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Aspergillus niger waznsasasleasmandulundnnainuns
Effect of changes in Temperature Moisture and Carbon dioxide
Concentrations on Aspergillus niger Growth and Ochratoxin Production in
Agricultural Commodities

A3 BaAzansena” ywaf f3xyll” wesn anysaiui? i wuAsne”
Suppara Aukkasarakul "/ Boonyawadee Chirawut” Nettra Somboonkaew”

Su-phi Wanasirakul”

ABSTRACT

Climate change impacts to various ecological systems, including contaminated
microorganism in agricultural system. Aspergillus niger is an important problem of damaged
stored agricultural products and can produce ochratoxin, which is classified as a human
carcinogen and harmful for consumption. Therefore, impacts of changing temperature,
mosisture and carbon dioxide (CO,) levels by A. niger were studied for advantageous
information to predict growth and mycotoxin production. Mycelium growth of A. niger was
tested by grown on yeast extract sucrose agar (YES agar) for 10 days. The optimum
conditions for A. niger growth were 17-38°C, water activity (a,) 0.87-0.99 and CO,
300-1,000 mg/kg. Temperature at 25°C, CO, 600 mg/kg and aw 0.93, 0.95, 0.99 and 0.90
resulted to the highest growth rates of A. niger in 0.85, 0.79, 0.57 and 0.36 cm/day,
respectively. Moreover, ochratoxin production was tested by Enzyme-Linked Immunosorbent
Assay. Aspergillus niger at 27-36°C, CO, 800-1,000 mg/kg and a, 0.90-0.99 were produced
ochratoxin higher than 2 pg/kg whereas at 30°C, CO, 600 mg/kg and a,, 0.95, 0.93, 0.99
and 0.90 showed the highest ochratoxin production at 4.1, 3.5, 3.0 and 1.3 pg/kg,
respectively. This fungus could not be grown on YES agar with aw at 0.75-0.85. In addition,
ochratoxin production in green coffee beans was tested in the different conditions. At 15°C,
CO, 300, 600 and 1,000 mg/kg with 60% RH, A. niger produced low level of ochratoxin at

the amount ranging from 0.8 to 1.8 pg/kg in green coffee beans.

Key words: Aspergillus niger, temperature, water activity, relative humidity, carbon dioxide,

ochratoxin
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wWasuudasly
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1. ARL@BaNs1 Aspergillus niger las33
Direct plating method
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p.UNAUDY 9.UuNEDIERU UM 5 FIDEN
dnudanunurlusa1sazarsloifen
lalumaalsd (NaOCI) 0.825% w1y 2 w1l
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a319a15lensmendu lagnena1IuIUaDY
aUas (spore suspension) U89 A. niger
Afmdanldaudadu 10° auas/ua. USuna
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Dallyn and Fox (1980) kazinedieinLa3ay
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Taevian spore suspension ¥AN31 A. niger
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Direct plating method

INMsRaEenlEN A niger iuidiou
Tundanun Adnsae conidial head &M
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Susiwiduly Jouelalaiiads 241, 2.38
WAL 1.96 TN, AINEIFY Fausiiavnsid
Usinanidase 075, 0.80, 0.85, 0.90 laiwy
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MnInesey 51 A. niger laiaansaiasald
vupaLABEe a3Uldd 1 A niger 133w
IiAfgumgfisening 20-35°. USinanhdase
093 uay 095 feduUSinuasuaulasenlss
600 Waz 1,000 n/nn. Fexaaadaaivanide
289 Astoreca et al. (2007) 5189171 11948
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shuwafhuingivanamaiuenléd 3% wi
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A

Luaﬁ’lﬁagaﬁ\lﬁ'ﬁ’l contour map
iingdndnanazasusazfadoiifinanons
193028931 A niger wuidn Tuztgungdl
17-38°s. USinautdase 0.87-099 vUswm
A1susulapanled 750-1000 Nn./nn.
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(Figure 1)

