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Abstract: Euglena gracilis (E. gracilis) accumulates paramylon, an immune-functional beta-glucan
that can be used as a functional food. Paramylon production is strongly affected by the organic
carbon source and the initial pH conditions. Food processing byproducts have attracted attention for
microalgal cultivation because of their low cost and abundance of nutrients, including carbon and
nitrogen. We investigated the optimal carbon source and its concentration for efficient paramylon
production. A spent tomato byproduct (STB) generated from a tomato processing plant was applied
for biomass and paramylon production from E. gracilis with respect to the initial pH condition.
The highest paramylon concentration (1.2 g L−1) and content (58.2%) were observed with 15 g L−1

glucose. The biomass production increased when STB was used as compared with that when a
synthetic medium was used (1.6-fold higher at pH 3 and 2-fold higher at pH 8). The optimal initial
pH was determined according to the maximum production of biomass and paramylon. Upcycling
the food processing byproduct, STB, can contribute not only to cost reduction of the biorefinery
process using E. gracilis but also to environmental remediation by removing organic carbon and
nitrogen from the byproducts.

Keywords: Euglena gracilis; paramylon; industrial byproduct; upcycling; alternative medium

1. Introduction

Microalgae have attracted attention as a promising source for carbon dioxide (CO2)
utilization and, recently, as raw materials for functional foods. E. gracilis, a fast-growing mi-
croalgal species, can produce value-added materials, including immune-functional paramy-
lon (β-1,3-glucan). Higher amounts of paramylon can accumulate under heterotrophic and
mixotrophic conditions in the presence of organic carbon than under photoautotrophic
conditions [1]. However, the use of the carbon source for cultivation is expensive and may
account for 50% of the total medium cost [2].

Upcycling of food processing byproducts can be a compelling option to address the
cost problem of organic carbon sources. Several nutrients in food processing byproducts can
be potentially useful for microbial cultivation [3]. The use of food processing byproducts as
low-cost substrates to produce value-added materials from microalgae may simultaneously
enhance productivities and reduce costs [4–6]. To date, potato liquor [7], corn steep solid [8],
corn steep liquor, and brewer’s spent grain [9] have been used to produce paramylon
efficiently and economically from E. gracilis.

Spent tomato byproducts (STBs), such as pomace and peels, are generated from
the tomato processing industry, and their amounts are expected to be 20–50 g kg−1 of
tomato. STB contains high moisture and thus requires an additional drying process in
order to be utilized in a powdered form [10]. In general, STB is mixed for use in animal
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feed [10] or used as a resource for extracting value-added chemicals, such as carotenoids
and lycopene [11–13]. Peels or seeds of tomatoes contain 27% to 31% carbohydrates [14],
which are preferred substrates for E. gracilis growth.

E. gracilis can utilize various carbon sources, such as polysaccharides, fatty acids, and
alcohols [15]. However, knowledge on how E. gracilis consumes such carbon sources from
food processing byproducts is still limited. The growth of E. gracilis is more competent
under mixotrophic cultivation conditions than under other conditions. Cultivation factors
related to organic carbon (e.g., carbon source type and concentration) have an impact on
paramylon accumulation. Therefore, it is imperative to investigate the optimal carbon
sources for paramylon production.

Cultivation conditions related to pH are also important factors affecting the growth
and biomass production of E. gracilis. While the optimal pH for the cultivation of E. gracilis
has been reported to be 3.5, a pH range of 7.4 to 8 has been shown to enhance the activity
of paramylon synthase [16]. However, the impact of pH on the biomass and paramylon
productivity of E. gracilis using food processing byproducts has not yet been reported.

The objectives of this study were (1) to investigate the optimal conditions of the carbon
source type and concentration based on the biomass and paramylon production, and (2)
to develop a strategy for the application of STB depending on the initial pH condition.
Glucose, ethanol, lactate, and acetate were tested to determine the optimal carbon source.
The concentration range of the optimal carbon source was 5–60 g L−1. The organic carbon
concentration of the STB was adjusted to the optimal conditions before its application for
the cultivation experiments. The impact of initial pH conditions on biomass and paramylon
production from E. gracilis was also investigated.

