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Floral Biology, Psychophily, Anemochory and Zoochory in
Chromolaena odorata (L.) King and H.E. Robins (Asteraceae)

Pakkurti Vara Lakshmi, Aluri Jacob Solomon Raju*, Dandangi Jeevan Ram
and Kunuku Venkata Ramana

Department of Environmental Sciences, Andhra University, Visakhapatnam 530 003, India

(received August 25, 2010; revised January 6, 2011; accepted January 18, 2011)

Introduction
Plant-insect interactions are important to understand
the invasiveness of certain exotic weeds around the
world. Invasive species threaten the native biological
diversity of any ecosystem (Dupont et al., 2002) by
interacting with native species in several ways. Many
introduced plant species compete with natives for
resources (Daehler, 2003) or benefit from mutualistic
interactions with native resident species, often to
the detriment of native mutualism (Traveset and
Richardson, 2006; Richardson et al., 2000). Several
studies have described the disruption of plant-animal
interactions caused by competition for pollinators
between invasive exotics and native plants (Moragues
and Traveset, 2005). On the contrary, Larson (2008)
reported that invasive plants often occur in monotypic
stands and provide a dense source of sustenance for
insects that rely on floral resources. A dense stand of
flowering invasive plant may attract more pollinators
to the area, and in the process enhances pollination
of neighbouring natives also. It is in this context, the
study has been contemplated to understand how
Chromolaena odorata, an exotic species in India, is
able to thrive well and attract a guild of insect species
during its flowering season in order to achieve great
success in sexual reproduction and in seed dispersal
to expand its distribution range in the world. This  paper
describes the pollination biology of C. odorata and

the importance of this plant as forage source for
insects, especially butterflies. The notable finding in
this work is that C. odorata is an important nectar
host plant for local butterflies and at the same time
butterflies are contributing to the expansion of the
distribution range through fertilization of flowers and
subsequent seed set.

Materials and Methods
Chromolaena odorata is a noxious perennial weed.
It is a free standing shrub and grows up to 1 m. It
is maintained by a system of abundant, yellowish,
fine lateral roots. The opposite, three-nerved  leaves
are ovate-lanceolate, usually with a dentate margin
and a long pointed tip. Seed germination starts in
May-June and active growth occurs during June-
October. Their shoots root when touching the
ground. The plant possesses underground organs
which ensure the plant survival during drought or
mechanical damage or in case of fire. Flowering
occurs once in a year. Flowers are very small, white
to light purple, bisexual and zygomorphic. Calyx
is reduced to pappus and represented by hairs.
Corolla is tubular with five teeth at the tip. Stamens
are 5, epipetalous, arise from the base of the corolla,
with filaments free but anthers united, representing
syngenesious condition. The anthers are dithecous,
have their connective prolonged into hood and their
bases produce hairy outgrowths, which in turn form
a protective envelope for the nectary. The ovary is

Abstract. The study investigates the pollination biology of Chromolaena odorata an exotic species of
India, and also its importance as forage source for insects especially butterflies. The plant possesses
floral characteristics typifying psychophily. It is an important nectar source for insects and attracts
butterflies, hawk moths, bees, wasps, flies and other insects, which act as facultative pollinators while
collecting the forage. Among the butterflies, Nymphalids play a prime role in the pollination. Seed set
rate is very high in each head inflorescence in open pollination. Seed dispersal is by both anemochorous
and zoochorous modes but former is the principal one.

Keywords: Chromolaena odorata, nectar, psychophily, insects, anemochory, zoochory, pollination,
butterflies
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Sustaining Soil Productivity by Integrated Plant Nutrient
Management in Wheat Based Cropping System

Under Rainfed Conditions
Mohiuddin Dilshada*, Mohammad Iqbal Loneb, Ghulam Jilanib, Muhammad Azim Malikb,

Muhammad Yousaf b, Rizwan Khalida and Fakhra Shamimb

aSoil Fertility Survey and Soil Testing Institute, Rawalpindi, Pakistan
bPMAS Arid Agriculture University, Rawalpindi, Pakistan

(received April 14, 2010; revised July 27, 2010; accepted August 18, 2010)

