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Effect of Bacterial Chitinases on the Growth
and Aflatoxin Production of Aspergillus flavus
Link ex Fries and A. parasiticus Speare

Stella Marie Mozar-Doylmgan‘ and Ida F. Dalmacio?

Abstract

The ability of the crude bacterial chitinases produced from Bacillus circulans B1037
(5Bc), Arthrobacter luteus B1077 (6A1), B. circulans B1045 (7Bc), Streptomyces griseus
BI1562 (98g), Serratia marcescens LPC19 B1748 (1 18m) and S. marcescens LPM 42
B1749 (14Sm) to inhibit growth and aflatoxin production of Aspergillus flavus and A.
parasiticus was studied.

Results show that the crude chitinases can controlthe growth of the two aflatoxigenic
molds, A. flavus and A. parasiticus in corn kernels as indicated by the significant reduc-
tion in the number of infected kernels. In addition, aflatoxin B, was not detected in some-
enzyme treated corn kernels previously infected with the test organisms.
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Introduction

The growth of fungi in stored products should not be ignored. Their growth leads to the
deterioration in appearance, in quality for processing, and ofien in the food value of the
product and second, their production of mycotoxins (Pitt and Hocking, 1991). In many ways,
these consequences cause economic losses to growers, feed and livestock manufacturers.

Two specics of molds, Aspergillus flavus and A. paraxiticus are widely known to pro-
duce aflatoxins. Aflatoxins are highly toxic metabolites. Acute disease in human and ani-
mals. as well as a chronic diseases such as primary liver cancer, have been linked to aflatoxin
consumption (Bhat, 1991). Since aflatoxin is a sccondary metabolitc. onc approach to con-
trol toxin contamination is to control the growth of the molds in the commodity.

Chitinases are enzymes which hydrolyze chitin, B-1,4 linked polymer of N-
acetylglucosamine. As fungal cell walls contain chitin, their chitinolysis offers a method of
their control. In addition, the use of chitinases as biocontrol agents holds prospect for an
ecologically sound system for pest management.

Several studies reported the antifungal of bacterial chitinases. Chitinase from Bacitlus
cereaus along with laminarase cause lysis of Fusarium oxysporum (Mitchell and Alexander,
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1963). chitinase of B. circulans enhanced lysis of Aspergillis oryzae (Horikoshi and lida,
1958; 1959), chitinolytic Arthrobacter inhibited the growth of Fusarium moniliforme var.
subglutinans (Barrows-Broaddus and Kerr, 1981). chitinolytic bacteria: B. cereus, B.
chitinoporous and Serratia marcescens were antagonistic against Aspergillus flavis and 4.
parasiticus and Fusarium oxysporum (Gay, 1992). and crude chitinase of S. marcescens
cause lysis of fungal tips of Sclerotium rolfsii (Ordentlich ¢t al, 1988).

This study determines the ability of the crude bacterial chitinascs to control the growth
and aflatoxin production of Aspergillus flavus and 4. parasiticus.

Materials and Methods

The crude bacterial chitinases from the following bacteria namely; Bacillus circulans
B1037 (5Bc), Arthrobacter luteus B1077 (6Al), B. circulans B1045 (7Bc). Streptomyces
griseus B1562 (9Sg), Serratia marcescens LPC19B1748 (11Sm) and S. marcescens LPM42
B1749 (14Sm) were produced and assayed by Doyungan, 1996.

Certified corn kernels IPB var. 1 and var. 7, purchased from the National Seed Founda-
tion of the Institute of Plant Breeding (IPB), UPLB, were uscd. A total 28,800 healthy corn
kernels were sclected as substrates for the growth of Aspergillus flavus and 4. parasiticus.

Corn kernels were disinfected with 10% solution of a commercially available sodium
hypochlorite solution (3.25% by weight) for 1 min, followed by three rinses of sterile distilled
water. ‘The kernels were then dried in the oven at 75°C for about 6-8 hours to lower the
moisture content in order to prevent germination of the corn seeds.

Spore suspensions of 10°/ml of the test molds were prepared. Three experimental set-
ups were used. Three trials were done for every set-up with two replications per trial.

