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A retrospective study on perinatal post-mortems

S. K. Liyanage*, B.A.G.G. Mahendra, R.M.U.S. Ratnayake, Janaki Hewavisenthi
Faculty of Medicine, University of Kelaniya, Sri Lanka, *skliyanage@Kkln.ac.lk

Abstract

A post-mortem examination is the key to the recognition of pathologies related to
perinatal deaths. A perinatal death could be related to fetal, maternal or placental factors.
A complete perinatal post-mortem (PPM) includes examination of the dead body and the
placenta. The PPM findings assist the clinical team in confirming their clinical findings
and uncover the additional pathologies, and the family for future pregnancy planning.
This study was carried out to identify the number of perinatal post mortems (PPMs)
reported during the study period, the number of PPMs with multiple congenital anomalies
and the number of PPMs accompanied by a placenta and the number of placentae with

identifiable pathology.

This study was on already reported PPMs in a tertiary care center from January 2011-
August 2016. Multiple congenital anomalies were noted in 14% (16/118) of the PPMs.
Placentae were submitted for examination in 26% (31/118) with clinically significant
placental pathologies in 23% (7/31). In 64% (76/118) of PPMs there were no gross
abnormality in the fetus/baby. The placenta was not available for examination in 72%
(55/76) and therefore, the possibility of placental pathology, which might have led to the
death, could not be excluded.

Key words: perinatal post mortem, congenital anomalies, placental examination
Introduction

Perinatal period is defined as the period between 28 complete weeks of gestation up to
one week after the birth of a baby. Perinatal deaths could be related to fetal, maternal or
placental factors and include intrauterine deaths and deaths after the delivery. A PPM is
the key to the recognition of pathologies related to perinatal deaths, which ideally should

include complete examination of the body of the dead fetus/baby and examination of the

Vi
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placenta (Ohlsson, et al., 1987; Pinar, 2004; Squier& Cowan, 2004; Desilets&Oligny,
2011). Findings of a PPM assist the clinical team in confirming their clinical findings,
uncovering the additional pathologies and in understanding the pathology related to the
death. It also helps the family for future pregnancy planning (Pinar, 2004). However, for
many reasons, including lack of understanding of the importance of requesting a post-
mortem following a perinatal death, due to unavailability of the parent’s consent or a
competent person to perform the procedure, a PPM is not performed in all perinatal

deaths, which results in unsolved questions regarding the events that led to the death.

Performing a PPM differs to that of an adult post mortem procedure. The former requires
special attention on age related anatomical variations of the organ systems, congenital
anomalies and the pathologies related to the perinatal period (Keeling, 2001; Joint
Working Party of the Royal College of Obstetrics and Gynecologists and the Royal
College of Pathologists,1988; Royal College of Paediatrics and Child Health, 2002; Royal
College of Paediatrics and Child Health, 2002). The PPM procedure itself is a challenge
because of the smaller size of the body. It is important to recognize that examination of
the placenta is an integral part of a PPM examination (Altshuler,1996; Rhone, et al., 2003,
Faye-Petersen, 2008; Robers, 2008). At the clinical setting however, the management of
the baby and /the mother’s clinical condition takes the priority. The importance of
examination of the placenta in this context is easily over looked, which prevents
discovering some vital information related to the death of the baby/fetus (Altshuler,
1993). In the local setting, there is no storing system for placentae and placentae are not
submitted regularly for examination for the conditions which requires comprehensive
macroscopic and microscopic examination. Therefore, compared to the other fields of the
pathology, most pathologists have limited experience in pathologies related to the
placentae (Tellefsen & Vogt, 2011).

With modern health care facilities, the maternal factors leading to perinatal deaths have
declined markedly. However, placental and fetal factors leading to perinatal deaths are
yet to be understood. Limited amount of research has been carried out on perinatal
pathology and placental pathologies (Pinar, al., 2011). Therefore, actual data is not
available at national level for the stakeholders to take appropriate preventive measures.
Understanding of the pathologies related to the fetus and the placenta lies partly with a
comprehensive PPM examination. Therefore, establishment of a proper perinatal
pathology service in the Sri Lankan setting is an important task. As a laboratory providing
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the perinatal pathology service to a tertiary care hospital, to upgrade the perinatal
pathology service, it is important to understand the current level of practice the laboratory
provides (Parker et al., 2011).

Objectives

This study was carried out in the setting of a tertiary care hospital on already reported
perinatal post-mortems from January 2011 to August 2016. All these post mortems were
pathological post mortems and no judicial post mortems were included in the study. The
aims of this study were, to identify the number of perinatal post mortems (PPMs) reported
during the study period, identify the number of PPMs that showed multiple congenital
anomalies and identify the number of PPMs accompanied by a placenta and the number

of placentae with an identifiable pathology.
Methodology

The data of the already reported perinatal post-mortems were obtained from the registries
maintained at the department. The process of a perinatal post mortem included the
informed written consent of one or both parents to perform the PPM and to take tissue for
further examination. This was followed by a written request from a specialist medical
officer along with an authorization of the head of the institution, the director of the
hospital, to carry out the PPM. All these post mortems were performed at the hospital
mortuary by a consultant histopathologist or a postgraduate trainee in pathology under
the supervision of a consultant. Routine macroscopic examination during a PPM included
a detailed external examination along with taking the standard measurements. The
internal examination included examination of the brain, organs of the thoracic cavity and
the abdominal cavity. The sequence of the steps in each post-mortem was planned
according to the suspected abnormality of the individual post-mortem. A detailed
placental examination was carried out where the placenta was submitted. A data
collecting form was used as a guide. Microscopic examination was carried out whenever
necessary. The final post-mortem report included a summary of the maternal history,
external examination, internal examination, assessment of the maturity and an overall

comment.
Results

A total of 118 PPMs were reported during the study period. 65 % (75/118) of these were
premature deliveries, delivered before 37 weeks of gestation. 56% (67/118) of the PPMs
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were performed following intrauterine deaths. 14% (16/118) of these PPMs showed
multiple congenital anomalies (Table 1). Placentae ware submitted for examination in
26% of PPMs (31/118) and clinically significant placental pathologies were noted in 7/31
placentae (23%) (Table 2). 76/118 (64%) of PPMs showed no gross abnormality in the

fetus/baby and placenta was not available for examination in 72% (55/76).

Table 1

Major congenital anomalies noted in the PPMs

Lung hypoplasia

Single ventricle of the heart

Hypoplasic abdominal muscles

Gastrochisis

Omphalocele

Diaphragmatic hernia

Neural tube defects eg. meningomyelocoele, anenchephaly

Skeletal abnormalities / limb abnormalities; eg: arthrogyphosis, rocker-bottom feet
Posterior urethral valves, bladder hypertrophy, hydroureters, hydronephrosis,
polycystic kidney disease

Imperforated anus

Table 2

Pathologies noted in the placentae

Placental infarcts
Intraplacental haemorrhage
Chorangioma

Small placental size for gestational age

Discussion

This study showed that placentae were not available for examination in most of the PPMs
to diagnose/exclude the possibility of related placental pathologies. Therefore, it is
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important to educate the clinical staff to include the placenta in PPMs. If a baby dies
within one week of birth, ideally the placenta should be available for examination.
Therefore, it is also important to arrange a storing system for placentae of all deliveries

at least for one week.
Conclusion

14% of PPMs showed major congenital anomalies. Placenta was not available for
examination in majority of the PPMs, therefore cannot exclude the possibility of placental
pathology, which might have led to the death of the fetus / baby.
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Efficacy of alum treatment and vacuum packaging in controlling
crown rot disease of Cavendish banana

H. Siriwardana’, K. Abeywickrama, S. Kannangara, B. Jayawardena

Faculty of Science, University of Kelaniya, Sri Lanka, *86harshani@gmail.com

Abstract

Cavendish is the widely grown banana cultivar in the world today and the most prominent
cultivar in the international trade. Crown rot, one of the most drastic postharvest diseases
of Cavendish banana can cause severe postharvest loss both in the local and export
markets. In the industry, cut crowns of banana are treated with fungicides to control this
disease. Due to hazardous effects of fungicides, finding suitable alternatives in the
management of crown rot of banana is essential. In this study, effect of alum (potassium
aluminium sulphate) in combination with vacuum packaging was investigated in
controlling crown rot disease and extending the shelf life of Cavendish banana at cold

storage.

Twelve week mature Cavendish banana (Musa acuminata, AAA, Grande Naine cultivar)

hands were treated with 1% (w/v) alum or distilled water (controlled). Treated and control
fruits were packed in Low density polyethylene bags, air inside bags were removed using

vacuum and placed in fiberboard cartons and stored in a cold room at 12-14 °C. Each
treatment comprised 10 replicate boxes each with 5 hands. In-package gases were
analyzed after 14 days of cold storage. Physicochemical properties (pH, TSS, TA and
firmness), sensory properties (peel colour, flesh colour, aroma, flavour, taste and overall

acceptability) and crown rot disease severity were determined in ripening induced fruits.
Test marketing trials were conducted at CIC fruit outlet in Dambulla, Sri Lanka where

treated fruits were provided to consumers and staff to obtain feedback on the quality of

treated banana.

At the end of 14 days, mean O: in packages remained between 5.1 to 5.5% while mean

CO2% was maintained at 5.3%. Alum in combination with vacuum packaging
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significantly controlled crown rot disease of Cavendish banana compared to the control.
Physicochemical and sensory properties were unaffected by alum + vacuum packaging
treatment when compared to control. Treated banana obtained higher score values from
the customers and staff of fruit outlets for the sensory properties compared to the control.

Therefore, this eco-friendly treatment strategy could be recommended in preparing
Cavendish banana for local market as well as commercial scale export to various

destinations which require a transit time of two weeks.

Key words. Crown rot, Cavendish banana, vacuum packaging, alum, postharvest

Introduction

Banana is the fourth most important food crop used globally and it is the staple food and
economic life line for many countries. The sugar rich and low-fat bananas have varied
uses as infant food, functional food, dessert, carbohydrate based staple food and many
more diversified food / feed uses (Mohapatra et al., 2010). Banana is ranked as the first
most important traded fresh fruit in terms of volume, while it ranks second after citrus

fruits in terms of value (Ewané et al., 2012). Banana is considered as a good source of
many vitamins and minerals, particularly vitamins A, Be and potassium. Due to low
sodium and high potassium content of this fruit they are recommended in low-sodium
diets. Banana is useful for patients with peptic ulcers, for treatment of infant diarrhea, in
celiac disease and in colitis. They are also ideal for patients with gout or arthritis, blood
pressure and heart disease (Robinson, 1996). Apart from their high nutritional value, they
have a delightful flavour and are available in all seasons of the year (Mitra, 1997). Of the
various banana cultivars, Cavendish (genome AAA) is the predominant commercially

grown and largely traded banana cultivar in the world today (Alvindia, 2013).

Being a delicate and highly perishable fruit, banana suffers severe postharvest losses, due

to poor handling and diseases. Crown rot is the most drastic postharvest disease of
Cavendish banana causing severe losses both in the local and export markets. This disease

develops rapidly during fruit ripening, reducing the quality and marketability of fruits.

Crown rot is caused by a broad unspecific and opportunistic fungal parasitic complex
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including Lasiodiplodia theobromae, Colletotrichum musae, Fusarium spp., Verticillium
spp. and Cephalosporium spp. (Abd-Alla et al., 2014). Crown rot fungi colonize decaying
banana leaves, flowers, bracts, and field debris and conidia are dispersed by wind or rain
onto the banana bunch (Williamson et al., 2008). Although, fruit contamination could
occur within the field, mostly it happens in the washing tanks at the packing station where
processing favors the penetration of pathogens into the crown tissues. The banana crowns,

healthy at harvest, could develop a fungal infection after a few days of shipping and upon

arrival, the degraded quality of the banana fruits does not allow to secure the position in
export market (Ewané et al., 2012). In order to protect fruit against fungal attack which
causes crown rot during shipment, banana crowns are treated with fungicides such as
thiabendazole, imazalil and bitertanol. The application methods vary markedly, including
dipping, spraying and cascade treatment, but in every case the bananas are thoroughly

wetted to ensure the fungicide treatment efficacy (Jijakli et al., 2010).

However, inorganic banana production, finding suitable alternatives for fungicide usage
in controlling of crown rot is essential. Alum (potassium aluminum sulfate), in the
chemical formula of KAI(SO4),.12H0, is an odourless and colourless crystalline solid

which turn white in air, and is used as an astringent and antiseptic in food preparation

practices such as pickling and fermentation and as a flocculant for water purification
(Clark, 1970). Further, alum has been recommended as a category | active ingredient in
mouthwashes by Food and Drug Administration (FDA) (Olmez et al., 1998). Alum is
non-toxic and is used to cure canker sores. Alum solution has also been used to prolong
shelf-life of tomatoes. In the banana industry 1-2% of alum is added to delatexing tanks
to prevent flow of latex from the wounds of cut crown to prevent causing of dark stains,

which results in an unattractive appearance of fruits (Cemanes and Gabornes, 2013).

In this study, efficacy of alum in combination with vacuum packaging was investigated
in controlling crown rot disease and extending the shelf life of Cavendish banana during

cold storage. Test marketing trials were conducted in order to obtain feedback on the
quality of alum treated and vacuum packed banana. Therefore, the aim of this study was

to examine in-package gas composition and crown rot disease severity and to evaluate

physicochemical, nutritional and sensory properties of alum treated Cavendish banana
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which were subjected to vacuum packaging and stored at 12-14 °C for 14 days and to
identify consumer and supermarket staff acceptability of the alum treated banana during

test marketing trials.

Materials and methods

Twelve (12) week mature Cavendish banana (Grande Naine cultivar) bunches were
harvested from CIC banana plantation in Pelwehera, Dambulla, Sri Lanka. Banana
bunches were transported to the CIC banana pack house, at Dambulla. Bunches were
dehanded and approximately 1 kg hands were selected as experimental units. All hands
were washed in water to remove dirt and then with alum (1% w/v). The control sample
was washed only with water. After drying, hands were placed in low density polyethylene
(LDPE) bags (150 gauge) of 74x64 cm surface area and polyethylene foam liners were
placed on top of banana to provide protection to fruit. Air inside the bags was removed

using a vacuum cleaner and mouths of bags were tied tightly with rubber bands and

packed in (40x29x19 cm®) 3-ply fiberboard cartons. Each treatment comprised of ten
replicate boxes, each containing five hands (weighing 5.0-5.5 kg). All treatment boxes
were stored in a cold room at CIC banana pack house, Dambulla at 12-14 °C under 85-
90% relative humidity. The experimental arrangement was a completely randomized
design (CRD). Six boxes per treatment were transported to University of Kelaniya on the
14™ day of storage and immediately subjected to in-package gas analysis, pathological,

physicochemical, nutritional and sensory evaluation. The rest of the boxes kept at cold
room at CIC banana pack house were subjected to induce ripening on 14" day and
subjected to pathological evaluation and subsequently, samples were provided to CIC

staff and consumers visiting CIC fruit outlet in Dambulla along with a questionnaire

(Siriwardana et al., 2016).