Introduction
Growing concerns about the environmental conse-
quences of use of mineral fertilizers and their future
cost perspectives emphasize the need to develop new
agricultural technologies that are sustainable both
economically and ecologically. Use of chemical
fertilizers alone does not sustain productivity under
continuous intensive cropping, whereas inclusion of
organic materials improves physical soil properties
(Benbi et al., 1998), builds up soil fertility and increa-
ses crop yield (Yaduvanshi, 2003). Organic materials
hold great promise due to their local availability as a
source of multiple nutrients and ability to improve soil
characteristics. According to several authors the
improvement of fertility and quality of soil, especially
under low input agricultural systems, requires the
input of organic materials (Soumare et al., 2003;
Ouedraogo et al., 2001). The effect of organic nutri-
ents on crop yield is long term and not immediate.
However, the use of biofertilisers along with organic/
inorganic materials effectively stimulates the supply
and the release of nutrients from the nutrient sources.
Combination of both N sources with effective micro-
organisms (EM) increased the NPK concentrations
in cotton crop (Khaliq et al., 2006). Wu et al. (2005)
observed that half the amount of biofertiliser applica-

tion had similar effects when compared with organic
fertiliser and chemical fertiliser treatments.

Hence, the present experiment was carried out to
evaluate the integrated use of organic and mineral
fertilisers with biofertiliser ‘Biopower’ on the yield of
wheat.

Materials and Methods
A field experiment pertaining to wheat based cropping
system was conducted at the research farm of Soil
Science and SWC Department of Arid Agriculture
University, Rawalpindi. Split-plot design was used for
two cropping system (CS) treatments in main plots and
nine integrated plant nutrient management (IPNM)
practices in subplots. All treatments were applied with
three replications. The sub-plot size was 6 m x 4 m
(24 m2). The experiment was conducted in winter
2004-05 (Rabi season) with Triticum aestivum cv.
Chakwal 97 as test crop followed by Zea mays cv. A
gaiti 2002 in one main plot in summer of  2005 (Kharif
season), while the second main plot remained fallow.
All treatments of subplots were applied at the same
rate to wheat and maize. The same experiment was
repeated in winter 2005-06 and in summer 2006 on the
same crops with identical treatments. National Insti-
tute for Biotechnology and Genetic Engineering
(NIBGE), Faisalabad, Pakistan has developed a

Pak. J. Sci. Ind. Res. Ser. B: Biol. Sci. 2011 54 (1) 9-17

Abstract. The study of the use of organic (FYM) and inorganic (NPK) nutrient sources with biofertiliser
on wheat-fallow and wheat-maize cropping system under rainfed environment revealed significant
increase in biometric parameters of wheat during winter and summer seasons of two years. During both
the seasons, application of ½ NPK + ½ FYM + Biopower (brand) produced the highest grain yield
(3684 kg/ha) and (3781 kg/ha) of wheat with the maximum N uptake of 357 kg/ha, P uptake of 51 kg/ha
and K uptake of 215 kg/ha. Wheat-maize cropping system was found to be profitable economically with
integrated use of mineral and organic and/or Biopower under rainfed conditions of Pakistan.

Keywords: integrated plant nutrient management, wheat-maize cropping, wheat-fallow cropping, rainfed
area, biofertiliser, farm yard manure

*Author for correspondence; E-mail: mohiuddindilshad@yahoo.com
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Combining Ability Study in a 6 ××××× 6 Diallel Cross of Maize
Amanullaha*, Shah Jehan Khana and Muhammad Mansoorb

aFaculty of Agriculture, Gomal University, Dera Ismail Khan, Pakistan
bArid Zone Research Institute, Ratta Kulachi, Dera Ismail Khan, Pakistan

(received March 29, 2010; revised December 23, 2010; accepted December 28, 2010)

Introduction
Maize is grown over a diverse environment ranging
from tropical to north latitude. However, in Pakistan it
is mainly grown in provinces of Punjab and NWFP
during spring and summer seasons. Its global average
is much higher than average yield of Pakistan. The
global area under maize crop is 147.56 million
hectares producing 701.273 million metric tons with
average yield of 4752 kg/ha. In Pakistan, it is
cultivated on 1017 thousand hectares with annual
production of 3088 thousand tons and average yield
of 3036 kg/ha (Federal Bureau of Statistic, 2006-
2007).

