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Table 1. Effect of the medium on the growth and luteoskyrin production by Penicillium islandicum THT-22

Dry weight of mycelium Luteoskyrin
Medium (mg/ml) (4 g/ml)
Czapek solution agar 19.13 = 0.68° 16.81 = 2.15
Czapek solution broth 18.75 = 1.07 16.02 £ 1.49
Malt extract agar 18.83 = 1.03 2179 = 0.89
Malt extract broth 20.52 = 1.54 23.13 £ 1.51
Potato dextrose agar 17.42 = 091 17.29 £ 1.37
Potato dextrose broth 19.62 + 1.16 17.43 = 1.13
Glucose-lactose-phosphate 9.82 = 0.59 9.02 = 0.64
Nutrient broth 11.09 = 0.82 9.31 = 0.81
Nutrient agar 11.79 £ 0.79 10.85 = 0.55

*. The medium was incubated at 25 £ 1°C for 18 days.

®. Each value represents the mean + SD, n=5.
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Table 2. Effect of pH on the growth and luteoskyrin production by Penicillium islandicum THT-2 in Czapek

solution agar®

pH

Incubation temperature (°C)

10

15

20 25 30

35

40

Dry weight of mycelium (mg/ml)

NoRie RN e NV I - VS B S ]

—b

0.32 £ 0.03¢ 0.42 £ 0.01
041 £0.04 1.23 = 0.13
0.46 = 0.02 2.39 £ 0.34
0.61 = 0.05 4.11 = 0.32
0.82 = 0.08 4.32 = 0.36
1.44 = 0.08 4.02 £ 0.32
1.35 = 0.14 3.81 = 0.29

Luteoskyrin ( ¢t g/ml)

2 —

H o

0.46

NoR- N Be N I

1.03 = 0.09
1.61 = 0.17
2.86 = 0.26

0.01 253 £ 0.14
0.62 £ 0.03 2.56 = 0.22
0.53 & 0.06 2.03 = 0.31

0.64 = 0.06 0.81 = 0.04
4.03 =029 4.03 = 0.36
13.14 = 0.64 13.78 = 1.14
18.52 = 1.26 18.12 = 1.18
19.53 £ 0.83 19.57 = 1.27
18.63 £ 0.98 18.05 £ 0.74
12.01 = 0.80 11.74 £ 1.36
0.84 £ 0.01 1.18 = 0.01

227 £ 0.27
397 £ 0.32
6.13 = 0.21
6.82 = 0.80
6.01 £ 0.53
479 £ 0.44
0.66 = 0.07

— od 9
3.84 = 0.22 399 = 0.64 3.23 £ 0.10
4.52 £ 0.3713.33 = 1.28 8.45 = 091
6.03 £ 0.2314.47 += 0.66 13.15 £+ 0.69
8.34 = 0.4318.12 = 0.72 16.57 £ 0.87
1093 = 0.6218.71 *= 0.83 17.55 = 1.35
473 + 036 9.50 = 0.80 8.72 = 0.73

NDe ? ND

0.79 = 0.07
3.34 + 0.34
572 £ 0.12
13.03 £ 0.73
14.77 £ 0.81
13.38 £ 1.56
5.15 = 0.93
0.64 = 0.01

1.93 = 0.72

6.16 = 0.55

10.93 £ 0.76

12.28 = 0.51

13.54 = 0.69

4,94 + 0.82
ND

0.29 = 0.14
1.34 + 0.23
1.36 = 0.31
1.53 £ 0.14
1.77 £ 0.16
2.13 £ 048
0.89 = 0.44
0.43 %= 0.01

?
?
1.32 = 0.19
142 = 0.32
1.62 £ 0.36
ND
ND

a. The medium (pH 2~9) was incubated at various temperature for 18 days.
b. — : Mycelial growth (or luteoskyrin production) was not observed.

c. Each value represents the mean = SD, n=3.

d. 7 : Uncertain result.

e. ND: not detected.
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Table 3. Effect of cultural status on luteoskyrin production by Penicillium islandicum THT-2.

