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Resistance to a wide variety of common antimicrobials is observed among clinical strains designed as
extended spectrum B-lactmase (ESBL) producers. They produce enzymatic protein which inactivates
efficiently oxyimino cephalosporin and constitutes a serious global health concern that has complicated
treatment strategies. Many studies report high prevalence of ESBL producers among Gram negative
bacilli. The aim of this work was to identify the presence of TEM, SHV and CTX-M families in these
strains which were initially screened by phenotypic method. Gram negative bacilli resisting third or four
generation cephalosporin were isolated during anti-biogram study. The presence of ESBL positivity
was detected using the double disk synergy test. Minimal inhibitory concentrations (MICs) of ceftriazon
for any strain were determined using E-test manufacturing protocol. Polymerase chain reaction (PCR)
analysis for B-lactamase (bla) genes of TEM, SHV and CTX-M family was carried out using designed
primers in 171 ESBL isolates producers. Among 259 Gram negative bacilli collected, 171 (66, 02%)
exhibited ESBL producers’ profile. Urine samples constitute major source of ESBL producers. The
highest prevalence of ESBL was observed in Escherichia coli (75, 50%). Among ESBL isolates
producers, gene prevalence of bla-CTX-M (65, 49%) was highest, followed by bla-TEM (25, 73%) and bla-
SHV (18, 71%) in the present study. The frequency of ESBL producing strains among clinical isolates
has been steadily increased. Continual drug resistance surveillance and molecular characteristics of
ESBL isolates are necessary to guide the appropriate and judicious antibiotic use.

Key words: Extended spectrum B-lactamase (ESBL), double disk synergy test, ,aTEM, paSHV, pac TX-M, PCR.

INTRODUCTION

Loss of antibacterial proprieties is now established for class with regard to therapy failure observed in clinical
many antibiotics substances, particularly those of B-lactam offices. For Gram negative bacilli, the most important
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mechanism of resistance is based on the production of -
lactamases, enzymatic proteins, which hydrolyze f-
lactam ring (Webb, 1984) described several decades
later (Abraham and Chain, 1940). In Gram negative
bacilli, p-lactamases are produced and stocked in
periplasmic compartment (Frére, 1998). According to
catalytic mechanism, two families of B-lactamases are
distinguished (Frére, 1995; Matagne et al, 1999). The
serine B-lactamases carrying an amino-acid residue-seryl
in the catalytic site and metallo-B-lactamases are needed
for their catalytic activity in the presence of metallic ion in
active site. According to their molecular structure, B-
lactamases are organized in class A, C, D and B
enzymes (Ambler, 1975, 1978, 1980). Serine [3-lacta-
mases consist of class A, C and D enzymes while
metallo-B-lactamases consist of class B enzymes. Our
study concerns class A enzymes which consist of the
following groups: Temoneira (TEM), sulfidrhyl-variable
(SHV), cefotaximase (CTX-M), pseudomonas extended
resistance (PER). Those chromosomal or plasmid-
mediated enzymes are either penicillinases (TEM-1/2 and
SHV-1) hydrolyzing penicillins, first and second
generation cephalosporins or extended-spectrum-f3-
lactamases (ESBL). Extended-spectrum-B-lactamases
(TEM-3, SHV-2 and CTX-M), a form of B-lactamases,
hydrolyzing third generation of cephalosporins (like oxy-
iminocephalosporins); detected since 1983 (Knothe et al.,
1983) are now worldwide reported. ESBL, detected at
first in Klebsiella pneumoniae and Escherichia coli
(Medeiros, 1984; Bradford, 2001), is now fully spread in a
number of enterobacterial spices and other kind of
bacterial isolates, often responsible for nosocomial
epidemic outbreak. Therapy failure due to these fasti-
dious strains makes clinicians to prescribe more and
more carbapenem antibiotics for fighting resistant strains
resisting all class of antibiotic (Queenan and Bush,
2007; Poirel et al., 2007). Therefore, a research on how
to control ESBL epidemiology is a noble undertaking.
Molecular studies leading in many countries have allowed
getting more information on genetic matrix and molecular
types. In Turkey, a survey of Klebsiella spp. from
intensive care units from eight hospitals showed that 58%
of 193 isolates harbored ESBLs (Gunseren et al., 1999).
In Chicago, infections with TEM-type ESBLs particularly
TEM-10, TEM-12, and TEM-26 were reported since 1996
(Schiappa et al., 1996). Boyd et al. (2004) in their study,
described CTX-M-type ESBLs in United States and
Canada. CTX-M-12 was first detected in Kenya by Kartali
et al. (2002) (Kartali et al.,, 2002). Characterization of
ESBLs from South Africa revealed the types of TEM and
SHV (especially SHV-2 and SHV-5) (Hanson et al.,
2001). In Burkina Faso, bla SHV and bla TEM were first
reported in 2004 in community medical center (Zeba et
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al., 2004). Microbial drug resistances based on ESBL
were reported (Karou et al., 2009), but there is no study
on determining the different types of gene encoding.
Therefore, this study aimed to contribute to clear bacterial
resistance epidemiology by establishing genetic profile of
Gram negative bacilli that resist oxy-iminocephalosporins
and exhibit extended-spectrum B-lactamase at University
Hospital Center Yalgado, Ouedraogo.

MATERIALS AND METHODS
Clinical specimens and strains

Bacterial strains collected during a prospective study from July
2009 to March 2012 were Gram negative bacilli that resist third
generation of cephalosporin. They were isolated and diagnosis
analysis of biological specimens was done. Different clinical
specimens such as blood, urine, pus, ascitic fluid, peritoneal fluid,
stool and rachis fluid samples were collected from different
hospitalized patients. Samples were taken from infected patients
who presented infectious evident symptoms like fever and purulent
urine. Isolates were identified using conventional method (Kelly et
al., 1985). Identification of isolates was achieved using API 20E test
trips (BioMerieux S.A., Marcy I'Etoile, France).

Antibiotic susceptibility testing and ESBL detection

Antibiotic susceptibility was tested by disk diffusion method (Bauer,
1966), with antibiotic disks used to test Gram negative bacilli
particularly monobactam: Aztreonam (30 pg), third generation
cephalosporin like cefotaxim (30 ug), ceftriaxon (30 ug), ceftazidim
(30 pg), and fourth generation cephalosporins: cefepim (30 pg).
Antibiotics were tested on Petri plates containing Muller Hinton
agar. Measurements of inhibition area determine the clinical
categories (CA-SFM, 2010; 2011; 2012). Isolates that were resistant
to at least one of the antibiotics in clinical test, using NCCLS
methods (NCCLS, 2000) were collected, purified and conserved at -
80°C for furthers analysis. In order to screen ESBL phenotypical
profile, isolates were submitted for synergy test (Jarlier et al., 1988)
between third generation of cephalosporins disks (cefotaxime or
ceftazidime) and amoxicillin plus clavulanic acid.

In addition, MICs of ceftriaxone, antibiotic frequently used in
clinical routine in our sanitary centers was performed as recom-
mended by guide E-test AB BIODISK.

Molecular characterization of ESBL producing-isolates

All isolates which were positive for synergy test were screened in
order to detect B-lactamase encoding genes for bla TEM, SHV and
CTX-M families by previously described PCR protocols (Olivier et
al., 2002; Pagani et al., 2003). DNA template was prepared from
purified bacteria grown overnight at 37°C on Muller Hinton agar
plates. Crude DNA extracts were obtained by suspending a colony
in 100 ul of purified water and boiling at 95°C for 10 mn (Munday et
al.; 2004). Mixed PCR for one reaction has the following
components: 5 pl of Green buffer 5X; 1 pl of each Primer 10uM;
0.65ul of dNTPs 10 mM; 0.12 pl of Gotag 0.5 U/pl and 15.25 pl of
purified water. Reaction volume is completed to 25 pl with 2 pl of
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Table 1. Primers used for amplification of BIaTEM, SHV and CTXM genes.

Gene Primer Sequence (5’-3’) Amplicons size (bp) References
TEM-F ATAAAATTCTTGAAGACGAAA .

blaTEM TEM-R GACAGTTACCAATGCTTAATCA 1080 Olivier et al. (2002)
SHV-F ATGCGTTATATTCGCCTGTG .

blaSHV SHV-R TTAGCGTTGCCAGTGCTC 1030 Olivier et al. (2002)
CTX-F GTTACAATGTGTGAGAAGCAG .

BlaCTX-M CTX-R CCGTTTCCGCTATTAC c 1041 Pagani et al. (2003)

Figure 1. Detection of ESBL Escherichia coli producer on plate. a) Pure colonies of Escherichia coli. b) Antibiogram of Escherichia coli.
c¢) Synergy test showing ESBL E. coli producer on Petri plate.

DNA template. Primers supplied by Promega according to each B-
lactamase gene type are in Table 1. PCR was carried out under the
following conditions on SensoQest Labcycler, GmbH, Germany:
initial denaturation step at 96°C for 5 min, followed by 35 cycles
consisting of denaturation at 96°C for 1 min, annealing at 58°C,
60°C and 50°C for TEM, SHV and CTX-M at 1 min, primer
extension at 72°C for 1 min and final extension for 10 min.

Migration of PCR products watched by Green buffer (Eugentec)
during 30 min at 80 V was performed on agar gel of 1%, prepared
with BET at 0. 25% as final concentration.

RESULTS
Bacterial strains and antibiotic susceptibility testing

During this study, 259 Gram negatives bacilli which resist
at least one- third or fourth generation of cephalosporins
or monobactam were collected from different samples
(Figure 2). For all the strains collected, diameters of
inhibiting area around oxy-iminocephalosporins disc were
less than 16 mm. Resisting bacterial species isolated
were about quantitative importance: 132 Escherichia coli,
43 Klebsiella pneumoniae, 34 Pseudomonas aeruginosa,
24 Enterobacter sp.,11 Citrobacter spp 7 Accinetobacter
baumannii, 6 Proteus mirabilis, and 1 Salmonella typhi.
Extended-spectrum (-lactamase phenotype screening
showed that 171 strains (66, 02%) were positive for

synergy test, suggesting that they were extended-
spectrum- B-lactamases-producers (Figure 1). The
highest proportion (62.57%) of their strains was isolated
from urine samples.

The MICs of ceftriaxone determined by E-test were less
than 50, 100 and 256 ug/ml for 81, 57, 55.26 and 39.74%
isolates (Figure 2). MICs of ceftriaxone for 73.33% of E.
coli (22/30) and 80% of K. pneumoniae were less than 64
pg/ml. Among the positive isolates for synergy test,
bacterial species were spread as follows: 99 E. coli (that
is, 75% of E. coli), 28 K. pneumonia (that is, 65.11% of K.
pneumoniae), 19 P. aeruginosa (55.88%) 15 enterobacter
sp. (62,50%), 4 citrobacter sp(36,36%), 2 acinetobacter
baumannii, 3 Proteus mirabilis, 1 Salmonella typhi.
Except P. aeruginosa and Accinetobacter baumannii, the
rest isolates belong to enterobacterial family. The study
focused on bacterial resistance and no process determined
community or hospital origin of isolates.

Polymerase chain reaction: Amplification of bla
genes

In the electrophoresis of PCR products realized with DNA
ladder, positive and negative control showed bands as
previously around 875 bp for bla SHV and 1000 bp for bla
TEM CTX-M (Figure 3). Molecular characterization of our
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Figure 2. a. Sensitive pattern of Escherichia coli Ceftriazon, CMI = 96 pg/ml. b) Sensitive
pattern of Klebsiella pneumonia Ceftriazon, CMI = 256 pg/ml.

Figure 3. Agarose gel of CTX-M PCR products. M, Marker of molecular weight
(GeneRuler 100 bp DNA ladder). Number 1-5 correspond to samples: 1 = 45H, 2 = 219P,
3 =310P, 4 =315 Uro, 5 = 225H. C+ = Positive control and C- = negative control.

isolates (exhibiting extended -spectrum [B-lactamase
phenotype) showed that 112 strains (65.49%) were
positive for CTX-M screening; 44 stains (25.73%) for
TEM screening and 32 strains (18.71%) for SHV. In all
the bacterial species, some associations were found
between the three types of bla genes. Eleven (11)
isolates carried bla TEM, SHV, CTX-M at the same time.
Finally, 134 isolates (78, 36%) were positive for [3-
lactamase gene screening and 37 strains did not carry
any of their B-lactamase genes. Repartition of 3-latamase
gene type among bacterial species was established.

Among 99 E. coli investigated, 11.11% carried single
bla TEM; 7.07% carried bla SHV and 48.48% carried
single bla CTX-M 5. 05% harbored bla TEM linked to bla
SHV; 5.05% carried bla TEM linked to bla CTX-M; 5.05%
carried bla SHV with bla CTX-M and 6.06% carried both
bla TEM, bla SHV and bla CTX-M. 70.70% of E. coli
carried at least bla CTX-M or CTX associated with other
bla genes. Among 28 K. pneumonia screened for bla
genes, 14.28% carried single bla TEM; 10. 71% carried
bla SHV; 25% carried single bla CTX-M and 10.71%
carried bla TEM associated with bla SHV. 3.57% strains



1178 Afr. J. Biotechnol.

Table 2. Spread of bla-genes among bacterial spices.

Bacterial species

Number TEM SHV CTX-M TEM -SHV- CTXM

Escherichia coli 99
Klebsiella pneumoniae 28
Enterobacter sp. 15
Pseudomonas aeruginosa 19
Citrobacter sp. 4
Acinetobacter baumannii 2
Proteus mirabilis 3
Salmonella typhi 1
Total 171

70 6
4 12
5 10
2 12
1 3
0 2
0 2
0 1
112

OO O ONNEPE

carried bla TEM, bla SHV and bla CTX-M. 42.85%
carried at least bla CTX-M.

From 15 Enterobacter sp. screened, 13.33% of strains
carried bla SHV, 20% carried bla TEM associated with
other genes, 20% carried bla SHV in association with bla
CTX-M. 66.66% carried either bla CTX-M or CTX-M
linked to other genes. Among 19 strains of P. aeruginosa,
10.52% harbored bla TEM, 31.57% carried bla CTX-M.
21.05% of strains carried bla TEM associated with bla
CTX-M, while 5.26% carried bla CTX-M associated with
bla SHV and 10.52% of strains harbored bla TEM, bla
CTX-M and bla SHV. At least, bla CTX-M was found in
52.63% of P. aeruginosa screened. The distribution of bla
genes among the bacterial species is shown in Table 2.

Our study has noted that patients of all age were
affected by bla gene and ESBL (Table 3). From the
results, 11.36, 9.37% and 5.35% of bla TEM, SHV and
CTX-M, respectively were found on patients of less than
1 year old. For children of less than five years old, 22,
28.12 and 14.28% of bla TEM, SHV and CTX-M were
found. According to sexual repartition, 40,90%, 50% and
44.64% of bla TEM, SHV and CTX-M were found in
female group, while 65.90, 50 and 55.35% of bla TEM,
SHV and CTX-M were found in male group.

DISCUSSION

The most important part of our strains was resistant to
cefotaxim, ceftriaxon and aztreonam. The rate of
resistance to those antibiotics was globally greater than
50% of isolates. Bacteriological and susceptibility study at
Tunis University Hospital reported rates of resistance to
B-lactam by enterobacterial at 57.90% (Larabi et al.,
2003). PCR results have shown that most proportion of
strains carried bla CTX-M which are ESBLs (Bonnet,
2004). There is high possibility that bla TEM and bla SHV
are found in ESBL because producing stains were
resistant to oxi-iminocephalosporin (Livermore, 2008).
ESBLs have become a widespread serious problem.
These enzymes are becoming increasingly expressed by
many strains of pathogenic bacteria with a potential for
dissemination. The presence of ESBL compromises the

activity of wide-spectrum antibiotics creating major thera-
peutic difficulties with a significant impact on the outcome
of patients. The continuous emergence of ESBLSs presents
diagnostic challenges to the clinical microbiology labora-
tories.

In this study, urine represent samples indexed as
extended-spectrum B-lactamase isolates producing source.
Similar observations are reported in others studies
(Shanthi and Sekar, 2010; Iraj and Nilufar, 2011; Saba et
al., 2012). Invasive treatment using catheter at hospital
centers often explains high prevalence of urinary infections
(Canton et al., 2008). In addition, in community, people
practice auto medication with antibiotics that can select
ESBLs isolates which may be carried at hospital notably
in emergencies units and disseminated in other clinical
offices (Mbutiwi et al., 2013). In this study, it was found
that E.coli is frequently identified as ESBL producing
isolate (Shanthi and Sekar, 2010; Abhilash et al., 2010;
Umadevi et al.,, 2011). It is bacterial species, most
adapted to and represented in digestive stratus and
consequently receives plasmid-mediated gene from other
bacteria.

Phenotypic tests for ESBL detection only confirm if an
ESBL is produced but cannot detect the ESBL subtype.
Some ESBLs may fail to reach a level to be detected by
disk diffusion tests but result in treatment failure in the
infected patient. Nuesch-Inderbinen and Hachler (1996)
reported that molecular methods appear sensitive, are
expensive, time consuming and require specialized equip-
ment and expertise. However, definitive identification is
possible only by molecular detection methods.

There are so many types of B-lactamase like TEM,
SHV, CTX, OXA, AmpC, etc, but majority of the ESBLs
are derivatives of TEM or SHV or CTX-M enzymes and
these enzymes are most often found in E. coli and K.
pneumonia (Paterson and Bonomo, 2005). Keeping in
view this fact, the current study investigated Gram
negative bacilli among which E. coli and K. pneumoniae
were most represented. The study aimed to look for the
presence of TEM, SHV or CTX-M gene.

From the results of the study, the three families of 8-
lactamase genes screened were found with high
prevalence of CTX-M, followed by TEM and SHV. PCR
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Table 3. Spread (number) of bla genes by sex/age on infected patients.

Age (years) <1l 1- 5-14 15 -25 226

Sex M F M F M F M F M F
Bla
TEM 03 02 03 02 02 03 04 02 17 09
SHV 01 02 02 04 03 00 02 03 08 07
CTX 03 03 04 06 03 02 05 08 47 31

screening of 99 E. coli has shown that 25.25% harbored
TEM gene, 20.20% harbored SHV gene and 70.70%
harbored CTX-M gene. Of 28 K. pneumonia, 14.28%
harbored TEM gene, 32.14% harbored SHV gene and
42.85% harbored CTX-M gene. 20% of Enterobacter sp.
harbored TEM gene, 33.33% harbored SHV gene and
66.66% harbored CTX-M gene. 26.31% Pseudomonas
aeruginosa harbored TEM gene, 10,52% harbored SHV
gene and 63,15% harbored CTX-M gene. Livermore et
al., stated in separate studies that the CTX-M gene is the
most prevalent ESBL-encoding gene worldwide and is
replacing TEM and SHV types as the predominant ESBL
in many European and Asian countries (Livermore et al.,
2007; Bali et al., 2010). The high prevalence of CTX-M
gene in our study is in concordance with the study of
other authors (Vaida et al., 2010) who reported CTX-M-
encoding genes in the majority of E. coli (96%) and K.
pneumoniae (71%) isolates showing ESBL phenotype. In
our study, major part of the isolates carried more than
one type of gene. Among E.coli , bla TEM, bla SHV and
bla CTX-M matched with each other in the same
proportion(5,05%). Among Klebsiella pneumonia, bla
TEM associated with bla SHV in 10, 71% of strains. 6,
43% isolates harbored all the three B lactamase genes.
CTX-M is frequently associated with other B lactamase
genes. According to Goyal et al., majority of strains
(57.3%) harbored two or more ESBL genes. Bali et al.
have observed in their study that 19.2% ESBL isolates
carried more than one type of 8 lactamase genes (Goyal
et al., 2009; Bali et al., 2010). The three types of bla gene
were found within group of children of less than 5 years
old. This fact is relevant for using antibiotics for viral
infections, that are resistant (Bergus et al., 1996). The
limitation of our study is the bacterial ecology which was
not identified by any process. We were not able to know
for some patients, if resistant bacteria were acquired in
the community or hospital.

Conclusion

Our study has shown high prevalence of -lactamases-
isolates producers among clinical strains detected through
analysis of biological samples collected in different units
of University Hospital Center, Yalgado OUEDRAOGO.
CTX-M type (ESBL) was mostly represented, followed by
TEM and SHV B-lactamases. Escherichia coli, like in

other several studies, was the strain that expressed
ESBL frequently and can associate with more than one
type. P. aeruginosa nosocomial, fastidious strain, known
for producing PER currently harbored more and more
CTX-M, TEM and SHV. This fact increases risk of ESBL
dissemination between plasmid receptive strains or/and
between clinical units. The present study has established
that P-lactamin antibiotic except cephamycin and
carbapenem (imipenem) was sensitive to ESBL.
Diameters of inhibition area of oxy-iminocphalosporin
(cefotaxim, ceftriazon, ceftazidim) for our isolates were
seriously reduced, currently less than 20 mm. ESBL
strains are usually multi-drug resistant. So, the practice of
routine ESBL testing along with conven-tional
antibiogram would be useful for all cases; it will help in
theproper treatment of patients and also prevent further
development of bacterial rug resistance. Molecular
detection and identification of B- lactamases would be
essential for a reliable epidemiological investi-gation of
antimicrobial resistance. It is necessary to control hygiene
and antibiotics consummation in hospital centers.
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Loop mediated isothermal amplification is rapid, highly sensitive and specifically developed method for
detection of bacterial infections. AprX gene for alkaline metalloprotease of Pseudomonas fluorescens
was used to design four primers and loop mediated isothermal amplification (LAMP) conditions were
standardized for amplification of DNA. LAMP primers successfully amplified P. fluorescens from DNA
and bacterial cells taken directly from broth, water and infected tissues with high specificity and

sensitivity (10 pg) under isothermal condition at 61°C.

Key words: Pseudomonas fluorescens, loop mediated isothermal amplification (LAMP), rapid, simple,

specificity, sensitivity.

INTRODUCTION

Pseudomonas fluorescens is a member of the fluorescent
pseudomonad group and (unlike Pseudomonas
aeruginosa) has generally been regarded to be of low
virulence and an infrequent cause of human infection
(Hsueh et al., 1998). But later on, six strains grown in
transfusion blood having characteristic features of P.
fluorescens had caused severe to fatal reactions in the
recipients (Pittman, 1953). Sutter (1968) also isolated P.
fluorescens repeatedly from the blood of a patient with an
abdominal abscess following bowel resection. P.
fluorescens has been reported to cause occasional cases
of transfusion-associated septicemia in blood recipients,
including fatal reactions (Scott et al., 1988), and catheter-
related bacteremia in patients with cancer (Hsueh et al.,
1998). P. fluorescens is an aerobic, rod shaped, Gram-

negative bacteria that grows best at temperature range
between 25 and 30°C.

In 2001, P. fluorescens was also isolated from carp in
the Abbassa fish farm, with a prevalence rate of 23%
(Aly, 2001) while during 2002, P. fluorescens was
isolated from Nile tilapia cultured in duck-fish farms at
Ismailia and Sharkia Provinces with prevalence of 8%
(Aly et al, 2002). In 2004, seven out of the 17
commercial fish farms in Kafr EISheikh Governorate
suffered from high mortalities, ranging from 17.6 to
22.9%. Bacteriological examinations revealed 36.9% fish
were infected with P. fluorescens, 29.1% with P.
aureginosa, 18.5% with Pseudomonas anguilliseptica
and 15.5% with Pseudomonas pseudoalkaligene
(Masbouba, 2004).
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Eissa et al. (2010) isolated different strains of
Pseudomonas species namely Pseudomonas putida, P.
aeruginosa, P. fluorescens and P. anguilliseptica from
Oreochromis niloticus in Qaroun and Wadi-El-Rayan
Lakes, Egypt. They reported that infected fishes showed
irregular hemorrhages on body surface, especially at the
ventral part of abdomen, eyes cloudiness, scales
detachment and congested gills were observed.
Internally, there were sanguineous fluids in the abdominal
cavity of some fish. Also, these results are in agreement
with those of EL-Hady and Samy (2011) who isolated P.
putida, P. aeruginosa, P. fluorescens and P. anguilliseptica
from cultured O. niloticus and Cyprinus carpio from
different fish farms at different localities in Egypt. This
data clearly indicates that infection is responsible for
huge losses to aquaculture.

Pseudomonas spp. causes septicaemia in aquatic
animals (Roberts, 1978) and a number of aquatic animals
including fish, frogs and soft-shelled turtles are reported
to be susceptible to Pseudomonas spp. with moderate to
high losses (Somsiriand Soontornvit, 2002). Pseudomonas
spp. bacteria are considered as opportunistic indoor
pathogens as their infection initiates an inflammatory
response (Hirvonen et al., 2005; Huttunen et al., 2003).
Bacteria invades the host tissue and cause infection and
bacteremia in immunocompromised hosts (HIV/AIDS,
cystic fibrosis, bronchiectasis, severe chronic obstructive
pulmonary disease, burns, malignancy or diabetes
mellitus) (Feldman et al., 1998; Liu and Mercer, 1963).
Identification of P. fluorescens is very tedious as it is not
a frequent cause of human infections; prefers versatile
environments (like water, soil, foods, etc.)and grow
poorly at the standard hospital microbiology incubation
temperature of approximately 36°C (Weyant et al., 1996;
CDC, 2005).

Detection of P. fluorescens by standard plate count
method, polymerase chain reaction (PCR) and RT-PCR
is time consuming and also such methods require the use
of special equipments. On the other hand, loop mediated
isothermal amplification (LAMP) (Notomi et al., 2000;
Nagamine et al., 2002) is simple, easy, rapid and cost-
effective method which have been widely used for the
diagnosis of bacteria (Gahlawat et al., 2009; Chen at al.,
2011; Han et al.,, 2011; Saharan et al., 2014a), viruses
(Wang et al.,, 2011; Zhao et al., 2011; Saharan et al.,
2014b) and parasites (Ikadai et al., 2004; Iseki et al.,
2007; Lu et al.,, 2011). Seeking the benefits of LAMP
method, the present study is planned to determine
application of LAMP assay for rapid detection of P.
fluorescens from DNA and bacterial cells taken directly
from broth, water and infected tissues.