First set-up. A total of 3,200 disinfected corn kernels were divided into eight lots, one
lot each for the six crude chitinases and two controls (positive and negative). Each lot,
consisting of 400 kernels, was divided further into two sublots, representing two replica-
tions. Each sublot was added with 1.0 ml spore suspension. Then, the kerncls were shaken
to disperse the spores. The inoculated kernels were placed in 10 Petri dishes lined with moist
filter paper, 20 kemnels per dish. ‘

Seed treatment of the inoculated kernels was done by spraying with about 2ml of the
crude enzyme per dish right after placing the kernels in the dishes. For controls, distilled
water and 500 ppm Benlate were used. The percentage of infection was noted 7-10 days after
treatment. To determine kernel infection, each kernel was examined visually for presence of
hyphal growth.

Second set-up. Com kernels were prepared as in the first set-up. Then, a volume of 20
ml crude enzyme was added to each sublot of spore-sceded corn kernels. For controls,
distilled water and 500 ppm Benlate were used. The kernels were shaken again thoroughtly
to mix the enzyme, afterwhich, they were decanted and placed in 10 Petri dishes lined with
moist filter paper, 20 kernels per dish. The dishes were incubated for 7-1€ days at room
temperature and percent infection was determined.

Third set-up. The same number of corn seeds were divided into lots and sublots and
inoculated with spore suspesion as in the previous set-ups. The inoculated kernels were
placed in Petri dishes (20 kernels/dish) lined with moist filter paper and were incubated at
room temperature for 48 hours. Then, each dish was sprayed with 2 ml crude enzyme or
enough to drench all the seeds. For controls, distilled water and 500 ppm Benlate were used.
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Qllc hour, 3 hours, 7 hours and 24 hours after spraying, 50 kerncls from each lot werc placed'
1 two Petri dishes line with moist filter paper (25 kemels per dish). Growth of the fungus was
observed after 7-10 days incubation. After observation, the kernels soaked for 24 hours
froin this set-up were assayed for aflatoxin following the procedure of Pons and Goldblatt,

1965.

Results and Discussion

The antifungal activity of the crude bacterial chitinases were determined by assaying
the percentage infection of spore-inoculated chitinase-treated corn kernels. Data on the
antifungal activity of the crude chitinases on 4Aspergillus flavus and A. parasiticus based
on the mean number of infected corn kernels in set-ups 1 and 2 are presented in Table 1. All
the crude chitinases in set-up 1 produced significant reduction in the mean percentage of
corn kernels infected with A. flavus compared to the negative control. Lowest percentage of
infectivity was observed in lots treated with Bacillus circulans (7Bc) followed by Serratia
marcescens (11Sm). Slightly different result was observed in set-up 2. Two crude chitinases
from B. circulans (5Bc) and Arthrobacter luteus (6 Al), did not show significant difference
compared to the negative control and lowest percentage of infectivity was observed in lots
treated with crude chitinases from Streptomyces griseus (9Sg) followed by S. marcescens
(11Sm). In A. parasiticus spore-seeded lots, all but one B. circulans (5Bc) crude chitinase
caused significant reduction in the mean percentage of infected corn kernels in set-up 1.
compared to the negative control. Lowest percentage of infectivity was observed in lots
treated with crude chitinases from 9Sg and 11Sm.

In set-up 3, antifungal activity of the crude chitinases was assayed on kernels seeded
with spores of 4. flavus and A. parasiticus and incubated for 48 hours. In A flavus, no
significant differences were observed in the mean percentage of infected kernels of the lots
treated with the trude enzymes assayed one hour after treatment compared to the negative
control. A significant difference however was observed when compared with the positive
control. Three hours after treatment, all crude enzymes except B. circulans (7Bc) and S.
marcescens (14Sm) caused significant reduction in the mean percentage of infected kernels
compared to the negative control. Seven hours hours after treatment, all the crude chitinases
except 7Bc were found to cause a significant difference in the mean percentage of infected
kernels. All of the crude enzymes caused significant reduction 24 hours after treatment
(Table 2a)..

Table 2b presents the chitinase activity of the crude enzymes against 4. parasiticus as
assayed at various times after treatment. One hour after treatment, only B. circulans (7Bc)
and Streptomyces griseus (95g), caused significant reduction in the mean percentage of
infected corn kernels compared to the negative control. After three hours, Serratia

marcescens (14 Sm) in addition to 7Bc and 9Sg, showed significant effcct on the percentage
infected kernels. Seven hours after, only B. circulans (5Bc) did not show any significant
difference in the percentage of infected kernels. All the crude chitinases, however, caused

-significant reduction in the percentage of infected kernels 24 hours after treatment com--

pared to the negative control.
The above results further indicate that the chitinase can cause significant reduction in’
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infection when allowed to act for at least three hours.