In-package gas analysis

In-package gas (O2and CO3) concentrations within bags were measured using an Oxygen
and Carbon Dioxide Head Space Gas analyzer (Model 902 D, Quantek Instruments,

Grafton, MA) on the 14™ day of treatment before ripening banana. A needle was inserted

10
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in to each polyethylene bag and a small sample of package headspace gas was pumped

into the gas analyzer and Oz and CO. measurements were taken. Five replicate
measurements were taken per treatment (Kudachikar et al., 2011; Siriwardana et al.,

2016).
Ripening of banana

Samples taken out from bags after two-week storage period were subjected to induced
ripening by exposure to ethylene (thrill (480 g/L ethephon), 1 mL in 1 L of water) for 24-

48 h at room temperature inside plastic buckets at University of Kelaniya. When banana
fruits attained the fully ripe stage, pathological and other properties were assessed in ripe

fruits as below (Siriwardana et al., 2016).

Pathological properties

Crown rot disease severity of each hand was recorded using a standard index developed
at the Department Botany, University of Kelaniya (Crown Rot Severity (CRS) 0 = No
rot, 1 = 25% Crown rot, 2 = 50% Crown rot, 3 = 75% Crown rot, 4 = 100% Crown rot)

(Abeywickrama et al., 2009; Siriwardana et al., 2016).

Physicochemical properties

Ten fingers selected at random from each treatment were subjected to physicochemical

analysis. The firmness of the cross sections of ripe fruits (1 cm thickness) were measured
using a fruit firmness tester (FT 011, QA Supplies, Italy). pH of the filtrates were
measured using a digital pH meter (PC 510, EUTECH Instruments, Singapore). Total
soluble solids (TSS) of filtrates were recorded using a hand-held Refractometer (ATC,

ATAGO, Japan, Brix; 0-32%) (Abeywickrama et al., 2009; Siriwardana et al., 2016).

Sensory properties

Ten randomly selected fingers from each treatment and control were provided to a ten

member trained sensory panel at University of Kelaniya along with a questionnaire to

evaluate peel colour, flesh colour, aroma, flavour, taste and overall acceptability. Score

values were obtained for each parameter according to an evaluation scale (Excellent = 9-

11
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10, Good = 6-8, Fair = 4-5, Poor = 1-3). Twenty replicate samples were used per
treatment. The treated banana were stored in cold room at CIC, Dambulla was ripened as
mentioned previously and were made available to the consumers and staff at the CIC fruit

outlet in Dambulla. Questionnaires were given to consumers and staff to obtain feedback
with respect to peel colour and taste. Twenty replicate samples were used per treatment

(Siriwardana et al., 2016).

Nutritional properties

Moisture content

Five induced ripened fruits selected at random from each treatment were used. Ten grams
of pulp from each finger were placed in a dried weighed crucible. The crucible with
samples were placed in a drying oven (FEB87, Astell Hearson, UK) at 105 °C and heated
for 3h. After cooling, dried samples were reweighed and this was repeated until a constant
weight was obtained. The weight difference was calculated as a percentage of the original
sample (AOAC, 1990; Nwosu et al., 2011). Five replicate samples were used per

treatment and mean value was taken as moisture content.
Percentage moisture = M;— M3 x 100

Mz — My

Where,
M; = Initial weight of empty dish

M, = Weight of dish & sample before drying
M3z = Weight of dish & sample after drying

Dehydration of banana samples

Five induced ripened fruits selected at random were used from each treatment. Flesh from
each fruit was diced and dehydrated in a drying oven (FEB87, Astell Hearson, UK) at 70
°C until constant weight was obtained. Dehydrated samples were ground and sealed in
polythene bags and kept in a desiccator. Dehydrated samples were used in determining

crude protein, ash, fat and mineral contents.

Ash content
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One gram of dehydrated sample was placed in a clean, oven dried incineration crucible

of known weight. Crucible was covered with pricked aluminium foil and total weight was
recorded. Sample was incinerated at 550 °C in a muffle furnace (ECF 12/6, Lenton
Furnaces, UK) until it turned white and free of carbon. Weight of the cooled crucible with
the sample was measured and the percentage of ash was calculated. Five replicate samples
were used per treatment and mean value was taken as ash content (AOAC, 1990; Nwosu

etal., 2011).

Percentage Ash = Weight of Ash X100-------- > 2

Weight of original of sample

Crude protein content

The Kjeldahl method was used in determining the crude protein content. From each of
the dehydrated banana samples, 0.5 grams was transferred to the 30 mL Kjeldahl flask.
Ten (10) mL of tri-acid mixture of HNO3:H2SO4HCIO4 (9:4:1) and Kjeldahl catalytic
mixture (0.5 g) were added to the flask and digested using digestion chamber until a clear
solution is obtained. Digested sample dissolved in minimum amount of NHz free distilled
water was transferred to the Kjeldahl distillation apparatus which was previously
conditioned by passing steam for several minutes. Twenty five (25) mL of 4% boric acid
and 3 drops of Kjeldahl indicator were added to a titration flask and clamped to the end
of the distillation apparatus. Ten (10) mL of 40% NaOH solution was added to the
distillation flask and liberating ammonia was trapped using boric acid solution. Boric acid
solution was titrated with 0.1 N HCI solution. The Nitrogen content was calculated using
the below equation and multiplied with 6.25 to obtain the crude protein content. Five
replicate samples were used per treatment and mean value was taken as protein content

(AOAC, 1990; Nwosu et al., 2011).

Percentage Nitrogen = V x N x 14 x100
W x 100
Where,
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N= Normality of HCI
V= Volume of HCI used for sample titration

W = Weight of sample taken

Fat content

Two grams of dehydrated banana sample was loosely wrapped with a filter paper and put
into the thimble which was fitted to a clean round bottom flask, which has been cleaned,

dried and weighed. The flask contained 120 mL of petroleum ether. The sample was
heated to 50 °C with a heating mantle and allowed to reflux for 5h. The heating was then
stopped and the thimbles with the spent samples kept and later weighed. The difference

in weight was recorded as mass of fat and is expressed a percentage (%).

The percentage oil content is percentage fat = M2 - M1 x 100

M3

=== ()

Where,
M1 = weight of the empty extraction flask
M. = weight of the flask and oil extracted

M3z = weight of the sample

Mineral content

Mineral content of banana fruit samples were determined using dehydrated samples. A
sample of 400 mg dehydrated banana fruit flesh was wet digested (180 °C for 15 min)
with 10 mL of 69% HNOs using a microwave digester. Digested samples were filtered
through a filter paper layer and the filtrate was raised up to 25 mL using distilled water.
Blank digestion was carried out without adding samples. Digested sample were collected
into plastic vessels and the concentration of metals; magnesium (Mg), potassium (K),
calcium (Ca), copper (Cu), manganese (Mn), iron (Fe) and Zinc (Zn) were determined
using an Atomic Absorption Spectrophotometer (SpectrAA-110, Varian, Australia).
Phosphorous (P) was tested using a UV-Visible Spectrophotometer (Cary 60, G6860A,

Agilent Technologies, Australia). Mineral content were expressed as mg/100g of fresh
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weight (AOAC, 1990). Five replicate samples per treatment were used for determining

each mineral and the mean values were calculated.

Results and discussion

In-package gas analysis

Mean O2% in vacuum packaged (VP) alum treated and control Cavendish banana were
within 5.1-5.5 % while CO2% recorded a value of 5.3% at the end of the storage period
(Table 1). Further, gas concentrations in alum treated banana were not significantly
different from control samples.

In vacuum packaging, air around the banana within polyethylene packages is removed.
However, a certain amount of oxygen is remained, since it is not possible to create a total
vacuum. By removing air around the banana, oxygen level in the packaging is reduced,
impeding the metabolism of some pathogenic agents that can survive on the banana

crown. The lack of oxygen also reduces the amount of spoilage due to oxidation, which

could cause browning in banana. Altered gas composition of packages through vacuum
packaging result decrease of fruit respiratory intensity and endogenous ethylene

synthesis, and thereby increase the length of the pre-climacteric phase. Kader (1997)
reported that oxygen levels below 1-1.5 % could cause off-flavour, grayish / brown peel
discoloration and inability of proper ripening while CO, levels greater than 6-8% could
cause undesirable flavour and texture and softening of pulp while the peel is still green.

However, in the present study, no such defects were seen.

Pathological properties

Alum treatment significantly controlled crown rot disease showing a CRS value of 0.2
(5% rot) compared to control samples which showed CRS value of 1.08 (26.2% rot)
(Figure 1). In accordance with the present results, Abeywickrama et al., (2009) reported
that, 1% alum washed and vacuum packed Embul banana showed lower crown rot disease
compared to control samples in cold storage at 13-15 °C. During in vitro assay by

Abeywickrama et al., (2012), 1% (w/v) alum prevented mycelial growth of crown rot
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pathogen L. theobromae and papaya stem end rot pathogen Phomopsis caricae -papayae.
Mode of action of alum against crown rot pathogen is not exactly known. However, alum
would cause competition for nutrients and sites in the wound of the cut crown impeding
the ability of pathogen to grow. Controlling of crown rot disease is challenging since a
complex of fungi are associated with the disease and the cut crown tissue allows for a
large area of entry for pathogens. Further, fungal spores could go 5-7 mm in to the crown
tissue and establish deep-seated infections which may be difficult even for fungicides to
reach (Ewané et al., 2012). However, in the present study, alum treatment significantly
controlled the crown rot disease indicating the efficacy of alum as an alternative to

fungicide usage.

1.2

0.8
0.6

0.4
a

0.2
|

1% alum control

Crown rot disease severity

o

Treatment

Fig 1: Crown rot disease severity of vacuum packaged Cavendish banana treated
with 1% alum and control after 14 days of storage at 12-14 °C

(0 = Norot, 1 = 25% Crown rot, 2 = 50% Crown rot, 3 = 75% Crown rot, 4 = 100%
Crown rot, extended up to the finger stalk).

Each data point represents the mean of fifty replicates.

Means sharing a common letter (s) are not significantly different by Kruskal Wallies

non parametric statistical test.

Physicochemical Properties

TSS, firmness and pH of alum treated and control Cavendish banana were within the

range of 15.9 - 16.0 °Brix, 0.42 - 0.43 kg cm and 4.93 - 4.99 respectively. TSS, pH and
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firmness of alum treated Cavendish banana were not significantly different from the

control samples (Table 1).

Table 1: Physicochemical properties and in-package gas concentrations of vacuum

packaged Cavendish banana stored at 12-14 °C after induced ripening

Property
Treatment Firmness (kg cm” pH 0:% COx%
TSS (°Brix)
Z
)
alum 16.02+0.43 0.43*+0.01 493*+0.04 5.5*+0.1 5.32+0.1
control 15.92+0.41 0.422 £ 0.02 4992+001 5.1*+0.1 5.32+0.1

Each data point of TSS, firmness and pH represents the mean of ten replicates + standard

error; TSS, pH and firmness values were recorded after subjecting banana to induced
ripening.
Each data point of O2% and CO2% represents the mean of five sample bags + standard
error; Headspace O and CO> values were obtained in vacuum packaged banana before
ripening.
Means sharing a common letter (s) in each column are not significantly different by

Tukey's multiple comparison test at (p O 0.05).

pH of a fruit depend on the total quantity as well as the strength of acids present in a fruit
and it is used as an important parameter depicting the fruit palatability. Dadzie (1998)
reported, pH of Grande Naine' banana was 4.93 after ripening. Opara et al., (2013)
reported pH of Dwarf Cavendish banana was within the range of 4.98 - 5.43 during the
ripening process. According to Marin et al., (1996) after ripening pH of Grande Naine’
(AAA) banana were within 4.94 - 4.95. Total soluble solids are the solids dissolved within
a substance. In ripened banana major portion of TSS consists of sugar. According to
Opara et al., (2013) TSS of Dwarf Cavendish banana were within 19.6 - 21.2 °Brix.
However, Dadzie (1998) reported that in ripe Grande Naine banana TSS was in the range
of 14.00 °Brix. According to Dadzie (1998), firmness of banana decreases down to an

optimal eating range of 0.7 - 0.4 kg cm™ during ripening process. Therefore, values
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obtained for pH, TSS and firmness in the present study are in accordance with previously

published literature.

Sensory properties

Alum treated VP Cavendish banana obtained higher score values from the trained sensory
panel at University of Kelaniya for all sensory properties compared to control. Sensory
properties of alum treated banana were not significantly different from control banana on

day 14 (Table 2).

Table 2: Sensory scores obtained for VP Cavendish banana stored for 14 days at

12-14 °C after induced ripening from sensory panel at the University of Kelaniya

Treatment Sensory property
peel flesh flavour aroma taste texture overall
colour  colour acceptability
1% alum 6.6° 6.22 6.6° 6.22 6.62 6.2° 6.4°
control 6.0? 6.0 6.0 6.1° 6.4° 6.0* 6.3?

Each data point represents the mean of twenty replicates.
(Excellent 9-10, Good 6-8, Fair 4-5, Poor 1-3).
Means sharing a common letter (s) in each sensory property are not significantly

different by Kruskal Wallies non parametric statistical test.

Alum treated banana obtained higher score values over the control for peel colour and

taste from the staff and customers of CIC (Figure 2). Further, score values of peel colour

and taste of alum treated banana were not significantly different from the control.
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Fig 2: Effect of alum and control on sensory properties of vacuum packed Cavendish
banana as scored by the CIC staff and customers

(Excellent 9-10, Good 6-8, Fair 4-5, Poor 1-3)
Each data point represents the mean of twenty replicates.
Means sharing a common letter (s) in each sensory property are not significantly different

by Kruskal Wallies non parametric statistical test.

In accordance with the present results, Abeywickrama et al., (2009) reported that most of
the physicochemical and sensory properties of 1% alum washed and vacuum packed
Embul banana were not adversely affected compared to untreated fruits.

