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The present study conducted with pectinase produced by the yeast Saccharomyces cerevisiae and its 
efficacy against fruits decay, pathogenic fungi in vitro and in vivo conditions. S.cerevisiae grown on 
fermentation medium inoculated with 1.5 ml of S.cerevisiae, 1% potassium sorbate, 1 % xylose as 
carbon source and 1 % potassium nitrate as nitrogen source was optimum for production of pectinase. 
Addition of wheat bran as agricultural waste increase pectinase activity gradually at concentration of 0.5 
up to 3.5 % then decline by increasing its concentration. Antagonistic studies under in vitro conditions 
revealed that S. cerevisiae grown on nutrient medium (NB) supplemented with 3.5% of wheat bran (WB) 
were the most effective against all pathogens compared with other used concentrations and control as 
well. This treatment caused complete growth reduction (100%) of P. digitatum and 81.1% of both P. 
italicum and P. expansum. Under in vivo conditions, coating citrus and apple fruits with S. cerevisiae 
grown on different concentrations of wheat bran reduced drastically diseases incidence. The announced 
treatment of (S. cerevisiae + WB 4.0%) completely (100%) reduced blue mold incidence of apple fruits, 
meanwhile, 93.4 and 85.0% reduction in green and blue mold incidence of citrus fruits were recorded, 
respectively. Referring to the present findings, pectinase from S.cerevisiae as one of cell wall 
degradation enzyme should consider as one of bioagent metabolic activity against plant pathogens. 
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INTRODUCTION 

Pectinases consist of several enzymes that 
promote the natural degradation of pectin which  
are complex structural polysaccharides of plant 
origin that contain a large proportion of partially 
methyl-esterified galacturonic acid subunits linked 
by a-1,4-glycosidic linkages(Mustafa and 
Husniye2015; De Vries and Visser 2001). 
Many microorganisms such as yeast, fungi and 
bacteria produce pectinases. Microbial pectinase 
plays an important role in biotechnological 
applications as in industry, extraction and 

clarification of fruit juices, tea and coffee 
fermentations, bleaching of paper, wastewater 
treatment, and production of fermentable sugars 
from oil. plant biomass and pigment extraction 
and processing of textile fibers feed additives, 
(Janani et al., 2011;Favela-Torres et al., 2006; 
Sharma et al., 2012 ;da Silva et al., 2005; Serrat 
et al., 2011;Mehraj et al., 2013). 
Pectinase are inducible can be produced by 
different fermentation strategies, optimization of 
fermentation by using different carbon sources, 
courses of time, and microbiological parameters 
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(Bayoumi et al., 2011). 
Moreover, pectinase appear to induce very 

efficiently plant defense reactions probably 
through the release of pectic fragments which 
could act as endogenous elicitors. In addition, 
pectinase is a group of enzyme that known to 
catalyze the pectic substance through de-
polymerized ion and de-verification reaction. This 
enzyme has the role in preventing plant from 
infection caused by pathogen. Cellulose and 
pectinase producing microbes are involved in 
plant growth promotion by preventing plant from 
fungal infection (Reetha et al., 2014). 

Utilization of antagonistic yeasts as an 
alternative appears to be a promising technology 
(Ippolito et al., 2000; Fan et al., 2002). Two yeast 
strains of Candida guillermondii and 
Saccharomyces cerevisiae had remarkable 
antagonistic properties against P. expansum on 
apple (Scherm et al., 2003).  

Post-harvest decay of citrus fruit caused by 
Penicillium digitatum Pers. Sac (green mould), 
Penicillium italicum Whemer (Blue mould) have 
been reported all over the world and represents 
major losses during harvest, handling, marketing, 
storage and exportation. 

 Also, Penicillium expansum (Link) Thom. is 
one of the most important postharvest pathogens 
of apple fruit worldwide. It causes blue mold, a 
decay that can lead to significant economic losses 
during storage, which can also impact fruit 
destined for processing due to the production of 
mycotoxin carcinogenic patulin (Vico et al., 2014). 

