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CHEERANAN SRIPHUTTHA: ENHANCING CAROTENOIDS PRODUCTION OF
Rhodotorula paludigena CM33 USING CRUDE GLYCEROL AS THE SUBSTRATE
AND ITS APPLICATION IN DIETARY SUPPLEMENT OF Litopenaeus vannamei.
THESIS ADVISOR: ASSOC. PROF. APICHAT BOONTAWAN, Ph.D., 112 PP.

Keyword: Carotenoids/Rhodotorula paludigena CM3/Crude glycerol/Litopenaeus

vanhamei/Probiotic

Rhodotorula paludigena CM33 is an oleaginous yeast that accumulates lipids
and carotenoids intracellularly. The first objective of this study was to improve the
utilization of crude glycerol, as a substrate for cultivating R. paludigena CM33 and to
use the Response Surface Methodology (RSM) to optimize factors influencing its growth
and enhance carotenoid production. The results of this study revealed that the optimal
conditions for carotenoid production were achieved by using 40 g/L of crude glycerol,
0.72 g/L of yeast extract, and 0.43 g/L of (NHg),SQ, resulting in a carotenoid yield of
382 pg/e. The maximum dry cell weight and carotenoid concentration obtained were
45.38+1.05 ¢/L and 15.39+0.03 mg/g, respectively, in 500-L fed-batch fermentation.
The findings demonstrate that culturing R. paludigena CM33 with crude glycerol,
combined with fed-batch fermentation in a 500-liter fermenter, efficiently enhances
the carotenoid concentration.

The second objective was to improve the harvesting, extraction, and separation
of carotenoids from the cells of R. paludigena CM33. This was achieved by harvesting
the cells through a microfiltration process, then disrupting the cell walls and extracting
carotenoids using a high-pressure homogenizer (HPH) in experiment design with the
RSM. The carotenoids were subsequently separated using preparative high-
performance liquid chromatography (prep HPLC), and their types were analyzed using
HPLC, LC-MS, and NMR techniques. The results revealed that the cake accounted for
85.38% of the overall resistance, while the adsorption resistance accounted for 12.62%.
The use of HPH for cell disruption and carotenoid extraction, along with RSM, revealed
that a pressure of 30,000 psi, 4 passes, and a 5% feed led to increased cell disruption.
After passing through prep HPLC, the analysis using HPLC, LC-MS, and NMR techniques

confirmed the identification of the main carotenoid as B-carotene. These results



demonstrated the potential of microfiltration, cell disruption, and carotenoid
extraction using a high-pressure homogenizer, as well as preparative HPLC for efficient
carotenoid extraction and separation in R. paludigena CM33 cells.

The third objective was to assess the effects of incorporating different levels of
R. paludigena CM33 (RD) in the dietary composition on the growth, immune-related
gene expression, intestinal health, resistance to Vibrio parahaemolyticus (VPauenp)
infection, and meat composition of shrimp (Litopenaeus vannamei). The results
demonstrated significant improvements in the specific growth rate, weight gain, and
survival of shrimp fed with 1% RD, 2% RD, and 5% RD. Administration of 5% RD led to
a reduction in cumulative mortality following the VPyuenp challenge. Furthermore, the
expression levels of immune-responsive genes, such as the proPO system
(prophenoloxidase-2:  PO2), antioxidant enzymes (superoxide dismutase: SOD,
glutathione peroxidase: GPX, and catalase: CAT), JAK/STAT pathway (signal transducer
and activator of transcription: STAT, gamma interferon-inducible lysosomal thiol
reductase: GILT), IMD pathway (inhibitor of nuclear factor kappa-B kinase subunit beta
and epsilon: IKKb and IKKe), and Toll pathway (Lysozyme) genes, were up-regulated in
the 5% RD group. Microbiome analysis revealed that the genus level, Vibrio was found
to be reduced in the 5% RD group, whereas the abundance of potentially beneficial
bacteria, such as Bifidobacterium, increased. The 5% RD group exhibited a significant
increase in crude protein and crude lipid levels, which are essential nutrients. These
results indicate that R. paludigena CM33 has the potential to serve as a probiotic
supplement in shrimp feed, improving growth, disease resistance against VPayeno, and

meat quality by increasing protein and lipid content in shrimp.
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