2. Materials and Methods
2.1. Microalgal Strain and Medium

E. gracilis LIMS-1351 was obtained from the Library of Marine Samples (Geoje-si,
Korea) and subcultivated under photoautotrophic cultivation conditions in 75 cm2 cell
culture flasks (SPL Life Sciences, Pocheon-si, Korea). The subcultivations were carried
out using an initial inoculum concentration of 5 × 104 cells mL−1 at a temperature of
27 ◦C with hand shaking on a daily basis. The light sources were fluorescent lamps with
an intensity of 80 umol g m−2 s−1. Light was continuously provided without a dark
period. Modified Hutner medium (HUT) or modified Cramer–Myers medium (CM) were
used as the synthetic medium. The chemical composition of the HUT was based on a
previous study [9]. The chemical composition of the CM in 1 L was as follows: 1 g KH2PO4,
1 g (NH4)2SO4, 0.2 g MgSO4·7H2O, 0.2 g CaCl2·2H2O, 0.758 g EDTA-2Na·2H2O, 3 mg
Fe(SO4)2·6H2O, 1.8 mg MnCl2·4H2O, 1.5 mg CoSO4·7H2O, 0.4 mg ZnSO4·7H2O, 0.2 mg
Na2MoO4·2H2O, 0.02 mg CuSO4·5H2O, 100 µg vitamin B1, and 0.5 µg vitamin B12. Stock
solutions were autoclaved at 121 ◦C for 15 min and stored at 4 ◦C until use. The pH of the
medium from the mixed stock solutions was adjusted to pH 3.5 using 2 M hydrochloric
acid (HCl). The medium was filtered through a vacuum filtration unit of 0.22 µm pore size
(Guangzhou Jet Bio-Filtration Co., Ltd., Guangzhou, China).

2.2. Cultivation Experiments with Different Carbon Source Types and Concentrations
2.2.1. Experiment Using Different Carbon Sources

The primary carbon sources used for the assessment of the optimal carbon source were
glucose, ethanol, lactate, and acetate. The HUT was supplemented with 15 g L−1 carbon
source and 5 g L−1 monosodium glutamate. Glucose was used as the carbon source during
the precultivation step. The precultivation experiments were carried out under mixotrophic
cultivation conditions with an initial inoculum concentration of 1 × 105 cells mL−1. The
initial pH was set to 3.5. The temperature was maintained at 27 ◦C. Erlenmeyer flasks
were used as cultivation reactors and placed in a shaking incubator for 3 days at a speed of
120 rpm. From the precultivation step, the E. gracilis culture that entered the exponential
phase was used as inoculum for the next step. The concentration of the carbon source
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applied was 15 g L−1. The temperature, initial inoculum concentration, light source
and intensity, and initial pH were the same as those applied in the precultivation step.
The cultivation reactors were incubated for 5 days. Based on cell growth, biomass, and
paramylon production, the optimal carbon source was determined and applied for the
subsequent experiments.

2.2.2. Experiment Using Different Carbon Concentrations

The carbon source concentrations used in this experiment were 5, 15, 30, and 60 g L−1

(represented as GL5, GL15, GL30, and GL60). As a control, the HUT supplemented with
15 g L−1 glucose and 5 g L−1 monosodium glutamate was used. The cultivation conditions
(initial inoculum concentration, temperature, initial pH, shaking speed, light source, light–
dark cycle, and light intensity) were the same as those described in Section 2.2.1.