Utilization of hybrid vigour has proved successful for
increased productivity of maize crop in almost all the
countries of the world. Combining ability analysis
assumes considerable importance as it is a established
fact that all the lines cannot produce good hybrids as
compared to other lines producing superior hybrids.
The frequencies of desirable inbred lines, in maize,
have been placed between 0.1 and 0.01 percent (Wang
et al., 2007).

The conventional crop breeding methodology mainly
depends upon the development of inbred lines of maize
from open pollinated varieties or other heterogeneous
sources and their evaluation for commercial use.

General combining ability (GCA) and specific com-
bining ability (SCA) effects were more important
for kernel rows and additive genetic variance was
predominant for all the grain characters (Bagheri and
Jelodar, 2010).

The present investigation was undertaken to charac-
terize six varieties and their 30 F1 cross combinations
for their general and specific combining ability effects,
respectively, and identify the potential hybrids for
cultivation under agro-climatic conditions of Dera
Ismail Khan, Pakistan. The reason for selection of
these six maize varieties was that these varieties were
promising and acclimatized to the climatic conditions
of the area. Unfortunately, their performance varied
from character to character i.e., one variety was better
in one character and the other was better in other
character, hence, keeping in view their GCA and
SCA, we were trying to explore their exploitation in
breeding programme.

Materials and Methods
Six maize varieties namely, Kisan, Azam, Sarhad White,
Sarhad Yellow, Jalal and Sadaf were evaluated in a full
diallel mating design to generate 30 F1 crosses. Five
plants were involved in each cross. The parents and
their crosses were evaluated at Agricultural Research
Institute, Ratta Kulachi, Dera Ismail Khan during Kharif
(rainy) season of 2005.The experimental material was

Pak. J. Sci. Ind. Res. Ser. B: Biol. Sci. 2011 54 (1) 18-22

Abstract. The F1 generation of 6 × 6 diallel cross in maize was evaluated for combining ability under
irrigated conditions of Dera Ismial Khan, Pakistan. Based on the variance data, general combining ability
(GCA) and specific combining ability (SCA) showed the importance of additive gene effect in some
characters under study like kernel rows/ear, kernels/row, kernels/ear, 1000 grain weight and grain yield.
The results showed that F1 mean squares due to GCA were highly significant for all the parameters under
observation. Higher magnitude of GCA components of variance (%) for kernels/ear, 1000 grain weight and
grain yield, indicated predominance of additive and additive type of gene action while for kernel rows/ear,
and kernels/row, nearly equal importance of both additive and non-additive gene effects were observed.
The estimates of GCA effects revealed that parents Jalal and Sarhad White were good general combiners
for most of the traits under discussion. The crosses, Kisan × Azam and Azam × Sadaf showed good SCA
effects with excellent mean performance for most of the traits studied in F1.

Keywords: combining ability, diallel cross, Zea mays L.

*Author for correspondence; E-mail: panyala64@yahoo.com
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Reduction of Aflatoxin B1 Contamination in Pakistani Wheat
Varieties by Physical Methods

Arshad Hussain*a, Ghosia Lutfullahb and Shafqatullaha

aFood Technology Centre, PCSIR Laboratories Complex, Jamrud Road, Peshawar-25120, Pakistan
bCentre of Biotechnology and Microbiology, University of Peshawar, Peshawar, Pakistan

(received April 29, 2010; revised August 30, 2010; accepted November 16, 2010)

*Author for correspondence; E-mail: arshadpcsir@yahoo.com

Abstract. In the study of effect of physical treatments, such as washing and heating, on the AFB1 contami-
nated wheat varieties, it was observed that the reduction of AFB1 was directly proportional to washing time
in all the varieties. The concentration of AFB1 was reduced more by heating than washing. The level of AFB1
in dried wheat decreased to more than 50% and 90% by heating in oven at 150 and 200 °C, respectively.
However, the reduction of AFB1 in wet wheat in which water (10%) was intentionally added was higher on
heating at 100 °C for 30 min than that in the dried wheat.

