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This study investigates the effect of barley (Hordeum vulgare), black plum (Syzygium cumini) and
Chinese tree leaves (Pistacia chinesis) aqueous extracts on serum glucose, cholesterol, urea, uric acid
level and body weight of normal and alloxan-induced diabetic male rabbits. Rabbits were kept in fasting
condition for 12 h, then diabetes was induced using alloxan monohydrate (150 mg/Kg). From the 7th
day of diabetes induction, blood serum was collected for glucose analysis. Rabbits having fasting
glucose level 2 250 mg/dL were considered as diabetic. Rabbits were treated with 1% barley, black plum
and Chinese tree aqueous extract to check their effects on the serum glucose, serum cholesterol,
serum urea, uric acid and body weight of the animals. Samples were collected after every 72 h for
biochemical analysis. It was noted that 1% barley, black plum and Chinese tree agueous extract
reduced 43.92, 39.05 and 32.47% glucose level. Results suggest that oral administration of agueous
extract of barley, black plum and Chinese tree reduced glucose, cholesterol, urea, and uric acid level.
Therefore, these medicinal plants should be supplemented as herbal drugs in the treatment of various
complex diseases and specially to control diabetes.

Key words: Chinese tree leaves, antidiabetic agents, barley, black plum, rabbits, diabetes mellitus.

INTRODUCTION

Diabetes mellitus is one of the chronic diseases that
occur either due to decrease in insulin secretion or lack of
insulin peripheral activity (Mutalik et al.,, 2003); it
approximately causes half of all deaths occurring at the
age of 70. Literature reports that 415 million adults were
living with diabetes in 2015 and this would increase to
642 milion by 2040 (Rahelic, 2016). Diabetic
complications include increased gluconeogenesis and
ketogenesis (Kumar et al., 2011) and increased risk of

*Corresponding author. E-mail: sattar.qureshi@usindh.edu.pk.

heart attacks and strokes (Jousilahti et al., 2010).
Diabetes mellitus has two types, Type 1 occurs due to B-
cell destruction, and is mostly insulin dependent diabetes
(Alberti and Zimmet, 1998); type-2 is triggered by
mutation in B-cell gene, and is the most common forms of
adulthood onset diabetes caused by change in
glucokinase and HNF-1 alpha genes. Type2 diabetes
remains undiagnosed because hyperglycaemia does not
show any symptoms; such patients may develop micro

Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution

License 4.0 International License
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or macrovascular complications (Chisholm et al., 1997;
Lillioja et al., 1993).

Medicinal plant has been used for the cure of diabetes
mellitus before the invention of insulin therapy in 1921
(wadood et al., 2007). Medicinal plants are good sources
of hypoglycemic compounds and these plants are used
as adjuncts to the existing therapies for the treatment of
diabetes mellitus (Sharma et al., 2008). Plants’ extract
has effect on blood glucose level through different
mechanisms: some plants have insulin-like compounds,
some might inhibit insulin activity (Hussain et al., 2013)
and other mechanisms could enhance the regeneration
of the B-cells in the pancreas (Hosseini et al., 2015).
More than 400 medicinal plants have been used for the
treatment of diabetes mellitus, and screened for anti-
diabetic agents (Thomson, 2006). Various parts of plant
such as fruit, seeds, and leaves have been reported for
the treatment of type 2 diabetes (Mahesar et al., 2010,
Khushk et al, 2010). Bitter melon (Momocardia
charantia), karela is a member of the cucumber family
grown for its edible fruit. Bitter melon decreases the level
of glucose in the blood (Dans et al., 2007). Presently,
there is growing interest in herbal remedies due to the
side effects associated with the oral hypoglycemic agent
(therapeutic agent) used for the treatment of diabetes
mellitus.

Type 2 diabetes can be controlled by taking M.
charantia capsules over a period of three months (Dans
et al., 2007). Corn silk (Zea mays) is mostly used in
China against diabetes (Mendoza-Lépez et al., 2017).
Various ether soluble fractions of onion (Allium cepa L.)
and soluble fractions of dried onion powder show anti
hyperglycemic activity against diabatic rabbits. Onion (A.
cepa L.) is also known to have anti-oxidant and
hypolipidemic activity (Jain and Vyas, 1974).

Garlic (Allium sativum) is a member of the Liliaceae
family, which is one of the most popular herbs used
worldwide to reduce various risk factors associated with
several disease (Thomson, 2006). Garlic has been found
to be effective in lowering serum glucose levels in STZ-
induced as well as alloxan-induced diabetic rats and
mice. Most studies showed that garlic can reduce blood
glucose levels in diabetic mice, rats and rabbits. Some
hypoglycemic activity was found in garlic as compared to
diabetic control groups (Nadir Ali et al., 2013).

Soybean (Glycine max) belongs to the family
Leguminosae or Fabaceace, which contains vegetable
protein, oligosaccharides, dietary fiber, phytochemicals
and minerals. Soybean reduces coronary heart disease
and lowers cholesterol level. Also, it has anti-
inflammatory and anti-carcinogenic effect on digestive
system (Aparicio et al., 2008). In Pakistan, soybean is
cultivated for oil extraction (Malik et al., 2006).

Barley (Hordeum wvulgare) is a rich source of
magnesium, a mineral composed of more than 300;
enzymes, including those involved in glucose metabolism
and insulin secretion. Black plum has been used for

centuries as anti-diabetic medicines. Barley has gained
popularity in recent years owing to its association with the
soluble B-glucan fiber and the phytochemical compounds
it contains with various health benefits (Alu'datt et al.,
2012). Epidemiological studies have associated the
regular consumption of barley with its potential to reduce
the risk of certain diseases, such as chronic heart
disease (Sullivan et al., 2013), colonic cancer (Dongowski
et al., 2002), high blood pressure (Behall et al., 2006),
and gallstones (Hoang et al., 2011). Reports of barley
focused on maintaining a healthy colon (Kanauchi et al.,
1999), inducing immune stimulation (Tada et al., 2009),
and generally boosting the immune system (Kemp et al.,
2013). Barley extract has not been evaluated for its
antidiabetic efficiency, thus in present study, barley
extract was found to be the best antidiabetic agent
against alloxan induced rabbits. Chinese tree (Pistacia
chinesis) has been used for medicines (TCM) and local
herbal crops for abdominal sickness, abscesses,
amenorrhea, bruises, chest aliments, circulation,
dysentery, gynecopathy, pruritus, rheumatism, sclerosis
of the liver, sores and trauma (Blascakova and Poracova,
2011). The aim of the present study was to investigate
the potential of an aqueous extract of barley, black plum,
and Chinese tree in controlling serum glucose,
cholesterol, urea, uric acid and body weight level in
alloxan induced diabetic male rabbits compared to
normal control and diabetic control male rabbits.

MATERIALS AND METHODS
Animals

Male rabbits were taken from animal house of Institute of
Biotechnology and Genetic Engineering University of Sindh
Jamshoro and maintained on a normal diet with filtered tap water.
The average weight was observed to be 1.4 + 0.15 kg. The animals
were kept for 7-days of acclimatization period.

Experimental design

The rabbits were divided into five groups of 3: (1) alloxan control,
(2) normal control and (3-5) diabetic control treated through water
extract of barley, black plum and Chinese tree extracts. Diabetes
was induced in the rabbits with alloxan monohydrate of 150 mg/dL
body weight except normal and control. In the next step, rabbits
were screened for diabetes. Rabbits having blood glucose level
above 250 mg/dL (in fasting condition) were chosen for the study
(as diabetes rabbits). The experiment continued for 21 days.
Throughout the period of the treatment all tests were performed,
and the body weight was also determined.

Numerical analysis

The data were calculated as mean values and the final value minus
initial value, and then divided by the initial value. The answer was
multiplied by 100%. The results were compared with control.



Chemicals

Glucose, urea, and cholesterol (Globe diagnostic Itly-GDO34000-
GA434000) kits were used for performing the above mentioned
tests. Alloxan monohydrate was purchased from Sigma chemical
company, U.S. The other chemicals used were of analytical grade
and purchased from Sigma, E. Merck and Fluka.

Plant materials

The fresh barley, black plum seeds, and Chinese tree leaves were
purchased from local seeds dealers in Hyderabad, Sindh, Pakistan.
They were identified by the experts of Institute of Biotechnology and
Genetic Engineering, University of Sindh, Jamshoro, Pakistan.

Preparation of plant extracts

Healthy seeds of black plum and barley were selected and kept for
5 min in ethanol and they were dried on filter paper. To prepare
water extract, 1 g of barley, black plum seeds, and Chinese tree
leaves powder was grinded separately in distilled water. Contents
were mixed with glass rod; final volume was made up to 100 mL
with distilled water. Clear solution was separated through
centrifugation at 5000 rpm for 10 min and samples were stored for
further study. Daily dose was used after mixing on magnetic stirrer
for 5 min.

Induction of diabetes

Induction of diabetes, alloxan monohydrate was prepared by
dissolving 10 g in 100 mL sterilized water. Diabetes was induced in
fasting rabbits by administration of 150 mg/kg body weight alloxan
to each rabbit.

Administration of extract

100 mL of barley, black plum, and Chinese tree extracts was
poured into separate drinking feeders in the morning and then the
animals were given free access to water after finishing their extract.
50 mL of extracts was again given orally per rabbit once in the
afternoon.

Blood sample collection

Blood samples were collected from marginal vein of the posterior
side of the ear of the animals through sterilized syringe and needle.
Then the samples were transferred to sterilized micro centrifuge
tube for biochemical analysis (serum glucose, serum cholesterol,
serum urea, serum uric acid and body weight).

RESULTS AND DISCUSSION

Diabetes mellitus is the most common endocrine
metabolic disorder that affects patients’ health (Nadir Ali
et al., 2013). It occurs due to excess amount of glucose
present in blood reacting with haemoglobin to form
glycosylated haemoglobin. Glycation rate is directly
proportional to the amount of blood glucose (Sheela and
Augusti, 1992). There is a proof that in diabetic condition,
glycation induces the formation of oxygen-derived free

Samoo et al. 1113

radicals (Gupta et al., 1997).

Plants are used for the treatment of diabetes because
they contain several compounds that could act as anti-
diabetic agents. These could preserve 3-cell function and
avoid diabetes (Valsta et al., 2005). Antidiabetic herbal
medicines are suggested and given worldwide due to
their less side effects and cheaper cost (Shukia et al.,
2000). Leaves of Cydonia oblonga were used for the
treatment of cold, cough, bronchitis, diarrhoea,
nervousness and against hyperglycemia (Tabata et al.,
1988; Ermis, 2012; Sezik et al., 2001; Tuzlaci and Tolon,
2000). Alloxan behaves as a cytotoxin for B-cells of the
islet Langerhans, cause diabetes and induce cell
necrosis (Jorns et al., 1997). Intracellular accumulation of
alloxan in rabbits leads to B-cell membrane disruption
(Mathew and Augusti, 1973). Recently, several
researchers have evaluated many traditionally important
medicinal plants such as onion, bitter melon, ginger etc
that can act as antidiabetic agents (Ramkumar et al.,
2007; Pari and Rajarajeswari, 2010).

In alloxan induced diabetic rabbits, the blood glucose
levels raised because of permanent destruction of
pancreatic (-cell resulting in the reduction of serum
insulin level (Hala et al., 2006). It was also reported in
Khushk et al. (2010) soya bean extract showed lower
blood glucose level as compared to the diabetic control
group; therefore it shows that not only barley, black plum,
and Chinese tree have antidiabetic effect but some other
plants also lower blood glucose level. The rate of
reduction in serum glucose level was most effective. The
results of barley, black plum, and Chinese tree were
obtained by performing blood serum analysis for glucose,
cholesterol, urea, uric acid, and body weight. Results are
shown in Figures 1 to 5.

