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Introduction
The sub-surface kaolin deposits in the Thar coal basin became
popular after the discovery of huge deposits of coal in the
Thar desert during 1993-94. Thar desert is situated in a depres-
sion, bounded between the mountain belt of Hyderabad Arch
to its west and the Indian shield towards its east (Jones, 1960).
Fig. 1 shows the locations of the Thar coal basin and the bore
holes. The kaolin deposits associated with alluvium as well as
with the Nagarparkar granite complex of precambrian age,
which form a structural platform are shown in Fig. 2. Two
types of kaolin i.e. authigenic and detrital, have been noticed
in the borehole samples. Recycled kaolinite of an average
thickness of 3-5 meter is present above and in between the
coal seams of the paleocene age and also in the bottom of the
sediments.

The present study was initiated with the aim to gain some
insight regarding the mineral composition of the whole-rock
and clay (< 2 μ) fractions grain size of these sediments and
also to identify the polytypes i.e. nacrite, dickite and halloysite
of kaolinite family and to trace their modes of formation.
Attempt has also been made to explain the processes of
kaolinization, which existed in the basin of deposition.

Geologist from the Geological Survey of Pakistan in collabo-
ration with the Geological Survey of USA worked in the Thar
desert, but their work was mainly related to different types of
surveys, including geophysical surveys to search for the
sweet water resources for the population of Tharparkar area.
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Abstract. Study of the core samples of powder and clay (< 2 μ) fraction grain size from coal field of Thar, Sindh, Pakistan,
for the mineral composition, kaolinization processes and environments of the deposition, indicated both types of kaolinite
i.e. well crystalline and degraded, as the main constituents in both the samples. Quartz and anatase were in sub-ordinate
amounts in random powder, and dickite in clay fraction. Authigenic and degraded, both types of kaolinite, were present
in the sediment. Dickite showed its presence in restricted samples, whereas anatase (TiO2), detrital of authigenic origin,
were present in the whole-rock samples. It is inferred that leaching of kaolinite and sufficient amount of titanium from
the Tharparkar granite produced authigenic anatase and some amount of detrital anatase was contributed by the weathering
of Nagarparkar granite. Presence of detrital minerals i.e. quartz, kaolinite, anatase and also the iron oxide, suggest a near-
shore deposition, under reducing and micro-oxidizing environments.
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Fassett and Durrani (1994) compiled a comprehensive report
regarding the geology and coal resources of Tharparkar coal
field. In this report they have correlated the subsurface geo-
logy of the Tharparkar area, however information regarding
mineral composition of the sediments is missing. Ahmed and
Zaigham (1993) described the seismostratigraphy and the
basement configuration in relation to coal bearing horizon in
the Tharparkar desert. Margane (1991) published information
regarding the paleoclimate and groundwater recharge during
the past 30,000 years in Cholistan in Tharparkar area. SanFilipo
et al., 1992, described the potential for the occurrence of thick
lignitic coal deposits in Tharparkar desert and documented
the exploratory results from Thar desert, Lakhra and Indus
south plain areas, from Sindh Province (SanFilipo et al., 1994).
Thomas (1994) published the data from the drilling activities
in the Thar desert. Tabinda and Fatmi (1995) carried out pre-
liminary petrological and sedimentological studies of the
selected core samples of Thar coal basin.

Abdallah et al. (1997), were the first who studied the detailed
mineralogy of the clay fraction (< 2 μ) and the whole-rock
samples and geochemistry of the core samples of two bore-
holes i.e. STP-11 and STP-13 from the Tharparkar coal basin.
They identified the clay mineral species by the X-ray diffrac-
tion method. Based on their mineralogical and geochemical
findings, they concluded that the sediments were deposited
under shallow-marine conditions. However, the clay mineral
composition of the sediments of the area were lacking in the
study. In the present research paper not only the clay mineral
composition of the studied sediments has been described,
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Abstract. Oils from seeds of wild rubber (Funtumia elastica) of different geographical zones in Ekiti State, Nigeria
were analyzed for fatty acid composition using spectroscopic techniques viz: IR, 1H NMR and 13C NMR. The oil
content of the seeds ranged from 43.3% to 49.3% with mean of 46.0 ±2.2%. The oils consisted of 14.33-17.77%
saturated fatty acids, palmitic and stearic acids and 70.90-88.35% unsaturated fatty acids, oleic, linoleic and linolenic
acids, linoleic acid being the most abundant. Very subtle differences were observed among the oil samples in the
presence of functional groups such as triglyceride carbonyl, terminal methyl, olefinic unsaturation and esters. Peaks
were obtained at δ 2.71-2.73 and δ 25.23-27.60 ppm, showing their allylic positions with absence of conjugation.

Keywords: seed oil, spectroscopy, fatty acid composition, Funtumia elastica

Introduction
The tremendous increase in the usage of fats and oils due
to their industrial importance and nutritional value to man
together with the increasing costs of vegetable oils have
led to the frequent attempts made over the years to
explore unconventional sources as possible substitutes of
oils, for both industrial and domestic purposes, such as
Telfairia occidentalis seed (Ajiwe et al., 2002; Akintayo,
1997), Adenopus breviflorus seed (Oshodi, 1992), Pride
of Barbados seed, (Olaofe et al., 2004) and rubber seed
(Aigbodion and Pillai, 2001; Aigbodion et al., 2001;
Aigbodion and Pillai, 2000; Okieimen and Aigbodion,
1998; 1997; Eka, 1977; Hardjosuwito and Hoesnan,
1976).

