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Introduction

Industrialization and urbanization especially in developing
countries have gradually led to the accumulation of heavy
metals and petroleum hydrocarbons in the environment
(Adeniyi 1996; Bamgbose and Osibanjo 1998; Byomi et al
1999; Manay et al 1999; Ngodigha et al 1999; Yamasoe et al
2000; Adeniyi and Afolabi 2002).  Due to the high cost and
sometimes non-availability of conventional feeds, poultry
farmers and researchers have in recent years resorted to a
large scale usage of unconventional feeds for broiler rations
(Islam et al 1994; Fanimo et al 1996).

Substituted items for fish meal in conventional feeds like
shrimp waste meal and maggot meal, have been reported to
be of high nutritive value (Fanimo et al 2000; Oduguwa et al
2000).

Shrimp waste meal has been identified as an animal protein
source. The availability of shrimp both in off-shore water
and Lagos Lagoon amounts to about 300,000 ton per year
and they form the larger part of the catches of artisan fishermen
and commercial shrimp trawlers. The increase in shrimp
farming and production of shrimp waste meal, which is
basically the dried waste of the industry, consist of the heads,
appendages and exoskeleton (Fanimo et al 1996).

Despite, the increasing wide usage of shrimp waste meal in
unconventional broiler rations nothing has been reported on

the levels of potentially toxic heavy metals and total petroleum
hydrocarbons (TPH) in these feeds.  These contaminants may
accumulate in the poultry products at levels, which may
threaten public health ( Kan 1994; Tsuji  et al 1999).

Poultry droppings is a useful agricultural by-product but its
potential for environmental pollution requires attention (Van
der Watt et al 1994; Ihnat and Fernandes 1996; Martinez et al
2000).

This study was designed to determine the levels of cadmium,
lead and total petroleum hydrocarbons (TPH) in the shrimp
waste meal supplemented rations with a view to ascertain the
level of safety of these feeds considering the fact that
accumulation of these contaminants in the resultant poultry
products may not be ruled out.

Materials and Methods

Materials.The samples used for this study were collected
from the College of Animal Sciences Farm, University of
Agriculture, Abeokuta between September and November
2000.  The shrimp waste supplemented and control feeds were
classified into starter and finisher mash according to the
physiological stage of growth of the chicks.  The control diets
contained fish meal as the only protein source while in the
supplemented feeds, shrimp waste meal was used to replace
the fish meal in the control diets.  The diets were formulated to
contain the required levels of protein and energy for the
respective stages viz for starter feed and for finisher feed.

LEVELS OF TOTAL  PETROLEUM  HYDROCARBONS (TPH) AND HEAVY  METALS IN

SHRIMP  WASTE MEAL  SUPPLEMENTED  BROILER  FEEDS AND DROPPINGS

A A Adeniyi* a, O O Oduguwa b, O C Asunumeh b, Y O Ikekhua b and A O Fabiyi b

aDepartment of Chemical Sciences, Lagos State University, Ojo, P.M.B. 1087, Apapa, Lagos, Nigeria

bDepartment of Animal Nutrition, University of Agriculture, P.M.B. 2240, Abeokuta, Nigeria

(Received August 1, 2002; accepted February 4, 2003)

Pak. J. Sci. Ind. Res. 2004 47(1) 1 - 4
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The feed samples were collected randomly from the chicks
plastic feeding trough.  The birds droppings were also collected
at the fourth week (end of the starter phase) and the eight
week (end of the finisher phase) of the experiment. The feeds
and droppings were dried in an oven (55°C-60°C) for four days
and homogenised following the method described earlier
(Hanczakowski et al 1995; Adeniyi 1996).

Determination of cadmium and lead. Two stocks of eight
feeds/dropping sub-samples along with a “blank” containing
reagent and no feeds/droppings were digested for analysis
using conc. HNO

3
 as described earlier (Van der Watt et al

1994; Ihnat and Fernandes 1996). Cadmium and lead were deter-
mined using a Buck model 200 A Atomic Absorption Spec-
trophotometer. This was operated according to the manu-
facturer’s recommended conditions in replicates while pure
elemental standard solutions were used for calibration.

Determination of total petroleum hydrocarbons
(TPH).The total petroleum hydrocarbons (TPH) levels in the
samples were determined gravimetrically using 10 - 20g dried
feed/droppings, 0.6g KOH with reflux for two and half  hour in
50 cm3 n-hexane. The crude extracts were cleaned up with
short silica gel columns (Kieselgel 60 F

254
, 70 - 230 mesh) using

petroleum ether as described in (IOC 1982; Hewari et al 1995;
Onianwa 1995; Adeniyi and Afolabi 2002).

Statistical analysis. Statistical significant differences in the
samples were analysed using ANOVA as described by
Pentecost (1999).

Results and Discussion

Cadmium, lead and total petroleum hydrocarbons (TPH)
levels shown in (Table 1) reveal varying degrees of burden in
the feeds and droppings samples.  The mean cadmium levels
(µg/g) of 0.61 ± 0.48 and 0.81 ± 0.32, respectively for starter
and finisher feeds compare favourably with the levels found
in the control (0.38 ± 0.29 µg/g and 1.05 ± 0.53 µg/g, respec-
tively).  These values were however, found to be non-signifi-
cant at 95% confidence level (Table 1). Nevertheless, the mean
levels of cadmium in the droppings of the poultry birds fed on
the control and supplemented feeds were 1.72 ± 0.36 µg/g and
1.44 ± 0.24 µg/g for starter and finisher birds fed on control
feeds; 0.83 ±  0.96 µg/g and 1.45 ± 0.36 µg/g for starter and
finisher birds fed on the supplemented feed, respectively.  A
similar trend has been observed before (Van der Watt et al
1994; Ihnat and Fernandes 1996; Schuler et al 1997; Gruszeck
et al 2000). However, human exposure to heavy metals through
accumulated metals in plant and animal tissues is of growing
concern (Gardiner et al 1995; Adeniyi 1996; Freedman 1996;
Nyobo et al 1996; Kugonic et al 1999; Hensbergen et al 2000).
It is noteworthy that only a fraction of the total cadmium in-

gested are assimilated into the tissues of birds as observed
by (Rambeck and Weiser 1992; Kan 1994).  There are also
possibilities of droppings contamination with cadmium from
sources other than dietary source (Freedman 1996).

Lead has the highest mean value of 11.49 ± 1.55 µg/g in the
supplemented finisher feed and statistically significant 95%
confidence level (Table 1).  This may be taken as an indication
of lead contamination (Adeniyi 1996). The relatively high values
of lead in the supplemented feed samples may not be
unconnected to poor handling, particularly exposure of
ingredients and products to exhaust from the Mill’s diesel
engine power generating plant ( Lawani and Abdulmukaila
1984; Wrzesien et al 1999). The mean lead levels in between
4.81 ± 5.82 µg/g and 12.80 ± 4.55 µg/g for the droppings (Table
1) were generally higher than the feeds samples.  This trend
has been observed before (Van der Watt et al 1994; Ihnat and
Fernandes 1996), this probably suggest contributions from
aerial sources (Falahi-Ardakani 1984; Nybo et al 1996; Adeniyi
1996; Yamasoe et al 2000).

The mean TPH values for the feeds (Table 1) ranged between
209.20 ± 128.93 µg/g and 369.00 ± 108.40 µg/g. The control
sample values were generally lower than the supplemented
feeds samples.  The starter and finisher feed samples values
of 256.00 ± 152.60 µg/g and 209.20 ± 128.93 µg/g for control
and 369.00 ± 108.40 µg/g  and 330.20 ± 59.03 µg/g, respectively
for supplemented feeds (Table 1) were found to be statistically
significant at 95% confidence level. The relatively high values
of TPH in the feed samples (Table 1) may be the result of
contamination from exhaust fumes in the feed mill, poor
handling and or through long-range air pollution of the
ingredients (Schroll et al 1994; Lorber 1995; Larsen 1995;
Douben et al 1997; Wiedinmyer et al 2000). Similarly, the mean
TPH values for the droppings (Table 1) which ranged between
373.00 ± 209.78 µg/g and 605.00 ± 185.35 µg/g are generally
higher than the corresponding feeds values (Table 1).  Among
others, this observation may not be unconnected with the
burning of heavy oils (engine oil, black oil and diesel) in the
vicinity of the poultry farm to keep soldier ants (Oecaphylla
longinoda) at bay.  The TPH values in the droppings, were
however, found not to be significant (Table 1) at 95%
confidence level.

The good and high nutritive values of these supplements as
well as their affordability not withstanding (Fanimo et al 1996;
Oduguwa et al 2000). There is the urgent need to pay more
attention to the level of hygiene as regards the source of
ingredients and handling procedures adopted in compounding
the rations. This is imperative in the coming years in other to
realise the full potential of these emerging new and novel feed
ingredients. They no doubt have the potential to reduce the
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cost of livestock feed production. This is coupled with its
attendant multiplier effect in our quest to provide high quality
animal protein to the greatest number of our citizen without
compromising their future health (Beck et al 1994; Minissi et
al 1998; Tchernitchin 1998; Manay et al 1999).

The values of heavy metals and TPH (Table 1) in the control
commercial feeds, though relatively low, are equally of concern
because these contaminants are known to bioaccumulate as
they journey through the biological system. (Albers 1995;
Mlcachlan 1996; Nybo et al 1996; He Yang and Cha 2000).
This may have serious health implications as poultry products
are important links in the complex food chain.
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Experiments were accomplished for the production of biogas using a slurry comprising 50% fresh buffalo dung and 50%
water at ambient and elevated temperatures. After 2 weeks, observations for the release of biogas were noted. It was
observed that with the increase of temperature, the rate of generation of gas was enhanced. A slurry containing 200 g fresh
buffalo dung and 200 g water produced 121.5 ml gas / day at an  average ambient temperature of 35°C, whereas at 45°C,
50°C, 55°C and 60°C, the average rates of gas generation were noted as 152.0, 221.5,292.0 and 354.0 ml / day. The volume
of 232.5 ml of biogas in excess was produced with the temperature difference of 25°C (60°C - 35°C). The input of 42000
joules of energy for heating 400 ml of slurry produced gas of 5196.375 joules. It shows that there is a loss of 36803.625
joules of heat which makes the process, thermally, not viable. Hence, ambient temperature is recommended for the produc-
tion of biogas for domestic plants.

Keywords: Buyffalo dung, Fermentaion, Biogas, Thermophilic temperatures.

Introduction

Biogas  generation is one of the techniques for the utilization
of animal, agricultural and industrial wastes, combating de-
forestation and better environment by disposing of wastes
beneficially. A voluminous work has been done on biogas
generation to improve the technology and to make it eco-
nomical (Christopher et al 1973; Govinda 1983; Narasim-
hamurty and Purush 1986; Ismat Ali 1987a;  1993b; and 1994c;
Kishore 1989; Kasali 1989; Liachena 1989; Qureshi 1989).
Biogas, generated from digestion of animal excreta, is com-
posed of methane (60 - 65%) and carbon dioxide (35 - 40%)
and traces of hydrogen sulphide (H

2
S) of heating value 22.35

MJ / m3. Usually, it is  being produced at ambient temperature
when the slurry containing cow / buffalo dung is kept in sealed
vessel at ambient temperature. The biogas produced is an ideal
domestic fuel for cooking and lighting. The gas is smokeless,
inexpensive and environment friendly as the raw material (ani-
mal refuse) is abundantly, available in the villages of devel-
oping / underdeveloped countries either free or at very reason-
able cost. On comparison, the cost of biogas with other do-
mestic fuels, it is found lowest / cheapest. The cost of biogas
is approximately Rs.100/- per Giga joule, whereas, the cost
of Liquefied Petroleum Gases (LPG), kerosene, charcoal,
wood are Rs.750/=, 400/=, 250/=, 180/=, for one Giga joule,
respectively. The cost of these fuels is constantly increasing
day by day. The only drawback of this technology is the low
rate biogas generation. It is 0.25 unit per unit of slurry per day
(Ismat Ali 1993). Attempts have been made to produce biogas

at elevated temperature to examine the enhancement in the
rate of biogas generation.

Since, the technology of biogas generation is simple and
straight forward, it does not need any technical skill to oper-
ate and maintain biogas plants. Hence, this technology is rec-
ommended for such areas (particularly villages) where natu-
ral gas is not available to meet domestic fuel requirements.
This paper describes the methods of biogas generation at
ambient and elevated temperatures (45°C, 50°C, 55°C, 60°C)
with a view to examine its economic feasibility.

Experimental

Material. Buffalo dung and water.

Procedure. In laboratory, 400 g slurry (buffalo dung + water
in equal proportion) was confined in one litter amber colored
reagent bottle stoppered and connected them with polythene
tubes to 10 litter aspirators as shown in Fig 1 (a & b). The
main aim of connecting the aspirators was to collect the gas
by displacing water and the displaced water was collected in
graduated cylinder. The amount of water collected in the cyl-
inder was assumed equal to the amount of the gas produced
per day. Five such sets of experiements were designed to ex-
amine the rate of gas generation. One of the set of experi-
ments was kept at ambient temperature, whereas, other four
sets of experiments were controlled at 45°C, 50°C, 55°C, 60°C
(Fig 1 a & b).

Analysis of animal excreta. Normally, animal  excreta
(buffalo dung) contains 80% moisture when fresh. It is in emul-* Authors for correspondence
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sion form and is problematic to remove its great amount by
heating as there was loss of gases too. In the present study,
100 g of dung was first aerial dried in a partially covered petri
dish for two days noting down weight loss for every four hours
in the day time. The results of water content of dung were
further cross checked by Dean and Stark method. It was noted
that moisture content of dung varies with the passage of time
due to atmospheric evaporation of water. The proximate analy-
sis of dried dung was carried out on Mac - 400 LECO. USA
and Ultimate (elemental) analysis was carried out on CHN -
600, LECO, USA. Results are presented in  Table 1 & 2. Car-
bon and nitrogen ratio is one of the most important  param-
eters which palys an important role in the degradation of
cellulosic material (Almassi and Dunn 1974).

Results and Discussion

Table 1 and 2 describe proximate and ultimate (elemental)
analysis of buffalo dung, respectively. Data on production of
biogas from 400 ml slurry (buffalo dung + water) at ambient
temperature and 45°C, 50°C, 55°C, 60°C are summarized in

Table 3 and 4.

The only drawback of biogas generation from fermentation
of dung is its slow rate of degradation of carbohydrates / cel-
lulosic material to methane (CH

4
) and carbon dioixide (CO

2
)

(Barker 1956). Incubation period varies from 2 - 6 weeks de-
pending upon the nature of dung (fresh or otherwise). The
release of biogas, in the present studies, is observed 0.3 unit
per unit of slurry at ambient conditions. The ideal conditions

Table 1
Proximate analysis of buffalo dung (Aerial and oven

dried)

Constituents                                  %               % on dry basis

Water 74.4
Moisture 5.4
(corrected on Mac - 400)
Total water 79.6
Volatile matter 650°C 15.6 76.47
Ash (Residue) 4.8 23.53

Table 2
Ultimate (elemental) analysis buffalo dung on CHN-

600, LECQ, USA (dry ash free basis)

                    Elemental                         Percent

C 37.5
H 6.8
N 1.4
O 54.3

Total 100.0

Fig 1(a). Experimental setup for biogas generation at ambient
temperatures

Gas for
sampling

400 ml
slurry

10 ltr.Aspirator

Graduated
Cylinder

Fig 1(b). Experimental setup for biogas generation at elevated
teperatures

Gas for
sampling 10 ltr.Aspirator

Graduated
Cylinder

400 ml
slurry

Thermometer

Table 3
Gas production from 400 ml slurry (buffalo dung +

water) at ambient and elevated temperatures
(45°C, 50°C, 55°C, 60°C)

Days       Ambient           45°C        50°C          55°C          60°C
                temperature     (ml)         (ml)           (ml)           (ml)
                  (ml)

01 124 150 226 290 350

02 120 154 220 294 256

03 122 152 220 290 354

04 122 150 220 296 360

05 124 154 224 290 354

06 120 150 220 300 352

07 120 150 220 290 350

08 124 150 220 290 360

09 124 158 230 296 354

10 120 150 220 286 352
11 122 150 220 286 350
12 124 152 222 296 350
13 120 154 220 290 360
14 120 152 220 292 354
15 120 152 220 292 352

Mean 121.5 152 221.5 292 354

6 Ismat Ali, M M Ali, M A Basit, A R Khan



show heating values as 21.90 and 21.42 MJ / m3 respectively,
whereas, the heating  values of carbureted water gas is 19.67
MJ/m3. Blue water gas and water gas have similar heating
values 12.1 and 11.47 MJ /  m3. Among these fuels, biogas is
the only one which shows maximum heating value as 22.35
MJ / m3.

Tables 3 - 4 describe the data obtained for the gas production
from 400 ml slurry (buffalo dung + water) at ambient and
elevated temperatures (45°C, 50°C, 55°C, 60°C). These results
show that the release of biogas increased with increase in
temperature. At ambient temperature of 35°C, the average rate
of gas generation was 121.5 ml / day, whereas, at tempera-
tures 45°C, 50°C, 55°C, and 60°C the average rate of gas gen-
eration was 152, 221.5, 292 and 354 ml / day, respectively
from the same composition of slurry, 232.5 ml of gas in ex-
cess was produced with the temperature difference of 25°C
(60 - 35°C). The graph shown in Fig 2 shows that the rate of
release of biogas is enhanced with the rise in temperature.

It is very important to examine the energy balance due to
change in temperature. Assuming that there is no loss of heat
and entire energy from the water bath was absorbed by 400
ml (m = 400 ml = 0.4 kg) slurry and specific heat of slurry is
c = 4200 J /  kg °C  (as slurry contains 90% water). The energy
input due to change in temperature (∆t = 25°C) is calculated
as:

∆E = mc ∆τ

[m = mass of slurry, c is the specific heat of slurry and ∆τ
denotes temperature difference]

∆E 
input 

= (0.4) x 4200 x 25 = 42000 joules.

The heat potential of excess gas produced 232.5 ml / day (232.5

x 10- 6 m3 / d) due to change in temperature from 35°C to 60°C
can be calculated from the heating value of biogas i.e. 22.35
mega joules / m (22.35 x 10+ 6 J / m3)

Table 4
Cumulative gas production from 400 ml slurry (buf-
falo dung + water) at ambient and elevated tempera-

tures  (45°C, 50°C, 55°C, 60°C)

Days      Ambient            45°C        50°C           55°C          60°C
             temperature        (ml)         (ml)            (ml)           (ml)
                  (ml)

1 122 150 226 290 350
2 244 304 446 584 706
3 366 456 666 874 1060
4 488 606 886 1170 1420
5 612 760 1110 1460 1774
6 732 910 1330 1760 2126
7 852 1060 1550 2050 2476
8 976 1210 1770 2346 2836
9 1000 1368 2000 2632 3196

10 1220 1518 2220 2918 3542
11 1342 1668 2440 3214 3892
12 1466 1820 2662 3504 4244
13 1586 1974 2882 3796 4604
14 1606 2126 3102 4088 4958
15 1826 2278 3322 4380 5310

Fig 2. Cumulative gas production from 400 ml slurry (buffalo
dung + water) at ambient and elevated temperature (45°C,
50°C, 55°C and 60°C)

for the degradation of organic waste / cellulosic material for
the production of biogas are total solid content (7 - 9%) total
volatile of the total solid ( 70 - 80%), pH (6.8 - 7.4), carbon /
nitrogen ratio (25 - 30), temperature range (27 - 71°C) (Amassi
and Dunn 1974). The entire biochemistry of conversion of
cellulosic wastes to combustible gas is not completely under-
stood. However, it is assumed that the following reactions take
place during the anaerobic digestion of cellulosic material.

Cellulosic material             Carbohydrate               nCH
4
 + nCO

2

Above mentioned reaction, following two routes are suggested:
C

6
H

12
O

6
         3CH

3
 COOH (Carbohydrate from organic wastes)

The route of the above mentioned reactions is likely to be:
C

6
H

12
O

6
         2C

2
H

5
OH + 2CO

2  
(Carbohydrate from digestion

of organic waste)
2C

2
H

5
OH  +  2CO

2
         3CH

3
 COOH

3CH
3
 COOH         3CH

4
 + 3CO

2

For the preparation of biogas in the laboratory, the proximate
and ultimate analyses of buffalo dung were accomplished. The
results are shown in Table  1 and 2. The proximate analyses of
buffalo dung based upon aerial and oven dried conditions show
moisture as 79.6%, whereas volatile matter at 650°C and ash
(residue) are 15.6% and 4.8% respectively.

Further, the ultimate analyses of the dung indicate C = 37.5%,
H = 6.8%, N = 1.4%. These estimations show that buffalo
dung may be used for the production of biogas, the heating
values of different fuels were also taken into consideration.
The heating value of different fuels comparing with the heat-
ing value of the biogas. Coke oven gas and retort coal gas
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Heat potential of 232.5 x 10- 6 m3 biogas = Heat Output =
22.35 x 10+   6 x 232.5 x 10- 6 = 5196.375 J (1 m3 biogas has heat
potential = 22.35 x 10+ 6 J).

Heat input = 42000 J.

Heat output = 5196.375 J.

Loss = 36803.625 J.

Now, we see that the input of 42000 joules of heat for heating
400 ml of slurry produces heat potential as 5196.375 joules.
It shows that there is a loss of 36803.625 (42000 - 5196.375)
joules of heat. It is therefore, obvious from above calcula-
tions that the production of the biogas at elevated temperature
is thermally not favorable.

As far as the use of dung cake as such for cooking purposes is
concerned, there will be a loss of manure potential. The heat
potential of the dried dung is 16 MJ / kg of total solid. The
maximum conversion efficiency is reported as high as 90%
(John Twidell and Tony 1980).

In brief, warming of slurry from external source of energy
(heat) for the production of biogas is thermally not favorable
i.e. at elevated temperature as energy input is more than the
energy output. It is, therefore, on large scale production of
biogas, the ambient temperature is the only suitable tempera-
ture. It will be very simple and economical and there will be
no problem of maintaining temperature. Furthermore, conver-
sion of biomass into combustible gas through anaerobic fer-
mentation increases the potential of nitrogen rich fertilizer
available / applicable to nearby farms (Mahajan 1987).

It is also concluded that biogas technology, still, needs more
research and development work for the increase of energy
output from the biomass and to enhance rate of gas genera-
tion by the addition of chemicals / inoculum so as the cost of
the plant is reduced to a level that a common man can afford
to install biogas plant for meeting  his energy requirements.
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We present a class of globally monotonically convergent iterative methods for the determination of zeros of a polyno-
mial. The proposed method uses the well-known Newton’s second order method as a basic ingredient to generate this
class of methods, following the approach of Petkovic and Trickovic as supported by Cauchy Schwartz inequality from
which come in hand three methods of fourth order. The obtained methods can be used to provide tight inclusion
conditioning bounds separating the sought zeros. This means that they always provide good numerical approximations
within the theoretical conditioning bounds. It is found that one of the fourth order methods so obtained competes most
favourably with any known methods for finding zeros of a polynomial.