MATERIALS AND METHODS
Bacterial strains

Aeromonas hydrophila (MTCC 646), Lactobacillus acidophilus(MTCC
447), P. flourescens (MTCC 7200), Staphylococcus aureus

(MTCC 87) and Bacillus cereus (MTCC 6728) were purchased
from Microbial Type Culture Collection (MTCC) and Gene Bank,
Institute of Microbial Technology Chandigarh (India) in the
lyophilized form. The lyophilized cultures were revived in nutrient
broth and cultured on nutrient agar plates. After 24 h of incubation
at 28+2°C, the bacteria were resuspended in nutrient broth for the
isolation of genomic DNA.

Test sample

Clarius batracus (10-12 cm in length) were collected from local
pond and kept in aquarium of 50 L capacity in 1:1 ratio of tap water:
pond water. Fish were challenged by adding P. fluorescens broth in
aquarium water (approximately 1:100 ratio). Mucus, kidney and
water samples were collected after 24 h and stored at -20°C.
Further genomic DNA was isolated from these samples.

Genomic DNA extraction from bacterial broth, pond water and
infected tissue

Genomic DNA was isolated from five bacterial strains (P.
fluorescens, A. hydrophila, L. acidophilus, S. aureus and B. cereus)
grown in nutrient broth overnight, pond water, mucus and kidney
tissue (isolated from infected fish crushed in liquid nitrogen) using
Qiagen DNA extraction kit (Gentra Puregene protocol, 2010)
according to the manufacturer’s instructions.

Design of oligonucleotide primers for LAMP method

Pseudomonas sp. strains high in proteolytic activity in milk are
responsible for bacterial deterioration of dairy products. Protease
digestion of milk can lead to clotting and gelation of milk casein. So,
a rapid test for detection of Pseudomonas strains in milk is required
because conventional plate-counting procedure to detect
psychrotrophic contamination in milk products is time-consuming
and not useful to prevent food degradation. The aprX gene
encoding an alkaline metalloprotease is considered the responsible
agent for milk spoilage. LAMP primers targeting for this sequence
can accelerate the detection process. Hence, DNA sequence of P.
fluorescens Apr X gene for alkaline metalloprotease, was retrieved
(partial sequence) from NCBI (http://www.ncbi:nlm.nhi.gov/) and
used for primer designing. The specific LAMP DNA oligonucleotide
primers were designed by using Eiken Genome site via free online
software, that is, Primer-Explorer IV software program
(http://loopamp.eiken.co.jp/e/lamp/). Four sets of primers
(described in detail below) based on the following six distinct
regions of the target gene: the F3c, F2c and Flc regions at the 3'
side and the B1, B2 and B3 regions at the 5' side were designed
(Table 1) and got synthesized from Sigma Aldrich.

Optimization of LAMP protocol

Bacterial DNA of P. fluorescens was amplified by using the
following composition of LAMP reaction mixture: 7.5 pl 1x
Thermopol buffer [10 mM KCI, 10 mM (NH4)2SO4, 20 mM Tris-HCI,
2.0 mM MgSO4, 0.1% Triton X-100; New England Biolab], 4 pl
Betaine (0.8 M Sigma), 1.0 pl dNTPs (1.0 mM; Sigma), 0.5 pl each
of F3 and B3 (0.2 mM; Sigma), 4.0 pl each of FIP and BIP (1.6 mM,;
Sigma), 1.0 pl Bst DNA polymerase (8U; New England Biolab), 0.5
pl nuclease free water and 2.0 pl DNA template. The reaction was
carried out at different temperatures ranging from 60 to 65°C for 1 h
followed by heat inactivation step at 80°C for 5 min in Accublock
digital dry bath (Labnet International Inc.). The samples were kept
in ice for 10 min.



Table 1. Details of primers used for LAMP assay.
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SIN Oligo name 5'<-----Sequence----->3' Length
1 F3 TCGAGCACCATGAACAAACA 20
2 B3 GGCAGGTAAGCGAAGGC 17
3 FIP AGGATTGCATGGCCAGTGCGCCGGGTTCAGCCAGTTC 37
4 BIP CGGACGTGGCCAACGTGACGCTGTAGTTGCCGAAAGTC 38

Figure 1. Agarose gel illustrating the amplification of
the designed primers to the P. fluorescens DNA. The
reaction was carried out at 61°C using the 4 primer set
for 1 h followed by heat inactivation step at 80°C for 5
to 7 min. Lanes: 1, negative control; 2, empty; 3, P.
fluorescens DNA showing good amplification (ladder
like band pattern).

Visualization of LAMP product

The amplified products were analyzed in 2.0% agarose gel in Tris
Borate EDTA (1x) buffer stained with ethidium bromide and
photographed using the Bio Red gel documentation and analysis
system (XR).

Specificity test

The ability of LAMP assay developed for detection of P.
fluorescens specifically was evaluated by using different bacterial
DNA viz. P. fluorescens, L. acidophilus, A. hydrophila, S. aureus
and B. cereus. The specificity of the LAMP was determined on the
basis of DNA amplification.

Sensitivity test

DNA of P. fluorescens was serially diluted up to 10 dilutions with
nuclease free water and lower detection limit was tested.

Detection of P. fluorescens in broth, pond water, infected
tissue and mucus samples

Bacterial broth, pond water, mucus and infected crushed kidney
tissue samples of fish were used to check the potential of LAMP
method to amplify nucleic acid directly from live cells of P.
fluorescens. Finally, LAMP assay was performed with these test
samples under optimized conditions.

RESULTS AND DISCUSSION

LAMP method successfully detected P. fluorescens DNA
as ladder like pattern on gel after isothermal ampilification
by Bst polymerase.

Optimization of LAMP reaction conditions for P.
fluorescens

P. fluorescens DNA was tested under different conditions
of temperature and time, that is, 60 to 65°C for 1 h
followed by heat inactivation step at 80°C for 5 to 10 min
in order to determine best amplification reaction
conditions. Results show that optimum temperature and
time for amplification of P. fluorescens DNA was found to
be 61°C for 60 min and 80°C for 5 to 7 min (Figure 1) and
no amplification was observed in negative control. While
at other temperatures, very poor (smear like band pattern
at 63°C) or no amplification was observed (Gahlawat et
al., 2009). Fernandez-Soto et al. (2014) detected
Schistosoma mansoni by using Loopamp DNA
amplification Kit tested with the S. mansoni primer set
and found that LAMP reaction successfully take place at
temperatures of 61, 63 and 65°C within the temperature
range (60-65°C). Similarly, Uemura et al. (2008) detected
Pneumocystis pneumonia by using LAMP assay at 61°C
temperature.

Specificity of LAMP assay for P. fluorescens

DNA samples of P. fluorescens, L. acidophilus, A.
hydrophila, S. aureus and B. cereus were tested for
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Figure 2. Agarose gel illustrating the direct detection
of bacteria from collected field samples infected with
P. fluorescens by LAMP method. The reaction was
carried out at 61°C using the 4 primer set for 1 h.
Lanes: 1, DNA ladder (100 bp); 2, negative control; 3,
positive control (P. fluorescens DNA); 4, kidney tissue;
5. DNA isolated from infected tissue; 6, pond water
sample; 7, DNA isolated from infected pond water; 8,
DNA isolated from test water infected with mixture of
pathogenic bacteria.

specificity of the LAMP product. LAMP assay specifically
amplified only sequence of the target, that is, DNA of P.
fluorescens only while no amplification was observed with
DNA samples from other bacterial strains (B. cereus, A.
hydrophila, S. aureus and L.acidophilus) (Figure not
shown). Also, LAMP assay effectively detected only P.
fluorescens DNA from mixture of DNA isolated from test
water infected with mixture of pathogenic bacteria
(Figures 2 Lane: 8). Specificity of LAMP method was
justified by use of four different primers for recognizing
six distinct sequences on target gene. LAMP primers
were found to be highly specific to the Apr X gene for
alkaline metalloprotease because they did not attach to
other bacterial DNA sequences. The specificity of LAMP
assay was observed by the absence of any cross
reaction with other tested bacterial strains indicating a
high specificity when among 116 reference strains, only
methicillin-resistant S. aureus was detected by orfX-
LAMP assay (Su et al., 2014).

Sensitivity limit of LAMP

The detection limit of LAMP assay was tested with
serially diluted DNA samples of P. fluorescens. Samples
were tested up to 10™*° dilution and last detection limit of
LAMP was found to be approximately 10 pg according to
dilution (Figure not shown). Similar sensitivity was
reported by Pan et al. (2011) in Brucella species.

In sensitivity evaluations, Hui et al. (2013) successfully
detected a serial dilution of extracted Bordetella
bronchiseptica DNA with a detection limit of 9 copies,
which was 10 times more sensitive than that of PCR. He
also considered that there is no need for the complex
instrumentation making this LAMP assays a promising
alternative for the diagnosis of B. bronchiseptica in rural
areas and developing countries where there is lack of
complex laboratory services.

Direct detection of P. fluorescens from bacterial
broth, pond water, tissue and mucus

LAMP assay was also found an to be an effective tool for
the detection of P. fluorescens bacteria directly from field
samples, that is, pond water and infected kidney tissue of
fish (Figure 2). Although there are very few reports
related to direct detection of bacteria from broth, water as
well as from infected tissue by using LAMP method
(lwamoto et al., 2003; Savan et al., 2004; Poon et al.,
2006; Kubota et al., 2008; Gahlawat et al., 2009) but still,
this method may prove useful for direct detection of
bacteria from the sites of infection and thus can be
helpful in field testing. However, this method can detect
P. florescens DNA from kidney tissue easily (Figure 2).
So, LAMP can directly detect the bacteria from pond
water and tissue samples and thus, it can be used as
valuable tool for easy and robust on-the-spot detection of
this bacterium in clinical laboratories and field conditions.
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The mitochondrial DNA (mtDNA) is a small circular genome located within the mitochondria in the
cytoplasm of the cell and a smaller 1.2 kilobase pair fragment, called the control region (D-loop). The
aims of this research were to study this region by using the Sanger sequencing technique and establish
the degree of variation characteristic of a fragment. FTA® Technology (FTA™ paper DNA extraction)
was utilized to extract DNA. PCR products were purified by EZ-10 spin column then sequenced and
detected by using the ABI 3730xL DNA Analyzer. Novel polymorphisms discovered at positions 16037,
16075, 16104 and 16201 in future may be suitable sources for identification purpose.

Key words: D-loop, frequency, north-central Iraq, mitochondrial DNA, polymorphism.

INTRODUCTION

Mitochondrial DNA (mtDNA) is a useful genetic marker
for answering evolutionary questions due to its high copy
number, maternal mode of inheritance, and its high rate
of evolution (Stoneking and Soodyall, 1996; Kraytsberg et
al., 2004; Imad et al., 2015a). mtDNA is a small circular
genome located within the mitochondria in the cytoplasm
of the cell. The mitochondrial genome can be divided into
two regions: a large coding region, which is responsible
for the production of various biological molecules
involved in the process of energy production in the cell,
and a smaller 1.2 kilobase pair fragment, called the
control region. It is found to be highly polymorphic and

harbors three hypervariable regions (HV), HV1, HV2 and
HV3 (Helgason et al., 2003; Ingman and Gyllensten,
2003; Ukhee et al., 2005). mtDNA molecules contain 37
genes coding for 22 tRNAs, two rRNAs and 13 mRNAs
(Brown et al., 1993; Giulietta et al., 2000; Young, 2009;
Imad et al, 2014a). In modern population genetics
research, studies based on mtDNA and Y-chromosome
DNA are an excellent way of illustrating population
structure while tracing uni-parental inheritance and
ancestry since mtDNA is maternally inherited while the Y-
chromosome is paternally inherited.

mtDNA is therefore inherited from generation to
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Table 1. Primer sequence, region amplified, fragment size (bp) and PCR product length for HVI.

Primer Primer sequence (5’ - 3’) (Forward; F, Reverse; Region Fragment size PCR Product

name R) amplified (bp) length

HVI-1 F: 5- TCGTACATTACTGCCAGCCA -3’ 16094-16113 20 103
R: 5- CATGGGGAGGGGGTTTTGAT -3’ 16196-16177 20

HVI-2 F: 5- AAACCCCCTCCCCATGCTTA -3’ 16181-16200 20 117
R: 5- AGGGTGGGTAGGTTTGTTGG -3’ 16297-16278 20

HVI-3 F: 5-TCACCCATCAACAACCGCTA -3’ 16068-16087 20 133
R: 5- TAAGCATGGGGAGGGGGTTT -3 16200-16181 20

HVI-4 F: 5-TTCGTACATTACTGCCAGCCA-3’ 16093-16113 20 100
R: 5- GGGAGGGGGTTTTGATGTGG -3’ 16192-16173 20
F: 5-TCATGGGGAAGCAGATTTGGG-3’ 16029-16049 21

HVI-5 R: 5- TCATGGTGGCTGGCAGTAAT -3’ 16119-16100 20 91
R: 5’-GTCTGTGTGGAAAGTGGCTGT-3’ 277-257 21

generation through the maternal line. Mechanisms for this
include simple dilution (an egg contains 100,000 to
1,000,000 mtDNA molecules, whereas a sperm contains
only 100 to 1000), degradation of sperm mtDNA in the
fertilized egg, and at least in a few organisms, failure of
sperm mtDNA to enter the egg. Most mitochondria are
present at the base of the sperm's tail, which is used for
propelling the sperm cells; sometimes the tail is lost
during fertilization. Also, unlike nuclear DNA, where there
is a shuffling of the chromosomes at every generation,
the mitochondrial DNA does not recombine with any
other DNA type and remains intact from generation to
generation (Brown, 2000; Brown, 2002; Dobbs et al.,
2002; Imad et al., 2014b). mtDNA from all mammalian is
very similar, with the order and position of the genes
being the same.

Genetic analyses in population studies of the
mitochondrial genome can be done either by sequencing
the mtDNA or through the use of restriction fragment
length polymorphisms (RFLPs) (Guntheroth et al., 1986;
Pastore, 1994). RFLPs utilize restriction enzymes that
can recognize the presence or absence of specific
polymorphic DNA regions, and cut sites in the coding
region of the mtDNA. These polymorphisms allow
scientists to compare mtDNA from crime scenes to
MtDNA from given individuals to ascertain whether the
tested individuals are within the maternal line (or another
coincidentally matching maternal line) of people who
could have been the source of the trace evidence.

MATERIALS AND METHODS
Sample collection

Population sample collected from 400 healthy unrelated volunteer

donors, recruited from central and north-central Iragq, where the
samples were collected from donors after they have been displaced
to the center of Iraq because of the bad security situation in the
provinces at north of the center stricken.

mtDNA extraction and amplification

DNA was extracted from all dried blood samples on FTA cards
following the manufacture’s procedure as described in Whatman
FTA Protocol BDO1 except that the Whatman FTA purification
reagent was modified to half the volume reference (Imad et al.,
2014c). A 1.2 mm diameter disc was punched from each FTA card
with a puncher. The discs were transferred to new Eppendorf tubes
and washed three times in 100 pl Whatman FTA purification
reagent. Each time, the disc was incubated for 5 min at room
temperature with moderate manual mixing and the reagent was
discarded between washing steps. The discs were then washed
twice in 200 pl TE buffer (10 mM Tris-HCI, 0.1 mM EDTA, pH 8.0),
the buffer was discarded and the discs were left to dry at room
temperature for 1 h. Amplification of HVI region was carried out
using five sets of primers (Table 1). A portion of a noncoding region
encompassing positions from 16024 to 16365 for HVI was amplified
in accordance with the Anderson reference sequence (Anderson et
al., 1981). 20 pL of Master Mix was added into PCR tube. Change
the pipette tip and add 20 pL of Primer Mix into PCR tube. Add 10
uL of extracting DNA into the PCR tube after changing the pipette
tip again. Allow all the liquid settles at the bottom of the tube, and
not elsewhere. Check the volume in the PCR tube using the PCR
tube with 50 pL in it. The location of the tube on the grid after
putting the mixture in the thermal cycler 95°C hold for 10 min, 30
cycles of 94°C for 30 s, 52.5°C for 30 s, 65°C for 1 min, 72°C hold
for 10 min, 4°C hold « infinity which is the cycling protocol for
amplification of mtDNA PCR.

Purification, cycle sequencing and sequence analysis of
mitochondrial DNA

mtDNA PCR products were purified by EZ10-spin column DNA
clean up kit 100 prep. The DNA sequencing of the PCR products
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was done using the BigDye TM Terminator and utilizing POP-7
polymer (Applied Biosystems). The separation of the cycle
sequencing products was carried out. Detection was by using the
ABI 3730xL DNA Analyzer, cap array size of 96 and cap array
length of 50. The reference sequence described by Anderson et al.
(1981) was compared to the data observed. Within the mtDNA
coding region, sequencing results were studied from a consensus
sequence derived from multiple sequence results. Data were
analysed by Sequencher™ and aligned with the Anderson
sequence (Anderson et al., 1981) using sequence Navigator
software.

Statistical analysis

Genetic diversity for the analyzed DNA fragment was calculated
according to the formula:

h=(1 - x)n/(n l)

L

Where, n is sample size and x; is the frequency of i-th mtDNA type
(Gu, 2001).

The probability of two randomly selected individuals from a
population having identical mtDNA types is:

(P=32x7)

Where, p frequencies of the observed Haplotypes (Jones, 1972).

RESULTS AND DISCUSSION

The basic aim of this work was to assess the degree of
variation characterizing a selected segment of the non-
coding region of mtDNA. The study enabled identification
of 117 different haplotypes and 30 polymorphic
nucleotide positions (Table 2). Within these 30 variations,
the most frequent variant (H1) was consistent with the
Anderson sequence, transitions between T and C,
transitions between A and G and only and transversions.
This fact is consistent with abundant literature data
revealing significant domination of transitions over
transversions (Brown et al., 1982; Yang and Yoder, 1999;
Imad et al., 2015b).

Eight polymorphic positions (16037, 16041, 16067,
16075, 16104, 16144, 16201 and 16234) showed trans-
versions (Table 2) and 4 are novel (Table 3); the number
of analyzed markers was been increased to compensate
for the increasing number of profiles in the databases in
order to minimize accidental matches between unrelated
individuals. Progression of new technology is therefore
very slow and the use of SNPs has sometimes met a
reluctant reception.

Genetic diversity for the analysed DNA fragment was
calculated according to the formula: D= 1-} p2 and
recorded 95.4%. The calculated value of the genetic
diversity should be understood as high in the context of
noncoding function of the analysed DNA fragment. The

relatively high gene diversity and a relatively low random
match probability were observed in this study.

Comparative analysis of our results with previously
published Iragi data revealed significant differences in
varying patterns (Nadia et al., 1999). This observation
supports the hypothesis that different SNP-type
polymorphisms can be strongly associated with a given
population. Haplotypes detected in this study group have
been compared with other global populations: German (n
= 200) (Lutz et al., 1998), US Caucasian (n = 604), Africa
(n = 111), Malaysia (n = 195) (Budowle et al., 1999) and
India (n = 98) (Mountain et al., 1995) (Table 4).

Walsh et al. (1991) and Tang (2002) showed that the
polymorphisms of mtDNA coding area are less than that
of mtDNA control region. Therefore, more efficient
polymorphic sites should be used to provide an improved
discrimination power for forensic mtDNA testing (Imad et
al.,, 2014). As forensic markers, they should be
phenotypically neutral to avoid landing investigators into
serious situations of medical genetic privacy and ethnics,
especially for mtDNA coding area whose mutation is
often correlated with an increased risk of some disease.
With the whole mtDNA sequences being researched, we
are optimistic that the polymorphisms sites within mtDNA
coding area will be useful in combination with SNPs in
the control region in order to increase the discrimination
power of mtDNA (David et al., 2013; Imad et al., 2014).

Conclusion

Sequence analysis of the noncoding region of mtDNA
(HVI) conducted on a population of 400 unrelated
individuals enabled identification of 117 different
haplotypes. The novel polymorphic positions 16037,
16075, 16104 and 16201 described in future may be
suitable sources for identification purpose.
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Table 2. Variable positions and haplotypes for HVI.
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Table 3. Types of mutations in variable positions for HVI.

Position  Mutation Type of mutation Presence in Mitomap Frequency Frequency %
16037  Transition A-G Presence 0.0425 4.25
16037 Transversion A-T New*

16038  Transition A-G Presence 0.0425 4.25
16041 Transition A-G Presence 0.0375 3.75
16048 Transition G-A Presence 0.0525 5.25
16063 Transition T-C Presence 0.0555 5.55
16067 Transition C-T Presence 0.0325 3.25
16069 Transition C-T Presence 0.0375 3.75
16071 Transition C-T Presence 0.04 4.00
16075 Transition T-C Presence 0.0325 3.25
16075 Transversion T-A New*

16083 Transition C-T Presence 0.03 3.00
16092 Transition T-C Presence 0.03 3.00
16104 Transition C-T Presence 0.02 2.00
16104 Transversion C-G New*

16124 Transition T-C Presence 0.035 3.50
16140 Transition T-C Presence 0.0425 4.25
16144 Transition T-C Presence 0.0325 3.25
16144 Transversion T-A Presence

16145 Transition G-A Presence 0.0455 4.55
16147 Transition C-T Presence 0.0325 3.25
16148 Transition C-T Presence 0.0575 5.75

16153 Transition G-A Presence 0.04 4.00
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16162
16163
16171
16179
16183
16201
16201
16209
16217
16224
16234
16247

Transition A-G Presence 0.0275
Transition A-G Presence 0.0125
Transition A-G Presence 0.03
Transition C-T Presence 0.0475
Transition A-G Presence 0.025
Transition C-T Presence 0.0425
Transversion C-G New*

Transition T-C Presence 0.0275
Transition T-C Presence 0.0425
Transition T-C Presence 0.035
Transition T-C Presence 0.0305
Transition T-C Presence 0.035

Genetic diversity* D=1->p*>=0954 =954 %

2.75
1.25
3.00
4.75
2.50
4.25

2.75
4.25
3.50
3.10
3.50

New*: new polymorphic positions; Genetic diversity*, Genetic diversity for the analysed DNA fragment was

calculated according to the formula: D= 1-) p?.

Table 4. Comparisons of the characteristics across D-loop region in different human
population groups.

Population Iraqg" India®> Malaysia® Africa* German® US Caucasian®
Sample size 400 98 195 111 200 604
No. of variant sites 30 83 149 97 153 233
A->G 104 233 473 323 330 1112
G—oA 155 66 81 78 55 219
T-C 110 145 461 382 308 1007
C->T 115 117 321 486 199 688
A->T 2 1 2 0 4 2
A—C 0 23 81 15 5 47
G-oT 0 0 0 18 0 1
G->C 0 0 3 0 1 6
C—A 0 0 30 17 11 12
C—-G 9 4 1 6 19 6
T->A 2 7 5 0 1 0
T->G 0 0 3 0 0 0
Insertion 0 168 322 140 291 983
Deletion 0 0 28 6 6 14

Note: % of transitions and transversions were calculated as number of observations
divided by total substitutions. This study; “Mountain et al. (1995); *Budowle et al. (1999);
“Budowle et al. (1999); °Lutz et al. (1998); *Budowle et al. (1999).
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Agricultural production and the agro-food industry furnish large volumes of solid wastes, which when
unutilized could lead to environmental pollution. An attempt was made to utilize wastes from the oil
palm and timber industries for the cultivation of Lentinus squarrosulus, a Nigerian edible mushroom.
Mahogany sawdust (MSD), Gmelina sawdust (GSD), oil palm fruit fibre (OPFF) and oil palm empty fruit
bunch (OPEFB) significantly influenced crop cycle time, yield, nutritional properties and market quality
of the mushroom. The shortest crop cycle time achieved (47 days) was with Gmelina sawdust. Oil palm
fruit fibre proved a better substrate for the production of mushrooms with higher yields and protein
content (30.10 g/kg substrate and 27.42%). Yield and protein content of harvested mushrooms were
strongly correlated with the nitrogen content of the substrates. Fruit bodies with the lowest fat content
were harvested from Gmelina sawdust. Fat contents of the mushrooms showed a positive and
significant correlation with the cellulose content of the waste. Oil palm fruit fibre yielded the highest
guality mushrooms, with 26% in the >7 cm group while GSD and OPEFB had 0% in the same quality
group. Considering the desirable characteristics of yield, protein content and market quality, OPFF
proved to be a good substrate which could be exploited for large scale production of L. squarrosulus.

Key words: Lentinus squarrosulus, yield, market quality, crop cycle time.

INTRODUCTION

Huge quantities of a wide variety of organic wastes are
generated annually through the activities of the agricultural,
forest and processing industries. Sadly, much of these
wastes are either burnt, shredded or used as landfill even
though these wastes constitute a potentially valuable

resource and can be recycled for the production of edible
food in the form of mushrooms for man (Chang, 1996).
Oil palm fruit fibre and empty bunches are the major
components of all solid waste produced from the palm oil
industry. These palm oil wastes are heterogeneous water
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Abbreviations: MSD, Mahogany sawdust; GSD, Gmelina sawdust; OPFF, oil palm fruit fibre; OPEFB, oil palm empty fruit bunch;
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insoluble materials consisting of cellulose, hemicelluloses
and lignin and to a lesser extent pectin, starch and other
polysaccharides (Thomsen, 2005). The fruit fibre has been
shown to possess high potential to be used as mushroom
growing substrate without any further treatment (Abd Razak
etal., 2012). Onthe other hand, sawdust is the most popular
basal ingredient used in the formulation of substrate for
producing various types of mushroom and is abundantly
available during timber processing. Christopher and
Custodio (2004) revealed that hardwoods like mahogany
contain much higher amounts of structural carbohydrate
than softwood trees and hence have more nutrients that
could be utilized by mushrooms for their growth and
fructification.

