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Sugarcane mosaic virus (SCMV) is one of the three causative viruses of mosaic in sugarcane, a sugar
crop widely grown under tropical and subtropical conditions worldwide. Although molecular
characterization of SCMV strains was reported from many countries, strain occurring in Pakistan, a
major sugarcane producer has not been reported so far. One hundred and two (102) sugarcane samples
from foremost sugarcane growing districts in Pakistan were transcribed by reverse-transcription
polymerase chain reaction (RT-PCR) by means of a pair of primers. All of them were found infected with
SCMV. The sequences of SCMV coat protein gene amplified in this study varied between 406 and 457 nt.
The sequence assessment of 12 Pakistani SCMV isolates revealed extensive range of sequence
resemblances, 82-100% nucleotide (nt) and 5.0-95% amino acid (aa) respectively. A deletion of aa
residues was observed in the amplified segments of the Pakistani amplicons. 50 SCMV CP sequences
(12 from Pakistan and 38 from other sugarcane growing countries) were subjected to phylogenetic and
in-silico restriction analyses grouped the isolates mostly in order of their geographical origin. The 12
Pakistani SCMV isolates were included in one group. Nearly 97.0% of isolates from Pakistan have no
signs for close association with earlier categorized sugarcane mosaic virus strains SCMV-A, SCMV-B,
SCMV-D, SCMV-E, and SCMV-SC described from various countries. Our studies discovered that the
sugarcane mosaic in Pakistan is instigated by a new group/strain SCMV-PAK. It is the first
representation on the diversity and existence of novel SCMV population in Pakistan.

Key words: Sugarcane, sugarcane mosaic virus, geographical, Pakistan, reverse transcriptase polymerase
chain reaction (RT-PCR).
INTRODUCTION

Mosaic of sugarcane is a significant disease in sugarcane disseminated worldwide (Koike and Gillespie, 1989). In
which is nearly a couple of centuries ancient and Pakistan, the occurrence of mosaic disease in sugarcane
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was validated by Jensen and Hall (1993), and since then
it broadly prolonged its acclimatization in all the
sugarcane growing areas of Pakistan (Yasmin et al.,
2011). Sugarcane mosaic is considered as least
problematic in some regions but it affects considerable
crop damages in many countries by its extreme
epidemics. Epidemics of mosaic of sugarcane is about
100% in the world (Mandahar, 1987) and is a major
threat to gigantic area under sugarcane farming, which
causes damages up to 46% (Singh, 1971; Mandahar,
1987).

The sugarcane mosaic virus can also infect other
economic crops such as corn and sorghum (Teakle et al.,
1989). Four distinct potyviruses, sugarcane mosaic virus
(SCMV), Johnson grass mosaic virus (JGMV), sorghum
mosaic virus (SrMV) and maize dwarf mosaic virus
(MDMV) are accepted as SCMV subgroups (Teakle et
al., 1989; Shukla et al., 1992). Previously, mosaic in
sugarcane was recognized to only a Potyvirus named as
sugarcane mosaic virus (SCMV) possessing several
strains (Shukla et al., 1989; Koike et al., 1989). Presently,
sugarcane mosaic virus subgroup from the genus
Potyvirus comprises of seven various species SCMV,
MDMV, SrMV, JGMV (Shukla et al., 1989; McKern et al.,
1991), Zea mosaic virus (ZeMV) (Seifers et al., 2000),
Cocksfoot streak virus (CSV) (Gotz and Maiss, 2002),
and Pennisetum mosaic virus (PenMV) (Fan et al.,
2003a, b). Amongst these viruses, only SCMV and SrMV
are considered to be infectious in sugarcane naturally,
hence it is a major causative organism of mosaic in
sugarcane (Grisham et al., 2000). Five strains of SCMV,
SCMV-A, SCMV-B, SCMV-D, SCMV-E and SCMV-SC,
and three strains of SrMV, SrMV-SCH, SrMV-SCI and
SrMV-SCM have been categorized on the basis of
sequencing of coat protein gene from United States and
Australia (Shukla et al., 1992, 1994; Frenkel et al., 1991;
Yang and Mirkov, 1997). On the basis of differences in
mosaic pattern on sugarcane, 12 SCMV strains: SCMV-
A, SCMV-B, SCMV-C, SCMV-D, SCMV-E, SCMV-F,
SCMV-H, SCMV-l, SCMV-J, SCMV-K, SCMV-M and
SCMV-N were described from India (Farrag and
Kandaswamy, 1979; Kondaiah and Nayudu, 1984a, b,
1985; Rishi and Rishi, 1985; Gopal and Reddy, 1988;
Gopal et al., 1991). SCMV is transmitted by several aphid
species, particularly Rhopalosiphum maidis. A very
important secondary dissemination method is vegetative
propagation of sugarcane through infected setts (Chen
and Adams, 2002; Li et al., 2013).

Nucleotide and amino acid sequences of coat protein
gene have been used as molecular marker to
differentiate eight strains of SCMV but they symbolize
only United States of America, Australia and India
amongst the countries growing sugarcane. Based on
serological and differential host interactions, dissemi-
nation of different SCMV strains in Pakistan has been
described and minute exertions have been tried up to
now to detect the prevailing strains of SCMV in Pakistan
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using molecular biology techniques. The present study of
SCMV was carried out against different sugarcane
cultivars grown in Pakistan.

MATERIALS AND METHODS
RNA isolation from infected varieties/cultivars of sugarcane

Isolation of RNA was carried out from 102 samples of the nine
different cultivars/varieties of sugarcane (SPF-234, NSG-555, NSG-
646, HSF-240, BF-162, HSF-245, HSF-242, SP-98-133 and SPF-
213) from 18 districts of Punjab Province, Pakistan. All samples
were collected on the basis of symptoms of mosaic disease and
were selected based on the following conditions: (i) SCMV
dissemination pattern in Saccharum spp. (ii) detection of the
widespread variants of SCMV strains; and (iii) assessment of
degree of discrimination among the variants of the strains and
certain isolates prevailing globally.

Primer designing

A pair of primers SCMV-F454 (5-GAGCAACCAGAGAGGAGTTTG-
3) and SCMV-R454 (5'-CCAGACCGAACAATCGTGTG-3) was
synthesized for the amplification of ~456 bp of coat protein from
core region based on reported sequences of viral strains SCMV-A,
SCMV-B, SCMV-D, SCMV-E (Yang and Mirkov, 1997), and SCMV-
SC (Frenkel et al., 1991), and isolates conveyed earlier from School
of Biological Sciences, University of the Punjab (GenBank Acc.
AMO040436; DQ648195) (Haider et al., 2011).

RT-PCR

RNAs were subjected to reverse transcription by the enzyme M-
MuLV H-minus reverse transcriptase, using Oligo(dT) primer. cDNA
were subjected to PCR using Tag DNA polymerase (1.0 U)
(Enzymology Lab. National Centre of Excellence in Molecular
Biology, University of the Punjab Lahore, Pakistan), 1.0x reaction
buffer (20 mM Tris-HCI, pH 8.4, 50 mM KClI), primers (10 pmol
each), and 0.2 mM of each dNTP in a 20 pl reaction. Polymerase
chain reaction was carried out by heating for 4 min at 94°C,
following 35 cycles (94°C for 1 min, 55°C for 1 min and 72°C for 1
min), and finally a single cycle of final extension at 72°C for 10 min.
DNA fragments were separated on 1.5% agarose gel, stained with
100 ng/ml ethidium bromide and visualized under UV light.

Cloning and sequencing of CP genes

The amplified segments of SCMV CP gene from all positive were
eluted from the high melting agarose gel using QIAquick Gel
Extraction Kit (QIAGEN) and following manufacturer’s instructions.
The purified PCR fragments were cloned into the pCR®2.1 vector
using the TA Cloning® Kit (invitrogen™) and transformation was
carried out into the Escherichia coli DH5a competent cells. Using
GeneJET Plasmid Miniprep Kit (Ferments, USA) the plasmids
having inserts of estimated size were purified. Two cloned inserts,
for each virus isolate, were subjected to complete sequencing on
both strands by DNA Sequencing Lab. National Centre of
Excellence in Molecular Biology, Lahore, Pakistan. The amplicons
with 1.0% sequence differences was assumed as distinct isolate.

Phylogenetic analysis and sequence comparison

Sequences of nucleotide and amino acid of the coat protein from
amplified region of 50 SCMV isolates, 12 from this study and 38
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from worldwide locations including Pakistan (two sequences) were
aligned separately using ClustalW (Thompson et al., 1994) and
matched themselves. The trimming of 5'-terminal and 3'-terminal
regions was carried out in accordance with the isolate SCMV-
CEMB-5 evenly by BioEdit version 7.2.0.0 with built in Treeview
software (Hall, 1999). Phylogenetic tree was produced and
envisaged, and grouping patterns were compared. Similarities were
calculated by creating similarity index and converting it into percent
similarities using the same alignment (Table 2).

Genetic diversity and in-silico restriction analysis

Strain differentiation among potyviruses was reported in sugarcane
mosaic virus and sorghum mosaic virus based on restriction profile
(Yang and Mirkov, 1997) using a group of restriction enzymes.
Using the enzymes Alul, BstMW!I, Cvidl, EcoRl, Hinfl, HpyCH4V
and Tagql (Table 3), the restriction analysis of nucleotide sequences
were executed.

RESULTS AND DISCUSSION

All the 102 samples of the nine different cultivars/varieties
of sugarcane were observed with different intensity of
mosaic symptoms. All the samples under investigation
were found infected with SCMV using RT-PCR (Singh et
al., 2009). On the other hand, Hema et al. (1999) stated
that SCMV subgroup viruses are not the cause of mosaic
in sugarcane, itis due to SCSMV.

In the same way, in many Asian countries which grow
sugarcane, at least two strains of SCSMV are the major
cause of mosaic in sugarcane (Chatenet et al., 2005).
Conversely, Xu et al. (2008) collected 164 field samples
from Guangdong, Guangxi, Hainan and Yunnan
provinces of China and reported that all of them were
infected either with sugarcane mosaic virus or sorghum
mosaic virus alone or with both viruses and SCSMV was
not the cause of sugarcane mosaic except a few
germplasm from India.

In Louisiana, Grisham and Pan (2007) failed to
categorize SrMV or sugarcane mosaic virus in sugarcane
presenting symptoms of mosaic. In the same way, the
primers used to detect SrMV and SCMV could not
amplify the virus genes in the mosaic diseased
sugarcane in Argentina (Perara et al., 2007). Hence, it
can be concluded that sugarcane mosaic virus is the
main cause of mosaic in sugarcane worldwide. Either
sugarcane mosaic virus or sugarcane streak mosaic virus
alone or their combinations are the cause of sugarcane
mosaic in Pakistan (Yasmin et al., 2011; Li et al., 2013).

Using a pair of primers (SCMV-F and SCMV-R), we
observed a noteworthy difference among the lengths of
the amplified sequences (406-457 nt) used in this study.
The amplified sequences varied from 406 (SCMV-CEMB-
2) to 457 (SCMV-CEMB-5) nt for different isolates of
SCMV (Table 1). The variation in sequence segments of
SCMV amplified from sugarcane varieties from Pakistan
predicted the genetic variation among different SCMV
strains going through different levels of mutations. The

diversity in the CP sequence is inevitable in the hyper
variable region (Oertel et al., 1997) in order to meet the
selection pressure, possibly when it is exposed to the
insects and the environment.

The overall nt similarity in the core region (CR) of the
CP gene of sugarcane mosaic virus isolates occurring
worldwide varied between 26 and 100% (mean 84.6%)
while aa identity ranged between 1.0 and 100% (average
53.5%) (Table 2). The lowest range of resemblances was
observed with SCMV-VN/SC1 and SCMV-VN/SC2;
isolates from Veitnam (Ha et al., 2008) present the
greater inconsistency.

Though, the isolate SCMV-CEMB-9 (GenBank Acc.
KC249914) of this study expressed the lowest nt (59-
99%) and aa (4.0-100%), sequence identities in the CR
of the CP were compared with the strains from all over
the world, and it exhibited extreme nucleotide identity of
100% with Indian isolate SCMV-CB89003-4 (GenBank
Acc. EF 655890) and amino acid similarity of 92% with
SCMV-CEMB-6 (GenBank Acc. KC249911).

The overall genetic similarities among our 12 SCMV
isolates, and the isolate cssg-668 (GenBank Acc.
DQ648195) reported from Pakistan (Haider et al., 2011),
ranged between 82 and 100% at nucleotide and between
6.0 and 90% at amino acid levels respectively in the
sequenced region (Table 2). The corresponding
resemblances among the isolates prevailing worldwide
(except Pakistani isolates) fluctuated between 26 to
100% and from 1.0 to 100%. The mean of the sequence
identity level of isolates from all over the world was 84.6
and 53.5% at nt and aa. The isolates SCMV-CEMB-4
(GenBank Acc. KC249909), SCMV-CEMB-7 (GenBank
Acc. KC249912) and SCMV-CEMB-8 (GenBank Acc.
KC249913) of this study presented the least nt (27%) and
aa (4.0%) identities with the strains from USA and
Veitham.

Recurrence of short peptide motifs was observed in the
isolates from Pakistan. They are recurring in a similar
fashion as perceived by Frenkel et al. (1991) and Xiao et
al. (1993) in SCMV-SC and USA strains (Yang and
Mirkov, 1997). The sequence form “EQPERSLIGGMKP”
(Figure 1) has accurately recurred in 4 of 12 (33.3%)
Pakistani isolates. Similarly, the sequence patterns
“‘“MDGDEQRVF-PLKPVI” and
“ENASPTFRQIMHHFSDAAEAYIEYRNSTERYMPRYGL
QR” have exactly been repeated in 6 of 12 (50%). Among
the isolates/type strains from worldwide included in this
study, the conserved motif (EQPERSLIGGMKP) is
repeated exactly in 18 of 38 (47%) and the motif
“HDMDFSEISPTIA” has been repeated in 21 of 38
(55.25%) isolates. Several other amino acid sequence
motives have repeats with residual variation of 1 or 2 aa,
which range between 40 to 60%.

Phylogenetic tree was built from the nucleotide
sequences of our 12 and 38 selected isolates from all
over the world (Figure 2). In the phylogenetic tree, most
of the virus isolates were grouped with respect to their
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SCMV isolates/strains Size (bp) Sourcelvariety State/Country GenBank Acc. No. Reference
SCMV-CEMB-1 455 Saccharum hybrid cultivar Punjab, Pakistan KC200152 This study
SCMV-CEMB-2 406 Saccharum hybrid cultivar Punjab, Pakistan KC249907 This study
SCMV-CEMB-3 421 Saccharum hybrid cultivar Punjab, Pakistan KC249908 This study
SCMV-CEMB-4 455 Saccharum hybrid cultivar Punjab, Pakistan KC249909 This study
SCMV-CEMB-5 457 Saccharum hybrid cultivar Punjab, Pakistan KC249910 This study
SCMV-CEMB-6 456 Saccharum hybrid cultivar Punjab, Pakistan KC249911 This study
SCMV-CEMB-7 456 Saccharum hybrid cultivar Punjab, Pakistan KC249912 This study
SCMV-CEMB-8 455 Saccharum hybrid cultivar Punjab, Pakistan KC249913 This study
SCMV-CEMB-9 432 Saccharum hybrid cultivar Punjab, Pakistan KC249914 This study
SCMV-CEMB-10 431 Saccharum hybrid cultivar Punjab, Pakistan KC249915 This study
SCMV-CEMB-11 422 Saccharum hybrid cultivar Punjab, Pakistan KC249916 This study
SCMV-CEMB-12 423 Saccharum hybrid cultivar Punjab, Pakistan KC249917 This study

mosIAC 360 Sugarcane Brazil JF699509 Sawazaki et al., 2013
AP1 852 Sugarcane India GQ386846 Reddy et al., 2011
SCMV-Mfc 286 Maize France HM014060 Marie-Jeanne et al., 2011
Q86 700 NA Iran AY648298 Ghasemi et al., 2005
SCMV-VN/SC1 939 Sugarcane(Saccharum officinarum) Yenbai, Vietham DQ9Y925431 Ha et al., 2008
SCMV-VN/SC2 939 Sugarcane (Saccharum officinarum) Hoabinh, Vietham DQ925427 Ha et al., 2008
CB44-101 866 Saccharum officinarum cv. CP-44-101 India EF655894 Viswanathan et al., 2008
KhzL66 939 Sugarcane (Saccharum officinarum) Iran DQ369960 Ghasemi et al., 2005.
GX-1 888 Saccharum sp. China DQ227694 Zhou et al., 2007
KhzQ86 939 Sugarcane Iran DQ438949 Masumi et al., 2006
PIR-2 886 NA Brazil AY819718 Goncalves et al., 2012
CSSG 676 888 Sugarcane Punjab, Pakistan AMO040436 Haider et al., 2011
€ssg-668 888 Sugarcane Pakistan DQ648195 Haider et al., 2011

SC 889 NA Sichun, China AJ421468 Jiang and Zhou 2002
ZAF 53-1 852 Saccharum hybrid cultivar South Africa AJ491973 Alegria et al., 2003
USA Flo 36-1 852 Saccharum hybrid cultivar Florida, USA AJ491971 Alegria et al., 2003
USA Lou 40-1 828 Saccharum hybrid cultivar Louisiana, USA AJ491965 Alegria et al., 2003
EGY7-1 852 Saccharum hybrid cultivar Egypt AJ491963 Alegria et al., 2003
CON98-1 852 Saccharum hybrid cultivar Republic of Congo AJ491961 Alegria et al., 2003
CAM94-1 852 Saccharum hybrid cultivar Cameroon AJ491939 Alegria et al., 2003
ZJ1 802 NA Zhejiang, China AJ421465 Jiang and Zhou 2002
NJ1 802 NA Jiangsu, China AJ421463 Jiang and Zhou 2002
SCMV-Seehausen/S26 942 NA Germany X98165 Oertel, et al., 1997
SCMV-CB72-1 898 Saccharum hybrid cultivar BO 72 Bihar, India DQ842502 Viswanathan et al., 2008
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Table 1. Contd.

SCMV-CB617 818 Saccharum hybrid Co 617 Tamil Nadu, India EU089686 Viswanathan et al., 2008.
SCMV-CB89003-4 898 Saccharum officinarum cv. Co 89003 Haryana, India EF655890 Viswanathan et al., 2008
SCMV-CBA7701 871 Saccharum officinarum cv. CoA7701 Andhra Pradesh, India EF655899 Viswanathan et al., 2008
SCMV-CB84213-3 898 Saccharum officinarum cv. Co Pant 84213 Uttaranchal, India EF655889 Viswanathan et al., 2008
PB-Co0J85 899 NA Punjab, India DQ866746 Singh et al., 2009
KL-C086032 899 NA Kerala, India DQ866744 Singh et al., 2009

IND 898 NA India AY241923 Gaur et al., 2003
TUC-1C 900 Sugarcane Argentina EU196423 Perera et al., 2007

E 939 NA USA U57357 Yang and Mirkov 1997
D 927 NA USA U57356 Yang and Mirkov 1997
A 915 NA USA U57354 Yang and Mirkov 1997

B 927 NA USA U57355 Yang and Mirkov 1997
SC 939 NA Australia D00948 Frenkel et al., 1991
BRIS 942 NA Australia AF006734 Handley et al., 1998

Table 2. Percent nucleotide (above diagonal), amino acid (below diagonal) sequence similarity of Pakistani SCMV isolates, strains, and other isolates from worldwide at core
region of the coat protein spanning 457 nt, corresponding to SCMV-CEMB-5 (GenBank Acc. KC249910).

