus sp.

Nitrogen removal

Nitrogen is essential for microalgae growth as it con-
tributes to the formation of proteins that are composed
of amino acid chains linked by peptide bonds. Micro-
algae contain 5-10% nitrogen (Lee and Lee 2001; Mata
et al. 2012) and are able to assimilate nitrogen nutrients
in the form of NH," N, NO; -N, NO, -N and urea.

But NH,"-N is the preferred nitrogen source (Delga-
dillo-Mirquez et al. 2016). The reductions of NH,"-N
concentrations with its removal efficiencies with time in
each season during the 18 days batch treatment depicts
in Fig. 2a, b. The NH, "N concentrations in all seasons
shown a remarkable decrease in the first 10 days of treat-
ment, later on, the reductions were slowed down and
stable until the end of the experiments. The final concen-
trations of NH,"-N reached below 0.1 mg L™" in all sea-
sons of treatment. The removal efficiencies of NH,"-N
were gradually increased and reached around 90% from
day 10 until the end of the experiments in all seasons.
Finally, the removal efficiencies of NH,"—N by Scenedes-
mus sp. were found to around 99% in all seasons of treat-
ment. However, over 50% of NH,"—N removals achieved
by indigenous Scenedesmus sp. within the first six days of
cultivation in all seasons, which met the permissible dis-
charge limit recommended by EEPA (2003). The removal
efficiencies of NH,"-N obtained by Scenedesmus sp. was
better compared to those in other studies. For instance,
Ferreira et al. (2017) studied the NH,"—N removal effi-
ciencies of Scenedesmus obliquus in brewery effluent
and reported the highest removal of 91%. Ansari et al.
(2017b) reported a maximum removal of 88.7% NH,"-N
by Scenedesmus obliquus grown in aquaculture wastewa-
ter. The differences in NH,"-N removal might be due to
microalgae assimilation was not the sole mechanism, but
NH,*-N striping at high pH (Li et al. 2011) may contrib-
ute to the removal of NH,"~N. The pH reached over 9
in this study during indigenous microalgae cultivation.
Therefore, this might have contributed to higher removal
efficiency.
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Figure 3a, b shows the variation of TN concentrations
with its removal efficiencies during the experimental
period in all seasons. The TN concentrations gradu-
ally decreased along with increasing removal efficien-
cies over time in all seasons. The final concentrations
were found to be 3.27£0.21, 2.33 +0.06, 3.33+0.25 and
2.8740.45 mg L~ ! with removal efficiencies of 94.03%,
95.95%, 92.48%, and 94.97% in December, March, June
and October, respectively. However, the removal effi-
ciencies of TN reached over 60% with its concentration
below 20 mg L' in 8 days of treatment in each season,
which met the permissible discharge limit of the brewery
effluent standard of Ethiopia. Therefore, the utilization of
indigenous Scenedesmus sp. for the removal of nitrogen
nutrients from AD brewery effluent is very crucial to pro-
tect the deterioration of surface water bodies and reduces

the cost and energy demands for wastewater treatment
in Ethiopia. The TN removal efficiencies of indigenous
Scenedesmus sp. in this study were comparable to those
in other studies. For example, Darpito et al. (2014) stud-
ied the nutrient removal efficiency of microalgae Chlo-
rella protothecoides in anaerobically digested brewery
effluent. They reported that the highest total nitrogen
removal efficiency was more than 90%, with an initial
72.6 mg L' TN. Farooq et al. (2013) also found that a TN
removal efficiency of 90% using Chlorella vulgaris during
the first stage of the two-stage photoautotrophic—photo-
heterotrophic cultivation system in brewery effluent. But
TN removal of this study was higher than those reported
in other studies of Choi (2016) and Marchio et al. (2018),
where a maximum removal of 83.74% and 76% was
achieved in brewery effluent, respectively.
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Phosphorus removal