The effect of different medicinal plant extract on
diabetic male rabbits was observed. Serum glucose level
was reduced from 321 to 150 mg/dL when 1.0% barley
extract was used. Black plum blood reduced glucose
from 297 to 181 mg/dL and Chinese tree serum
decreased glucose from 311 mg/dL to 210 mg/dL as
shown in Figure la to c. According to Virdi et al. (2003),
the water extract of fresh unripe whole fruits at a dose of
20 mg/kg was found to trim down fasting glucose level by
48%. The hypoglycemic effect of barley might be due to
the presence of [B-glycan (Sullivan et al.,, 2013) and
hypoglycemic effect of black plum could be due to the
presence of gallic acid.

Alloxan induced rabbits were treated with the water
extract of barley and it was observed that serum
cholesterol level decreased from 146 to 90 mg/dL;
Chinese tree reduced serum cholesterol level from 137 to
120 mg/dL. Black plum cholesterol increased from 136 to
290 mg/dL as reported in another medicinal plant which
shows that ginger stimulated the conversion of
cholesterol to bile acids, an important path way of
eliminating cholesterol from the body and reducing
cholesterol level (Nadir Ali et al., 2013). Another study
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Figure 1. Effect of plants extracts on glucose level in alloxan induced rabbits. (a) Barley
extract; (b) Chinese tree leaves extract; and (c) Black plum extract.
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Figure 2. Effect of medicinal plants on cholesterol level in alloxan-induced rabbits; (a) Effect of
barley extract; (b) Effect of Chinese tree extract, and (c) Effect of black plum extract.
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Figure 3. Effect of medicinal plants on urea level in alloxan-induced rabbits; (a) Effect of

barley extracts; (b) Effect of Chinese tree extract, and (c) Effect of black plum extract.
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Figure 5. Effect of medicinal plant aqueous extract on body weight of alloxan induced male rabbits. (a)
Effect of barley extract; (b) Effect of Chinese tree extract; and (c) Effect of black plum extract.
suggests garlic as a potential antilipidemic, level in alloxan-induced rabbits was investigated. The

antihypertensive, ant antiglycemic, antithrombotic and
antiatherogenic  agents  which  decrease serum
triglycerides and cholesterol in diabetic rats (Nadir Ali et
al.,, 2013). The plants with hypoglycemic constituents
may have hypolipidemic effects as well. Figure 3 shows
the effect of medicinal plants on serum urea level of
alloxan induced rabbits. Serum urea level gradually
reduced in barley from 127 to 92.31 mg/dL; in black plum
it slightly increased from 135 to 137 mg/dL and in
Chinese tree leaves, it decreased from 125 to 110.12
mg/dL on the 21st day of the treatment (Figure 3).
Untreated diabetic control rabbits reduced the level of
serum urea from 135 to 120 mg/dL and Chinese tree,
from 135 to 125 mg/dL. Plant extracts were applied on
different rabbits group, and slight increase in serum urea
level was observed. This might be due to the effect of
extract on renal function (Ahmed et al., 2005). Alloxan
treatment increased the serum enzymes levels such as
cholesterol, LDL, Creatinine, urea and alkaline phosphate
and decreased the HDL level, but not glibenclamide
(Mohammad et al., 2010). Diabetes cause disturbance in
renal function so that the blood urea level is elevated.
Extract treated group exhibited reduction in serum urea
level, indicating the extract may have effect on renal
function as shown in our result (Khushk et al., 2010).
Effect of medicinal plants’ aqueous extract on uric acid

results are depicted in Figure 4. Serum uric acid level
increased from 1.96mg/dL to 2.5 mg/dL in barley extract,
increased from 1.87 to 2.31 mg/dL in black plum and
similar pattern was observed in Chinese tree, from 1.71
to 1.99 mg/dL on the 21st day of treatment as shown in
Figure 4. Previous studies have also shown similar effect
of plant extract on increasing pattern of uric acid (Mahdi
et al., 2003). The results of the effect of medicinal plant
aqueous extract on body weight of alloxan induced male
rabbits are presented in Figure 5. Body weight increased
in rabbits treated with barley from 1140 to 1215 g; in
diabetic control, from 1040 to 1065 g; in normal male
rabbit, body weight decreased from 1638 to 1615 g. The
body weight of rabbits treated with black plum increased
from 1100 to 1160 g; in diabetic control it increased from
1040 to 1065 g; in normal male rabbits, it increased from
1638 to 1650 g. While in rabbits treated with Chinese tree
their body weight increased from 1230 to 1270 g; in
diabetic control, it decreased from 1240 to 1065 g; in
normal male rabbit, it decreased from 1638 to 1615 g on
the 21st day of the treatment as shown in Figure 5. It
shows that the body weight of normal rabbits had greater
value compared to diabetic and treated rabbits. In soya
bean, it was also reported that the weight gain of the
group treated with extract had corrected body metabolism;
the results revealed that the soya bean alcohol exhibited



antidiabetic activity in a dose dependent manner (Khushk
et al,, 2010). The lipolysis, proteolysis, and acute fluid
loss during diabetes cause weight loss (Alberti and
Zimmet, 1998). Results suggest that oral administration
of aqueous extract of barley, black plum and Chinese
tree reduced glucose, cholesterol, urea, and uric acid
level. Therefore, these medicinal plants should be
supplemented as herbal drugs in the treatment of various
complex diseases and specially to control diabetes. The
active ingredients of anti-diabetes in barley, black plum
and Chinese tree leaves should be identified.

Conclusion

This study investigates the effect of medicinal plants
(barley, black plum, and Chinese tree leaves) aqueous
extract as anti-diabetic agents and their effects on the
serum cholesterol, urea, and uric acid and body weight
of alloxan induced male rabbits. Herbal medicines have
an excellent potential to reduce diabetes in alloxan
induced male rabbits. Barley greatly controls diabetes in
alloxan induced diabetic male rabbits compared to black
plum and Chinese tree. Barley extract reduced diabetes
level to 43.92%, black plum to 39.5%, and Chinese tree
to 32.47%. Therefore, these medicinal plants should be
supplemented as herbal drugs in the treatment of various
complex diseases and specially to control diabetes.
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Ten newly developed microsatellite loci were isolated from an AG,, and CAG, enriched genomic DNA
library of Radix sp. from Iraq. The simple sequence repeats (SSR) comprised 76.0% di-, 20.0% tri- and
4.0% tetra-nucleotide repeats. The number of alleles for all 10 loci ranged from 4 to 18, with a mean of
11.3 alleles per locus. The observed (Ho) and expected heterozygosity (He) values varied from 0.286 to
0.927 (mean 0.640) and from 0.263 to 0.939 (mean 0.753), respectively. The polymorphic information
content (PIC) values ranged from 0.336 to 0.923 (mean 0.749). Five loci showed significant deviation
from Hardy-Weinberg equilibrium (HWE) and no significant linkage disequilibrium (LD) was observed.
Cross transferability was successfully tested on species from the genus Melanopsis. These
polymorphic SSRs will be useful for assessment of the genetic diversity and population genetics of a

Radix sp. as well as other related species in Iraq.

Key words: Cross-transferability, enriched genomic DNA library, freshwater snail, microsatellite.

INTRODUCTION

The genus Radix Montfort, 1810 is a genus of freshwater
shails belonging to the family of Lymnaeidae
(Gastropoda: Pulmonata) which consists of 1800 species
and 34 genera (Hubendick, 1951; Vinarski, 2013).
Species identification of this family is classically based on
morphological characteristics of the shell (Jackiewicz,
2000), reproductive organs (Hubendick, 1951) and
mantle pigmentation (Jackiewicz, 1998), although more

recently, identification has included molecular
characterization (Pfenninger et al., 2006; Dung et al.,
2013). Species in the genus Radix are vectors of human
parasites such as Trichobilharzia szidati, Trichobilharzia
franki and Fasciola hepatica (Ferté et al., 2005; Caron et
al., 2007).

Radix sp. samples from the middle and south of Iraq
show highly polymorphic shell, mantle pigmentation
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patterns and mating systems (Al-Waaly et al., 2014).
Although Gléer and Pesi¢ (2012) considered R. auriculaia
to be native to Iraq, and Seddon et al. (2014) mentioned
that the specimens from the Southwest Asia are currently
assigned to R. auricularia, Naser et al. (2008) found that
there was no real presence of this species in the middle
and south regions of Irag. However, there is no
information of the genetic diversity of Radix sp. in the
middle and south of Irag. Thus, in order to obtain a better
understanding of this species, its genetic diversity needs
to be evaluated.

Microsatellites or SSRs (simple sequence repeats) are
genetic markers that are useful for the assessment of
genetic diversity due to their abundance, random
distribution in the genome, high polymorphism, co-
dominance, multi-allelic nature, reproducibility and high
transferability (Powell et al., 1996; Gupta and Varshney,
2000). Cross-transferability of SSRs has been
successfully applied to study within or between Taxa
(BarbarA et al., 2007). There were many reports of
successful cross-amplification between species/within
genus such as scallop (Ibarra et al., 2006), sea urchin
(Carlon and LippE, 2007) and fish (VyskoCllovA et al.,
2007), between genera/within family such as crayfish
(Belfiore and May, 2000), bird (Chbel et al., 2002) and
tubeworm (McMullin et al., 2004), between families/within
order such as horseshoe bat (Dawson et al., 2004),
flatfish (lyengar et al., 2000) and deer (Gaur et al., 2003).
In addition, SSRs have been developed and studied in
members of the lymnaeid genera, namely; Lymnaea
truncatula (Trouve et al., 2000), Lymnaea stagnails (Knott
et al., 2003), Lymnaea auricularia (de Boer et al., 2004)
and Radix balthica (Salinger and Pfenninger, 2009). In
freshwater snails, SSRs were successfully cross-
amplified between species/within genus (Trouve et al.,
2000; Gow et al., 2001; Wilmer et al., 2005; Dubois et al.,
2008; Liu and Hershler, 2008; Dupuy et al., 2009; Nicot et
al.,, 2009; Salinger and Pfenninger, 2009; Gu et al.,
2012a, 2012b, 2015) and between genera/within family
(Wilmer et al., 2005).

Melanopsis spp. is a freshwater snail, belonging to the
family Melanopsidae (Gastropoda: Caenogastropoda:
Cerithioidea). This genus is also widely distributed in Iraq
(Naser, 2006; Al-Waaly et al., 2014; Mohammad et al.,
2014). However, no information on SSR marker and
genetic diversity of Melanopsis spp. are available.
Although no cross-transferability between families/within
order of freshwater snail has been reported, successful
transferability of SSR marker has been demonstrated in
many studies (lyengar et al., 2000; Gaur et al., 2003;
Dawson et al., 2004). In addition, SSRs have also been
widely used in population genetics and phylogenetic
studies in insects (Daly-Engel et al., 2012), birds (Parine
et al.,, 2013), fish (Nugraha et al., 2014) and snails
(Stoeckle et al., 2014). This study therefore aimed to
develop species specific SSR markers for genetic diversity
study of rom Radix sp. from the middle and south of Iraq

and to apply these newly developed SSRs in Melanopsis
spp.

