JOURNAL OF PURE AND APPLIED MICROBIOLOGY, June 2016.

Vol. 10(2), p. 897-904

Effect of Different Agricultural Wastes on Xylanase Production
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Agricultural wastes are low cost, renewable and most abundant raw materials
present in environment. Different agricultural wastes were tested for xylanase production
from Saccharomyces cerevisiae. Mixed culture of soy bean and wheat bran (4:6) was
most effective against pathogenic fungi and suitable for maximum xylanase production
at pH 5.0 after 48 h incubation period. Xylanase was stable at 55°C for 20 min. The
molecular weight of crude xylanase was 74 KDa. Coating of citrus fruits with S.cerevisiae
grown on mixture of wheat bran and soybean was highly significant reduction of both
disease incidence and disease severity. Xylanase can be used as biocontrol for green and

blue mold of orange and lime fruit.
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Xylanase (E.C.2.8.1.8) defined as a group
of hemicellulose which required for the hydrolysis
of 1,4-xylans present in lignocellulostic materials'.

Xylanase plays an important role in nature
which being a part of protecting environment from
pollution because of their alternative way to
chemical hydrolysis .The industrial applications
of xylanase came from their ability to hydrolyze
xylan which are abundant natural polysaccharide?.

Xylanase from different microorganisms
such as fungi , bacteria and few yeast strains gained
interest due to their potential applications in many
industrial processes such as production of
hydrolysates from agro-industrial',nutritional
improvement of lignocellulosic feed stuff?,
clarification of wines and juices and biobleaching
of craft pulp in paper industry*>¢ .

* To whom all correspondence should be addressed.
E-mail: atallam@mailcity.com

Raw material such as sugar cane bagasse,
wheat bran, rice bran and corn cobs are agricultural
wastes can also be used for developing
biotechnological process of industrial interest’.
Plant cell walls contain 20-40% xylan biomass as
major component. Therfore hydrolysis of xylan is
important for utilization of lignocellulosic material
in nature’.

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

In Egypt, losses of about 10% and 15%
of orange and lemons in storage, respectively,
occur each year® '°,

The main object of this study was
evaluation of various agricultural wastes under
optimum conditions for maximum yield of xylanase
from Saccharomyces cerevisiae in liquid culture
medium and its applications on post-harvest
diseases.
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MATERIALS AND METHODS

Microorganism

The antagonistic yeast used was
Saccharomyces cerevisiae[Meyen ex E.C.Hansen]
were obtained from Plant Pathology Department
of National Research Centre, Giza, Egypt. The strain
was kept on potato dextrose liquid medium and
stored at 4°C.

Substrates

Different agricultural wastes (corn cobs,
cotton straw, wheat straw, shrimp shell, rice straw,
soy bean, wheat bran, pea peels and chitin) were
used as sole carbon source and tested for xylanase
production. All wastes were washed, dried at 70°C
in oven and cut into small pieces before use.
Fermentation media

The ability of the microorganism for
xylanase production was examined in media
containing (g/1):NaNO, (2.0) , MgSO, (0.5) , CaCO,
(3.0), different agricultural wastes (20.0). Erlenmeyer
flasks 250ml each containing 50 ml fermentation
media was inoculated with 1 ml of Saccharomyces
cerevisiae and incubated at 28-30°C for 48 h. in
incubator shaker at 200 r.p.m.

Xylanase assay

Determination of enzyme activity was
carried out according to the method of'":

One ml of 1% birch wood xylan (Sigma) in
acetate buffer (pH 4.6) in test tubes was added to
one ml of the culture filtrate and mixed by shaking.

The mixture was incubated in a water bath
at 50°C for 30 minutes, then cooled and centrifuged
before assaying. The amount of reducing sugar
was determined with 1 ml of 3, 5-dinitrosalicylic
acid (DNS) . Unit of enzyme: one unit of enzyme
activity was taken of the catalyst convert one
micromole of substrate in one minute under
specific condition.

Optimization of culture conditions

Culture conditions were optimized at
different ratios of agricultural wastes, different pH
values and thermal stability.