[tisapparent in the results of the three set-ups that the crude chitinases can control the
growth ofboth A. flavus and A. parasiticus in inoculated corn kernels. The infection of
some kernels in set-ups 1 and 2 can be attributed to the resistance of some spores to the
enzyme. Probably, these spores might have germinated and some hyphae were acted upon
by the enzyme. The enzyme, however, did not affect all the hyphae, thus causing the
infection, The significant reduction in kernel infection caused by all crude enzymes 24
hours afier treatment in set-up 3 can be due to the susceptibility of the newly-growing
hyphac to the chitinases.

The differences in the results in set-ups 1 and 2 can be attributed to some factors like
growth conditions and method of enzyme application. Each set-up was done at different
times. In set-up 1. the enzyme was sprayed, and such, more enzyme was retained in the dish
while in set-up 2, the enzyme was added to the kernels anc_! then decanted after thorough
shaking. It could be that little amount of the enzyme was leftin the kernels. Furthermore, 5.
circulans (7Bc) might be more effective if applied through spraying than soaking. The
reverse is observed with Streptomyces griseus (9Sg).

Results of the analysis for the presence of aflatoxin in the corn kernels obtained from
set-up 3 are presented in Table 3. Aflatoxin Bl was present in all the corn kernels
inoculated with 4. flavus. Likewise, the same aflatoxin was present in kernels inoculated
with 4. parasiticus and were treated with B. circulans (7Bc), Serratia marcescens (11Sm)
and S. marcescens (14Sm) in addition to the control. No aflatoxin was detected in kernels
treated with B. circulans (5Bc), Arthrobacter luteus (6Al) and Streptomyces griseus (9Sg).

The presence of aflatoxin in the treated corn kernels can be accounted for by the fact
that spores of A. flavus and 4. parasiticus were inoculated into the corn and were allowed to
grow on the corn before the crude enzyme extracts were added (set-up 3). With the 48-hour

incubation. the molds had already grown. Dickens and Pattee (1966) reported that at least 48
hours from inoculation is required for aflatoxin to develop in peanut kernels at 90°F with
moisture contents between 15 and 30%. This may also hold true for corn kernels.

Aflatoxin contamination of crop plants, grains and foodstuff is dependent on the suc-
cessful colonization and growth of the aflatoxigenic molds. Since aflatoxins are secondary
metabolites, their production is affected if growth is inhibited. Results have shown that
crude chitinases can affect growth of 4. flavus and 4. parasiticus, and this might be the
reason why no aflatoxin was detected in some enzyme-treated corn kernels. It is possible
that the amount of toxin present was very low beyond the Jimit of sensitivity of thin layer
chromatography (TLC) which is 1 ppb (Pons and Geldblatt, 1965).
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Table 1. Growth of 4spergillus flavus and A. parasiticus on corn kernels treated with un-
diluted crude chitinases after 7-10 days of incubation (set-ups I and 2).

INFECTED CORN KERNELS (%0)*
Aspergillus flavus A. parasiticus
ENZYME
Set-up 1 Set-up 2 Set-up 1 Set-up2

(Meant/-SE) (Meant/-SE.) (Mean+/-SE)  (Meant/-S.E.)

Control(-) 7775a 209 8775 522 7038a 269  8238a 486

Control (+) 050f 035  0.63f 0.38 0.63g 047  1.50e 0.65

5Bc 61.43b 428 72.38abc 621 62.25ab 491 59.25a 1351
6Al 4963c 456 -8152ab 494 4588cd 578  58.00ab  12.62
7Bc 1475¢ 513  64.88bc 324 9.13f 1.89  4550bc  7.85
9Sg 53.80b 198 14.13e  4.08 52.25bc  2.77 10.13d  1.78
1ISm . 3237d 375 28063d 4% 3063e 570 2425d 736

14Sm 52.88b(£ 105 5938 1394 3878de 205  4488bc 917

Mean values with dissimilar letters show significant differences based on DMRT.
*average of three trials with two replications per trial

Legend:

Control () - distilled water
Control (+) - Benlate

5Bc - Bacillus circulans
6Al - Arthrobacter luteus
7Bc - B. circulans

9Sg - Streptomyces griseus
11Sm - Serratia marcescens
14Sm - S. marcescens
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Table2a. Growth of Aspergillus flavus on corn kernels treated with undiluted crude
chitinases after 7-10 days of incubation (set-up 3).