Postharvest disease is often controlled 
traditionally by the application of synthetic 
fungicide. However, due to problems related to 
fungicide toxicity, potential harmful effects on the 
environment, development of fungicide resistance 
by pathogens, and human health and alternatives 
to synthetic chemicals have been proposed 
(Eckert et al., 1994).  

Recently, applications on postharvest 
application of antagonists for the inhibition of plant 
diseases (Tian et al., 2002; El-Ghaouth et al., 
2003).  

Therefore the present study focused on 
production and optimization of pectinase from 
Saccharomyces cerevisiae and its application as 
antagonistic effect and biocontrol agent on 
postharvest diseases of citrus and apple fruits. 
 
MATERIALS AND METHODS 

Microorganisms: 
A candidate of antagonistic yeast 

Saccharomyces cerevisiae as well as highly 
aggressive isolates of Penicillium digitatum, 
Penicillium italicum and Penicillium expansum 
obtained from Plant Pathology Department, 
National Research Centre, Egypt were used in the 
present study. These isolates were kept on potato 
dextrose medium and stored at 4°Cuntillused. 

Fermentation medium: 
The ability of Saccharomyces cerevisiae for 

pectinase production was examined in nutrient 
medium (NB). Erlenmeyer flasks 250ml each 
containing 50 ml fermentation medium was 
inoculated with 1 ml of S. cerevisiae and 
incubated at 28±2°C for 48 h. in incubator shaker 
at 200 r.p.m. 

Pectinase assay:  
      Pectinase activity was determined using citrus 
pectin as substrate. The reaction mixture, 
containing equal amounts of 1% pectin prepared 
in sodium acetate buffer (0.05 M; pH 5.5) and 
suitably diluted crude enzyme, was incubated at 
50°C in water bath for 30 min. The reaction was 
stopped with 1.0 ml 3,5-dinitrosalicylic acid  
solution (Miller, 1959) after which the mixture was 
boiled for 10 min and cooled. The color was read 
at 540 nm using a spectrophotometer. A standard 
graph was generated using standard glucose 
solution. One unit of pectinase activity was 
defined as the amount of enzyme which liberated 
1μm glucose per min. 

Optimization of culture conditions: 
      Various culture conditions for pectinase 
production from S. cerevisiae were studied. 
Addition of 1% of different salts(calcium chloride, 
calcium carbonate, sodium sulphite , sodium 
bicarbonate & potassium sorbate), Different 
concentrations of potassium sorbate (0.25-2.0%), 
different inoculum size (0.25-2.0 ml/flask),addition 
of equal weight 1%of  different carbon source ( 
meat extract , dextran , fructose , lactose , xylose, 
glucose& peptone) , addition of 1% of  different 
nitrogen source (sodium nitrate , potassium 
nitrate, peptone &ammonium nitrate). 

Determination the effect of  different 
agricultural wastes on pectinase activity: 
       Soybean, sugar cane bagasse, wheat bran, 
sawdust and rice straw were collected, dried and 
ground into small particles. Addition of 2g/flask of 
each selected waste in fermentation medium, 
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inoculated with 1.5 ml of S. cerevisiae and 
incubated 28±2°C for 48 h at 200 r.p.m. 
Determination of pectinase activity was required. 

Effect of different concentrations of wheat 
bran: 

Different wheat bran concentrations (0.5-5.0 
%) were added to each flask, incubated for 48 h. 
at 28±2°Cat 200 r.p.m. 

Antagonistic effect of S. cerevisiae against 
decay fungi: 

