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ABSTRACT--This study was performed to investigate the possible effect of Lactobacillus
spp. on the growth and citrinin production by Penicillium citrinum. Lactobacillus bulgaricus and
Lactobacillus casei were grown with Pen. citrinum in modified APT broth containing 7% of glu-
cose and incubated at 30°C for 15 days. Four inoculation procedures were used; (a) Lactobacillus
spp. and Pen. citrinum were grown alone(Pc, Lb, and Lc), (b) both organisms were added
simultaneously(ST; Pc+Lb and Pc+ Lc), (c) Lactobacillus spp. was grown 3 days, then conidia
of Pen. citrinum were added(LbPc and LcPc), and (d) Pen. citrinum was grown 3 days, then
Lactbacillus spp. was added (PcLb and PcLc). At 0, 3, 6, 9, 12, 15 days of incubation, the
growth of each organism, pH and total acidity of broth, and content of citrinin were determined.
Lactobacillus spp. and Pen. citrinum, when grown associatively, influenced the growth of each
other. It was observed that slower growth of Pen. citrinum when in the presence of Lactobacillus
spp. than when the mold grew alone. Production of citrinin by Pen. citrinum was markedly
less in the mixed culture. No apparent growth and toxin production was observed when the
Lactobacillus spp. was grown 3 days, then conidia of Pen. citrinum were added(LbPc and LcPc).
The above results indicate that another microorganism or competing microflora in the culture
can affect the behavior of Pen. citrinum.

Keywords[]Lactobacillus spp. Penicillium citrinum, modified APT broth, growth and citrinin pro-
duction
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Lactobacillus bulgaricus} Lactobacillus caseid 7t
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s (Difco Lab)& AH8-stsich 7 #iee] @RS
Table 1, 2¢} zc}

HEGo) AH-F citrinin E¥EHE-L Sigma Chemi-
cal Co.(St. Louis, MO., USA) #Foi Hfth
RAEe SHH 5F olAE AHEEksdh
13 U BT HEfeyo| BN — BtaAEK? Pen. citri-
num-S PDA £Hf ol 4] 28CE 1045 B&
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Table 1. The composition of modified PDA medium*

Potatoes 200g
Bacto-dextrose 20g
Bacto-agar 15g
Yeast-extract 50g
Distilled water U

* Initial pH of the medium was 55.

Table 2. The composition of modified APT medium*

APT broth 93g
Glucose 78
Distilled water u

* Initial pH of the medium was 5.5
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Azt E&fo e ¥ citrinind ¥)w, Y
&t

BR Y Ew

Ao £W— A D5 R Pen. citrinum}
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Table 3. Growth of lactic acid bacteria during incubation at 30°C for 15 days (unit: O.D))
Inoculation Incubation time (days)
procedure 0 3 6 9 12 15
Pc+Lb — 1.534 1.682 1.720 1.665 1.664
Pc+Le — 1.545 1.694 1.743 1.672 1.698
PcLb - 1.346 1.572 1479 1.606 1.596
Pclc - 1329 1.505 1.531 1.613 1.606
LbPc 1.534 1616 1.742 1.681 1.593 1.583
LcPe 1521 1.627 1641 1.620 1.607 1493
Lb - 1.536 1.650 1.652 1.624 1.603
Le - 1.525 1.701 1.720 1.675 1.655

Pc+Lb(Pc+Lc): Pen. citrinum and Lac. bulgaricus(Lac. casef) were inoculated simultaneously.

PcLb(Pclc) : Pen. citrinum was inoculated, and after 3 days Lac. bulgaricus(Lac. casei) was inoculated.

LbPc(LcPc) : Lac. bulgaricusLac. casei) was inoculated, and after 3 days Pen. citrinum was inoculated.