Alum addition remove the latex from banana crowns, promotes the proper healing of the
wound at crown and controls pathogens in the wash water (Anyasi et al., 2013). Normally,
1-2% of alum is added to delatexing tanks to prevent flow of latex from banana crowns.
In Philippines, 12 ppm Al**solution is used in de-handing and flotation tanks, for
coagulation of banana sap (Speiser and Berge, 2014). This latex removal from banana

crowns could lead to enhanced peel colour of alum treated banana compared to control

which is evident by the higher score values obtained for peel colour from the sensory

panelists and staff and customers of CIC.

Nutritional properties

19



Journal of the Faculty of Graduate Studies, Vol.5, 2016, University of Kelaniya, Sri Lanka

Moisture content ranged between 76.26-76.85% while protein content ranged between
1.51-1.68% of alum treated and control VP Cavendish banana. Ash contents were within
the range of 0.90-0.91% while fat was not detected in all samples. However, these values

were not significantly different between the treatments (Table 3).

Table 3: Nutritional properties of VP Cavendish banana after 14 days of storage at

12-14°C

Treatment Moisture Ash Crude Fat (%)
(%) (%) Protein (%)

1% alum 76.852 0.90? 1.682 ND

control 76.262 0912 1512 ND

ND - Not Detected.
Means with the same superscript on the same column are not significantly different by

Tukey's multiple comparison test at (p O 0.05).

Further, mineral element composition of alum treated VP Cavendish banana were not
significantly different compared to control except for P, Mn, Zn and Fe content (Table 4).
A high level of potassium (444.96 - 518.40 mg/100 g) was noted in samples where as Mg
ranged between 32.94 - 35.10 mg/100 g. Phosphorous level ranged from 29.16 - 31.86
mg/100 g while Mn level ranged between 1.74 - 2.76 mg/100 g. Iron level ranged from
2.96 - 3.39 mg/100 g while Zn level ranged between 0.56 - 0.66 mg/100 g. Recorded Cu
values were between 0.04 - 0.05 mg/100 g for all samples tested. Further, Ca was not

detected in any of the samples tested.

Table 4: Mineral composition of VP Cavendish banana after 14 days of storage at

12-14 °C

Mineral element (mg/100g)
K P Mg Mn Zn Fe Cu Ca

Treatment
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1% alum  518.40%+ 31.86%+ 3510% 1.74%+ 0.66% 3.39%+ 0.05%+ ND
4426 054 1.70 011 002 014 001
control 444.96% 29.16° 3294 276+ 056°+ 296+ 0.04%+ ND
+2424 +054 132 022 001 010 001

ND - Not Detected.
Means with the same superscript on the same column are not significantly different by

Tukey's multiple comparison test at (p O 0.05).

Wall (2006) reported mineral content of ‘Williams' Cavendish banana as, P 19.2 - 25.0
mg/100 g, K 287.1- 355.2 mg/100 g, Ca 3.8- 6.3 mg/100 g, Mg 26.1 - 36.6 mg/100 g,
Fe 0.62- 1.01 mg/100 g, Mn 0.13 - 0.31 mg/100 g, Zn 0.17- 0.30 mg/100 g and Cu 0.17-
0.46 mg/100 g. The mineral content values reported in the present study are slightly
higher compared to the values reported by Wall (2006). However, mineral content of
different banana samples could vary according to banana variety, maturity stage and
cultivation areas.

Storage temperature is very vital for safe storage of banana. High temperatures could
result off flavour and mushy flesh of banana while low temperatures below 11 °C could
result in chilling injury. Low temperature could slow down the growth of microorganisms
mainly fungi on banana fruits. Therefore, during the present study, temperature of treated
samples were maintained at optimum level of 12-14 °C.

During the present research efficacy of alum in controlling crown rot disease of
Cavendish banana was identified. Alum treated samples showed no significant
differences of physicochemical, sensory and nutritional properties indicating that alum

could be used as a substitute for fungicide usage in the organic banana production.

Conclusions

Alum in combination with vacuum packaging significantly controlled crown rot disease
of Cavendish banana. Most of the physicochemical, sensory and nutritional properties

were not adversely affected by the treatment.
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Abstract

Starch-degrading amylase was produced by A. niger under submerged condition utilizing
dried pine apple peel powder as the substrate. Growth parameters were optimized by
changing the incubation period, pH of the culture media, level of carbon source (dried
pineapple peel powder) and additional nitrogen source, in order to get a maximum
amylase production. The study revealed that the production of extracellular amylase
increased with the culture growth and reached to the maximum level at day 7 in the
cultures grown at pH 5.0. Studies with different levels of pine apple peel powder ranging
from 6g/L to 48g/L indicated that the optimum level of carbon source for the maximum
amylase production was 18 gL™. The effect of additional nitrogen source on amylase
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production was also monitored supplementing the growth media with different nitrogen
sources such as peptone, gelatin and urea. The result indicates that using gelatin as
additional nitrogen source increases the amylase production. Experiments were also
carried out to monitor extracellular and intracellular amylase production and the results
revealed that the extracellular amylase production was found to be higher than that of

intracellular. The yield of the enzyme was 8530 units/g of pine apple peel powder.

To test the suitability of the enzyme for the improvement of the quality of bakery products
were studied by treating the wheat flour dough with different volumes of partially purified
enzyme. The results showed that the treating 7.7 mL (11.5 UmL™) partially purified
amylase with one kg of wheat flour dough provides better quality product with improved
shiny appearance, color, crumb structure, taste and better anti-staling effect than the

control.

Keywords; amylase, pine apple peel, submerged fermentation, bakery products, anti-

staling effect

Introduction

Amylase stand out as a class of enzyme that useful in food, brewing, textile, detergent
and pharmaceutical industries. Though amylase can be derived from various sources such
as plants, animals and microorganisms, enzymes from microbial sources have been
dominated in industrial sectors because of their economical bulk production capacity and
the ease of manipulation. Aspergillus niger is one of the organisms widely used for the

commercial production of amylase, (Suganthi et al, 2011).

Fungal amylases particularly from Aspergillus species find various application in food
industry; eg.as an anti-staling agent in baking industry, for haze clarification in fruit
juices, alcoholic beverages and maltose syrup production etc. Several methods such as
submerged fermentation and solid-state fermentation have been successfully used for the
amylase production from various micro-organisms .Since, the contents of synthetic
medium used for amylase production are very expensive and uneconomical, they need to
be replaced with more economically available agricultural and industrial by products.
Agro industrial residues such as wheat bran, spent brewing grain, maize bran, rice bran,
rice husk, coconut oil cake, mustard oil cake, corn bran etc. have been used as substrates

for the amylase production (Krishna et al. 2012; Suganthi et al., 2011;).
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Thus, the present study was designed to produce amylase by A. niger under submerged
fermentation using pine apple peel powder as the carbon source. In this work, amylase
production will be optimized by changing the parameters such as the incubation time, pH,
the level of carbon source and the nitrogen source. Amylase produced under optimized
conditions will be partially purified and its potential to improve the quality of bakery

products will be investigated.
Methodology

Culture conditions and growth
Aspergillus niger strain was obtained from the Department of Microbiology, University

of Kelaniya

Fungal culture was maintained on stock slopes. Fresh Pineapple peel (250g) were
cleaned, well dried and powdered.
Preparation of sub-culture media

Glucose 20g, Yeast extract 1.0g, NH4Cl 2.5g, KH2PO4 0.3g, NaCl 0.25g, MgCl».6H>0O
0.2g, CaCl2.2H20 0.1g prepared in 1L (distilled water). pH was adjusted to 5.6 (Rezaei
et al. 2009) autoclaved at 121 °C for 15 min. Ten ml of sterile distilled water added to one
stock slopes shake well inoculated the sterile culture flask which contained 25ml of above

media. Thus inoculated flask was incubated and was shaken at 200rpm for 24 hrs.

Amylase production with the culture growth at different pH level

Culture media 1L was prepared using the above methodology. Dried pine apple peel
powder was used instead of glucose. pH was adjusted to 5.6, autoclaved at 121 °C for 15
minutes, inoculated with 2ml of subculture and incubated for 10days. Two culture flasks
were taken at day 4, mycelia was filtered and the filtrate was assayed for amylase activity.
Likewise, two flasks were taken at 5", 6™, 7", 8" 9" 10" days of inoculation and
mycelium was filtered. Filtrate was assayed for amylase activity. Control experiments
were also carried out. All the assays were done in triplicate. Mean and the standard
deviation were calculated. All the steps in above procedure were repeated under the same
conditions changing only the pH of culture media. Similar experiments were performed
atpH 3,pH 4, pH 5, pH 6, pH 7, pH 8 and pH 9 also.

Amylase production with different levels of pineapple peel powder
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Culture flasks which contained above culture medium (pH 5.0) were prepared
supplementing with different concentrations of Carbon source (6 gL, 12 gL, 18 gL?,
24 gLt 30 gL, 36 gLt and 42 gLY), autoclaved at 121 °C, 15 Ib/inch? for 15 min. Each
flask was inoculated with sub culture (1.00 mL) and incubated at room temperature for
10 days. Amylase production at each substrate level was monitored from day 4 to 10 as

in above procedure.
Amylase production with additional Nitrogen (N) source

Fungus was grown in 12 culture flasks which contained the above medium (pH 5.0)
supplemented with pineapple peel powder 18 g/L. Three flasks were used as a control and
other nine flasks were supplemented with additional N sources eg. peptone, urea and
gelatine. Amylase production was monitored at day 7. All the replicates were contained
three samples and assays were done in triplicate. Mean and the standard deviation were

calculated.

Comparison of extracellular and intracellular amylase activity of the fungus

A.niger was grown in 14 culture flasks (250mL) in which each contained 50mL culture
media and all the flasks were incubated for 10 days under optimized conditions to produce

amylase enzyme.

After 4 days of inoculation, 2 conical flasks were taken, and the mycelia were filtered.
Amylase activity of the culture filtrates was assayed. That was considered as extracellular
enzyme activity. Fungi mycelium was used to extract for intracellular amylase. For this,
fungi mycelium was ground with little amount of cleaned sand and sodium phosphate
buffer (0.02M, pH 6.5). The mixture was ground well until it becomes slurry. Buffer (10.0
mL) was added to the slurry and it was centrifuged at 5000 g for 15 min. Amylase activity

of the supernatant was assayed. That was considered as intracellular enzyme activity.

Another 2 flasks were taken at 5™ day similarly and the mycelium was filtered, and

amylase activity of the culture filtrates were assayed for the extracellular enzyme activity.

Intracellular enzyme was extracted from fungi mycelium and was assayed for amylase
activity. Likewise, after 6, 7", 8™ 9™ and 10" days of inoculation two flasks were taken

on each day, extracellular and the intracellular amylase activities were detected.

Amylase assay
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Culture broth 30 pL and 0.2 mL of 0.1% starch solution were mixed. Then volume was
adjusted up to 0.3 mL by using 70 pL of distilled water and above mixture was incubated
at 30 °C for 15 min. After 15 min incubation time, 0.5 M acetic acid 1.00 mL was added
to stop the reaction. Amylase activity was determined by adding to the, 0.3 mM lodine/KI

reagent 0.7 mL, mixed well and the absorbance was measured at 620 nm.

Amylase enzyme activity (U/mL) was defined as (Maryam et al. 2008),

( Absorbanceg, nm Of control — absorbanceg,o,m Of sample)

U;
/mL (Absorbanceg,g nm 1 mg starch x txv)

t = Assay incubation time v = Added enzyme volume
Industrial application of bread making
Wheat flour 2000g, Salt 40g, Yeast 50g, Sugar 40g and Water 1200 mL

All ingredients were mixed by using spiral mixture for 4 min to prepare the dough. Thus
prepared dough was divided into 450 g portions. Different volumes of enzyme 2.0, 2.5,
3.0, 3.5, 4.0 and 4.5 mL were added into each dough sample and mixed well. One sample
was left as the control. Then well mixed dough samples left for 20 min at room
temperature 28 °C. Each dough sample was divided into3 equal weighted portions and
each portion was placed in metallic plate without cover and incubated at room
temperature for 2 hours. Then all the portions were baked at 220 °C for 25minutes in an
oven Then dough colour, appearance, taste of enzyme added baked sample and staling
effect were observed and compare with control sample.

Results and Discussion

The optimization of various parameters and the manipulation of media are one of the most
important techniques used for the overproduction of enzymes in large quantities to meet
the industrial demands. Various physical and chemical factors have been known to affect
the production of a-amylase such as the temperature, pH, period of incubation, the carbon
sources and the nitrogen sources. Hence, the production of the enzyme under the above

parameters was investigated.

Kinetics of enzyme production with the culture growth at different pH levels

Figure 1.a shows the variation of amylase enzyme activity with culture growth at different
pH levels at 28 °C.
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Enzyme production was increased with culture growth and reached to a maximum at 7%
day (figure 1.a). Similar result has been reported for A.niger grown in Banana peel (Rajilla
et al. 2013).Gupta et al. (2008) reported different results in amylase production under pH
5. In their study A.niger grown on starch at 30 °C showed maximum enzyme production
at 5™ day. As reported by Adejuwon. (2010) A. niger grown on Citrus fruit isolate showed
maximum amylase production after 10 days of incubation at 35 °C.

a0

e 2.0
—&—pH 40

& pH 50
w— N 6.0

——pH 7.0

Enzyme Activity (U/mlL)

- pH BO

pH 90

4 day 5 day 6 day 7 day 8 day 9 day 10 day
Incubation Time (Days) at 28 °C

Figure 1. a) Kinetics of amylase production at different pH levels at 28 °C

These finding indicates that the amylase production is active in the pH range of 4.0- 8.0,
suggesting that the enzyme would be useful in processes that required wide range of pH
change from slightly acidic (pH 4) to slightly alkaline (pH 8) range. Similar results have

been observed in the crude amylase preparation in Bergmann et al., 1998; Hayashida
&Teramoto. 1998.

Using the data obtained in above experimental amylase production in 7 days old cultures
at different pH level are summarized in figure 1.b

40

35

a0

5

20
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15
pH 3 pH 4 pH 5 pH & pH 7 pH & pH 9
pH Value at 28 °C
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Figure 1.b). Effect of pH level on enzyme production at 7t"day in 28 °C

Similar result has been reported with A.niger grown in Banana peel, corn, potato and
tapioca at 30 “C (Darani& Kumaran, 2012). Gupta et al. (Gupta et al. ,2008) also describe

similar result for A.niger grown in starch at 30 °C.