There are two major species of rubber trees known in the
tropics. These are the Hevea brasiliensis and Funtumia
elastica, the latter is otherwise known as wild rubber (Enabor
and Akachukwu, 1986). The former is an important commer-
cial source due to its high rubber content and quality (Cooper,
2004; Kang et al., 2000; Backhaus, 1985; Andrew and
Dickson, 1961) while the latter specie is restricted to lowland
rainforests in West Africa. It has to be grown for about twenty
years before commercial yields become available and the
harvest is labour intensive because it takes a long time to
collect an appreciable quantity of the latex (Cooper, 2004).
These limitations of the wild rubber tree paved way for the
use of Hevea brasiliensis as commercial tree for production
of natural rubber.

Two major commercial products can be obtained from rubber
trees. These are the natural rubber latex produced from the
fluid oozing from the bark of the tree and the oil and meal
from the rubber seed. The proximate composition of the oil
(Uzu et al., 1986; Eka, 1977); physicochemical characteriza-
tion of oil (Aigbodion and Pillai, 2000; Uzu et al., 1986;
Achinewhu and Akpapunam, 1985;  Eka, 1977) and fatty acid
analysis of oil (Aigbodion and Pillai, 2000; Eka, 1977;
Harjosuwito and Hoesnan, 1976) have been reported for the
commercial rubber tree (Hevea brasiliensis). But little or noth-
ing is known on the characterization/composition of seed oil
from the wild rubber tree; the use of IR, 1H and 13C NMR
spectroscopy has not been reported for identification of wild
rubber seed oils.

This is the basis of the present study which was made to
describe the application of gas chromatographic technique,
IR, 1H and 13C NMR spectroscopy to determine the composi-
tion of the wild rubber (Funtumia elastica) seed oil.

Materials and Methods
The wild rubber (Funtumia elastica) seeds were collected from
two towns/villages in Ekiti State of Nigeria: Odo-Owa and
Igbara-Odo Ekiti.  In Odo-Owa, Ijero local government area
of Ekiti State, the sampling areas were divided into five
geographical zones, each zone representing one sampling area
while there were two sampling areas in Igbara Odo. The
rubber seeds were hand picked from the ground from various
sampling points, cleaned and manually dehulled. The kernels
were dried in the oven at 60 °C for 48 h until constant weight
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Introduction
World energy consumption is increasing every year due to
the increased population, the rising quality of life and indus-
trialization. With the increase in the current world population
of 6.4 billion people, in the near future, the demand in energy
will also increase (Wise, 1983).

In Malaysia, the principal energy resource is petroleum which
contributes to about 68% of the total requirements and is mainly
used for transportation and power generation in industry etc.
However, these natural resources are decreasing every year
due to high consumption.

Combustion of fossil fuels such as coal and petrol produces
harmful gases like carbon monoxide (CO) and sulphur dioxide
(SO2). Even the cleanest fossil fuels produce carbon dioxide
on burning. Carbon dioxide is a harmless gas but its build up
in the atmosphere causes greenhouse effect (Cheremisinoff
et al., 1980).

Understandably, there is a need to find alternate sources of
energy to curb the oil consumption to the minimum possible
level, to increase the utilization efficiency and also to minimize
the pollution from energy generation. An alternate source
of energy that can be utilized in Malaysia is biomass. Some of
common biomass resources available in Malaysia, are wood
and agricultural residues.

Most of the biomass energy resources such as agricultural
residue is abandoned without being used for other purposes.
Palm oil solid waste is one of the most potential biomass
resources which can be used for energy generation. The first
commercial oil palm estate in Malaysia was set up in 1917.
Since then the industry in Malaysia has grown by leaps and
bounds and the country is now the largest producer and
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Abstract. Study of co-combustion of diesel oil and producer gas from a gasifier, individually as well as combined, in an
experimental combustion chamber revealed that the producer gas can be co-combusted with liquid fuel. The process
produced more CO, NOx, SO2 and CO2 as compared to the combustion of diesel oil alone; the exhaust temperature for the
process was higher than the diesel combustion alone.

Keywords: biomass utilization, co-combustion, palm oil solid waste, producer gas, diesel oil, dual fuel engine

exporter of palm oil. Palm oil is expected to demonstrate an
annual growth of 4.57% and production is expected to reach
26.2 million tonnes by the end of 2005, anticipated to account
for around 20% of the global oil and fat supply.

Based on the past statistics, it is estimated that every one
million tonne of palm oil produces 0.8 million tonne of palm oil
shell. This large amount of solid waste could be used as a fuel
for boilers in the palm oil mill (Razuki, 1988).

Biomass gasification, with less air to achieve complete com-
bustion, converts biomass solid residue chemically into pro-
ducer gas. Producer gas consists of mainly carbon monoxide
(CO), hydrogen (H2), methane (CH4), water vapour and some
other inert gases. Mixed with air, producer gas can be used in
the internal combustion engine with a little modification
(Donald and George, 1981). It can be used as a co-combustion
fuel as well with other liquid fuels to minimize the fuel con-
sumption. Producer gas from the gasification process thus
can be utilized in many ways (Fig. 1).

In the present study, a downdraft gasifier was used to pro-
duce the producer gas. In the downdraft gasifier the tar has to
pass through the hot combustion and reduction zones. If the
gasifier is properly designed, it will lead to sufficient combus-
tion and cracking of the tar to make the gas useful with minimal
cleaning process. Initially, producer gas was burned without
the liquid fuel and then with liquid fuel.