In vitro: Evaluation of antifungal activity of S.
cerevisiae grown on different agricultural wastes

Saccharomyces cerevisiae grown on
different agricultural wastes was screened for their
antifungal activity (inhibit mycelium growth) using
the well-plate diffusion method as described by~
Pathogenic fungi over laid on PDA plate and after
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30 min. three wells (Smm. in diameter) were made in
each plate and inoculate with 20ml of extracts in
contrast with the same volume of S. cerevisiae
free and control (water). The plates were kept for
2h.at 4°C to allow diffusion of the extract then
incubated at 28°C for Sdays. Diameter of inhibition
zone was measured.

Management of green and blue molds disease of
orange and lime fruits during storage

Different treatment of S. cerevisiae
formulated on wheat bran or soybean alone or in
combination wheat bran: soybean(4:6) were tested
to study their efficiency on management of green
and blue molds incidence on orange and lime fruits
during storage.

The promising treatment of as follows:
1.S.cerevisiae concentration (10° spores/ml).
2.Wheat bran

3. Soy bean

4.S. cerevisiaetwheat bran

5. 8. cerevisiae +soybean,

6. S.cerevisiae + wheat bran : soybean (4:6)
7. Control (untreated inoculated fruits).

Commercially harvested navel oranges
(Citrus sinensisL. Osbeck ) and lime (Citrus
aurantifolia F. Muell), with healthy appearance
from citrus orchards were used in this investigation.
A highly aggressive isolates of Penicillium
digitatum and Penicillium italicum originally
isolated from rotted citrus fruit .

Isolates were grown on potato dextrose
agar (PDA) at 25°C for 7 days. Spore suspension
(10° spores / ml )was obtained by flooding 7"day
old cultures of pathogen with sterile distilled water
containing 0.01% (v/ v) Tween 80".

Fresh orange and lime fruits apparently
free from physical damage and diseases were
artificially wounded using sterilized scalpel.
Inoculation of wounded fruits was carried out by
spraying fruits with spore suspension of P.
digitatum and or P, italicum then air dried at room
temperature. Inoculated fruits were dipped for 4
min.in solution of treatment and untreated (control)
orange and lime ,after air dried placed into carton
boxes at rate of 15 fruits /box of orange and/or lime
fruits respectively. Each particular treatment as well
as control treatment was represented by five carton
five boxes. All boxes were stored at 20°C for 20
days.
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Statistical analysis

Statistical analyses were performed with
descriptive statistics (mean) and inferential tests
(ANOVA followed by Tukey test) to determine
statistically significant differences (P < 0.05)
between treatments with Sigma Stat Software
20134,
Gel electrophoresis of crude xylanase

Lysates prepared from control and
infected trypsin treated and untreated cell lines
were analyzed by SDS-PAGE according to
previously mentioned by'. Lysates were separated
through 4% stacking and 12.5 % resolving gels in
a Bio-Rad Mini-Protean II electrophoresis chamber
(Bio-Rad Laboratories, Munich, Germany). Diluted
samples (1:1) in reducing sample buffer were heated
in boiling water bath for 5 min then loaded onto
the stacking gel (20 pl of each sample/ each lane).
To ensure allow appropriate determination of the
molecular weights of the resolved protein fractions,
low range molecular weight marker protein was
loaded on the same gel. Electrophoresis was
performed at 80 m/V constant voltage and stopped
after the bromo-phenol blue dye reached the end
of the resolving gel. After electrophoresis, gels
were stained using coomassie and silver staining.
The gel was soaked in the coomassie staining
solution at 37°C for 2 h. in a shaker incubator. After
staining, the gel was washed twice with H O to
remove excess stain then covered with distaining
solution. Three to four changes of distaining
solution was usually sufficient to visualize blue
bands in a clear background.

RESULTS AND DISCUSSION

Xylanase production by S. cerevisiae from
different agricultural wastes at various incubation
time

Various agricultural wastes (corn cobs,
cotton straw, wheat straw, shrimp shell, rice straw,
soy bean, wheat bran, pea peels and chitin) were
used as cheap and most economic carbon source
for xylanase production from S. cerevisiae.
Fermentation condition tested with different time
intervals ranging from (24,48 &72)h. Results in Fig.
(1) showed that soy bean and wheat bran produce
maximum Xxylanase activity 51.4 &53.2 U/ml
respectively after 48 h from incubation. The highest
xylanase activity from S. cerevisiae was observed
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in pretreated rice straw than that of corn cobs as
discussed by'e.The use of agricultural wastes as
sole carbon sources reduces the production costs
of the final products of Saccharomyces sp. and
has the potential to produce xylanase from crude
substrate wheat bran and bagasse'”.
Different ratios of wheat bran and soy bean