However, A.niger grown on Ipomoea batatas at 28 ‘C showed different result. In that
work pH 7 has been shown maximum enzyme production (Sundar et al. 2012).Another
different result has been reported with A.niger grown on citrus fruit isolate at 35°C. In that

study pH 6.5 has been given the optimum amylase activity (Adejuwon, 2010).

Alpha amylases are generally stable over a wide range of pH from 4 to 11 (Fogarty &
Kelley, 1980) and most Bacillus isolates, e.g. B. subtilis, B.licheniformis and

B.amyloliquefaciens seem to require an initial pH of 7.0 (Haq et al. 2002).

Effect of substrate level for maximum enzyme production

Studies were done with different substrate levels in order to get the maximum yield of

amylase enzyme (Fig.3).
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Figure 3. Effect of substrate level for maximum enzyme production at 28 'C
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Figure 4: Effect of substrate concentration on the production of amylase
at 7""day in 28 °C
As shown in figure 4 enzyme productions increased with substrate level and reached to
maximum at 18 g/L level. Above that level enzyme production was gradually decreased.

As reported in Krishna et al, A.niger grown on Banana peel at 28 °C for 7 days have been
shown maximum enzyme production at 25-30% concentration of Banana peel (Krishna
et al. 2012).

However Aspergillus sp. JGI 12 grown on using 1% starch in Coconut oil cake, Ground
nut oil cake and Rice bran as the substrate at 25 ‘C for 6 days showed different result.
Rice Bran gave the highest enzyme activity (Glucoamylase 16.42 U/mg) (Alva et al.
2007).

Effect of additional Nitrogen (N) source for enzyme production

Supplementing the culture broth with additional nitrogen source increased the amylase
production as shown in figure 3.5. Similar result reported in Suganthi& Coworkers. In
their work additional nitrogen source has increased the yield of alpha amylase produced

in ground nut oil cake medium with A.niger grown at 37 “C (Suganthi et al. 2011).

In the present study, culture broth supplemented with gelatin (20 g/L) showed maximum
amylase production compared to other nitrogen sources. Culture broth supplemented with
peptone showed similar results in comparison with control experiment (culture broth with
no additional nitrogen source) indicating that peptone has no stimulating effects on
amylase production.
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Figure 5: Effect of additional N source for enzyme production at pH 5 and 28 °C

This finding suggests gelatin is suitable as an additional nitrogen source for the production

of amylase by A.niger grown on Pineapple peel.

In earlier study, the effects of additional nitrogen sources on the production of a-amylase

were observed by Gupta & his coworkers (2008).

In their study casein and gelatin caused poor enzyme production with A.niger grown on
starch at 30 “C. But as reported in Gupta et al. peptone has been supported to enhance
amylase production whereas urea also has shown considerable increase of a-amylase
production (Gupta et al. 2008).

As reported by Varalakshmi et al. (2008) A. niger grown on wheat bran supplemented
with urea has given the maximum amylase activity (61.33U), followed by beef
extract(41.33U) and casein (44.35U)but wheat bran supplemented with meat extract
resulted in a decrease of enzyme production (Varalakshmi et al. 2008).

As reported by Sundar et al (2012), A.niger grown on Ipomoea batatas has been resulted
in a considerable increase in the production of alpha amylase upon addition nitrogen
sources such as peptone, casein and yeast extract. Out of these nitrogen sources, peptone
showed maximum amylase activity compared to casein and yeast extract (Sundar et al.
2012).

Determination of the extracellular and intracellular enzyme activity

As presented in fig.6. extracellular and intracellular enzyme production has been reached

to maximum at 7" and 6" day respectively. Extracellular enzyme production is found to

33



Journal of the Faculty of Graduate Studies, Vol.5, 2016, University of Kelaniya, Sri Lanka

be always higher than the intracellular production. Most probably this is due to the extra
cellular digestion of fungi digest the food first and then ingests the food, to accomplish

this by producing exo-enzymes.

120
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Al ® Extracellular
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Enzyme Activity (U/ml.)
= &

Figure 6: Determination of the extracellular and intracellular enzyme activity at 28 °C

Suitable enzyme volume for baking application
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Bread —made from 450g of wheat flour  Bread —-made from 4509 of wheat flour
dough supplemented with 3.50 mL (11.5 dough supplemented with 4.00 mL (11.5
u/ml) ofamylase
u/ml) of amylase

Figure 7 Appearance of bread with different volume of amylase

Table 1: Bread samples with different volume of enzyme

Property tested Volume of amylase /

ML (amylaseactivity11.5U/ ml
0.00 200 250 3.00 350 4.00 450

Shiny appearance 0 1 1 2 3 4 3
Crust colour 0 1 2 3 4 4 4
Taste 0 1 2 3 3 4 3

1 = No difference with control
2 = Little better than Control
3 = Better than Control

4 = Much better than Control

Result in table 1 indicate 3.5ml / 450g wheat flour dough is the best treatment to improve

the appearance, crust color and the taste of bread.

Table 2 Staling effect in bread

Enzyme :
Staling Effect
Treatment (T) Volume g
(ml) Day 1 Day 2 Day 3 Day 4 Day 5

Teontrol 0.0 No Start Yes Yes Yes
T, 2.5 No No Start Yes Yes
T, 3.0 No No Start Yes Yes
T3 3.5 No No Start Yes Yes
Ts 4.0 No No No Start Yes
Ts 45 No No No Start Yes
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Results given in Table 2, staling effect started in control (Tcontrol), at day 1 But staling
was commenced after three days in T1, T> and Tzand after four days in T4 and TsHence,
it could be recommend T4 (7.7ml/kg, amylase activity 11.5U/ ml) is the best volume for

retarding the anti staling .

Enzyme yield was 8530units/g pine apple peel powder.

Conclusion

The present experiment revealed the potential of amylase production by A.niger under
the submerged fermentation using Pineapple peel waste as the carbon source.

The maximum amylase enzyme activity was obtained, seven days after incubation at pH
5 with 18 gL concentration of carbon source. Out of the tested additional nitrogen
sources (Gelatin, Peptone and Urea) Gelatin provided the maximum enzyme yield.

Fungal strain produced amylase as an extracellular amylase as well as an intracellular
amylase. Extracellular amylase production was found higher in comparison with
intracellular amylase production after 7 days incubation period.

Treating 8.8mL(153.24 U/mL) of produced amylase with 1kg of wheat flour dough
provided better quality product [4 = much better than control (sensory evaluation mark)]
with improved shiny appearance taste and higher anti-staling effect.

Finally findings of this work reveal the potential of using agricultural waste of Pine apple
peel in large scale production of industrial amylase. Utilization of these agricultural by-
products will help to solve the pollution problems due to their continuous accumulation

and also contribute to safe and economical waste management.
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The genus Piper which is the largest genus in the family Piperaceae is economically
important as it comprises with valuable crop species as well as several wild species.
Although ten species of genus Piper are recorded in Sri Lanka, their interspecific
relationships were not well studied. Therefore, the aim of this study was to determine
interspecific relationships of Piper species in Sri Lanka using internal transcribed spacers

from nuclear ribosomal DNA (ITS).

Ten varieties of Piper nigrum L., two varieties of each P. betle L.and P. longum L., P.
chuvya (Mig.) C. DC., P. siriboa L., P. sylvestre Lam., P. walkeri Mig. and P. zeylanicum

Miq. were used for the study. The genomic DNA was extracted from tender leaf samples
using CTAB method, PCR amplified using ITS primer pair and subjected to DNA

sequencing. The DNA sequence alignment analysis was carried out and a phenogram was

constructed using the multiple sequence alignment programme MUSCLE.

According to the phenogram clear formation of two major clusters can be seen and ten P.
nigrum varieties were clustered together however, variety Kuching has shown a

separation from the main cluster. P. longum, P. walkeri, P. sylvestre, P. siriboa, P. betle,
P. chuvya and P. zeylanicum formed the other cluster in which P. siriboa has shared close
similarities with P. betle, while P. sylvestre and P. walkeri displayed close relationships
and clustered together with P. longum varieties. Interspecific relationships between wild
species and cultivated species (P. nigrum, P. betle and P. longum) indicated the potential

of using the wild species in breeding programs for crop improvement. However, further
studies to reveal genetic and phenetic relatedness of those species are needed to deepen

the knowledge on interspecific relationships of Piper species.
Keywords: Piper, DNA barcode, ITS, interspecific relationships

Introduction

Family Piperaceae is mostly found in the wet regions of the tropics and centered in the
submontane and montane zones. The genus Piper which is the largest genus in the family
contains aromatic, softly woody or herbaceous plants: erect, creeping or climbing by
adventitious roots. (Huber, 1987; Parthasarathy, 2006). People throughout the tropics

use Piper for many purposes, such as ornamentals, spices, perfumes, oils, insecticides,
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and many medicinal preparations. Despite its commercial and medicinal importance,

Piper has received very limited scientific attention (Wadt et al., 2004).

The genus Piper is represented by ten species in Sri Lanka. The main cultivated crops in
the genus include black pepper (P. nigrum L.) and betel (P. betle L.). P. zeylanicum Miq.,
P. trineuron Mig. and P. walkeri Miq. are endemic to the country, whereas five species
are considered as introduced. P. walkeri Mig. and P. trineuron Miq. are found to be
recorded in few localities of the country and P. hymenophyllum Migq. is considered as an
extremely rare species. P. sylvestre Lam. is the most widespread Piper species in Sri
Lanka. P. siriboa L., P. longum L. and P. chuvya (Mig.) C. DC. are commonly used in
traditional medicines (Huber, 1987; Edirisinghe, 2009; Senaratna, 2001; Liyanage &
Senanayake, 2010).

Most of the crop plants are susceptible to various diseases which in turn causes economic

losses to the country. Bacterial leaf blight is one of the major diseases which damages
the betel cultivation, caused by a bacteria called Xanthomonas campestrisbetlicola. No
control measure has been identified other than destruction of seriously diseased plants.
(Mahesha et al., 2009). Pepper cultivations are also affected by serious diseases such as

Phytophthora foot rot and virus diseases. (Ravindran et al., 2000). The recommended
control measures cannot be considered for prevention or eradication of the diseases of

black pepper effectively (International Pepper Community, 2016).

Domesticated plants have been moved into and adapted to new environments and they
have been reshaped according to human needs therefore they have been fundamentally

altered from wild relatives. Modern crops are the result of thousand years of evolutionary
process. Crop evolution includes two fundamental processes namely the creation of
diversity and selection. For agriculture, the continuation of this evolutionary process is
necessary. Therefore, an essential criterion of crop evolution is the availability of genetic
diversity (Brush, 2000). Genetic diversity is usually considered as the amount of genetic
variability among individuals of a variety, or population of a species. It results from the

many genetic differences between individuals and it may be visible in different ways

40



Journal of the Faculty of Graduate Studies, Vol.5, 2016, University of Kelaniya, Sri Lanka

such as differences in biochemical characteristics (e.g. in protein structure or isoenzyme
properties), in physiological properties (e.g. abiotic stress resistance or growth rate) or

in morphological characters such as flower colour or plant form (Brown, 1983).

The information on genetic diversity and relationship within and among crop species is
essential for the efficient utilization of plant genetic resources (Irwin et al., 1998). Genetic
resources assist plant breeders to create plants with novel gene combinations and select

crop varieties more suited to the needs of diverse agricultural systems (Glaszmann et al.,

2010).

Researchers have found out that, though Crop Wild Relatives (CWR) are beneficial, the
attention given to the utility and conservation of crop wild relatives is very limited. Plant

breeders face many obstacles in using CWR effectively and there is insufficient
recognition that CWR bring to farmers by facilitating the geneflow from wild populations

to crop genetic diversity in cultivations. Because of negligence of conservation, many are
being threatened and are at risk of disappearing (Jarvis et al., 2008). CWR are often well
adapted to marginal level environments and they can thrive well in biotic and abiotic

stresses than modern crop varieties (Maxted et al., 2012 a).

DNA barcoding provides an insight into species-level taxonomy in groups which has
simple morphologies and those that have received inadequate taxonomic attention to
characterize properly the diversity they contain (Hollingsworth et al., 2011). It also assists
in the process of identifying and authentication of unknown specimens. DNA barcode
uses a standard short genomic region that is universally present in target lineages which
has sufficient sequence variation to discriminating among species that uses for taxonomic

identification (Kress et al, 2005).

ITS is one of the most widely used DNA fragment as its high resolution of inter and
intraspecific relationships. DNA barcoding in tropical plants may be challenging as
compared to temperate plants and have limited attention yet. DNA extraction makes

difficulties at some instances due to the presence of high level of secondary metabolites
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(Coley and Barone 1996). Tripathi et al. 2013 have tested different plant barcode loci,
(rbcL, matK, ITS, trnH-psbA, and the recently proposed 1TS2) for their efficacy using
300 accessions of tropical tree species. They have tested these loci for PCR, sequencing

success and species discrimination. According to them rbcl was best as far as PCR and
sequencing success were concerned, but it was not successful for the species

discriminating ability of tropical species. According to them ITS and trnH -psbA were the
second best loci in PCR and sequencing success, respectively. They have suggested that
both ITS and trnH-psbA would be helpful as barcode markers for tropical species than

matK and rbcL.

The present study aims to determine interspecific relationships of Piper species in Sri

Lanka using internal transcribed spacers from nuclear ribosomal DNA (ITS) with a view

to provide molecular data or barcoding.
Methodology

Collection of plant material

The following plant species were selected for the analysis (Table 1). Samples were

collected from Intercropping and betel research station-Narammala, natural habitats and
from the growers. Varieties were used for the three cultivated species; P. nigrum, P. betle

and P. longum.