Keywords: wheat, aflatoxin B1, toxicity reduction, washing, heating

Introduction
Aflatoxins (AFs) are toxic secondary metabolites
produced by species of Aspergilli, especially Aspergillus
flavus and Aspergillus parasiticus. These fungi  can grow
on certain foods and feeds under favourable condi-
tions of temperature and humidity and generate AFs
before and/or during harvest, handling, shipment and
storage (Peraica et al., 1999; Bushby and Wogan, 1984).
AFs are produced under optimum temperature and
moisture conditions on Aspergillus contaminated
carbohydrate-rich grains such as peanut, corn, cotton,
and wheat (Jaimez et al., 2000). AFs have the highest
toxicity among mycotoxins and possess carcinogenic
activity as well. They affect not only the health of
humans and animals but also the economics of agri-
culture and food (Hwang et al., 2004). Epidemiological
studies have shown that AF exposure is associated
with increased risk of hepatocellular carcinoma, parti-
cularly in combination with hepatitis B virus (IARC,
2002). The aflatoxin form has 17 members including B1,
B2, G1, G2, M1 and M2, among whom aflatoxin B1 is con-
sidered so far the strongest hepatocarcinogen agent.
AFB1, AFG1, and AFM1 have higher carcinogenic
activity than AFB2, AFG2, and AFM2, respectively.

Recently, contamination of mycotoxins in food
including imported ones has received much atten-
tion because of the increase in international food
trade under new trade treaties. Therefore, it is highly
necessary to investigate means of toxicity reduction

of mycotoxin contaminated raw material, as well as
foods.

Many countries regulate aflatoxin levels in their foods.
USA and EU (Europe Union) permit level lower than
20 ppb and  Korea and Japan 10 ppb (Chiavaro et al.,
2001). It is generally accepted that mycotoxin levels
in food need to be reduced as low as technologically
possible. Several physical, chemical and biological
methods have been applied for the removal and inhibi-
tion of aflatoxigenic mould growth and subsequent
aflatoxin biosynthesis. However, few of these have
practical applications (Abrunhosa et al., 2002).

Ammoniation, one of the chemical methods, was
reported to detoxify AFs in various raw materials with
high efficiency (Buser and Abbas, 2002). The level of
AFs was reduced to over 40% by roasting and heating
peanuts (Rustom, 1997). Buser and Abbas (2002)
reported that an extrusion process is able to decrease
the level of AFs to 33%. As a biological treatment,
antagonistic microorganisms were used to reduce
toxicity of AFB1 (Cho and Kang, 2000). Studies on
the reduction of aflatoxin by treatment with naturally
occurring compounds such as, antioxidants have been
investigated worldwide. These studies are usually
carried out through the elucidation of metabolic path-
ways in aflatoxin forming microorganisms (Huwig et al.,
2001). A mushroom extract has been reported to inhibit
AFB1- 8, 9-epoxide formation (Lee et al., 2003). The use
of heat treatment has been investigated with the double
aims of processing the food and partially or totally

Pak. J. Sci. Ind. Res. Ser. B: Biol. Sci. 2011 54 (1) 23-28
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Studies on Transplantation of Marine Turtle Nests at
Karachi Coast (Sindh), Pakistan

Fehmida Firdousa, Sohail Barkatib* and Solaha Rahmanb

aSindh Wildlife Department, Karachi, Pakistan
bDepartment of Zoology, University of Karachi, Karachi-75270, Pakistan

(received April 29, 2010; revised August 2, 2010; accepted September 16, 2010)

*Author for correspondence; E-mail: sohailbarkati@yahoo.com

Abstract. Egg clutches of two species of marine turtles, namely Chelonia mydas and Lepidochelys olivacea,
were collected during 1974 to 1997 and transplanted to the protected enclosures. The emerging  hatchlings
were released to the natural environment. The experiment helped to produce an average of 19495.5 hatchlings
per year of green and 1174.5 per year of olive ridley turtles.

Keywords: transplantation, turtles, Chelonia mydas, Lepidochelys olivacea, green turtles

Introduction
Overexploitation including indiscriminate slaughter-
ing and destruction of nesting sites are considered
main reasons of inclusion of the marine turtles of
Pakistan in the list of threatened species in Red
Data Book of IUCN (Groombridge, 1982). Intensive
programmes for conservation of marine turtles were
launched in various parts of the world. Rules and
ordinances formulated and implemented strictly in
many countries viz., Australia, USA, Durban, Surinam,
State of Sabah, Oman, India etc.