Key words: Newton’s methods, Halley’s methods, Chevbyshev’s method, Polynomial zeros.

Introduction
When a zero seeking algorithm has local convergency pro-
perties, the iteration if it converges will display a doubling
phenomenon at each iteration. The point at which an iterative
sequence starts experiencing a contraction immediately an
iterative process is began called a point of attraction or else
we say that the iterative sequence diverges which is known
as point of repulsion. Of major importance in this paper is
the derivation of two new methods through the technique of
Petkovic and Trickovic (1995) as supported by the concept
of Cauchy - Schwartz inequality

where, Z
1
, Z

2
 ...Zn are the roots of polynomial of degree n for

the case of real simple zeros, given by: P(Z)  = ∑ aj Zj, a
j 
∈⊄.

It is found that one of the two new methods obtained com-
petes favourably with the popular Chevbyshev third order
method for the extraction of zeros of a polynomial.

In a note of passing we shortend notation by omitting the
argument Z from function such as P(Z), and write simply P.
We also denote the first three derivatives of a function P by
P′,P′′ and P′′′, respectively. It is also supposed that the func-
tions discussed in this paper has what ever number of C n+1

necessary on the interval.

Experimental

Derivation of the class of methods. The class of methods
under consideration is a particular case of a general one point
iterative formula considered in Petkovic and Trickovic (1995)
as well as Milovanovic (1974) which is as follows, we define:

    1
Z - Zi

∑
    1
Z - Zi

≤ n ∑

Z
i
(k+1) = g′ (Z (k)), (k = 0, 1...)             (2.1)

where; g (Z) → Z
i
 - Φ(Z

i
) as a one point method.

Observe that Φ(Z
i
) is a rational map which converges such

that: Z k+1 - Z k → 0.

For m ≥ 2 an interative method of order m could be modified
(see, Petkovic and Trickovic (1995) for more details) such that:

In this paper, starting from Newton’s Second order method we
shall generate such higher methods which are structurally
similar to those obtained by Jarrat (1968). Method (2.2) is a
major plank in which our derivation heavily leans on.
Define Newton’s formula as:

In view of (2.1) and (2.2) we write (2.3) in the form:

Z
i
(k+1) = Z

i
(k) _  Φ(Z(k)) (1+     g ′ (Z

i
(k)))    (2.2)

 1
m

Z
i
(k+1) = Z

i
(k) _       (k = 0, 1....)     (2.3)

p′
p′













22

j=0

Z
i
 = Z

i
  _        1+       g′ (Z)

 1
 2

 p
 p′

= Z
i
  _       1+                  Z

i    
_ 1      d

 2     dz

 p
 p′

 p
 p′

= Z
i
  _       1+  1   (p′2 _ p′2 + pp′′)

 2  p′2
 p
 p′

= Z
i
  _       1+           (2.4)

 pp′′
2p′2

 p
 p′














 







∧

Method (2.4) is the Chevbyshev third order method and con-
sider method of Jarrat (1968) for more details.
















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Next, by setting       , and using as before

the procedure described above we write:

We differentiate g (Z) as follows:

Z = Z
i
  _  Φ(Z

i
)    1+       ( g′ (Z)               (2.5)

 1
 3

g′ (Z) =           Z
 
-            +                    

       

   =
 d
d z

p
p′

  p′′
2p′

p
p′

1−                   +                       +       
     2 p′2 − pp′′

     p′2




 

p
p′

2


p
p′




  d      p''
  dz    2p'

  p′′     d
  2p′   dz

= 1−                  +                           + p′2 − pp′′
     p′2

  pp′′
  P′2

p′2 − pp′′
     p′2




1     p2

2     p′2
p′ p′′′−  p′′2

        (p′)2

2p′4 −  4p′2 pp′′  +  3p2 p′′2  −   p2 p′′ p′′′
2p′41 −

2p′4 − 4p′2 pp′′+ 3p2 p′2 − p2 p′ p′′′
2p′4Z

i
 = Z

i
− Φ(Z

i
)  1+       1−

 (2.6)

(2.7)

    1
    3

 

4p′2 − 3p2 p′′2 +  p2 p′ p′′′
2p′4Z

i
 = Z

i
− Φ(Z

i
)   1+

    1
    3

  (2.8)

 p p′′ - p′2

       p2

     1
 Z - Z

i

=  − ∑
i

2



     1
 Z - Z

i

∑
i

2


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     1
 Z - Z

i

≤ n ∑
i

2


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 1
Z − Zi


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2


p2

n
∑

1
Z − Zi


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2


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n − 1
   n

Z
i
 = Z

i
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i
)   1 +

 1     pp′′(4p′2 - 3 pp′′) + p2 p′ p′′
 3 2 p′4
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









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i
)   1 +

 1
 3 2p′4

n _ 1
   n
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  4n






= Z
i
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i
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 1
 3 2p′4

(n _ 1)
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




 p′4










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
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(2.12)

(n _ 1)
   4n


1− 3 


n _ 1
 4n= p′4 4n _  3n + 3

       4n




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p′4 n + 3
  4n






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p′4

(n − 1) (n + 3) p′4
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Z
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= Z

i
 _ Φ(Z

i
)  1+

 1
 3

(n −1) (n + 3) p′4  p2 p′ p′′′
       8n2 p′4     2P′4








+









Substitute (2.13) into (2.12), we have:

= Z
i
 _ Φ(Z

i
)  1+

 1
 3

(n −1) (n + 3) p2 p′ p′′′
         8n2    2P′4






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+




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
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 − Φ(Z

i
)

p2 p′ p′′′     (n −1) (n + 3)
   6p′4              24n2








+ +  1       (2.14)

Case II:
  n
n − 1

p′2 ≥           pp′′   (2.15)

As before, we have from:

Z
1
= Z

i
 − Φ(Z

i
)  1+

pp′′  p′2        pp″   +  p2 p′ p′′′

                 2p′4




∧  (2.16)1
3

 


 3
4





Substitute the right hand side of (2.15) for p′2 in method (2.16),
we have:

Z
1
= Z

i
 − Φ(Z

i
)  1+

2p′4




∧
  (2.17)1

3

3 (n -1)
4    n 









n − 1
   n

p′2 − p′2  + p2 p′ p′′′


Simplifying (2.17), we have:

Z
1
= Z

i
 − Φ(Z

i
)  1+

4n − 3n +  3
        4n∧ 1

3

 




(n − 1)
     n



p′2

2p′4




+ p2 p′p′′′

Φ(Z
i
) =       1+

 pp′′
 2p′2

 p
 p′













After some calculations we shall obtain:

Where, the term - 4p′2 pp′′ is introduced into the numerator
part of (2.6) to compensate for the term 3p2 p′2 - p2 p′ p′′′.

However, the choice of this extral term - 4p′2 pp′′ is arbitary
which is also found to be optimal in some sense.
In view of (2.6), method (2.5) takes the form:

Simplifying we have:

Following carefully some selected ideas in Hansen and Partick
(1977), it is easy to see that:

By Cauchy - Schwartz inequality, we have that:

It follows that:

Deduce then immediately that:

        (n − 1) p′2 - n p p′′ ≥  0            (2.10)

In view of (2.10), we shall obtain two new methods out of
method (2.8) which is precisely our aim.

We shall categorize our procedures of derivation under two
cases:

Case I:             (2.11)

We now rewrite (2.8) by subsituting the right hand side of
(2.11) for  pp′′ into the resulting expressing for g′ (Z):


 














We simplify the term as follows:











2 







∧

∧

∧

















∧

∧
















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= Z
i
 − Φ(Z

i
)  1 +

1
3











(n − 1)(n +3)
4n2



p′2 + p2 p′p′′′
2p′4

= Z
i
 − Φ(Z

i
)    1 +

(n − 1)(n +3) p′2 + 12n2 p2 p′ p′′′
12n2 x 2p′4









Now, if we ignore  the extract term - 4p′2 pp′′ added to method
(2.8) we shall obtain directly an iterative method of the form:

= Z
i
 − Φ(Z

i
)          +              + 1        (2.18)

p2 p′ p′′′           (n − 1)(n +3) p′2

   2p′4                   24n2 p′4








Z
i
= Z

i
 − Φ(Z

i
)  1 +           (2.19)

p2 p′ p′′′ − 3p′2 p′′2

          6p′4








∧

Methods (2.14), (2.18) and (2.19) are of fourth order of conver-
gence, in the sense of Hansen and Patrick (1977) as well as
Traub (1964) and Petkovic and Herceg (1992). In the next sec-
tion, we  shall discuss our methods numerically in comparison
with Halley’s method, Davies and Dawson (1975), (Hansen
and Patrick (1977), Chevbyshev’s method, Petkovic and
Herceg (1992).

Results and Discussion

The iterative methods discussed earlier can be used for any
polynomial of degree n > 3. Our scalar test problem is a poly-
nomial of degree 5 given by:

p (Z) = Z 5 − 6 Z 4 − 20 Z 3 + 120 Z 2 + 64 Z − 384 = 0

The initial inclusion zeros is Z(0) = − 4.5

We used the results from our methods (2.14) and (2.18) to
compare with results from Halleys method and Chevbyshev’s
method. The Halley’s and Chevbyshev’s methods are given
by:

p′2 −              pp′′  > 0+ 1   1
n − 1







This was a major plank in which our methods were ob-
tained. Since convergence is monotonic for all real zeros
satisfying the methods described above, the method with
fastest convergence is one with the largest step Z(k+1) −
Z(k). As observed in our calculations, it is seen that the

We present our results in ordinary real floating arithmetic.

All results are presented below in Table 1.

It can be seen from the Table 1 that Halley’s third order method
performs worst than any of the four methods. It can also be
seen that our method (2.18) has high and extremely fast con-
vergency properties as Chevbyshev’s third order method. It
is also noticed that our method (2.14) is converging but at a
rate less than both of our methods, (2.18), (2.19) and
Chevbyshev’s method.

The actual zero of the polynomial problem is - 4.

One striking thing about our methods (2.14) and (2.18) is that,
convergence to the desired zeros is not affected by the de-
gree of polynomial.

All our tested problems are polynomial with real simple zeros.
The methods can be adapted for polynomial with real multiple
zeros but this has not been studied in details in this paper.

As, in Patrick and Hansen (1992) iterative method. it is known
that Cauchy - Schwartz  inequality can be used to prove that:

Table 1

 No. of Proposed   Proposed   Proposed Halley’s  Chevbyshev’s
Iteration method 2.14   method 2.18   method 2.19 method    method

0 - 4.500000000 - 4.5000000000 - 4.500000000 - 4.500000000 - 4.500000000
1 - 4.036653964 - 4.0569632550 - 4.010442833 - 4.033284200 - 4.056976693
2 - 3.998106190 - 4.0031990970 - 4.047858808 - 4.000019194 - 4.000212678
3 - 4.000101004 - 3.9999994955 - 4.001058584 - 4.000012796 - 4.000000000
4 - 3.999994613 - 4.0000000000 - 4.000000008 - 3.999997013 -
5 - 4.000000285 - 3.9999999869 - 3.999996018 -
6 - 3.999999670 - - - 3.9999994692 -
7 - - - - 4.000000002 -
8 - - - - 4.0000000000 -

Z
1
= Z

i
 −

∧

pp′′
2p′

p′ −

p

(Halley’s method)

Z
1
= Z

i
 −            1 +

∧ p
p′

pp′′
2p′2







(Chevbyshev’s method)







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factors                    and                    decay to zero number at a very

rapid rate. It is also hoped that if multiple precision arithmetic is

used in the implementation of the methods,  the rate of conver-
gency may require fewer steps in our calculations.

Local existence. We set forth to prove that our methods
conform with fixed point theorem.

Theorem. Each of our methods (2.14), (2.18) and (2.19)
converges monotonically towards the desired zero.

Proof. Since each has a Lipschitz constant less than 1 it
is self verifying that each of the methods does not pos-
sess normal structure. It follows that the sequence{Z

i
(k)} →

ξ where, all Z
i
(k) and ξ all lie in the interval disk of desired

zero. It holds good that in the limit as k → ∞ p(Z
i
(k)) → 0.

This shows that the distance topology is   Z
i
(k) − Z

i
(k+1)   → 0.

In addition, the triangular inequality holds for the set{Z
i
(k)}.

Therefore, we conclude that our methods are feasible and
endorsed fixed point which converges to a limit point.

p2 p′ p′′′
    2p′4

p2 p′ p′′′
    6p′4
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PHYSIO - CHEMICAL  PROPERTIES OF SOIL

J E Ebhoaye* and J O Dada

Department of Chemistry, Ambrose Alli University, Ekpoma, Nigeria

(Received November 27, 2002; accepted August 21, 2003)

Fresh Cassava processing effluent was obtained from a Cassava processing mill in Ekpoma, Edo State. One half of the
fresh effluent was used to pollute top soil while the second half was aged for 7 days before use. The relative effects of the
fresh and aged Cassava effluents on the physio - chemical properties of soil were determined. The effects of pollution
varied with the soil/effluent contact period and the nature of the effluent. The result showed increase in the levels of pH,
organic carbon, phosphorus, sodium, potassium; and decrease in calcium, magnesium and nitrogen in the soil after treat-
ment with the effluents. There were no marked differences in the particle size distribution nature of the soil and the level
of the exchangeable acidity after treatment with the effluents. The results showed that the disposal on the top soil of fresh
and aged Cassava processing effluent could have diverse effects on the nutrient availability in the soil.

Key words: Cassava, particle size, Dicotyledon plant, Euphorbiaceae.

Introduction

Cassava  (Manihot esculenta Crantz) is a dicotyledon plant
belonging to the family Euphorbiaceae. Its tuberous roots are
valuable source of cheap calorie,especially in developing
countries where calorie deficiency and malnutrition are wide
spread. Cassava is well - cultivated in all the tropical regions
of the world (Nestel 1973).

Two main types of Cassava are cultivated in Nigeria; namely,
the “sweet” variety, which has low content of cyanogenic gly-
cosides, and the “bitter” variety, which has high cyanide con-
tent. The utilization of Cassava roots for both human and
animal nutrition appears to be limited by the presence of the
cyanogenic glycosides. As a result a  number of traditional
methods (Rosling 1988) have been used to process Cassava
tubes in order to reduce toxicity and improve palatability.

Garri, the form in which Cassava is most widely consumed
in Nigeria, is derived from the roots by peeling away the back
of the Cassava tuber, grating the tuber, dewatering and fer-
mentation of the grated pulp and then roasting of the result-
ant mash. Garri is probably the most important single tradi-
tional stable food in West Africa, and it is estimated that about
70% of the total Cassava grown in Nigeria  are channeled
into garri production (Olayide et al 1972). The annual output
of garri in Nigeria has been estimated as 1.5 - 2 million metric
tones, amounting to a monetary turnover of N150 - 200
million (Ngoddy and Kaplinsky 1968). The large volume of
wastewater generated in the processing of Cassava is often

discharged untreated into the environment. In this study,
the relative effects of fresh and aged Cassava processing
effluents on the physio-chemical properties to top soil are
examined.

Experimental

Collection of soil sample and Cassava effluent. The soil

sample used for this study was collected from a fallow
land in Ekpoma. Composite topsoil (0 - 15cm) sample was
collected, air - dried, crushed, mixed, sieved through 2mm
sieve and stored in a plastic container. The soil sample was
characterized in terms of pH, organic carbon, exchangeable
bases and acidity, nitrogen, phosphorus and particle size
distribution.

Fresh  Cassava processing  effluent was collected at a Cas-
sava processing mill  in Ekpoma. One half of the Cassava
effluent was aged (allowed to stand) for 7 days before use.
The fresh and aged samples of the effluents were character-
ized in terms of pH, organic carbon, nitrogen, phosphorus,
exchangeable bases and cyanide content.

Treatment of the soil sample with Cassava effluent. Three
hundred g of the soil samples were separately weighed into
ten plastic containers. Five of the weighed soil specimens were
mixed thoroughly with 100ml of fresh effluent and air - dried
for 5,10,15,20, and 25 days respectively. The samples were
designated F

5
, F

10
,F

15
,F

20
 and F

25
. Remaining five samples were

treated in the same manner with aged Cassava effluent. The
samples were designated A

5
, A

10
, A

15
, A

20
, and A

25
. The fol-* Author for correspondence
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lowing determinations were carried out using the various soil
samples.

pH of soil sample in water. Twenty g of the soil sample was
weighed into a 50ml beaker; 20ml of distilled  water was added,
stirred and allowed to stand for 30 min. The pH of the mix-
ture was then determined using a Bechman pH meter.

Soil organic carbon. The organic carbon contents of the
soil samples were determined by Walkely Black method
(Black 1965).

Exchangeable bases (calcium magnesium, potassium

and sodium). Calcium and magnesium in the soil samples

were determined using  the EDTA complexometric method
(Jackson 1958), while the potassium and sodium were deter-

mined by the flame photometry (Jackson 1958).

Exchangeable acidity (hydrogen and aluminium). The
exchangeable  acidity of the soil samples was determined by
titration of the KCl extract of the sample with 0.01M NaOH
(Jackson 1958). The exchangeable acidity in the soil samples

were expressed in meq / 100 of soil.

Phosphorus. The phosphorus contents of the soil samples
were determined using the Bray PI method (Bray and Kurtz
1945).

Total nitrogen. The total nitrogen content of the soil samples

was determined using the Macro - Kjeldhal digestion - distil-
lation method (Bremner 1960).

Physical properties of the soil sample by mechanical analy-
sis (Davidson 1953). Fifty g of  air-dried soil was weighed
into a shaking bottle. 50ml of distilled water was added, mixed
with a stirring rod and allowed to set for 30 min. The soil sus-
pension was then stirred with a mechanical stirrer for 30 min.

The suspension was transferred to the mechanical analysis glass
cylinder and made up to  mark with distilled water. The cylinder
was shaken by inverting it several times until all the soil went in
suspension. The cylinder was placed on a flat surface and the
time was noted. A hydrometer was slowly slided into the sus-
pension and the first reading on the hydrometer was recorded
after 60 sec to obtain the percentage sand in the soil. The second
reading of the hydrometer was taken after 2 h to obtain the per-
centage clay. The difference in the hydrometer readings gives
the percentage silt.

Characterisation of Cassava processing effluents. The

fresh aged Cassava processing effluents were characterised
to determine their composition. The pH, the carbon, nitrogen
and phosphorus contents and the exchangeable bases were

determined.

The cyanide contents of the effluents were determined by
titrating 25ml of the Cassava effluent  with  0.1N silver nitrate
using diphenyl carbazine as indicator (Vogel 1978).

Results and Discussion

The results obtained from the analysis of the fresh and aged
Cassava effluents  and the various soil samples are shown in
Table 1 to 4. The Cassava effluents were found to be rich in
phosphorus, potassium and sodium. The fresh effluent con-
tained 192 ppm phosphorus, 2.70 meq / l potassium and 1.90
meq / l potassium and 0.54 meq / l sodium as compared to the
untreated soil which contained 5.30 ppm phosphorus, 0.10
meq potassium and 0.06 meq sodium per 100 g soil.

Table 1
Characteristics of the fresh and aged Cassava

effluents

Parameters tested             Fresh Cassava      Aged Cassava
                                              effluent                  effluent

pH 6.30 6.00
Carbon(%) 0.46 0.52
Nitrogen(%) 0.27 0.36
Phosphorus(ppm) 192.00 168.20
Sodium (meq / 100 soil) 1.90 0.54
Potassium           ″ 2.70 1.45
Calcium              ″ 0.68 0.92
Magnesium         ″ 0.85 0.87
Cyanide (meq / 1) 2.56 1.98

Table 2
Physio - chemical characteristics of the untreated soil

sample

Parameters tested                              Composition

pH 6.60
Carbon(%) 0.38
Nitrogen(%) 0.46
Phosphorus(ppm) 5.30
Sodium (meq / 100 soil) 0.06
Potassium ″ 0.10
Calcium ″ 7.92
Magnesium ″ 0.88
Hydrogen ″ 0.20
Aluminium ″ 9.26
ECEC 9.26
Clay (%) 2.30
Silt (%) 4.40
Sand (%) 93.30
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The results in Table 3 and 4 show that there was no marked
difference in the particle size distribution nature of the soil,
before and after treatment with the effluents. The untreated
soil sample was found to contain 93.30% sand, 4.40% silt
and 2.30% clay. Treatment with fresh Cassava effluent  in-
creased the sand content to 95.30% and reduced the silt con-
tent to 2.90% after the soil / effluent contact period of 10 days.
Pollution did not show any appreciable effect on the clay con-
tent of the sample. Similar results were obtained when aged
Cassava effluent was used instead of the fresh effluent.

The pH of the untreated soil, the fresh and aged effluents were
6.60, 6.30 and 6.00, respectively. The pH levels of the soil
samples treated with aged effluents ranged from 7.30 to 8.00
while those of samples treated with aged effluents ranged from
7.40 to 8.30 as the contact period increased from 5 to 25 days.
The results show that Cassava  processing effluents (fresh or
aged) increase the pH of the soil making it alkaline. However,
the increase in pH was more pronounced when the aged efflu-
ents were used. Soil alkalinity is mainly caused by the pres-
ence of OH  and HCO3 anions. These anions are generally
produced by the hydrolysis of carbonates in the soil, particu-
larly sodium carbonate. The increase in the pH of the soil
samples following treatment with Cassava effluents could be
due to the fermentation of the effluents during which CO

2
 is

released. The increase in pH of the soil from 6.60 to 8.30
could have a negative effect on the growth of plants, as it is
known that plants survive in a pH range of 5.70 to 7.80
(Egharevba and Mayah  2001).

The organic carbon content of the soil increases form 0.38%
for the untreated soil to 0.96% when the soil was treated with

fresh effluent for a period of 5 days. Further increases in the
contact period reduced the organic carbon content to 0.65 (25
days contact period). When the aged effluent was used, the
percentage of carbon contents was generally higher than the
fresh effluent. The organic carbon increased to 1.18% at the
contact period of 5 days and decreased to 0.76 at the contact
period of 25 days. The general increase in the levels of or-
ganic carbon of the soil can be attributed to the contribution
from the effluents.

The nitrogen contents of the soil samples were depleted when
the fresh and fermented effluents were used to pollute the soil
samples. However, the negative effect produced by the fresh
effluent was more than the fermented effluent.