Tablel: List of collected plant species and varieties

Species Variety

P. nigrum MB 12, MW21, IW 05, MW 18, Panniyur, Kuching,
KW 30, KW 31, KW 33, GK 49

P. betle Ratadalu, Nagawalli

P. longum Thippili, Gaja Thippili

P. siriboa

P. sylvestre

P. chuvya
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P. walkeri

P. zeylanicum

Extraction of DNA from the plant leaves

DNA of all the taxa were extracted using CTAB method. Tender leaves were taken as
samples. Extraction buffer (500 ul) was added into a capped eppendorf tube and kept for
about 10-15 minutes for pre warming. Tender leaves (0.1 g) were placed in the motor and
finely ground. To the pre warmed extraction buffer 0.5 ul of B-mercaptoethanol was
added. The tube was capped and mixed gently. It was incubated for 30 minutes at 60 °C
in the water bath. The tube was mixed gently every 10 minutes by inverting the tube. One
volume (500 pl) of chloroform-isoamyl alcohol (24:1) was added to the tube and mixed
for 10 minutes. The tube was centrifuged for 10 minutes at 12000 rpm at room
temperature. The upper aqueous phase was transferred into a tube and the volume was
measured. Then 0.6 volume of ice- cold iso propanol was added to the tube. The tube was
closed and mixed gently but thoroughly by inverting the tube several times. After that the
tube was kept in a -20 °C freezer for about 20 minutes and centrifuged at 4 °C for 10
minutes at 12000 rpm. The supernatant was discarded and 750 pl of washing solution was
added. The pellet was washed by gently suspending and then the tube was centrifuged at
12000 rpm for 10 minutes at 4 °C. The supernatant was removed and 750 pl of washing
solution was added again. The pellet was agitated gently for few minutes and centrifuged
at 12000 rpm for 10 minutes at 4 °C. Then the supernatant was carefully removed and the
tube was kept inverted on tissue paper for about 1 hour to dry. After drying appropriate
volume of TE buffer was added. The pellet was kept to dissolve at 4 °C without agitation.
Extracted DNA from all the plant species were subjected to polymerase chain reaction
(PCR) using universal primers for the internal transcribed spacer (ITS) region. The primer
sequences were as follows:

ITS5af (5'- CCTTATCATTTAGAGGAAGGAG-3')

ITS4r (5'- TCCTCCGCTTATTGATATCG-3)
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The 15 pL of PCR mixture was prepared using 7.5 uL of GoTag green master mix, 5.5
pL of Nuclease free water, 0.5 puL of Primer (Forward), 0.5 pL of Primer (Reverse) and

1.0 pL of DNA sample.

The PCR conditions for ITS regions were 3 minutes at 94 °C for initial denaturation,
followed by 30 cycles of 30 seconds at 94 °C for denaturing, 30 seconds at 52 °C for

annealing and 1 minute at 72 °C for extension. Amplified ITS regions were purified using
a GeneClean kit and subjected to sequencing using an ABI 3500 genetic analyser

(Applied Biosystems®).

Data analysis

The DNA sequence alignment analysis was carried out and a phenogram was constructed
using the multiple sequence alignment programme MUSCLE (MUItiple Sequence
Comparison by Log-Expectation).

Results and Discussion

Amplified ITS regions were approximately 800 bp in size (Plate 1).

12 3

Amplified ITS region (O 800 bp) 50 bp step ladder

Plate 1: Gel electrophoresis image of PCR amplified products of P. longum (Lane 1:

Amplified trnH psbA regions, Lane 2: Amplified ITS regions, Lane 3: 50 bp step ladder)
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P.longuml
{ P.longum2
PANNIYUR
— KW33

Kw3al
— L «wa
Mw21
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MwW1s
GK49

W05
KUCHING

Figure 1: Phenogram constructed using the multiple sequence alignment programme
MUSCLE

Table 2: List of species denoted in percent identity matrix

Number Species hame

1 P. zeylanicum

2 Panniyur

3 Kuching

4 P. chuvya

5 P. betle (Ratadalu)

6 P. siriboa

7 P. betle (Nagawalli)
8 P. sylvestre

9 P. walkeri

10 P. longum (Thippili)
11 P. longum (Gaja thippili)
12 KW33

13 IW05

14 KW31

15 KW30

16 Mw21

17 MB 12

18 MW18

19 GK49
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Table 3: Percent identity matrix

© 00 N o o B~ w DN

e e e O i o e
© N o o M W N kP O

1
95.99
95.06
9421
92.83
93.26
93.36
90.95
90.48
88.03
89.82
75.31
82.69
70.48
73.77
78.69
83.06
83.38

2

96.57
94.70
93.26
93.69
93.54
90.70
89.98
87.98
88.29
75.97
83.64
71.16
74.78
79.97
84.53
84.33

3

94.98
92.84
92.45
93.24
90.29
89.10
87.52
88.37
75.80
83.10
71.47
74.47
79.40
84.05
84.08

93.05
94.34
94.06
90.66
89.20
88.03
89.27
74.06
81.25
69.31
72.74
78.27
82.39
82.52

97.69
98.63
92.03
91.36
89.00
89.53
73.54
79.94
68.61
7191
79.89
81.17
81.04

98.23
91.64
91.55
88.48
89.29
73.06
80.00
68.56
71.43
76.81
80.92
80.95

9243
92.06
89.12
89.66
74.17
80.53
68.79
71.95
77.21
81.22
81.49

94.76
88.37
89.88
70.95
77.56
65.96
69.39
74.18
78.36
78.49

86.71
88.95
66.07
73.84
62.14
65.65
71.15
73.84
7531

10

90.28
69.76
77.08
65.30
68.03
72.83
77.08
76.89

11

70.60
72.22
66.15
68.60
73.12
77.75
77.87

12

84.82
85.67
86.70
86.88
87.74
86.83

13

82.32
83.45
86.93
89.72
90.34

14

91.47
87.45
84.70
84.44

15 16 17

90.70
86.00 89.33
8598 90.20 9157

18
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19 84.04 8536 84.63 83.19 8210 8159 8201 7898 7562 7793 78.64 8543 89.69 83.85 8545 90.74 9222 93.37
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The phenogram (Figure 1) showed separation of two major clusters where ten P. nigrum
varieties were clustered together. However, variety Kuching has shown a separation from
the main cluster. P. longum, P. walkeri, P. sylvestre, P. siriboa, P. betle, P. chuvya and
P. zeylanicum formed the other cluster in which P. siriboa has shared close similarities
with P. betle, while P. sylvestre and P. walkeri displayed close relationships and clustered

together with P. longum varieties.

Black pepper varieties Kuching and Panniyur shared more similarities with P. zeylanicum
(95.06 % and 95.99 % respectively) which is an endemic species to Sri Lanka (Table 3).
Out of the other black pepper varieties GK 49, MB 12 and MW 18 have showed high
relationships with P. Zeylanicum (84.04 %, 83.06 %, and 83.38 % respectively). The other
endemic species (P. walkeri) has showed close similarities with P. sylvestre (94.76 %) and
P. betle varieties (Ratadalu 91.36 %, Nagawalli 92.06 %) while P. chuvya has shared more

similarities with variety Panniyur (94.70 %).

The present study revealed the interspecific relationships with crop species of Piper with
the wild species of the genus. Being in the wild environment make the crop wild relatives
as more potent candidates for the crop improvement programmes by means of a source
of strong genetic material. Among the wild species P. zeylanicum has displayed more
similarities with black pepper varieties which would suggest the possibility of using its
beneficial traits for the crop improvement programmes. Further, P. walkeri and P.
sylvestre will also be rich with promising characters, which have displayed more

similarities with crop species.

Conclusions

According to the phenogram (Figure 1) and the percent identity matrix (Table 3)
constructed using the multiple sequence alignment programme MUSCLE, interspecific

relationships between wild species and three cultivated species (P. nigrum, P. betle and
P. longum) were clearly indicated. These information have provided a valuable indication
of the potential of using the wild species such as P. zeylanicum, P. walkeri and P. sylvestre

in breeding programmes for crop quality improvement. However, further studies are
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needed to reveal genetic relatedness of those species to deepen the knowledge on

interspecific relationships of wild and crop species of genus Piper.
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Development of essential oil based tablets from Cinnamomum
zeylanicum leaves and Cymbopogon nardus against the stored grain
pest insect, Sitophilus oryzae in traditional rice varieties in
Sri Lanka
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Abstract

Essential oils have been used as an alternative method to reduce postharvest losses from
rice weevil, Sitophilus oryzae in traditional rice varieties cultivated in Sri Lanka. Essential
oils extracted from Cinnamon leaves (Cinnomomum zeylanicum) and Citronella leaves
(Cymbopogon nardus) were used to control rice weevil, in three traditional rice varieties,
Rathkanda al, Pachchaperumal, Suwandal along with a hybrid variety, White raw rice
cultivated in Sri Lanka. Kaolin pellets treated with essential oil mixture, C. zeylanicum
and C. nardus (2: 1 v / v) were used to test the effect on the storage of rice. The major
components of the essential oils of C. zeylanicum leaf oil and citronella oil were eugenol,
citronellal and geraniol. Number of S. oryzae in treated rice samples throughout the test
period were significantly decreased compared with the controls. A significant decrease of
% seed damage was also observed during the 6 months of storage of rice in polyethylene
bags. Flavor, Aroma, and Stickiness of cooked rice have enhanced significantly in all
treated rice varieties compared to controls. The physical and organoleptic properties of
cooked rice were not significantly different with controls after 6 months of treatment.
Only 5 % weigh loss of kaolin tablets was observed after the completion of the test time
period. The insecticidal activity of the essential oil mixture was highest on the rice type

Suwandal.

Key words: Cinnamomum zeylanicum, Cymbopogon nardus, Sitophilus oryzae,

Organoleptic properties, Essential oils, Rice.
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The post harvest loss in rice in Sri Lanka is around 15%. Among many factors that result
in post harvest losses the highest loss of 5%- 6% is caused by insect pests in storage and
losses in stored rice due to insect pests could go even up to 8.8% (Dharmasena and
Abeysiriwardena, 2003). These losses include the loss of weight, nutrients and
germination inability, poor smell and taste, grain discoloration, aggregation of grains,
development of fungus, and finally the economic loss due to the reduced market value.
(Wijerathna et al ., 2015).

The insect damage on stored products was mainly by direct feeding. Some species feed on the
endosperm causing loss of weight and quality, while other species feed on the germ, resulting in
poor seed germination and less viability. Thus, due to damage done by insects, grains lose value
for marketing, consumption or planting. Damage done by insect pests encourages infection with
bacterial and fungal diseases through transmission of their spores. The presence of insects also
raises the product temperature, due to their feeding activity, resulting in "hot spots". These spots
in turn lead to concentration of humidity within the product, thus stimulating seed deterioration
and further fungal activity (Sallam, 2013). Among the stored grain pests, rice weevil (S. oryzae
L) has been reported as one of the severe pests of stored cereal grains (Majeed, 2011) and

sometimes, rice weevil infests grain in the field before harvest.

Rice weevils S. oryzae (L) do not attack grains with intact hulls (Way and Bowling, 1991). Milled

rice is an excellent medium for growth of storage insects, such as rice weevil.

A wide range of contact insecticides is commercially available in Sri Lanka, Actellic
(Active ingredient, Pirimiphos-methyl) had been widely used and become popular among
farm level as well as commercial level grain collectors till recently. However, currently
due to high cost and unavailability of this popular insecticide, need has risen for an
effective insecticide. So, it is necessary to find an environmental friendly, less toxic
alternative effective insecticide, which can replace actellic. Currently available and
registered samples of insecticides (Soflac (Cyfluthrin), Tracer (Spinosad) and Actara
(Thiamethoxan)) were screened for their efficacy and toxicity against rice weevil
Sitophilus oryzae L. (Coleoptera: Curculionidae) under laboratory conditions
(Samarakoon and Thilakarathne, 2012).

Substantial amounts of stored grain products are attacked by fungi, insects and animals
worldwide. Synthetic chemicals and fumigants have been widely used for preventing
quality deterioration of stored products. But, these agents will be phased out in the near

future due to their potential adverse impact on the environment. Therefore, biodegradable
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alternatives should be developed worldwide for reducing postharvest losses. In fact,
selected plants and their essential oils have been evaluated as natural sources for
controlling storage fungi. Some of the aromatic plants which are widely distributed in the
tropical zone that exhibit fungicidal activities, have traditionally been used as flavoring
agents in native dishes, and as incense, insect repellents and folk medicine (Nakahara et
al.,2003).

In Sri Lanka, farmers use essential oil bearing plants, which release terpenes for the
control of stored grain pests. Cympobogon nardus Rendle and Cinnomomum zeylanicum
are some of the essential oils used to control insects in rice (Paranagama et al .,2003) and
sometimes, in initial step of damage, farmers kept Margosa and Citrus leaves in the bags
to repel the insects. Wood ash obtained from the kitchen is mixed with paddy by some
farmers in addition to the use of aromatic leaves (Wijerathna et al., 2015). Recent
laboratory experiments with different botanicals have indicated the potential of plant
materials or / and different extracts of plant parts to be used against stored pests of grain
(Fernando & Karunaratne, 2013).

These traditional practices have encouraged research on development of alternatives to
the hazardous synthetic pesticides. Cympobogon nardus and Cinnomomum zeylanicum
are spices and meditational herbs found in Sri Lanka known to contain essential oils. As
an economic environmental friendly and less toxic storage pest control method, these
essential oils could be used against S. oryzae of stored rice.

Cynomomum zeylanicum and C. nardus oils have been traditionally distilled in Sri Lanka
for many years and exported to USA, UK, France etc., mainly to perfumery and
fragrances industry. There are no value added products of essential oil based insecticides
on commercial scale at present. The present study was an attempt to develop a new value
added product from essential oil based products and, they would be an environment

friendly, cost effective alternative stored grain pest controlling agent.

Methodology
Essential oils: The commercial samples of essential oils of C. zeylanicum leaf and C. nardus
leaf oil were gifted from EOAS organics private limited, Rathmalana.

Gas Chromatographic analysis of (GC) the essential oils: The chemical constituents of the

essential oils used for the present study was analyzed on a GC having the following specifications
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( SHIMADZU GC- 2025 (AFC / APC) Series | Chromatograph, Albert, Hahn, Strasse 6-10,

Duishurg, F.R. Germany with FID and DB wax capillary column ,30 m x 0.25 mm; 0.25 pum film

thickness) The column temperature was programmed as follows: 50 ‘C-210"Cat2’C/min, 210
‘C (10 min) with Helium Carrier Gas (1 ml/ min) . The injector and the detector temperature

was 250° C and1pl of oil solution in CH.Cl, 2 mg / ml) was injected and the constituents were

analyzed and compared with published data (Paranagama, 1991).

Preparation of clay tablets as an absorbent material for the essential oils: Clay powder used
in this study was collected from domestic clay pot designers in Kelaniya area. Distilled water (65
ml) was added to 100 g of kaolin powder and mixed thoroughly to make a paste. The prepared
paste was passed through a glass tube (0.5 cm diameter) to obtain cylindrical tablets of 1.5 cm
height, 5mm width; then, clay tablets were air dried for 3days.

Individually pre weighed dried clay tablets were introduced to Cinnamon leaf oil: Citronella oil
(2: 1, v/ v) mixture, (15 ml). The weight of the each tablet was obtained every one hour and this
was continued until a constant weight was obtained for clay tablets. It was observed that the
weights of each tablet were constant after 2.5 hours confirming the maximum absorbance of
essential oil mixture in the clay tablets. Clay tablets saturated with the essential oils were air dried
for 10-15 minutes. The tablets (containing equal amounts of essential oil mixture / 0.24 g) were
introduced to each polyethylene bag containing 250 g of test rice samples ( 3 clay tablets per 1
packet).