Ten different proportion ratio of mixture
of wheat bran and soybean were tested for their
ability for xylanase production by S.cerevisiae in
comparison with control wheat bran and soy bean
alone. Results in Table (1) showed that wheat bran:
soybean (4:6) produce maximum xylanase activity
91.7 U/ml followed by wheat bran: soybean (3:7)
produce 66.0 U/ml , above and below this ratios
moderate to low xylanase production was recorded.
Production of xylanase by Saccharomyces sp.CD3
increased while using wheat bran and sugar cane
bagasse as substrate'®. Xylanase activity from
Aspergillus niger and Aspergillus ochraceus using
mixture of corn cobs and wheat bran increased18
% these results were reported by'.
Different pH values on xylanase activity

Different pH values ranging from (3.6-7.0)
were studied for xylanase production using wheat
bran: soybean (4:6) as substrate .Results illustrated
in Fig. (2)showed that maximum xylanase
production was obtained when the initial pH of
the medium adjusted at pH 5.0 produce 92.0 U/ml
using the tested organism followed by pH 4.5 then
pH 4.0. When the medium pH was elevated to 7.0
xylanase production gradually decreased, pH 6.0
determined in Mcllvaine’s buffer produced by a

Table 1. Effect of different ratio of wheat bran and
soy bean on xylanase production by S. cerevisiae

Wheat bran: Soybean Xylanase activity (U/ml)

1:9 46.2
2:8 542
3.7 66.0
4:6 91.7
5:5 60.7
6:4 48.7
7:3 483
8:2 44.5
9:1 39.6
1:1 483
Wheat bran 53.2
Soy bean 514
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Table 2. Effect of thermal stability on xylanase production by S. cerevisiae

STUDY OF AGRICULTURAL WASTES ON XYLANASE PRODUCTION

Temp°C Xylanase activity (U/ml)

min 10 20 30 45 50 55 60

10 50.3 50.3 50.3 50.3 50.3 50.3 50.3
15 554 60.3 60.7 61.3 63.3 70.4 75.6
20 75.7 77.1 78.8 77.8 78.2 78.8 79.9
25 80.9 81 82.2 83.3 83.9 84.3 85.1
30 88.9 88.7 88.5 89.1 89.8 91.8 92

35 93.6 94 94 95.4 96.8 97.8 98.9
40 110.6 112.6 114.7 117.8 118.2 119.4 119.4
45 1223 125.4 128.6 132 132 132 132
50 132 132 132 132 132 132 132
55 132 132 131.8 130.7 128.5 132 126.1
60 125 120 114 110 98 95 90

waste at different incubation period against some pathogenic fungi

Table 3. Effect of S. cerevisiae grown on different agricultural

Different Zone of inhibition (mm.)

agricultural

waste Pdigitatum Pitalicum Alternaria tenuis Botrytis cinerea
Time/h. 24 48 72 24 48 72 24 48 72 24 48 72
Chitin 0 31 0 30 343 0 30 377 0 0 31 0
Pea 0 30 30 323 36 0 207 343 0 0 27 0
Corn cobs 327 34 0 37.7 30 0 30 357 0 376 333 0
Cotton stalk 327 353 0 31 357 0 21 337 0 26 257 20
Wheat straw 293 36 0 23 0 0 217 253 0 253 367 O
Shrimp shell 243 383 0 27 44 0 277 427 0 44 353 367
Saw dust 0 177 0 327 223 O 26 377 0 30.7 333 243
Rice straw 0 31 0 217 317 O 297 373 0 0 223 0
Soybean 35 377 0 40.7 423 25 377 477 217 317 49 277
Wheat bran 39 377 277 25 34 30 223 327 0 247 40 277
S.cerviceae 20 25 32 22 28 25 25 30 0 23 28 0
Control 0 0 0 0 0 0 0 0 0 0 0 0

Table 4. Reduction % of green and blue molds on orange fruits in response to protecting effect of S. cerevisiae
grown on wheat bran or soybean alone or in combination during storage at 20°C after 20days

Reduction %

Green mold Blue mold
Treatments D.I. R. D.S. R. D.I. R. D.S. R.
S. cerviceae 19.3b 70.7 15.0b 75 15.0b 80.8 13.3b 86.7
Soybean 0.0c 100 0.0c 100 0.0c 100 0.0c 100
Wheat bran 16.7b 73.3 33c¢c 86.7 10.0b 87.2 10.0b 90
S. cerviceae +Wheat 0.0c 100 0.0c 100 0.0c 100 0.0c 100
bran +soybean
Control 90.0a - 100a 78.3a - 100a —

Data in each column with the same letter are not significantly difference (P=0.05) according to Tukey test [14].

