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1. Candida guilliermondii
2. Pichia burtonii

3. Hansenula anomala

4. Debaryomyces hansenii
5. Eurotium
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7. extracted
8. Yeast Extract Glucose Chloramphenicol Agar (YGC)
9. Single spore
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Fig 1 Germination of Aspergillus fumigatus as a function of a,, at: (a) 15, (b) 25 and (c) 30 °C

et ps Lesaig agsn ool 5 [EV] cul oogline
5318 ol a3 YO gles CiS lases Ll glac e
et ol e sl a8 sls Olis Rl ek s
S 33 ol Bl 5 ol s 5 o el
< /00) 2l sy e silKea S sk S S S50
bl Cs e Sleil 3y 50 sl a3 S s (P
5 ol e )L 5L gl a4 by e a8 al 5l
o=l Bl 2alS b 4 e, 56 Gl s e
5o WS &S b Ol ) o 1l e 4y 0S8 B s &S
A STl s Skl e o 5VL A o Lal Ol
e a3 Yo by 55 Oyl s anslie s L3l Gl
S8 ol e Rl s (Sl 8IS

Dy K58 e

ARY:)

35 opl bz iy of el des oS das e 0lis O S
sgnn slsss sl el S8 G5mailr Koy »
Leab ool a3 S j5b 4 (P <1/00) 5y
Sl o 5 2l b 5B Ol e By Ll
Sl ol s S s Ll sl il e K56 s
sdalie 55,7\ by =110 o Siale bl s s
j)lj_fdtjl_m«_?)a\o [ SR QG VU [P W
55,5 Uy Sl M sl s Ly = +/V=4/VO

ey do 3 ¥E/E STV b w6 ol
STV L0 ol s 3 | Sl co e ¥ IS
Sl by e das e 0L /A B0 T el
Sl am s Wn g 03 S Olge S (YooX) O 5 S S

e dbe o bl el el sl wge



by 5 P38l SES e

OLKes 5 Ol

40 ¢

(b)

RntSGibe < 4
o 10 20 30 40 50 60

40 T
30 +

20 +

Germination rate [day ]

Time [day]

40 ¢

30 +

20

(©

(@

—6—0.65
-6-07
—fA—0.75
—4—0.8

—8-o0.285
—-05

Fig 2 Germination rate of Aspergillus fumigatus as a function of ay, at: (a) 15, (b) 25 and (c) 30°C
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Fig 3 Lag phase for germination of Aspergillus
fumigatus base on Gompertz model as a function of
a, and temperature. Letters indicate significant

changes within each temperature (P< 0.05)

yan



Veoo ﬁj‘\/\ 092 ARAS e)Lo.«.i:

A e b 7158 sl e[ S8 (olnd 25 s
sy (0 J5) 5,8 s P <eie) (ool pae sk w
il Lo dilen e ghie A, Do DS
3 (ol 3 (slal) Sl i3 65 b it L L
s 53 (e, 56 glgsl) il tals L;“)T Sy
f ks A5 Ay T

>3 Y0 ¢l 301 Sl 6 S JlE sdalis 54 4
B S 0 [ astt i

v /ANO—+ /] ))L@Jﬁfn)ﬁ )40 Q)\J}

Spdy= /4 538 sl

40 1 =]

(b)

40

Mycelium growth [mm]

30

20

Ady s g ol Cdlad Joline 51 -v-y

IR ol S ] S5 p gl
wﬂ&)};dﬂ/rm:ih—:ﬂ REC R P G PR [ T
r0) s e ol Calztes Slac )l s 3 e IS 45
2l el i) 558 e odalin &S b Olan (P <
il b o3l el 53 &S (6ysh 4 A sdalie A= +/A-+ /A

38 e pRlBl el AS, b ay

(2)

40 [m]

Time [day]

Fig 4 Effect of a,, and temperature on the logarithmic phase of radii growth of Aspergillus fumigatus at: (a) 15,
(b) 25 and (c) 30°C

a3 VTLY Bl 035 aler sl b 56 Ll
£k LS sl e T B L Ll b Ll sl Jsb
A5 e ol s (A 58 Iy il el sl
sl e[ S8 el oy e 3 Las il 530
SIS iy ¢l 3L 550 Ay Bl Ll cils e il 5
Yo 0) Lacs,l o s adS s sl g sl ]
A_I@L:Jl_ja.l_p&_lléaﬁ'/Al{ﬁ\ﬂ(alﬁéb@)J

L8858 5 b cillas o Kiags ol 5lodal Cows

Yav

3K sl e S8 T s BBlas O s
VLS Y LYo glac )l = 4 s jo Ay 5 Sl 2
ui)lj-_f(\"\"\/\)obl_(&ﬁ}w)uo\j)j_b Olea a3
O xS el gl ke 3y g0 Ay Bl Y gexs Lilos S
Mmljﬁ)ww\jw\ﬁ)é\f)lf ))}»aWJE‘b
Lgb_.»)'l_:.'»))j_ﬁawg}.;].)\) D‘V]J_J:L»v_ag_”;)\)) a5
Lo oles o3l 55 wsilKssd sl el XS S50l g

o=l css (Y Joder) s '/Vl{ﬁ\ﬁaljf Slw a5 Yo



by 5 P38l SES e

OLKes 5 Ol

Radial growth rate [mm/day]

y HER
0 10 20

40

10

50 60

20 30

40

Time [day]