Preparation of traditional rice samples with oil treated clay tablets: Freshly harvested and de
husked untreated traditional rice samples were obtained directly from farmers in Nugegoda area
and 250 g of raw rice from each variety ( Suwandal , Pachchaperumal ,Rathkanda Al, and hybrid
variety-White Raw) was introduced to polyethylene bags (transparent, 6 inches width, 200 gauge
) separately, 3 oil treated clay pellets containing 0.24 g of essential oil mixture were placed into

each bag. Polyethylene bags were sealed with a polyethylene sealer.

Six packets of each rice type were prepared by adding untreated clay pellets as the controls.
Eighteen packets of each rice variety with treated clay tablets were used in this study. During the
test period (6 months), treated rice samples and untreated controls were kept in 2 plastic storage
bins separately without exposing them to direct sunlight. Once a month 3 packets of each treated
rice variety, and 1packet of each control were drawn randomly from the plastic storage bins for

evaluation.

Determination of Mass loss of treated clay cubes against the test period: Air dried clay

pellets were weighed individually, and recorded. They were placed in a beaker and essential oil
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mixture was poured on it. Clay tablets were placed in essential oil mixture for 2.5 hours to saturate
with oil mixture. Then the clay tablets were air dried and reweighed. Three rice packets were
prepared with 250 g of untreated rice. Three clay tablets containing 0.24 g of essential oil mixture
were introduced to each polyethylene rice packet, sealed and stored in storing bin. Another three
rice packets contained 250 g of rice were prepared as controls with untreated clay tablets. Once a
month rice packets were opened and clay tablets were weighed. This procedure was repeated

throughout the test period in order to evaluate the rate of evaporation of the essential oils.

Statistical Analysis: Data on population of S. oryzae and % seed damage, during the storage
period were statistically analyzed using one-way ANOVA and Tukey’s pair wise comparison
tests in MINITAB Statistical package. Data obtained by taste panel were statistically analyzed
using Kruscal Wallis and Mann Whitney U test in MINITAB 17 statistical package.

Results

The GC analysis of the essential oil obtained from C. zeylanicum leaf indicated the presence of
19 compounds. Of these 18 were identified. Eugenol (74.33 %) was identified as the major
compound and second most abundant component was acetyle eugenol (3.9 %) and third
component was - Caryophyllene (3.5 %). Citronella commercial sample contained 30 detectable
compounds, 22 were identified. Citronellal and geraniol were the major compounds with 27.12
% and 22.11 % respectively.

The effect of essential oils on population of S.oryzae.
Sitophilus oryzae was not observed in rice type Suwandal in both untreated control and the test

sample during the test period.

The average no of S. oryzae in rice varieties

Time duration (Months)

Rice Type 1 2 3 4 5 6
Control 5+1.5 18+ 3.6 | 57+£10.8 | 109+9.5 112+11.1 | 133£18.5
Treated

Rathkanda al Sample 6+15 | 6+05 16+2.1 | 36x£7.8 48+ 109 | 89+8.2
Control 0 206 |0 3+0.8 37+5.3 114+ 2.4
Treated

White raw Sample 0 0 0 305 10+ 0.7 13+ 15
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15+ 147+
Control 1.6 4+ 1.8 2+ 1.2 4+ 0.5 128+ 7.8 13.8
Treated
Pachchaperumal Sample 1+ 03 | 2+1.1 2+ 0.5 3+14 10+ 2.2 51+ 4.8

Tablel. The average number of S. oryzae in three rice varieties Pachchaperumal , Rathkanda Al,

and hybrid variety-White Raw treated with essential oil mixture of C. zeylanicum leaves and C.

nardus, (2 :1 v/v) during 6 months of storage period. Each data value represents the mean of 3

replicates + SE.

Rice type Control* Treated sample!
Suwandal 0 0

Rathkanda al 25.34+0.672 12_0ﬂ_15b
White Raw 5.34+0.67° 3.34+1.76°
Pachchaperumal 14.67+1.76% 6.67+1.76°

Percentage Seed damage.

Table2. Percentage seed damage of four Traditional Rice Varieties for a period of 6 months.

PARAMETER INDEX
AROMA

1=VERY WEEK
2=MODERATELY WEEK
3=SLIGHTLY WEEK

4=SLIGHTLY STRONG

5=MODERATELY STRONG

6=VERY STRONG

STICKINESS

1=HIGHLY SEPERATED
2=MODERATELY SEPERATED
3=SLIGHTLY SEPERATED
4=SLIGHTLY STICKY
5=MODERATELY STICKY

6=VERY STICKY

FLAVOUR

1=VERY WEEK
2=MODERATELY WEEK
3=SLIGHTLY WEEK
4=SLIGHTLY STRONG

5=MODERATELY STRONG

6=VERY STRONG

TENDERNESS

1=VERY TOUGH
2=MODERATELY TOUGH
3=SLIGHTLY TOUGH
4=SLIGHTLY TENDER
5=MODERATELY TENDER

6=VERY TENDER

GLOSS

1=VERY DULL
2=MODERATELY DULL
3=SLIGHTLY DULL
4=SLIGHTLY GLOSSY

5=MODERATELY GLOSSY

6=VERY GLOSSY
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!mean of 3 replicates + Standard error; means followed by the same letter(s) are not significantly

different at 5% level by one way ANOVA and Tukey’s pair wise comparison test.

Physical and Organoleptic properties of cooked traditional rice varities.

SWC - Rice type Suwandal untreated control. SWS- Rice type Suwandal treated
Sample.

RAC — Rice type Rathkanda al untreated control. RAS — Rice type Rathkanda al treated
Sample.

WRC - Rice type White raw untreated control. WRS - Rice type White raw treated
sample.

PPC - Rice type Pachchaperumal untreated control. PPS - Rice type Pachchaperumal

treated sample.

Table 3. Physical and Organoleptic properties of cooked traditional rice treated with

essential oil mixture after a period of 3 months.

1 mean of 4 replicates + Standard error; Different letters in each row denote significant difference
(p<0.05), Kruskal Wallis and Mann Whitney U tests;

Table 4. Physical and Organoleptic Properties of cooked rice treated with essential oil

mixture after a period of 6 months.
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1 mean of 4 replicates + Standard error; Different letters in each row denote significant difference
(p<0.05), Kruskal Wallis and Mann Whitney U tests.

Mass loss of treated clay cubes against the test period.
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Figure 1. (a) The average mass loss of clay tablets during the test period.
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(b) % weight loss of clay pellet during the test period.
Each data point represents the mean of 3 replicates + SE.

% Weight loss = (Weight at time 0 —Weight at time t) x 100

Weight at time 0

Discussion

The chemical constituents of C. zeylanicum and C. nardus were identified from GC analysis and

their major constituents were similar to those published previously. The % seed damage and the
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average number of pest insects were significantly decreased after the essential oil treatment in all
the rice varieties in 6 months of storage period. Sitophilus oryzae was not observed in rice type
Suwandal in both untreated control and the test sample during the test period. This indicates that
the traditional rice Suwandal was self protected from S. oryzae and it was not necessary to use

any controlling agent to protect it from stored grain pests.

Different physical and organoleptic parameters of cooked rice were evaluated after a period of 3
and 6 months of treatment by a taste panel .At the 3 months of storage period eating quality
parameters were evaluated by a taste panel in the Department of Chemistry, University of
Kelaniya. The results revealed that the flavour, aroma and stickiness of Suwandal,
Pachchaperumal and Rathkanda al traditional rice varieties were significantly different from the
untreated control. While, gloss, tenderness of cooked rice, were not significantly different from
the control. At the end of the test period aroma of cooked rice was enhanced significantly in all

traditional rice varieties except the rice type White raw.

Mass of clay pellets have been decreased slowly during the test time. After 6 months the total
mass loss was 0.07 g per pellet compared to control. It was about 5 % weight loss after the

treatment with essential oil mixture.

The present study has revealed that the potential of this essential oil mixture to be used as stored
grain pest insect controlling agent of stored traditional rice varieties cultivated in Sri Lanka for a
period of six months. Natural plant products can be alternatives to currently used synthetic
pesticides, since they provide unlimited opportunities for the discovery of new pesticides because

of their rich bioactive chemical constituents.

Conclusion

Commonly traditional rice varieties are grown using organic fertilizers and biopesticides. One of
the problems in storage of traditional rice varieties is deterioration of rice due to pest attacks. The
literature survey carried out indicates that there is no safe alternative method to protect traditional
rice varieties during storage. Hence the present study was carried out to develop a safe alternative

method to control S. oryzae in stored traditional rice varieties cultivated in Sri Lanka.

Essential oil can be widely used without any negative effect on mammals and nutritional
properties of foods. It can serve as the convenient post harvest preservation agent, which
effectively extends the shelf life and quality of food. However, further investigations have to be
carried out to improve formulation, frequency of application and cost effectiveness before
promoting new essential oil treated tablets at commercial level and also toxicity studies on the

effects of the plant materials and their extracts on non target organisms need to be undertaken.
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Analysis of Cause and Effect of Boko Haram Insurgency in North-East
Nigeria

Ibrahim Baba
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Abstract:

This research analyzed the causes and effects of Boko Haram insurgency in North-East
Nigeria. The research used of secondary sources of data. Academic write-ups in journals,
magazines, newspapers, periodicals, reading manuals as well as internet based
information provided the data utilized in this research. The research found out that Boko
Haram Insurgency was incubated and hatched by both remote and immediate causes. Rise
in number of Internally Displaced Persons (IDPs) as well as serious waste of lives and
properties were discovered as some of the effects of the insurgency. This research
recommended that Internally Displaced Persons (IDPs) should be rehabilitated and an
independent commission to rebuild the north-east region especially Borno and Yobe

States should be established by the Nigerian government.
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Introduction:

Boko Haram insurgency began in 2009 when the Jihadists rebel group started an armed
rebellion against the government of Nigeria. In 2012, tensions within the group resulted
in gradual split of sect between Salafist conservative faction led by Abu Usman al-Ansari,
and the more dominant violent faction led by Abubakar Shekau. By 2015, part of the
group split al-Qaeda affiliated Ansaru, and Shekau faction became ISIL's West Africa
branch. In 2013, over 1,000 people died as a result of the conflict. The violence escalated
dramatically in 2014 with 10, 849 deaths. In 2014, the insurgency spread to neighboring
Cameroun, Chad and Niger thus becoming a major regional conflict. In 2015, a coalition
offensive forced Boko Haram to retreat into the Sambisa Forest. The insurgency took
place within the context of long-standing issues of religious violence between Nigeria's
Muslim and Christian communities. Boko Haram has been called the world's deadliest

terrorist group, in terms of the number of people it has killed (Wikipedia, 2016).

Figure 1: States affected by Boko Haram attacks in Northern Nigeria
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3 North East states (Adamawa, Borno and Yobe) highly affected by the Boko

Haram Insurgency

Other parts of Nigeria where the insurgency did not affect

8 Northern states (Bauchi, Benue, Gombe, Kaduna, Kano, Nasarawa, Plateau and
Taraba) affected by suicide bombings and explosions in soft places and which
Boko Haram claimed responsibilities

Popularly known as Jama'at Ahl as-sunnah lid-Dawah wal-jihad, the group was led by
Abubakar Shekau until August 2016 when he was succeeded by Abu Musab al-Barnawi
(BBC, 2016). After its founding in 2002, Boko Haram's increasing radicalization led to
a violent uprising in July 2009 in which its leader was summarily executed (Winsor,
2015). Its unexpected resurgence, following a mass prison break in September 2010 was
accompanied by increasingly sophisticated attacks (Nicholas, 2015) initially against soft
targets and progressing in 2011 to include suicide bombings of Police buildings and the
United Nations office in Abuja (Marama, 2014). The group in its operations demonstrates
sound elements of braveness which contradict government persistent pronouncements of
how prepared it is to counter terrorism in the North East region of the country. Instead of
containing the group, government pronouncement of how ready it is to crush the group is
often escorted with new waves of attacks by the group than before-development that
continue to create doubts on the minds of several citizens of how prepare the government

is to counter terrorism promoted by Boko Haram.

Insurgency as experienced in north-east Nigeria to me is another form of political
violence. In addition to the view that such violence can sometimes be state sponsored,
Wilkins (2014) observed that they are violence which are politically motivated.
Urbanization and the pressures it create as Otite (2011) submits also make society
vulnerable to political violence. The North-East region of Nigeria as the nation’s
population commission (NPC, 2006) presented, is a home to one-fourth of the people
living in the country. The proximity of the region to other African countries such as
Cameroun, Chad and Niger as Baba and Abubakar (2015) explained is additional reason
why immigration into Nigeria through this region is eminent. Prior to the beginning of
Boko Haram insurgency in 2009, Maiduguri as Baba and Ibrahim (2015) pointed out was
already considered as the fastest growing city in Western Sudan and Sub-Saharan Africa
as far as urbanization is concerned. Social vices such as unemployment, prostitution,
destitution, poverty, illiteracy, conflicts, armed robbery, diseases, over utilization of

available basic amenities among others as Uche (2015) pointed out are synonymous with
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urbanization. The velocity in which urbanization was growing in Maiduguri in the period
closer to 2009 that insurgency broke out itself was a signal that conflict was likely to
engulfed the town which is the capital of Borno state nick name the Nigerian Home of

Peace.

