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Compound Response (arbitrary unit)
Hexane 09
Heptane i
Octane 1.5
Decane 2.6
Chlorobenzene 55
Atrazine 3,000
Dichloroethane 20,000
Lead Tetraethyl 30,000
Benzophenone 100,000
2,4D 125,000
Tedion 180,000
Malathion 250,000
Diethyl Maleate 550,000
Thioctane 600,000
a5 T 800,000
Kelthane 1,600,000
DDD 2,000,000
D D T (para, para) 2,000,000
DDE 3,200,000
Heptachlor 4,800,000
Dieldrin 8,000,000
Aldrin 10,000,000
Lindane 11,000,000
Dibromoethane 11,000,000
Fluothane 16,000,000
Carbon Tetrachloride 400,000,000

* K.P.Dimick, H. Hartmann; presented at ACS Winter
Meeting Cincinnati, Ohio January 13-18, 1963.
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chemical weak acid and weak base

polyacid-base or polybasic-acid

organic acid

anionic or cationic polymerization

olefin

moisture in organic
pharmaceutical drug

vitamin C

sulphonamide

alkaloid and alkaloid salt
petroleum acidity

basic nitrogen

hydrocarbon
mineral ] phenolin coal

silicain rock and ore

silicate in chromium ore

Sio,, AlO,, Fe,05 and Tio, in bauxite
metal transition metal

sulphur and phosphorus in steel

siliconin steel

P, Mn, Coand Vin steel

ceramic ThandLainglass
alumina and silica in cement
miscellaneous soap, detergent and surfactant
' pesticide

calcium oxide in lime-fly ash mixture
hydroxyl content of rasin
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(Risk management)
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ment)
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3.4 M9aAMTgYde (Loss Reduction)
3.5 Malaumalduasie (Risk Transfer)
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B-Carotene Production by Yeast,

Rhodotorula pallida
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ABSTRACT

The yeast, Rhodotorula pallida, could produce
maximal yield of 8-carotene in the cultivation for five
days in the liquid medium containing 8% glucose,
0.5% ammonium sulfate, 0.2% potassium dihydrogen
phosphate, 0.05% magnesium sulfate, 0.4% yeast ex-
tract, 0.0001% thiamin hydrochloride, 0.001% ribofla-

* Sureeluk Rodtong

vin, and 0.2% L-tryptophan at initial PH 7.0; shaking
at 120 rpm at 28 °C. B-Carotene could be extracted
from yeast cells by suspending washed cells in ace-
tone after drying with absolute methanol, and mixing
for 20 min, and then incubating at 40-45 ° C for 20 min.
Solid materials were removed by centrifugation. g-Ca-
rotene dissolved in the supernatant.

INTRODUCTION

B-Carotene is known as a precursor of vi-
tamin A, and incorporated into foods to provide
a source of vitamin A and to impart a desirable
color to the skin, fat, and other tissues of animal.
It occurs naturally in photosynthetic tissues of
plants, egg yolk, fish oil, and some organs of ani-
mals (Boonyaratpalin and Phromkunthong,
1986; Goodwin, 1984). Much gB-carotene is
chemically synthesized and also produced by
microorganisms. Some fungal species of the
genera Blakeslea, Rhodotorula, and Wangiella
produced large amounts of B-carotene when
grown in the medium containing glucose as the
carbon source (Prescott and Dunn, 1959;
Simpson et al, 1964; Geis and Szaniszlo, 1984).
Thus, this research used Rhodotorula pallida
and the medium containing glucose for esta-
blishing the B-carotene production process and
analytical methods. Various agricultural pro-
ducts contain large amounts of glucose such as
cassava starch can be used as the raw mate-
rials. They will be further investigated.

* Department of Biology, Faculty of Science Khon Kaen University
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MATERIALS AND METHODS
Microorganism and cultivation:

The yeast, Rhodotorula pallida obtained
from Laboratory of Fermentation and Metabolic
Regulation, Kyoto University, Japan, was used
throughout this study. The medium containing
50 g of glucose, 5 g of ammonium sulfate, 2 g
of potassium dihydrogen phosphate, 0.5g of
magnesium sulfate, 1 mg of thiamin hydrochlo-
ride, and 2 g of yeast extract in 1 liter of distilled
water, PH 5.5 was used for culture maintenance,
inoculum preparation, and g-carotene produc-
tion. For inoculum preparation, the yeast cells
were inoculated into 5 ml of the mediumina 16.5
x 165 mm test tube and incubated at 28 ° C with
reciprocal shaking at 200 rpm for 24 hours. One
percent of the seed culture was transferred to
100 ml of a production medium in a 500 ml.
shaking flask. Cultivation was carried out at
28 ° C with reciprocal shaking at 120 rpm until
well grown. Cells were harvested by centrifuga-
tion and washed once with distilled water.
Washed cell were dried with absolute methanol
and used for determination of 8-carotene and
cell mass. The effects of medium compositions,
initial PH of medium and inoculum sizes on -
carotene production were determined.

