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Abstract

Astaxanthin is a powerful pigment and antioxidant used in the food, aquaculture, cosmetics, and pharmaceutical
industries. Its market is expected to reach $4.8 billion by 2028. Phaffia rhodozyma, with its astaxanthin synthesis
and weak cell wall, is a suitable candidate for commercial pigment production. Considering the direct relationship
between biomass and astaxanthin amount, it is important to optimize the growth conditions to achieve the
maximum amount of biomass. Phaffia rhodozyma yeast was used in this research. After activation of the strain,
yeast cells were grown in different broth cultures with different amounts of carbon and nitrogen sources, and each
culture medium was placed at three different pHs (5.5, 6, and 6.5) and at two different temperatures (15°C and
21°C) with a stirring speed of 100 rpm. The growth in each of the environments in different conditions was
measured with a spectrophotometer in consecutive days up to 14 days. Considering the growth curve of yeast over
time and using the Gompertz model to calculate factor A, the equivalent of the maximum growth of optimal
cultivation conditions was determined. First, the identification of effective factors was carried out using the one-
factor-at-time method. Then, the effect of the desired maximum growth factor was examined to calculate the
optimal initial conditions using RSM software. The optimal cultivation conditions for Phaffia rhodozyma yeast
for the main culture medium 3 are between 17°C and 19°C, which is the appropriate and optimal temperature for
cultivation, and increasing the pH from 5.5 to 6.5 has reduced the suitability of the conditions.
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EXTENDED ABSTRACT

Introduction: Astaxanthin is a powerful antioxidant and pigment widely utilized in food, aquaculture, cosmetics,
and pharmaceuticals. The yeast Phaffia rhodozyma, also known as Xanthophyllomyces dendrorhous, is a
prominent microbial source for natural astaxanthin production. However, challenges such as low productivity and
high fermentation costs have hindered large-scale industrial applications. Astaxanthin, a powerful antioxidant and
coloring agent, is primarily produced by the yeast Phaffia rhodozyma. Astaxanthin, a potent carotenoid with
various health benefits, can be extracted from the yeast Phaffia rhodozyma using several methods. The following
outlines the prominent extraction techniques based on recent research. This yeast is notable for its ability to
synthesize high levels of carotenoids, particularly astaxanthin, under specific growth conditions. The production
process has been optimized through various methods, including strain improvement and fermentation techniques.
The astaxanthin market is experiencing significant growth, with various forecasts indicating a robust increase in
market size over the coming years. The global astaxanthin market was valued at approximately $0.8 billion in
2023.

Utilizing a fed-batch culture system has shown significant promise in enhancing astaxanthin yields. For example,
a mutant strain of P. rhodozyma cultivated in a Yucca medium achieved a maximum astaxanthin production of
23,810 ug/L under controlled feeding conditions that responded to pH changes during fermentation . This method
allows for continuous nutrient supply, which optimizes both biomass and pigment production. This method allows
for continuous nutrient supply, which can significantly enhance astaxanthin production. In one study utilizing a
fed-batch culture with a low-cost Yucca medium, the maximum astaxanthin production reached 23,810 pg/L.
The feeding control was based on pH changes in the culture medium, optimizing nutrient availability and oxygen
levels. The optimization of nitrogen sources has also been critical. Research indicates that specific combinations
of nitrogen sources (e.g., ammonium sulfate and beef extract) can significantly impact both yeast growth and
astaxanthin accumulation.

Material and methods: the yeast strain Phaffia rhodozyma was purchased from the Iranian Genetic and
Biological Resources Center with the scientific name (Xanthophyllomyces dendrorhous) and the code IBRC-M
30167. According to the instructions, the mentioned strain was re-cultured on YM agar medium on a plate.
Ingredients of this culture medium: Yeast extract (0/3%), Malt extract (0/3%), Peptone (from soy) (0/5%), Glucose
(1%) and Agar (1/5%). Different broth cultures with different amounts of carbon and nitrogen sources were used,
and each culture medium was placed at three different pH (5.5, 6, and 6.5) and at two different temperatures (15
and 21°C) at the same stirring speed (100 rpm). Each culture medium was inoculated with an equal amount of
yeast suspension prepared from the stock. To optimize and obtain the most suitable culture medium from the point
of view of medium composition and culture conditions (pH and temperature), the factors A, maximum growth
rate was calculated. The results showed that the Gumpertz given the smaller number of parameters of the
Gumpertz model, this model was selected. The results of the modeling in the analysis of variance tables were
examined separately for each factor and finally, using the Design Expert software with the RSM method, the
optimal conditions for each variable were examined and the interaction between the various variables was also
evaluated. As a result, the relationship between the tested variables was evaluated and the resulting response was
measured. Finally, using the data obtained from this section, the most appropriate treatment was determined in
terms of culture medium composition, culture conditions (pH and temperature), and the optimal incubation time
of the culture medium. Cells were centrifuged, washed, and treated to break cell walls using wet, dried, and
lyophilized methods after culturing and centrifugation.

Results and Discussion: Incubation temperature significantly affects maximum yeast growth, with 15°C yielding
the highest and 21°C the lowest growth. pH of the culture medium significantly affects maximum yeast growth,
peaking at pH 5.5 and lowest at pH 6.5. Culture medium type significantly affects maximum yeast growth, with
original culture mediums 2 and 3 exhibiting the highest growth levels. Variance analysis indicates that yeast
growth peaks at 21°C and pH 5.5, with extremes at pH 6.5. Analysis reveals that the original three culture mediums
at 21°C yield the highest yeast growth, while the modified YM culture medium at the same temperature results in
the lowest growth, indicating slower cell production. The analysis indicates that maximum specific growth for
yeast is highest in culture media 2 and 3 at pH 5.5 and 21°C, while the lowest occurs in modified YM and YPD1
at pH 5.6. Optimal yeast culture conditions: 17-19°C temperature, pH increased from 5.5 to 6.5. Phaffia
rhodozyma's biomass production is affected by medium components and environmental conditions. The carbon
source and its concentration play a crucial role in Phaffia rhodozyma's growth and biomass production. High sugar
levels, especially glucose, can hinder yields due to the Crabtree effect. D-cellobiose is optimal for growth and
pigment production. Sucrose and glucose concentrations of 40-45 g/L and 80-140 g/L, respectively, are effective,
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while sugarcane juice at 20 g/L is recommended to prevent substrate inhibition. Optimal biomass production for
Phaffia rhodozyma occurs around 20°C, with 18°C also promoting carotenoids, suggesting varied conditions and
substrates necessitate tailored fermentation strategies. Optimal pH for Phaffia rhodozyma is around 5.0, while
ideal temperatures for growth and carotenoid production are between 18°C and 22°C.
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