D.I. :Disease incidence ,

D.S. :Disease severity, R. : Reduction

J PURE APPL MICROBIO, 10(2), JUNE 2016.
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Table 5. Reduction % of green and blue molds on Lime fruits in response To protecting effect of
S. cerevisiae grown on wheat bran or soybean alone or in combination during storage at 20?C after 20days

Reduction %

Green mold Blue mold
Treatments D.I. R. D.S. R. D.I. R. D.S. R.
S. cerevisiae 31.3b 68.7 17.5¢ 82.5 37.5b 52.1 15.5b 84.5
Soybean 75 28.3b 72.5 21.3¢ 72.8 18.7b 81.3 25.0¢c
Wheat bran 13.8d 72.5 13.8d 71.7 13.5d 82.4 6.7¢ 93.3
S. cerevisiae 12.5d 86.2 6.7¢ 93.3 12.5d 84 5.0c 95
+Wheat bran
+ soybean
Control 100a - 100a - 78.3a - 100a -

Data in each column with the same letter are not significantly difference (P=0.05) according to Tukey test [14]

yeast strain called EBy 100-pYD1 was optimum for
xylanase production® while xylanase largely
obtained from yeast strain identified as
Cryptococcus lauren was at pH ranged from 6.0 to
7.2%.

Thermal stability

Thermal stability of xylanase was
determined by incubating the enzymes on different
temperatures 10-60°C under varying times .Results
in Table (2)showed that xylanase activity increased
till reached 50°C , and 55°C for 20 min. Then activity
begin to decrease, while at 60°C xylanase loss its
activity. Thermal stability at high temperatures
above 40°C make enzyme more attractive for
biotechnological applications in many industrial
areas 2. Enhances thermal stability of yeast makes
enzymes more stable for industrial applications?
In vitro: Evaluation of antifungal activity of S.
cerevisiae grown on different agricultural wastes

Saccharomyces cerevisiae grown on
different wastes at different incubation period were
studied their inhibitory effect on zone of inhibition
of some pathogenic fungi.

Results in Table (3) indicated that
S.cerevisiae grown on soybean or wheat bran was
most effective against all pathogenic fungi
compared with other waste as well as control and
S.cerevisiae alone. The most effective treatment
was after 48hr. incubation period. Different
agricultural waste as baggases were used by* and
recorded that boiled rice bran increased the growth
of’biocontrol agents .Major research on biocontrol
is centered with the use of different agriculture
waste to formulated bioagents.

The use of antagonistic yeasts in the

control of grey rot were recommended to reduce
and replace chemical fungicides*$ and sour rot”
in grapes. Most of the reports dealing with
biocontrol mechanisms depend on using single
bio-fungicide yeasts or suppression of fungal
diseases by single mechanism?*2%39,

In vivo : Effect of orange fruits coating with S.
cerevisiae formulated on soy bean or wheat bran
and combined with all of them

Reduction % of green and blue molds on
orange fruits in response to protecting effect of S.
cerevisiae grown on wheat bran or soybean alone
or in combination during storage at 20°C after 20
days.Data in Table (4) indicated that all treatments
of S.cerevisiae , wheat bran and soybean alone or
in combination were effective on protective orange
fruits . Application of S.cerevisiae with wheat bran
: soybean rate (4:6) or soybean alone on each green
mold causes 100% reduction in D.I. and D.S. after
20 days compared with S.cerevisiae , wheat bran ,
individually were 70.7,73.3,75.0,and 86.7)
respectively.

The same trend on blue mold the most
effective treatment was soybean alone or
Saccharomyces cerevisiae with wheat bran
+soybean rate 4:6 completely reduced D.I. and
D.S.100% reduction. But on S.cerevisiae , wheat
bran , individually were( 80.8,87.2,86.7
and90.0)respectively.

In vivo :Effect of Lime fruits coating with S.
cerveciae formulated on soy bean or wheat bran
and combined with all of them

Data in Table (5) showed that the same
trend of results followed by the same treatment.
All treatments reduced disease severity and

J PURE APPL MICROBIO, 10(2), JUNE 2016.