In vitro test: 
     Determination the inhibitory effect on linear 
growth of P. digitatum, P. italicum and P. 
expansum were performed on PDA medium. 
Flasks containing 50 mL of NB medium 
supplemented with 1% potassium sorbate,1 % 
xylose and 1 % potassium nitrate were used in 
this test. Different wheat bran concentrations (3.0, 
3.5 and 4.0 %) were added to each flask then 
sterilized. All flasks were inoculated with 1.5 ml of 
S. cerevisiae grown for 48 h., then incubated at 
28±2°C for 48 h. Well-plate diffusion method as 
described by (Boubaker et al., 1969) was used in 
this test. Autoclaved PDA medium poured into 
petri plates, after medium solidified three wells 
per/plate (5mm. in diameter) at three angles were 
made up using sterilized cork poorer. A disk (5 
mm diam.) of each pathogenic fungus placed on 
the centre of PDA plates and then a volume of 
2ml of S. cerevisiae growth poured into wells and 
in contrast the same volume of water was used as 
control. The plates were kept for 2h. at 4°C to 
allow diffusion of the yeast growth suspension and 
incubated at 28±2°C for 5 days, then examined. 
Mean diameter of linear growth and its reduction 
compared with check control was measured. 

In vivo test: 
The efficacy of S. cerevisiae was evaluated 

against diseases incidence of green and blue 
molds of orange and blue molds of apple fruits 
during storage. Different treatment of S. 
cerevisiae alone or formulated on wheat bran at 
different concentration were tested for their 
efficiency on green and blue molds incidence on 
orange and apple fruits during storage under 
artificial inoculation conditions. The following 
treatments as fruit coating were tested on orange 
and apple fruits: 

1. S. cerevisiae+ Wheat bran 3.0%.  
2. S. cerevisiae+ Wheat bran 3.5%.  
3. S. cerevisiae+ Wheat bran 4.0%.  

4. S. cerevisiae 
5. Control (untreated and inoculated fruits).  

Apparently healthy of navel oranges (Citrus 
sinensis L. Osbeck) and golden delicious apple 
(Malusdo mestica Miller) collected from local 
markets were used in this investigation. Isolates of 
P. digitatum, P. italicum and P. expansum were 
grown on PDA at 25 ±2°C for 7 days. Spore 
suspension was obtained by flooding 7th day old 
cultures of pathogen with sterile distilled water 
containing 0.01% (v/v) Tween 80 and adjusted to 
concentration of 106 spores/ml with the aid of 
haemocytometer slide. Fresh orange and apple 
fruits were artificially wounded using sterilized 
scalpel. Inoculation of wounded fruits was carried 
out by spraying fruits with spore suspension of 
tested fungi individually, then air dried at room 
temperature. Inoculated fruits were dipped for 4 
min. in solution of treatment and untreated 
(control), and left for air dried. Treated orange or 
apple fruits placed into carton boxes at rate of 15 
fruits /box. Each particular treatment as well as 
control treatment was represented by five carton 
boxes. All boxes were stored at 20 ±2°C for 20 
days. 
 
RESULTS  

Effect of  addition of different salts on 
pectinase production by Saccharomyces 
cerevisiae. 

To study the effect of different salts on 
pectinase production by S. cerevisiae (calcium 
chloride, calcium carbonate, sodium sulphite, 
sodium bicarbonate& potassium sorbate) were 
added to the fermentation medium . Results in 
Fig. (1) showed that addition of potassium sorbate 
increase pectinase activity  produce 11.15 U/ml 
followed by sodium bicarbonate  produce 10.49 
U/ml then calcium carbonate produce 10.17 U/ml. 
The maximum pectinase production from S. 
cerevisiae in was required in  fermentation 
medium containing NaCl (George et al., 
2017).This result was not coincided with  
(Sathyanarayana et al., 2007) who found that 
addition of different salts increase pectinase 
activity from D. nepalensis while decrease 
pectinase activity of S. cerevisiae. 

Effect of different potassium sorbate 
concentrations: 

Different concentrations of potassium sorbate 
(0.25-2.0%) were tested for pectinase production 
from S. cerevisiae . Parallel increase of pectinase 
activity with increasing potassium sorbate in 
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growth medium  as shown in Fig.(2) started from 
0.25% reaching its maximum at 1% produce 
11.63 U/ml ,other concentrations showed 
minimum to low activity. Growth rate of S. 
cerevisiae decreased by increasing potassium 
chloride from (0.5-2.0%)  (Sathyanarayana et al. 
2007). Moderate salt concentration was most 
suitable for pectinase activity from different yeast 
strains (Murgufa et al., 1995) 