Reacting to the alarming situation of their depletion from
Pakistani waters, the Government of Sindh (Pakistan)
declared all marine turtles as “Protected” under Sindh
Wildlife Protection Ordinance (Salm, 1975) and Sindh
Wildlife Protection Act 1993. Eggs of turtles are
usually removed from the nests and buried at a safest
place (Stancyk et al., 1980). Among others some recent
studies on relocation of nests and hatching success are
those of da Silva et al. (2007), Trullas and Paladino
(2007), Kornaraki et al. (2006), Vanzolini (2003), to
mention a few.

An intensive project on study of ecology of sea turtles
of Karachi among other aspects, included establishing
enclosures (hatcheries) for hatching and rearing the
hatchlings for safety return to the natural environment
(Firdous et al., 2009).

In the present study, egg clutches of Chelonia mydas
and Lepidochelys olivacea were transplanted to

protected enclosures and the emerging hatchlings were
released to the natural environment.

Materials and Methods
The present study was carried out on the sandy beaches
of Sandspit (24° 50´ 49"N-66° 53´ 34"E) and
Hawkesbay (24° 51´ 37"N-66° 51´ 11"E) along Karachi
coast, Sindh, Pakistan. This is about 5 km long area
located south west of Karachi.

Individual eggs of two species of turtles (C. mydas (green
turtle) and L. olivacea (olive ridley) were collected from
wild just after being laid during the period 1974 to 1997
(green turtle) and 1980 to 1997 (olive ridley); these were
then relocated to protected enclosures built just above
the high tidal zone at Sandspit and Hawkesbay to
provide  secure and safe environment.

Three enclosures measuring 80 × 80 ft each (6400 sq.
ft), one on Hawkesbay and two on Sandspit were built
on high tidal zone at a distance of 50 to 3000 m from
the nesting sites. The enclosures were made secured
through a metal fence. About 1.0 m × 1.0 m area was
reserved for each nest. Eggs were collected and
transferred within a maximum of 6 h of deposition with
minimum disturbance to eggs. After removal, eggs were
counted, placed in a bucket, carried to the enclosures
(hatchery) and buried in the nest prepared for this
purpose. Eggs were usually handled manually. Baldwin
and Lofton (1959) also reported manual handling of
eggs of loggerhead turtles at Little Cumberland Island.
The hatchlings were released to the sea soon after
their emergence. The nests were excavated after the
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Effects of Cowdung and Poultry Manure on Growth Performance
of Indian Major Carps (Catla catla, Labeo rohita) and Exotic
Carp (Cyprinus carpio) in Thatta District (Sindh), Pakistan

Mohammad Shoaiba*, Syed Anser Rizvia, Faisal Ameerb and Mohammad Nasirb

aDepartment of Zoology, University of Karachi, Karachi - 75270, Pakistan
bFMRRC, PCSIR Laboratories Complex, Shahrah-e-Dr. Salimuzzaman Siddiqui, Karachi - 75280, Pakistan

(received April 20, 2010; revised August 24, 2010; accepted September 24, 2010)

Introduction
Use of animal wastes like poultry manure and cowdung
has been practiced for long for generation of algal
blooms which play a vital role in developing ecofriendly,
economical and socially viable cultural system.
According to Dhawan and Kaur (2002), cowdung and
poultry manure proved to be the best organic fertilisers
when used adequately.

Conversely, indiscriminate use of these fertilisers in fish
ponds, instead of improving the primary productivity,
may also lead to pollution. Therefore, developing
standards for doses is necessary which would control
the ecological parameters of pond water for favourable
growth of fish like major and common carps (BARC,
1997). The cowdung and poultry manure, when
recycled, produce soluble phosphorous, nitrogen and
carbon for algal growth and natural food production
(Knud-Hansen et al., 1991).

Work has been on record on the utilization of cowdung
and poultry manure for growth of conventional Indian
major carps. The present study was conducted to work
out the effects of these manures on (i) growth perfor-
mance, (ii) production of planktonic biomass and

(iii) physicochemical parameters of fish pond of
carps (Indian major and exotic carps) in poly-culture
system.

Conventionally, three species of Indian major carps
namely Catla catla (suface feeder), Labeo rohita
(column feeder) and Cirrhina mrigala (bottom feeder)
were stocked in a fish pond (Javed et al., 1992).
Presently instead of C. mrigala, Cyprinus carpio
has been stocked as bottom feeder considering the
findings of Milstein et al. (2002).

