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Abstract
Biocontrol agents are safe and environmental friendly alternatives for pesticides in agriculture application. Trichoderma viride

WEBL0703 performed a high level of antagonistic activity toward a broad spectrum of phytopathogens and was determined as a

biocontrol agent, which was produced by solid state fermentation using grape marc and wine lees. The maximum yield of T. viride
conidia was up to 6.65 × 109 CFU/g initial dry substrate (IDS) after 10 d fermentation. As important enzymes for protecting plants

from disease, chitinase, β-glucanase, and pectinase yields were 47.8 U/g IDS, 8.32 U/g IDS and 9.83 U/g IDS, respectively. These

results show that it is feasible to convert winery wastes to a value-added and environmental friendly biocontrol agent.
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Introduction

Increasing concern for health and environmental hazards

associated with the use of agrochemicals, in particular

chemical pesticides, has resulted in a need for sustainabil-

ity in agriculture (Thomas et al., 2003). Biocontrol agents

(BCAs) have been developed as potential alternatives to

agrochemicals or as part of integrated crop management

systems to reduce the input of chemical pesticides and

residues on postharvest fruits (Costa et al., 2001). Tricho-
derma strains are the most promising BCAs being able

to control a wide range of plant pathogens (Guo et al.,
2002). These strains used as antagonists in control of other

microorganisms have been suggested to inhibit growth by

several mechanisms, such as competition for nutrients,

antibiosis, and production of fungal cell wall degrading

enzymes (Limón et al., 2004).

However, production of Trichoderma BCAs is less

prevalent till now. One of the main limitations for com-

mercial application is the high-cost of using raw materials,

such as sucrose nitrate, molasses-corn steep liquor and

glucose tartrate. At this crux, a cheap raw material which

comprises essential nutrients for growth of Trichoderma
strains is necessary (Verma et al., 2005).

Grape marc is a waste material from pressing grapes in

the winemaking process and accounts for approximately

10%–20% of the weight of the annual crush each vintage.

* Corresponding author. E-mail: bo.jin@adelaide.edu.au.

Up to 2 × 105 t of marc is estimated to be generated

throughout Australia each year. Wine lees are also the

waste from wine fermentation and represent 2%–6% of

the total volume of wine produced. The lees contain a

high concentration of organic substances, such as organic

acid, yeast, protein, mucilage, and so on. If these wastes

are not treated effectively they can cause a number of

environmental hazards, such as surface and ground water

pollution, foul odours, and so on. On the other hand, these

winery wastes are good nutrients for microbial growth, and

also could be used as raw materials for Trichoderma BCAs

production.

Trichoderma viride is not only one of the most wide-

ly used strains against plant diseases (Markovich and

Kononova, 2003), but also can improve plant growth and

crop yields (Kolombet et al., 2001). This strain can pro-

duce a series of extracellular enzymes which are important

factors for inhibiting plant pathogens, such as chitinase

and β-glucanase which can hydrolyze plant pathogen cell

wall (Markovich and Kononova, 2003), and pectinase

which can elicit plant disease resistance (Bai et al., 2004).

However, the results from most previous investigations for

fungal BCA production were only given by numbers of

the fungal spores produced (Vrije et al., 2001; Chen et
al., 2005), and few studies focused on the production of

extracellular enzymes in the solid state fermentation.

The aim of this paper was to optimize the fermentation

conditions for production of T. viride biocontrol agent
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(BCA) using winery wastes as substrates in a solid state

fermentation. Biological activities as BCA were evaluated

by number of fungal spores and activities of the chitinase,

β-glucanase and pectinase produced by T. viride.

1 Materials and methods

1.1 Winery wastes

Grape marc and wine lees were obtained from Or-

lando Wyndham Group Pty. Ltd., Australia. Grape marc

included fermented marc from red wine production and

non-fermented marc from white wine production. The

grape marc and wine lees were pretreated by removal of

grape seeds and ethanol respectively. Grape seeds were

removed from the marc by sieves and collected for food

oil or functional food production. The marc was dried

at 70°C and stored at room temperature. Ethanol was

removed from the lees by distillation and collected for fuel

production. Water was added to the ethanol removed lees

up to the initial volume. The lees were stored at 4°C. The

pretreated marc and the lees were used as fermentation

substrates throughout the investigation.