Lentinus squarrosulus is a highly prized Nigerian
mushroom, which is appreciated for its meaty taste and
texture (Kadiri, 2005). The fungus is widely distributed
across sub- Saharan Africa and many parts of Asia and is
currently attracting interests due to its rapid mycelia
growth and potential for use in food and biodegradation
(Isikhuemhen et al., 2012). Several reports have shown
that various lignocellulosic residues from agro-industrial
sector, such as oil palm and timber wastes among others,
can provide this mushroom with nutrients required for its
spawn run and fructification which under controlled condi-
tions and procedures result in an optimum mushroom vyield
(Okhuoya et al.,, 2005; Ayodele and Akpaja, 2007).
Nutritional compositions of mushrooms are known to vary
with strain, substrates, cultivation and fruiting conditions
and the developmental stage of the mushroom (Jo et al.,
2013). Due to the development of varying cultivation
techniques which in turn affect the chemical compositions
of mushrooms, new nutritional data are needed, based
on the substrates and the cultivation protocols adopted.
The global upsurge in the market for mushrooms could
be attributed to their culinary, nutritional and medicinal
properties. However, in order to exploit the market
potentials of this group of fungi, there is need for better
understanding of the influence of locally available organic
residues on their marketable qualities such as pilei and
stipe sizes. Innovations in cultivation using the abundant
low value agricultural residues in Africa could open up
new market opportunities through the production of high
guality mushrooms with higher demands.

In the present study, four locally available organic
wastes; oil palm fruit fibre, oil palm empty fruit bunch,
sawdust of mahogany and Gmelina arborea were utilized
for the cultivation of L. squarrosulus. The influence of
these wastes on the crop cycle time, yield, nutrient
compositions and market quality of the fruit bodies were
evaluated.

MATERIALS AND METHODS

Sources of materials

Stock culture of L. squarrosulus used for this study was obtained
from the Pathology Unit of Forestry Research Institute Ibadan,

Nigeria. The culture was maintained on potato dextrose agar (PDA,
Difco) until used for spawn preparation. Fresh hardwood sawdust of
mahogany (Khaya ivorensis) and G. aborea were collected from a
local sawmill in Nsukka, Nigeria while the oil palm empty fruit bunch
(OPEFB) and oil palm fruit fibore (OPFF) were sourced from a local
oil palm industry in Nru, Nsukka, Nigeria.

Spawn preparation

The spawn was prepared using Sorghum (Sorghum bicolor) grains
as substrate. Jars measuring 11 x 9 cm each were filled with
parboiled sorghum grains (75% water) to three quarter full and
covered with cotton wool. The jars were autoclaved at a
temperature of 121°C and 103 kPa pressure for 1 h and allowed to
cool down overnight. Each jar was inoculated with the mycelium
growing in a 9 cm diameter Petri dish under aseptic conditions on a
clean bench. The inoculated grains were incubated at 25 + 2°C for
one to two weeks in the dark. After the grains had been fully
colonized, they were stored in a refrigerator at 4°C until required.

Substrate preparation and spawning

Fresh OPEFB chopped into small pieces of about 1 to 5 cm and
OPFF were soaked in distilled water overnight in order to wash out
the remaining oil in the fibre and to gain 75% moisture content
(Chigjina and Olufukunbi, 2010). The moisture content of the
sawdust was adjusted to 75% with distilled water by sprinkling
using the squeeze test method (Oei, 1991). Three hundred grams
oven-dry-weight equivalent of the moistened substrates were filled
into 10 high porosity polypropylene plastic bags measuring 17.5 x
15 cm each. Thereafter, the mouth of each bag was plugged with
cotton wool and covered with aluminium foil paper. The bags were
autoclaved at a temperature of 121°C and 103 kPa pressure for 1.5
h. Sterilized substrates were allowed to cool down to ambient
temperature. The bags were randomly picked and spawned with 25
g spawn per 500 g substrate (5%, w/w) under aseptic conditions
and incubated at a temperature of 25 + 2°C in the dark.

Fruit body induction and harvesting

After complete mycelia colonization of the substrates, bags were
exposed to temperature of 25 + 2°C with a 12 h photoperiod in a
mushroom growth room. Fruiting bags were sprayed daily with
sterile water using a hand sprinkler and free water was placed in a
reservoir on the floor to maintain high humidity. Fresh air was
circulated in the growing room using an electric fan. Fruit bodies
were harvested three days after primordia emergence when the
lamellae were fully exposed. Average number of days to spawn run,
primordia initiation and fruit body development were recorded. Stipe
height and pileus diameter of harvested fruit bodies were measured
and expressed in (cm) while yield was the average fresh weight of
the mushrooms harvested per kilogram dry weight of substrate and
expressed in (g/kg substrate). The market quality of the harvested
basidiocarps was evaluated as described by Rossi et al. (2003).
Marketable mushrooms were more than 3 cm in diameter and those
of highest commercial value were those with diameter of more than
5cm.

Analytical methods

Cellulose, hemicellulose, lignin (Datta, 1981) and nitrogen (N)
(AOAC, 2002) contents of the organic waste substrates were
determined before mushroom cultivation on an air dry weight basis.
Moisture content of mushrooms was determined by direct
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Table 1. Chemical analysis of the main constituents of oil palm fruit fibre (OPFF), ol
palm empty fruit bunch (OPEFB), Gmelina sawdust (GSD) and mahogany sawdust

(MSD) before mushroom cultivation.

Substrate Cellulose (%) Hemicellulose (%) Lignin (%) Nitrogen (%)
OPFF 44.29 12.00 8.50 1.36
OPEFB 42.86 11.50 10.00 0.69
GSD 27.14 13.50 17.50 0.30
MSD 51.71 13.00 19.30 0.20

Table 2. Mean crop cycle time of Lentinus squarrosulus mushrooms grown on oil palm fruit fibore (OPFF), oil
palm empty fruit bunch (OPEFB), Gmelina sawdust (GSD) and mahogany sawdust (MSD).

1197

Substrate Spawn run (days) Primordiainduction period (days) Fruit body formation (days)

OPFF 6.40¢
OPEFB 9.90°
GSD 15.40°
MSD 12.30°

39.40° 48.80°
34.40° 47.30%
28.20° 46.60°
33.30° 48.60°

* Means followed by the same letter(s) in the same column are not significantly different at p > 0.05 according to

DMRT.

oven-drying to constant weight at 105°C in a hot air oven.
Mushroom samples harvested from the same substrates were
mixed and homogenised before analyses. The fruiting bodies were
oven dried at 60°C in a hot air oven and analysed for nutrient
contents; total nitrogen, crude fibre, ash and crude fat using
standard procedures (AOAC, 2002). The crude protein content was
calculated by using the adjusted conversion factor (N x 4.38) for
mushroom protein, due to the significant content of non-protein
nitrogen in the form of glucosamine in mushrooms chitinous cell
walls (Shashirekha et al., 2005).

Experimental design and data analysis

The experimental design was a completely randomized design
(CRD) with 10 replicates. Data were subjected to one way analysis
of variance (ANOVA) using SPSS program. Mean separation was
done using Duncan multiple range test (DMRT). All analysis was
done at 5% level of significance. Correlation analyses were carried
out to ascertain the level of relationship between the constituents of
the organic waste substrates and mushroom growth, yield and
nutrient compositions.

RESULTS AND DISCUSSION

Chemical analyses revealed that initial substrate
composition varied among the organic wastes substrates
evaluated in this study (Table 1). Total nitrogen content
(N) determined in OPFF was found to be higher than
values recorded for the other wastes. Cellulose contents
of the wastes substrates varied between 27.14 and
51.71% in GSD and MSD, respectively. Tshinyangu and
Hennebert (1995) demonstrated that the nutrient compo-
sition of substrates is one of the most important factors
limiting saprobiotic colonization and fruiting of cultivated

mushrooms. The influence of the different organic waste
substrates on the duration of colonization phase and
primordia induction period of the mushroom is presented
on Table 2. OPFF supported the fastest substrate coloni-
zation for the mushroom followed by OPEFB, while
spawn run was completed after 13 and 16 days on MSD
and GSD, respectively. The shortest spawn run on OPFF
could be attributed to the waste providing adequate
aeration for the growth of the mushroom mycelia. Tinoco
et al. (2001) observed that the larger the surface area
and pore size of substrates, the more the mycelial growth
rate. In the present study, spawn run showed significant
positive correlation with lignin content of the waste (Table
5). It is however reasonable to assume that the low lignin
content of OPFF could have resulted to the vigorous
colonization of the waste by the fungus. Previous studies
had shown that high lignin contents of substrates impede
mycelial growth as cellulose may not be readily available
as carbon source (Freer and Detroy, 1982).

From results presented in Table 2, GSD supported the
shortest primordia induction period (29 days) despite
presenting a long colonization phase which lasted for 16
days, while on OPFF the pin initiation process commenced
considerably later (after 40 days). Results of the
correlation studies show that primordia induction period
was positively correlated with N content of the substrates
(Table 5). It is therefore rational to assume that the N
content of GSD may have played a significant role in the
earliness of primordia induction of the mushroom on the
waste. This is also the case of OPFF where the high N
content of the waste had a negative effect on the
primordia induction period despite emerging as the best
substrate for spawn run. This result therefore confirms
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Table 3. Mean stipe height (cm), pilei diameter (cm), yield (g/kg substrate) and dry weights of L.
squarrosulus harvested from mahogany sawdust (MSD), Gmelina sawdust (GSD), oil palm fruit fibre
(OPFF) and oil palm empty fruit bunch (OPEFB).

Substrate Stipe height (cm)

Pileus diameter (cm)

Yield (g/kg substrate)

Dry weight ()

MSD 4.50% 4.86° 16.05° 2.78°
GSD 2.46° 4.06° 9.02° 1.56°
OPFF 3.17° 5.762 30.10° 4.31°
OPEFB 2.10° 3.01¢ 4.12° 1.06°

*Each value is a mean of 10 replicates. Values in the same column followed by the same letter (s) are not
significantly different at p > 0.05 according to DMRT.

Table 4. Nutrient compositions of harvested mushrooms from Oil palm fruit fibre (OPFF), Oil palm empty fruit bunch (OPEFB),
Gmelina sawdust (GSD) and Mahogany sawdust (GSD).

Organic wastes

Protein content (% d.w.)

Crude fibre (% d.w.)

Ash (% d.w.)

Moisture (% d.w.)

Fat (% d.w.)

OPFF 27.42° 5.09%° 7.34%P 12.73° 0.68°
OPEFB 17.57° 4.58° 6.86° 13.33% 0.39°
GSD 19.79° 5.40% 7.97% 12.28° 0.38°
MSD 13.27° 5172 6.71° 13.33% 0.91°

"Values (means of at least three replicates) in the same column followed by the same letter (s) are not significantly different at p > 0.05

according to DMRT.

Table 5. Simple correlations between constituents of the organic waste substrates and
mushroom growth, yield and nutrient compositions.

Properties Nitrogen (%) Cellulose (%) Lignin (%) Hemicellulose (%)
Spawn run -0.9053* -0.5449 0.8485™ 0.8110™
Pin initiation 0.8532" 0.6444 -0.7491" -0.7352
Yield 0.6677 0.3539 -0.3023 -0.0687
Protein 0.8821" -0.2630 -0.7108 -0.2992
Fat -0.0363 0.7934" 0.3086 0.1505
Fibre -0.3048 -0.4038 0.6337 0.9078"
Moisture -0.0982 0.8473" -0.0807 -0.5364
Ash 0.0422 -0.9171% 0.0768 0.5114
Pilei diameter 0.4458 0.3167 -0.0348 0.1873

*Significant at P < 0.05, ”Significant at P <0.01

the conclusion previously drawn by Zadrazil and Brunnert
(1979) that although N increases yields, above a certain
level, it inhibits fruiting. The highest yield (30.10 g/kg
substrate) in the current study was obtained from OPFF
(Table 3). MSD and GSD also furnished significantly
higher crop yields than OPEFB, which was also the least
productive as regards mushroom height and pilei
diameter. Fruit bodies with the widest pilei diameter and
highest stipe height were recorded on OPFF and MSD
respectively (Table 3). Correlation studies revealed that
yield was positively correlated with N contents of the
waste substrates (Table 5). Although, the higher N
content of OPFF may have contributed to the significant
yield of the mushroom, probably, the residual oil from the

waste could also have played an important role in
promoting higher yield of the mushroom on OPFF. Earlier
reports had shown that plant oils are stimulatory to
mushroom myecelial growth and sporophore production,
since they are needed for expanding cell membranes and
hence result in higher yields (Schisler, 1967; Song et al.,
1989). The lowest vyield recorded for fruit bodies
harvested from OPEFB could be attributed to the
complex nature of the waste and/or the presence or little
or no vital nutrients needed for mushroom growth in the
Substrate.

Table 4 shows the influence of the organic waste
substrates on the nutritional content of L. squarrosulus.
Chemical composition of the substrates used in cultivation
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Table 6. Substrate effect of Gmelina sawdust (GSD), mahogany
sawdust (MSD), oil palm empty fruit bunch (OPEFB) and oil palm
fruit fibre (OPFF) on Lentinus squarrosulus market quality evaluated
by cap size group.

Market quality groups (cm)

Substrate <3cm 3-5cm 5-7cm >7cm Deformed
GSD 8.00"” 82.00% 10.00° 0.00" 0.00%
OPFF 14.00° 36.00°* 34.00* 26.00% 0.00%
OPEFB 44.002 56.00" 0.00°  0.00™ 0.00%
MSD 8.00” 52.00” 30.00% 10.00  0.00*

*Values are expressed as a percentage of the pileus diameter and
represent the mean of 10 replicates. Mean values in the same row
followed by the same figure (s) are not significantly different at p > 0.05.
Mean values in the same column followed by the same alphabet (s) are

not significantly different at p > 0.05 according to DMRT.

has been shown to have a direct effect on the chemical
composition of the fruit bodies (Shashirekha et al., 2005).
In the present study, protein, crude fibre, ash, moisture
and fat contents of the fruit bodies were affected by the
substrates. OPFF produced mushrooms with the highest
protein content (27.42%) followed by GSD (19.79%)
while MSD yielded mushrooms with the lowest protein
(13.27%). The fruit bodies of L. squarrosulus grown on
GSD were richer in crude fibre and ash than those
harvested from the other waste substrates evaluated in
this study. The variations in the protein content of fruit
bodies harvested from the different substrates may be
attributed to the differential availability of usable nitrogen
after spawn run, which in turn influenced the amount of
nitrogen available for utilization during sporophore
development. From the results presented in Table 5, it is
evident that protein content of fruit bodies was positively
correlated with N contents of the substrates. This positive
relationship justifies the importance of N contents of
mushroom cultivation substrates in the production of
protein rich fruit bodies. Moreover, N has been reported
to be an important nutrient required for fungal growth due
to its involvement in protein, chitin and nucleic acid
synthesis (Adebayo et al., 2009). In the present study,
mushrooms with the lowest fat content (0.38%) were
harvested from GSD while MSD stimulated the production
of fruit bodies with the highest fat content (0.91%). One of
the main reasons why mushroom is a favoured item for
human nutrition is its abundance of unsaturated fatty
acids and its hypocholestrolemic property (Shashirekha
et al., 2005).

Correlation studies between the constituents of the
different organic waste substrates and the growth
parameters of the mushroom (Table 5) revealed a
positive correlation of spawn run with hemicellulose
content. Primordia induction period was also found to be
positively correlated to cellulose content. These findings
were further supported by Moyson and Verachtert (1991)
who demonstrated that substrate decomposition by

Lentinulaedodesisinitially associated with its hemicellulose
content. Gaitan-Hernandez et al. (2011) also reported a
positive correlation of days to primordia formation with
cellulose content indicating that cellulose in each
substrate was directly proportional to primordia formation.
In the current study, fibre content of the fruit bodies were
significantly positively related with hemicellulose content
of the wastes. Fat and moisture contents of the mushroom
were also found to be positively correlated with cellulose.
However, spawn run showed a significant negative correla-
tion with N content of the substrates. Primordia induction
period was also negatively correlated with lignin and
hemicellulose contents of the waste. Mushroom market
quality in terms of basidiocarp pileus diameter was
affected by substrate type (Table 6). OPFF yielded the
highest quality mushrooms, with 26% in the >7 cm group
while GSD and OPEFB had none in the same quality
group (Table 6). GSD stimulated highest production
(82%) of basidiocarp in the 3 to 5 cm size group (Table
6). OPEFB had many of the basidiocarps in the 3 to 5
and <3 cm size groups with 56 and 44%, respectively
(Table 6). It is noteworthy that no fruit bodies were
deformed throughout the experiment and hence none
was recorded for the deformed group. Mushroom size is
essential for its market evaluation since mushrooms with
wide pilei could be of interest in the promotion of
mushroom marketing. Although, the large sized fruit
bodies harvested from OPFF and MSD are considered to
be of good market quality and are rated highly, Shen and
Royse (2001) observed that this could be an inferior
quality since such fruit bodies tend to break during
packaging thereby reducing their quality. In the present
study, GSD and OPEFB also produced much of the
mushrooms in the 3 to 5 cm quality group which are also
marketable. The differences in mushroom quality in the
different waste substrates could be due to the nutrient
status and the nature of lignocellulose in the respective
wastes. This observation corroborates the findings of
Fung et al. (2005) who demonstrated that nutrient
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concentration in the substrates determined the produc-
tivity and quality of the mushroom crop.

Conclusion

The results of the present study indicate that
unsupplemented and uncomposted locally available
organic wastes (MSD, GSD, OPFF and OPEFB) could
support the growth and fructification of L. squarrosulus. It
also showed that L. squarrosulus with good yields, high
protein and market quality could be cultivated using
OPFF. This is of particular interest in the developing
countries where the availability of cheap sources of
protein is paramount in order to counter protein malnu-
trition. The current study also shows that the overall
nutritional properties of the fruit bodies harvested from
GSD is promising. However, due to the low vyield
recorded on GSD, there is need for detailed investi-
gations on the supplementation of this waste with
nitrogen sources to increase yield.
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African cassava mosaic virus has caused an immersed low yield of the cassava crop. The virus impacts
stress on the cellular metabolism of the plant producing a lot of reactive oxygen species and increases
the expression of the antioxidant enzymes. The activity of catalase as a response to oxidative stress
was investigated in this research. Cassava leaf extract infected with the African cassava mosaic virus
and uninfected were prepared and used as crude catalase extract. The total protein was determined by
Biuret method and activity of the crude catalase was compared using hydrogen peroxide as substrate.
Infected leaf extract had 141.02 + 3.536 mg/mL protein, apparent Michealis constant (Kmapp) of 26.7 uM
and maximum rate of reaction (Vmax) of 54.50 uM/min compared to the uninfected leaf extract with 75.04
+ 0.560 mg/mL protein, Kmapp of 39.61 uM and Vmax of 143.06 uM/min. The activation energy of the
infected extract was 0.1578 J/mol compared to 0.2181 J/mol obtained for the uninfected extract. Activity
of the crude catalase in the viral infected leaf extract from the study was higher than that in the
uninfected one and confirms the response to the stressful condition imposed by the viral infection.

Key words: Cassava leaf extract, African cassava mosaic virus (ACMV), reactive oxygen species (ROS),
catalase, hydrogen peroxide, Kmapp, Vmax.

INTRODUCTION

Cassava (Manihot esculenta) is a woody shrub of the sensitivity to environmental humidity, deep rooting
Euphorbiaceae that can grow for more than two years. capacities and quick recovery after stress under these
Although, cassava has some features that allow it to cope conditions, productivity is sub-optimal and unstable (El-
with stress better than other crops, such as high stomatal Sharkawy, 2012). Cassava has therefore become African
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Abbreviations: CBSD, Cassava brown streak disease; ACMV, African cassava mosaic virus; ROS, reactive oxygen species; H>O»,
hydrogen peroxide; BSA, bovine serum albumin.
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continent’s most important food security crop and a major
source of carbohydrates. In Ghana, cultivation of cassava
is a reserve crop against lean periods, because it can
survive all weather conditions and it is the last resort of
food, when there is severe shortage of other food crops.
Several items of foods are processed from cassava,
examples are: fufu, gari, cassava dough, starch, bread,
biscuits and cassava flour (konkonte).

Cassava productivity is threatened by abiotic factors
such as temperature, soil conditions, pH and rainfall and
also biotic factors such as bacterial and viral diseases, as
well as arthropod pests. The most important diseases
include cassava bacterial blight, Xanthomonas campestris
manihoti, African cassava mosaic disease and cassava
brown streak disease (CBSD), the two viral diseases
(Parkes et al.,, 2013) both of which their infection are
thought to have risen from viruses already present in the
crop through propagation (Njock, 2014). In Africa, this is
extremely detrimental to the production of subsistence
farming. Cassava plants infected with the African cassava
mosaic virus (ACMV) express a range of symptoms
which depend on the virus strain, environmental conditions,
and the sensitivity of the cassava host. African cassava
mosaic virus (ACMV) is a single strand DNA pathogenic
virus transmitted by the whitefly Bemisia tabaci. ACMV
causes either a mosaic appearance to plant leaves or
chlorosis and a loss of chlorophyll. In M. esculenta
(cassava), a highly valuable African food crop, the virus is
the only known plant virus that causes cassava mosaic
disease (CMD). When plant is under a stress condition,
like aviralinfection, thereis increased rate of photosynthesis
and respiration. These results in the release of reactive
oxygen species (ROS) mainly hydrogen peroxide (H,O,)
which causes membrane damage that eventually leads to
cell death which is fatal to plant life. When there is an
imbalance (either by abiotic or biotic factors) in the cellular
compartment between ROS production and antioxidant
defense, there is dramatic physiological challenges which
results in oxidative stress. The generation of H,O, seems
to be mediated by a membrane-bound NADPH oxidase
complex in plants. H,O, may further activate defense
genes such as proteinase inhibitors as it diffuses to
adjacent cells. Environmental stresses that cause oxidative
stress include drought, salt stress, extreme temperatures,
air pollution, oxidant-forming herbicides, heavy metals,
wounding, UV light, and high intensity light conditions that
stimulate photo-inhibition of photosynthesis.

During oxidative stress, the plant protects itself against
reactive oxygen species by antioxidant enzymes as well
as a wide array of non-enzymatic antioxidants (Das and
Roychoudhury, 2014). Superoxide dismutase is considered
to be the first line of defense against ROS and is the
major O, scavenger. Its enzymatic action results in H,0,
and O, formation. The H,O, produced is then scavenged
by catalase and several classes of peroxidases. Peroxi-
dases decompose H,O, by the oxidation of phenolic
compounds. The catalase is a tetrameric heme protein,

found in peroxisomes, cytosol and mitochondria (Krych et
al., 2014). This enzyme has hyperoxidase activity which
catalyzes the dismutation of hydrogen peroxide into water
and oxygen. Catalase is nearly ubiquitous among
organisms that can grow in the presence of oxygen. The
major function of catalase within cells is to prevent the
accumulation of toxic levels of hydrogen peroxide formed
as a by-product of metabolic processes - primarily that of
the electron transport pathway.

The objectives of the study was to compare protein
levels in virus infected and uninfected leaf extracts of
cassava plants and also to determine the kinetic
parameters: Kmapp and Vmax and the activation energy
of crude catalase extract from the different portions of the
cassava leaf under study.

MATERIALS AND METHODS
Collection and handling of cassava leaves

Leaves of the infected cassava (“Obotan”: local name for the type
of cassava used) showing the symptoms of mosaic virus and the
non-mosaic patterns were collected from the University of Cape
Coast, Department of Agriculture School Farm. The plants were
specific for CMD from the Agricultural Department and free of co-
infection. The two leaf samples were collected from different
positions of the branches on the same plants with the disease.
They were transported to the laboratory in labeled rubber bags
where they were washed with water and stored in the refrigerator
prior to use.

Homogenization of cassava leaves

The vein of the leaf was cut out and 3.0 g of each leaf sample
weighed on a balance. With a chilled mortar and pestle, the
weighed leaves were macerated in 20 mL each of 0.1 M universal
buffer containing 0.1 M citric acid-H,0O, 0.1 M potassium phosphate
monobasic, 0.1 M sodium tetraborate-10H,0O, 0.1 M Tris and 0.1 M
potassium chloride adjusted to pH 7. The homogenate was then
centrifuged at 12000 rpm for 30 min at 0°C. The supernatant was
decanted and aliquoted into Eppendoff tubes. The aliquots were
stored frozen prior to use as the crude enzyme extract.

Determination of protein in the crude enzyme extract of the leaf

The concentration of protein in the crude extract was determined
from an absorbance-concentration calibration graph using standard
bovine serum albumin (BSA) solutions prepared from a stock
solution of 15 mg/mL.

The kinetics of crude catalase activity

Preliminary investigations were made to determine the appropriate
reaction times as well as the amount of the crude enzyme extract to
be used for the kinetic studies. From the investigations, a reaction
time of 5 min and crude enzyme extract of 0.3 mL were used for the
subsequent investigations. A set of eight clean test tubes were
obtained and into each tube, 1.7 mL of the universal buffer at pH of
7 and 0.3 mL of the crude enzyme extract was added. A water-bath
was set and tubes were incubated at 90°C for 5 min to denature the
enzyme present. The test tubes were then removed after the 5 min
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Table 1. Crude protein determination in leaf extracts.

Leaf extract

Protein concentration (mgmL'l)

Obotan with virus
Obotan without virus

141.02 + 3.536
75.04 + 0.560

Table 2. Change in absorbance of H,O, for extracts.

Absorbance

H20, (mg/mL)

AAb H,;0, Used for reaction
(uninfected virus extract)

A Ab H,0O, Used for reaction
(virus infected extract)

0.04 0.0679
0.08 0.1298
0.12 0.1681
0.16 0.2785
0.20 0.3061
0.24 0.3446
0.28 0.4126
0.32 0.4853

0.0714
0.1324
0.1707
0.2789
0.3053
0.3428
0.4107
0.4832

and allowed to cool to room temperature. Serial dilutions of the
0.3% H,O, were done. 2 mL of each dilution was measured into
labelled test tubes and the absorbance read at a wavelength of 240
nm. Into another set of eight test tubes were added, 2 mL of the
H>0, serial dilutions and 1.7 mL of the buffer. 0.3 mL of the thawed
crude extract (frozen activated extract) was added into each tube at
time interval of 5 min at room temperature. At the 5" minute, the
absorbance of each reaction was recorded at 240 nm. The
absorbance of the second set of test tubes (activated; enzymes
present) was subtracted from the first set of test tubes (inactivated,
enzymes denatured) to remove the effects of the color of the extract
due to H,O,. The final absorbance obtained was then subtracted
from that of the initial H>O, concentration to obtain the change in
absorbance.