Lb(Lc) : Lac. bulgaricus(Lac. casef) was inoculated alone.
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Fig. 1. Mycelial growth of Pen. citrinum with and wi-
thout lactic acid bacteria.
Pc: Pen. citrinum was inoculated alone, ST
(Pc+Lb): both organisms inoculated simulta-
neously, and PcLb: Pen. citrinum was inocu-
lated and after 3 days lactic acid bacteria was
inoculated.
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Table 4. Change in total acidity of broth during incubation at 30°C for 15 days

Inoculation Incubation time (days)
procedure 0 3 6 9 12 15
Pc - 7.3 75 7.6 7.8 75
Pc4Lb - 24.7 25.9 284 29.8 29.8
Pcylc - 244 255 288 30.3 304
PcLb 7.3 22.8 255 294 327 335
Pclc 7.3 22,6 26.8 31.2 322 334
LbPc 252 28.4 30.1 35.6 396 404
LcPe 24.7 287 31.0 35.2 39.2 40.2
Lb - 25.0 277 320 34.8 40.0
Le - 253 283 30.3 343 395
Pc : Pen. citrinum was inoculated alone.
Pc+Lb(Pc+Lc): Pen. citrinum and Lac. bulgaricus(Lac. casei) were inoculated simultaneously.
PcLb(PcLc) : Pen. citrinum was inoculated, and after 3 days Lac. bulgaricus(Lac. casei) was inoculated.
LbPc(LcPc) : Lac. bulgaricus(Lac. caser) was inoculated, and after 3 days Pen. citrinum was inoculated.
Lb(Lc) . Lac. bulgaricus(Lac. casei) was inoculated alone.

Table 5. Change in pH of broth during incubation at 30°C for 15 days

Inoculation Incubation time (days)
procedure 0 3 6 9 12 15
Pc 6.2 5.6 54 51 49 51
Pc+Lb 6.2 42 3.9 35 35 3.6
Pc+Lc 6.2 4.2 39 34 34 35
PcLb 5.6 43 38 32 36 36
Pcle 5.6 43 3.8 3.3 3.5 35
LbPc 35 34 33 3.0 31 31
LcPc 35 34 34 31 3.2 32
Lb 6.2 35 34 33 31 31
Lc 6.2 35 34 34 31 31
Pc : Pen. citrinum was inoculated alone.
Pc+Lb(Pc+Lc): Pen. citrinum and Lac. bulgaricus(Lac. casei) were inoculated simultaneously.
PcLb(PcLc) : Pen. citrinum was inoculated, and after 3 days Lac. bulgaricus(Lac. casei) was inoculated.
LbPc(LcPc) ¢ Lac. bulgaricus(Lac. casei) was inoculated, and after 3 days Pen. citrinum was inoculated.
Lb(Lc) : Lac. bulgaricus(Lac. casei) was inoculated alone.

BR 129419 BEE 5844 Fig 29 &
F2rte 138 (chromatogram) & 2¢& 4 Atk
Pen. citrinum BEBREHEBE(Pc), RAHFD} Pen. citri-
num| FIEHEMEEE(ST) 2 Pen. citrinumS &
3k 39 F AHAFS M- 5EEY #¥(Pclb, Pclo)
oM HEwk P TLC chromatogram ol A1
yehd XS @ citrinin® vl ms)E o 47z
Rfgtol W)--3tA ebyich

k529 TLC chromatogram k2] spotol] tli3}ed
citrining-& 43 £28< Fig. 39 %o} Citrining)

RS Pen. citrinum $HEEE(Pc) 9} citrinin 4A%
Bl wiste] A} BEEER AL 8 citri-
ning AAEHHTE BB A9 1E 1294 81
pg/mie] citrining& AR Bl RAKEES)
735 34 Opg/mi(LbPc % LePoolx 2z 25
pg/m/(Pclb) 2 &AAF #2E Jehligich Fgo)
E dA ZFsa 39F AAFE HEP(Pcld R
PcLe) 7%, 833 9UARE] citrininge] 743w
e, 553 12 8e #9 69%2) citrinine] 7t
H Aoz vehda gloh 5% 12972 KEpel
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Fig. 3. Content of citrinin during incubation at 30°C

for 15 days.
Pc: Pen. citrinum was inoculated alone, ST
12 3 4 (Pc+Lb): both organisms inoculated simulta-
Fig. 2. TLC chromatograms of extracted media. neously, and PcLb: Pen. citrinum was inocu-
1. Standard citrinin. lated and after 3 days lactic acid bacteria was
inoculated.