2.3. Composition Analysis of STB

The STB used in this study was obtained from a tomato processing plant and stored
at −20 ◦C before use. The STB samples were centrifuged and filtered for compositional
analyses. Chemical oxygen demand (COD) and total nitrogen (TN) were analyzed using
a Water Quality Kit (Humas, Daejeon, Korea) with a spectrophotometer. A portable pH
meter (Compact PH Meter 33, Horiba Scientific, Kyoto, Japan) was used to measure the pH
of the samples. The concentrations of organic acids were analyzed by high-performance
liquid chromatography (HPLC; UltiMate 3000 HPLC System coupled with a UV detector
(Dionex, CA, USA) and a YMC-Triart C18 column with a particle size of 5 µm, pore size of
120 Å, length of 250 mm, and internal diameter of 4.6 mm) (YMC Co., Ltd., Kyoto, Japan).
The column temperature was set to 27 ◦C. The eluent for analysis was 20 mM phosphoric
acid in HPLC-grade water. The flow rate of the mobile phase was 1 mL min−1.

The raw STB sample had an acidic pH (4.2) and contained high amounts of fructose
and glucose (Table 1). The COD concentration was 32,000 ± 950 mg L−1, and the TN
concentration was 703 ± 22 mg L−1; thus, the C/N ratio was calculated to be 45. The
concentration of fructose was the highest, followed by glucose, citric acid, glutamic acid,
ascorbic acid, malic acid, and ascorbic acid. The fructose concentration was determined to
be 14,640 ± 100 mg L−1, and the glucose concentration was 13,120 ± 130 mg L−1 (39.9%
and 35.7%, respectively, based on total organic concentration).

Table 1. Chemical composition of raw sample of the spent tomato byproducts (STB). All analyses
were performed in triplicate.

Composition Concentration

COD 32,000 ± 950 mg L−1

T-N 703 ± 22 mg L−1

T-P 246 ± 2 mg L−1

pH 4.2 ± 0.0
Fructose 14,640 ± 100 mg L−1

Glucose 13,120 ± 130 mg L−1

Citric acid 6420 ± 110 mg L−1

Glutamic acid 1240 ± 60 mg L−1

Tartaric acid 597 ± 6 mg L−1

Malic acid 714 ± 4 mg L−1

Ascorbic acid 3.9 ± 0.3 mg L−1

2.4. Cultivation Experiments under Different Substrate and pH Conditions

The CM supplemented with 15 g L−1 glucose and 5 g L−1 sodium glutamate was used
as the control group to investigate the impact of different substrates on biomass production.
The COD concentration of the STB treatment group was adjusted to the same level of that
of the level observed in the control group. The initial pH conditions were 3 and 8. The pH
of the medium was adjusted with HCl or sodium hydroxide (NaOH). The precultivation
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conditions of the inoculum source are described in Section 2.2.2. CO2 gas mixed with air
(3%, v/v) was provided at 0.5 vvm using a mixed flow controller (Sehwa Hightech Ltd.,
Bucheon, Korea). All reactors were set in duplicate on a magnetic stirrer at a speed of
200 rpm. The light–dark period was 24:0.

2.5. Microalgal Growth and Chemical Analyses

A hemocytometer (C-Chip DHC-N01, INCYTO, Cheonan-si, Korea) and phase con-
trast microscope (Axioskop 2 plus, ZEISS, Jena, Germany) were used to observe cell growth
and calculate cell density (CD). Biomass production was quantified by the gravimetric
method measuring dry cell weight (DCW). The sample was filtered through a weighed
glass fiber filter (GF/C, pore size 1.2 µm, 47 mm, Whatman®, Maidstone, UK) using a
vacuum pump and heated at 105 ◦C for 2 h in a dry oven. Paramylon (PM) production was
quantified using the gravimetric method [9]. The lyophilized biomass was suspended in
acetone and sonicated for cell disruption. After centrifugation, the pellet was resuspended
in 1%(w/v) SDS, heated at 100 ◦C, and cooled to room temperature. The suspension was
centrifuged and washed twice with distilled water. The final pellet was dried overnight at
60 ◦C prior to weighing. Based on the measurements, the biomass productivity, paramylon
productivity, specific growth rate (SGR), doubling time, and CO2 biofixation rate were
calculated using the following equations:

