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A study to compare the effectiveness of inter-simple sequence repeats (ISSR) and randomly amplified
polymorphic DNA (RAPD) profiling was carried out with a total of 65 DNA samples using 12 species of
Indian Garcinia. ISSR and RAPD profiling were performed with 19 and 12 primers, respectively. ISSR
markers generated a total number of 156 bands with 92 polymorphic bands, while RAPD markers
produced a total of 134 bands with 80 polymorphic bands. Percentage of polymorphic loci in RAPD
profiling was 60.4% while in ISSR profiling, it was 59.3%. Heterogeneity index was similar for the
markers, 0.86 for ISSR and 0.89 for RAPD, indicating that both the marker systems are effective in
determining polymorphism in Garcinia. ISSR markers showed clear distinction among the species
whereas RAPD markers showed segregation based on geographical location as well as species based.

Key words: Garcinia, genetic diversity, inter-simple sequence repeats, randomly amplified polymorphic DNA,

principal component analysis.

INTRODUCTION

Garcinia is a large genus with 240 species of evergreen
trees and shrubs. About 35 species are reported in India,
among which seven are endemic to Western Ghats, 5 in
north-east Himalayas and six in Andaman Islands (Peter
and Abraham, 2007). Garcinia is one among the few
genera in angiosperms that shows a very high degree of
diversity (Osman and Rahman, 2006). It is one of the
potential under exploited multipurpose crops and recently
gained a lot of attention as a popular means of weight
loss because of the presence of (-) hydroxycitric acid in
the fruit rind and leaves. The Plant List (2010) reports
that 25.5% of the species names of Garcinia are

synonyms, 3.4% names are unplaced and 4.4% names
are unassessed. The differences that distinguish one
plant from another are encoded in the plant’s genetic
material, the DNA. So the difference among the species
and within the species can be studied using various
molecular markers. ISSR and RAPD are the two
commonly used PCR based techniques to study genetic
variation among the species. ISSR markers are highly
polymorphic and are useful in studies on genetic
diversity, phylogeny, gene tagging, genome mapping and
evolutionary biology (Pradeep et al.,, 2002). This
technique is useful for phylogeographic analyses or

*Corresponding author. E-mail: utpala@spices.res.in.

Abbreviations: BSI, Botanical Survey of India; ISSR, inter-simple sequence repeats; RAPD, randomly amplified polymorphic
DNA; PMB, percentage of monomorphic bands; PPB, percentage of polymorphic bands; PIC, polymorphism information content;

PCoA, principle coordinate analysis.
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delimiting species.The RAPD technique has received a
great deal of attention from population geneticists
because of its simplicity and rapidity in revealing DNA-
level genetic variation. Congiu et al. (2000) employed
RAPD markers for individualization of strawberry. RAPD
and ISSR markers were utilized for comparative analysis
of genetic diversity in blackgram  genotypes
(Souframanien and Gopalakrishna, 2004). A work by
Seyit et al. (2010) showed a comparison of RAPD and
ISSR markers for the genetic characterization of seized
Cannabis sativa L. The study shows the effectiveness of
these molecular markers through various statistical
analyses. Similarly, comparison of ISSR and RAPD mar-
kers was performed to analyze their efficacy in determin-
ing genetic diversity of pistachio (Ayda et al., 2010),
apricots (Meetul et al., 2009) and barley (Ferdaous et al.,
2012).

The objective of this study was to compare the
effectiveness of ISSR, RAPD and ISSR-RAPD combined
system to find out the molecular diversity of Garcinia
species of various geographical regions in India.

MATERIALS AND METHODS
Plant materials and DNA extraction

Leaf samples from a total of 65 plant samples were collected from
two distinct geographical locations, namely, North Eastern
Himalayan foot hills (namely Assam, Nagaland and Meghalaya)
and from Western Ghats (namely Kerala, Tamil Nadu, Karnataka
and Maharashtra). The species are G. indica Chois., G. gummi-
gutta Robs., G. cowa Roxb., G. kydia Roxb., G. lanceaefolia Roxb.,
G. xanthochymus Roxb., G. pedunculata Roxb., G. morella
Desrouss., G. nervosa Mig., G. dulcis (Roxb.) Kurz., G. cornea
Linn. and G. spicata (Wight & Arn.) Hook. Information relevant to
samples are given in Table 1. Genomic DNA was isolated from the
leaves of the plants by modified Doyle and Doyle (1990) method
using 4% CTAB buffer containing 1% PVP. Purified DNA was
qguantified in agarose gel electrophoresis and Eppendorf
BioPhotometer and suitably diluted.

Molecular marker profiling

Thirty (30) RAPD primers were used for initial screening, out of
which 12 primers were found to be suitable for amplification. The
sequences of the primers used are given in Table 2. All the primers
were decamers. For ISSR profiling, 55 UBC primers available in the
institute were first screened in-silco. The selected 19 primers were
used for wet-lab studies. The selected primers were 18 and 20-
mers of various GA and CA repeats. The sequences of the primers
used are given in Table 3. The concentration of reaction mixture
components and the PCR conditions were standardized by trials.
Reactions were carried out in a total volume of 25 pl containing 50
ng DNA, 1 ul each of primer (20 pM) and dNTP (10 mM) solution.
2.5 pl 10xTaqg buffer (without MgCl,) and 0.2 pl of 5U Taq
polymerase from Merck (Genei Pvt. Ltd., Bangalore) was used for
the reaction. For RAPD, 1.5 pl of 25 mM MgCl, was used while 1 pl
for ISSR. The rest of the volume was made up using nuclease free
sterile water. For ISSR profiling, amplification was performed under
the following conditions: 5 min at 94°C for 1 cycle, followed by 30 s
at 94°C, 1 min at annealing temperature (depending on primer) and
1 min at 72°C for 35 cycles. Final extension was done at 72°C for

10 min. For RAPD profiling, denaturation step was performed for 1
min and final extension for 15 min. The rest steps remained
unchanged.

PCR products were resolved by agarose gel (1.5% in 1xTAE
buffer, containing 1% ethidium bromide) electrophoresis and then
documented using Kodak gel documentation-scoring system.

Data analysis

Various molecular profile characteristics such as total number of
bands, percentage of monomorphic and polymorphic bands, poly-
morphic information content (PIC) and Mantel correlation (r) were
tabulated separately for RAPD and ISSR profiling. Rectangular
binary data matrices were created for ISSR and RAPD profiling,
with 1 for the presence of band and 0 for absence, which were used
for further statistical studies. Binary matrices of ISSR and RAPD
were combined (ISSR-RAPD) to facilitate an analysis of combined
ISSR and RAPD markers together as well. Pair-wise similarity
matrices were generated using SIMQUAL procedure of NTSYS
statistical package. Principal coordinate analyses (PCA) and (PCI)
of data were also performed using NTSYS. Cluster analyses for the
matrices were performed by means of SAHN procedure via
UPGMA to develop dendrograms. Mantel test was performed in
order to compare ISSR versus RAPD, ISSR versus ISSR-RAPD
and RAPD versus ISSR-RAPD.

RESULTS AND DISCUSSION

In this study, a total number of 19 UBC ISSR primers and
12 UBC RAPD primers were used for the detection of
polymorphism. Figures 1 and 2 represent the good
polymorphism with UBC -ISSR 810 and UBC-RAPD-
POS5. Various molecular profiling characters, namely, per-
centages of monomorphic bands (PMB) and polymorphic
bands (PPB) for each primer and their polymorphism
information content (PIC) for ISSR profiling is given in
Table 2 and that for RAPD analysis is given in Table 3.
The ISSR and RAPD markers used allowed reproducible
and informative polymorphisms (Figures 3, 5 and 7).
Seyit et al. (2010) also recorded the same type of work
with marijuana (Cannabis sativa L). Figures 1 and 2
represent the banding pattern by Garcinia species indi-
cating considerable level of polymorphism. In ISSR
profiling, largest number of monomorphic bands were
produced by primers 810 and 815 (3 bands), whereas
primers 816 and 848a produced only polymorphic bands.
Primers 857a and 857b amplified highest numbers of
polymorphic bands with an average of 5.3 and 4.8 bands
per sample, respectively. The total number of bands was
highest in 857a, producing an average of 7.2 bands per
sample. ISSR primers generated a total of 157 with an
average of 8 bands per primer, out of which 63 bands
were monomorphic. Hakki et al. (2007) also reported
effective segregation of species with ISSR. Kojoma et al.
(2002) also used ISSR for studying DNA finger printing in
C. sativa.

RAPD primers generated a total of 134 bands, average
of 11.2 per primer, out of which 53 bands were mono-
morphic. Primers AO12 and AB16 produced largest num-
ber of monomorphic bands (two bands). ABO1 primer
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Table 1. Garcinia accessions and corresponding locations.

Sample number Species Location Ecosystem
1,2,3,4,5,6,7,8and 9 Assam
38, 39 and 40 G. xanthochymus Meghalaya
10, 11, 12 and 13 Assam
30, 31, 32, 33, 34 and 35 G. kydia Meghalaya
41, 42 and 43 Nagaland
29 G. cowa Assam
36 and 37 Meghalaya N. E. Himalayan foothills
14, 15, 16 and 17 G. pedunculata Assam
18, 19, 20, 21, 22 and 23 G. lanceaefolia Assam
24 G. nervosa Assam
25 G. spicata Assam
26 G. morella Assam
27 G. dulcis Assam
28 G. cornea Assam
44, 53, 54, 55 and 56 Karnataka
47, 48, 49, 50, 51 and 52 G. gummi-gutta Kerala
45 and 46 Tamil Nadu
Western Ghats

60, 64 and 65 G. indica Karnataka
61, 62, 63 Kerala
57, 58 and 59 G. xanthochymus Kerala

Table 2. ISSR primers and details of the profiling.
Code Sequence TNB PMB PPB Band range (bp) PIC;
868 (GAA)6 8 56.56 43.44 394.7 - 1384 0.94
816 (CA)8T 7 0.00 100.00 238 - 875 0.90
810 (GA)8T 13 69.31 30.69 263.2-933.3 0.95
812 (GA)8BA 7 31.11 68.89 217.4-730.8 0.74
815 (CT8G 10 73.43 26.57 522.7 - 2031 0.95
835a (AG)8CC 5 42.86 57.14 485 - 2000 0.93
835b (AG)8TC 11 49.62 50.38 272 - 1366.7 0.90
841la (GA)8CC 6 51.11 48.89 280.6 - 2000.5 0.87
841b (GA)8TC 16 32.75 67.25 275.4 - 2100 0.92
848a (CA)8BAG 7 0.00 100.00 250 - 890.5 0.80
848b (CA)8GG 5 24.18 75.82 250 - 933.2 0.90
860a (TG)7AA 5 59.57 40.43 522.7 - 2200.2 0.95
860b (TG)8GA 6 42.42 57.58 500.3 - 2100 0.98
861 (ACC)6 8 64.40 35.60 235 - 750.5 0.86
852a (TC)8AA 8 46.46 53.54 250.8 - 730.6 0.93
857a (AC)8CG 13 26.82 73.18 510.4 - 2100 0.75
809 (AG)8G 5 50.00 50.00 500 - 2000.2 0.79
840b (GASTT 5 23.75 76.25 395 - 1530.6 0.90
857b (AC)8TG 12 28.33 71.67 475.5 - 2200.3 0.75

Average 8.2 40.67 59.33 0.86
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Table 3. RAPD primers and details of the profiling.

Code Sequence TNB PMB PPB Band range (bp) PIC;
AB 01 CCGTCGGTAG 18 3231 67.35 173.2 - 1500 0.90
AA 01 AGACGGCTCC 13 4261 57.39 160.1 - 3214.2 0.91
AP 20 CCCGGATACA 8 46.54 53.46 200 - 1750.3 0.90
AV 03 TTTCGGGGAG 7 52.30 47.70 110 - 1277.7 0.91
AO 12 TCCCGGTCTC 12 58.78 41.22 525.4 - 3200 0.91
BB 18 CAACCGGTCT 8 31.41 68.59 200.5 - 1800 0.84
AB 16 CCCGGATGGT 12 51.24 48.76 295.6 - 2000 0.86
AB 11 GTGCGCAATG 14  25.33 74.67 300 - 1914.2 0.93
AA 11 ACCCGACCTG 10 33.82 66.18 388.4 - 2000 0.93
W15 ACACCGGAAC 14  36.03 63.97 200-1777.3 0.90
PO 5 CCCCGGTAAC 9 29.33 70.67 110-1714.3 0.92
AF 11 AAGACCGGGA 9 34.90 65.10 200.5 - 2285.5 0.79
Average 11.2 39.55 60.42 0.89
TNB - Total number of bands, PMB - percentage of monomorphic bands, PPB-

percentage of polymorphic bands, PIC; - polymorphic information content.

5 6 7 &8 9 38 39 4010 11 12 13

21 22 23 14 15 16 17 44 45 46

Figure 1. Gel picture for ISSR profiling using primer 810.

amplified highest number of polymorphic bands with
average of 3.2 bands per sample. This primer also
produced highest total number of bands (4.3 bands per
sample). Percentage of polymorphic loci in RAPD detec-
ted was 60.42%, while in ISSR profiling it was 59.33%.
Average percentages of monomorphic bands and poly-
morphic bands for ISSR profiling were 40.6 and 59.3
respectively and for RAPD they were 39.5 and 60.4,
respectively. Though there were some variation in the
total number of bands, PMB and PPB percentages were
almost same. The dendrograms constructed using RAPD
and ISSR marker profiling did not show considerable
degree of variation with each other as revealed by Mantel
correlation (r = 0.558). The similarity coefficient ranged
0.66 to 1.00 with ISSR, 0.60 to 0.96 with RAPD and 0.68
to 0.98 for the combined RAPD-ISSR dendrograms. Seyit

47 48 49 50 51

30 31 32 33 34 35 4142 43 29 36 37 24 25 26

52 53 54 55 56 60 61 62 63 64

O —

et al. (2010) reported a weak correlation of (r = 0.03) in
ISSR and combined ISSR-RAPD matrix for marijuana of
Turkey. A total of seven clusters were observed in dendro-
gram (Figure 3) for ISSR profiling. G. xanthochymus from
both ecosystems formed cluster 1. The other clusters
were of G. pedunculata, G. lanceaefolia, G. kydia, G.
cowa, G. gummi-gutta and G. indica. The clusters of G.
gummi-gutta and G. indica were distinct from the other
clusters which contain the species of Himalayan origin.
Species with single accessions such as G. nervosa, G.
spicata, G. morella, G. dulcis and G. cornea (24 to 28)
which were collected from BSI Sibpur, germplasm were
separated out as cluster 3 in Figure 3. Similarly, in the
PCoA scattered diagram (Figure 4), the Himalayan
species were clustered nearby while Western Ghats spe-
cies had separated out. Even though G. xanthochymus,
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Figure 2. Gel picture for RAPD profiling using primer PO 5.
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Figure 3. Dendrogram for ISSR profiling.
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Cluster 1 - G. xanthochymus (1, 2, 3, 4, 5, 6, 7, 8, 9, 38, 39, 40, 57, 58 and 59), 2 - G. pedunculata (14, 15, 16 and 17), 3 -(24, 25, 26, 27and
28 single accession collected from BSI, Kolkata), 4 - G. lanceaefolia (18, 19, 20, 21, 22 and 23), 5 - G. kydia, G. cowa (10, 11, 12, 13, 30,
31, 32, 33, 34, 35, 41, 42 and 43), 6 - G. gummi-gutta (44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, and 56) 7 - G. indica (60, 61, 62, 63, 64

and 65).

the species collected from Western Ghats was clustered
together with the Himalayan species, it showed a slight
segregation.

The dendrogram for RAPD profiling also produced 6
clusters (Figure 5), which showed species distinction.
The PCoA analysis showed only 3 clusters. In the PCoA
analysis, G. xanthochymus, of both the region came
together while G. gummi-gutta/G. indica formed a
combined cluster (Figure 6). The rest of the species
separated out. Here the clustering pattern represented

their origin and natural habitat. In this case distinctions
between species were not much clear. The species with
single accession (G. nervosa, G. spicata, G. morella, G.
dulcis and G. cornea) were randomly dispersed in the
clusters with Himalayan species. Seyit et al. (2010) also
got very clear segregation in the PCA analysis of the two
(ISSR & RAPD) systems, in their studies on Cannabis. In
case of the combined cluster of ISSR and RAPD profiling,
the pattern of dendrogram (Figure 7) was found similar to
that of ISSR profiling. The Western Ghat and Himalayan
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Figure 4. Principle coordinate analysis for ISSR profiling. 1 - G. xanthochymus (1, 2, 3, 4, 5, 6, 7, 8, 9, 38, 39, 40, 57, 58 and 59), 2 - G.
pedunculata (14, 15, 16 and 17), 3 - G. lanceaefolia (18, 19, 20, 21, 22 and 23), 4 - G. kydia, - G. cowa (10, 11, 12, 13, 30, 31, 32, 33, 34, 35,
41, 42 and 43), 5 - G. gummi-gutta (44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, and 56), 6 - G. indica (60, 61, 62, 63, 64 and 65).
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Figure 5. Dendrogram for RAPD profiling. Cluster 1 - G. xanthochymus (1, 2, 3, 4, 5, 6, 7, 8, 9, 38, 39, 40, 57, 58 and 59), 2 - G.
kydia, G. cowa (10, 11, 12, 13, 30, 31, 32, 33, 34, 35, 41, 42 and 43), 3- G. lanceaefolia (18, 19, 20, 21, 22 and 23), 4- G. pedunculata
(14, 15, 16 and 17), 5- G. gummi-gutta (44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, and 56), 6- G. indica (60, 61, 62, 63, 64 and 65).

species were clustered with clear distinction. In the case Conclusion

of PCoA analysis (Figure 8), G. gummi-gutta and G.

indica formed one cluster which is distinctly separated The study indicates that in Garcinia, both the marker
from the clusters formed by other species. systems were equally effective. Both ISSR and RAPD
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Figure 6. Principle coordinate analysis for RAPD profiling. Cluster 1- G. xanthochymus (1, 2, 3, 4, 5, 6, 7, 8, 9, 38, 39, 40, 57, 58 and 59), 2 -
G. gummi-gutta and G. indica (44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 60, 61, 62, 63, 64 and 65).
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Figure 7. Dendrogram for RAPD-ISSR combined data matrix. Cluster 1 - G. xanthochymus (1, 2, 3, 4, 5, 6, 7, 8, 9, 38, 39, 40, 57, 58
and 59), 2 - G. pedunculata (14, 15, 16, and 17), 3 - (24, 25, 26, 27, and 28), 4 - G. lanceaefolia (18, 19, 20, 21, 22, and 23), 5 - G.
kydia, G. cowa (10, 11, 12, 13, 30, 31, 32, 33, 34, 35, 41, 42, and 43), 6 - G. gummi-gutta (44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55,
and 56), 7 - G. indica (60, 61, 62, 63, 64 and 65).
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Figure 8. Principle coordinate analysis for RAPD-ISSR combined data. Cluster 1 - G. xanthochymus (1, 2, 3, 4, 5, 6, 7, 8, 9, 38, 39, 40,
57, 58 and 59), 2 - G. pedunculata (14, 15, 16 and 17), 3 - G. lanceaefolia (18, 19, 20, 21, 22 and 23), 4 - G. kydia, G. cowa (10, 11,
12, 13, 30, 31, 32, 33, 34, 35, 41, 42, and 43), 5 - G. gummi-gutta, G. indica (44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 60, 61,

62, 63, 64 and 65).

markers produced polymorphism and proved helpful for
diversity studies. PCR based marker systems are best to
analyze genetic relationship of crops (Milbourn et al.,
1997; Patzak, 2001). It is interesting to note that average
band for ISSR was 8.2, while that of RAPD was 11.2. The
highest BP value in case of ISSR was 2200 kb, and 9
primers showed bands more than 2000 kb. In case of
RAPD, the highest bp value was 3214 kb and in all the
samples highest value is more than 1500 kb. In case of
lowest bp value, RAPD showed 110 kb and ISSR was
235 kb. In comparison to ISSR, RAPD gave larger ranges
of bands. ISSR primers could give a distinct segregation
based on the species of the sample, whereas RAPD
primers produced clustering based on geographical
location of the samples (Jagadish et al., 1996). PIC
values for both the marker systems are very close,
indicating the suitability of both the marker types in
molecular studies.

This study indicates that combined information of ISSR
and RAPD markers could be a better tool in studying
molecular diversity of Garcinia, especially as it does not
have adequate genomic information to design specific
markers (Seyit et al., 2010). It can be concluded from the
present study that ISSR markers could be used to identify
the unknown species in Garcinia, whereas RAPD
markers can be used to determine the variation based on
geographical or morphological features within the same
species.
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Cassava leaves are largely consumed in Africa and are among the top three African indigenous
vegetables rich in nutrients. Leaves from bitter (Manihot utilissima), sweet (Manihot dulcis) and wild
(Manihot glaziovii) species of cassava were cooked by boiling in salted (sodium bicarbonate and table
salt) water with the addition of palm oil and ground-nut paste, following processing by “pounding”,
“pounding and then drying” and, “drying and then pounding”. The drying was done in tunnel solar drier
at temperature of 65°C on average. Nine samples (three species x three processing methods) were
evaluated by 31 panelists, using a five point hedonic scale, where 5 = like very much and 1= dislike very
much. Cassava species affected significantly (p = 0.0047; 0.0206) scoring for texture and overall
acceptability, respectively, but not for colour, aroma and taste. Processing method highly significantly
(p< 0.0001) affected all the sensory attributes scoring. Leaves from all three species were liked as leafy
vegetable, except when pounded after drying.

Key words: Cassava leaves, cassava species, sensory characteristics, tunnel solar drying, processing

methods, Rwanda.

INTRODUCTION

Cassava (Manihot esculenta Crantz) is one of the staple
food crops in Africa, it is a rainy fed crop grown mainly in
humid and sub humid regions, but being particularly
suited to conditions of low nutrients availability of soils
and able to survive drought, Cassava became one of the
most important food crops in almost entire countries
within the tropics (Huzsvai and Rajkai, 2009; El-
Sharkawy, 2007). For instance in Rwanda, cassava is the
third among main food crops after banana and sweet
potatoes, and is one of the priority crops that are being
promoted for economic development and poverty
reduction in the agricultural sector (MINECOFIN, 2007).
In some countries of West and Central Africa, cassava
roots and leaves are the basic foods. The Congolese
consider the cassava as “all sufficient” because the cas-

sava starchy roots are complemented nutritionally by
cassava leaves, which are good source of protein, vita-
mins and mineral (Bradbury and Denton, 2011). Austin
et al. (2009) after realizing the value and utilization of
cassava leaves as green vegetable, he placed them
among Rwanda’s high value vegetables that have
potential on domestic, regional and international markets.

Cassava leaves are among the top three African
indigenous vegetables rich in nutrients. They are the
second in B-carotene after Moringa oleifera, the second
in vitamin C after Moringa stenopetala, the third in vitamin
E after M. stenopetala and M. oleifera, the third in zinc
after Pterocarpus mildbraedii and M. oleifera, the third in
antioxidant activity after Adansonia digitata and Rorippa
madagascariensis and the third in total phenolic after

*Corresponding author. E-mail: mumuhozariho@nur.ac.rw/ mg_umuhozariho@yahoo.com. Tel: + 250 788760764/ + 255

753536264.




R. madagascariensis and A. digitata (Shackleton et al.,
2009). Micronutrients, as well as the many non-nutrient
phytochemicals in vegetables are associated with health
maintenance and prevention of chronic diseases (Yang
and Keding, 2009; Steinmetz and Potter, 1996). For that
healthy and nutrition importance, cassava leaves con-
sumption may be improved by preservation methods that
can increase its availability and quality.

Cassava leaves, like many other leafy vegetables, are
generally seasonal with surpluses in the rainy season
and scarcity with high costs in the dry season. Their
perishability causes a considerable amount of post-
harvest losses in rainy season. To minimize the losses
and stabilize availability and price in different markets
and seasons, appropriate preservation methods, affor-
dable to rural communities, are needed. According to the
study of Thomas (2008), spoilage of food is due to three
main causes: Microorganisms, enzymes and chemical
reactions. Drying, especially sun-drying is among the
oldest and cheapest preservation methods that slow
down or completely stop food deterioration by removing
available water, the principal factor of food deterioration.
As reported by Umuhozariho et al. (2011), in some rural
areas of Rwanda, especially in dry regions, where
cassava is a main food crop, leaves are dried on mats in
open air, either pounded or un-pounded, for increasing
shelf life. However, only fresh cassava leaves are sold in
different local markets in villages, cities and super
markets, the dry products being consumed at family
levels. To stimulate people to process market oriented
product, the dry cassava leaves need to be tested for
physical quality and acceptability.

The direct exposure to sunlight is known to reduce the
quality (colour and vitamin contents) of the final product
(MMA, 2008). The product is open to various contami-
nations such as dust, insects, wetness and rain. More-
over, the process is very dependent on good weather,
and the very slow drying rates of the process create the
danger of mould growth. In contrast, solar dryers are
simple installations that can eliminate the negative effects
of open air sun drying and thus seems to be the most
promising. Solar drying offers the following advantages
over sun drying when correctly designed: Faster drying
rate, greater retention of vitamins, especially vitamins A
and C, minimizing damage from rain, protection against
infection among others, and also some advantages over
the conventional drying with respect to cost and adap-
tability to small scale farmers (Eze, 2010; Ferreira et al.,
2008). According to literatures, solar drying gives faster
drying rates by heating the air to 10-30°C above ambient
temperature, using solar energy collectors with natural or
forced airflow inside the dryers, and thus increasing their
efficiency (Eze, 2010; Lotfalian et al., 2010; Ferreira et
al., 2008). In addition, solar dryers are a promising
means for tropical countries to meet their requirements
as the available amount of solar energy in most cases is
sufficient to cover the energy requirements for small
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dryers (Eze, 2010).

The present study was conducted to assess the useful-
ness of tunnel solar drying for preserving sensory
qualities of cassava leaves and determine which cassava
species and processing procedures are preferable for
better physical properties and acceptability, as food
relishes after leaves are cooked.

MATERIALS AND METHODS
Materials
Collection of cassava leaves

In April 2012, tender cassava leaves were harvested from three
species of cassava, bitter (Manihot utilissima), sweet (Manihot
dulcis) and wild (Manihot glaziovii). Varieties named Igicucu,
Seruruseke (5280) and ISAR 1961 were chosen for wild, sweet and
bitter cassava species respectively (Figure 1). In order to minimize
the effects of age, environment and soil types on sensory
characteristics, leaves samples of the same age were selected from
the same field, Rwanda Agricultural Board (RAB)'s field at the
Karama Research Station, in Bugesera District of Eastern Province
of Rwanda.

Experimental design of sample preparation

The three cassava species as source of vegetable and three
processing methods in a completely randomized design (CRD)
were evaluated for sensory attributes in one session. The
preparation procedures used to prepare leaves from each cassava
species before cooking were: Pounding fresh leaves, drying
pounded leaves, and drying un-pounded leaves (Figure 2). In this
study, both fresh and dried leaves were pounded using traditional
woody mortar and pestle. In addition, leaves were blanched before
drying and blanching was carried out according to the method
described by Kendall et al. (2010). Thus, leaves were submerged
in boiling water for 4 min, and then immediately cooled in tap water
at ambient temperature. Before drying, pounded and un-pounded
leaves were kept in closed polyethylene bags and were stored on
ice in an ice-chest for direct transportation to the solar drying station
at Sokoine University of Agriculture, Morogoro, Tanzania.

Drying procedures

Samples of pounded and un-pounded leaves from bitter, sweet and
wild cassava were dried to brittle using a tunnel solar dryer (Figures
3 and 4). The complete drying was when sample leaves became
entirely brittle. Green vegetables contains less sugar, and can be
dried to brittle and water content 4-8%, depending on the type of
vegetable (James and Kuipers, 2003). The time taken to complete
drying for each sample was noted. The temperature inside the
tunnel solar dryer was recorded at 8 a.m., noon and 8 p.m. each
day. After drying, samples were packed in plastic materials, sealed
and stored in opaque cartons at ambient temperature before
cooking for sensory evaluation.

Cooking procedures

Similar cooking procedures were followed for all the nine samples.
Thus, processed samples were boiled in salted (sodium bicarbo-
nate and table salt) water, with the addition of palm oil and ground-
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Figure 1. Sample leaves from sweet (left), wild (middle) and bitter (right) cassava species.

Cassava leaves (from the field)

!

Cassava leaves (SORTING/SELECTION/CLEANING)

e v T~

Preparation Procedure 1  Preparation Procedure 2 Preparation Procedure 3

Pounded un-dried cassava leaves (POUNDING) \A
l Blanching

Cooked pounded un-dried cassava leaves
(COOKING with palm oil and spices)

Pounded cassava leaves  Dried un-pounded cassava leaves
(POUNDING) (SOLAR DRYING)

Dried After Pounding cassava Pounded after drying
leaves (SOLAR DRYING)  cassava leaves (POUNDING)

Cooked product Cooked product
(COOKING with palm oil and spices) (COOKING with palm oil and spices)

Figure 2. Flow diagram illustrating preparation procedures of cassava leaves.
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Figure 3. Tunnel solar dryer covered after placing samples for drying.

Figure 4. Diagram of the tunnel solar drier. 1, Air inlet; 2, fan; 3, solar module; 4, solar collector; 5, side
metal frame; 6, outlet of the collector; 7, wooden support; 8, plastic net; 9, roof structure for supporting
the plastic cover; 10, base structure for supporting the tunnel drier; 11, rolling bar; 12, outlet of the
tunnel drier.
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Table 1. Significance levels from the analyses of variance and for main factors and their interactions on sensory

characteristics of cooked cassava leaves as vegetable.

Sensory attributes and their p-values

Parameter Color Taste*** Aroma Texture Overal_l .
acceptability

Cassava species 1.1308 0.4890 0.0860 0.0047 0.0206
Processing methods <.0001 <.0001 <.0001 <.0001 <.0001
Species x methods 0.7526 - 0.0312 0.0733 0.0502
Age group 0.0010 0.1581 <.0001 0.0013 0.0007
Gender 0.9012 0.5898 0.8476 0.0003 0.9040
Age group x Gender 0.1246 - 0.0081 0.0597 0.0908

R® 0.78 - 0.85 0.90 0.88

CV 9.36 - 10.70 6.65 9.50

“*R?: Coefficient of determination; CV: coefficient of variation; **Kruskal Wallis test rather than ANOVA and thus no R? nor CV.

nut paste, for about 45 min.

Sensory evaluation

A panel of 31 adults (aged above 21 years old), were purposively
selected for sensory evaluation. All the participants were familiar
with cassava leaves meals even if they were oriented on making
inferences and recording the scores for each sample. The panel
comprised of females and males of age = 21 years old. A five point
hedonic scales as described by Larmond (1977) were used, where
5 = like very much, 4 = like moderately, 3 = neither like nor dislike, 2
= dislike moderately and 1 = dislike very much. The nine samples
were served in identical containers, coded with 3 digit random
numbers and presented to panellists in one session. The sensory
attributes of interest were colour, taste, texture or mouth feel, aroma
and overall acceptability. Necessary precautions were taken to
reduce crossover effects by selecting greater number of interested
panellists rather than motivating panellists and using small nhumber
and repeating preparations. In addition, panellists rinsed their
mouths with water before tasting the next sample. Out of the 31
panellists, 61% were females and 39% were males. Their ages
ranged between 21 and 57 years. Out of 19 females, 47% were
young (< 35years) and 53% aged (= 35 years) while among males,
75% were young and 25% aged. The session was held in one of
the laboratories of the Faculty of Agriculture, National University of
Rwanda (NUR), from 11 a.m. to 14 p.m., in a uniform and natural
lighting environment.

Statistical analysis

Data analysed included time of drying, temperature inside the
tunnel solar dryer and scores for different sensory attributes per
sample. After averaging the scores across the five sensory
attributes, the “Kolmogorov-Smirnov” test to assess the normality of
the averages was carried out as suggested by Kutner et al. (2005).
Multiple ways analysis of variance (ANOVA) was applied to sensory
attributes with normally distributed averages and, Kruskal Wallis
nonparametric test was done for sensory characteristics with strong
departure from normal distribution (Kutner et al., 2005). Statistical
Analysis Systems (SAS) software, version 9.2 (SAS Institute, 2008)
was used to compute ANOVA (F-test statistics), Fisher's Least
Significant Difference (LSD) to separate means, and Kruskal Wallis
test. The treatments were judged significantly different and highly
significantly different at p < 0.05 and p < 0.01, respectively.

RESULTS AND DISCUSSION

On average, the temperature inside the tunnel solar dryer
was 65°C even if the mean monthly temperature of the
area was 25°C. The duration of drying was 14 and 16 h
under sunny conditions for un-pounded and pounded
cassava leaves, respectively. These times of drying of
less than one day under the sunny conditions concurred
with reports from several studies that solar dryers
improve efficiency and quality of the dried food products
by increasing temperature of drying and decreasing
period of drying. For a tunnel solar dryer, products
receive energy both from hot air supplied from the
collectors and from incident solar radiation. This
increases the temperature inside the dryer and
accelerates the drying process (Almhanna, 2012; Banout
and Ehl, 2010; Lotfalian et al., 2010; Medugu, 2010;
Ferreira et al., 2008).

The effect of processing methods, cassava species,
panellists’ gender and ages, and their pair wise
interactions on various sensory attributes are shown in
Table 1. Kolmogorov-Smirnov test indicated that only
taste score averages showed a strong departure from
normality and Kruskal Wallis test was done. Processing
method had high (p< 0.0001) significant effects on all the
sensory characteristics (colour, taste, aroma, texture and
overall acceptability). Cassava species did not
significantly influence colour, aroma and taste. In
contrast, the species significantly (p = 0.0206) influenced
overall acceptability and highly significantly (p = 0.0047)
influenced texture of cooked relishes. Cassava species
and processing methods interaction effects were
significant for aroma with p = 0.0312. Age group of
panellists had considerable effects on scoring of different
sensory attributes with p-values of 0.0010, < 0.0001,
0.0013 and 0.0007 for color, aroma, texture and overall
acceptability, respectively. Gender did not have any
significant effect on the averages of the colour, taste,
aroma and overall acceptability scoring but highly
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Table 2. Means for sensory characteristics for leaves from different cassava species and processing methods.

Sensory attributes and their scores

Parameter il
Colour Taste Aroma Texture Overall acceptability
Bitter 4.04% 3.72% 3.71°% 3.792 3.772
Species Sweet 4.03% 395 3.95% 3.86° 3.85°%
Wild 3.76% 357 357% 364" 3.46"
Dried and then pounded  3.40° 2.90° 2.90° 3.06° 2.87°¢
Processing methods Fresh 458% 4.36% 4.38%°  4.28° 4.45°
Pounded and then dried  3.86° 3.94° 3.95"°  3.65° 3.76°
Age groups Aged (235) 4.17: 3.91: 4.07: 3.812 3.912
Young (<35) 3.71° 355" 341 3.52 3.48
Gender Female 3.93* 3.75% 3.73° 3.83° 3.70°
Male 3.95% 371* 3.76° 3.49° 3.69°

For each sensory characteristic, within column, values with the same letter were not significantly different (p<0.05).

influenced texture scoring with a p-value of 0.0003. Age
group and gender interaction effects were highly
significant (p = 0.0081) for only aroma.

Cassava species were equally liked for colour, taste
and aroma by panellists (Table 2). Texture and overall
acceptability were rated differently with sweet and bitter
species being equally liked and the wild species the least
preferred (Table 2). During pounding, it was observed
that fresh wild cassava leaves were juicier when
compared to sweet and bitter. The crude water made
pounding hard and particles larger. The less liked texture
has been attributed to the larger particles after pounding
and cooking. The study showed that leaves from sweet
and bitter cassava species were liked more than those
from the wild species, although Umuhozariho et al.
(2011) reported earlier that leafy vegetable of wild
cassava species were more utilized as human food in
Rwanda. The reason may be that authors were
concerned with consumer habits with respect to cassava
leaves which were more subjective, and one of the
reported reasons was the availability of wild cassava
leaves as the farmers are more interested in root
production than leaves for bitter and sweet species. This
is the first study of sensory comparison of leaves from
different species of cassava in Rwanda, clearly showing
leaves from wild cassava species are less preferred by
panellists compared to those from cultivated species.