©

50

60

@

—0—0.65
—©-0.7

——0.75

Fig 4 Growth rate of Aspergillus fumigatus as a function of a,, at: (a) 15, (b) 25 and (c¢) 30°C

Table 1 the minimum aw for germination and growth of Aspergillus fumigatus at different

temperature
Temperature [°C] 15 25 30
Minimum a,, for germination 0.7 0.7 0.8
Minimum a,, for growth 0.8 0.8 0.8

Table 2 Parameters estimates of the Gompertz model for the germination data of A. fumigatus

Tamp ACh) (@) Q) i@ oo F

0) Vaie  t  95%CI  Vae t  95%CI  Vae  t  9%5%Cl  Vaue 95%C

5 065 - - - - - - - - - - - -
070 21 1346 21724 13 41 1213 154 716 150158 219 21621 811 099
075 346 1778 341352 24 455 2325 129 88 124133 184 122245 1274 099
080 98 1921 9871008 168 270 155181 47 304 4550 69 6672 367  09%
085 1001 3013 9931008 173 412 162182 29 409 2831 51 4953 368  09%
090 1000 291 9921007 270 312 251289 15 232 1416 29 2631 368 0997

%3 065 - - - - - - - - - - - -
070 1007 123 RGI027 44 480 4246 149 708 143154 233 233 310 09%
075 1010 1092 9901029 43 440 4145 114 468 109119 201 196205 371 099
080 1000 286 93008 173 385 164182 26 346 2427 47 4649 368 099
085 P9 2986 WI1006 355 275 327383 12 210 1043 22 1925 367  09%
090 1001 4386 961005 348 352 327368 02 37 0103 12 1213 368  09%

30 065 - - - - - - - - - - - -
070 05 1440 04305 00 436 003 59 900 155163 216 20429 02  09%
075 570 206 5657 03 703 0304 143 127 140145 204 178230 21 1
080 99 2104 9%®HI009 72 561 6975 110 82 107113 162 159164 368 099
085 1003 5673 991006 139 82 135142 42 R0 4143 69 69 69 1
090 1003 3222 99.7-101.0 18.5 418 17.6-19.5 2.2 33.8 2.1-24 4.3 3.5-5.0 36.9 0.999
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Table 3 Parameters estimates of the Lojestic model for the germination data of 4. fumigatus

P (%) k(@) t(d) o 2

Tamp(C) Vae t %0 Vae t 90 Vae t o%a  Twee R
5 065 } } ; A ; } } ; } }
070 216 %7 211220 03 269 02-03 244 1343 241248 108 098

075 B9 &3 BO349 03 195 026033 206 M0 201211 170 0995

080 %I 1693 9781003 07 211 0608 79 1005 7781 495 0997

085 06 1326 RWOIOLl 07 171 0608 61 576 5863 498  09%

090 97 1%0 %3100 LI 153 0912 35 09 3336 498 09I

%3 06 - - - A - - - - - -
070 %6 9 9895 02 213 01802 22 N3 256268 483 09%

075 974 710 M5I002 02 27 017021 B2 B9 25538 47 0995

080 94 1648 921007 07 203 0608 57 684 5558 497  09%

085 06 1548 W2A009 14 132 1216 27 439 2528 498 0987

090 99 4768 951004 12 348 1213 17 752 1617 500 0997

0 065 - - - o - - - - - -
070 05 @1 046049 03 179 02-03 239 071 234245 (02 09

075 56 85 5457 03 26 0203 28 1081 23232 28 0997

080 978 9 958999 03 23 027033 182 BT 179186 489 0997

085 06 1867 R5I007 06 258 0506 80 133 7982 498 098

090 98 2759 901006 08 318 0708 52 1099 5152 499 0998
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The impact of a, (0.65-0.9), temperature (15-30°C) and their interaction on the
germination and radius growth of Aspergillus fumigatus isolated from cake was
surveyed on Yeast Extract Glucose Chloramphenicol Agar (YGC-Agar) during 60
days as well as the capabilities of Gompertz and Logistic models for fitting data
were explored. Rising a,, (from 0.65 to 0.9) and temperature (from 15 to 25°C)
caused significant enhancing of germination and growth rate of 4. fumigatus (P <
0.05). However, in constant a,s, further increasing of temperature (up to 30°C) led
to meaningful decreasing of these parameters (P < 0.05). 4. fumigatus did not
germinate at a,, 0.65. In addition, germination was observed at a,, 0.7 and 0.75 only
when the temperature was 15 and 25°C while the mycelium growth was not
occurred at these conditions. Although the germination rate was relatively high at a
0.8, the mycelium growth was very limited. The most amount of germination and
radius growth was for a, 0.85 -0.9 and temperature 15-25°C (P < 0.05).
Consequently, the optimum growth of 4. fumigatus was seen at a, 0.9 and
temperature 25°C and the best shelf life of cake proved at a, < 0.7. Furthermore,
fitting the growth curves demonstrated the more accuracy of Logistic model rather
than Gomperts model.
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