Kmapp and Vmax of crude catalase activity of leaf extracts

The change in absorbance obtained was converted to concentration
(uM) using Beer-Lambert’s law, A=ECI. The concentration obtained
was divided by the reaction time (5 min) to obtain the rate of the
reaction. Specific activity was also determined by dividing the rate
by the total protein concentration of each crude enzyme extract.
The reciprocal of both the substrate concentration and the rate of
activity were determined and Lineweaver-Burk plot was plotted from
which the Kmapp and Vmax were determined.

Activation energy of the crude catalase activity in the leaf
extracts

The effect of temperature on the activity of the crude catalase
extracts were investigated within a temperature range of 30 to
60°C. A serial dilution (0.2 mg/mL) of the stock solution of 0.3%
H,0, was prepared and 2 mL was added to 1.7 mL of the universal
buffer at pH of 7 and placed in a set, water bath at 30°C. When the
mixture has attained the temperature of the water bath (30°C), 0.3
mL of the crude extract was added and allowed to react for 5 min
after which the absorbance was read at 240 nm. The procedure
above was repeated for a denatured enzyme extract (heated at

90°C for 5 min). The absorbance of the first test tube (activated)
was subtracted from the second test tube (inactivated) to remove
the effect of the color of the extract on the reaction. The procedure
as described above was also carried at temperatures 40, 50 and
60°C, respectively.

The rate and specific activity of the enzymatic activity was
determined by converting the absorbance to molar concentration
using Beer-Lambert's law and the log of the rate found. The
Arrhenius relation was plotted from which the activation energy of
the crude catalase extract was extrapolated.

RESULTS
Protein determination in crude leaf extracts

To determine the protein contentin the Obotan leaf extracts,
the absorbance readings were plotted and the concentration
of the leaf extracts were extrapolated from the standard
BSA absorbance plot. Values of concentration with their
means were determined (xthe standard deviation) as shown
in Table 1.

Crude catalase activity in leaf extracts

The absorbance of H,O, left after reaction was subtracted
from initial absorbance to attain the change in absorbance
of H,O, used for the reaction and the result shown below
for the crude extracts (Table 2).

Kinetics of crude catalase activity

The absorbance was converted to molar concentration
using the Beer Lambert’s Law (A=ECI). The rate, specific
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Table 3. Kmapp and Vmax for crude catalase activity.

Leaf extract

Obotan with ACMV infection
Obotan without viral infection

Kmapp (UM) Vmax (UM/min)
26.70 54.50
39.61 143.06

Table 4. Arrhenius data of crude catalase extracts.

Temperature Leaves extract with virus infection Leaves extract without infection
1/Tx10° K™ Log R Log R
3.299 0.771 1.217
3.193 0.719 1.221
3.095 0.742 1.262
3.002 0.749 1.302

Table 5. Activation energy of crude catalase activity in leaf
extracts.

Leaf extract
Obotan with ACMV infection
Obotan without viral infection

Activation energy (J/mol)
0.1578
0.2181

activity and the inverse of the rate were determined for
each leaf extract. A double reciprocal (Lineweaver-Burk’s)
was plotted and the kinetic parameters determined from
the plot. The line of equation for Obotan with virus and
without virus were y = 4.899x + 0.1835 and y = 2.7689x +
0.0699, respectively. These equations were compared with
the equation of line for Lineweaver-Burk plot. The Kmapp
and Vmax for both extracts were then determined as
shown in Table 3. The change in absorbance used for the
reaction was converted to molar concentration using the
Beer Lambert’s Law (A=ECI). The rate, specific activity
and the logarithm of the rate were determined for each
leaf extract. The temperature in degree Celsius was also
converted to degree Kelvin and the inverse determined.
Arrhenius plot was done and the activation energy
determined from the slope by comparing the line of
equation with log (Tables 4 and 5).

R =- Ea(l/T) + Yo.

DISCUSSION

Plants under stressful conditions tend to respond in order
to survive these conditions homeostatically. Hydrogen
peroxide is a primary metabolites produced excessively
in green plants when under stress. At lower concentrations,
they tend to protect the plant from pest. Therefore, to
investigate the activity of catalase, the protein in the two

leaf extract was determined by the biuret method and the
results obtained were compared. The protein concentration
determined were 141.02 £ 3.536 mg/mL in the extract of
the viral infected leaves and 75.04 + 0.560 mg/mL in the
healthy leaves. Studies by Coldebella et al. (2013) showed
that cassava healthy leaves are rich in protein but
difference in the protein concentration as observed in this
study was because of increased viral protein on the
infected leaves as compared to the uninfected one. Again
the plant under study was infected by the virus hence
loweringits protein contentinleaves. The kinetic parameters
of the crude enzyme extract from the viral infected and
the healthy leaves were also studied. The solutions of the
hydrogen peroxide reacted with the extract from the viral
infected leaves changed from yellow to straw-like color
after the reaction time (Figure 1) whilst that with the
extract from the healthy leaves remained yellow. The
change in color as observed was as a result of activity of
the reactive oxygen species (ROS- H,O, and other free
radicals) on the plant's pigment which could be
investigated further. This might be due to a unique reaction
which was not present in the non-infected extract since
heat treatment was able to stabilize the color change.
Hence, another preparation of the hydrogen peroxide and
the crude extract from the viral infected leaves were made
where the enzyme extract was heated at 90°C to denature
the enzyme before adding to the hydrogen peroxide
solution. The color change was still observed showing it
was not as a result of enzymatic activity. The absorbance
of the activity of the crude extract was then deducted
from the denatured extract activity in order to obtain the
activity on the hydrogen peroxide although it was not that
efficient in completely removing the color effect.

From the results obtained, the Line-Weaver Burk plot
that was made for each crude enzyme extract had a
positive slope from which the Kmapp and the Vmax were
determined. Also, the Kmapp for the viral infected leaf
extractandthe healthyleaf extractswere 26.7 and 39.61 uM,
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Figure 1. Effect of hydrogen peroxide on the cassava leaf pigment.

respectively. The relative difference in activity measured
showed a higher affinity for the hydrogen peroxide in the
viral infected leaf compared to the healthy leaf extracts.
This observation explains why there is increased
expression of catalase in the stressed plant and this is
very necessary to rapidly hydrolyze the elevated levels of
the hydrogen peroxide so as to prevent any harmful
effect and also to promote food security of cassava
among the people of Cape Coast, Ghana since it is their
most staple food. On the other hand, the Vmax of 143.06
pM/min as against 54.50 puM/min was observed without
viral leaf extract and viral leaf extract, respectively. A
higher Vmax shows a faster activity and the one with the
lower Kmapp was expected to have a higher Vmax as a
result of the higher affinity. The deviation could have
resulted due to the superimposing color of the reaction
mixture.

The activation energy of 0.1578 J/mol was determined
for the extract with the viral infection as compared to
0.2181 J/mol for the healthy leaf extracts. The result shows
a higher activity at higher temperatures for the viral
infected extract. The viral infected extract will be less
sensitive to temperature than the viral uninfected extract.
Since, the Arrhenius plot was a plot of log of rate against
1/T (K™, the peroxide concentration did not have a direct
influence on the activation energy as it did on the Vmax
in the Lineweaver-Burk plot.

Conclusion

From the results and the observations made from the
study, it has been shown that there is a significant increase

in the protein concentration in the ACMV infected cassava
leaves as compared to that in the uninfected one. It was
also observed that a lot of hydrogen peroxide were
produced in the stressed leaf and hence the increased
expression of the catalase activity. This was evident by
the lower Kmapp and the lower activation energy which
were measured for the ACMV infected cassava leaf
extract. It can therefore be concluded that there is an
increased level of catalase expression in the cassava leaf
infected with the Africa cassava mosaic virus (ACMV)
relative to the uninfected one. The study investigators
recommend that the plant DNA should be extracted,
purified and quantified to ascertain the inducement of the
catalase activity. Also, further other antioxidant enzymes
such as superoxide dismutase and peroxidase should
also be determined to investigate the infected plants.
Lastly, the effect of the hydrogen peroxide on the plant
pigment after extraction in the viral infected plants should
be investigated.
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The objective of this study was to assess the pollen viability of six improved diploid banana plants (AA)
collected in different periods of the day, in two seasons of the year (winter and summer), using in vitro
germination test and staining. Pollen grains collected at 8 am (anthesis), 10 am, 12 pm, 2 pm and 4 pm
were evaluated. We used a culture medium for pollen germination containing 15% sucrose, 0.01%
H3BO3, 0.01% KNO3, 0.03% Ca(NOs),.4H,0, and 0.02% MgS0,.7H,0, solidified with 0.8% agar, adjusted to
different pH. The pollen viability was evaluated by staining with 2,3,5-triphenyltetrazolium chloride
(TTC). The highest pollen germination rates and viability were obtained at 8 am and the lowest at 4 pm,
in both seasons. The average in vitro germination percentage and viability level were negatively
influenced by the number of hours after anthesis. During the summer, the pollen viability and in vitro
germination rates were highest when compared to winter period. The results presented can help at the
selection of genetic materials and enable inferences on the best pollen collection time for use in cross
breeding programs for plant improvement.

Key words: Musa spp., in vitro pollen germination, 2,3,5-triphenyltetrazolium chloride.

INTRODUCTION

In Brazil, the conventional banana breeding program is diploid germplasm (AA), since it concentrates the largest
achieved by successive crossings, seeking to obtain number of desirable traits, such as parthenocarpy, good
tetraploid hybrids by crossing diploid and triploid cultivars. number of hands, long fingers (fruits), well-formed
For this purpose, special attention is focused on the bunches, low plant height and resistance to pests and

*Corresponding author. E-mail: talialeila@gmail.com. Tel: +55 75 92562577.

Abbreviations: TTC, 2,3,5-Triphenyltetrazolium chloride; RH, relative humidity; H3BOs, boric acid; KNOs, potassium nitrate;
Ca(NO3)2.4H,0, calcium nitrate tetrahydrate; MgSOa.7H>0, magnesium sulfate heptahydrate; HCI, hydrochloric acid.
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diseases (Amorim et al., 2013). Therefore, it is essential
to know the pollen fertility of diploid hybrids, since they
will be used as male genitors in genetic improvement
programs. Analysis of the viability of pollen supplies an
indication of the male fertility, allowing better targeting
and more security in the crosses carried out, increasing
the efficiency of obtaining desirable hybrids. The viability
of pollen can be determined using direct methods, such
as inducing germination in vitro (Jiang et al., 2009;
Alcaraz et al., 2011; Rodriguez-Enriquez et al., 2013) and
in vivo (Dane and Ekici, 2011; Fakhim et al., 2011), or by
indirect methods based on cytological parameters, such
as staining (Burke et al., 2007; Abdelgadir et al., 2012;
Bhat et al., 2012; Calié¢ et al., 2013). Pollen vigor is a
prerequisite for the fertilization and development of
seeds. In the research of tissue culture, pollen
germination rate and the length of pollen tube were
usually used as indicators of pollen vigor (Ma et al.,
2012). Therefore, studies of pollen growth in culture
media, the determination of the best collection times and
the histochemical analysis of pollen are fundamental in
reproductive biology and genetic improvement to obtain
the highest pollen viability and develop new hybrids with
traits of agronomic interest. Additionally, other factors that
can influence pollen germination are the nutritional state
of the plant, season of the year, time of day, temperature
and pH of the culture medium (Boavida and McCormick,
2007; Soares et al., 2008; Daher et al., 2009; Distefano
et al., 2012; Rodriguez-Enriquez et al., 2013).

The pH of germination medium is an important factor
controlling pollen germination and pollen tube
development in different plant species (Qiu et al., 2005;
Acar et al., 2010; Boavida and McCormick, 2007; Zaman
et al.,, 2009; Conner, 2011; Rodriguez-Enriquez et al.,
2013). Also, it has influence on the nutrient availability,
plant regulators amount and the degree of agar
solidification. Several studies have showed data on the
pH ranges and optimum values for pollen germination
and pollen tube in different species (Munzuroglu et al.,
2003; Qiu et al.,, 2005; Zaman, 2009). However, for
banana, little information exists about the effect of pH on
in vitro pollen germination (Soares et al., 2008). In any
pollination method, pollen viability is considered
satisfactory when between 50 and 70% of the pollen
germinate. In the field, the pollen of some species only
become viable several hours after release and remain so
only for short time, during which the temperature must be
moderate, the humidity high and the light intensity
sufficient for germination to occur. As the pollen grains
get older, the percentage of germination and the average
of tube length decline. Even when pollen appears
otherwise unviable, the presence of some vigorous tubes
indicates that they can produce effective fructification,
albeit with low germination percentage (Scorza and
Sherman, 1995). Knowledge of the best time to collect
pollen to obtain high viability is important to produce
hybrid seeds, particularly of species where artificial hybrid-

dization is possible. Although, studies have been
published on methods to assess the viability of banana
pollen, to date there are no reports to our knowledge of
the influence of the time of pollen collection along the day
and the year on hybridization efficiency.

Therefore, this study aimed to determine the best
moment to collect pollen from diploid banana plant
genotypes with high viability using in vitro germination
and staining with 2,3,5-triphenyltetrazolium chloride
(TTC). Pollen was collected at 5 time points (8 am, 10
am, 12 pm, 2 pm and 4 pm) during two seasons of the
year (Winter and Summer).

MATERIALS AND METHODS
Materials

The study was carried out in the experimental field of the Embrapa
Cassava and Fruits, located at 12° 40' S. latitude and 39" 06" W.
longitude, in Cruz das Almas, Bahia, Brazil. The climate in the
region, according to the Koppen classification, is a transition
between Am and Aw zones, with average annual rainfall of 1,143
mm, average temperature of 24.28°C and relative humidity (RH) of
60.47%. The experiments were conducted separately in the winter
(June, 22.1°C, 87, 6% RH) and summer (December, 25.3°C, 76,2%
RH).

Plant material

We used pollen from six improved banana plant diploid genotypes
(AA), generated by the banana improvement program of Embrapa
Cassava and Fruits (Table 1). The pollen grains were collected from
flowers in anthesis, removed from the same bract, at five different
times of the day (8 am, 10 am, 12 pm, 2 pm and 4 pm). Then pollen
grains collected at each time point were placed in vitro in a culture
medium for germination and tube growth evaluation.

Methods
In vitro pollen germination and pollen tube length evaluation

For in vitro germination assays, pollen grains that were not
subjected to any aseptic processes were inoculated in Petri dishes
(9 cm diameter and 1 cm height) containing 35 mL of the culture
medium proposed by Soares et al. (2008). Briefly, the medium is
composed of 15% sucrose, 0.01% boric acid, 0.01% potassium
nitrate, 0.03% calcium nitrate and 0.02% magnesium sulfate,
solidified with 0.8% agar and adjusted at pH of 5.8 or 7.0 before
autoclaving at 121°C for 20 min. For each Petri dish we used a pool
composed of pollen from five flowers of each genotype. After
inoculation, the pollen grains were kept at 27+1°C in the dark for 24
h. The germinated pollen grains were then counted, and the pollen
tube length was measured using a binocular stereomicroscope. The
experimental design was completely randomized using a 6 x 5 x 2
factorial arrangement (genotype x collection time x pH), with eight
replicates. To calculate the in vitro germination percentage, 100
randomly selected pollen grains were counted. Regarding pollen
tube length, five randomly selected pollen tubes from each replicate
were measured (representing a total of 40 tubes per genotype). The
pollen grain was considered germinated when its pollen tube
diameter was equal to or larger than the pollen itself (Tuinstra and
Wedel, 2000).
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Table 1. Banana diploid genotypes (AA) used in this study and their respective parents.

Improved diploid genotype Female parent

Male parent

013018-01 Malaccensis (W)
042052-04 M 53 (H)
050012-02 M 61 (H)
088079-01

089087-01

091087-01

Malaccensis (W) x Madang (C)
Malaccensis (W) x Sinwobogi (C)
Borneo (W) x Guyod (C)

Sinwobogi (C)

Kumburgh (C)

Lidi (C)

Tuu Gia (C) x Calcutta 4 (W)
Calcutta 4 (W) x Heva (C)
Calcutta 4 (W) x Heva (C)

W = Wild; C = Cultivar; H = Hybrid, with unknown parents.

Histochemical analysis

The histochemical analysis of the pollen was performed by staining
them with 2,3,5-triphenyltetrazolium chloride (TTC) diluted to 1% in
Tris buffer (HCI 0.15 M, pH 7.8). The TTC is an enzymatic test used
to detect the dehydrogenase enzyme activity of cells. Pollen grains
removed from three anthers of flowers collected from the same
bract were distributed on glass slides and stained with a drop of the
stain solution and covered with a slip. Observations of the number
of viable and unviable pollen grains for each genotype were carried
out 2 h after preparation of the slides because TTC requires a time
interval for enzymatic reaction to occur. To obtain a good
representativeness of the viability of the pollen grains, 100 pollen
grains/slide/genotype were counted (three replicates each, for a
total of 300 pollen grains) using an optical microscope. Results are
expressed in percentage. Pollen grains stained by TTC in light red
or dark red were counted as viable, while noncoloured were
classified as unviable (Duro et al., 2013). The experimental design
was completely randomized in a 6 x 5 factorial scheme (genotype x
collection time) with three replicates each.

Data analysis

Percentages obtained were transformed to arc sin (Vx/100) pefore
the statistical analysis. To assess the relationship of in vitro
germination and the histochemical test results, we applied analysis
of variance, while we used the Tukey test to compare the means at
5% probability. To complement the statistical analysis we used
regression analysis to choose mathematical models with the best
fit, according to the highest values of the coefficient of
determination (R?) and the F-test, both at 5% significance. We used
the SAS System, version 9.2 (SAS Institute, 2010) for all statistical
analyses.

RESULTS

In vitro pollen germination and pollen tube length
evaluation

The data obtained for the in vitro germination indicated a
significant effect (p<0.001) of all the factors studied taken
independently (genotype, collection time and pH), as well
as a significant effect for the interaction between those
factors and the two seasons (winter and summer) (Tables
2 and 3). Regarding the in vitro germination assay,
percentage was higher in the summer than in the winter
(Table 1). For all genotypes, the germination rate was in
general highest for the pollen collected at 8 am and
placed in the culture medium with pH 7.0 whatever the

season. Among the banana diploids studied, genotype
089087-01 presented the highest germination rates,
greater than 90%, when the flowers were collected at 8
am and pollen grains were placed in culture medium with
pH 7.0, for both winter and summer season (Figure la to
1b). On the other hand, genotype 050012-02 presented
the lowest germination percentages at all collection
times, both in summer and winter (Figure 1c). Pollen
collected in summer grew longer tubes than those
collected in the winter (Table 3). Diploid 042052-04
presented the longest tube lengths, with averages of 4.80
mm in summer and 3.42 mm in winter (Figure 1d). Pollen
tube growth was always longer for pollen collected at 8
am with pH 7.0 medium, except for the genotype 050012-
2 where pollen tube was longer in pH 5.8 medium.

Histochemical analysis

Data obtained by histochemical staining with TTC are in
agreement with data obtained on in vitro germination test.
Indeed, genotype 089087-01 stood out, with 91.33 and
86.00% viable pollen from flowers collected at 8 am in the
Summer and Winter, respectively (Table 4, Figure 1le).
On the other hand, diploid 050012-02 presented the
lowest viability values at all collection times, in both
seasons (Figure 1f). Regardless the season for all
genotypes, pollen grains collected at 8 am exhibited the
highest viability values. The regression analysis showed
that in both seasons, the germination rate, tube length
and pollen viability, as determined by histochemistry,
were negatively influenced by the time lapse from
anthesis (Figures 2 and 3). There was a linear relation for
germination rate, tube length and histochemistry result (y)
and collection times (x), with the highest averages
obtained at 8 am and the lowest at 4 pm. This behavior
can be explained by the fact that the pollen grains
collected at 8 am were at their peak of physiological
development (anthesis), after which these values
declined during the day.

DISCUSSION

In vitro germination in culture medium is a technique that
simulates the conditions of the style-stigma, inducing
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Table 2. Percentage of in vitro pollen germination from diploid banana plants (AA), collected at different times of the day in two different
seasons (winter and summer).

Genotypes

Collection time 013018-01 042052-04 050012-02 088079-01 089087-01 091087-01

pH58 pH7.0 pH58 pH7.0 pH58 pH7.0 pH58 pH7.0 pH58 pH7.0 PpH58 pH7.0
Winter
8 am 46.36°® 69.41* 5542%® 78.79* 14.99%® 23.94* 31.22%® 4850™ 55.47*® 90.75 49.44*® 80.05*
10 am 37.19°® 47.84" 40.25"® 53.11™ 11.21%® 18.77* 20.75°® 20.45"" 37.42"® 6253 32.77"® 44.58"
12 am 2955 39.13%* 33.40® 4451% 656" 12.21" 1553® 21.98% 33.02°® 49.34** 26.91® 3599
2 pm 22.41% 28.84%" 27.62 32.76™ 3.66™ 7.49% 10.74% 1539 28.07°® 40.07" 2559 35.11%
4 pm 15.96** 18.99°* 18.77%* 22.290°* 295" 595" 1042 11.64" 17.34°® 2506* 15.35% 20.35™
CV (%) 10.62
Summer
8 am 53.75° 76.50 64.37°® 8450 32.87°® 4150 39.12*® 52.37** 66.00°® 96.37* 51.50%® 76.37*
10 am 44.00°® 52.62" 51.87°® 66.37" 29.00°° 40.12* 29.75"® 43.25"* 51.37"® 77.00" 40.87"® 59.50"*
12 am 34.25%® 44.87°* 4350® 52.37% 21.37°® 290.62" 28.62"® 38.50° 44.25® 57.87** 31.50® 51.50
2 pm 31.00® 36.25" 31.87" 41.75" 1050® 23.50* 24.12°® 30.00** 37.00°® 51.87** 25.00® 41.00™
4 pm 21.87%® 29.50** 24.87°® 35.00% 550®° 19.75% 8.87® 2575" 29.75°® 39.50*" 21.87"® 3512
CV (%) 10.26

Means followed by the same lower-case letters in the column and upper-case letters in the row within the same factor do not differ from each other by
the Tukey test at 5% probability. Pollen germination was assessed in culture media described by Soares et al. (2008). Two different pH were tested
(pH: 5.8 and 7.0).

Table 3. Measurement of pollen tube length (mm) from diploid banana plants (AA) collected at different times of the day in two different
seasons (winter and summer).

Genotype

Collection time 013018-01 042052-04 050012-02 088079-01 089087-01 091087-01

pH58 pH7.0 pH58 pH7.0 pH58 pH7.0 pH58 pH7.0 pH58 pH7.0 pH58 PpH7.0
Winter
8 am 2.17%® 287 268® 342 101" 091** 091* 1.08* 1.16% 1.32* 103" 1.80™
10 am 1.90°® 2.71* 214"® 271" 105" 081*® o081* 077" 077" 092" 1.09%® 2.03*
12 am 1.35"  2.08™ 1.62® 224 137* 080* 080* 0.70™ 085" 0.77°* 0.80°® 1.72"*
2 pm 1.04%®  1.43** 107" 114" 090°* 067*® 075%* 0.64™ 0.68" 058" 0.74°® 108"
4 pm 0.75%® 137" 096" 1.40" 069" 075 067* 065 061" 055" 0.70® 1.04%
CV (%) 38.82
Summer
8 am 250" 3.83*" 336 480" 166* 1.19® 1.19® 161* 129® 176% 1290 286*
10 am 256%  3.19" 256" 362" 163" 1.14*® 114 110" 1.14* 133" 130*® 267*
12 am 1.94°®  256% 215% 270" 1.66* 1.20*® 120" 1.04™ 0.80" 1.26"™ 1.06™® 225"
2 pm 1.30® 210" 155%® 237" 127" 095°® 095 088™ 057 085" 092" 151"
4 pm 1.03"® 195" 150® 200" 087" 088" 088" 080" 051" 083" 090® 140"
CV (%) 32.10

Means followed by the same lower-case letters in the column and upper-case letters in the row within the same factor do not differ from each other by
the Tukey test at 5% probability. Pollen germination was assessed in culture media described by Soares et al. (2008). Two different pH were tested
(pH: 5.8 and 7.0).

germination and pollen tube growth. Each species adequate pollen grain germination (Soares et al., 2013).
requires a specific protocol of culture medium to obtain The pH of the culture medium considered ideal for in vitro
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Figure 1. Viability of the pollen from diploid banana plants. Germination of pollen from genotype 089087-01 in culture medium with pH 7.0, from
flowers collected at 8 am in summer (a) and winter (b). Germination of pollen from genotype 050012-02 in culture medium with pH 5.8, from
flowers collected at 8 am in winter (c). Greater length of the pollen tube of genotype 042052-04 in culture medium with pH 7.0, from flowers
collected at 8 am in summer (d). Histochemical test with TTC on genotype 089087-01, evidencing the high viability of the pollen when collected at
8 am in summer (e). Histochemical test with TTC on genotype 050012-02, evidencing the low viability of the pollen when collected at 8 am in
winter (f). Bars: a-d = 2 mm; e-f = 200 um.

Table 4. Percentage of pollen viability from diploid banana plants (AA) determined by the
histochemical test with TTC (2,3,5-triphenyltetrazolium chloride) at 1% both in Winter and Summer.