Luteoskyrin ( i g/g)
Temperature CZB? Unpolished riceP
(C)
12¢ 18 24 12 18 24

Stationary cultivation

15 063 *+0.12¢ 212+ 0.38 341 £ 0.21 7 2.63 £ 007 189 £ 0.17

20 8.32 = 0.79 8.77 £ 0.92 9.02 = 0.83 7.92 £ 0.34 6.57 = 041 537 +0.36

25 1044 =094 18.04 = 1.01 17.99 + 0.52 8.83 £033 1139 +0.53 10.71 + 048

30 994 134 1794 = 0.77 1778 = 1.43 8.16 = 0.28 834 040 8.17 =034

35 4.18 = 0.35 6.31 = 0.58 7.08 = 1.41 444 *+ 0.44 5.54 £0.56 5.14 = 0.46
Shake cultivation

15 0.82 = 0.07 2.13 £ 0.22 3.13 £ 0.26 1.18 = 0.01 2.08 = 0.04 137 £ 0.36

20 7.82 +0.92 8.02 = 0.72 8.13 = 0.53 7.68 £ 0.22 8.14 = 0.31 5.02 = 0.28

25 1023 £1.02 1532 = 0.83 14.93 = 0.66 842 £ 033 10.83 =037 999 £ 0.34

30 9.84 £0.63 1504 +0.74 14.26 = 0.99 7.97 = 0.27 9.04 = 0.34 7.88 = 0.21

35 292 £ 0.33 450 = 0.13 4.07 £ 0.22 2.83 = 0.36 440 £ 0.13  3.77 + 0.36

*, The volume of CZB : 50 ml/flask.

*. The volume of unpolished rice : 200 g/flask (18% water content).

*. Incubation period (days).
¢. Each value represents the mean = SD, n=5.
°. 7: Uncertain result.
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Table 4. Effect of water content on luteoskyrin production in rice by Penicillium islandicum THT-22

Luteoskyrin ( 1t g/g)
Water
content Oryza sativa var. indica Oryza sativa var. japonica
(%) ‘
Polished Unpolished Unhulled Polished Unpolished Unhulled
rice rice rice rice rice rice
Whole rice
13.5 NDb ND ND ND ND ND
16.5 0.25 = 0.03¢ 0.47 = 0.06 ND 0.35 £ 0.09 0.63 = 0.11 ND
188 1.64 =0.14 1.77 = 0.149 I 1.61 £ 0.10 1.83 = 0.26 0.25 = 0.05
225 417023 573x022 041 = 0.08 4.57 £ 043 577 £0.61 043 £ 0.08
262 632+040 748 £038 0.70 £ 0.05 6.48 = 0.53 851 £060 0.73 £ 0.08
300 7.61 =030 897+025 1.10=x0.14 862+ 038 10.53 =038 1.72 £ 0.16
Cracked rice
13.5 ND ND —¢ ND ND -
16.5 045 £ 007 0.75 £0.13 - 0.68 = 0.06 1.07 = 0.19 -
188 225+ 0.12 2.05=*0.17 - 1.95 = 0.18 2.36 + 0.22 -
22.5 4.05=*=020 8.01 +0.01 - 492 = 0.40 6.13 = 049 -
262 777 =036 845+ 0.26 — 7.17 = 0.39 9.89 + 0.38 -
30.0 8.29 =041 9.21 =045 - 949 + 041 11.27 £ 0.79 -

*, The medium was incubated at 25 = 1°C for 30 days.
°. ND: not detected.

¢, Each value represents the mean = SD, n=5.

¢, ?7: Uncertian result.

