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Astaxanthin, a potent antioxidant, has gained considerable attention in several applications
such as food and feed supplement as well as pharmaceutical industries. However,
synthetic astaxanthin is expensive and poses safety concern when applying as feed
additive. Therefore, biologically synthesized astaxanthin represents a safer alternative.
Xanthophyllomyces dendrorhous is the red yeast capable of synthesizing astaxanthin as its
major carotenoid pigment. As wild types in general produce low pigment concentration,
therefore, objective of this study was to (i) identify effective supplements and chemical
enhancers significantly influencing growth as well as astaxanthin production, (ii) optimize
the levels of identified factors leading to high growth and astaxanthin production using
pineapple juice concentrate base growth medium, a sugar as well as amino acid rich
medium derived from canned pineapple manufacturing process. Pineapple juice
containing total sugar of 10 g/L could efficiently and satisfactorily promote high growth
approximately 4.25g/L at day 2 post inoculation and high astaxanthin content and
concentration of 241.47 ug/g s and 0.91 mg/L, respectively, at day 6 post inoculation.

Screening conducted on six culturing factors, i.e., sucrose, glucose, (NH4)2S04, KNO;3,
n-hexadecane, and pH, was accomplished using fractional factorial design (FFD). Results

showed that sucrose, KNOs, and n-hexadecane were identified factors significantly and
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positive by affecting cell growth (p<0.05); however, glucose was considered statistically
and negatively significant (p<0.05) for astaxanthin production. The results further
suggested that increasing cell growth would increase astaxanthin production since
astaxanthin production is directly proportional to the concentration of biomass. Therefore,
the most important factors, namely, sucrose, KNOs, and n-hexadecane, were adopted for
further optimization study by Doehlert design. It was found that pineapple juice
concentrate supplemented with sucrose, KNOs, and n-hexadecane at the concentration of
40.2, 1.23 g/L, and 8.2%, respectively, yielded the highest biomass production of 13.24
g/L at day 8 post inoculation. Further, in order to enhance astaxanthin production,
screening experiment again was conducted on four chemical enhancers, i.e., Pyruvate,
ZnCl,, Tween20 and ethanol, using FFD. Among the enhancers selected, Pyruvate and
Tween20 were identified as important variables significantly influencing astaxanthin
production (p<0.05). The significant factors were subsequently optimized by Doehlert
design with the aid of steepest ascent in order to achieve high-level astaxanthin
accumulation and found that Pyruvate and Tween20 at the concentration of 49.78 mM and
0.145 %, respectively, led to astaxanthin concentration of 1170 pg/gyest at day 9 post
inoculum. Further, batch cultivation using 2-Liter fermentor under optimized conditions
established previously, namely, pineapple juice concentrate diluted to the final glucose
concentration of 10 g/L supplemented with 40.2 g/L sucrose, 1.23 g/L KNOs, 8.2% (v/v)
n-hexadecane, 49.7 mM Pyruvate, 0.145% Tween20, 1 mM ZnCl,, and 35 mM ethanol,
resulted in high biomass production of 17.43 g/L at day 8 post inoculation, whereas,
astaxanthin content and astaxanthin concentration of 906.57 pg/g yeast and 13.57 mg/L,

respectively, were also obtained at day 10 of cultivation.

Keywords: Astaxanthin / Doehlert design / Enhancers / Fractional factorial design (FFD) /
Xanthophyllomyces dendrorhous
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NOMENCLATURE
g = gram
L = Liter
g/L = gram per liter
mg/L = milligram per liter
mg/g = milligram per gram
mg/mL = milligram per milliliter
mL . = milliliter
pL = microliter
OD = optical density
WE/ Byeast = microgram per 1 gram of yeast dry weight
mg/gyeast = milligram per 1 gram of yeast dry weight
mM = milliMolar
vvim = volume per volume per minute (gas volume flow

per unit of liquid volume per minute)

v/v = volume by volume
w/W = weight by weight
1Y - degree celsius
rpm = round per minute
min = minute

nm = nanometer

ppm = part per million

mL/min = milliliter per minute