Extraction and determination of 3-Carotene:

Various extraction methods were tried to
extract 3- carotene from the yeast cells. The pro-
cedure of the chosen method is as follows:
washed cells obtained from 100 ml of culture
broth were suspended in 5 ml of acetone after
drying with absolute methanol, and mixed with
Taiyo Mix-Tower A-14 for 20 min, and then in-
cubated at 40-45 ° C for 20 min. Solid material
were removed by centrifugation. The superna-
tant was determined the intensity of color at 450
nm with spectrophotometer. The concentration
of carotene present in the sample was deter-
mined by comparision with a standard calibra-
tion curve prepared from pure g-carotene dis-
solved in acetone. The high concentration of 3-
carotene in the sampie was applied to silica gel
thin-layer plates (DC-Alufolien Kieselgel 60
F254, Merck). Development of thin-layer chro-
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matographic plates was carried out together
with standard of 8- carotene in the solvent sys-
tem of 10% methanol in benzene.

Cell mass:

Dry cell weight was calculated from a cali-
bration curve between the optical density at
610 nm of washed cell suspension and the dry
cell weight obtained by drying cells in an oven
at 105 ° C overnight.

RESULTS AND DISCUSSION

The maximal p-carotene production of
Rhodotorula pallida grown in the initial produc-
tion medium was obtained on the third day of
cultivation. The maximal yield of 8- carotene was
14.06 ug per g of dry cells when the amount of
cells in the inoculum culture was about 108 cells
per ml. Therefore, the incubation time for 8- ca-
rotene production in the further experiments was
only 3 days.

For optimization of some production con-
ditions, the effect of medium compositions, the
maximal concentration of B-carotene in the cells
was obtained by addition of 8% glucose. When
used the optimal concentration of glucose, the
optimal concentration of ammonium sulfate was
0.5%. Based on the production medium con-
tained the optimal concentration of C-and N-
source, it was found that the optimal medium
composed of the other components in concen-
tration as follows: 0.2% potassium dihydrogen
phosphate, 0.05% magnesium sulfate, and
0.4% yeast extract.

Based on the optimal medium, effect of
some additive compounds were studies. The
addition of 0.1% pB-ionone, a component of the
- carotene molecule, to the production medium
at the same time with inoculation of seed culture
inhibited growth and production completely, and
it gave the same result when added after 2 days
of cultivation (Table I). Thus, B-ionone exhibited
strong toxicity when added alone to the produc-
tion medium. Adding 0.1% of triton x-100, a
nonionic detergent, to the production medium
decreased a five-fold of B-carotene yield. For
determining the effect of salts on g-carotene
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production, it was found that 0.2% sodium chlo-
ride slightly inhibited the production but 0.03%
calcium chloride slightly increased the yield
(Table I). The different result might be caused by

& & - i, . 4
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the kind of salts and the high concentration of
sodium chloride. Effect of various concentra-
tions of salts will be further investigated.

Table 1 Effect of g-ionone, triton x-100, and various salts on g-carotene production of

Rhodotorula pallida.

B-Carotene formed

Additive
ug/g dry cell ug/I
None 14.26 59.39
0.1% pB-lonone .a .a
(added togdether with inoculation)
0.1% pB-lonone Bt 27.95
(added after 2 days of cultivation)
0.2% Sodium chloride 11.72 44.63
0.03% Calcium chloride 16.44 65.56
0.1% Triton x-100 2.65 19.42

a No growth of the yeast.

The effect of various vitamins on 3-caro-
tene production, the highest yield was up to
48.89 ug, per g of dry cells when added 0.0001 %
thiamine hydrochloride together with 0.001% ri-
boflavin to the production medium. At the same
time, the effect of various amino acids (L-aspa-

ragine, L-phenylalanine, L-proline, L-threonine,
L-tryptophan and L-tyrosine) was determined by
using 0.2% concentration for each amino acid.
The addition of L-tryptophan resulted in the best
total yield, 52.02 ug of 3-carotene per g of dry
cells (Table 2)."

Table 2 Effect of various amino acids on p-carotene production of Rhodotorula
pallida. '
Reviino: soid B-Carotene formed
ug/g dry cell ug/l
None 14,31 57.06
L-Asparagine 17.08 79.91
L-Phenylalanine 18.29 71.28
L-Proline 16.34 65.93
L-Threonine 16.02 66.01
L-Tryptophan 52.02 206.23
L-Tyrosine 15.68 70.55

For determining the effect of other condi-
tions on B-carotene production, the initial PH of
the medium was adjusted to 7.0, and the inocu-
lum size in the range of 1.0 to 5.0% gave the
same results. Therefore, 1.0% inoculum was se-

lected for the production. Under the suitable
fermentation conditions, Rhodotorula pallida
gave maximal g-carotene production on the fifth
day of cultivation.
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The crude products, yellow acetone-solu-
ble fractions contained three to four spots on
thin-layer chromatograph,one spot gave the Rf
values identical to standard of B-carotene.
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