902 EL-SHAMY et al.:
disease incidence in comparison with control.
Promising treatment with S.cerevisiae with wheat
bran +soybean causes the highest reduction in
green and blue molds on lime fruits (86.2, 93.3, 84.0,
and 95.0) respectively .

The potential of using wheat bran or
soybean supplemented with S.cerevisiae to
control green and blue molds on citrus fruits
resulted in significant reduction. This combination
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Fig. 1. Effect of different incubation periods (hours) on
xylanase production by S. cerevisiae using different
agricultural wastes

SDS-PAGE gel electrophoreses of crude xylanase
enzymes

SDS-PAGE of the crude xylanase from S.
cerevisiae produce band of molecular weight 74
KDa. This results were inagreament with** who
found that crude xylanase obtained from
Streptomyces sp. (strain Ib 24D)was 58KDa .The
molecular weight of endoxylanases from several
Streptomyces sp.was in the range 25-50 kDa this
was reported by**. Molecular weight of

endoxylanase from S.thermo violaceus was 54
kDa¥".

CONCLUSION

The present study demonstrates that
Saccharomyces cerevisiae grown on wheat bran
+ soy bean (4:6) was most effective for xylanase
production under optimum condition and have
potential as environmentally friendly nontoxic
post-harvest fungicides for citrus molds control
and could be suggested for commercial use in
packing houses in consideration to their wide
consumption as safety food.
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had a suppressive effect on decay incidence of
citrus fruits resulted in significant reduction
compared with the other treatment applied
individually. Many workers also successfully used
different yeast isolates for controlling post harvest
diseases during storage. Scientists reported that
treatment of fruits with yeast was an efficient
method for control of several post-harvest
decays& 31,32, 33, 34'

Noybmine e livily (L:ml)

ER ] 9 g ) . x4 bl Lo ¢
Titfferent pH valnes

Fig. 2. Effect of different pH values on xylanase
production by S. cerevisiae

REFERENCES

1. Kheng, P.P., Omar, I.C. Xylanase production
by a local fungal isolate, Aspergillus niger USM
Al 1 via solid state fermentation using palm
kernel cake (PKC) as substrate. Songklanakarin
Journal of Science and Technology, 2005; 27:325-
336.

2. Polizeli, M. L., Rizzatti ,C. S., Monti ,R.,
Terenzi. H .F., Jorge ,J. Amorim, D, S. Xylanases
from fungi: properties and industrial
applications. Applied Microbiology and
Biotechnology,2005; 67: 577-91

3. Wallace, R.J., Wallace, N.M.,Nsereko,
V.L.,Hartnell, GF. Influence of supplementary
fibrolytic enzymes on the fermentation of corn
and grass silage by mixed ruminal
microorganisms in vitro. Journal of Animal
Science,2001; 79: 1905-1916.

4. Yinbo, Q., Peizi, G., Dong, W.,Xin, Z., Xiao, R.
Production characterization and application of
the cellulase free xylanase from Aspergillus niger.
Appl. Biochemistry and Biotechnology, 1996;
57(58):375-381.

5. Angelo, R., C. Aguirre, E. Curotto, E.
Esposito,Gable, M.; Zacchi, G. A review of the
production of ethanol from softwood. Applied
Biochemistry and Biotechnology, 2002;59: 618-



10.

11.

12.

13.

14.

15.

16.

17.

18.

EL-SHAMY et al.: STUDY OF AGRICULTURAL WASTES ON XYLANASE PRODUCTION 903

628.

Lara, C.A., Santos, R.O., Cadete ,R.M., Ferreira,
C., Marques, S., Girio, F., Oliveira, E.S., Rosa,
C.A.and Fonseca, C. Identification and
characterization of xylanolytic yeasts isolated
from decaying wood and sugarcane bagasse in
Brazil. Antonie van Leeuwenhoek, 2014;
105(6):1107-1119.

Kewalrami, N., All, D.N.L and Pathak, N.N.
Bioconversion of sugar cane bagasse with white
rot fungi. Biotechnolgy Lettre, 1988; 10(5): 396-
72.

Janisiewicz, W.J., Korsten, L. Biological control
of postharvest diseases of fruits. Annual Review
of Phytopathology,2002;40: 411-441.