The nitrogen content decreased from 0.46 % to 0.12 and
0.26%  after treating for 25 days with fresh and aged effluents
respectively. Adequate nitrogen in the soil is important for
the optimum  growth of plants since all the vital processes in
plants are associated with the presence of nitrogen. It has been
reported that nitrogen functions effectively in the structure of
proteins, vitamins, hormones and chlorophyll (Dvayi and
Ekong 1981). Fresh Cassava effluent would in particular ren-
der the soil infertile. The decrease in the level of nitrogen in
the soil after treatment with the effluents can be attributed to
volatilization of the gaseous nutrient from the surface of the
soil as well as denitrification (Ulysses 1982). Of the nutrients
that plants normally require nitrogen is the most easily lost as
ammonia particularly in soil that is poorly drained at a pH of
about 7 (Ulysses 1982). The pH of the soil sample treated
with fresh and aged effluents varied from 7.30 - 8.00 and 7.40

Table 3
Physio - chemical characteristics of soil samples

treated with fresh Cassava effluent

Parameters tested                F5         F10      F15       F20      F25

pH 7.30 7.70 7.90 8.00 8.00
Carbon (%) 0.96 0.90 0.77 0.70 0.65
Nitrogen (%) 0.27 0.22 0.19 0.14 0.12
Phosphorus (ppm) 60.40 66.70 70.60 71.90 70.80
Sodium (meq/100 soil) 0.27 0.21 0.15 0.13 0.11
Potassium ″ 0.57 0.54 0.53 0.49 0.47
Calcium ″ 7.12 7.20 7.28 7.52 7.76
Magnesium ″ 2.64 2.56 1.60 0.88 0.16
Hydrogen ″ 0.20 0.20 0.20 0.30 0.20
Aluminium     ″ 0.00 0.00 0.00 0.00 0.00
ECEC 10.80 10.61 9.76 9.32 8.70
Clay (%) 2.30 1.80 2.30 2.30 2.30
Silt (%) 3.40 2.90 3.40 3.40 3.40
Sand (%) 94.30 95.30 94.30 94.30 94.30

Table 4
Physio - chemical characteristics of soil samples

treated with aged  Cassava effluent

Parameters tested                F5          
  F10       F15       F20        F25

pH 7.40 7.80 8.20 8.20 8.30
Carbon (%) 1.18 1.12 1.09 0.90 0.76
Nitrogen (%) 0.44 0.42 0.38 0.27 0.26
Phosphorus (ppm) 42.40 43.50 51.50 51.50 52.00
Sodium (meq/100 soil) 0.09 0.08 0.09 0.10 0.11
Potassium ″ 0.20 0.20 0.22 0.25 0.29
Calcium ″ 8.82 8.88 8.40 8.08 7.20
Magnesium ″ 2.55 1.58 0.96 0.64 0.40
Hydrogen ″ 0.20 0.20 0.20 0.20 0.10
Aluminium ″ 0.00 0.00 0.00 0.00 0.00
ECEC 11.86 10.94 9.87 9.27 9.27
Clay (%) 2.30 1.80 2.30 2.30 2.30
Silt (%) 3.40 2.90 3.40 3.40 3.40
Sand (%) 94.30 95.30 94.30 94.30 94.30
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- 8.30 respectively when the soil / effluent contact period var-
ied from 5 to 25 days. At a pH of about 7, some nitrogen
could have been lost as ammonia. In the process of denitrifi-
cation, nitrogen can be converted by anaerobic bacteria present
in the effluents to gaseous nitrogen, which is lost to the atmo-
sphere.

The phosphorus content of the soil was markedly increased
from 5.30 ppm for the unpolluted soil to 71.90 ppm and 52.00
ppm when   the soil samples were treated with fresh and aged
effluents for 25 days respectively. This was justified because
the analysis of the Cassava effluents  revealed a high phos-
phorus content of 192.00 ppm and 168.20 ppm for the fresh
and aged effluents respectively. Phosphorus is a highly pre-
dominant mineral in Cassava tuber. It is important in the plant
system for carbohydrate breakdown for energy release, cell
division and stimulation of early root growth and develop-
ment. It also enhances early maturation of seeds and fruits
(Jones 1982). This study has shown that polluting the soil
with Cassava effluent could enrich the soil with phosphorus.

The results obtained for the exchangeable bases show that
the levels of sodium and potassium generally increases when
the soil is treated with the fresh and aged  effluents. The level
of calcium in the soil was reduced when treated with fresh
effluent, but it increased from 7.92 to 8.88 meq / 100g soil
when treated with aged effluent at a contact period of 10 days.
The levels of magnesium decreased from 0.88 meq per 100g
soil to 0.16 meq and 0.40 meq per 100g soil at a contact pe-
riod of 25 days respectively, when the soil samples were
treated with fresh and aged Cassava effluents. The decrease
in the levels of calcium and magnesium can be attributed to
their precipitation as insoluble  phosphates (Egharevba and
Mayah 2001).

The exchangeable bases are important plant nutrient elements
in the soil. Treatment of soil with fresh or aged effluent did
not produce any marked effect on the available hydrogen and
aluminium in the soil sample.

The Effective Cation Exchange Capacities (ECEC) of the soil
samples increased from 9.26 meq  / 100g soil for the untreated
soil to 10.80 and 11.86 meq / 100g soil respectively, when the
soil samples were treated with fresh and aged effluents for 5
days. The values decreased to 8.70 and 9.27 after 25 days of
treatment with fresh and aged effluent.

This study shows that polluting the top - soil with fresh and
fermented Cassava effluents lead  to a diverse effect on the
physio - chemical properties of the soil. The increase in pH
and the depletion of nitrogen and calcium when fresh Cas-
sava effluent was used to pollute the soil could have a nega-
tive effect on the fertility of the soil. The deteriorating effect

of pollution on the nitrogen content of the soil was less pro-
nounced when the aged effluents were used. Also, the cal-
cium contents of the soil was enhanced when the aged efflu-
ent was used to pollute the soil. It can therefore, be recom-
mended that effluents from Cassava processing mills should
be stored in a tank for a  suitable period of time before it is
discharged into the environment.
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Important copper deposits of North Wazirstan Agency are confined to Shinkai and Degan Paikhel areas Miran Shah
Town. The copper mineralization in these areas is of native and sulphide types as veins, veinlets, stringers and rims
around fragments and associated with cupriferous breecia. The cupriferous massive sulphides occur in basalts belonging
to obducted ophiollite complex. An average copper contents of 17 ore samples is 0.45%. The flotation results show that
maximum liberation of chalcopyrite with gangue minerals occurs at - 63 (240 mesh) size. The complex nature of valuable
minerals with gangue does not hinder the separation of copper from the gangue materials. Results show that the copper
contents of the ore were enhanced from 0.5% to 24.0% in the concentrate. For ensuring better results about grade and
recoveries, further  studies on second and third stage flotation are needed.

Key words: Copper mineralization, Sulphide, Ophiolite complex, Froth flotation.

Introduction

The Miran Shah is the head quarter of North Wazirstan in the
North West Frontier Province. Important copper deposits have
been found at Shinkai near Boya located (longitude 69°, 55°

E and altitude 32°, 57° N) at a distance of 19 km from Miran
Shah and in the adjoining areas of Deggan and Khaddar Khel
(Badshah 1983). A number of chromite and manganese de-
posits have also been reported from the North Wazirstan
Agency. Important occurrences of copper are confined to
Shinkai and Deggan Paikhel areas near Miran Shah Town.
The mineralization in these areas is characterized as copper
native and its sulphides are generally associated with breecia
and occurs  as veins, veinlets, stringers and rims around frag-
ments (Khan 1998). Present work deals with geochemical
and flotation studies of Shinaki copper ore and its associated

rocks to assess the economic potential of these deposits.

Geological setting. The Wazirstan plateau overlooks the

vast Bannu  - D.I. Khan  predominant  plane in the east, which
is part of the desert fringe zones of Indus basin. The eastern
abutment of Wazirstan plateau is a thousand feet thick deltaic
mass where thin interbedded Cretaceous limestone,
shale,siltstone, Eocene limestone and shale are encountered .
These rocks are intensely folded and thrust eastward on
younger Muree Siwalik - Molsse Group of rocks. The west-
ern part of Wazirstan constitutes a complex igneous belt char-
acteristic of tectonic activity at plate scale. The belt repre-

sents collision suture zone between Indo - Pakistan plate to
the east and Kabul plate to the west. The intense folding of
Cretaceous rock at the eastern contact of the igneous complex
is indicative of allochthonous emplacement of ophiolites
(Badshah 1983).

The igneous belts extend  from north east to south west and
consists of ultramafic masses, mafic to acidic injections and
ultrabasic to basic volcanics. The ultramafic rocks consist of
harzbergite, pyoxenite, peridotite and dunite which are gen-
erally altered and serpentinized. The intrusives, subordinate
on occurrence comprise of diorite, quartz diorite, micro -
quartz diorite, granodiobite and gabbro. Volcaic rocks include
fine grained porphyritic pillow basalts and andesites with sub-
ordinate breecia and minor dacites, tuffs and agglomerates
(Badshah 1983).

The ophiolites are generally dismembered and have a com-
plex geological configuration (Afridi et al, 1991). On a re-
gional scale, however, the ophiolites can be roughly identi-
fied into a basal,part of ultrabasic, an intermediate zone of
sheeted dykes or sills and a zone of basaltic and andestie pil-
low lavas. Presence of jasperites is considered to represent
the pelagic sediments hosting manganese oxide deposits.
Chromite deposits occur in serpentinized dunites, manganese
oxide deposits occur in sediments and cupriferous massive
sulphides are hosted in basalts which occur in obducted
ophiolitie complex and ophiolitic melange along the colli-
sional suture zone in the Indian and Eurasuian plates.* Author  for correspondence
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Experimental

Standard procedures (Furman  1963) were applied for chemi-
cal evaluation of the representative 15 samples of crude cop-
per ore from North Wazirstan Agency for their major ele-
ments. The data obtained (Table I) indicate that the contents
of silica (SiO

2
) vary from 0.62 to 64.54%, Fe

2
O

3
 (total) 0.80

to 25.20%, Al
2
O

3
 4.20 to 9.80%, CaO 1.12 to 23.00% and

MgO 0.00 to 29.30%, whereas loss on ignition at 100°C is in
the range of 2.40 to 13.90%.  Flame Atomic Absorption Spec-
trophotometer (Model Z - 8000, Hitachi, Japan) detection limit
0.004 ppm, sensitivity 0.03 ppm and working standards 0.5
ppm to 4.0 ppm  was used for the determination of copper in
copper ore (Table 3). The copper contents of ore samples range
from 0.12 to 0.98% and the average copper content is 0.50%.
The minor elements such as Co, Mn, Ni, Pb, Zn, Ag, and Au
were also determined using Atomic Absorption Spectropho-
tometric methods (Table 2).

The X - ray diffraction (XRD) analysis shows that the ore
samples contain chalcopyrite, pyrite, and magnetite as major
valuable metallic minerals, and brochanite, jasperite, chamo-
site, namite and quartz as gangue minerals.

The particle size determination of major valuable metallic
minerals chalcopyrite, pyrite and magnetite are given in (Table
4). Other minor metallic minerals were found with very low
contents. Liberation studies were conducted to obtain liber-
ated chalcopyrite with gangue minerals. The maximum lib-

Table 1
Chemical evaluation of copper ore (15 samples) of

North Wazirstan Agency for major elements %
composition of major elements

  SiO
2
     [Fe

2
O

3
 ]*   Al

2
O

3
       CaO       MgO       L.O.I       Total

52.52 14.50 06.20 08.08 10.20 08.60 100.10
60.00 10.30 04.20 08.50 10.25 06.80 100.05
53.20 20.50 07.20 02.50 07.50 08.90 99.80
48.36 25.20 08.70 02.60 08.00 07.10 99.90
60.24 15.30 08.40 01.68 08.00 06.40 100.02
54.40 20.30 09.20 01.68 07.80 06.23 99.61
60.20 17.00 06.20 04.20 06.40 05.80 99.80
58.24 18.40 09.80 08.60 02.40 02.40 99.84
41.04 06.30 07.90 01.12 29.30 13.90 99.56
0.62 00.80 06.90 50.40 00.00 41.05 99.77

04.70 14.30 06.20 23.00 12.40 13.50 100.10
50.98 14.00 08.00 11.20 05.60 10.10 93.88
64.54 14.40 06.30 01.65 08.00 05.00 99.58
54.60 21.10 10.00 01.68 08.40 04.80 99.58
62.40 15.20 09.80 03.36 02.80 06.25 99.58

*  Fe
2
O

3 
 as total iron

L.O.I  Loss on Ignition at 100°C

Table 2
Determination  of copper content in the ore (28

samples) North Wazirstan Agency

                                        % Composition of elements
  Cu         Co        Mn        Ni        Pb          Zn         Ag      Au

0.150 0.010 0.100 0.050 0.0005 0.060 0.050 <0.001
0.180 0.010 0.150 0.030 0.0000 0.140 0.003 <0.001
0.070 0.000 0.050 0.020 0.0004 0.180 0.002 <0.001
0.160 0.010 0.090 0.010 0.0003 0.020 0.003 <0.001
0.200 0.010 0.180 0.010 0.0000 0.040 0.004 <0.001
0.000 0.010 0.000 0.020 0.0002 0.020 0.001 <0.001
0.000 0.010 0.000 0.010 0.0000 0.020 0.002 <0.001
0.100 0.010 0.000 0.010 0.0000 0.020 0.005 <0.001
0.000 0.010 0.000 0.010 0.0000 0.020 0.005 <0.001
0.100 0.020 0.000 0.270 0.0005 0.020 0.000 <0.001
0.320 0.000 0.130 0.000 0.0001 0.010 0.002 <0.001
0.500 0.010 0.250 0.010 0.0005 0.030 0.000 <0.001
0.060 0.000 0.000 0.000 0.0000 0.020 0.000 <0.001
0.080 0.010 0.000 0.030 0.0003 0.010 0.000 <0.001
0.000 0.010 0.000 0.000 0.0005 0.070 0.001 <0.001

eration of chalcopyrite with gangue minerals occurs at - 63
microns (240 mesh) size. After undertaking chemical analy-
sis of 28 samples for their copper content, all these samples
were combined (28 kg) and crushed in jaw crusher to obtain a
suitable feed for grinding. The grinding and powdering was
carried out using a laboratory rod mill (Model WEDAG
Westfalia, Bochum) and electric sieve shaker (Endecott,
Model 2 MK II, London). Regrinding method was carried out
to achieve the desired mesh of liberation of chalcopyrite in
the ground product.

A series of flotation tests were carried out to determine the
effect of collector, potassium propyl xanthate (kpx) concen-
tration and activator sodium sulphide (Table 5). The commer-
cially available kpx was recrystallized twice from acetone by
addition of petroleum ether and dried under vacuum to avoid
any atmospheric oxidation.  Analytical reagent grade sodium
sulphide was used to study the effect of activator in flotation.
Solutions were made with distilled water (Khan 1998). All
the flotation tests were carried out by using laboratory flota-
tion machine (Denver, England) in a litre cell at 25% (weight
/ volume) pulp density. The impeller speed was kept constant
at 1200 rmp throughout the flotation tests. 25 g  powdered
(240 mesh) copper ore was conditioned prior to its flotation
with 60 g / ton sodium sulphide activator for five minutes and
subsequently with collector for five minutes. The effect of
various concentrations of collector are given in Table 5. The
desired value of pH (9 - 10) was adjusted with lime  water and
was kept constant throughout the flotation tests, 2 - 3 drops of
frother (cynamide, aero froth 65) was used for flotation. Time
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batch method was used during each flotation test and the prod-
ucts were obtained after 5 minutes  each . The flotation time
was normally noted to be less than 15 min.  The copper con-
centrate, middling and tailing obtained were dried and assayed
for copper contents by atomic absorption spectrophototmetric
technique ( Rao et al 1976; Xiang and Yen 1998).

Results and Discussion

The copper content in the North Wazirstan Agency copper ore
ranges from 0.12 to 0.98% and the average copper content of
28 samples is 0.48%. Other minor elements are not present in
significant quantity. The major valuable metallic minerals are
chalcopyrite, pyrite and magnetite, other minerals such as
galena, sphalerite etc. and  found with low contents. Therefore,
size determination was made only on chalcopyrite, pyrite and

Table 3
Determination of copper content in the ore (28

samples) of North Wazirstan Agency

S. No     Sample No.        Cu (%)           Rock / ore

1 P3 - 1 0.03 Associated rock
2 P3 - 2 0.05 Associated rock
3 P3 - 3 0.04 Associated rock
4 P3 - 4 0.02 Associated rock
5 P3 - A1 0.27 Ore
6 P3 - A2 0.33 Ore
7 P3 - A3 0.07 Associated rock
8 P3 - A4 0.09 Associated rock
9 P3 - B1 0.94 Ore

10 P3 - B2 0.41 Ore
11 P3 - B3 0.05 Associated rock
12 P3 - B4 0.64 Ore
13 P3 - C1 0.59 Ore
14 P3 - C2 0.30 Ore
15 P3 - C3 0.40 Ore
16 P3 - C4 0.49 Ore
17 P3 - D1 0.22 Ore
18 P3 - D2 0.21 Ore
19 P3 - D3 0.19 Ore
20 P3 - D4 0.17 Ore
21 P3 - E1 0.98 Ore
22 P3 - E2 0.42 Ore
23 P3 - E3 0.05 Associated rock
24 P3 - E4 0.12 Ore
25 P3 - F1 0.25 Ore
26 P3 - F2 0.08 Associated rock
27 P3 - F3 0.38 Ore
28 P3 - F4 0.10 Associated rock

Table 4
Results of particle size determination of principal

minerals

Average size      Chalcopyrite %       Pyrite %           Magnetite %

       µm             Ind.        Cum         Ind.     Cum         Ind.      Cum

1.286 2.330 - - -  4.26 -
1.000 5.620 7.95 7.88 7.95 12.21
0.503 13.230 21.18 17.73 25.61 8.49 20.70
0.253 18.950 40.13 31.49 57.10 11.89 32.59
0.128 17.200 57.33 20.96 78.06 20.72 53.31
0.060 24.700 82.03 16.01 94.07 27.23 80.54
0.020 14.490 96.52 5.18 99.25 14.89 95.43
0.005 3.480 100.00 0.75 100.00 4.57 10.00

Table 5
Effect of potassium propyl xanthate concentration on
the flotation studies of copper ore (containing 0.48%

Cu)

Collector     Flotation     %Cu    % Recovery    Cum. %    Cum. %
dosage         fraction                                         recovery      grade
g / ton

Conc. 1 14.00 52.00 42.00 14.00
50 Conc. 2 9.34 23.56 65.56 10.50

Middling 6.00 7.44 73.00 9.70
Tailing 0.56 17.00 100.00 1.70
Conc. 1 19.00 54.36 36.36 19.00

100 Conc. 2 9.10 22.25 58.61 12.02
Middling 5.00 10.24 78.85 8.35
Tailing 0.43 13.15 100.00 1.47
Conc. 1 20.00 56.25 34.24 20.00

150 Conc. 2 16.00 21.09 85.33 17.00
Middling 5.52 11.79 87.12 10.00
Tailing 0.30 10.88 100.00 1.93
Conc. 1 21.00 47.23 47.23 21.00

200 Conc. 2 18.00 25.88 73.11 15.25
Middling 6.10 18.08 91.19 11.00
Tailing 0.20 6.31 100.00 2.00
Conc. 1 22.92 58.03 58.03 22.91

250 Conc. 2 9.40 11.26 69.29 15.72
Middling 6.20 8.72 78.01 12.82
Tailing 0.40 21.99 100.00 1.71
Conc. 1 24.00 51.65 61.65 24.00

300 Conc. 2 15.00 39.06 90.71 17.87
Middling 3.70 4.00 94.71 14.21
Tailing 0.11 5.29 100.00 1.82
Conc. 1 23.00 66.22 66.22 23.00

400 Conc. 2 1.48 21.19 86.45 1.35
Middling 3.30 4.98 91.30 12.89
Tailing 0.24 8.61 100.00 2.31
Conc. 1 20.15 45.20 45.20 20.15

600 Conc. 2 12.23 18.09 63.29 15.94
Middling 4.85 5.82 69.11 12.61
Tailing 1.19 30.89 100.00 3.18
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magnetite. Particle size of chalcopyrite is found in a rather wide
range with 0.060 mm fraction accounting for 82.03% - 0.06 mm
fraction about 18%. If one stage grinding was used to liberate
all chalcopyrite particles, a considerable part of chalcopyrite and
other minerals would be overground, which would not only need
more equipment and energy consumption but also cause diffi-
culties in its flotation.  Therefore, a stage grinding with coarser
one to discard tailing followed by regrinding of rough concen-
trate has been recommended.

Sulphide minerals are among the simplest to float but com-
mercially very important. There were the earliest group of
minerals treated in this way and have been the subject of nu-
merous researchers (Leija 1982; Critechley and Riaz 1991;
Riaz et al 2001). The North Wazirstan Agency copper depos-
its are porphyry copper sulphide ore, containing predominantly
chalcopyrite and pyrite. Therefore, a lime circuit was used in
these studies to keep the pH in the range of  9 - 10. Use of
lime was preferred as it acts as depressant for iron sulphide
gangue minerals.

A series of flotation tests were conducted with different col-
lector dosages, keeping all other flotation parameters constant.
The increase of collector concentration upto 300 g / ton of the
ore increases the copper content in concentrate with improved
percent recovery and grade. Best flotation results were ob-
tained with 300 g / ton of collector concentration with en-
hanced copper content from 0.5% to about 24%. The increased
concentration of collector over this value affects the chalcopy-
rite flotation adversely. The results obtained by froth flotation
technique indicate that it is possible to obtain  good separa-
tion of chalcopyrite from the gangue materials. Despite the
complex nature of the ore, the upgradation is quite satisfac-
tory. For obtaining better grade and recoveries, further stud-
ies for two stage flotation are recommended.
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Introduction

The alkylation of biphenyl was first carried out in the prese-
nce of BF3 catalyst (Romadane 1957, 1959; Romadane et al
1957). Based on their work in the 1950s, the products were
mixtures of 4 - alkyl - and 4, 4 - dialkylbiphenyl. Although, vari-
ous fluorenyl - silanes, i.e. dimethylbis (9 - fluorenyl)  silane
(Patsidis et al 1996; Resconi et al 1996) and dimethyl (9 - fluo-
renyl) cyclopentadienylsilane (Silaghi et al 1995) are known to
be prepared from lithiation reaction of fluorene, the cyclization
of biphenyl with alkyl halides containing silyl groups has
never been reported.

The present paper describes synthesis of new fluorenyl deri-
vatives containing silicon metal as precursors for blue - light -
emitting polyfluorenes. 9 - (2 - trichlorosilylethyl)fluorene and
9 - methyl - 9 - (2 - trichlorosilylethyl)fluorene were synthesized
through cyclization reactions of biphenyl with dichloropro-
pyltrichlorosilane and dichlorobutyltrichloro - silane, in the
presence of anhydrous aluminum chloride. All these com-
pounds were structurally identified by GC / MS, 1H and 13C -
NMR spectroscopy.