Acc. No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
AJ421465 100 100 94 59 92 89 89 89 69 8 8 8 70 91 91 91 89 89 90 89 90 89 88 83 88
AJ421463 99 100 93 59 92 89 89 89 69 89 89 89 71 91 91 91 89 89 90 89 90 89 88 83 88
X98165 82 81 100 58 91 88 89 88 69 89 89 89 69 90 89 89 89 89 90 90 89 88 88 83 88
HM014060 5 5 5 100 6 57 57 57 53 5 5 57 70 56 56 57 56 56 57 57 57 57 56 59 56
AJ421468 7% 76 73 6 100 89 90 89 69 8 89 89 70 89 89 89 88 88 89 89 89 89 88 83 88
DQ866746 69 69 67 5 69 100 100 98 75 9 95 95 74 95 95 96 95 95 96 96 95 95 95 90 95
DQ866744 68 69 67 5 70 99 100 98 75 9 96 95 74 95 95 96 95 95 96 96 95 95 95 90 95
GQ386846 68 69 67 4 69 94 94 100 75 9 95 96 74 94 95 96 94 94 95 95 95 95 95 90 95
JF699509 51 52 52 4 52 68 69 68 100 75 75 75 53 75 75 75 74 74 75 76 76 75 75 79 75
AJ491971 68 69 69 6 68 87 8 8 71 100 99 96 74 95 95 96 95 95 96 97 96 96 95 91 95
U57357 69 70 69 6 69 87 8 87 71 99 100 97 74 9% 96 97 96 96 97 97 96 97 96 91 96
AJ491973 66 66 67 6 67 8 8 8 70 91 91 100 75 8 96 97 96 96 97 97 97 96 97 91 97
AY648298 6 6 6 4 7 6 7 7 5 7 7 7 100 77 76 76 74 74 75 76 75 75 75 70 75
DQ369960 73 73 71 5 69 83 84 81 69 89 90 87 6 100 97 97 96 96 97 97 96 96 96 91 96
DQ438949 74 75 69 6 69 84 8 8 69 89 90 87 6 90 100 99 95 95 96 96 96 96 96 91 96
AJ491963 73 73 69 6 69 87 8 87 70 92 93 90 7 90 96 100 96 96 97 98 97 97 97 92 97
EF655890 69 70 69 6 64 84 8 82 67 89 90 87 7 89 87 89 100 100 98 98 97 96 96 91 96
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(GenBank Acc. AY241923) and APl (GenBank

Acc. GQ386846), isolated from India and the
strain type GX-1 (GenBank Acc. DQ227694) from
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China. The hyper variable region (HVR) of the CP
variations
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Table 2. Contd.

Acc. No. 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50
AJ421465 87 78 80 81 81 8 83 8 86 89 89 89 89 89 89 88 89 89 89 89 89 88 89 29 28
AJ421463 87 79 80 81 81 8 83 88 86 89 89 838 89 89 89 88 89 89 89 89 89 88 89 29 28
X98165 gr 78 80 81 80 87 8 8 8 89 88 89 89 90 90 83 88 89 89 89 89 87 89 29 27
HMO014060 56 62 60 61 60 56 59 56 56 56 56 57 57 57 57 55 56 57 56 56 56 56 56 34 32
AJ421468 87 78 80 81 80 8 82 8 86 89 89 83 88 89 83 87 88 89 88 88 88 87 88 28 27
DQ866746 94 84 86 87 86 94 89 94 93 96 95 95 96 95 95 95 96 96 95 95 95 94 95 28 26
DQ866744 95 84 86 87 87 94 89 95 93 96 95 95 96 95 95 95 96 96 95 96 95 94 95 29 27
GQ386846 94 84 86 8 86 93 88 94 93 95 95 95 96 95 95 94 94 95 94 95 95 94 95 28 26
JF699509 74 64 66 67 67 75 70O Y5 75 75 75 76 76 75 75 74 75 76 75 75 75 74 75 23 22
AJ491971 95 84 86 87 86 94 89 94 93 96 95 96 96 96 96 95 95 97 96 97 97 95 96 28 27
u57357 95 85 87 88 8 95 89 9 94 97 96 97 97 97 97 96 96 98 96 97 96 95 96 29 27
AJ491973 96 86 88 89 88 95 90 96 95 97 97 97 98 97 97 96 96 97 96 96 96 95 96 29 27
AY648298 75 84 81 81 81 74 78 74 73 75 74 75 76 75 75 74 75 75 75 74 74 73 75 37 35
DQ3699%60 95 85 88 88 88 95 90 95 94 97 96 96 97 97 96 96 96 97 97 96 95 94 96 30 28
DQ438949 95 85 87 88 87 95 89 95 94 96 96 96 97 96 96 95 95 96 96 96 95 94 95 29 28
AJ491963 96 86 88 89 88 9% 90 96 95 98 97 97 98 97 97 96 96 98 97 97 96 95 96 29 28
EF655890 95 84 87 88 87 94 89 95 94 96 95 96 97 97 96 96 96 97 96 96 95 94 97 29 27
EF655889 95 84 87 88 87 94 89 95 94 96 95 96 97 97 96 96 96 97 96 96 95 94 97 29 27
DQ842502 96 85 88 89 88 95 90 96 95 97 96 97 98 98 98 97 97 98 97 97 96 95 98 30 28
EUO89686 96 86 88 89 88 96 91 96 95 98 97 98 98 98 98 97 97 98 97 98 97 95 98 30 28
EF655899 96 85 88 88 88 95 90 96 95 97 97 97 98 97 97 96 96 98 96 97 96 96 98 30 28
EU196423 96 85 87 88 88 95 90 95 94 97 96 97 98 97 97 96 96 98 97 97 96 95 97 30 27
KC249911 99 88 90 91 91 98 93 99 97 99 98 97 98 97 97 96 96 98 97 96 96 95 96 30 28
KC249914 93 82 8 8 8 93 89 93 93 94 93 91 93 92 92 91 91 92 92 91 91 90 92 30 28
KC200152 99 88 90 91 91 98 93 99 97 99 98 97 98 97 97 96 96 98 97 96 96 95 96 30 28
KC249910 100 87 90 90 90 97 92 98 97 99 98 96 97 96 96 95 96 97 96 95 96 95 96 30 28
KC249907 84 100 95 95 94 87 91 87 8 88 87 8 8 8 8 8 8 8 8 85 8 84 8 33 31
KC249908 75 79 100 97 96 89 92 90 88 90 89 88 89 88 88 87 88 89 88 87 87 86 88 32 30
KC249916 7 7 21 100 98 90 93 91 89 91 90 89 90 89 89 88 88 89 89 88 88 87 88 32 30
KC249917 6 6 200 95 100 90 94 90 89 91 90 88 89 88 88 87 88 89 88 88 88 86 88 32 30
KC249912 80 80 67 6 6 100 92 98 97 98 97 95 96 96 96 95 95 96 96 95 95 94 95 29 27
KC249915 81 89 76 8 8 82 100 93 91 93 92 90 91 91 91 90 90 91 90 90 90 89 90 31 29
KC249913 20 9 8 6 6 11 9 100 97 98 98 96 97 96 96 95 96 97 96 95 95 94 96 29 27
KC249909 84 79 66 6 6 88 82 14 100 97 96 95 96 95 95 94 95 96 95 94 94 93 95 29 27
AM040436 20 9 8 5 7 10 9 89 15 100 99 97 98 98 98 97 97 98 97 97 96 95 97 30 28
DQ648195 20 9 8 5 7 10 9 87 15 98 100 96 98 97 97 96 96 97 96 96 96 95 96 29 27
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AY819718 20 9 8 7 8 10 8 82 14 92 90 100 98 97 97 96 97 98 97 97 96 95 97 29 27
AF006734 20 8 8 6 8 10 8 85 14 96 94 95 100 98 98 97 98 99 98 97 97 96 98 29 27
AJ491965 20 8 7 6 8 10 8 83 15 94 91 91 95 100 100 97 97 99 98 97 97 96 98 29 27
U57354 19 8 7 6 8 10 8 82 14 93 91 91 94 99 100 9% 97 98 97 97 97 96 97 29 27
AY241923 19 8 7 6 8 10 8 81 14 91 89 89 93 91 90 100 100 98 96 96 95 94 96 29 27
D00948 19 8 7 6 8 10 8 82 14 93 91 91 94 92 91 99 100 98 97 96 96 95 96 29 27
U57356 20 9 8 6 8 10 9 8 15 9% 94 94 97 96 96 94 95 100 98 98 97 96 98 29 27
U57355 20 8 7 6 8 10 8 84 14 92 90 90 94 93 92 91 92 95 100 9% 97 96 96 29 27
AJ491961 20 10 8 6 7 11 9 81 16 92 89 92 93 92 92 89 90 94 9 100 98 96 96 29 27
AJ491939 21 10 8 6 7 11 9 82 16 91 89 90 92 91 91 89 90 94 91 94 100 96 96 29 27
DQ227694 22 10 9 6 7 12 10 79 16 88 88 87 89 89 8 8 8 91 89 88 091 100 95 29 27
EF655894 19 8 7 6 8 9 8 79 14 90 8 89 91 91 90 89 90 91 89 89 87 84 100 29 27
DQ925431 3 4 3 3 3 3 3 4 3 4 4 4 4 4 4 4 4 4 4 4 4 4 4 100 81
DQ925427 5 5 3 4 5 5 5 4 5 4 4 4 4 4 4 4 4 4 4 4 4 4 4 51 100
Table 3. In-silico restriction mapping and discrimination of SCMV strains/variants (12 CEMB isolates and 38 from all over world).
Isolates/ Restriction sites
Acc. No. Alul BstMWI CviJl EcoRlI Hinfl HpyCH4V Taqgl
KC200152 248, 380, 386 226, 251, 289, 341, 392 36, 248, 380, 386, 395, 413 364 171 229, 245, 288, 403 261
KC249907 199, 331, 337 177, 202, 240, 292, 343 199, 331, 337, 346, 364 315 122 180, 196, 354 212
KC249908 214, 346, 352 192, 217, 255, 307, 358 5, 214, 346, 352, 361, 379 330 137 195, 211, 369 227
KC249909 250, 382, 388 228, 253, 291, 343, 394 37, 250, 382, 388, 397, 415 366 173 231, 247, 405 263
KC249910 250, 382, 388 228, 253, 291, 343, 394 36, 250, 382, 388, 397, 415 366 173 231, 247, 405 263
KC249911 249, 381, 387 227,252, 290, 342, 393 36, 249, 381, 387, 396, 414 365 172 230, 246, 289, 404 262
KC249912 250, 382, 388 228, 253, 291, 343, 394 37, 250, 382, 388, 397, 415 366 173 231, 247, 405 263
KC249913 249, 381, 387 227,252, 290, 342, 393 36, 249, 381, 387, 396, 414 365 172 230, 246, 289, 404 262
KC249914 249, 381, 387 227,252, 290, 342, 393 36, 249, 381, 387, 396, 414 365 172 230, 246, 289, 404 262
KC249915 226, 358, 364 204, 229, 267, 319, 370 16, 226, 358, 364, 373, 391 342 149 207, 223, 381 239
KC249916 215, 347, 353 193, 218, 256, 308, 359 5, 215, 347, 353, 362, 380 331 138 196, 212, 370 228
KC249917 215, 347, 353 193, 218, 256, 308, 359 5, 215, 347, 353, 362, 380 331 138 196, 212, 370 228
JF699509 249, 331 227, 252, 290, 342 36, 249, 331 230, 246 262
36, 249, 331, 381, 387
GQ386846 249, 331, 381, 387 252, 290, 342, 393 396, 414, 451 230, 246, 404, 417 196, 262

HM014060

131, 213, 263, 269

134, 172, 224, 275

131, 213, 263, 269, 278

86, 112,128
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AY648298

DQ925431
DQ925427

EF655894
DQ369960
DQ227694
DQ438949

AY819718

AMO040436
DQ648195

AJ421468
AJ491973
AJ491971

AJ491965
AJ491963
AJ491961
AJ491939
AJ421465
AJ421463
X98165
DQ842502

EU089686

154, 236, 286, 292

249, 331, 381, 387
249, 331, 381, 387
249, 331, 381, 387
249, 331, 381, 387

249, 331, 381, 387

249, 381, 387
249, 381, 387

249, 331, 381, 387

249, 381, 387

174, 249, 331, 381
387

249, 331, 381, 387
249, 331, 381, 387
249, 331, 381, 387
249, 331, 381, 387
249, 331, 381, 387
249, 331, 381, 387
249, 331, 387
249, 331, 381, 387

249, 331, 381, 387

132, 157, 195, 247, 298

209
206

227, 252, 290, 342, 393

227, 252, 290, 342, 393

227, 252, 290, 342, 393
252, 290, 342, 393

227, 252, 290, 342, 393

227, 252, 290, 342, 393
227, 252, 290, 342, 393

252, 290, 342, 393
227,252, 290, 342, 393
227,252, 290, 342, 393

227,252, 290, 342, 393
252, 290, 342, 393
227,252, 290, 342, 393
227,252, 290, 342, 393
252, 290, 342, 393
252, 290, 342, 393
252, 290, 342, 393
227,252, 290, 342, 393

227,252, 290, 342, 393

154, 236, 286, 292, 301
319
61,171, 198
60, 168, 195
36, 249, 331, 381, 387
396, 414
36, 249, 331, 381, 387
396, 414

36, 249, 331, 381, 387
396, 414
36, 188, 249, 331, 381
387, 396, 414
36, 91, 249, 331, 381, 387,
396, 414
36, 249, 381, 387, 396, 414
36, 249, 381, 387, 396, 414

249, 331, 381, 387, 396
414

36, 249, 381, 387, 396, 414

36, 174, 249, 331, 381
387, 396, 414
36, 249, 331, 381, 387
396, 414
36, 188, 249, 331, 381
387, 396, 414
36, 249, 331, 381, 387
396, 414

36, 249, 331, 381, 387
396, 414

188, 249, 331, 381, 387
396, 414

188, 249, 331, 381, 387
396, 414

249, 331, 387, 396, 414

36, 249, 331, 381, 387
396, 414

36, 249, 331, 381, 387
396, 414

270

365

365

365

365

365
365

365

365

365

365

365

365

365

77

217
214

172

172

172

172,
314

172

172
172

172

172

172

314

172

172

11, 135, 151, 309

19, 117, 124, 186
49, 114

230, 246, 404

230, 246, 404

230, 246, 404
106, 230, 246, 404

230, 246, 365, 404

230, 246, 404
230, 246, 404

106, 204, 230, 246
404

230, 246, 404
230, 246, 345, 404

230, 246, 345, 404

230, 246, 404

33, 230, 246, 345
404

230, 246, 345, 404
106, 230, 246, 404

106, 230, 246, 404

106, 230, 246, 345
404

230, 246, 404

230, 246, 404

14, 167, 254

167
164

262

109, 262,
349

262
262, 349

262

262
262

109, 196
262
262

262
262, 349
262, 349

262
109, 349
109, 349

109

262

262
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36, 249, 331, 381, 387

EF655800 249, 331,381,387 227, 252, 200, 342, 393 by 365
EF655809 249, 331,381,387 227, 252, 290, 342, 393 36, 249\,;3212113?1' 387, 365
EF655880 249, 331,381,387 227, 252, 200, 342, 393 36, 249:'3321[’131?1' 387, 365
DQ866746 249, 331, 381, 387 252, 290, 342, 393 36, 2;1996,5,321121'32351,1 387,

DQ866744 249, 331, 381, 387 252, 290, 342, 393 36, 2;199(,3’32111,1’3%,1 387,

AY241923 249,331, 381,387 227, 252, 290, 342, 393 36, 2495,;’2,1;1351' 387, 365
EU106423 249, 331,381,387 227, 252, 290, 342, 393 36, 2495,;’2,121321' 387, 365
U57357 174,249 331381 927, 252, 200, 342, 303 36, 1;;‘%,2;8('5’3211& 381,

U57356 249,331, 381,387 227, 252, 290, 342, 393 36, 249\;,5’;”121;’31' 387, 365
U57354 249,331, 381,387 227, 252, 290, 342, 393 36, 2495)5’;”1215’?1' 387, 365
U57355 249,331, 381,387 227, 252, 290, 342, 393 36, 249\;)5’;121;’31' 387, 365
D00948 249,331, 381,388 227, 252, 290, 342, 394 36, 249\;)5’;1213?1' 387, 366
AFO06734  249,331,381,387 227,252,290, 342,393 -0 91,249,331, 381,387, 345

396, 414

172 230, 246, 404 262
172 230, 246, 404 262
172 230, 246, 404 262
230, 246, 404, 417 196, 262
230, 246, 404, 417 196, 262
230, 246, 404 262, 383
230, 246, 345, 404 262
230, 246, 345, 404 262
172 230, 246, 345, 404 262
172 230, 246, 345, 404 262
172 230, 246, 345, 404 262, 349
230, 246, 404 262, 383
172 230, 246, 404 262

addition or deletion mutations, and evolutionary
process frequently as it has surface exposure to
the environment. Hence, phylogenetic analysis,
performed with conserved region (CR) is
consistent. Shukla et al. (1994) recommended
that conserved region CR is the most reliable
marker to discriminate the viral strains in the
genus potyvirus. Thus, only the conserved region
of coat protein gene of SCMV isolates was
amplified and sequenced for phylogenetic analy-
sis. The phylogenetic and restriction analyses

resembled in grouping the isolates.