Effect of different inoculum size: 
The effect of different inoculum size of S. 

cerevisiae(0.25-2.0ml/ flask) were inoculated in 
each flask for pectinase production. Results in 
Fig.(3) showed that while increasing in inoculum 
size pectinase activity increase till reached 1.5 
ml/flask produce 12.85 U/ml then activity 
decrease at 2.0 ml/flask. This result was not 
coincided with (Dasaesamoh et al., 2016) who 
found that the optimum inoculum size for 
pectinase activity from  S. cerevisiae strain TISTR 
5019was 2.5 ml/flask. Four ml S. cerevisiae was 
the best inoculum size for pectinase production 
(Pilar et al.,1999). Increase or reduction of 
inoculum size from S. cerevisiae  beyond the 
optimum level affect on pectinase production 
(George et al., 2017). 

Effect of different carbon sources: 
Addition of different carbon source affected on  

pectinase production by S. cerevisiae. Results in 
Fig. (4) showed that addition of different types of 
carbon source increase pectinase activity 
especially addition of  xylose increase pectinase 
activity14.89 U/ml followed by meat extract 12.07 
U/ml , fructose11.36 U/ml. The best source for 
pectinase activity by S. cerevisiae was glucose 
then by galactose and starch (Mustafa and 
Husniye, 2015). Glucose was most common in 
pectinase production from S. cerevisiae (Pilar et 
al., 1999). 

Saccharomyces cerevisiae is well-known 
yeast which is a facultative anaerobe , able to live 
on different fermentable and non-fermentable 
carbon sources (Van Maris et al.,2006). 

Different nitrogen sources: 
Different nitrogen source(sodium nitrate , 

potassium nitrate, peptone &ammonium nitrate) 
were tested for their ability for pectinase activity 
from S. cerevisiae in fermentation media 
containing1.0%potassium sorbate. Results in 
Fig.(5) showed that addition of potassium nitrate 
increase pectinase activity produce 17.13 U/ml 

than medium free of nitrogen source. Yeast and 
peptone were most promising in pectinase 
production from Kluyveromyces marxianus NRRL-
Y-1109(Mustafa and Husniya ,2015). Addition of 
urea increase pectinase activity secreted by S. 
cerevisiae (Dasaesamoh et al.,2016) 

Effect of addition of different agricultural 
wastes: 

Addition of 2g/flask of different agricultural 
wastes were added to fermentation media 
containing 1% potassium sorbate , 1% xylose as 
carbon source ,1 % potassium nitrate as nitrogen 
source and inoculated with 1.5 ml of S. cerevisiae 
.Results in Fig.(6) showed that addition of wheat 
bran increase pectinase activity produce 26.24 
U/ml  , followed by soy bean produce 10.44 U/ml 
while sawdust produce the lowest activity 6.30 
U/ml. Orange peel was the most promising for 
pectinase from S. cerevisiae (Vijayakumar et al., 
2016). It has been reported that  wheat bran  as 
substrate was for Streptomyces lydicus (Jacob 
and Prema, 2006). 

Effect of different concentrations of wheat 
bran: 
        Different wheat bran concentrations (0.25- 
5.0 %) were examined. Results in Fig.(7) showed  
pectinase activity increase till reached 3.5 % 
produce maximum pectinase activity 35.19 U/ml 
then activity decreased. The optimum conditions 
for pectinase production from S. cerevisiae was 
from fermentation medium containing orange 
peels and corn cobs (George et al.,2017). Potato 
peel was the most suitable agricultural wastes for 
biomass production from S. cerevisiae (Bacha et 
al., 2011). Crude pectinase  from S. cerevisiae 
was promoting from the enzymatic peeling of 
oranges and processing of raw banana fibers 
(Vijayakumar et al., 2016). 

In vivo and in vitro :Antagonistic effect of S. 
cerevisiae. 

In vitro: Fungal growth inhibition in response 
to antagonistic effect of S. cerevisiae grown 
on different concentrations of wheat bran. 