Genotype 8 am 10 am 12 am 2 pm 4 pm
Winter

013018-01 57.83% 55.20% 42.73%® 37.30 38.27"8
042052-04 75.00" 63.13"8 56.10°8 46.43° 42.73%
050012-02 34.13" 24.43%® 17.90% 17.80°¢ 11.70%°
088079-01 46.60°® 51.43% 41.43%® 33.03° 34.70%°
089087-01 86.00%" 73.43% 63.00%¢ 51.30%° 46.03%°
091087-01 65.90% 55.80°® 48.70%® 41,73 41.90%
CV(%) 4.26

Summer

013018-01 77.33" 67.00°® 60.33°8 53.00%° 41.67%
042052-04 82.33" 75.00°" 59.67"® 49.00%° 44.00%
050012-02 45.00% 35.00% 27.33° 24.67° 19.00%¢
088079-01 60.66" 52.33%® 46.00°® 36.00°° 32.67°¢
089087-01 91.33* 84.00** 70.67%® 58.00%¢ 48.67%°
091087-01 79.67" 68.00°® 55.33°¢ 41.00"° 39.00°°
CV (%) 7.25

Means followed by the same lower-case letters in the column and upper-case letters in the row within the
same factor do not differ from each other by the Tukey test at 5% probability.

pollen germination and pollen tube growth of different
species of plants is situated near neutrality or in alkaline
condition (Acar et al., 2010, Conner, 2011; Boavida and
McCormick, 2007; Rodriguez-Enriquez et al., 2013). In

banana, Soares et al. (2008) observed that the culture
medium with pH 7.0 promoted greater pollen germination
percentage. In this study, we showed that pH 5.8 of the
culture medium negatively affected the in vitro pollen
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100
A Winter 5.8 pH y =-3.381x + 66.45
90 - R2=0.95933

y =-5.591x + 104.25

Wi
Winter 7.0 pH R2=0.93823

y =-3.300x + 86.331

® Winter TTC R2 = 0.96725

y =-3.976x + 82.052
R?=0.99573

Percentage (%)

A Summer 5.8 pH

Wsummer 7.0 pH ¥ = -5:004x + 108.39
R?=0.97531

® Summer TTC y =-4.519x + 108.35
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8am 10am 12 am 2 pm 4 pm
Collection time (h)

Figure 2. Percentage of pollen germination and pollen viability estimated by histochemistry, from diploid banana
plants, calculated at 5 different time points during a day and for two seasons of the year (winter and summer). For
pollen germination, tests were performed in vitro on culture media adjusted at pH: 5.8 and 7.0 as described by
Soares et al. (2008).

A Winter 5.8 pH  y=-0.0978x + 2.2763
R?=0.99191

y =-0.1308x + 2.9343

Bwi
Winter 7.0 pH R? = 0.93449

y =-0.1248x + 2.9197

A
Summer 5.8 pH R2=0.97936

Pollen tube length (mm)

0.5

BSummer7.0pH Y =-0.1731x + 3.9647
R? = 0.96923

8am 10 am 12 am 2 pm 4 pm
Collection time (h)

Figure 3. Pollen tube length (mm) of diploid banana plants expressed at five different time points during a day and for two
seasons of the year (winter and summer). For pollen tube length measurements, tests were performed in vitro on culture
media adjusted at pH: 5.8 and 7.0 as described by Soares et al. (2008).

germination and pollen tube growth when compared to growth are due to the great influence of the genetic
pH 7.0, except for 050012-02 genotype which had variation among genotypes. Similarly, Sharafi et al.
highest pollen tube length in pH 5.8. Probably these (2011) observed that pollen germination and pollen tube
differences in pH medium preferences for pollen tube growth varied according to species, cultivar and method



that may have been used. Furthermore, Kakani et al.
(2005) concluded that the differences observed in in vitro
pollen germination and pollen tube growth of 12 cotton
cultivars (Gossypium hirsutum L.) were reflections of the
variability of the cultivars. In Arabidopsis thaliana (L.)
Heynh., Costa et al. (2013) observed differences in the
percentage of in vitro pollen germination and pollen tube
growth in relation to the culture media. Other factors
influenced in vitro pollen germination as incubation time
after placing the pollen on the plates, development state
of the flowers when collected and storage conditions (Qiu
et al.,, 2005; Rodriguez-Enriquez et al., 2012). The
maturation of pollen is one of the development stages of
the life cycle of plants. In vitro germination does not occur
within the anther, but the pollen must be ready to
germinate soon after the anther’'s dehiscence (Lin and
Dickinson, 1984). Therefore, hybridization will be more
effective when using pollen collected at the optimal time
of the day.

Veiga et al. (2012), studying corn pollen collected at
different time points (9 am, 2 pm and 4 pm), found that
the maize pollen collected in the morning presented
higher germination rates than those collected in the
afternoon. The results presented here show that the time
of pollen collection in banana along the day affects its
viability. We indeed, observed a maximum of pollen
viability (Figure 2) when pollen was collected at 8 am
whatever the genotypes tested. Loss of pollen viability in
function of time after flower opening was also observed
by Souza et al. (2002) in yellow passion fruit plants using
histochemical analyses by Alexander (1980) and Lugol
(Johansen, 1940), although the index remained high,
above 75%, even 24 h after anthesis.

Judd et al. (1999) also established that the viability of
pollen can be altered by variations in humidity and
temperature, and this can be tested by means of
germination capacity, enzyme activity and presence of a
cytoplasm. According to the authors, this variation can be
species-specific: for example, while the pollen of some
grasses is only viable for a few minutes or hours, the
pollen of other species can remain viable for many years
if stored properly. Dusi et al. (2010) also found that the
external environmental conditions influence the in vitro
germination of pollen of Brachiaria spp. accessions.
According to them, the pollen grains gathered during the
rainy season or the day after a rainstorm are unable to
germinate. According to Zonia et al. (2002), pollen tubes
tend to rupture because of the increase of hydrostatic
pressure and low cell wall resistance. This allows a rapid
inflow of water in the pollen, causing the loss of soluble
substances and ions in the cytoplasm, known as
“imbibition damage” (Loguercio, 2002). Some of our
preliminary studies (data not presented) go in the same
direction because we observed inefficient germination
and intense eclosion after rainy days. For these reasons,
we did not collect pollen on rainy days. In vitro
germination rates and viability according to histochemical
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analysis are directly related (Scorza and Sherman, 1995).
In general, the results obtained in the present study are in
agreement with that statement, given that our pollen
germination data indicated a significantly lower rate in pH
5.8 than that observed when using staining materials.
Other authors also have reported that the observations
from histochemical tests lead to overestimation of the
pollen germination percentage, while in vitro test results
cause underestimation (Sutyemez, 2011; Coser et al.,
2012).

Although, the culture medium used in the in vitro pollen
germination may simulate the pistil conditions, it is
impossible for in vitro method to display all conditions that
affect pollen tube growth in vivo (Hedhly et al., 2005).
The assessment of viability using TTC is based on the
color change of the tissues in the presence of a salt
solution of 2,3,5-triphenyltetrazolium chloride, which is
reduced by dehydrogenase respiratory enzymes in live
tissues, resulting in a red carmine-colored compound
called formazan (Beyhan and Serdan, 2008). The TTC
test has been used to estimate the pollen viability in
many species (Kelen and Demirtas, 2003; Huang et al.,
2004; Kang et al., 2009; Soares et al.,, 2013). Several
authors argued that the TTC test is a reliable estimative
of pollen viability, showing similar results to in vitro
germination tests (Bolat and Pirlak, 1999; Huang et al.,
2004). In addition, the TTC is widely used because it is
relatively fast and easy method. Abdelgadir et al. (2012)
observed that only TCC staining was able to differentiate
viable and unviable pollen in Jatropha curcas L.
(Euphorbiaceae). Similarly, Huang et al. (2004), who
studied the viability of Leymus chinensis (Trin.) Tzvelev
pollen using the TTC stain was able to distinguish the
relative decline of the pollen viability percentage after
anthesis. Knowledge of the adequate moment to collect
pollen is essential for genetic improvement programs
involving banana plants, mainly to obtain more efficient
crosses. In the present study, we observed that the best
time to collect pollen for hybridization is at 8 am on the
day of floral anthesis and that in vitro germination and
growth of the pollen tube are much better in summer
time. The pollen collected at that time showed high
viability in the test with TTC staining and the highest in
vitro germination percentage, both in the winter and
summer.
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Profiling microorganisms with potential for amylase production in low cost culture media has been widely
recognized due to its broad applicability. The aim of this study was to select yeast strains with potential
to produce amylolytic enzymes by solid state fermentation. Fifty-four (54) strains were assessed and
three exhibited ability to produce amylases: Candida parapsilosis with 14.68 U/mL (146.8 U/g substrate);
Rhodotorula mucilaginosa with 25.0 U/mL (250 U/g substrate), and Candida glabrata with 25.39 U/mL
(253.9 U/g substrate), in solid state fermentation, for 120 h at 28°C, using wheat bran with 70% moisture.
The enzymes exhibited maximum activity at a pH of 7.0 and at 60°C. Amylases demonstrated satisfactory
structural stability, maintaining their catalytic activity after 1 h at 50°C. All enzymes were ethanol
tolerant and retained more than 70% of their original activities in 15% ethanol solution. Corn starch was
efficiently hydrolyzed by enzymes and the extracts produced by C. parapsilosis and C. glabrata
exhibited dextrinizing activity, while those produced by R. mucilaginosa exhibited saccharifying activity.

Key words: Candida parapsilosis, Candida glabrata, Rhodotorula mucilaginosa, dextrinizing and saccharifying
activity.

INTRODUCTION

The improvement of ethanol production processes and 2013).
the development of new biotechnological techniques to In Brazil, ethanol is produced by fermenting monosac-
use plant-based polysaccharides are important to ensure charides from the hydrolysis of sucrose by Saccharomyces

mankind’'s supply of energy requirements (Scott et al., cerevisiae yeast, which metabolizes under appropriate
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conditions, releasing ethyl alcohol as the main product of
fermentation (Basso et al., 2008). To meet the demand
for this biofuel, several studies have focused on devising
efficient mechanisms to hydrolyze starch and cellulose,
thereby obtaining free glucose that can be fermented into
ethanol by S. cerevisiae. In this regard, enzymes that
catalyze the hydrolysis of these polymers are considered
very important in the global energy scenario (Gupta et al.,
2003; Sahnoun et al., 2012).

The main polysaccharide of plants is starch, which
consists of glucose residues linked by glycosidic bonds
(0-1,4 and o-1,6) that are found mainly in rice, corn,
wheat, cassava and potato (Zeeman et al., 2010), all of
them widely consumed and produced in different Brazilian
regions. Starch can be hydrolyzed by chemical or
enzymatic techniques and the action of differentenzymes is
necessary for its efficient conversion into products of
lower molecular weight, such as dextrins, maltose and
glucose. Enzymatic hydrolysis has some advantages
compared to chemical methods, the biocatalysts act
under mild conditions of pH and temperature, reducing
energy consumption, equipments corrosion and eliminates
neutralization steps. However, specificity of enzymatic
catalysis can be considered as the main advantage of the
enzymes use, preventing the formation of undesirable
byproducts commonly observed in reactions by chemical
catalysis (Gupta et al., 2003; Sivaramakrishnan et al.,
2006).

Amylases account for 25-33% of the international
enzyme market and are used in numerous industrial
processes that require the partial or total hydrolysis of
starch (Ozdemir et al., 2011). Endoamylolytic and
debranching enzymes (a-amylases and isoamylases,
respectively) reduce the degree of polymerization of
the starch molecule, producing linear glucose-based
dextrins. These enzymes are employed in the starch
liquefaction process. Exoamylases are used in subse-
guent steps of the enzymatic hydrolysis of starch.
These enzymes hydrolyze the dextrins from the
liguefaction, producing maltose (B-amylases) or
glucose  (amyloglucosidase, a-glucosidases and
glucoamylases) syrups that are used in the food,
beverage and biofuel industries (Silva et al., 2005;
Sivaramakrishnan et al., 2006; Ozdemir et al., 2011).

The use of yeast to produce enzymes offers certain
advantages, such as a moderate temperature for micro-
bial growth, high metabolic diversity and rapid cell
growth, which results in shorter fermentation cycles and
easy adaptation to different cultivation conditions (Kato et
al., 2007). The use of agroindustrial wastes as substrate

in solid state fermentation reduces enzyme production
costs and contributes to minimize environmental problems
caused by the agroindustry (Singhania et al., 2009). These
advantages explain the search for microbial strains that
exhibit significant enzyme production in low-cost fermen-
tation processes (Alves-Prado et al., 2010). The use of
agroindustrial wastes for enzymes production can become
economically viable for the application of these bio-
catalysts in large scale, considering that one of the major
problems in the enzymes utilization in industrial processes
is the high cost of the microbial culture media, about 30-
40% of the cost enzyme production (Romero et al., 2007;
Garcia-Martinez et al., 2010).

Therefore, the aims of this study were to select yeast
strains having the potential to produce amylolytic
enzymes by solid state fermentation, characterize them
biochemically, and evaluate their catalytic properties.

MATERIALS AND METHODS
Microorganisms

The present study analyzed 54 yeast strains supplied by the
organization RECOL — Rede Centro-Oeste de Leveduras (Central-
Western Yeast Network, Brazil), and one strain of Saccharomyces
cerevisiae supplied by the Sao Fernando sugar and alcohol mill in
the municipality of Dourados, MS, Brazil. The strains from RECOL
were isolated in natural and industrial environments such as fruit
from the Cerrado, poultry litter and sugarcane must.

Inoculum preparation

The strains were cultivated in test tubes containing 5 mL of YEPD
medium (yeast extract 1%, peptone 2%, glucose 2% and agar
1.5%) for 48 h at 28°C. The yeast suspension was obtained by
scraping off the surface of the medium using 3 mL of nutrient
solution (0.5% ammonium sulfate, 0.5% magnesium sulfate
heptahydrate and 0.5% ammonium nitrate). Yeast was inoculated in
the substrate by transferring 3 mL of the microbial suspension (at
10° cells/mL) to Erlenmeyer flasks containing wheat bran.

Selection of strains for amylase production by solid state
fermentation

The yeasts were cultivated in solid state in Erlenmeyer flasks (250
mL) containing 5 g of wheat bran (ground to 2-3 mm size) with 70%
moisture content (mass of dry substrate per volume), using the
above described nutrient solution to moisten the substrate. Prior to
the inoculation of microorganisms, all the material was autoclaved
at 121°C for 20 min. After inoculation, the Erlenmeyer flasks were
stored at 28°C for 120 h. Due to the high number of strains
evaluated in this study, the cultivation parameters (substrate,
moisture, temperature and fermentation time) were fixed near
values described as optimal, for amylases production by different
fungal strains, in previous works as a comparison parameter
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(Ellaiah et al., 2002; Bhatti et al., 2007). All the assays were
performed in duplicate.

Enzyme extraction

Enzymes were extracted by adding 50 mL of distilled water to the
flasks containing the ferment medium. The flasks were kept under
agitation at 150 rpm for 1 h, after which they were filtered through
Whatman paper (n.1) and centrifuged at 3000x g for 10 min at
25°C. The supernatant was used for the enzyme assays.

Determination of amylase activity

The enzyme activity was determined by adding 0.1 mL of enzymatic
extract to 0.9 mL of sodium acetate buffer (0.1 M, pH 5.0, 1% corn
starch). After 10 min of reaction at 50°C, the reducing sugar released
was quantified by the 3,5-dinitrosalicilic acid method (DNS) (Miller,
1959). One unit of enzyme activity was defined as the amount of
enzyme required to release 1 pumol of the product per minute of
reaction.

Identification of selected strains

High level amylase-producing strains were subjected to molecular
identification (DNA sequencing). Genomic DNA was extracted from
three days cultures grown in yeast-malt extract agar at 25°C
(Sampaio et al., 2001). The D1/D2 domains of the 26S rRNA gene
were amplified using the universal primer pair NL1 (5'-
GCATATCAATAAGCGGAGGAAAAG-3’) and NL4 (5-
GGTCCGTGTTTCAAGACGG-3’). This region is generally used as
the molecular marker for yeast identification (Kurtzman and
Robnett, 1998; Schoch et al., 2012). PCR conditions were as
follows: 96°C for 3 min, 35 cycles at 96°C for 30 s, 61°C for 45 s,
and an extension step at 72°C for 1 min (Rodrigues et al., 2009).
The expected size of amplicons (500-600 base pairs) were checked
after electrophoresis in 1% agarose gel supplemented with
GelRed® (Biotium). Amplicons were purified and then quantified in
NanoDrop® 2000 (Thermo Scientific). Sanger cycle sequencing
reactions were performed with BigDye Terminator v. 3.1 (Life
Technologies), using 20 ng of amplicon template and the same
primers used in the PCR. Both forward and reverse sequences
were generated in ABI3330x! (Life Technologies) and assembled in
BioEdit v.7.0.5.3 (Hall, 1999). Consensus sequences were queried
in the NCBI - GenBank and CBS (Centraalbureau voor
Schimmelcultures) databases. We adopted the criterion used by
Kurtzman and Robnett (1998), and query sequences that showed
99% identity with those deposited in the database were considered
conspecific.

Biochemical characterization of the amylases produced
Effect of pH and temperature

The optimum pH was determined by measuring the enzyme activity
at 50°C with different pH conditions using Mcllvaine buffer (0.1 M),
due to its wide buffering range (from 3.0 to 8.0). The optimum
temperature was defined by measuring the enzyme activity in
different temperature conditions (from 30 to 75°C) at the respective
optimal pH of each enzyme. The pH stability of enzymes was
assessed by incubating them at 25°C for 24 h at different levels of
pH. The following buffers were used: Mcllvaine 0.1 M (3.0 - 8.0);
Tris-HCI 0.1 M (8.0 to 8.5) and glycine-NaOH 0.1 M (8.5 - 10.5).
Thermostability was assessed by incubating the enzymes for 1 h at

Oliveira et al. 1217

different temperatures (30 to 75°C). The residual activity was
determined under optimum conditions of pH and temperature for
enzymes (Leite et al., 2008).

Effect of ethanol on enzyme activities

Enzyme activity was quantified by adding different concentrations of
ethanol (0 to 30%) to the reaction mixture. The assays were
performed at 50°C in Mcllvaine buffer 0.1 M (pH 7.0, 1% corn
starch) (Leite et al., 2008).

Catalytic potential for different sources of starch

Enzyme assays were performed using potato, corn, wheat and
cassava starch (1%) as enzyme substrate, vegetal cheap sources
and available in Brazil. The enzymatic reactions were performed in
Mcllvaine buffer 0.1 M (pH 7.0). The sugar released was quantified
using the DNS method (Miller, 1959).

Dextrinization potential of enzymatic extracts

Dextrinizing activity was assessed using corn starch (1%) as
enzyme substrate in Mcllvaine buffers 0.1 M (pH 7.0) and the
iodometric methods described by Fuwa (1954) and Pongsawadi
and Yagisawa (1987). The reaction mix contained 0.1 mL of extract
enzymes in 0.3 mL of buffer solution containing starch. After 10 min
at 60°C, the reaction was stopped by adding 4 mL of HCI solution
0.2 M. Finally, 0.5 mL of reactive iodine and 10 mL of distilled water
were added. The absorbance was quantified at 700 nm. One unit of
activity was defined as the amount of enzyme required to reduce
the intensity of the blue of the starch iodine complex by 10% per
minute of reaction.

Saccharification potential of enzymatic extracts

Saccharifying activity was assessed using corn starch (1%) as
enzyme substrate in Mcllvaine buffer 0.1 M (pH 7.0) and employing
the glucose-oxidase/peroxidase method (Bergmeyer and Bernt,
1974). The reaction mix contained 0.1 mL of the extract enzymatic
in 0.4 mL of buffer solution containing starch. After 10 min at 60°C,
the reaction was stopped in an ice bath. The glucose released was
guantified using an enzymatic colorimetric kit (Glicose-PP Analisa).
The absorbance was quantified at 505 nm. One unit of enzyme
activity was defined as the amount of enzyme required to release 1
pmol of glucose per minute of reaction.

RESULTS AND DISCUSSION

Selection and identification of strains with potential
for amylase production

To determine their potential for amylase production by
solid state fermentation, the 54 yeast strains were grown
for 120 h at 28°C, using wheat bran with 70% moisture.
Wheat bran was chosen as the substrate for the selection
of promising strains due to its complexity nutritional,
favoring microbial growth and the production of different
fungal amylases; fact described by several authors in
previous works (Ellaiah et al., 2002; Bhatti et al., 2007).



1218 Afr. J. Biotechnol.

Table 1. Production of amylase by solid state fermentation for 120 hours at 28°C, using

wheat bran (70% moisture content) as substrate.

Yeast Collection site Amylase activity (U/mL)
01 Cereja do Rio Grande** 5.07 £ 0.08
29* Uvaia** 14.68 £ 0.5
30* Uvaia 25.00+0.16
37* Péssego do Mato** 14.10£0.44
39 Acerola** 5.39+0.19
41 Acerola 11.22 +0.27
43* Pequi** 25.39+0.23
44 Pequi 10.17 £ 0.27
46 Uvaia 5.54+£0.18
53 Sugarcane must 10.30£1.25
54 Sugarcane must 11.77 £0.20
S. cerevisiae Commercial strain 0.39 £ 0.05

*Strains 29 and 37 (Candida parapsilosis); Strain 30 (Rhodotorula mucilaginosa); Strain 43 (Candida
glabrata).**Cereja do Rio Grande (Eugenia involucrata DC); Uvaia (Eugenia pyriformis); Péssego do
Mato (Hexachlamys edulis); Acerola (Malpighia glabra L.); Pequi (Caryocar brasiliense).

Table 2. Molecular identification of amylase-producing yeast strains using the D1/D2 rRNA gene marker.

GenBank closest relative®

CBS closest relative®

Yeast Identification Size' . ,
%  Accession # %  Accession #
29 Candida parapsilosis 571 99 (C/:Aa; :;%Zgg)r apsilosis 100 g;réd;dozzélrapsilosis
30  Rhodotorula mucilaginosa 571 100 E?g‘?%gg" (&uscgfggsa 100 E%‘?gg? mucilaginosa
37 Candida parapsilosis 570 100 ;ag s;%zgg)rapsilosis 100 girécgdssp;asrapsilosis
43 Candida glabrata 581 100 g;rwsdildszg;(fgrla;g 398) 100 g:r;d;jse;glabrata

!In base pairs; %Results obtained in the databases.

Solid state fermentation was adopted aiming to lower
the cost of enzymes production, considering that one of
the major problems for the enzymes application in
industrial scale, is the high cost of these biocatalysts,
given the high price of formulated culture media (Romero
et al., 2007; Garcia-Martinez et al, 2010). In this way, the
use of agroindustrial wastes for the microorganisms
cultivation and enzyme production is one alternative to
reduce the final cost of these biological catalysts
(Singhania et al., 2009; Alves-Prado et al., 2010),
especially in countries such as Brazil that have
agriculture as one of the main economic activities.

Under the culture conditions used in this study, the
strains that displayed the highest production of extracel-
lular amylase were strains 29 (14.68 U/mL or 146.8 U/g
substrate), 30 (25 U/mL or 250 U/g substrate), 37 (14.10
U/mL or 141 U/g substrate) and 43 (25.39 U/mL or 253.9

U/g substrate) (Table 1). These results are very pro-
mising when compared to previous results reported in the
literature. Bhatti et al. (2007) cultivated the fungus
Fusarium solani in solid state, using wheat bran as
substrate, and obtained glucoamylase (about 61.35 U/g).
Anto et al. (2006) reported the production of a-amylase
by Bacillus cereus MTCC1305 (about 122 U/g), also grown
in solid state. Similar results were reported by Ellaiah et
al. (2002), who cultivated Aspergillus species in solid
state. The authors obtained the maximum glucoamylase
production (247 U/g), after 120 h of cultivation.

High level amylase-producing strains were selected for
molecular identification. Using the criterion established by
Kurtzman and Robnett (1998), our results show that the
D1/D2 sequences of strains 29 and 37 were 99%
identical to a sequence of Candida parapsilosis found in
the database (Table 2). On the other hand, sequences
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Table 3. Effect of pH and temperature on amylase produced by the selected yeast strains.

Stability pH Stability temperature (°C)

Yeast Optimum pH Optimum temperature (°C)
Candida parapsilosis 7.0
Rhodotorula mucilaginosa 7.0
Candida glabrata 7.0

60
60
60

5-10 30-50
3.5-95 30 -50
3-85 30 -50

derived from strains 30 and 43 were 100 and 99%
identical to a sequence of Rhodotorula mucilaginosa and
Candida glabrata, respectively (Table 2). Reports about
the use of these strains to produce enzymes of industrial
interest are scarce, which underlines the importance of
the present study. According to Saran et al. (2007), the
prospection of microorganism producers of industrially-
relevant enzymes has become increasingly important
since it enables an understanding and improved
application of these enzymes in industrial processes, as
well as the discovery of new catalytic properties that may
be used to develop new biotechnological processes.

Biochemical characterization of the

produced

amylases

Effect of pH and temperature

Amylases were characterized using enzymatic extracts
obtained by growing the yeasts under the previously
described conditions. The enzymes exhibited maximum
activity at pH 7.0 and 60°C (Table 3). In general, fungal
amylases have optimum pH values ranging from acidic to
neutral (Gupta et al., 2003). Giannesi et al. (2006)
obtained amylases from several microbial sources,
exhibiting an optimum pH from 4.5 to 7.0. Rahardjo et al.
(2005) reported pH 7.0 as optimal for amylases produced
by Aspergillus oryzae. Figueira and Hirooka (2000) found
optimum pH values of around 6.7 for amylases produced
by the fungus Fusarium moniliforme. With respect to
temperature, Aquino et al. (2003) reported that 60°C was
the optimal temperature for a-amylase produced by
Scytalidium thermophilum. Similar results were found by Li
et al. (2007) for amylase produced by the vyeast
Aureobasidium pullulans N13d.

The enzymes were stable in a broad range of pH: C.
parapsilosis (5 to 10); R. mucilaginosa (3.5 to 9.5) and C.
glabrata (3 to 8.5). Amylases produced by selected
strains were stable for 1 h at 50°C (Table 3). The
enzymes exhibited higher pH and temperature-related
stability than amylases produced by different microbial
species. The amylase produced by Vibrio sp. was stable
at pH 6.0 to 7.5, maintaining only 50% of its activity at pH
4.5 and 8.5. The same enzyme was stable for 30 min at
50°C (Najafi and Kembhavi, 2005). Sahnoum et al.
(2012) found that the amylases produced by Aspergillus
oryzae remained stable after 48 h at pH 5.6. However,

when incubated for the same period at other levels of pH,
they exhibited a considerable decrease in their catalytic
potential. In the same study, the authors reported that the
enzymes exhibited about 60% of residual activity after 1 h
at 50°C. Gomes et al. (2005) reported a decrease of
approximately 30% in the catalytic activity of amylase
produced by the fungus Thermomyces lanuginosus when
incubated for 24 h at pH 4.0 and 10.0. However, the
enzyme remained stable after 1 h at 60°C.