MATERIALS AND METHODS
Experimental animals

A total of 30 Radix sp. were collected using a mesh scoop with a
wire net of 16 meshes per inch from the middle and south provinces
of Iraq, located at Khoura (N 30° 36" 36, E 47° 46" 12) and Garmat
Ali (N 30° 39" 40, E 47° 31" 50) in Basra, Al-Kahlaa (N 31° 40" 35, E
47° 16" 43) in Missan, Ukhaidher (N 32° 27" 42, E 43° 35" 42) in
Karbala, Al-Hussainiya (N 32° 25" 56, E 45° 52" 30) in Wasit, Al-
Wardia (N 32° 29" 58, E 44° 27" 23) in Babil, Al-Rumaitha (N 31°
31" 50, E 45° 12" 19) in Muthanna and Al-Sanniya (N 32° 03" 55, E
44° 46" 24) in Al-Qadisiyah. Cross transferability analysis was
evaluated using three freshwater snail samples each of species of
the Melanopsis genus, namely Melanopsis costata from Daghara (N
32° 08 13; E 44° 55" 53) in Al-Qadisiyah, Melanopsis nodosa from
Chebayish (N 30° 57" 20, E 46° 58" 35) in Dhi Qar and Melanopsis
buccinoidea from Ain Tamur (N 32° 34" 35, E 43° 30" 34) in Karbala
(Figure 1 and Table 1). Radix sp. and Melanopsis spp. samples
were preserved in 70% ethanol and genomic DNA was extracted
from foot tissue using a Genomic DNA Extraction kit (RBC
Bioscience, Taipei, Taiwan) according to the manufacturers'
instructions.

SSR-enriched library

Isolation of microsatellite loci from a Radix sp. (AGz and CAGazo)
enriched library was performed as described by Sraphet et al.
(2011) with some modifications. Genomic DNA of Radix sp.
samples was extracted and digested with Alul (Takara, Japan),
Haelll (Takara, Japan) and Afal (Takara, Japan) restriction
enzymes, then purified using the Wizard SV gel and PCR Clean-Up
system (Promega, Madison, WI, USA). Purified DNA of each
digestion reaction was ligated with linkers and hybridized with
biotinylated oligonucleotide probes and subsequently captured
using streptavidin-coated magnetic beads (Invitrogen Dynal AS,
Norway). Amplified DNA fragments in a size range of 0.5 - 1.0 kbp
were selected to clone into the pGEM®-T Easy Vector System
(Promega). Recombinant plasmids were transformed into DH5a-
competent Escherichia coli cells and plated on LB-agar containing
100 pg/ml ampicillin, 20 mM IPTG and 80 pg/ml of X-gal. Positive
colonies containing the expected insert sizes were selected by PCR
amplification with vector primers and sequenced. SSR motifs were
found using the Web-Sat program (http://wsmartins.net/websat/)
(Martins et al.,, 2009) and redundant sequences were checked
using the CAP3 program (http://doua.prabi.fr/software/cap3)
(Huang and Madan, 1999). SSR primers were designed using the
Web-Sat program.

SSR analysis

Genomic DNA of 30 Radix sp. and three individual samples of each
M. costata, M. nodosa and M. buccinoidea were tested with SSR
primers. PCR reactions were performed as described by Sraphet et
al. (2015) with some modifications, in a total volume of 20 pl
containing 15 ng of DNA, 1x Tag buffer, 1.5 mM MgCl,, 0.2 mM
dNTPs, 2 puM of each primer and 1 U of Tag DNA polymerase
(Thermo Scientific, Foster City, CA). PCR reactions were carried
out with denaturation at 94°C for 2 min, followed by 35 cycles of
amplification at 94°C for 30 s, 55°C for 45 s and 72°C for 1 min with
a final extension at 72°C for 5 min. The amplified products were
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Figure 1. The map of Iraq showing collection sites of Radix sp. (@ Melanopsis nodosa ( 4, M. costata ( A\

and M. buccinoidea ( W ).

analyzed on 5% polyacrylamide gels and visualized by silver
staining (Benbouza et al., 2006).

Data analysis

The observed heterozygosity (Ho), expected heterozygosity (He),
deviations from Hardy-Weinberg equilibrium (HWE) for each locus
and polymorphic information content (PIC) were calculated using
genotypic data by PowerMarker V3.25 (Liu and Muse, 2005). The
linkage disequilibrium (LD) between all loci was tested using the
online version of GENEPOP on the web (Raymond and Rousset,

1995). Cluster analysis and construction of the dendrogram were
performed by the Un-weighted Pair-Group Method (UPGMA) using
the TFPGA program (Miller, 1997).

RESULTS

Microsatellite characterization

A total of 136 positive clones from a Radix sp. (AG,, and
CAG,o) enriched library were selected for DNA
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Table 1. Description of Radix sp. and Melanopsis spp. collection sites from the middle and south of Iraq.

Species Collection site Latitude and longitude Code
Basra, Khoura N 30° 36" 36, E47° 46" 12 4,5,6, 13,24
Basra, Garmat Ali N 30° 39° 40, E 47° 31" 50° 1,2,3,15,23
Missan, Al-Kahlaa N 31°40° 35, E47° 16" 43 7,8,9,18
Radix sp. Karb'ala, Ukhaidhgr N 32° 27" 42, E43° 35" 42 10, 11, 12
Wasit, Al-Hussainiya N 32° 25" 56, E 45° 52" 30° 16, 19, 20, 25, 26, 27
Babil, Al-Wardia N 32° 29" 58] E 44° 27" 23 14, 17
Muthanna, Al-Rumaitha N 31° 31" 50; E45° 12" 19 21,22
Al-Qadisyah, Al-Sanniya N 32° 03" 55; E 44° 46" 24 28, 29, 30
M. costata Al-Qadisiyah, Daghara N 32° 08" 13] E 44° 55" 53 31, 32,33
M. nodosa Dhi Qar, Chebayish N 30° 57" 20; E 46° 58" 35° 34, 35, 36
M. buccinoidea Karbala, Ain Tamur N 32° 34" 35, E 43° 30" 34 37,38, 39

Table 2. Type and number of microsatellite motifs from Radix sp.

Type of SSR motif

No. of clone (%)

Repeat motif No. of clone (%)

_ _ AGITC 30 (60.0)
Di-nucleotide 38 (76.0) CA/GT 8 (16.0)
_ . CAGIGTC 8 (16.0)
Tri-nucleotide 10 (20.0) CAA/GTT 2 (4.0)
. AAACITTTG 1(2.0)
Tetra-nucleotide 2 (4.0) ATGC/TACG 1 (2.0)

sequencing. Of the 136 clones, 110 (80.9%) were
successfully sequenced. Of these, 76 (69.1%) and 34
(30.9%) contained microsatellite motifs with non-
redundant and redundant sequences, respectively. Three
types of microsatellite motifs were found, consisting of
76.0% (38 sequences) di-, 20.0% (10 sequences) tri- and
4.0% (4 sequences) tetra-nucleotide repeats (Table 2).

Genetic diversity of microsatellite markers

A total of 50 new SSR primer pairs were designed based
on the microsatellite sequences. Of these 50 pairs of
SSR primers, 10 pairs showed polymorphisms and these
were used to analyze 30 samples of Radix sp., resulting
in total of 113 alleles (Table 3 and Figure 2). The number
of alleles per locus ranged from 4 (Ra22) to 18 (Ra2),
with an average of 11.3 alleles per locus. The observed
heterozygosity (Ho) of these polymorphic loci ranged
from 0.286 (Ra34) to 0.927 (Ra26) with an average of
0.640, while expected heterozygosity (He) ranged from
0.263 (Ra34) to 0.939 (Ra2) with an average of 0.753.
Significant deviation from Hardy-Weinberg equilibrium
were observed in this study at the loci Ra2, Ral8, Ra32,

Ra42 and Ra49 (P<0.05). Tests for linkage disequilibrium
(P<0.001) revealed no linkage disequilibrium among the
pair-wise compared loci. In addition, the PIC value of
polymorphic SSRs ranged between 0.336 (Ra34) and
0.923 (Ra2), with an average of 0.749.

Cross-genera transferability

All 10 polymorphic primers derived from Radix sp. were
tested with three individuals of each species from the
genus Melanopsis, namely M. costata, M. nodosa and M.
buccinoidea (Table 3). All 10 loci were successfully
amplified for at least one species. Of these, four (Ra22,
Ra32, Ra34 and Ra42), six (Ral8, Ra22, Ra32, Ra34,
Ra37 and Ra42) and four loci (Ra22, Ra32, Ra34 and
Ra4?2) were amplified for three individual samples of M.
costata, M. nodosa and M. buccinoidea, respectively
(Table 4).

UPGMA clustering by SSRs

The genetic distance according to Nei (1972) was
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Table 3. Locus name, GenBank Accession no., repeat motif, primer sequence, annealing temperature (Ta), size, number of alleles (Na), observed heterozygosity (Ho), expected
heterozygosity (He), polymorphic information content (PIC), significant deviation of P-value for Hardy—Weinberg equilibrium (HWE) and number of alleles cross-taxa amplification of 10

polymorphic loci from Radix sp.

No. Locus GenB.ank Repe.at Primer sequence (5-3’) ;I'a Size Ho He PIC HWE - No. of alleles —
Accession no. motif (°C)  (bp) (p-value)  Radixsp. M. costata M. nodosa M. buccinoidea
1 Ra2 KJ740525 (CA)14 1(_: ;m&_ﬁggg glgégi;%@%icé 55 261 0500 0939  0.923 0.000* 18 0 0 1
2 Ral8 KJ740526 (TC)10 é ;gﬁg%ﬁ@;%iggﬁi%m%i 55 360 0.853 0655 0.833 0.034* 10 1 2 2
3  Ra20 KJ740527 (TC)9 AGRFG%((;:ATGE\%A:(::;ZT\E;TAEA%T(? 5 55 213 0478 0410  0.547 1.000 6 1 0 0
4  Ra22 KJ740528 (AG)9 TT Fli: ngiAGACAgTATAéTT f: é; :g A':GGA(\:c';rA(\: 55 260 0.733 0539 0421 0.052 4 2 2 2
5 Ra26 KJ740529 (TC)23 GA ; fg;::g?é;gﬁgig%%i%&gc 55 197 0927 0862 0.910 0.133 17 0 3 3
6 Ra32 KJ740530 (AG)17 ? ; gf J: gﬁ gﬁ:ﬁg?;é?ggé?c 55 231 0786 089  0.881 0.009* 14 2 2 2
7 Ra4 KJ740531 (CAG)12 GC RF 'If\ (? g_'I_A (? g g:_?_ﬁ&%%fg:f C/: fG 55 182 0286 0263  0.336 1.000 5 2 2 2
8  Ra37 KJ740532 (GT)9 GTRFCTC('SI'I&E%&?&TI'?;EEE A 55 320 0828 0900 0.882 0.180 14 1 4 3
9 Ra42 KJ740533 (GA)19 T;s&;gg%gﬁggﬁgﬁgg? 55 172 0867 0919  0.896 0.002* 15 2 2 2
10  Ra49 KJ740534 (TC)20 A F:ATCCGAGGCTACCCCTAAATA 55 298 0400 0881  0.865 0.000* 10 0 1 1

G R:GGCAGAGAGAGAGAGACAGAG

Figure 2. The example of SSR polymorphic pattern (Ra 42) in Radix sp.
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Table 4. Specific observed allele in Radix sp. and genus Melanopsis. (* indicates genotype found in specific species tested in cross-
transferability of SSRs.).