Phosphorus is another essential macronutrient that
has an influence on algae growth and is about 0.5-
3.3% in algal biomass (Subramaniyam et al. 2016). It
is assimilated by microalgae as inorganic orthophos-
phate through an active process that requires energy
(Rasoul-amini et al. 2014; Chaudhary et al. 2017). The
change of concentrations with uptake efficiencies of
PO,>" -P and TP over time in each season displays
in Figs. 4a, b and 5a, b, respectively. The concentra-
tions of PO,> -P and TP steadily decreased along
with the increase of removal efficiencies in all seasons
of treatment. The concentrations of PO,> -P were
found to be 13.914+0.04, 12.51+0.46, 11.39+0.81,
and 12.5340.37 mg L™ with removal efficiencies of
63.45%, 69.72%, 67.75%, and 65.59% in December,
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March, June, and October at the end of the experi-
ment, respectively. The TP concentrations were also
found to be to 17.13+0.65, 14.54+0.73, 15.03£0.70
and 14.47+0.69 mg L' with removal efficiencies of
65.28%, 72.81%, 69.88%, and 69.32% in December,
March, June, and October at the end of experiments,
respectively. The phosphorus nutrient concentra-
tions obtained at the end of cultivation were found to
be above the permissible discharge limit for brewery
effluent standard recommended by EEPA (2003).The
phosphorus removal efficiencies obtained in this study
were lower than those attained by Farooq et al. (2013),
Darpito et al. (2014), and Subramaniyam et al. (2016),
who reported a maximum removal of 80%, 90%, and
100% from brewery effluent using Chlorella vulgaris,
Chlorella prototheocides and Chlorella sp., respectively,
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Fig. 4 Change of concentration (a) removal efficiencies (b) of PO,>~- P over the experimental periods of each season

b ® December March AJune XOctober

100 -
S 80 -
=
o
S o it
¥}
g s 8
F 40 1 A %
: ‘-
5 20 A &

‘ 4
O T T T T T T T T 1
0 2 4 6 $ 10 12 14 16 18
Treatment priod (Days)

March —#—June —=¢—October

0 T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18

Treatment period (Days)

Fig. 5 Change of concentration (a) removal efficiencies (b) of TP over the experimental periods of each season

b ® December ~ Mach. AJune XOctober
100 -
$ 80 -
o >
o A ‘
2 60 - é
g %
g $ o
@ A
= 40 - B
3 A 4
»
S 204 x ¢
~ °
0 tl T T T T T T T 1
0 2 4 6 8 10 12 14 16 18
Treatment Period (Days)




Yirgu et al. Environ Syst Res (2020) 9:40

but higher than those obtained by Ferreira et al. (2017),
Choi (2016), and Marchio et al. (2018), who reported
40%, 43%, and 54.67% TP removals from brewery efflu-
ent, respectively. The TP removal efficiencies in this
study were comparable with those obtained by Raposo
et al. (2010), who attained a maximum of 66% TP from
brewery effluent using Chlorella vulgaris.

The differences in phosphorus removal among vari-
ous studies might be due to the uptake of phosphorus
by microalgae is affected by algal physiology, initial
phosphate concentration, and chemical form of avail-
able phosphate, light intensity, pH, and temperature
(Gupta et al. 2016). Choi and Lee (2014) also shown
that removal of TN depends on the N/P ratio, which
affects biomass growth and, N and P nutrients removal
in wastewater. Xin et al. (2010) reported that the opti-
mal N/P ratio for growth of Scenedesmus sp. was in the
range 5:1-12:1. In this study, the N/P ratio varied from
1:0.89 to 1:1.21, which indicated the AD brewery efflu-
ent as nitrogen limitation. Since the removal of phos-
phorus associated with N removal, the limitation of
nitrogen in a brewery effluent has contributed to low
uptake of phosphorus into biomass irrespective of the
P concentrations in the effluent (Whitton et al. 2016).
Therefore, the removal of phosphorus by indigenous
microalgae form AD brewery effluent maybe improve
by mixing AD brewery effluent with nitrogen-rich
wastewater.