Biomass productivity (unit: g L−1 d−1) = DCWt/t, (1)

Paramylon productivity (unit: g L−1 d−1) = PMt/t, (2)

Specific growth rate (unit: d−1) = ln (CDt2 − CDt1)/(t2 − t1), (3)

Doubling time (unit: d] = ln 2/SGR, (4)

CO2 biofixation rate (unit: g L−1 d−1) = 1.88 × biomass productivity, (5)

2.6. Statistical Analysis

All experiments were performed in duplicate. The results are presented as the mean
± standard deviation. Statistical analysis was performed using R software (ver. 4.0.3) [17].
Analysis of variance (ANOVA) was applied to the data on the production of biomass and
paramylon from different carbon sources and under different concentration conditions. For
post hoc analysis, either the Durbin–Watson test or the Tukey HSD test was used depending
on the autocorrelation. The two-sample t-test was used to determine the significance of the
differences between the medium types or among the initial pH conditions. Homogeneity
of the variance test for each variable was performed after normality analysis using the
Shapiro test.

3. Results
3.1. Biomass Production Based on Carbon Source and Concentration

Glucose was the most effective carbon source for the production of E. gracilis biomass
and paramylon (Figure 1a). The highest biomass concentration (2.0 g L−1) and paramylon
concentration (1.2 g L−1) and content (58.3%) were achieved with glucose on day 3. The
biomass and paramylon concentrations observed using lactate as the carbon source were
lower than those observed using glucose, but the paramylon contents were similar between
the two groups. The SGR increased in the order of glucose, lactate, and ethanol, thus
showing a trend similar to that observed with biomass and paramylon production (Table 2).
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Figure 1. Biomass and paramylon production and paramylon content on day 3 in the presence
of different carbon source types (glucose, ethanol, acetate, and lactate) and different concentra-
tions (glucose 5, 15, 30, and 60 g L−1): (a,d) biomass production, (b,e) paramylon production, and
(c,f) paramylon contents. All analyses were performed in duplicate.

Table 2. Effect of carbon source type and concentrations on E. gracilis biomass and paramylon production. Specific growth
and doubling time were calculated from the average values. All the reactors were set in duplicate, and the sample analyses
were performed in duplicate.

Carbon Source Cell Growth Biomass Production Paramylon Production

Type Concentration
(g L−1)

Specific Cell
Growth

(d−1)

Doubling
Time

(d)

Max. Titer
(g L−1)

Max. Pro-
ductivity

(g L−1 d−1)

Max.
Titer

(g L−1)

Max. Pro-
ductivity

(g L−1 d−1)

Max.
Content

(%)

Glucose 5 0.74 0.93 1.61 0.41 0.56 0.15 35.0
Glucose 15 0.67 1.04 1.78 0.43 1.22 0.35 81.5
Glucose 30 0.56 1.23 1.56 0.39 0.78 0.20 53.1
Glucose 60 0.11 6.49 0.67 0.07 0.22 n.d. 41.7
Ethanol 15 0.07 9.65 0.44 0.22 0.22 0.08 37.5
Lactate 15 0.12 5.96 1.28 0.56 0.72 0.31 56.5

The most effective concentration of glucose was 15 g L−1, which showed the highest
paramylon content (1.2 g L−1) (Figure 1b). Biomass productions were similar among the
GL5, GL15, and GL30 groups (1.6–1.8 g L−1). The lowest biomass production was observed
in the GL60 reactor. Paramylon concentration and content were highest in the GL15
group (1.2 g L−1 and 68.8%, respectively), followed by the GL30, GL5, and GL60 groups.
The COD consumption result showed a trend similar to that observed in biomass and
paramylon production (Figure 2). The higher was the glucose concentration, the greater
was the amount of TN consumed and the lower was the SGR (Table 2). The maximum
biomass concentration and productivity were shown in GL15, followed by GL5, GL30, and
GL60. The maximum paramylon concentration and productivity were also shown in GL15,
followed by GL30, GL5, and GL60.
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Figure 2. Nutrient consumption throughout the cultivation period depending on glucose concen-
tration: (a) COD and (b) T-N. The amount of consumed nutrients was calculated from the average
values regarding the beginning and the end of the cultivation.