Experimental

All reactions were carried out under nitrogen atmosphere. All
glassware used was flame - dried or oven - dried before use.
Solvents were purified using standard purification procedures
(Perrin et al 1980). Anhydrous aluminum chloride, trichloro-
silane, H2PtCl6 (0.1M solution in IPA), triphenylphosphine,
PdCl2 and 1,3 - butadiene were purchased from Aldrich Chemi-
cal Co. and used without further purification. Biphenyl was
purchased from Yakari Pure Chemical Co. while 3 - chloropro-
pyltrichlorosilane and trichlorosilyl - 2 - butene were prepared
by the reported procedure (Tsuji et al 1974). Dichloropropyl-
trichlorosilane and dichlorobutyltrichlorosilane were pre-
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anhydrous aluminum chloride catalyst gave 9 - (2 - trichlorosilylethyl)fluorene and 9 - methyl - 9 - (2 - trichlorosilylethyl)
fluorene along with isomeric uncyclized products. All the compounds were structurally identified by GC / MS, 1H and
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pared by passing chlorine gas through 3 - chloropropyltrichlo-
rosilane and trichlorosilyl - 2 - butene respectively.

All air - sensitive liquids and dried solvents were transferred
by standard syringe or double - tipped - needle technique.
Reaction products were analysed by GLC using a capillary
column (SE - 30, 30m) or a packed column (10% OV - 101 on 80
- 100 mesh Chromosorb W / AW, 1 / 8 in x1.5 in) on a Varian
3300 gas chromatograph equipped with a flame ionization
detector or a thermal conductivity detector. The samples for
characterization were purified by preparative GLC using a
Varian aerograph series 1400 gas chromatograph with a ther-
mal conductivity detector and a 2m by 1 / 8in. stainless steel
column packed with 20% OV - 101 on 80 - 100 mesh chromo-
sorb P / AW. Mass spectra were obtained using a Hewlett -
Packard 5890 Series II gas chromatograph equipped with a
5972 mass selective detector.

NMR spectra were recorded on a Varian spectrometer using
samples in CDCl3 solution, 1H - NMR spectra at 300 MHz and
13C NMR at 75.4 MHz.

Syntheses. 9 - (2 - Trichlorosilylethyl) fluorene (1). Biphe-
nyl, 80g (519 mmol) and anhydrous aluminum chloride, 4.8g
(36 mmol) were charged into a 500c.c. 2 - neck flask attached
with a reflux condenser. Biphenyl was allowed to melt under
N2 atmosphere. While it was stirring, dichloropropyl - trichloro-
silane, 64g (259.7 mmol) was added very slowly via a syringe.
HCl evolution was noticed. The reaction mixture was kept at
130°C for 2 h after that it was worked up by deactiva-ting the
AlCl 3 with POCl3, 6.6g (43.2 mmol). The reaction mixture was
then extracted with dry n - hexane. Low boilers were removed
using bulb to bulb distillation, while high boilers were distilled
out under vacuum. The product along with the isomers were
collected at a b.p. of 130 ~ 134°C / 0.2 torr. Pure 9 - (2 - trichloro-
silylethyl)fluorene, 38.28g was obtained through recrystal-
lization  from dry Et2O in 45% yield, based on silane used.*Author for correspondence
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1H - NMR. δ 0.93 - 0.99 (m, 2H,CH2), 2.44 - 2.51 (m, 2H, CH2), 4.17
- 4.20 (t, 1H, CH), 7.36 - 7.89 (m, 8H, aromatic).
13C - NMR. δ 18.57 (CH2), 24.71 (CH2), 47.73 (CH), 120.16, 124.16,
127.36, 127.59, 141.74, 145.41 (aromatic C).
GC / MS (m / e). calcd. for C15H13SiCl3, (M

+) 326, found 326.

9 - Methyl - 9 - (2 - trichlorosilylethyl)fluorene (2a). Eight g
(51.88 mmol) biphenyl and 0.33g (2.475 mmol) AlCl3 (anhy-
drous) were taken into a 50cc, 2 - neck flask connected with a
reflux condenser and flushed with N2. 3.38 Gram (12.97 mmol)
of dichlorobutyltrichlorosilane was added via a syringe. The
reaction mixture was heated at 100°C for 1 h. After that time the
reaction mixture which was purple in colour, was worked up by
deactivating the catalyst with POCl3, 0.46g (2.97 mmol). It was
extracted with dry n - hexane. Low boilers were removed thro-
ugh bulb to bulb distillation at atmospheric pressure, while
high boilers were distilled out at reduced pressure. Yellow oily
distillate was obtained at a temperature of 140 ~ 145°C / 0.2 torr
which contained a mixture of 3 isomers. The yield of the major
product i.e. 9 - methyl - 9 - (2 - trichlorosilylethyl)fluorene was
33% as obtained from GLC analysis. Preparative GC was per-
formed to separate the product  which was later on fully charac-
terized by GC / MS, 1H and 13C - NMR. The other two isomers
were characterized as substituted biphenyls as represented
by structures (2b) and (2c).

1H - NMR (2a). δ 0.60 - 0.66 (m, 2H, CH2), 1.54 (s, 3H, 9 - methyl),
2.24 - 2.30 (m, 2H, CH2), 7.36 - 7.77 (m, 8H, aromatic).
13C - NMR (2a). δ 19.05 (CH2), 26.48 (CH3), 32.56 (CH2), 51.0 (C9),
120.13, 122.61, 127.52, 127.64, 141.74, 150.41 (aromatic).
GC / MS (m / e) (2a). Calcd. for C16H15SiCl3 (M

+
), 340, found 340.

1H - NMR (2b). δ 1.34 - 1.36 (d t, 5H, CH3, CH2), 1.87 - 1.95 (q, 2H,
CH2), 2.78 - 2.85 (h, 1H, CH), 7.27 - 7.62 (m, 9H, aromatic).
13C - NMR (2b). δ 21.03 (CH3), 21.92 (CH2), 30.41 (CH2), 41.33
(CH), 126.78, 126.89, 127.03, 127.16, 139.14, 144.21 (aromatic).
GC / MS (m / e) (2b). Calcd. for C16H17SiCl3 (M

+), 342, found 342.
1H - NMR (2c). δ 1.33 - 1.35 (d, t, 5H, CH3, CH2), 1.85 - 1.94 (q, 2H,
CH2), 2.76 - 2.83 (h, 1H, CH), 7.25 - 7.59 (m, 9H, aromatic).
13C - NMR (2c). δ 21.03 (CH3), 21.92 (CH2), 30.41 (CH2), 41.33
(CH), 126.78, 126.89, 127.03, 127.16, 139.14, 144.21 (aromatic C).
GC / MS (m / e) (2c). Calcd. for C16H17SiCl3 (M

+), 342,found  342.

Results and Discussion

Alkylation reactions. Biphenyl was alkylated with dichloro-
propyltrichlorosilane in the presence of anhydrous aluminum
chloride in order to get 9 - (2 - trichlorosilylethyl)fluorene (1).
Dichloropropyltrichlorosilane was obtained by chlorinating
3 - chloropropyltrichlorosilane under UV - irradiation. During
the chlorination reaction two isomers of equal ratio i.e. 3, 3 -
and 2, 3 - dichloropropyltrichlorosilanes were produced both
of which were later on used for the alkylation reaction (rtn. 1
and 2). (1) was obtained in 45% yield, using the molar ratio of
2 : 1 (biphenyl : silane).

The reaction also gave some polymeric material which could
not be identified.

Reaction 2 suggests that the γ - C of the dichloropropyltrichlo-
rosilane takes part in the cyclization reaction, forming 9th car-
bon of the fluorene ring and shifting proton at γ position of 2,
3 - dichloropropyltrichlorosilane to β position after dechlori-
nation.
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Similarly, 9 - methyl - 9 - (2 - trichlorosilylethyl)fluorene (2a) was
synthesized from reaction of biphenyl with 2,3 - dichlorobu-
tyltrichlorosilane (rtn. 3). When biphenyl was reacted with 2,
3 - dichlorobutyltrichlorosilane in molar ratio of 4:1 (biphenyl
to silane) for 1 h, 9-methyl-9-(2-trichlorosilylethyl)fluorene (2a)
was obtained in 33% yield based on silane used. Two uncy-
clized side products (2b) and (2c) were also produced in lower
yields.

Structural elucidation. The 1H - NMR spectrum of (1)
shows two multiplets each of relative area 2 and one triplet
(rel. Area 1) in aliphatic region. One multiplet at δ 0.93 - 0.99
ppm corres-ponds to the protons at silicon coordinated car-
bon while the 2nd multiplet at δ 2.44 - 2.51 ppm is attributed to
the protons of the 2nd carbon of the ethyl group. The triplet at
δ 4.17 - 4.20 ppm is due to the single proton at the 9th carbon of
the fluo-rene ring.

In aromatic region, two sets of peaks are originating. The mul-
tiplet at 7.36 - 7.89 corresponds to the six protons (1, 2, 3, 6, 7,
8) and peaks at δ 7.82 and 7.84 ppm are due to protons at 4 and
5 position of the fluorene ring.

The 13C - NMR spectrum shows three resolved peaks in alipha-
tic region while six peaks are observed in aromatic region and
is a good coincidence with the 1H - NMR spectrum.

Similarly, structures for 2a, 2b and 2c were deduced from the
1H and 13C - NMR data.
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Introduction
Fusarium oxysporum f. sp. ciceris is the most devastating
disease resulting in 10 - 50% crop loss every year in Pakistan.
The fungus is seed borne as well as soil borne and can survive
in the soil for more than five years. Moreover, it has some
symptom - less carriers like lentil and peas (Saxena and Singh
1987) and it is impracticable to control the disease by using
fungicides and through crop rotation. Use of resistant varie-
ties is the best way to control the disease. But due to absence
of true resistance in chickpea against wilt disease and a conti-
nuous problem of the occurrence / development of new patho-
genic races (Jimenez - Diaz et al 1989) it has become difficult
to overcome the yield losses.

Isolates of the pathogen induce yellowing or wilt syndromes
as a result of vascular infections and both pathotypes showed
varying degree of pathogenicity towards chickpea lines. Seven
races of FOC have been identified by their differential inte-
ractions with chickpea lines (Haware and Nene 1982; Trapero
- Cases and Jimenez - Diaz 1985; Jimenez - Diaz et al 1989).
The underlying mechanism for varying pathogenicity /
virulence is still unclear. Several biochemical phenomenons
have been reported in plant - microbe interactions where
phytotoxins (Yoder 1980; Alam and Iftikhar 1996), fungal
enzymes including pectic enzymes, cutinase enzymes etc.

BIOCHEMICAL CHANGES IN CHICKPEA ROOTS AFTER INOCULATION WITH VIRULENT

AND HYPOVIRULENT. ISOLATES OF FUSARIUM OXYSPORUM F. SP. CICERIS

Iftikhar A Khana, S Sarwar Alama* and Abdul Jabbarb

aNuclear Institute for Agriculture and Biology, P O Box 128, Jhang Road, Faisalabad, Pakistan
bDepartment of Chemistry, Islamia University, Bahawalpur, Pakistan

(Received April 30, 2002; accepted September 5, 2002)

Total phenolic contents increased in the roots of susceptible and resistant varieties of chickpea after inoculation with the
virulent as well as hypovirulent isolates of Fusarium oxysporum f. sp. ciceris (FOC). Highest increase was observed
against the highly virulent isolate 9718 in the roots of Aug - 424 and CM 98. While least increase was found against less
virulent isolates viz. 2002 and 2014. Increases in total phenols were more in resistant variety as compared to susceptible
one. Inhibition of total phenols was observed in the roots of both varieties nine days after germination by the isolates
2012, 9718 and 2002. No reduction in phenols of both varieties was observed against less virulent isolate 2014. The
biautography of the developed TLC by using Cladosporium cucumerinum revealed that two inhibition zones were produced
by both the varieties against all the FOC isolates. Highest expression of total phenols in chickpea roots was found by the
most virulent isolate 9718 followed by 2012 and 2002, reduction was more in CM 98 as compared to Aug - 424. The
results suggest that the virulent and hypovirulent isolates produced non-specific elicitors while specific suppressors were
produced by the isolates 9718, 2012 and 2002.
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Kollattukudy (1985); Artes and Tena (1990) or suppressors
(Hiramatsu et al 1986) have been found as pathogenicity /
virulence factor. Elicitor’s production by the pathogen has
also been referred as a virulence factor in many cases (Deverall
and Deakin 1985; De Wit et al 1985). A great deal of work has
been done on the production of elicitor / suppressor of Asco-
chyta rabiei causing blight of chickpea (Kessmann and Barz
1986) but no reports are available about FOC.

The objectives of the present studies were to identify the pos-
sible mechanisms regarding elicitor / suppressor production
by the hypovirulent / virulent isolates of FOC.

Materials and Methods
Chickpea material. Two chickpea varieties Aug - 424 (sus-
ceptible) and CM 98 (resistant) were used in this study.

Fungi. The two virulent strain 2012 (virulent) and 9718 (highly
virulent) and two hypovirulent isolates 2002 and 2014 of
Fusarium oxysporum f. sp. ciceris (Isolated from the diseased
chickpea samples collected from Thal, Punjab, Pakistan,
during a survey in 2000), were used in this study.

Estimation of total phenols. Wilt, sick soil was prepared as
described by Nene et al (1981) and filled in small plastic pots
(4''x4''x4''). Ten seeds of each variety were sown in one pot
in three replicates. The fresh roots of both varieties were
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collected after 3 and 9 days of germination in three replicates,
washed in distilled water and dried in filter paper. The roots
(0.5 gm) were grinded with pestle and mortar in 2.0 ml of
acidified methanol (80% with 0.1% HCI) and the material
was filtered through buchner funnel using suction pump. The
solvent was evaporated on rotary evaporator at 40°C and finally
dissolved in 0.5 ml of methanol. Total phenols were estimated
in the fresh roots of these lines by the Folin reagent (Simson
and Ross 1971). Total phenols were also estimated in healthy
(control) roots of these varieties.

Detection of antifungal compounds. Methanol extract of each
sample (50 µl) were spotted on thin layer chromatographic
(TLC) plate (0.5 mm thick silica gel 60 GF254 plates). The
plates were developed in chloroform - methanol (97:3) solvent
system. The developed TLC plates were placed in hot incu-
bator at 40°C for 3 h to evaporate the solvents. The TLC plates
were bioautographed against test fungus Cladosporium
cucumerinum as described by Sibtain et al (2002). The
developed TLC plates were sprayed with Folin Ciocalteu
reagent to identify the nature of these compounds.

Results and Discussion
Total phenolic contents increased in the roots of susceptible
and resistant varieties against the virulent as well as hypo

virulent FOC isolates as compared to the control (non inocu-
lated plants) three days after germination. Highest increase
(80 and 96%) was observed against the highly virulent isolate
9718 in the roots of Aug - 424 and CM 98, respectively. While
lowest increase was produced against less virulent isolates
viz. 2002 and 2014. The isolate 2012 induced 37.4 and 54.00%
increase of total phenols in susceptible and resistant varieties.
The percentage increases of total phenols were more in
resistant variety as compared to susceptible one Fig 1. The
isolated 2012, 9718 and 2002 inhibited total phenols in the
roots of both varieties nine days after germination as compared
to their control. No reduction in phenols of both varieties was
observed against less virulent isolate 2014.

The decrease in total phenols was highest in both varieties
against the most virulent isolate 9718 followed by 2012 and
2002. No significant reduction was produced by less virulent
isolate 2014. Percentage reduction in phenols was higher in
CM 98 as compared to Aug - 424 (Fig 1). Aug - 424 comple-
tely wilted at 15 days of germination and the resistant variety
CM 98 wilted at 25 - 27 days after germination.

The bioautography of the developed TLC by using Cladospo-
rium cucumerinum revealed that two inhibition zones at Rf
values 0.85 and 0.88 were produced by both the varieties
against all the FOC isolates (Fig 3). Healthy plants (control)

Fig 1. Percentage increase of total phenols in chickpea roots of two varieties at three days and nine days after germination when
inoculated with virulent / hypovirulent isolates of F. oxysporum f. sp. ciceris.
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Fig 3. Bioautography of the TLC plates against Cladospo-
rium cucumerinum showing antifungal compounds
produced by the roots of chickpea.

Fig 2. Percentage of total phenols decreased in chickpea roots at 9 days vs. 3 days after germination when inoculated with virulent /
hypovirulent isolates of f. oxysporum F. sp. ciceris.

did not produce these antifungal compounds which revealed
that the antifungal compounds were phytoalexins and only

produced after fungal attack. No difference was observed in
the samples taken at three days and nine days after germi-
nation. The antifungal compounds produced blue color after
spraying with Folin reagent, which confirmed that the
compounds were phenolic in nature.

The results suggested that the phenomenon of elicitor pro-
duction by the less virulent isolates (production of specific
elicitors) might not be operating in FOC isolates because the
highly virulent isolates induced higher amount of phenolic
contents in both varieties, (three days after germination) as
compared to the less virulent isolates. But non - specific elicitor
would be produced by all isolates that might be the cause of
accumulation of phenolic compounds in chickpea roots. Endo-
polygalacturonase enzymes and fragments of pectin have
been reported to elicit phytoalexins in plants (Stekoll and West
1978; Roberston 1986). The virulent / hypovirulent isolates
of FOC produced polygalacturonase and pectin lyase enzy-
mes (Artes and Tena 1990) and in our studies the highly
virulent isolate 9718 produced highest polygalacturonase
activity (unpublished results). So, the enzyme itself or its
degradation products might be eliciting the accumulation of
phenols in chickpea roots three days after germination.

The highest percentage decrease of total phenols was produced
by the highly virulent isolate 9718 (Fig 2) followed by the
virulent isolate 2012 indicating that these isolate would be
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producing suppressors. As, there was no difference in the
production of anifungal compounds against all the isolates
(Fig 3) even during nine days. So, the suppressors produced
by the virulent isolates would be specific and might be
eliminating or decreasing the effect of non - specific elicitors
and resulting compatible interaction. Similar results were
observed by Doke and Tomiyama (1980) when they isolated
high molecular weight non - specific elicitor and a specific
low molecular weight glucan suppressor from Phytopthora
infestans. The results also indicated that less virulent isolate
2014 is not producing specific suppressor.

Conclusion
The virulent and hypovirulent isolates of F. oxysporum pro-
duced non - specific elicitors while specific suppressors were
only produced by virulent isolates.
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The crude ethanolic extract of Rhazya stricta Dcne; (Family, Apocynaceae) was tested, on the basis of medicinal and
folklore reports for antimicrobial activity against a wide range of gram - positive and gram - negative organisms. Leaves
extract was found to be more active as compared to other parts exhibiting 69.23% and 66.66% activity against gram -
positive and gram - negative organisms respectively. Seeds extract exhibited maximum inhibitory activity (“A” category
zone) i.e. 23.07% and 16.66% against gram - positive and gram - negative organisms respectively as compared to other
parts of Rhazya stricta. Reference standard i.e. co-trimoxazole exhibited only 7.69% “A” category zones against gram -
positive organisms only.

Key words: Rhazya stricta, Apocynaceae, Antibacterial activity.

Introduction

Recognition, importance, necessity and potentiality of medi-
cinal plants in present day practice cannot be overlooked. They
are still being used as a source of medicament for a variety of
diseases, not only by rural population but also by socio - cul-
tural system of people with fair amount of success having no
scientific information.

Rhazya stricta Dcne., commonly known as Sundwar, Sewar
or Gandera, belongs to the family Apocynaceae - an alkaloids
bearing family. It comprises of 300 genera and 200 species.
Found abundantly in Pakistan and is an endemic flora of Sind
(Hooker 1875, Salimuzzaman et al 1966, Baqar 1967 & 1989 and
Khan et al 1979). The plant is well known for its antitumor
activity (Watt 1892 & Sarfaraz et al 1972). In indigenous sys-
tem of treatment, the plant is used as an effective remedy for
boils, eruption, syphilis, sore throat, fever, rheumatism, pain
and painful affections and in general debility (Watt 1892,
Kirtikar et al 1933 & Chopra et al 1956).

Earlier studies indicates that the plant has been a subject of
number of chemical investigations, which have revealed the
presence of a large number of indole alkaloids whose struc-
ture have been elucidated using modern spectroscopic tech-
niques (Chatterjee et al 1961, Salimuzzaman 1966, Mukh-
opadhayay et al 1981, 1983 and Atta - ur - Rahman et al 1982,
1989 & 1995; Gerasimenko  et al 2001, Stockigt et al 2002).
These alkaloids are reported to exhibit hypotensive, antispas-
modic, antidiabetic (Tanira et al 1996 and Ali et al 1997) anti-
inflammatory (Wasfi et al 1995) antimicrobial (Mariee et al 1988,
Bashir et al 1992 & 1994) and antineoplastic (Mukhopadhyay
et al 1981 & 1983) activities.

Keeping in view, the reported medicinal properties related to
this plant, it was thought to exploit Rhazya stricta plant bio-
logically for its antimicrobial activity. The present work invol-
ves the antibacterial activity of different parts i.e. leaves, roots,
fruits and seeds of Rhazya stricta plant. This plant is also
available in other parts of the world. On the other hand, it will
also give a new challenge to strike new sources of medica-
tions as claimed by folklore practitioners on firm footed scien-
tific evaluations.

Materials and Methods

Collection and identification of plant material.The
plant material was collected from the suburbs of Karachi. Prop-
erly identified by a taxonomist and a voucher specimen was
deposited in the herbarium of Applied Biology Research Cen-
tre, PCSIR  Laboratories Complex, Karachi.

Preparation of extract. Each part of the collected plant
material i.e. leaves, roots, fruits and seeds were individually
washed and dried in oven at 45°C ± 5°C. The dried and milled
part of Rhazya stricta was extracted with 95.00 % ethyl alco-
hol (100 g per 1.25 lit) at room temperature. Solvent was al-
lowed to remain in contact with each part of plant material for
48 h with continuous agitation for 6 h per day, then decanted
and pooled. Process was repeated thrice in order to obtain the
maximum quantity of the extract. Pooled solvent was remo-
ved under vacuum at 40°C ± 1°C. This afforded a crude etha-
nolic extract. Percentage yield of each part i.e. leaves, roots,
fruits and seeds was calculated as 7.40%, 5.20%, 3.20% and
2.10% respectively.

Preparation of solution. All extracts were dissolved in an
aqueous ethanolic solution (25.00%) with 2.50% Triton as an* Authors for correspondence
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emulsifier to give a strength of 100 mg / ml. Co-trimoxazole
was used as a reference standard due to its wide range of effec-
tivity against gram - positive and gram - negative group of orga-
nisms.