Considering the restriction profile of all 12
isolates in this study, they are identical for Alul,
BstMWI, EcoRlI, Hinfl and Tagl, but differed for
Cvidl and HpyCH4l. Though the sequences from
the amplified region resembled highly (nt 82-100%
and aa 92%), the level of similarity was not
enough to classify them as separate variants, but
the phylogenetic analyses and CP sequence
assessments did not resemble those of the type
strains SCMV-A, SCMV-B, SCMV-D, SCMV-E

and most of the isolates reported from all over the
world; possibly it characterizes a novel strain
SCMV-PAK. Previously, isolates from India, China
and Congo were described as cause of mosaic in
the sugarcane under Pakistani environments,
based on serology and differential host
interactions (Haider et al., 2011). Moreover, the
cutting pattern by restriction enzymes varied for
other isolates from the world, however they match
sequence identities in the reported region of CP
gene at high level, perhaps representing a new
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SCMV-CEME-4 EQRERSLIGEFQATEE - -EYE IDDT QM- -TVWVVHMS LMW - —— — IENGCSPNINGSW T 21
SCMV-CEME-T EQoVEEEDEWIEATEE - -EYE IDDT QM- -TVWVVHMS GLMVW G- —— — IENGC SPNINGSW T 21
SCMV-CEME-3 ————————————*BLERI*NR*HTHDS--CHEWSHGMV- —————TI*EWLLIPINGSWTH 35
SCMV-CEME-10 ——————EEGEE*--AIERRI*IDD—-TOM--THVHMSGLMVWC - —— — IENGCSPNINGSWTE 41
SCMV-CEME-Z === ———— e m e == T I - T - - TV LS LMW O —— —— IENGC SPEINGSW T 33
SMV-CEME-S EQPERS LI GEMEE*RENHE *MT--HK - -TVWHS GLMVW C- ———— IENGC SPNINGSW T 43
AYe4BZSE e e e e e e e e e e — == == MVR C - == —— IENGC SPNI NG T 15
DQ525431 e e e e e e e e e e e e e e e e e ——— —— ———— =L LE 3
DOS25427 -—-— - = - ———— = — —— — — ——— ———— 11k 3
HMO140&0 - ———— = —— —— —— —— ——— —— . LTEHFRE LOTH5- -RR* 15
SCHMV-CEME-1 EQEERSLIGGMED*EEN*NE* HTHD S—— -CHEWSHGHVY *EWL LT FHERE LONDG— —WE* 50
SCHMV-CEME-11 —-—————————-LESHERT *NE*HTHD}5—— - HEWSHEMVY *EWL LT FHFEEFK LDNDG— —WE* 40
SMV-CEME-1Z ———=——————-L3HERI *HE*HTH P-—-CHEWSHGIVY *EWL LT FHFEE LDNDG- —WE* 40
AJ431573 EQPERS LIGEHME D *EENME M THE* LS VWi GV LEMV————— AR-JT*TEIG*WHE 47
SCMV-CEME-E EQRHRE LI GEHME P*EENME “MTHE > QLS *W W WGV LEN V- ————-2H-0T *TEVED *HWHE 47
SMV-CEME-5 EQPERS LT GEME E*EENME *MTHE* QLS+ W GV LEMV———— AH-OT *TEVE~WHE 47
D0Qe48 15 5EQPERS LT GG TE P+ RENME *MTHE QLS * W Wi GV LEM V- ———— AH-OT *TEVED ~WHE 47
SCMV-CEME-& EQPERS LI GEMK E*RENHE *MTHE* JLS *Wi+ W GV LEMV———— AH-OT *TEVE~WHE 47
AMO 4043 cEQEERSLT GEME D+ RENME *MTHE QLS * W Wi GV LEMV- ———— AH-OT ~*TEVED ~WHE 47

GO3BEB4E EQPERSLIGEHED*RMNMEW THE > QLS *W WY GV LEM V- ———— AH-OT*TEIGO*WHE 48
DOBEET4E EQDERSLIGEHED*RENME *MIHE> QLS W Wi GV LEM V- ———— AH-OT*HMET GO WHE 47
Dogec744 EQPERS LI GEHME E*EENME *M THE* QLS *WW* W GV LEMV——— AH-0T*MET G0 *WHE 47
DQ3e55e0 EQPERSLIDGHEE*EESHE *MTHE* JLS Wi Wi GA SEMV——— AR 0T *TEVE]*WHE 47
ETl5:423 EQRERS LI GEHMEE*EENMT “MTHE* QLS *WiW*WE GV LEMV——— AH-0T*TEIG]*WHE 47
EFe55830 EHPERSLIGEHMEE*EENTE *MTHE* QLS *Wi W GV LEM V- ——— LH-0T+*TEI G *WHE 47
EFe55885 EHPERSLIGEHMEE*EENTE *MTHE* QLS *Wi W GV LEM V- ——— LH-0T+*TEI G *WHE 47
EFeS5E54 EQPERS LI GEHMEE*RENME “MTHE* QLS *WiW* Wi GV LEMV——— AH-0T*TEVED*WHE 47
DQE42502 EQPERS LI GEHMEE*RENME *T THE* QLS *WW* Wi GV LEMV———— AH-0T*TEIGQ*WHE 47
EU0ESeEe EQPERS LI GEMEE*REYME *MTHE* QLS *W* Wi GV LEMV——— AH-QT*TEIGQ*WHE 47
EF&55855 EQPERSLIGETER*RENHE *HMTHE> QLS *W Wi GVLEMV————— AH-0T*TEIG]*WHE 47
Do438545 EQPERSLIDGMEP*RENTE *MTHE* QLS *VV* WY GRLEMV-———— AH-LT*TEIGD*WHE 47
AJ4515c3 EQPERS LI GEME E*EENME “MTHE* QLS *Wi* W GV LEMV——— AH-0T*TEIG]*WHE 47
DQz2Te54 EQPERS LI GEHMEE*EENME “MIHE* QLS *W W WIGVLEAV- ————AH-0T *TEVGE* *WIE da
JEeSISE05 EQPERSLIDGHE D *EENME M THE* JLS WV Wi GV LEMV-——— AR-JI*TEIGQD*WHE 47
AYZ41523 EQPERS LIGEHME D *EENMHN M THE > OLA W Wi GV LEMV-——— AH-0T*VEVED*WHE 47
Doos4g EQPERS LI GEHMEE*RENMN “MTHE* QLS *WW* WL GV LEMV——— AH-0T*VEVED*WHE 47
AJ431535 EQPERS LI GEHMEE*RENME “MTHE* QLS *WiW* Wi GV LEMV——— AH-0T*TEVED*WHE 47
Us7355 EQPERS LI GEHMEE*RENME “MTHE* QLS *WiW* Wi GV LEMV——— AH-OT*TEVED*WHE 47
AJ4315el EQPERE LI GEHMO EYRENME *MTHE* QLS *VWW* Wi GVLERMV———— AH-OT*TEIGO*WHE 43
AYE13718 EQPERS LI GEHMEE*EENME “MTHE* QLS *WA* WGV LEM V- ———-2H-0T *TEL GO *WHE 47
AJ431571 EQPERS LI GEHMEE*EENME “MTHE* QLS *W W WGV LEM V- ———-2H-0T *TEL GO *WHE 47
os73s7 EQPERS LI GEHMEE*EENME “MTHE* QLS *W W WGV LEM V- ———-2H-0T *TEL GO *WHE 47
AJ431 565 EQPERS LI GEHMEE*EENME “MTHE* 0SS *W W WGV LEM V- ————-2H-0T *TEVED *HWHE 47
UsT3s4 EQDPEES LI GEHME E*EENME *MTHE* Q55 «Wi+ WY GV LEM V- ——— LH-OT +TEVED+WHE 47
UsT3se EQPERS LI GEHME E*EENME *MTHE* QLS+ WY GV LEMV———— AH-OT ~MEVED+~WHE 47
AFDDET34 EQEERSLIGGME DR ENME *MTRE > OLS VA * Wi GV LEM V- ——— AH-OT*TEVGEO*WHE 47
AT4Z1468 EQLRESLIDGIME*RENMRIMIHE= QLS *VVEWS GA SRV ————— AH-OTIMET GR+WHE 50
X321es EQPRESLIDGHT P*ERSHE LM THE > LS *VVSWL GASKHV————— AH-OT*TGIGR*WHE 45
AJ4214e5 EQLRFELIDGTHME*RRSTE LM THE > QLS *VVSWL GRSV ———— AH-JT*TEIGR*WIE 45
AJ4214e3 EQLEKSLIDETHME*RES TR IMTHE* QLS *WWSWY GA SEM V- ——— LH-JT*TEIGR*WIE 45

Figure 1. Comparison of the aa sequences of the CPs of different SCMV type strains/strains/isolates in the N-terminal region,
with reference to the coordinates 1-151 aa of SCMV-CEMB-5 (GenBank Acc. No. KC249910). Sequences were aligned using
CLUSTAL W program (Thompson et al., 1994). ‘-’ in the alignment indicates gap introduced for better alignment/deletion
mutation undergone by corresponding sequences; C, conserved aa residues; the underlined aa residues are conserved and
are repeated twice in 40-60% of the isolates/strains; for accession numbers (see Table 1).

variant, SCMV-PAK.

restriction sites for Alul and EcoRIl. The restriction

The cutting pattern of the SCMV-VN/SC1 and SCMV- patterns of Alul, BstMWI, CviJl, HpyCH4l and Tagl, were
VN/SC2, isolates from Veitnam (Ha et al., 2008) was in a similar fashion as the isolates from Argentina, USA,
entirely different for all the enzymes. They have no Cameroon, Republic of Congo and Australia but Hinfl and
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SCMV-CEME-4 MDGDEQRVF-DLEDVI-—- —-ENASDTFRQ IMHHFSDAAFAVIEYRNSTERYMDRYGLQR 105
SCMV-CEME-T MDGDEQEVF-DLEDVI-—- —-ENASDTFRQ IMEHEFSDAAEAYIEYRNSTERYMORYGLOR — 10S
SCMV-CEME-3 MDGDEQRVE-CLEDVI-—-—-ENASCTFRQIMEHFSLAARAYIEYONSIERYMPRYGLOR 25
SCMU-CEME-10 MDGDEQEVF-DLEDV I-—- —-ENASDTFRQ IMEHFS DAARAYIEY ANSTERYME LY GLOR 55
SCMV-CEME-Z MDGDEQEVE-DLEDVI-—- —-ENASDTFRQIMHHFSDRAEAYIEYENSTERYMORYGLOR 27
SCMV-CEME-S MDGDEQRVF-CLEDVI-—- —-ENASDTFROIMHHFSDAAEAVIEYONSTERYMORYGLOR 103
LYE4B238 MDGDEQEVE-DLEDVI-—- ——ENASDTF R IMEHFSBAFAYIEYENSIERYMPRYGLOR 73
DQ825431 TLFAVPIIYINI *¥VG——-—--EALDRF Y- —————-—-——YLITYVE IA* TS LQHAGLDD 44
DQ825427 DC—-—-LRYL*¥YVLCI-—-—- -SATVRLCLVS ———- —-—-TFT ICVL *V+ TS LODAGLDD 4z
HMO14060 TKS-V- SIET 5Y *KC ISNFETHHASLO* C8 5 ———- ————W¥RID -~ ——— == —— == == —— 47
SCMU-CEME-1 TKS-L-DIKT SY “KCFSNI BANNASFQ*C8 5 ———— ————T¥RV* —— ——— —— —————— — 21
SCMV-CEME-11 TKS-L-PIET 5Y *KCFSNI BANNASFQ* CS 5 ———- ————L¥RV* ~— ——— == == == == —— 71
SCMU-CEME-12 TKS-L- DIET SY *KCFSNI BANNAS FO* 8 *5———— ————T¥RV* ——————— —————— — 71
nLJ431573 MNE-ES SH*NQLLE- -——- THLQHSGK*CI IS ———--——-VMJLKHILSIETLQS-—-0 27
SCMV-CEME-2 MNE-ES SH*NQLLE- --—-MLLQHSGK*CI IS —-—- --—-—VMJLKHI SSIEILQS-—-D 27
SCMV-CEME-3 MHE-ES SH*NQLLE- --—-MLLQHSGK*CI IS —-—- --—--VMJLKHI SSIEILQS-—-D 27
DQE48195 . 15BS MHE-ES SH*NQLLE- - —-MLLOHSGK*CI IS ———- -——-VMJLKHI SSIETLQS-—-0 27
SCMV-CEME-& MNE-ES SH*NQLLE- --—-MLLQHSGK*CI IS —-—- --—-—VMJLKHI SSIEILQS-—-D 27
AM040436 MHNE-ES SH*NQLLE- --—-MLLQHSGE*CI IS —-—- --—--VMJLKHI SSIETLQS-—-D 27
GO3IRER4E MHE-EF SH*NQLSK--——- THLQHSDE*CT IS ———— -—— -VMJLKHI SNIETPQS-—-D 28
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EcoRI restriction profile was unique to distinguish them
(Table 3).This massive difference in the CR of CP gene
concludes its intensity of evolution, subsequently evolving
as a compelling virus, extensively widespread in
varieties/cultivars of sugarcane in Pakistan.

We have shown the molecular basis of genetic varia-

tion of the CP gene which are usually identified for
genetic understanding of potyviruses (Shukla et al., 1994;
Garcia-Arenal et al., 2003; Frenkel et al., 1989, 1992;
Gemechu et al.,, 2006; Alegria et al., 2003). The 12
Pakistani SCMV isolates expressed a deviation of 0-18
and 0.00-95% at nucleotide and amino acids level
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respectively in the reported sequences as compared with
the deviation of 0-73 and 0-96% at nucleotide and amino
acids level respectively in the compared region (data
based on Table 2), noticed amongst the isolates of
SCMV from sugarcane cultivated all over the world. This
huge divergence may be based on the addition
anddeletion mutations in the CP gene of SCMV

isolates/variants. Though, more than 12 strains of SCMV
causing mosaic in sugarcane have been described
worldwide, but only five strains SCMV-A, SCMV-B,
SCMV-D, SCMV-E from USA (Yang and Mirkov, 1997)
and SCMV-SC from Australia (Frenkel et al., 1991) have
been characterized on molecular level. Serological and
host interaction based approaches (Haider et al., 2011;
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Mansoor et al.,, 2003) have been used to identify the study are genetically different. This effort presents the
strains SCMV-A, SCMV-B, SCMV-D and SCMV-E in detection of population of SCMV in Pakistan by molecular
Pakistan earlier; the SCMV isolates characterized in this methodologies and it proved thought-provoking results on
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Figure 2. Phylogenetic relatedness of Pakistani SCMV isolates with the SCMV type strain/strains and other SCMV isolates from
sugarcane reported from worldwide. Phylogram presented is derived from DNA Maximum Likelihood program with molecular clock,
based on a nucleotide sequence alignment of core region in the coat protein coding sequence corresponding to nt 1-457 of SCMV-
CEMB-5 (GenBank Acc. No. KC249910) in the CP coding sequence. A 97.0% sequence identity limit and position in the phylogenetic
tree was used to assign the virus isolates to different phylogenetic groups. *The isolates from this study. The details of the sequences

and their accession numbers are given in Table 1.

the incidence of new sugarcane mosaic virus population.
Further investigations regarding the sequencing of
complete genome of certain variants are under way
which might be helpful to understand and characterize
strainal variations more precisely.
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The effect of exogenous phytohormones and sucrose on micropropagation and microtuberization from
nodal cuttings of Manihot esculenta was studied. Direct and indirect organogeneses were established
from these explants. When nodal cuttings were cultured in the presence of 0.01 to 0.1 mg.L™ of BAP or
NAA there was induction of the budding of axillary buds, with the highest percentages of nodal cuttings
with axillaries buds budded of 98 and 73% with 0.07 mg.L™ BAP and 0.05 mg.L™ NAA, respectively.
When sub cultured in the presence of 0.05 to 0.1 mg.L™ NAA, the nodal cuttings with axillaries buds
budded produced yellowish and friable callus with the highest percentage of callogenesis of 59.8% with
0.08 mg.L™ NAA. The highest fresh weight of callus of 1334.7 mg was obtained with 0.07 mg.L™ of NAA.
When sub cultured in the presence of 0.05 to 0.1 mg.L™ BAP, the nodal cuttings and callus induced
shoots with the highest percentages of 72.3% and 92.3% for nodal cutting and callus respectively with
0.08 mg.L™. Also, the highest numbers of shoots per nodal cutting 17.9 and per callus 28.1 were
obtained with 0.08 mg.L™. Multiple shoots, when isolated from nodal cuttings or callus and sub cultured
in the presence of different ratio of BAP/NAA, differentiated into plantlets. With 0.07/0.05 mg.L™ and
0.08/0.05 mg 1™ ratio, all shoots (100%) gave rise to plantlets with the highest growth parameters (14.8 +
3.1to 15.3+ 1.7 cm of high, 12.3to 12.7 leaves and 7.8 to 8.3 roots). These plantlets were used to induce
microtubers on the basal medium supplemented with 0.1 to 0.6 mg.L™ of NAA or Kin or NAA/Kin ratio
and 10 to 60 g.L™ sucrose. The ratio NAA/Kin of 0.4/0.4 mg.L™" combined with 20 to 30 g.L™* sucrose was
more effective on the microtuberization than NAA and Kin used separately. In fact, it gave rise to 57.8 to
61.3% of plantlets which produce microtubers with the highest number of microtuber per plantlet (4 to
5), the highest diameter (130.4 to 131.8 mm) and the highest fresh weight of microtubers (403.3 to 408.1
mg). When the plantlets were acclimatized in different substrates, 100 % survived in the mixture red
soil/black soil at equal volume (V/V) These results of this work show that BAP, NAA, and Kin used
separately or in ratio can be used for organogenesis and micropropagation in Manihot esculenta var
TMS 96/0023 in vitro.

Key word: NAA, Kin, BAP, sucrose, organogenesis, microtuberization, cassava.
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INTRODUCTION

Cassava (Manihot esculenta Crantz) is a major staple
crop for millions of people in East and Central Africa,
mostly in the rural areas and it is the second most impor-
tant staple crop in Africa after maize. Because of it
importance in food security and poverty alleviation,
cassava has been prioritized by the New Partnership for
Africa’s Development (NEPAD) as a ‘poverty fighter’ which
will spur industrial development in Africa (Whingwiri,
2004). Acedo and Labana (2008) reported that the
demand for cassava has been increase in the recent past
years because of its potential use in biofuel industry. It is
grown for its starchy tuberous roots which provide food
for over 500 million people, mostly in a small-scale plan-
tation by the farmers in the developing countries (Roca et
al., 1992). Thus, anything that affects the production of
the cassava crop may have serious consequences in
food availability and the economy of the people in such
growing areas. It is therefore not surprising that every
year millions of dollars are allocated by the government in
these growing areas to combat pests and diseases which
affect the yields of the crop. Some challenges of culti-
vation include low nutritive value of cassava (1.21t0 1.8 %
crude protein, 0.1 to 0.8 % crude lipid, 1.5 to 3.5 % crude
fiber and 1.3 to 2.8 % ash) (Albert et al., 2005) and
occasionally accumulations of toxic cyanogenic glucosides
(White et al., 1998). This therefore, necessitates the adop-
tion of breeding programmes to introduce new varieties of
higher nutritional quality.

Tissue culture is one of the most successful, comer-
cially exploited components of biotechnology and has
been used for rapid clonal multiplication (micropropa-
gation) of selected genotypes of diverse groups of plant
species (Rani and Raina, 2000). The first study on tissue
culture of cassava was done by Kartha et al. (1974) who
reported regeneration of shoots from meristems of five
cassava varieties cultured on MS medium supplemented
with 0.1 mg.L™ Benzylaminopurine (BAP), 0.04 mg.L™
Gibberellic acid (GA3) and 0.2 mg.L™ Naphylacetic acid
(NAA). Bhagwat et al. (1996) reported regeneration of
multiple shoots from nodal explants of cassava using
0.11 to 0.22 pM.L™ thidiazuron (TDZ), 2.2 uM.L™ BAP and
1.6 JM.L™ GA3. A frequent in vitro culture manipulation
for cassavainvolves standard media such as the Murashige
and Skoog (1962) (MS medium), but with altered macro-
and/or micronutrient concentrations. This manipulation
was initially restricted to embryo culture and nodal micro
propagation, but was later extended to somatic embryo-
genesis (Taylor et al., 1996).

The aim of this study was to test the effect of exoge-
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nous phytohormones concentration and sucrose on micro-
propagation and microtuberisation of cassava. Many fac-
tors such as the presence or the absence of growth
regulators, the concentration and of sugars, the mineral
composition of the medium and the photoperiod were
known to influence the organogenesis in vitro (Koda and
Kikuta, 1991; Mantell and Hugo, 1989; Santos and Salema,
2000; Ovono Ondo et al., 2007). Therefore, the effect of
growth regulators (BAP and NAA) and sucrose, together
orin combination with the micropropagation of M. esculenta
was studied.