Panellists above 35 years of age liked all preparations
of the vegetables for all the sensory attributes more than
those less than 35 years (Table 2). This was not
surprising as Larmond (1977) mentioned age and sex of
panellist among important factors that can influence
result in sensory test.

Colour of the different vegetable preparations differed
significantly according to processing methods, but not to
species (Table 2). In this study, all samples were cooked
in salted (sodium bicarbonate and table salt) water, but
blanching had been done in un-salted water before

drying. Cooked fresh leaves became bright-green while
dried ones were dark-green. Heating green vegetables in
an alkaline solution such as sodium bicarbonate
(NaHCO3) make the cooking water slightly basic, the
magnesium ion is retained in the chlorophyll and the
colour is a bright-green. In contrast, when vegetables are
heated without the alkaline, such as blanching before
drying as in the present study, part of their cells are
disrupted and some organic acids are released and react
with chlorophyll. The reaction with the acids replaces the
magnesium atom (Mg) of chlorophyll with a hydrogen
atom (H) to form an unattractive dark-green pigment
pheophytin (FAO, 1995). The unlikeable colour was
probably due to the formation of pheophytin in dry cooked
cassava leaves.

Fresh cassava leaves were the most liked, followed by
the “pounded and then dried”. In another investigation,
Mepba et al. (2007) found that panellists preferred fresh
to dry vegetable soup. “Dried before pounding” was the
least liked for all sensory attributes (Table 2). The poor
rating of “dried before pounding” products for all sensory
characteristics were attributed to their bitterness as
commented by panellists.

Taste and aroma were highly correlated with overall
acceptability, with r = 0.93, p<0.0001 and r = 0.91,
p<0.0001, respectively. Taste and aroma were also much
correlated (r = 0.90, p<0.0001) (Table 3). High correlation
between taste, aroma and overall acceptability is not
surprising. Taste perception has been suggested to play
a key role in determining individual food preferences and
dietary habits (IUFoST, 2012; Garcia- Bailo et al., 2009).
Equally, Clark (1998) reported a similar relation of a
strong influence of taste and aroma (odour and flavour)
on food acceptability, and that the two sensory
characteristics are considered the key of food choice.
The high positive correlation among the sensory
characteristics, especially taste, aroma and overall
acceptability (Table 3), suggests that the unlikeable bitter
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Table 3. Linear correlation among sensory characteristics of processed leafy vegetables from three

cassava species.

Sensory attribute Colour Taste Aroma Texture Overall acceptability
Colour r 1 0.8198 0.7764 0.7619 0.8881
Prob > |r| <.0001 <.0001 <.0001 <.0001
r 1 0.9059 0.8673 0.9393
Taste
Prob > |r| <.0001 <.0001 <.0001
Aroma r 1 0.7949 0.9109
Prob > |r| <.0001 <.0001
Texture r 1 0.8569
Prob > |r| <.0001
Overall acceptability 1

r, Linear correlation coefficient; Prob > |r|, probability of having a correlation factor equal to or larger than the

obtained r.

taste could be the only source of “dried before pounding”
vegetables rejection. Also when leaves were pounded
after they were dried, particles were very fine and gave a
soup-like texture after cooking, which was less liked by
panellists.

Bitterness in the “dried before pounding” cassava
leaves may possibly be attributed to high levels of
residual cyanogens. Karltun et al. (2004) demonstrated a
strong correlation between bitter taste and cyanogen
(HCN) potential in cassava. Awoyinka et al. (1995)
reported that blanching does not change HCN-potential,
but pounding or grinding reduces both HCN-potential and
tannins. As in the present study, the leaves were
blanched to limit degradation of nutrients and colour,
endogenous enzymes, linamarase and hydroxynitrile
lyase, important in linamarin and acetone cyanohydrin
hydrolysis, were also deactivated. But significantly,
linamarin and the break down product of linamarin,
cyanohydrin can decompose spontaneously at high
temperatures or pH 4 and above, to release HCN,
harmful to human health, but volatile during preparations
(Cereda and Mottos, 1996; Mkpong et al.,, 1990).
Cyanogen levels were not analysed in this study, an
additional study for safety of the products is necessary.

Conclusion

Leaves from all the three species of cassava found in
Rwanda (bitter, sweet and wild) were liked for food as
green vegetables. However, leaves from wild species
were less preferred for texture and overall acceptability
than those from sweet and bitter species. Processing
methods were a strong source of differences in sensory
attributes and fresh leaves were the best, followed by
“‘pounded before drying” leaves for all the sensory
attributes. Therefore, for marketability and preservation
issues, cassava leaves can be processed by solar drying,
and preferably pounded before they are dried for a better

taste and texture. Blanching in alkaline water is
appropriate to preserve the light-green colour, preferred
by consumers. Though un-pounded leaves dried faster
and pounding after drying was easier, they were poorly
rated, especially for taste, aroma and overall accep-
tability. An additional study on cyanide and nutrients of
the processed cassava leaves is highly recommended to
ensure nutritional quality and safety of the products for
human consumption.
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To provide theoretical basis for artificial pollination in Lagerstroemia indica L., pollen viability and
stigma receptivity were tested and the morphological change of stigma was observed. Pollen viability
tested by in vitro culture, stigma receptivity examined by benzidine-H,O, testing and fruit set estimated
by field artificial pollination were analyzed in this study. The maximum pollen viability was observed at
10:00 am one day of anthesis (DA), of which ‘Hong Wei’ (46.2%) was significantly lower than that of ‘Yin
Wei’ (56.8%) and ‘Zi Wei’ (62.5%). The stigma receptivity of the three crape myrtle cultivars was
sustained for eight days, which was 95.7 to 96.9% at 1 DA to two days after anthesis (DAA), then
declined to 75.5to 79.9% at 3to 4 DAA and 50.6 to 59.7% at 5 to 6 DAA, and only 29.5% at 7 DAA. Higher
stigma receptivity was associated with columnar style, upward stigma, green and wet papillae and
copious exudates at stage 1 (1 DA to 2 DAA). Frequencies of fruit set at stage 1 (74.4%) and stage 2 (3 to
4 DAA) (78.9%) were significantly higher than that at stage 3 (5 to 6 DAA) (21.9%). So, selecting pollen at
10:00 am 1 DA and stigma of 1 DA to 4 DAA was a strategy to enhance fruit set in the future artificial

hybridizations for crape myrtle.

Key words: Lagerstroemia indica L., dimorphic pollen, pollen viability, stigma receptivity, fruit set.

INTRODUCTION

Lagerstroemia indica (commonly known as crape myrtle)
is a deciduous shrub or small woody species native to
China, having been cultivated for 1500 years (Zhang,
1991; Chen, 2001). Due to its excellent traits of long-
lasting bloom in mid- to late- summer, striking flower
color, sinuate trunks, good drought tolerance, and ease of
production and cultivation, crape myrtle has been widely
introduced to many regions in Australia (Egolf and
Andrick, 1978), America (Egolf, 1985), Europe (Attorre et
al., 2000) and Turkey (Gore, 2009) for serving as an
ornamental plant.In the sexual reproduction of higher
plants, doubl fertilization success is determined by a

Number of factors including pollen viability, female
receptivity and environmental influences, in which pollen
and stigma fulfill important functions (Russell, 1992). Any
success in breeding experiments or artificial pollination
procedures should be accompanied by tests on pollen
viability and timing and duration of the stigma receptivity
(Lavithis and Bhalla, 1995; Stone et al., 1995; Nautiyal et
al., 2009). Currently, systematic studies on pollen viability
and stigma receptivity have been reported in a varity of
genera, for example, pollen longevity of Tectona grandis
(Tangmitcharoen and Owens, 1997a, b) and Grevillea
robusta (Kalinganire et al., 2000) remained for 3 and 4

*Corresponding author. E-mail: yymld@mail.hzau.edu.cn. Tel: +86 27 8728 2435. Fax: +86 27 8728 2010.

Abbreviations: DA, Day of anthesis; DAA, day after anthesis.
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days, and their viability reached a maximum of 92.2% at
1 day of anthesis (DA) and 95% at 1 day after anthesis
(DAA), respectively. Stigma receptivity of G. robusta
(Kalinganire et al., 2000) and Zinnia elegans (Ye et al.,
2007) which exhibited peak value at 2 DAA with the
morphological characters of taller papillae, abundant
exudates and increased stigmatic groove was maintained
for 4 and 10 days, and at 2 to 3 DAA with yellow stigma
and two lobes on the tip of stigma like Y, respectively.
However, integrated study on pollen viability and stigma
receptivity in L. indica has not been reported previously.
There were only a few reports on pollen viability in L.
indica (Nepi,et al., 2003; Zhang et al., 2008; Ye et al.,
2010). The purpose of the present study was to provide
theoretical basis for enhancing fruit set and developing
new varieties in L. indica crossbreeding, concentrating on
the pollen viability, pollen longevity, timing and duration of
stigma receptivity and fruit set under defined dimorphic
pollen and stigmatic developmental stages.

MATERIALS AND METHODS
Plant materials

The 3-4-year-old plants of three crape myrtle cultivars (‘Hong Wer,
‘Zi Wei’ and ‘Yin Wei') were obtained from the experimental field site
of Huazhong Agricultural University, Wuhan, China. Field trials were
carried out during 2007 to 2008 in the experimental field site of
Huazhong Agricultural University. Laboratory tests were carried out
with the facilities in the Laboratory of Silivculture and Tree
Breeding, Ministry of Education, Huazhong Agricultural University,
China.

In vitro pollen viability

As L. indica came into bloom, inflorescences at early flowering
stage were excised from the tested plants and kept temporarily in
small vials full of tap water. At nightfall before testing, opened florets
were manually removed to avoid mixing with the tested florets.
During 1 DA to 2 DAA, pollen grains were collected 11 times from
7:00 to 16:00 at 3 h intervals except 16:00 of 2 DAA. Pollen viability
was tested on in vitro germination medium MEj3 (Leduc et al., 1990)
supplemented with 16% (w/v) PEG4000 and 12% (w/v) sucrose
(Sinopharm Chemical Reagent Co., Shanghai) for 0.5 h (preliminary
experiments showed that this was the optimal medium for pollen
germination in this species, data not shown). For each sample,
germinations of five no-overlapped views were recorded with at
least 50 pollen grains per view. Pollen was viewed as germinated
when the length of the pollen tube exceeded the diameter of its
pollen grain. The experiments were replicated three times. Pollen
viability was estimated by pollen germination rate which was
calculated as the ratio of the number of germinated pollen grains to
the total number of pollen grains.

Fruit set of different pollen types by artificial pollination

Using two-factor randomized design, 3 cultivars (‘Hong Wei', ‘Zi
Wei' and ‘Yin Wei') x 3 pollen types (real pollen, feed pollen and
mixture pollen), 9 cross combinations were studied. When
inflorescences came into bloom, all florets to be pollinated were
emasculated and isolated by transparent sulfuric acid paper bag on
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the day before anthesis to avoid self-pollination. Subsequently,
between 8:00 and 10:00 am, florets were hand pollinated with fresh
pollen of the corresponding cultivar using a small paintbrush,
enclosed within transparent sulfuric acid paper bags, and the
number of the pollinated florets in every combination with 10 to 15
replicates were labeled and recorded. To facilitate the development
of capsules, the bags were removed a week later and the capsules
were harvested after a month. Fruit set was expressed as the ratio
of harvested capsules to pollinated florets.

Observation of stigmatic morphological characters

Samples of the three plants were randomly collected for each of the
three crape myrtle cultivars for conducting the observation. On the
day before anthesis, a total of 120 buds for three cultivars (at least
40 buds per cultivar) were selected to emasculate and isolated by
transparent sulfuric acid paper bag individually. At 8:00 am of each
day in the following eight days, five pistils per cultivar were excised
to observe the morphological characters with the style performance
and stigma performance, including the bent degree and color of
style, the orientation, color and papillae of stigma and the amount of
exudates.

Stigma receptivity by benzidine-H,O, test

Florets were isolated by transparent sulfuric acid paper bag at 1 DA
to 7 DAA. The pistils of the three cultivars were collected at 8:00 am
and tested by benzidine-H,O. (1% benzidine: 3% H,O, hydrogen
peroxide: water = 4:11:22, v/v) (Sinopharm Chemical Reagent Co.,
Shanghai) respectively (Dafni and Motte, 1998). The collected
pistils were stained for 10 to 15 min at 28°C and a pistil was
regarded as receptive when more than 2/3 of the stigmatic area
were stained dark blue and associated with some amount of
bubbles. Each treatment was carried out with ten pistils in three
replicates. Stigma receptivity was evaluated by dyeing rate which
was calculated as the ratio of the number of stained stigmas to the
total number of tested stigmas.

Fruit set at different stigma stages by artificial pollination

Using two-factor randomized design, 3 cultivars (‘Hong Weri', ‘Zi
Wei' and ‘Yin Wei') x 3 stigma stages (1DA to 2 DAA, 3 to 4 DAA
and five to six DAA classified by the results of benzidine-H,0O;
examination), a total of 9 cross combinations were studied. The
process of pollination and the calculation of fruit set were as
previously stated.

Statistical analysis

Percentage data as pollen viability, stigma receptivity and fruit set
were transformed via arcsine before analysis. Statistical analysis
was performed by SAS software followed by Duncan’s multiple
comparisons at the level of 0.05 and 0.01 (SAS, 2000).

RESULTS
Pollen viability

Results of single factor variance analysis showed that
pollen-collecting time had a very significant (p=0.01)
effect on viability of real pollen or feed pollen in all three
crape myrtle cultivars (Figure 1).
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Figure 1. The changing trend of pollen viability with collecting time in three
L. indica cultivars. *0 h stands for the pollen-collecting time of 7:00 am 1 DA,
and other times equal to the time of subtracting 7:00. The black capital
letters stand for the results of multi-comparison of feed pollen (p=0.01),
while the red capital letters for the real pollen (p=0.01).



Chen et al. 6463

Table 1. The relationship between cultivar, dimorphic pollen type and pollen viability (10:00 am

1 DA) of L. indica.

Dimorphic pollen type Germination rate (%) Cultivar  Germination rate (%)
Real pollen 55.9+3.7" Hong Wei 46.2+2.1%®
Feed pollen 54.4+2 5" Zi Wei 62.5+3.2

Yin Wei 56.8+2.5™°

Table 2. Multi-comparison of fruit set among different combinations of L. indica cultivars and three pollen types.

Combination Feed pollen(% of fruit set)

Real pollen(% of fruit set)

Mixture pollen(% of fruit set)

Hong Wei 72.9+7.0%8
Zi Wei 35.5+2.9%
Yin Wei 56.9 +14.5"48

56.9 + 11.8°A8
84.1 + 4.7
57.8 + 13.4°B

49.4 + 5.3°AB
34.7+2.8®
59.7 + 9.3°AB

Figure 2. Morphological characters of stigma.

The pollen viability of three cultivars were maintained for
33 hin ‘Hong Wei’, 33 h in ‘Zi Wei’ and 51 h in “Yin Wei'.
In the natural environment, the pollen viability was less
than 10% (data not shown) at 5:00 am when the corolla
just surpassed the calyx. In ‘Hong Wei’, the real pollen
viability was 27.5% at 7:00 am 1 DA, which increased
very significantly to the peak (44.8%) at 10:00 am and
decreased to 16.3% till 13:00 pm, 21.1% at 16:00 pm of 1
DA. It later increased significantly to 30.2% at 7:00 am of
1 DAA, then decreased to 22.3% at 10:00 am of 1 DAA
and decreased very significantly to 10.8% at 13:00 pm of
1 DAA, before it lost vigor at 16:00 pm of 1 DAA.

Two-factor analysis of variance showed that cultivar
and the interaction of cultivar and dimorphic pollen type
had highly significant effect on the peak pollen viability
(10:00 am 1 DA). Further multi-comparison on cultivars
(Table 1) indicated that the pollen viability of Zi Wei’
(62.5%) was significantly higher than that of ‘Hong Wei’
(46.2%), while that of ‘Yin Wei’ (56.8%) had no significant
difference with them.

Fruit set of different pollen types

Two-factor analysis of variance showed that cultivar and
pollen type had no significant effect, but their interaction
had highly significant effect on the fruit set. The dimorphic
pollen in three cultivars all had fertility. Further multi-
comparison (Table 2) revealed the fruit set of three pollen
types showed no difference either in ‘Hong Wei’ or ‘Yin
Wei'. However, the fruit set of real pollen (84.1%), to a
great extent, was significantly higher than that of feed
pollen (35.5%) and mixture pollen (34.7%) in ‘Zi Wei'.

Morphological characters of stigma

The stigmatic morphological characters during the period
of 1 DA to 7 DAA greatly changed in the developmental
process (Figure 2). At 1 DA to 2 DAA, the style was
columnar or slightly-bent about 30° at the front end, light
green, and the stigma was characterized by upward,
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Table 3. The relationship between cultivar, growth day of stigma and stigma

receptivity of L. indica.

Cultivar Dyeing rate (%) Growth day of stigma Dyeing rate (%)
Hong Wei 73.8+4.9% 1 DA 97.9+1.1"
Zi Wei 68.9 +6.2° 1 DAA 97.4+ 1.5
Yinwei  77.1+4.1" 2 DAA 957+ 1.7"
3DAA 79.9 +2.9°
4 DAA 75.5 + 3.6°
5 DAA 59.7 + 3.6°
6 DAA 50.6 + 2.3°
7 DAA 29.5 + 4.8°

Figure 3. Stigmatic reaction to benzidine-H,O, (a to h stands for the 1 DAto 7 DAA).

green, wet papillae and accumulative copious exudates.
At 3 to 4 DAA, the front end of style became slightly
curled at about 45°, dark green, and the stigma was
characterized by obliquely downward, light green, wet
papillae and a few exudates. At 5 to 6 DAA, the style
bended at about 90° from the upper middle partina
semicircle-like, wilted from the base and brown, and the
stigma was downward, yellow green, slightly wet papillae
and few remnants of exudates, suggesting decrease in
the support to pollen adhesion. Up to 7 DAA, the style
further curled at the front end withered at the base, the
stigma looked introflexed, wilted and collapsed as the
brown papillae.

Stigma receptivity

Stigma receptivity had no significant difference among
the three L. indica cultivars which were 73.8% in ‘Hong
Wei’, 68.9% in Zi Wei’ and 77.1% in ‘Yin Wei’, while
significant differences were observed among growth days

(Table 3, Figure3). At 1 DA, the stigmatic surface was not
only inundated by more bubbles around its peripheral
areas, but completely stained blue, with the stigma
receptivity of 97.9%, indicating that the stigma was
extremely receptive to pollen (Table 3, Figure 3a). At 1 to
2 DAA, the stigmatic surface accumulated many small
and compact bubbles, and was still entirely stained with
the stigma receptivity of 97.4 and 95.7% (Table 3; Figure
3b, c¢). As the stigma developed into 3 to 4 DAA, the
bubbles became significantly decreased in amount and
density; the staining extent weakened and the stigma
receptivity obviously decreased to 75.5 to 79.9% (Table
3; Figure 3d, e). At 5 to 6 DAA, the bubbles further
decreased, the staining extent further weakened, and the
stigma receptivity significantly declined to 50.6 to 59.7%
(Table 3; Figure 3f, g). Until 7 DAA, only few visual
bubbles and scarcely staining area were observed and
the stigma receptivity was only 29.5% (Table 3; Figure
3h).

Based on the detailed observation of stigmatic morpho-
logical character and examination of stigma receptivity on
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Table 4. The relationship between cultivar, stigma stage and fruit set of L. indica.

Cultivar Fruit set (%) Stigma stage Fruit set (%)
Hong Wei 46.9+17.7° Stage 1 (1 DA-2 DAA) 74.4 + 12.5"
Zi Wei 60.9 + 20.2% Stage 2 (3-4 DAA) 78.9 +8.9
Yin Wei 53.4 +18.6° Stage 3 (5-6 DAA) 21.9+5.9°

a subset of stigmas, four developmental stages could be
classified in the stigmatic developmental process, that is,
stage 1 (1 DA to 2 DAA), stage 2 (3 to 4 DAA), stage 3 (5
to 6 DAA) and stage 4 (7 DAA).

Fruit set at different stigma stages

Results of field pollination showed that stigma stage as
well as cultivars had highly significant effect on fruit set,
but their interaction had no significant effect. Further
multiple comparisons (Table 4) revealed that fruit set of
‘Zi Wei’ (60.9%) and ‘Yin Wei’ (53.4%) had no significant
difference, but that of these two cultivars were
significantly higher than that of ‘Hong Wei’ (46.9%). Fruit
set of stage 1 (74.4%) and stage 2 (78.9%) had no
significant difference, but that of these two stages were
highly significantly higher than that of stage 3 (21.9%).

DISCUSSION
Pollen viability

The pollen viability for three cultivars exhibited similar
trend of fluctuant decline with prolonged flowering time
(Figure 1). This fluctuant trend of pollen viability with
prolonged flowering time was caused by its physiological
change as well as the real-time temperature and relative
humidity (RH). On a sunny day in August, the environ-
ment conditions at 7:00 am were of relatively low
temperature and high RH. The temperature gradually
rose from 10:00 am, reached the peak till 13:00 pm,
gradually decreased after 16:00 pm and maintained this
low temperature at night, while RH went up at night. So,
the pollen viability was greatly decreased at 13:00 pm 1
DA under the conditions of relative high temperature and
low RH, while it increased to sub-peak at 7:00 am 1 DAA
under the conditions of relative temperature and higher
RH. The performance of pollen viability being affected by
different conditions has been clearly reported in many
plants. Pollen viabilities of Oryza sativa and Zea mays
when exposed to higher temperature and lower RH,
>35°C/65 to 70% and 27.2°C/42%, were maintained for
30 and 43 min, while when subjected to lower tempe-
rature and higher RH, 25 to 28°C/70 to 80% and
22.3°C/54.3%, they were prolonged to 60 and 72 min,
respectively (Li et al., 2002; Fonseca and Westgate,
2005). Pollen viability of Rosmarinus officinalis when
treated with 38°C/48% were maintained for only 10%, but

significantly increased to 20% after being stored at
4°C/100% for 1 h (Aronne et al.,, 2006). Thus, loss of
pollen viability seems to be a general response due to
higher temperature and lower RH. Hence, the fluctuant
trend of pollen viability in L. indica, which decreased at
13:00 pm 1 DA and increased at 7:00 am 1 DAA, is
ascribed partly to the real-time temperature and RH in the
study.

The pollen viability of three cultivars ‘Zi Wei’ (62.5%),
‘Hong Wei’' (46.2%) and ‘Yin Wei’ (56.8%) (Table 1) was
higher than our previous report of 38.9, 30.1 and 42.8%,
respectively (Ye et al., 2010). These inconsistent results
might be because the experimental seedlings sown in
two different years were different in genotype and plant
physiology and growth. Additionally, the pollen grain
tested in this study underwent no treatment, while that of
Ye et al. (2010) were collected from the dried bud at 25°C
for 2 h in homoeothermic incubator. These previous
results may demonstrate that the pollen viability of crape
myrtle has close relationship to genotype, pollen-
collecting time, pollen grain treatment and medium com-
ponents, and even the real-time and site-specific
environmental conditions may play a key role in the
pollen viability.

The present study shows that all the dimorphic pollen
had viability, and there was no significant difference in the
pollen viability (10:00 am 1 DA) and longevity for each
crape myrtle cultivar (Figure 1; Table 1). Similar results
were reported in two crape myrtle varieties where the
dimorphic pollen viability for each one had no significant
difference (Zhang et al., 2008). However, Nepi et al.,
(2003) presented that at anthesis, the viability of real
pollen (90%) was higher than that of feed pollen (65%)
tested by fluorochromic reaction (FCR) assay for crape
myrtle. According to the present results, the dimorphic
pollen viabilities varied with crape myrtle materials
(genotypes). This trait also existed in genus Senna of
Leguminosae family; the dimorphic pollen viabilities for
either Senna alata or Senna bicapsularis had high
significant difference, but no significant difference for
Senna surattensis (Luo et al., 2009).

Stigmatic morphological traits, stigma receptivity and
fruit set

Morphological traits of stage 1 (columnar style, upward
and green stigma, wet papillae and copious exudates)
and stage 2 (slightly curled style, obliquely downward and
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yellow green stigma, wet papillae and a few exudates)
were associated with higher stigma receptivity of above
95 and 75.0%, respectively (Figure 2; Table 3). This
positive correlation between stigmatic morphological
traits and higher stigma receptivity has been reported in
many plants, such as straight style, enlarged stigma and
turgid stigmatic papillae in teak (Tangmitcharoen and
Owens, 1997a), widely-opened stigmatic grooves, taller
stigmatic papillae and abundant secretion in silky oak
(Kalinganire et al.,, 2000), and elongation of stigmatic
papillae and increased amounts of stigmatic exudate in
almond (Yi et al., 2006). These reports indicated that we
could primarily judge the stigma receptivity by the
stigmatic morphological traits, which would provide some
reference for the judgment of the effective pollination pe-
riod (EPP) (Williams, 1965; Galen and Plowright, 1987).

The results of Table 4 suggest choosing the stigma of
two previous stages (stage 1 and stage 2) to be
pollinated could obtain higher fruit set. The stigma with
the morphological characters of columnar or slightly
curled style, upward and green stigma, wet papillae and
copious exudate was the preferred choice for pollination.
Furthermore, the descending order of stigma receptivity
was different with varying examination methods, that is,
stage 1 > stage 2 > stage 3 (dyeing rate) by benzidine-
H,O, testing and stage 1 and stage 2 > stage 3 (fruit set)
by field artificial pollination. To sum up, fertilization
success does not merely depend on the high stigma
receptivity, but also the pollen viability, pollen-stigma
interaction, the fertilization process, the seed develop-
ment process, the seasonal factors and the environment
conditions. Further investigations are required to expound
this observation.

Meanwhile, three different methods of stigmatic morpho-
logical observation, benzidine-H,0, testing and field artifi-
cial pollination were adopted and successfully examined
the stigma receptivity of three crape myrtle cultivars.
Comprehensive methods which detect stigma receptivity
have been reported in many plants, such as stigma mor-
phology and pollination in Prunus dulcis (Yi et al., 2006),
MTT staining and pollination in Nolana humifusa and
Nolana laxa (Amy and Rosanna, 2010) and three inte-
grated methods in Zinnia elegans (Ye et al., 2007).

In these examination methods, benzidine-H,O, staining
was destructive to stigma, was artificial pollination time-
consuming, unrepeatable during same period and hard to
handle the reference standards, while the stigmatic
morphological observation was intuitive, simple and rapid.
So, determining the stigma receptivity with stigmatic
morphological observation is a feasible technique to
promote the artificial pollination efficiency, which has

important practical significance in L. indica cross-
breeding.
Conclusion

Under field conditions, the maximum pollen viability were

observed at 10:00 am 1 DA. The dimorphic pollen of
three cultivars all had viability and fertility. The stigma
receptivity of three cultivars could sustain 8d and be
subdivided into four developmental stages: stage 1 (1 DA
to 2 DAA), stage 2 (3 to 4 DAA), stage 3 (5to 6 DAA) and
stage 4 (7 DAA). Higher stigma receptivity was asso-
ciated with columnar or slightly curled style, upward or
obliquely downward stigma, green and wet papillae and
copious exudates at stage 1. Frequencies of fruit set at
stage 1 (74.4%) and stage 2 (78.9%) were significantly
higher than that at stage 3 (21.9%). So, in view of our
study, strategies to enhance fruit set in the artificial
pollination should select the pollen of 10:00 am 1 DA and
the stigma of 1 DA to 4 DAA. This information is
especially valuable for breeders to developing new
varieties in L. indica crossbreeding.
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Trypanosoma brucei brucei, Trypanosoma cruzi and Trypanosoma congolense were initially thought to
be the only species of trypanosomes capable of causing diseases in dogs and cats. However, dogs and
cats are challenged by diverse species of trypanosomes with varying virulence and pathogenicity.
Dogs may develop clinical trypanosomosis by infection with Trypanosoma evansi but are refractory to
Trypanosoma rangeli of man. Recently, a new species, Trypanosoma caninum, of unknown
pathogenicity and mode of transmission has been reported in dogs. This review describes canine
trypanosomosis as an entity of two types, African and American trypanosomosis. It describes the
different species involved in each type of the disease condition, the emerging strains, the biological
cycle, distribution, clinical symptoms, the pathology and treatment of various species of canine
trypanosomes. It also describes different basic diagnostic techniques currently in use and progress
towards development of vaccine.

Key words: Dogs, cats, Trypanosoma brucei, Trypanosoma congolense, Trypanosoma cruzi, Trypanosoma
caninum, Trypanosoma evansi, Trypanosoma rangeli.

INTRODUCTION

Animal trypanosomosis has profound social, economic
and biological implications for the affected regions (WHO,
2006; OIE, 2008; Finelle, 1973). Jones (2000) described
canine trypanosomosis as a disease caused by
Trypanosoma cruzi and Trypanosoma evansi. Today
different species of trypanosomes have been implicated
in causing trypanosomsis in dogs. Hence, canine
Trypanosomosis is a disease caused by hemoprotozoan
parasites: Trypanosoma brucei brucei and Trypanosoma
congolense. The disease can also be caused by T. cruzi
the cause of American Trypanosomosis known as
Chagas disease in humans (Jimenez-Coelle et al., 2010;
Tola and Muniz, 2010; Cohen and Gurtler, 2001; Doyle,
2006). Dogs are also infected by Trypanosoma b.
rhodesiense and Trypanosoma b. gambiense of man
(Samdi et al, 2006). It serves as reservoirs and
maintenance of infection in humans vice versa.
Trypanosoma rangeli is a non-pathogenic trypanosome

of humans which also infect dogs (CVBD, 2010). Its
importance is mainly for creating confusion during
diagnosis in cases of mixed infection with T. cruzi (CVBD,
2010). T. evansi is found sporadically in dogs causing
severe and possibly fatal disease (Uilenberg, 1998;
Finelle, 1973). Recently, Trypanosoma caninum of
unknown pathogenicity has been isolated from an intact
skin of a dog along with leishmania in south eastern
Brazil (Madeira et al., 2009; Barros et al., 2012). Its mode
of transmission is not yet known as efforts to infect
triatomids failed (CVBD, 2010).

Canine trypanosomes cause infections of varying
severities in dogs. The infection ranges from acute, sub-
acute to chronic. Infections from T. b. brucei and T.
congolense are found mainly in sub-Saharan Africa and
the disease is relatively common in Nigeria because of
the high prevalence of Glossina spp. in most parts of the
country (Ahmed, 2007) due to lots of vegetation along
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Table 1. Species of African and American canine trypanosomosis, predilection sites, therapeutic and management protocols.
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African canine

. Name
trypanosomosis

Species involved

Predilection site

Treatment (Diminazene
aceturate)

. brucei brucei
congolense

. b. rhodesiense
. b. gambiense
evansi

. rangeli

. caninum

Surra/ Nagana

T I B I R

American canine

- Chagas T. cruzi
trypanosomosis

Blood vessels and tissue
Blood vessels and tissue
Blood vessels

Blood vessels and tissue
Blood vessels and tissue
Blood vessels

Intact skin

7 mg/kg stat
3.5 mg/kg stat
7 mg/kg stat
7 mg/kg stat
7 mg/kg stat
3.5 mg/kg stat

Blood vessels and tissue

3.5 mg/kg stat
7 mg/kg stat

beta adrenergic blockers eg
carvedolol, propanolol and
atenolol, (ACEIs) eg enalapril,
veno- or iono-dilators like
prazosin or pimobendan,

rivers and lakes and large wooded savannah landmass.
The disease in dogs is often as a result of a bite from an
infected tse-tse fly. However, dogs can also get the
infection by ingestion of fresh animal carcasses that died
recently from trypanosomosis and through oral
experimental infection (Raina et al., 1985; Uilenberg,
1998. The disease is more common in free roaming dogs
than in those housed in tsetse fly net protected kennels.

IDENTIFICATION OF TRYPANOSOMA SPECIES THAT
INFECT DOGS AND CATS

Trypanosoma species that affect dogs and cats can be
(Table 1) identified by the following morphological
characteristics. T. b. brucei may be found in two different
forms (WHO, 2006): the long slender form measuring
about 17 to 33 um long and about 3.5 um wide, and the
undulating membrane which is conspicuous with a free
flagellum at the anterior end. Its posterior end is pointed
with a small and sub-terminal kinetoplast (Franccois et
al., 2005; OIE, 2008; Turnbull, 2009). The short stumpy
form measures about 17 to 22 um long and about 3.5 pm
wide with a conspicuous undulating membrane. This form
possesses a free flagellum and a pointed posterior end
with a small and sub-terminal kinetoplast (OIE, 2008). T.
congolense have its small forms measuring 8 to 25 um
with an obvious undulating membrane (Uilenberg, 1998).
The posterior end is rounded with no free flagellum. The
kinetoplast is medium sized and terminal, often laterally
positioned.

Although considered monomorphus, a degree of
morphological variation is sometimes observed which
includes (savannah, forest, kilifi, tsavo) sub groups of T.
congolense with different pathogenicity (Bengaly et al.,
2002; Masumu et al., 2006; OIE, 2009). T. cruzi
measures about 10 pm long, slender, thin with an
irregular shaped undulating membrane. Its nucleus is

centrally positioned and the kinetoplast is posterior
(Uilenberg, 1998; Hunt, 2010). The free flagellum runs
through the remainder of the parasite and also extends
beyond it. Visualized in stained sample, the parasite
assumes a C or U shape (De Souca, 1999). T. rangeli
has a similar morphology to T. cruzi (OIE, 2008). T.
caninum are morphologically distinct from Salivarian
trypanosomes. It differs from T. cruzi mainly by the size
of its trypomastigote forms and kinetoplasts and absence
of infectivity for macrophages and triatomine bugs
(Madeira et al., 2009). This means that parasite may not
be transmitted through tsetse bite.

Host affected

Indigenous pure breed, foreign breeds and cross breed of
dogs are susceptible to trypanosomosis (Annette et al.,
2006; Akpa et al., 2008).

Intermediate host

Glossina spp. (tse-tse fly) and haematophagus flies in the
genus Tabanus, Stomoxys and Triatomids bugs are
vectors for the transmission of trypanosomosis in dogs
(Uilenberg, 1998).

Distribution

This is dependent on the distribution of tse-tse flies which
are the primary vectors responsible for the transmission
of African trypanosomosis and triatomine transmitters of
American trypanosomosis in dogs (WHO, 2013; Serap et
al., 2003; Hunt, 2010). Tse-tse flies are currently res-
tricted between 14° latitude north and 29° latitude south
of sub-Saharan Africa, affecting 10 million square kilo-
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kilometers of landmass (Molyneux, 1997; Serap, 2003;
WHO, 2010). African canine trypanosomosis have found
its way beyond boundaries into Europe where apparently
is devoid of tse tse fly. This is due to the diverse clinical
forms of the different infecting parasites. T. congolense
having three main strains of unequal pathogenicity
causes diverse clinical conditions in the dog. The
savannah strain of T. congolense produces
asymptomatic clinical condition in infected dogs and has
been implicated as the cause of the first ever recorded
African canine trypanosomosis in the UK (Gow et al.,
2007). Unknown to the importer, a six year old neutered
male jack Russell Terrier was harboring the Savanna
strain of T. congolense and therefore was passed
undetected after long days of quarantine. However few
days after arrival in the UK, Jack developed signs of
anaemia and before long it died. Asymptomatic strains
therefore enhance the distribution of canine
trypanosomosis beyond geographic boundaries. T.
evansi is found mainly in Northern Africa, Near East, Far
East, and Central and Southern America. It was spread
mechanically by several haematophagus bititng flies and
vampire bats in Latin America (William and Deborah,
1997; FAO, 2007). T. rangeli in dogs is endemic in Latin
America as a parasite of man while T. caninum has only
been identified in south-eastern Brazil (CBVD, 2010:
Barros et al., 2012).

American canine trypanosomosis (Chagas) is found
mainly in the southwestern United States and
sporadically in southern United States (Masumu, 2006).
The disease spread to Latin American populations
following human migration in the last three centuries into
natural habitats of triatomines species commonly known
as “kissing bugs” (Amoro, 2004). The distribution of
Chagas disease in dogs beyond triatomine zones is
greatly influenced by the rise in canine blood transfusion
(Rosypal et al., 2007). And in 1996, Chagas disease was
recorded in the municipal areas in Brazil (Maywald et al.,
1996).