Individual name Locus
Ra2 Ral8 Ra20 Ra22 Ra26 Ra32 Ra34 Ra37 Ra42 Ra49
1 2/17 1/10 1/3 2/2 3/7 4/11 1/1 2/10 2/13 2/2
2 0/0 2/2 0/0 2/3 3/11 718 1/5 3/3 12/13 717
3 8/15 4/8 0/0 3/3 10/11 4/5 1/5 6/10 11/12 5/8
4 14/14 1/5 3/3 2/2 10/13 6/7 1/1 217 6/10 6/9
5 717 4/5 3/3 2/3 2/4 3/9 1/5 5/8 5/10 4/6
6 4/14 2/8 3/3 3/3 4/8 3/8 1/1 4/10 10/10 6/10
7 1/15 3/9 3/4 2/3 6/11 9/11 0/0 3/11 9/11 1/1
8 717 3/3 3/4 2/3 5/9 6/14 1/1 3/14 6/8 3/8
9 0/0 0/0 0/0 2/3 1/11 0/0 1/1 0/0 11/12 3/3
10 5/18 8/9 3/3 2/3 4/16 4/5 1/1 9/13 5/10 0/0
11 5/5 8/8 3/3 2/3 4/16 2/5 1/2 10/12 10/12 0/0
12 5/5 5/9 0/0 3/4 3/11 4/6 1/1 6/13 10/12 6/6
13 13/13 a/7 3/4 2/3 6/10 4/5 1/1 6/9 10/10 0/0
14 11/11 5/8 2/3 2/3 0/0 6/13 1/1 6/11 9/12 6/8
Radix sp. 15 3/6 4/5 3/3 3/3 4/9 4/5 1/1 5/6 1/13 0/0
16 16/17 a7 3/4 2/3 11/11 4/9 1/3 6/10 4/5 718
17 13/13 3/5 3/6 2/3 4/5 717 1/1 2/6 4/6 6/9
18 717 5/5 3/3 3/3 9/14 7112 1/1 5/5 10/14 6/6
19 2/11 5/6 3/4 1/2 9/10 2/6 1/1 5/6 5/7 1/1
20 7117 2/8 3/3 3/3 8/14 9/9 1/1 2/10 13/13 10/10
21 12/12 2/5 3/3 2/3 3/11 9/9 1/1 217 6/6 8/8
22 6/6 9/9 0/0 2/3 3/6 4/9 1/1 12/12 11/12 6/9
23 10/17 1/6 0/0 2/3 3/7 3/4 1/1 1/7 11/12 9/9
24 9/11 5/5 3/3 2/2 14/15 6/10 1/5 5/8 8/9 2/2
25 17/17 9/9 0/0 2/3 12/17 1/4 1/1 12/13 5/9 2/2
26 17/18 3/4 3/4 2/3 10/10 0/0 0/0 3/5 10/12 0/0
27 6/6 5/5 2/3 2/3 2/9 6/11 1/3 6/7 9/15 6/7
28 4/11 5/5 3/5 2/3 9/9 717 1/1 6/6 3/7 5/5
29 4/4 5/5 3/3 2/3 3/4 717 1/1 6/6 3/7 8/8
30 2/16 4/6 3/3 2/3 12/12 9/9 1/4 4/6 3/10 8/8
31 0/0 6/6* 0/0 2/3 0/0 5/7* 5/5* 117* 11/12 0/0
M. costata 32 0/0 6/6* 3/3 2/2 0/0 5/7* 1/1 717* 11/12 0/0
33 0/0 0/0 0/0 2/3 0/0 5/7* 1/1 0/0 11/12 0/0
34 0/0 6/6* 0/0 2/3 13/16* 5/7* 1/1 7/11* 11/12 0/0
M. nodosa 35 0/0 5/6 0/0 2/2 12/12 5/7* 1/1 5/6 11/12 8/8
36 0/0 6/6* 0/0 2/2 0/0 5/5* 1/5 7/7* 11/12 0/0
37 2/2* 5/5 0/0 3/3 9/12* 5/8* 1/1 6/6 11/12 8/8
M. buccinoidea 38 0/0 2/5 0/0 2/2 13/13* 5/5* 1/6* 718* 11/12 0/0
39 0/0 0/0 0/0 2/2 0/0 5/5* 1/1 0/0 11/12 0/0

calculated amongst individual sample of Radix sp. and except M. buccinoidea (No. 37) as shown in Figure 3.
Melanopsis spp. UPGMA clustering based on Nei's Radix sp. (No. 9) was included with Melanopsis spp.
method showed that most of Melanopsis spp. was cluster. Among the group of Radix sp. samples and the
clustered together and clearly separated from Radix sp. Melanopsis genus, UPGMA clustering was divided into 2
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Figure 3. The UPGMA dendrogram based on Nei's genetic distance showing the genetic distance between Radix sp. and Melanopsis spp.

from the middle and south provinces of Irag.

groups consisting of genus Melanopsis (M. costata, M.
nodosa, and M. buccinoidea) and Radix sp. (Fig 4). The
smallest genetic distance (0.073) was observed between
M. costata and M. nodosa while the highest genetic
distance (0.518) was observed between M. costata and
M. buccinoidea (Table 5).

DISCUSSION

The SSR-enriched library from Radix sp. showed high
efficiency due to the high percentage of positive clones
containing insert fragments with the expected size and a
reasonable percentage of non-redundancy. While
enrichment increased the number of positive clones
which contained microsatellite motifs, the level of clone
redundancy was still quite high, albeit similar to the
redundancy rate found in the study of Zane et al. (2002).
The polymorphism rate of SSR primers developed from
Radix sp. enriched library was slightly lower than other
species of freshwater snail genus such as Physa acuta
(Monsutti and Perrin, 1999), Aplexa marmorata (Dubois
et al., 2008) and Bellamya aeruginosa (Gu et al., 2015).

This may be due to the nature of genetic background as
well as differences in genetic diversity of this species
from each location.

In this study, the number of alleles at each locus was
higher than previous reports of R. balthica (Salinger and
Pfenninger, 2009) and also other freshwater snail libraries
such as for L. stagnalis (Knott et al., 2003), Physa
marmorata (Dubois et al., 2008), Bulinus forskalii (Gow et
al.,, 2001) and B. aeruginosa (Gu et al., 2015). The PIC
(value of polymorphism) detected by a marker (Nagy et
al., 2012), in this study revealed high informative levels of
the SSRs as described by Botstein et al. (1980). This
information and the high mean values of Ho (observed)
and He (expected) indicate a high level of genetic
diversity of the Radix sp. population in Irag. However, the
value of Ho was lower than He suggesting that an
inbreeding situation likely occurred resulting in a deficit of
heterozygosity within the Radix sp. population. In
addition, loci showed significant deviations (P<0.05) from
Hardy-Weinberg equilibrium indicating the presence of
null alleles at theses loci (Ducarme et al., 2008). No
evidence for linkage disequilibrium was detected for
these loci suggesting that there is no linkage for all pairs
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Table 5. Nei's (1972) coefficients of genetic distance between Radix sp. and genus Melanopsis.

Species Radix sp. M. costata M. nodosa M. buccinoidea
Radix sp. 1.000
M. costata 0.434 1.000
M. nodosa 0.491 0.073 1.000
M. buccinoidea 0.482 0.518 0.223 1.000
| | 1 | | |
I 1 | 1 1
0.500 0.400 0.300 0.200 0.100 0.000
2 M. costata
0.073
0.371 3 M. nodosa
0.469 .
4 M. buccinoidea

1 Radix sp.

Figure 4. The UPGMA dendrogram based on Nei’'s genetic distance showing the genetic relationship

between Radix sp. and Melanopsis species.

of loci examined (Salinger and Pfenninger, 2009).
Previous studies have reported that SSR markers are
able to cross-amplify loci in related species/genera in
plants and animals (BarbarA et al., 2007). Successful
amplification using SSR between families was about 33%
which was lower than comparing between species and
between genera (BarbarA et al., 2007). No reports of
cross amplification across families in freshwater and land
snails are available. Radix sp. belongs to family
Lymnaeidae, while Melanopsis spp. belongs to family
Melanopsidae. Polymorphic SSR primers from Radix sp.
in this study were assessed for their transferability to the
genus Melanopsis; M. costata (40%), M. nodosa (60%)
and M. buccinoidea (40%), and showed to be fully
transferrable across families. The results showed that
one M. buccinoidea (No. 37) was grouped with Radix sp.,
while samples No. 9 of Radix sp. was included with
Melanopsis spp. This may be due to missing data of
some loci that could affect the clustering; however, most
of the samples were clustered together in the same
genus. This is the first report of cross-amplification
between families of freshwater snails and indicates that
the newly developed SSRs are able to be applied as an
assessment of the genetic diversity in Melanopsis sp. In
addition, the markers might be applicable to other groups

of freshwater snails.

The SSR markers developed in this study showed a
high level of polymorphism in Radix sp. collected from the
middle and south of Irag, as well as with freshwater snails
of genus Melanopsis. This study carried out for the first
time the genetic diversity and relationship among Radix
sp. and high genetic variation within this species in
individuals from the middle and south of Irag was
observed. The study demonstrated that SSR markers are
useful for further study of the population genetics and
evolutionary relationship of Radix sp. and other related
species.
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Essential oils of the fruits of three cultivars of Amomum subulatum (Family-Zingiberaceae), such as
varlangy, seremna and sawney were isolated. Antioxidant potential was determined using 1,1-diphenyl-
2-picrylhydrazyl (DPPH) and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) scavenging
and FeCls;-reducing models and the presence of 1,8-Cineole was quantified using the developed high
performance thin layer chromatography (HPTLC) method. In the DPPH scavenging model, the ICsyvalue
of the essential oil of the seremna, varlangy and sawney were found to be 172.3, 216.9 and 274.3 pg/ml,
respectively, while in the ABTS scavenging model, the ICsgvalue of the seremna, varlangy and sawney
were found to be 27.96, 31.34 and 32.49 ug/ml respectively. The antioxidant power of the FeCl; reducing
model, the absorbance value of the essential oil of the seremna was found comparatively higher than
the essential oils of varlangy and sawney. The content of 1,8-cineole was determined by the developed
HPTLC densitometric method, and the value of the percentage (mean + SD, % w/w) content of the
essential oils of the seremna, varlangy and sawney were found to be 69.59 + 1.45%, 48.78 + 3.21 and
47.84 + 1.76 respectively. The highest antioxidant value of seremna cultivar may be due to the presence
of high content of 1, 8-cineole. The HPTLC method, therefore confirms that monoterpene 1,8-cineole is

the main antioxidant compound present in the fruits of A. subulatum.
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INTRODUCTION

The fruits of Amomum subulatum or greater cardamom is
one of the most expensive fruits of the large family,
Zingiberaceae of the Kingdom Plantae (Kumar et al.,
2013). It is a perennial herb consisting of subterranean
rhizomes and leafy aerial shoots which stands erect at
1.7 to 2.6 m depending on the cultivars. Inflorescence of
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this plant has a condensed spike, commonly found, and
has 10-40 fruits in each spike depending on the cultivars.
Flowering season starts during March—April at lower
altitudes, and in May, at higher altitudes. Harvesting
starts during August—September at lower altitudes and
October—-December at higher altitudes (Gupta and John,
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1987). It is also known by other common names such as,
English name: black cardamom, hil cardamom, Bengal
cardamom, Nepal cardamom; Sanskrit: Aindri, Sthula ela,
Brihatupakunchika, Hindi, Punjabi and Gujarati kali ilaichi;
Malayalam: karutta elakka; Marathi: Moto-eldori,
Moteveldode and Thorveldoda. There are a number of
cultivars of A. subulatum species grown worldwide, with
some of the cultivars such as ramsey, sawney, golsey,
varlangy, seremna, etc. popularly cultivated in the Sikkim
State and North Bengal, Darjeeling (West Bengal State)
of India. Sikkim is one of the leading states in India,
which produce huge quantity of the fruits of A. subulatum
(Dubey and Yadav, 2001). In the area, Sikkim ranked
28™ situated in the north eastern side of India and
contributes approximately 53% of the world production of
the greater cardamom (Sharma et al., 2000; Agnihotri and
Wakode, 2010; Joshi et al., 2013). In India, this perennial
herb is commonly planted at an elevation of 700 to 1650
m above sea level and is widely used for the condiments,
homemade remedies, and Indian and Chinese systems
of medicine (Mukherjee, 1972; Madhusoodhanan and
Rao, 2001). In addition to India, the other cultivars of A.
subulatum is also cultivated in the several other countries
such as Nepal, Bhutan, China and Indonesia.