Micro-organisms used. The said activity was assessed
against gram - positive (13) and gram - negative (24) organisms.
All the test organisms used in the present study were clinical
isolates and obtained   from the Department of Microbiology,
University of Karachi. The organisms were maintained on Tryp-
tic soya agar slants (Merck) at 4°C prior to testing. Test cul-
ture inocula was prepared by using Tryptic soya broth cul-
ture medium maintained at 37°C ± 1°C for 24 h.

Antibacterial activity. Antibacterial was carried out by hole
plate diffusion method using 0.5 ml of the inoculum contain-
ing 105 bacterial cells, respectively. The inoculum was thor-
oughly mixed with 25 ml of melted sterile liquid Tryptic soya
agar and poured into pre - sterilized petri dishes respectively.
Plates were left to set at 4°C for one h. Holes of 6mm diameter
were made from the centre of each seeded plate. Holes were
then filled aseptically with 0.2 ml (20mg) of test solution (vari-
ous parts of plant extracts), reference standard and negative
control (solvent only) respectively and marked accordingly.
All plates were then incubated at 37°C ± 1°C for 24 h and zones
of inhibition were measured and recorded accordingly. The
above experiment was repeated thrice.

Results and Discussion

Alcoholic extracts of various parts of Rhazya stricta showed
a varied degree of antibacterial activity against wide range of
gram - positive and gram - negative organisms as shown in
Table 1 and 2, while Table 3  represent a comparative data on
different parts of Rhazya stricta according to the zone of cate-
gorization in percentage. Negative control exhibited no acti-
vity against gram - positive and gram - negative organisms.
Extracts exhibiting zone of inhibition less than 9mm were taken
as negative.

The study gives a preliminary account of antibacterial sub-
stances present in different parts i.e. leaves, roots, fruits and
seeds of Rhazya stricta plant. The considerable difference
observed in the potency of activity amoung different parts of
Rhazya stricta, clearly indicates that there exists a marked dif-
ference in active component in various parts of the plant. In
general, leaves extracts exhibited a pronounced maximum
activity i.e. 66.66% against gram - negative group and 69.23%
against gram - positive groups, while root extract exhibited
miximum activity i.e. 33.33% against gram - negative and
23.07% against gram - positive organisms respectively. Seed
portion exhibited 46.15% and 54.16% and fruit 46.15% and
41.66% activity respectively against gram - positive and gram-
negative organisms. Negative control was found to be non-
active against both  gram positive and negative group of orga-

Table 1
Comparative antibacterial study of different parts of Rhazya stricta (leaves, roots, fruits & seeds) and co-

trimoxazole against gram - positive organisms according to zone of inhibition (mm)

                                                                Zone of inhibition
S.No.      Name of organism                                                 Rhazya  stricta                                Standard                   Negative
                                                                                Leaves        Roots       Fruits      Seeds         Co - trimoxazole                 control

1.             Bacillus subtilis B - - - - -
2. Cornybacterium diptheriae C - - - B -
3. Cornybacterium xerosis - - - - - -
4. Micrococcus roseus - - - - C -
5. Micrococcus variance A - - - A -
6. Staphylococcus aureus D - - - B -
7. Staphylococcus aureus B D C B B -
8. Staphylococcus aureus - - C C - -
9 Staphylococcus epidermidis - - - - C -
10. Staphylococcus  saprophyticus C - B D C -

(coagulase +  ve)
11. Streptococcus faecalis C - B A C -
12. Streptococcus pyogenes B B B A C -
13. Streptococcus viridans B B A A C -
Total Percent Activity                                    69.23%      23.07%   46.15%   46.15%                 76.92%

Categorization of zone of inhibition in mm: A = 40 - 49; B = 30 - 39; C = 20 - 29; D = 10 - 19.
Zone of inhibition from 6 - 9 mm were considered as negative.
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nisms. Reference standard exhibit 76.92% and 54.16% activity
against gram - positive and gram - negative group of organisms
respectively (Table 1 & 2).

According to Table 3, based on zone of categorization, the
highest activity was exhibited by seeds extract i.e. 23.07% and
16.66% against gram - positive and gram - negative organisms
respectively, while reference standard i.e. co-trimoxazole fails
to exhibit ‘A’ category activity against gram - negative group
of organisms and 7.69% against gram - positive group of orga-
nisms. It is evident from the collected data that activity of
various parts of Rhazya stricta plant when categorized accor-
ding to the zone of inhibition falls mostly in A and B category

while on the other hand reference standard i.e. co-trimoxazole
mostly in “C” category (Table 3).

The difference in activity among test i.e. Rhazya stricta and
reference standard i.e. co - trimoxazole is basically due to the
fact that most of the organisms are gradually becoming less
sensitive due to wide spread use of antibiotics while on the
other hand, various parts of Rhazya stricta, present a good
potency of antibacterial activity. Furthermore, the antibacte-
rial activity assessed also confirms the folklore use of the
plants and its various parts against various infectious diseases
such as boils, eruption, fever, sore throat, inflammation and
in anti - neoplastic diseases. (Watt 1892, Kirtikar et al 1993

Table 2
Comparative antibacterial study of different parts of Rhazya stricta (leaves, roots, fruits & seeds) and

co - trimoxazole against gram - negative organisms according to zone of inhibition (mm)

         Zone of Inhibition
S.No.      Name of organism                                                     Rhazya stricta                                   Standard               Negative
                                                                                 Leaves        Roots       Fruits      Seeds          Co - trimoxazole                       control

1.             Acinetobacter calcoaceticus - C B C - -
2. Aeromonas hydrophilia - D D C - -
3. Actinobacillus lignierersii - - - - - -
4. Branhamella catarrhalis B B B B - -
5. Citrobacter diversican - - - A - -
6. Citrobacter freundii B - - B D -
7. Escherichia coli D - - - D -

(Communior)
8. Escherichia coli - - - - D -

(Communis)
9 Klebsiella pneumoniae A B B A - -
10. Klebsiella ozaenae B - - - - -
11. Proteus mirabilis B B B A C -
12. Proteus vulgaris - - - - D -
13. Pseudomonas aeroginosa A D D C B -
14. Pseudomonas mallei - - - - - -
15. Pseudomonas maltophilia A C C A - -
16. Salmonella para typhi A B - C D - -
17. Salmonella para typhi B C - - - B -
18. Salmonella typhi C - - - B -
19. Shigella bodydii C - - - B -
20. Shigella dysenteriae C - - D C -
21. Shigella flexaneriae C B - - C -
22. Shigella sonnei - - D B C -
23 Vibrio cholera eltor B - - - D -
24. Vibrio cholera inaba B - - - D -
Total Percent activity 66.66 33.33 41.66 54.16 54.16 Nil

Categorization of zone of inhibition in mm A= 40 - 49; B = 30 - 39; C = 20 - 29; D = 10 - 19.
Zone of inhibition from 6 - 9 mm were considered as negative.
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and Chopra et al 1956). The antibacterial activity exhibited
can be attributed due to the  wide spread occurrence of alka-
loids, tannins, chrysophenol and trace metal contents present
in Rhazya stricta plant (Philipson et al 1984; Atta -  ur  - Rehman
et al 1989 and  Kaneez  et al 1999). It can be concluded that
different parts of Rhazya stricta may be used as a good anti-
bacterial agent drug in the treatment of infectious diseases,
provided it is found effective and safe in in - vivo study.
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About 500 tons of industrial wastes (liquid and solid) being discharged daily from sugar factory during crushing season
and presently dumped in vicinity of the sugar factory. The quantity of wastes, however, depends on the crushing capacity
of sugar mills. Studies for recycling and composting of sugarcane industrial waste press mud, boiler ash and distillery
waste water, as a biofertilizer, was carried out at Habib Sugar Mills Ltd., Nawabshah, Sindh, Pakistan. Samples of waste
were collected for analysis from dumping ground. By mixing the heaps of press mud and boiler ash, 3:1 ratio was formed.
Each heap was sprinkled with distillery waste water for two months with regular interval of one day. Two manual turning
of heaps were done to maintain the temperature during the curing period and thereafter allowed for 3 months for decom-
position and humus formation. Based on physico-chemical analysis of finished product, it is estimated that each ton of
biofertilizer contains value-added nutrient of Rs.2897/= when compared with chemical fertilizer other than the soil amend-
ment characteristic. The cost effectiveness of the biofertilizer for millers and farmers were about Rs.1:4 and Rs.1:12,
respectively.

Key words: Sugarcane industrial waste, Compost, Biofertilizer, Press mud, Bioler ash, Distillery waste water.

Introduction

Urbanization, modernization and industrialization have incre-
ased solid waste generation, one of the major environmental
problems being faced by the world today. This situation leads
to solid waste management to cope with the situation that
generally starts with the possible reduction of waste genera-
tion at source, then to reuse and recycle waste materials if
possible. The left over material, at the end, is subjected to
disposal. Generally, solid waste is disposed off in three ways
i.e. incineration, sanitary landfill and composting.

Composting is a process in which biodegradable organic
material is converted into soil conditioner that can be used to
improve soil fertility. Developing countries like Pakistan can
afford landfill and composting techniques to dispose off
solid waste. Preferably, the biodegradable solid waste should
undergo composting that results not only into the solid waste
disposal but also provides useful product that can improve
soil condition and will reduce expensive chemical fertilizer
use. Use of chemical fertilizer has number of environmental
problems that can be limited in this way (Khan 1996). To im-
prove the soil fertility, the use of organic manure has a vital
importance, but unfortunately farmers rarely applied the
natural manure mostly due to unavailability and lack of
knowledge.

* Author for correspondence

In Pakistan, 74 sugar manufacturing industries are involved in
sugarcane crushing and produced 3.2 million tons of sugar dur-
ing 1998 - 1999 (Anonymous 1999). It was reported that the
average amount of nutrient, i.e. N, P, K, Ca, Mg, S, Fe, Mn, Zn
and Cu removed by 100 MT of cane were 148.00, 123.00,
238.00, 42.00, 39.00, 38.00, 7.50, 4.12, 0.50, and 0.10 kg, re-
spectively (Calcino 1995). Since millions of tons of sugarcane
industrial wastes (filter cake, boilers ash and distillery waste
water) is being discharged each year and dumped in the vicinity
of factories. These wastes carry sufficient amount of macro and
micronutrients (Subba 1985). These nutrients could be effec-
tively recycled for soil improvement (Hussein and Anjum 1999).
Organic materials not only improve the soil fertility but also
lessen the demand of chemical fertilizer. The major factor be-
hind this low yield is seemed to be unbalanced fertilizer. Since
last couple of decades growers mostly depend on NPK chemi-
cal fertilizers for crop production. This indiscriminate use of
chemical fertilizer has led to massive depletion of organic mat-
ter, accumulation of deleterious salts and increased the soil pH
as well (Arain et al 2000).

Sugarcane is one of the major cash crops of Pakistan. The
total area under cultivation of sugarcane during 1998 - 1999
was 1.155 million hectare and the estimated yield was 55.19
million tons (Anonymous 1999). In this way, per hectare yield
is about 48 tons / ha. The yield is quite low as compared to
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other developing countries (Khushk 1999). The present study
leads to develop a procedure for recycling of sugarcane indus-
trial waste and to sustain the soil and nutrient requirement of
sugarcane and other crops. The study also aims to determine
the quantity of macro and micronutrients in the finished prod-
uct or compost.

Materials and Methods

Analysis of industrial wastes. Studies were carried out at
Habib Sugar Mills (Pvt) Ltd, Nawabshah from November
1998 to March 1999 to evaluate the physico-chemical pro-
perties of the press mud, boiler ash and distillery waste wa-
ter. This sugar mill is equipped with distillery unit and boiler
ash collection facilities. Approximately, 300 - 500 tons of
industrial waste (solid and liquid) is being discharged daily,
depending upon the crushing capacity of the factory. Fifty
primary samples of each having weighed about one kg were
collected randomly from the dumping ground. The samples
were mixed together thoroughly and three laboratory samples
were taken by a divider. These laboratory samples were kept
in plastic bags, tagged and sent to the laboratory for analysis.
The reference samples of the lots were also taken to maintain
the record of physico-chemical contents. The sampling of in-
dustrial waste were taken four times during crushing season
by adopting same procedure.

The nitrogen content was determined by oxidizeable carbon
and organic matter content and C/N ratio were determined
by dichromatic method (Rowell 1994). The fumigation and
extraction method were used for determination of microbial
population (Rowell 1994). The phosphorous content in the
waste were extracted with sodium carbonate solution (Olson
method) and phosphate content of solution by spectrophoto-
metric method, potash and sodium by flame photometric
method while calcium, magnesium and other  micronutrients
were measured by atomic absorption spectrophotometric
method (Rowell 1994). The pH of industrial wastes was mea-
sured by using Orion meter (Model 201). The temperature of
the heaps was recorded by installing the thermocouple leads
in the  bottom center and peripheral layers to ensure the proper
composting. The Telethermameter Model 441/D series 63/
18 was used for this purpose.

Following two equations can be used to compute moisture con-
tent and carbon - nitrogen ratio for three components system:

G = M1 x Q1 + M2 x Q2 + M3 x Q3   (1)
                        Q1 + Q2 + Q3

Where Q = mass of material
G = required moisture in the pile (%)
M= moisture (%)

1.  R = Q1(C1x (100 - M1)) + Q2(C2x (100 - M2)) + Q3(C3x
(100 - M3))

    Q1(N1x (100 - M1)) + Q2(N2x (100 - M2)) + Q3(N3x
(100 - M3)

Where

R = Required C/N ratio in the pile
C = Carbon %
N = Nitrogen %

Contents in the industrial wastes. The data presented in
the Table 1 indicated the contents of industrial wastes.The
filter cake contained 33.65 organic matter with 30:1 C / N ratio.
The average nitrogen, phosphorous, potash, calcium and
sulfur content were found to be 1.50, 2.68, 2.25, 2.72 and
1.47%, respectively. The micronutrient such as magnesium,
iron, zinc were also present but relatively in less quantity.
The pH of filter cake was 7.46 and moisture content was
53.85%. Filter cake as a manure in combination with chemi-
cal fertilizer sustained the soil fertility and crop productivity
has been cited by earliers (Yadava 1991). Singh and Solomon
(1995) showed an equal yield of sugarcane with application
of 10 tons / ha press mud with 75 kg / ha as compared to 150
kg N/ha alone. Filtered press mud plays positive role in rec-
lamation of saline alkaline and saline sodic soils and success-
fully decreases the soil pH. Approximately, millions of tons
of filter cake is being produced annually in Asia and Pacific
region having potential to recycle about 0.90 million tons of
N, 1.08 million tons of phosphorous and substantial quantity
of other essential minerals(Yadava 1991).

Table 1 also shows the composition of boiler ash; an average
of 31.330% and 12.000% of silica and black carbon major con-
tent, respectively were recorded in boiler ash while calcium
and magnesium were 2.880, 1.650 and 0.950%, respectively
in ash. The other inorganic contents were found in relative
less quantity. Boiler ash also contained sodium, aluminum
and manganese in small quantity. Silica, the major compo-
nent of boiler ash is an essential nutrient for increasing yields
of sugarcane and sugar content. Application of 15 tons of
silica increases the sugarcane productivity 70 and 125%, re-
spectively in plant and ratoon crop (Gardner et al 1985).
Lakshmikantham has reported that a ton of cane can remove
11.2 kg of silica as nutrient from the soil (Lakshmikantham
1983). In Australia, it was observed that in soil application of
150 tons / ha boiler ash provides 435 kg calcium, 390 kg  po-
tassium, 225 kg magnesium, 120 kg phosphorous and 60
kg nitrogen / ha (Calcino 1995).

The distillery waste water contains potash, calcium and
sulfate 1.26400, 1.12400 and 1.16000%, respectively
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(Table 1). The other nutrients like nitrogen, phosphorous,
magnesium and iron were found in waste water. The dis-
tillery waste water also have some other important micro-
nutrients, zinc, sodium, manganese, aluminum, silica,
boron and cobalt in very low quantities with other dis-
solved organic contents. During fermentation of molas-
ses and ethanol distillation processes, large quantity of
distillery waste water (13 liter of water/liter of ethanol) is
generally discharged (Liu et al 1991). The distillery waste
water possesses high manural, soil conditioning proper-
ties and also within this range distillery waste water was
sprinkled on the heaps for two months to add more nutri-
ents at a regular interval of one day. During this period,
two turning was done manually to ensure proper mixing
of ingredients. The heaps were then left over for three
months for further decomposition and humus formation.
Moreover, this will also help in the development of mi-
crobial population within the formulated biofertilizer
(Maynard 1998).

Temperature. The temperature was recorded daily from dif-
ferent layers of the composting heaps to ensure microbial

activity and composting process. Since, all microorganisms
have an optimum temperature range for their growth and
development. For composting, this range is between 32°C and
60°C (Maynard 1997).

Biological process. Microorganisms have the preferences
for the type of organic material they consume. When the or-
ganic molecules that they require are not available, they may
become dormant or die. In this process, the humic acid end pro-
duct resulting from the metabolic activity of one generation
or type of microorganisms may be used as a food or energy
source by another generation or type of microorganisms. This
chain of succession of different types of microbes continues
until there is little decomposable organic material remaining
(Maynard 1997). At this point, the organic material remaining
is termed compost. It is made up largely of microbial cells,
microbial skeletons and by products of microbial decompo-
sition and un-decomposed particles of organic and inorganic
origin. Decomposition may proceed slowly at first because
of smaller microbial populations, but as populations grow in
the first few hours or days, they rapidly consume the organic
materials present in the feedstock (Breslin 1995).

Table 1
Physico - chemical contents of sugarcane industrial wastes

Parameters     Industrial wastes
Press mud       Boiler ash          Distillery waste water

Physico - chemical factors
pH 7.46 ± 0.60 - 7.12000 ± 0.1300
Moisture (%)                                         53.85 49.47                                             92.50000
Organic matter                                      33.65 - 1.65000 ± 0.1900
C/N ratio                                               30:1 - -

Nutrients (%)
Nitrogen 1.50 ± 0.03 - 0.97000 ± 0.3600
Phosphorous (P

2
O

5 
) 2.68 ± 0.26 - 0.66000 ± 0.0130

Potash (K
2
O) 2.25 ± 0.76 2.88 ± 0.15 1.12640 ± 0.1600

Calcium 2.72 ± 0.41 1.65 ± 0.18 1.12400 ± 0.1600
Sulfur 1.47 ± 0.24 - 1.16000 ± 0.0300
Magnesium 0.30 ± 0.11 0.95 ± 0.05 0.47000 ± 0.0160
Iron 0.43 ± 0.10 - 0.12000 ± 0.0150
Zinc 0.33 ± 0.06 - 0.00340 ± 0.0003
Sodium 0.82 ± 0.18 - 0.00160 ± 0.0010
Mangnese - 0.66 ± 0.07 0.00260 ± 0.0001
Aluminum - 0.02 ± 0.00 0.00830 ± 0.0001
Silica - 0.54 ± 0.44 0.00160 ± 0.0200
Boron - 33.33 ± 0.57 0.00016 ± 0.0005
Cobalt - - 0.00010 ± 0.0000
Boiler ash % -                                                         31.330 -
Silica %    12.000
Black carbon % -                                                         12.000 -
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Carbon contents of organic material can be determined on
the basis of its volatile solid contents. Volatile solids are the
components (largely carbon, oxygen and nitrogen) which are
burnt from a dry sample in a laboratory at 500 - 600°C, leaving
only the ash (largely calcium, magnesium, phosphorus, potas-
sium, and other mineral elements that do not oxidize). For most
of the biological materials, the carbon content is between 45
to 60% of the volatile solids. Assuming 55%, the formula to
calculate the carbon content is given below:

%C = %VS x 0.55 where %VS = 100 - %Ash

Results and  Discussions

Data presented in Table 2 represent the various physico-
chemical properties of biofertilizer. The macronutrients were
also calculated on dry weight basis while the nitrogen, phos-
phorus and potash were found 2.6000, 4.1700 and 7.2500%
respectively, similarly the calcium, sulfur, silica and manga-
nese contents were 10.8500, 5.1700, 5.2000 and 2.3300%.
Iron, copper, zinc, magnesium and aluminum content were
recorded as 0.6000, 0.5000, 0.4700, 0.4200 and 0.3200% re-
spectively. The sodium content of biofertilizer was found to
be 2.0000%. This is being due to saline soil in the area. The
chemical environment is largely determined by the composi-
tion of material to be composted. In addition, several modifi-
cations can be made during the composting process to create
an ideal chemical environment for rapid decomposition of
organic  materials. Several factors determine the chemical
environment for composting, especially (a) the presence of
an adequate carbon (food) energy source (b) a balanced
amount of nutrients (c) the correct amount of water (d) ad-
equate oxygen (e) appropriate pH, and (f) the absence of toxic
constituents that could inhibit microbial activity (Maynard
1994a). Among the plant nutrients (nitrogen, phosphorus, and
potash), nitrogen is of greatest concern. The ratio of carbon
to nitrogen is considered critical in determining the rate of
decomposition. In general, an initial ratio of 30:1 carbon: ni-
trogen is considered ideal. Higher ratios tend to retard the
process of decomposition, while ratios below 25:1 may re-
sult in odour problems. Finished compost should have ratio
of 15:1 to 20:1. To lower the carbon : nitrogen ratios, nitro-
gen rich materials such as yard trimmings, animal manures,
or bio-solids are often added. Adding partially decomposed
or composted materials (with a lower carbon : nitrogen ratio)
as inoculumn may also lower the ratio. Attempts to supple-
ment the nitrogen by using commercial fertilizers often cre-
ate additional problems by modifying salt concentrations in
the compost pile, which in turn impedes microbial activity
(Maynard 1993a). As temperatures in the compost pile rise
and the carbon nitrogen ratio falls below 25:1, the nitrogen in

the fertilizer is lost in a gas form (ammonia) to the atmo-
sphere. This ammonia is also a source of odours (Maynard
1993b).

The final moisture content of the compost was maintained at
40% so that the microbial population counts could be mana-
ged (Table 2). A moisture content of 50 to 60% of total weight
is considered ideal (Maynard 1993b). The moisture content
should not be great enough, however, to create excessive free
flow of water and movement caused by gravity. Excessive
moisture and flowing water from leachate create a potential
liquid management problem and potential water pollution and
odour problems. Excess moisture also impedes oxygen trans-
fer to the microbial cells. Excessive moisture can increase
the possibility of anaerobic conditions developing and may
lead to rotting and obnoxious odours (Maynard and Hill 2000).
Microbial processes contribute moisture to the compost pile
during decomposition. While moisture is being added, how-
ever, it is also being lost through evaporation. Since the
amount of water evaporated usually exceeds the input of
moisture from the decomposition processes, there is gene-
rally a net loss of moisture from the compost pile. In such
cases, adding moisture may be necessary to keep the com-
posting performing at its peak. Evaporation from compost
piles can be minimized by controlling the size of piles
(Maynard and Hill 1994). Piles with larger volumes have less
evaporating surface per unit volume than smaller piles. The
water added must be thoroughly mixed so that all portions of
the organic fraction in the bulk of the material are uniformly
wetted and composted under ideal conditions. A properly
wetted compost has the consistency of a wet sponge (Maynard
1998).