Materials and Methods
Experiments were conducted in three replications for
both manuring trials in earthen ponds (size ~120 m2,
water depth 1.5 m) in Thatta district (Sindh), Pakistan.
The experimental neonates of Indian major carp and
exotic carp were obtained by means of induced
breeding technique. The ponds were stocked with
stocking density of 16:38:10 (Catla catla: Labeo
rohita: Cyprinus carpio) according to Sheri et al.
(1986).

Pond preparation. The existing fish ponds were
emptied and sun dried. To avoid any infection, liming
was done after fifteen days interval. The inlets and

Pak. J. Sci. Ind. Res. Ser. B: Biol. Sci. 2011 54 (1) 34-40

Abstract. In the manuring trials conducted in earthen ponds of 120 m2 for one year, the juveniles of Indian
major carps (Catla catla and Labeo rohita) and exotic carp (Cyprinus carpio) responded positively during
warmer months i.e. March to August. The mean weight increase and mean specific growth rate (SGR) were
better in the ponds fertilised with cowdung. Total growth rate per day calculated for Catla catla was
32.96 g, for Labeo rohita 95.02 g and for Cyprinus carpio 14.37 g under the influence of cowdung.
Moreover individual growth rates/day were also high i.e. 2.06, 2.50 and 1.43 g, respectively. Percent
contribution in fish production was 23.15%., 66.74% and 10.09%, respectively. Total growth rate of the
three was significantly higher in cowdung (142.36 g) as compared to that in poultry manure i.e. 106.64 g.
Both the fertilisers significantly differed in terms of monthly and treatment variations (P<0.05) except for
treatment variation for Cyprinus carpio. Water temperature, light penetration, electrical conductivity, total
dissolved solids, total suspended solids and nitrates were highly significant (P<0.05) both for treatment
and monthly variation except pH and dissolved oxygen.

Keywords: poly-culture, carp farming, organic manure, Catla catla, Labeo rohita, Cyprinus carpio

*Author for correspondence; E-mail: drmshoaib_11273@yahoo.com
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Morphological Variations, Patterns of Frontal Ambulacrum Pores
 and Paleoecology of Heteraster renngarteni Poretzkaja
(Echinoidea: Spatangoida) from Aptian Sediments of

Baghin Area, Kerman, Iran

Mohammed Raza Vaziri* and Ahmad Lotfabad Arab
Geology Department, Faculty of Sciences, Shahid Bahonar University, Kerman, Islamic Republic of Iran

(received July 30, 2009; revised July 25, 2010; accepted August 30, 2010)

Introduction
Phylogenetic schemes for spatangoid relationships have
been proposed by Smith (1984) and more recently by
Neumann (1999). The order Spatangoida appeared first
in the lowermost Cretaceous (Berriasian). Within the
spatangoids, the family Toxasteridae originated probably
from a disasteroid ancestor. During the Berriasian to the
Aptian, diversification of the family led to appearance
of three genera (Toxaster, Aphelaster, and Heteraster).
These genera were a rootstock for all the later Spatan-
goida (Villier et al., 2004).

The genus Heteraster appeared first during the
Hauterivian. From this time to the Barremian, diversity
of the genus is very low (fewer than 5 species). The acme
of diversity occurs in the Aptian and Albian with about
20 species (Villier et al., 2001). Afterward, diversity
decreases again and finally the genus disappears during
the Early Cenomanian. The genus Heteraster is unique
among spatangoids, because its frontal ambulacrum
consists of an alternation of short and long pores. The
patterns of pore distribution in Heteraster were docu-
mented by Devries (1955) and Villier et al. (2001).

Cotteau (1890) proposed the name Heteraster as a
synonym of Enallaster. Adkins (1928) Lambert and
Thiery (1924) and Lambert (1920), regarded Enallaster
as a junior synonym of Heteraster, while Cooke (1946)
considered Enallaster at least as a subgenus of Heteraster.
Although the genus Heteraster comprises of 34 species

of spatangoids (Villier et al., 2001), there is no revised
monograph of the genus. Description of Iranian mate-
rial will improve knowledge about the genus and help
compare it with the specimens reported from the other
parts of the world.