MATERIALS AND METHODS
Plant material and disinfection

TMR 96/0023 cassava variety was obtained from the Internal
Institute of Tropical Agriculture (IITA) PMB 2008, Messa Yaounde,
Cameroon. Nodal cuttings (explants) for 1.5 cm long were isolated
from stems of this variety and then, cleaned under running tap
water for 2 h. These explants were disinfected in 70% ethanol for 5
min followed by 3.5% sodium hypochlorite for 10 min and then
rinsed four times (10 min each) in sterilized distilled water. All
stages of disinfection were done in the laminar flow hood.

Budding of axillaries buds from nodal cuttings

For all experiments the basal medium (BM) consists of Murashige
and Skoog (MS) salt (1962) supplemented with Morel and Wetmore
(1951) vitamins, 20 g.L™* sucrose and 7 g.L™ Difco agar. For the
budding of axillaries buds, disinfected nodal cuttings were cultured
in closed test tubes containing 10 ml of BM supplemented with 0.01
to 0.1 mg.L™" of 6- benzylaminopurine (BAP) or 0.01 to 0.1 mg.L™" of
naphthalene acetic acid (NAA). The pH of all media was adjusted to
5.8 with NaOH solution (1N) or HCI solution (0.1N) before
autoclaving at 115°C for 30 min under a pressure of 1.6 + 0.1
kg.cm™. All cultures were incubated under 80 pmol.m?.s™ light
provided by cool white fluorescent tube lamps (Mazda) at a
photoperiod of 16 h at 26 + 1°C. 100 nodal cuttings were cultured
for each medium and the experiment was repeated twice. After 11
days, axillaries buds develop and the percentage of budding was
calculated per medium. The nodal cutting with budded axillaries
buds constituted the explants for the following experiments.

Induction of callus from nodal cuttings

For the induction of callus, the nodal cuttings with budded buds
were sub cultured in the closed test tubes (150 x 80 mm) con-
taining10 ml of BM supplemented with 0.05 to 0.1 mg.L™ NAA. The
pH of all media was adjusted to 5.8 before autoclaving. All sub
cultures were incubated under the same conditions as during
budding of axillaries buds. 50 explants were sub cultured per

*Corresponding author. E-mail: mbouobda@yahoo.fr.
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medium and the experiment was repeated thrice. The percentages
of explants inducing callus and the fresh weight of callus were
evaluated per medium after 28 days. For all experiments, the
control was the BM without phytohormones.

Induction and proliferation of multiple shoots from nodal cuttings
or from callus

The effect of BAP on the induction and proliferation of multiple
shoots was tested directly by using nodal cuttings with budding
auxiliary buds or indirectly by using callus as explants. For direct
method, nodal cuttings were sub cultured in BM supplemented with
0.05 to 0.1 mg.L™ BAP. The pH of all media was adjusted to 5.8
before autoclaving. All sub cultures were incubated under the same
conditions as during budding of axillaries buds. 50 explants were
sub cultured per medium and the experiment was repeated thrice.
The percentage of explants inducing multiple shoots and the
average number of shoots per explant were evaluated per medium
after 45 days.

For indirect method, callus induced in the presence of NAA were
first sub cultured in basal medium without phytohormones for 7
days. This sub culture was followed by a second sub culture in BM
supplemented with 0.05 to 0.1 mg.L™ BAP. Also, the pH of all media
was adjusted to 5.8 before autoclaving. All second sub cultures
were incubated under the same conditions as during induction of
callus. 50 callus were sub cultured per medium and the experiment
was repeated thrice. The percentage of callus inducing multiple
shoots and the average number of shoots per callus were evaluated
per medium after 45 days. For all experiments, the control was the
BM without phytohormones.

Regeneration of plantlets from multiple shoots

For the regeneration of plantlets, multiple shoots were isolated from
different explants (nodal cuttings and callus) and cultured firstly for
7 days in closed test tubes containing each 10 ml of basal medium
and secondly on the basal medium supplemented with 0.05 to 0.1
mg.L™ BAP and 0.05 mg.L™ NAA (BAP / NAA ratio) (Table 3). The
pH of all media was adjusted to 5.8 before autoclaving. All cultures
were incubated under the same conditions as during budding of
axillaries buds. 30 isolated multiple shoots were cultured per
medium and the experiments was repeated thrice. The growth of
plantlets was measured after 26 days by counting the number of
leaves and roots differentiated and by measuring the height of
plantlets in the presence of each BAP/NAA ratio. The control
medium was the BM without phytohormones.

Induction and growth of microtubers

Regenerated plantlets from multiple shoots were subcultured in
closed test tubes containing each 10 ml of semi liquid (3.5 g.L™*
Difco agar) basal medium supplemented with 2 uM Jasmonic acid,
0.1 to 0.6 mg I NAA or Kinetin (Kin) or 0.1 to 0.6 mg.L"* NAA and
0.4 mg.L™ Kin (NAA/Kin ratio) (Table 4) The pH of all media was
adjusted to 5.8 before autoclaving. All cultures were incubated
under the same conditions as during plantlets regeneration. 20
plantlets were sub cultured for each concentration of phytohor-
mones or each ratio and all experiments were repeated thrice. After
65 days, the percentage of plantlets inducing microtubers, the
average number of microtubers produced, the average diameter
and the average fresh weight of microtubers were evaluated for
each treatment. For all experiments, control was the semi liquid
basal medium without phytohormones. Simultaneously the effect of
sucrose on the inducing and growth of microtubers was also

studied. The semi liquid basal medium was supplemented with 10,
20, 30, 40, 50 and 60 g.L™ sucrose together with 0.4 mg.L™ NAA or
Kin or 0.4/0.4 mg.L™ NAA/Kin. The control was the semi liquid basal
medium without phytohormones.

Acclimatization of plantlets

Some regenerated plantlets from multiple shoots were acclimatized
in polyethylene bags containing the following sterilized substrates;
red soil, black soil, vermiculite, mixture red soil/ black soil at equal
volume (V/V), red soil/vermiculite (V/V), and black soil/vermiculite
(VIV). However, the effects of these substrates were tested for
acclimatization, 20 plantlets were cultured per substrate and the
experiment was repeated thrice. All cultures were incubated under
a temperature of 26 = 1°C, 70 to 72% of relative humidity and a
photoperiod of 16 under a light period of 80 pmol.m?2.s™ during 36
days. During this period, the relative humidity was progressively
reduced as plantlets were watered firstly with sterilized tap water
during 10 days and then with tap water during 26 days. The
percentage of survival was evaluated per substrate.

Data analysis

All experiments were set up in a completely randomized design.
Differences between means were scored with Duncan’s Multiplication
Range Test. The analysis of samples from each treatment was
statically evaluated by analysis of variance (ANOVA, P < 0.05) and
the interactive effect of two phytohormones was assessed by two-
way ANOVA. The program used was SPSS (version 12 for win-
dows).

RESULTS

Effect of BAP and NAA on budding of axillaries buds
of nodal cuttings

Nodal cuttings were cultured (Figure 1a) in the presence
of 0.01 to 0.1 mg.L" of BAP or NAA for inducing the
budding of axillaries buds. After 11 days of culture, the
highest percentages of nodal cuttings with axillaries buds
budded were 98 and 73% with 0.07 and 0.03 mg.L™" BAP
and NAA respectively (Figure 2). The lowest percentages
of 59 and 17% were obtained with 0.1 mg.L™" of both
phytohormones (Figure 2). Comparatively, BAP is more
effective on the budding than NAA. In fact, the percen-
tages of budding obtained with BAP at all concentrations
were higher than that of NAA (Figure 2). The budding is
mainly characterized by increasing the volume and
elongation of axillaries buds (Figure 1b).

Effect of NAA on the production and growth of callus
from budded nodal cuttings

When cultured in the basal medium supplemented with
0.05 to 0.1 mg.L™ NAA, the budded nodal cuttings pro-
duced callus after 28 days. These callus were yellowish
and friable (Figure 1c). The highest percentage of
callogenesis (59.8%) was obtained with 0.08 mg.L™



Fotso et al. 3969

Figure 1. Micropropagation and microtuberization of Manihot esculenta. (a)
Nodal cutting cultured on BM supplemented with 0.01 to 0.1 mg.L™ BAP or
NAA; (b) budded axillary buds after 11 days of culture on the same media; (c)
callus produced from nodal cutting after 28 days of culture on BM supplemented
with 0.08 mg.L™ NAA; (d) multiple shoots differentiated on callus after 45 days
of culture on BM supplemented with 0.08 mg.L™ BAP; (e) isolated shoots from
nodal cuttings or from callus ; (f) Plantlets regenerated from shoots after 26
days of culture on BM supplemented with 0.07/0.05 or 0.08/0.05 g.L*
BAP/NAA; (g) microtubers (mc) induced on plantlets sub cultured on BM
supplemented with 0.4 / 0.4 NAA/Kin and 30 g.L” sucrose after 35 days of
culture; (h) isolated microtubers from plantlets after 65 days of culture.

NAA (Table 1). The fresh weight of callus varied with the Effect of BAP on the induction of shoots from nodal
concentration of NAA. The highest fresh weights of cuttings and callus

1344.7 mg and 1337.4 mg were obtained with 0.07 and

0.08 mg.L™ of NAA respectively (Table 1). With the other When cultured in the presence of 0.05 to 0.1 mg.L™ BAP,
concentrations, the value of fresh weight was between the nodal cuttings induce shoots after 30 days and the
529.3 mg and 1023.2 mg (Table 1). callus after 45 days (Figure 1d). The percentages of
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Figure 2. Effect of BAP( i ) and NAA ( | ) on budding of axillaries buds of
nodal cuttings of Manihot esculenta after 11 days of culture. DMRT was used to
differentiate the percentage of axillaries buds budding. For each treatment the
share carrying the same letter were not significantly different at 5% level.

Table 1. Effect of NAA on the callogenesis and fresh weight of
callus from nodal cuttings with budded axillary buds of Manihot
esculenta after 28 days of culture.

NAA % of Average fresh weight
(mg.L'l) callogenesis of callus (mg)

0 0 0

0.05 3.6' 801.5°

0.06 15.4° 1023.2°

0.07 28.3° 1344.7°

0.08 59.8° 1337.4°

0.09 31.4° 648.8°

0.1 17.2¢ 529.3°

DMRT was used to differentiate the percentages of callogenesis
and the fresh weight of callus. Data carrying the same letter in the
same column were not significantly different at 5% level.

explants inducing shoots and the average number of
shoots per explants varied according to the concentration
of BAP and the type of explants. The highest percen-
tages of 72.3 % and 92.3 % were obtained respectively
with nodal cutting and callus with 0.08 mg.L™ BAP and
the lowest percentages of 12.4 % for nodal cuttings and
13.3 % for callus were obtained with 0.06 mg.L™ and 0.05
mg.L" BAP respectively (Table 2). Also the highest
numbers of shoots per nodal cutting (17.9) and per callus
(26.8 to 28.1) were obtained with 0.08 mg.L™ and 0.07
mg.L™", respectively (Table 2). When compare the perfor-
mance of explants to induce shoots, callus was more

effective than nodal cuttings. In fact the percentages of
callus inducing shoot and the average numbers of shoots
per callus were generally higher than that of Nodal cutting
almost for all concentrations of BAP tested (Table 2).

Effect of BAP / NAA ratio on the regeneration and
growth of plantlets from multiple shoots

When isolated from nodal cuttings or callus (Figure 1le)
and sub cultured in the presence of different ratio of
BAP/NAA, the multiple shoots gave rise to plantlets
(Figure 1f) after 26 days. With 0.07/0.05 and 0.08/0.05
mg.L™ ratio, all shoots (100 %) gave rise to plantlets
(Table 3). Also with these ratio, plantlets had the highest
height (14.7 £ 3.6 to 15.3 + 1.7 cm), the highest number
of leaves (11.9 to 12.7) and the highest number of roots
(7.8 to 8.3) (Table 2). The lowest parameters of
regeneration (percentage of differentiation, 21 % to 31 %;
height of plantlets, 9.6 cm to 11.2 cm; number of leaves,
4.1 to 7.1 and number of roots, 3.3 to 4.5) were obtained
with 0.05/0.05 and 0.1/0.05 mg.L™ BAP/NAA (Table 3).

Effect of NAA, Kin and NAA/Kin ratio on the
production and growth of microtubers from plantlets

When sub cultured in the basal medium supplemented
with  NAA or Kin or NAA/Kin ratio, the plantlets
differentiate microtubers at their base in 35 days (Figure
1 g). These microtubers grew and after 65 days, they
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Table 2. Effect of BAP on the inducing of shoots from nodal cuttings and callus of Manihot esculenta
after 45 days of culture.

% of explants inducing shoots Average number of shoots per explants

BAP (mg.L™) , .

Nodal cuttings Callus Nodal cuttings Callus
0 0 0 0 0
0.05 0 13.3 0 4.0°
0.06 12.4° 22.2° 3.2° 1.6¢
0.07 61.8° 71.7° 8.4° 26.8°
0.08 72.3% 92.3% 17.9% 28.1%
0.09 44.1° 51.9° 7.8 5.8°
0.1 23.3¢ 36.7¢ 4.2° 6.1

DMRT was used to differentiate the percentage of explants inducing shoots and the average number
of shoots per explants. Data carrying the same letter in the same column were not significantly
different at 5% level.

Table 3. Effect of BAP/NAA ratio on the regeneration and growth of plantlets from isolated shoots of Manihot esculenta after 26 days of
culture.

% of shoots Height of plantlets Average number of leaves Average number of roots

BAP/NAA (mg.L™)

growth to plantlets (cm) per plantlets per plantlets

0 0 0 0 0

0.05/0.05 21 9.6 +3.1° 4.1° 3.3
0.06/0.05 68 12.2+2.8° 6.0° 5.6°
0.07/0.05 100 14.7 + 3.6 11.9° 8.3%
0.08/0.05 100 153+ 1.7° 12.7° 7.8%
0.09/0.05 48 14.8 +3.1° 12.3? 4.1°
0.1/0.05 31 11.2+3.3° 7.1° 4.5°

x? and DMRT were used to differentiate the height of plantlets, the average number of leaves and average number of roots per plantlets. Data
carrying the same letter in the same column were not significantly different at 5% level.

were isolated from plantlets (Figure 1h) and weighed.
The percentages of plantlets producing microtubers, the
number of microtubers per plantlet, their diameter and
fresh weight varied with the type and the concentrations
of phytohormones. The highest percentage of plantlets
producmg microtubers (57.6%) Was obtained with 0.4/0.4
mg.L™ NAA/Km follow by 0.4 mg.L™ NAA (34.6%) and by
0.4 mg.L™" Kin (33.2%) (Table 4). The number of micro-
tubers per plantlet varied from 1 to 4 for all treatments
(Table 4). The microtubers with the highest diameter
(108.4 mm) were obtained with 0.4/0.4 NAA/Kin ratio;
follow by 0.4 mg.L™ Kin (61.3 mm) and by 0.3 and 0.4
mg.L" NAA (55.8 mm) (Table 4). With all other
treatments, the diameter of microtubers was below these
higher values (Table 4). The highest fresh weights of
microtubers (3269 mg and 320.4 mg ) were obtained
with 0.4/0.4 mg. L and 0.3/0.4 mg.L™ NAA/Kin, follow by
0.4 and 0.3 mg.L™" Kin (284.1 and 248.6 mg, respectively)
and by 0.2 mg I'* NAA (248.3 mg) (Table 4). The lowest
fresh weights of microtubers (151.2 mg, 195.6 mg and
154.1mg) were obtalned with 0.1 mg.L™" NAA; 0.6 mg.L™
Kin and 0.1/0.4 mg.L™ NAA/Kin respectively (Table 4).

Effect of sucrose on the production and growth of
microtubers from plantlets

When plantlets were sub cultured in the presence of 10 to
60 g.L™" sucrose supplemented with 0.4 mg.L™ NAA or
0.4 mglL™ Kin or 0.4/0.4 mgL' NAAKin, they
differentiated microtubers in 35 days. They were then
harvested after 65 days and Weighed. The highest
percentages of plantlets producing microtubers (61.3 and
41.2%) were obtained with 30 g.L™" sucrose in the
presence of 0.4/0.4 mg.L™ NAA/Kin and 0.4 mg.L™ NAA
respectively, while in the presence of 0.4 mg.L" Kin, a
maximum of 48.5% plantlets produce microtubers with 40
g.L™" sucrose (Table 5). With all concentrations of sucrose
tested in the presence of NAA and Kin used sparely, the
number of microtubers per plantlets varied from 1 to 4,
while in the presence of NAA/Kin, a maximum of 5
microtubers per plantlet was obtained with 30 and 40 g.L
! sucrose (Table 5). The largest microtubers (130.4 to
131. 8 mm of diameter) were obtained with 40 and 30
mg.L™ sucrose respectively in the presence of NAA/Kin
compared to other treatments (Table 5). Also with 40 and
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Table 4. Effect of NAA, Kin and NAA/Kin ratio on the production and growth of microtubers from plantlets of Manihot
esculenta after 65 days of culture.

% of plantlets

Growth of microtubers

I(:;Tf]lglfﬁ_q)ormones producing Number per Average diameter Average fresh
microtuber plantlets (mm) weight (mg)
NAA
0 0 0 0 0
0.1 22.4° 2° 30.2° 151.2'
0.2 21.8° 2° 56.9% 248.3°
0.3 21.7° 3? 41.7° 219.7°
0.4 34.6° 3 55.8° 233.4°
0.5 21.4° 2° 55.8° 201.2°
0.6 8.1¢ 2° 42.6° 213.6°
Kin
0 0 0 0 0
0.1 0 0 0 0
0.2 12.3¢ 1¢ 38.3¢ 198.2¢
0.3 24.7° 3° 47.8° 248.6°
0.4 33.6° 42 61.3% 284.1%
0.5 14.1° 2° 46.1° 218.8°
0.6 12.4° 2° 38.1¢ 195.6°
NAA/Kin
0 0 0 0 0
0.1/0.4 6.2° 2° 30.3 154.1'
0.2/0.4 24.8° 3° 56.7° 242.8°
0.3/0.4 26.9° 42 101.2° 320.4°
0.4/0.4 57.6° 42 108.4° 326.9°
0.5/0.4 39.3° 2° 58.3° 277.3°
0.6/0.4 3.2 3° 48.9° 201.2°

DMRT was used to differentiate the percentage of plantlets production microtubers, the number of microtubers per plantlet,
the average diameter of microtubers and average fresh weight of microtubers. Data carrying the same letter in the same

column were not significantly different at 5% level.

Table 5. Effect of sucrose on the production and growth of microtubers from plantlets of M. esculenta after 65 days of culture.