Dried fruits of spices and its essential oils are a good
source of an antioxidants. Commercial synthetic
antioxidants such as butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT), tert-butylhydroquinone
(TBHQ) and propyl gallate (PG) are used to avert lipid
peroxidation of commercial food products but these
chemicals also which have carcinogenic properties. The
essential oil of A. subulatum has already been used as a
preservative in the juice industry (Kapoor et al., 2009).
The essential oil of the fruits of Greater cardamom has
already been evaluated for the antioxidant and other
activities (Sharma et al., 2017). The other activities such
as antiviral, antitussive, antiallergic, anti-inflammatory,
bronchodilator, mucolytic, gastroprotective, antitumor,
antimicrobial and insecticidal activities of the 1,8-cineole
has also been reported (Juergens et al., 2003; Lima et
al., 2013). Essential oil obtained from the fruits of A.
subulatum using hydro-distilled methods, mainly contain
monoterpenes 1,8-cineole (Kaskoos et al., 2013). Along
with 1,8-cineole, the other monoterpenes such as a-
terpineol, DL-limonene, nerolidol, 4-terpineol, d-terpineol,
0-3-carene, B-myrcene, germacrene D, a-terpinene and
longifolenaldehyde have been reported in the
hydrodistilled essential oil of the fruit (Vilela et al., 2009;
Hussain et al., 2011).

Nowadays, research is concerned with finding the safe
and natural antioxidant for the commercial food products
to avoid the carcinogenicity of the food products linked
with synthetic antioxidants, but in the most of the
investigations, the natural antioxidants showed
comparatively lower potency than synthetic antioxidants
(Ramalho and Jorge, 2006). There is need to investigate
the antioxidant potential of the natural sources in the

whole extract, because in addition to the principal
compounds several other agonist and antagonist
compounds present in it, which may together show
synergistic potential or other compounds may revert the
foremost side effects (Jimenez-Andrade et al., 2003). The
oxidative stress is an imbalance between free radical
production and antioxidant defences, due to
overproduction of free radical through metabolic process
and caused several diseases (Uttara et al., 2009; Lobo et
al., 2010). Numerous research suggests that consumption
of ails, fruits and vegetables or other natural products are
important for decreasing the ROS oxidative stress by a
variety of mechanisms (Rahal et al., 2014). HPTLC is one
of the most advanced form of chromatography, highly
applicable for the quantification of active compounds in
the extracts, oils and other natural products and it is
widely accepted in all over the world (Attimarad et al.,
2011; Kathirvel et al., 2012). The main purpose of this
study was to select a highly antioxidant varieties of fruits
of A. subulatum species following a new approach, that
is, comparing the essential oil of three popular varieties of
A. subulatum fruits, using DPPH, ABTS and ferric
reducing methods along with quantifying the main active
constituents 1-8 Cineole using newly developed,
reproducible and accurate HPTLC method.

MATERIALS AND METHODS

Three different cultivars of A. subulatum fruits (sawney, seremna
and varlangy) were obtained from ICRI Tadong, Sikkim, India, in
2016. The reagents such as DPPH, ABTS and BHT (3,5-ditert-4-
butylhydroxy toluene were obtained from Sigma, USA. The markers
1,8 cineole (purity > 99%) was procured from the supplier (Sigma
Aldrich), Polaris Bioscience, Delhi, India. The pre-coated
aluminium-backed TLC plates (silica gel, 0.2 mm thick, 60F2s4, 20 x
20 cm) were purchased from E. Merck, Germany.

Separation of essential oil

The fruits of sawney, seremna and varlangy cultivars of A.
subulatum were coarsely powdered in the mixer grinder and passed
through sieve No. 60. About 100 g of each powder was hydro-
distilled for 4 h using Clevenger apparatus (lighter than water).
Further, distilled essential oil was collected and dried over
anhydrous sodium sulphate; the obtained essential oils were
transferred using a glass vial, and stored in the deep freezer for
further study.

Antioxidants activity
Free radical scavenging activity (DPPH model)

The DPPH scavenging activity of the essential oil was assessed by
using reported method (Asnaashari et al., 2016), with slight
modification. In short, essential oils and standard (BHT) were
separately diluted in methanol to obtain 1000 pug/ml stock solution.
80 pg/ml of DPPH solution was prepared. Six dilutions (500 to15. 6
pg/ml) of samples and standard were prepared separately.
Accurately, 5 ml of DPPH was mixed with 5 ml of samples and



standard solution and the mixtures were kept in the dark at 25°C for
30 min. The absorbance was recorded immediately at 517 nm by
UV spectrophotometer. Percentage inhibition of free radical was
calculated by the following formula:

B-A
B

% inhibition = % 100

Where, A was the absorbance of sample and standard solution and
B was the means absorbance of blank (without essential oil or
standard, BHT). Further, a plot between percentage inhibition and
concentration of different dilutions of samples and standards was
plotted for the estimation of 1Cso (50% inhibition).

Free radical scavenging activity (ABTS model)

The ABTS antiradical activity of essential oils and the standard was
assessed using reported methods (Yang et al.,, 2009) that was
slightly modified. In short, 1000 pg/ml stock solution was used to
prepare the serial dilutions (200 - 12.5 pg/ml) of samples and
standard. The ABTS solution was prepared by reacting equal
amount of ABTS (7 mM) with potassium persulfate (2.45 mM). The
reaction mixture was kept in the dark for at least 4 h at 25°C.
Further, it was diluted with 0.1 M sodium phosphate buffer (pH 7.4)
to acquire an absorbance of 0.70 + 0.02 at 734 nm. Accurately,
2.99 ml of ABTS solution was mixed with 10 pl of serial diluted
solution of samples and standard and kept in the dark at 25°C for
30 min. An absorbance was recorded immediately at 734 nm by UV
spectrophotometer. Percent inhibition and ICsq were calculated by
equation mentioned in DPPH assay.

Reducing power assay (Ferric chloride model)

The reducing power assay of the essential oils was assessed using
reported methods (Olugbami et al., 2015) with slight modification. In
short, a stock solution of samples and standard were used for the
serial dilutions (200 - 25 pg /ml). About 1 ml of solution from each
dilution was mixed with 2.5 ml of phosphate buffer of 0.2 mol/l (pH
6.6) and 2.5 ml of 1% CgNgFeKs solution and were incubated at
50°C for 30 min. About 2.5 ml of 10% trichloroacetic acid (TCA)
solution was added into it and was then centrifuged for 10 min at
3000 g. Further, about 2.5 ml of the supernatant was pooled with
2.5 ml of distilled water, shaken with 0.5 ml of 0.1% FeCls solution
(freshly prepared) and incubated at room temperature for 10 min.
The absorbance was recorded at 700 nm against blank (n=3). A
graph was plotted between the average of absorbance and
concentration for estimation of antioxidant activity.

Chromatographic conditions

The high performance thin layer chromatography (HPTLC) method
was developed on a system consisting; TLC applicator Linomat V,
automatic development chamber 2 (ADC2), derivatization chamber,
TLC plate heater, TLC Scanner equipped with WIinCATS software
(version 1.4.6) and TLC Reprostar 3 (all from Camag, Muttenz,
Switzerland).  Separation, derivatization and identification were
done with TLC Silica Gel 60 F254 Glass plates, 20 x 20 cm and
derivatization of plates was developed by automatic TLC sprayer
using Vanillin-H,SO4 reagents.

Preparation of standard and sample solutions

1000 pg/ml w/v of the standard solution of 1,8-cineole, and the
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sample solution of the essential oils were prepared separately in
the solvent methanol.

Chromatographic conditions

Estimation of 1,8 cineole was performed on a TLC plate without
pre-washing. Standard and samples of essential oils were applied
to the silica gel plates as 8 mm bands with Linomat V. The plates
were developed in automatic development chamber 2 to a distance
of 80 mm, relative humidity 50-60%, at 25 + 5°C, using mobile
phase composed of hexane: ethyl acetate (8:2), saturation for 25
min. After development, the plates were air-dried and observed in a
visualizer at white light, 254 nm and 366 nm. The reagent Vanillin-
H.SO, was used for the derivatization and then the plates were
heated at 100°C using a TLC plate heater. The plate was then
cooled and scanned in the scanner at UV 665 nm for the
guantification.

Calibration curve for standard

The calibration curve for the standard was prepared after application
of 1to 7 ug on a TLC plate. It was then developed and scanned as
per the conditions of chromatography. The peak areas were
recorded and the calibration curve of standard 1,8-cinecle was
made by plotting peak area verses concentration.

Method validation

The intended method was validated, referring to the International
Conference on Harmonization guidelines (ICH, 2005). The linearity
of the current method for the 1,8-cineole was checked (100 to 700
ng/spot) and concentration was plotted against peak area. LOD
(Limit of detection) and LOQ (limit of quantification) were
determined from the slope of the calibration curve. The equation
3.3xSDxS " and 10xSDxS ' were used for the determination LOD
and LOQ respectively. The accuracy of the present method was
tested by the pre examined samples spiked with 1,8-cineole (0, 50,
100, and 150%); the mixtures were re-examined; and the
percentage of recovery and RSD (% Relative standard deviation)
were calculated. The precision of standard was determined by
study of repeatability and intermediate precision. Repeatability
precision was measured in 6 replicates of a standard solution at
three different concentration levels 300, 400 and 500 ng/spot on the
same day (intra-day precision). Intermediate precision was also
measured in 6 replicates of a standard solution at three different
concentration levels on different days (inter-day precision).
Robustness of the method was determined by estimating the effect
on small changes in the polarity of the mobile phase.

Statistical data

The mean + standard deviation (SD), relative to percentage of
scavenging activity by means of non-linear regression, followed by
log (inhibitor) vs. response - Variable slope (four parameters) was

used to estimate the I1Cso using software GraphPad Prism, version
7.03 (San Diego, CA).

RESULTS AND DISCUSSION
DPPH free radical scavenging activity

Figure 1 shows the percentage DPPH radical scavenging
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Figure 1. DPPH scavenging activity of essential oils obtained from the fruits of seremna,
varlangy and sawney. Values are expressed as mean + SEM (n=3).

Table 1. Antioxidant activity of essential oils obtained from the fruits of seremna, varlangy and sawney
determined using three different methods such as DPPH, ABTS and FeCls-reducing models.

DPPH method

ABTS method

FeCls-reducing method

Essential oils

ICs0 (Mg/mI) Absorbance
Seremna 172.3 27.96 1.453
Varlangy 216.9 31.34 1.011
Sawney 274.3 32.49 1.001
BHT 84.54 22.77 1.858

activity of the essential oil of three different cultivars of A.
subulatum fruits and result revealed the different levels of
scavenging activities. The percentage scavenging of free
radical by Seremna was 84.74% comparatively higher
than for varlangy (72.38%) and sawney (64.42%). Table
1 shows the ICs, value of essential oils and standard;
84.54, 172.3, 216.9 and 274.3 pg/ml of BHT, seremna,
varlangy and sawney respectively. The previous study
confirmed that the in vitro DPPH free radical scavenging
assay is a reliable and stable method for the investigation
of antioxidant activity (Amiri, 2012). Pathogenesis of
various diseases were caused by free radicals, which are
produced during metabolic reaction. Free radicals can
oxidize all types of biomolecules, spread in all the body
parts and damage cells. The antioxidant compounds that
are present in extracts or essential oil of spices and herbs
scavenge the free radical and prevent the various
diseases. The DPPH antioxidant study of essential oil
of fruits of A. subulatum has been previously reported by

some of the investigators (Bisht et al., 2011; Dhuley,
1999; Kapoor et al., 2008), but as per our knowledge, this
is the first report pertaining to the comparative antioxidant
activity of essential of fruits of three cultivars. DPPH and
ABTS methods have been widely used for the study of
the essential oils (Ballester-Costa et al., 2017; Afoulous
et al., 2013). The most powerful scavenging constituent
by DPPH was found in the essential oils of seremna
cultivar.

