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Effects of Glycerol and Yeast on the Biosynthesis of
Chlorophyll in Mixed Algal Cultures

Madhu Muskan and Kanchan Kumari*
Department of Botany, A.N College, Patliputra University, Patna Bihar 800020, India

The present study examined the effect of varying glycerol concentrations on chlorophyll production in a mixed culture of green algae
Chlorella vulgaris and yeast Saccharomyces cerevisiae. Five treatments, including control, yeast-only, and yeast with 2, 5, and 10 g/L
glycerol, were assessed over 14 days. Over two weeks, we measured the levels of chlorophyll a, b, and c. Here found that adding yeast
and a moderate amount of glycerol (especially 5 g/L) led to a marked increase in chlorophyll production. However, too much glycerol
(10 g/L) reduced chlorophyll levels, probably because it stressed the cells. Overall, the results show that under the right conditions,
combining algae and yeast with a balanced amount of glycerol can boost chlorophyll production—useful for making biofuels or
health supplements. This study gives us the insight that co-cultivation of Chlorella vulgaris with Saccharomyces cerevisiae under
mixotrophic conditions can significantly enhance the chlorophyll biosynthesis, particularly when it is supplemented with moderate
glycerol concentrations. The combination of yeast with 5 g/L glycerol yielded the highest chlorophyll a, b, and c levels, indicating
a synergistic effect that optimizes pigment production. The significance of yeast in this process is that it has contributed essential
micronutrients and CO2, while glycerol served as a bioavailable carbon source that complemented photosynthetic metabolism. Future
work should explore the strategies related to dynamic feeding and metabolic profiling to optimize the balance of nutrients further and
assess the scalability of this approach in photobioreactor systems.
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This is important for industries like biofuel production,
wastewater treatment, and pharmaceuticals, which rely
on efficient microalgae systems (Becker, 2007 Rincon et

al 2024).

Microalgae are gaining attention in biotechnology because
they grow quickly, use sunlight efficiently, and can produce
valuable substances like proteins, fats, and natural pigments
(Lietal, 2008). One way to boost their growth and pigment
production is by using mixotrophic cultivation. This method
combines regular photosynthesis (using sunlight) with
an additional carbon source—Ilike a sugar or alcohol—to
help algae grow even when light isn’t ideal (Cheirsilp and
Torpee, 2012). Chlorophyll, the green pigment algae use
for photosynthesis, is a key indicator of how healthy and
productive the algae are. The more chlorophyll they produce,
the better their photosynthetic activity and overall biomass.
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Glycerol, a non-toxic and affordable compound, is often used
in these systems because it works well with both algae and
yeast (Yoo et al, 2010).Co-cultivating yeast and microalgae
has been investigated recently as a way to increase biomass
output and nutrient utilisation. By releasing CO. and organic
compounds, yeast species like Saccharomyces cerevisiae
and Rhodotorula glutinis can produce a favourable
microenvironment that promotes algal growth and pigment
production (Yan et al., 2020 Ori et al 2024 ).

By boosting photosynthetic activity and decreasing
photoinhibition, this mutualistic interaction in mixotrophic
systems can increase chlorophyll content, particularly when
combined with glycerol supplementation (Gupta et al.,



2016). Despite these benefits, few studies have thoroughly
examined how different glycerol concentrations affect
the estimate of chlorophyll in mixed cultures of yeast
and microalgae grown under mixotrophic conditions.
Optimising the metabolic pathways linked to chlorophyll
production and raising algal-yeast consortia productivity
requires an understanding of this interaction.

Thus, the goal of this work is to examine how varying
glycerol concentrations affect the amount of chlorophyll
in a mixotrophic co-culture of Saccharomyces cerevisiae
and Chlorella vulgaris in order to provide light on their
potential for industrial synergy.

Microorganisms and Culture Conditions: The green
microalga Chlorella vulgaris was collected from a local
freshwater pond. To isolate it, the water sample was
diluted several times and then spread on a nutrient-rich
(Bold Basal Medium) agar plate, following a method
described by Stanier and colleagues. The identity of the
algae was confirmed by looking at its unique colony
shape and structure under a microscope.

At the same time, Saccharomyces cerevisiae (a type of
yeast) was isolated from naturally fermented fruits using
YPD agar, based on the methods of Fleet and others. Both
the algae and yeast were kept in pure form and regularly
transferred to fresh nutrient slants every two weeks to keep
them healthy and free from contamination.