Harvey, J.M. Reduction of losses in fresh
markets fruits and vegetables. Annual Review of
Phytopathology, 1978; 16: 321-341.
Abd-El-Kareem, F. and Abd-Alla M.A., Citral
for controlling postharvest diseases of navel
orange fruits. Egyptian Journal of Applied
Science,2002; 17(12): 238-256.

Monreal, J. and Reese, E. T. The chitinase of
Serratia marcescens.Canadian Journal of
Microbiology,15:689-696.

Boubaker, H., Boudyach, H., Msanda, F., Jilal,
A. and Ait Ben Aoumar, A. Antifungal activity
of Moroccan plants against citrus fruit
pathogens. Agronomy for Sustainable
Development, 1969; 27:273-277.

Zhang, D. Application of chitosan based coating
in fruit and vegetable preservation. Review
Journal Food Process and Technology, 2013;
4:227.

Neter, J., Wassermann, J., Kutner, M.H. Applied
linear statistical models, regression, analysis of
variance and experimental design. 2nd edn.
Homewood, Illinois: Richard D. Irwin Inc 1985.
Laemmli, U. K. Cleavage of structure proteins
during the assembly of the head of bacteriophage
T,. Nature, 1970; 227: 680- 685.

Poludasu, R. M., Sake, P. and Obulam, V. S. R.
A comparative study on simultaneous
saccharification and fermentation of agricultural
wastes to bioethanol using two Saccharomyces
strains. Chiang Mai Journal Science, 2013;
40(3) : 307-320.

Betini, J.H.A., Michelin, M., Peixoto- Nogueira,
S.C., Jorge, J.A., Terenzi, H .F. and Polizeli,
M.L.T.M. Xylanases from Aspergillus niger,
Aspergillus niveus and Aspergillus ochraceus
produced under solid-state fermentation and
their application in cellulose pulp bleaching.
Bioprocess and Biosystem Engineering, 2009;
32(6): 819-824.

Panakaj, S. and Bijender, K.B. Production and

19.

20.

21.

22.

23.

24.

25.

26.

27.

partial purification characterization of alkali
tolerant xylanase from an alkalophilic
Streptomyces sp. CD3. Journal of Scientific and
Industrial Research,2005; 64:688-697.

Kang, S.W., Park, Y.S., Lee, J.S., Hong,S.I. and
Kim, S.W. Production of cellulases and
hemicellulases by Aspergillus niger KK2 from
lignocellulosic biomass. Bioresour Technology,
2004;91(2): 153-156.

Wanga, ,J.K., B. Hea,B.,Dua, W., Luoa,Y.,Yub,
Z.,J.X. Liua. J.X. xylosidase and its use in the
hydrolysis of solubilized xylanase. Appl. Yeast
with surface displayed xylanase as a new dual
purpose delivery vehicle of xylanase and yeast.
Animal Feed Science and Technology, 2015;
20(8): 44-52.

Otero, D.M., Cadaval,C.L., Teixeira ,L.M.,
Rosa, C.A. and Sanzo A.V.L., Kalil, S.J. Screening
of yeasts capable of producing cellulase-free
xylanase. African Journal of Biotechnology,
2015; 14(23): 1961-1969.

Sorgatto, M., Guimardes, N. C. A. ,Zanoelo, F.
F., Marques,M. R., Peixoto-Nogueira S. C. and
Giannesi,G. G. Purification and characterization
of an extracellular xylanase produced by the
endophytic fungus, Aspergillus terreus, grown
in submerged fermentation. African Journal of
Biotechnology, 2015;11(32) : 8076-8084.

Jae ,H.L. ,Sun-Yeon ,H., Jin-Woo, L., Ki- Hong,
Y. and Soo-Wan N.Thermo stability and xylan
hydrolyzing property of endoxylanase
expressed in yeast Saccharomyces cervisiaie.
Biotechnology and Bioprocess Engineering ,
2009; 14:699-644.

Niranjana, S.R. and Lilatha, S. Mass
multiplication and formultions of biocontrol
agents for use against Fusarium wilt of pigeon
pea through seed treatment. International
Journal of pest management, 2009; 55(4):317-
324.

Calvo-Garrido, C., Elmer, P.A.G, Vifias, 1., Usall,
J., Bartra, E., Teixido, N. a.Biological control of
botrytis bunch rot in organic wine grapes with
the yeast antagonist Candida sake CPA-1. Plant
Pathology,2013;62(3):510-519.