The presence of enzymatic activity at extremes of pH
and temperature confirms the high structural stability of
the amylases produced by the yeasts assessed in the
present study, highlighting their biotechnological
potential. Previous studies reported high stability for
extracellular enzymes produced by yeasts (Fossi et al.,
2005; Leite et al., 2008). Enzymatic action in a wide range
of pH and temperatures is advantageous for their industrial
application, considering that only minor adjustments are
needed in the processes (Leite et al., 2008).

Effect of ethanol on enzymatic activity

Enzymes may be exposed to alcoholic solutions in various
industrial applications; therefore, the inhibition of ethanol is a
trend in the study of some enzymes (Sun and Cheng,
2002). When incubated in solutions containing up to 15%
ethanol, the enzyme activity was higher than 70% of the
original (Figure 1). The increased catalytic potential of the
amylases produced by the yeasts C. parapsilosis and R.
mucilaginosa may be associated with the use of ethanol as
the acceptor of intermediate glycosylation during the
hydrolysis of the substrate, increasing the speed of the
reaction (Villena et al., 2006).

Considering that the final concentration of ethanol in
traditional fermentation processes stabilizes at around
10%, the results obtained here are very promising.
Ethanol concentrations higher than 12% are harmful to
the fermenting microorganism, hindering the recycling of
yeast for a new fermentation cycle (Gu et al., 2001).
Therefore, it can be inferred that the enzymes produced
by the selected strains may be applied in alcohol
production processes from amylaceous sources. Enzy-
matic stability in ethanol is an advantageous feature in
simultaneous saccharification and fermentation (SSF)
processes in which fermentable sugars released by the
action of enzymes on vegetable polysaccharides are
converted simultaneously into ethanol by fermenting micro-
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Figure 1. Effect of ethanol on enzymatic activity at pH 7.0 and 50°C. A) Candida
parapsilosis. B) Rhodotorula mucilaginosa. C) Candida glabrata.
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Figure 2. Catalytic potential of the enzymes on starches from different vegetable
sources, quantified by the DNS method (reducing sugar).

organisms (Leite et al., 2008; Scott et al., 2013). sources was assessed using starch extracted from
potatoes, wheat, cassava and corn as substrate. These
are among the main starch sources commercialized in
Enzymatic hydrolysis of starch from different the world, being all cultivated expressively in Brazil.
sources The enzymatic extracts exhibited potential to hydrolyze
all the starch assessed in this study. However, the best
The action of enzymes on starch from different vegetable catalytic efficiency was achieved with corn starch (Figure 2).
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Quantification of sugars and reducing ends using the DNS method. C) Quantification of free glucose using the glucose-oxidase

method.

The catalytic action of different enzymes in starch from
different sources may be related to the structure and
composition of the substrate molecule, particularly the
content and length of the amylose chains. The structural
characteristics of starch vary according to its botanical
origin. The proportions of amylose and amylopectin affect
the texture and architecture of the starch granule and are
therefore reflected in the catalytic properties of amylases.
Furthermore, the proportions of contaminants, such as
lipids, proteins and minerals, also differ according to
vegetable origin, and may affect enzymatic reactions
(Thomas and Atwell, 1999; Tester et al., 2004).

Corn starch has a higher amount of amylose, and
consequently lower levels of amylopectin, favoring
enzymatic hydrolysis. The amylopectin molecule is larger
than the amylose molecule and exhibits a branched
structure of high molecular weight with a-1.4 and a-1.6
glycosidic bonds, which hinder the catalytic performance

of amylases (Tester et al., 2004).

Dextrinization and saccharification

enzymatic extracts

potential of

Based on the above described results, the changes
caused by each enzymatic extract in starch molecules
were assessed using corn starch as substrate. The
enzymes produced by C. parapsilosis and C. glabrata
caused a significant reduction in the degree of
polymerization of the starch molecule, which was
reflected in the increase of reducing chain ends.
However, the presence of free glucose was also
observed after enzymatic treatment, indicating that the
extracts have the synergistic action of dextrinizing and
saccharifying enzymes, despite the predominance of
depolymerizing potential (Figure 3). The enzyme extract
produced by R. mucilaginous was not efficient in reducing
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the polymerization of the starch molecule. However, an
increase in the concentration of total reducing sugars and
glucose was confirmed after enzymatic hydrolysis.
Therefore, it can be concluded that this enzymatic extract
exhibits predominantly saccharification potential (Figure
3).

The enzymatic hydrolysis of starch includes liquefaction
and saccharification. Endoamylases and debranching
enzymes such as a-amylase and isoamylase are used
during liquefaction, drastically reducing the degree of
polymerization of starch and releasing dextrins. During
saccharification, dextrins are hydrolyzed by exoamylases
to produce maltose (B-amylase) or glucose
(amyloglucosidase, a-glucosidase and glucoamylases)
syrup (Van Der Maarel et al.,, 2002). Thus, the results
obtained in this study indicate that the enzymatic extracts
of C. parapsilosis and C. glabrata exhibited catalytic
exoamylase and endoamylase activity, while the extract
of R. mucilaginosa exhibited mainly exoamylase activity.
The scientific literature describes similar results. Silva et
al. (2005) reported the dextrinizing and saccharifying
activity of enzymatic extract produced by the filamentous
fungus Rhizomucor pusillus. The production of
exoamylases has been described for the vyeasts
Aureobasidium pullulans (Li et al, 2007) and
Schizosaccharomyces pombe (Okuyama et al.,, 2005).
Furthermore, predominantly dextrinizing activity has been
reported for several species of Aspergillus, such as A.
flavus, A. niger and A. oryzae (Shafique et al., 2009;
Sahnoun et al., 2012).

Conclusions

Our results indicate that the evaluated yeast strains have
potential for amylase production in low cost culture
media. The enzymes exhibited high structural stability,
maintaining their catalytic potential at different levels of
pH, temperatures and ethanol concentrations. In view of
the described characteristics, we highlight the
biotechnological potential of these enzymes and intend to
apply them in processes to obtain ethanol from starch
sources in future studies.
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This study was aimed at evaluating the effect of extraction methods on the antibacterial activity of
Citrullus lanatus seed extract. C. lanatus (watermelon) is a popular fruit consumed all over the world.
Three solvents were used for the extraction process: chloroform, methanol and distilled water while two
extraction conditions- cold extraction and Soxhlet extraction (coded as hot in this study) were
employed. Antibacterial activity of the seed extracts was determined by agar well diffusion method. The
seed extracts were tested against clinical isolates including Staphylococcus sp., Escherichia coli,
Proteus sp., Klebsiella sp. and a type Pseudomonas aeruginosa (ATCC 27853). It was observed that the
cold methanol extracts had the highest antibacterial effect on Staphylococcus sp. followed by hot
methanol extract while cold chloroform extract showed no antibacterial activity. In the presence of P.
aeruginosa only the hot methanol and chloroform extracts showed significant antibacterial potentials
(p=0.05). Also, saponins which have been implicated in antimicrobial activity were found to be present in
moderate and high concentrations in the hot and cold methanol extracts respectively. Results of this
study reveal that the kind of solvent employed as well as the conditions for extraction (cold maceration
and Soxhlet extraction) influenced the efficacy of the extract against specific test organisms. Furthermore,
the presence of saponins may have influence the relatively high zone of inhibition recorded with cold
and hot methanol extracts against some of the test organisms.

Key words: Watermelon seed, antibacterial, Soxhlet extraction, cold maceration, solvents.

INTRODUCTION

Citrullus lanatus commonly called watermelon is a popular
fruit in many parts of the world and it is notable for its
high water content and attractive look. The fruit comes in
various shapes, sizes and rind pattern (Wehner, 2008).
Although the seed of watermelon is often discarded as

waste; it contains various amounts of carbohydrate,
phenol, flavonoids, protein, fibre, phosphorus and iron
(Varghese et al., 2013). Proximate analysis of the seed
as reported by Oyeleke et al. (2012) revealed very high
fat content (47.9%) followed by protein (27.4%) and
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carbohydrate (9.9%). Traditionally, the seed of C. lanatus
is said to be medicinal because it can relieve inflammation/
irritation; causes increased passing of urine and gives
tonic effects (Okunrobo et al., 2012; Varghese et al., 2013).

Extraction of medicinal plants is carried out using
various methods including maceration, infusion, decoction,
percolation, hot continuous extraction (Soxhlet extraction),
thermal desorption, surfactant mediated extraction,
counter-current extraction, accelerated solvent extraction,
pressurized liquid extraction amongst others. Advanced
extraction methods include extraction, ultrasonication
assisted extraction, supercritical fluid extraction, microwave-
assisted extraction and supercritical fluid extraction
(Gupta et al, 2012; Handa, 2008). Most of the
information available on the antibacterial activity of C.
lanatus seed have made it clear that cold maceration is
popularly used for extraction of C. lanatus plant parts
(Okunrobo et al.,, 2012; Omigie and Agoreyo, 2014;
Oseni and Okoye, 2013); and in few cases Soxhlet
extraction (Meena and Patni, 2008; Oyeleke et al., 2012).
This has brought about the need to compare extraction
methods in order to determine which method will yield the
highest antibacterial effect on the organisms. The aim of
this study was to examine the effect of extraction solvents
and extraction conditions on the antibacterial potential of
the seed extracts of C. lanatus.

MATERIALS AND METHODS
Collection and preparation of seed material

Twenty five watermelon fruits were purchased from Omu-aran
market, Kwara State, Nigeria. The fruits were washed and cut open
to obtain the seeds. The seeds obtained were washed and air-dried
for two days; then pulverized using mortar and pestle under aseptic
conditions and ground to powder using a blender (Waring
commercial blender, Model No. HGB2WTS3). Powdered seed
material were then weighed and kept in air-tight containers until
further usage.

Preparation of crude extracts

Cold extraction by maceration and Soxhlet extraction were carried
out on the seed material using three solvents- chloroform, methanol
and distilled water- in order of increasing polarity.

Cold extraction: The powdered seed material was subjected to
successive solvent extraction using chloroform, methanol and
distilled water in the increasing order of polarity. A total of 50 g each
of dried seed powder was extracted first in 150 ml of chloroform in a
conical flask and placed in an orbital shaker for 72 h at 90 rpm. This
was done in triplicate. The extracts obtained were filtered using
Whattman filter paper and were evaporated to dryness using a
rotary evaporator and water bath at 40-50°C then stored at 0-4°C in
air-tight containers for further use (Varghese et al., 2013). The
residue was allowed to air-dry and subsequently extracted with 150
ml of methanol following the same procedure. Lastly, the air-dried
residues were extracted with 150 ml of distilled water also following
the method but for 24 h.
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Soxhlet extraction: The powdered seed material was also subjected
to successive solvent extraction using chloroform, methanol and
distilled water in the increasing order of polarity. The Soxhlet
apparatus was used in this case. A total of 50 g each of dried seed
powder was extracted in three thimbles (triplicate) of the Soxhlet
apparatus, first in 150 ml each of chloroform and allowed to stand
for 6 h. The extracts obtained were evaporated to dryness using a
rotary evaporator and water bath at 40-50°C, and stored at 0-4°C in
air-tight container for further use (Varghese et al., 2013). The
residue was allowed to air-dry and extracted with 150 ml of
methanol following the same method. Distilled water was not used
for Soxhlet extraction due to the challenges encountered. All
extracts were evaporated to dryness using a water bath.

Phytochemical screening

Qualitative phytochemical screening of the various extracts was
carried out according to standard procedure (Trease and Evans,
1989; Evans et al., 2002) to ascertain the qualitative composition of
the seed. Phytochemicals screened include alkaloids, phenols/
tannins, saponins, steroids, flavonoids, reducing sugars and lipids.

Dilution of extract

In 1 ml of each solvent used except chloroform, 0.2 g (200 mg) of
the corresponding extract was re-dissolved. The chloroform extract
on the other hand was re-dissolved in a mixture of petroleum ether
and methanol (8:2 v/v). Ciprofloxacin was used as positive control.
1000 mg of Ciprofloxacin was dissolved in 5 ml of distilled water.

Preparation of test specimens

Clinical isolates of Staphylococcus sp., Escherichia coli, Proteus
sp., and Klebsiella sp. were obtained from the University of llorin
Teaching Hospital, llorin, Kwara State, as well as a type strain of P.
aeruginosa (ATCC 27853). The test organisms were sub-cultured
and incubated at 37°C for 24 h on nutrient agar slant medium and
were stored 0-4°C till use. They were then further sub-cultured in
nutrient broth at 37°C for 24 h.

In-vitro antibacterial activity (agar well diffusion method)

Antibacterial activity of watermelon seed extracts was carried out
using the agar well diffusion method as reported by Hassan et al.
(2011), with some modifications. Mueller Hinton agar (LABO039,
LabM Limited, UK) was prepared according to the manufacturer’s
direction. From each standard bacterial stock suspension
[Staphylococcus sp. (1.5 x 10° CFU/m); E. coli (2.0 x 10° CFU/mI);
P. aeruginosa (3.4 x 10° CFU/mI)], 1 ml of the broth culture of the
respective bacteria was mixed thoroughly with 20 ml of sterile
molten Mueller Hinton agar (45-50°C) before pouring into sterile
petri dishes and left to solidify. Furthermore, a sterile cork-borer of
diameter 6.0 mm was used to bore wells in each agar plate and 50
I of each extract was introduced into the different wells. The plates
were allowed to stand for 6 h after which they were incubated for 18
to 24 h at 37°C. After incubation, the zone of inhibition for each
extract and the control was measured using a meter rule and
recorded.

Statistical analyses were carried out using the SPSS statistical
software. The comparison of means was done using the One-Way
Analysis of Variance (ANOVA). All experimental setups were in
triplicate.



Qualitative phytochemical analysis

The various extracts of watermelon seeds were tested for
different phyto-constituents including alkaloids, phenols/
tannins, saponins, steroids, flavonoids, reducing sugars
and lipids using standard procedures and the results are
shown in Table 1. The result reveals that the cold
chloroform and hot chloroform extracts (CCE and HCE)
had the same phyto-constituents; this was also the case
with the cold and hot methanolic extracts (CME and
HME). In addition, the methanol extracts (CME and HME)
were positive for all phytochemicals screened.

Antimicrobial screening

As shown in Figure 1, the highest zone of inhibition of 9.3
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Table 1. Qualitative phytochemical analysis of Citrullus lanatus seed extracts
Phytochemicals CCE HCE CME HME CWE
Saponins - - +++ ++ +
Phenols/Tannin - - ++ +++ -
Alkaloids - - ++ ++ ++
Steroids +++ +++ + ++ -
Flavonoids +++ ++ +++ +++ -
Reducing sugars ++ ++ +++ +++ -
Lipids ++ ++ + + +
CCE= Cold chloroform extract; HCE= hot chloroform extract; CME= cold methanol extract; HME=
hot methanol extract; CWE= cold water extract; +++= High concentration; ++= moderate
concentration; += low concentration; - = absent. The solvents were evaporated to dryness.
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Figure 1. Antibacterial potential of the different seed extracts of the watermelon on Staphylococcus sp.

RESULTS mm was recorded with the cold methanol extract (CME)

followed by hot methanol extract (HME) which had a
zone of inhibition of 6.00 mm when administered against
Staphylococcus sp.

Among the different extracts used for investigation, the
CME and HME extracts were observed to show
significantly ~ high  zones of inhibition against
Staphylococcus sp., when compared with the other
extracts (p<0.05). Significantly low zones of inhibition
were observed with the CCE and the CWE in the
presence of the Staphylococcus sp. (p<0.05).

When E. coli was used as the test bacteria, the
antibacterial activity of the various extracts against E. coli
was generally low apart from the control (Figure 2). CWE
recorded a zone of inhibition of 6.0 mm while HCE had a
zone of inhibition of 5.33 mm. When compared to the
control antibiotic, none of the extracts used for
investigation was observed to significantly inhibit the
growth of Escherichia coli. The zones of inhibitions
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Figure 2. Antibacterial potential of the different seed extracts of the watermelon on Escherichia coli.
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Figure 3. Antibacterial potential of the different seed extracts of the watermelon on Proteus sp.

observed for ‘HME’ and ‘CWE’ were however observed to
be significantly higher than those of the other extracts
(p=0.05).

Figure 3 shows that CME, HCE and CCE extracts did
not show any zone of inhibition when tested against
Proteus sp. while CWE and HME recorded zones of
inhibition of 2 and 1.33 mm, respectively.

In the presence of Proteus sp., the zones of inhibition
showed by the different extracts were not observed to be
significantly different from one another. A significantly
high zone of inhibition was however observed for the
control antibiotic (p<0.05).

When tested against Klebsiella sp., extracts HCE and
CWE recorded similar zone of inhibition of 2.67 mm,



1228 Afr. J. Biotechnol.

10 -

(o]
1

Zone of inhibition (mm)

CME

4 -
) L i
0 ‘[ . T T T T
HME CCE HCE CWE CON

Extract

Figure 4. Antibacterial potential of the different seed extracts of the watermelon on Klebsiella sp.
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Figure 5. Antibacterial potential of the different seed extracts of the watermelon on

Pseudomonas aeruginosa.

CME showed no zone of inhibition while the control had a
zone of inhibition of 10 mm (Figure 4). As was observed
in the presence of the Proteus sp., although the zone of
inhibition observed for the control antibiotic was observed
to be significantly higher than all the extracts used for the
investigation, no significant differencesin zones of inhibition
were observed among the extracts in the presence of the
Klebsiella sp. (p<0.05).

In the case of P. aeruginosa, antibacterial activity was
highest with HME (8.67 mm) followed closely by HCE
(8.0 mm) while CME and CCE showed no zone of inhibition
(Figure 5).

Although remarkably high zones of inhibition were
observed in the presence of the Pseudomonas aeruginosa
for the HME, HCE and CWE extracts, only the ‘HME’ and
‘HCE’ were observed to be significantly different (p<0.05).



DISCUSSION

The presence of saponins in high concentration in CME
may have resulted in the extract having the highest zone
of inhibition recorded during this study. In the same vein,
the concentration of saponins in HME and CWE were
moderate and low respectively and this was evident in
their activity against Staphylococcus sp. being the only
Gram positive organism studied. Saponins have been
reported to have antibacterial effect against Gram positive
bacteria but not against Gram negative organisms (Soetan
et al. 2006). The antibacterial activity of CME and HME
against the Staphylococcus sp. in the present study can
be ascribed to the presence of saponins, this was
corroborated by the report of Soetan et al. (2006) and
Thirunavukkarasu et al. (2010) that crude saponin extracts
of Sorghum bicolor L. Moench and pure saponin fraction
of the leaves of Solanum trilobatum Linn were active
against S. aureus.

In the present study significant antibacterial effect was
observed against Staphylococcus sp. (in the case of cold
methanol and hot chloroform extracts) and P. aeruginosa
(when the hot methanol and hot chloroform extracts were
tested). This aligns with the report of Adewuyi et al. (2013)
who evaluated the antibacterial activities of nonionic and
anionic surfactants from Citrullus lanatus seed oil; they
reported that C. lanatus seed oil did not show any
inhibition against the tested organisms while the biosur-
factants had activity against the growth of the test
organisms, P. aeruginosa, S. aureus, K. pneumonia and
E. coli. This study revealed that the Klebsiella pneumonia
was not susceptible (p<0.05) to any of the extracts while
the Pseudomonas aeruginosa was susceptible to hot
methanol (HME) and chloroform (HCE) extract; but
Braide et al. (2012) also determined the antibacterial
activity of agueous, methanol and ethanol extracts of C.
lanatus seed on five bacteria and found K. pneumonia
and P. aeruginosa to be susceptible to all extracts. This
might be as a result of the condition under which the
extraction was carried out in this study; Soxhlet
apparatus while that reported by Braide et al. (2012) was
carried out without the introduction of any form of heat.

Conclusion

The antibacterial effects of C. lanatus seed extracts
against the selected bacteria suggests that extracts
obtained by cold maceration, Soxhlet extraction, as well
as using methanol and chloroform have potential as
antibacterial agents especially against Staphylococcus
sp. and P. aeruginosa. Further isolation of saponins from
seed and testing it against more Gram positive bacteria
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will be necessary to confirm that saponins are responsible
for the antibacterial activity observed.
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The aim of this study was to determine the chemical characteristics of passion fruit seeds and their oil
for possible use in human food and reduction of organic waste from fruit industrialization. Passion fruit
seeds were analyzed for moisture, lipids, proteins, ash, fibers, titratable acidity, pH, soluble solids and
antioxidant activity. The oil was characterized for parameters such as acid value, saponification, iodine
and peroxide. The content of oil extracted demonstrates that it has good potential for industrial
utilization. According to analyses, the oil has characteristics similar to conventional edible oils such as
soybean, and may be a new source of human consumption. Passion fruit seeds have high nutritional
value, proving to be a promising product, mainly because it contains significant amounts of proteinase.
Therefore, passion fruit seeds and their oil should be used as raw material in the food, chemical and
pharmaceutical industry, as they have beneficial features.

Key words: Industrial utilization, characterization, by-products.

INTRODUCTION

Brazil stands out as the world’s largest producer of
passion fruit (Passiflora edulis flavicarpa), and produced
in 2010 approximately 920,000 tones of the fruit (IBGE,
2012), and there is a worldwide trend toward consump-
tion of passion fruit due to its great nutritional value, that
is, the consumption of exotic tropical fruits with distinctive
flavor is increasing.

Passion fruit is native to tropical America and widely
grown in Brazil. It is rich in vitamin C, calcium and
phosphorus. The most economically importance of

passion fruit is in the form of concentrated juice (Ferrari
et al., 2004); however, for industrialization, passion fruit
bark and seeds are usually discarded, and these
represent over 60% of the fruit and are almost always
treated as organic waste.

An alternative to by-products from passion fruit
industrialization would be its use in human food. The
seeds of these fruits are rich in fiber, minerals and lipids,
with good amount of proteins (Oliveira et al., 2011). Chau
and Huang (2004) reported that passion fruit seeds are
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rich in crude lipids and insoluble dietary fiber. Passion
fruit seed oil has pleasant taste and mild odor and
compares with the cottonseed oil in nutritional value and
digestibility (Ferrari et al., 2004). Passion fruit seeds
contain large amounts of oil and fiber and are generally
removed after being crushed. These residues imply in
operating costs for industries and may become an
environmental problem. Thus, the extraction of oil from
passion fruit seeds can add value to this agroindustrial
residue (Malacrida and Jorge, 2012).

Passion fruit seed oil has physicochemical
characteristics similar to some common edible oils; may
be a new source for human consumption (Kobori and
Jorge, 2005). Passion fruit seed oil has high contents of
polyunsaturated fatty acids that can be and successfully
used, for example, in the production of margarine, which
are consumed without heat treatment and therefore less
susceptible to oxidation (Lopes et al., 2010).

Many substances present in fruits, pulp, seeds and
bark can contribute to beneficial effects such as
antioxidant activity (Zeraik et al., 2010). The action of
antioxidants present in plant extracts plays an important
role in reducing lipid oxidation in plant and animal tissues,
because when incorporated in human food not only
preserves the quality of food, but also helps reduce the
risk of the development of diseases such as
arteriosclerosis and cancer (Namiki, 1990; Ramarathnam
et al., 1995).

Passion fruit seed oil, extracted by Soxhlet, has
significant antioxidant quantity and can serve as a source
of natural antioxidants preventing the development of
diseases or as a food additive, increasing the stability
and quality of food products (Malacrida and Jorge, 2012).
The aim of this study was to determine the chemical
characteristics of passion fruit seeds and their oil for
possible use in human food and reduction of organic
waste from fruit industrialization.

MATERIALS AND METHODS

Passion fruit seeds were obtained in a farm in the municipality of
Santa Helena de Goias, GO, with an altitude of 525 m and
coordinates 17° 37' 58"S and 50° 33' 20" W.

Passion fruits were sent to the Laboratory of Fruits and
Vegetables, Food Engineering Unit, Federal Institute of Education,
Science and Technology of Goias, Rio Verde Campus, Goiés,
where seeds were extracted. Subsequently, the wet samples were
dried in the sun for 6 hours to remove the residual moisture from
fruits.

The physical and chemical composition of fresh pequis was
determined as follows: moisture according to methodology No.
925.09 of AOAC (2000), until constant weight was achieved; ether
extract according to methodology No. 925.38 of AOAC (2000);
crude protein content according to micro-Kjeldahl method No.
920.87 of AOAC (2000); ash, according to the gravimetric method
of AOAC (2000) No. 923.03, and calcined at 550°C, with
permanence of the sample inside the FORNITEC oven, model
1926, Brazil; crude fiber according to methodology of AOAC (1995).
The titratable acidity contents were obtained by titration of the
filtered juice with NaOH solution (0.01 N), and the results were
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Table 1. Chemical and nutritional propertied
and antioxidant activity of passion fruit

seeds.

Component Value*
Soluble solids (°Brix) 3.50 £ 0.27
pH 6.36 £ 0.08
Titratable acidity (%) 0.90 + 0.05
Proteins (%) 11.80+£0.20
Lipids (%) 30.22+1.42
Moisture (%) 7.45+0.16
Ash (%) 2.05+0.35
Dietary fiber (%) 67.23 £ 1.69
Antioxidant activity (ECsq) 108 + 1.58

*Mean and standard deviation.

expressed as % citric acid (IAL, 2005). The content of soluble
solids, expressed in °Brix, was determined by reading the filtered
juice in refractometer model Atago N-2E (IAL, 2005). The pH was
determined using a Bel Engineering pH meter; model W3B,
according to the technique of IAL (2005).

The acid, peroxide, iodine and saponification values were
determined by adapted official methodology described by “Institute
Adolfo Lutz” (IAL, 2008).

The measure of the scavenging activity of DPPH free radical was
performed according to methodology described by Brand-Williams
and Berset (1995). Passion fruit seed samples were ground (10 g)
extracted into tubes with methanol (40 ml) and centrifuged for 5
min; the supernatant was stored for further use. The extracts were
diluted in three different concentrations for subsequent spectro-
photometric reading.

