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Abstract : Seed borne fungi are a serious problem worldwide causing diseases and poor quality
on many imported crops. Several fungal isolates were isolated from seed samples collected
from commercial markets in Egypt. Seeds of different crop cultivars collected or stored were
contaminated with fungi ranging from 37.50 to 100% with an average of 72.224% on PDA
medium. The fungal infection showed high infection in cotton and peanut seeds, where detected
100% infection followed by broad bean seeds (93.75%) and lentil (92.85) without significant
difference. Also, regarding the total fungal count as cfu, it is clear that the fungal count per 100
seeds was ranged from 129.1 to 831.3 cfu/100 seeds on PDA with an average of
327.707cfu/100 seeds. Moreover, mungbean seeds showed low fungal densities than the
corresponding figures of different seed cultivars. The following 20 fungal species belonging to
eleven genera were observed and identified as Aternaria alternata, Alternaria tenuis,
Aspergillus amstelodam, Aspergillus flavus, Aspergillus ochraceous, Aspergillu sniger,
Aspergillus paraziticus, Aspergillus regulosus, Aspergillus ruber, Aspergillus sydowii,
Aspergillus terreus, Chaetomium globosum, Fusariumgra minearum, Fusarium oxysporum,
Fusariums olani, Helminthosporium sativum, Mucor spp., Macrophomina phasolina,
Nigrospora sphaerica, Penicillium spp.,Rhizoctonia solani and Rhizopusnigricans. Saponin
hydrolase screening results showed that 20 fungal isolates (66.67%) had the ability to produce
saponin hydrolase enzyme, furthermore, only 2(10%) isolates had a high ability to produce
saponin hydrolase enzyme in the medium, including 2 isolates of Aspergillus flavus which
produce 64.26 U/ml and 52.23 U/ml.
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Introduction

Seeds have the most potential in crop production. Seeds free from fungal infection are essential for
good plant production. Previous investigators reported that fungal pathogens may be associated with seeds
externally or internally*. Generally, common Egyptian seeds are important in nutrition sources and occupy great
figures in local consumption and export. Different fungal species are known to infect seeds during storage in
whicf;,SAspergillus, Penicillium and Fusarium species are the main cause of spoilage and germ tube damage of
seeds””.

Various plants have been identified for their potential to produce saponins showed antifungal
activities®, like soyasaponins (SS) of soybean®, avenacin A-1 of oats® anda-tomatine of tomato’, which could
effectively prevent infection by phytopathogenic fungi. Saponins are plant glycosides, which commonly consist
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of an aglycone and various carbohydrate moieties®. Fungi which could overcome these antimicrobial plant
defenses produce saponin-detoxifying enzymes, which hydrolyze the carbohydrate moieties of saponins®.
Saponin-detoxifying enzymes such as, soybean saponin hydrolase, avenacinase and tomatinase, which are
produced by the soybean pathogen Neocosmospora vasinfecta var. vasinfecta, the oat leaf pathogen Septortia
avenae and the tomato pathogen Septoria lycopersici, respectively, suggesting that the phytopathogenic fungi
have common saponin detoxification mechanisms®. The potential of phytopathogenic fungi to infect host plants
is facilitated by a reduction ofthe antifungal activities of saponins. Consequently, these enzymes may determine
the range of plants susceptible to phytopathogenic fungi®.

Among these saponins, SS are oleananetriterpenoid glycosides found in soy and other legumes, such as
mung beans, green peas, cowpeas, lentils, chick peas, lupine seeds and alfalfa'®. These saponins have been
divided into A, Band E groups according to their aglycone (soyasapogenol) structures*. Soyasapogenols A and
B are generally showed higher biological activities compared to their glycosides*>. Giving this fact, it is not
surprising that soyasapogenol B (SB) have several biological activities such as, anticancer, antivirus,
antimutagenic, hepatoprotective, and anti-inflammatory®>****. SB could be produced by an enzyme reaction
using microorganisms having SS hydrolyzing activity. Examples of fungi, that can hydrolyze SS and produce
SB,EupenicilliumbrefeldianumPF122", AspergillusoryzaePF1224", and Aspergillus parasiticus®.

Therefore, the present study aim was to isolate and identify the seed borne fungi associated with some
Egyptian seeds and also investigate their ability to produce saponin hydrolase enzyme as a template of saponin-
detoxifying enzymes.