3.2. Mixotrophic Cultivation Using the Synthetic Medium and STB at pH 3

The biomass production after cultivation at an initial pH of 3 was 1.6-fold higher
using the STB than with CM (Figure 3a). E. gracilis cultures entered the exponential growth
phase on day 2. The culture in the STB reactor entered the stationary phase on day 3,
whereas the culture in the CM reactor entered the phase a day later. Paramylon production
was 0.54 ± 0.14 g L−1 using STB on day 6. COD and TN consumptions were higher in
STB cultures than in CM cultures regardless of the initial pH condition (Figure 3b,c).
Approximately 59% of the nitrogen source was consumed in STB cultures. As shown in
Figure S1, the green color in the STB reactor was darker than that in the CM reactor. A
higher SGR (more than 2-fold) and CO2 biofixation rate (more than 1.5-fold) were observed
in STB cultures than in CM cultures (Table 3). Further, the CO2 biofixation rate was more
than 1.9-fold higher in the reactors providing CO2 mixed gas (1.5 g L−1 d−1) than in those
without the gas flow (0.81 g L−1 d−1).
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Table 3. Specific growth rate, doubling time, and CO2 biofixation rate using STB and CM using
different initial pH conditions.

Substrate Initial pH Specific Growth Rate
(d−1)

Doubling Time
(d)

CO2 Biofixation Rate
(g L−1 d−1)

STB 3 1.51 0.46 2.85
STB 8 1.12 0.62 2.14
CM 3 0.79 0.88 1.50
CM 8 0.71 0.98 1.37
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3.3. Mixotrophic Cultivation Using Synthetic Medium and STB at pH 8

Similar to the results observed with cultures at an initial pH 3, the biomass production
was 1.6-fold higher with STB than with CM at an initial pH 8 (Figure 4a). E. gracilis cultures
from all conditions entered the exponential growth phase on day 2. The cultures in the
STB reactor entered the stationary phase on day 5, and those in the CM reactor entered the
stationary phase on day 3. Paramylon production was 0.89 ± 0.14 g L−1 in STB cultures on
day 6, which is higher than that observed with cultures at an initial pH 3. Higher nutrient
consumption was shown at an initial pH 8. COD consumption was 39%, which was 3.8-fold
higher than that observed at an initial pH 3. TN consumption was 67% and was 1.1-fold
higher than that reported at an initial pH 3. The CM reactors with an initial pH 8 lost the
green color until day 7 (Figure S1). A higher SGR (more than 1.6-fold) and CO2 biofixation
rate (more than 1.6-fold) were shown in STB reactors than in CM reactors (Table 3).
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4. Discussion
4.1. Impact of Carbon Source Type and Concentration

For biomass and paramylon production from the mixotrophic cultivation of E. gracilis,
glucose was determined to be the most effective carbon source as compared with ethanol,
lactate, and acetate. Biomass production using glucose or lactate significantly differed
from that achieved using ethanol or acetate (p < 0.05) (Figure 1). It has been widely
reported that glucose can be used as an effective carbon source for biomass production
from E. gracilis under both mixotrophic and heterotrophic cultivation conditions. Ethanol
has also been reported as an efficient carbon source under heterotrophic cultivation [18,19].
Fujita et al. (2008) reported a higher SGR with ethanol than with glucose [20]. Ethanol, as
an organic carbon source under the heterotrophic cultivation of E. gracilis, participates in
respiration, glycolysis, gluconeogenesis, and paramylon synthesis, and is rapidly oxidized
to acetate [21]. Under the mixotrophic cultivation of E. gracilis, ethanol increased the
production of β-carotene, chlorophyll, and tocopherol [22]. Thus, the preferred carbon
source for E. gracilis can vary depending on the trophic mode. In accordance with other
studies, the higher is the number of carbon atoms in the carbon sources, the higher is the
biomass and paramylon production.