Co-combustion of biomass. Co-combustion of biomass is
the process of burning of biomass with other types of fuel,
such as fossil fuel, simultaneously. Recently, there has been
several designs of plants that use producer gas as fuel for
co-combustion. This concept has been applied to the internal
combustion engine and burner. It is sometimes called dual
fuel engine or dual fuel burner.*Author for correspondence; E-mail: ahmadutm@gmail.com
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Edible vegetable oils are hydrogenated by passing hydrogen
through them in the presence of nickel catalyst under specific
conditions (Raie et al., 1990). The vegetable ghee thus pro-
duced is used as cooking fat and is extensively used for the
preparation of foods like doughnuts, french fries, cookies,
breads and cakes. The hydrogenated fat thus produced
resists deterioration through oxidation (Swern, 1982). During
the process of hydrogenation, trans acids are produced (Katan
et al., 1995), which are not recommended for edible purposes
(Willett et al., 1994; Booyens et al., 1988). Oleic acid (C18:1) is
the major acid in vegetable ghee which is converted into C18:1

trans oleic acid known as elaidic acid. Gurr (1983) reported
that the hydrogenated fat providing the trans fatty acids can
easily be metabolized and provide energy in the body at the
cost of unsaturated fatty acids. One of the factors respon-
sible for cardiovascular diseases, is reported to be trans fatty
acids which raise the low density lipoprotein (LDL) choles-
terol level and lower the high density lipoprotein (HDL)
cholesterol, when consumed at a sufficient level. According
to Gatto et al. (2002), Judd et al. (2002) and Katan (2000) the
increase in LDL cholesterol is directly proportional to the
amount of trans fatty acids consumed. Pakistan produces
excellent varieties of mangoes in large quantities which are
consumed locally and exported as well. Mango kernels are
abundantly available as agro-waste material in Pakistan. The
present study was made on the kernel oils of three varieties of
mango i.e., Chaunsa, Sindhri and Desi.

The oil was extracted through treating the powdered dried
mango kernel with chloroform\ methanol (2:1, v/v) solvent
mixture (Kallio et al., 2006). The oils were hydrogenated to

Cis and Trans Monoenoic Fatty Acids of Hydrogenated
Mango Kernel Fats

Zeeshan Alia*, Muhammad Saleema, Hamid Latif Siddiquib and Shahid Mahmooda

aApplied Chemistry Research Center, PCSIR Labs. Complex, Ferozepure Road, Lahore-54600, Pakistan
bInstitute of Chemistry, University of the Punjab, Lahore, Pakistan

(received September 20, 2007; revised December 13, 2007; accepted December 15, 2007)

produce fats of high melting point. The hydrogenated fats
were converted into methyl esters of fatty acids, purified by
thin layer chromatography (TLC) and later on separated into
saturated fatty acids, trans fatty acids and monoenoic fatty
acids by the use of AgNO3 impregnated TLC (Raie and
Rehman, 1992). The cis and trans fatty acids were identified
by GC analysis.

The quantity of oils produced by Chaunsa, Sindhri and Desi
kernels was 4.80 g, 5.44 g and 5.90 g, respectively. Methyla-
tion was performed as per standard methods; methanol/ben-
zene/acetyl chloride were used for methylation.

The Rf values of trans fatty acids were less than saturated
fatty acids but higher than monoenoic fatty acids. All the fatty
acids were separated quantitatively as methyl esters. The in-
frared spectra of trans fatty acids at 966 cm-1 was distinct from
the cis acids but the carbonyl absorption of trans and cis fatty
acids as methyl esters is the same i.e. 1740 /cm. Amounts of
saturated trans and mono-enoic methyl esters in the oils of
the three varieties of mango are given in Table 1.

High percentage of saturated fatty acids was found in seed
oils of the three varieties of mangoes (Table 2). The fatty acids
analysis of three varieties of mango kernel oils without hydro-
genation shows composition of saturated fatty acids to be
52.79-60.51 %, monoenoic fatty acids 31.78-39.77 %, dienoic
fatty acids 3.18-6.21 % and trienoic fatty acids 3.24-4.72 % (Ali
et al., 2007).

After the process of hydrogenation, dienoic and trienoic
acids disappears altogether which is comprehensible due to
conversion of trienoic acids to dienoic and dienoic
to monoenoic, trans and saturated fatty acids (Swern, 1982)
(Table 2).

Abstract: The fats produced as a result of hydrogenation of the oils of three varieties of mango kernel (Mangifera
indica), were found to consist of trans fatty acids, C16:1 (0.02-0.60 %), C18:1 (2.69-4.48 %), C20:1 (0.02-0.04 %), C22:1
(traces-0.05 %), C24:1 (traces-0.02 %) in addition to cis fatty acids.

Keywords: Mangifera indica, agro-waste, hydrogenation, mango kernel fats, fatty acids
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Study of the Changes in the Dietary Fatty Acids and Physicochemical
Values of Sweet and Bitter Apricot Oils in Pakistan
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Abstract. The quantity of oil in local varieties of sweet and bitter apricot was found to be more than that earlier
reported for the Indian varieties. Both, sweet and bitter apricot oils, were semi-drying type. Refractive index of bitter
apricot oil was higher whereas, free fatty acids were more in sweet apricot oil. Amount of  cyanide, cadmium, anti-
mony, arsenic, lead and copper as well as of palmitic acid insignificantly increased with ripening, being more in bitter
apricot oil. Major difference was noted in fatty acid composition. Linoleic acid was present in higher amount in sweet
apricot oil (21.4%) than in bitter apricot oil (19.6%).Concentration of palmitic acid in sweet oil was 5.0%, while in
bitter oil, it was 6.4%.