% of plantlets

Average number of

Average diameter

Average of fresh

Phytohormones S(ucqulie producing microtubers per of microtubers weight of microtuber
9. microtubers plantlets (mm) (mg)
0 0 0 0 0
10 0 0 0 0
NAA 20 39.4° 32 55.62 234.6°
1 30 41.2% 3 52.8° 229.8°
(0.4 mg.L™)
' ' 40 28.4° 2° 40.3° 216.4¢
50 11.3¢ 1° 39.9¢ 212.3¢
60 2.6° 1° 41.0° 202.9°
0 0 0 0 0
Kin 10 3.2 2° 49.1° 217.6°
1 20 33.7° 42 62.1% 288.3°
(0.4 mg.L™)
' ' 30 32.8° 3P 58.6° 275.9°
40 48.5° 3P 49.7° 221.8¢
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50 21.4¢ 2° 30.9° 161.4'
60 9.5° 2° 43.4° 198.7°
0 0 0 0 0
10 12.2° 3° 98.3¢ 297.8°
. 20 57.8° 4P 109.2° 372.4°
NAA/K
(OA:/{) Lllnm Y 30 61.3° 5° 131.8° 408.1°
A0.4 Mg. 40 40.4° 5 130.4° 403.3°
50 26.2¢ 1¢ 91.8° 286.9°
60 11.7° 1¢ 1.3 249.2

DMRT was used to differentiate the percentage of plantlets production microtubers, the average number of microtubers per plantlet,
the average diameter of microtubers and the average fresh weight of microtubers per plantlets. Data carrying the same letter in the

same column were not significantly different at 5% level.
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Figure 3. Effect of substrate on the acclimatization of plantlets regenerated from
multiples shoot of M. esculenta after 36 days. DMRT was used to differentiate the
percentage of survival plants on different substrates share carrying the same letter
were not significantly different at 5% level.

30 mg L'sucrose and in the presence of 0.4/0.4 mg.L™"
NAA/Kin, microtubers presented the highest fresh weights
of 403.3 mg and 408.1 mg, respectively compared to all
other treatments (Table 5).

Effect of substrate on the acclimatization of plantlets

When transferred on different substrates, the plantlets
regenerated from shoots gave rise to vigorous plants
after 36 days. During this period, each surviving plant had

an average height of 19.8 + 1.7 m and average number
of existing leaves of 14.6. The percentages of surviving
plants varied with the type of substrate. In fact, a significant
percentage of 100% of survival plants was exposed to
mixture red soil/black soil (V/V), followed by a mixture of
black soil/vermiculite (viv) (93%), a mixture of red
soil/vermiculite (V/V) (80%). The red soil and black soil
gave average percentages of surviving plants (62 to
73%) and vermiculite gave the lowest percentage of 6%
(Figure 3).
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DISCUSSION

Manihot esculenta as many tropical crops can be
successfully propagated in vitro. Different explants such
as nodal cuttings (Konan et al., 1997; Smith et al., 1986),
meristems (Kartha et al., 1974), auxiliary buds (Konan et
al., 1994), shoot-tips (Roca et al., 1992) can be used for
this propagation. The propagation of Manihot esculenta
can be direct by inducing shoots directly from the explants
or indirectly by inducing shoot from the callus. This has
been obtained in the same species by Acedo and Labana
(2008); Ma and Xu (2002) or in other species such as
Saussurea obvaiiata (Dhar and Joshi, 2005), Dioscorea
zingiberensis (Yonggin et al., 2003; Yuan et al., 2005),
Dioscorea alata (Fotso et al., 2013) and Colocassia
esculenta (Yam et al. 1990; 1991). The nodal cuttings
when cultured on MS supplemented with BAP or NAA
budded after 11 days with higher percentages of 98%
(0.07 mg I BAP) and 73% (0.05 mg I'* NAA). Comparable
results have been showed in many herbaceous and
ligneous species (Blagwat et al., 1996; Gulati and Jaiwal,
1996; Fotso, 2005). But in general, the rate of budding
varies not only according to the species but also
according to the nature and the concentration of phyto-
hormone used. The results of this work show that BAP is
more effective on budding (98%) than NAA (73%). Similar
results were obtained on tree varieties of the same
species by Deden and Herni (2011) but with the
combination of thidiazuron. In this work, the callus of
Manihot esculenta was induced from budded nodal
cuttings in the presence of NAA. Many works have been
carried out on the establishment of callus culture from
cassava using different explants (Peter et al., 2011,
Fietosa et al., 2007; Atehnkeng et al., 2005; Schopke et
al., 1996), but this is the first time that callus is esta-
blished from budded nodal cutting of this species. The
highest percentage of callogenesis (59.8%) was obtained
with 0.08 mg.L™ NAA.

Similar results were obtained by Peter et al. (2011) on
two cultivars of the same species of cassava (cv Afisiati
and cv Afebankye) but with higher concentration of NAA
(8 to 15 mg.L™"). The shoots of cassava were induced
directly from budded nodal cuttings or indirectly from
callus in the presence of BAP. This confirms the highest
potential of BAP to induce shoots in different species as
reported in several works (Anh Hong et al., 2007; Konan
et al., 1997; Fotso et al., 2013; Davies, 2004). The
percentages of explants inducing shoots were ranged
from 12.4% (0.06 mg.L' BAP) to 72.3% (0.08 mg.L"
BAP) for nodal cuttings and from 13.3% (0.05 mg.L™
BAP) to 92.3% (0.08 mg.L™ BAP) for callus. Also with the
same concentrations of BAP, the average numbers of
shoots per explants were ranged from 3.2 to 17.9 for
nodal cuttings and from 4.0 to 28.1 for callus. Then in the
presence of BAP, callus of Manihot esculenta seem to be
more effective to induce shoots than nodal cuttings.
These results are comparable to those obtained by

Deden and Herni (2011) on three cassava varieties but
BAP was used in combination with 0.1 to 1 mg.L'l
thidiazuron and 80 mg.L'1 adenine sulfate. In this work,
plantlets were regenerated when shoots were sub-
cultured in the presence of different ratio BAP/NAA. With
the ratio 0.07/0.05 and 0.08/0.05 mg.L™, all shoots (100
%) gave rise to plantlets with the highest growth para-
meters The regeneration of plantlets in the presence of
BAP/NAA ratio was already reported in the same specie
(Ma and Xu, 2002) or in the other species (Mantell and
Hugo, 1989; Fotso et al., 2013; Dhar and Joshi, 2005).This
result confirms the complementary and synergize action
of auxins and cytokinins in the process of growth and
development that has been reported by some authors
(Dhar and Joshi, 2005; Vines, 2001; Guo and Zhang,
2005).When acclimatized, plantlets regenerated from
Manihot esculenta survived more (100 %) in the mixture
red soil/black soil (V/V).This result is in contrasts with
acclimatization of many species where plantlets survived
in vermiculite or in mixture of vermiculite and soil
(Yonggqin et al., 2003; Yassen et al., 1995).

In this study, the microtubers were produced when the
basal medium was supplemented with 2 pM jasmonic
acid different concentration of NAA, Kin, NAA/Kin ratio
and sucrose. Till date very few works has been reported
on microtuberization in cassava species while several
has been reported on other crop tuber species such as
Solanum tuberosum (Gami et al., 2013; El-Sawy et al.,
2007), Xanthosoma sagittifolium (Tsafack et al., 2009),
Dioscorea sp (Ovono Ondo et al., 2007; Fotso et al.,
2013). These different works show that, the percentage
of plantlets producing microtubers, the number of
microtubers per plantlet and their size varies not only
according to species but also according to the culture
conditions and this is confirmed in this study. In fact,
jasmonic acid has been shown to be effective on
microtuberization (Santos and Salema, 2000), but this
effectiveness also depend on the other culture conditions
mainly the type and the concentration of phytohormones
used and the concentration of sucrose in the culture
media (Hoque, 2010; Yu et al., 2000; Zakaria et al., 2008;
Bazabakana et al., 2003). The results of this study shows
that, microtubers in Manihot esculenta can be produced
in the presence of 2 uM jasmonic acid and 0.1 to 0.6
mg.L™ NAA or Kin used separately or in ratio (NAA/Kin).

The highest percentages of plantlets producing
microtuber were 34.6 % (0.4 mg.L™" NAA), 33.6 % (0.4
mg.L™ Kin) and 57.6 % (0.4/0.4 NAA/Kin mg.L™). With
these concentrations the highest number of 3 and 4
microtubers was obtained with the respective diameter of
55.8 cm, 61.3 cm and 108 cm and the respective fresh
weight of 233.4 mg, 248.1 mg and 326.9 mg for NAA, Kin
and NAA/Kin. Then, NAA and Kin were more effective on
the microtuberization in Manihot esculenta when they
were used in ratio or combination. These results were
comparable to those obtained by Tsafack et al. (2009) in
Xanthosoma sagittifolium during which the effect of



photoperiod and thermoperiod were also studied on the
microtuberilization, but are in contrast with those obtained
by Gami et al. (2013) which showed that NAA or Kin used
separately were more effective on the microtuberilization
in Solanum tuberosum. When the basal medium is
supplemented with 10 to 60 g I sucrose and 0.4 mg I™
NAA or Kin or 0.4/0.4 mg I NAA/Kin, the highest percen-
tage of plantlets producing microtubers (61.3 %) the
highest numbers of microtubers per plantlet (5) having
bigger sizes (131.8 cm of diameter and 408.1 mg of fresh
weight) were obtained with NAA/Kin ratio and 30 g.L
'sucrose. This result contrasts those obtained by Debeljak
et al. (2002) in Pterostylis sanguinea which showed that
in the presence of 1.5 and 2 mM jasmonic acid and NAA
or Kin the microtuberization is induced at least with 60
g.L™ sucrose, and those of Alizadeh et al. (1998) which
show that in Dioscorea composita, microtuberilization is
induced with 80 to 100 mg.L™ sucrose.

Conclusion

Direct and indirect organogenesis of M. esculenta was
achieved in this study from micro cuttings and induced
callus cultured in the presence of BAP and NAA.
Plantlets were fully regenerated when these phytohor-
mones were used in combination or ratio with 100% of
success with ratio BAP/NAA of 0.07/0.05 and 0.08 / 0.05
mg.L™. Microtuberization was induced on regenerated
plantlets in the presence of NAA, Kin and 10 to 60 g.L™
sucrose. 100 % of regenerated plantlets survived when
acclimatized in a mixture of red soil/black soil. Hence, the
micropropagation of M. esculenta by in vitro culture
method is more effective and more significant than the
conventional method where apex culture produced
generally a single plant. Further studies are needed to
evaluate the performance of plantlets transferred to the
fields.
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Fruit products are increasingly consumed but highly prone to microbial deterioration if not adequately
processed and stored. The present study was conducted to evaluate the microbial and heavy metal
concentrations of packed pineapple nectars, syrups and jams processed by 10 Small and Medium scale
pineapple processing Enterprises (SMESs) over a storage duration of 12 months. Collected samples were
analysed to determine whether the levels of microbial and heavy metal concentrations were in line with
maximum permissible limits set by Codex Alimentarius Commission (CAC), East African Standards
(EAS) and Rwanda Bureau of Standards (RBS). The samples were tested for yeasts and moulds, total
plate counts, Faecal coliforms, total coliforms, Escherichia coli, Salmonella, Shigella and Staphylococcus
aureus using tested International Organization for Standardization (ISO) microbial determination
methods. Quantitative determination of heavy metals: zinc, iron, lead, copper, cadmium and aluminium
was carried out by Atomic Absorption Spectrophotometer (AAS). Pineapple products were free from
most of the microorganisms but only nectars from 30% of SMEs were highly contaminated above the
permissible Codex and RBS limits with total plate counts >300 CFU/ml and yeasts and mould counts
>300 CFU/ml. The mean levels of zinc, iron, copper and aluminium were within the acceptable
recommended Codex and RBS standard values but the levels of lead and cadmium were above those
permissible standard values. These results indicated that some fruit processors in Rwanda may not be
observing good manufacturing and hygienic practices, leading to a need for improved post-harvest and
processing guidelines, better monitoring and enforcement, and additional research into heavy-metal
ingress in the manufacturing process.

Key words: Pineapple, juices, jams, microbial contamination, heavy metal, Rwanda.

INTRODUCTION

Pineapple [Ananas comosus (L.) Merrill.] is an important
tropical fruit. The Philippines, Brazil, Costa Rica, Thailand
and China are the main pineapple producing countries in
the world, whereas France, Belgium, USA, Netherlands

and Japan are the global lead consumers of pineapple
products (United Nations Conference on Trade and
Development /UNCTAD, 2012). In the last 10 years, the
world trade of fresh pineapple, juices and canned fruit
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has doubled and the pineapple export industry has
developed into a complex export supply chain (UNCTAD,
2012). In Rwanda, pineapple production has increased
and it was expected that the production would increase
from 30,000 tonnes in 2006 to 120,000 tonnes in 2012
(RHODA, 2008). In order to improve on their income, small
and medium scale pineapple processing enterprises have
started value addition processes to the pineapple fruit by
transforming the fruit into varied processed products
namely juices, jams, wines and dried slices (Austin et al.,
2009). These products are highly prone to microbial
deterioration if not adequately processed and stored
(Osuntogum and Aboaba, 2004). A large number of lactic
acid bacteria, coliforms, yeasts and moulds cause spoi-
lage of fruit products by fermenting carbohydrates to
produce undesirable changes such as production of
acids, alcohols and diacetyls affecting the organoleptic
properties of the food products (Tribst et al., 2009). Such
spoiled products cannot get to the export market since
their quality cannot meet the international quality require-
ments including microbiological quality. Food spoilage
can result in health problem as well as economic losses
(Loureiro and Querol, 1999).

Codex Alimentarius Commission has limits for certain
microorganisms including yeasts and moulds, total plate
counts, faecal coliforms, total coliforms, Escherschia coli,
Salmonella, Staphylococcus aureus and Streptococcus
faecalis (Rwanda Standard, 2005). For example the
maximum limits which should not be exceeded in con-
centrated pineapple juice are: total viable counts (10°
CFU/ml), yeasts and moulds (<1 CFU/ml), coliforms
(<1CFU/mI), E. coli (<1CFU/mI) S. aureus (<1 CFU/mI)
and Salmonella (<1 CFU/mI). For the jam, the maximum
limits are the same as juice but the values are expressed
as CFU/g with the exception of total plate counts that
should not exceed 10° CFU/g (Rwanda Standard, 2008).

Fruit products including pineapple products may provide
significant exposure routes to heavy metal contamination
and the effect of some metals such as lead and
cadmium at low levels have been well proven and their
levels above the permissible limits are shown to contri-
bute to serious health problems such as cardiovascular,
nervous, kidney as well as bone diseases (Jarup, 2003).
Other elements such as aluminium, zinc, iron and copper
are very important to human health at very low levels but
can lead to toxicity once ingested in high doses (Plum et
al., 2010).

Heavy metals are found in the environment either
naturally or anthropogenically and their concentration are
elevated through waste disposal, smelter stacks atmos-
pheric deposition, fertiliser and pesticides and the appli-
cation of sludge in arable land (Sobukola et al., 2010;
Zheng et al., 2007; Damir6zu and Saldamli, 2002). They

are non-biodegradable, thermo-stable and can accumulate
to toxic levels (Ramesh and Murphy, 2012). Under certain
conditions, either essential micronutrients such as copper,
zinc and iron or toxic elements such as mercury (Hg),
lead (Pb) and cadmium (Cd) in the environment can
accumulate to a toxic concentration level, which can
result in health damages (European Environment and
Health Information System, 2009; Jefferies et al., 1984).
Food consumption is one of the major pathways of
human exposure to heavy metals and it counts more than
90% of the rest of the other ways of exposure namely
inhalation and dermal contact (Loutfy et al., 2006).

Since the increase in numbers of small scale pineapple
processing enterprises in Rwanda, there has not been
adequate information regarding microbiological and
toxicological quality of the processed products. The objec-
tive of the current study was therefore to evaluate the
effect of storage conditions on microbiological quality and
heavy metal contamination of the processed pineapple
products by small and medium scale pineapple processing
enterprises in Rwanda. The results were measured against
their compliance to Rwanda Bureau and Codex Standards
reqguirements.

MATERIALS AND METHODS
Microbiological analysis of juice and jam samples

Processed pineapple juices (nectars and syrups) and jams were
collected from 10 pineapple processing enterprises across the
country in October 2012. All samples were bottled in plastic bottles
for juices and plastic jars for jams at about 40°C. Bottles were
manually capped. From each enterprises, 18 bottles (500 ml each
bottle) of nectars, 18 bottles (500 ml each bottle) of syrups and 18
jars (250 g each jar) of jams were randomly collected. Samples
were immediately transported to the Laboratory of Analysis of
Foodstuff, Drugs, Water and Toxics (LADAMET) of the faculty of
Medicine at the University of Rwanda (UR). Samples which were
not analyzed within 24 h were kept in a refrigerator at 4°C for
further analysis of microbial contamination of pineapple products at
the initial storage time. Another batch of samples was kept at room
temperature (21 to 25°C) for further microbial analysis over storage
times of 12 months for syrups and jams and two months for nectars.
Microbial analysis was performed every three months for syrups
and jams and every one month for nectars. All samples were
analyzed for microbial contamination using International Organization
for Standardization (ISO) methods (ISO, 1999; ISO, 2001; ISO,
2002; 1SO, 2006). All culture media used were manufactured by
Biokar, France.

Enumeration of microorganisms

One gram and or one milliitre sample was taken from each
pineapple jam jar and or juice bottle under asceptic conditions. It
was then placed in sterile test tube containing 9 ml of 0.2%
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Table 1. Microbiological quality of pineapple nectars over storage period of two months (CFU/ml).

Sample YM TPC TC FC E. coli SA SF S
N1 <1* <1 <1 <1 nd <1 <1 nd
N, <1 <1 <1 <1 nd <1 <1 nd
N3 >300 >300 <1 <1 nd <1 <1 nd
Na <1 <1 <1 <1 nd <1 <1 nd
Ns <1 <1 <1 <1 nd <1 <1 nd
Ne >300 >300 <1 <1 nd <1 <1 nd
N7 <1 <1 <1 <1 nd <1 <1 nd
Ns >300 >300 <1 <1 nd <1 <1 nd
No <1 <1 <1 <1 nd <1 <1 nd
N1o <1 <1 <1 <1 nd <1 <1 nd

N1-N10 represent nectar samples from different pineapple enterprises; *: The values represent the mean of
microbial population counts detected at the initial storage time, the end of first and second month of storage. nd,
not detected; YM, yeasts and moulds; TPC, total plate count; TC, total coliforms; FC, faecal coliforms; E. Coli,
Escherichia coli; SA, Staphyloccocus Aureus; SF, Streptococcus faecalis; S, Salmonella spp.

peptone water and shaken at a speed of 2200 revolution per minute
(rpm) for 2 min. This gives a 10 dilution. Further serial dilutions
were prepared up to 10®°. Each serial dilution for nectars, syrups
and jams was spread-plated in terms of 0.1 ml in triplicate on
Sorbitol McConkey Agar (SMAC) for determination of E. coli (ISO
16649-2:2001), xylose lysine, deoxycholate agar for determination
of Salmonella spp. after pre-enrichment in peptone water and
enrichment on Rappaport Vassiliadis medium with soya as
indicated by ISO (ISO 6579:2002), horizontal method for detection
of Salmonella spp). Total plate count agar was used for total plate
counts (ISO 4833:2003 colony counting technique at 30°C). The
counting of microorganisms was done after 72 h of incubation of
Petri dishes at 30°C. Yeasts and moulds were counted on Potato
Dextrose Chloramphenicol agar after 72 h of incubation of Petri
dishes at 25°C (ISO 7954:1987, colony counting technique at
25°C). Baird Parker Agar medium with addition of egg yolk tellurite
emulsion was used for determination of S. aureus (commercial
preparation was available) (ISO6888-1). The counting of all
Enterobacteriaceae was done after incubation of Petri dishes for 48
h at 37°C (ISO 4832:1991 colony counting method). The enume-
ration of total coliforms was done after 48 h of incubation at 37°C of
Petri dishes containing the violet red bile lysine agar medium (ISO
4832-2006 (E)). All culture media were prepared according to the
indicated guidelines by the manufacturer (Biokar, France) and the
results were expressed as CFU/ml for juices or CFU/g for jams.