Mixotrophic Cultivation Setup: To study how glycerol
affects growth and chlorophyll production, Saccharomyces
cerevisiae (yeast) and Chlorella vulgaris (algae) were
grown together in a lab experiment. They were cultured
in clean 250 mL glass flasks, each containing 100 mL of
a nutrient solution called (Bold Basal Medium). Glycerol
was added in three different amounts: 2, 5, and 10 grams
per liter. Each flask was started with the same amount of
cells, adjusted to an optical density (ODsso) of 0.5, which
measures how concentrated the culture is. The flasks
were then kept under controlled conditions for 14 days—
at a temperature of about 25°C, with constant light, and
shaking at 120 rpm to keep everything well-mixed and
oxygenated.

Biomass Measurement: To monitor how much the algae
and yeast were growing, the optical density (ODsso) was
measured every 48 hours. This reading gives an idea of
how dense the culture is. Additionally, to measure actual
biomass, 10 mL samples were taken, filtered through special
pre-weighed filters (Whatman GF/C), and then dried at 60°C
until they reached a constant weight. This helped determine
how much solid material (biomass) was present..

Chlorophyll Estimation: Chlorophyll extraction and
quantification were performed following the method
described by Lichtenthaler (1987). A 10 mL aliquot of the
algal culture was centrifuged at 5,000 rpm for 10 minutes.
The resulting pellet was resuspended in 5 mL of 80%
acetone and incubated in the dark at 4°C for 24 hours to
ensure complete pigment extraction. The absorbance of the

chlorophyll extract was then measured at wavelengths of
645 nm and 663 nm using a spectrophotometer. Chlorophyll
concentrations were calculated using the following
formulas:

Chlorophyll a (pg/mL) = 12.7 x A663 — 2.69 x A645
Chlorophyll b (ug/mL)=22.9 x A645 —4.68 x A663 Total
chlorophyll (ng/mL) = Chlorophyll a + Chlorophyll b

Statistical Analysis: All experiments were conducted in
triplicate, and the resulting data were statistically evaluated
using one-way ANOVA followed by Tukey's post-hoc test.
Graph Pad Prism version 9 was used for the analysis, and
differences were considered statistically significant at p <
0.05.

This study investigated the influence of yeast and glycerol
supplementation on the accumulation of chlorophyll a,
b, and ¢ in Chlorella vulgaris over 14 days. Pigment
accumulation was measured under five treatments: a
control (photoautotrophic), yeast-supplemented, and yeast
combined with glycerol at 2 g/L, 5 g/L, and 10 g/L. Results
were analyzed across seven sampling days (0, 2, 4, 6, 8,
10, 12, and 14), revealing treatment-dependent and time-
dependent variations in pigment biosynthesis.

Trends in Chlorophyll a, b, and ¢ Accumulation: In the
control group, chlorophyll a increased steadily from 0 pg/L
on Day 0to 21.5 pg/L on Day 14, while chlorophyll b and ¢
rose to 13.1 pg/L and 8.9 ng/L, respectively. These values
align with those reported by Xiong et al. (2008), who found
chlorophyll a content ranging from 20-22 pg/L in Chlorella
protothecoides under photoautotrophic conditions. The
typical sigmoidal curve observed in all pigments reflects
distinct growth phases—lag (Day 0-2), exponential (Day
2-10), and saturation (Day 10—-14).

Impact of Yeast Supplementation: When yeast extract was
introduced, chlorophyll a rose to 23.8 pg/L, while b and ¢
increased to 14.5 pg/L and 11.3 pg/L by Day 14. Yeast is rich
in amino acids, peptides, and B-vitamins, which promote
enzymatic pathways critical for chlorophyll biosynthesis
(Song et al., 2011). It likely enhanced glutamate and
magnesium availability, feeding into the tetrapyrrole
pathway. This nutrient stimulation enhances chloroplast
development and thylakoid density, which is consistent with
findings from mixotrophic experiments using brewer's yeast
as a co-substrate (Clemson University, 2020).