¢. —: Not determined.

o BB LI100 mlZ f B (S 2 k) &
AR - B ZEH T A150 mlPTER (B £ )
PRAEZE I o MERE(F 0 EHT) RISELITOCHHE
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B 2 RO IR o EBUKER A 7200 I i
#% » BS0gh100ml 2z i Bk & g & &Y
E o B EE I X RIS50mIPT B (3 2.8 Ik 8
FEHLTAD » R B U IR DR A %L, 2420 mlZ TR
B, BIRAE2 mME T A o

() % 2 B 48 DATE 1k 2 8 A A B R BR TR
(Toluene: ethyl acetate : 90% formic acid ; 6:3:1,
vIVIV)JEBR > #ER EZ AR - o RliE &
TERZ o SANMBEKRFERE > MFEEZHXER

85

(Sigma, USA) K 10 1 1R A 15 7 48 52 38 B 36 4k
ZHPTLCRE Mtk » DABE (o) s B ) 2 B 2 7K F
JE BB B B 1% » LUspectrodensitometerE 7 52 &8
B0,

= EBREZEZAE

BURAKE I b £870°C HEFE 10/ RF4% BR
HMFFE - REEEELE PR ZEE (KRS0
mlA B e R 2 RO E R
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AR 2 il B B R o B B EORAE 0 RIR
EREZRNEETE > FEZERNEFREER
BIS RIARELE o
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Table 5. Effect of carbon source on the growth and luteoskyrin production by Penicillium islandicum THT-22

Carbon sourceP Mycelium Pigments Luteoskyrin
(mg/ml) (mg/ml) (u g/ml)
Control 9.03 = 0.81¢ 0.64 = 0.05 7.30 = 0.57
Starch 15.89 = 1.64 1.05 £ 0.08 1421 = 1.12
Sucrose 10.26 = 1.30 0.85 £ 0.08 13.90 = 1.07
Fructose 11.56 = 1.11 1.47 = 0.13 16.45 = 1.23
Maltose 14.40 = 1.42 1.00 = 0.08 14.52 = 1.17
Lactose 6.77 £ 0.62 1.04 = 0.10 13.92 + 1.09
Glucose 11.93 = 1.62 1.08 = 0.08 12.57 = 0.97
Citrate 2.83 = 045 0.31 = 0.01 1.64 £ 0.16
Glutamate 4.60 = 0.40 0.48 + 0.01 222 £ 0.17
Malonate 2.70 £ 0.29 0.33 = 0.01 1.84 £ 0.15
Succinate 2.00 = 0.19 0.28 = 0.01 1.45 £ 0.12
Fumarate 1.63 = 0.14 0.42 = 0.02 2.13 = 0.20
Acetate 0.82 = 0.07 0.06 £ 0.00 0.30 = 0.03

*. The medium was incubated at 25 £ 1°C for 18 days.

*. 3% each of the carbon source in Czapek solution broth.

°. Each value represents the mean = SD, n=5.

M~ EkERpHIEZRIZE

FPELG g2 B il B A K 140°C HLEL2 /NI -
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28 FESpH T IR 25~30°CH » Wik 24
REAMKBEZEREINRS  WHEZER
18.05~19.57 mg/ml > HFEE K13.15~18.71
pg/ml (K)o HLHE BN CZB K ARE K, 48
HEHEIREEER  AHRBEQS~30C)KZE
I8 KW Z BT ERH /77 #18.04 ng/ml K&

86
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REGPRERKEELEMEKERZREFE
B ERERBAR Z BT REE APk 2 SRR A,
AR HORE SR Z R M BUL B E RS
RZEA HRGEELRESPESZEAN
REMNIZER  NHEREENEZ BT
BAHB  AREARE o AREIGEZ K K
HARBEHEEER  HETEKRT R K>
K E K> 2 BEREK> ALAEK - EREEKEZ
WG o METE RS R BAR R A OK B K R A
o AR ZESEEEREERM) . Hit
HRBERHABERZERGZIRBAPZEK
BZHE AEASETZEKN Z A4 R
B BB ZKRENFRISNEGER
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Table 6. Effect of nitrogen source on the growth and luteoskyrin production by Penicillium islandicum THT-22

Nitrogen Mycelium Pigments Luteoskyrin
Exp.b source® (mg/ml) (mg/ml) (M g/ml)

Control 9.54 + 1.214 0.64 = 0.06 7.71 £ 1.39

Malt extract 15.63 = 1.46 1.12 = 0.09 12.80 + 1.43

Yeast extract 1943 = 1.76 0.28 = 0.02 1.64 £ 0.15

A Peptone 17.21 = 1.76 0.29 £ 0.01 1.58 £ 0.13
Casamino acid 16.16 = 1.41 0.36 £ 0.01 329 £ 0.36