The controversial dispersed of mob of Boko Haram members by the men of the Nigerian
Police Force and Federal Road Safety Corps on ground of lack of use of helmets on
motorcycles when they were taking dead body of one of their members for burial in
Gwange cemetery along Custom ward in the heart of Maiduguri the Borno state capital
Is an issue accompanied with combatant confrontations by the group. Occurrence of
similar development along the same route on another occasion led to an open letter written
to the Federal Government of Nigeria by Mohammed Yusuf the group leader. Yusuf
claimed in his last letter read before his followers in his Angwan Doki preaching ground
along Old GRA road in Maiduguri that in all his letters, he consistently called on the
government to investigate what he considered as unlawful attacks of his followers by men
of the Nigerian security operatives and allow justice to take its cause. Nigerian
government to him defied all his calls. And these to him are reasons why he has no
alternative than to invite his followers to arm up and prepare for battle with the Nigerian
Police Force as retaliation for unlawful attacks of his followers. These to me are
immediate and not remote in the causes of the insurgency. Because if his followers were
not attacked, the desire for the establishment of an Islamic state and government in North-
East Nigeria would have still triggered confrontations with the Nigerian government
forces who would on their own part battle to protect national unity, secularism, democracy

and safeguard the rights of Non-Muslims.
Statement of Problem:

Conditions created by insurgency in north-east Nigeria may be severe than the ones which
created the conflict. But then, the severity of the effects have features which are almost
similar with the causes. Instead of reduction, unemployment rate grew higher than the
pre-insurgency periods in the region especially in Adamawa, Borno and Yobe states
which are the most affected places in the region. Alarming rise in number of Internally
Displaced Persons (IDPs), poverty, distortion in settlement pattern especially in rural
communities, growth in number of mismanaged refugee centers, over concentration of
persons in urban centers as a result of migration from rural areas to escape possible attacks

by Boko Haram combatants, shortages of social and basic amenities in urban centers as a

66



Journal of the Faculty of Graduate Studies, Vol.5, 2016, University of Kelaniya, Sri Lanka

result of over utilization caused by influx of refugees fleeing attacks in their communities,
destruction of social and basic amenities especially schools which before the insurgency
were not even adequate in the region, rise in number of widows and unsupported
abandoned families as well as unquantifiable loss of lives and properties form the major
phenomena which insurgency has succeeded in throwing the north-east region of Nigeria
into. It is however in order to analyze the causes and effects of this conflict so as to come
up with recommendations which will serve as solution to ameliorating this problem and

prevent future occurrence of similar conflicts that this research was necessitated.
Objectives of the Research:
The objectives of this research are as follows:

1. To analyze the causes of Boko Haram insurgency in north-east Nigeria.
2. Examine the effects of the insurgency in the region.
3. And to find out possible solution on how to manage, end and avoid future

occurrence of similar conflict in the region.
Research Questions:
This research raised and answered a number of questions which includes:

1. What are some of the causes of Boko Haram insurgency in north-east Nigeria?
2. How has the insurgency affected the region?
3. Through what ways can the insurgency be effectively managed, end and avoided

in the future?
Literature Review:

Boko Haram must be understood in the context of Nigeria's current conditions. It is
Africa’s most populous nation, largest economy and biggest oil producer, but astounding
levels of corruption have left it without basic development and infrastructure. Disparities
between the country’s north, which is mainly Muslim, and its south, which is mostly
Christian, are also important in understanding the conflicts. Today much of the north
badly trails the south in terms of education and wealth due to complex list of historical
and other factors (Smith, 2016). Inequalities as Smith (2016) pointed out are to me
additional reasons why insurgency engulfed the north east region of Nigeria. Boko Haram
like every other organizations have aims and objectives. The procedures it adopt in

achieving its objectives can hardly be considered to be the cause of its confrontations than
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the aims it is established to achieve. Under stable democratic condition with peace and
orderliness existing, it will be difficult for a group to without any reason clashed with
authority. Therefore to be able to achieve its aims and objectives, Boko Haram need to
create a confusion that will provoke the authority into confronting it for a level ground
necessary for conflicts to be created. Defying the use of helmets on motor cycle was one
of the tactics adopted by the group in the provocation of authority-development that gave

the group an excuse for retaliation.

The violence began when Police clashed with mourners participating in a funeral
procession on 11 June over the refusal of participants to wear helmets while operating
motorcycles. As a result of the alteration, seventeen of Yusuf's followers were shot by
Police Officers. Boko Haram denounced the brutality and vowed to avenge the death
(Ford, 2013). Government is a whole system and all its components are its sub-system.
All sub-systems work unitedly to enhance the functionality and stability of the whole
system. State security apparatus were supposed to have place the group under serious
surveillance from the period it started vowing to avenge. The group leadership,
interactions and movements from then were supposed to be monitored by the necessary
agency. In conflicts, no group can be under estimated no matter how small it is. The
group’s vow for retaliation was taken for granted and later succeeded in throwing Nigeria
into a serious battle for countering insurgency since 2009 till date. The inability to place
the group under severe surveillance is a demonstration of system failure on the part of the
Nigerian authority. Measures to prevent the occurrence of the insurgency would have
favored the government and people of Nigeria than allowing the insurgency to start before

countering it or declaring state of emergency rule in affected areas.

Figure 2: Internally Displaced Persons (IDPs)
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Source: Google (2016)

The government’s establishment of state of emergency at the beginning of 2012, extended
in the following year to cover the entire northeast Nigeria, led to an increase in both
security force abuses and militants attacks. In mid-2014, the militants gained control of
swathes of territory in and around their home state of Borno, estimated at 50, 000 square
kilometers (20,000 sq. mi) in January 2015, but did not capture the state capital,
Maiduguri, where the group was originally based (Lamb, 2016). This conquest of
territories by the group resulted in the inflow of refugees into Maiduguri considered as
one of the places not captured by the militants. Amenities became over stressed and other
factors considered by some to be causes of the insurgency like poverty, unemployment
as well as rise in number of Internally Displaced Persons (IDP’s) grew higher than they
were even before the insurgency started in the region. The devastation caused by Boko
Haram between 2011 and 2015 in the North East as VVanguard (2016) reports cost the
region $9 billion.

Figure 3: Areas Liberated from Boko Haram Insurgents

69



Journal of the Faculty of Graduate Studies, Vol.5, 2016, University of Kelaniya, Sri Lanka

Boko Haram control

MIGE W

B> ©
CHAD
. E
e
[T PR
s -
<

MISERIA .
i CAaMEROON

e : . At

Source: Google (2016)

In some other cases, several arguments conceived low level of education and illiteracy as
determinant factors that contributed to the rise of insurgency in the north east region.
These cannot completely be doubted because illiteracy among the youths in the region
was used in deceiving them to fight for reasons many of them do not even know. But
then, insurgency exacerbated low levels of education and literacy in Nigeria's North East
region. The group as Adedeji (2016) submitted has targeted Teachers and schools, with
more than 910 schools destroyed between 2009 and 2015, and 1, 500 forced to close. In
addition, government security forces to him, have also used schools for military purposes,
further reducing children’s right to education. Illiteracy and low level of education as well
as other socio-economic and political factors serve as both causes and effects of the Boko
Haram insurgency in the North East region of Nigeria. But then, understanding the aims
and objectives of the group to me is in position to create adequate understanding of the

causes and effects of the insurgency.

Figure 4: Some Properties and Lives wasted in the Insurgency
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Source: Google (2016)

Theoretical Frameworks

This research is built upon two different theories. The first is the Political System Theory
of David Easton (1965) and secondly the Islamization Agenda Theory of Tony Osai
Osborg (2014).

1. The basic unit of Easton’s system analysis is interaction which is generated from the
behavior of members of the system when they play their role as such. When these myriad
interactions, in the perception of the scholar, became a “set of interrelations’, they are
considered as a system. There are four major premises of his input-output analysis which

include: - system, environment, response and feedback.

2. The Islamization Agenda Theory is the most common theory associated with the sect.
It begins with the very etymological concept of the term "Boko Haram™ which translate
to mean western education is sinful and whose objective seeks to establish a ~ pure’
Islamic state ruled by sharia law.

Conceptual Framework:
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The theories upon which this research is built led the researcher into conceptualizing
that:

1. System failure incubated and hatched by injustice on the part of the Nigerian authority
is one of the causes of Boko Haram insurgency in north east Nigeria. Security operatives
work independently instead of interdependently- development that made it easier for

Boko Haram to vow retaliation without been contained until it carryout its vow.

2. Boko Haram goals are to create Islamic state and impose sharia law. These cannot be
achieved peacefully in multi-religious communities as in north east and other regions of
Nigeria. Therefore, the group deliberately look for avenue to create confusion so as to
engage the authority and implement its desire if it emerged victorious. Defying the use of

helmets which attracted security attack became an excuse to strike.

Since 2009 till date, the insurgency has not been completely countered by the Nigerian
government. This is because the actual cause of the insurgency has not yet been known
or addressed. It is not possible to find solution to a problem which cause is not known.
Study of the actual aims, objectives and goals of Boko Haram will create a peaceful and

easier avenue for solving the problem of the insurgency in the North East region to me.
Methodology:

This research is an analytical investigation conducted with the used of qualitative research
methodology. Secondary sources of data sourced from journal articles, text books,
magazines, newspapers, bulletins, periodicals, lecture notes, manuals, etc. were utilized
in the research. Relevant internet based data or information were also used in this
research. Basic among the objectives of the research is the point that the study examined
the causes and effects of Boko Haram insurgency in North East Nigeria. It also came up
with a number of recommendations which are likely to result in effective management

and if possible end the conflict in the North East Region of Nigeria.
Data Presentation and Analysis:

Data collected for this research were presented and analyzed under two different
headings. The Researcher first of all presented the causes of the insurgency under both
remote and immediate causes. Then later the effects of the insurgency were also presented
by the Researcher. This led the Researcher into arriving at a number of major findings

which were also enumerated by the Researcher.
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Causes of Boko Haram Insurgency:

Based on the related literatures and theoretical frameworks reviewed in this research, the
Researcher discovered that Boko Haram insurgency in north-east Nigeria was caused by

both remote and immediate causes such as:
Remote Causes:

1. The desire to establish Islamic state first in north east Nigeria and if possible later, in
the entire country.

2. The aim to implement pure sharia law without adulteration with common law in north

east region first and later in other regions of Nigeria.

3. And high rate of illiteracy among the youths of North East region of Nigeria which
made it easier for them to be deceived into fighting for reasons they do not know.

Immediate Causes:

1.Injustice on the part of the Nigerian authority i.e. for not carrying out investigations on
complains of attacks on Boko Haram members during their funeral event despite open

call for so by the group leader.

2. Alleged extra-judicial killings of Boko Haram members by the Nigerian Government

Police Force.
3. And alleged summary execution of Boko Haram leader by the Nigerian Police Force.
Effects of Boko Haram Insurgency:

Boko Haram insurgency as this research observed has effects on the socio-
economic and political lives of the people of the north east region. Basic among which

include:
1. Increase in number of Internally Displaced Persons (IDP’s).

2. Serious waste of lives and properties.

Discussion of Results:
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The desire to establish an Islamic State first in North-East Nigeria and later across the
other zones of the country is the major reason why Boko Haram has declared a total war
on the Nigerian State and Government. An Islamic State where Sharia which is the legal
system and method will be in use throughout the country has been the major cause of the
group fighting the Nigerian secular system and government. Administratively, Nigeria
boast of 6 Geo-political Regions with 36 States and a Federal Capital Territory as well as
774 Local Government Councils across the country. The choice of the North East Region
as a place to stage this rebellion against the government can be explain in context of the
economic and social background of the region. Poverty, unemployment and illiteracy
greatly found basis in states within the region. This has made it possible to recruit youths
in the area into combatant missions against the central government. In addition of these
remote causes, the insurgency was later fueled up by injustice on the part of the Nigerian
state and government. The authority refusal to take measures despite earlier threats by the
group in some of their preaching as well its sluggishness in investigating the extra-judicial
killings of Boko Haram members and the summary execution of its leader in one the
earliest confrontations with government forces exacerbated the wave of the conflict. Boko
Haram Insurgency has resulted in the loss of several lives and properties in the north
eastern states of Adamawa, Borno and Yobe as well as in other parts of northern Nigeria
where suicide bombings in soft spots have taken place. Actual figure and statistics of
casualties cannot be given considering the fact that the insurgency is still on in these states
of the region in Nigeria. In addition to several loss of lives and properties, Boko Haram
insurgency has resulted in the serious rise in number of Internally Displaced Persons
(IDPs) across the North East Region of Nigeria. Although the conflict has not ended, but
considering the level of victory recorded by the government forces, it is advisably that
those displaced from their original homes be rehabilitated and an independent
commission established to rebuild the devastated and affected states in the north east
region of the country. An Independent Administrative or Judicial Panel of Inquiry would
also be needed to investigate complains of human right violation. But this cannot be
recommended at the moment because the insurgency to me has not completely been

countered by the government yet.

Major Findings of the Research:
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This research made the following major findings:

1. Boko Haram insurgency in north east Nigeria is caused by remote reasons like the
desire to establish Islamic state, impose sharia law and high rate of illiteracy among the

youths of the region.

2. Immediate causes of the insurgency are injustice on the part of the Nigerian authority,
alleged extra-judicial killings of the sect members and summary execution of its leader

by the Nigerian Government Police Force.

3. The research also found out that increase in the number of Internally Displaced Persons
(IDP’s) as well as serious waste of lives and properties are the effects of the insurgency

in the north east region.
Conclusion and Recommendations:

Based on the major findings made in this research, the Researcher finally recommends
that:

1. Internally Displaced Persons (IDP’s) in north east Nigeria be rehabilitated as soon as

practicable.

2. The government of Nigeria should establish an independent commission to rebuild the
north east region especially Borno and Yobe states being the most affected states in the

region.

3. And Nigerian authority should start thinking towards the direction of managing and
resolving the conflict using political means. Study by Saleh (2016) revealed that history
has it as a record that only 20% of insurgency problem are solved using military means,

the remaining 80% are solved using political means.
Future Research:

I have argued under the conceptual framework of this research that a problem which
original causes have not been identified can hardly be solve. Boko Haram insurgency
started in north east Nigeria and till date efforts to counter it has proved unsuccessful. In
order to understand the reason and cause of confrontation by any group, | subscribed to
the view that the aims and objectives of the group be examined. Other reasons beside
aims and objectives are excuses and means to achieving the objectives. Haven identified

the aims and objectives of Boko Haram sect which include the islamization of north east
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Nigeria and imposition of pure sharia law first in the region and later in the entire country
as the cause of the insurgency in the north east region, future research can now concentrate
on how to assist the Nigerian authority fashion out political measures and solution to the
conflicts. It should also banking on the recommendations made by try to educate the
Nigerian state and authority on how best those affected by insurgency or internal conflicts
can be rehabilitated and compensated as a precaution against possible retaliation in the

near future.
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Abstarct

In thirty years conflict caused effects in socio economic and political backgrounds. The
harms directly affected to the development. North region was the most conflict affected
region. Besides, this research is based on the study of the attitudes of people whom had
gone through the painful war happened in Sri Lanka. Hence, the main objective of this
research is to identify the attitudes of the villagers and the improvements in attitudes of
the people within the context of post conflict in North, Sri Lanka. The study problem is
to assess how be the attitudes and the views they hold in the post war context. The data
collected from the selected sample from Illuppaikadavai, Mannar district, Sri Lanka.
Primary data were randomly collected through questionnaires from 35 data contributors
and through interviews. Quantitative data were presented through the summary of the
results through charts and graphs where necessary. The research found that the mental
attitudes of people lack educational knowledge and also knowledge of social background.
Therefore the attitudes of the public needs revamped and to fulfill this task, mass media
will have to play a major role. Affected people have reminiscences of the war situation.
Government, Non-governmental organizations and the civil society need to develop
educational sectors, at the same educational values and moral values should be given
priority. Concluding that, the government should take necessary action to change the
attitudes of people and make them realize that all are Sri Lankans and of that one family.