The compost also contained 58.62% organic matter with C/N
ratio of 20:100, the microbial population in biofertilizer was
218 x 108 per gram and fungal count 125x105 per gram (Table
2). The final moisture content was kept at 40% so that the
microbial population counts could be maintained. At this
point, the organic material remaining is termed compost. It is
made up largely of microbial cells, microbial skeletons and
by pro-ducts of microbial decomposition and un-decomposed
parti-cles of organic and inorganic origin (Maynard 1994b).
Mic-roorganisms in the compost process are like microscopic
plants; they behave more or less the same nutritional needs
(nitrogen, phosphorus, potassium, and other trace elements)
as the larger plants. There is one important exception, how-
ever, compost microorganisms rely on the carbon in organic
material as their carbon/energy source instead of carbon
dioxide and sunlight, which is used by higher plants (Maynard
1993a). The carbon contained in natural or human made orga-
nic materials may or may not be biodegradable. The relative
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ease with which a material is biodegraded depends on the
genetic makeup of the microorganisms present and the
makeup of the organic molecules that the organisms decom-
poses (Maynard 1998). For example, many types of microor-
ganisms can decompose the carbon into sugars, but far fewer
types can decompose the carbon into lignin (binding material
in wood) and the carbon into plastics may not be biodegrad-
able by any microorganisms (Maynard 1997). Because most
municipal and agricultural organics and yard trimmings con-
tain adequate amounts of biodegradable forms of carbon,
carbon is typically not a limiting factor in the composting
process. As the more easily degradable forms of carbon are
decomposed, a small portion of the carbon is converted to
microbial cells, and a significant portion of this carbon is
converted to carbon dioxide and lost to the atmosphere. As
the composting process progresses, the loss of carbon decre-
ases the weight and volume of the feedstock. The less easily

decomposed forms of carbon will form the matrix for the phy-
sical structure of the final product - compost (Maynard 1995).

Microorganisms are responsible for the degradation of orga-
nic material. Peak performance by microorganisms requires
that their biological, chemical and physical needs be main-
tained at ideal level throughout all stages of composting
(Poincelot 1975). Microorganisms such as bacteria, fungi, and
actinomycetes play an active role in decomposing the organic
material. Larger organisms such as insects and earthworms
are also involved in the composting process, but they play a
less significant role compared to the microorganisms
(Maynard 1996). As microorganisms begin to decompose the
organic material, the carbon in it  is converted to by products
like carbon dioxide and water, and a humic end product -
compost. Some of the carbon is consumed by the microor-
ganisms to form new microbial cells as they increase their
population . Heat is released during the decomposition pro-
cess (Poincelot 1975).Decomposition may proceed slowly at
first because of smaller microbial populations, but as popula-
tions grow in the first few hours or days, they rapidly con-
sume the organic materials present in the feedstock (Breslin
1995).

The pH of composted material  was found to be about 7.1000
(Table 2). The pH between six and eight is considered opti-
mum. The pH affects the amount of nutrients available to the
microorganisms, the solubility of heavy metals, and the overall

Table 2
Physico - chemical analysis of the finished compost

by mixing filter cake, boiler ash and distillery water in
3:1:3 ratio and after curing of three months

Factors Biofertilizer
   Wet Basis    Dry basis

Physico - chemical factors

pH - 7.1000+0.250
Moisture content(%) 58.6200               40.0000
Organic matter -                     35.1700
C / N ratio -                      20:1
Microbial population - 218x108/gm
Fungal count - 125x105/gm

Nutrients (%)

Nitrogen 2.6000 1.5600+0.2400
Phosphorous 4.1700 2.5000+0.1200
Potash 7.2500 4.3500+0.4600
Calcium 10.8500 6.5100+0.6500
Sulfur 5.1700 3.1100+0.2500
Manganese 2.3300 1.4000+0.0500
Iron 0.6000 0.3600+0.0020
Copper 0.5000 -
Zinc 0.4700 0.2800+0.0200
Aluminum 0.3200 0.1900+0.0700
Sodium 2.0000 1.2000+0.0200
Magnesium 0.4200 0.2500+0.0060
Silica 5.2000 3.1200+0.1300
Boron 0.0030 0.0020+0.0010
Cobalt 0.0002 0.0001+0.0000

Table 3
Nutritional value of the compost per ton

Nutrient      On dry weight basis     Market Price of
     quantaty of nutrient      nutrients (Rs.)

 (kg / ton)

Macronutrient

Nitrogen  15.60 234/=
Phosphorus (P

2
O

5
) 25.00 350/=

Potash (K
2
O) 43.50 435/=

Sulfur 31.10 311/=
Calcium 65.10 65/=
Magnesium 14.00 140/=

Micronutrient

Iron 3.60 43/=
Manganese 2.50 425/=
Silica 31.00 62/=
Zinc 2.80 392/=
Copper 0.40 155/=
Aluminium 1.90 285/=
Sodium 10.00                           -

Total                                   -             Rs. 2897/=
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metabolic activity of the microorganisms. While the pH can
be adjusted upward by addition of lime or downward with
sulfur, such additions are normally not necessary. The
composting process itself produces carbon dioxide, which,
when combined with water, produces carbonic acid. The
carbonic acid could lower the pH of the compost. As the
composting process progresses, the final pH varies depen-
ding on the specific type of feed stocks used and operating
conditions. Wide swings in pH are unusual. Because organic
materials are naturally well buffered with respect to pH
changes, down swings in pH during composting usually do
not occur. Increasing cost of commercial fertilizer empha-
sizes the need to find out some alternatives resources and
methodology for the improvement of the efficiency of added
fertilizer (Twyford 1994). The use of biofertilizer for increa-
sing crop yeild, will help the farmer’s community belonging
to low income group (Hussain and Anjum 1999). The bio-
fertilizer helps in loosening of clay soil and binding of san-
dy soil, increasing the availability of oxygen, nutrients at
rhizosphere and increases the water holding capacity
(Bhatti 1999).

The temperature during composting ranges 50°C to 60°C.
However, it  markedly varies over composting period indi-
cating the biological decomposition. For each group of or-
ganisms, as the temperature increases above the ideal maxi-
mum, thermal destruction of cell protein kills the organisms.
Likewise, temperatures below the minimum required for a
group of orga-nisms, affects the metabolic regulatory machin-
ery of the cells. Although, composting can occur at a range of
temperatures, the optimum temperature range for thermophilic
microorga-nisms is preferred, for two reasons i) to promote
rapid com-posting, ii) and to destroy pathogens and weed
seeds. Larger piles build up and conserve heat, build up and
conserve heat is better than smaller piles. Temperatures above
65°C are not ideal for composting. Temperatures can be low-
ered, if needed by increasing the frequency of manual turn-
ing. Mixing or mechanical aeration also provides air for the
microbes. Pathogen destruction is achieved when compost is
at a temperature of greater than 55°C for at last three days. It
is important that all portions of the compost material be ex-
posed to such temperatures to ensure pathogen destruction
throughout the   compost (Maynard 1995). At these tempera-
tures, weed seeds are also destroyed. After the pathogen des-
truction is completed, temperatures may be lowered and main-
tained at slightly lower levels 51°C to 55°C (Maynard 1996).

Nutritional value added cost of compost.Table 3 reflects
the quantities of different macro and micro nutrients in one
ton of compost. It was estimated that with each ton of com-
post contain nutrients worth Rs. 2897/= that could be added

to the soil. This cost does not include the other benefits, like
enrichment of organic matter, increase in microbial popula-
tion, lowering of soil pH, improvement of the soil physical
properties and also increase in the availability of nutrient to
plants etc.

It is likely to reduce the 20 to 30 % demand of chemical fer-
tilizer initially (Singh and Solomon 1995). They also reported
that continuous use of biofertilizer increases the sugarcane
yield by 20% with an additional income of Rs. 3500/=. Mine-
ralization of biofertilizer in the soil improves the population
of ammonifying bacteria. The decomposition of biofertilizer
in the field supplements the demand of farmyard manure
(Bhatti 1999). The population of Azobacter, Azospirillum and
ammonifying bacteria increases several fold with the con-
tinuous use of biofertilizer in the agricultural fields (Singh
and Solomon 1995). They also recommended that the appli-
cation of biofertilizer to the soil provokes the development
of soil microbial life, it maintains the soil pH, increases the
cation exchange capacity increase the availability NPK and
improves the structural stability of soil. Biofertilizer also regu-
lates the release of NPK fertilizer and provides nutrient to
sugarcane and other crops as per their requirement (Bhatti
1999). During decomposition of filter cake, heat is generated
and may catch fire. Mixing of boiler ash and distillery water

Table 4
Cost effectiveness of biofertilizer

a) Farmers cost on application of biofertilizer

1. Cost of 3 tons of biofertilizer per acre = Rs.450.00/=
@ Rs.150/= per ton

2. Transport cost per ton = Rs.300.00/=
@ Rs.100/= per ton within 20km.

Total Cost = Rs.750.00/=

b) Cost incurred on prepration of one ton of
biofertilizer by miller

1. Operational cost (includes staff salary, = Rs.17.55/=
machinery, POL, 16% interest on capital etc.)

2. Waste collection and shifting cost = Rs.  5.10/=
3. Publicity and  advertisement = Rs.  7.29/=
4. Land rent = Rs.  2.91/=
5. Miscelleneous = Rs.  7.15/=

Total = Rs.40.00/=

c) Cost-benefit ratio

1. In respect to biofertilizer = Rs.750 : 8691
application per acre of land or 1:11.60
(Rs. 8691/= as cost of
nutrients, Rs. 750 as transport
cost incurred by the farmer)

2. Cost in respect to millers = Rs.120 : 450
or 1:3.75
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that exerts a sponging and buffering effect and allows free
exchange of heat and gases can prevent this. The heat gener-
ated during decomposition released in air and moist condi-
tion enhanced the microbial activity to produce good bio-
fertilizer. The by-products of sugar industry are bagasse
molasses, press mud, distillery effluents (Paturou 1982);
(Zende and Patil 1988).

Cost economics. Table 4 summarizes the cost economics of
recycling of sugar industrial waste into biofertilizer. Keeping
in view, the recycling cost at commercial scale it was calcu-
lated that each ton costs around Rs.40/= to the millers if the
sale price is fixed at Rs.150/= per ton. The cost benefit ratio
is about 1:4 in favour of the millers. However, the farmer
will have to spend Rs.750/= (Rs.450/= for 3 ton/acre as cost
of biofertilizer and Rs.300/= as transport charges) for each
acre of the land. By spending Rs.750/= the farmer adds macro
and micronutrients worth Rs.8691/= to each acres of his land
besides harvesting other important benefits discussed before,
therefore, cost effectiveness for farmer is about 1:12. How-
ever, the mill owner can give more relaxation to farmers in
cost of biofertilizer for improvement of soil health and other
environmental and mutual benefits.

Conclusion

Disposal of sugarcane industrial wastes is a big challenge for
industrialist because it requires larger area for dumping, as it
produces foul smell environmental pollution and health
hazard problems in the vicinity. Since synthesis of sucrose in
sugarcane involves CO

2
 and H

2
O, through metabolic process.

The huge amount of nutrient transported from soil with sugar-
cane crop may cause rhizosphere depletion of essential macro
and micro nutrients in the field, therefore, the vitality and
success of sugar industry were found in recycling sugarcane
industrial wastes as biofertilizer. The only use of chemical
fertilizer can not solve the nutrient depletion problem of
Pakistani soil. Since, chemical fertilizer was developed as
nutrient correction factor but it was adopted as a solution for
soild fertility. It is, therefore, recommended that each sugar
industry should develop sugarcane industrial wastes recycling
facilities for sustainable agriculture.
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Introduction

Trace elements are widely distributed in nature in variable
proportions and they play a vital role in the growth, health
and maintenance of human body, in the same way as the pro-
teins, vitamins, and other essential nutrients do. While the
trace elements are of great interest and importance, for their
therapeutic efficacy, their total or partial lack may result in
characteristic pathological deficiency signs and symptoms.
Therefore, daily intake of trace elements should be such that
their lack does not lead to any diseases / disturbance (Bukhari
et al 1987).

Medicinal plants play an important and vital role in traditional
medicine. In most developing countries, most of the flora re-
main virtually unexplored from point of view of the medicinal
utilization through traditional eastern system of medicine. In
the present studies, twelve trace elements Cu, Zn, Mn, Fe, Co,
Ni, Cd, Pb, Cr, Ag, Na and K have been estimated in the fol-
lowing three indigenous medicinal plants.

1. Cymbopogon citratus (DC) Stapf.
Family Gramineae (Chopra et al 1958)

2. Raphanus sativus Linn.
Family Cruciferae (Nadkarni 1954; Chopra et al 1958;
Watt  et al 1962)

3. Zea mays Linn.
Family Gramineae (Watt et al 1962)

These plants are used as a diuretic and also used for the
treatment of cancer, cardiovascular diseases and hypercho-
lesterolemia ( Nadkarni 1954; Chopra et al 1958; Watt et al
1962).

Materials and Methods

Seeds of Raphanus sativus Linn. (Voucher No. 501) and stigma
(corn silk) of Zea mays (Voucher No. 502), one kg each, were
purchased from local market and leaves of Cymbopogon
citratus (DC) Stapf. (Voucher No. 499) were taken (cultivated
in PCSIR Laboratories Complex, Karachi and identified by the
Pharmacognosy Section of this laboratory). The sample leaves
of Cymbopogon citratus (DC) Stapf., seeds of Raphanus
sativus Linn. and corn silk (stigmata) of Zea mays Linn. were
separated, washed, oven dried, powdered, ignited in muffle
furnace at 550°C to obtain ash of various parts and then used
for the analysis.

1. Instruments. i. Hitachi Z-8000 Atomic Absorption Spec-
trophotometer equipped with Zeeman background correction
and a data processor was used for elemental analysis of the
samples.  ii. Sodium and potassium were estimated by flame
photometer (Corning Model 410).

2. Procedure. 1.0 gm of ash was digested with 10.0 ml
concentrated nitric acid (Analar) (HNO

3
) in acid washed

pyrex tube at 120°C till the solution was clear and volume
was reduced to about 1.0 ml. The solution was made upto
10.0 ml with double distilled water. Similarly, a blank sample
was also prepared. Estimations were made using standard
addition technique. The dilutions were made such as to
keep the concentration of different elements within the
linear range of absorbance (Williams 1984). Sodium and
potassium were estimated by flame photometer (William
1984).

3. Calibration. Calibration curves were prepared for each
element keeping in view their linear working ranges.
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Three indigenous medicinal plants reported to be diuretic have been selected for the study of trace elements and their possible
role in human health. Twelve trace elements (Cu, Zn, Mn, Fe, Cu, Ni, Cd, Pb, Cr, Ag, Na and K) have been detected and
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4. Calculation. Amount of different elements in ppm in the
sample solutions were obtained from the data processor

(Table 1).

Results and Discussion

Medicinal plants were analysed for their trace elements con-
tents. Onawunmi et al (1984) reported that Cymbopogon
citratus commonly known as lemon grass had been used for
medicinal purposes in West Africa. It is used for the treat-
ment of nervous and gastrointestinal disturbances (Carlini
et al 1986). Mirza et al (2001) had shown that the lemon grass
tea is as safe as other widely used green tea. It was found
that the leaves of Cymbopogon citratus contain Fe, Mn, Zn,
Cu, Ni and Pb but Co, Cr and Ag are not present in the leaves,
whereas Na and K contents are very high but low as com-
pared to two other plant contents Raphanus and Zea mays
(Table 1).

Cymbopogon citratus has a β-sitosterol, it acts as an
anticholestemic agent (Wang et al 1979). The presence of   Mn

may be correlated with therapeutic properties i.e. antidiabetic
and for cardiovascular diseases. Cu and Zn being chemical
antagonist and both have an important role in controlling lipid
level. The content of Cu is high in Cymbopogon as compared
to two other plants contents.

It was observed that Raphanus sativus Linn. seeds contain
Cu, Zn, Mn, Fe, Co, Ni, Cd, Pb, Ag, Na and K. Chromium is
also present in trace amounts. The contents of Zn, Mn, Fe
and Ni are very high as compared to Cymbopogon and Zea
mays (Table 1).

The seeds of Raphanus sativus Linn. have been used in the
treatment of cancer (Quisumbing 1951) and also show diuretic
and lithotryptic activity (Watt et al 1962).

Zea mays (corn silk) is a chemical complex medicinal plant,
having valuable properties. The substances found in it are
sitosterol, fatty and volatile oils, saponins, a bitter glucosidic
substance, vitamin C and vitamin K. Corn silk acts as a di-
uretic agent (Bobrayshev  1962). It is also used for kidney and
bladder complaints (Watt et al 1962).

Table 1
Trace elements in indigenous medicinal diuretic plants Cymbopogon citratus (DC) Stapf. (leaves), Raphanus

sativus Linn. (seeds) and Zea mays Linn. (corn silk)

Sr. Name of Plant Trace elements
No. Cu          Zn         Mn           Fe          Co         Ni          Cd          Pb         Cr        Ag              Na K

1. Cymbopogon citratus 64.77 59.09 31.82 594.30 - 1.14 - 51.14 - - 2727.27 10795.45
(DC) Stapf. (leaves) ± 0.01 ± 3.00 ± 2.00 ± 4.00 ± 0.10 ± 2.00 ± 1.50 ± 0.80

2. Raphanus sativus 51.55 524.07 326.47 1348.84 2.58 12.89 1.72 4.30 Traces 3.44 17612.30 13209.20
Linn. (seeds) ± 0.02 ± 4.00 ± 5.00 ± 1.00 ± 0.40 ± 0.60 ± 0.50 ± 1.00 ± 1.00 ± 1.00 ± 1.20

3. Zea mays Linn. 50.85 417.73 217.91 1153.29 2.72 7.26 0.91 28.15 11.81 4.54 19070.10 122593.50
(corn silk) ± 0.02 ± 0.55 ± 5.00 ± 2.00 ± 0.50 ± 0.70 ± 0.20 ± 2.00 ± 0.70 ± 0.80 ± 1.30 ± 1.00

Mean value ± S.D. (n=5)

Fig. 1 Trace elements in indigenous medicinal diuretic plants Cymbopogon citratus (DC) Stapf. (leaves), Raphanus
sativus Linn. (seeds) and Zea mays Linn. (corn silk).
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Zea mays (corn silk) contains Cu, Zn, Mn, Fe, Co, Ni, Cd, Pb, Cr,
Ag, Na and K. The contents of Na, K and Cr are very high as
compared to two other plant contents (Table 1 and Fig. 1- 3).

Sodium and potassium are the major ions in the body fluids.
The regulation of the proper concentration of these ions in
the extracellular and intracellular fluid is critical for homeosta-
sis (Montgomery et al 1996).

Trace elements in one form or in another form play an impor-
tant role in the field of medicine in combating disease as a
curative or preventive agent. It is concluded from the above
study that trace elements content in these plants may play an
important role in human health.
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Introduction

Fodder crops play a pivotal role in the dairy industry. These
crops are equally important for draught - adapted animals such
as camels, bulls, horses and mules etc. Generally, these crops
are planted as secondary crops. Therefore, little attention is
devoted to fertilization, planting density and plant protection
measures. Efforts have been made to enhance the yield of
fodder by different cultural means such as fertilizer, sowing
methods, irrigation etc. However, little attention has been paid
to fodder crops diseases that should be considered as one of
the important causes for poor vigour and low yield. Oat (Avena
sativa L.) is one of the major Rabi fodder crops. It is mainly
sown around the big cities, at dairy farms and remount depots
for feeding of cattle and draught - adapted animals.

Oats are attacked by many diseases, of which seedling blight
and leaf spot [Drechslera avenae (Eidam) Scharif], seedling
blight and root rot [D. sorokiniana (Sacc.) Subram and Jain],
Victoria leaf blight [D. victoriae (Meehan and Murphy) Subram
and Jain], snow mould and brown foot rot [Fusarium nivalae
(Ces. Ex Berl. and Voglino)], leaf blotch [Septoria avenae (A.
B. Franke)] and loose smut [Ustilago avenae (Pers.) Rostr] are
of major importance in the world (Neergaard 1979). In Pakistan,
efforts have been made to enhance the yield by developing
high yielding cultivars and adopting advanced agronomical
practices but little attention has been given to the health status
of seeds of fodder crops that is one of the main reasons of low
yield.

SEED - BORNE MYCOFLORA  OF OATS IN THE PUNJAB

Altaf Hussain Tariq, Saeed Ahmad, Muhammad Arshad Hussain, Lal Hussain Akhtar*, Muhammad Arshad
and Sabir Zameer Siddiqui

Regional Agricultural Research Institute, Bahawalpur, Pakistan

(Received May 10, 2003; accepted September 30, 2003)

Twenty - eight seed samples of eight oats (Avena sativa L.) cultivars were collected from Sargodha, Faisalabad and
Bahawalpur districts of the Punjab, Pakistan during 1999 - 2000 and analyzed for seed - borne mycoflora during 2000 -
2001. Four genera and nine species of fungi were identified at different frequencies. Drechslera avenae and D. sorokiniana,
known pathogens causing pre - and post - emergence seedling blight and leaf spot in mature plants were detected in 67.80
and 53.60% of the seed samples with maximum infection of 34.00 and 6.00%, respectively. Phoma sp. was found in
46.40% of the sample with a maximum infection of 16.00%. Phoma is a new pathogen recorded on oats in Pakistan. All
these fungi were found equally pathogenic and caused 86.00, 67.80 and 86.70% pre - and post - emergence seedling
mortality in pathogenicity test. These pathogens produced almost the same type of symptoms on roots and leaves. In two
samples Cephalosporium sp. was recorded in high frequencies (up to 66.00%) but did not show any pathogenic effect on
seeds and seedlings. The observed association of different fungi with oats seeds in the present study indicates the need of
thorough survey for these and other pathogenic fungi.
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In the light of the importance of seed - borne pathogens in
oats and the limited information on such aspects, present study
was initiated to find out the health status of oats seeds in the
Punjab and the influence of important fungi on germination
of oats seeds.