Transmission

T. b. brucei and T. congolense are transmitted to
susceptible dogs through tse-tse flies’ bite during their
feeding (Luckins, 1973; CBVD, 2010). T. evansi is
transmitted mechanically in South America through
vampire bats and by ingestion of infected herbivore meat
(Steverding, 2008; Uilenberg, 1998). T. cruzi and T.
rangeli are both transmitted by triatomines, such as
kissing bugs. Dogs and cats can become infected with T.
cruzi and T. evansi through ingestion of the vector’s
excreta or ingestion of the entire infected vector (Cohen
and Gurtler, 2001; Eloy and Lucheis, 2009). Infections
may also be through penetration of dogs’ intact or
abraded skin by metacyclic forms of T. cruzi (Uilenberg,
1998). In-utero and colostral, infections rarely occur

(Uilenberg, 1998). Infection with T. rangeli may be
through contamination of tritomine feeding sites on the
body of the dog with infected saliva or through the
vectors’ excreta (CVBD, 2010). The mode of trans-
mission of T. caninum is yet unknown.

Pathogenesis

The pathology associated with canine trypanosomosis
depends on the infecting species of Trypanosome (Hunt,
2010). However, irrespective of the species, there is
formation of chancre within few days of a tsetse fly bite.
Chancre formation is a local skin inflammatory reaction
elicited as trypanosomes gain entry through the skin
barrier (Manson-Bahr, 1931; FAO, 1998). The size of
chancre is determined by the dog’s immune status, the
virulence of the infecting Trypanosoma species and the
inoculation dose. Rapidly dividing parasites inside the
chancre enter the regional lymph nodes to the afferent
lymphatics to the thoracic lymph duct and finally the
blood (Mario et al., 1997).

The incubation period for canine trypanosomosis
caused by T. b. brucei is from four to eight days post
infection (Anene et al.,, 1989; CBVD, 2010). From the
blood, trypanosomes, especially T. b. brucei and T.
evansi, are disseminated to various tissues and organs of
the body while other species such as T. congolense
remain within the blood vessels (Losos, 1986; Abubakar
et al.,, 2005; Mario et al., 1997). However, it is been
observed that T. congolense can invade tissues under
certain conditions (Adah et al., 1992). An infection with T.
evansi produces similar clinical manifestation as in T.
brucei brucei (Mario et al., 1997). The presence of
parasites in the lymph nodes causes profound enlarge-
ment of the tissues due to cellular proliferation in B-cell
areas and migration of leucocytes from the chancre.
Soon after, there is sequestration of the parasite in
several organs such as the heart, liver and spleen (Akpa
et al., 2008). Splenomegaly is a feature of the acute or
parasitemic phase of infection and is mainly the result of
the red cell and lymphocyte sequestration and an
expanded macrophage population (Murray and Dexter,
1988).

In the liver, the Kupffer cells phagocytoze the parasites
that are bound by the infected dog’s antibodies. The
organ may become enlarged and congested with Kupffer
cell hyperplasia and periportal mononuclear cell infil-
tration (Murray et al., 1980). Dogs with pernicious
anaemia may have centrolobular necrosis of the liver.
The main changes in the bone marrow are a reduction in
the cellular components affecting the red blood cells,
lymphocytes and platelets (Eloy and Lucheis, 2009).

The heart is consistently damaged in dogs infected with
T. b. brucei, T. cruzi or T. congolense producing distinct
lesions (Katherine and Edith, 2004; Mario et al., 1997).
Pathogenesis of American canine trypanosomosis starts
immediately after contamination of feeding site of trito-



mine. These vectors pass out T. cruzi in their faece
during blood meal which accidentally penetrates the
feeding site on the dog. The bite causes itching and the
act of scratching facilitates the penetration of parasites
into the tissues. Acute Chagas disease is usually seen in
young dogs between 5 to 6 months old (Caliari, 1996;
Hunt, 2010). Such dogs may just die suddenly due to
severe inflammatory reactions in the heart often confused
with more common causes of heart disease (Eloy and
Lucheis, 2009). Though this condition is rare expect in
cases of invasion of large numbers of parasites into the
heart (Ettinger et al., 1997). Dogs with acute experi-
mental infections with T. cruzi showed alterations in the
neurons of the Auerbach’s plexus and myositis in the
lower third of the esophagus (Mario et al., 1997).

Chronic Chagas disease is characterized by myocar-
ditis, as in man associated with remodeling of cardiac
structure resulting to right -sided cardiac dysfunction and
unusual conduction disturbances such as arrhythmias
(Meurs et al., 1998). These conditions are easily detected
with electrocardiographic and echocardiography exami-
nation of the heart (Meurs et al., 1998). Such dogs may
have alterations in the brain and the peripheral nerves
during the acute and chronic phases of the disease (Eloy
and Lucheis, 2009). Cardiac lesions associated with
African T. b. brucei infections shows a marked cellular
infiltration within the perivascular and interstitial locations.
Such infiltrates are composed mainly of lymphoid cells,
plasma cells, macrophages and occasionally eosinophils
(Andrade et al., 1997). Cardiac lesions associated with T.
congolense infection have scanty cellular infiltrate
consisting of small lymphocytes and occasionally macro-
phages and plasma cells (Adah et al., 1992; Murray et
al., 1980). Infections with T. congolense are mostly
vascular with few extravascular parasites (Adah et al.,
1992).

Oedema of the perivascular and interstitial spaces is
often observed in canine trypanosomosis particularly at
the terminal stage. The perivascular oedema of the
cardiac musculature possibly reflects increased permea-
bility and extensive degeneration of the heart fibers. This
is probably due to anoxia caused by the prolonged
anemia and immune mediated pathology. Dogs infected
with T. b. brucei and T. cruzi show a severe meningo-
encephalitis similar to those described in fatal cases of
human trypanosomosis.

Clinical signs

Knowledge of the clinical/pathological features in res-
ponse to Trypanosoma species infections in dogs has
been supplemented by studies in dogs experimentally
infected with these pathogens. Clinical manifestations of
American canine trypanosomosis differ markedly from
that of African canine trypanosomosis. Experimental
infection with canine trypanosomes typically follows three
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successive stages: acute, sub-acute and chronic forms,
though under a natural challenge scenario, it may be
more complex (Katherine and Edith, 2004). Dogs are
refractory to infection with T. rangeli (CVBD, 2010). In
dogs T. b. brucei is responsible for an acute disease with
high parasitemia. The early acute phase of the disease is
marked by the continuous presence of trypanosomes in
the blood at detectable concentration (10° to 10%ml)
(OIE, 2008; Nwoha and Nwoha, 201l1a). Pyrexia is
highest at the first peak of parasitemia, thereafter at
parasitemic waves which often corresponds with the
development of anemia (Aquino, 1997). Anemia is the
most prominent feature of Canine trypanosomosis
(Franciscato et al., 2007; Nwoha and Anene, 2011b).
This is easily observed clinically as pallor of the mucous
membrane. The virulence of the infecting parasite popu-
lation and the age, nutritional status and breed of the host
influence the severity of anemia.

African canine trypanosomosis is marked by infiltration
of the subcutaneous tissues with fluid (oedema) swelling
of the eyelids, the lips and the skin beneath the lower jaw
(Nwoha and Anene, 2011a). Some dogs develop keratitis
which may result in unilateral or bilateral cornea opacity
with moderate lacrimal discharge (Nwoha and Anene,
2011a). A few cases develop the neurological form of the
disease usually in post-therapy. This form is similar to
rabies and terminates fatally within few weeks.
Emaciation may or may not be seen in dogs with acute
infection of the disease. Most dogs show marked
weakness and lethargy. In the terminal stage of the
disease, animals become extremely weak and are often
unable to rise, death of the infected animal may occur in
the first few weeks or months after infection as a result of
the acute disease (Nwoha and Anene, 2011a).

In contrast to the acute phase of infection, dogs
infected with T. congolense, T. evansi, T. rangeli, T. cruzi
and T. caninum often show a chronic form of the disease
with ocular signs such as keratitis, uveitis, coagulopathies
in T. evansi and blepharo conjunctivitis (Amole et al.,
1982; Mario et al., 1997). T. evansi sometimes produces
acute syndrome in dogs manifested as urticarial plaques
and ophtalmitis which are transitory and may relapse
(Mario et al., 1997). Similarly, less frequently, others
cause acute syndrome in imported dogs, with pyrexia,
prostration, severe anaemia and death in 2 to 3 weeks
post infection (CVBD, 2010; Nwoha and Anene, 2011b).
Clinical signs in American canine trypanosomosis often
present asymptomatic to chronic disease states in dogs
and cats (Teixeira et al., 1990). The acute phase often is
seen in young dogs characterized by generalized
myocarditis and extensive degeneration of the central
nervous system. Such dogs exhibit signs of lethargy,
splenomegally, enlarged lymphnodes, diarrhea, myocar-
ditis and sudden death. Diseased hearts may slowly
deteriorate in function and resultant symptoms may be
confused with those of other heart diseases (Kirchhoff,
2011).
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Chronic form of the disease is commonly seen in adult
dogs after several months of initial infection and is
characterized by ventricular arrhythmias and myocardial
dilation. The cardiac insufficiency is initially detected on
the right side and later progressed to left ventricular
insufficiency (Ettinger et al., 1997). Cats may have
pyrexia, convulsions and paralysis of the hind limbs
(Kirchhoff, 2011).

Anemia in the chronic phase is not strictly associated
with the presence of parasite in the blood, but is as a
result of exhaustion of the limited pluripotent stem cells of
the bone marrow from constant assaults by waves of
parasitemia (Manson-Bahr, 1931). Dogs may be
intermittently parasitemic at this period. Dogs having
chronic canine trypanosomosis are weak, cachexic
debilitated towards the terminal stage of the disease.
Regardless of their weakened condition, some dogs
continue to eat, and this may last for months before their
death (Nwoha and Anene, 2011a).

Pathology

There are no pathognomonic lesions in trypanosome
infected dogs. General lesions are congestive,
inflammatory, coagulopathies, oedematous, degenerative
and sometimes haemorrhagic changes in various organs
such as the heart, central nervous system, (CNS), eyes,
testes, ovaries and the pituitary gland (Eloy and Lucheis,
2009). There is usually oedema of the head, thorax and
forelimbs. The carcass shows muscle wasting and gela-
tinous appearance of cutaneous fat (Nwoha and Anene,
2011a).

Congestive heart failure is an important cause of death
in chronic cases and is related to the combined effects of
prolonged anemia, myocardial damage and increased
vascular permeability (Katherine and Edith, 2004). The
superficial lymph nodes are slightly enlarged,
oedematous on cut surface, the liver and spleen are
swollen and congested, while the kidneys are pale and
on the cut surface shows hemorrhages especially along
the corticomedullary junction (Nwoha and Anene, 2011a).

In chronic cases, lymphnodes and spleen frequently
return to normal size and in some cases, they eventually
become atrophy and sclerose (Katherine and Edith,
2004). There is hydrothorax and hydropericardium con-
taining straw coloured fibrin flaked fluid (Nwoha and
Anene, 2011a). The pericardial fats are gelatinous and
the lungs are emphysematous with haemorrhages in the
trachea.

The meninges of the brain are haemorrhagic. The urine
shows deviation from the normal amber colour with a pH
of 6.0 with evidence of an increased number of
leukocytes in urine; this could be the reason for the slight
change in specific gravity and increased turbidity of the
urine (Katherine and Edith, 2004; Nwoha and Anene,
2011a).

Diagnosis

The diagnosis of canine trypanosomosis is dependent on
a combination of detailed clinical examination, proper
sample selection/collection, sample size, appropriate
diagnostic tests, and proper conduction of tests and
logical interpretation of results. In canine trypanosomosis
where disease prevalence is high, some tests of low
diagnostic sensitivity may suffice (OIE, 2008). Parasito-
logical diagnosis could be made by microscopic exami-
nation of either the lymph node aspirates of blood, or
cerebrospinal fluid (CSF) of infected dogs (Francois et
al., 2005). Blood samples should be examined as soon
as possible to avoid immobilization and subsequent lysis
of trypanosomes in the sample. Often blood samples
collected at the tip of the ear yield a larger quantity of
parasites when compared to venepuncture (Uche, 2010).
The collected blood sample should be preserved in an ice
pack container away from sunlight because trypa-
nosomes are rapidly destroyed by sunlight (OIE, 2008).
In preparation of wet blood films, a drop (about 2 pl) of
blood is placed on a clean slide and covered with a cover
slip to eliminate air bubbles. It is then examined
microscopically (magnification, 400x) with condenser
aperture, phase-contrast or interference contrast for
proper visualization (22 x 22 mm). A detailed procedure
of this test is seen in WHO Trypanosomosis Control
Manual (1983).

Although, this technique has a very low detection
power of 10,000 parasites in 200 microscopic fields, it is
the most commonly used test in trypanosomosis
(Francois et al. 2005). Microscopic examination
enhances detection of trypanosomes darting across the
microscopic field in positive T. brucei while T. congolense
parasites move sluggishly and thus allows a definite
diagnosis. The movement of the surrounding erythrocytes
often attracts attention to the presence of trypanosomes
in the blood. Due to fluctuations in parasitemia, blood
samples should be collected every other day to check for
a peak in parasitemia when the parasites will be easily
detected. The sensitivity of this technique may be
significantly improved by lysis of the RBCs before
examination using a haemolytic agent such as sodium
dodecyl sulfate (SDS) (OIE, 2008).

Lymph node aspirate

Examination of lymph aspirates from prescapular lymph
nodes detects up to 80% of the infection (Robson and
Ashkar, 1972). Lymph is aspirated from enlarged cervical
lymph nodes and one to two drops of the fresh aspirate is
expelled onto a slide, and a cover slip is applied to spread
the sample and prepare a smear. The wet preparation is
mounted immediately and viewed under the microscope
(magnification, 400x) for the presence of motile
trypanosomes (Francois et al., 2005). The sensitivity of



this procedure varies between 40 and 80% depending on
the parasite strain, the stage of the disease (sensitivity is
higher during the acute stage), and concurrent infection
with pathogen that causes lymphadenopathy (Simarro et
al., 2003; Van Meirvenne, 1999).

Thin and thick blood smears

Thin/thick blood smear is another parasitological
technique that can be used in the diagnosis of
trypanosomosis. This technique is not tedious and can be
carried out easily by an experienced technician. Giemsa-
or Field's-stained thin blood films are made by placing a
drop of blood (about 5 pl and 5 to 10 pl for thick blood)
film at one end of a slide, the edge of another slide is
placed just close enough to the drop of blood for it to
spread along the edge. Then, with a swift movement
blood is spread on the slide. Ideally, thin films should be
prepared so that the RBCs are fairly closer to each other
but with no overlapping. The slide is air dried and then
fixed in methanol. The fixed slide is later stained with
Giemsa stain in phosphate buffered saline at a pH of 7.2.
A more detailed technique can be found in WHO
trypanosomosis control manual. After preparation, the
stained slide is allowed to dry and then examined under a
phase contrast microscope. This technique helps in the
identification of the particular infecting trypanosome
species and is often used where there is no centrifuge
(Lumsden et al., 1979). Sensitivity of this test may be
improved by increasing the thickness of stained slides. A
fixed smear should be kept dry and protected from dust,
heat, flies and other insects that may feed on them (OIE,
2008).

Microhematocrit centrifugation technique (mHCT):
This technique sometimes referred to as the capillary
tube centrifugation technique or as the Woo test, was
developed more than 30 years ago and is still used in the
diagnosis of trypanosomosis in man and animals (Woo,
1970; 1971). In this procedure, heparinzed capillary tubes
are three-quarter filled with the suspected blood sample
containing anticoagulant. The dry ends of the capillary
tubes are sealed with plasticine or heat (OIE, 2008). The
capillary tubes are centrifuged at 3000 rpm for 6 to 8 min.
Trypanosomes becomes concentrated at the level of the
white blood cells, between the plasma and the
erythrocytes. The centrifuged capillary tubes can then be
examined under the microscope at low magnification of
x100 or x200 for motile parasites. mHCT is a more
sensitive technique than wet mount, and the sensitivity of
mMHCT is increased with the number of tubes examined
(OIE, 2008).

Quantitative buffy coat (QBC): The quantitative buffy
coat or Murray method (QBC; Beckton-Dickinson) was
initially developed for the rapid assessment of differential
cell counts, but is now being applied to the diagnosis of
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hemoparasites including trypanosomes (Levine et al.,
1989; Bailey and Smith, 1992). It is a widely used
improved method of diagnosis of trypanosomes involving
the staining of trypanosome kinetoplasts and nuclei with
acridine orange for easy differentiation from the white
blood cells at the buffy coat level (Francgois et al., 2005).
About 1500 to 2000 pl of blood in heparinized capillary
tubes containing acridine orange is centrifuged at 3000
rpm to allow separation. The buffy coat is aspirated into a
microhaematocrit capillary tube and re-centrifuged. Motile
trypanosomes can be identified by their fluorescenting
kinetoplasts and nuclei in the expanded buffy coat. The
flourescented trypanosomes are best appreciated in a
dark room using ultraviolet light generated by a cold light
source connected by a glass fiber to a special objective
containing the appropriate filter. The QBC has about 95%
sensitivity and can detect positive cases of low
parasitemia (Francois et al., 2005).

Mini-anion-exchange centrifugation technique
(mAECT): The mAECT was introduced by Lumsden et
al. (1979) based on a technique developed by Lanham
and Godfrey (1970). An updated version has been
described by Zillmann et al. (1996). The technique is
based on the ability of the negatively charged RBCs to be
held back in the anion column, and the less negatively
charged trypanosomes to pass through with the solution.
The trypanosomes are concentrated in the solution by
low-speed centrifugation (Francois et al., 2005). The
concentrate is then examined in a special holder under
the microscope for the presence of trypanosomes. This
technique is highly sensitive than most of the other
described techniques because of large blood volume
(300 pl) used, which enables the detection of less than
100 trypanosomes/ml (OIE, 2008).

In vitro cultivation

In vitro cultivation of T. brucei has been described over
the years but with varying degrees of success
(McNamara et al. 1995; OIE, 2008). About 5 to 10 ml of
blood is cultured in the laboratory and blood stream forms
of trypanosome transforms into large proliferating
procyclic forms detectable within three to four weeks
(Francois et al.,, 2005). The technique requires
sophisticated equipment, it is time consuming and not
suitable for large scale or routine diagnosis. KIVI kit can
be used in vitro in the isolation and amplification of all
species of T. brucei in humans, domestic and game
animals (Truc et al., 1992). However, its effectiveness in
the isolation of T. congolense and T. brucei brucei in
dogs is yet to be determined.

Animal inoculation

Mouse inoculation may be used for the detection of posi-
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tive cases with sub-clinical infections by the inoculation of
specific pathogen free (SPF) mouse with blood sample
from animals suspected to be infected with trypano-
somosis, and allowing for establishment of infection and
screening them for parasitemia (WHO, 1998). The
immunity of the test mouse can be sup-pressed by
administration of corticosteroids or by irradiation in order
to increase their chances of developing parasitemia and
isolating the parasite. The SPF mice are bled thrice a
week for at least two months until detection of
parasitemia. Factors such as chronic infections of low
parasitemia, is the fact that some strains of T.
congolense do not replicate in the mice and the animal
welfare regulations may influence the use of this
technique (OIE, 2008).

DNA AMPLIFICATION TESTS

A polymerase chain reaction (PCR) technique could be
used as a diagnostic tool in cases of canine trypano-
somosis as it can be applied on any patient sample that
contains trypanosomes DNA (OIE, 2008). The technique
involves the amplification of specific DNA of different
trypanosome species. Samples to be analyzed should be
protected from sunlight to avoid DNA degradation
(Francois et al., 2005). Currently, the technique has been
applied on T. brucei for detection of its three species and
three types of T. congolense with success. Other species
of trypanosome that affect dogs can undoubtedly be
tested with it. This test is important in the detection of
possible new strains of trypanosomes that may affect
dogs. The primer sets available for different T. brucei
brucei subgenus, species and types are referred to as
follows: Trypanozoon subgenus - TBR1 and TBR2; T.
congolense (savannah type) - TCN1l and TCN2; T.
congolense (forest type) - TCFl1 and TCF2; T.
congolense (Kenya Coast type) - TCK1 and TCK2. Due
to the multiplicity of these taxon-specific primers, a full
trypanosome species identification requires that five PCR
test can be carried out per sample, and therefore cannot
be used as a routine diagnostic technique in dogs (OIE,
2008).

Serological techniques
Antibody-detection enzyme-linked immunosorbent
assay (indirect assay)

The technique of antibody ELISA has recently been
developed for use in the diagnosis of trypanosomosis in
animals (Lumsden, 1977) and has been used in large-
scale surveys of bovine trypanosomosis (Desquesnes,
1997; Hopkins et al., 1998), though it could also be
employed in canine trypanosomosis. The standard
antigen for trypanosomosis antibody tests is derived from

purified bloodstream-forms of trypanosomes and the
procedure can be obtained from OIE Terrestial manual
(OIE, 2008).

In bovine trypanosomosis, ELISA, using T. congolense
or T. vivax precoated microtitre plates, has been
developed for diagnosis of bovine trypanosomosis (OIE,
2008). Similar precoated microtitre plates can also be
produced for diagnosis of canine trypanosomosis espe-
cially as it has an advantage of providing a standardized
denatured antigen that can be preserved for a long time
at room temperature. The suspected test serum is
reacted with trypanosomal antigens present in the ELISA
microtitre plate, after which the resulting antigen/antibody
complex is then incubated with an enzyme-conjugated
antiglobulin to 1gG fraction of the suspected dog. The
reaction is then visualized by the addition of enzyme
substrate and chromogen, with the resulting colour
change allowing a photometric interpretation (Luckins,
1973).

The absorbances of each ELISA-sample tested is
expressed as a percentage (percentage positivity: PP) of
the strong positive reference standard or the positive and
negative reference standard results (OIE, 2008). The cut-
off value is determined using known positive and
negative field or experimental samples. Both antibody-
detection tests have high sensitivity and genus specificity.
Their species specificity is generally low, but may be
improved by using a standardized set of the three
species-specific tests (Desquesnes, 2004) or by
fractionation of test crude trypanosomal antigen extract
which will enable discrimination between infecting
species (ljagbone et al., 1989).

Laboratory assays essential for confirmation of
trypanosomosis

Most of the immunohistochemical techniques are of high
sensitivity and little specificity such as (Ag, Ab) ELISA
test described above which often detects the presence of
IgM during acute infection and IgG in chronic cases. The
reduced specificity encountered in the use of these
techniqgues is because of cross reactivity between
trypanosomal species and with concurrent infections
such as microfilaria and Leishmania. Recently, the
invention of modified ELISA technique (Cellabs Elisa T.
cruzi and Hemagen Chagas kit) used in diagnosis of T.
cruzi infection in humans gives a 100% sensitivity and
specificity (Annette et al., 2006). This modified ELISA
technique may also give similar result in the diagnosis of
canine trypanosomosis. Indirect fluorescent antibody test
(IFAT) has been used extensively in the diagnosis of
typanosomosis in both man and animals. The original
method for this test has been replaced by a new
technique for the preparation of trypanosomal antigens.
This involves fixation of live trypanosomes using a
mixture of 80% cold acetone and 0.25% formalin in normal



saline. The use of IFAT in the diagnosis of bovine
trypanosomosis has proven to be both specific and
sensitive in detecting trypanosomal antibodies in infected
cattle (Wilson, 1969; Luckins and Mehlitz, 1978) and
camels (Luckins et al., 1979).

Thus, it may show similar sensitivity and specificity in
the diagnosis of canine trypanosomosis. The technique
involves the preparation of a thin smear from a suspected
blood sample which is allowed to dry and is later fixed in
acetone for few minutes. About 5 mm diameter circles
are marked on glass slides using nail varnish. A 1: 40
diluted test sample’s serum is pipetted into each circle,
ensuring that the area in each circle is completely
covered. The antigen/test serum preparation is incubated
at 37°C for 30 min in a humid chamber. Afterwards, the
preparations are washed thrice in PBS for 5 min each
time at 4°C with gentle agitation and then air-dried.
Rabbit or goat anti-bovine IgG conjugate that have been
conjugated to fluorescein isothiocyanate is added and
then slide washed and incubated as aforementioned. A
clear detailed procedure could be seen in OIE Terrestial
manual (OIE, 2008).

The slides are further rinsed in distilled water and air
dried. The dried slides are mounted in PBS or buffered
glycerol and examined for fluorescence. However, this
technique has some limitations which include high cost of
the technique involving sophisticated microscope and
cross reactivity between trypanosomal species. There-
fore, IFAT cannot be used for routine test diagnosis of
canine trypanosomosis.

Biochemistry analysis

Though there is so much inconsistency in the bioche-
mical changes observed in canine trypanoso-mosis, there
are still some parameters that are somewhat consistent
from the literature. Barr et al. (1991) recorded elevated
serum liver enzymes alanine trnsferase ALT, aspertate
amino phosphotase ASP and LDH in the acute phase of
Chagas disease in dogs. Eloy and Linchein (2009)
observed hyperproteinaemia which contradicts the
findings of Barr et al. (1991) on TP. The hyperproteinae-
mia was attributed to high antigenic stimulation asso-
ciated with trypanosomosis (Aquino, 2002). African
canine trypanosomosis caused by T. brucei brucei, T.
congolense and T. evansi are mostly characterized by
elevated liver enzymes, blood urea nitrogen BUN,
creatinine and bilirubin concentrations (Aquinos, 2002;
Nwoha et al., 2013).

However under field infection ASP has been the only
liver enzyme found above the normal range in the serum
and has been attributed to either hepatic or muscular
damage (Franciscato et al., 2007). Several workers have
recorded decreases in TP in experimental African canine
trypanosomosis and attributed it to loss of albumin in
urine (Franciscato et al., 2007; Nwoha et al., 2013). The
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discrepancies in biochemistry changes in canine
trypanosomosis are function of the diagnostic technique,
expertise and physicobiochemical dynamics in the dog.

Treatment

Treatment of African canine trypanosomosis is an area
that has been under a lot of challenges especially as
regards to the availability of effective trypanocides in the
market. There have been development of several com-
pounds with efficacy against canine trypanosomosis,
however none of these products have been produced in a
large commercial scale or even available in the market.
The apparent unavailability of new trypanocides in the
market have remained a great challenge to the treatment
of the disease. Diminazene aceturate have shown
efficacy when used to treat canine trypanosomosis used
at the dose of 3.5 mg/kg in T. congolense infection; 7
mg/kg in T. brucei brucei and T. evansi (Aquinos, 2007).
Usually parasitaemia disappears after 48 h post
treatment. The constant use of diminazene aceturate
over time has lead to the development of resistant strains
of canine trypanosomes. There are abundant strains of
canine trypanosomes especially T. brucei brucei T.
congolense and T. evansi which are refractory to
diminazene thus results to repeat treatment of infected
dogs and constant relapses (Doyle, 2009; Nwoha and
Anene, 2013; Chigozie et al., 2012). Treatment of
American trypanosomosis is equally as difficult, as
infected dogs often develop remodeling of the heart
which gradually leads to heart failure.

Hence, treatment does not provide complete recovery
but only sustains the life of the dog for some reasonable
period (Amoro, 2004; Desquenes et al., 2001). The use
of beta adrenergic blockers such as carvedolol,
propanolol and atenolol could be beneficial to reduce the
blood volume and cardiac out. This helps to reduce the
stress on an ailing heart, low doses of angiotensin con-
version enzymes inhibitors (ACEIs) and in particular
enalapril, veno- or iono-dilators like prazosin or pimo-
bendan, calcium transport and utilization of modifiers
singly or in various combinations may be useful in
attenuating the progression of HDs to HF in infected dogs
(Sisson, 1994; Wolley et al., 2007) and therefore could be
of some clinical benefit in cases of Chagas disease in
dogs.

Vaccination

Attempts have been made by some workers to produce a
protective vaccine against trypanosomsis both in humans
and animals. One which seems to provide hope in this
direction is the administration of anti-idiotypic (anti-id)
antibodies to infected animals. Anti-id induces lympho-
cytes and antibodies of complementary specificity under
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certain experimental conditions (Benca et al., 1980, Miller
et al.,, 1981). Injection of minute amounts of anti-id
antibodies induces antigen-specific helper T-cells and
enhances the expression of the corresponding id in
subsequent antibody response (Kelsoe et al., 1980).
Administration of the anti-id produces antigen-binding id
positive molecules in the absence of exposure to antigen,
and therefore may be used to regulate the immune
system of dogs by its expansion of B-cells clones bearing
the appropriate id without specific antigen stimulation.
Mice immunized against trypanosomosis with anti-id
antibodies gave a partial to complete immunity to
infection (David et al., 1982) and this may be tried in
dogs.

Recently, dogs were vaccinated with a fixed T. rangeli
against canine trypanososmosis (Basso et al., 2007).
Experimental infections of the vaccinated dog produced
disease of low parasitaemia apparently from vaccine
induced immunity. Furthermore, feeding of the vaccinated
dogs with the nymph stage of triatomine reduced the rate
of infection in the bugs. Since dogs are the reservoir of
Chagas disease in man, advances in this area could
reduce the rate of infection of kissing bug which will in
turn aid in the control of the disease in man (Basso et al.,
2007).

Differential diagnosis

Some diseases can be confused with clinical cases of
trypanosomosis in dogs and these include:

1. Acute trypanosomosis with pyrexia: canine babesiosis,
canine anthrax, canine anaplasmosis, canine haemor-
rhagic and septicaemia.

2. Chronic trypanosomosis with anaemia and emaciation:
canine ancylostomosis, canine ascariasis, malnutrition
and other haemoparasitosis.
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Helianthemum lippii L. is a perennial, little brush distributed in sandy regions of southern Tunisia as
well as of Mediterranean basin. It presents an important ecological, economical and pastoral interest.
All these characteristics encourage us to try the in vitro propagation because it is a feasible alternative
for the rapid multiplication and the preservation of plants. A very high frequency of sprouting and shoot
differentiation were observed in the primary cultures of nodal explants of H. lippii on MS medium,
without growth regulators or with a lower concentration of 6-benzylaminopurine (BAP, 0.5 mg L™ or 1.0
mg L™ BAP). In vitro proliferated shoots were multiplied rapidly by culture of shoot tips on MS medium
free or with BAP (0.5 to 2.0 mg L™) which produced the greatest multiple shoot formation. BAP had a
positive effect on multiplication and on growth, but a concentration that exceeds 2.0 mg L™ decreased
the growth. A high frequency of rooting (71%) with development of healthy roots was observed with
shoots cultured on MS/8 medium hormone-free. After in vitro rooting, and transfer to soil, a number of

plantlets suitable for reintroduction in nature were produced.

Key words: Helianthemum lippii, axillary buds, micropropagation, plant conservation.

INTRODUCTION

Helianthemum lippii L. (H. lippii) is a perennial little brush,
which occurs on sandy soils and sandy limestone
gypsum low-lying in North African (Raynaud, 1987;
Escudero et al., 2007). It is distributed in the bioclimatic
semi-arid (Perez-Garcia and Gonzalez-Benito, 2006;
Belghith, 2007) where it is well suited to severe climatic
conditions in Southern Tunisia. It presents an important
ecological, economical and pastoral interest and plays a
pivotal role of struggle against desertification and the
stabilization of vulnerable sites (Diez et al., 2002).
Besides, it has a medicinal interest because the powder
or the compress of the aerial part is used to treat

coetaneous lesion. This plant is known to be usually
associated to desert truffles. H. lippii is the host plant for
several species of desert truffles, which have interest for
food, medicinal and economic purposes, development of
the rural and local populations, (Plenchette and
Duponnois, 2004; Slama et al., 2006; Mandeel et al.,
2007), and in particular Terfezia boudieri Chatin and
Tirmania nivea (Desf) (Slama et al., 2006). The presence
of H. lippii is in a continuous regression. This plant is
highly affected by the change in their floristic composition
under the effect of overgrazing, land clearing and
increased pastoral care (Aidoud et al., 2006). H. lippii



becomes endangered, rare and endemic flora of the
western basin of the Mediterranean Sea (Escudero,
2007). All these characteristics encourage usto try the in
vitro propagation. In vitro culture seems to be a very
interesting alternative to preserve H. lippii against the
scourge of extinction under effect of overgrazing, land
clearing and increased pastoral care. This work is the
multiplication of the species and this was through the
micropropagation by axillary budding.

MATERIALS AND METHODS
Plant material

Young shoots were collected from 4 to 5-years-old trees of H. lippii
growing in the garden of Arid Lands Institute of Medenine (IRA)
(Medenine: latitude 32° 57° 09” N, longitude 11° 38’ 26” E, with arid
climate characterized by a mean rainfall of 150 mm/year). The
types of explants that were used were the nodal explants (1 cm)
from bud to ensure multiplication by axillary budding.

Disinfection

Stem cuttings, 8 to 10 cm length, were collected from plants
growing in southern Tunisia (Medenine: latitude 32° 57° 09" N,
longitude 11° 38’ 26” E, with arid climate characterized by a mean
rainfall of 150 mm/year), defoliated and surface-sterilized and
washed with fungicide (Benlate 1 g/l) for 20 min to remove all
surface adherents and then left in running tap water for 10 min.
Subsequently, the defoliated twings were surface decontaminated
with 0.01% (w/v) mercuric chloride for 15 min. The treated twings
were washed several times with sterile distilled water and finally the
use of a solution of sodium hypochlorite (NaOCI 50%) at different
immersion times (5 to 20 min). Prior to inoculation, the twigs were
trimmed into 1-cm-long pieces each having one or two nodes.

Micropropagation of Helianthemum lippii
Initiation

Explants were individually placed in test tubes (25 to 160 mm)
containing 10 ml of MS (Murashige and Skoog 1962),
supplemented with hormones. The hormones used were 6-
benzylaminopurine (BAP: 0.25 to 2.0 mg L™) and a-naphthalene
acetic acid (NAA: 0.5 and 1.0 mg L™). Sucrose (2%, wiv) was used
as a carbon source and media were solidified with 0.8 % (w/v) agar.
Media pH was adjusted to 5.8 before autoclaving at 121°C for 20
min. Cultures were incubated at 25 + 2°C under a 16 h photoperiod
at 60 pmol m? s™ provided by cool-white fluorescent lights for 10
weeks (Iriondi, 1995).

Multiplication

Shoots (1 + 0.3 cm) obtained from the first step of micropropagation
were transferred to MS medium with different concentrations of
BAP added (0.25to 2.0 mg LY.

Rooting

The root induction was performed on MS media diluted (MS/2,
MS/4, MS/6 and MS/8) and MS medium containing different
concentrations of acetic acid a-naphthalene (NAA: 0.25to 1.5 mg L
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Y. All cultures were maintained in growth room for 3 months at 25
+2°C under a photoperiod (16/8 h) at a photosynthetic flux of 12,
and 6 pmol m™s™ provided by cool daylight fluorescent lamps.

Acclimatization

Plantlets with at least five well-developed roots were transferred to
plastic pots (150 ml) containing a mixture of peat and perlite (2:1,
v/v). Potted plantlets were placed in a growth chamber set at 100%
relative humidity, 25 + 2°C, with a 16 h photoperiod (100 umol m? s’
1), for three months, and then transferred to a glasshouse under
natural daylight conditions at 25°C temperature. Plantlets were
watered twice a week for 3 months with a diluted solution of 1/2MS.

Statistic analysis

The response data was arcsine transformed before analysis. All
data were subjected to one-way analysis of variance (ANOVA). For
each treatment, 20 explants were cultured.

RESULTS
Disinfection of explants

The appropriate protocol of disinfection is to soaking
explants in mercuric chloride (0,01%) for 15 min, then
immersion in bleach (NaOCI 50%) for 20 min; this
protocol gives a low rate of contamination. The treatment
of explants with the solution of HgCl, (1 g L™ for 20 min
gave satisfactory results. In fact, this treatment ensures
complete sterilization without damaging the explants
compared to 10 and 15 min soaking. In the literature,
several types of disinfectants are used for the sterilization
of plant material such as alcohol, petroleum ether,
calcium hypochlorite, sodium hypochlorite, acetone, etc
at concentrations and durations of dips that vary
depending on the species (Phatak and Heble, 2002;
Moran et al., 2003; Tan et al., 2004).

Induction of auxiliary bud

The effect of the concentration and nature of growth
regulators on bud explants is reported in Table 1. In the
absence of growth regulators, the rate of axillary bud was
very high (almost 100%) than it was for a complete basal
medium (MS) or in medium supplemented with 0.5 or 1.0
mg L of BAP (M, and Ms). The addition of a cytokinin
(BAP); however, favored the development of axillary
buds.