COD removal

Carbon is an important element found in algal biomass,
and it constitutes over 50% in typical algal biomass (Mata
et al. 2012). Microalgae cannot metabolize all the organic
sources. Simple organic carbon sources such as acetate
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and glucose are usually preferred by microalgae (Lee and
Lee 2001). COD concentration reduction with its uptake
efficiencies over the experimental periods of each season
are shown in Fig. 6a, b. COD concentration reduction
with an increase of its removal efficiencies remarkably
observed until day 6 in December, day 12 in March and
day 8 in June and October. However, the COD concen-
trations after these days of each month were becoming
first increased and then dropped. At the end of cultiva-
tion, the COD concentrations obtained were 87+ 8.54,
79.33+11.06, 88.33+£9.07, and 101.33+3.51 mg L™
with removal efficiencies of 76.48%, 81.92%, 77.28%, and
74.63% in December, March, June and October, respec-
tively. But, the indigenous Scenedesmus sp. was able to
reduce COD concentrations below the permissible dis-
charge limit of the brewery standard within the first four
days of treatment. On the other hand, as the treatment
period increased, it was observed that the increase in
COD concentrations. This could be due to microalgae
are released organic compounds in the culture instead of
taking up. Similar results regarding COD concentration
increasing were observed by Wang et al. (2010) and Yuan
et al. (2012), who had grown Chlorella vulgaris in munic-
ipal wastewater and centrate, respectively. The decreasing
of COD concentration in the culture was due to that the
microalgae could use organic carbon for their cell growth
in addition to CO, (Wang et al. 2012; Ding et al. 2015).
As a result, the indigenous Scenedesmus sp. can utilize
organic matter for their growth so that this provides an
option and an alternative to remove organic matter from
AD brewery effluent using this microalga. Even though
COD removal efficiency by indigenous Scenedesmus sp.
in this study was met the discharge limit of the country, it
was lower when compared to that in the previous studies.
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For example, Ansari et al. (2017a), Ma et al. (2017) and
Tripathi et al. (2019) were achieved the COD removal
efficiency of 95%, 87.2%, and 88.2% by Scenedesmus sp.
in institutional, molasses, and municipal wastewater,
respectively. However, the COD removal efficiencies in
this study were higher than those reported by Raposo
et al. (2010) and Ferreira et al. (2017), who found a maxi-
mum of 15% and 61.9% by Scenedesmus obliquus and
Chlorella vulgaris in brewery wastewater, respectively.

Carbohydrate/total sugar/extraction

Effect of pretreatments

The biomass obtained after the treatment of brewery in
this study effluent used for the extraction of carbohy-
drate. Microalgae contain carbohydrates which found
in their cell well with no lignin and hemicellulose, and
starch inside their cell. Both these starch and cellulose
can easily be converted into fermentable sugar, utiliz-
ing for bioethanol production (Ho et al. 2013). The pre-
treatment methods like autoclave, microwave and oven
heating along with acids or bases were performed in
this study for the extraction of carbohydrates that are
further processing for bioethanol production. Figure 7
depicts the effect of the pretreatment methods with acid
or base hydrolytic agents on carbohydrate extraction.
Results showed that microwave pretreatment with all
hydrolytic agents provided a higher carbohydrate /total
sugar/ from indigenous Scenedesmus sp. as compared
to the other two pretreatments. Regarding the acid or
base hydrolytic agents, the acid HCI produced a higher
carbohydrate /total sugar/ compared with the other
hydrolytic agents in all pretreatments. The highest value
of total sugar obtained in microwave pretreatment was
207.70 mg g~*, which was significantly different (P <0.05)
compared to that obtained using autoclave and oven pre-
treatments. On the other hand, alkaline hydrolysis either
NaOH or KOH produced a very low carbohydrate /total
sugar/ compared to acid hydrolysis in all pretreatments.
Generally, it is possible to conclude that the types of
pretreatment and hydrolytic agents determine carbohy-
drate extraction from microalgae biomass obtained after
wastewater treatment. The higher efficiency of micro-
wave-assisted hydrolysis to produce total sugar might be
the fact that microwave-assisted hydrolysis uses a non-
contact heat that can penetrate into biomass, interact
with polar molecule like water in biomass and heat the
whole sample uniformly (Mubarak et al. 2015).

Different pretreatment for microalgal biomass were
employed to extract carbohydrates in the previous
studies. For example, Herndndez et al. (2015) used a
microwave and an autoclaved pretreatments for cell dis-
ruption of Scenedesmus almeriensis grown on mineral
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Fig. 7 Total sugar content in Scenedesmus sp. using a microwave,
b autoclave and ¢ oven pretreatments. The means and
standard deviations of the three replicates are indicated. (P <0.05 for
different letters)