Aspargine 12.44 £+ 1.23 147 = 0.11 12.21 = 1.21

Glutamine 1091 = 1.39 1.49 £ 0.12 12.54 = 1.17

NH,NO; 4.21 = 0.60 0.15 = 0.01 220 = 0.18

B NH,Cl 6.57 = 0.26 0.13 £ 0.01 1.94 = 0.21
CO(NH,), 3.85 £ 0.63 0.20 = 0.02 2.81 = 0.25

(NH,4),S0, 3.95 = 0.39 0.14 £ 0.02 2.09 = 0.22

2, The medium was incubated at 25 £ 1°C for 18 days.

®. In experiment A of Czapek solution broth was supplemented with the compounds listed;in experiment B,
NaNO; in Czapek medium was replaced as cited in the table.

<. 0.2% each of the nitrogen source in Czapek solution broth.

¢ Each value represents the mean = SD, n=5.

Table 7. The change of pH value in Czapek solution broth during the growth of Penicillium islandicum THT-2*

pH value
Temperature
Incubation period (days)
(C)
0 6 10 14 18 22 26 30

10 73*+02068=+03 68+03 6603 66+04 65+03 57+0.1 5802
15 7301 66*x02 60%£03 5804 5402 53+03 5403 54=x0.1
20 73*02 5102 5302 46+03 48+02 52+02 56=+0.1 56 =02

25 73=x01 52+01 46+04 41*x02 43£02 4604 4802 52=*02
30 73*+0.1 5303 45+0.1 42+0.1 44+0.1 48+03 52*+03 53*+03
35 73+02 58+02 53*x02 48+02 4602 50£02 51x02 54=+02
40 72=*+02 64=*x01 60+00 55+02 56+02 58*+00 5805 58=*0.1

¢, The volume of each culture medium: 20 ml.
®, Each value represents the mean = SD, n=5.
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Table 8. The growth and luteoskyrin production of Penicillium islandicum THT-2 in different substrates?

Water Growth Luteoskyrin
Substrate content (%) rate (1t g/g substrate)

Unpolished rice 19.0 5+b 6.97 = 0.48¢
Polished rice 18.6 5+ 5.74 £ 0.38
Unhulled rice 18.8 2+ 0.95 = 0.07
Wheat grains 18.8 5+ 6.13 = 0.54
Oatmeal 19.1 S5+ 6.51 £+ 0.39
Yellowed corn 18.6 4+ 3.88 = (.30
White corn 19.0 4+ 345 = 0.25

*. The medium was incubated at 25 *+ 1°C for 30 days.
®. 24, 3+, 4+, 5+: the growth rate in medium.
°. Each value represents the mean = SD, n=5.

Table 9. Effect of rice processing method on the growth of Penicillium islandicum THT-2 and the variation of
water content of processed rice?

Water content (%)
Medium® Incubation period (days)
0 10 20 30 40 50 60
R 152+ 1.6/—¢ 153+ 1.5/— 159 £ 1.5/- 169 £ 1.7/— 163+ 17— 140 14/- 137 £ 13/-

R+S 152+ 1.5/— 158+ 1.4/— 169+ 142+  202% 192+ 194+ 182+ 173+ 1572+ 158+ 1.212+
BR 560 £47/— 524+ 64/— 561 %604+ 564 %875+ 528+ 625+ 522585+ 434 % 34/5+
BR+S  56.1 £ 49/— 545+ 5.6/3+ 51.3 + 5.8/4+ 8.1 £6.6/5+ 522%65/5+ 496 £ 60/5+ 47.8 +3.8/5+
FR 69+05- 94£08- 123£12/- 15.5£21/= 149 1.6/— 144£15- 125+ 14/-
FR+S T1+£08/— 101 £ 1.3/— 128 +24/- 17.9 £ 2.0/+ 172 £ 142+ 163 £ 2072+ 138 £ 1.3/2+
BaR 67109/ 92xL1/— 134 14/- 145+ 13- 144 12— 133+ 14/— 123£14/-
BaR+S 64+ 06/— 109+ 1.0/— 143+ 13/— 174 = 1.7+ 168 £ 1372+ 167 = 122+ 158 £ 1.4/2+
DFR 55206/~ 63x07- 81x07- 104 £23/-  101£09/- 88%09/- 83£08/-
DFR+S 5405/ 170x07- 95+£09/- 127£13/-  127+£13- 91£09/- 88%£09-