Antagonistic effect of S. cerevisiae grown  on 
1% potassium sorbate , 1 % xylose as carbon 
source, 1% potassium nitrate as nitrogen source 
and inoculated with 1.5 ml of S. cerevisiae in 
addition of wheat bran (WB)  concentrations (3.0 
3.5& 4.0 %) was evaluated against P. digitatum, 
P. italicum and P. expansum in vitro and in vivo. 
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Figure.(1):Effect of different salts on pectinase production by  
            S. cerevisiae 

 
Figure. (2): Effect of different potassium sorbate concentrations on  

pectinase production by S. cerevisiae. 
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Figure.(3):Effect of different inoculum size on pectinase production by 

            S. cerevisiae. 

 
Figure.(4):Effect of different carbon source on pectinase production by     

            S. cerevisiae. 
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Fig.(5):Effect of different nitrogen source on pectinase activity 

            production by S. cerevisiae. 

 
 

Figure.(6):Effect of addition of different agricultural wastes on pectinase     
            production by S. cerevisiae. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure.(7):Effect of different concentrations of wheat bran on pectinase  

            production by S. cerevisiae. 
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Table (1): Fungal growth inhibition in response to antagonistic effect of S. cerevisiae grown on different concentrations of wheat bran  
 

 
Treatment 

Fungal growth  

P. digitatum P. italicum P .expansum 

Linear growth 
(mm) 

Reduction 
% 

Linear growth 
(mm) 

Reduction 
% 

Linear growth 
(mm) 

Reduction 
% 

S. cerevisiae + wheat bran 3.0% 0.0 100 18.0 78.3 30.0 68.8 

S. cerevisiae + wheat bran 3.5% 0.0 100 15.0 81.9 17.0 81.1 

S. cerevisiae + wheat bran 4.0% 0.0 100 32.0 61.4 28.0 66.6 

Control 90.0 ----- 90.0 ----- 90.0 ----- 

 
 
 

Table (2): Effect of fruit coating with S. cerevisiae grown on different concentrations of wheat bran on disease incidence of citrus and 
apple fruits 

 

Treatment 

Citrus fruit decay Apple fruit decay 

Green mold Blue mold Blue mold 

Decay Incidence 
% 

Reduction 
% 

Decay Incidence 
% 

Reduction 
% 

Decay Incidence 
% 

Reduction % 

S. cerevisiae + WB 3.0% 33.3 66.7 35.0 65.0 33.3 50.0 

S. cerevisiae + WB 3.5% 25.0 75.0 16.6 83.4 0.0 100 

S. cerevisiae + WB 4.0% 15.0 85.0 6.6 93.4 0.0 100 

S. cerevisiae alone 33.3 66.7 25.0 75.0 33.3 50.0 

Control 100 ----- 100 ----- 66.6 ---- 
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Presented data in Table (1) indicates that all 

treatments of S. cerevisiae grown on different 
concentrations of wheat bran could affect the 
growth of tested fungi.  

S. cerevisiae grown on 3.5% of wheat bran 
treatments were most effective against all 
pathogens compared with other used 
concentrations. The fungus P. digitatum showed 
the highest sensitivity to all treatments which 
complete growth reduction (100%) was observed 
at S. cerevisiae + WB at 3.0, 3.5 and 4%. 
Meanwhile the growth of other two fungi  

P. italicum and P. expansum mostly reduced 
by 81.9 and 81.1% at treatment of (S. cerevisiae + 
WB at 3.5%), respectively. Also, the growth of 
these two fungi reduced by 78.3, 68.8% at 
treatment of (S. cerevisiae + WB at 3.0%) 
followed by 61.4, 66.6% at treatment of (S. 
cerevisiae + WB at 4.0%)  in respective order. 

In vivo :Effect of fruit coating with S. 
cerevisiae grown on different concentrations 
of wheat bran on disease incidence of citrus 
and apple fruits. 