The reaction mixture consisted of adding 0.5 ml sample, 3 ml of
absolute ethanol and 0.3 ml of DPPH free radical solution and 0.3
mM of ethanol. The reduction of the DPPH free radical was
measured by reading the absorbance at 517 nm in 100 min of
reaction. The antioxidant activity was expressed according to
Equation 1 of Mensor et al. (2001) described below:

% AA =100 - {[(Abssample - AbSpiank) X 100] / AbScontrot} (1)

Where, Aa = sample absorbance; Ab = blank absorbance; Ac =
control absorbance. Thus, the specific blank of extracts in various
concentrations used for each sample was taken into account. The
specific sample blank was determined using 3.3 ml of ethanol and
0.5 ml of sample in each concentration and the absorbance was
read at 517 nm after 100 min of reaction. A tube containing 3 ml of
absolute ethanol, 0.5 ml of 70% ethanol and 0.3 ml of 0.5 mM
DPPH served as a negative control.

RESULTS AND DISCUSSION

The results for the passion fruit seeds studied are shown
in Tables 1 and 2. Soluble solids are composed of water-
soluble compounds, including sugars (Chitarra and
Chitarra, 2005). The passion fruit seeds used in this
study had average soluble solids content of 3.5 °Brix.

The moisture content of seeds was 7.45%. The
moisture reported in this study was higher than the value
found by Jorge et al. (2009) of 6.89%; however, is within
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Table 2. Chemical characteristics of the passion fruit

seed oil.
Component Value*
Acidity value (mg KOH g™ 1.63 +0.08
lodine index (g /200 g oil) 109.48 +5.02
Peroxide index (meg/Kg) 1.54+0.12
Saponification Index (mg KOH g'l) 173.95+1.48

*Mean and standard deviation.

the recommended limit for plant flours established by law,
which is 15% (ANVISA , 2005), which ensures higher
quality, because the drier the flour, the higher its
microbiological stability.

The titratable acidity is consistent with expectations,
and passion fruit seeds have low acidity and pH near
neutral, with 0.90% and 6.36, respectively.

The amount of lipids was found to be 30.22%, which
indicates that passion fruit seeds are good source of oils,
especially when compared to soybean seeds, which
contains according to Costa et al. (2005), about 20% in
oil. Togashi et al. (2007) used passion fruit seeds in the
diets for broilers and found about 24.5% of lipid content.
Passion fruit seed oil has high contents of unsaturated
fatty acids, which indicates that this product has good
potential for use in both human and animal feed, as in the
cosmetics industry (Ferrari et al., 2004).

Passion fruit seeds have high amounts of dietary fiber,
equal to 67.23%. Fiber intake is associated with lower
concentrations of cholesterol, lower risk of coronary heart
disease, reduced blood pressure, increased weight
control, improved glycemic control, reduced risk of certain
forms of cancer, and improved gastrointestinal function
(Anderson et al., 1994).

The high fiber and protein content of passion fruit
seeds suggests that these can be used as animal and
human feed due to their significant nutritional value since
as long as there are no toxic or allergenic substances
(George, 2009).

The antioxidants present in passion fruit seed extracts
react with DPPH, which is a stable radical and converts it
into 2,2- diphenyl - 1 - picryl hydrazine, where the degree
of discoloration indicates the antioxidant potential of the
extract (Roesler, 2007). Plants, particularly fruits, are rich
in several compounds with antioxidant activity, which
include ascorbic acid, polyphenols and carotenoids (Melo
et al., 2008). The ECs, for passion fruit extract was 108
ug.mL™. Roesler (2007) studied the antioxidant activity of
fruits from the cerrado regions and obtained results
similar to those of this study in relation to the seeds of
fruits studied, obtaining 162.97 pg.mL'1 for lobeira pulp +
seed and 30.97 pg.mL'1 for araticum seeds. Since
passion fruit seeds are often treated as industrial waste,
its antioxidant activity reveals that this seed can and
should be considered extremely significant material for

consumption, as the antioxidant activity is related to the
reduction of diseases. The study of bioactive substances
is of great importance and these studies reveal the
importance of the consumption of plant products due to
their high antioxidant activity.

The chemical characteristics of passion fruit seed oil
are shown in Table 2. The acidity index provides
important data on the condition of the oil conservation.
The Codex Alimentarium Commission (2008) determines
the maximum value of the acidity index of 4.0 mg KOHg™
as a quality parameter. The value found in this study
(1.63 mg KOH g™) indicates that the studied oil can be
used for food purposes, since it lies within the stipulated
quality values.

The iodine index is related to the amount of
unsaturation present in the oil. Passion fruit seed oil is
mostly composed of unsaturated fatty acids (Ferrari,
2004), with iodine value of 109.48 g/2/100 g of oil.
Industrially, this parameter is used as a way to control the
hydrogenation of oils. Malacrida and Jorge (2012) found
in their work iodine index for passion fruit seed oil of
128.0 gl2/100 g of oil. With iodine index above 100, the
oil can be considered as semi-drying (Bello et al., 2011).

The determination of the peroxide value is used as an
indicator of lipid oxidation. The Codex Alimentarium
Commission (2008) establishes for refined and crude oils
maximum peroxide values between 10 and 15 me
O,kg™. The oil under study showed 1.54 meqO, kg ~
peroxide value. Ferrari et al. (2004) found higher
peroxide value working with passion fruit seeds, of 4.7
meq O, kg"l. High peroxide values indicate that,
somehow, the oil was exposed to oxidative process either
during the preparation of the raw material, extraction or
oil storage (Jorge and Luzia, 2012).

The saponification index indicates the mean molecular
weight of fatty acids esterified to glycerol in the
triacylglycerol molecule; a high saponification index
indicates fatty acid of lower molecular weights and vice-
versa (Jorge and Luzia, 2012). The value found for the
saponification index of the sample analyzed was 173.95
mg KOHg'l, which is compatible with values found by
Kobori and Jorge (2005) when working with tomato,
orange, passion fruit and guava oil samples of 172.86,
181.05, 174.97 and 189.91 mg KOH g'1 oil, respectively.

Conclusion

The disposal of industrialization products is a problem
and adding value to these products, in this case passion
fruit seeds, have a great economical, scientific or
technological importance.

The content of oil extracted demonstrates that it has
good potential for industrial utilization. According to the
analyses, it has features similar to conventional edible
oils such as soybean oil, and may be a new source for
human consumption.

Passion fruit seeds have high nutritional value, proving



to be a promising product, mainly due to their significant
amounts of protein and fiber. The use of seeds and their
oil should be encouraged, as they provide the
development of clean technology, reducing organic waste
and increasing food production for containing high
nutritional values.
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Nanotechnology is one of the most emerging fields in the recent years. In the current investigation, we
report the biosynthesis of iron nanoparticles (Fe-NPs) employing Alternaria alternata fungus, which is
an eco-friendly process for the synthesis of metallic nanoparticles. Fe-NPs were synthesized through
the reduction of aqueous Fe®* ion in the dark conditions. Ultraviolet-visible spectrum of the aqueous
medium containing iron ion showed a peak at 238 nm and another peak at 265 nm. The forming of
nanoparticles was confirmed by transmission electron microscope, scanning electron microscope and
energy-dispersive x-ray. The morphology of nanoparticles is found to be cubic shapes mostly and the
average particle diameter as determined by scanning electron microscope was found to be 9+3 nm. Fe-
NPs showed antibacterial activity against both Gram-positive and Gram-negative bacteria used in this
study due to its oxidative damage for bacterial cell wall. Iron nanoparticles show more antimicrobial

activity to Bacillus subtilis than Escherichia coli, Staphylococcus aureus and Pseudomonas

aeruginosa.

Key words: Mycosynthesis, Alternaria alternata, iron nanoparticles, antibacterial.

INTRODUCTION

Nanobiotechnology is defined as the study of biological
phenomenon at nanosize scale. Generally, Nanotech-
nology comprises the study of materials that are less than
100 nm in size. Recently, the study of nanosize particles
has gained much attention due to their unique size-
dependent properties and their various applications
(Habeeb, 2013). The advantages in nanotechnology
make us to apply the concepts in a variety of fields. The
uniqgue characteristics of nanomaterials over their
macroscaled counter-parts gave them high importance in

a lot of valuable applications due to their altered physical
and chemical properties (Feynman, 1991). In addition to
their special physical and chemical characteristics, they
showed unusual optical, photoelectrochemical and
electronic properties (Peto et al., 2002). The problems
with the physical and chemical methods used for the
production of nanoparticles such as: short time stability
and safety issues can be solved by the use of other
biosynthetic methods such as the use of microorganisms.
Many organisms can produce either extracellular or
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intracellular inorganic substances (Mann, 1996).
Magnetite nanoparticles are examples of nanoparticles
produced by unicellular magnetotactic bacteria (Lovley et
al., 1987). The use of fungi in biosynthesis of nano-
particles was discovered recently. Fungi are eukaryotes
which are characterized by production of large amounts
of enzymes. They are relatively more complicated than
prokaryotes in terms of genetic manipulation when used
in over expression of enzymes included in nanoparticles
biosynthesis. Ultraviolet-visible spectra analysis of
biologically synthesized iron nanoparticles in a culture
media of Pleurotus sp. fungus that grow in 2x10* M
FeSO, solutions for 72 h showed formation of nano-
particles at 226 and 276 nm wavelength. Transmission
electron microscope images reflect depositions of
particles in both inside as well as outside indicating the
biosynthesis process. X-Ray fluorescence of control
samples do not shows any iron elements but was present
in treated mycelium (Mazumdar and Haloi, 2011). Gold
nanoparticles were formed by Verticillium fungus that was
exposed to 10* M HAuCI, solution which was indicated
by appearance of purple colour in the fungus biomass
(Mukherjee et al., 2001a).

The mechanism of gold nanoparticles biosynthesis by
Verticillium sp. includes the electrostatic interaction
between ions and enzymes carboxylate groups at first,
followed by reduction of ions by the enzymes which are
present in the cell wall of the fungus mycelia resulting in
nuclei formation which grow and accumulate more and
more forming these nanoparticles (Mukherjee et al.,
2001b). The emergence of infectious diseases in general
poses a serious threat to public health worldwide,
especially with the emergence of antibiotic-resistant
bacterial strains. Generally, both Gram-positive and
Gram-negative bacterial strains are thought to present a
major public health problem. Over the years, antibiotics
have been used to control infections resulting from both
community and hospital environments (Lowy, 1998;
Komolafe, 2003; Hawkey, 2008). Staphylococcus aureus
is one of the most common human pathogens, and leads
to many types of infection (Grinholc et al., 2008). S.
aureus is also known to possess an increasing ability to
resist antibiotics (such as penicillin, methicillin,
tetracycline, erythromycin, and vancomycin) (Jevons,
1961; Hiramatsu, 2001).

Thus, it is necessary to find an alternative treatment
(perhaps without the use of antibiotics) for bacterial
infection and bacterial pollution. Iron nanoparticles are
used recently over a wide range in different applications
such as the use of metallic nanoparticles especially, as
potential antimicrobials (Tran et al., 2010). This
antimicrobial property of iron nanoparticles can be used
in many applications such as in water treatment, food
processing, textiles industry and, construction, medicine
and food (Vasilache et al., 2011). Advances in nano-
technology are producing an accelerated proliferation of
new nanomaterial composites that are likely to become
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an important source of engineered health-related
products. Nanoparticles with antifungal effects are of
great interest in the formulation of microbicidal materials
(Nufiez-Anita et al., 2014). Metallic nanoparticles with
antibacterial properties represent a promising alternative
approach to antibiotics. Their complex mechanism of
action influences different bacterial structures and gives
them advantages compared to antibiotics with more
specific mechanism of action. Targets of nanoparticles
are outer and inner bacterial structures cell wall, plasma
membrane, proteins, and DNA (Kon and Rai, 2013).

In this study we report the biologically synthesized iron
nanoparticles by A. alternata fungus. The antibacterial
activity of iron NPs were tested against Gram-positive
and Gram-negative bacteria.

MATERIALS AND METHODS
Fungus

A. alternata (RCMB-009002) used for the synthesis of Fe-NPs, was
procured from The Regional Centre for Mycology and
Biotechnology, Al-Azhar University, Egypt.

Growth culture and synthesis of Fe-NPs

Fungal biomass of A. alternata used for biosynthetic experiments
was grown in liquid medium containing (g/l): KH2PO4 7.0, K;HPO4
2.0, MgS04.7H,0 0.1, (NH4).SO, 1.0, yeast extract 0.6, glucose
10.0. Erlenmeyer flasks were inoculated with spores and incubated
at 28°C with shaking (150 rpm) for 72 h. After the incubation, the
biomass was filtered (Whatman filter paper No. 1) and then
extensively washed with distilled water to remove any medium
component. Fresh and clean biomass was taken into Erlenmeyer
flasks containing 100 ml of Milli-Q water. The flasks were agitated
at the same conditions as described above, then the biomass was
filtered again and cell-free filtrate was used in experiments. Two
hundred and fifty (250) millilitre of iron (lll) nitrate (1 mM of final
concentration) was mixed with 1 g of harvested and washed
mycelia of A. alternata was suspended and plugged with cotton
then incubated at 28°C in dark with shaking (150 rpm) for 72 h.
Control (without fungus) was also run along with the experimental
flasks. After incubation time fungal mycelia was removed by
centrifugation at 4,000 rpm for 10 min and the resulting supernatant
was used for further analytical studies for extracellular Fe-NPs
(Mazumdar and Haloi, 2011).

Characterization of Fe-NPs

The preliminary detection of Fe-NPs was carried out by visual
observation of colour change of supernatant. These samples were
later subjected to optical measurements, which were carried out by
using a UV-visible spectrophotometer (Unicam-UV2 UV/Vis
Spectrometer) and scanning the spectra between 200 and 800 nm
at the resolution of 1 nm. A scanning electron microscope (SEM)
(JEOL JSM-5500LV) was used to characterize the structure
properties of the synthesized iron nanoparticles. The element
composition of the synthesized materials was identified by energy
dispersive X ray microanalysis system (EDX) (Module Oxford 6587
INCA x-sigh) coupled to the SEM at 17 KV after gold coating using
SPI-Module sputter coater. The morphology and particles size of
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Figure 1. UV-Vis spectra of iron nanoparticles biologically synthesized by fungus.

the resulting nanoparticles were analyzed using transmission
electron microscope (TEM) (Jeol JEM 1200 EXII) connected to a
high resolution imaging system. Samples for TEM studies were
prepared by placing drops of the iron nanoparticles solutions on
carbon-coated TEM copper grids.

Determination of antibacterial activity of Fe-NPs by well-
diffusion method

Antimicrobial activities of the synthesized iron nanoparticles were
performed against both Gram-negative (Escherichia coli RCMB
0100052 and Pseudomonas aeruginosa RCMB 0100043) and
Gram-positive (Bacillus subtilis RCMB 010067 and Staphylococcus
aureus RCMB 0100028) bacteria. The antibacterial activity was
done by modified Kirby-Bauer well diffusion method (Azam et al.,
2012). In brief, the pure cultures of organisms were subcultured in
Muller-Hinton broth at 35+2°C on a rotary shaker at 160 rpm. For
bacterial growth, a lawn of culture was prepared by spreading the
100 uL fresh culture having 10° colony-forming units (CFU)/mL of
each test organism on nutrient agar plates with the help of a sterile
glass-rod spreader. Plates were left standing for 10 min to let the
culture get absorbed. Then 6 mm wells were punched into the
nutrient agar plates for testing nanomaterial antimicrobial activity.
Wells were sealed with one drop of molten agar (0.8% agar) to
prevent leakage of nanomaterials from the bottom of the wells.
Using a micropipette, 100 yL Fe-Nps suspension was poured onto
each well on all plates. After overnight incubation at 35+2°C, the
different levels of zone of inhibition were measured. Antibiotics
Gentamicin and Ampicillin were used as a positive control for Gram-
negative and Gram-positive bacteria respectively.

TEM observations of treated Bacillus subtilis

Bacterial cells of both treated and untreated samples were
observed under TEM (JEOL 1010, Japan). The samples after
centrifugation and washing were fixed in 25% glutaraldehyde/
paraformaldehyde in cacodilate buffer at room temperature for 1 h.
Then samples were fixed in 1% osmium tetraoxide. Sample
embedding was carried out using a standard protocol (Croft, 1999)
and 60 nm thick slices were cut with a diamond knife (LBR
ultratome 1Il). The slices were deposited on bare 200 mesh copper

grids, and stained with 2 wt% uranyl acetate for 5 min. Finally, the
grids were dried in a desiccator and examined using TEM, for study
biocidal action of nanoparticles and any morphological changes,
and then photos were taken by special digital camera (Canon,
Japan).

RESULTS AND DISCUSSION

The biosynthesis of iron nanoparticles was carried out by
exposure of a precursor salt aqueous iron (lll) nitrate
solution of 1 mM concentration of fungal cell-free filtrate
obtained by incubating the fungus A. alternata (RCMB-
009002) in an aqueous solution. The reaction was carried
out at 28°C in dark with shaking (150 rpm) for 72 h. The
mycelium growth was found to be slow and there was a
gradual change in colour of medium as well as the
mycelium. Oxidation process of ferric (Fe3+) ions may be
takes place in culture solutions. Iron nanoparticle was
green synthesized by fungus Aspergillus oryzae TFR9
using FeCl; as a precursor metal salt (Tarafdar and
Raliya, 2013). The efficacy of silver synthesized
biolarvicide with the help of entomopathogenic fungus,
Beauveria bassiana, was assessed against the different
larval instars of dengue vector, Aedes aegypti (Banu and
Balasubramanian, 2014).

The absorption in the visible range directly affects the
perceived colour of the chemicals involved. In this region
of the electromagnetic spectrum, molecules undergo
electronic transitions. The UV-visible spectrum of Fe-NPs
in fungus media supernatant is shown in Figure 1. The
two absorption peaks at wavelengths of 238 and 265 nm
indicate the formation of iron nanoparticles. Iron oxide
nanoparticle shows the peak at 222 nm (Pal, 2014). The
analysis of iron nanoparticles that forming by Pleurotus
sp. under UV-vis spectrophotometer showed nearly
peaks at wavelengths 226 and 276 nm (Mazumdar and
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Haloi, 2011). On the other hand, two absorption peaks of
Fe-NPs that synthesized by Sargassum muticum
aqueous extract were introduced at wavelengths 402 nm
and 415 nm (Mahdavi et al., 2013) this shifts in peaks of
nanoparticles may be due to size of particles.

The TEM and SEM images for produced Fe-NPs

showed smaller particles in form of cubic shapes, while
the average particle diameter as determined by TEM was
found to be 9+3 nm, where particles size ranged from 5.4
to 12.1 nm (Figures 2 and 3). However, the mean
diameter average size of iron oxide nanoparticles
synthesized by bioreduction of ferric chloride solution with
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Figure 4. Spectrum of iron nanoparticles obtained by EDX microanalysis.

a green method using brown seaweed (Sargassum
muticum) aqueous extract contain sulphated polysac-
charides as the reducing agent was 18+4 nm and cubic
shapes (Mahdavi et al., 2013). Moreover, iron oxide
nanoparticles biologically synthesized using an aqueous
extract of Passiflora tripartita mollissima fruit showed
average patrticle size of spherical 22.3+3 nm (Kumar, et
al., 2014).

In the EDX spectra pattern of filtered fungus growth
media (Figure 4), the peaks around 0.1, 1.8, and 4.9 kV
are related to the binding energies of Fe. Therefore, the
pattern showed diffraction narrow peaks in the figure
confirm the crystalline structure of iron nanoparticles
without any impurity peaks. However, the results of XRD
analysis for the synthesized nanoparticles that were
obtained with different initial concentrations of FeCl;
indicated that the particles consist of y-Fe,O; and a-
Fe,0s,. It also revealed that a concentration of 0.02 M of
FeCl; resulted in the particles with the smallest Z-
average diameter (Cheng et al., 2012).

The mechanism of Fe-Nps formation by fungi was
discussed by some authors (Figure 5), AuUNPs formation
can occur either in the intracellular or extracellular space.
Extracellular AuNPs formation is commonly reported for
fungi when Au®" ions are trapped and reduced by

proteins in the cell wall. Previous work with the fungus
Verticillium sp. ruled out the possibility that reduced
su%ars in the cell wall are responsible for the reduction of
Au’" ions and suggested adsorption of AuCI* ions on the
cell-wall enzymes by electrostatic interaction with
positively charged groups (for example, lysine)
(Mukherjee et al., 2002; Duran et al., 2011; Das et al.,
2012).

Antibacterial activity results revealed that iron
nanoparticles (synthesized from iron (Ill) nitrate 1 mM)
acted as excellent antibacterial agents against both
Gram-positive and Gram-negative bacteria. Table 1 and
Figures 6 and 7 show the zone of inhibition produced by
iron nanoparticles against both Gram-positive and Gram-
negative bacterial strains. Fe-NPs exhibited maximum
(16.4 mm) bacterial growth inhibition against B. subtilis, in
the form of zone-of-inhibition studies, where diffusion of
nanoparticles on nutrient agar plates inhibits growth. In
contrast, Fe-NPs showed zones of inhibition of 13.2, 12.3
and 10.5 mm, respectively, against E. coli, S. aureus and
P. aeruginosa. In the presence of iron oxide
nanoparticles growth of both B. subtilis and E. coli strain
is inhibited. Iron oxide nanoparticles show more
antimicrobial activity to B. subtilis than E. coli (Pal, 2014).
Moreover, iron oxide nanoparticles have excellent
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Figure 5. Schematic diagram of a proposed mechanism of metal nanoparticles biosynthesis
in cell fungus (Das et al., 2012).

Table 1. Inhibition zones of iron nanoparticles compared with antibiotics.

Inhibition zone (mm)
Fe-NPs  Ampicillin  Gentamicin

Bacterial species

Bacillus Subtilis 16.4+0.7  27.4+0.2 -
Staphylococcus aureus 12.3+0.5 32.4+0.1 -
Escherichia coli 13.2+0.6 - 22.3+0.2
Pseudomonas aeruginosa  10.5+0.3 - 17.3+0.1
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Figure 6. Inhibition zones of Fe-NPs for treated Gram-positive and Gram-negative bacteria.
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antibacterial activity against S. aureus and promising
Sono-Fenton catalytic ability for dye discoloration (Harifia
and Montazer, 2014). The antibacterial activity of ZnO
NPs was 72, 80, 88 and 84% more effective than Fe,O3
NPs, while 28, 31, 27, 50 and 40% more bactericidal than
CuO NPs against E. coli, S. aureus, P. aeruginosa, and
B. subtilis, respectively (Azam et al., 2012).

Transmission electron microscopy showed
morphological changes of B. subtilis bacterial cells
(Figure 8), Fe-NPs might cause oxidative stress via
reactive oxygen species generation and the Fenton
reaction. Oxidative stress in B. subtilis can result from
disturbance of the electronic and/or ionic transport chains
due to the strong affinity of the nanoparticles for the cell

membrane. Similar results of zero-valent iron NPs toxicity
on E. coli have been detected, where iron, as a strong
reductant, might induce the decomposition of functional
groups in membrane proteins and lipopolysaccharides, or
Fe-NPs could be oxidized by intracellular oxygen, leading
to oxidative damage via the fenton reaction. When Fe-
NPs penetrate cells through disrupted membranes, it
causes further physical damage and death (Lee et al,,
2008).

Conclusions

Study report the biosynthesis of iron nanoparticles (Fe-
NPs) employing A. alternate fungus, which is an eco-



friendly process for the synthesis of iron nanoparticles.
Fe-NPs were synthesized through the reduction of
aqueous iron (Ill) nitrate solution of 1 MM concentration
in the dark conditions. The forming of nanoparticles was
confirmed by UV-visible spectrum, TEM, SEM and EDX.
The morphology of nanoparticles is found to be cubic
shapes mostly and the mean size was 9+3 nm. Fe-NPs
showed antibacterial activity against both Gram-positive
and Gram-negative bacteria, but iron nanoparticles show
more antimicrobial activity to B. subtilis than E. coli, S.
aureus and P. aeruginosa.
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The aim of the present study was to evaluate the quality of 36 samples of different honey type supplied
by local producers from Algeria in order to verify its compliance with the standards of Codex
Alimentarius and European Union (EU). For that, five physicochemical parameters were analyzed using
the HPLC method: hydroxyl-methyl furfural (HMF), sugars, diastase activity and search of antibiotic
contamination with streptomycin and tetracycline. The physicochemical analyses of the Algerian
honeys show that 56% of samples correspond to Codex standards and 44% not in conformity with the
standards required by the Codex Alimentarius and EU, because part of the samples had one or more
defects. The percentage not in conformity was due to the high rates of hydroxyl-methyl furfural, sucrose
and also to the low enzyme level. Analysis performed by the laboratory to detect residues of tetracycline
and streptomycin in honey have revealed insignificant traces of oxytetracycline in two samples of
honey (0.03 ppb). From the present study, it is observed that the Algerian honey samples is not
completely in agreement with the requirements of international honey standards which could be caused
by inappropriate actions during processing and storage steps.

Key words: Honey quality, sugar, diastase activity, hydroxymethylfurfural, antibiotic residues.

INTRODUCTION

The Codex Alimentarius (2001) define honey as a natural nectar of plants or from secretions of living parts of
sweet substance, produced by honeybees from the plants, or excretions of plant-sucking insects on the living
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parts of plants, which the bees collect, transform by
combining with specific substances of their own, deposit,
dehydrate, store and leave in honeycombs to ripen and
mature. Honey composition basically depends on the
nectar composition of each producing plant species,
conferring specific characteristics to it (Marchini et al.,
2007). Honey is a complex mixture which presents very
great variations in composition and characteristics due to
its geographical and botanical origin, its main features
depend on the floral origin or the nectar foraged by bees
(Kebede et al., 2012; Saxena et al., 2010).

The composition and quality of honey also depend on
several environmental factors during production such as
weather and humidity inside the hive, nectar conditions
and treatment of honey during extraction and storage.
However, quality and composition of honey are negatively
affected by other factors such as overfeeding with sucrose
and other sucrose variants, harvesting prior to maturity,
unhealthy storage conditions and overused veterinary
drugs (Sahinler et al., 2004).