. The medium was incubated at 25 + 1°C.
*. R: rice, S: 5%sucrose, BR: Boiled rice, FR: Fried rice, BaR: Baked rice, DFR: Deep fried rice.
¢. Each value represents the mean = SD, n=5/—, +, 2+, 3+, 4+, 5+: the growth rate in medium.
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Table 10. Effect of processing method on the production of luteoskyrin in rice by Penicillium islandicum

THT-22
Luteoskyrin (ug/g)

Medium® Incubation period (days)

0 10 20 30 40 50 60
R — —C —_ —_ - - —_
R+S - - 0.97 £ 0.094 1.21 £ 0.11 1.14 = 0.07 097 £ 0.07 0.85 = 0.11
BR - 4.53 = 0.40 7.10 £ 0.52 9.05 £ 0.61 8.34 = 0.61 7.33 £ 0.61 7.20 £ 0.64
BR+S - 6.30 £ 054 1240 = 0.97 12.81 £ 0.85 1251 £ 105 1206 £1.00 11.66 £ 0.93
FR - - - - - - -
FR+S - - - - 1.26 £ 0.09 1.22 £ 0.11 1.18 = 0.08
BaR - - ~ - - - -
BaR+S - - - - 1.40 £ 0.10 131 £0.11 1.20 £ 0.15
DFR - - - - - - -
DFR+S - - - - - ~ -

= The medium was incubated at 25 = 1°C.

b R:rice, S: 5%sucrose, BR: Boiled rice, FR: Fried rice, BaR: Baked rice, DFR: Deep fried rice.

¢. —: not detected.
4. Each value represents the mean £ SD, n=5.
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The Growth and Production of Hepatotoxic

Luteoskyrin by Penicillium islandicum

HSHINN-HSHIUNG TSENG*

National Laboratories of Foods and Drugs, Department of Health, Executive Yuan, Taipei, Taiwan, Republic of China

ABSTRACT

The maximal production of luteoskyrin and
related pigments by Penicillium islandicum was
obtained during the late phase of cultivation.
Maximum growth of mycelial was cbserved in
potato dextrose broth and the highest productivity
of luteoskyrin in malt extract broth. In an optimal
substrate, luteoskyrin production was the highest
in the 18th day. Mycelial and
luteoskyrin production were greater in stationary
incubation than when shaken. The optimal pH for
the mycelial growth was between weak acidity
and neutrality. Mycelial growth and the produc-
tion of luteoskyrin and related pigments were

growth

increased by supplying a carbon source such as
starch, sucrose, fructose, maltose or glucose.
Starch and fructose maximized mycelial
growth and luteoskyrin production respectively.
Lactose also enhanced luteoskyrin production
but inhibited mycelial growth.

The organic salts citrate,glutamate, malonate,
succinate, fumarate and acetate inhibited mycelial
growth and the production of luteoskyrin and
related pigments. The acetate in particular dis-
played the strongest inhibitory effects in this test.
Mycelial growth was enhanced by the following
nitrogen sources: malt extract, yeast extract, pep-
tone, casamino acid, asparagine and glutamine.
However, the production of luteoskyrin and rela-
ted pigments were only enhanced by malt extract,
asparagine and glutamine. Potency of mycelial
growth and luteoskyrin production in crops was
found in the order of unpolished rice > oatmeal>
wheat> polished rice> yellow corn> white
corn>unhulled rice. A comparison of polished
rice which had been subjected to various treat-
ments showed boiled rice to be the best substrate
for luteoskyrin production, especially in the
presence of 5% sucrose.

Key words : Carbon source, nitrogen source, pH value, water content, luteoskyrin, Penicillium islandicum.
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