The highest biomass and paramylon production was observed under the GL15 con-
dition (p < 0.05). There were significant differences in both biomass and paramylon
production between GL5 and GL15 conditions. It has been reported that low glucose
concentrations result in low SGR, consequently leading to lipid accumulation. Jeong et al.
(2016) demonstrated a significant decrease in E. gracilis at C/N ratio 10 [23]. In this study,
the C/N ratio of GL60 was 12, and the lowest biomass and paramylon production was ob-
served under these conditions. Although glucose is widely preferred for many microalgal
species, including Chlorella sp. and Euglena sp., the optimal C/N ratio is varied. While the
most preferred carbon source for Chlorella sp. HS2 was glucose compared with sucrose,
sodium acetate, and lactic acid, the optimal C/N ratio was 21.8 [24]. Barsanti et al. (2021)
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reported the correlation between biomass productivity and nutrient consumption (BOD5,
COD, NH3-N, and PO4

3--P), where nutrient concentrations decreased with an increase in
biomass production [5]. In this study, the greater was the consumption of COD and TN,
the higher was the production of biomass and paramylon (except for GL5).

4.2. Application of Spent Tomato Byproduct as an Alternative Medium

The STB used as a substrate for E. gracilis cultivation was acidic (pH 4.2) and contained
a large amount of various nutrients. The carbon and nitrogen source concentrations
in the STB were higher than the optimal concentrations set in the previous experiment
(Section 3.2). In particular, the STB mainly comprised fructose and glucose, which are
reported as efficient organic carbon sources for E. gracilis cultivation [8]. Accordingly, STB
was assumed to be an effective carbon source for biomass and paramylon production.
Wang et al. (2010) reported that the growth rate of Chlorella sp. was affected when the
turbidity of the media was beyond 100 NTU [25]. Although the turbidity of the STB
reactor was presumed to inhibit growth for photosynthesis (Figure S1), no such affection
occurred due to results from the enhanced productivities. Since there would be differences
between microalgal species, further study on the impact of turbidity on E. gracilis growth
is necessary.

This is the first study to investigate upcycling tomato processing byproducts as sub-
strates for E. gracilis. Enhanced cell growth, biomass production, and paramylon production
demonstrated the strong potential of STB. Although various food processing byproducts
have been applied as substrates for other microalgal species, no study has reported the
use of E. gracilis. The alternative medium with kinnow peels demonstrated the biomass
and lipid productivity of Tetraselmis indica, which was comparable to that of synthetic
medium [4]. Chlorella sp. would be the most studied microalgae to date in the valorization
of food waste hydrolysate. Out of 67 kinds of fruit waste hydrolysates, 59 kinds were
proven to be effective for biomass and chlorophyll production from Chlorella pyrenoidosa [26].
Using a pH-adjusted waste papaya fruit as a sole substrate, Chlorella protothecoides showed
robust cell growth and oil production [27]. Biomass and lipid yield were enhanced by
using cassava bagasse hydrolysates for the cultivation of C. pyrenoidosa when mixed with
yeast Rhodotorula glutinis [28]. Additionally, food waste hydrolysate and vegetable waste
hydrolysate have been reported to enhance the biomass production of Chlorella vulgaris [29].
Pratap et al. (2017) reported that the dilution ratio of waste hydrolysates affects the cell
growth rate [29]. The byproducts from Citrus limetta used as an alternative medium for
C. culgaris enhanced biomass and lipid productivity by more than 2-fold [3]. Wang et al.
(2020) reported enhanced biomass, lipid, and lutein production from Chlorella sp. using
food waste hydrolysate, probably because glucose was a major organic component in the
source [30].

