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ABSTRACT

The present work investigated the therapeutic potential of the least explored Chlorella
minutissima for nutraceutical application. The upscaling of the C. minutissima for biomass
production was carried out using low-cost NPC media in different setup like 30 L
photobioreactor and 150 L raceway. It is interesting to note that scaled-up cultivation by
replacing BG11 with NPC media did not impact the biomass growth negatively which indicate
that relatively expensive trace elements and other supplements are not required for this C.
minutissima strain. C. minutissima was rich in abundant protein (26.11%) and essential
elements (592.32 ug g* of iron, and 182.11ug g™ of zinc). Screening different solvent extracts
(increasing polarity: hexane>chloroform>ethyl acetate>acetone>methanol>water) where
acetone extract showed highest activities among other extracts. For the first time, this study
revealed that acetone extract could protect macromolecules (DNA and Protein) from oxidative
damage besides effectively reducing the oxidation of B-carotene and meat models by 79.75%

at 200 ppm and 97.97% at 300 ppm concentrations, respectively.

Further to evaluate the therapeutic potential, this study employed bioassay-guided
fractionation of C. minutissima to identify the potential AG inhibitors. The crude acetone
extract of C. minutissima showed better inhibitory activity than acarbose standard against AG.
Further, purification and spectral characterization of positive fractions of C. minutissima
acetone extract led to the construction of virtual ASM library of 178 metabolites comprising
major classes of terpenoids and alkaloids. Moreover, the computational studies (Ensemble
Docking and Molecular Dynamic Simulation) of these metabolites against AG inhibition
showed that Lucidine B obtained from C. minutissima was interacted with 3A4A with the

least binding energy (-318.089 + 26.202 KJ mol™) and hydrogen bond interaction with Glu408



(Hydrogen bond occupancy: 122.36 %) depicting non-competitive inhibition. Also,
pharmacokinetics and toxicological profiling showed that the Lucidine B followed Lipinski
'Rule of five' and holds good drug-likeness properties. Also, AMES toxicity and oral rat acute

toxicity suggest that Lucidine B is non-mutagenic (non-carcinogenic) and non-toxic.

In spite of high protein and bioactive metabolite content, C. minutissima contains low
dietary fibre content which could be complemented by its incorporation into the millet for the
development of functional food like cookies as a therapeutic solution for diabetic patients.
Hence, the current study evidenced the possible use of nutritionally rich C. minutissima as the
natural key ingredient for the development of Ready to use therapeutic food (RUTF) like
cookie. The increased incorporation of 1, 2, and 6 % C. minutissima significantly enhanced
the protein content, phenolics, and essential elements such as calcium, iron, and zinc of the
cookies. The increased incorporation upto 6% C. minutissima significantly exhibited
antioxidant potential, reduced the digestibility (69.60 %) and lowered the available sugar (low
expected glycaemic index: 35.03) in the simulated digestive system. However, in the sensory
analysis, the higher concentration (6 %) of C. minutissima scored less appreciation due to
bitterness, despite better nutritional properties. Overall, this work provides a spotlight on the
utilization of an under-explored C. minutissima as the source of protein and essential nutrients.
C. minutissima was evidenced as a bioactive reserve of antioxidants and AG inhibitors
associated with oxidative stress-related disorders like diabetes. This study delivered in-depth
profiling and unveiled the mechanism of action of AG inhibition along with the development

of Chlorella-incorporated millet cookies as a therapeutic functional food.
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: Solvent-accessible surface area

: Hydrogen bond number

: Hydrogen bond occupancy

: Molecular Mechanic Poisson-Boltzmann Surface Area
: Principal component analysis

: Small-molecule pharmacokinetics prediction

: Generally Recognized As Safe

: Food and Drug Administration

: European Food Safety Authority

: Ready to use therapeutic food

: Cookie formulations

: Linear viscoelasticity region

: Total dietary fibre

- In vitro digestibility

- Hydrolysis index

. Expected glycaemic index
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