1.2 Microorganism

Trichoderma viride WEBL0703 used for this study was

isolated from soil by our laboratory and was found to

be active against a broad spectrum of phytopathogens. It

was routinely maintained on Potato Dextrose Agar (PDA)

slants at 4°C by regular sub-cultivation (no longer than 6

months).

1.3 In vitro antagonist assays

The antagonistic activity of T. viride WEBL0703 was

evaluated by the method of confronting cultures (Kolombet

et al., 2001), modified as follows: a point of phy-

topathogens with a point of T. viride were inoculated onto

PDA plates, where it is 1 cm distance from the center of

the Petri dish symmetrically, then incubated at 26°C for

a few days. The growth of the fungi was recorded and

area occupied by each culture was determined by visual

inspection. The T. viride strain was considered antagonistic

to the phytopathogens if it overgrew the phytopathogens

(Figs.1 and 2).

1.4 Inoculum preparation

The T. viride strain was grown on PDA plates for 5

d at 30°C, and then the conidia were harvested from the

surface by adding 0.05% (W/V) Tween 80 sterile solution

and scraping with a sterile spatula. The concentration of

conidia was adjusted to 2×107 spores/ml, 10 ml of the

spore suspension obtained was inoculated to 100 ml of the

lees culture medium (lees:water (W/V) = 1:1, pH 4.5) in

250-ml Erlenmeyer flask. After culture at 30°C on a shaker

(150 r/min) for 2 d, the inoculum was used to inoculate the

subsequent fermentation immediately.

1.5 Solid state fermentation and optimization of culture
conditions

The initial solid state medium contained (W/W): dry

grape marc 15 g, wine lees 18 g, and tap water 15 ml in

an Erlenmeyer flask. The medium was mixed thoroughly

Fig. 1 Trichoderma viride overgrowing Botrytis cinerea (B. cinerea was inoculated 1 d earlier than T. viride). A: T. viride; B: B. cinerea.

Fig. 2 Trichoderma viride overgrowing Cladosporium cucumerinum (C. cucumerinum was inoculated 1 day earlier than T. viride). A: T. viride; C: C.
cucumerinum.
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and autoclaved at 121°C for 20 min. After cooling to

room temperature, it was inoculated with 5 ml of inoculum

and incubated at 30°C at 80%–90% relative humidity. The

effects of initial moisture content in the range of 50%–75%

(W/W), wine lees content in the range of 0–50% (W/W),

incubation temperature in a range of 23–35°C and nitrogen

sources (yeast extract, peptone, wheat bran, (NH4)2SO4

and urea) were investigated. All experiments were con-

ducted in duplicate and the average values are reported.

Key results were repeated three times to establish their

validity.

1.6 Assessment of conidia yield

A sample of 6 g was mixed with 100 ml distilled water

containing 0.05% (W/V) Tween 80 in a laboratory blender

for 2 min, 3 times to separate the spores from the substrate

thoroughly. Spore suspension was obtained after this step,

and it was diluted to a proper density that could be suitable

for counting. The spores were counted by a modified

colony forming units (CFU) plating method as described

by Verma et al. (2005). Spore yield was expressed as

CFU/g IDS (initial dry substrate). The results were the

means of duplicate determination of two independent

samples, and the standard derivations were less than 10%.

1.7 Enzyme assays

The fermented substrate was mixed thoroughly with 6 ×
distilled water, which was based on initial dry weight of the

substrate. The crude enzymes were extracted by squeezing

at 60 kg/cm2 in a hydraulic press and then filtering through

a 0.45-µm membrane filter (Whatman). The extract was

used as crude enzyme for various assays.

Chitinase activity was measured according to the

method described by Suresh and Chandrasekaran (1998),

modified as follows: 1 ml of appropriately diluted enzyme

solution with 1 ml of 0.5% swollen chitin in 0.1 mol/L

citrate phosphate buffer (pH 4.0) was incubated at 40°C for

1 h. The reaction was terminated by placing the tubes in a

boiling water bath for 5 min, and the undigested material

was removed by centrifugation at 6000 r/min for 5 min.

The reducing sugar released was measured by the 3,5-

dinitrosalicylic acid (DNS) method (Miller, 1959) with

N-acetyl-D-glucosamine as standard. One unit of chitinase

activity was defined as the amount of enzyme that releases

one micromole equivalent of GlcNAc per hour under the

specified assay conditions. Enzyme yield was expressed as

units/g initial dry substrate (U/g IDS).