H. renngarteni, on which this study focused, is a rather
large toxasterid echinoid and occurs abundantly in
Aptian marls of Baghin area, west of Kerman, Iran.
Apparently, this primitive spatangoid is a highly endemic
taxon, described previously from Azerbaijan (Ali-zadeh,
1988) and Turkmenistan (Lobacheva, 1968) but is
reported for the first time from Iran herein.

Geological setting and stratigraphy. The species
Heteraster renngarteni, described here, was collected
from Aptian strata that crop out in Baghin area, west
of Kerman city (Fig. 1). The Aptian sediments of
Baghin consists mainly of alternation of green marls
and thin layers of yellow shaly limestone (Fig. 2) with
an abundant benthic fauna of Orbitolina, brachio-
pods, oysters, bivalves, gastropods and corals. Echi-
noids are also among the most conspicuous and
diverse constituents of the Aptian fauna of Baghin
area, represented by Stomechinidae, Emiratidae,
Pygaulidae, Holectypidae, Cidaroida, Stirodonta,
Hemiasteridae, Toxasteridae and Acropeltidae,
among which the last two are the dominant groups of
the assemblage. The Aptian marls are covered by a
gray, bioturbated and thick-bedded limestone,
relatively barren of macro-invertebrates.
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Abstract. Detailed macro- and microscopic analysis of spatangoid echinoid, Heteraster renngarteni Poretzkaja
showed a remarkable variation in morphology and alternation of short and long pores in the frontal ambu-
lacrum. The differentiation of pores in the frontal ambulacrum has been interpreted as an adaptive strategy for
survival in a shallow shelf environment whereas, variation in morphology appears to be influenced mainly by
grain size of the substrate.

Keywords: echinoids, Iran, ambulacrum pores, Heteraster renngarteni, Cretaceous, Kerman
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Introduction
Extracts of many plants are known to elicit certain
reactions in human body when applied in a prescribed
manner including Phyllanthus niruri L., (Syn.
P. franternus Webster) belonging to the family
Euphorbiaceae. It has been claimed to be an excellent
remedy for jaundice and hepatitis (Tabasum et al.,
2005; Qudhia and Tripathi, 2002). The plant is consi-
dered analgesic, aperitif, digestive, emmanagogue,
laxative and stomachic tonic (Khanna et al., 2002) and
is helpful in treating oedema, anorexia and diabetes
(George and Pamplona-Roger, 2002.). Its roots, leaves,
fruits, milky juice as well as the whole plant are used as
medicine. Recently, lignansniranthin, nirtetralin and
phyltetralin have been isolated from the leaves
(Tabasum et al., 2005). Many of the active constituents
found in the plant are biologically active lignans,
glycosides, flavonoids, saponins, alkaloids, ellagitannins
and phenylpropanoids (Dhar et al., 1968); common
lipids sterols and flavonoids also occur in the plant
(Barros et al., 2003). Alkaloids are organic nitrogen-
containing compounds found in 20-30% of vascular
plants and at lower doses, are useful pharmacologically.
These compounds are renowned for their potent
pharmacological activities (Sharma and Gupta, 1994).