In this study, a maximum of 5.2 g L−1 of E. gracilis biomass was shown using STB,
which is more than 1.6-fold compared with the results using the synthetic medium. There-
fore, STB can be utilized as an effective alternative medium for E. gracilis because it has
high contents of glucose. Higher biomass and paramylon production was observed using
STB as an alternative medium over synthetic medium (1.6-fold and 1.5-fold, respectively).
Statistical analysis showed that biomass production between STB and CM was significantly
different (t-test, p < 0.05). Using the STB, paramylon production was significantly different
between cultures with initial pH 3 and 8 (t-test, p < 0.05).

The valuable materials to be applied for biofuel can be produced from E. gracilis even
with nonedible industrial byproducts, such as wastewater, wood materials, and food waste.
Zhu and Wakisaka (2018) reported that ferulic acid extracted from rice bran promoted 1.4-
fold higher growth of E. gracilis under phototrophic conditions than the control group [31].
However, high-value materials that can be applied to functional foods or pharmaceuticals
can be produced with byproducts generated from highly sterilized processes treating foods.
Accordingly, STB as an alternative medium for E. gracilis can allow the production of
high-value immune-functional paramylon.
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4.3. The Impact of Initial pH for Value-Added Production from E. gracilis Using STB

The initial pH is an important factor for E. gracilis cultivation. The photosynthetic
efficiency of E. gracilis might decrease under unfavorable pH conditions, such as extreme
acidic or alkaline conditions [32]. The activities of enzymes such as laminaribiose phos-
phorylase in E. gracilis cells can be strongly affected by not only the trophic mode but
also the pH [33]. Higher paramylon production and content were observed at pH 5 and 7
than at pH 2 and 3.5, while biomass production showed opposite results [9]. This result
is in accordance with that observed in this study, wherein paramylon production at pH 8
was higher than that at pH 3. The optimal pH for cell growth and value-added material
production is strongly dependent on the microalgal species [34]. The optimal pH conditions
differed according to the maximum titer of biomass and paramylon, probably owing to
the change in the dominant species of CO2 (CO3

2−, HCO3
−) in the medium depending

on the pH; thus, the type of substances (biomass, protein, polysaccharides, pigments, etc.)
accumulated in the cell changed [34].

Based on the results, the material stream input and output on biomass and paramylon
production from E. gracilis using STB are depicted in Figure 5. Preparing hydrolysates
by adding 560 L of STB into 440 L of distilled water can make an alternative medium
containing 18 g L−1 of organic carbon source. Setting the initial pH of the process to 3
can produce either 3 kg of biomass or 0.5 kg of paramylon. On the other hand, setting
the initial pH of the process to 8 can yield either 2 kg of biomass or 1 kg of paramylon.
In summary, it is advantageous to set the initial pH 3 for the efficient production of
biomass or the initial pH 8 for the efficient production of paramylon. Since enhanced
productivity can be expected from scaled-up cultivation reactors under different operation
modes (e.g., semicontinuous) [30], further investigation on E. gracilis cultivation using STB
is required.
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Figure 5. Biomass and paramylon production using STB at initial pH 3 and 8.

5. Conclusions

This study demonstrated that the most efficient conditions in terms of carbon source
and concentration for E. gracilis cultivation and paramylon production involve the use
of 15 g L−1 glucose. STB, which contains abundant glucose, enhanced the production of
biomass and paramylon. In comparison with the synthetic medium, the STB increased the
biomass production by 1.6-fold at pH 3 and 2-fold at pH 8. Optimal initial pH conditions
were determined according to the maximum production results of biomass and paramylon.
This study provides a strategy for the efficient production of value-added materials by
upcycling food processing byproducts for the cultivation of E. gracilis. Therefore, this
strategy can contribute to increasing the profits from enhanced productivity, decreasing
the cost of the cultivation medium, and reducing environmental pollution through the
removal of organic carbon and nitrogen from industrial byproducts.
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