Determination of heavy metals

Acid digestion was performed by placing 20 g of each jam sample
and or 20 ml of juice/water in a 100 ml volumetric flask. Then, 10 ml
of a concentrated hydrochloric acid (1%) were added to the sample
and thoroughly mixed. After 30 min, the mixture was made up to
volume of 100 ml with distilled deionised water. The solution was
again mixed thoroughly and filtered using filter paper (no. 389) and
a funnel. The solution was then stored in a refrigerator at 4°C for
analysis. Minimal dilution of the sample was chosen to provide a
more concentrated digestate solution so that a lower concentration
can be measured in the sample. In this case, dilution factor of five
was used (Perkin-Elmer Corporation,1996).

Standard stock solutions for Cu, Zn, Fe, Pb, Cd and Al were
used. Series of working standards were prepared by addition of the
blank solution of HCI (1%), distilled- deonised water and HNO3

(1%) as cleaning solutions. The blanks were used for zeroing the
instrument before each analysis to avoid matrix interference. Appro-
priate quality assurance procedures and precautions (including
calibration of AAS repeated periodically) were carried out to ensure
reliability of the results and samples were carefully handled to avoid
cross-contamination. All chemicals used were of reagent grade
(high purity HNO3 (65%), HCI (37%); Merck, Germany). Before
starting any analysis, all equipment and containers were soaked in
10% HNOg; for 24 h and rinsed touroughly with distilled water before
use. Distilled-deonised water was used throughout the study.
Reagent blank determinations were used to correct the instrument
readings. The analyses were performed using Atomic Absorption
Spectrophometer (AAS) (Perkin-Elmer, model 200). For validation
of the analytical procedure, repeated analyses of the samples were
done three times and the appropriated lamps such as multilamp for
copper and iron (Fe) and unilamp for zinc (Zn), Cadmium (Cd), lead
(Pb) and Aluminium (Al) were used.

Statistical analysis

Microbiological and heavy metal data was captured into Microsoft
Excel Software, version 2010 which was also used to calculate
means and standard deviations.

RESULTS AND DISCUSSION
Microbial counts

Results show that at the initial stage, after the second and
the third month of storage at room temperature, pine-
apple nectars from 70% of both enterprise categories
complied with the Codex and Rwanda Standard require-
ments. The results for two months of storage are given in
(Table 1). According to Codex Alimentarius Commission
(2003), yeasts and moulds, total coliforms, faecal coliforms,
E. coli, Salmonella spp. and S. aureus should be absent
in pineapple fruit juices and jams.

The remaining 30% of the visited enterprises had their
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Table 2. Microbiological quality of pineapple syrups over storage period of 12 months (CFU/ml).

Sample YM TPC TC FC E. coli SA SF S
S1 <1* <1 <1 <1 nd <1 <1 nd
S, <1 <1 <1 <1 nd <1 <1 nd
Ss <1 <1 <1 <1 nd <1 <1 nd
Sy <1 <1 <1 <1 nd <1 <1 nd
Ss <1 <1 <1 <1 nd <1 <1 nd
Se <1 <1 <1 <1 nd <1 <1 nd
Sy <1 <1 <1 <1 nd <1 <1 nd
Sg <1 <1 <1 <1 nd <1 <1 nd
So <1 <1 <1 <1 nd <1 <1 nd
S10 <1 <1 <1 <1 nd <1 <1 nd

S1-Si10 represent syrups samples different pineapple enterprises. The values represent the mean of microbial
population counts detected at 0, 3,6,9 and 12 month of storage. nd, not detected; YM,Yeasts and Moulds; TPC,
Total Plate Count; TC, Total Coliforms; Faecal Coliforms; E. Coli: Escherichia coli; SA, Staphyloccocus Aureus; SF,

Streptococcus Faecalis; S, Salmonella spp

Table 3. Microbiological quality of pineapple jam samples over storage period of 12 months (CFU/ml).

Sample YM TPC TC FC E. coli SA SF S
Ja <1* <1 <1 <1 nd <1 <1 nd
J, <1 <1 <1 <1 nd <1 <1 nd
J3 <1 <1 <1 <1 nd <1 <1l nd
Ja <1 <1 <1 <1 nd <1 <1 nd
Js <1 <1 <1 <1 nd <1 <1 nd
Je <1 <1 <1 <1 nd <1 <1 nd

Ji-Js represent jam samples from different pineapple enterprises. The values represent the mean of microbial
population counts detected at 0,3,6,9 and 12 month of storage. nd: not detected ; . nd, not detected; YM, yeasts and
moulds; TPC, total plate count; TC, total coliforms; FC, Faecal coliforms; E. Coli, Escherichia coli; SA,
Staphyloccocus Aureus; SF, Streptococcus faecalis; S, Salmonella spp

ready to drink pineapple nectars contaminated above the
acceptable limits of yeasts and moulds. Total plate counts
were estimated at > 2.47 log CFU/ml. These results corro-
borate with the results reported by Tournas et al. (2006)
where 22% of 65 pasteurised juices from the retail markets
were contaminated with yeasts and moulds with counts
ranging from 1 to 6.83 log CFU/mI. Tribst et al. (2009)
argued that such contamination may be due to post-
pasteurisation contamination or highly contaminated raw
material used. This was obvious in this case since at the
second month of storage, the juices nectars from those
three enterprises had already shown abundant gas
formation, which deformed and sometimes broke up the
plastic packages. Besides that, there was formation of
films and off flavour with a fermentation smell (alcohol
and esters) and undesirable taste. These are typical
indication of yeast and mould contamination in fruit juices
during their storage time (Tournas et al., 2006; Loureiro
and Queroly, 1999).

The presence of high load of yeasts and moulds in
these ready to drink juices nectars may be due to poor
hygiene conditions at these small scale enterprises.

These enterprises do not have a proper food processing
environment as set by Codex Alimentarius Commission
in the good hygienic and good manufacturing practices
regulations at food processing enterprise levels (Austin et
al., 2009). In addition, the sterilization of the processed
products was not fully completed because since it has
been proven that the shelf-life of fruit juice can be prolonged
by conventional heat treatment to inactivate enzymes and
microorganisms (Bates et al.,, 2001). The product has
therefore to be subjected to a heat treatment of 70°C for
30 min, followed by filling and a rapid heating at 90°C for
a holding time of 30 s with rapid cooling as suggested by
Aguilar-Rosas et al. (2007) and Bates et al. (2001). This
is a challenge to the studied enterprises that do not have
in place a standard pasteurizing system and which
sterilise the product employing boiling pots and package
in plastic containers at 40°C (Mukantwali et al., 2013).
Pineapple syrups and jams evaluated quarterly for 12
months did not show any microbial growth during the
storage period (Tables 2 and 3).

The inhibition of microbial growth in these products
may be due to the presence of sulphur dioxide, high
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Table 4. Heavy metal concentrations in pineapple nectars (mean+SD in mg/l).

Nectars Cu Fe Pb Zn Cd Al
Ni 0.74+0.01 1.35+0.01 0.86+0.00 1.74+0.01 0.43+0.22 3.00+0.00
N2 1.01+0.00 1.53+0.11 0.59+0.00 0.83+£0.00 0.32+0.16 2.31+0.02
N3 3.1310.11 1.76+0.01 0.74+0.02 0.9+0.11 0.37+£0.15 2.36+0.02
Na 2.66+0.15 1.2+0.12 0.55+0.02 2.7£0.15 0.30+£0.11 2.56+0.02
Ns 2.86x0.05 0.96+0.01 0.78+0.00 2.34+£0.057 0.41+0.14 3.28£0.02
Ne 1.15+0.01 1.05+0.01 0.80+0.00 1.85+0.011 0.21+£0.10 2.34+0.02
N~ 1.01+0.00 1.39+0.01 0.25+0.00 1.82+0.006 0.23£0.12 2.36+0.02
Ng 1.13+0.05 1.76+0.01 0.98+0.00 0.64+0.057 0.21+£0.10 3.15+£0.05
No 1.75+0.01 1.48+0.02 0.75+0.00 0.95+0.015 0.05+0.03 3.73+0.02

N1-Nio represent sample nectars from different enterprises. The results of the heavy metals given in this table are
the average of three independent experiments. However, the levels of Pb and Cd, which ranged from 0.25 to 0.98
mg/l and 0.05 to 0.93 mg/l were above the permissible limits 0.3 mg/l and 0.1mg/l, respectively for these minerals.
Higher levels of Pb and Cd than the recommended levels in the nectars, make these products unacceptable at

local, regional and international markets.

Table 5. Heavy metal concentrations in pineapple syrups (mean£SD in mg/l).

Syrup Cu Fe Pb Zn Cd Al
S1 3.26+0.34 0.95+0.00 0.08+0.00 2.17+0.05 0.75+0.15 4.10+0.05
S 3.50+0.00 1.15+0.00 0.42+0.00 2.49+0.00 1.234£0.22 3.18+0.07
S3 3.19+0.00 1.01+0.01 0.03+0.00 1.22+0.00 0.26+0.26 2.80+0.00
Sa 0.24+0.15 0.95+0.64 1.74+0.53 1.01+0.31 0.13+0.19 3.76+0.02
S5 2.66+0.00 1.92+0.02 0.87+0.00 1.32+0.00 0.77+0.44 3.31+0.02
Se 3.17+0.00 1.23+0.02 0.98+0.00 2.21+0.00 0.75+0.63 3.38+0.05
Sy 2.55+0.00 1.65+0.00 0.05+0.00 0.63+0.00 0.00+0.00 2.65+0.00
Ssg 2.68+0.00 1.13+0.05 0.25+0.00 2.67+0.00 0.02+0.03 3.31+0.02
So 2.94+0.00 1.35+0.00 0.52+0.00 1.80+0.00 0.02+0.03 3.93+0.05
Si10 2.77+0.00 1.05+0.00 0.81+0.00 1.45+0.00 0.65+0.24 2.93+0.02

S1-Sio represents syrup samples from different enterprises. The results of the heavy metals given in this table are

an average of three independent experiments

acidity, high sugar content and the effect of the heat treat-
ment during processing as all these four factors are
known to be inhibitors of microbial growth (Graham,
2000; Ewaidah, 1988). Ithas beenreported that few bacteria
grow below a pH value of 3.5 and this may be the reason
why no single bacteria had grown in these products
because the pH value of a pineapple juice was expected
to be between 3 and 4 (United States Food and Drug
Administration, 2007). In addition, inhibition of microbial
growth could have been due to high levels of sugars
(14.54 to 24.47%) resulting from overheating in syrup and
jam products and use of preservatives. A preservative
like sulphur dioxide (SO,) is very detrimental to respi-
ratory system of individuals (Fowie et al., 2006). Similar
findings were reported by Basal and Rahman (2007) in
Bangladesh where and the absence of total viable count
growth in fruit juices was attributed may have been due to
the use of higher preservatives than the recommended
amount.

Heavy metals
Levels in nectars

Levels in ready to drink nectars from 10 processing enter-
prises (Table 4) show that, the concentrations of copper,
iron, zinc and aluminium were lower than the maximum
permissible levels set by the Codex Alimentarius
Commission. Their values (with maximum permissible
limits in brackets) ranged from 0.74 to 3.1 (5) mg/L for
Cu; 0.96 to 1.76 (15) mg/L for Fe; 0.64 to 2.77 (5) mg/L
for Zn and 2.28 to 3.73 (8) mg/L for Al.

Levels in syrups
Lower levels than the permissible limits of Cu, Fe, Zn and

Al in juice syrups were observed (Table 5). Their con-
centrations ranged from 0.511 to 0.701 (5) mg/L for
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Table 6. Heavy metal concentrations in pineapple jams (mean+SD in mg/kg).

Jams Cu Fe Pb Zn Cd Al
N 1.38%0.00 1.73+0.05 0.77+0.00 3.55+0.00 0.01+0. 01 5.00+0.25
Jo 2.04+0.00 2.83+£0.05 0.55+0.00 2.16+0.00 0.31+0.32 7.91+0.28
Js 2.47+0.00 2.53+0.05 0.46+0.00 2.97+0.00 0.58+0.23 7.67+0.06
Ja 3.29+0.00 2.13+0.05 0.33+0.00 0.82+0.00 0.80+0.13 4.50+0.00
Js .633+0.05 2.95+0.00 0.35+0.00 2.16+0.00 0.80+0.29 6.50£0.00
Js 2.63+0.00 2.73+0.05 0.38+0.00 1.53+0.05 1.46+0.38 7.00£0.00

Ji-Jio represents jam samples from different enterprises. The results of the heavy metals given in this table are the
average of three independent experiments. Knowing the side effects of high ingestions of some of these minerals,
there is a need of improving jam processing techniques so as to lower the concencetartions of the heavy metals

before being taken to any market.

Cu; 1to 2.7 (15) mg/L for Fe ; 0.63 to 2.675 (5) mg/L for
Zn and 2.65 to 4.10 (8)mg/L for Al. The levels of Pb and
Cd were above the permissible limits for 60 and 70% of
syrups, respectively and ranged from 0.42 to 1.74 mg/L
and 0.13 to 1.23 mg/L, respectively. Only 40 and 30% of
the syrups had lower levels of Pb and Cd , respectively,
ranging from 0.03 to 0.25 mg/L and 0.00 to 0.02 mgl/L,
respectively than the maximum limits of 0.3 and 0.1mg/L
for Pb and Cd, respectively. It is important to note that
the concentrations of Pb in the juices syrups were 11 to
18 times higher than the permissible limit of 0.05 mg/kg
set by the Commission of the European Communities
(CEC, 2006). Therefore, though the concentrations of the
majority of measured heavy metals in both syrups and
nectars were within the permissible concentration levels,
their commercialisation is not still allowed either in
Rwanda or elsewhere. High concentration of Pb causes
detrimental side effects such as colic, constipation,
anaemia, inducing high blood pressure and cardiovascular
diseases in adults and foetal neuro-development and
reduced learning capacity in children. High Cd ingestion
is known to cause hemorrhaging digestive tract, damage
of liver, kidneys and heart and many others (European
Environment and Health Information System, 2009).

Levels in jams

Lower levels than the maximum permissible limits of Fe,
Al and Pb in 67% of the jams were observed (Table 6).
Their concentrations ranged from 1.73 to 2.95 mg/kg (15)
mg/l for Fe and 4.50 to 7.91 (8) mg/kg for Al and 0.33 to
0.77 (1) mg/kg for Pb . The levels of Cu, Zn and Cd were
above the permissible levels and ranged from 0.63 to
2.47 (0.03) mg/kg for Cu; 0.82 to 3.55 (0.05) mg/kg for Zn
and 0.01 to 1.46 (0.01) mg/kg for Cd. Though copper
and zinc are recognised to be essential trace elements
for several biological functions in human body and though
their toxicity is rare (Plum et al., 2010); it is of paramount
that their levels be of acceptable standards in processed
food products. From the current findings, it is possible
that post-harvest, processing and preservation techniques
were the source of the high levels of Zn and Cu since

fruits, and consequently fruit products, are known to have
very low concentrations in these trace elements (Wilson,
2014).

The damaging side effects of high concentrations of
specific heavy metals indicates a need of improving jam
processing techniques so as to lower the concentrations
of the heavy metals prior to further marketing.

Levels in water from enterprises processing sites

The concentrations of some heavy metals in the samples
of water collected from the enterprises are shown in
Table 7. The results showed low concentrations of heavy
metals in water that is used for processing pineapple
products. The concentrations ranged from 0.02 to 0.30
mg/L for Cu; not detected to 0.041 for Fe; 0.03 to 2.54 for
Zn; 0.03 to 0.56 for Mn and not detected to 0.08 for Cd.
Lead was not detected in water samples. The present
study revealed therefore that for commercial purposes,
processed pineapple products by studied SMEs may
pose risks to human health due to the high concentrations
of heavy metals, such as Pb and Cd in juices and Cu and
Zn in jams. This leads to suggestion that these products
are not acceptable at local and even export market
levels, knowing their side effects to human health once
they are in high concentration. In addition, accessing EU
market will not be possible since most of the EU
countries had for example reported lead concentration in
fruit juices ranging between 0.005 to 0.024 mg/kg (CEC,
2006). Since currently there is no knowledge about
possible sources of contamination, it is necessary to
establish levels of these metals by monitoring water
quality, soil, plant and processing equipment for concen-
tartion of these metals that could be a source of
contamination and pose potential health hazards
(Ramesh and Murphy, 2012).

Conclusions and recommendations

Results showed that pineapple products produced by
SMEs in Rwanda were free from microorganisms except



Mukantwali et al. 3983

Table 7. Heavy metal concentrations in water from processing enterprises (mean+SD in mg/l).

Water Cu Fe Pb Zn Mn Cd
W1 0.17+0.05 nd* nd 0.23+0.09 0.17+0.02 nd
W, 0.24+0.03 0.412 nd 0.92+0.11 0.14+0.00 nd
W3 0.30+0.07 0.027 nd 0.03+0.03 0.02+0.03 0.08+0.00
W4 0.11+0.01 nd nd 1.58+0.47 0.08+0.00 0.04+0.00
Ws 0.09+0.05 0.102 nd 0.85+0.06 0.56+0.03 nd
Ws 0.02+0.02 nd nd 0.30+£0.14 0.25+£0.04 nd
W 0.22+0.00 nd nd 2.54+0.13 0.06+0.02 0.05+0.00
Ws 0.14+0.04 nd nd 0.21+0.07 0.04+0.01 0.05+£0.01
Wy 0.04+0.00 0.214 nd 0.93+0.07 0.03+0.00 nd
Wio 0.16+0.02 nd nd 0.36+0.13 0.04+0.02 0.08+0.00

W31-Wyo represents water samples from different enterprises. *nd=not detected. The results of the heavy metals
given in this table are the average of three independent. The current findings showing very low levels of evaluated
heavy metals in water used for processing lead to suggestion that there could be other sources of heavy metals
found in the processed pineapple products, such as pineapple fruits, soil where the pineapple fruits were grown

and/or processing equipment.

for 30%; the nectar samples that had higher levels of
yeasts and moulds than the permissible levels set by
Rwanda Bureau of Standards and Codex Alimentarius
Commission. The levels of heavy metal contamination for
copper, iron and zinc in juices and lead in jams were
within the permissible limits set by the Rwanda Bureau of
Standards. However, the lead and cadmium levels were
above the permissible limits in nectars and syrups while
the levels of copper, zinc and cadmium were above the
permissible levels in jams. Therefore, additional research
is needed to establish the actual source of heavy metal
contamination in pineapple processed products displayed
in the open markets and different supermarkets in the
country. While doing more research, there is also a need
of considering the time of sample collection as the con-
centrations may depend on the time and season the
samples were collected. The research will facilitate inter-
vention to lower the levels in the products due to their
health concerns. Inaddition, processors needto be informed
on the requirements by local, regional and international
markets so that they strive to comply with the set limits.
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The present study investigates the genotoxicity of profenofos (PFF), an organophosphate pesticide in
erythrocyte cells of freshwater fish, Channa punctata (Bloch) using micronucleus assay. The 96 h LCxg
value of PFF (50% EC) was estimated for the fish species in a semistatic system and then 50% of LCsq
was determined as 1.15 ppb. The fish specimens were exposed to 1.15 ppb sublethal concentration of
the pesticide and samplings were done on 24, 48, 72 and 96 h post exposure for assessment of DNA
damage by micronucleus assay. The study confirms that PFF is toxic for aquatic organism and the
micronucleus assay is a useful tool in determining the potential genotoxicity and mutagenicity of
xenobiotic compounds and can be considered as sensitive parameter for toxicity monitoring program.