Explants that have ridden the first giving a percentage
of bud highest (~100%) are those that have been grown
in a medium supplemented with 0.5 mg L™ of BAP. The
combination of BAP and NAA at a dose of 0.25 mg L™
was accompanied by a decrease in the percentage of
bud break (30%) and a decrease in shoot length (0.56
cm) (Figure 1a, b). Endogenous hormones of tissue H.
lippii are able alone to stimulate axillary bud.
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Table 1. Effect of growth regulators on induction of axillary bud tissues Helianthemum

lippii L.
Medium Composition (mg.L™) Bud (%) Means long shoots (cm)
My MS 100 1.08°
M MS + 0.5 BAP 100 2.28°
Ms MS + 1.0 BAP 100 1.2°
Ma MS + 2.0 BAP 60.0 0.58°
Ms MS + 1.0 BAP + 0.25 NAA  30.0 0.56°
Me MS + 1.0 BAP + 0.5 NAA 27.4 0.8*°
My MS + 1.0 BAP + 1.0 NAA 21.7 0.58°

Means with different letters are significantly different at level p <0.05 (Duncan test).

The addition of growth substances also increased to an
excessive concentration of growth regulators making
them toxic.

The combination of 1.0 mg L™of BAP and 0.25 mg L™
NAA (Ms) however positively influenced callus thus the
addition of NAA to the culture medium promotes callus
formation at the expense of bud development. This can
be explained by the fact that the addition of NAA in the
culture medium decreased bud development at the
expense of callus (Figure 1c). At a higher dose of NAA
(1.0 mg L™ (M), the percentage of bud and shoot length
decreased (21%, 0.58 cm). Also, the leaves begin to
wrap and the shoots begin to be less vigorous. However,
other authors such as Figueiredo et al. (2001) showed
that auxin-cytokinin  combination decreased the
proliferation of shoots in Periploca laevigata and Rollina
mucosa respectively.

Proliferation of axillary shoots

The results (Table 2) show that the rate of axillary bud
varied between 60 and 90%. Indeed, in all walks of
multiplication, bud occurred after two weeks of culture;
whereas it is three weeks for primary buds. This result
can be explained by the fact that explants from the
establishment phase of culture have acquired juvenile
characters that can be considered as a response to in
vitro culture.

The results showed that the rate of increase is
positively correlated with the concentration of BAP. But
arriving at a concentration of 2 mg L™ of BAP (Mg), the
number of nodes/shoot decreases and the BAP
beginning to have an inhibitory effect; this is justified by
the low percentage of multiplication as well as the loss of
shoot vigor (Figure 1c, d).

The effect of cytokinins on axillary buds has been
studied by several authors. Thus, Souayah et al. (2003)
found that the addition of BAP improves the rate of bud in
Atriplex, but the increase in the concentration of BAP
induced a decrease in the number of axillary shoots
strong and no vitrified.

Rooting

Adventitious root formation is a phenomenon of great
importance for the success of propagation. This is very
difficult to achieve in wood. Rooting was obtained on
media without growth regulators. The rate of rooting and
number of roots per explants differ according to the
environment (medium). On media supplemented with
different concentrations of auxin (NAA), no evidence of
rooting was observed. The findings highlight the
appearance of callus at the base of the shoots. The
rooting rate was from 32 to 71.8% for MS to MS/8.
Rooting was observed after 3 to 4 weeks of culture. After
this period, there was a gradual increase in the number of
roots. Concerning the effect of dilution of minerals on
rooting, we noted that the media MS/4, MS/6 and MS/8
gave the best rooting rate (54.2, 66.06 and 71.8%,
respectively). This factor clearly affects the rate and
number of roots/explant which considerably increased
with the dilution of mineral medium (Figure 1f).

In examining these results, we noted that rooting was
obtained on media without growth regulators. Uploading
of auxin in the culture medium strongly inhibits rooting.
This is due to the wealth of H. lippii in endogenous
growth regulators. Rooting was obtained on media
without growth regulators, on media supplemented with
different concentrations of auxin (NAA), no evidence of
rooting was observed in H. lippii (Table 3).

Acclimatization

The in vitro regenerated plantlets were acclimatized in a
growth chamber at high relative humidity (90 to 95%) for
two months and then they were transferred to the
glasshouse. Results show that after six months of
acclimatization, the percentage survival was 60%. This
increase could be due to a more developed and efficient
rooting system. Micropropagated plants showed good
growth and uniformity ex vitro and exhibited normal
development. When reintroduced into their natural habitat
during 8 months, these plants showed 45% of survival
(Figure 1f, h).
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Figure 1. Proliferation of auxillary shoots of Helianthemum lippii on (a) MS + 1.0 mg.L"
'BAP +0.25 mg.L™! NAA; (b) MS medium; (c) Callus induction from nodal segment on
MS + 0.50 mg.L™? BAP + 0.25 NAA mg.L™Y; (d) MS + 1.0 mg.L™ BAP + 1.0 NAA mg.L'™";
(e) MS + 1.0 mg.L™ BAP; (f) F, rooting on MS/8; (g + h) regenerated plantlets

transferred in micropots (100%).

DISCUSSION

Explants of H. lippii presents a good disinfection in
mercuric chloride solution (1%) after immersion in bleach
(50%) for 20 min; some plants such as Carissa carandas

have been disinfected by dichloride of mercury (HgCl,) at
different concentrations and different soaking time. Other
species such as Cyrtontus were sterilized by hypochlorite
of sodium (NaOCI) (Moran et al., 2003). The addition of a
cytokinin with low concentrations (BAP: 0.5 to 1.0 mg L™),
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Table 2. Effect of BAP concentration on the multiplication phase of Helianthemum lippii vitro pousses.

Medium Composition (mg.L™) Bud (%) Means fibre of nodes/shoot Means long shoots (cm)
M MS + 0.25 BAP 68.6 2.4% 1.32°
Ma MS + 0.5 BAP 80 3.6° 2.01°
Ms MS + 0.75 BAP 60 3.46° 2.20°
Ma MS + 1.0 BAP 90 3.4° 2.88°
Ms MS + 1.5 BAP 80 3b° 2.98%
Ms MS + 2.0 BAP 80 1.8° 2.36"

Means with different letters are significantly different at level p <0.05 (Duncan test).

Table 3. Effect of dilution and NAA (auxin) on the induction of rooting vitro pousses of Helianthemum lippii.

Medium  Composition (mg.L'l) Rooting rate (%) Number of roots/explant Long means roots (cm)
M, MS 32° 5,6° 1.85"
M, MS/2 48.6° 5.6° 2°
Ms MS/4 54.7° 6.6" 2.4°
M, MS/6 66.06" 7.8° 3.08°
Ms MS/8 71.80° 7.4% 4.48"
Ms MS + 0.25 NAA 0 0 0
M, MS + 0.5 NAA 0 0 0
Ms MS + 1 NAA 0 0 0
Mo MS + 1.5 NAA 0 0 0

Means with different letters are significantly different at threshold p <0.05 (Duncan test).

favored the development of auxiliary buds; however, the
increase in concentration had a negative effect. The work
of Armstrong et al. (2001) on Ceratopetalum gummiferum
showed that the number of shoots per explants increased
with increasing concentration of BAP, Kinetin, Zeatin and
2iP. However, the use of excessive concentrations
cytokinin caused a decrease in the number of shoots per
explant, the shoot length and shoots weight. These doses
also cause browning of explants bases, yellowing shoots,
deformation and stunting of the leaves. The addition of
auxin had a negative effect on the induction of auxiliary
bud. Figueiredo et al. (2001) have shown that increasing
the concentration of NAA decreases the proliferation of
axillary shoots R. mucosa. The effect of auxin-cytokinin
combination was also studied by Fracaro et al. (2001) for
Cunila galioides. These studies show that the addition of
different auxins: NAA, IAA or IBA to a multiplication
medium (MS + BAP) significantly reduced the number of
shoots per explants. However, Souayah et al. (2003)
showed that in A. halimus, adding NAA enhances the
rate of multiplication but with increased callus.

The addition of BAP in H. lippii, improves the rate of
buds, but the increase in the concentration of BAP
induced a decrease in growth of shoots. The toxic effect
of high concentrations of growth regulators was observed
when explants of hypocotyl and epicotyl of R. mucosa are

grown in culture media containing high doses of kinetin,
BAP or 2,4-D (Fingueiredo et al., 2001). Similarly, Zhijun
and al. (2001) explained the toxic effect of the use of high
concentrations of BAP for axillary bud by the fact that the
addition of exogenous BAP causes an imbalance in the
concentration of growth regulators causing toxicity to
cultured buds. The rooting of shoots in culture medium
without growth regulators was also obtained for
Vaccinium macrocarpon (Debnath et al., 2001). Similarly,
Iriondo et al. (1995) working on Helianthemum
polygonoides showed that the rooting of this species can
be done even on MS media without auxin. Also, Morte
and Honrubia (1992) showed that the roots of
Helianthemun almeriense occur after dilution of the
culture medium. Similarly, for Atriplex halimus (Souayah
et al.,, 2003), for which rooting is obtained on media
without growth regulators indeed increased with diluting
the mineral medium.

Conclusion

In vitro propagation is a feasible alternative for the rapid
multiplication and the preservation of germoplasm. With
the development of biotechnology and its contribution
axis at all levels (genetic resources conservation, sanita-



tion plants, creating new genetic combinations, etc.), in
vitro propagation methods are essential for plant genetic
resources management and are becoming increasingly
important for conservation of rare and endemic plant
species (Sudha et al.,, 1998; lankova et al., 2001).
Similarly, these techniques facilitate the application of
genetic manipulation procedures and long-term storage
(Hawkes et al., 2000). Micropropagation of H. lippii was
successfully implemented using the explants from
specimens of the Medenine region (Tunisia, IRA plot:
Institute of Arid Regions). To obtain this result, it was
necessary to develop an adequate disinfection system in
order to have sterile cultures. This disinfection protocol
requires the use of a fungicide and then of a solution of
mercuric chloride (1 g L'l) for a period of 20 to 30 min.
The rate of axillary bud is almost 100% on MS or MS
supplemented with low concentration of BAP (does not
exceed 0.5 mg L™ of BAP), while the combination of BAP
and NAA caused a decrease in the percentage of bud
and shoot length growth.

Results show that the rate of multiplication is positively
correlated with the concentration of BAP, at a high
concentration; the BAP has an inhibitory effect; this is
justified by the low percentage of multiplication as well as
the loss of shoot vigor and decreases of number nodes
per shoot. Rooting was obtained on media without growth
regulators. The rate of rooting and number of roots per
shoot differ according to the medium composition mine-
rals. On media supplemented with different concentra-
tions of auxin (NAA), no evidence of rooting was
observed. Endogenous hormones of tissue H. lippii are
able alone to stimulate axillary bud. The addition of
growth substances also increased to an excessive con-
centration of growth regulators making them toxic.
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The partial dehydration of grapes after harvest and aimed wine-making, has been shown to be a
process that brings increased concentration of sugar and phenolic compounds in the must, which
results in the quality of the wines produced. However, the works developed so far studied the process
for temperatures up to a maximum of 25°C and air velocity less than 1 m.s™. This study aimed to
analyze the physical and chemical changes (concentration of total soluble solids (TSS) and phenolic
compounds (CPC)) after partial dehydration of 'Niagara Rosada' grapes at the temperature subjected to
two treatments combining two temperatures and one air velocity (T;= 22.9°C/1.79 m.s™ and T, =
37.1°C/1.79 m.s™), and relative humidity of approximately 40%. The loss of water in the grapes was
approximately 14% and the drying process lasted between 20 to 50 h for the treatments T; and T,
respectively. We experimentally and statistically verified that the treatments promoted significant
increase in TSS and CPC; however, for CPC at the temperature of 37.1°C, the increase accounted for
approximately 29%, whereas, for the temperature of 22.9°C, it was only 5%. For TSS, the increase was
on average 14.4 + 3.9% between both treatments.
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INTRODUCTION

Besides facilitating the transport, storage and
microbiological stability, the dehydration process of
agricultural products causes physical, chemical and
organoleptic changes; therefore, it must be performed in
a controlled manner and meet the limits established to
not affect the quality (Sampaio et al., 2006). The
reduction of the moisture content in fruits for processing,
whether for juice, pulp and/or concentrates, causes an
increase in the concentration of soluble solids (Azeredo
et al., 2006; Dionello et al., 2009). When the grapes are
used for winemaking, it is desirable the highest possible
concentration of soluble solids and phenolic compounds.

Phenolic compounds, as well as anthocyanins and
flavonoids, provide the sensory characteristics of the
wine, and they are indicated as beneficial in the
prevention of cardiovascular diseases (Bradamante et al.,
2004; Freitas et al., 2010; Lasa et al., 2011).

According to the study of Barnabé and Filho (2008), the
concentration of soluble solids in the must is the key
factor so that, during winemaking, a significant amount of
alcohol is produced. When the concentration of soluble
solids is low, it becomes difficult, or even impossible, to
obtain table wines with alcohol levels according to the
required by the Brazilian law, which must be between 8.6
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at 14%, according to note published in the Official
Gazette ((Diario Oficial da Unido, 2004).). Studies
developed by Guerra et al. (2003) showed that the
shriveling of grapes in the vineyards, caused by loss of
water, contributed to significant changes in the
concentration of total soluble solids (TSS), in addition to
the increase in the concentration of phenolic compounds
in the skin, also as direct effects of over-ripening caused
by rising temperatures in vineyards of grapes at the end
of the maturation cycle. Later studies on the application
of partial dehydration at temperature below ambient
began by using a cold chamber intended for this function,
the dehydration process may take up to 45 days
(Bellincontro et al., 2004). While in some countries with
wine tradition the partial dehydration of grapes is an
important methodology for achieving quality table wines
(Curvelo et al., 2005), in Brazil it is common in many
wineries the addition of sugar to the must, a process
called chaptalization, seeking to improve the alcohol
content; however, this process results in wines of low
quality, lower market value and higher cost of production.
Results obtained from several studies have proven the
positive effect on wine produced from grapes that have
undergone partial dehydration, supported by the
increased concentration of sugar, phenolic compounds
and aromatic compounds (Constantini et al., 2006;
Moreno et al., 2008; Barbanti et al., 2008; Serratosa et
al.,, 2010). More studies recently on dehydration of
grapes for winemaking has evaluated with temperatures
below of 25°C and air velocity below 1.5 m.s™. In this
work we have proposed as objectives the analysis of the
physical and chemical changes (concentration of soluble
solids and phenolic compounds) after partial dehydration
of ‘Niagara Rosada’ grapes at the temperatures of 22.9
and 37.1°C in a forced air system with air velocity of 1.79
m.s™. With these thermal and fluidic conditions we seek
to accelerate the loss of water process without affecting
the quality of the fruit to improve the quality of the must.

MATERIALS AND METHODS
Raw material

‘Niagara Rosada’ grapes (Vitis labrusca L.), from the harvest of July
to November, 2011, were collected in the city of Jales, northwest of
the State of Sao Paulo, stored in cardboard boxes with a capacity of
7 kg and transported to the Laboratério de Termodindmica e
Energia da Faculdade de Engenharia Agricola da Universidade de
Campinas (Laboratory of Thermodynamics and Energy from the
School of Agricultural Engineering, at the University of Campinas).
After completion of the pre-cleaning of the grape clusters to remove
stems and grapes damaged or compromised by the presence of
fungi, we carried out the distribution of samples according to the
heat treatment to be applied and the subsequent analyzes of the
physicochemical characterization.

Partial dehydration of grapes

The fruits were stored in 50 x 30 x 25 cm plastic package, with 25%
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of effective opening area, containing 25 grape clusters,
longitudinally arranged. The package was placed inside a cooling
system with forced air (air flow rate of 2,900 m*® h™), which is
installed inside a refrigerated chamber (cooling capacity of 4,400
kcal.h™ at -10°C) (Figure 1a). With the air flow perpendicular to the
position of the clusters, the rates of heat and mass transfer are
increased, allowing the dehydration process to occur in a shorter
period without forced air (Figure 1a). The system is instrumented
with sensors for temperature, relative humidity and mass
measurement (Figure 1b). The system instrumentation was already
achieved in previous works (Santiago et al., 2012b; Silva et al.,
2011).

The temperature sensors are of the Pt 100 type, (FM= 0 at 100°C;
model TR106; 4 to 20 mA; accuracy = +£0.2%); the one to measure
the relative humidity are of the RHT-WM type with compact
electronic module and transmitter of values (FM= 0 at 100%UR; 4
to 20 mA,; accuracy = = 1.5%); and to measure mass, a weighing
system comprising a load cell, model PW12C3 - IMB (50 N (50 kgf);
sensibility of 2+0.1% mV.V™).

Experimental delimitation

The experimental design was completely randomized with two
treatments; the effects of treatments were evaluated in pairs by
comparing the values before and after treatment. The treatments
were a combination of two temperatures (T; = 22.9°C and T, =
37.1°C) with an air speed of 1.79 m s™. These temperature values
were defined based on subsidies obtained from previous works
(Santiago et al., 2012a; Santiago et al., 2012c) in which a range of
temperature between 20 and 50°C were studied, obtaining the best
results for the concentration of soluble solids and phenolic
compounds with greater weight loss for the temperature values of
22.9 and 37.1°C. The results obtained were submitted to analysis of
variance, being the averages compared by the Tukey test at 95%
confidence in the statistical software Sisvar 5.3.

Physical-chemical analyzes

To perform the physical-chemical analysis, we randomly took six
grapes from each cluster, comprising the area of the base, middle
and apex of the cluster, according to the procedure proposed by
Aradjo et al. (2009). Then, the selected grapes were macerated for
the preparation of the must for the analysis. The characterization of
the review was based on specific methodologies standardized by
the Adolfo Lutz Institute (2005) for the analysis of TSS in °Brix. The
moisture content, in dry basis, was determined by drying a sample
(100 g) in an oven (model MA035/1, manufacturer Marconi) with
forced air circulation at 60°C, until reaching the constant weight of
the sample. Concentration of phenolic compounds (CPC) was
guantified in mg of gallic acid per 100 g of must according to the
methodology described by Vargas et al. (2008).

RESULTS AND DISCUSSION

The results of the physicochemical analyses of grapes,
before and after treatment are shown in Table 1. Figure 2
shows the variation in response to partial dehydration
treatments (%). The results show that it is possible, by
modulating the psychometric and thermal parameters of
the dehydration process, to adjust the loss of water of
grapes, with the consequent increase in the concen-
tration of soluble solids and polyphenols. The use of the
forced air system provided considerable decrease in time
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Figure 1. a, Schematic of the structure of forced-air drying; b, schematic of the system instrumentation. 1, Scale; 2, resistance; 3,

evaporator.

Table 1. Physical-chemical characterization and analysis of variance for the concentration of total soluble solids (TSS) and

concentration of phenolic compounds (CCF) in the must.

o 1 TSS (°Brix) CPC (mg gallic acid.lOOg'1 must) Dbm
Test (°C/m.s) Before After Before After Before After
T1(22.9/1.79) 17.57 20.07* 927.33 974.00* 3.54 3.04*
T, (37.1/1.79) 17.23 20.60* 772.00 1096.00* 3.76 2.66*
Average 17.40 20.34 849.67 1035.00 3.65 2.85

*Parameters with significant change at 95% confidence level compared to initial value.

to process the loss of water up to the level of control
established which was 14%, lasting 20 h (T,) and 50 h
(T2), with relative humidity of approximately 40%. Partial
dehydration caused a significant increase in
concentration of soluble solids and phenolic compounds.
However, for CPC at the temperature of 37.1°C, the
increase accounted for approximately 29%, whereas, for
the temperature of 22.9°C, it was only 5%. For TSS, the
increase was on average 14.4 + 3.9% between both
treatments.

The results indicate that partial dehydration of grapes
for winemaking can bring satisfactory results in the
parameters of soluble solids and polyphenols, not only for
the temperature below room temperature but as well as
above. In works carried out in Europe, dehydration has
been performed only at temperatures between 10 and
25°C (Bellincontro et al., 2004; Barbanti et al., 2008).
According to Barbanti et al. (2008), usually the loss of

water in grapes at psychrometric ambient conditions and
without control may last from 90 to 120 days to reach the
optimum vinification, and the grapes may still lose up to
40% of mass, exceeding the 20% limit recommended by
the International Code of Oenological Practices (2006).

In an experiment carried out by Bellincontro et al.
(2009) maximum loss of water was 20%, at the
temperature of 10 and 20°C and air velocity of 1.5 m.s™.
Dehydration lasted 26 days (624 h) and 16 days (384 h),
respectively. However, the increase of °Brix went from 21
to only 24. In the present study, the dehydration time was
not more than two days, providing a loss of water of 14%
and increased concentration from 17 to 20 °Brix, that is,
for the same increase in TSS, which was 3 °Brix in both
cases, there was a decrease of time of 14-22 days, which
would improve the logistics and cost-effectiveness of the
processes involved, as well as for the chain of wine
production.
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Figure 2. Variation of the physicochemical response to the treatments of dehydration. TSS, Concentration of total
soluble solids; CPC, concentration of phenolic compounds; DBM, moisture in dry basis.

Concentration of total soluble solids (TSS)

The average values of TSS significantly varied in both
treatments. Treatment “T,” showed the greatest value of
TSS (20.6 °Brix). Although it is just above the value of
TSS obtained by treatment “T;”, this result may be
associated with the moisture content of the clusters,
since according to Dionello et al. (2009) and Serratosa et
al. (2010) the reduction of moisture of grape bundles
results in musts with increased value of total soluble
solids. By lowering the water content of the grapes, which
was approximately 14%, there was a positive impact on
the concentration of soluble solids and polyphenols.
Studies developed by Moreno et al. (2008) and
Bellincontro et al. (2009) indicate loss of water of the
order of 14 to 20% with equal positive impact on the
concentration of soluble solids. The concentration of total
soluble solids, besides acting as an important indicator of
the maturity and influencing the chemical and enzymatic
modifications occurring in other components of the
grapes, serves as the basis of calculation for obtaining
the alcoholic potential of the must, since the fructose
present in solid soluble is responsible for most of the
fermentation.

Varieties of European grapes, such as Malvasia,
Trebbiano and Sangiovese, were partially dehydrated,
with an increase of up to 34% of total soluble solids in the
must, but at the temperature of 21°C, air velocity from 1

to 1.5 m.s_ and humidity of 42% (Bellincontro et al.,
2004). Between 10 and 25°C, Barbanti et al. (2008)
observed a similar increase to the value of total soluble
solids in the must.

The partial dehydration of grapes above room
temperature accelerated the process of mass transfer,
and as a consequence the loss of water, which was in
total of 14%, still within the norms established. According
to the International Code of Oenological Practices,
(2006), in grapes for winemaking, the total loss of water
in grapes during dehydration cannot be above 20%, as it
can cause physiological damages to the product,
compromising the quality of the winemaking process and
the wine produced. The controlled loss of water in the
grapes can be an alternative to produce wines with
appropriate alcohol content, since the fruit does not
always reach the desired ripeness, and the concentration
of soluble solids in the must is essential for the
production of alcohol. In Brazil, specifically, the legislation
requires the alcohol content to be between 8.6 at 14%.
When this content is not met, then it is allowed the
addition of exogenous sugar to correct the alcohol
content (chaptalization); however, the law limits this
correction as a sufficient quantity to produce 3 degrees
GL of alcohol, which in wines most often does not meet
this limit imposed.

The amount of soluble solids obtained in the study
demonstrates the high fermentation potential; even
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though the ‘Niagara Rosada’ Grape cultivar is not used in
Brazil to produce wines (Manfroi et al., 2006; Rizzon and
Miele, 2004; Chavarria et al., 2008), this value of TSS
equates to the value of TSS of the must of some
European grape varieties (V. vinifera L.).

Concentration of phenolic compounds (CPC)

Treatment “T,;” showed no significant response to the
polyphenol content and we believe that the significant
effect obtained by the second treatment was due to the
fact that, at the temperature of 37.1°C, there is the
disintegration or breaking of the pectin molecules of the
skin, allowing phenolic compounds present there to be
released, as discussed by Vedana et al. (2008). The
increase in the concentration of polyphenols obtained in
this study also becomes promising when aiming practical
application, as phenolic compounds are of great impor-
tance in Oenology, since they are directly or indirectly
related to the quality of wine and are antioxidants benefi-
cial to the human health.

Conclusions

The results obtained so far open a perspective of
practical application of the technology of partial dehydra-
tion at the temperature of 37.1°C to the sector of Viticul-
ture. With the combination of forced air and temperature
of 37.1°C, it is possible to accelerate the process of loss
of water of grapes, providing increased concentration of
phenolic compounds and total soluble solids, thus
reaching the alcohol content in must required for the
manufacture of wines without the need for the chapta-
lization process.

The significant reduction in the time required to remove
the amount of water recommended from the grapes
before vinification, with the consequent increase in the
chemical properties evaluated, could contribute to the
cost-effectiveness of the processes involved in the
production chain of Viticulture.
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Preliminary screenings of 22 plant essential oils were tested for mortality of the mosquito larvae Culex
quinquefasciatus under laboratory conditions. Percent (%) mortality of the mosquito larvae were
obtained for each essential oil. At different exposure periods, viz. 1, 3, 6, 12 and 24 h among the 22
plant oils tested, eight oils viz., aniseed, calamus, cinnamon, clove, lemon, orange, thyme, and tulsi oils
gave promising results on larvicidal activity. For larvicidal screening bioassay, the mortality was
recorded at different exposure periods viz., 1, 3, 6, 12 and 24 h, and it was found that larval mortality
increased when exposure time increased. The clove oil was found to be the most effective treatment. In
the preliminary screening, clove oil gave 100% mortality at all exposure periods. Vetiver oil recorded
36.2, 61.2, 76.2, 87.5 and 100% mortality in 1, 3, 6, 12 and 24 h, respectively. Results of this study show
that the essential oils may be a potent source of natural larvicides.

Key words: Screening, essential oils, Culex quinquefasciatus, Larvicidal.

INTRODUCTION

Culex quinquefasciatus, a domestic mosquito mainly
found in urban areas is a vector of human filariasis in
India. C. quinquefasciatus acts as a vector of
Wucherreria bancrafti, Brugia malayi and Brugia timori,
which are responsible for lymphatic filariasis, a prevalent
disease in India. Filariasis is an endemic disease in many
parts of India especially in Kerala, Mysore, Tamil Nadu,
Andhra Pradesh and Maharashtra states. Lymphatic
filariasis infects 80 million people annually, of which 30
million cases exist in chronic infection. In India, 45 million
cases of lymphatic filariasis have been recorded (Bowers
et al., 1995).

The plant world comprises a rich storehouse of
phytochemicals which are widely used as alternatives to
synthetic insecticides. Secondary metabolites obtained
from plants have shown proven mosquito control poten-

tial. Chloroxylons wietenia DC. (Rutaceae) is a medicinal
as well as an aromatic tree of dry deciduous forests. It is
commonly known as East Indian Satin Wood. The
potential mosquitocidal activity of C. wietenia, is widely
known in tribal areas of South India, where it is common
for people in these forest areas to hang leaf garlands in
their houses to eradicate mosquitoes and other insects
(Ansari and Razdan, 1995).

Pyrethrin based products have been widely used to
protect people from mosquito bites through their repellent
and killing effects. Many other material products of
botanical origin especially, essential oils hold significant
promise in insect vector management (Skinner and
Johnson, 1980). Kiso and Hikino (1991) have reported
that the compounds vinblastine and vincristine obtained
from Catharanthus roseus inhibited cell division in

*Corresponding author. Email:ramareri@gmail.com.




Table 1. Plant essential oils selected for the bioassay experiments.

Ramar et al.

Botanical name Family Common name
Pimpinella anisum Apiaceae Aniseed
Citrus bergamia Rutaceae Bergamot
Acorus calamus Aeraceae Calamus
Cinnamomum camphora Lauraceae Camphor
Cedrus atlantica Pinaceae Cedarwood
Cinnamomum veerum Lauraceae Cinnamon
Cybopogon nardus Poaceae Citronella
Myrtus caryophyllus Myrtaceae Clove
Eucalyptus globules Myrtaceae Eucalyptus
Pelargonium graveollens Geraniaceae Geranium
Citrus limon Rutaceae Lemon
Cybopogon flexuosus Poaceae Lemongrass
Citrus aurantifolia Rutaceae Lime
Gaultheria frgagrantissima Acanthaceae Luchi
Myritica fragrans Myristiceae Nutmeg
Citrus sinensis Rutaceae Orange
Cybopogon martini Lamiaceae Palmarosa
Pinus radiate Pinaceae Pine
Rosmarinus officinalis Lamiaceae Rose mary
Thymus vulgaris Labiatae Thyme
Ocimum sanctum Lamiaceae Tulsi
Vetiveria zizanioides Poaceae Vetiver

6481

fertilized mosquito eggs. Tulsi (Ocimum sanctum) is
known to have various insectidal properties (Saxena et
al., 1979). Extracts of Vitex species and Ocimum species
leaves have been traditionally known as natural
insecticides. Indian farmers have been using various
plant extracts as insecticides and pesticides (Ghosh,
2000).

Many studies have shown the bioactivity of essential
oils against mosquitoes as growth inhibitors and/or
larvicides, adulticides, repellents, or oviposition
deterrents (Sukumar et al., 1991; Carvalho et al., 2003;
Cavalcanti et al., 2004; Ansari et al., 2005). Essential oils
from a large number of plants, including Ocimum spp,
Cymbopogon spp), Eucalyptus maculate citriodon
Pelargonium citrosum, Artemisia vulgaris, Lantana
camara, Mentha piperita, Vitex rotundifolia, Curcuma spp.
(Pitasawat et al., 2003), Conyza newii, Plectranthus
marrubioides, Tetradenia riparia, = Tarchonanthus
camphoratus, Lippia javanica and Lippia ukambensis
(Omolo et al., 2004), have been demonstrated to exhibit
good repellent properties against vector mosquitoes.
Paula et al. (2003) reported the chemical composition,
toxicity and mosquito repellency of Ocimum selloi oil.
Ocimum essential oils have been traditionally used to kill
or repel insects, and also to flavour food products.

In the present investigation, the essential oils were
selected in order to find out a new mosquitocidal
compound against filarial vector mosquito C.

quinquefasciatus. The plant essential oil is largely
cultivated throughout India and in all tropical countries.

MATERIALS AND METHODS
Plant essential oils

The plant essential oils were obtained from Tegraj and Co (P) Ltd,
Chennai,Tamil Nadu. Based on various biological effects on larvae,
the 22 essential oils were selected (Table 1).

Maintenance of larvae

The larvae of laboratory stock culture were reared in plastic troughs
(size 18 cm diameter x 19 cm height) and were maintained at 27 +
1°C, 75 to 85% RH, under 14:10 L/D photoperiod cycles. The
larvae were fed with dog biscuits and yeast at 3:1 ratio (per weight).
Water was changed alternate days. The breeding medium was
regularly checked and dead larvae were removed at sight and the
troughs in which larvae were maintained were kept closed with
muslin cloth to prevent contamination through foreign mosquitoes.

Screening assay

The selected plant oils were screened for larval toxicity by following
standard procedure as follows: In the preliminary screening a single
dose (500 ppm) of each oil was tested. Twenty fourth instar larvae
of C. quinquefasciatus were kept in a 500 ml glass beaker
containing 249 ml of dechlorinated water and 1.0 ml of desired plant



6482 Afr. J. Biotechnol.

Table 2. Preliminary screening of plant essential oils against fourth instar larvae of Culex quinquefasciatus at 500 ppm in different

exposure periods.

Larval mortality (%)

Essential ol 1h 3h 6h 12 h 24 h
Aniseed 91.2+0.6° 100 + 0.0 100 +0.0™ 100 + 0.0 100 + 0.0/
Bergamot 11.2+0.2" 18.7+0.7°  30.0+0.5" 45.0 +0.4° 61.2+ 0.8°
Calamus 21.2+0.2% 32.5+0.2° 43.7+0.3 66.2 + 0.4 100 + 0.0/
Camphor 0? 2.25+0.0° 7.5+0.2" 20.0 + 0.9 38.7+ 0.4°
Cedarwood 18.7 +0.4° 30.0+0.2° 40.0 +0.3' 58.7 +0.6' 68.7 +0.8"
Cinnamon 475+0.8° 83.7+ 0.5% 100 +0.0™ 100 + 0.0 100 +0.0'
Citronella 8.75+0.3° 20.0 + 0.5% 35.0+0.4" 52.5+0.6' 93.7+ 0.4
Clove 100 + 0.0 100 + 0.0 100 +0.0™ 100 + 0.0 100 £ 0.0/
Eucalyptus 0? 3.7+0.2 12.5 + 0.5™ 26.2 +0.4° 38.8+0.4°
Geranium 0? 2.5+0.4° 15.0 + 0.5% 25.0 + 0.4° 36.2+0.7°
Lemon 23.7+0.2° 40.0+ 0.5 53.7 +0.7¢ 86.2 + 0.8 100 £ 0.0/
Lemongrass 0? 1.2+0.3 3.75+0.4% 16.2 +0.6° 28.7+0.5"
Lime 13.7 + 0.4 225+0.2° 38.7 £ 0.6 57.5+0.6' 67.+0.6°
Luchi 5.0+0.4° 21.2+0.4° 33.7+ 0.7hi 58.75+0.6' 73.7+1.1
Nutmeg 10+0.8° 15.0+ 0.9  30.0+0.9%" 40.0 +0.8° 56.2 + 0.2%
Orange 28.7+0.2° 437+0.8 58.7 + 0.2 75.0+0.4" 100 + 0.0
Palmarosa 5.0 +0.8™ 12.5+0.90°  28.7+0.9%" 37.5+0.8° 52.5 +0.2°
Pine 2.7+02%® 11.2+0.2° 21.2 + 0.4 35.0+0.7° 55.0 + 0.7%
Rose mary 1.2+0.4° 13.7+0.7° 25.0 + 0.4f° 36.2+0.7° 82.5+0.5"
Thyme 425+0.2' 57.5+0.6° 68.7 + 0.2l 80.0 +0.4" 100 + 0
Tulsi 47.5+0.2% 68.7 + 0.6i 92.5+0.6" 100 + 0.0 100 £ 0/
Vetiver 36.2 +0.4% 61.2 +0.6° 76.2+0.8" 87.5+0.6 100 £ 0/
Reference pesticide (temephos 1 ppm) 40.0 +0.8% 65.0 + 0.4" 100 +0.0™ 100 + 0¥ 100 £ 0/
Control (Tween 80 0.01%) 0* 0* 0* 0? 0?

Each value (mean = S.E.) represents mean of four replicates, Mean values followed by same letters in a column are not significantly different at

P<0.05 level (Tukey’s test).

essential oil concentrations. The larvae were collected by dropper,
placed onto filter paper strips and immediately transferred to the
beaker containing test solutions. Five replicates for each
concentration were maintained. In the control, 1.0 ml of Tween 80
(0.01%) in 249 ml of dechlorinated water was added. Mortality of
larvae was recorded after 1, 3, 6, 12 and 24 h of treatment. While
recording the percentage mortalities for each concentration, the
moribund and dead larvae in five replicates were combined. It has
been described that dead larvae are those that cannot be induced
to move when they are probed with a needle in the siphon or the
cervical region; moribund larvae are those incapable of rising to the
surface (Hasan and Deo, 1994).

Statistical analysis

The larvicidal mortality was corrected by Abbott’s formula (Abbott,
1925). Percentages of mortality were determined and transformed
to arcsine square root values for analysis of variance (ANOVA).

Tukey's test (P < 0.05) was used to analyze for significant
differences among the test essential oils against mosquitoes.

RESULTS AND DISCUSSION

All the 22 plant oils were screened against the larvae of

C. quinquefasciatus for larvicidal activity. The results are
given in Table 2. Among the 22 plant oils tested, eight
oils viz., aniseed, calamus, cinnamon, clove, lemon,
orange, thyme, and tulsi oils gave promising results on
larvicidal activity. For the larvicidal screening bioassay,
the mortality was recorded at different exposure periods
viz.,, 1, 3, 6, 12 and 24 h, and it was found that larval
mortality increased when exposure time increased. The
clove oil was found to be the most effective treatment. In
the preliminary screening, clove oil gave 100 percent
mortality at all exposure periods.