   Presented data in Table (2) revealed that in 
vivo conditions under artificial inoculation with 
decay pathogens and stored at 20oC for 20 days, 
announced reduction in diseases incidence was 
observed when orange and apple fruits were 
coated with S. cerevisiae formulated on different 
concentration of wheat bran compared with the 
growth of S. cerevisiae alone and inoculated only 
control treatments. The efficacy against diseases 
incidence was increased by increasing wheat bran 
concentration in the yeast growth medium. The 
highest reduction was observed at 3.5 and 4.0% 
WB that caused complete reduction (100%) of 
blue mold on apple fruits. Also, green and blue 
molds of citrus fruit were reduced by 83.4, 75.0% 
and 93.4, 85.0% at the same WB concentrations, 
in respective order. Lesser extent of molds 
reduction was observed at the concentration of 
3.0% WB that recorded 66.7, 65.0 and 50.0% 
green and blue molds incidence of orange fruits 
and blue mold of apple fruits, respectively. This 
observation could be attributed to increasing 
pectinase activity by increasing concentration of 
wheat bran addition in S. cerevisiae growth 
medium. 

Results in Table (1and2) were similar results 
reported by several investigators of using yeast as 
biocontrol agent against postharvest decay fruits. 
The yeasts Cryptococcus laurentii, Cryptococcus 

infirmominiatus and Rhodotorula glutinis were 
used as biocontrol agents of postharvest diseases 
of apple and pear in semi-commercial and 
commercial trials(Chand-Goyal and Spotts,1997). 
The yeasts were effectively controlled decay when 
applied in a drench or line spray. The positive 
effect of three strains of S. cerevisiae for 
antagonizing Colletotricum gloeosporioides and 
were further evaluated for their mechanisms as 
biological control agents. They found that all three 
S. cerevisiae isolates produced antifungal 
compounds, inhibited C. gloeosporioides conidia 
germination and produced β-1,3-glucanase and 
chitinase. All isolates colonized grape berry in 
large quantities and controlled C. gloeosporioides 
when artificially inoculated on grape berry. They 
suggested that the antagonistic isolates of S. 
cerevisiae could represent important BCAs of 
anthracnose of grape caused by C. 
gloeosporioides that are responsible for economic 
losses in viticulture (Lui et al., 2017). In addition, 
(Lopes et al., 2015) evaluated the efficiency of six 
different  isolates of S. cerevisiae in controlling 
Colletotrichum acutatum, the causal agent of post-
bloom fruit drop that occur in pre-harvest citrus. 
They found that all six S. cerevisiae isolates 
produced antifungal compounds, inhibited 
pathogen germination, competed for nutrients and 
produced killer activity and hydrolytic enzymes 
when in contact with the fungus wall. The 
detached flowers were controlled using the six 
isolates which inoculated artificially by curatively 
and  preventively. They attributed the biocontrol 
mode of action to the mechanisms such as 
nutrient competition, production of antifungal 
compounds, , detection of killer activity and 
production of hydrolytic enzymes of the isolates of 
S. cerevisiae. Many other workers tested 
successfully the use of yeast as biocontrol agent 
against postharvest diseases of fruits and 
vegetables (Chalutz et al., 1991; Bar-Shimon et 
al., 2004; Saravana et al., 2008; Droby et al., 
2009; Nally et al., 2012; Calvo-Garrido et al., 
2013; El-Gamal et al., 2014). 

CONCLUSION 
The present study demonstrates  that S. 

cerevisiae grown on 1% potassium sorbate, 
xylose as carbon source , potassium nitrate as 
nitrogen source and 3.5 % wheat bran was most 
effective for pectinase production and have 
potential of biocontrol efficacy as eco-friendly 
nontoxic mechanism against pathogens attacking 
postharvest citrus and apple fruits causing molds 



El Gamal et al.,                         Production of pectinase by S. cerevisiae and its application as biocontrol agent 
 

 

    Bioscience Research, 2018 volume 15(4): 4136-4147                                               4145 

 

disease. It could be suggested that the application 
of the antagonist S. cerevisiae for commercial use 
in packing houses taken in consideration their 
cost effective, easily application and wide 
consumption as safety food. To our knowledge, 
this is the first report of the potential pectinase 
produced by S. cerevisiae as a biological control 
agent against postharvest pathogens. 
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