Key words: Genotoxicity, profenofos, Channa punctatus, DNA damage, micronucleus assay.

INTRODUCTION

The pesticides and related chemicals originating from
human activities or agricultural farming are discharged
directly or indirectly into waterbodies. The presence of
these chemicals in the environment has become a global
problem. The studies have shown that the reproduction,
growth and development of organisms, including
invertebrates, ampbhibians, reptiles, fish, birds and
mammals may have interacted with these chemicals and
interfere with the endocrine system and other hormonal
processes (Khan and Law, 2005; Kayhan et al., 2007).

Profenofos  (O-4-bromo-2-chlorophenyl-O-ethyl  S-
propyl phosphorothioate), a broad-spectrum
organophosphate pesticide is widely used for agricultural
and household purposes in India and also in developing
and developed countries. Profenofos (PFF) had been
investigated to be highly toxic to different organisms
including mammals, insects and fish. It has also been
classified as moderately hazardous (toxicity class Il)
pesticide by WHO and it has a moderate order of acute
toxicity following oral and dermal administration (Pandey
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Table 1. Characteristics/ properties/ specification of the test chemical.

Parameter

Characteristics/ properties/ specification of pesticide

Common Name Profenofos
Chemical/ Product Name

Chemical/ Product Name CELCRON

(RS)-O-4-bromo-2-chlorophenyl O-ethyl S-propyl phosphorothioate

Grade EXCEL crop care Ltd., Mumbai
WHO and EPA toxicity class IlI, Moderately toxic

CAS No. 41198-08-7

Alkyl groups S. propyl-O. ethyl

et al., 2011a).

Fishes are considered as sensitive organism in toxicity
studies and can play a significant role in assessing
potential risks associated with contamination in aquatic
environment by environmental contaminants. Fishes can
respond to mutagens at low concentrations of toxicants in
a manner similar to higher vertebrates (Pandey et al.,
2011b).

The micronucleus (MN) test is an in vivo and in vitro
short-time screening test, developed by Schmid (1975),
and is widely used to detect genotoxic assessment
(Saleh and Alshehri, 2011). It is the most frequently used
bio-markers for genotocixity testing in aquatic environ-
ments. The MN test has gained high relevance in bio-
monitoring of aquatic environments due to nucleated
nature of fish erythrocytes. The MN is a chromatin mass
in the form of small nuclei which appear within the
cytoplasm and close to the main nucleus in interphase
cells. They are originated spontaneously or as conse-
guence of clastogenic and/or aneugenic effects, which
ultimately generate acentric chromosomal fragments
and/or lagging chromosomes during the mitotic anaphase
(Betancur et al., 2009). Several researcher showed that
the micronucleus (MN) test is one of the simple,
sensitive, reliable, least expensive and rapid screening
system for both clastogenic (chromosome breakage,
formation of a centric fragments), eugenic (chromosome
lagging and effects on spindle) and genotoxic effects of
xenobiotic chemicals under field and laboratory
conditions (Pandey et al., 2009; Chaudhary et al., 2006;
Ali et al., 2008).

The information regarding the mutagenic and genotoxic
nature of profenofos in aquatic organism is rare,
especially the data pertaining to its effects on fishes. The
present study investigates the genotoxic effects of
profenofos using MN assay in erythrocytes cells of C.
punctatus exposed in vivo.

MATERIALS AND METHODS
Experimental fish specimens

The fish C. punctatus (Bloch) belongs to family: Channidae and
order: Perciformes. It was obtained from the local market and

acclimatized in the laboratory condition for 10 days before
experimentation. They were kept in a large holding tank of 1000 L
in capacity during acclimatization. Length and weight of the fish
ranged from 12.0 + 3.0 cm and 23 + 2.0 g, respectively. A set of 10
acclimatized fish specimens was randomly selected for experiment.
Fishes were fed on boiled chicken, eggs or poultry waste material
daily at the rate of approximately 4% of fish body weight.

Test chemical

The pesticide used for this study, technical-grade profenofos
(EC50) with product name CELCRON (manufactured by EXCEL
Crop Care Ltd., Mumbai) was purchased from local market. The
test chemical specifications are summarized in Table 1.

In vivo exposure experiment

The fishes were exposed to profenofos 1.15 ppb (50% of LC 50);
aforementioned test concentrations of PFF in a semi-static system
for 96 h, Keeping 10 fish in each test concentration in 20 L of water
in a 50-L plastic tub as an aquarium without change of water. No
crowding stress was observed during experimentation. The
exposure was continued up to 96 h and tissue sampling was done
at intervals of 24, 48, 72 and 96 h on each sampling day. The
erythrocytes were collected and immediately processed for MN.
Feeding was stopped 24 h before exposure, and fish were not fed
during the experimentation period (Pandey et al., 2011a). The
physico-chemical properties of test water, namely temperature, pH,
dissolved oxygen, electrical conductivity and total hardness were
analysed by using a digital analyzer.

Micronucleus test

Peripheral blood samples obtained from the caudal vein were
smeared on clean microscopic slide. The slides were then fixed by
dipping in methanol for 10 min and left to air-dry at room
temperature and finally stained with 6% Giemsa in 0.04 M
phosphate buffer (pH = 6.8) for 30 min. After dehydration through
graded alcohol and clearing in xylene, slides were mounted in DPX
which is a mixture of distyrene (Polystyrene), plasticizer (Tricresyl
phosphate) and xylene. The slides were observed under a light
microscope (Leitz Wetzlar Germany; Type 307-083.103; il
immersion lens, 100/1.25) and 1000 cells from each specimen were
examined for the presence of MN. The MN frequency was
calculated as:

Number of cells containing micronucleus
MN % = X 100
Total number of cells counted
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Figure 1. Profenofos concentration response relationship of MN
frequency in the erythrocytes of C. punctatus for multiple
sampling times.

Figure 2. Micronuclei formation in the erythrocytes after
exposure to profenofos.

Statistical analysis

The percentage of MN frequency among different exposure
intervals and concentrations were compared using the Mann-
Whitney test.

RESULTS AND DISCUSSION

The temperature of test water varied from 18.2 to 24.6°C
and pH values ranged from 7.1 to 8.3. The dissolved
oxygen (DO) ranged from 6.0 to 8.4 mgl™. The electrical
conductivity of the water ranged from 250 to 304 pM cm™
while total hardness ranged from 166 to 185 mg |~ during
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experiment period.

The fish specimens were exposed in vivo to the
aforementioned test concentrations of PFF than the
control groups at different time periods and the result of
MN analysis in erythrocytes of C. punctatus for the
control and exposed group concentrations of PPF was
significant in the fish specimens. Higher induction of MN
with the highest MN frequency was recorded at 50% of
LCso at 96 h (3.653%), whereas the lowest induced MN
frequency was recorded at 50% of LCsg at 24 h (1.538%)
in blood erythrocyte with 96 h exposure. The observed
MN varied from cell to cell. In some cells MN were found
attached to the cell wall or boundary while others were
located near the main nucleus. The results are
summarized in Figures 1 and 2.

Several researchers reported a dose-dependent
increase in the induction of MN in peripheral blood of Fish
(Chaudhary et al., 2006; Ali et al., 2008; Normann, et al.,
2008; Ali et al., 2009; Betancur et al., 2009; Nwani et al.,
2010; Saleh and Alshehri, 2011) in response to
pesticides, heavy metals and other toxicants. In fishes,
the damages are very significant, making it possible to
monitor the environmental health state through this
parameter (Normann et al.,, 2008). This study
emphasizes the importance of the peripheral blood MN
assay and suggests its broader application as an early
biological marker of exposure of fish to clastogenic
pollutants in the aquatic environment.

Erythrocyte MN test in fish was also widely applied for
genotoxicity assessment of aquatic organism in situ using
native or caged animals following different periods of
exposure. Genotoxicity biomarkers must be an integral
part of the suite of biomarkers considered as exposure to
genotoxic agents which may exert damage beyond that
of the individual and may be active through several
generations (Magni et al. 2006).

The fish respond to toxic agents similar to higher
vertebrates and can allow the assessment of substances
that are potentially hazardous to humans. However, the
low amount of DNA per cell, the large numbers of small
chromosomes and the low mitotic activity in many fish
species impaired the metaphase analysis of
chromosomal damage and sister chromatid exchanges
(Bolognesi and Hayashi, 2011). The MN test is one of the
suitable methods for assessing DNA damage at the
chromosome level. It permits to measure chromosome
loss and chromosome breakage (Fenech, 2000;
Hovhannisyan, 2010). The MN assay was developed as
a simpler short-term screening test and now accepted as
valid alternative to the chromosome aberration assay. In
this method, chromosome aberrations are detected
indirectly via chromatin loss from the nucleus leading to
MN in the cytoplasm of the cell (Kirsch-Volders et al.,
2003; Hovhannisyan, 2010). It is crucial to assess
genotoxicity and cytotoxicity of the environmental
pollutants on aquatic organisms. In fish, there are several
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types of nuclear lesions whose origin is not still
understood (Ayllon and Garcia-Vazquez, 2000; Guner
and Muranli, 2011). Toxic chemicals produced nuclear
abnormalities thus could help to know the potential risks
of water quality as well as the health of fish species.

The results demonstrate that the technical-grade PFF
was found to be genotoxic to fishes, which indicates that
there is serious apprehension about the potential danger
of this pesticide to aquatic organisms. Thus, this is
encouraging for judicious and careful use of pesticide in
agricultural and non-agricultural practices and also
ensures that adverse effects on aquatic organism, human
health and the environment are prevented.
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The safety of monosodium glutamates (MSG's) usage has generated much controversy locally and
globally. This study investigates the efficacy of Loranthus micranthus in modulating the metabolic
disorder associated with MSG intake. Thirty five (35) female rats randomized to three groups labeled 1 (7
rats), 2 (21 rats) and 3 (7 rats), respectively were used. They were administered with normal saline, MSG
(200 mg/Kg) and MSG (200 mg/kg) + L. micranthus (600 mg/Kg), respectively for 28 days. Seven rats
were then sacrificed from each group. The remaining rats in group 2 were then redistributed to groups
labeled 4 and 5 consisting of 7 rats each. MSG was then withdrawn from all the rats. Group 4 was
treated with L. Micranthus (600 mg/Kg) while normal saline was administered to group 5. All
administrations were carried out for 30 days. The rats were then sacrificed and the serum was used for
analysis. Analysis showed increase total cholesterol, triglyceride, low-density lipoprotein (LDL) -
cholesterol, glucose and total protein concentrations and a reduced high-density lipoprotein (HDL) -
cholesterol (when MSG was administered). These parameters were restored to normal with L.
micranthus treatment. Although no histological change was observed in the uterus, there was a
significant increase in organs relative weight when rats were placed on MSG but this was reversed with
L. micranthus. The study suggests the efficacy of L. micranthus in reversing cardiovascular disorder
and its ability to prevent MSG induced fibroid in rat.

Key words: Cardiovascular diseases, cholesterol, Lipid profile, Loranthus micranthus, of monosodium
glutamates (MSG).
INTRODUCTION

A report by World Health Organization (WHO) indicates for treatment of diseases and in the past few decades,
that over 80% of the world population still relies on herbs there has been an increasing demand for medicinal plants
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and plant products as alternative to orthodox medicines
especially in developing countries (Bright, 2013; WHO,
2008).

Mistletoes are a polyphyletic group of flowering plants
comprising over 1300 species from a broad range of
habitats across all continents except Antarctica (Nickrent,
2001). They are semiparasitic plants and grow on various
host trees and shrubs where they survive by depending
on their respective host for mineral nutrition and water,
although they produce their own carbohydrates through
photosynthesis (Griggs, 1991). Mistletoe was described
as “an all-purpose herb” due to its rich traditional uses
and it has been widely used in ethnomedicine for various
purposes, including antihypertensive, anticancer, anti-
spasmodic, antidiabetic and for treatment of epilepsy,
headache, infertility, menopausal syndrome and
rheumatism (Moghadamtousi et al., 2013).

Nigeria has wide distribution of mistletoes with different
local names that depend on the area where they occur. L.
micranthus, a member of the Loranthaceae family is a
Nigeria species of the African mistletoe. It grows on
various host trees including Persia americana, Baphia
nitida, Kola acuminata, Pentaclethra macrophylla, and
Azadirachta indica (Osadebey et al, 2012,
Moghadamtousi et al., 2013). The plant is widely reputed
in folk medicine for its use as antimicrobial, antihy-
pertensive, anticancer, and antidiabetic agent and also
for the treatment of headache, infertility, epilepsy, cardio-
vascular diseases, menopausal syndrome, agglutination,
and rheumatism. Some of these ethnomedicinal uses
have been supported with scientific data in the literatures
(Nkanu et al., 2002; Osadebe and Ukweze; 2004,
Grossarth et al., 2007; Orji et al., 2013). Of particular
interest to this study is the reported use of the plant
among some local people in Nigeria for the management
of fibroid [an overgrowth of tissue in the endometrium
(inner lining of the uterus)] in women.

Monosodium glutamate (MSG), (2-amino pentane dioic
or 2-amino glutaric acid) is the sodium salt of the non-
essential amino acid glutamic acid commonly used as a
flavor enhancer especially in foods. It is a popular
condiment in Nigeria and marketed as Ajinomoto, vedan,
vetsin, Accent and Tasting powder (Palamisamy et al.,
2012; Ogunlabi et al., 2014). Despite its wide uses, the
safety of MSG's usage has generated much controversy.
In Nigeria, many people often use MSG as a bleaching
agent for the removal of stains from clothes (Obochi et
al., 2009; Eweka, 2007). As a result, there is a growing
apprehension that its excellent bleaching properties could
be harmful to the stomach mucosa or worse still inducing
terminal diseases in consumers when ingested as a
flavor enhancer in food (Huthman et al., 2009; Eweka,
2007). To support this, some authors have reported brain

damaging potentials, stunted skeletal development,
behavioral aberration, neuro-endocrine disorder, possible
learning deficits, seizures (epileptic fits), learned taste
aversion and hyperglycemia as possible adverse effects
of abuse of the use of MSG (Farombi and Onyema, 2006;
Onyema et al., 2006; Ortiz et al., 2006).

Some studies have shown that MSG induces oxidative
stress and hepatotoxicity in rats (Onyema et al., 2012;
Onyema et al., 2006; Diniz et al., 2004) as well as
impaired glucose-induced insulin secretion by pancreatic
islets of obese mice (Andreazzi et al., 2009). Another
report by Park et al. (2010) proposed that MSG produces
altered lipid profile with elevation in reactive oxygen
species (ROS) formation and reduction of antioxidant
activities. This observation agrees with earlier studies
that reported hyperleptinemia (Hollopeter et al., 1998),
adiposity and increase of plasma fatty acids and
triacylglycerols (Dawson et al.,, 1997) with oral
administration of MSG into rats. Obochi et al. (2009) also
reported that MSG administration leads to increased
cholesterol, protein and oestrogen which lead to induction
of fibroid in rats.

Therefore, the present study was carried out to
investigate the efficacy of L. micranthus in preventing or
reversing alter plasma lipid profile and cardiovascular
disease risk factors associated with MSG administration
in rats.

MATERIALS AND METHODS
Monosodium glutamate

MSG was obtained from Sigma Chemical Company Japan. A
solution was prepared by dissolving 10 g of MSG in 500 ml distilled
water.

Plant authentication and extraction

Fresh leaves of mistletoe were obtained from a farm garden at
Odogbolu, Ogun State, Nigeria in August 2013. The plant was
identified as L. micranthus at the Botany Department of Olabisi
Onabanjo University, Ago-lwoye, Ogun State. A voucher number
EH135I0 was thereafter assigned after which specimen was
deposited at the herbarium. The leaves were then washed and air
dried at room temperature for two weeks. The dried leaves were
pulverized into coarse form. The coarse powdered form was
weighed and 362 grams was soaked in 1000 ml distilled water. The
mixture was left to stand for 48 h with occasional stirring. The
extracted product was then sieved into a clean container and
further concentrated using a rotary evaporator at 40°C. The
concentrated product was then lyophilized. The yield of the extract
was 8.7%.

Experimental design

Thirty five (35) mature virgin female Wistar rats weighing 155 to
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164 g were used in the study. The rats were obtained from the
animal house, Department of Physiology, Olabisi Onabanjo
University, Ago-lwoye, Nigeria and were acclimatized for seven
days at the Animal Facility Centre, Department of Biochemistry,
Olabisi Onabanjo University, Nigeria. All the animals were housed
in metallic cages and maintained in well ventilated room provided
with 12:12 h light and dark cycle for each 24 h period at a
temperature of approximately 25°C. They were all maintained on
standard rat pellets and tap water ad libitum throughout the period
of the study. All the rats used in the study showed regular estrous
cycle length (4 to 5 days). The phases of estrous cycle were
determined by observing the vaginal smear in the morning (08: 00h
to 10:00 h) according to procedure described previously (Solomon
et al., 2010). The animals were initially randomly assigned to three
groups labeled as normal control/group 1 (7 rats), test control
/group 2 (21 rats) and test group / group 3 (7rats). Rats in each
group were treated as follow: Group 1 (Normal -control):
administered with normal saline; Group 2 (Test control):
administered with MSG (200 mg/kg body weight); Group 3 (Test
group): administered with MSG (200 mg/kg b. w) and L. micranthus
600 mg/kg body weight).

All administrations were carried out as a single dose daily for 28
days by oral galvage. After 28 days of administration, seven rats
were sacrificed from each group after 12 h fasting; the rats were
then evaluated on the basis of preventive effects of L. micranthus.
The remaining rats in group 2 were redistributed to two groups of
seven rats each, labeled, group 4 (extract treated) and 5 (self-
recovery). Administration of MSG was discontinued in the two
groups while rats in group 4 were administered with L. micranthus
(600 mg/kg) extract; rats in group 5 were treated with normal saline.
All administrations were carried out for the next 30 days after which
the rats were sacrificed.

All the rats were sacrificed after anethesia with diethyl ether in a
closed jar. Blood was collected by cardiac puncture into plain
bottles and the rats were evaluated based on the curative potential
of the extract. The uterus, kidney and liver were harvested cleaned
of blood and weighed. The uterus was thereafter used for
histopathology study.

Biochemical assay

Initial and the final body weight of all the rats were measured using
a Mettler weighing balance (Mettler Toledo Type BD6000,
Greifensee, Switzerland). Serum was prepared from the collected
blood samples by centrifugation and used for analysis. Fasting
blood glucose was measured according to method adopted
previously by Miwa et al. (1972) using a glucose kit (enzymatic
method) (Sigma). Serum protein determination was by the method
of Lowry et al. (1951). Triglyceride was determined using enzymatic
colorimetric kits (Wahlefeld, 1974). Both total cholesterol and HDL-
C were determined in the serum by the methods previously
described (Stein, 1986). From the results, LDL cholesterol was
calculated based on the method of Friedewald et al. (1972).
According to the method, LDL can be calculated as follows:

LDL = Total cholesterol - HDL-TG/5

Atherogenic index was calculated from serum HDL and cholesterol
levels using the equation previously reported by Gillies et al. (1986).