Keywords: apricot oils, non-conventional oils, fatty acid composition

Apricot is one of the major fruits of northern areas of
Pakistan. The deciduous tree flowers from March to April.
Biochemical changes occur in the fruits at different  ripening
stages (Sharif and Ahmed, 1989). The pulp of the ripened fruit
contains 7.5% to10.5% sugar. Besides the sugar, certain
volatile compounds are present in the fruit pulp like aromatic
aldehydes,  esters, alcohols, ketones and also amygdaline and
prussine. The latter two breakdown in water and form hydro-
cyanic acid (cyanide or prussic acid), which in small amounts,
stimulate respiration, improve digestion and give a sense of
well being but as the amount of amygdaline and prussine
increases in the pulp and kernel, they make the fruit and seed
bitter in taste making them unsuitable for consumption (Bown,
1995). Apricot oil is added to the almond oil as an adulterant
and is used in the manufacture of beauty soaps, cold creams
and other preparations of perfumery (Hilditch and William,
1964; Winton and Winton, 1932).

Earlier some investigations were made on the apricot in
respect of the oil content and fatty acid composition (Femenia
et al.,1995) but without reference to the variety (sweet or
bitter). The present study was carried out to evaluate the
quality and chemical composition of oils extracted from sweet
and bitter apricot seeds so as to explore alternate local sources
(non-conventional) of oil which can help in reducing the im-
port bill of edible oils in the future.

The kernels of apricots of sweet and bitter varieties, procured
from northern areas of Pakistan, were dried in oven at 105 °C
and crushed into fine powder. The lipids were extracted with
500 ml chloroform:methanol mixture (2:1, v/v) (Akhtar et al.,

1980), at room temperature, using magnetic stirrer for 2 h.
After extraction of lipids and removal of non-lipid impurities,
the oil was stored in an inert atmosphere.

The physicochemical values of oils like those for saponifica-
tion, iodine, ester and free fatty acid were determined
according to British Standard Specification (British Standard,
1958). The refractive index was determined with Abbe’s
refractometer. The fatty acids were obtained following the
method of Raie et al. (1980). The methyl esters of fatty acids
were prepared with BF3 methanol  reagent (Morrison and
Smith, 1964), which were used for identification and analysis
of fatty acids using Shimadzu GC-4A gas chromatograph
(Akhtar et al., 2006).

Toxic elements of the oils were determined through ashing,
using atomic absorption spectrophotometer. The lipids
extracted from the seeds of sweet and bitter apricot were 54.0%
and 46.5%, respectively. These oil yields are comparatively
higher than the yields of apricot kernel oil of Indian variety
(Kapoor et al., 1987) and New Zealand variety (Beyer and
Milton, 1990).

Physicochemical constants are important in evaluating the
suitability of oils for their utilization. The obtained values
indicate that the refractive index of bitter apricot oil is slightly
higher than that of  the sweet apricot oil (Table 1). This may
be due to slightly different arrangement of fatty acids in the
oils of different varieties of apricot. The iodine values of oils
of both sweet and bitter varieties (100.21 and 103.0, respec-
tively) reveal the oils to be of semidrying type. Free fatty acid
is in higher percentage in sweet apricot oil. Bitter apricot oil

Pak. J. Sci. Ind. Res. 2007 50(6) 380-382
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Introduction
Marjoram (Origanum syriacum) contains essential oils, which
have a number of nutraceutical properties, including anti-
microbial and antioxidant properties (Deans and Ritchie, 1987;
Conner and Beuchat , 1984).  Lawrence and Reynolds (1994)
reported that chemical composition and the concentration of
individual essential oils are variable. They further found that
the concentrations of two predominant compounds of thyme
essential oils, i.e. thymol and carvacrol, ranged from as low as
3% to as high as 60% of the total essential oils. Essential oils
are reported to have fungicidal properties in pharmaceutical,
cosmetic and perfumery industries (Manou et al., 1998;
Lawrence and Reynolds, 1994). Many studies have demon-
strated the importance of phenolic compounds in plant
defence response (Appel, 1993; Harborne, 1991). There are
many indications that the biosynthesis and metabolism of
terpenes in aromatic plants are influenced by environmental
factors. Early studies have shown that environmental and
management factors such as temperature, water stress, soil
fertility, light, pest pressure, cutting date and plant maturity
are important factors affecting concentration of phenolic com-
pounds in plants (Ihsan et al., 1999; Mairapetyan et al., 1999;
Omer, 1999; Hassan et al., 1997; Letchamo and Gosselin, 1996;
Li et al., 1996; Randhawa and Kaur, 1996; Takano and
Yamamoto, 1996; Zheljazkov and Margina, 1996; Grahle and
Holtzel, 1993; Piccaglia et al., 1993; Takano, 1993). Although

Effect of Plant Density and Nitrogen Rate on Essential Oils of Marjoram
under Mediterranean Conditions

Mua’d Abdul Al-Kiyyama, Abdel Rahman Al-Tawahab*, Munir Turka and Mohsen Al-Mahmoudc

aDepartment of Plant Production, Jordan University of Science and Technology, Jordan
bBiological Department, Al Hussein Bin Talal University, Ma’an, P.O. Box 20, Jordan

cFaculty of Pharmacy, Jordan University of Science and Technology, Jordan

(received June 26, 2007; revised November 29, 2007; accepted December 8, 2007)

effects of environmental factors on marjoram essential oils
have been well documented and researched, information on
the effect of specific agronomic practices remains limited. The
objective of this study was to determine the main effects and
interactions of plant density and nitrogen level on the yield
and chemical composition of essential oils of marjoram.