Honey is composed primarily of the sugar: glucose and
fructose; its third greatest component is water (Singh et
al., 2012). Honey also is composed of a complex mixture
of carbohydrates and other less frequent substances,
such as organic acids, amino acids, proteins, minerals,
vitamins, lipids (Blasa et al., 2006; Ball, 2007; Zerrouk et
al., 2011), aromatic compounds, flavonoids, vitamins,
pigments, waxes, pollen grains, several enzymes and
other phytochemicals (Gomes et al., 2010; Lazarevic et
al., 2010; de Almeida-Muradian et al., 2013).

According to the Codex Alimentarius and Council
Directive of the European Union (EU), honey is a natural
product and should be exempt of contaminant. On the
other hand, contamination of honey may occur through
the common use of antibiotics such as the streptomycin
and its derivative dihydrostreptomycin (DHSTR) which
often combined with tetracycline. These antibiotics are
used as veterinary drugs or crop-protection agents in
broad-spectrum anti infection formulation (Michel et al.
2004) because they are against both Gram-positive and
few Gram-negative bacteria (Kwapong et al., 2013).

In order to guaranties the nomination of honey and also
protect human health, the use of antimicrobials in
apiculture is usually strictly regulated or banned. Accord-
ing to Regulation (EC) No 470/2009 and Regulation (EU)
No 37/2010, in the European Union, no maximum residue
level (MRL) for tetracycline and any other antibacterial
substance residues in honey are allowed (Cara et al.,
2012).

Considering the nutritional properties of honey and its
scarcity in the Algerian market, it is exposed to fraud. To
check its quality, various international institutions, such
as the International Honey Commission (IHC), the Codex
Alimentarius and the European Commission propose
methods of analyses to ensure that honey is authentic in
respect to the legislative requirements.
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Algerian honey production is estimated to average
33,000 quintals in 2011 with a vyield of 4-8 Kg/hive
(Oudijet, 2012), which is less than the needs of local
consumption while it is supposed to be at the origin of an
important export outlet. This low production affects the
price and makes it remain high. Therefore, consumption
remains as low as production. This lack of production is
the result of multiple causes such as absence of national
regulation, lack of a professional organization and
insufficient quality control laboratory (Bendeddouche and
Dahmani, 2011). Nevertheless, Algerians researchers
and scientists try to establish correct denominations to
assure a minimum marketing level of the product.

The aim of the present study was to evaluate the
quality of 36 samples belonging to different honey type
supplied from local producers from Algeria in order to
verify its compliance with the standards of Codex
Alimentarius, 2001 and the Council of the European
Union (EU), 2002. Five physicochemical parameters
were analysed using the HPLC method: hydroxyl-methyl
furfural, sugars, diastase activity and search of antibiotic
contamination with streptomycin and tetracycline.

MATERIALS AND METHODS
Sampling

Thirty six (36) honey samples produced in various regions of
Algeria (Figure 1) were collected directly from beekeepers or from
apicultural corporations or from beekeepers vendors of trade fairs
(Local open air markets) between July and September 2012. All
honey samples were labeled either according to their botanical and
geographical origin as suggested by the beekeepers; sampling was
accompanied by an interview with the beekeeper for information on
these honeys as date of harvest and mode of extraction, or
according to the testimonies of the vendors. The samples were
stored in a refrigerator at 4-6°C in airtight plastic containers until
analysis.

Technical analysis
Determination of diastase activity

The diastase activity was measured using the Phadebas amylase
test tablets purchased from (Megazyme) (Phadebas method),
insoluble blue-dyed, cross-linked starch was used as the substrate
for the degradation reaction (Sak-Bosnar and Sakac, 2012),
according to the International Honey Commission (Bogdanov,
2002). This is hydrolysed by the enzyme, yielding blue water-
soluble fragments, determined photometrically at 620 nm with
molecular Devices Spectramax 340 Microplate Reader. The
absorbance of the solution is directly proportional to the diastase
activity of the sample. The diastase activity, expressed as DN or
diastase number, was calculated from the absorbance
measurements using Equations (1) and (2), respectively:

DN=0(28.2  -AAsx)+2.64 1)

DN = |:|(352 'AAezo) -0.46 (2)
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Figure 1. Geographical origins of Algerian honey samples.

For either high (8 to 40 diastase units) or low (up to 8 diastase
units), respectively, Equations 1 and 2 are suggested by the
International Honey Commission (Bogdanov, 2002). Diastase
activity was referred to as diastase number (DN) in the Schade
scale, which corresponds to the Gothe scale number, or to gram of
starch hydrolysed per hour at 40°C per 100 g of honey.

Determination of sugars

Determination of sugars in honey was established in the current
study by the use of a chromatographic system (HPLC SHIMADZU
LC-20 AD) with RI detector (IOP) and Column chromatography
apHera NH; 150 mm x 4.60 mm x 5 microns (or equivalent).
Fructose, glucose and sucrose were measured, according to the
analytical methods harmonized by the European Honey
Commission (Bogdanov, 2002).

The chemical reagents used for HPLC analysis were acetonitrile
and methanol (HPLC grade) from Sigma- Aldrich (Milan, Italy). The
sugar standards used were fructose, glucose, sucrose of 99.5%
purity from Sigma- Aldrich (Milan, Italy).

10.00 = 0.01 g of honey was weighed in a beaker of 100 ml and
dissolved with distilled water (40 ml) which was quantitatively
transferred in graduated flask. After that, 25 ml of methanol was
added to the solution and completed to 100 ml with distilled water.
The solution was filtered with a nylon filter (0.45 um), and the first 2
ml was discarded and further chromatographic analysis under the
following operating conditions was done: Flow rate of 1.5 ml / min,
injection volume of 20 pl, and detector temperature of 30 + 1°C.
The acquisition time was 10 min. Identification of the sugars was
carried out by comparing the retention times of the peaks of the
sample solution with that of the reference solution. The sugar
concentration was calculated by comparing the peak area of the
sample corresponding to the peak of the reference solution.
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Determination of HMF

The method determines the concentration of 5-(hydroxymethyl-)
furan-2-carbaldehyde (HMF) (Fallico et al, 2004). The
determination of HMF was carried out in solutions of honey samples
(5.00 £ 0.01 g of honey) and diluted to 50 ml with distilled water,
filtered on 0.45 pm filter and injected into an HPLC (HPLC
SHIMADZU LC-20 AD) equipped with: pump UV detector, auto
sampler, column thermostating system, data acquisition and
processing system. The HPLC was chromatography on reverse
phase column with dimensions of 150 x 3 mm, packed with
octadecylsilane (C18), containing particles of a diameter of 2.7
microns. The HPLC conditions were the following: isocratic elution
with 85% water and 15% methyl alcohol. All the solvents were of
HPLC grade (Sigma-Aldrich). The column was thermostated at
34°C; at flow rate of 1.0 ml / min and injection volume of 4 ul. The
wavelength range was 285 nm, and acquisition time was 3 min.
HMF was identified from the peak in honey with a standard HMF
from Sigma-Aldrich (Milan, Italy), and by comparison of the spectra
of the HMF standard with that of one honey samples. The amount
of HMF was determined using an external calibration curve,
measuring the signal at A=285 nm.

Analysis of residues

The quantitative analysis of residues of streptomycin was
performed with HPLC technique according to Albino et al. (2005).
Sample (5 g) was mixed with 20 ml of extracting solution (sodium
heptasulphonate (0.05 M) and sodium hydrogen phosphate (0.08
M, pH=2). The solution was then vortexed for 30 min and
centrifuged for 10 min. Streptomycin was eluted with methanol and
evaporated by a Rota vapor (60°C, 250 mbar). The residues were
recovered with 1 ml of sodium dodecylsulfate (70 mM). The mixture



was vortexed and then put in ultrasonic bath for 5 min (Gallina et
al., 2005; Baggio et al., 2009). Streptomycin was detected and
quantified by the external standard calibration. HPLC analyses
were performed, using post-column derivatization, performed in 1
ml of reaction coil placed in a column heater (55°C), and
fluorimetric detection system (SHIMADZU 20 AD HPLC) with
fluorescence detection (SHIMADZU, Japan) and chromatographic
column Alltech (Alltech, Italia) C18 Platinum 5 uM 250 mm x 4.60
mm. After filtration, a 100 ml aliquot of residue solution was injected
into the chromatographic system. The streptomycin was analyzed
at 1 ml /min of flow with an isocratic elution of mobile phase 40% of
sodium dodecyl sulfate (0.1 M) + sodium 1,2-naphthoquinone-4-
sulfonate (0.5 mM) and 60% of acetonitrile for 15 min. Post-column,
a sodium hydroxide solution 0.2 M was added (0.4 ml /min ) in flow.
Excitation and emission wavelengths of 263 and 435 nm,
respectively, were used to detect the streptomycin. Samples
quantification was performed using the external standards. This
approach allows determining the streptomycin in honey in the range
of concentrations ranging from 5 to 200 ng/kg. The positive results
were confirmed by co-chromatographic method according to
Decision 657/2002/CE.

This method allows the determination of tetracyclines
(tetracycline, oxytetracycline, chlortetracycline and doxycycline) in
honey in the range of concentrations ranging from 3 to 30 ng/g. A
honey sample (5 g) was dissolved with 25 ml extraction buffer
(succinic acid 0.1 M, pH 4). The sample solution was vortexed and
then centrifuged for 10 min at 4000 g. The supernatant layer was
recovered and purged in a metal-chelating affinity column (MCAC)
cartridge. Tetracyclines were eluted with Mcllvaine EDTA solution
(citric acid, disodium hydrogen phosphate, EDTA and sodium
chloride). The MCAC cartridge was prepared by fulfilling with
chelating sepharose fast-flow resin (1.5 ml) and conditioned with
copper sulfide solution (0.01 M), the quantitative analysis of any
residues of tetracycline was performed with HPLC-MS technique
according to Gallina et al. (2005), Cristofani et al. (2009) and
Baggio et al. (2009) with some modification, using HPLC
SHIMADZU coupled to LCMS-2010 EV rivelatore and
chromatographic column C18MS (100 mm x 2,1) 5 pm X TERRA
(Waters). The flow rate was 0.6 ml/min; Injection volume was 20 pl,
at room temperature with a gradient for elution of mobile phase
consisting of 0.5% formic acid + methanol +acetonitrile (50/50). The
wavelength used to detect the TCs was 365 nm. The positive
results were confirmed by co-chromatographic method according to
Decision 657/2002/CE.

The standard solutions were obtained by Sigma-Aldrich. The
solvents used were HPLC grade (99.9%) and the other chemicals
were all of analytical grade from Sigma-Aldrich (Milan, Italy). Before
being applied for HPLC analyses, all solutions were filtered by
micro-filter (4.5 pm).

Statistical analyses

Physic-chemical results were compared with International
Regulatory Standards. Means, standard deviations and the
correlation coefficient (HMF-Diastase index) were calculated by
using the software (Statistica version 10).

RESULTS AND DISCUSSION

The physicochemical analyses carried out on Algerian
honey showed that 56% of samples met Codex
standards and 44% did not, because a part of them have
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one or more defects (Table 1). The latter was due to the
high rates of hydroxyl-methyl furfural, sucrose and also to
the low enzyme level.

The HMF for the 36 honey samples analyzed in the
present work ranged from 0.170 to 571.9 mg/kg and
revealed that 26 of them (72%) had levels below the
limits of HMF Codex acceptable standard (<40 mg/kg)
according to Codex Alimentarius (2001) and Council
Directive of EU (2002), indicating the use of good
practices by beekeepers. Eleven (11%) had a rate of
HMF between 40 and 80 mg/kg and showed inadequate
HMF content. According to White (1992), honey samples
from subtropical countries may have naturally high HMF
values regardless of the fact that the honey was not
overheated or adulterated, due to high temperatures
(Silva et al., 2013). However, nine samples were
considered of unacceptable quality with very high values
of HMF. These values relate to samples M5, M19, M27,
M29, M34, and M36 and can be explained by inadequate
treatment of these honeys probably overheating (Singh
and Bath, 1998; Kubis and Ingr, 1998; Zappala et al.,
2005; Zerrouk et al., 2011), poor storage conditions and
old honey (Khalil et al., 2010). Besides that, it is reported
that extremely high >500 mg/kg HMF values demonstrate
an adulteration with invert syrup (Coco et al., 1996; Popa
et al., 2009; Ajlouni and Sujirapinyokul, 2010), also it is
reported that the use of high fructose corn syrup as
sweetener can lead to high HMF content reaching 100-
1000 mg/kg (Makawi et al., 2009). Thus, there is a very
high possibility that the honeys bought from the open-air
markets are adulterated, since their HMF values are
higher than 500 mg/kg.

These studies have yielded similar results to previous
results (Bendeddouche and Dahmani, 2011; Zerrouk et
al., 2013; Ouchemoukh et al., 2007). Jilani et al. (2008)
reported for Tunisian multifloral honeys HMF values
which also showed heat influence (HMF ranged between
3.0-39.6 mg/kg). In Morroco, Chakir et al. (2011) have
obtained values of HMF limited between 0.09 and 53.38
mg/kg, but four honey samples contained a high HMF
value which included between 90.76 and 783 mg/kg. The
hot Algerian climate may also be the origin of this
phenomenon as similar heat damage was also observed
in the mean diastase number (Makhloufi et al., 2010).
However, it is essential to quantify this component in
order to check on product quality (Marchini et al., 2007),
because HMF is a compound that may be mutagenic
(Sommer et al., 2003; Glatt et al., 2005). Furthermore, it
may also be carcinogenic (Kowalski et al., 2013) and
cytotoxic (Islam et al., 2014).

Diastase is a natural enzyme of honey. The diastase
activity measured the combined activities of both a-
amylases and B-amylases which were secreted from bee
salivary (Vit and Pulcini, 1996; Chua et al., 2014).
Enzyme activity in honey depends on the intensity of the
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Figure 2. Sugar chromatograms of some Algerian honey (example of sample M 1).

nectar flow and the amount of nectar the bee processes
in each period (Escuredo et al.,, 2011). In addition, the
diastase activity and the diastase content varies
according to floral source (White et al., 1962). Diastase
and invertase activities are commonly used in Europe as
an indicator for honey freshness (Manzanares et al.,
2011). This is because the enzyme activities decrease in
heated or old honey.

Nine samples (M5, M6, M16, M19, M21, M27, M29,
M34 and M36) have a lower diastase index than the
minimum standard value (superior than 8) from 00 -
45.30; the scale with an average value of 17.58 + 12.27.
The result can be due to either, overheating by
beekeeper, or to the natural poor levels of amylase in the
sample because the diastase activities in honey vary in
wide limits depending on botanical origin of honey
(Persano-Oddo et al., 1990) and thus, have a limited
freshness indicating power; HMF is regarded as better
quality criterion in this respect (Buba et al., 2013). Both
HMF and diastase activity are the international
parameters used to control the limit for thermal treatment
to honey (Chua and Adnan, 2014). The correlation test
between HMF content and diastase activity showed

strong negative correlation (r = -0.605436). This confirms
that, those two parameters are inversely proportionate to
each other.

Glucose and fructose are the main sugars in honey and
their actual proportion depends largely on the source of
the nectar (Anklam, 1998). The sugars of honey were
determined by HPLC and an example of chromatogram is
presented in Figure 2. The results of the sugar analysis of
all the 36 honey samples (Table 1) show that the fructose
contents varied between 29.33 and 42.39% with an
average of 37.61 + 3.11%. The glucose contents of the
samples were within a range of 25.38 -37.65% with a
mean value of 31.88 + 3.39%. In our study, 85.5% of the
honey samples analyzed had fructose as the dominating
sugar. In respect to reducing sugars (fructose and
glucose), the EC Directive 2001/110 imposes reducing
sugars 260 g/100 g, except for honeydew honey, which is
245 g/100 g. The reducing sugar contents varied
between 60.18 and 79.29 g/100 g with an average of
69.50+ 4.40 g/100 g. Our results met this standard and
are similar to other published levels for reducing sugars.
Furthermore, the reducing sugar content of the honey
tested was similar with the findings of other previously
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Table 1. Results of physicochemical analysis of 36 samples (Mean values + standard deviations).

ID (Gothe

Reducing

Sample scale) HMF (ppm)  Sucrose (%) Fructose (%) Glucose (%) sugar (%) G/F ratio
M1 17.1+£0.32 12.4+0.54 3.4+0.15 38.72+0.53 32.47+0.25 71.49+0.007 1.19+0.006
M2 20.81+0.02 5.6+0.04 2.09+0.09 42.00+0.16 27.15+0.27 69.18+0.02 1.54+0.01
M3 25.57 +0.54 13.9+0.15 2.99+0.01 38.79+0.24 32.82+0.28 71.61+0.01 1.18+0.001
M4 12.95+0.32 30.910.97 2.50+0.61 38.78+0.28 32.34+0.96 71.11+0.02 1.20+0.02
M5 0.091+0.009 571.9+0.94 5.91+0.05 34.17+0.27 36.89+0.16 71.08+0.02 0.92+0.002
M6 6.46+0.06 73.5+0.1 1.20+0.08 40.43+0.44 34.60+0.13 75.02+0.02 1.16+0.004
M7 27.50+0.39 10.4+0.39 2.71+0.11 38.07+0.38 32.20+0.31 70.29+0.01 1.18+0.01
M8 31.25+0.35 9.7+0.25 2.47+0.02 38.63+0.009 32.36+0.08 70.97+0.04 1.19+0.005
M9 24.6+0.1 5.1+0.05 2.72+0.18 37.14+0.37 33.88+3.23 72.07+£3.92 1.1+0.09
M10 14.15+0.49 78.8+0.06 3.67+0.02 37.8245.19 30.71+0.64 74.5240.02 1.23+0.13
M11 40.24+0.23 0.1+0.008 11.89+0.04 34.78+0.22 25.54+0.29 60.18+0.02 1.36+0.009
M12 18.25+0.05 40.3+£0.13 2.44+0.08 37.93+0.14 32.72+0.08 70.63+0.04 1.15+0.00
M13 22.57+0.04 18.2+0.05 5.63+0.25 38.14+0.68 31.16+0.12 69.31+0.01 1.22+0.01
M14 36.651+0.47 21.5+0.5 2.92+0.17 38.25+0.09 31.36+0.11 66.61+4.26 1.21+0.001
M15 33.1740.23 1.2+0.2 5.51+0.04 37.65+0.49 25.38+0.06 63.01+0.02 1.48+0.008
M16 4.36+0.15 41.6+0.07 2.02+0.76 37.39+0.27 31.00+0.31 68.09+0.007 1.20+0.004
M17 27.51+0.64 10.7+0.25 2.22+0.19 40.68+0.39 30.06+0,08 71.04+0.05 1.35+0.006
M18 26.54+0.66 5.6+0.12 2.19+1.18 37.98+0.23 30.36+0.07 68.32+0.03 1.25+0.006
M19 5.52+0.072 554.6+0.2 2.72+0.14 37.3940.12 36.4440.21 73.81+0.02 1.024+0.001
M20 26.73+0.05 0.6+0.05 5.00+0.01 36.65+0.067 29.56+0.99 66.21+0.01 1.24+0.02
M21 4.59+0.17 7,81+0.06 3.70+0.24 37.88+0.017 29.37+0.04 67.22+0.03 1.28+0.00
M22 9.25+0.50 29,7+0.08 1.57+0.14 42.39+2.35 36.89+0.42 79.29+0.007 1.14+0.04
M23 8.88+0.06 21,8+0.16 2.68+0.14 37.55+0.04 32.28+0.04 69.82+0.03 1.16+0.00
M24 14.33+0.16 11,6+0.18 1.20+0.23 40.93+0.05 32.64+0.04 73.54+0.05 1.25+0.001
M25 33.4+0.2 21,5+0.22 3.91+0.17 37.37+0.50 30.80+0.93 68.18+0.02 1.21+0.01
M26 45.3+10.78 1,12+0.16 6.27+0.10 39.41+0.48 26.48+0.26 65.90+0.007 1.48+0.002
mM27 00 303,5+0.45 14.93+0.28 29.33+0.02 31.98+0.07 61.36+0.05 0.91+0.001
M28 10.72+1.94 5,7+0.05 5.90+0.32 31.94+0.01 30.71+0.06 62.43+0.3 1.04+0.001
M29 0.86+0.02 263,4+0.06 12.39+0.25 31.22+0.15 31.67+0.12 62.74+0.2 0.98+0.000
M30 15.80+0.29 28,8+0.85 2.98+0.11 36.23+0.01 29.56+0.10 65.78+0.02 1.224+0.001
M31 10.85+0.22 8,3+0.05 4.00+0.17 36.21+2.99 30.91+0.58 68.66+0.65 1.17+0.07
M32 14.87+0.17 16,8+0.09 2.49+0.16 36.61+0.02 28.05+0.21 64.88+0.31 1.30+0.006
M33 22.18+0.65 15,2+0.05 7.11+0.78 38.40+1.34 31.1740.12 69.59+0.01 1.23+0.02
M34 0.11+0.005 514,3+0.26 6.02+0.24 33.69+0.79 37.079+0.03 70.79+0.01 0.90£0.01
M35 14.97+0.22 18,5+0.16 2.51+0.18 41.99+0.13 31.68+0.36 73.68+0.02 1.32+0.007
M36 0.12+0.10 517,03+0.05 6.30+0.14 33.33+0.06 37.65+0.00 71+0.00 0.88+0.001
Min 00 0.170 1,20 29.33 25.38 60.18 0.88
Max 45.3 571.9 14.93 42.39 37.65 79.29 1.54
Limits of international standards (Codex, EU)

>8 40 <5 No fixed limit No fixed limit >60 No fixed limit

studied Algerian honeys (Ouchemoukh et al., 2007; Khalil
et al., 2012).

The fructose/glucose ratio ranged between 0.88 and
1.54 with an average of 1.19+ 0.15, indicating their floral
origin because it is known that flower honeys have a

fructose/glucose ratio of about 1 while in honeydew
honeys the ratio ranges between 1.5 and 2.0 (Gleiter et
al., 2006; Kivima et al., 2014).

In addition, the fructose/glucose ratio was calculated for
all the 36 honey samples. This ratio tells about the
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Table 2. Results of antibacterial substances.

Number of Limits of international standards
Parameter Results
samples (Codex)
Search of Tetracycline 34 No residues of tetracyclin No fixed limit
Search of oxytetracycline 2 0.03 ppb No fixed limit
Search of Streptomycin 36 No residues of streptomycin No fixed limit

crystallization state of honey, that is, when fructose is
higher than glucose the honey is fluid (Ouchemoukh et
al., 2010). Eventually, 30 examined Algerian honey
samples were fluid (ratio great than 1).

The sucrose content of the honey samples analyzed in
this study varied between 1.18 - 14.9 g/100 g with an
average value of 4.55+ 0.12. However 11 samples are
not in conformity with international standard (<5 g/100 g).
The high content of this sugar means most of the time, an
early harvest of the honey, that is, a product in which the
sucrose has not been fully transformed into glucose and
fructose by the action of invertase. This value indicates
probably that the beekeeper use sucrose syrup to over
feeding the bees in the winter season (Chefrour et al.,
2009).

Honey is generally considered a natural and healthy
food without additives or other foreign substances
according to Directive 2001/110/CE. However, in the last
decade the results of residue analyses carried out on
presently marketed honey have changed the situation
revealing what was known by many (Bogdanov, 2006).

The aim of this study was to clarify the situation
concerning antibiotic residues in some Algerian honey
(Table 2). Analysis performed by the laboratory to detect
residues of tetracycline by LC/MS and streptomycin by
HPLC in honey have revealed only insignificant traces of
oxytetracycline (Figure 3a & b) in two samples of honey
(0.03 ppb). All the other samples were negative for both
antibiotics (Table 2, Figure 3).

Accordingly, in Europe a lack of harmonization among
different countries on this matter is registered. For
instance, in Belgium the action limit for antibacterial
substances is fixed at 20 ng/ g. In Switzerland and the
UK, the action limit applied for tetracycline (TCs) is 20
ng/g, respectively (Bogdanov, 2006; Baggio et al., 2009).
Given the absence of maximum residue limits (MRLS) set
for honey, the detection threshold was considered the
threshold of positivity: 3 - 30 ng/g for tetracycline and
from 5 - 200 ng/kg for streptomycin. Antibiotics are used
in apiculture as anti-bacterial foulbrood diseases, like
American Foulbrood (AFB).

Antimicrobial drugs are effective against foulbrood
diseases; however, antibiotic drug residues in honey
pose a potential risk to human health. These antibiotic
residues have toxic acute and chronic effects on human

health and also reduce the efficacy and quality of honey
(Zai et al., 2013; Ajibola et al., 2012). On the other hand,
to protect the image of honey as a healthy natural
product, these bactericides are banned from honey
(Michel et al., 2004).

Conclusions

Thirty six Algerian honey samples were investigated for
their physicochemical properties and research of
streptomycin and tetracycline antibiotics. The study
assessed the quality of honey samples analysed. In this
study only 56% of samples were in agreement with the
requirements of European Union and Codex Alimentarius
Standards, while about 44% of them did not fit within
European and Codex standards relative to the sucrose
content, diastase activity and HMF reflecting inadequate
sample manufacture and/or storage and adulteration. On
the other hand, it was also concluded from this study that
streptomycin and tetracycline were not used by the
Algerian beekeepers for curing bacterial honeybee
diseases.

According to the results some consideration may be
given to Algerian beekeepers:

(i) It will be necessary to create more effective extension
service to improve the beekeepers knowledge on honey
harvesting techniques, honey processing and storage
technologies.
(i) Also, there is the need to increase the educational
activity addressed to the beekeepers about taking care of
Algerian honey production with special reference to
physico-chemical characteristics, and have more
responsibility for the quality of honey to be placed on the
market with the appropriate label comprising the floral
origin and chemical composition of honey.
(iii) There is the need to use reliable methods of control in
order to ensure the conformity of honey product to avoid
any risk of falsification and adulteration of Algerian
honeys.

Moreover, a good knowledge of the Algerian product
would provide the scientific support for the introduction of
a national norm for honey.
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Figure 3. Chromatograms of Streptomycin by HPLC in Algerian honey (a) standard of streptomycin. (b)
Example of an Algerian honey exempt of streptomycin.
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