Key words: Attitudes, Villagers, Post conflict, North, Mannar

Introduction

With the protracted terrorist conflict coming to an end in May 2009 Sri Lanka is how one
of the peaceful countries in the world. The Sri Lankan security forces conducted the
largest humanitarian operations in the modern history of the world to rescue the country
and its people from terrorism which had brought in a reign of death, destruction and
unspeakable misery. The country is at last breathing a sigh of relief and enjoying the
dividends of peace after going through three decades of death, destruction and disorder.
After saving the nation from terrorism now the tri forces and Sri Lankan Police and Civil

security forces are involved in another humanitarian operation, to assist in the
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development of the country. Not only it set an example to the world in successfully
defeating terrorism but also in post conflict recovery and development. Post conflict
challenges were many. In order to overcome these challenges a national frame work was
drawn up for that and constituted the 5R (Reconstruction, Resettlement, Rehabilitation,
Reintegration and Reconciliation) concept. Once again the security forces played a
pivotal role in this national endeavor. Therefore the research is basically studies the
attitudes and the perceptions of people among this 5R’S. Being both a post-conflict and
post-disaster setting, research in the Mannar area, as opposed to a different context or
setting, added an additional layer of complexity to the research. After the initial literature
review carried out the field visit, there are some sorts of categories which lead into the
specific research questions:

i What are the main attitudes towards the conciliation with Sinhalese of this
period of time?
ii. What are the grievances they are having?

Aftermath of the conflict, the government of Sri Lanka had to carry out diverse tasks as
an immediate humanitarian assistance. However the government was successful in
establishing immediate camps for the internally displaced people and the ex- LTTE
cadres. The government also benefited the people with the basic needs such as food,
shelter and medical facilities and other sanitation facilitations as well. In addition, when
referring to the Government sources and the UNHCR reports it is visible that the
Government has also facilitated the entire children to keep continuing with their studies
foremost with giving helping hand for education. The psychological aspects of these
processes are considered central in this research. The attitudes of villagers, their
reminiscences of post conflict era are been researched in order to find the improvement

areas of their attitudes.

An attitude is "a relatively enduring organization of beliefs, feelings, and behavioral
tendencies towards socially significant objects, groups, events or symbols" (Mc Leod,
2009). Attitudes can be defined as evaluations of ideas, events, objects, or people.
Attitudes are generally positive or negative, but they can also be uncertain at times. For
example, sometimes we have mixed feelings about a particular issue or person.
Regardless, attitudes are an important topic of study for social psychologists because they
help determine what we do - what we eat, how we vote, what we do with our free time,

and so on. Every attitude has three components that are represented in what is called
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the ABC model of attitudes: A for affective, B for behavioral, and C for cognitive.
Although every attitude has these three components, any particular attitude can be based
on one component more than another. In other words, each component can also be the
answer to the question: where does an attitude come from? There are affectively-based

attitudes, behaviorally-based attitudes, and cognitively-based attitudes.

Affective component refers to the emotional reaction one has toward an attitude object.
This type of attitude is used to express and validate our moral belief or value systems.
The next component of an attitude is the behavioral component, and it refers to the way
one behaves when exposed to an attitude object. As for attitudes that are rooted in
behavior, think again about the question: where does an attitude come from? The third
and final component of an attitude is the cognitive component, and it refers to the

thoughts and beliefs one has about an attitude object (Long-Crowell, 2002).
Methodology

The purpose of this research is to present the philosophical assumptions underpinning this
research, as well as to introduce the research strategy and the empirical techniques
applied. This section defines the scope and sample, design, material, and procedure. The
data collected from the sample in the area of lluppaikkadavai, Mannar District, where the
conflict affected people lives. This area is purposively selected as the study area where
the general civilians who has the dreadful experience of conflict. Mannar district is
situated in the Western side of the Northern Province. It covers 20025 Sq Km,
approximately 3% of the total land area of the country. This District consists of two parts.
One is island and other one is land. Capital of the district is situated in the island.
Administratively this district divided into five divisional secretary divisions. Households
who live in lluppaikkadavai were selected for the study adopting simple random method.
Sri Lanka army has declared lluppaikkadavai town liberated ending 21 years of terror rule
of LTTE. lluppaikkadavai in the North Western District of Mannar became the site of
another atrocity in this continuing pattern. It is a small village along the Mannar-Pooneryn
Road and comes under the Manthai West AGA Division. The village is about 25
kilometers to the north of Mannar town which the years with more than 4,000 displaced
people from other parts of the north seeking refuge there. The village falls within areas in
Mannar District controlled by the LTTE.
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The place along the sea shore where fisher folk beach and launch their boats and rafts is
generally known as Padaguthurai. Household heads were taken as the respondents. In this
way, there are 120 families who spend their lives in lluppaikkadavai and among them, 35
respondents were randomly selected from the sample household’s area. Sample was
mainly selected within the village of people both male and female above 18 years of age.
The sample information was gathered from the housewives, laborers and people who
holds various positions and also from educated and non-educated people.

The secondary data was used in this research such as research reports, articles, interview
reports, field notes, and books/magazines and internet. And mostly the information taken

from newspaper articles included for this project.
Results And Data Analysis

The aim of this study is to present a comprehensive review of the field study visit to
[luppaikkadavai in November 2013. The brief was to reflect one’s understanding and
critique regarding the attitudes of the recovery process in Sri Lanka, and the site selected
for the study the district of Mannar. Questionnaires are basically 5 Likert scale oriented

and results are been analyzed based on the responds given by the civilians.

Statement 1- “The armed conflict has never been between Sinhala and Tamil

communities, but aroused with politics”

"The war has never been

between sinhalese and tamil,
Strongly

e M
but all politics ., ccq

Agreed
No opinion
Disagreed

B Strongly
disagreed

Figure 1.1- The armed conflict has never been between Sinhala and Tamil communities,
but aroused with politics

The majority of people emphasized their agreement to this statement as most of the people

are thinking that all discriminative political systems and politicians are responsible for
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the emergence of ethnic conflict in Sri Lanka. 31% of the interviewers were not been able
to give a certain idea in this regard. Anyhow there are some few people have the
willingness to say that it was a war between Sinhalese and Tamil not merely because of
the political effects. But that percentage is in a less degree as the disagreement rate is only

5% in this regard.

Statement 2- “I still think about the conflict everyday”

"I still think about tha war

n
everyday m Strongly

agreed
H Agreed
No opinion

Disagreed

B Strongly
disagreed

Figure 1.2- I still think about the war everyday

In this regard, it was visible that people are still thinking of the armed conflict. More
people possibly towards a high degree of agreement, overall percentage of 52%. In
addition to that 22% of people are found in the category of no opinion. On the other and
16% of people are disagreed and the rest of the 10% are strongly disagreed upon this.
Therefore there are total 26% of people have forgotten their past and are not tend to

memorize the conflict in their new lives after war.

Statement 3- “I do believe conflict will happen again”

116



Journal of the Faculty of Graduate Studies, Vol.5, 2016, University of Kelaniya, Sri Lanka

“l do believe war will happen
again”

m Strongly
agreed

Agreed

No opinion

Figure 1.3- | do believe war will happen again

According to the attitudes of people, they never wanted an armed conflict again and they
hesitate to speak about it. They were strictly opponent to this statement as its 46% people
proved that so. Also 43% are having no certain opinion in this regard. On the other hand,
there are 11% of people whom had attitudes that they believe conflict will happen in near

future.

Statement 4- “I feel/ have felt discriminated or badly treated by Sinhalese”

" | feel/have felt discriminated
. n
or badly treated by 5'“@&?%% aly
agreed
Agreed

No opinion
Disagreed

B Strongly
disagreed

Figure 1.4- | feel/ have felt discriminated or badly treated by Sinhalese

5% of people strongly are in an attitude that they are discriminated by others. This
statement was meant to question the villagers whether they were treated badly or
discriminated by Sinhalese people. In total number of 21% found in agreed base and 26%
are in the base of a no opinion. However 53% people agree that they never had a situation
where they were discriminated or badly treated by Sinhalese people. Therefore the

villagers hold a favorable attitude towards Sinhalese.

Statement 5- “The current government should be replaced by a new one”
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"Current govn should be
replaced by a new one"

m Strongly

agreed
= Agreed

No opinion

Disagreed

M Strongly
disagreed

Figure 1.5- The current government should be replaced by a new one

In fact, according to the interviewees, they are not much concern of any kind the
government it has. This was truly visible in their answers, 32% of them gave their
feedback opposed to the government and 58% people didn’t seem to have any opinion in
this regard. On the other end 10%, the rest of the people show their will to remain the

current government without a change.

Statement 6- “Currently security forces have lessened/limited”

"Currently security forces have

.. n
lessened/limited m Strongly
agreed
m Agreed
No opinion

Disagreed

B Strongly
disagreed

Figure 1.6- Currently security forces have lessened/limited

In this regard people seemed to have completely a neutral feeling towards the above
statement. In overall 42% of the people are agreed upon that the security forces are limited
since the war. 37% of people are not having such concern about it. However the rest of

the people disagreed for this and its rate is approximately 21%.

Discussion
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Livelihood is concerned by two aspects such as psychological and physical. When
considering the attitudes of that the conflict was never been between Sinhalese and Tamil
communities but aroused with politics, views indicated, the conflict was never between
Sinhala and Tamil communities but the politics prior to the conflict was instrumented for
this mess and tragedian situation. Before the conflict people did not have any fear for the
Sinhalese, but only the presence of Armed forces frightened them. Further this research
enlightened that these people did not possess any knowledge about political aspects.
According to the research, people have reminiscences of the conflict yet, although there
is no conflict now. The version of a lady in this area is that still the shadows of the conflict
linger in her mind. Further she stated that she had to undergo a surgery due to injuries
caused by a shell bullet during the armed conflict. According to the versions of many
others, their children’s disappearances had caused immense pain to them and that feeling
of distress keep on lingering in their minds. The loss of their children which still haunt
them could not be erased from their minds. Therefore, the conflicts still existing their

minds.

Attitude based on the condition of these people as they think every day about the armed
conflict that has happened before, their views focused to the point that these would never
be a conflict for any time. A young damsel informed that still she is frightened to think
or speak of the war. The village folk in this area were victims of brutalities and
harassments. But still they have an apprehension of the occurrence of another armed
conflict. Another stated that although he had been deprived of his belongings he felt sad
of it and further stated that there would be no war any longer. Their general feeling is that

they had no willing temperament for an armed conflict despite having minor incidents.

Those whom | interviewed have travelled several times to Colombo and suburbs. In there
they have interacted with Sinhalese in a friendly and cordial atmosphere. Therefore they
never show any animosity or displeasure towards the Sinhala counterparts. Both
communities have interacted peacefully irrespective of ethnic differences. The common
amenities of travelling by bus or go anywhere to a Sinhalese area they have never been
ill-treated or discriminated by Sinhalese people. In addition, they expressed the view that
they were never harassed by the Sinhala counterparts in all dealings everywhere within

the country.
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When a question was posed as to whether the present government should be changed, a
clear answer was not responded. They are ignorant of any political knowledge. But the
general response was that they were not worried over any political regime and emphasized
the need to live peacefully minding their matters. Some are pro TNA supporters and some
are anti- Sri Lankan government supporters. On the whole, many have no clear attitudes
based on this statement. Some say that they are not concerned with regime label, but they
emphasize the fact that action should be taken to trace their missing children. Although
numerous appeals were made to the president and relevant authorities on this matter of
the disappearance of children, up to now no effective action had been taken. Their

ultimate request is to get their deprived belongings during the war period.

On the question of reduction of armed forces deployed in the north, the people agreed in
the positive. A lady was of opinion that she and others could openly speak to army
personnel without any fear of reprisal. But many are of excessive army personnel creates
an apprehension. The view of the cross section of the people has plaudits for the army

personnel and their presence is no more a threat to them.
Conclusion

When considering the mental attitudes of the villages, people lack not only an educational
knowledge but also knowledge of social background. The knowledge of the people
regarding development projects and humanitarian services initiated and carried out by the
state is below zero. Therefore the mental attitudes of the public needs revamped and to
fulfill this task, mass media will have to play a major role. As notes, most of the people
do not have television facilities. So they and those who have such, cling on to the Indian
channels. As such they are not aware of the day to day occurrences in Sri Lanka. Children
in this village desire to learn. But they lack educational facilities. They must be provided
with a sound academic education as well as they should be imparted with a spiritual
education. On the other hand parents possess extreme views. It is not an easy task to
reform them regarding their mentality. Thus, the attention should be paid to the children

in this village regarding the development of their positive attitudes towards reconciliation.

It is also a fact, as stated earlier too; the standard of political knowledge is rather low.
They were stooges of the LTTE and had got mesmerized by the extremist band wagon.
Even the children had fallen prey to this heinous dogma. All these shortcomings caused
the government to get defeated in the Northern Provincial elections despite their pompous

120



Journal of the Faculty of Graduate Studies, Vol.5, 2016, University of Kelaniya, Sri Lanka

development work. People have lost confidence on all political parties. This applies to
T.N.A too. But according to the people’s views, they have voted for the T.N.A as they
propagated to the saviors of the Tamils. They did not feel the pulse of the government in

its achievements.

What the affected Tamil’s require is to get their lost children folded in to their families.
It is not development work, but change of attitude is the only panacea. This is a village
with less facilities and remote in distance. In lluppaikkadavai has a high incident of
poverty and lacking physical infrastructure needs and need of the psychological therapy.
As indicated in Literature review, these people should be provided with rehabilitation
medical facilities such as more physiatrists, mental and physical aids with medical and
psychological therapy. In my interviews and interactions with required individuals and
others, | gathered sufficient that in all spheres. As observed the development work will
not suffice. Educational values and moral values should be given priority. The
government should enhance the educational system and provide them with resources.
Government and the Non- governmental organizations should take steps to change their
attitudes to a positive attitude through counselling. At the same time they must be made

to realize that all are Sri Lankans and of that one family.
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