Materials and Methods
Sampling

The study was conducted in National Research Centre of Egypt. A Total number of 100 seeds of each
of moringa, pope corn, broad bean, lupine, mung bean, cow pea, chick pea, lentil, wheat, cotton, pea nut,
soybean, green bean and maize were collected from different places and put in a polyethylene bag, sealed and
put in another bag which was also sealed. Storage of seeds in a double-bag container minimizes the loss of
water content and yet furnishes sufficient aeration during storage at 4°C.

Isolation of seed borne fungi

Laboratory analysis was done to detect the seed borne fungi associated with different seed according to
Foor et al.””. Seeds were surface disinfected by soaking in 2% sodium hypochlorite for 3 min, followed by 70%
ethanol for 2 min and then thoroughly washed in sterile water. Drain excess water, dried between two layers of
sterilized filter papers. The seeds were platted on potato dextrose agar (PDA) medium at rate of 4 seeds/dish.
The plates were incubated at 27+2°C for 7 days. The cultures were single-spore following the standard protocol
of Burgess et al.'®. After 7 day of incubation, the cultures were transferred onto PDA for species identification
according to colony morphology and microscopic examination®?%#2,

Screening for fungi producing saponin hydrolase

Saponin hydrolase production was performed in a production medium consisting of (g/l) 10 SS, 40 malt
extract, 20 yeast extract, 2 KH,PO,, 2 (NH,),SO,, 0.3 MgSO,-7H,0 and 0.3 CaCl,-2H,0 with a pH adjusted to
7.0°. Each isolate was cultured in Erlenmeyer flasks (250 ml) containing 50 ml of production medium and
incubated for 72 h at 30°C on a rotary shaker at 150 rpm. Then, the enzyme activity of saponin hydrolasewas
detected in the cultural filtrate for each isolate.

Measurement of saponin hydrolase activity

Unless otherwise stated, saponin hydrolase activity was measured in cultural filtrate as follows. To 1ml
of 2% soybean saponin suspended in 0.2M acetate (pH 5), 1ml of enzyme solution was added, and the mixture
was allowed to react at 40°C for 1h. A blank for each cultural filtrate was carried out without the addition of
substrate (soybean saponin). Reaction products were extracted with 2ml of ethyl acetate. The quantity of SB in
the sample was analyzed by high-pressure liquid chromatography (HPLC). One unit of enzyme activity is
defined as the amount of enzyme that produces 1 pmole of aglycone (SB) per hour from the substrate.
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SB analytical methods

Thin layer chromatography(TLC)was carried out on pre-coated silica gel plate (Merck, silica gel 60F-
254). The plate was chromatographed for SB with a solvent system of benzene: ethyl acetate: acetic acid
(12:4:0.5, viviv). SB having Rf value of 0.35 was detected on TLC plates by acid charring (10% H,SO,, 120-C,
10 min). HPLC was performed with Waters Alliance HPLC System (Model NO.E2695 XE Separations
Module, Austria) under the following conditions: column, Sun Fire Prep C18 (5um,10x150mm); column
temperature, 40°C; mobile phase, acetonitrile-methanol-water (50: 15: 35); flow rate, 1 ml/min; and UV
detector operating 200 nm. 100 pl of ethyl acetate containing reaction products was diluted with 900 ul of the
mobile phase. 10 pl of this dilution was analyzed by HPLC, and the quantity of SB in the sample was
determined by comparison with authentic SB.

Statistical analysis

The collected data were statistically computed using the software MSTATE-C for Windows. Least
significant differences values at P<0.05 were used to separate treatment means when ANOVA indicated a
significant F value.

Results and Discussion
Prevalence of seed borne fungi

Data presented in Table 1 and Fig. 1 show that stored seeds of different crop cultivars collected were
contaminated with fungi ranging from 37.50 to 100% with an average of 72.224% on PDA. The fungal
infection results showed high infection in seeds of cotton (Fig. 1d) and peanut (Fig. 1e) detecting 100%
infection followed by broad bean (Fig. 1g) seeds (93.75%) and lentil (92.85) (Fig. 1c) without significant
difference. On the other hand, seeds of mungbean (Fig. 1f) and moringa (Fig. 11) showed the lowest densities of
fungal contamination detecting 37.50 and 43.75%, respectively. Whereas, a high percentage of fungal infection
was found in seeds of chickpea (Fig. 1k) recorded 80.0%and wheat (Fig. 1j, 85.0%). On the other hand, a
moderate fungal infection percentage ranged from 55.0 to 72.5% was detected in lupine (Fig. 1i), maize (Fig.
1h), green bean (Fig. 1a), popcorn (Fig. 1b), cowpea (67.79 %) and soybean (72.50%).