Materials and Methods
Site description. Field trials were carried out at the field site of
Jordan University of Science and Technology (JUST) campus
in northern Jordan [32º 34' N latitude, 36° 01' E longitude,
520 m altitude] during the two growing seasons of 2000-01
and 2001-02. The location has Mediterranean climate of mild
rainy winter and dry hot summer. The soil is fine loamy,
thermic, calcic paleargid. Important characteristics of the soil
(0-15 cm depth) are summarized in Table 1.

Land preparation and crop culture. Experimental area was
subjected to two perpendicular chisel plow passes during
the fall season. Field was disked before transplantation to
provide a proper seedbed and experimental plots of 2.25 ×1.8 m
were established. The experiments were arranged in a
randomized complete block design (RCBD) and replicated three
times. Plowing operations were performed by chisel to a depth
of 20 to 25 cm followed by rotary harrow to level soil surface.
Four month old marjoram seedlings, with an average height of
20 cm, were obtained from Nour Al-Hussein Foundation
(NAHF). Hardening of seedlings before transplanting was
accomplished by exposing them to low temperature (8 °C), so

Abstract. Quantitative analysis of essential oils of marjoram, which is grown in Jordan, yielded thymol as major
compound. The yield of essential oils increased with the reduction of plant density. The increase in nitrogen dose (from
50 to 100 kg/ha) correlated with the increase in the yield of essential oils in all harvests, while with the increase in the
dose of nitrogen from 100- 150 kg/ha, the yield of essential oils decreased. On the other hand, the nitrogen dose of 150
kg/ha correlated with essential oils containing the highest percentage of thymol (53.11%). A strong relation was found
between the yield and the chemical composition of marjoram essential oils and applied agronomic treatments which
require special attention.

Keywords: essential oils, Origanum syriacum, nitrogen dose, plant density

* Author for correspondence; E-mail: abdel.al-tawaha@elf.mcgill.ca;
abdeltawaha74@gmail.com
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Abstract. Esckericl7iu coli and Pseudonronas lui~densis in minced beef and chicken were subjected to radiation doses of 
0.5, 1.0, 1.4, 1.9,2.3 and 2.9 kGy and 0.3,0.6,0.8, 1.0 and 1.4 kGy, respectively, for bacterial inactivation. E. coli count 
on niinced beef was reduced by 6 log cycles after a radiation dose of 1.4 kGy, with a Dlo value of 0.23, whereas, i? lundensis 
count in minced chicken was reduced by 5 log cycles after a radiation dose of 1.0 kGy, with a Dl, value of 0.18. E. coli and 
i? lundensis were sensitive to radiation treatments and relatively low doses of radiation reduced their numbers significantly. 

Keywords: E. coli, I? lundensis, gamma rays, irradiation, meat shelf life 

Introduction 

Many food poisoning outbreaks have been related to the 
consumption of inadequately cooked poultry and beef 
contaminated with harmful pathogenic bacteria (Doyle, 1991). 
Microbial safety and shelf life of meat depend on minimizing 
the initial level of microbial contamination and prolonging 
the lag phase during microbial growth. The total counts on 
chicken carcasses were found to be log 3.3/cm2 before chilling, 
which increased to 3.8 1/cm2 after cutting and to log 4.08/cm2 
after packaging (May, 1962). Pseudomonas spp. are the pre- 
dominant bacteria on raw poultry and beef and are respon- 
sible for spoilage of the food (Jay, 1992). Gill (1983) found that 
Pseudoinonas alkaligenes, Acinetobacter and Moraxella spp. 
are particularly responsible for the spoilage of beef, whereas 
other species play relatively minor role in the process. 
P lundensis is usually involved in spoilage of milk, cheese, 
meat and fish (Gennari and Dragotto, 1992). Off-odours were 
detected on poultry surface when the total count on the 
surface reached to log 7-7.5/cm2 and slime was noticed when 
the counts increased to log 7.5-8.0/cm2 (Ayres, 1960). 

Many researches indicated that irradiation treatment signifi- 
cantly reduced both food-borne pathogens and food spoilage 
bacteria (Satin, 2002). Ionizing radiation is a safe and effective 
process to inhibit growth of pathogenic bacteria such as that 
of E. coli 0 157:H7 in meat and meat products. It can eliminate 
pathogenic bacteria and reduce microbial loads in the meat, 
resulting in enhanced microbial safety and shelf life of poultry 
and meat to a great extent (Urbain, 1986). Treating poultry and 
ground beef with low doses of radiation can kill 99.9% of 

percentage of E, coil 0 1  57:H7 in ground beef (Olson, 1998). 
US Food and Drug Administration (FDA) approved the use 
of radiation treatment to eliminate Salmonella in poultry and 
E. coli 0157:H7 in ground beef. The Codex Alimentarius 
Commission evaluated the safety and effectiveness of 
radiation as food preservative and adapted the Codex general 
standards for irradiated foods (Patterson and Loaharanu, 2000). 

The D-value dose required to destroy 90% of the viable 
organisms for gram-negative bacteria is between 0.29-240 Gy, 
and for gram positive bacteria is between 180-890 Gy (Farkas, 
2006). Gram negative psychrotrophic microorganisms are 
susceptible to radiation process (Monk et al., 1995). Rod shaped 
bacteria are generally more sensitive to radiation than cocci. 