Vetiver oil recorded 36.2, 61.2, 76.2, 87.5 and 100%
mortality in 1, 3, 6, 12 and 24 h, respectively. The lowest
mortality of 28.7% was recorded at 500 ppm
concentration in lemongrass oil after 24 h exposure. In
the temephos treatment, larval mortality of 40, 65 and
100% was recorded at 1 ppm concentration in 1, 3 and 6
h treatments.

Vector control by means of chemicals is creating many
unwanted effects including emergence of pesticide
resistance in vector mosquitoes (Chandra et al., 1998).
Botanical insecticides may serve as suitable alternatives



to synthetic insecticides in future as they are relatively
safe, biodegradable and are readily available in many
areas of the world (Prabakar and Jebanesan, 2004).
Interest in the development of natural products has been
revived during the last two decades. Plants are
considered as rich source of bioactive chemicals and
they may be an alternative source of mosquito control
agents. Natural products of plant origin with insecticidal
properties have been tried in the recent past for control of
variety of insect pests and vectors (Wink, 1993). More
than 2000 plant species have been reported to possess
chemicals with pest control properties (Ahmed et al.,
1984) and among them about 344 species of plants have
been known to possess some degree of activity against
the mosquitoes (Sukumar et al., 1991).

Though several plants from different families have been
reported for insecticidal activity only a few botanicals like
neem based insecticides have moved from the laboratory
to field use, which might be due to the light and heat
stability of neem compounds compared to synthetic
insecticides (Green et al., 1991). In the present study, 22
essential oils registered larvicidal, pupicidal, adulticidal,
ovicidal, oviposition deterrent, growth regulator regulating
and histopathological effects. Plenty of literature is
available with regard to bioefficacy of volatile oils against
vector mosquitoes.

The most successful method to minimize the incidence
of mosquito borne diseases is by means of eradicating
the mosquito vector through systematic treatment of their
breeding places with the help of larvicides (Cetin et al.,
2004). Chemical pesticides that are applied in water
bodies are not only killing mosquito larvae but also killing
non-target organisms. In addition chemical pesticides
select for resistance in mosquitoes. As an alternative to
chemical pesticides volatile oils are largely studied
against C. quinquefasciatus mosquito. In the present
study, the larvicidal activity was tested at 500 ppm
concentration. Among the 22 essential oils, eight oils
registered high larvicidal activity. The larval mortality was
found to be directly proportional to the exposure period.
Clove oil was found to be the most toxic to the larvae
since it registered 100% mortality from 1 h treatment
period onwards.

The present investigation revealed that the essential
oils possess remarkable larvicidal activity against the
tested mosquito C. quinquefasciatus. The control of
selected mosquito by affecting their survival by essential
oils was found evident. Further purification and
characterization of the bioactive compound of effective
oils are underway in our laboratory.
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Salinity is considered as a major abiotic stress affecting germination, seedling growth and crop
production in arid and semi-arid regions. Many techniques are used to improve tolerance to salinity.
Priming is believed to be an effective technique that increases germination, plant growth and improve
yield of several vegetables and crops under saline soil condition. The objective of this study was to see
the effect of seed priming with 5 g/L NaCl on germination and seedling growth of maize (Zea mays L.)
exposed to five salinity levels under laboratory conditions. Maize seeds were soaked in solutions of
NaCl (5 g/L) for 12 h at room temperature. Primed and unprimed seeds were sown in Petri dishes and
were irrigated with saline solutions of five concentrations (0, 2, 4, 6 and 8 g/l NaCl). Priming seeds with
NaCl significantly improved (P<0.05) germination and growth of maize. As a result, fresh and dry
weights of shoot and root were improved. Seed priming alleviated the inhibitory effect of salt stress on
germination and seedling growth of maize under salt stress. Thus, seed priming with 5 g/l NaCl could
be used to improve germination and early growth. Further, this study needs to be continued if
performance of mature maize plants could also be improved and yield increased by sowing primed
seeds in saline soils.

Key words: Maize, salinity, seed germination, seed priming, seedling growth.

INTRODUCTION

Salinity affects 6% of the world’s total land area which is
approximately 800 million hectares (FAO, 2008).
Salinization is more spreading in irrigated lands because
of inappropriate management of irrigation and drainage.
Rain, cyclones and wind also add NaCl into coastal
agricultural lands (FAO, 2008). Salinity has an adverse
effect on seed germination of many crops, by creating an
osmotic potential outside the seed inhibiting the
absorption of water, or by the toxic effect of Na* and CI
(Khajeh-Hosseini et al., 2003). Osmotic and saline
stresses are responsible for the inhibition and hindrance
of germination and plant growth (Almansouri et al., 2001).

Water uptake during the imbibitions stage decreases and
salinity induces an excessive absorption of toxic ions by
the seed.

Seed priming or osmoconditioning is one of the
physiological methods which improves seed performance
and provides faster and synchronized germination. It is
an easy, low cost and low risk technique, which is
recently being used to overcome the salinity problem in
agricultural lands (Neto and Tabosa, 2000). It entails the
partial germination of seed by soaking in either water or
in a solution of salts for a specified period of time, and
then re-drying them just before the radicle emerges

*Corresponding author. Email: berhanu.tsegay@yahoo.com.




(Neto and Tabosa, 2000). Seed priming stimulates many
of the metabolic processes involved in the early phases
of germination, and it has been noted that seedlings from
primed seeds emerge faster, grow more vigorously, and
perform better in adverse conditions (Cramer, 2002).
Some of the factors that affect seed priming response are
solution composition and osmotic potential (Chinnusamy
et al., 2005). It has been shown that NaCl seed priming
could be used as a solution to improve salt tolerance of
seeds (Cayuela et al., 1996; Elouaer and Hannachi,
2012).

Ethiopia is reported to possess over 11 million hectares
of unproductive naturally salt affected wasteland (PGRC,
1996). These areas are normally found in the arid and
semi-arid lowlands and in rift valley and other areas that
are characterized by higher evapotranspiration rates in
relation to low precipitation. According to the study of
Hawando (1994) salt-affected lands are increased from 6
to 16% of the total land area of Ethiopia in the last years
of the 20™ century and 9% of the population lived in these
areas. About 44 million ha (36% of the country’s total
land areas) are potentially susceptible to salinity
problems. Reclaiming back these salt affected areas and
using them for agricultural production is very costly and
time consuming.

Maize (Zea mays) production in Ethiopia ranges from
large-scale commercial farms to smallholders and
subsistence farmers. It is consumed as main food, with
its crop residues and by-products commonly fed to
Livestock and used as source of fuel. Hence, priming of
maize seeds with NaCl could be important in improving
the growth and yield of maize in areas that are potentially
susceptible to salinity problems and totally unproductive
salt affected lands. Such studies were not done before
with maize in the Ethiopian agricultural landscapes.
Therefore, this study investigated the effect of priming on
improving seedling growth of maize under different
salinity levels at laboratory conditions.

MATERIALS AND METHODS

The study was conducted in Bahir Dar city at Bahir Dar University
(Peda campus). Bihar Dar city is the capital of the Amhara National
Regional State in the Federal Democratic Republic of Ethiopia. It is
located at 11°37°30”N and 37°27’30”E on the southern side of Lake
Tana with an altitude of 1801 m above the mean sea level. The
annual temperature of Bahir Dar city ranges from a minimum
average of 12.6°C to a maximum average of about 27.0°C, and the
mean annual rainfall is about 1406.98 mm (NMABDBO, 2013).

Seed materials and priming

Maize seeds (Melkasa 4) were obtained from the certified seed
supplier of Ethiopian seed enterpriser (ESE) store located in Bahir
Dar, Ethiopia. The seeds were surface sterilized (disinfected) with
5% sodium hypochlorite (NapHCI) solution for 3 min and then
thoroughly washed for 5 min with distilled water. Subsequently, the
seeds were primed by soaking with 5 g/L NaCl solution for 12 h at
room temperature under shade and the ratio of seed weight to solu-
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tion volume was 1/5 (g/ml). After priming, seeds were removed and
washed with tap water and then rinsed three times in distilled water.
Finally, seeds were left in air between two filter papers to re-dry to
their original moisture level (Afzal et al., 2008).

Experimental design

The study was carried out from October 20, 2012 to Marchl6,
2013. A complete random design (CRD) study was used to study
the effect of seed priming on germination and seedling
establishment of maize under salt stress. This part of the
experiment was carried out in the laboratory in 40 Petri dishes that
is, 20 for NaCl primed seeds and 20 for unprimed (control) seeds.
The experiment was replicated four times. All petri dishes were
sterilized and labeled for various treatments (0, 2, 4, 6 and 8 g/L) of
NaCl.

Primed and unprimed seeds were placed in 15 cm diameter Petri
dishes on a layer of filter paper (Whatman # 1). Thirty seeds were
placed in each Petri dish. Petri dishes were irrigated with five
different saline solutions (0, 2, 4, 6 and 8 g/L concentrations of
NaCl) 10 ml per Petri dish daily. The Petri dishes were placed at
room temperature. The experiment was a factorial with two factors
which are salinity at 5 levels (0, 2, 4, 6 and 8) g/L and priming with
2 levels (unprimed and NaCl primed seeds), arranged in a
completely randomized design with four replications and thirty
seeds per replicate. Seed germination was recorded daily up to day
14 after the start of the experiment. A seed was considered as
germinated when the radicle emerges by about 2 mm in length
(Ahmadvand et al., 2012).

Physiological parameters such as seed germination percentages,
mean germination time, germination index and coefficient velocity
of germination were determined. Shoot and root length of five
randomly selected seedlings was measured using transparent ruler
from each petri dish after the seedlings were separated carefully
from their roots. Then, shoot and root fresh weight was measured
immediately. To determine the dry weight of these seedlings, the
separated shoots and roots were dried to 70°C for 12 h
(Ahmadvand et al., 2012) and then weighed.

Computing measurements of physiological parameters

Total germination (TG) was measured in the 14" day after sowing
using the formula

n
TG(%) = X 100

Where, n is the total germinated seeds and N is the total seeds
sowed. Mean germination time (MGT) was calculated according to
the formula used by Fuller et al. (2012).

. (T;n;)
Mo =

Where, n; is the number of germinated seeds on the i"" day and T;
is the rank order of day i (number of days counted from the
beginning of germination). Vigour index (VI) was measured using
the formula of Elouaer and Hannachi (2012) and it is calculated as
follows.

- TG(%) X SeedlingLength(cm)
B 100
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Table 1. Analyses of Variance of seed germination of Maize seedlings under laboratory conditions.

Source TG (%) MGT sL RL RIS Vi SFW  SDW RFW RDW
Priming 3180.319* 92.045* 44.796*  21.433* 0.206* 38.796* 1.197* 0.316* 0.632* 0.060*
Salinity level 0142.315* 75.312* 433.215* 362.430* 0.928* 416.314* 27.341* 1.810* 9.269* 0.277*
lF;Ug}'“gx salinity 550137+ 8220+ 3.624* 7.142*  0.030* 5.175*  0.138 0.033 0.084 0.014
Error 59.352 0.107 1.084 0.55 0.003 0.907 0.157 0.027 0.066 0.006

*Significant at 0.05 according to Post Hoc LSD test.

Data analysis

All the data obtained from the experiments were subjected to an
analysis of variance (Two way ANOVA) using the Statistical
Package for the Social Sciences (SPSS) (version20.0) software and
the difference between means were compared by Fisher’s Post Hoc
LSD tests (P<0.05).

RESULTS AND DISCUSSION

Examination of variance showed that both salinity level
and priming have significant effects on the studied
parameters. Moreover, the interaction of salinity level and
priming with salt solution had significant effect on all
parameters tested at 5% significant level (Table 1).
Priming with NaCl increases the germination parameters
(TG (%), MGT) and growth parameters (RL, SL, SFW,
SDW, RFW, RDW, R/S and VI) of maize, as compared to
unprimed seeds, under different levels of saline
conditions.

Total germination percentage (TG (%)) and mean
germination time (MGT)

Figure 1a and 1b shows the effect of NaCl priming on
maize TG (%) and MGT at different salinity concen-
trations, respectively in 14 days. TG (%) from both
primed and unprimed seeds decreased significantly
(P<0.05) with increasing NaCl salinity level (Figurela).
However, this reduction in TG (%) was significantly
higher for unprimed seeds compared to primed seeds.
The data in Table 2 indicated a reduction of 83.75% on
TG (%) due to an increase in salinity level from 0 to 8 g/L.
Although salinity stress significantly (P<0.05) increase
MGT for both primed and unprimed maize seeds, the
primed seeds had significantly lower MGT compared to
unprimed seeds. Such variation is shown in Figure 1b.
Generally, increasing salinity causes a decrease in maize
germination; this might be due to the toxic effects of Na”
and CI" in the process of germination (Khajeh-Hosseini et
al., 2003). It alters the imbibitions of water by seeds due
to lower osmotic potential of germination media, causes
toxicity which changes the activity of enzymes of nucleic
acid metabolism, changes protein metabolism, interrupts

hormonal balance, and reduces the utilization of seed
reserve food (Gomes-Filho et al., 2002).

Primed seeds of maize might have better competency
for water absorption from the growing media that enabled
metabolic activities in seeds during germination process
of a start much earlier than radicle and plumule
appearance (Elouaer and Hannachi, 2012). Similarly
increased solubilization of seed storage proteins like the
beta subunit of the globulin and reduction in lipid pero-
xidation and enhanced antioxidative activity in primed
seeds facilitated germination. This faster germination was
due to the synthesis of DNA, RNA and protein during
priming (Afzal et al., 2008).

Vigor index

Based on the analysis of variances, salinity level, seed
priming and their interaction have significant (P<0.05)
effect on vigor index (Table 1). Increasing salinity causes
a significant decrease (P<0.05) in maize vigor index for
both unprimed and primed seeds (Table 2 and Figure 2).
This decrease was from 17.684 at 0 g/L to 0.184 at 8 g/L
(Table 2). However, the relative decrease for primed
seeds was significantly (P<0.05) different when com-
pared to seedlings from unprimed seeds. Vigor index was
increased in primed compared to unprimed maize seeds
(Figure 2). Similar results were found by Ruan et al.
(2002a) working on rice seeds, priming showed higher
vigour index than non-primed ones. The significant
improvement in seedling length and total germination
percentage may be a result of earlier induced germi-
nation by primed seeds over unprimed seeds (Farooq et
al., 2005), which resulted in vigorous seedlings with more
root and shoot length than the seedlings from unprimed
seeds.

Shoot and radicle length

Salinity had a significant inhibitory effect on shoot length
for both primed and un-primed seeds. However, this
effect was significantly (P<0.05) less pronounced in
seedlings from NaCl primed seeds compared to the
unprimed seeds (Figure 3a). Similarly, salinity affected
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Figure 1. Effect of different salinity levels on germination percentage
(@) and mean germination time (b) of primed (NaCl) and unprimed
seeds of maize under laboratory conditions in 14 days. (Error bars + 1
standard deviation).

Table 2. Means comparison of the traits under different salinity levels after 14 days of germination time.

Salinity (g/L) TG (%) MGT (Day) SL (cm) RL (cm) R/S VI SFWg) SDW(g) RFW(g) RDW(g)
0 94.583% 1.900% 18.700° 16.350° 0.896%  17.684° 4.675% 1.185° 2.604a 0.451%
2 76.667° 3.811° 7.362° 4.285" 0.536°  5.813" 2.325°  0.413% 0.812° 0.108°
4 59.583° 5.780° 4.262° 1.965° 0.255° 2.750°  1.325° 0.288" 0.249° 0.046°
6 31.250° 6.705¢ 1.586"° 0.667¢ 0.153  0.619° 0.420°  0.044° 0.114° 0.024°
8 10.833° 10.01° 0.345° 0.054° 0.053° 0.184°  0.066° 0.014° 0.015° 0.003°

*Means with the same letters in each column are not significantly different at 0.05 according to LSD test.

seedlings’ radicle length of both primed and unprimed salinity increase, the growth of root and shoot becomes
seeds of maize with increasing salinity level. But this very slow and mostly the roots died after some days.
influence was highly prominent in shoot (Figure 3a) and Salinity has both osmotic and specific ionic effects on
radicle (Figure 3b) lengths from unprimed seeds when seedlings growth. Likewise, toxic ion accumulation (Na*
compared to the primed ones. When the concentration of and CI) negatively affect plant metabolism. It has also
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Figure 2. Effect of different salinity levels on Vigor Index of primed
and unprimed Maize seeds under laboratory conditions. Error bars
+ 1 standard deviation.
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Figure 3. Effect of different salinity levels on shoot length (A) and
radicle length (B) of primed and unprimed maize seeds under
laboratory conditions. Error bars + 1 standard deviation.

been reported that salinity suppresses the uptake of
essential nutrients like P and K which could adversely
affect seedlings growth (Nasim et al., 2008). In this study,
seed priming significantly improved maize seedling
growth at different salinity levels. Significant improvement
in root and shoot length in the primed seeds may be
attributed to earlier germination induced by priming
(Farooq et al., 2005). During priming, the embryo
expands and compacts the endosperm. The compaction
force of the embryo and hydrolytic activities on the
endosperm cell walls may change the tissues to have
their flexibility upon dehydration, producing free space
and facilitating root and seedling fast projection after
rehydration (Mohammadi, 2009). This resulted in vigo-
rous seedlings with more roots and shoot length than the
seedlings from unprimed seeds. The present results
confirm the findings of Nawaz et al. (2012) in tomato
(Lycopersicon esculentum Mill.) and in Canola (Brassica
napus L.) where priming of the seeds significantly
improved shoot and radicle length.

Root length to shoot length ratio (R/S)

Analysis of variance indicated that salinity level, priming
and their interaction have significant effects on root to
shoot ratio (Table 1). It was decreased significantly with
increasing salinity level from 0 g/L (0.896) to 8 g/L (0.053)
(Table 2), but the effect was more pronounced in
unprimed seeds (Figure 4). This study showed that salt
stress inhibits radicle growth more than primary shoot
growth. Decreased R/S with increasing salinity level
could be due to the first exposition of the root to salinity,
rapidly affected before the shoots (Akram et al., 2010). In
saline conditions, NaCl priming increased root to shoot
ratio of maize seedlings. This may in turn have the
advantage of increased ratio of water up take by
seedlings. High root to shoot ratio in primed seeds under
salt stress may be considered important for salt tolerance
of growth attributes (Alian et al., 2000). Thus, high root to
shoot ratio induced by maize seeds primed with NaCl
appears to be an adaptation (solution) to salinity.

Shoot and root fresh and dry weights

Increasing salinity significantly (P<0.05) decreased maize
seedlings fresh and dry weight for both primed and un-
primed seeds. In actual fact, the increase in salt
concentration in culture medium reduced shoot (Figure
5a) and root (/Figure 5c) fresh weight from 4.675 g at O
g/L to 0.066 g at 8 g/L and from 2.604 g at O g/L to 0.015
g at 8 g/L, respectively (Table 2). However, primed seeds
showed better performance than unprimed seeds. The
difference in performance was significant at 95%
confidence level. In the same way seed priming with
NaCl significantly (P<0.05) enhanced maize shoot dry
weight (Figure 5b) and root dry weight (Figure 5d) as
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compared to the unprimed seeds.

The results in this study are similar to that found by
Achakzai et al. (2010) where they found that salinity can
rapidly inhibit seedling and root growth and this might be
due to the ability of inhibiting uptake of water and essen-
tial mineral nutrients from culture media. Also increment
of the toxic effect of sodium at high salt level caused
physiological effects that resulted in strong reduction in
photosynthesis, enzymatic process and protein synthesis,
which resulted in limited growth and poor leaf area
development. Increment of shoot and root fresh and dry
weights were observed in primed seeds in contrast to the
unprimed maize seeds. This might be as a result of
improvement of plant water status and minimizing the
toxic effects of Na' resulted in maximum fresh and dry
weights (Tahir et al., 2006).

Conclusion

Generally, salinity inhibits germination and early seedling
growth of maize seeds. Roots were affected more than
shoots as evidenced from the root to shoot ratio. Priming
is an effective method to meet the demands of farmers
during the installation of the culture in conditions of salt
stress. Seed priming with NaCl improved germination and
early growth of maize seeds. Primed seeds should be
sown in saline soils to increase germination and early
growth of maize seeds. Further study is required to
investigate the effects of seed priming on later growth
and yield stages of this plant. Additional molecular
research is needed to explore priming induced alteration
in physiological and biochemical attributes both at seed
and whole plant levels in maize.
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The sugarcane borer, Diatraea saccharalis, is one of the worst pests in Brazilian sugarcane crop,
causing high levels of financial losses every year. Beauveria bassiana is an entomopathogenic fungus
widely used in the biological control of several agricultural pests. The aims of this study were to: (1)
evaluate the pathogenicity of B. bassiana strains against D. saccharalis (2) investigate the production
of proteases and chitinase by B. bassiana in the presence of the cuticle of sugarcane borer; and, (3)
evaluate the relation between the production of enzymes and pathogenicity of the strains. All isolates
tested were pathogenic to D. saccharalis and the mortality ranged from 36 to 88%. The production of
enzymes was higher in the medium containing cuticle, showing that the process is stimulated by
specific components found in the cuticle of the host. Prl activity was higher than Pr2 and both were
produced at 24 h. The highest production of chitinase was obtained at 96 h of culture for all strains
tested. Levels of specific cuticle-degrading enzymes such as proteases correlated positively with
specific virulence parameters. B. bassiana URM2915 showed promising features to be used in a
biological control program of D. saccharalis.

Key words: Biological control, sugarcane, subtilisin-like protease, trypsin-like protease, chitinase.

INTRODUCTION

Sugarcane (Saccharum officinarum L.) is an important
source of sugar and alcohol in the Brazilian economy.
However, part of the crop is lost due to the action of a
number of insect pests, of which the borer Diatraea
saccharalis Fabricius (Lepidoptera: Crambidae) is one of
the most important (Gallo et al., 2002; Oliveira et al.,
2008). Due to its cryptic lifestyle, conventional control
measures by deploying chemical insecticides targeted at
the larvae are ineffective.

An alternative to chemical control is the use of entomo-

pathogenic fungi, such as Beauveria bassiana (Balsamo)
Vuillemin and Metarhizium anisopliae (Metschnikoff)
Sorokin. These fungi are widely used as biocontrol
agents for a number of insect pests (Lacey, 2001; Hajek
and Delalibera, 2010) and the efficiency of B. bassiana
has already been proven against a number of
Lepidoptera, such as Castnia licus Drury (Alves et al.,
2002), Ostrinia nubilalis Hibner (Lewis et al., 2002),
Plutella xylostella L. (Silva et al., 2003), Spodoptera
frugiperda Smith (Vijayavani et al., 2009) and

*Corresponding author Email: vsvedese@hotmail.com. Fax: +55 81 2126-8479.
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Table 1. Mortality (%) of Diatraea saccharalis larvae at seven days after application of different strains of Beauveria bassiana.

Access number Insect host of origin Site of origin Mortality® (%) + SD
URM2912 Cyclonella sanguinea (Coleoptera) Parand/BR 42 + 3.42c
URM2915 Nezara viridula (Hemiptera) Parand/BR 88 £ 3.8a
URM2916 Coleoptera Brasilia/BR 76 = 4.2ab
URM2920 Anticarsia gemmatalis (Lepidoptera) Brasilia/BR 68 + 4.5b
URM2921 Lebia concinna (Coleoptera) Parand/BR 84 +5a
URM2923 Deois flavopicta (Homoptera) Parand/BR 76 +4.7ab
URM2924 Deois flavopicta (Homoptera) Brasilia/BR 36 + 3.5d
URM2930 Euschistus heros (Hemiptera) Parana/BR 79+5ab
URM3447 Castnia licus (Lepidoptera) Pernambuco/BR 86+45a
URMA4548 Diabrotica speciosa (Coleoptera) Buenos Aires/ARG 46 +51c

Control 5.4x1e

#Mean followed by the same letter are not significantly different in the Tukey test at 5% probability. Original data, for statistical analysis were

transformed into arcsine (X); SD: standard deviation.

Thaumetopoea pityocampa Den. & Schiff (Sevim et al.,
2010). Entomopathogenic fungi have a number of
determinants of pathogenicity, including production of
cuticle-degrading enzymes, such as proteases, chiti-
nases and lipases (Bidochka and Khachatourians, 1987).
These enzymes are pointed out as important in the
infection process, since they have already hydrolyzed
polymer protein and chitin complexes, the major com-
ponents of the insect’s cuticle (St. Leger et al., 1986).

The best model to determining the level of pathogen-
nicity in entomopathogenic fungi is based on a protease
of the subtilisin-like, called Pri1, first studied in M.
anisopliae by St. Leger et al. (1988). A trypsin-like
enzyme (Pr2) belonging to the serine protease group also
occurs during the early stages of cuticle colonization
suggesting that it plays a hole in degrading extracellular
proteins complementary to that of Prl1 (St. Leger et al.,
1996).

Gupta et al. (1994) have shown a correlation between
the production of high levels of chitinases and proteases
and the virulence of B. bassiana against Gallera
mellonela L. and Trichoplusia ni Hubner. In addition,
Fang et al. (2005) proved that an overexpression of a
chitinase gene (Bbchitl) enhanced the virulence of B.
bassiana to aphids (Myzus persicae Sulzer), compared
with a wild-type strain.

Only a few papers have focused on the production of
these enzymes by B. bassiana strains on the presence of
host’s cuticle. Campos et al. (2005) have detected the
presence of chitinases and proteases in the cuticle of
Boophilus microplus Canestrini. In addition, Dias et al.
(2008) and Montesinos-Matias et al. (2011) evaluated the
production of Prl after growing the fungus in the
presence of coffee-borer cuticle Hypothenemus hampei
Ferrari and Tenebrio molitor L., respectively. These
works suggest that the enzymes from B. bassiana were
expressed differently according to the type of insect
cuticle and there are not reports about the production of

Pr1, Pr2 and chitinases in medium supplemented with D.
saccharalis cuticle, important pest in sugarcane. The
pathogenicity of B. bassiana strains were studied in order
to verify if there is a correlation between the production of
these enzymes and the virulence, contributing to the
understanding of the parasite-host relation and to the
selection of B. bassiana strains for biological control of D.
saccharalis.

The objectives of this study were: (1) evaluate the
pathogenicity of B. bassiana strains against D.
saccharalis (2) investigate the production of proteases
and chitinase by B. bassiana in the presence of the
cuticle of sugarcane borer; and, (3) evaluate the
relationship between the production of enzymes and
pathogenicity of the strains.

MATERIAL AND METHODS
Diatraea saccharalis larvae

The second instar larvae of D. saccharalis were obtained from the
Sugarcane Experimental Station of Carpina/Federal Rural
University of Pernambuco/Brazil and were maintained with artificial
diet, which basically consists in a solution of vitamins, sugar, soy
meal, wheat germ, ascorbic acid and water, according to the
protocol of Hensley and Hammond (1968). However, 24 h before
the bioassays, each larva was confined individually in plastic
containers (17 x 21 x 25 cm) with sugarcane stalks as the food
source.

Reactivated inoculum

The B. bassiana sensu latu strains isolated originally from different
hosts were supplied by Micoteca URM (University Recife
Micology/UFPE) (Table 1). To reactivate the strains, they were
inoculated in Petri dishes containing potato dextrose agar plus
chloramphenicol (0.05% v/v), supplemented with 0.5% of yeast
extract (PDAY) and incubated at 26°C for 12 days for conidiation.
Following incubation, conidia harvest were prepared in 0.01% v/v
Tween 80 in sterilized distilled water and were sprayed through the



use of micro-atomizer brand Paasche "VL" on ten D. saccharalis
until insect death. Newly emerged conidia from the insect were
subcultured not more than four times, at ten days intervals in
PDAY and used to prepare the reactivated inoculum suspen-
sion containing 10% conidia/ml (Ito et al., 2007). To confirm viability,
the conidia were spread on PDAY and incubated for 16 h at 26°C.
Germination rates were scored at 400 x magnification by observing
under microscope, at random, 100 conidia for the presence of germ
tubes. Germination was at least 90% throughout the study.

Screening bioassay protocol

The basic measure of virulence generated in this study was the
mortality recorded seven days post-inoculation. To assess infection,
D. saccharalis larvae were placed in a sterile Petri dish (9 cm in
diameter) and then sprayed with 1 ml of the reactivated inoculum
suspension, as per as per reported in item Reactivated inoculum.
The control group was sprayed, with sterile water containing 100 pl
of Tween 80 (Tefera and Pringle, 2003). The design was
completely randomized, with 11 treatments (10 strains of B.
bassiana + Control).

For each treatment, five containers were used, each containing
10 larvae. The observations were taken daily for a period of seven
days and larvae died were removed daily. To confirm the mortality
by the fungus, the dead larvae were immediately surface sterilized
with 70% alcohol for 10 s, followed in 1% sodium hypoclorite for 3
min and three rinses with sterile distilled water, placed on sterile wet
filter paper in sterile Petri dishes. Mortality due the fungus was
confirmed by microscopic examination of hyphae and spores on the
surface of the cadaver.

Enzyme assays

B. bassiana strains that showed higher mortality against D.
saccharalis (Table 1) and higher conidia production were selected
for testing to enzyme production. A suspension containing 1x10°
conidia/ml was inoculated in 30 ml of the minimal liquid medium
(MM) (Pontecorvo et al.,, 1953) as control and was inoculated in
MM+ cuticle (MM + CUT): MM lacking a source of nitrogen and of
glucose but with the addition of cuticle from larvae of D. saccharalis
(0.5%) w/v. The larvae were dissected with a scalpel under an
ocular for removal of the viscera and the cuticle was then oven-
dried at 65°C for 1 h. After that, the cuticle was prepared using a
solution of 0.2 M potassium tetra-borate and sterilized with water
vapor without pressure. After, it was added to previously sterilized
MM (121°C for 15 min) and again sterilized with water vapor without
pressure for 5 min (Dias et al., 2008).

Cultures were incubated at 28°C and maintained under agitation
(180 rpm) out to 24, 48, 72 and 96 h. After incubation, each culture
was centrifugated at 8000 g for 15 min at 4°C to separate the
mycelium and the supernatant obtained was stored at -20°C for
enzyme assays. The design was completely randomized, in a
factorial scheme 3 x 4 (3 strains x 4 incubation times), for a total of
12 treatments, with two repetitions. The subtilisin-like (Prl) and
trypsin-like (Pr2) activities were assayed using N-Suc-(Ala).-Pro-
Phe-p-nitroanilide and N-benzoyl-Phe-Val-Arg-p-nitroanilide
(Sigma, St. Louis, MO) as substrates, respectively. Each assay
consisted of 0.05 ml 1 mM substrate, 0.1 ml enzyme sample, and
0.85 ml 15 mM Tris-HCI, pH 8.0. The mixture was incubated for 30
min at 28°C and the reaction was stopped by adding 0.25 ml of
30% acetic acid and left to stand for 15 min in ice, after which
samples were centrifuged at 1250 g for 5 min at 4°C. The
supernatants were compared at 410 nm. One unit of enzyme
activity (U) was defined as the amount of the enzyme able to
release 1 um of nitroanilide (NA) per milliliter per second at 28°C
(Donatti et al., 2008).
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Chitinase activity was assayed by the method of Nahar et al
(2004). The reaction mixture containing 1 ml of 1% colloidal chitin
and 0.5ml of supernatant solution was incubated for 1 h at 50°C
and the reaction was stopped by immersion in a bath of boiling
water for 1 min. After centrifugation, 250 pyL from the supernatant
fluid was incubated with 50 pl of 0.8M sodium tetra-borate, pH 8.0
at 100°C for 3 min. After the mixture was cooled, 1.5 ml of p-
dimethyl aminobenzaldehyde (DMAB) solution (1 g of DMAB
dissolved in 100 ml of glacial acetic acid containing 1% v/v
hydrochloric acid) was added and the mixture was incubated for 20
min at 37°C. Absorbance at 585 nm was measured against water
as a blank. One unit of chitinase activity was defined as the amount
of enzyme which produced sugars equivalent to 1 pmol of N-
acetylglucosamine per min under the conditions described above.

Statistical analysis

Percent mortality was corrected for control mortality (Schneider-
Orelli, 1947) and normalized by arcsine (X) transformation before
being subjected to analysis of variance (ANOVA). The Tukey test
analysis was used to separate the means as a post-ANOVA
procedure (p<0.05). Enzyme production data were subjected to the
analysis of variance (ANOVA). The averages of the characteristics
evaluated in response to the qualitative factor (strains) were
subjected to Tukey test at 5% probability. These statistical analyses
were performed using the ASSISTAT 7.5 beta software (Silva and
Azevedo, 2002). Pearson’s Correlation Coefficient was used to
check the level of correlation between mortality caused by each
strains and enzyme activity and it was calculated using enzyme’s
production at 96 h and mortality rate at 96 h post-inoculation. The
analysis was performed using BioEstat software system, version
5.3.

RESULTS

Screening bioassay

Results of the screening assays are presented in Table 1.
Mean mortality in the control was 5.4% seven days after
the treatment. All the fungal isolates were pathogenic to
larvae of D. saccharalis and there were significant
differences in mortality between fungal isolates (F=75.26;
df: 10; p<0.01). The mortality ranged from 36 to 88%
(Table 1). Three strains caused mortality above 80%
(URM2915, URM2921 and URM3447), while the
URM2924, URM2912 and URM4548 caused below 50%.
B. bassiana URM2915 is most indicated for the control of
D. saccharalis because besides causing high mortality
also showed good conidial production, fundamental
characteristics to be used in programs for biological pest
control.

Production of subtilisin-like and trypsin-like enzymes
and chitinase in the presence of the cuticle of
sugarcane borer

Based on the mortality rate (Table 1) and characteristics,
like the production of conidia (data not shown), three
strains were selected for production testing of Prl, Pr2
and chitinase. The production of these enzymes was
determined after the growth of the strains (URM2915,
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Table 2. Factorial analysis of the strains, culture media and incubation times in the production of proteases (Prl and Pr2) and
chitinases by Beauveria bassiana in the presence of Diatraea saccharalis cuticle.

Pri Pr2 Chitinase
Factor e Mean E of Mean F df Mean F
square square square

Strains (S) 2 78.77 2.55* 2 0.357 0.45* 2 46.68 27.81*
Culture media (CM) 1 2020.5 654.82* 1 6441.5 8257.4* 1 2062.5 1228.7*
Time (T) 3 3881.5 125.82* 3 556.5 713.45* 3 318.55 189.77*
S x CM 2 238.8 7.74* 2 0.35 0.45* 2 52.27 31.13*
SxT 6 13.97 0.45 6 4.75 6.09* 6 2.89 1.72
CMx T 3 2490.9 80.74* 3 556.55 713.4% 3 287.60 171.3*
SxCMxT 6 35.27 1.14 6 4.75 6.09 6 2.29 1.36

*Significant to the 99% level of probability (p < 0.01); *df: degree of freedom.

Table 3. Subtilisin-like (Pr1) activity (U/ml) in supernatant cultures of Beauveria bassiana grown in minimal
medium (MM) and minimal medium plus Diatraea saccharalis cuticle (MM+CUT)?

Strain 24 h 48 h 72 h 96 h

MM  MM+CUT MM MM+CUT MM MM+CUT MM MM+CUT
URM2915 0 1.53+0.04 0 46.83+0.08 0.83+0.02 68.83+0.19 2.92+0 70.79+0.19
URM2930 0 0.55+0.01 0 45.16+0.2 0 73.74+0.12 3.4+0.01 70.46+0.04
URM4548 0 1.04+0.02 15.26+0.24 40.70+0.57 15.89+0.17 68.70+0.40 17+0.26 66.70+0.25

*The Pr1 activities are means standard errors of the means based on three replicates.

Table 4. Trypsin-like (Pr2) activity (U/ml) in supernatant cultures of Beauveria bassiana
grown in minimal medium (MM) and minimal medium plus Diatraea saccharalis cuticle

(MM+CUT)?.
Strain 24h 48 h 72 h 96 h

MM MM+CUT MM MM+CUT MM MM+CUT MM MM+CUT
URM2915 0 1.95+0.01 0 26.83+t0.06 0O 30.04+0.01 0 35.12+0.04
URM2930 0 1.46+0.04 0 2571+0.08 0 30.59+0.07 0 34.71+0.04
URM4548 0 6.41+0.01 0 2516+0.14 0O 29.34+0.04 0 30.66+0.00

*The Pr2 activities are means standard errors of the means based on three replicates.