Table 1 Growth rate (cm/day) of Aspergillus niger when conned with different concentration

of carbon dioxide and water activity levels at 15°C after 10 days incubation

a CO2 concentration (mg/kg) Mean
300 1000

0.75 0.00 ¢ 0.00 d 0.00 " 0.00
0.80 0.00 ¢ 0.00 d 0.00 e 0.00
0.85 0.00 c 0.00 d 0.00 e 000
0.90 016 b 0.00 d 015 d 0.10
0.93 023 a 033 a 0.35 a 0.30
0.95 021 a 026 b 028 b 0.25
0.99 017 b 022 ¢ 0.26 ¢ 222
Mean 0.11 0.15 0.13

CV (b) = 83% CV (a) = Insufficient error of df

" Mean in the same column, followed by a common letter are not signicantly different

at 5% level by DMRT

Thai Agricultural Research Journal Vol. 36 No. 2 May - August 2018 121



Table 2 Growth rate (cm/day) of Aspergillus niger when conned with different concentration
of carbon dioxide and water activity levels at 20°C after 10 days incubation

a CO2 concentration (mg/kg) Mean
300 600 1000

0.75 0.00 " 0.00 " 0.00 " 0.00
0.80 0.00 e 0.00 e 0.00 e 0.00
0.85 0.00 e 0.00 e 0.00 e 000
0.90 022 d 022 d 022 d 0.22
0.93 0.69 a 071 a 071 a 0.70
0.95 063 b 064 b 064 b 0.64
0.99 050 ¢ 050 ¢ 050 ¢ 0.50
Mean 0.29 0.30 0.30 0.29

CV (b) =22 % CV (a) = Insufficient error of df
" Mean in the same column, followed by a common letter are not signicantly different at
5% level by DMRT

Table 3 Growth rate (cm/day) of Aspergillus niger when conned with different concentration

of carbon dioxide and water activity levels at 25°C after 10 days incubation

a CO2 concentration (mg/kg) Mean
300 600 1000

0.75 0.00d 0.00 e 0.00 e 0.00
0.80 0.00 d 0.00 e 0.00 e 0.00
0.85 0.00d 0.00 e 0.00 e 000
0.90 0.26 c 0.36 d 037d 0.33
0.93 0.83 a 085 a 081 a 0.83
0.95 053 a 079 b 0.76 b 0.79
0.99 053 b 057 c 051 c 0.54
Mean 0.35 0.37 0.35 0.36

CV (b) = 6.3% CV (a) = Insufficient error of df
" Mean in the same column, followed by a common letter are not signicantly different at
5% level by DMRT
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Table 4 Growth rate (cm/day) of Aspergillus niger when conned with different concentration

of carbon dioxide and water activity levels at 30°C after 10 days incubation

a, CO2 concentration (mg/kg) Mean
300 600 1000

0.75 0.00 d 0.00 " 0.00 d 0.00
0.80 0.00d 0.00 e 0.00d 0.00
0.85 0.00d 0.00 e 0.00d 000
0.90 028 ¢ 033 d 0.56 ¢ 0.39
0.93 0.60 a 0.78 a 0.68 b 0.69
0.95 055 a 071 b 0.78 a 0.68
0.99 045 b 047 c 071 b 0.55
Mean 0.27 0.33 0.39 0.33

CV (b) = 9.8% CV (a) = Insufficient error of df

" Mean in the same column, followed by a common letter are not signicantly different at

5% level by DMRT

Table 5 Growth rate (cm/day) of Aspergillus niger when conned with different concentration

of carbon dioxide and water activity levels at 35°C after 10 days incubation

a CO2 concentration (mg/kg) Mean
300 600 1000

0.75 0.00 e 0.00 e 0.00 e 0.00
0.80 0.00 e 0.00 e 0.00 e 0.00
0.85 0.00 e 0.00 e 0.00 e 000
0.90 026 d 027 d 027 d 0.27
0.93 0.57 a 0.57 a 0.57 a 0.57
0.95 054 b 053 b 053 b 0.53
0.99 042 c 040 c 041 c 0.41
Mean 0.26 0.25 0.25 0.25

CV (b) = 2.7% CV (a) = Insufficient error of df

" Mean in the same column, followed by a common letter are not signicantly different at