β-Glucanase activity was analyzed by measuring the

amount of glucose released from laminarin (Kulminskaya

et al. 2001). One milliliter of appropriately diluted enzyme

with 1.0 ml of 0.5% laminarin solution in 0.1 mol/L citrate

phosphate buffer (pH 4.5) was incubated at 40°C for 20

min. The reducing sugar released was measured by the

DNS method with glucose as standard. One unit of β-

glucanase activity was defined as the amount required to

produce one micromole of glucose per minute under the

specified assay conditions. Enzyme yield was expressed as

U/g IDS.

Pectinase activity was analyzed by measuring the

amount of galacturonic acid released from pectin (Bai et
al. 2004). One milliliter of appropriately diluted enzyme

with 1.0 ml of 0.5% pectin solution in 0.1 mol/L citrate

phosphate buffer (pH 4.5) was incubated at 40°C for 20

min. The reducing sugar released was measured by the

DNS method with galacturonic acid as standard. One unit

of pectinase activity was defined as the amount required

to produce one micromole of galacturonic acid per minute

under the specified assay conditions. Enzyme yield was

expressed as U/g IDS.

The results of the enzyme assay were the means of

duplicate determination of two independent samples. The

standard derivations were less than 7%.

1.8 Other analysis

Total sugars were measured by phenol-sulfuric acid

method (Dubois et al., 1956). Glucose and fructose were

determined by HPLC. A Phenomenex 00H-0138-K0 col-

umn and a refractive index deterctor were used with 4

mmol/L H2SO4 as the eluent at 50°C. Kjeldahl nitrogen,

crude fibre and ash were determined by the recommend-

ed methods of AOAC (1995). Ammonia nitrogen, total

phosphorus, total solids, chemical oxygen demand (COD)

and biological oxygen demand (BOD) were measured

according to standard procedures described by APHA

(1998). The data were calculated as average values from

at least two duplicates. The standard derivations were less

than 5%, except that BOD was less than 15%.

2 Results

2.1 Composition of winery wastes

Results of proximate analyses of the pretreated winery

wastes are shown in Table 1. The sugar content (glucose

14.6%, and fructose 15.3%) of the non-fermented grape

marc was also analyzed by HPLC (1100, Agilent, USA).

Because it had a high level of carbohydrate content, the

non-termented grape marc could be used as an ethanol

fermentation substrate or used as animal feed. Thus, only

the fermented grape marc was investigated for T. viride
production in the following experiment. The COD and

BOD in wine lees were too high to discharge into a

wastewater treatment system. Therefore, the treatment or

utilization of wine lees is also a key issue for the wine

industry.

Table 1 Compositions of grape marc and wine lees

Composition Fermented Non-fermented Wine lees

grape marc grape marc

Total carbohydrate 2.5% (W/W) 30.5% (W/W) 5.6% (W/V)

Crude fiber 45.7% (W/W) 32.1% (W/W) –

Ash 7.9% (W/W) 6.3% (W/W) –

Kjeldahl nitrogen 8.87 (mg/g) 6.90 (mg/g) 413 (mg/L)

Ammonia nitrogen – – 31.8 (mg/L)

Total phosphorus – – 48.5 (mg/L)

Total solids – – 85.0 (g/L)

COD – – 102.6 (g/L)

BOD – – 70.3 (g/L)

–: means not tested.
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2.2 In vitro antagonist assays

Trichoderma viride WEBL0703 performed a high level

of antagonistic activity toward a broad spectrum of fungi

of the genera Cladosporium, Fusarium, Fulvia, Botry-
tis, Aspergillus, Penicillium, Mucor and Rhizopus. The

process of this evaluation was illustrated by the photos

of T. viride overgrowing and inhibiting Botrytis cinerea
and Cladosporium cucumerinum growth after a few days

incubation (Figs.1 and 2). It can be observed clearly that

pathogenic fungi could not grow towards T. viride mycelia

after they overlapped on the PDA plate. However T. viride
continually occupied more area on the plate, and even

grew on the pathogenic fungi mycelia. Consequently, the

T. viride mycelia partly covered the disease fungi mycelia.

Finally, the pathogen mycelia were fully covered by T.
viride mycelia in a few days incubation. The mycelia of

Cladosporium cucumerinum, Fusarium solani, Fulvia ful-
va, Botrytis cinerea, Aspergillus niger, Aspergillus terreus,