Serum cholesterol level- serum HDL level
Atherogenic index =

Serum HDL level

Coronary risk index was obtained by the method of Alladi and
Khada (1989).
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Total cholesterol

Coronary risk index (CRI) =
HDL- cholesterol

Histopathology study

The dissected uterus was immersion-fixed in bouins fluid over night
at room temperature after which the tissues were transferred to
ascending grades of alcohol for dehydration. The tissues were
cleared with two changes of xylene for one and half hours each,
transferred into two changes of molten paraffin wax | and Il for one
and half hour each and wax- Ill for overnight in an oven at 65°C for
infiltration.

The tissue was then processed according to the method
previously described (Solomon et al., 2010). The tissue block was
serially sectioned at 6 pm thickness using microtome. Strips of
sections were gently lowered into the surface of a warm water bath
at 40°C. The floated sections were mounted on egg albumin coated
microscopic slides, and put in an oven maintained at 60°C for 30
min to fix the tissue firmly on the slide. The slides were dewaxed
with two changes of xylene and hydrated with decreasing alcohol
concentration and then immersed in water for 5 min. The sectioned
tissues were then stained regressively with Ehrlich's hematoxylin
and counter stained with Eosin.

After staining with eosin, tissues were washed in tap water and
dehydrated by rinsing in increasing concentration of alcohol and
then xylene-l. They were then placed in xylene-Il until mounting.
Finally, a drop of mountant DPX (A mixture of Distyrene, a
Plasticizer, and Xylene) was placed on top of the sections and the
cover slip was applied.

Animal care

The care of the animals was in accordance with the U.S. Public
Health Service Guidelines (NRC, 1999) and was approved by the
Olabisi Onabanjo University, College of Health Sciences Animal
Ethics Com.

Statistics

All data were expressed as mean +SEM. One-way analysis of
variance (ANOVA) was used to analyze the data. Comparisons
between the groups were made at a two-sided alpha level of 0.05. p
< 0.05 was considered statistically significant.

RESULT

Table 1 depicts the variation in serum lipid profile,
atherogenic index (Al) and coronary risk index (CRI) with
MSG administration and during treatment with L.
micranthus. There was a significant increase (p<0.05) in
plasma triglyceride, total cholesterol and LDL-cholesterol
and a reduction in HDL-cholesterol when MSG was
administered. Combined administration of MSG with L.
micranthus significantly brought these parameters to the
pre-treatment values. Table 1 also indicates that when
the rats were treated with L. micranthus for the 30 days
after the 28 days of continuous administration of MSG,
the observed values of serum triglyceride, total
cholesterol, LDL-cholesterol and HDL-cholesterol
(96.41+5.93, 120.1645.93, 41.27+5.15, 26.90+4.02 mg/dl
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Table 1. The results of the effect of L. micranthus treatment on plasma lipid profile, atherogenic and coronary risk indexes.

Plasma lipid profile

Atherogenic  Coronary risk

Group  Treatment Triglyceride  Total cholesterol ; :
index (Al index (CRI
(ma/d)) (ma/dl) HDL (mg/dl)  LDL (mg/dl) (A1) (CRI)
1 Normal control (normal saline) 87.03+5.90% 102.42+2.11% 45.91+3.63% 20.64+4.79°2 0.45+9.01% 2.21+0.11°
2 Test control (MSG) 114.41+#9.95°  174.18+16.20" 24.59+557°  54.98+11.39" 2.24+0.01° 7.08+0.30°
T -administration of M L.
3 est group (co-administration of MSG and 92.71+3.82° 118.11+5.75° 42.09+5.19° 26.99+4.02% 0.64+0.03° 2.82+0.01°
micranthus)
4 fTr:)erﬁt;gL‘Ito ‘;"'th L. micranthus after MSG withdrawal g6 49, 4 572 120.16+5.93° 41.274515°  30.01+5.11°  0.73+0.11° 2.91+0.10%
5 Normal saline after withdrawal of MSG from group 2 113.88+8.70° 171.63+15.31° 25.45+5.59°  54.09+11.00° 2.43+0.02° 6.74+0.10°

Values are mean+ SEM of 7 determinations, All mean in the same column with similar superscripts are not significantly different from each other, Significant between the mean were

established at p<0.05.

Table 2. Effect of L. micranthus treatment

on fasting blood glucose and total protein.

Group Treatment Fasting blood glucose (mg/dl) Serum protein (mg/dl)
1 Normal control (normal saline) 82.00+0.93% 9.89+0.48%
2 Test control (MSG) 112.00+3.86" 24.55+2.80°
3 Test group (co-administration of MSG and L. micranthus) 89.83+2.57% 11.13+0.88°
4 Treatment with L. micranthus after MSG withdrawal from group 2 91.67+2.11% 19.82+0.84°
5 Normal saline after withdrawal of MSG from group 2 97.67+1.65" 25.46+3.00°

Values are meant SEM of 7 determinations. All mean in the same column with similar superscripts are not significantly different from each other.
Significance between the mean were established at p<0.05.

respectively) were not significantly different from
the values obtained when MSG and L. micranthus
were co-administered for 28 days (92.71+3.82,
118.1145.75, 42.0945.19, 26.99+4.02 mg/dI
respectively). When compared however, the
serum lipid of rats that were allowed to recover by
itself  (without treatment after 28 days
administration of MSG) were not different from the
observed values prior to withdrawal of MSG.
Table 1 also show a significant increase (p<0.05)
in atherogenic and coronary risk indexes during
MSG administration and when the rats were

allowed to recover from MSG administration
without treatment (when compared with the
normal control values). However, combined
administration of MSG and L. micranthus and
treatment with L. micranthus after the initial
administration of MSG brought the coronary risk
index to the pre-treatment values. Although the
atherogenic index values were raised above the
normal control level both during combined
administration of MSG and L. micranthus and
when L. micranthus was administered after
withdrawal of MSG, the observed Al were

significantly lowered than the values observed
when MSG was administered alone and was also
higher than the value that was obtained during the
self-recovery process.

Administration of MSG significantly increased
(p<0.05) the fasting blood glucose above the
normal control value (Table 2). Thirty (30) days
after withdrawal of MSG without subsequent
treatment, the fasting blood glucose level was still
observed to be significantly higher (p<0.05) than
the normal control value. When MSG was
however co-administered with L. micranthus, the



Table 3. Effect of treatment on body weight changes and relative organ weight ratio.
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Organ weight ()

Organ/body weight ratio (%)

G Treatment Bod ight
roup reatmen ody weight (9) Kidney Uterus Liver Kidney Uterus Liver
1 Normal control (normal saline) 175.83+2.71° 1.22+0.05  4.81+0.35 0.33+0.02 0.73x0.02* 0.20+0.02°  2.90+0.62°
2 Test control (MSG) 175.00+4.28° 1.32+0.02  4.90+0.26  0.43+0.04 0.88+0.06° 0.36:0.04°  3.51+0.30"
3 Test group (co-administration of MSG and L. m-icranthus) 175.67+4.00% 1.27+0.10 4.84+0.55 0.35%0.02 0.76x0.05° 0.23+0.05* 2.93+0.19°
4 ;rrgigmze”t with L. micranthus after MSG withdrawal from ;54 25,5 gaa 1.29+0.11  4.82+0.41 0.40+0.02 0.76+0.02° 0.23+0.01° 2.98+0.34%
5 Normal saline after withdrawal of MSG from group 2 174.17+6.38% 1.41+0.03 4.88+0.26  0.44+0.03 0.73+0.06° 0.52+0.02° 3.61+0.19"

Values are mean+ SEM of 7 determinations. All mean in the same column with similar superscripts are not significantly different from each other. Significance between the mean were

established at p<0.05.

observed fasting blood glucose level of
89.83+2.57 mg/dl was neither different from the
normal control value nor was it different from the
fasting blood glucose level of 91.67+2.11 mg/dl
observed when L. micranthus was administered
continuously for 30 days after MSG withdrawal.
Similarly, administration of MSG was observed in
the study to increase the serum total protein
significantly (p<0.05) above the normal control
value. The observed serum protein concentration
of 24.55+2.80 mg/dl after 28 days of MSG
administration was not different from the value of
25.46+3.00 mg/dl observed 30 days after
withdrawal of MSG without treatment. Combined
administration of MSG and L. micranthus
significantly brought the serum protein con-
centration to the pre-treatment level. When L.
micranthus was administered for 30 days after
withdrawal of MSG, the serum protein concen-
tration was observed to be lower than the value
obtained in the group of rats that were not treated
though the observed value was still higher than
the value in the normal control group.

Table 3 is the result of the effect of treatment on
percentage relative change in kidney, liver and
uterus weights. Administration of MSG signifi-

cantly increased (p<0.05) the percentage relative
weight of the uterus, kidney and liver above the
normal control value. The same trend was
maintained when the weights were monitored 30
days after MSG withdrawal without treatment. The
result however showed that combined
administration of MSG and L. micranthus and
treatment of the rats with L. micranthus for 30
days after MSG withdrawal restored the relative
organ weights to the pre-treatment level.

Figures 1 to 5 is the result of the effect of
treatment on the histology of endometrium of the
uterus. The uterine histology of the control rats
showed normal features: single layered columnar
epithelial cell with elongated nuclei at the base of
the cells, highly folded epithelial lining, numerous
and tortuous endometrial glands (Figure 1). No
significant alterations were also observed in the
histology of all other treatment groups.

DISCUSSION

Iwase et al. (1998) and Suga et al. (1999) has
reported that post-natal administration of MSG in
rats induces insulin resistance, body weight gain,

hyperleptinemia and serum glucose level
alteration even though the exact mechanisms for
these alterations were not clearly defined. In an
effort to find out the exact mechanisms by which
MSG predispose to tissue injuries, a study by
Onyema et al. (2006) reported that MSG is
capable of inducing oxidative stress which leads
to hepatotoxicity in rats. Another study with obese
mice also reported that MSG may impair insulin
secretion by pancreatic islets (Andreazzi et al.,
20009).

The report from our study confirmed that MSG is
capable of causing metabolic alterations in rats. In
line with previous study, our study has
demonstrated that oral administration of MSG in
rats could cause metabolic abnormalities in lipid
metabolism which is indicated by marked
elevation serum total cholesterol, triglyceride and
LDL-cholesterol (hyperlipidemia) with concomitant
decrease in plasma HDL-cholesterol level. These
observations are in agreement with previous
reports by some other authors (Obochi et al.,
2009; Pal, 2009; Ogunlabi et al.,, 2014). This
alteration in plasma lipid profile was also reflected
in increased atherogenic and coronary risk
indices. This is in agreement with report by
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Endometriu

Myometrium

Figure 1. Photomicrographs of hematoxylin and eosin stained tissue cross-section of the control rat showing a normal
histological picture of a uterine tissue. Photographed at a magnification x 400

— Endometrium

— Myometrium

Figure 2. Photomicrographs of hematoxylin and eosin stained tissue cross-section of the MSG
administered rat showing a normal histological picture of a uterine tissue. Photographed at a magnification

x 400.

Nagata et al. (2006). Our study also shows that both
combined administration of MSG and L. micranthus and
treatment with L. micranthus after prolonged exposure to
MSG is capable of ameliorating these serum lipid
alterations. It has been proposed that MSG elevates
reactive oxygen species (ROS) formation and reduction
of antioxidant activities (Park et al., 2010) which we
opined may be the biochemical basis for the altered lipid
profile. Some authors have reported that MSG induces
oxidative stress and Reactive Oxygen Species (ROS)
production which have been noted play specific roles in

the modulation of cellular events (Diniz et al., 2005;
Nagata et al., 2006). The ROS react with protein thiol
moieties to produce a variety of sulfur oxidations, thus
diminishing the insulin receptor signal and inhibiting
cellular uptake of triacylglycerol from the blood
(Mohamed et al., 2008; Chen et al., 2003). Some studies
have linked hypertriglyceridemia to higher serum small
dense LDL particles, atherothrombosis and impaired
endothelial function, the hallmarks of several prevalent
cardiovascular diseases as well as their complications
(Lupattelli et al., 2000; Lundman et al., 2001; Ginsberg,
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—» Endometriun

— Myometrium

Figure 3. Photomicrographs of hematoxylin and eosin stained tissue cross-section of the MSG + L.
micranthus administered rat showing a normal histological picture of a uterine tissue. Photographed

at a magnification x 400.

— Endometrium

— Myometrium

Figure 4. Photomicrographs of hematoxylin and eosin stained tissue cross-section of the MSG
+ L. micranthus treated rat (post administration) showing a normal histological picture of a

uterine tissue. Photographed at a magnification x 400.

2002).

The elevated serum concentration of total cholesterol
noted in the rats administered with MSG suggests that
MSG predispose to hypercholesterolemia. The increase
in the levels of LDL-cholesterol with a simultaneous
decreased concentration of HDL-cholesterol reflected
that MSG will induce abnormalities in lipoprotein meta-
bolism. Because of the changes in the cholesterol profile
and other lipid molecules noted in the present study in
the MSG-treated rats, we opined that they may be due to
the ability of MSG toxicity to inhibit the activity of hydroxy
3-methylglutaryl-coenzyme. A reductase (HMG-CoA)

which plays an important regulatory role in cholesterol
biosynthesis, and inhibition of its activity is known to alter
the metabolism of all lipids, including cholesterol (Ness
and Chambers, 2000). Hypercholesterolemia and abnor-
malities in lipoprotein metabolism are considered as
serious risk factors and important early events in the
pathogenesis of atherosclerosis in both peripheral and
coronary circulation (Maxfield and Tabas, 2000; Mallick,
2007; Grover-Paez and Omez, 2009). Lipid compounds
and products of their oxidation especially LDL
accumulate during formation of atherosclerotic lesions
(Mallick, 2007).
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Endometrium

Myometrium

Figure 5. Photomicrographs of hematoxylin and eosin stained tissue cross-section of the MSG
administered rat treated with normal saline showing a normal histological picture of a uterine

tissue. Photographed at a magnification x 400.

The LDL functions in the atheroma formation whereas the
HDL plays an important role in inhibiting the formation of
atheroma (Maxfield and Tabas, 2000; Mallick, 2007). The
antiatherosclerotic action of HDL resides in its ability to
remove cholesterol from vascular wall, stimulate
prostacyclin formation and inhibit the synthesis of
adhesive molecules (Pal, 2009). So, lowering the plasma
lipid levels through dietary or drug therapy may be
beneficial in decreasing the risk of vascular disease.

As regards the ability of L. micranthus to reverse these
alterations as reported in this study, we opined, that it is
an indication of the efficacy of L. micranthus to prevent
predisposition to cardiovascular disease and atheroge-
nesis during MSG intake. Specie of mistletoe, Viscum
album was reported in a previous study carried out by
Yusuf et al. (2013) to show a dose-dependent rela-
tionship for the reducing ability, free radical scavenging
and the Fe” chelating tendency. The study observed that
V. album extracts from cola tree compares favorably with
the standards agents (ascorbic acid, ethylenediamine
tetraacetic acid and buthylated hydroxytoluene used. A
phytochemical screening report by Orji et al. (2013)
indicated the presence of tannins, flavonoids, saponins,
phenols, alkaloids and anthocyanins in the leaves of
ethanolic extracts of L. micranthus leaves. A correlation
between the total phenol content of plant food and their
antioxidant properties has been well reported. This may
be the biochemical explanation for the efficacy of L.
micranthus leaves extract as reported in this study.
Another hypothesis may be that L. micranthus is
efficacious in decreasing HMG-CoA reductase activity
(an enzyme required for cholesterol synthesis) thereby
decreasing the predisposition to increase atherogenic
and coronary risk index of MSG (Arai et al., 2000;
Lapointe et al., 2006).

The results of our study also show that, administration
of MSG to rats induced hyperglycemia which is indicated

by elevated level of fasting blood glucose when
compared with the normal control rats. Our result
corroborates previous report by some other authors who
attributed the increase in serum glucose in response to
MSG administration to hypertrophy of pancreatic islets
with associated hyperinsulinemia, an early marker of
insulin resistance, together with impaired glucose uptake
by tissues due to the decrease in the number of glucose
transporter-4 ( GLUT 4) (Seraphim et al., 2001; Diniz et
al., 2005; Nagata et al., 2006). Insulin resistance is often
associated with clustering of coronary risk factors, which
leads to an increased risk of cardiovascular disease,
presumably due to promotion of atherosclerosis
(Zavaroni et al., 1989; Roberts and Sindhu, 2009). The
observed hypertriglyceridemia induced with MSG
administration reported in our study may thus be a
response to the increased blood glucose level. A positive
correlation between hypertriglyceridemia and
hyperglycemia induced by MSG has been previously
reported (Nayira et al., 2009). The regulation of energy
balance is essential to maintain the control of metabolism
and body composition (Scharrer, 1999). Importantly,
MSG has been widely used to induce obesity through
hypothalamic lesions in neonatal period (Nakayama et
al., 2003). Though a study by Grassiolli et al. (2007)
reported glucose disturbances only in neonatal MSG-
treated animals compared to adult MSG treatment our
study observed elevated fasting blood glucose in adult
female rats placed on MSG. For one of the main causes
of hyperglycemia in these rats, we opined, it may be
related to a decreased amount of GLUT 4 protein found
in adipocytes (Macho et al., 2000). It seems true that
insulin sensitivity is influenced by the redox state of the
organism, whereby oxidative processes may trigger the
development of insulin resistance (Evans et al., 2002).
Data has been reported to prove that ROS react with
protein thiol moieties to produce a variety of sulfur oxida-



tions which attenuates insulin receptor signal and inhibits
cellular uptake of triglyceride from blood stream (Chen et
al., 2003). This may be the basis for the observed
increased plasma triglyceride levels in MSG animals
reported in this study.

MSG was also observed in this study to increase the
level of total protein. Elevated total protein and
cholesterol among some other alterations has been
implicated in the induction of fibroid in rats (Obochi et al.,
2009). The effect of MSG on protein alteration has been
attributed to the activation of transcriptional promoter and
enhancer elements used for the control of gene
expression which promoted the ability of RNA poly-
merase to recognize the nucleotide at the initiation stage
thereby increasing protein synthesis (Obochi et al.,
2009). Our report also shows the efficacy of L.
micranthus extract to reverse these alterations.

Organ weights are widely accepted in the evaluation of
test article-associated toxicities (Black, 2002; Bucci,
2002; Woolley, 2004). In toxicological experiments,
comparison of organ weights between treated and
untreated groups of animals have conventionally been
used to evaluate the toxic effect of the test article and its
changes often precede morphological changes. Data
from our study indicates that oral administration of MSG
predispose to increased relative organ weight of the
tissues investigated. This result corroborates previous
report by Manal and Nawal (2012) where treatment with
MSG was reported to lead to increased liver and kidney
relative weight. L. micranthus was also observed in this
study to be able to restore the relative organ weight in the
treated rats to the normal level. When the histopathology
of the uterus was however compared, these variations in
relative organ weight were not seen to be accompanied
with gross morphological changes.

Conclusion

In conclusion, MSG was seen to have predisposed to
serious biochemical alterations and that both
pretreatment with L. micranthus and administration of L.
micranthus subsequent to MSG withdrawal successfully
improves these parameters and ameliorates the
metabolic alterations caused by MSG administration.
Furthermore, L. micranthus administration is reported in
this study to normalize the MSG induced weight changes
in the liver, kidney and uterus of rats.
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