Sensitivity of bacteria to radiation differs among microorga- 
nisms due to the difference in their chemical and physical 
structures and their ability to recover from radiation injury. 
Treatment ofpoultry with 1 to 2.5 kGy dose does not affect its 
sensory, nutritional and technical qualities. Kiss and Farkas 
(1972) found that the shelf lifi of chilled poultry, treated with 
1 to 2.5 kGy radiation dose, increased three folds. Aradiation 
dose of 1 kGy is adequate to destroy all Vibrio vulnificus in 
oysters (Mallett et al., 1991). Off flavours were detected when 
poultry was exposed to over 2.5 kGy radiation (Sudarmadji 
and Urbain, 1972). Hence the objective of this investigation 
was to study the effects of ionizing radiation on the E. coli 
and P lundensis in minced beef and chicken, respectively 
and to determine the Dlo values for these organisms. 

Materials and Methods 
Salrno~zella population in poultry and reduce a higher 

Meat preparation. Beef was cut into small pieces, approxi- 
E-mail: aljasass@kacst.edu.sa mately one inch wide, using aseptic technique. Then, the beef 
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Introduction
The market value of wheat is determined by various factors
such as kernel morphology, texture and test weight. Common
wheat, which is used to manufacture different products,
requires specific kernel characteristics, kernel shape and
uniformity which influence its milling and end-use quality
(Campbell et al., 1999). Similarly, kernel weight, size and
density have favourable effect on the agronomic and flour yield
of wheat (Chasten et al., 1995; Blair, 1992). There have been
many studies on the influence of wheat kernel size on milling
potential (Li and Posner, 1987; Marshell et al., 1986; Shuey
and Gilles, 1969), but few studies demonstrated the relation-
ship between wheat kernel size and physicochemical attributes.
Protein content, gluten content and hardness are the key
quality parameters that influence the end-use quality of wheat
(Dexter, 1993).

The wheat kernel size, like most of the traits of biological
interest and agricultural importance, is a complex character
that influences other quality characteristics (Ammiraju et al.,
2001). Moreover, the relationship of kernel size to other
quality attributes varies with the class and the origin of wheat
(Dexter et al., 1987). Sutton et al. (1992) reported that
kernel weight is positively correlated to the bread baking
performance of New Zealand wheat. Other studies have
suggested that large kernel size is not necessarily an asset.
Miller et al. (1997) presented evidence that for UK wheat,
large kernel size is associated with inferior quality due to
low falling number. It is also important to distinguish
between small kernels and shrivelled kernels. Kernels, that

are shrivelled due to frost, immaturity, heat stress, Fusarium
damage and other environmental factors, deleteriously
affect the milling and end-use quality of wheat (Gibson et
al., 1998; Dexter et al., 1996; Gaines et al., 1992; Thachuk
et al., 1990). However, small soft kernels produce slightly
superior quality of cookies (Gaines et al., 1997).

In Pakistan, kernel size is considered one of the important
parameters for determing the economic value of wheat. The
present study is, therefore, designed to analyze the effect
of kernel size on the physicochemical characteristics that
largely influence the end-use quality of Pakistani wheat
cultivars.

Materials and Methods
Twelve Pakistani wheat cultivars (Hamal Faquir, Sarsabz,
Moomal, Inqlab, TJ-83, Bhittai, V-7001, Wattan, Anmol,
Imdad, TD-1 and Mehran) were grown at Wheat Research
Institute, Sakrand during 2004-5. All the cultivars were grown
under irrigated conditions from mid-November to early
December and harvested during May. The samples of each
cultivar were divided by precision electronic divider (Seedburo
Equipment Company, Model No. SB-106) and thereafter
cleaned manually. Shrivelled kernels were sorted by passing
the sample through a sieve with long rounded apertures, 1.7
mm wide. Broken kernels were separated by handpicking from
the samples. The samples, free from shrivelled and broken
kernels, were fractionated over slotted sieves to yield three
portions: held on 7/64 × ¾ mm; held on 6/64 × ¾ mm and
passed through 6/64 × ¾ mm. In the present study, these three
portions were designated as large, medium and small kernel
size groups, respectively.
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Abstract. Twelve Pakistani wheat cultivars were studied for the effect of kernel size on the physicochemical characteristics.
Thousand-kernel weight (TKW) ranged from 40-48.2 g for large kernels, 32-39 g for medium size kernels and from
24-29.2 g for small kernels. A highly significant relationship (r = 0.650) was found between TKW and NIR hardness score.
Shrivelled kernels contained the highest protein content and broken kernels, the lowest. Other consistently positive but
statistically non-significant relationship was observed between TKW and the gluten content. No consistent relationship was
found between the gluten index, the falling number, the moisture content and the kernel size and form.

Keywords: wheat kernel size, hardness score, gluten index, protein content
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Brucellosis is one of the world’s major zoonoses, alongside
bovine tuberculosis and rabies (Rahman et al., 2006). In animals,
brucellosis mainly affects reproduction, fertility, survival of
newborns and milk yield (Sewell and Brocklesby, 1990).
B. abortus biotype 1, isolated in South Korea and other
countries, has been reported as pathogenic strain for natural
infection (Park et al., 1998; Chung et al., 1988; Cordes and
Carter, 1979).

The introduction of Brucella abortus strain RB51 (SRB51) has
been recently recommended as an alternative to B. abortus
strain 19 vaccine for the control of bovine brucellosis. SRB51
has also been approved as a calfhood vaccine by United States
Department of Agriculture (Palmer et al., 1997).