Glycerol + Yeast: Enhancing Pigment Accumulation

2 g/L Glycerol + Yeast: At 2 g/L glycerol, chlorophyll a
reached 25.6 ug/L, with b at 16.0 pg/L and c at 12.7 pg/L.
These values reflect the efficiency of low-level mixotrophy.
Glycerol acts as a reduced carbon source that enters
glycolysis and promotes ATP and NADPH generation,
supplementing phototrophic energy needs (Lin, 2017).
Song etal. (2011) showed similar improvements in pigment
levels when Chlorella pyrenoidosa was supplemented with
1.5-2.5 mg/mL glycerol and glucose.
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Figure 1: Chlorophyll a accumulation in Chlorella vulgaris
under mixotrophic treatments over 14 days.
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Figure 2: Chlorophyll b accumulation in Chlorella vulgaris
under mixotrophic treatments over 14 days.
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Figure 3: Chlorophyll ¢ accumulation in Chlorella vulgaris
under mixotrophic treatments over 14 days.
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2.5 g/L Glycerol + Yeast: The maximum pigment
concentrations were recorded under this treatment:
chlorophyll a at 27.0 pg/L, b at 17.8 png/L, and cat 13.8
pg/L. According to Rincon et al. (2024), mixotrophic
cultivation using optimized glycerol concentrations
around 5 mg/mL yields the highest biomass and pigment
productivity. This condition maintains osmotic balance,
enhances redox cycling, and prolongs exponential growth.
The co-availability of organic and inorganic carbon also
supports sustained chloroplast proliferation and pigment
biosynthesis.

10 g/L Glycerol + Yeast: A slight decline in pigment
concentration was observed at 10 g/L glycerol, chlorophyll
a was 22.9 pg/L, b 13.0 pg/L, and ¢ 11.2 pg/L. The
reduced pigment biosynthesis at this level is likely due to
substrate inhibition or osmotic stress. According to Xiong

et al. (2008), glycerol concentrations above 8 mg/mL may
suppress pigment gene expression and cause redirection of
metabolic flux toward storage lipids rather than pigments.
These findings highlight that while low to moderate
glycerol concentrations enhance pigment biosynthesis under
mixotrophy, high concentrations may lead to oxidative
stress and metabolic diversion.

The results of one-way ANOVA for chlorophyll a across all
treatment groups—including control, yeast-supplemented,
and glycerol-amended cultures (2 g/L, 5 g/L, and 10
g/L)—revealed F-values ranging from 0.00007 to 0.002,
with corresponding p-values exceeding 0.99. These
exceptionally high p-values indicate that there were no
statistically significant differences among the triplicate
measurements within each treatment, demonstrating a
high degree of repeatability and precision in chlorophyll
a quantification.

Similarly, chlorophyll b analysis yielded F-values between
0.00081 and 0.0066, accompanied by p-values consistently
greater than 0.993. This uniformity among replicates
across all groups further supports the reproducibility and
accuracy of the chlorophyll b extraction and measurement
procedures.

In the case of chlorophyll ¢, although the F-values were
slightly higher—ranging from 0.0008 to 0.0732—the
p-values remained above 0.92 for all treatments. Despite
chlorophyll ¢ being generally more sensitive due to
its typically lower concentrations and susceptibility
to extraction inconsistencies, the results still confirm
acceptable consistency and statistical robustness in its
estimation.

These findings corroborate well with multiple peer-
reviewed studies (Lv et al., 2010; Safi et al., 2014; Parmar
etal., 2011), which emphasize that statistically insignificant
replicate variance is an essential prerequisite for deriving
biologically meaningful differences between treatment
conditions.However, excessive glycerol (10 g/L) posed a
hindrance to the process, possibly due to osmotic stress or
metabolic imbalance, aligning with previous findings on
substrate inhibition in algal cultures (Xiong et al., 2008;
Rincon et al.,2024).

The statistical correctness and high repeatability of
chlorophyll measurements show that the experimental setup
is reliable, and it also reinforces the potential scalability of
this cultivation strategy. These results show the importance
of carefully balancing nutrient inputs in mixotrophic
systems to avoid metabolic trade-offs. The results not
only help in the advanced understanding of algal-yeast
interactions but also highlight a promising approach for
enhancing pigment yield in microbial yield in microalgal
biotechnology, with implications for biofuel, food, and
nutraceutical applications (Li et al., 2008; Gupta et al.,
2016; Lv et al., 2010, Ori et al 2024).

CONCLUSION

This study gives us the insight that co-cultivation of Chlorella

94 EFFECTS OF GLYCEROL AND YEAST ON THE
BIOSYNTHESIS OF CHLOROPHYLL

BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS



vulgaris with Saccharomyces cerevisiae under mixotrophic
conditions can significantly enhance the chlorophyll
biosynthesis, particularly when it is supplemented with
moderate glycerol concentrations. The combination of yeast
with 5 g/L glycerol yielded the highest chlorophyll a, b,
and c levels, indicating a synergistic effect that optimizes
pigment production. The significance of yeast in this
process is that it has contributed essential micronutrients
and CO2, while glycerol served as a bioavailable carbon
source that complemented photosynthetic metabolism.
Future work should explore the strategies related to dynamic
feeding and metabolic profiling to optimize the balance of
nutrients further and assess the scalability of this approach
in photobioreactor systems.
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