ABTS free radical scavenging activity

Figure 2 shows the different levels of ABTS radical
scavenging activity in the essential oil of each selected
cultivar. The percentage scavenging of essential oil of
fruits of seremna was 84.1% comparatively higher than
for varlangy (52.6%) and sawney (44.7%). Table 1 shows
the ICso value of essential oils and standard such as
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Figure 2. ABTS scavenging activity of essential oils obtained from the fruits of seremna, varlangy and

sawney. Values are expressed as mean + SEM (n=3).
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Figure 3. Ferric chloride reducing assay of essential oils obtained from the fruits of seremna,
varlangy and sawney. Values are expressed as mean + SEM (n=3).

27.96, 31.34 and 32.49 pg/ml of seremna, varlangy and
sawney respectively. Like DPPH, the ABTS radical
scavenging activity also reproduces hydrogen-donating
ability. ABTS method is commonly used for the
antioxidant profiling of the essential oils; it is a method
that is generally superior to DPPH especially for the
essential oil activity, due to the complexity and polarity of
compounds (Okoh et al., 2016; Kaviarasan et al., 2007).

The most powerful scavenging using the ABTS method
was found in the essential oils of seremna -cultivar,
showing I1Csg, 27.96 pg/ml.

Ferric chloride reducing assay

Figure 3 shows the reductive capabilities of the essential
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Figure 4. HPTLC densitogram of 1-8 cineole at UV 665 nm.

oils of fruits of cultivars of A. subulatum cultivars
compared with BHT and the results showed different
reducing levels. The reducing power of the essential oil of
seremna fruit, 1.453 was found to be higher than the
varlangy, 1.011 and sawney, 1.001 at 200 pg/ml, which
increased gradually with a rise in the concentration. The
method of reducing power assay based on the reaction
between antioxidant compounds and potassium ferric
cyanide to form potassium ferrous cyanide, which then
reacts with ferric chloride to form complex mixture of
ferric—ferrous that has an absorption maximum at 700
nm. The reducing power of the essential oils and BHT
increases with the increase in the concentration of
antioxidant compounds (Bhalodia et al., 2013).

Method validation
Selection of mobile phase

Figure 4 shows the HPTLC densitogram of the developed
method for the standard 1,8-cineole. For the optimization
of mobile phase, different trials were made using several
solvents alone and in different proportions. Solvent
system consisting of hexane and ethyl acetate was used
in the ratio of 8:2, v/v, where a spot was observed at the

R¢ value 0.28+0.12 for the standard.

Specificity

The specificity of the method was determined by
analysing samples and standard spectra at the peak
apex, peak start and end positions of the peak. When
excess standards were added to the essential oil of fruits
of cultivars to check the specificity of the method, the
spectro-densitogram of standard 1,8-cineole and
essential oil at A 665 nm was observed. A satisfactory
peak purity was obtained and it was observed that the
other essential oil present in the essential oil did not
interfere with the standard peak and it was found that
chromatogram was stabled in solution and on the TLC
plate at room temperature.

Linearity

Table 2 shows the linearity of the developed method, for
which a calibration curve of five dilution was prepared by
plotting peak area against concentrations. It was
evaluated by applying different concentrations of 100 to
700 ng/spot for standard solution 1,8-cineole. A good
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Table 2. Linear regression data for the calibration curve (n=6).
Parameter Value
Linearity range (ng/spot) 100-700
Regression equation Y =12.34x + 214.9
Correlation coefficient 0.9977
Slope = SE 12.34 +0.2664
Intercept + SE 2149 +119.1
95% Confidence Interval of slope 11.66 to 13.03
95% Confidence Interval of intercept 521.1t091.36
F 2147
DFn/DFd 1,5
P value < 0.0001
LOD 5.14 ngband™
LOQ 14.66 ngband™
Table 3. Accuracy of the proposed method (n=6).
Excess drug added to analyte (%) Theoretical content (ng) Concentration found (ng) £+ SD % Recovery % RSD
0 200 196.17 £ 1.94 98.08 0.99
50 300 294.00 £ 2.45 98.00 0.83
100 400 397.33+1.03 99.33 0.26
150 500 494.00 + 4.00 98.80 0.81
Table 4. Precision of the proposed method (n=6).
Concentration - Average concentration Standard error 0
(ng/spot) Precision +SD (n = 6) (SE) % RSD
300 3567.00 £ 30.77 12.56 0.86
400 Repeatability precision (Intraday) 4545.40 £ 19.21 7.84 0.42
500 6055.80 + 27.58 11.26 0.46
300 3573.00 £42.15 17.21 1.18
400 Intermediate precision (Interday) 4537.40 £ 28.81 11.77 1.64
500 6037.80 £41.41 16.91 0.69

linear relationship was found with r’ value of 0.9977,
intercepts 214.9 + 119 and slopes 12.34 + 0.2664, that
endorse the accuracy of the present method.

LOD and LOQ

Table 2 also shows the limit of detection (LOD) and limit
of quantification (LOQ) of the developed method for the
identification of 1,8-cineole. The LOD 5.14 ng/b and LOQ,
14.66 ng/b respectively, were calculated for standard
solution and validate the sensitivity of the present
method.

Accuracy

Table 3 shows the accuracy of the present method; for

this the pre-analysed samples were spiked with 50, 100
and 150% of the standard 1,8-cineole and the mixtures
were re-analysed using the proposed method. The range
of percentage recovery (98 to 99.33%) and percentage
relative standard deviation, (0.26 to 0.99 % RSD) for
standard 1,8-cineole endorse the accuracy of the present
method.

Precision

Table 4 shows the precision data on the intraday and
inter-day variation for three different concentration levels.
The results of repeatability were stated in terms of the
relative standard deviation (% RSD). The low % RSD
showed the method is precise for the analysis of 1,8-
cineole.
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Table 5. Robustness of the proposed HPTLC method.

Concentration (ng/spot) Original* Used Changed Area £ SD (n = 3) R % RSD
7.9:2.1 -0.1,+0.1 4537 + 28 0.30 0.61
400 8:2 8:2 0.0 4539 * 26 0.28 0.57
8.1:1.9 +0.1, -0.1 4545 + 23 0.27 0.52

Table 6. The contents of 1-8 Cineole
Sawney determined using developed HPTLC method.

in the essential oils obtained from the fruits of Seremna, Varlangy and

Essential oils of cultivars Contents (mean + SD, % w/w) % RSD
Seremna 69.59 +£1.45 3.47
Varlangy 48.78 + 3.21 4.18
Sawney 47.84 £1.76 2.53
Robustness the quality control of essential oils and formulations that

Table 5 shows the robustness of the present method of
the introduction of small changes in the composition of
the mobile phase and the effects on the results were
observed. Low % RSD indicated that the developed
HPTLC method is robust.

Quantification of 1,8-cineole in the essential of A.
subulatum cultivars

Table 6 shows the percentage contents of 1,8-cineole in
the essential oils of fruits of seremna, varlangy and
sawney and these were analysed using developed
HPTLC methods. The contents of 1,8-cineole were 69.59
+ 1.45%, 48.78 + 3.21% and 47.84 + 1.76% of the
essential oils of fruits of seremna, varlangy and sawney,
respectively.

Conclusion

The developed HPTLC method was found to be accurate,
specific, precise and easy to use for the quantitative
analysis of 1,8-cineole. Quantification of the 1,8-cineole
using developed method confirmed that the
monoterpenes, 1,8-cineole is a principal ingredient found
in the essential oil of fruits of A. subulatum cultivars. 1,8-
Cineole was found to be higher in seremna cultivar fruit in
comparing to varlangy and sawney fruits. So, the
seremna fruits obtained essential oil is a good choice of
antioxidant cultivar in comparison to the other two
cultivars fruit. The comparative antioxidant activity of fruit
oil further confirmed the antioxidant nature of
monoterpene, 1,8-cineole and the study concluded that
the higher the concentration of 1,8-cineole, the greater
the value of antioxidant. This method can be adopted for

contains 1,8-ineole as active compounds as well as for
the selection of good antioxidant cultivars that contain
1,8-cineole as an active marker.
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Environmental concerns are becoming important global tasks. Palm oil mill effluent (POME) contains oil
and grease and also rich in organic matter in the form of total suspended solids which can increase
biochemical oxygen demand (BOD) and chemical oxygen demand (COD) of POME. It is generated in
huge quantities during the production of crude palm oil and pollutes land, water and atmosphere if left
untreated. The current study mainly focuses on evaluating the efficacy of fungal isolates screened and
isolated from POME dump sites in the bioremediation of POME. Five fungal species used in the present
study were previously isolated by the author from POME dump sites of Pedavegi palm oil mill industry.
Out of these, Emericella nidulans NFCCI 3643 was proven to be an excellent biological agent in
reducing the organic load of POME. The organism showed 80.28% reduction in COD, 88.23% in BOD
and 87.34% in oil/lgrease content at their optimal environmental and nutritional conditions. The mixed
cultures showed better reduction efficiency as compared to individual pure cultures. The natural
inhabitants of POME dump sites showed their lipolytic ability and E. nidulans was found to be an
excellent agent in the bioremediation of POME. Fungal isolates in consortium can function better in
bioremediating POME than individual pure cultures.

Key words: Palm oil mill effluent (POME), oil and grease, biochemical oxygen demand (BOD), chemical
oxygen demand (COD), organic load, Emericella nidulans, bioremediation.

INTRODUCTION

Palm oil mill effluent (POME) is the waste that is being
released by the palm oil mills during oil extraction
process from palm fruit bunches. In recent years, a lot of
attention has been drawn towards environmental hazards
that are caused by direct release of industrial effluents
without proper treatment. It was estimated that about 1.5

*Corresponding author. E-mail: susheelalankaku@gmail.com.

tons of POME were generated for a tone of fresh palm
fruit bunches during oil extraction process (Ahmad et al.,
2003). POME is a thick brown colored liquid rich in total
solids, oil and grease (Poh and Chong, 2008; Mahzad et
al., 2009). The chemical oxygen demand (COD) and
biological oxygen demand (BOD) of POME is also high
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(Pogaku and Sarbatly, 2013). A high concentration of
organic matter, COD (45,000 to 65,000 mg/L) and BOD
(18,000 to 48,000 mg/L) of POME was reported by Chin
et al. (1996). Soleimaninanadegani and Manshad (2014)
reported a COD and BOD in the range of 80,100 to
95,000 and 23,400 to 52,100 mg/L, respectively. A COD
and BOD of 40,000 to 50, 000 and 20,000 to 25,000 mg/L
were reported by Najafpour et al. (2006). In addition to oil
and grease, POME also contains various complex
polymers like carbohydrates, lipids, proteins, certain
minerals and nitrogenous compounds (Ohimain et al.,
2013a). Discharge of untreated POME into aquatic
bodies can cause dark coloration of water, eutrophication
which  further makes the water unsuitable for
consumption (Tubonimi et al., 2007; Cheng et al., 2010;
Foo and Hameed, 2010). The nature of POME also
causes odour pollution (Er et al.,, 2011). A high COD
value of POME also distracts the aquatic life
(Maygaonkar et al., 2012), resulting in loss of biodiversity
(Singh and Pandey, 2009). As direct discharge of such
effluents into the environment without proper treatment
might cause considerable environmental problems
(Cheng et al., 2010; Awotoye et al., 2011; Jameel and
Olanrewaju, 2011; Lam and Lee, 2011), there is need to
treat POME from palm oil mills before they are
discharged into the environment.