Penicillium oxalicum, Mucor sp. and Rhizopus sp. were

fully covered by T. viride mycelia in 3, 4, 4, 6, 7, 3, 4,

5 and 5 d incubation respectively. Further investigation of

T. viride against plant disease in field test is performing.

2.3 Effect of water content on T. viride spores produc-
tion

The fermentation medium in each 500 ml Erlenmeyer

flask contained dry grape marc 15 g, wine lees 18 g (water

content 16.5 ml), and tap water 0, 5, 10, 15, 20, 25 and

33 ml, respectively, resulting in the water contents of

the media being 50%, 57%, 62%, 66%, 69%, 72% and

75%, respectively. Each of them was inoculated with 5 ml

of inoculum and incubated at 30°C for 10 d. The effect

of initial water content on T. viride spore production is

shown in Fig.3. The highest spore yield was achieved in

the range of 66%–72% of water content. However, the

highest numbers of spores were obtained in wet substrate

at 66% of water content. A higher numbers of spores in

the wet substrate were convinced to be better for the post-

process of the product. Therefore, 66% of water content

appeared to be optimum and was selected in the following

experiment.

Fig. 3 Effect of water content on T. viride spore yield.

2.4 Effect of lees content on T. viride spores production

The fermentation medium and the effect of lees content

of substrate on T. viride spore production is shown in

Table 2. Due to high water content (91%) in the lees, less

water was needed to maintain a moisture level of 66% in

the mediums. After inoculating with 5 ml inoculum, the

medium was incubated at 30°C for 10 d. A high level

of spore yield was reached in the range of 38%–50% of

lees content. Thus, 43% of lees content was selected in the

following experiment.

2.5 Effect of culture temperature on T. viride spore
production

The fermentation medium contained dry grape marc 15

g, wine lees 21 g, and tap water 13 ml. After inoculation

with 5 ml of inoculum, the medium was incubated at 23,

26, 28, 30 and 35°C, respectively. The time courses of T.
viride spore production at different temperature are shown

in Fig.4. The highest spore yield was given at 26°C after

10 d fermentation. Consequently, this temperature was

selected in the following experiment. The spores grew

very slowly after 10 d fermentation, it is assumed that the

fermentation may be completed in 10 d.

2.6 Effect of nitrogen sources on T. viride spore and
enzyme production

The fermentation medium contained dry grape marc 15

g, water 30 ml, and other nitrogen sources respectively.

Table 2 Effect of lees content of substrate on T. viride spores

production

Medium Grape Water Lees Lees content Spore yield

No. marc (g) (ml) (g) (%, W/W) (×109 CFU/g IDS)

1 15 29 0 0 1.55

2 15 24 6 13 2.75

3 15 20 12 26 4.30

4 15 15 18 38 4.78

5 15 13 21 43 4.95

6 15 10 25 50 4.80

IDS: initial dry substrate.

Fig. 4 Time courses of T. viride spores production at different tempera-

ture. IDS: initial dry substrate.
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After inoculation with 5 ml of inoculum, the medium

was incubated at 26°C. The results of impact of nitrogen

sources on the production of the spores and extracellular

enzymes are presented in Table 3. It was found that 43%

of lees and 1.0% peptone were the most efficient nitrogen

sources for production of T. viride spores. Comparing with

the peptone, lees are the most suitable nitrogen source

due to the low cost. 1.2% of urea seemed to be the

most efficient nitrogen source for production of all three

extracellular enzymes. However, the spore yield appeared

to be very low, because the nutrient in the fermented grape

marc is limited for T. viride growth, whereas peptone and

lees can supply a wide variety of nutrients. Higher levels of

enzyme yield, as well as the highest yield of spores were

achieved using 43% of lees mixed with 0.4% urea as the

nitrogen source.

3 Discussion

Trichoderma viride used as BCA has been reported

widely in the literature (Bailey et al., 1997; Zhao et al.,
1998; Ejechi, 2001; Boby and Bagyaraj, 2003; Ji et al.,
2005). Our current results for in vitro evaluation of the

antagonistic activity of T. viride WEBL0703 demonstrated

it was a potential candidate for BCA. For further under-

standing the efficiency of the BCA, in vivo investigation of

the antagonistic activity is in progress. Production of the

BCA with large numbers of spores or conidia and low cost

are the key issues for a commercial application of the BCA

(Wang et al., 2003). As a primer aim of this study, it was to

optimize the fermentation conditions to achieve the highest

spores yield, as well as the lowest production cost.