URM2930 and URMA4548) in liqguid medium in the
presence and absence of cuticle of D. saccharalis. All
strains of B. bassiana produced Prl and Pr2 in MM+CUT
and there were significant differences between the strains
(Table 2). For each of the three strains, Prl activity was
detected at 24 h of growth. For URM2930 and
URMA4548, the peak of activity was observed at 72 h of
growth. In the MM, Prl activity was detected at 48 h for
URMA4548, at 72 h for URM2915 and at 96 h of
incubation only for the B. bassiana URM2930 (Table 3).
Similarly, PR2 activity was detected at 24 h of incubation
in the MM + CUT, and the peak of the activity was
observed at 96 h. It was not possible to detect activity in
the medium containing nitrate as the sole nitrogen source

(MM) (Table 4). As shown in Tables 3 and 4, the strains
studied showed higher levels of production of Prl than
Pr2, highlighting URM2930 in production of Prl (73.74
U/ml) and URM2915 in production of PR2 (35.12 U/ml).
Chitinase activity was detected at 24 h of incubation on
MM+CUT and at 72 h on MM for URM2915 and
URMA4548. The amount of secreted enzymes varied
between the stains and the highest activity was observed
for B. bassiana URM2915 strain (28.93U/ml) at 96 h.
Enzyme activity was investigated for a period of 96 h and
the highest chitinase activity was observed on the last
time in the two culture media (Table 5). However, the
chitinase activity was higher in MM + CUT at all
incubation times compared to activities on MM.
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Table 5. Chitinolytic activity (U/ml) in supernatant cultures of Beauveria bassiana grown in minimal medium (MM) and minimal medium plus

Diatraea saccharalis cuticle (MM+CUT)?.

Strain 24 h 48 h 72 h 96 h

MM MM+CUT MM MM+CUT MM MM+CUT MM MM+CUT
URM2915 0 3.70+0.2 0 14.21+0.4 0.17+0 22.2+0.7 0.59+0.0 28.93+0.1
URM2930 0 0.17+0.0 0 10.01+0.4 0 16.73+0.1 0 22.240.2
URM4548 0 0.17+0.0 0 4.54+0.1 1.01+0.02 15.05+0.1 1.01+0.01 22.240.2

# The chitinase activities are means standard errors of the means based on three replicates.

There was significant interaction among the strains and
culture media in the production of the enzymes and there
were also interaction between culture media and
incubation time in the production of proteases and
chitinase (Table 2). These interactions were caused by
the fact that enzyme activity was highest in medium
containing cuticle and increased with the length of
incubation. Correlation analysis between the percentage
of mortality by three B. bassiana strains and Pri(r
=0.8207; P=0.0453) and Pr2 (r =0.8133; P=0.049) activity
suggests a positive correlation of these variables in the
medium containing cuticle. However there was no
correlation with the chitinase activity (r=-0.0008;
P=0.9987).

DISCUSSION

Although all the 10 fungal isolates tested were patho-
genic to D. saccharalis, there were significant variations
amongst the isolates. These variations have been
reported in many arthropod pests (Bugeme et al., 2009;
Godonou et al., 2009; Abood et al., 2010; Sevim et al.,
2010) and emphasizes the need of screening for strain
selection. The results were similar to those of Wraight et
al. (2010). These authors evaluated virulence of B.
bassiana against different species of Lepidoptera and
observed that mortality was high and varied positively
among the 43 isolates used, thus showing the potential of
the fungus against different pests. Kaur and Padmaja
(2008) evaluated the action of 23 B. bassiana isolates,
obtained from different hosts and regions, against
Spodoptera litura Fabricius and verified that pathogenicity
varied among them, but there was no correlation between
the variability and the host’'s geographic origin, as
observed in this work.

The insect cuticle forms an effective barrier against
organisms lacking an active cuticle penetration mecha-
nism (virus, bacteria and protozoa). Only entomo-patho-
genic fungus can penetrate their hosts through the
cuticle, using physical and/or enzymatic mechanisms (St.
Leger, 1995). In this paper was studied the production of
the enzymes involved in the process of infection, in three
strains of B. bassiana in the presence of D. saccharalis
cuticle. We observed that when cuticle was added to the
medium, there was an increase in production of Prl and

Pr2, indicating that this was stimulated by cuticle
components. By contrast, Tiago et al. (2002)
demonstrated that M. flavoviride CG423 (syn. M.
anisopliae var. acridum) has high levels of Pr2 only in
minimal liquid medium without cuticle, with other negative
effects being found in the presence of cuticle of
Schistocerca pallens Thunberg.

In this study, production of Prl was higher as compared
to Pr2, however the peaks of activity were the same (85
h), suggesting that there are different regulatory systems
for these enzymes. Donatti et al. (2008) emphasized that
the differences in the production of enzymes may reflect
different functions in the infection process. In addition,
both proteases were produced at 24 h of incubation in
medium containing cuticle, suggesting their expression is
not coordinated in this fungus. Similar data was observed
in B. bassiana grown in H. hampei cuticle (Dias et al.,
2008). Differently, Paterson et al. (1994) reported that
Pr2 occurs before and would be involved in the activation
or induction of Prl in M. anisopliae var. anisopliae.
Differences between fungus species reveal that a
complex mechanism is involved in the production of
cuticle-degrading proteases.

Chitinase production by B. bassiana URM2915,
URM2930 and URM4548 was higher during the last days
of incubation in the medium containing cuticle as the sole
source of carbon. The enhancing effect of cuticle on
chitinase production suggests that this enzyme may be
specifically induced by a cuticular component.

Studies have evaluated the effects of different sources
of carbon in the production of this enzyme and observed
that when the fungus was grown in medium with cuticle
and glucose, production was lower than in medium
containing only cuticle (Campos et al., 2005), and that
there was repression of the enzyme when a easily
available carbon source, glucose, was added to the
medium (Dhar and Kaur, 2010). Chitinase production was
lower than Prl and PR2 production, which can be
explained by the composition of the insect’s cuticle, a
composite material consisting of arrangements of highly
crystalline chitin nanofibers embedded in a matrix of
protein (Vincent and Wegst, 2004). As reported by Fang
et al. (2009), B. bassiana transformants secreting the
fusion protein (protease and chitinase gene) penetrated
the cuticle significantly faster than the wild type or
transformants overexpressing either chitinase or protease
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gene.

As reported in the literature, the production of cuticle-
degrading enzymes is one of the pre-requisites for fungal
infection (Mustafa and Khaur, 2010), and demonstrates
the relation between production and virulence that has
been targeted by several investigations. The current
study has provided evidence for the relationship between
enzyme production and virulence of B. bassiana against
D. saccharalis. According to our results, Gupta et al.
(1994) showed that levels of production of Prl, Pr2 and
NAGase (chitinase) have been related to virulence
parameters in B. bassiana.

Moreover, Kim et al. (2010) showed that from the
bioassay with the enzyme-inhibited supernatants
processed by substrate inhibition, decreased aphicidal
activities were observed for all three enzyme-inhibited
treatments. This finding provides evidence that the
enzymes (Prl, Pr2 and most particularly the chitinase) in
the supernatant of B. bassiana were strongly involved in
the aphicidal activity.

Pelizza et al. (2011) screened 28 isolates of B.
bassiana and nine isolates of M. anisopliae for chitinase
production in solid medium and the results suggest a
direct relationship between a high chitinolytic activity and
an efficient virulence of the fungal strain against the
tested insect pest (Tropidacris collaris Stoll). On the other
hand, Silva et al. (2005) tested the larvicidal effect of M.
anisopliae isolates against Aedes aegypti L. and the
isolates showed a high variability of total protein
production and NAGase activity after 48 and 72h
incubation in MM, but no relationship between enzyme
levels and insecticidal activity could be detected,
suggesting that other factors may be involved in the
process.

The results presented in this study reveal that labora-
tory bioassays are a relevant stage in selecting the most
efficient strains for controlling pests. The pathogenicity of
B. bassiana can be influenced by strain used. These
studies confirm that the production of cuticle-degrading
enzymes by B. bassiana is influenced by specific
components of the cuticle of D. saccharalis. This paper
showed that there was a relationship between enzyme
production and pathogenicity of B. bassiana, but many
factors interfere directly in this process and more
research is needed about this complex mechanism.
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The economic and ecological function of pectinase enzymes in industries is gaining much attention
with the need of highly productive strains of microorganisms to reduce production cost. The present
investigation is a comparative evaluation of Bacillus sp. pectinases. The three isolates isolated from
agro-waste, Bacillus stearothermophilus, Bacillus cereus and Bacillus subtilis, showed very high
pectinase activities with pectin as the substrate. The three isolates also showed varying degree of
preference for banana peels and wheat bran but their activity towards orange peel was very low
compared to other substrate. The effect of temperature on the pectinase of the three isolates showed
that B. stearothermophilus had optimum temperature at 60°C while B. cereus and B. subtilis both
showed optimum activity at 50°C. On the effect of pH, B. stearothermophilus, B. cereus and B. subtilis
showed optimum pectinase activities at pH 7.5, 8.0 and 9.0, respectively. Metal ions enhanced the
activity of pectinase produced by the three isolates. The study exhibited that B. stearothermophilus
gave the most pectinase activity, optimum temperature and a moderate alkaline pH, possibly making it

a better source for industrial purpose.

Key words: Pectinase, enzymes, pectin, bacteria, Bacillus species.

INTRODUCTION

Pectin, a major component of plant cell wall occurs
primarily in the non-woody parts of plants which are parts
that are most likely to be consumed. It also contributes to
the firmness and structure of plant tissues
(Sathyanarayana and Panda, 2003). During ripening
process, plants generally use pectinase enzymes to
hydrolyse some of the pectin in and between cell wall
making the cell weaker and therefore soft and edible
(Sakai, 1992). Pectinases are a complex heterogenous
group of different enzymes that act specifically on pectic
substances by decreasing intracellular adhesivity and
tissue rigidity (Tatiana da Costa and Flevo, 2005). They
have also been reported to be responsible for spoilage of
fruits and vegetables (Collmer and Keen, 1986; Whitaker,

1990). However, pectinase has varied important uses in
the industries especially in the juice and food industry.
Reports have shown that the treatment of fruit pulps with
pectinases increase juice volume from fruits (Kashyap et
al., 2001; Kaur et al.,, 2004) with a 50% reduction in
filtration time (Blanco, 1999). Pectinase has been
reported to be useful in the paper and pulp industry (Beg
et al.,, 2001; Viikari et al., 2001) as well as in the
decomposition and recycling of plant wastes (Jayani et
al., 2005).

Pectinolytic enzymes can be derived from different
sources such as plants, animals and microorganisms
(Whitaker, 1990; Banu et al., 2010; Namasivayam et al.,
2011). Different types of microorganisms have been
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exploited for the production of pectinase because micro-
organisms are not influenced by climatic and seasonal
factors and can be subjected to genetic and environ-
mental manipulations to increase yield (Vibha and
Neelam, 2010). Microbial pectinases has been reported
to account for 25% of the global food enzymes sales and
majority of these are from fungal sources (Jayani et al.,
2005). Pectinases from fungal sources produce best
under acidic pH and low temperature conditions and can
therefore not be used in varied industrial processes
where neutral to alkaline pH with high temperatures
exceeding 45°C are required. It has been shown that
bacteria require high pH and temperature to produce
pectinase (Chesson and Cordner, 1978; Silley, 1986).
Bacillus spp have been reported to produce as high as
20-25 g/L of pectinase as compared to other bacterial
isolates (Soares et al., 1999; Schallemey et al., 2001;
Namasivavam et al., 2011). Based on the economic and
ecological roles pectinase enzymes play, highly
productive strains are required in the industries to reduce
production cost. The present investigation is aimed at
comparing Bacillus spp that produce high level pectinase
under various physico-chemical conditions.

MATERIALS AND METHODS
Microorganisms

In 100 ml of sterile distilled water, 1 g of soil collected from agro-
waste dumpsite was added. Isolation was carried out using 10 fold
serial dilution and pour plate technique in triplicate. The cultures
were incubated at 35°C for 48 h. Thereafter, the distinct bacteria
colonies were streaked on nutrient agar (LAB M USA, UK) and
incubated at 35°C for 24 h. When Gram-stained films were
examined, the isolates that appeared as Gram-positive rods were
identified as Bacillus subtilis, Bacillus cereus and Bacillus
steareothermophilus based on result from biochemical test as
enumerated (Breeds et al., 1957; Olutiola et al., 1991). The Bacillus
isolates were maintained in nutrient agar slants at 4°C.

Chemicals and reagents

Pectin, ammonium chloride, sodium dihydrogen phosphate and
potassium chloride were obtained from BDH Chemical Limited,
Poole, England. Glucose, 3, 5- dinitrosalicylic acid (DNSA), sodium
potassium tartarate, sodium borate, boric acid, sodium citrate, and
citric acid were obtained from Sigma Chemical Company, St. Louis,
Mo., USA. Sodium hydroxide, Trizma base, Trizma-HCI, ethylene-
diamine tetraacetic acid (EDTA) were purchased from Sigma
Chemical Company, St. Louis, Mo., USA. Other reagents were
either purchased from Sigma Chemical or BDH Chemical.

Pectinase production by submerged fermentation

Pectinase production by submerged fermentation was conducted
as described (Kumar and Sharma, 2012). Conical flasks containing
100 ml pectin broth containing (0.5 g pectin, 0.1 g yeast extract,
0.715 g NH,4Cl, 0.45 g Na,HPO,4.12H,0, 0.63 g KH2PO4, 0.075 g KCl,
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and 0.025 g MgS0..7H,0) were inoculated with a colony of the test
isolates in triplicate. The cultures were incubated in a rotary shaker
incubator at 30°C for 36 h at 120 rpm. The cultures were thereafter
centrifuged at 4,000 rpm for 10 min and the cell free supernatants
were stored at -4°C.

Determination of total protein concentration

The total protein content of the supernatants was determined
according to the method described by Bradford (1976) using bovine
serum albumin (BSA) as standard protein.

Pectinase assay

The crude pectinase enzymes produced by the three isolates were
assayed using the colorimetric method as outlined by Miller (1959).
Five milliliter (5 ml) of cell free supernatant was incubated with 2%
pectin in 0.1 M acetate buffer at pH 6.0 and the reaction mixture
was incubated at 40°C for 10 min. After adding 1.0 ml of DNSA
reagent (without sodium potassium tartarate), the mixture was
boiled for 5 min at 90°C. The reaction was stopped by adding 1 ml
of Rochelle’s salt (sodium potassium tartarate- Sigma, USA). The
mixture was further diluted by adding 2 ml of distilled water and
later followed by reading the absorbance at 595 nm to estimate the
reducing sugars released. A standard graph was generated using
standard glucose solution. One unit of pectinase activity was
defined as the amount of enzyme which liberated 1 pm glucose per
min (Karthik et al., 2011).

Effect of substrate concentration

The effect of varying the concentrations of different substrates
(banana peel, orange peel, sugarcane bagasse and wheat bran)
was studied. The substrates were obtained by drying the peels of
the various fruits in an oven maintained at 50°C till they were
completely dried except for the wheat which was purchase dried.
The dried peels and the wheat were then grinded to powder. The
powder was used in the preparation of 2% solution of each of the
substrate in 0.1 M acetate buffer, pH 6.0. The concentrations were
varied between 0.05 and 0.25 mM for each substrate. The effect of
varying the concentration of substrates followed the assay
procedure earlier described (Miller, 1959). In place of the pectin in
the assay, the other substrates were used.

Effect of temperature

The effect of temperature on the activity of the enzyme was carried
out for each isolate. 0.25 ml of 2% pectin in 0.1 ml acetate buffer
was added to the crude enzymes and assayed at varying
temperatures between 40 and 70°C for the different isolates.

Effect of pH

The effect of pH optimum on pectinase activity was measured for
each isolate at a fixed assay temperature of 40°C at various pH
values ranging from 3.0 - 9.0. In each case, the following pH buffer
solutions were used following the assay method described (Miller,
1959) 0.1 M citrate buffer (pH 3.0-5.0), 0.1 M phosphate buffer (pH
6.0-8.0) and 0.1 M borate buffer (pH 9.0). 0.5 ml of 2% pectin was
added into each extract and 0.5 ml of different buffer was added in
each case and assayed.
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Table 1. Pectinase activities and Total protein concentration in the crude extracts of each test isolate.

Enzyme source

Activity (umol glucose/min/ml)

Protein conc. (mg/ml) Specific activity

B. cereus 6.589
B. subtilis 6.198
B. stearothermophilus 6.751

35.27 0.184
33.26 0.186
34.74 0.194

1.8 -
1.6 -

0.8
0.6 -

Pectinase activity

B. Peel O. Peel

W. Bran

O. Pulp S. Bagasse

Figure 1. Effect of substrate (banana peel, orange peel, orange pulp, sugarcane bagasse and wheat

bran) on pectinase activity. The blue bar:
stearothermophilus.

Effect of metal ion

The pectinase activity of each extract was determined with different
metal ions using the chloride salt solutions of the following metals
Na’, K*, Ni?*, Mn?* and Zn?*. 0.1 ml of each metal ion was added
into 0.25 ml of 2% pectin in 0.1 M acetate buffer, pH 6.0. The
mixture was incubated at 40°C for 10 min and assayed.

RESULTS

All the experiments were conducted in triplicate and the
result is the mean of the data derived. The results of the
activity, protein concentration and specific activities of the
different isolates are shown in Table 1. Figure 1 shows
the effect of varying concentrations of substrates on the
three isolates. The three isolates showed varying degree
of preference for banana peels and wheat bran but
activity towards orange peel was very small. The effect of
temperature on pectinase activities of the three isolates is
presented in Figure 2. B. stearothermophilus had optiO-
mum temperature at 60°C while both B. cereus and B.
subtilis showed optimum activity at 50°C. B.

B. cereus; red bar: B. subtilis; green bar: B.

stearothermophilus, B. cereus and B. subtilis showed
optimum pectinase activites at pH 7.5, 8 and 9
respectively (Figure 3). There was no significant
pectinase inhibition by the metal ions amongst the
isolates (Table 2)

DISCUSSION

Pectinolytic enzyme can be derived from different
sources (Whitaker, 1990; Banu et al., 2010;
Namasivayam et al.,, 2011). However, pectinase
producing microorganisms have due advantage over
other sources because they can be subjected to genetic
and environmental manipulations to increase yield (Vibha
and Neelam, 2010). It has been reported that most
Bacillus spp. enhances the production of pectinase
(Hirose et al., 1999). In this study, pectinase production
by B. cereus, B. subtilis and B. stearothermophilus were
compared. Our results in Table 1 show the three Bacillus
spp. were able to produce pectinase. The results is in
good agreement that selected Bacillus sp. can produce
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Pectinase activity
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30 40 50 60 70

Temperature (°C)

Figure 2. Effect of temperature on the pectinase activities of the isolates. Blue colour, B.
stearothermophilus; red colour, B. subtilis; green colour, B. cereus.

0.45

9
s
I

0.35 ~
0.3
0.25
0.2
0.15
0.1
0.05

Pectinase activity

Figure 3. Effect of pH on the pectinase activities of the isolates. Blue, B. cereus; red, B. subtilis;
green, B. stearothermophilus.

Table 2. Effect of metal ion on pectinase.

Metal ions Residual Activiy of pectinase (%)
(10 mM) B. cereus B. subtilis B. stearothermophilus
Na* 96.56 99.14 99.87
K* 98.68 105.31 100.0
Ni%* 109.00 104.93 100.0
Mn?* 106.83 103.57 103.60

zn?* 105.81 105.30 103.84
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and secrete large quantities (about 20-25 g/L) of
extracellular pectinase enzyme (Soares et al.,, 1999;
Schallemey et al., 2001; Namasivavam et al., 2011). High
pectinase activity was recorded for the three isolates
using industrial pectin. The use of other substrates
(wheat bran, orange peel, sugar cane peel and banana
peel) revealed the preference of banana peels and wheat
bran by the isolates for pectinase production.
Namasivavam et al. (2011) working on B. cereus isolated
from market solid waste reported that pectinase
production was enhanced by wheat bran. Also, Phutela et
al. (2005) reported the enhancement of pectinase by
wheat bran and industrial pectin on the production of
pectinase from thermophilic Aspergilus fumigatus isolated
from decomposing orange peels.

In our study, optimum temperature between 50 and
60°C was obtained for the three Bacillus spp, with B.
stearothermophilus showing highest activity at 60°C while
B. cereus and B. subtilis both showed highest activities of
pectinase at 50°C. Different optimum activities have been
reported for different pectinases from different sources. In
the presence of Ca®", the enzyme from strain of Bacillus
spp KSM-P15 degraded polygalacturonic acid with an
optimal activity around pH 10.5 and 50-55°C (Kobayashi
et al., 1999). Namasivayam et al. (2011) reported an
optimum temperature for maximum activity of pectinase
from B. cereus to be 37°C. Similarly, 35°C was reported
for pectinase from Penicillin chrysogenum (Banu et al.,
2010). Phutela et al. (2005) reported an optimum
temperature of 60°C for thermophilus A. fumigatus
pectinase. Other thermophilic fungi have been reported to
optimally produce enzymes at 50°C (Rubinder et al.,
2002).

The effect of pH on B. stearothermophilus, B. cereus
and B. subtilis showed optimum pectinase activities at pH
7.5, 8 and 9, respectively. Reports have shown the
pectinase activity to be highest around alkaline pH
(Namasivayam et al., 2011; Kumar and Sharma, 2012)
but a slightly acidic pH of 6.5 was obtained for pectinase
from P. chrysogenum (Banu et al., 2010). In our study,
metal ions K*, Ni**, Mn** and Zn**, enhanced the activity
of pectinases from the three isolates, while N" had a
slight inhibitory effect on the enzyme. Similarly, Ca’,
Mg®*, Mn”* and Zn** were reported to activate pectinase
from Penicillin italicum but was inhibited by Cu** and
Fe®* (Alana et al., 1990). Banu et al. (2010) observed
litle effect of Mg* and Ca® on pectinase from P.
chrysogenum while Ca®* enhanced the production of
pectinase by B. cereus obtained from market solid waste
(Namasivayam et al., 2011).

Conclusion

The physicochemical characteristics of pectinase from
these isolates make it an attractive tool for various indus-

trial uses. However, B. stearothermophilus gave the most
activity, optimum temperature and a moderate alkaline
pH, possibly making it a better source for industrial
purpose.
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Detrimental effects of corrosion in conjunction with bacterial activity in water pipeline systems have led
to an increase in research in how to prevent such occurrences. In particular, sulphate-reducing bacteria
(SRB), found in anaerobic conditions underneath the main corrosion shell, are noteworthy for their
effects in promoting localized corrosion. This study investigates the presence of SRB in water, in a
water pipeline and in the soil near the pipeline at a mining operation, under conditions that would be
expected to be stable toward corrosion. Samples of water in pipes showed a high frequency of SRB.
Cast iron coupons placed in pipes gave positive results for SRB colonization after only one month.
Corrosion rates of the coupons increased in the presence of SRB, indicating microbially induced
corrosion. Application of various biocides to control SRB was evaluated.

Key words: Sulphate-reducing bacteria, corrosion, water pipeline, biocide.

INTRODUCTION

Sulphate-reducing bacteria (SRB) are one group of
anaerobic prokaryotes. The main genus of SRB is
Desulfovibrio. Desulfovibrio desulfuricans is often used to
immobilize dissolved heavy metals as metallic sulfides.
Beijerinck (1895) showed that living matter could reduce
sulphate to sulphide in sediments under anaerobic
conditions. Although many bacteria can produce sul-
phide, only a few do so at a sufficient rate for application
in high-rate processes. SRB are nonpathogenic (that is,
they are not capable of causing disease) and they are
anaerobic bacteria (that is, they require an oxygen free
aqueous environment). These rapid sulphide-generating
bacteria are able to conserve energy by the reduction of
sulphur oxyanions (Widdel and Hansen, 1992). A typical
overall conversion is shown in equation 1 (neglecting the
small amount of organic material required to produce
biomass):

SO +CH,COOH +2H' ——HS ™ +2HCO; +3H" (1)

Eight electrons are transferred from the energy source
acetic acid to the electron acceptor sulphate to produce
sulphide. The reaction equation shows that in the same
process, alkalinity is also produced. This leads to an
increase in the pH of the water, often to a near neutral
value. Typically, a certain amount of metals is present
together with the sulphate. These metals will react with
the dissolved sulphide to form highly insoluble metal
sulphides (Equation 2).

HS™ +Me? —>MeS +H* @)

Me?* can, for example, be copper, zinc etc.
Combining the action of sulphate reduction by SRB and
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Figure 1. Combining the action of SRBs and sulfide oxidizing microbes (to the left - one SRB bacterium with
elemental sulfur particles on the cell membrane)

Figure 2. SRB culture with a carbonate precipitate (the bacteria are
about 6 to 8 um long and 2 um in diameter).

sulphide oxidation by sulphur-oxidising microbes is
presented in Figure 1. Carbonate precipitationby SRB is
shown in Figure 2.

The effluents produced in sulphide ore mines, defined
as acid mine drainage (AMD), also contain large amounts
of heavy metals. Mining and industrial drainage con-
taining sulphate and heavy metal negatively affects terres-
trial and aquatic ecosystems in several countries around
the world. SRB can be used to biologically treat metal-
and sulphate-rich waste water, reducing sulphate to
sulphide to precipitate metal sulphides. In AMD treatment
processes, this chemically stabilizes the toxic metal ions

as solid metal sulphides (Zagury et al.,, 2006).
Furthermore, SRB produce carbonate (equation 1) which
increases the pH.

Conversely, a detrimental aspect of the activity of SRB
is metal corrosion. The incidence of SRB colonizing
ferrous water mains has been reported for many years
(Butlin, 1949; Tuovinen et al., 1980; Beech et al., 1994).
These bacteria are generally associated with the area
underneath the main corrosion shell since they require
anaerobic conditions (Butlin, 1949; Beech et al., 1994).
However, anaerobic conditions may also occur on the
corrosion surface due to the presence of other aerobic
bacteria producing anoxic pockets (Spencer, 1971,
Gaylarde, 1989; Jain, 1995). Once colonization has
begun, bacterial growth is further promoted due the
spread of reducing conditions (Starkey, 1958). SRB are
particularly unwanted in ferrous mains because of their
notable effect in promoting corrosion by reducing sul-
phate to sulphide, which may in turn oxidize hydrogen to
hydrogen sulphide, and this may react further to produce
ferrous sulphides or sulphuric acid, which also contri-
butes acid corrosion (Starkey, 1958; Gaylarde, 1992). In
addition, the undesirable “rotten egg” smells of hydrogen
sulphide, and the possibility of sloughing of the black
slime, can lead to consumer complaints and increased
health risks. Microbial corrosion by SRB results in severe
graphitization of cast iron, leaving a soft surface liable to
collapse (Butlin, 1949; Starkey, 1958; Seth and Edyvean,
2006).

SRB are capable of causing severe corrosion of iron
material in a water system because they produce en-
zymes which have the power to accelerate the reduction
of sulphate compounds to the corrosive hydro-gen
sulphide, thus SRB act as a catalyst in the reduction
reaction. However, in order for this reduction to occur,
four components must be present. That is, SRB must be
present, sulphates must be present, an external energy
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source in the form of free electrons must be present, and
the temperature of the water must be less than approxi-
mately 65°C (150°F). A water system may naturally con-
tain sulphate based compounds. Another source of sul-
phate originates from sulphite added to a closed water
system as an oxygen scavenger and corrosion inhibitor.
The sodium sulphite is oxidized to sodium sulphate as
indicated in reaction 3 below.

2Na™ +SO;" +0.50,> —>2Na™ + SO;” -
3

Excess electrons occur in a water system as a result of
ironcorrosion at the anode and cathode cells as indicated
in reactions 4 and 5 below.

4Fe——4Fe*™ +8e*(anode reaction)

(4)

8H " +8e ' —8H (cathode reaction)

(5)

The resultant accelerated corrosion mechanism of iron by
SRB is illustrated in equations 6 to 10 below.

S0;* +8H —— S + 4H,0(cathodic depolarization by SRB)

(6)
8H,0——80H ™ +8H "*(dissociation of water) @
2H ™ + S — 5 H,S(reversible reaction) ®)
Fe? +S?——»FeS(anode crrosion product) ©
SFe™+6(0H) " ——>3Fe(OH), (ancde corrosion product) |
Microbiologically influenced corrosion (MIC) is the

damage caused or accelerated by the presence of
bacteria and other microorganisms and their metabolic
activities on metals and alloys. Many types of bacteria,
including sulphate-, iron- and CO, reducing bacteria,
sulphur-, iron- and manganese-oxidizing bacteria are
associated with the MIC of metals and alloys (Beech and
Sunner, 2004; Anandkumar et al., 2009). Among them,
SRB are recognized as a major group involved in anae-
robic corrosion. These latter microorganisms can coexist
in naturally occurring biofilms with a wide bacterial
community, including fermentative bacteria, often forming
synergistic communities (consortia) that are able to
influence electrochemical processes through cooperative
metabolism (Beech and Gaylarde, 1999). The sulphate
reductive activity of SRB is thought to account for >75%
of the corrosion in productive oil wells, and for >50% of
the failures of buried pipelines and cables (Walch, 1992).

SRB are strictly anaerobic microor-ganisms responsible
for the terminal mineralization of organic matter in anoxic
environments. They are a diverse group of prokaryotes
that may be divided into four groups based on r-RNA
sequence analysis: Gram-negative mesophilic SRB,
Gram-positive spore-forming SRB, thermophilic bacterial
SRB and thermophilic archaeans (Castro et al., 2000). A
majority of studies on SRB in oil-field environments have
concentrated on the ecology and physiology of meso-
philic microorganisms, which grow optimally between 20
and 40°C (Anandkumar et al., 2009).

One of the important practical problems is the control of
SRB growth in economically important situations in the
petroleum sector. Consequently, considerable research
has been devoted to testing various potential micro-bio-
cides (Kumaraswamy et al., 2010).

SRB, which generate large amounts of toxic hydrogen
sulfide in aquatic ecosystems, are important not only for
ecological reasons but also economically. The activities
of SRB in natural and manmade systems are of great
concern to engineers in many different industrial
operations (Gibson, 1990; Odom, 1990; Odom and
Singleton, 1992).

Oil, gas and shipping industries are seriously affected
by the sulfide generated by SRB (Battersby, 1988;
Hamilton, 1994; Peng et al., 1994; Okabe et al., 1995;
Cullimore, 2000). In the oil industry most monitoring of
micro-biologically influenced corrosion (MIC) has been
con-ducted by cultivation based techniques (Ghazy et al.,
2011). The production of H,S often indicates the activity
and presence of sulphate-reducing microorganisms in
natural habitats. The presence of H,S is obvious by its
characteristic smell, black precipitation of ferrous sulfide
when iron minerals are present. As a result of SRB meta-
bolism, reduced sulphur compounds can impair water
quality, making for unpleasant odour, and also can contri-
bute to biological contamination of well filters (Wargin et
al., 2007).

The aim of this study was to evaluate the activity of
SRB on the corrosion of the water pipelines located in the
Sarcheshmeh copper mine. Also, application of various
biocides to decrease numbers of SRB and the corrosion
resulting from their activity was investigated.

MATERIALS AND METHODS
Sampling and analysis of corrosion products

To study microbial corrosion potential of water inside the pipeline
and surrounding soil, samples were taken from 16 water wells
inside and around the Sarcheshmeh copper mine. A total of 96
water samples were analysed. Also, 10 soil samples were collected
near the water pipes from various depths between 1 to 2.5 m.

A qualitative test was performed to detect the presence of FeS,
an indicator of SRB activity. The test involved addition of a few
drops of hydrochloric acid to corrosion products on pipe samples.
When hydrochloric acid contacts FeS, H,S is produced and is
readily identified from its distinctive, unpleasant odor.

Mineralogical determinations were made using x-ray diffraction
(XRD) while atomic absorption spectroscopy (AAS) and induced



Table 1. The composition of Postgate

API medium.
Composition Value (g/l)
MgSOa. 7 H20 0.2
KH2PO, (anhydrous) 0.01
Fe(S04)2 (NH4)2.6H0 0.2
NaCl 10
Sodium lactate 3.5
Yeast extract 1
Ascorbic acid 0.1
Thioglycollic acid 0.1
FeS0,4.7H20 0.004
Agar 15
Distilled water 1000 ml

Couple plasma (ICP) was wused for
qualitative analysis.

Table 2. Classification of corrosive
environment using TBC  factor
(cells/mL).

Corrosive environment TBC

Low level corrosive 10°
Medium level corrosive  10%-10°
High level corrosive >10°

Sulphate-reducing bacteria (SRB) and total bacteria counts
(TBC) tests

Sulphate-reducing bacteria (SRB) culturing procedure

The bacterial culture medium used in these experiments was
Postgate APl which is widely used by the oil and gas industry
(Table 1).

Also, for proper cultivation of SRB, the process in four stages
was carried out as follows: A, A 10cc aliquot of the sample was
taken using a syringe; B, the sample inside the syringe was injected
into sterile anoxic culture medium; C, he container with the
inoculated culture medium was maintained at room temperature for
21 days; D, all the samples were observed at a fixed time every
day. Changes in the clarity of the medium, or development of black
spots (FeS) which confirmed the presence ofSRB bacteria in the
sample, were noted.

Procedure for total sulphate-reducing bacteria (SRB) count
total bacteria counts (TBC)

Standard culture medium API was used in the following process:

A, the lid of container of the culture medium was removed; B, water
sample was added to culture glass containing the medium; C, after
1 min, water content of the glass was discharged and the lid was
closed; D, container including culture medium was inoculated at
room temperature; E, after 48 h, the total number of bacteria was
counted; F, if the total bacteria counts (TBC) in the environmental
sample was higher than 10%ml, the effect on corrosion was judged
to be high (Table 2).
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Tests with biocides

The amount of biocide injected into the water was set at 100 mg/L.
In all tests, 10 g of biocide was used in 100 L of water. Coupon
(carbon steel) dimensions used in these experiments were 0.16 x
1.27 x 7.63 cm with 22 cm? area. The pH was measured using a pH
meter (MP120 model, Mettler Toledo Company, Switzerland) and
Eh meter was used for measuring the oxidation reduction potential
(826pH mobile model, Metronm Company, Switzerland).The Eh
meter consists of a platinum electrode and a silver/ silver chloride
reference electrode in KCI solution.

Polarization tests

The steel coupons used in the biocide tests (Corrosion rate
measurements section) were immersed in water for 30 days for
polarization tests. Polarization tests were carried out using potentio-
dynamic method with potentiostat EG and G, Model 263A and FRA
EG and G Model 1025 with Easy Corr and Excel programs. Scan
rate and potential were set to 1 mV/s and + 400 mV respectively
and then the electrode was put inside the water sample containing
100 mg/L biocidefor a week. The working electrode was prepared
from the same carbon steel as the water pipeline (1 x 1 cm).

Corrosion rate measurements

The corrosion rate inside the water pipeline was determined using
the following two methods: A) the coupon setting method; B)
corrater device.

The coupon setting method in water and soil

This method is based on the measured weight loss of metal
samples. Dimensions of steel coupons were as follows: A) 0.16 x
1.227 x 7.63 cm (area: 22.2 cm?); B) 0.12 x 0.9 x 7.5 cm (area: 15.5
cm®)

The steel coupon (A) was used in the experiments. To determine
the corrosion rate of the samples the following formula was used:

mpy = ([M,; —M,]x3650 x1000)/(P x Ax D% 25.4) (11)

Where, M, is the initial sample weight (g), M. is the secondary
sample weight (g), P is the sample density (grlcm®), D is the
number of days and A is the sample surface (cm?).

To estimate the corrosion rate, coupon setting method was
carried out inside the water pipeline using steel coupon with ASTM
standard dimensions (0.16 x 1.27 x 7.63 cm) for 30 days and then
the coupon was fixed at a special place using a Teflon holder
parallel to the water flow direction. The corrosion rate was cal-
culated using the weight loss method according to the mentioned
formula/equation (11). For determination of the corrosion rate of the
soil around the pipe, two coupons with dimensions (0.1 x 2 x 2 cm
and area 8.8 cm?) were used for one month. These coupons were
set at a depth of 40 cm from ground level and 50 cm from each
other (interval distance). One of the coupons was covered by
plastic as control test and the other was placed in soil around the
pipe directly and without any coverage. After removal of the
coupons from water or soil, they were washed by distilled water and
hydrochloric acid solution for one minute and washed with distilled
water again and then finally dried and weighted. Corrosion rate can
be estimated with amount of weight loss of coupons during
exposure in the environment.