5% level by DMRT
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Table 6 Growth rate (cm/day) of Aspergillus niger when conned with different concentration

of carbon dioxide and water activity levels at 40°C after 10 days incubation

a, CO2 concentration (mg/kg) Mean
300 600 1000

0.75 0.00 e" 0.00d 0.00 e 0.00
0.80 0.00 e 0.00d 0.00 e 0.00
0.85 0.00 e 0.00d 0.00 e 000
0.90 040 b 037 b 042 b 0.40
0.93 0.46 a 0.44 a 047 a 0.46
0.95 039 ¢ 037 b 037 ¢ 0.38
0.99 032d 030 c 030d 0.31
Mean 0.22 0.21 0.22 0.22

CV (b) =32% CV (a) = Insufficient error of df
" Mean in the same column, followed by a common letter are not signicantly different at
5% level by DMRT

1000
900
800

700

CO, (ppm)

600

("e) Aunipe 1ojepp

500

Temperature (°C)

Figure 1 Effects of interaction of temperature, carbon dioxide and water activity level on

growth rate of A. niger (cm/day)
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OTA (ppb) 15¢°C 20°C

1"~/ 1000 ppm

¥ 7 600 ppm

' 1000 ppm

Figure 2 Average of Ochratoxin A production (ug/kg) by Aspergillus niger at different

temperature, carbon dioxide and water activity levels

OTA 0.8 ppb
OTA 0.8 ppb
B ©TA 1.0 ppb
Il ©TA 1.2ppb
[ OTA 1.4 ppb
OTA 1.8 ppb
OTA 1.8 ppb
Bl o7 20ppb

CO2 (ppm)
{"e) Apanoe sajem

Temperature (°C)

Figure 3 Effects of interaction of temperature, carbon dioxide and water activity level on
Ochratoxin A production by A. niger (LLg/kg)
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Figure 4 Average of Ochratoxin production (1g/kg) in green coffee beans by A niger at

OTA (ppb) o
OTA (ppb) 15°C 20°C
5.0 5.0
4.0 40
30 30
=300 ppm m 300 ppm
0 600 ppm o 600 ppm
= 1000 ppm = 1000 ppm
10 10
0.0 00 )
60 70 80 % RH % RH
OTA (ppb) 25°c OTA (sph) 30°C
50 50
40 | a0 -
30
=300 ppm 30 =300 ppm
20 600 ppm 20 600 ppm
= 1000 ppm = 1000 ppm
10 10
0.0 00
60 70 80 %RH 60 70 80 %RH
OTA (ppb)
60 35°C OTA (ppb) 40°C
5.0
5.0
4.0 0
30 =300 ppm 3.0 300 ppm
600 ppm 600 ppm
20 = 1000 ppm 20 1000 ppm
10 10
% RH
00 0.0
60 70 80 %RH

different temperature, carbon dioxide and water activity levels

Figure 5 Effects of interaction of temperature, carbon dioxide and water activitry level on

CO2 (ppm)

OTA (ppb) in green coffee beans

Temperature (°C)

Ochratoxin A production on green coffee beans by A. niger (Lg/kg)
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nsa3ea1slansmandu
Ysaaunslansmendu 751 A. niger
8391U8M13 YES agar fisnassaniwainia
WANANNAY WUI1 A niger 8IN1INEF1981T
Tomsmendu lannaavgungiineasy
(15-40°7.) lapa31eanslansmandugedi
noumndl 30°0. U3unanidase Inasonsaine
fafisesTntuiu wud Tugnssdugumad
wazynszduUSnuensuaulasenlsfimasey
31 A. niger a¥19anselFAisTiUUSNu

¥hdase 090-0.99 Tnsa¥eansfisiadong
5219 04-4.1 Tailesn3/nn. (Figure 2) Tigaungi
30° UsmauanSuaulaeanles 600 un./nn.
Usunauii8ase 095, 093, 0.99 uaz 0.90 1
A. niger 5 9a13lansmanduiads 4.1, 3.5,
3.0 uaz 1.3 lulasndw/nn. muasy waziils
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