Fig (): popcorn

Fig (le): peanut Fig (1f): Mungbean Fig (1g) : Broad bean Fig (h): Malze ]
' & . i < ‘\ h
-

Fig (1k) :Chickpea Fig (1l) Moringa

Flg 1)) Wheat

Fig (1i) Lupine

Fig.1: Seed borne fungi infected common Egyptian seeds
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In different places of the world, many researches have been carried out on seed borne fungi infected
cotton seeds®***and peanut seeds®?®. The fungal isolates infected lentil seeds has been extensively studied by
several investigators?”?. In a study of the seed borne fungi, Elwakil et al.?isolated fungi infected broad bean
and mungbean seeds. Moreover, numerous investigations have been carried out on seed borne fungi on
soybean seeds®, chickpea seeds®, maize*, popcornseeds®, wheat* bean®, cowpea® and lupine®. Also,
association of moring aseed borne fungi causing sever damaged in seeds was reported by EI-Mohamady et al.*’
and Sahab and Nawar®.

Table 1: Percentage of fungal infection and number of different fungal counts (cfu/100 seeds) associated
with different seed cultivars collected from local markets on PDA medium

Seed name Scientific name % of infection cfu/100 seeds
Broad bean | Vicia faba 93.75 AB 287.5CD
Lupine Lupinus termis 55.00 DEF 1775E
Mungbean Vigna radiata 37.50 F 129.1 E
Cowpea Vigna sinensis 67.79 BCDE 175.0E
Chickpea Cicerarientinium 80.00 ABCD 225.0 DE
Lentil Lens esculenta 92.85 AB 225.0 DE
Peanut Arachi shispida 100.0 A 8313 A
Soybean Glicine hispida 72.50 ABCDE 440.0 B
Green bean Phaseolus vulgaris 56.25CDEF 225.0 DE
Wheat Triticum vulgare 85.00 ABC 335.0C
Popcorn Zea mays var. everta 68.75 BCDE 175.0 E
Maize Zea mays 55.00DEF 180.0 E
Moringa Moringa oleifera 43.75 EF 7375 A
Cotton Gassypium barbadense 100.0 A 445.0 B
Average 72.224 327.707

Three replicates were used for each treatment.
Values followed by the same letter are not significantly different at P > 0.05 according to Duncan's multiple range test.
Means followed by the same letters are not significantly differed

Concerning the total fungal count as cfu, it is clear that the number of fungi per 100 seeds was ranged
from 129.1 to 831.3 cfu/100 seeds on PDA with an average of 327.707cfu/100.Mungbean seeds showed low
fungal densities than the corresponding figures of different seed cultivars, as the total fungal count
(cfu/100seeds)was significantly lowered from 129.1 in mung bean to 831.3cfu/seeds (6.44 folds increase) in
peanut. Results also showed that the seeds of legume plants contained fungi ranged from 175.0 to 831.3 cfu/100
seeds and can be arranged in descending order as follows: peanut, soybean, broad bean, green bean, chickpea,
cowpea, lentil lupine and mungbean. The obtained results almost agree with Embaby et al.®,Embaby and Abdel-
Galil*® and Shovan et al.**. On the other hand, the cfu/100 seeds were 175 and 180 for pope corn and maize
respectively, while moringa seeds were found associated with high number of fungi reached 737.5cfu/seeds.

Similar observation was reported by other investigators®".