6508 Afr. J. Biotechnol.

Table 3. Average six months
analysis of the water in pipeline in
the Sarcheshmeh mine.

Component Value
TDS 208 ppm
pH 7.6

02 >100 ppm
S04~ 77ppm
SiO; 85 ppm
Ccr 35 ppm
Conductivity (us/cm)501

Table 4. Chemical analysis of
the pipeline (steel) in the
Sarcheshmeh mine.

Component Value
S 0.05
P 0.04
Mn 1.15
C 0.27

Table 5. XRD analysis of the corrosion sediment in different
location.

Sample location Mineral/phase Chemical formula

Upper level of sediment Limonite FeOOH. nH,0
PP Magnetite Fe304
. . Limonite FeOOH. nH0O
Middle of the sediment Magnetite Fe:Os
Lower level of sediment Magnetite Fes04
(Near of the pipeline) Limonite FeOOH. nH,O

Corrater device

Corrater is an electronic device for detecting corrosion in water
systems which can be used to measure the corrosion rate directly.
The corrosion measurement in corrater is based on the linear
polarization resistance. In this method, the oxidation reaction
occurs at the anode and the cationic reduction reaction takes place
at the interface of fluid and the pipe at the cathode area.

RESULTS AND DISCUSSION
Pipeline water chemistry

The water in the pipeline at Sarcheshmeh mine was
slightly alkaline, low in chlorides and contained sulphate,

which could serve as an electron acceptor for SRB and
therefore is potentially reducible to H,S (Table 3).

Characterization of corrosion product

The water pipeline at Sarcheshmeh mine was composed
of mild steel. The minor components of the pipe included
S, P, Mn and C (Table 4).

The corrosion product formed on the internal surface of
the pipeline consisted of limonite and magnetite as
characterized by X-ray diffraction (XRD) and chemical
analysis methods (Table 5 and Figures 3 and 4).

As shown in Table 3, all trivalent iron oxide is formed
on the surface and bivalent iron oxide occurred below the
rust layer. FeS often is an important phase in corrosion
products, but in this case, the dominance of other
minerals (Table 5) resulted in FeS not being detected by
XRD. Nonetheless, the high amount of sulfur in the
corrosion product (16.15%) (Figure 4), and liberation of
hydrogen sulfide by hydrochloric acid (hydrochloric acid
test and optical microscopic study section), indicates the
presence of FeS and that corrosion in the water pipeline
could be caused by SRB. The presence of phosphorus in
the corrosion products (Figure 4) also has been reported
previously; are active, phosphorus compound produced
by SRB may be involved in bio-corrosion of iron and steel
(Iverson and Olson, 1983).

Hydrochloric acid test and optical microscopic study

A corroded part of the pipeline was examined using a
hydrochloric acid test and light microscopy analysis to
determine if SRB may be involved in corrosion of the
pipe. After polishing of the pipe, a metallographic study
was carried out under anoptical microscope and several
holes and cavities were found on the surface which is
illustrated in Figure 5.

Microbial corrosion is always local, (that is, the type is a
gap or hole in the pipe) and after addition of a few drops
of hydrochloric acid on the black parts of specimens
identified in Figure 6, a strong odor of H,S was detected.

Direct counts of sulphate-reducing bacteria (SRB)

Numbers of SRB in water well no.6 and 16 which were
located in the Sarcheshmeh region and also the water
main pipeline in the copper mine and the soil around the
pipe are given in Table 6. The number of SRB in a soil
environmental sample was 4.5x10%ml. It can be
concluded that due to higher number of soil SRB
compare to other environments, highest corrosion
process was observed. No SRB were detected in water
samples containing various biocides. It showed that all
biocides can destroy SRB effectively, but the efficiency of
their operation is different. The SRB bacteria was
observed by micro-biological microscope which its shape
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and colony in the culture medium are presented in Figure
7.

Corrosion measurement methods (coupon setting
and Corrater device)

Corrosion rate of water in water pipe using Corrater

device and coupons setting and soil around the pipeline
by coupons setting method were investigated (Table 7). It
should be mentioned that for measurement of the
corrosion rate, weight loss method (mpy) was used.
Results from the Table 7 show that corrosion rate of
coupons in soil around the pipe was two times higher
than water inside the water pipe, therefore cathodic pro-
tection of pipe in soil and application of the appropriate
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Table 6. Number of SRB bacteria in different places with corrosion level

of coupons

Environment

Count of SRB (in ml.)

Corrosion level

Soil 10°%4.5= Very severe
Water, well No.16 10°x1.5= High
Water, well No.6 10°x1.2= High
Water, Main pipeline 10°x1.5= Medium
Water with biocides Not seen None

Figure 6. Hydrochloric acid test on the dark color corrosion product.

coating is necessary and important. Corrosion rate of
water was detected using above two methods (coupon
setting and Corrater devices), but due to based works
(principle) of the Corrater which is linear polarization
resistance, the corrosion rate was measured by more
accuracy.

Inhibitors performance on the water pipes

Biocide CWT110 had best performance with lowest
corrosion rate (0.743 mpy) and Biocide MBA4517 had
weakest efficiency with highest corrosion rate (2.445
mpy) (Table 8). The visual appearance of the coupons
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Figure 7. SRB bacteria and its colony (inoculated in the culture medium).

after one month was consistent with their extent of
corrosion; the coupons with biocide CWT110 had best
appearance after this period of time (Figure 8). The order
of different biocide performance is as below:

ISOcwt5> MBA8115> MBA4517>CWT15> MBA8120>
MBA8110>CWT110

pH and Eh of water with different biocides

In this experiment, 0.5 L of water containing various
biocides was taken and Eh and pH values were
measured (Table 9). The effect of water on iron corrosion
in pH = 4.3 to 10 was low. Due to reduction of sulfate to
sulfide, corrosive water containing SRB bacteria has
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Table 7. Corrosion rate of water and soil around the pipeline.

Coupon characteristic

Corrosion rate

. , , Coupon settin Densit Coupon Corrater
Environment Areg\ Pr_mp}ary Sec.ondary I\Nelght peFr)iod (day) g (g/cmBB)/ moetﬁgd doevicg
(cm®)  weight ()  weight (g) oss (9) (mpy) (mpy)
Soil 8.8 37.6312 37.5110 0.1201 30 7.86 8.32 -
Water 22 10.6037 10.4481 0.1555 30 7.86 4.31 4.82
Table 8. Biocide performance on the water pipes.
Biocide Pr_imary Secondary Weight Density Coupon setting method
weight (g) weight (g) loss (g) (g/cm?) Period (day) Corrosion rate (mpy)
CWT110 10.5572 10.5304 0.026 7.86 30 0.743
MBA8110 10.5904 10.5576 0.032 7.86 30 0.906
MBA8120 10.5422 10.4938 0.048 7.86 30 1.338
CWT15 10.5829 10.5298 0.053 7.86 30 1.481
ISOcwt5 10.5802 10.5179 0.062 7.86 30 1.737
MBA8115 10.5802 10.5055 0.074 7.86 30 2.069
MBA4517 10.5222 10.4339 0.083 7.86 30 2.445

Table 9. Eh (mV) and pH values for water containing various biocides.

Biocide pH En  Oxidizer or non-oxidizer Component

CWT110 89 173 Non-oxidizer Isothiazolin

MBA8110 8.72 178 Non-oxidizer Isothiazolin

MBA8120 8.71 182 Non-oxidizer Quaternary ammonium compounds
CWT15 8.57 194 Non-oxidizer Metronidazol

ISO CWT5 8.49 196 Non-oxidizer Metronidazol

MBA8115 8.23 201 Non-oxidizer Quaternary ammonium compounds
MBA4517 8.12 205 Non-oxidizer Carbamate

Corrosive water 8.2 350 - SRB

maximum Eh (350 mV) with lowest pH value (8.2). In
water containing different biocides, biocides prevent
setting of the reaction and consequently, Eh of the
environment was maintained at lower value and pH
reached to maximum its value. Biocide with best
prevention performance had lowest Eh and highest pH,
therefore biocide CWT110 which is classified in
isothiazolin group had best efficiency to eliminate SRB
bacteria from the water in the water pipeline.

Scanning electron microscopy (SEM) study

Scanning electron microscopy (SEM) was used to
investigate the surface of the steel coupons that had
been placed under the various corrosive conditions. The
surface of the normal steel showed no holes or cavities or

corrosion products (Figure 9a). The surface of a coupon
which was set in 1.5 m depth of the soil near the pipeline
for 30 days had more holes and corrosion products on
the surface (indicated as dark and light spots) indicating
corrosive conditions (Figure 9b). The corrosion rate of
this coupon was 8.32 mpy (Table 7). There was also a
corrosive environment in water of the water pipeline
(Figure 9c) but less than the soil.The corrosion rate
reached 4.31 mpy. In water containing different biocides
(Figure 9d, 9e and 9f), the surfaces of coupons contained
fewer pits and corrosion products. These observations
were consistent with corrosion rates (Table 8) which were
2.44 mpy for biocide MBA4517, 1.338 mpy for biocide
MBA8120 and 0.743 mpy for biocide CWT110. The
corrosion rate data and SEM images suggest biocide
CWT110 could substantially reduce biocorrosion in the
pipeline.
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Figure 8. The corroded coupons in the path of water pipes with different biocide.

Polarization test

The polarization curves of steel in water samples without
and also containing various biocides are illustrated in
Figure 10 (a to h). The amount of biocide value added to

6513

raw water was 10 mg/L.The reference electrode in these

experiments was saturated calomel electrode (SCE).

In a polarization curve, whenever the potential is more
negative and the current is more positive, the environ-
ment is more corrosive. The polarization curves of steel
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b. Beneath of the Soil near the pipeline.

d. Water containing biocide MBA4517.

e. Water containing biocide MBA8120.

f. Water containing biocide CWT110.

Figure 9. SEM image from the surface of carbon bearing steel coupon.

steel in Figure 10 (a to h), show raw water produced a
more negative potential and more positive current than
water that contained biocides. The numerical values of
parameters obtained from the polarization curves in
different situations are given in Table 10. As can be seen,
for biocide CWT110, lco (corrosion current) is minimum
and E. (the potential) is maximum. These results are

consistent with results of corrosion rate determinations
and SEM observations indicating this biocide can be
used to prevent biocorrosion. Raw water is more
corrosive with 9.765 pA and -690 mv for I, and Egor,
respectively. Also, the anodic and cathodic slopes of the
polarization curve are shown by B, and B. symbols
respectively.
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Figure 10. Polarization curve of steel in water samples without and with various biocides.

Conclusion sample and presence of cavities, microbial corrosion of
water pipes was confirmed. In addition, the total bacteria
High amounts of sulphur and the presence of FeS and P count (TBC) and SRB tests in the water samples from 16
in corrosion products indicate that microbial corrosion by wells showed that water in wells No.6 and 16 have the
SRB occurred in water pipelines at Sarcheshmeh mine. highest amount of SRB bacteria. In view of the presence
Also, according to the metallographic observations of the of SRB in the surrounding soil of water pipeline, cathodic
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Table 10. Results of polarization test for raw water and water containing different

biocides.

Biocide lcorr (UA) Ecorr (m\/) Ba BC
CWT110 1.823 -213.2 219x107° 131x10°
MBAS110 2.231 -393.8 619.8x10° 469x10°
MBA8120 3.292 -358.4 561.8x10° 219.3x10°

CWT15 3.312 -371.5 536.1x10° 456.6x10°

ISOcwt5 4.124 -473.8 797.7x10° 1.001
MBA8115 4.672 -390.6 4.649 635.1x10°
MBA4517 5.392 -479.5 426.8x10° 2.67x10°

Raw water 9.765 305.3x10° 9.987x10°

protection potential applied to the pipeline (-0.85 V)
cannot appreciably protect from pipeline against
corrosion by SRB. Results of the Corrater device and
coupons setting showed that corrosion potential in soil
surrounding of the water pipeline was higher than raw
water. Results of corrosion tests, SEM observations and
polarization studies with steel coupons immersed in water
in the pipeline at Sarcheshmeh mine showed biocide
CWT110 to be most effective in reducing biocorrosion.
The use of this biocide in pipeline water at the mine has
promise for preventing pipe biocorrosion.
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Mine waste, including tailings is generally outlined as one of the largest environmental concern which
faces defunct mines in South Africa and New Union Gold Mine is no exception. These tailing contain
heavy metal such as chromium (Cr) and uranium (U) which poses enormous threat to the environment
even at small quantity. The study focuses mainly on bioaccumulation of Cr and U in soil by Cynodon
dactylon, an indigenous grass. The grass and soil sample were collected at New Union Gold Mine and
Ka-Madonsi Village at Malamulele, Limpopo Province, South Africa. The concentration of Cr and U were
determined with a Thermofischer ICP MS. The research findings indicate that the range in the levels of
Cr and U at mine tailings dam A were 152.60 to 196.12 mg/kg and 0.51 to 0.92 ug/gm, respectively. The
ranges in the levels of Cr and U at mine tailings dam B were 151.34 to 229.67 mg/kg and 0.85 to 1.06
Mg/g, respectively. The levels of Cr and U at the control site were 81.31 mg/kg and 0.73 ug/g. The pH of
mine tailing dam A was 3.23 to 3.34 and for tailing dam B were, 3.25 to 3.29 making both tailing acidic
while for the control site, it was slightly alkaline at 7.56. The bioconcentration and translation factors of
C. dactylon were variable but were dependent on pH conditions. Thus, C. dactylon was able to
bioaccumulate toxic metals Cr and U from the mine tailings making them potential phytoremediation
agent for the rehabilitation of exposed mine tailings. This is important in covering the mine tailings
since any exposed part of mine tailings is liable to water and wind erosion. Thus, Cr and U may be
exported to external environment such as aquatic ecosystem and neighboring rural communities with
negative impacts.

Key words: Phytoremediation, chromium, uranium, indigenous grass, dysfunctional mine tailings

INTRODUCTION

Mining is the breaking up and extraction of minerals of portation of ore as well as downstream processing of
economic importance from the earth’s crust for human- minerals or ore dressing called beneficiation and the
kind’s benefit. It incorporates auxiliary operations like trans- disposal of waste (tailings). The last operation results in
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serious environmental and health problems since these
tailings contain toxic metals and cyanide residues and
may affect communities living nearby. The degree of
impacts depends on the scale of mining, mining methods
employed and chemicals used to extract the important
minerals (Ogola, 2002). According to Ma et al. (2001),
phytoremediation can be an essential tool because it is
cheap, environmental friendly and long lasting for
remediation of the contaminated sites. Bioaccumulation
of toxic metals by indigenous grass species from the
contaminated site can be a remedy for decreasing the
environmental hazard posed by toxic metals on the
environment (Conesa et al., 2006; Mulugisi et al., 2009).
Toxic metals originating from abandoned gold mine
tailings may have a huge impact on the environment and
human health (Wong et al., 1999).

According to Zayed and Terry (2003), chromium (Cr) is
considered the most hazardous to animals and plants
due to its high solubility, morbidity, toxicity as well car-
cinogenic and mutagenic properties. However, among
the Cr species that are commonly known, are the trivalent
chromium (Cr*"), an essential element to living organisms
and hexavalent form Cr®*, which is toxic (Cheunga and
Gua, 2007).

In light of the hazardous nature of chromium, WHO
(2011) has issued provisional guideline value of 50 pg/L
for total Cr in drinking water. Due to unregulated dis-
posal of mine tailings from New Union Gold Mine, Cr may
increase the ecological risk to surface water, sediment,
soil and groundwater and it is increasingly becoming
environmental and health issue. Han et al. (2002)
reported that the cumulative Cr production was estimated
to be 105.4 million ton globally in 2000 and has been
rapidly increasing since the 1950s.

The use of plants as phytoremedial agents has gained
a lot of attention worldwide for its ability to clean up
contaminated soil. The use of plants can be a remedy of
contaminated soil because of its affordability and environ-
mental friendly. The use of plants for potential toxic metal
removal from soil is environmentally sound and low in
cost (Schnoor, 1997). The uptake of Cr by plants maybe
via carriers of essential ions such as sulphate (Oliveira,
2012) and sulphate is a major contributor anion to acid
mine drainage (Sam and Beer, 2000). Thus, the sail
factors such as pH and electrical conductivity are able to
influence the mobility and availability of chromium such
that the Cr** is the dominate form in acidic conditions (pH
< 4) experienced at New Union Gold Mine tailings
(Mulugisi et al., 2009; Wuana and Okieimen, 2011).

Winde et al. (2004) reported that in South Africa, ura-
nium (U) was recovered from gold ore production and this
U production peaked to 7200 tons in 1980 but has since
ceased. However, annual gold ore beneficiation has
ensured that approximately 6000 tons of U is deposited
on mine tailings in South Africa (Winde et al., 2004). The
study of Cowart and Burnett (1994) reported high levels
of radioactive and heavy metals in mine tailings that origi-

nated from gold and uranium mining activities. Winde et
al. (2004) went further to study the U migration from gold
mine tailing into the groundwater and contamination of
surface water sources. Winde (2010) reported that
neutrotoxic effects of U to learners and gold miners had
the potential to affect academic performance and lower
their performance. Winde et al. (2004) also stated that
there was potential high risk since the communities relied
on untreated surface water sources for their drinking
purposes.

The people who consume water contaminated by U
may suffer from kidney pro-blems (failure) and even
cancer (Winde et al., 2004). Exposure to such toxic metal
may have serious health problems on humans especially
children and old people because of their weakened
immune system and to the environment (Au et al., 1998).
WHO (2011) has promul-gated a U provisional guideline
of 30 pg/L in drinking water. The mobility and availability
of U is dependent on a number of soil factors such as pH,
redox potential, soil moisture levels and microbial activity
with the uranyl ion being stable in aqueous solutions of
pH < 2.5 (Gavrilescu et al., 2009).

According to Mulugisi et al. (2009), five indigenous
grass species, Cynodon dactylon, Cyperus esculentus,
Hyperthermia tamba, Hyperthermia hirta and Paspalum
dilatum were analyzed for their absorption of heavy
metals in mine tailings at New Union Gold Mine,
Malamulele and Limpopo Province, South Africa. Other
plants species such as C. dactylon which were grown on
the soil contaminated by toxic metals have the ability to
accumulate huge amount of toxic metals in their tissues
without symptoms of toxicity (Padmavathiamma and Li,
2007). Soleimani et al. (2009) observed that C. dactylon
was able to accumulate Mn metal both in roots and
shoots. Manganese was found to be accumulated in the
root (63 mg/kg) and shoot (36 mg/kg) of C. dactylon
growing in natural top soil (Maiti and Jaiswal, 2008).
According to the studies above, it is shown that C.
dactylon can be regarded as hyperaccumulator because
of its ability to absorb greater than one (>1) mean metal
concentration.

Mulugisi et al. (2009) demonstrated that C. dactylon
grass species was able to bioaccumulate heavy metals,
Mn (up to 225.5 mg/kg); Cu (up to 41.5 mg/kg); Zn (41
mg/kg); Pb (up to 4.5 mg/ kg); Co (up to 2.5 mg/kg) and
accumulated less (1 mg/kg) of Cd on mine tailings soils at
New Union Gold Mine, South Africa. A study was done by
Saraswat and Rai (2009) to evaluate the phytoextraction
potential of six different plant species for Cr, Zn and Cd
removal under laboratory conditions. The study show that
C. dactylon was able to exhibit maximum bioaccu-
mulation for Cr. However there are limited studies on the
bioaccumulation potential of Cr and U uptake by C.
dactylon grass species under field conditions. The
general objective of this study was to assess the
bioaccumulation of total Cr and U by C. dactylon. The
specific objectives were: to determine the contribution of



Nelushi et al. 6519

30°43' 43.24"E

23°00'58.38"'S

Mine tailings A

23°1'9.34"S

|
30" 43'55.03"E

Mine tailings B

7

Stream flowing towards Mandzoro River

Figure 1. The location of the study area.

pH and electrical conductivity (EC) to the solubility and
mobility of total Cr and U metals; to determine the
distribution of total Cr and U in different sections of C.
dactylon grass species (roots, stem, rhizome and leaves)
and to determine the distribution of Cr and U in the mine
tailings.

MATERIALS AND METHODS
Sample collection and preparation

Mine tailings and grass samples were collected from both tailings
Dam A and B. The tailing (soil) and C. dactylon grass samples were
collected at the following geographical coordinates. Al, A2, B1, B2
and controls were collected at 23°01'05"S and 30°43'50"E,
23°00'59"S and 30°43'53"E, 23°01'06"S and 30°43'47"E, and
23°01'04"S and 30°43'45E", and 23°00'10.3"S and 30°42'9.9E,
respectively (Figure 1). The soil samples were collected from the
top profile 0 to 20 cm for both control and mine tailings. The grass
and tailing samples were then processed as per procedure of
Mulugisi et al. (2009).

Determination of pH and electrical conductivity

The pH and conductivity analysis was based on the procedure of
Sampanpanish et al. (2006), where an aliquot of 50 g of mine

tailings/soil was mixed with 50 mL of de-ionized water (1:1 w/w).
The contents were stirred for 5 s with a stirring rod and the pH and
EC were then simultaneously determined for each sample using the
CYBERSCAN CON 500 after calibration as per manufacturer
instructions.

The analysis of metal content by ICP MS

The metals total chromium (**Cr) and uranium (**®*U) in the mine
tailings, control samples and grass samples were analysed in
duplicate with an Inductively Coupled Plasma Mass Spectrometer
(Thermofischer ICP MS Model, X Series Il; ARC Institute of Soil,
Climate and Water, Pretoria). The instrument was able to measure
more than 40 elements, including *3Cr and ?*®U, at a detection limit
of 0.01 ppb. The instrument was calibrated using the US EPA
method 6020A. Analysis was automatic, and data acquisition and
processing was controlled by instrument software. The results were
expressed as mg per kg and or pg/g.

Data analysis

The analytical raw data was processed as per procedure of
Mulugisi et al. (2009) and statistical analysis was carried out with
Microsoft Excel, single factor ANOVA at a significance level of p <
0.0. The bioconcentration factor and translocation factors were cal-
culated as per procedure of Hazrat et al. (2012). The biocon-
centration factor (BCF) and translocation factor (TF) data was then
log transformed and then analysed for Pearson correlation coef-
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Table 1. The levels of total Cr in mine tailings, control site and grass.

Sample site Parameter Total Cr content (mg/kg) Cynodon dactylon* (mg/kg)
Mine tailinas A Range 152.6t0 196.1 379.2t0519.0
9 Mean 174.4 +30.8 449.1+£98.9
Mine tailings B Range 151.3 to 229.7 314.5t0518.5
9 Mean 190.5+55.4 416.5 £144.2
Control site Range 80.1t0 82.6 36.4to 36.9
Mean 81.3+1.3 36.6+0.3

*The sum of total Cr in different plant sections of the grass.

Table 2. The levels of U in mine tailings, control site and grass.

Sample site Parameter U content (ug/g) Cynodon dactylon* (ug/g)
. - Range 0.51t00.92 2.92t05.41
Mine tailings A Mean 0.72+0.29 4.17+£1.76
Mine tailinas B Range 0.85t0 1.06 5.77t06.94
g Mean 0.95+0.14 6.36 + 0.83
Control site Range 0.68t00.78 1.71t01.83
Mean 0.73 £ 0.05 1.77 £ 0.09
*The sum of total Cr in different plant sections of the grass.
Table 3. pH and EC of New Union Gold Mine Tailings and controls.
Mine tailing**
Parameter Control**
Al* A2* B1* B2*
pH 3.34£0.02 3.25+£0.07 3.29£0.09 3.29+£0.03 7.56 £0.01
EC (uS/cm) 1378 + 59 1568 + 15 1962 + 39 1815+ 6 266 £ 4
Significance difference (p) value P=0.00 P =0.00 P =0.00 P =0.00

*Not significance different (p > 0.05); **significance different (p < 0.05); Standard error show standard deviation (n = 2).

ficient at significance level at p < 0.05 and 0.01 using statistical
software SPSS 19.0.

RESULTS AND DISCUSSION

The concentration of total Cr and U in mine tailings,
soils and grass samples

The levels of total Cr and U were determined in the
abandoned New Union Gold Mine tailings, control site
and the indigenous grass, C. dactylon (Tables 1 and 2).
The total Cr levels in the mine tailings were higher than
the background levels (controls) by a factor of two. The
total Cr in the mine tailings were in excess of the South
Africa soil quality standard of 80 mg/kg (Aucamp, 2000).
The indigenous grass, C. dactylon was able to bioaccu-
mulate more of the total Cr as indicated in Table 1 in
comparison with the control grass by a factor of 11 (a

factor of 12.5 for mine tailings A and 11.5 for mine tailings
B).

The U levels in the mine tailings were similar to the
background levels (controls). The indigenous grass, C.
dactylon was able to bioaccumulate more of the U as
indicated in Table 1 in comparison with the control grass
by a factor of 2 (a factor of 2.4 for mine tailings A and 3.6
for mine tailings B). The U content in the New Union Gold
Mine tailings was lesser (1.0 pg/g) than the reported U
content (2.70 + 0.03 pg/g) of an abandoned uranium
mine tailings in Hungary (Mihucz et al., 2008). The U
content in the mine tailings exceeded the South Africa
soil quality standard of 80 mg/kg and U has the potential
to contaminate the water sources (Aucamp, 2000).

The ability of C. dactylon to bioaccumulate more Cr and
U might be linked to the mobility and bioavailability of Cr
and U as a result of the acidic conditions that were
present at the mine tailings (Table 3) (Sampanpanish et
al., 2006; Abou-Shanab et al., 2007).
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Figure 2. The uptake of total Cr by different tissues of C. dactylon grass. Error bars show standard deviation (n = 2).

The uptake of total chromium and its distribution in
different tissues of C. dactylon

The research findings show that the metals, total
chromium (Cr) and uranium (U) were present in the mine
tailings, control site and the native grass, C. dactylon
(Figures 2 and 3). The grass, C. dactylon that was
growing on the mine tailings accumulated more of total Cr
in comparison with the control site (Figure 2) and was
significantly different (p < 0.05). The reason why grass
accumulated more total Cr than the control grass was
probably due to low pH of the mine tailings in comparison
with the control site where the pH was almost alkaline
(Table 1). It is possible that the total Cr content originated
from the mine tailings and was taken up by C. dactylon.
Also, the low pH and high electrical conductivities
probably contributed to mobility and bioavailability of total
Cr to C. dactylon. Abou-Shanab et al. (2007) reported
that soil pH plays a significant role in metal uptake by
plants.

The accumulation of total Cr in different tissues of C.
dactylon grass was variable between the mine tailings
and the control site (Figure 2). C. dactylon grass that
grew in mine tailings Al accumulated the total Cr in
different tissues, the accumulation order was rhizome >
stem > leaves > roots. The total accumulation of Cr in
different tissue of C. dactylon was 519.1 mg/kg for mine

tailings Al. For mine tailings A2, the following level of Cr
was accumulated in different tissues of C. dactylon grass,
the highest was in roots > rhizome > stem > leaves. The
overall total accumulation of Cr of different tissue of C.
dactylon grass was 314.6 mg/kg for mine tailings A2. C.
dactylon grass that grew in mine tailings B1 accumulated
the following level of Cr in its different tissues, roots >
leaves > stem > rhizome. The total accumulation of Cr for
mine tailings B1 in different tissue of C. dactylon grass
was 379.0 mg/kg. In mine tailings B2, different level of Cr
was accumulated in different tissues of C. dactylon grass,
the highest level was in roots > leaves > stem > rhizome.
The total accumulation of Cr for B2 in different tissues of
C. dactylon grass was 518.6 mg/kg. In the control site,
the following level of Cr was accumulated, the highest
was in leaves > rhizome >roots > stem. The total
accumulation for Cr at the control site for different tissues
of C. dactylon was 36.7 mg/kg.

The differences in accumulation of total Cr may be
attributed to differences in soil pH and electrical conduc-
tivity (Table 1) which in turn might influence the mobility
and bioavailability of Cr. The differences in total Cr up-
take between and within the mine tailings sites may be
attributed to the age of the grass shoots. The study of
Sampanpanish et al. (2006) in Thailand, at chromium
contaminated tannery site, showed that C. dactylon
young shoots (<30 days) were able to bioaccumulate more
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Figure 3. The uptake of U by different tissues of C. dactylon grass. Error bars show standard deviation (n = 2).

total Cr in the following accumulation order: roots > stem
> |eaf. However, for shoots older than (>30 days), the
accumulation order was mainly based on the root system
as shown by our studies. In our study, the age of the
grass was not determined as the grass was collected at
random and was found growing at the mine tailings and
the control site.

The total Cr content in the mine tailings was less that of
the study of Malarkodi (2007) but was higher than the
prescribed Cr standards of developed countries of 150
mg/kg at pH < 7. The research findings of total Cr in the
mine tailings (Figure 2) were in excess of the South
Africa soil quality standard of 80 mg/kg and Cr has the
potential to contaminate the water sources (Aucamp,
2000). But the control sample, the total Cr content (81.3
mg/kg) was slightly above the South Africa soil quality
standard of 80 mg/kg.

The bioaccumulation of metals by plants is influenced
by factors such as soil pH, electrical conductivity and
organic content of the soil and nature and chemical form
of the metallic element. The research study show that the
pH of the mine tailings at New Union Gold Mine was
highly acidic, whereas at the control site, the pH was
slightly alkaline (Table 3). The research findings are
similar to the studies of Aucamp (2000) and Naicker et al.
(2003) who reported low acidic conditions at gold mine
tailings.

There was a significant difference between the pH of
the control site and mine tailings (p < 0.05) and there was

no significant difference between the mine tailings A and
B (p > 0.05). The acidic conditions at the mine tailings
were probably due to acid mine drainage (AMD) (Sam
and Beer, 2000). Thus, during the weathering process (a
continuous event), high concentrations of insoluble ferric
hydroxide precipitate Fe(OH)s, dissolved sulphate (SO,*)
and acid (H") are produced. The sulphuric acid produced
will seep into adjacent rock or mine tailings and produce
secondary reactions that result in heavy metals such as
aluminum, manganese, zinc, lead, arsenic and other oxi-
dation products (Sam and Beer, 2000; Mulugisi et al.,
2009). In addition to this chemical reaction that produces
AMD, the presence of microorganism such as
Thiobacillus ferrooxidans (Sam and Beer, 2000)
accelerates the AMD event. The acidic waters are
transported through the subsurface waters by ground-
water flow and may become inflows to receiving surface
streams. However, if there is sufficient alkalinity, the
acidic waters are neutralized but this can be easily
overcome when the naturally occurring neutralizing
capacity fails and AMD accumulates with pH dropping.
The electrical conductivity (EC) of the tailing samples at
New Union Gold Mine tailings was higher than that of the
control site (Table 1). There is a significant difference
between the EC of the control site and mine tailings (p <
0.05). The high EC values of the mine tailings were pro-
bably because of the acid mine drainage. Acid mine
drainage influences EC to exceed general guidelines of
1200 pS/cm in the tailing dams due to oxidation process



of pyrite and sulphide minerals upon exposure to
atmospheric oxygen and water (James, 1997). The
research findings for the mine tailings are similar to that
of Aucamp (2000) who reported electrical conductivity
range of 1150 to 1711 pS/cm. Mining activities have
extremely large global negative impacts on the environ-
ment and the greater part of these impacts are from the
mine tailings which are typically described by high level of
potential toxic metals, low pH, low nutrients, low water
retention capacity and also high electrical conductivity
(Mulizane et al., 2005; Conesa et al., 2006).

The uptake of uranium and its distribution in different
tissues of C. dactylon

The results show that the grass, C. dactylon absorbed
more of the uranium (U) in mine tailings and the control
site, and was significantly different, p < 0.05 (Figure 3).
Furthermore the accumulation of U in different tissues of
C. dactylon grass varied between the mine tailings and
the control site and also within the mine tailings. This
might be explained by the mobility and bioavailability of U
due to the acidic conditions that were present at the mine
tailings. Under alkaline conditions present at the control
site, the U was less mobile and therefore not bioavai-
lable. This is supported by the study of Gavrilescu et al.
(2009) who showed that the mobility and availability of
uranium was dependent on a humber of soil factors such
as pH, redox potential, soil moisture levels and microbial
activity and the uranyl ion was stable in aqueous
solutions of pH < 2.5.

The differences in U uptake between and within the
mine tailings sites may be attributed to the age of the
grass shoots. The study of Sampanpanish et al. (2006) in
Thailand, at chromium contaminated tannery site,
showed that C. dactylon young shoots (<30 days) were
able to bioaccumulate more total Cr in the following
accumulation in the order roots > stem > leaf. However,
for shoots older than (>30 days), the accumulation order
was mainly based on the root system as indicated by our
results. The presence of U in the leaves of the indigenous
grass may be a potential hazard to animal grazers. The
study of Winde (2010) showed that the presence of Cd,
which was shown in the mine tailings and C. dactylon
grass (Mulugisi et al., 2009) may lead to higher levels of
U toxicity.

The effects of uranium on human health are not
immediate and it may take several years before any
adverse consequences are recognized. Au et al. (1995,
1998) investigated whether residents residing near
uranium mining operations, who were potentially exposed
to toxicants from mining waste, had increased genotoxic
effects when compared with people residing elsewhere.
The authors found that uranium concentrations in soil
samples were significantly higher in the target area than
those in the control areas. Thus, the mine tailings have
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health issue and environmental concern, such as lung
cancer, leukemia, stomach cancer and birth defects, to
the whole population in the area surrounding the mine
(Au et al., 1998).

The negligence of toxic metals resulted in the
relocation of toxic metals to the surrounding environment
and, contributes to soil contamination, ground and
surface water contamination (Liu et al., 2006). Toxic
metals contamination in soil is one of the major sources
of toxic metals in groundwater and surface water (Fayiga
et al, 2004). The contamination of surface and
groundwater by toxic metals pose a particular threat to
the health of the community and animals around that
particular area affected by toxic metals such as
radioactive metals, especially to the community that drink
this water without any proper treatment (Winde et al.,
2004; Bitala and Kweyunga, 2009).

Bioconcentration and translation in C. dactylon

The study of Al-Qahtani (2012) shows that the
bioaccumulation of metals by plants is influenced by
factors such as soil pH, electrical conductivity and
organic content of the soil, and oxidation state of the
metallic element. The research findings show that the
BCF ratio was variable between the C. dactylon grass
that grew on mine tailings and the control (Table 4). This
BCF variability may be attributed to metal mobility and
bioavailability as a result of acidic conditions. Al-Qahtani
(2012) stated that neutral to alkaline conditions restrained
metal mobility and therefore the metal bioavailability in
plant uptake and translocation into plant tissues. Our
study show that at the acidic mine tailings, the BCF was
less than 1 with exception of the root system which was
greater than 1 for mine tailings such as A2 and B2 (Table
4). Also, the alkaline conditions probably contributed to
low BCF ratios for the control site. There was no
significant correlation between pH > 3.34 for mine tailings
Al and control site; Pearson correlation coefficient of
0.456 at p > 0.05 (2 tailed). Whereas, at pH <3.29, there
was significant correlation between mine tailings A2 and
B1, Pearson correlation coefficient of 0.740 at p < 0.05 (2
tailed) and between B1 and B2, Pearson correlation
coefficient of 0.861 at p < 0.01 (2 tailed). It appears that
the bioaccumulation of metals (Cr and U) was influenced
by acidic pH <3.29.

The use of translocation factor (TF) indicates the
mobility of metal uptake from soil to root, rhizome, shoot
and leaves. According to Al-Qahtani (2012), the TF ratio
is a suitable pointer to whether the plant is an accumu-
lator, excluder or indicator. Our study shows that there
was considerable variation in the TF ratios between the
C. dactylon grass that grew within the acidic mine tailings
and the alkaline control site (Table 5). The research
findings show that at the acidic mine tailings, the TF was
less than 1 with exception of the root system which was
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Table 4. Bioconcentration factors (BCF) of C. dactylon for Cr and U.