The serodiagnostic tests, viz the card test, tube agglutination
test, plate agglutination test, Rose Bengal test, Rivanol test,
mercaptoethanol particle concentration fluorescence immu-
noassay and the complement fixation test remain negative
after inoculation with live SRB51, (Baek et al., 2002; Stevens
et al., 1995a, Jimenez de Bagues et al., 1994; Cheville et al.,
1993, 1992). Thus for diagnosis of SRB51 inoculated animals,
an easy, simple, less-time consuming and correct-result
reading diagnostic test is preferred. To the best of our
knowledge, the dot blot assay, a test of such a kind, for the
diagnosis of immune response and the efficacy of SRB51
using whole cell antigen of S1119-3 and SRB51 in rats had
not been presented before.

In the present study, the diagnosis and efficacy of SRB51 in
experimentally inoculated Sprague-Dawley (SD) rats were
studied through dot blot assay using whole cell antigen of
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Diagnosis and Efficacy of Brucella abortus Strain RB51 in Experimentally
Inoculated Sprague - Dawley Rats Using Dot Blot Assay
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Abstract. Sprague-Dawley (SD) rats were experimentally inoculated with Brucella abortus strain RB51 and challenged
4 weeks post inoculation with B. abortus biotype 1. Monitoring of the sera by dot-blot assay and clinical examination of
the rats revealed the highest immune response. SRB51 was isolated from the blood of all inoculated rats until 1st week post
inoculation without any clinical sign. It is concluded that SRB51 produces immunity in SD rats and induces protection
against B. abortus biotype 1 and that Dot Blot Assay is an easy, less time consuming and correct-result reading test.

Keywords: B. abortus strain RB51, B. abortus biotype 1, Sprague-Dawley rats, dot blot assay, South Korea
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Brucella abortus strain 1119-3 (S1119-3) and SRB51. The doses
used for the inoculation and challenge in this study were
according to the standard methodology for brucellosis
experiment (Nielsen and Duncan, 1990). The seed stocks of
SRB51 (without carbon dioxide) and B. abortus biotype 1 (with
5% carbon dioxide) were cultured in Brucella broth for 48 h at
37 °C. The bacteria were washed and suspended in physio-
logical saline before use. The master seed of S1119-3 was
cultured on Brucella agar for 72 h and then in Brucella broth
for 48 h. Suspension of SRB51 (1.0×107 cfu) was administered
to 48 healthy disease free 6~10 months old female SD rats,
orally and only saline was administered to 48 control SD rats;
these will be hereafter referred to as innoculated and control
rats or groups, respectively. Both the types were divided into
12 groups of 4 rats each and reared in cages under hygienic
conditions. Half of the control and the inoculated rats each
(n=24) were challenged with 1.0×109 cfu suspension of
B. abortus biotype 1 on 4 weeks post inoculation of SRB51,
referred to control-challenged and challenged rats, respec-
tively, hereafter.

One ml of blood was collected from the hearts of all of the rats
with heparin (100 IU) at 0, 1, 2, 3, 4, 5, 6, 8, 12, 16, 20, 24 weeks
post and cultured at 37 °C_control-challenged and challenged
rats, with 5% CO2 and control and inoculated rats, without
CO2

_in tryptose soy broth with 5% bovine serum for 3 days
and re-cultured for further 3 days on the same media. Another
1 ml of blood was collected without heparin and the serum
was separated, frozen and stored at -20 °C, for further use.

Dot-blot assay, for the detection of sera antibody in rats of all
of the groups, were performed basically by the procedure of
Cheville et al. (1993). For reciprocal antibody titre, the inten-
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Abstract. Study of the influence of various carbon sources on production of vitamin B12 by Pseudomonas sp.
PCSIR 99 showed that methanol, methylamine and 1, 2-propanediol promoted vitamin B12 production when grown
on the modified basal medium emended with 0.2% 5, 6-dimethylbenzimidazole. Among the nitrogen sources tested,
L-aspartate and L-methionine enhanced vitamin B12 production and cell mass dramatically. Any upward or down-
ward change in pH from 6.5 and in temperature from 32 °C decreased the level of vitamin B12 in the medium.
Whereas, 10% oxygen and 0.004 mM cobalt ion concentration increased vitamin B12 production significantly. It is
inferred that vitamin B12 production can also be regulated by proper manipulation of physical parameters of the
medium as well.

Keywords: vitamin B12; Pseudomonas sp; methanol; 5, 6-dimethylbenzimidazole; L-aspartate; L-methionine; cobalt
ions; propanediol

Introduction
Vitamin B12 (cobalamine) is one of the most alluring and fasci-
nating molecules in the world of  science and medicine. It was
isolated from liver extract in 1948 and reported to control
pernicious anemia (Okuda, 1999). Its structure was elucidated
in 1955. Chemically, vitamin B12 is a molecule with the for-
mula of C63H90CoN14O14P. It contains the heavy metal cobalt,
which gives this water-soluble vitamin its red colour.

In humans, vitamin B12 is required in trace amounts
(approx.1μg/day) to assist the action of two enzymes, methion-
ine synthase and (R)-methylmalonyl-CoA mutase (Mancia
et al., 1996; Drennen et al., 1994),  yet commercially more
than 10 tons of vitamin B12 are produced each year for its use
as an essential growth factor in manufacture of important
synthetic growth media (Martens et al., 2002), and in modern
research, as an essential component of media for cell line
growth (Yamazoe et al., 2006).