In addition, the high level of organic matter of POME as
indicated by its high COD, BOD, grease and oil content,
serves as good substrate for growth of a wide variety of
microbes (Roux-Van Der Merwe et al., 2005; Md Din et
al., 2006). POME being rich in oil content also serves as
a habitat for several groups of lipase producing
microorganisms as well as hydrocarbon degraders
(Rahman et al., 2007; Ohimain et al., 2013b). Use of
fungi in the bioremediation of POME has drawn the
attention of researchers since last two decades, as most
of the previous works involved the use of bacteria in the
bioremediation of POME. Several fungi like Rhizopus,
Mucor, Candida rugosa, Geotrichum candidum,
Aspergillus, etc. have been well studied for their ability to
produce lipolytic enzymes (Burkert et al., 2004;
D’Annibale et al., 2006; Grbavcic et al., 2007; Nwauche
and Ogbonna, 2011). Though, POME is a major
environmental concern, only limited studies were
reported its bioremediation (Oswal et al., 2002; Wu et al.,
2010; Soleimaninanadegani and Manshad, 2014).
Therefore, screening and isolation of fungi from POME
dump sites provides an alternative way to clean up
environmental pollutants as these microbes use the
organic compounds present in the POME as supplements
and thereby degrade these substances into simpler
compounds like methane, carbon dioxide and water. The
bioconversion of POME by microorganisms also has
additional advantages in that, it makes the POME to be
useful in the production of a variety of compounds such
as antibiotics, biofertilizer, solvent, bio-insecticides,
biohydrogen, polyhydroxyalkanoates, organic acids and
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enzymes (Wu et al., 2009). Hence, the present study was
carried out to investigate the ability of the selected
indigenous fungi in the bioremediation of POME.

The results obtained in the present study clearly
demonstrate that POME dump sites are potential sources
of lipase producing microorganisms and can be used to
treat POME.

MATERIALS AND METHODS
Collection and preservation of POME

POME was collected from Pedavegi palm oil mill in sterile plastic
bottles, sealed and transported in ice box to the laboratory. The
sample was stored at -20°C until further use. The physico-chemical
characteristics of the POME were studied using the standard
methods published by APHA (American Public Health Association,
2005).

Characterization of POME and analytical methods

POME collected from Pedavegi palm oil industry was characterized
by determining the physicochemical parameters such as chemical
oxygen demand (COD), biochemical oxygen demand (BOD5), total
suspended solids (TSS), oil and grease (O&G) and pH. The
treatment efficiency was determined by characterizing the POME
before and after the treatment. Reduction in organic load COD was
determined spectrophotometrically, BOD5 was used to measure the
biodegradability, TSS were determined as dry weight (mg/L),
partition-gravimetric method (Kirschman and Pomeroy, 1949) was
employed to determine oil and grease content and pH meter was
used to measure the pH. The above methods were carried out as
per the standard procedures described in the Standard Methods for
the Examination of Water and Wastewater (Clesceri et al., 1999;
APHA, 1995, 2005).

Reduction efficiency (RE %) of COD was defined as the amount
of COD that decreased as compared to the initial COD amount.
Reduction efficiency (RE %) of BOD in terms of BOD5 was defined
as the amount of BOD that decreased as compared to the initial
BOD amount. The experiments were carried out in triplicates.

Fungal isolates

Five fungal species out of 12 isolates that were screened and
isolated from the POME dump sites of Peda vegi palm oil mill, West
Godavari District, A.P., India (Suseela et al., 2014) were selected
for POME inoculation. They include Emericella nidulans NFCCI
3643, Trichoderma reesei, Trichoderma harzianum, Aspergillus
niger and Aspergillus fumigatus. The fungi used for POME
inoculation were identified based on morphological characteristics
and microscopic observation of fungal spores using lactophenol
cotton blue staining. For morphological characterization, the fungal
isolates were cultivated on czepakdox agar medium. The shape,
size, arrangement and development of conidiophores, phialides and
conidiospores were studied using the taxonomic tools of Hoog et al.
(2000).

Inoculation of sterile POME

The five fungal isolates that showed highest lipase producing
activity were selected in the present study to test their applicability
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in the bioremediation of POME. The raw POME sample transferred
into 250 mL of Erlenmeyer flask was autoclaved at 121°C for 20
min. The cooled autoclaved sample was inoculated with five
percent of spore suspension containing 10° cells/mL and incubated
at 30°C with shaking at 150 rpm. At an interval of 24 h, samples
were collected under aseptic conditions up to 5 days and analyzed
for BOD5, COD, oil and grease. Control flasks were not inoculated.
The efficiency for organic load reduction and the percentage
reduction was measured by using the following equation (Piro et al.,
2011):

CraW POME = Cf

Reduction % = 100 — x 100

CraW POME

Where C.aw POME is the concentration of COD, BOD5, oil and
grease of raw POME and C; is the concentration of the above said
parameters after treatment. All the experiments were performed in
triplicates.

Similar experiments were also carried out using mixed cultures of
organisms (MC1 (E. nidulans + A. niger + A. fumigatus) and MC2
(T. harzianum + T. reesei)) to test whether the organisms in group
can perform better as compared to individual pure cultures. For
preparing mixed cultures, spores of all fungi were mixed in equal
ratio and inoculated into sterile POME.

RESULTS AND DISCUSSION
Characteristics of POME

POME collected from the Pedavegi palm oil mill was a
thick dark brown colored viscous oily liquid with abhorrent
odour. The raw POME contains a BOD of 39,476 mg/L,
COD at a concentration of 79,980 mg/L, TSS 15,238
mg/L, oil and grease 209 mg/L and pH 4.28. Similar
findings were reported by Najafpour et al. (2006),
Vijayaraghavan et al. (2007), AbdulKarim et al. (2011),
Lam and Lee (2011) and Bala et al. (2015).

Fungal isolates from POME dump sites

A total of 12 different fungal members were screened and
isolated from POME dump sites (Suseela et al., 2014).
Out of them, 5 fungal isolates that showed good lipase
producing activity were selected for further studies.

Oil and grease removal (%) from POME using
selected fungal isolates

The use of fungi and yeast such as Trichoderma viride,
Saccharomyces cerevisiae and Yarrowia lipolytica for the
treatment of POME has not been extended to the
removal of oil and grease (Jameel and Olanrewaju, 2011)
despite their high potential in removing COD from POME.
This may be due to the fact that these microorganisms
are not indigenous to POME. In the present study, the
ability of 5 fungal members isolated from POME dump

sites were investigated for the removal of oil and grease
from POME.

The removal (%) of oil and grease from POME is
shown in Figure 1. From the results, it is evident that
reduction efficiency of Emericella nidulans was highest
with 87.34% followed by A. niger, T. harzianum, A.
fumigatus and T. reesei with 71.23, 68.21, 61.17 and
59.09%, respectively. There was only 16.85% reduction
efficiency with the control indicating the potentiality of our
POME isolates in the removal of oil and grease. The
results obtained are in agreement with the reports of
Oswal et al. (2002) in his work on treatment of POME
with Y. lipolytica NCIM 3589. A 93.3% reduction in oil and
grease was reported by Lan et al. (2009) using Y.
lipolytica W29.

Reduction efficiency (RE %) of COD using selected
fungal isolates (Individual pure cultures)

Figure 2 shows the reduction efficiency of COD for
selected fungal isolates. From the results, it is evident
that reduction efficiency of E. nidulans was highest with
80.28% followed by A. niger, T. harzianum, A. fumigatus
and T. reesei with 71.08, 64.83, 61.86 and 59.26%,
respectively.

There was only 13.88% reduction efficiency with control
indicating that the POME isolates are effective in COD
reduction. Similar findings were reported regarding COD
reduction by El-Bestawy et al. (2005), Takeno et al.
(2005), Lan et al. (2009) AbdulKarim et al. (2011), Abass
et al (2012), Mohammed et al. (2014),
Soleimaninanadegani and Manshad (2014) and Bala et
al. (2015) in their studies using different microorganisms.
The present study is significant in understanding the role
of fungi in the bioremediation of oil contaminated
effluents such as POME.

Reduction efficiency (RE %) of COD using mixed
cultures (combination of fungal isolates)

The reduction efficiency of COD by mixed cultures is
shown in Figure 3. From the results, it is clearly evident
that there is enhanced organic load reduction with mixed
cultures as compared to pure cultures and is as follows:
MC1 (E. nidulans + A. niger + A. fumigatus) (91.43%) >
MC2 (T. harzianum + T. reesei) (73.14%) > control
(17.23%).

This study provides an understanding on the role of
mixed cultures in the treatment of waste waters such as
those from oil processing industries. The results reported
are in good agreement with the results of previous
workers who also used mixed cultures for the effluent
treatment (Chigusa et al., 1996; Wakelin and Forster,
1997; AbdulKarim et al., 2011).

Enhanced organic load reduction with mixed cultures
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was also reported by various workers (El-masry et al.,
2004; El-Bestawy et al., 2005). The microorganisms in
the mixed cultures utilizes the organic substances of
POME as nutrients and hence results in organic load
reduction (Jameel and Olanrewaju, 2011; Jameel et al.,
2011).

Reduction efficiency (RE %) of BOD using selected
fungal isolates (individual pure cultures)

Figure 4 represents the reduction efficiency of BOD for
selected fungal isolates. From the results, it is evident
that reduction efficiency of E. nidulans was highest with
88.23% followed by A. niger, T. reesei, A. fumigatus and
T. harzianum with 77.64, 68.17, 63.26 and 52.63%,
respectively. Similar findings were reported by El-Masry
et al. (2004) and El-Bestawy et al. (2005).

Reduction efficiency (RE %) of BOD using mixed
cultures (combination of fungal isolates)

The reduction efficiency of BOD by mixed cultures is
shown in Figure 5. From the results, it is clearly evident
that there is enhanced organic load reduction with mixed
cultures as compared to pure cultures and it is as follows:
MC1 (E. nidulans + A. niger + A. fumigatus) (94.34%) >
MC2 (T. harzianum + T. reesei) (78.21%) > control
(16.54%).

The findings are in agreement with Qingwei et al.
(1998) and Bala et al. (2015). The results are mainly
attributed to the synergistic effect of different fungal
members in the mixed culture (Chigusa et al., 1996;
Benka-coker and Ekundayo, 1997; Odegaar et al., 1998).
The present treatment process also has advantage in
that no additional physical or chemical treatment was
required. Similar findings were reported by El-Bestawy et
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al. (2005) in his work on treatment of contaminated
industrial effluents by mixed cultures of bacteria.

Conclusion

The application of isolated fungi in the biodegradation of
POME was investigated in the present study. The 5
fungal members isolated from POME dump sites were
found to be effective in reducing COD, BOD, oil and
grease of POME. This study is certainly useful in
understanding the role of fungal members in either pure
cultures or in the form of mixed cultures and in biological
treatment of effluents from oil processing industries. The
mixed culture (MC1) (E. nidulans + A. niger + A.
fumigatus) is found to be most effective in the treatment
of POME with a reduction efficiency of COD (91.43%)
and BOD (94.34%). As high BOD and COD
concentrations of POME make it unsuitable for discharge
into the environment, recycling of POME by biological
treatment will certainly gain importance based on its safe
discharge and reuse.
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The aim of this work is to do a stability study of two chemo-typical active ingredients (thymol and
carvacrol) of the essential oil of thyme “Thymus satureoides” collected from Azilal Region, Morocco.
Specimen identification was performed for the raw obtained plant materials and the essential oil
extraction carried out through initial and final chemical characterization of the essential oil -att =0 -
and - at t = 6 months. Results show that a significant decrease (13%) in the initial thymol concentration
was recorded during the assumed duration of the stability study (6 months). Carvacrol recorded an
even larger drop and was approaching 25%, during the same study period.

Key words: Stability, concentration, essential oil, thymus satureoides, thymol, carvacrol.

INTRODUCTION

Thyme has more than 200 varieties with an endemism of
about 46.6% in Morocco (Fennane et al.,, 2007). In
Morocco, the genus Thymus (Lamiaceae) is represented
by 21 species of which 12 are endemic (Benabid, 2000).
The essential oil of thyme has various pharmacological
properties, including antibacterial (Boscovic et al., 2017,
Chraibi et al., 2016), antifungal (Ben et al., 2017; Jamali
et al., 2012), and anti-oxidant properties (Tohidi et al.,
2017; Kasrati et al., 2015; Jamali et al., 2012).