Materials and Methods

Twenty - eight seed samples (about 1.5 kg) of oats cultivars;
Algerian, Avon, Early miller, Fullgrain, Kent, Palestine, PD2

LV65 and SSII were obtained from the Fodder Research
Institute, Sargodha, the Fodder Research Sub Station,
Faisalabad and the local markets of Bahawalpur from crops
harvest of 1999 - 2000. Four hundred seeds taken randomly
from each sample were analyzed for the presence of seed
mycoflora by following standard blotter paper method (ISTA
1993) at the Regional Agricultural Research Institute,
Bahawalpur. Twenty - five seeds were plated in each petri
dish (9 cm dia) containing three layers of blotter paper well
moistened with sterilized water. The petri dishes were
incubated at 22 ± 2°C for seven days under 12 h alternate
cycle of light and darkness. Fungi developing on seeds were
examined and identified on the 8th day under the stereosco-
pic microscope and high magnification of the compound
microscope (Ellis 1971; Paul et al 1983). The isolates were
purified and maintained on potato dextrose agar (PDA) media
for further confirmation of identification and pathogenicity
studies. Heavily infected seeds of important isolates of
Drechslera avenae, D. sorokiniana, Phoma sp. and Cephalos-
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porium sp. were transferred from blotter to pots having steri-
lized soil to observe the effects of these pathogens on seeds
and seedlings of oats. These observations were later compared
with inoculated seeds in pathogenicity test.

One sample (cv. Early miller) with lowest visible infection of
D. avenae, D. sorokiniana and Phoma sp. was selected. Two
hundred seeds pre-treated with 1.00% available chlorine for
5 min were placed for 48 h on top of 10 days old viable pure
cultures of each test pathogen. All the seeds were then
transferred to test tubes (one seed per test tube) having 1.00%
agar in order to examine the effects of these fungi on
germination and seed to seedling transmission of the diseases.
Surface sterilized seeds plated on water agar at the same time
served as check. Data on germination, seedling mortality and
shoot and root length were recorded 16 days after placing the
seeds in agar slants. The symptoms appeared on seedling were
also recorded.

Results and Discussion

From 28 seed samples of oats, Cephalosporium sp., Drechslera
avenae, D. bicolor, D. rostrata, D. sorokiniana, Fusarium
equiseti, F. moniliforme, F. semitectum and Phoma sp. were
recorded in different frequencies (Table 1). D. avenae was
recorded in 67.80% of the seed samples. The fungus was
recovered from 0.50 to 34.00% from five cultivars Algerian,
Avon, Fullgrain, Palestine and SSII with a maximum infection
of 34.00% on Fullgrain followed by 23.00% in Algerian
(Table 2). In most of the cases, the seeds were covered with
profuse growth of mycelia and conidia causing lesions on
emerging radicals. Small black Pycnidia, the perithecial state
of Pyrenophora avenae, were also recorded on few seeds.
These results are in accordance with those of Linns (1989)
who found D. avenae associated with 90.00% of 232 samples
from 7 oats cultivars from the 1987 harvest and that most of

the samples were only 1 - 9.00% infected with one sample
showing 84.00% infection. Moreover, no differences were
reported in infection rate among cultivars (Linns 1989). Langaro
et al (2001) reported that the fungus D. avenae (Pyrenophora
chaetomioides) the causal agent of Helminthosporium leaf
spot of oats (Avena sativa) survives as mycelia in crop residues
and in infected seeds.

The growth intensity of D. avenae on individual seeds in the
blotter test was directly correlated with the amount of damage
to these seeds measured in loss of seed and seedling in the
soil. The infected seeds by this fungus when transferred from
blotter to sterilize soil in pots, gave 86.00% pre - and post -
emergence loss of seedlings (Table 3). The infection of roots
and coleoptiles either arrested the germination or caused death
of seedlings for 10 - 15 days after emergence. The parts of dead
seedlings and rotted seeds from these pots yielded 97.90%
D. avenae when incubated for 7 days at 22 ± 2°C (Table 3).
These results agree with the studies conducted by Ruland
et al (1989) who reported that infection of D. avenae at seedling
stage in the field was proportional to the infection of heads
and flowers at the time of grain formation. D. avenae is of world
wide importance and known to cause economic looses to oats
in the forms of pre- and post- emergence seedling blight and

Table 1
Frequency of fungi recorded on oats seeds by

Blotter Method in 28 seed samples

Sr.       Fungi         Infected        Infection
No.          samples (%)         range (%)

1 Cephalosporium sp. 53.60 0.25 - 66.00
2 Drechslera avenae 67.80 0.50 - 34.00
3 D. biocolor 10.70 0.50 -   2.50
4 D. rostrata 14.30 0.25 -   1.00
5 D. sorokiniana 53.60 0.50 -   6.00
6 Fusarium equiseti 25.00 0.25 -   2.00
7 F. moniliforme 35.70 0.50 -   6.00
8 F. semitectum 64.30 0.50 - 14.00
9 Phoma sp. 53.60 0.25 - 16.00

Table 2
Incidence (%) of important fungi on oats seeds of

different cultivars in the Punjab

Cultivar       No.of           Important isolates        Infection
      samples        range (%)
      examined

Algerian 5 Cephalosporium sp. 0.00 - 66.00
Drechslera avenae 0.50 - 23.00
D. sorokiniana 0.00 -   4.50
Phoma sp. 0.00 -   2.50

Avon 6 Cephalosporium sp. 0.50 -   6.75
D. avenae 0.00 -   7.50
D. sorokiniana 0.00 -   4.50
Phoma sp. 0.00 -   3.00

Early miller 2 D. sorokiniana 0.00 -   0.50

Full grain 6 D. avenae 0.00 - 34.00
D. sorokiniana 0.00 -   1.50
Phoma sp. 0.00 -   4.50

Kent 1 Cephalosporium sp.    8.50
Phoma sp.    1.75

Palestine 5 D. avenae 0.00 - 12.00
D. sorokiniana 0.00 -   2.50
Phoma sp. 3.00 - 16.00

PD
2
 LV65 2 Cephalosporium sp. 1.00 -   6.50

D. sorokiniana 0.50 -   6.00
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as leaf spotting of mature plants (De Tempe 1964; Malone and
Muskett 1964).

D. sorokiniana was found in 15 seed samples from six culti-
vars and severity of infection ranged from 0.50 to 6.00%.
Maximum severity (6.00%) was recorded in PD

2
 LV65 (Table 2).

D. sorokiniana has a wide host range and causes seedling
blight, root rot and blotch of oats, brome grass, barley and
wheat (Noble and Richardson 1968). Khan and Bhutta (1994)
isolated D. sorokiniana in high frequencies as a main pathogen

from 1267 wheat seed samples of 25 cultivars collected during
1985 - 1990 in Pakistan. They also recorded Fusarium monili-
forme (Gibberella fujikuroi) and Cephalosporium acremonium
(Corda) in different frequencies along with some saprophytic
fungi. Fifty - six seeds infected with D. sorokiniana transfer-
red from blotter to sterilized soil in pots resulted in 76.80% pre
- and post - emergence seedling mortality (Table 3). In Brazil,
Goulart (1996) studied the transmission of Bipolaris soroki-
niana [(Sacc.) Shoemaker] from seed of wheat coleoptiles and

Table 3
Percentage of seedling mortality and recovery of pathogens from infected parts of dead seedlings

No.of        Pathogen No.of infected Pre- and post- Pathogens recovered Recovery (%)
infected seeds transferred emergence seedling from dead seedlings
sample from blotter to soil mortality (%)

2 Cephalosporium sp. 100   3.00                - -

2 Drechslera avenae 100 86.00 Drechslera avenae 97.90
D. sorokiniana   1.05
D. avenae + F. semitectum   1.05

3 D. sorokiniana  56 67.80 D. sorokiniana 83.30
D. avenae + Phoma sp. 16.70

2 Phoma sp.  60 86.70 Drechslera avenae 64.60
Phoma sp. + D. avenae + Phoma sp. 12.50
D. avenae Phoma sp. 23.00

Table 4
Effect of pathogens on seed germination and seedling of Avenae sativa in pathogenicity test (200 seeds)

      Pathogen Germinated Decrease over Average shoot Average root      Symptoms on seedlings
seeds (%) control (%) length (cm) length (cm)

Cephalosporium sp. 96.50   1.50 16.00 6.00 No symptoms

Drechslera 84.00 14.30  7.80 3.40 Blighting of coleoptiles and roots with
avenae brown flecks with light brown to

yellowish white centers on leaves
spreading up and down, covering entire
leaf blade, roots stunted with brown
lesions darkened when specks coalesced

D. sorokiniana 85.00 13.30  6.50 3.00 Shoot appearing weak with brown to
black flecks on leaves spread up and
down, roots stunted, decayed with
brown lesions

Phoma sp. 85.50 12.70  9.10 3.10 Reddish brown flecks with grey cottony
mycelium on coleoptiles reddish brown
lesions with yellow halos on leaf sheet,
roots stunted with brown colour

Un-inoculated 98.00 - 15.40 5.60 No symptoms
seed (check)
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found positive and significant correlation between incidence
on seed and its transmission to seedling coleoptiles both in
field and green house studies. The seeds of wheat cv. Anahuac
were found to be 16 - 90.50% naturally infected, and that the
seeds with 90.50% infection resulted in 1.1: 1 transmission
index. The loss of wheat due to root rot (B. sorokiniana) was
assessed in field experiments by Zhang et al (1999) in Hei-
longjiang province (China) and reported that the percentage
of ear bearing tillers decreased at the seedling stage while
grain weight decreased significantly due to the disease causing
necrotic leaf spots and head blight at the ripening stage.

Phoma sp. was observed in 46.40% of the samples (Table 1).
The recovery of the fungus ranged from 0.25 to 16.00% with
one sample showing upto 16.00% infection in the variety
Palestine. Most of the seeds were covered with pycnidia. This
is a new record in Pakistan on oats. This fungus is responsible
for foot rot of flax in most of the European countries where
the crop is grown for the fiber. The disease may become epi-
demic if the crop is grown from infected seed (Malone and
Muckett 1964). Bevilaqua and Pierobom (1995) studied the
presence of seed - borne fungi in the 1992 - 1993 harvested
seeds of Avena strigosa in Brazil. Of the 11 fungal genera
identified, only Helminthosporium sp. and Phoma sp. occurred
in 29.00 and 22.00% incidence, respectively. High fungal
contamination was associated with reduced germination and
rate of emergence in the field.

Seeds heavily infected with D. avenae, D. sorokiniana and
Phoma sp. resulted in poor germination when transferred
from blotter to sterilized soil in pots. Reddish brown spots
with a light brown to yellowish white centre were observed
covering the leaf in case of D. avenae and Phoma sp., while
D. sorokiniana produced brown to black flecks on leaves
(Table 4). Most of the seedlings failed to appear above ground
while others reached the surface and produced aggregated
loss of 76.80 to 86.70%. Isolations made from rotted seeds
and diseased parts of the seedling yielded D. avenae, D. soro-
kiniana and Phoma sp. individually and in combination of
these fungi in different frequencies (Table 3).

Two seed samples of the cv. Algerian were heavily infected
(up to 66.00%) with Cephalosporium sp. (Table 2). In most
of the cases, the fungus completely covered the seeds. Seeds
infected with Cephalosporium sp. produced healthy seedlings
and did not show any symptoms even after two months of
growth (Table 4).

Pathogenicity test revealed that D. avenae, D. sorokiniana
and Phoma sp. lowered the germination by 14.30, 13.30 and

12.70%, respectively, in comparison to the control and reduced
the root and shoot length of seedlings. Similar symptoms
developed on seedlings regardless of fungi (Table 4).

The present study indicated the need of thorough survey for
presently identified pathogens as well as other pathogenic
fungi. Such measures will permit the introduction of
regulations of seed certification in order to provide healthy
seed of improved cultivars to the farmers.
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A greenhouse experiment was conducted at University Putra Malaysia to evaluate the effects of nitrogen (N) and copper
(Cu) fertilizations on rice yield and fertilizer N efficiency using 

15
N tracer technique. Four rates of N (0, 60, 120 and 180

kg N ha-1 and three rates of Cu (0, 5 and 10 kg Cu ha-1) were used in this study. Nitrogen was applied as 
15

N tracer
technique. Four rates of  N (0, 60, 120 and 180 kg N ha-1) and three rates of Cu (0, 5 and 10 kg Cu ha-1) were used in this
study. Nitrogen was applied as 

15
N labelled urea. Grain yield increased significantly due to N fertilization up to 120 kg N

ha-1. Regression analysis indicated that grain yield response due to N fertilization that was quadratic in nature. Estimated
N rate for maximum yield was 158 kg N ha-1. Copper application did not increase grain yield although the soil was
deficient in Cu. The 15N atom excess percentage in both grain and straw, and fertilizer N uptake by rice plant increased
gradually with increasing N rates. Recovery (%) of fertilizer N was around 40% irrespective of N and Cu rates. The non-
significant effect of Cu might be due to higher Cu adsorption in the soil. Plant analysis results indicated that Cu content
in the straw was below the critical deficiency level of 6 mg kg-1. These findings indicate that higher rate of Cu fertilizer
(above 10 kg Cu ha-1) may be useful in this soil to increase rice yield and fertilizer N efficiency if Cu is applied as basal.
Alternately, Cu may be applied as foliar spray on standing crop to avoid Cu adsorption in the soil. Further, research is
needed to find out the optimum Cu rate and method of application for this soil.

Key words: Nitrogen, Copper, Rice, 15N Tracer technique.

Introduction

Nitrogen (N) is a primary essential macro nutrient element
for all plants including rice. Nitrogen requirement  of rice is
high (Sahrawat 2000; Choudhury et al 2001). Rice plant re-
moves about 16 kg N for the production of 1 tonne rough rice
including straw (De Datta 1981). Most of the rice soils of
Asia are deficient in Nitrogen. So, fertilizer N application is
essential to meet the crop’s demand. Copper (Cu) is an es-
sential micro nutrient element for all crops including rice.
Rice crop removes about 8 g  Cu for the production of 1 tonne
rough rice including straw (De Datta 1981). In wetland rice
soils, the availability of water soluble Cu decrease in yield
(Ambak and Tadano 1991). This problem can be solved by
applying proper amount of Cu fertilizer in Cu deficient soils.

The largest rice growing area of Malaysia is located in the
Muda irrigation scheme, Kedah that covers an area of about
95,000 ha. Recent investigations showed that there is a ten-
dency of yield decline in many sites of this area due to Cu
deficiency (Samy et al 1992a). Investigations showed that
soils of some locations of this Irrigation Scheme are deficient
in Cu (Choudhury and Khanif 2000a). Farmers are applying

* Author for correspondence; E-mail: a.choudhury@acss.usyd.
edu.au

a single fertilizer dose of N80P30K20 (80 kg N ha-1, 30 kg P2O5

ha-1 and 20 kg K2O ha-1) in rice fields throughout the irriga-
tion scheme (Samy et al 1992b). Indiscriminate application
of fertilizers throughout the irrigation scheme caused low yield
in many locations due to Cu deficiency. In addition, this N
dose (80 kg N ha-1) is not optimum in many locations. It is
necessary to determine the appropriate doses of N and Cu
fertilizers to increase rice yield and fertilizer N efficiency.
The 15N tracer technique is used as the precise method to es-
timate fertilizer N efficiency  (Cao et al 1984; Choudhury and
Khanif 2001). With this view in mind, the present study was
undertaken to evaluate the effects of N and Cu fertiliza-
tion on rice yield and fertilizer N efficiency using 15N tracer
technique.

Materials and Methods
A greenhouse experiment  was conducted at University Putra
Malaysia to evaluate the effects of N and Cu fertilization on
rice yield and fertilizer N efficiency. The study was conducted
in two soils (Idris and Tebengau series). In this paper, the
findings on one soil (Tebengau series) are discussed. The
taxonomy of the soil is Typic endoaquent, very fine clayey,
mixed, isohyperthermic, pallid (Paramananthan 1998). The
soil was collected from rice growing areas under the Muda
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irrigation scheme, Kedah, about 500 km north of Kuala
Lumpur, Malayasia, soil samples were collected from 0 - 15
cm depth. These soil samples were air dried, ground and sieved
through 2 - mm sieve. Soil was analysed for organic matter,
pH, cation exchange capacity (CEC), total N and available
Cu. Organic matter was analysed by potassium dichromate
and sulphuric acid (H2SO4) digestion method (Walkley and
Black 1934). Soil pH was measured by glass electrode (Peech
1965). Total N was determined by sulphuric-salicylic acid
digestion method (Bremner and Mulvaney 1982). Cation ex-
change capacity was determined by ammonium acetate ex-
traction method (Schollenberger and Simon 1945). Available
Cu was analysed by 0.05N HCl extraction method (Ponnam-
peruma et al 1981). The soil had a pH of 4.1 with CEC 26.36
cmol kg-1. It contained 5.07% organic matter, 0.18% total N
and 0.06 mg kg-1 available Cu.

Four N rates (0, 60, 120 and 180 kg N ha-1) and three Cu rates
(0, 5 and 10 kg Cu ha-1) were used in the experiment. The
experiment was laid out in randomised complete block de-
sign with four replications. The soil used for the study was
collected from the plough layer of the field and was filled
into plastic pots of 15 - liter capacity to 10 cm below the brim
of the container. The height and diameter of the pots were 29
cm and 28 cm, respectively. The soil was flooded and prein-
cubated for three weeks to stabilize the physico-chemical
properties before seed sowing. Sprouted rice seeds of variety
MR 185 were sown. The number of seeds needed per pot was
calculated on the basis of surface area of the pot and a sowing
rate of 40 kg ha-1. Ten sprouted seeds were equally spaced in
the puddle soil of each pot.

Phosphorus (30 kg P2O5 ha-1 and K (20 kg K2O ha-1) fertiliz-
ers as triple superphosphate (TSP) and muriate of potash
(MOP), respectively, were applied as basal dressings to all
pots. The N in the form of 15N - labelled urea (8.378% atom
excess was applied according to treatments (0, 60, 120 and
180 kg N ha-1). Nitrogen was applied in three splits (1/2 as
basal + 1/4 at active tillering stage + 1/4 at panicle initiation
stage). Copper was applied as copper sulphate (CuSO4.5H2O)
according to treatments (0, 5 and 10 kg Cu ha-1). Copper ap-
plication was done all as basal. Nitrogen and copper were
applied in solution form. The amount of fertilizers was cal-
culated on the basis of soil surface area of each pot. Rice crop
was harvested at maturity. Grain and straw weights (gram
per pot) were recorded. Grain and straw yields were calcu-
lated as t ha-1 considering the surface area of each pot. About
10 g of representative grain and straw samples were ground
to pass  through a 1 mm sieve and were kept in plastic con-
tainers for chemical analyses. Total N of the plant tissue was
analysed by H2SO4 digestion followed by steam distillation

method (Bremner and Mulvaney 1982), and subsequently the
15N content of the plant samples was analysed by using emis-
sion spectrometry (Hauck 1982). Total N uptake by grain and
straw were calculated from yield and N content data. The
fertilizer uptake and recovery percentage of added N by rice
plant were calculated following 1N HCl extraction method
(Yoshida et al 1976). Total Cu uptake by grain and straw was
calculated from yield and Cu content data.

The data were analysed for of variance (ANOVA) and the
means were compared using Duncan’s multiple range test
(DMRT) where the F - test was significant. Regression analy-
sis was also done using four replicated values where F-test
was significant. All the analyses were done following statis-
tical analysis system (SAS Institute Inc. 1987). Nitrogen level
for maximum yield was calculated from the equation Y = a +
bx - cx2 (Gomez and Gomez 1984) as follows:

Ny = (b/2c), where Ny 
= N rate (kg ha-1) for maximum yield.

Results and Discussion

Grain and straw yields. Grain yield ranged from 2.12 to
5.36 t ha-1 while straw yield ranged from 2.81 to 7.11t ha-1

(Table 1). Effect of N on both grain and yields was signifi-
cant, whereas, the effect of Cu was not significant on either
of the parameters. Grain and straw yields increased signifi-
cantly due to N fertilization up to 120 kg N ha-1. Regression
analysis indicated that grain and straw yield responses to N

Table 1
Effects of N and Cu on grain and straw yields of rice

N rate                      Cu rate (kg ha-1)                        Mean
kg ha-1             0                  5                 10

 Grain yield (t ha-1)

0 2.12 2.14 2.36 2.21 c
60 3.70 3.94 3.91 3.85 b

120 5.36 4.68 5.16 5.07 a
180 5.03 5.16 4.83 5.01 a

Mean 4.05 3.98 4.07
                                 Straw yield (t ha-1)

0 2.89 2.81 3.10 2.93 c
60 4.73 5.52 5.08 5.11 b

120 6.66 6.65 6.62 6.64 a
180 6.92 7.11 6.93 6.99 a

Mean 5.30 5.52 5.43

Effect of Cu was not significant on either grain or straw yield.
Means followed by different letters for a parameter in a column are
significantly different at 5% level by Duncan’s Multiple Range Test
(DMRT).
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rates that were quadratic in nature (Table 6). The increase in
grain and straw yields due to N fertilization was  expected as
the soil was deficient in N. It is in agreement with previous
findings (Shah et al 1996; Choudhury et al 1997). The esti-
mated N rate (calculated from the regression equation) for
maximum yield was 158 kg N ha-1. Farmers are applying single
N rate (80 kg N ha-1) throughout the Muda Irrigation Scheme
(Samy et al 1992b). The present study indicated that this level
is not optimum for all soils. In Tebengau series, application
of higher N rate (158 kg N ha-1) may be useful to get maxi-
mum yield. This should be verified by field experiments be-
fore recommendation. Copper application did not increase
grain and straw yields although the soil was deficient in Cu.
The non-significant effect of Cu was attributed to higher Cu
adsorption in this soil (Choudhury and Khanif 2000b). Plant
analysis indicated that the Cu content in the straw was below
the critical deficiency level of 6 mg kg-1 (Yoshida et al 1976).
This indicates that application of 5 or 10 kg Cu ha-1 was not
sufficient to increase grain yield in this soil. Higher rates of

Cu over these rates might be useful to increase grain yield
significantly. Further, research is needed to get optimum Cu
rate for this soil.