medium. They reported a maximum of 88 mg g™ total
sugar using autoclave with the hydrolytic agent H,SO,.
Miranda et al. (2012) employed four pretreatments
(sonication, bead beating, autoclaving, and homogeniza-
tion) for cell disruption of Scenedesmus obliquus grown
in Bristol medium to produce sugar. They reported that
a maximum of 8.2% g eqy, g dw™! carbohydrates was
achieved in autoclave pretreatment using H,SO,. Harun
et al. (2011) also performed alkaline pretreatment in the
oven heating with 0.75% (w/v) of NaOH at 120 °C for
30 min for Chlorococcum infusionum, and they reported
a maximum carbohydrate/total sugar/ of 350 mg g .
The variation in carbohydrate/total sugar/ released from
microalgae in different studies might be the attribution
of several factors which are the microalgae species type
and growth conditions like the availability of nutrient,
temperature, illumination, light—dark cycle, and growth
phase (Khan et al. 2018).

Effect of acid concentrations and microwave hydrolysis time

Acid concentrations are major functioning parameter
that can affect the hydrolysis of microalgae biomass.
Figure 8a shows the effects of acid concentrations on
the production of total sugar using 5% (w/v) microal-
gae biomass and microwave at 1000 watts and 120°C
for 15 min. The maximum total sugar obtained was
207.70 mg g~ with 3 N HCI. But beyond this concen-
tration the releasing sugar decreased. Furthermore,
the carbohydrate production using 3 N HCI was sig-
nificantly different (P <0.05) compared with the other
concentrations of HCl. The finding of this study with
regard to decreasing of total sugar released as increas-
ing concentration was similar to those reported by
Miranda et al. (2012). They obtained that the releasing
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of sugar became decrease when the microalgae Scened-
esmus obliquus was hydrolyzed with H,SO, in an auto-
clave with a concentration above 2 N. The decreasing
of sugar content with an increase of acid concentration
attributed due to the degradation of monosaccharide
into sugar degradation products like furfural (Boon-
manumsin et al. 2012; Khan et al. 2017).

Figure 8b shows the effect of hydrolysis time on the
releasing of total sugar from 5% (w/v) microalgae bio-
mass using 3 N HCIl at 1000 watts and 120 °C. The
maximum total sugar obtained from biomass of Scened-
esmus sp. during the 20 min of microwave hydrolysis
time was 233.89 mg g~ 'DW, which was significantly dif-
ferent (P <0.05) compared to other microwave hydroly-
sis time. The total sugar production was decreased as
a microwave hydrolysis time above 20 min, which may
be due to the occurrence of the decomposition of sugar
to inhibitory compounds such as furfural and hydrox-
ylmethylfurfural (Boonmanumsin et al. 2012). Hernédn-
dez et al. (2015) also studied the effect of autoclave time
(30, 45, 60, and 90 min) on total sugar releasing from
microalgae, including Scenedesmus almeriensis, and
they observed the increase of sugar release from 53
to 88 mg g~ as the time goes from 30 to 60 min. This
confirms that the variation of time has an effect on the
production of total sugar. But the microwave pretreat-
ment in this study was performed with a shorter time
with a higher amount of total sugar when compared to
an autoclave used by Hernéndez et al. (2015).

Conclusion

This study has shown that the indigenous microalgae,
Scenedesmus sp. had a promising approach in the treat-
ment of brewery effluent and carbohydrate production.
The results showed that the indigenous Scenedesmus sp.
efficiently remove nitrogen and COD from the brewery
effluent, achieving a permissible discharge limit for brew-
ery effluent standard. But the removal of phosphorus
nutrients did not meet the permissible discharge limit for
brewery effluent standard. Concerning the carbohydrate
extraction, microwave-assisted acid hydrolysis showed
a higher performance than autoclave and oven heating.
Moreover, microwave-assisted acid hydrolysis produced
a higher result than that of microwave-assisted alkaline
hydrolysis. Acid concentration and hydrolysis times had
effects on carbohydrate extraction using microwave-
assisted acid hydrolysis. The HCI with a concentration of
3 M resulted in a higher total sugar production compared
with the other acid concentrations. Total sugar extrac-
tion with 3 N HCI was a significant difference (P <0.05)
with the other acid concentrations. The highest total
sugar obtained in this study was 233.89 mg g~! by using
5% (w/v) biomass and 3 N HCI at 1000 watts and 120 °C
for 20 min. Finally, the biomass obtained after brewery
effluent treatment should be used for different purposes
in addition to carbohydrate production to make the
wastewater treatment based indigenous microalgae more
sustainable.
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