The chemical synthesis of vitamin B12 on industrial scale is in
principle very complicated and expensive since it requires
more than 70 steps (Eschenmoser, 1994; Woodward, 1973).
Therefore, vitamin B12 is produced intracellularly or extracel-
lularly on the industrial scale using the batch or fed-batch

process of microbial fermentation (Yongsmith et al., 1982).
Several microorganisms, including those of the genera
Bacillus,  Methanobacterium, Propionibacterium and
Pseudomonas, have been used to produce vitamin B12 on
industrial scale. (Bykhovsky et al., 1998).

Different components of fermentation media and physical
factors are very critical in cell mass production and vitamin
B12 synthesis. In the current investigation, influence of differ-
ent carbon and nitrogen sources was studied on mass cell  pro-
duction of Pseudomonas sp. and its  ability to synthesize vita-
min B12 under optimized physical  parameters of fermentation
media.

Materials and Methods
Carbon and nitrogen sources used. Carbon sources.
1, 2 propanediol (Scharlau Chemie, S.A. Spain); lactate (Sigma-
Aldrich, USA); methaneol (Scharlau Chemie, S.A. Spain);
succinate (Sigma-Aldrich, USA); fumarate (Sigma-Aldrich,
USA); malate (Sigma-Aldrich, USA); tartarate (Sigma-Aldrich,
USA); glycerol (Sigma-Aldrich, USA); methylamine and
dimethylamine (Fluka Chemie Ag and RdH, Switzerland);
ethanol (Merck Chemicals Ltd., Germany); ethylene glycol
(Sigma Aldrich, USA); glucose (Merck Chemicals Ltd.,
Germany).
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Lactic acid is a weak organic acid occurring widely in nature;
it can be easily broken down in water and other solvents.
Using hydrolysates of pretreated wood, newspaper or corn
cobs, 10-30 g/l of lactic acid had been produced using
Lactobacillus spp. (Vishnu et al., 2000).

Corn cobs account for 16-19% of the whole corn; they contain
significant amount of cellulosic material, which may be the
best source of fermentable sugars. Thus, it can be used for the
production of organic acids e.g. lactic acid through simul-
taneous saccharification and fermentation (SSF), using
species of genus Lactobacillus (Nakasaki and Adachi, 2003).

In the present study, corn cobs were used for producing lactic
acid under varying parameters through fermentation by
Lactobacillus delbruekii. The samples of corn cobs were
analyzed for acid detergent fibre (ADF) and neutral detergent
fiber (NDF) (AOAC, 1990) and for cellulose, hemicellulose and
lignin content (Krishna and Ranjhan, 1980). pH was determined
before and after the hydrolysis with the help of pH meter
(INOLAB) (AOAC, 1990). The reducing sugars (as glucose) in
the hydrolyzed samples were determined by spectrophoto-
meter (Gadgil et al., 1995). The samples were delignified with
1% (w/w) sodium hydroxide (Tsay, 1983), hydrolysed (Wang,
2003) and later neutralized by addition of small volume of
concentrated NaOH solution.

The hydrolysate was evaporated at 100 °C for 1 h and different
glucose concentrations (1% to 5%) were used for fermentation
through adding starter culture of strains of Lactobacillus
delbruekii IFST-1, (obtained from the Microbiology and
Biotechnology Laboratory of the Institute of Food Science
and Technology, University of Agriculture, Faisalabad), at
different sets of variables i.e. temperature, pH, time and
glucose concentration.
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Production of Lactic Acid from Corn Cobs Through Fermentation by
Lactobacillus delbruekii
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Abstract. Corn cobs were used as the source of reducing sugars for conversion into lactic acid through fermentation by a
local strain of Lactobacillus delbruekii, under varying parameters of time, temperature, pH and glucose concentration. The
production of lactic acid significantly increased with increase in pH, fermentation time and glucose concentration (1-5%)
and was significantly high (8.40 g/l) at pH 6, while significantly low (7.67 g/l) at pH 5.

Keywords: corn cobs, fermentation, lactic acid, Lactobacillus delbruekii

During fermentation process, the medium was daily evaluated
for reducing sugars and lactic acid. Lactic acid was deter-
mined using HPLC Perkin Elmer Series 200 (Bevilacqua and
Califano, 1989).

Triplicate analyses were performed on all the samples. The
data was subjected to statistical analysis using completely
randomized design (CRD) and Duncan’s new multiple range
test (Steel et al., 1997).

The results indicated that variables such as pH, time and
concentration of glucose had highly significant effect on the
reducing sugar content and lactic acid production, whereas
variation in temperature (34 °C to 40 °C) was found to have
non-significant effect.

As pH of the fermentation medium was increased from 5 to
6, there was a significant decrease in the reducing sugar
content (from 29.56 g/l to 2.28 g/l) due to more utilization as
raw material; with progress of time, utilization of glucose
increased from 3.06 to 27.28 g/l. The findings are in line with
those of Bustos et al. (2004) who optimized the production
of lactic acid by L. coryniformis from glucose in the medium
increasing the duration and obtained maximum lactic acid
concentration (58.9 g/l) at 96 h. Lactic acid production
enhanced from 0.98 g/l at the beginning of the study to
15.42 g/l at the end. Highest production was observed at
pH 6 after 8 days of fermentation (Table 1). The optimum pH
for the production of lactic acid was found to be pH 6 at
which 15.73 g/l of lactic acid was produced at the end of
the fermentation.

In the medium containing 1 to 5% glucose, utilization of
reducing sugars increased with progress of time and ranged
from 7.06 to 20.68 g/l with maximum utilization of 20.68 g/l at
5% glucose level.*Author for correspondence; E-mail: zasafi@yahoo.com

Short Communication

408