Nally, M.C., Pesce, V.M., Maturano, Y.P.,
Muifioz, C.J., Combina, M., Toro, M.E.,
Castellanos de Figueroa, L.I., Vazquez, F.,
Biocontrol of Botrytis cinerea in table grapes by
non-pathogenic indigenous Saccharomyces
cerevisiae yeasts isolated from viticultural
environments in Argentina. Postharvest Biology
and Technology,2012; 64: 40—48.
Calvo-Garrido, C., Vinas, 1., Elmer, P.A.G,,
Usall, J., Teixido, N., b. Candida sakeCPA-1
and other biologically based products as

J PURE APPL MICROBIO, 10(2), JUNE 2016.



904

28.

29.

30.

31.

32.

EL-SHAMY et al.: STUDY OF AGRICULTURAL WASTES ON XYLANASE PRODUCTION

potential control strategies to reduce sour rot of
grapes. Letter of Applied Microbiology, 2013;
57 (4):356-361.

Bar-Shimon, M., Yehuda, H., Cohen, L., Weiss,
B., Kobeshnikov, A., Daus, A., Goldway,
M., Wisniewski, M., Droby, S. Characterization
of extracellular lytic enzymesproduced by the
yeast biocontrol agent Candida oleophila.
Current Genet, 2004; 45(3): 140-148.

Droby, S., Wisniewski, M., Macarisin, D.,
Wilson, C., Twenty years of postharvest
biocontrol research: is it time for a new paradigm.
Post harvest Biology and Technology,2009; 52:
137-145.

Saravana k. D., Ciavorella, A., Spadaro, D.,
Garibaldi, A., Gullino, M.L., Metschnikowia
pulcherrima strain MACH1 outcompetes
Botrytis cinerea, Alternaria alternata and
Penicillium expansum in apples through Iron
depletion. Postharvest Biology and Technology,
2008;49(1): 121-128.

Chalutz, E., Droby, S., Cohen, L., Weiss, B.,
Barkai-Golan, R., Daus, A., Fuchs, Y. and
Wilson, C. L. Biological control of Botrytis,
Rhizopus and Altenaria rots of tomato fruit by
Pichiaguillier mondii. Pages 71-85 in: Biological
Control of Postharvest Diseases of Fruits and
Vegetables. C. L. Wilson and E. Chalutz (eds.),
U.S. Department of Agriculture, ARS-92; 1991.
Fan, Q. and Tian, S.P. Biological control of
Rhizopus rot of peach fruits by Candida
guilliermondii. Acta Botanica Sinence, 2000;
42(10): 1033-1038.

J PURE APPL MICROBIO, 10(2), JUNE 2016.

33.

34.

35.

36.

37.

Spotts, R.A., Cervantes, L.A. and Facteau, T.J.
Integrated control of brown rot of sweet cherry
fruit with a preharvest fungicide, a postharvest
yeast, modified atmosphere packing, and cold
storage temperature. Postharvest Biology and
Technology,2002;24:251-257.

Nadia, G. EI-G,, Nehal S. EI-M., Abdel-Kader
M.M., El-Mohamady, R.S.R. Integration
between Yeast and Some organic salts treatments
for controlling tomato fruits decay. International
Journal of Engineering and Innovative
Technology (IJEIT),2014; 4(1): 33-39.

Rifaat, R., Ismail ,S. and Amjad. M. Effect of
cultural conditions on xylanase production by
Streptomyces sp. (strain Ib 24D) and its potential
to utilize tomato pomace. African Journal of
Biotechnology,2005; 4(3): 251-255.

Poutanen, K. and Plus, J. Characteristics of
Trichoderma reesei produced by the yeast
biocontrol agent Candida oleophila. Current
Genetics. 1988; 45: 140-148.

Tsujibo, H., Miyamoto, K., Kuda, T., Minami,
K., Sakamoto, T., Hasegawa, T. and Inamori,Y.
Purification, properties and partial amino acid
sequences of thermostable xylanases from
Streptomyces thermoviolaceus OPC-520.
Applied Environmental of Microbiology, 1992;
58:371-375.

© The Author(s) 2016. Open Access. This article is distributed under
the terms of the Creative Commons Attribution 4.0 International License
which permits unrestricted use, sharing, distribution, and reproduction
in any medium, provided you give appropriate credit to the original
author(s) and the source, provide a link to the Creative Commons license,
and indicate if changes were made.