Mine tailing
Parameter Control
Al A2 Bl B2
pH 3.34+£0.02 3.25+0.07 3.29+0.09 3.29+0.03 7.56 +0.01
Root Cr 0.104 1.014 0.756 2.211 0.063
Rhizome Cr 1.910 0.108 0.258 0.113 0.152
Stem Cr 0.402 0.564 0.204 0.445 0.060
Leaves Cr 0.231 0.798 0.152 0.657 0.175
Root U 0.972 2.176 3.661 3.445 0.659
Rhizome U 3.485 0.951 1.918 1.019 0.667
Stem U 0.831 1.435 0.622 1.173 0.519
Leaves U 0.405 1.306 0.375 1.127 0.589
Table 5. Translocation factors (TF) of C. dactylon for Cr and U.
Parameter Mine tailing Control
Al A2 B1 B2

pH 3.34+0.02 3.25+0.07 3.29+0.09 3.29+0.03 7.56 +0.01
Leaves Cr 2.236 0.787 0.200 0.297 2.784
Stem Cr 3.882 0.556 0.270 0.201 0.961
Rhizome Cr 18.448 0.107 0.342 0.051 2.431
Leaves U 0.417 0.600 0.102 0.135 0.892
Stem U 0.855 0.659 0.170 0.223 0.786
Rhizome U 3.586 0.437 0.524 0.689 1.011

greater than 1 for mine tailings such as A2 and B2 (Table
5).

There was significant correlation between pH > 3.34 for
mine tailings Al and control site; Pearson correlation
coefficient of 0.906 at p < 0.01 (2 tailed) whereas at pH <
3.29, there was significant correlation between mine tail-
ings A2 and B1, Pearson correlation coefficient of 0.833
at p < 0.05 (2 tailed) and between B1 and B2, Pearson
correlation coefficient of 0.947 at p < 0.01 (2 tailed). It
appears that the mobility and metal translocation of
metals (Cr and U) was influenced by soil pH. The
bioaccumulation of U and total Cr by C. dactylon has the
potential of transferring these heavy metals to animal
grazers (cattle and goats) that visit the mine tailings for
lavish grass during summer as shown by the study of
Mothetha (2009).

Conclusion

The study shows that total Cr and U was present in mine
tailings and in the indigenous grass, C. dactylon. This
was evident from the BCF and TF values which indicate
that the C. dactylon was able to uptake the metals within
the different tissues. The low pH and high electrical
conductivity further enhances the mobility and bio-
availability of heavy metals for C. dactylon uptake. The

presence of these heavy metals in mine tailings and
grass indicates the potential to contaminate the water
sources and the environment bearing in mind that U
contamination has long term negative impact due to its
radioactivity. For animal grazers, the consummation of C.
dactylon maybe the route for transfer of the heavy metals
from mine tailings to humans. Lastly, C. dactylon has the
potential to be used as vegetative cover for the exposed
mine tailings to prevent water and wind erosion.
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The mycelial growth speed of Pleurotus ostreatus (POS 09/100) and Lentinula edodes (LED 96/13) was
evaluated in four substrates based on Simarouba amara sawdust, Anacardium giganteum sawdust,
Euterpe precatoria seeds and Musa sp. AAB stems. The loss of organic matter of the substrates and the
mycelial vigor of the strains studied were also evaluated. The greatest mycelial growth for P. ostreatus
occurred in the substrates formulated with S. amara sawdust (29.45 cm®/day) and A. giganteum (27.58
cm’/day). The best performance for L. edodes occurred in the substrate of A. giganteum (13.22
cm®/day), followed by the S. amara (11.30 cm®day). The most intense rates of vigor were presented in
the E. precatoria substrate which was added with brans. The most significant loss of organic matter for
both mushrooms occurred in the substrate formulated with a supplement of A. giganteum (54% for P.
ostreatus and 61% for L. edodes). There was no mycelial growth in the formulation prepared with

banana stem in both mushrooms tested.

Key words: Edible fungi, mycelial growth, alternative substrates.

INTRODUCTION

The importance of mushrooms cultivation is significant
because it represents an efficient choice to enable the
use of organic matter for bioconversion into high- value
added products, such as edible mushrooms (Sales-
Campos et al., 2010). Pleurotus ostreatus and Lentinula
edodes are among the species with a great economic
importance for cultivation. L. edodes is high quality food,
full of proteins, vitamins and minerals, and low fat and
calories, thus being widely suggested for cultivation and
consumption (Andrade et al., 2008). According to the
study of Bononi et al. (1999), its worldwide consumption
has increased significantly, and some European and

American countries have been importing this mushroom
more and more. There is a potential consumer market in
Brazil, although there are only some small producers,
despite the presence of a huge Asian colony in the
country.

On the other hand, the consumption of P. ostreatus has
increased significantly in the last years because of its
outstanding taste and great availability in the market,
occupying the fourth position in the world production of
edible mushrooms (Bononi et al., 1999). The Pleurotus
gender fungi compete with the other edible fungi due to
their growth speed and ability to adapt to a series of sub-



strates (Vieira et al., 2013), which happens because of an
enzymatic complex composed of cellulases, ligninases,
laccases, xylanases, peroxidases and hemicellulases
(Elisashvili et al. 2008). The behavior of the mycelial
growth may vary according to a series of factors, such as
the fungi species, genetic characteristics of the strain,
temperature, type of substrate, supplementation, carbon/
nitrogen ratio, and others (Andrade et al., 2008; Sales-
Campos et al., 2008). Several steps must be taken in the
production of edible mushrooms from the obtention of the
inoculum to the sale of the final product, as stated by
Donini et al. (2005).

Studying the conditions of the use of wood in industries
from Amazonas, Sales-Campos et al. (2000) verified a
loss of up to 60% of this raw material due to lack of tech-
nology and appropriate handling, thus generating a great
amount of waste with an underestimated potential. The
residues generated by this sector in the Amazon region
have caused environmental pollution, and some alter-
natives have been found for making good use of these
residues (Vianez and Barbosa, 2003). However, little has
been done to soothe this matter. Sales-Campos et al.
(2010) showed the use of different wood and agro-
industrial residues of the region for the cultivation of
edible fungi. Nevertheless, the author reports the need of
testing the different substrates in relation to the fungus to
be cultivated. Therefore, the objective of the present
study was to test the viability of regional residues, aiming
at their future use in the cultivation of edible mushrooms,
by evaluating the mycelial growth speed of P. ostreatus
and L. edodes in substrates formulated with regional
lignocellulosic residues.

MATERIALS AND METHODS

The present study was carried out at the Laboratory of Edible Fungi
Cultivation of the Coordination of Technology and Innovation (CTI)
of the National Institute for Amazon Research (INPA), Manaus,
Amazonas, Brazil. The residues were selected according to the
production of local residues. Simarouba amara Aubl.(marupd)
sawdust and Anacardium giganteum Hanc. Ex. Engl. (cajui)
sawdust, obtained from researchers at the CTI/INPA, were used as
wood residues. The materials were processed at the CTI saw-mill,
dried in solar dryer and stored in plastic bags for the formulation of
the substrates. The agro-industrial residues were Musa sp. AAB cv.
Pacova stalks (pacova banana) and Euterpe precatoria Mart. (agai),
which were ground in a DPM4 forrage grinder, following the same
drying and storage processes used for the wood residues.

The preparation of the primary matrix (inoculum) was carried out
by transferring small pieces of the mycelium of the fungus (stored
inside test tubes) to Petri’s dishes containing BDA medium (Bononi
et al.,, 1999). Next, the dishes were incubated inside a biological
oxygen demand (BOD) at 25°C for the mycelial growth of the
fungus until it reached about three quarter of the dishes. Then, they
were kept in cold storage at 4°C to stop the mycelial growth until
the experiment was assembled. The P. ostretus strain used was
POS 09/100 and the L. edodes was LED 96/13, which were
obtained from the collection of the School of Agronomic Sciences of
the Sdo Paulo State University (FCA/UNESP). The substrates used
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in this experiment followed the methodology adopted by Sales-
Campos et al. (2010), with the ratios presented in Table 1. CaCO3;
was used for the pH adjustment of the substrates. The substrates
were homogenized, moistened for around 75% of humidity and
disposed in 500 ml bottles, and each bottle was filled with 200 g of
the substrate. Next, they were sterilized at 121°C, under the
pressure of 1 atm. Soon after sterilization, they were cooled up to
the environmental temperature and taken to a previously sterilized
laminar flow chamber in order to avoid contamination and, thus,
receive the inoculum from the previously prepared primary
matrixes.

The mycelial growth was measured by four millimetric tapes,
which were placed equidistantly outside the bottles. The bottles
were then stored in a BOD at 25°C, which is considered the optimal
temperature for the fungal growth (Bononi et al., 1999). The
measurement was performed daily to the point of total colonization
of the substrates by the fungus. To compare the growth speed
(cm?/day), data from the 15" day was collected, when one of the
fungi reached the bottom of the bottle. The averages of the
volumetric mycelial growth were obtained by calculating the
cylindrical volume of the colonized solid medium (B x r2 x H) and the
average speed was evaluated by the ratio between the average
volume of growth and the time spent for such growth (Gongalves,
2002). A subjective scale was used to explain the results of the
analysis of the mycelial vigor of the fungi in the different substrates:
* weak; **, regular; ***, good; **** intense. For calculating the
percentage of organic matter loss, the colonized substrates were
daily dried and weighed until they obtained constant weight in order
to be compared with the weights of the substrates that were not
colonized by the fungi (control). The following formula was used:

Mass of initial substrate — mass of residual
PMO (%) = x 100
Mass of initial substrate

The design of the present experiment was totally randomized 8 x 2
(types of substrates x strains) with 5 repetitions each, totalizing 80
bottles. The experimental results were submitted to parametric
variance analysis by the Tukey test at the level of 5% of
significance, using the Sisvar 4.2 software. The Origin 3.0 software
by MicroCal was used to compare the parameters of the polynomial
regression model.

RESULTS AND DISCUSSION

When comparing the different substrates analyzed, the
mycelial growth of POS 09/100 and LED 96/13 showed a
significant difference in all the treatments, except in the
treatments formulated with banana stalks, in which
neither of the strains tested grow (Table 2). The mycelial
growth for P. ostreatus was reached in the SIA-MA SUPL
treatment, although it was not statistically different from
the SIA-MA N SUPL, the SIA-CA N SUPL and the SIA-
ACA SUPL.

The best result for L. edodes occurred for the substrate
SIA-CA SUPL, which showed no statistical difference
from the SIA-MA SUPL. It was also observed, in a
general way, that the supplementation also favored the
growing rate of the fungus in the substrate based on
marupd (SAI-MA SUPL), as Sales-Campos et al. (2008)
evaluated when they analyzed the mycelial kinetic of P.
ostreatus grown in S. amara sawdust to determine the
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Table 1. Mixing ratio of ingredients for each substrate formulation.

Ingredients %

Substrate Marupa sawdust  Cajui sawdust Acai seed Banana marc Bran mixture CaCOs
MA-SUPL 80 18 2
CA-SUPL 80 18 2
ACA-SUPL 80 18 2
BAN-SUPL 80 18 2
MA N SUPL 98 2
CA N SUPL 98 2
ACA N SUPL 98 2
BAN N SUPL 98 2

Mixture of bran cereal, rice, corn and wheat in proportions of 7:2.5:0.5.
Represents the SUPL supplemented substrates and N SUPL not supplemented.

Table 2. Mean speed of mycelial growth (cm3 / day) strains POS 09/100 and LED 96/13 on different substrates based on regional

lignocellulosic residues, after 15 days of incubation.

Substrate
Lineage SIA-MA SIA-MA N SIA-CA SIA-CAN  SIA-ACA  SIA-ACA K SIA-BAN SIA-BAN
SUPL SUPL SUPL SUPL SUPL SUPL SUPL N SUPL
POS 09/100  29.45 Aa 27.30 Aab 2457 Ab 2758 Aa  26.75Aab 19.12 Ac 0.00 Ad 0.00 Ad
LED 96/13 11.30 Ba 1.40 Bcd 13.22 Ba 3.71Bc 1.47 Bcd 7.43Bb 0.00 Ad 0.00 Ad

Means followed by the same letters, lowercase and uppercase on each line in each column do not differ by Tukey test at the 5% level of significance

(p <0.05).

Table 3. Subjective scale of force mycelial growth
on different substrates based on regional
lignocellulosic residues.

Vigor/substrate

Treatment POS 09/100 LED 96/13
SIA-MA SUPL - -
SIA-MA N SUPL * *
SIA-CA SUPL
SIA-CA N SUPL - *
SIA-ACA SUPL
SIA-ACA N SUPL

* Weak; **, regular; ***, good; ****, intense.

optimal condition for the mycelial growth. Through the
experiment, we verified that there was no growth in the
substrates formulated with banana stalks, even with the
supplementation of cereal brans. Motato et al. (2006)
evaluated the capacity of mycelial growth of Pleurotus
djamor in banana (Musa paradisiaca) agroindustrial
residues and abarco (Cariniana pyriformis) sawdust
under different temperatures and also verified that there
was no growth in the substrates formulated with banana

stalks, concluding that the pure banana stalks or their
mixture with sawdust was not appropriate for the
cultivation of this fungus. The probable cause for the
restraint in the fungal growth in substrates based on
stalks (BAN SUPL and BAN N SUPL) is the presence of
a high amount of hydrolysable tannins.

In the evaluation made by Soffner (2001) about the
potential use of stem of Musa sp for pulp production,
approximately 46.75% of extractives were found in their
chemical composition, which are included in this category
of hydrolysable tannins. However, when conducting the
processes of washing and pre-aqueous extraction of
stem for the purpose of reducing the content of the
extractives soluble in water, the author found the washing
procedure, followed by pre-extraction aqueous, removed
46.45% of the constitution of the material with an
extractive removal efficiency of both fungi showing
different vigor for each substrate as shown in Table 3.
The results show a relationship between the bran
supplementation and the mycelial vigor, where the
supplementation promotes the intensity of force in both
fungal lineages tested. Observing the two lineages (POS
09/100 and LED 96/13), a greater vigor occurred in the
SIA-ACA SUPL substrate, however, it showed a lower
growth rate compared to other substrates, by approximately
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Figure 1. Loss of organic matter (PMO) (%) obtained with Pleurotus ostreatus (POS 09/100) and Lentinula edodes
(LED 96/13) in regional lignocellulosic residues. Means comparison of treatments in each line with the same letter do

not differ by Tukey test at 5% significance.

89.7%. Both fungi showed different vigor for each
substrate as shown in Table 3. The results show a
relationship between the supplementation with bran and
mycelial vigor, where the supplementation promotes the
intensity of force in both fungal lineages tested. By
observing the two lineages (POS 09/100 and LED 96/13),
a greater vigor occurs on the SIA-ACA SUPL substrate;
however, it showed a lower growth rate compared to
other substrates.

Pedra and Marino (2006), during the evaluation of the
mycelial growth, induction of primordia precocity and
productivity of mushrooms Pleurotus spp. in sawdust co-
conut shell (supplemented with bran) as an alternative
substrate for the production of edible mushrooms, found
that supplementation with 20 or 40% wheat bran and rice
increased the speed and myecelial vigor growth of three
strains of Pleurotus spp. The present study found similar
results, where supplementation improved the rate of
mycelial growth and vigor of both lineages.

In the analysis of loss of organic matter (PMO) of the
substrates used in the cultivation of POS 09/100, LED
96/13, it was observed that treatment SUPL CIS-CA had
the highest amount of loss in both strains (54 and 61%,
respectively) differing from the other treatments (Figure
1). The study of Furlan et al. (2000) addressing the adap-
tation of the production technology of edible mushrooms
of the genus Pleurotus waste of irrigated rice, supple-
mented by determining the substrate that best promotes
the production, indicated that supplementation had no
effect on the rate of PMO where the greatest loss was
attributed to treatment Y1 supplemented with a 1% yeast
extract (68%), an increase of approximately 9% com-

pared to the control, which received no supplementation.
In the present study, the greatest PMO also occured on
substrates that received supplementation, although no
significant difference was found between strains. This
explains why supplementation in the right dose promotes
colonization and subsequent decomposition of the
substrate, since the fungus removes greater amounts of
nutrients for production.

Figure 2 shows a volumetric growth rate (cm3/day) of
edible fungus P. ostreatus (POS 09/100) and L. edodes
(LED 96/13) on different substrates. The results of the
polynomial regression curves show a very wide instan-
taneous daily growth for each species, with different
peaks being indicatied for each day of incubation (not
understood). The mycelial growth on substrates started
only from the 3rd day of incubation, and showed an
oscillation in its speed over the days.

By analyzing the POS 09/100, polynomial regression
curves show a fairly homogeneous growth rate of the
fungus in each substrate examined, however, the
treatment MA SUPL SIA achieved the best average
speed at the outset of colonization, which then remained
at a steady speed. The treatment CIS-ACA SUPL grew
very slowly on the seventh day of incubation. However, it
showed a very high peak on the eighth day and
decreased again, re-turning to grow slowly during the
day. In the analysis of lineage LED 96/13, there was a
variation in speed between the substrates analyzed
where we could ob-serve that the highest growth rate
occurred with the treatment SIA CA-SUPL. As for the
SIA-CA N SUPL, which showed a speed of decreasing
colonization, one can observe that, from the fourth day of
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Figure 2. Instant volumetric mycelial growth (cm3/day) from the edible fungus Pleurotus ostreatus
(POS 09/100) and Lentinula edodes (LED 96/13) in different substrates.

incubation, its speed began to decrease gradually. Rossi used and the substrate supplementation with rice bran
et al. (2000) argue, in assessing the rate of mycelial and molasses from sugar cane, the mycelium of L.
growth of L. edodes, the effect of the depth of the bottle edodes grows faster when it is nearer the surface of the



substrate, since higher gas exchange occurs, allowing an
increased oxygen supply, lignocelulolitica higher activity
and thus a greater growth rate.

Conclusion

There was a positive effect on supplementation of cereal
bran in all treatments, which allowed a higher growth rate
and vigor of mycelial strains. The substrates formulated
based on banana stem were not presented as an efficient
alternative for growing mushrooms, but there is need for
further study on the use of stem to identify ways to make
its use in biotechnology mushrooms viable. The sub-
strates source timber had a higher viability for growing
mushrooms of the genera Pleurotus and Lentinula, since
the fungi have provided the best indices to ensure a good
yield.
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A new, simple, rapid, wide applicable range and reliable second derivative spectrophotometric method
has been developed for determination of cyclophosphamide (CP) in bulk and pharmaceutical dosage
forms. Calibration graph is linear in the concentration range of 25 - 200 pg/ml of CP with 10 pg/ml of
detection limit and correlation coefficient of 0.9976. The precision and accuracy were acceptable
depending upon the values of relative standard deviation and error percentage. Developed second
derivative spectrophotometric method can be directly and easily applied for analyzing pure form and
commercial pharmaceutical preparations of CP. The method was compared with a standard high
performance liquid chromatography (HPLC) method and can be used for the quality control of

pharmaceutical preparations in Erbil City.

Key words: Cyclophosphamide, derivative spectrophotometry.

INTRODUCTION

Cyclophosphamide (CP) is widely used in cancer che-
motherapy, mostly in combination with other antineo-
plastic agents, and as an immunosuppressant (Karahalil
and Akkoyunlu, 2003). Cyclophosphamide (belongs to
the group of alkylating agents) is a pro-drug that is
activated via 4-hydroxylation by cytochromeP450s such
as CYP2B6 and CYP3A4 to generate alkylating nitrogen
mustards (phosphoramide mustard and the byproduct
acrolein). The resultant mustards can alkylate DNA to
form DNA-DNA cross-links, leading to inhibition of DNA
synthesis and cell apoptosis (Malothu et al., 2009).
Several analytical methods have been reported and
published for quantitative determination of CP in
biological fluid and environmental samples, such as: High
performance liquid chromatography (HPLC) methods

(Malothu et al., 2009; Ahmad et al.,, 2011), gas
chromatography (GC)-mass spectrometry (Sugiura et al.,
2010), and after extraction of CP by solid phase
extraction techniques, using solid-phase extraction and
GC-MS spectrometry (Martins et al., 2004), on-line
sample preparation method by micro-extraction packed
sorbent (MEPS) followed by LCMS/MS (Kamel et al.,
2009), liquid chromatography with diode array detector
(Alcantara et al., 2010), and spectrophotometric method
(Karen et al., 2009). To our knowledge, there are no
derivative spectrophotometric methods concerning the
determination of cyclophosphamide in pharmaceutical
formulations.

Derivative spectrophotometry is an analytical technique
of great utility for extracting both qualitative and quanti

*Corresponding author. E-mail: nabil_fakhri@yahoo.com/ havras@yahoo.com.

Abbreviations: CP, Cyclophosphamide; HPLC, high performance liquid chromatography; GC, gas chromatography; MEPS, micro-

extraction packed sorbent.
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tative information from spectra composed of unresolved
bands, and for eliminating the effect of baseline shifts and
baseline tilts. It consists of calculating and plotting one of
the mathematical derivatives of a spectral curve.
Derivative spectrophotometry is now a reasonably prized
standard feature of modern micro-computerized UV
spectrophotometry (Patel et al., 2010). Derivative UV
spectrophotometry has been widely used as a tool for
guantitative and control analysis in agricultural, pharma-
ceutical and biomedical fields (Stanisz et al., 2009). The
aim of this study was to develop a simple, rapid and
efficient second derivative spectrophotometric method for
the determination of CP in pharmaceutical formulations
and compared with HPLC method that can be used for
the quality control of pharmaceutical preparations in Erbil
City.

MATERIALS AND METHODS
Apparatus

A CECIL CE 3021 UV/Vis scanning spectrophotometer equipped
with 10 mm path length quartz cell was used to record normal and
second derivative spectra of CP solutions.

Chromatographic conditions

HPLC instrument, Smartline manager 5000, smartline UV detector
2500, smartline column thermostat 4000, smartline HPLC pump
1000. Knauer advanced scientific instruments, Germany with
analytical column: C18, 5 pym, 100 x 4.6 mm from Dr. Ing. H.
Knauer GmbH, Germany. The mobile phase was acetonitrile: water
(30:70) with a flow rate: 1 ml/min and injection volume 20 pl. The
eluent were monitored spectrophotometrically at 197 nm at
temperature 30°C.

Chemicals

All chemicals used were of analytical reagent grade. Stock CP
solution (1000 pg/ml) (Sigma-Aldrich) was prepared by dissolving
1000 mg of CP in distilled water and diluting to 1000 ml in a
volumetric flask and stored in a refrigerator. Each working standard
solution was freshly prepared by diluting the stock solution with
distilled water.

Recommended procedure

The standard solutions were prepared by dilution of the stock
solution with distilled water in a concentration range of (25 - 200)
pg/ml for normal and second derivative spectrophotometric
methods. Distilled water was used as a reagent blank. The second
derivative spectral recording were carried out using smoothing of 2
and 25 nm of interval at a scanning speed of 10 nm/sec in the
wavelength range of 190 - 400 nm.

Sample preparation

Amount of the CP vial content were accurately weighed and
dissolved in distilled water and transferred to 25 ml volumetric flask,
then diluted to the mark with distilled water. Appropriate dilutions
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were made to obtain a solution in the concentration range of the
calibration curve, and recommended procedure was applied.

RESULTS AND DISCUSSION

The normal and second derivative spectra of the
solutions of CP were recorded at the wavelength range of
190 - 400 nm against reagent blank as shown in Figures
1 and 2 which show maximum absorption at 193 nm for
normal spectra and 207.3 nm for second derivative
spectra of the solutions, respectively.

Statistical data of the calibration curve

Under the recommended experimental conditions for
second derivative spectrophotometric method the
calibration graph was found to obey Beer's law in the
concentration range of 25 - 200 pg/ml, with the detection
limit of 10.0 ug/ml. Regression analysis was made for the
slope, intercept and correlation coefficient values. The
regression equation of calibration curve is y = 0.0456x +
0.0982 and R’ = 0.9976.

Precision and accuracy

The precision and accuracy of the second derivative
spectrophotometric determination of CP were studied
depending upon the value of the relative standard
deviation percentage (RSD %) and the relative error
percentage (error %) for five replicate measurements of
three different concentrations, respectively. Table 1
shows the results.

Application of the method

The proposed method was applied to the determination
of CP in some vials of CP samples from Baxter Company
which are the only vials available in the hospitals of Erbil
City. In the present method, from each vial samples (500
and 1000) mg different solutions were prepared and the
recommended procedure was applied. The results are
summarized in Table 2. The method was in a good
agreement in comparison with the results obtained using
HPLC for the standard CP (Figure 3) and qualification
and determination of CP in the two vial samples as
shown in Figures 4 and 5.

Conclusion

The second derivative spectrophotometric methods have
been described for quantification of cyclophosphamide in
pure form of CP and its ratio in the vial content, at the
time there were no any UV and derivative
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Figure 2. Normal and second derivative spectra of CP solution.

Table 1. Precision and accuracy of the proposed second derivative spectrophotometric method.

Cyclophosphamide concentration (ug/ml) RSD% Error%
25 2.19 + 3.67
100 1.19 +1.79
200 0.75 +1.56

Table 2. Determination of CP in vial samples with the proposed method.

Amount found Amount found Recovery with the proposed
Samples with proposed D method with modified HPLC method D method
(mg) (mg) %
500 mg 504.050 501.138 100.81
1000 mg 1009.040 1014.448 101.4

spectrophotometric methods for this aim. The proposed compare with other methods like HPLC. The method
method is simple, rapid, wide applicable range, no shows a good precision and accuracy and it is in a good
requires extraction step and reagents to the deter- agreement in comparison with standard HPLC method
mination of CP in the pharmaceutical formulations in and can be used for the quality control of pharmaceutical
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Figure 3. Representative chromatogram of cyclophosphamide.
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Hypoxiais a major factor that affects the subsistence and development of multicellular organisms. Tibet
chicken, as a unique native chicken breed in altiplano, shows genetic adaptation to hypoxia comparing
with the breeds at the low altitude. In the present study, to explore effects of hypoxia on chicken fetal
livers, eggs of Tibet chicken and Shouguang chicken were collected and the samples from each breed
were divided into two groups, incubated in hypoxia and in normoxia respectively. The blood of embryos
on the 16th day of incubation was collected and the serum chemistry parameters indicating liver
metabolism were determined, which included glutamic-pyruvic transaminase (GPT), aspartate
aminotransferase (GOT), total bilirubin (TB), direct bilirubin (DB), total bile acid (TBA), gamma
glutamyltransferase (GGT), alkaline phosphatease (ALP), lactate dehydrogenase (LDH), creatine kinase
(CK), glucose and creatinine. The results show that biochemical indices varied significantly between
hypoxia and normoxia except for GPT and glucose. Moreover, the concentration of ALP and LDH
showed significant differences between the breeds and the incubations. The results suggest that the
livers of both Shouguang chicken and Tibet chicken suffered damages in hypoxia, but the former was
more serious. The results of this study support the opinion that Tibet chicken had better genetic
adaptability on hypoxia, and made a good basis for further study of the genetic mechanism of
adaptation to hypoxia.

Key words: Hypoxia adaptation, liver metabolism, serum chemistry, Tibet chicken, chicken embryo.

INTRODUCTION

Hypoxia is a major causative factor of diseases in 1990; Archer et al., 2004). Previous studies have shown
altiplano, which influences seriously the subsistence and that chronic intermittent hypoxia can lead to liver injury
development of multicellular organisms, such as plants, and nonalcoholic fatty liver disease, via oxidative stress
animals, and human beings (Heacock and Sutherland, and excessive glycogen accumulation, and then resulted)

*Corresponding author. E-mail: cjzhao@cau.edu.cn. Tel: +86-10-62894888.
#These authors contributed equally to this work.

Abbreviation: GPT, Glutamic-pyruvic transaminase; GOT, aspartate aminotransferase; TB, total bilirubin; DB, direct bilirubin; TBA,
total bile acid; GGT, gamma glutamyltransferase; ALP, alkaline phosphatease; LDH, lactate dehydrogenase, CK, creatine kinase.
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Table 1. Serum chemistry parameters in Shouguang Chicken and Tibet Chicken under different

incubation conditions.

Serum component

Shouguang Chicken

Tibet Chicken

Normoxia Hypoxia Normoxia Hypoxia

GPT (IU/L) 3.26:0.41° 3.84+0.69° 3.67+0.36° 4.22+0.35
GOT (IUL) 21.83+0.35°  27.66+5.61"  18.61+0.73*  18.84+1.46°
TB (umol/L) 10.38+0.25%  16.34+0.35°  15.26+0.35" 13.140.31c
DB (umol/L) 0.56+0.026°  0.92+0.047°  0.80+0.042°  0.66+0.032"
TBA (umol/L) 0.66+0.036  1.14+0.036°  0.60+0.050°  0.86+0.028°
ALP (IU/L) 622.83+6.66° 1244.65+10.92° 806.09+7.27° 1011.13+10.37°
GGT (IUL) 1.21+0.14° 1.82+0.14° 1.44+0.17° 1.86+0.14°
CK (IU/L) 106.11+5.15"  119.60+5.92®  129.64+8.05°  116.22+4.75°
Glucose (umol/L) 5.44%0.060% 5.27+0.052% 5.77+0.061°% 5.39+0.047%
Creatinine (umol/L)  1.12+0.29? 4.73+0.31° 1.70+0.097%°  5.54+0.044°
LDH (1U/L) 207.20+4.54°  394.61+4.55° 199.83+7.27°  237.84+7.92°

Values in the same row with different letters means that the difference between them is significant
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difference (p<0.05).

changes on levels of some serum content including
glutamic-pyruvic transaminase (GPT), aspartate amino-
transferase (GOT), bilirubin, gamma glutamyltransferase
(GGT), alkaline phosphatease (ALP) (Puhl et al., 2005;
Tanne et al., 2005; Savransky et al., 2007a, b, 2009).
Therefore, the determination of those enzymes and
substances was performed to evaluate the potential
pathological changes of organisms (Nakamura et al,
2008).

In this study, we employed Tibet Chicken, a unique
native chicken breed inhabiting in Tibet altiplano with an
average altitude above 3 000 m, and aimed to study the
changes of fetal liver in hypoxia by determining the serum
chemistry, compared with Shouguang chicken, an
indigenous Chinese chicken breed in Shouguang county
of Shandong province with an altitude less than 100 m, to
explore the change patterns of the serum hepatic
chemistry of the two chicken breeds in hypoxia.

MATERIALS AND METHODS
Animals and sampling procedures

The fertile eggs of each breeds, Tibet chicken and Shouguang
chicken, from the experiment chicken farm of the China Agricultural
University (CAU, Beijing, 100m altitude) were divided into two
groups, and exposed to sustained normal oxygen partial pressure
(21% Oy) and hypoxia (13% O;) with the same other incubation
conditions (such as 37.8°C, 60% relative humidity and so on)
respectively, after the eggs and the incubators were sterilized. On
the 16th day of incubation, the eggshells were broken at the air-cell
and then the blood was taken using injector treated with heparin
sodium from the thickest artery on the chorioallantoic membrane
pulled out. Serum separated from blood samples after centrifuged
at 1000 g for 10 min. Ten (10) blood samples were collected from
each studied group to be analyzed separately and totally 40
samples were determined in the present study.

Determination of serum chemistry parameters

The serum chemistry assays were determined using automatic
biochemistry analyzer (Hitachi 7 600, Hitachi, Japan) in the 309
Hospital in Beijing, and performed in terms of glutamic-pyruvic
transaminase (GPT), aspartate aminotransferase (GOT), total
bilirubin (TB), direct bilirubin (DB), total bile acid (TBA), gamma
glutamyltransferase (GGT), alkaline phosphatease (ALP), lactate
dehydrogenase (LDH), creatine kinase (CK), glucose, and
creatinine.

Statistical analysis

Data of this study were subjected to variance analysis using SAS
software (Version 8.02, SAS Inc, US), and the significant level was
fixed to p < 0.05 and extreme significance p < 0.01. The model
using to analyze the data was:

Yik=f +ai + B + (aB)i + &ix

Where, Yik, is the parameter of serum hepatic chemistries of
embryo k from breed i and incubation condition j; y, is the overall
mean; q; is the main effect of breed i (n = 2); B;, is the main effect of
incubation condition j (n = 2); (aB);, is the interaction between breed
and incubation condition; and &g, is the random error term. Values
were shown as mean and standard error.

RESULTS AND DISCUSSION

The purpose of the study was to investigate the changes
in serum hepatic biochemistry of Tibet Chicken and
Shouguang Chicken incubated in hypoxia, and the results
are shown in Table 1.

Liver injury, which led to the elevations of serum
chemistries such as GPT, GOT, ALP, has been demon-
strated in hypoxia in many studies (Tanne et al., 2005;
Savransky et al., 2007a, b, 2009). The reports of the
effects in chronic intermittent hypoxia showed that chronic
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liver injury and nonalcoholic fatty liver disease included
isolated fatty liver, nonalcoholic steatohepatitis, fibrosis
and liver cirrhosis (Tanne et al., 2005; Kallwitz et al.,
2007; Mishra et al., 2008; Norman et al., 2008). However,
the levels of these enzymes can be elevated in a variety
of liver injury (Savransky et al., 2007a, b, 2009). Previous
studies interpreted that both hypoxia alone and
cooperating with other factors can lead to the changes of
serum hepatic chemistries, but the changes were not all
coincident. The ratio of GOT to GPT was sometimes
used in clinical diagnosis of hepatic disorders (Kang, et
al, 2013). Different ratios were present in a variety of
hepatic disorders, and mostly the ratio of GOT/GPT
greater than 2 was present in alcoholic hepatitis and
some other disorders such as Wilson’s disease (Sorbi et
al., 1999; Giannini et al., 2003). The GPT in the present
study, which was considered to be more specific for
hepatic injury because it exists mainly in the cytosol of
the liver and in low concentrations elsewhere (Giboney,
2005), was not significantly changed, but the ratios of
GOT/GPT (27.61£5.6064 IU/L(GOT), 3.84+0.6855 IU/L
(GPT) in Shouguang Chicken and 18.8+1.4560 |U/L
(GOT), 4.2+0.3464 IU/L(GPT) in Tibet chicken, respec-
tively) were more than 2-fold in hypoxia in our work,
which indicated that the fetal livers of both Shouguang
chicken and Tibet chicken were injured in hypoxia and
Shouguang chicken suffered more serious damages.
However, ratio utility had significant limitations. Except for
the hepatic disorders, some evidences showed sex-
related differences and physiological changes in
metabolism of avian can also induce the elevations of
GOT, GPT and bilirubin (Walzem et al., 1999; Scholtz et
al., 2009).

In this study, ALP and LDH showed dramatic changes
between the breeds and the incubations. Though both of
them are less specific than GPT and GOT in diagnosis of
hepatic disorders, they were sometimes employed to
provide further evidences about the patterns of liver injury
(Musana et al., 2004; Shokrzadeh, et al, 2012). Elevation
of ALP in serum were derived from the liver and bone
predominantly during the third trimester of pregnancy of
women and the rapidly growth of adolescents (Wolf,
1978; Pratt and Kaplan, 2000). Therefore, the elevation of
ALP in this study may be due to both liver injury and
embryonic growth predominantly, which should be
verified by other parameters because the damages of
kidney, intestine and placenta also elevate the level of
ALP slightly. While in hypoxia, the elevation of LDH may
be that, there was not enough oxygen to meet the need
of organism due to the lack of red blood cells in blood
(Garba and Ubom, 2005; Macedo et al., 2009), or the
organs of metabolism and respiration were damaged
(Granchi et al., 2010), and the expression of both LDH-A
mMRNA and protein were inducible by hypoxia (Robin et
al., 1984; Marti et al., 1994; Firth et al., 1994, 1995).
Several other evidences in which the production of LDH
increases in hypoxia support this point (Rees et al., 2001;

Koukourakis et al., 2006). In addition, the ratio of
GPT/LDH was also used in diagnosis of liver disorders
(Kotoh et al., 2008; Balasubramanian et al., 2010). In this
study, both ALP and LDH have shown significant
differences between the breeds and the incubations, and
the changes of Shouguang chicken in hypoxia was
greater than that of Tibet chicken, which may suggest
that Tibet chicken has a better adaptability to the changes
of oxygen partial pressure. But the various trends of other
parameters may be due to the decrease of the metabolic
levels of Tibet chicken in hypoxia or the limited samples
in our study.

In conclusion, our results suggested that though the
liver metabolism of both chicken breeds was affected
negatively by hypoxia, Tibet chicken suffered less
damage than Shouguang chicken in hypoxia. So our
study supported the opinion that Tibet chicken has better
genetic adaptability in hypoxia.
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