Solid state fermentation is a cost-effective system for

utilization of agricultural waste or agro-industrial residues

(Couto and Sanromán, 2006). Grape marc (even spent

grape marc) is a suitable support substrate for solid state

fermentation. Wine lees contain a wide variety of nutrients,

including carbon source, nitrogen source and trace ele-

ments, for microbial growth. The mixture of these winery

Table 3 Effect of nitrogen sources on T. viride spores and enzymes

production

Nitrogen sources Spores Chitinase β-Glucanase Pectinase

yield (×109 yield yield (U/g yield (U/g

CFU/g IDS) (U/g IDS) IDS) IDS)

None 2.63 23.8 0.72 1.50

Lees (43%) 6.16 46.4 2.69 1.82

(NH4)2SO4 (0.3%) 5.15 25.8 2.11 5.06

(NH4)2SO4 (0.6%) 5.72 30.5 2.87 6.91

(NH4)2SO4 (1.0%) 4.64 37.8 2.90 7.95

(NH4)2SO4 (2.0%) 3.13 23.6 2.08 9.70

Urea (0.2%) 5.38 26.0 3.41 4.16

Urea (0.4%) 5.51 34.2 6.14 7.52

Urea (0.6%) 5.35 39.5 9.96 11.9

Urea (0.8%) 5.11 44.6 15.5 19.7

Urea (1.2%) 3.72 55.2 18.6 24.2

Wheat bran (2.0%) 4.76 38.3 1.68 1.95

Wheat bran (4.0%) 4.80 46.0 2.71 2.43

Yeast extract (1.0%) 5.43 45.6 3.35 4.77

Peptone (1.0%) 6.05 49.2 4.55 4.47

Lees (43%) 6.65 47.8 8.32 9.83

+ urea (0.4%)

wastes can be suitable and substantially low cost substrates

for fermentation.

Associated with the optimization of the culture con-

ditions for increasing spore yield, the three extracellular

enzymes chitinase, β-glucanase and pectinase were also

investigated with respect to nitrogen sources. The chitinase

and β-glucanase are fungal cell wall degrading enzymes,

which are the key activities for anti-fungal pathogens

(Markovich and Kononova, 2003). Pectinase is an elic-

itor for introducing plant disease resistance (Cervone et
al., 1989). However, few studies have been reported in

the literature on the contribution rates of these enzymes

to inhibiting phytopathogens comparing with the spores,

even though Nampoothiri et al. (2004) reported the an-

tifungal chitinase production by Trichoderma harzianum.

This study investigated the effect of nitrogen source on

these enzymes yield preliminarily. It is noticeable that the

chitinase yield (47.8 U/g IDS, enzyme action temperature

40°C) in this study is much higher than those (3.18 U/g

dry substrate, enzyme action temperature 50°C) reported

in the literature (Nampoothiri et al., 2004). For further

investigation of the enzymes production, evaluation of

the effect of these enzymes on protecting plants from

diseases by bioassay comparing with the spores is in

process. The pH used in the methods for the enzymes assay

is the optimum pH for the enzymes activity which was

determined primarily.

Compost has been recognized and widely used as a

conventional method for winery wastes treatment (Bertran

et al., 2004). There are also some other methods for

recovering several valuable materials from the wastes, such

as tartrate recovery from grape skin and lees, and natural

colours extraction from grape skin. However, residues

(such as spent marc, waste effluents, etc.) from these

processes are the key issues, which cause environmental

problems. There is still a need for treatment of the waste

residues. The utilization of the winery wastes reported in

this study can also use spent marc as support substrate and

the wine lees could supply the main nutrients for T. viride
growth. This method can not only consume a wide variety

of winery wastes, but also produce a high value-added and

environmental friendly product–BCA.

4 Conclusions

A novel process for economical production of T. virde
BCA was developed by solid state fermentation using

grape marc and wine lees. T. viride WEBL0703 performed

a high level of antagonistic activity toward the genera

Cladosporium, Fusarium, Fulvia, Botrytis, Aspergillus,

Penicillium, Mucor and Rhizopus. The maximum yields

of T. viride conidia, chitinase, β-glucanase, and pectinase

were up to 6.65 × 109 CFU/g IDS, 47.8 U/g IDS, 8.32 U/g

IDS and 9.83 U/g IDS, respectively. This process is also an

alternative method for winery wastes treatment.
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