Frequency occurrence of fungi infected seeds

Data presented in Table 2 indicate that the internal infection was recorded within seeds of each sample.
Great variation in types and in number of propagations among samples was noticed and many fungal isolates
which found in seeds of legumes were absent in seeds of cereal or other seeds.
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Table2: Numbers (cfu/g) and frequency occurrence percentages of fungi associated with various seed
cultivars on PDA medium for 7 days at 27+2°C.
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%
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Twenty two species belonging to eleven genera were detected and they were classified as, Aternaria
alternata, Alternaria tenuis, Aspergillus amstelodam, A. flavus, A. ochraceous, A. niger, A. paraziticus, A.
regulosus, A. ruber, A. sydowii, A. terreus, Chaetomium globosum, Fusarium graminearum, Fusarium
oxysporum, F.solani, Helminthosporium sativum, Mucor spp.,Macrophomina phasolina, Nigrospora sphaerica
Penicillium spp.,Rhizoctonia solani, Rhizopus nigricans.

According to their occurrence frequency the genera and species were grouped as major and minor
component include: Aspergillu flavus(30%), spergillus terreus(21%), Aspergillus niger (19%), and Fusarium
solani (18%) were the most frequently isolated fungi. On the other hand, the seed borne fungi which causing,
seed stunt, wilt and damping off diseases),i.e., Macrophomina phasolina and Rhizoctonia solani were also
found in high frequency (13%). These important plant pathogenic fungi are always detected associated with of
different seeds and have the ability to cause severe damage®**. Additionally, analysis of seeds from different
sources detected fungi that can produce mycotoxins which is considered as another major problem associated
with seeds. The present data revealed that the highest percentage of infection with Aspergillus flavus was
obtained inmaize(30.8%), in lupine(28.6%) and in soybean(24.5%).

Table 3: Efficiency of isolated fungi to produce saponin hydrolase enzyme

Fungal species No. of | No. of | Saponin hydrolase activity (U/ml)
tested )
isolate | isolate 1 2 3 4 5 6 7
Alternaria tenuis 1 0 - - - - - - B
Aspergillus flavus 7 7 18.75 | 17.85 | 37.60 | 35.73 | 43.54 | 52.23 | 64.2
(100%) 6
Aspergillus ochraceous 4 2 0.67 0.88 - - - - -
(50%)
Aspergillus niger 3 1 - - 23.01 | - - - -
(33%)

Aspergillus paraziticus 1 1 50.63 | - - - - - -
Aspergillus ruber 2 1 - 111 - - - - -
(50%) -

Aspergillus sydowii 2 1 - 6.22 - - - - -

(50%) -
Aspergillus terreus 4 4 15.34 | 19.18 | 27.30 | 10.55 | - - -
(100%)
Fusarium graminearum 1 1 1.13 - - - - - -
Fusarium oxysporum 1 0 - - - - - - -
Helminthosporium sativum 1 1 0.96 - - - - - -
Pacilomyces sp. 1 1 077 | - - - - - -
Pencillium chrisogenum 1 0 - - - - - - -
Curvulania lunata 1 0 - - - - - - -
Total 30 20

Screening of fungal isolates for saponin hydrolase enzyme production

The tested isolates were propagated on saponin hydrolase production medium and the saponin
hydrolase activity was measured in cultural filtrate. Data in Table (3) show that of the 30 fungal isolates
screened for the production of saponin hydrolase enzyme only 20 isolates (66.67%) had the ability to produce
saponin hydrolase enzyme. Moreover, only 2out of20 (10%) fungal isolates had a high ability to produce
saponin hydrolase enzyme in the medium, including 2 isolates of Aspergillus flavus produced 64.26 and 52.23
U/ml. While, the other 5 isolates of A. flavus produced moderate amount of saponin hydrolase enzyme in
amount ranged from 18.75 to 43.53 U/ml. The isolate of A. paraziticu salso produced the enzyme in high
amount reached 50.63 U/ml and this is in accordance of previous results reported by™®. While, the 4 isolates of
A. terreus produce enzyme between10.55 and 27.30 U/ml and the isolate of A. niger detect enzyme production
reached 23.01 U/ml. In this context, Kudou et al.**reported that 126 Aspergillus sp. have the ability to produce
saponin hydrolase enzyme. Other 8 isolates belonging to, Aspergillus ochraceous, Aspergillus ruber,
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Aspergillus sydowii, Fusarium graminearum, Helminthosporium sativum, Pacilomyces sp., gave lower values
of enzyme production (between 0.67 to 6.22 U/ml). On the other hand, the tested isolates of Alternaria tenuis,
Curvularia lunata, Fusarium oxysporum, and Pencillium chrisogenum showed no enzyme activity.
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