The practical study focuses on the analysis of the
degree of conservation of the active principle (s),
especially the two chemo-typical active ingredients of the
plant (thymol and carvacrol) as well as the study and
analysis of the variations of their rates and concentrations

during the duration of their conservation. This relates to
the stabilty and therefore the pharmacological,
toxicological and ecological properties of the "essential
oil".

MATERIALS AND METHODS

Thyme satureioides - flowering aerial parts were collected at the
zone level: Bin Elouidane, Azilal / Beni Mellal Province, Morocco,
with the help of local collectors. The specimen was authenticated
before and after harvesting according to the vascular plants of
Morocco - Practical Flora of Morocco (Fennane et al., 2007) where
a representative sample of the plant was deposited at the Scientific
Institute of Rabat - Department of Herbal Botany and Ecology, 15
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Table 1. Representation of injection conditions.

Injection volume
Injection temperature
Interface temperature
Injection mode

Vector gas
Flow rate

1l
220°C
300°C
SPLIT
Hélium
1,4ml/min

June, 2016, for official botanical identification.

Our working sample was officially identified by Dr. El oualidi Jalal,
Head of the Department of Botany and Plant Ecology, Rabat
Scientific Institute as T. satureoides; it is referred to as "T.
saturioides Cosson in Bull. Soc. Bot. France 58: 436. 1911 AS AA
MA MA Mam -2-3"and registered at the herbarium of the same
institute with the index number: RAB98065.

One hundred grams flowering aerial parts of thyme in the semi-
fresh state (only 5 days of drying in the open air and at room
temperature) were used. The extraction was done in June 16" and
17" 2016 at the laboratory of the Faculty of Medicine and
Pharmacy of Rabat. A Clevenger extraction system consisting
essentially of a glass balloon with a capacity of 2 L surmounted by
a column and a condenser was used. This was done in accordance
with the internal procedure of the laboratory relating to the
extraction of the essential oil from the flowering aerial parts of
thyme by academic hydro-distillation. The quantity of essential oil of
T. satureioides (EO / TS) recovered was put in vials, using a sterile
syringe, as no specific method of preservation (such as sub vacuum
or under nitrogen) was considered in this case study. The two
“vials” or small bottles containing the essential oil are kept
separately. The first vial is stored at a temperature of 4°C in the
dark in order to preserve the initial composition of the essential oil
and the second vial was placed in a climatic chamber under
conditions of accelerated aging; temperature of 40°C and a relative
humidity of 75% for a period of 6 months.

Initial chemical characterization of the essential oil EO/ TS at t
=0

A first analysis (at t = 0) of the chemical composition of EO / TS
was carried out at the National Center for Scientific and Technical
Research "CNRST" / Division of Technical Support Units for
Research Scientific "UATRS" Rabat - Morocco, under the
following conditions:

GPC / MS Analysis Conditions = UATRS Standard Conditions
(Essential Oil)

Apparatus: Gas chromatograph (TRACE GC ULTRA) coupled to a
mass spectrometer (Polaris Q MS with ion trap).

Type of analysis performed: Qualitative and quantitative.

Type of ionization: Electronic impact (70 eV)

Solvent type: n-Hexane or ethyl acetate

Column type: VB-5 (Methylpolysiloxane 5% phenyl), 30 m * 0.25
mm * 0.25 pm.

Injection conditions: Table 1

Separation conditions: Table 2

Data processing

The data obtained after the analysis are processed in a computer,

in the form of digital data. This allows the development of a
spectrogram which is a graphical presentation of the spectral map
(peaks) of the various components of the analyzed product. Special
software, integrated into the GC-MS system, generally handles the
acquisition and processing of digital data from the detector, while at
the same time it can be interpreted by automatic comparative study
with reference scientific data contained in laboratory-specific
computerized libraries.

Final chemical characterization (in post - aging) of the
essential oil extract E O/ T.S at t = 6 months

The essential oil sub-sample having undergone the above-
mentioned conditions of accelerated aging was subjected to a final
analysis of its chemical composition following the same procedure
(analysis and treatment of results) mentioned above.Comparingthe
individual areas of each substance separately (thymol and
carvacrol), at t = 0 and t = 6 months and calculating the
percentage difference

Whereas all the parameters of the analysis (GC / MS) of all the
samples at t = 0 and at t = 6 months are fixed and identical,
particularly, those linked to the technique of analysis, equipment
used, manipulation of the analyst, analytical environment
(temperature, humidity, pressure ...) and the automatic
interpretation of the software. We applied a very simple approach of
calculation, by direct comparison of the individual areas
corresponding to each substance separately, successively obtained
att =0 and at t = 6 months. The calculation was done as follows:

For carvacrol

Ac t0: carvacrol Area at t = 0.

Ac t6: Carvacrol area at t = 6 months.

Whereas Ac tO corresponds to 100% of the substance.

Calculate the percentage (X) of Ac t6 compared to Ac t0, through
the equation (rule of three):

X =Act6/Act0x 100%

Calculate afterwards the difference "Ec" (in percentage) between Ac
t0 and Ac t6:

Ec = 100% - X

For the thymol

A t0: Thymol area at t = 0.

Ar t6: Thymol area at t = 6 months.

Whereas Art0 corresponds to 100% of the substance.

Calculate the percentage (Y) of Art6 compared to Ar t0, through
the equation (rule of three):

Y = Ar t6 / A7 t0 x 100%

Calculate, afterwards, the difference "Et" (in percentage) between
At tO and At t6:

Er=100% - Y
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Table 2. Representation of separation conditions.
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Figure 1. Initial spectrogram (graphic presentation of the spectral map (peaks)) of the different components of T. satureoides essential oil at
t = 0. Retention times: RT = 16.57 and RT = 18.55 correspond successively to "Carvacrol" and "Thymol".

Source: Elkacimi I. (2016).

RESULTS
Extraction step

Approximately 2.5 ml (2.22 g) of T. saturioides essential
oil (EO / TS) was extracted from almost 100 g of the raw
material for two days (at the rate of 1.5 ml for the first day
and 1 ml for the second day) in the laboratory of the
Faculty and in accordance with the above academic
procedure.

Initial analysis step: initial chemical characterization
(att = 0) of the essential 0il EO/T.S.

The result of initial qualitative analysis (at t = 0) of the
studied essential oil using gas chromatography coupled
with mass spectrometry (GC / MS) is summarized in the

Figure 1.

Final analysis step: Final chemical characterization
(in post-aging) of the essential oil extract EO/T.S

The result of the final qualitative analysis (at t = 6 months
after aging under: t = 40 ° C and HR = 75%) of the
essential oil using gas chromatography coupled with
mass spectrometry (GC / MS) is summarized in Figure 2.

Calculation of individual percentages and deviations

The quantitative results of the two main components
(carvacrol and thymol) are listed in Table 3. These results
are in accordance with the following basic principles of
calculation:
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Figure 2. Spectrogram (graphic presentation of the spectral map (peaks)) of the various components of the saturated thyme essential oil at t
= 6 months after aging under: t = 40°C and HR = 75%. Retention times: RT = 16.58 and RT = 18.55 correspond successively to "Carvacrol"
and "Thymol".

Source: Elkacimi I. (2016).

Table 3. Representation of the results of the quantitative analysis (at t = 6 months after aging under: t = 40 ° C and HR = 75%) of
carvacrol and thymol compared to the initial composition (100%) of the same substances in essential oil of T. satureoides (EO / TS).

Individual percentage of the Difference (in percentage) between
Retention time (RT) Substance substance at t = 6 months the concentration of the same
relative to its initial substance betweent=0andt=6
concentration att =0 months
T=0 / t=6 months
0, 0,
1657 | 1658 Carvacrol 76.51% 23.49%
T=0 et t=6 months
0, 0,
18.55 Thymol 86.94% 13.06%
Source: Elkacimi I. (2016).
For carvacrol Calculation, afterwards, of the difference "Ec" (in
percentage) between Ac t0 and Ac t6:
Ac t0: Carvacrol area (att = 0) = 67097757 Ec =100% - X =100 - 76.51% = 23.49%
Ac t6: Carvacrol area (att = 6 months) = 51339704
Whereas Ac t0 corresponds to 100% of the substance. For the thymol
Calculation of the percentage (X) of Ac t6 with respect to
Ac t0, through the equation (rule of three): A+ t0: Thymol area (at t = 0) = 302397036
X =Act6/Ac1t0 x 100% = 51339704/67097757 x 100% = A: t6: Thymol area (at t = 6 months) = 262920106

76.51% Whereas A tO corresponds to 100% of the substance.
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Calculation of the percentage (Y) of AT t6 with respect to
AT t0, through the equation (rule of three):

Y = AT t6 / AT t0 x 100% = 262920106/302397036
x100% = 86.94% Calculation, afterwards, of the
difference "ET" (in percentage) between AT tO and AT t6:
Er =100% - Y = 100 - 8. 94% = 13.06%

DISCUSSION

In the first place and according to spectrograms (Figures
1 and 2) resulting from the GC / MS analysis of the
essential oil (EO / TS), the specific identity of this variety
of thyme can be confirmed. Because the concentrations
of both thymol and carvacrol are more compared to those
of other components including that of "borneol”, which is
not the case of the variety of the plant generally known by
its chemotype rich in borneol, it is therefore deduced that
it is a second (non-ordinary) variety of saturated thyme as
reported by Benijilali et al. (1987). This hypothesis is
verified by other research carried out on essential oils of
T. satureioides (EO / TS) from different regions of
Morocco. This is the case of EO / TS, from Ifrane
Region, whose major component is "P-cymene" (Elouali
et al.,, 2013) or the case of EO / TS from Taroudant
Region that is rich in "borneol" (Ramzi et al., 2017). For
the EO / TS essential oil extraction, it has a total yield of
about 2.22%, with more than 1.1% obtained by Elouali et
al. (2013).

On the other hand, by making a comparative study of
the quantitative results relating to the levels of the two
components (thymol and carvacrol) obtained following
the stability study of the essential oil (betweent=0 and t
= 6 months under accelerated aging), we found a
significant decrease of more than 13% in the initial thymol
concentration over the assumed duration (6 months),
from 100% att = 0 to 86.94% at t = 6 months. Carvacrol
decreased even more, approaching 25% over the same
study period, from 100% to t =0 to 76.51%. t = 6 months.

It can be deduced that, in general terms, this decrease,
no matter how large, in the concentration of the two
substances during the study period (6 months) may be
essentially due to their degradation under the sudden
climatic and environmental factors (mainly redox
reactions) effects on one hand and, on the other hand, to
the use of the essential oil as it is (traditional
preservation) without being subject to any industrial
preservation (under vacuum or under nitrogen). It should
also be noted that the degradation is greater in the case
of carvacrol with more than 23% compared to that of
thymol (13%). This led us to suggest that carvacrol may
be more sensitive to degradation factors than thymol with
a difference of more than 10%.

Conclusion

From the foregoing, it can be concluded that the essential

oil of T. satureioides (HE / TS) is subject to rapid
deterioration in the case of artisanal conservation, in time
and under the effect of climate degradation factors. This
encourages us to recommend complementary studies in
the same direction, so as to include, among others:

Stability study of vacuum conditioned EO / TS.

The stability study of the EO / TS conditioned under
nitrogen.

The stability study of the EO / TS added conservator (s).

This will serve to form a general and more precise idea of
the stability status of the thyme essential oil (EO / TS) for
each type of conditioning and preservation and especially,
for comparative study using traditional packaging and
preservation, which is the approach adopted in this study.
The ultimate goal sought here is to find, with tangible
evidence to support, the best way to keep the essential
oil of T. satureoides. This could be valid for other
essential oils.
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