Tiny amounts of some of them can immobilise even an
elephant; others can be clinically used as analgesic,
antimalarial, and antispasmodic agents, for pupil
dilation, and treatment of hypertension, mental dis-
orders and tumours. Morphine, codeine, atropine and
ephedrine are just a few of the plant alkaloids currently
used in medicine (Naik and Juvekar, 2003). Other
alkaloids, including cocaine, nicotine and caffeine,
enjoy a widespread non-medical use as stimulant or
sedative (Naik and Juvekar, 2003). Some alkaloids are
medically useful for the cure of human diseases e.g.
atropine in treatment of bronchial asthma (Natarraj,
2000); intestinal and biliary colic, and to dilate pupil
of the eye (Naik and Juvekar, 2003). Saponins are
glycosides with a distinctive foaming characteristic.
They are found in various parts of the plant leaves,
stems, roots, bulbs, flowers and fruits. The name
“saponin” originated from soapwort plant (saponaria),
the root of which was used historically as a soap.
Saponins are believed to be useful in the human diet
for controlling cholesterol, but some (including those
produced by the soapberry) are poisonous if swallowed
and can cause urticaria (skin rash) in many people
(Marston et al., 2000). Digitalis type saponins
strengthen heart muscle contractions, causing the
heart to work more efficiently (Haridas et al., 2001).
Saponins inhibit some kind of cancerous cell growth in
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Abstract. Saponins identified as phylagenin-13-O-α-D-glucopyranoside and phylangenin-25-O-β-D-
glucopyranoside and alkaloid, extracted from the whole plant of Phyllanthus niruri, were tested for
minimum inhibitory concentration (MICs) against Staphylococus aureus, Staphylococus pyrogenes,
Escherichia coli, Salmonella typhi and Klebsiella pneumoniae. MIC of saponin against S. aureus SSH22
and SSH23 ranged from 5-15 μg/mL, and against E. coli OAUTH71 and K. pneumoniae OAUTH 54, from
15-60 μg/mL. MICs increased with the increase in concentration of cells used in the inoculum. S. aureus
SSH22 exhibited a paradoxical biphasic response to saponin in nutrient broth, whereas bacterial activity
against E. coli SSH31 increased with concentration up to the highest concentration of saponin tested.
Activity against E. coli OAUTH71 was more pronounced in the phosphate-buffered saline than in the
nutrient broth. The other active compound extracted (alkaloid) gave MIC values between 200 and
600 μg/mL.
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Abstract. Fresh ripe banana drink was modified to produce non-carbonated, non-alcoholic food drink
comparable to selected (four) commercial fruits juices mimic. The effects of a hydrocolloid (0.01-0.1 g),
tart enhancer (0.005-1.000 g) and onion extract (0.02-0.2 mL) were concurrently studied using the central
composite rotatable design on some product characteristics namely, titratable acidity, pH, relative viscosity
and total soluble solids as responses. Preparations were compared with food commercial drink substitutes
with respect to evaluated characteristics. Equations for predicting the responses were developed and their
adequacy confirmed using analysis of variance and residual assessment. The empirical model could be
useful as a base data for preparation and manipulation capable of yielding a peculiar banana base drink
brand. This process provides an additional means for utilization of ripe banana fruits thereby lending
enhanced economic value to producers consequently contributing to reduction in post harvest losses of
banana fruits.

Keywords: banana drink, food grade additives, model for juice preparation

Introduction
The physiological benefits of both nutrients and
phytochemicals of banana fruit are profoundly
expressed in the literature (Englberger et al., 2003;
Sharma and Caralli, 2002; Hills and Kirwood, 1989).
In Nigeria, banana fruits are abundantly available and
could be found all the year round. However, the com-
parative short post-harvest shelf life of banana coupled
with lack of sufficient quality transportation system as
well as storage facilities lead to spoilage of large
proportion of this highly nutritious fruit before its reach-
ing the consumers (Yomeni et al., 2004).

Although, products such as clarified juice, banana
powder, jam, candy and fermented products like etha-
nol brandy, could be obtained from ripe banana fruit
(Palmu et al., 1999), they are scarcely produced at
commercial scale, probably due to the low techno-
logical acquisition. Among the named products,
banana juice shall be focused here for modification.
The investigation appears economically worthwhile
for the following reasons:

- World demand for fruit juices is increasing most
probably due to their health benefits and highly
appreciated flavour and aroma (Palmu et al.,
1999).

- Banana fruit has economic advantage in terms
of availability and price, compared to other
fruits available in developing countries e.g.,
Nigeria.

- The product (juice) yield is high comparative
to the yield of other fruits like pawpaw (with
too much water content) or orange (with too
much food fibre).

- Such preparation can be used to boost import
substitution of non-carbonated, non-alcoholic
fruit juice mimic brands.

An indigenous challenge associated with production of
banana juice, as with many other fruits and vegetables,
is its susceptibility to discolouration caused by
enzymatic browning (Arslan and Dogan, 2005). Other
constraints are flat taste and variable viscosity (depen-
ding on the brand of drink to be prepared). Attempt to
eliminate the limitations had singly been accomplished
using various methods.

Therefore, the objective of this investigation is to study
concurrently the effect of application of three food
grade additives that can circumvent the shortcomings
by developing a predictive model using three addi-
tives as process variables for modification of banana
juice with a view to preparing a non-carbonated, non-
alcoholic drink comparable to the commercial fruit
drinks mimic.
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