INFECTED CORN KERNELS (%)*

Time of Assay

ENZYME

Afier 1 hour After 3 hours After 7 hours After 24 hours
(Mean+/-SE.) (Meant/-S.E) (Mean+/-S.E) (Mean+/-S.E))

Control(-)  4000a 645 5800a 11.44 46.67a 837 72.00a 12.00

Control(+) 0.67 067 0Ob 0 Oc 0 1.33b 130
5Bc 2667a 742 2600a 721 20670 809 1733 698
6Al 2133a 513 2400b 516 9.33bc 1.9 10,670 3.68
TBc 3533a 333 4733a 349 28.67ab  6.57 22670 581

9Sg 2133a 831 1933 551 6.00c 288  3.33b 1.23

11Sm 2667a 1500 12.00b 484 7.33¢ 240  27.33b 1641
14Sm 2800a 784 3133a 1720 14.67bc  5.81 22.67b 10.36

Mean values with dissimilar letters show significant differences based on DMRT.
*average of three trials with two replications per trial

Legend:

Control(-)  -distilled water
Control (+)  -Benlate

5Bc - Bacillus circulans
6Al - Arthrobacter luteus
7Bc - B. circulans

9Sg - Streptomyces griseus
11Sm - Serratia marcescens
14Sm - S. marcescens
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Table 2b. Growth of 4spergillus parasiticus on corn kernels treated with undiluted

crude chitinases after 7-10 days of incubation (sct-up 3).

STELLA MARIE MOZAR-DOYUNGAN and DA F. DALMACIO

INFECTED CORN KERNELS (70)*
Time of Assay
ENZYME

After 1 hour After 3 hours After 7 hours After 24 hours

(Mean+/-S.E) (Meant/-SE) (Mean+/-S.E.) (Mean+/-S.E.)
Control(-) 6067a 977 5133a 37 5733a 1677 52002 10.12
Control (+) 1.33b 133  QOc 0 0.67b 0.67 1.33b 1.33
5Bc 33.33ab 579 24.00ab 495 2467ab 1283 13.3.3b 321
6Al 36.67ab 333 2533ab 836 10676 333 1400b 482
7Bc 2467 597  21.33bc 368 1466b 409  2200b 973
9Sg 1733b 513 12.00bc 527 16676 8.67 10.00b 410
11Sm 34.67ab 8..68 25.00ab  13.60 1200b 58  1400b 618
14Sm 35.33ab iS.B 8.67bc 281 20670 1608 1933b 1634

Mean values with dissimilar letters show significant differences based on DMRT.
*average of three trials with two replications per trial

Legend:

Control (-)
Control (+)
5Bc

6Al

7Bc

9Sg -
11Sm
14Sm

- distilled water
- Benlate

- Bacillus circulans
- Arthrobacter luteus

- B.

circulans

- Streptomyces grisets
- Serratia marcescens

-S. marcescens
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Table3. Aflatoxin production by Aspergillus flavus and A, parasiticusin corn kernels treated

with the crude chitinases incubated for 7-10 days.

AFLATOXIN CONTENT (in ppb B1) (%) REDUCTION
ENZYME
A. flavus A. parasiticus A. flavus A. parasiticus

Control (+) 333333 3333.33 0 0
Control (-) below 1 ppb* below 1 ppb* - _
5Bc trace of Bl ' below 1 ppb* - -
6Al 833.33 below 1 ppb* 75 -
7Bc 500.00 333.33 85 )
9Sg 83333 below 1 ppb* 75 .
11Sm 500.00 1333.33 85 o0
14Sm 500.00 33333 85 €0

*Limit of detection is 1ppb (Pons and Goldblatt, 1965)

Legend:

Control (+)
Control (-)

5Bc
6Al
7Bc
9Sg
11Sm
14Sm

- distilled water

- Benlate
- B. circulans

- Arthrobacter luteus

- B. circulans

- Streptomyces griseus
- Serratia marcescens

-S. marcescens
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