2. Pc: Pen. citrinum was inoculated alone.
3. ST(Pc+Lb): Pen. citrinum and Lac. bulga-
ricus were inoculated simultaneously.

4. PcLb: Pen. citrinum was inoculated, and FErEe}l pHel #b2 231 {RBEMS Aol oo

after 3 days Lac. bulgaricus was inoculated. s gAA el AgAdAe (EECSE citrinin AKE

AN AY £F AAE A3 A A

b Table 694 R upe}l ch ol A 2 Aztsle] olo Wig st el Y T
EE 1 o|ake] EEyHo| el B35 AAQ eyt "oty ok

33 ERE 2 55 ged 2 £ F BRE Wiseman %2-& Asp. parasiticus?} Str. lactisol

citrinin &kl AES Wt o2 AN 5 A s buffering agent24 2H&3E AlAbSIAL,

o} & Aagst Fgo)d BE HEHEF 4l 2% Dolye %2202 ol Aspergillusi® F%o)Eol

Table 6. Growth of both organisms and total acidity, pH and amount of citrinin of broth after 12 days’ incubation

at 30°C
Growth
Inoculation Mycelial weight Lactic acid Total acidity pH ?;g;::;;
procedure of Pen. citrimum bacteria
(mg/m!) (OD)
Pc 18.7 - 78 49 81
Pc+Lb 14.0 1.665 29.8 35 21
Pe+Lc 12.8 1.672 303 34 20
PcLb 164 1.606 32.7 3.6 25
Pclc 14.2 1.613 32.2 35 24
LbPc - 1.593 39.6 31 -
LcPc - ‘ 1.607 392 32 -
Lb - 1.624 348 3.1 -
Le - 1.675 34.3 31 -
Pc : Pen. citrinum was inoculated alone.
Pc+Lb(Pc+Lc): Pen. citrinum and Lac. bulgaricus(Lac. casei) were inoculated simultaneously.
PcLb(PcLc) : Pen. citrinum was inoculated, and after 3 days Lac. bulgaricus(Lac. caset) was inoculated.
LbPc(LcPc) . Lac. bulgaricus(Lac. casei) was inoculated, and after 3 days Pen. citrinum was inoculated.
Lb(Lc) : Lac. bulgaricus(Lac. casei) was inoculated alone.
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HRES 27 MEEEY A5 Pc, Lb R L), Pen. citrinum3} Lactobacilius spp. 5

Pc+Lb % Pc+Le), Lactobacillus spp. 2

7% H7}ek APT ¥ssol
ERgel HE, wleFgh A-$(ST:

% glucose &

HEote] 347 MG F Pen. citrinum$ HEsbed wiokgt A9-(LbPc H
LcPe), )L Pen. citrinumS &) 32Uy wleFst ¥ Laciobacillus spp.&

A& ste] vkt % ¢(Pclb ¥ Pclo) 2

FRabe] 7tz 30T 15U B gt AAHeR(0, 3, 6, 9, 12, 15%) Ke#wke] pHel ES A

BB AEFE S citrinin AAE vlasteleh 2 BR W AFHS RAH#R A
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WA HEg FE(LbPc % LePo) 9] 75 o% dA43] ebgo) Citrinine] 482
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$- Pen. citrinum2] o) A #
o] B
S-S Ryon) Fgo)o) WS 54 HE 43S
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