Nitrogen content and uptake. Nitrogen content in grain
ranged from 0.80 to 1.21%, while N content in straw ranged

Table 2
Effects of N and Cu on N contents in grain and straw,

and total N uptake by rice plant

N rate                        Cu rate (kg ha-1)                      Mean
kg ha-1              0                   5                  10

Grain yield (t ha-1)

0 0.80 0.86 0.88 0.85 c
60 0.95 0.83 0.88 0.89 c

120 1.10 1.06 1.08 1.08 b
180 1.21 1.20 1.19 1.20 a

Mean 1.02 0.99 1.01

                               N content (%) in straw

0 0.43 0.34 0.39 0.39
60 0.41 0.37 0.40 0.39

120 0.37 0.38 0.42 0.39
180 0.40 0.48 0.47 0.45

Mean 0.40 0.39 0.42

 Total N uptake (kg ha-1) by whole rice plant (grain + straw)

0 29.43 27.96 32.81 30.07
60 54.49 50.99 54.44 53.31 c

120 83.08 74.95 80.35 79.46 b
180 93.51 95.60 89.94 93.02 a

Mean 65.13 62.38 64.39

Effect of N was not significant on N content in straw. Effect of Cu
was not significant on any of the three parameters.
Means followed by different letters for a parameter in a column
significantly different at 5% level by DMRT

Table 3
Effects of N and Cu on 15N atom excess percentage in

grain and straw

N rate                          Cu rate (kg ha-1)                  Mean
kg ha-1                0                 5                10

15N atom excess percentage in grain

60 3.741 3.643 3.520 3.635  c
120 5.205 5.433 5.350 5.329  b
180 6.255 6.088 6.205 6.183  a

Mean 5.067 5.055 5.025

                    15N atom excess percentage in grain

60 4.144 3.768 3.670 3.861 c
120 5.233 5.550 5.147 5.310 b
180 6.149 6.184 6.177 6.170 a

Mean 5.175 5.167 4.998

Effect of Cu on 
15

N atom excess (%) in either grain or straw was not
significant. Means followed by different letters in a column for a
parameter are significantly different at 5% level by DMRT.

Table 4
Effects of N and Cu on N uptake and recovery by rice

plant

N rate                    Cu rate (kg ha-1)                    Mean
kg ha-1            0                 5              10

Fertilizer N uptake (kg ha-1) by whole plant (grain + straw)

60 25.44 22.46 23.25 23.72  c
120 51.74 48.73 50.73 50.40  b
180 69.24 69.71 66.95 68.63  a

Mean 48.81 46.97 46.98

                   Fertilizer N recovery (%) by rice plant

60 42.40 37.44 38.75 39.53
120 43.12 40.61 42.28 42.00
180 38.47 38.73 37.20 38.13

Mean 41.33 38.93 39.41

Effect of N was not significant on fertilizer N recovery percentage.
Effect of Cu was not significant on either fertilizer N uptake or re-
covery percentage.
Means followed by different letters in a column are significantly
different at 5% level by DMRT.
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from 0.34 to 0.48% (Table 2). Nitrogen content (%) in grain
increased significantly due to N fertilization up to 180 kg N
ha-1, whereas, Cu effect was not significant. There was no
significant effect of N or Cu on N content in straw. Total N
uptake by whole plant (grain and straw) ranged from 27.96
to 95.60 kg ha-1 (Table 2). Total N uptake increased signifi-
cantly due to N fertilization up to 180 kg N ha-1, whereas, the
effect of Cu was not significant. The increase  in total N up-
take by whole plant (grain and straw) due to N fertilization
was attributed to the increases in grain and straw yields due
to N fertilization as well as due to the increase N content in
grain and total N uptake increased linearly with increasing N
rates (Table 6).

The 15N atom excess. The 15N atom excess (%) in grain ranged
from 3.520 to 6.255 while the 

15
N atom excess (%) in straw

ranged from 3.670 to 6.184 (Table 3). The 15N atom excess
(%) in grain and straw increased significantly at higher N
rates, whereas, Cu effect was not significant. Regression analy-
sis indicated that the 15N atom excess (%) in both grain and
straw increased linearly with increasing N rates (Table 6).
The increase in 15N atom excess in grain and straw with in-

creasing N rates indicates that fertilizer contributed more
amounts in total N uptake at higher N rates.

Fertilizer N uptake and recovery. Fertilizer N uptake by
whole plant (grain and straw) ranged from 22.46 to 69.71 kg
ha-1 (Table 4) Fertilizer N uptake increased significantly at
higher N rates, whereas, Cu effect was not significant. Re-
gression analysis indicated that fertilizer N uptake increased
linearly with increasing N rates (Table 6). The increase in
fertilizer N uptake by whole plant with increasing N rates
was attributed to higher 15N atom excess at higher N rates
(Table 3) as well as due to higher total N uptake at higher N
rates (Table 2). The increase in fertilizer N uptake at higher
N rates is in agreement with previous findings (Guindo et al
1994b; Panda et al 1995). Fertilizer N recovery percentage
(quantified by 15N atom excess) by rice plant is presented in
Table 4. Fertilizer N recovery ranged from 37.20 to 43.12%.
Effects of N and Cu were not significant on fertilizer N

Table 6
Regression equations and R2 values relating N rate

with different parameters

Parameter                            Regression                  R2 value
                                            equation

Grain yield y = 2.18 + 0.037167 0.9537**
x - 0.000118x2

Straw yield y = 2.9275 + 0.04525 0.9716**
x - 0.000125x2

N content in grain y = 0.819 + 0.0021 x 0.9503**
Total N uptake y = 31.715 + 0.3583 x 0.9849**
15N atom excess in grain y = 2.501 + 0.0212x 0.965**
15N atom excess in straw y = 2.8047 + 0.0192x 0.9788**
Fertilizer N uptake y = 2.6733 + 0.3743x 0.9883**
Cu content in grain y = 3.141 + 0.011x 0.9805**
Cu content in straw y = 4.383 + 0.0067x 0.9129**
Total Cu uptake y = 22.727 + 0.2495x 0.9372**

Table 7
Regression equations and R2 values relating Cu rates

with Cu content in grain and straw, and total Cu
uptake by rice plant

Parameter                            Regression               R2 value
                                              equation

Cu content in grain y = 3.7983 + 0.067x 0.9622**
Cu content in straw y = 4.3017 + 0.137x 0.9979**
Total Cu uptake y = 40.512 + 0.935x 0.9892**

** =Significant at 1% level of probability.

Table 5
Effects of N and Cu on Cu contents in grain and

straw, and total Cu uptake by rice plant

N rate                      Cu rate (kg ha-1)                     Mean
kg ha-1          0                   5                  10

Cu content (mg kg-1 ) in grain

0 2.76 3.25 3.53 3.18 d
60 3.20 3.67 4.13 3.67 c

120 4.46 4.59 4.78 4.61 b
180 4.61 5.31 5.28 5.07 a

Mean 3.76 C 4.21 B 4.43 A

                         Cu content (mg kg-1) in straw
0 3.28 4.21 5.38 4.29 c

60 3.79 4.73 5.94 4.82 b
120 4.91 5.44 6.84 5.40 a
180 5.30 5.43 6.58 5.44 a

Mean 4.32 C 4.95 B 5.69 A

     Total  Cu uptake (g ha-1) by whole rice plant (grain + straw)

0 15.24 18.71 25.12 19.69 c
60 29.79 40.93 46.38 39.03 b

120 56.16 57.92 63.27 59.12 a
180 59.71 65.43 63.55 62.90 a

Mean 40.23 C 45.75 B 49.58 A

Means followed by different small letters for a parameter in a col-
umn, and different capital letters in a row are significantly different
at 5% level by DMRT.

** = significant at 1% level of probability
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recovery. In general, the recovery of fertilizer N by rice plant
was around 40.00%. It is in agreement with previous find-
ings (Craswell and Vlek 1979; Guindo et al 1994a). Copper
application did not increase fertilizer N recovery by rice plant
significantly. This was due to the non-significant response of
rice crop to add Cu. The available Cu content in the soil was
below   the    critical deficiency   level  of  0.1  mg   kg-1 (Ponnam-
peruma et al 1981), and it was expected that Cu application
might increase rice yield and thereby, increase fertilizer N
uptake. But due to higher adsorption of Cu was not signifi-
cant. Higher doses of Cu (above 10 kg Cu ha-1) might be
useful to increase grain yield and N uptake. Further, research
using various levels of Cu is needed to draw the inference.

Copper content and uptake. Copper content in grain ranged
from 2.76 to 5.31 mg kg-1 while Cu content in straw ranged
from 3.28 to 5.94 mg kg-1 (Table 5). Copper content in grain
and straw increased significantly due to both N and Cu fer-
tilization enhanced plant growth. This might contribute in
increase in Cu content of both grain and straw due to higher
Cu absorption capacity of the rice plants. Although Cu con-
tent in straw increased significantly due to Cu fertilization, it
was below the critical deficiency level of 6 mg kg-1 (Yoshida
et al 1976). This indicates that the applied Cu rates were not
enough in this soil to meet the demand of the rice plants. As
a consequence, grain yield did not increase due to Cu fertili-
zation . A follow - up laboratory experiment indicated that
Cu adsorption capacity of this soil was high (Choudhury and
Khanif 2000b). Maximum Cu adsorption capacity (calculated
from the Langmuir equation) in this soil was 833 mg kg-1

(Choudhury and Khanif 2000b). So, higher rate of Cu (more
than 10 kg Cu ha-1) is needed to get response in this soil if Cu
is applied as basal. Alternately, Cu may be applied as foliar
spray on standing crop to avoid Cu adsorption in the soil.
Copper uptake by whole rice plant (grain + straw) ranged
from 15.24 to 65.43 g ha-1 (Table 5). Copper uptake by rice
plant increased significantly due to both N and Cu fertiliza-
tion. This was attributed to the increases in Cu content in
grain and straw, due to N and Cu fertilization. Regression
analysis indicated that copper content in grain and straw due
to Cu fertilization is in agreement with some other findings
(Ambak and Tadano 1991; Choudhury and Khanif 2002).

Conclusion

The present study indicates that application of 80 kg N ha-1

is not enough for all soil of the Muda Irrigation Scheme. In
Tebengau series, application of higher N rate (158 kg N ha-1)
instead of the present farmers’ practice (80 kg N ha-1) may be
useful to get maximum yield. This should be verified by field
experiments before giving recommendation. Copper appli-

cation did not increase grain yield and fertilizer N efficiency
significantly although the soil was deficient in Cu. This was
attributed to higher Cu adsorption in this soil. It indicates
that application of 5 or 10 kg Cu ha-1 was not enough to in-
crease grain yield and fertilizer N efficiency in this soil. Higher
rates of Cu over these doses may increase grain yield and
fertilizer N efficiency if Cu is applied as basal. Alternately,
Cu may be applied as foliar spray on standing crop to avoid
Cu adsorption in the soil. Further, research is needed to find
out optimum Cu rate and method of application for this soil.
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Introduction

Potato (Solanum tuberosum L.) is one of the important crops
in Bangladesh and plays a significant role in the human diet.
About 134 thousands hectares of area are cultivated for
potato in Bangladesh (Anonymous 1997). One of the major
constraints of potato production in Bangladesh is the attack
of insect pests resulting in severe damage to the crop (Das
1995). The cutworm, Agrotis ipsilon (Hufnagel) is the most
common and major insect pest of potato. In the early stage of
the crop, the larvae of the cutworm cut the plants at the ground
level and feed on the leaves of the standing plants affecting
their growth, vigour and yield. The amount of damage by
cutting the plants exceeds the amount by actual eating (Cabello
and Hernandez 1988). At tuberization, the larvae bore into the
tubers and consume the inner contents of tubers reducing the
yield and market value of potato to a great extent (Patel et al
1990). Cutworm damage to the tubers varied from 5 to 75% in
India (Lal 1990). In Bangladesh, practical experience reveals
that the tuber damage due to the cutworm ranges from 5 to
73% without any control measure depending upon the loca-
tion and year.

In Bangladesh, main reliance for the control of this pest is on
insecticides which is not only expensive but also its residues
left over the crops or in the soil have become a matter of great
concern for human health and environmental pollution. Over
the years the problems associated with the use of insecticides
led the entomologists to find ecologically sound, environ-

mentally safe methods of the pest control. Cultural control as
a vital component of IPM can be used in combination with
other control measures. The present research work was under
taken to study the performance of integration of cultural, bio-
logical and insecticide management practices against cutworm
infestation in the potato field.

Materials and Methods

The experiment was conducted at Regional Agricultural
Research Station (RARS), Jamalpur, Bangladesh, during
2000 - 2001 potato season with eight treatments following
Randomized Complete Block (RCB) design having three
replications. The eight treatments were as follows:

T1 
=

 
Hand picking + one irrigation (45 DAP) + perching

T2 = Hand picking + two irrigation (30 and 45 DAP) + perching
T3 = Hand picking + no irrigation + two spray of Dursban
T4 = Hand picking + one irrigation (45 DAP) + one spray of
        Dursban
T5 = Hand picking + two irrigation (30 and 45 DAP) + one
        spray of Dursban + perching
T6 = Hand picking
T7 = Spray of Dursban at 15 days interval
T8 = Control

The unit plot size was 3m × 3m and spacing was 60cm × 25cm.
Fertilizers were used as per recommendation (Urea: 350 Kg /
ha, TSP: 220 Kg / ha and MP: 260 Kg / ha). Weeding and other
cultural managements were done as and when necessary. Hand
picking was done in the morning everyday from the first inci-
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dence of cutworm infestation. Perching was done by putting
bamboo branches in the irrigated plots. One irrigation was
given at 45 days after planting (DAP) and two irrigations at 30
and 45 DAP. The insecticide Dursban (Chlorpyrifos) 20EC
was sprayed @ 5 ml / L of water. Data on the tuber infestation
by the cutworm and yield data were recorded at harvest. All
data were analyzed statistically after arcsin transformation and
separated by DMRT.

Results and Discussion

The effect of different management practices for the control
of cutworm in the potato field showed that the percentage
number and weight of infested tubers varied significantly
with different treatment combinations (P < 0.01) Table 1 - 2.
The percentage of infested tubers ranged from 20.05 to 31.90
in the treated plots as compared to 36.02 in untreated plots.
The treatment with the combination of hand picking, two
irrigation (30 and 45 DAP), one spray of Dursban (Chlorpyrifos)
and perching gave better control of the cutworm resulting in
44.34 % reduction of number of tuber infestation. Statistically,
the second better treatment combination was hand picking +
two irrigation (30 and 45 DAP) + perching (T2) followed by
hand picking + one irrigation (45 DAP) + one spray of Dursban
(T4) and spray of Dursban at 15 days interval (T7). Only, the
treatment hand picking was least effective and reduced the
number of tuber infestation by 11.44 %.

Analysis of data on the percentage of weight of the in-
fested tubers also showed that the combination of hand
picking + two irrigation (30 and 45 DAP) + one spray of
Dursban and perching were most effective and reduced
the percentage of infested tubers by 42.59% over control.
Statistically, similar effect on the infestation of tuber by
weight was observed in the treatment T2 (hand picking +
two irrigation - 30 and 45 DAP + perching), T3 (hand pick-
ing + no irrigation + two spray of Dursban), T4 (hand pick-
ing + one irrigation  (45 DAP) + one spray of Dursban) and
T7 (spray of Dursban at 15 days interval).

Results on the yield of potato tubers from different plots with
the combination of different management practices showed
significant increase (P < 0.01) in the yield of healthy tubers
(Table 3). The weight of damaged tubers in different treated
plots did not show significant difference (P < 0.05). However,
there was a statistically significant difference in the total yield
of potato when treated with the combination of different IPM
components.

The highest healthy tuber yield (22.56 ton / ha) was recorded
from the plots treated with the combination of hand picking +
two irrigation (30 and 45 DAP) + one spray of Dursban +

perching (T5) as against 7.01 ton / ha in the untreated plots
followed by 20.83 ton / ha recorded from the plots treated
with hand picking + two irrigation (30 and 45 DAP) + perch-
ing and hand picking + one irrigation (45 DAP) + one spray of
Dursban (18.70 t / ha), hand picking + one irrigation (45 DAP)
+ perching (14.07 ton / ha), spray of Dursban at 15 days
interval (13.26 ton/ ha), hand picking + no irrigation + two

Table 1
Effect of different management practices in reducing
the number of infestation of potato tubers by A.ipsilon

Treatment           Percentage of        Percentage reduction of
                             infested tubers      infestation over control*
                                      (No.)

T1 30.65 b 14.91
T2 24.10 c 33.09
T3 30.33 b 15.80
T4 25.67 c 28.73
T5 20.05 d 44.34
T6 31.90 b 11.44
T7 25.77 c 28.86
T8 36.02 a -

C V (%) 5.56 -

*Percentage of reduction of infestation was calculated from the
number of tubers of untreated plot, Data were analyzed after arcsin
transformation, Data in a column followed by same letter(s) do not
differ significantly.

Table 2
Effect of different management practices in reducing

weight (%) in potato tubers by A. ipsilon

Treatment          Percentage of           Weight (%)
            infested tubers    reduction in infested
                    (Wt.)    tubers over control*

T1 27.19 b 22.80
T2 24.32 b c 30.95
T3 24.77 b c 29.67
T4 21.87 c 37.90
T5 20.22 c 42.59
T6 30.35 a b 13.83
T7 22.54 c 36.00
T8 35.22 a -

C V (%) 11.14 -

*Percentage of reduction of infestation was calculated from the
weight of tubers of untreated plot, Data were analyzed after arcsin
transformation, Data in a column followed by same letter(s) do not
differ significantly.
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spray of Dursban (10.33 ton / ha) and  hand picking only (9.07
ton / ha). The treatments T2 (hand picking + two irrigation - 30
and 45 DAP + perching) and T5 (hand picking + two irrigation
- 30 and 45 DAP + one spray of Dursban + perching) increased
83.81% and 86.27% healthy tuber yield, respectively over
total yield.

The cutworm caused a tuber damage of 3.59 ton / ha when
treated with hand picking + two irrigation (30 and 45 DAP) +
one spray of Dursban + perching and 3.70 ton / ha in the plots
treated with spray of Dursban at 15 days interval. Only hand
picking was found to be ineffective as the level of damage
was similar with that of untreated plots. The total yield was
higher (26.15 ton / ha) in the plots treated with hand picking +
two irrigation (30 and 45 DAP) + one spray of Dursban +
perching. Statistically, similar yield was obtained from the plots
treated with hand picking + one irrigation (45 DAP) + perch-
ing (18.88 ton / ha), hand picking + two irrigation (30 and 45
DAP) + perching (24.85 ton / ha) and hand picking + one
irrigation (45 DAP) + one spray of Dursban (23.44 ton / ha).

The results indicated that among the seven treatments, the
management practice with the combination of hand picking +
two irrigation (30 and 45 DAP) + one spray of Dursban +
perching was found most effective in reducing the infestation
of cutworm in potato field.

Ram et al (2001) reported that Dursban 20 EC (Chlorpyrifos)
@ 0.5 kg a.i. / ha / spray application once at earthing and once
after 21 to 30 days of first spraying was the best treatment for
suppressing the damage of cutworm. Dursban or Chloropyrifos
proved as an effective insecticide for the control of plant and
tuber damage in potato crops by the cutworm (Mannan et al
1998). Nikkhoo and Moiini (1991) reported that Agrotis ipsilon
was the most dominant pest of vegetables. The most effective
control measures were collecting and burning of crop resi-
dues, deep ploughing and flood irrigation of infested fields in
winter. Prasad et al (1987) repoted that irrigation resulted in a
significant increase in plant height and in yield. Some impor-
tant pests were reduced in numbers (Agrotis sp) or even elimi-
nated. Esbjerg et al (1986) showed that mortality of young
larvae (A. segetum) increased with increasing soil moisture.
The young larvae hide in the top layer of the soil, this
behaviour being disturbed by wet soil. The infestation of
A. ipsilon was lower in the irrigated plots than drought stress
(Davis and Pedigo 1991). The findings of the above authors
are in partial agreement with the findings of the present study.
From the present study, it can be concluded that integration
of cultural, mechanical, chemical and biological control could
show better performance than the one component of inte-
grated pest management. However, further researches on the
effectiveness of different combinations of these treatments
are warranted.
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FOR ITS NUTRITIONAL  AND INDUSTRIAL  APPLICATIONS
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A study of the oil content of Monodora myristica for its potential and industrial applications has been undertaken.  The
study revealed that M. myristica seeds have high oil and protein content (21.79 ± 0.51% and  20.57 ± 0.38%, respec-
tively).  The carbohydrate content is quite high, (44.29 ± 1.50%) while it has low crude fibre content (4.70 ± 0.15%). The
physico - chemical characteristics of the seed oil show that the oil has high acid value, (14.31 ± 0.32%); peroxide value,
(15.90 ± 0.50%) and saponification value, (252.11 ± 2.50%). The iodine value of the seed oil which places the oil in the
non-drying group is 85.00 ± 0.50%. Eight nutritionally valuable minerals of the seeds were determined and the result
indicates the seeds to be richest in potassium  64.96 ± 1.60 ppm followed by magnesium (8.58 ± 1.50 ppm) and iron (8.40
± 0.91 ppm). Fatty acid composition of the seed oil shows the oil to  be rich in linoleic acid (35.52%) and oleic acid
(33.15%). It also contains arachidic acid 9.52%. The other fatty acids present in the oil are palmitic acid, stearic acid,
gadoleic acid and linoceric acid. Triacylglycerols (OOO, OPO / POO and OOL) accounted for over 57.70% of the total
triacylglycerol content of the oil. In addition, high molecular weight triacylglycerols (containing fatty acid moiety > 18
carbons) was also detected in oil The potential domestic and industrial applicatioins of the oil under study are enumerated.

Key words: Monodora myristica, Physico - chemical properties, Mineral element, Fatty acid.

Introduction

Fats and oil belong to a class of compound known as lipids,
which can be either simple or complex triacylglycerol. The
existence of these as fat and oil depends on their state at room
temperature, 30 ± 2°C (fats are solid while oils are liquid at
room temperature) (Gurr et al 1972).

Fats and oil are indispensable food factors (Tooley 1971) and
they are also extensively used for nutritional, cosmetic and
industrial purposes (Berdick 1972). They are used for deliv-
ering fat soluble vitamins as carriers and contributing flavours
to food (Masson 1981) and also for supplying essential fatty
acids such as linoleic, linolenic and arachidonic acids which
are not made by the body but are required by the body
(Triebold and Aurand 1963). They are also used for  produc-
ing drug dispersants in therapeutics (Oyolu 1971 and Ngoddy
and Ihekoronye 1984).

Monodora myristica (Gaertn) Dunal also called African
nutmeg or false nutmeg is a tree of evergreen and deciduous
forest, up to 35m high by 2m in girth. It is of the family
Annonaceae (Unwin 1920).  The seeds of M. myristica which
are embedded in a white sweet-smelling pulp are the most
important part of the tree economically.  The seeds contain 5
-  9.00% colourless essential oil consisting largely of terpe-

nes and with a pleasant taste and smell (Oliver 1960) and
about 35.00 - 36.00% of a reddish-brown fixed oil which con-
tains mainly linoleic acid (46.90%) and oleic acid (35.00%)
(Busson 1965).

The bark of M. myristica is used in Ivory Coast to treat
haemorrhoids, stomachache and febrile pains and mixed with
that of M. tenuifolia, a collyrium is prepared for use in eye
troubles (Bouquet 1974). Dusting or application of the po-
made is used to disinfect from fleas and lice. The seeds chewed
up are applied to the forehead for headache and for migraine
in Gabon. The seeds are also applied on sores and are eaten as
anti-emetic operative and tonic in Congo (Burkill 1985).

The world production of fats and oils shows the production
of vegetable oils to be higher than fats from animal (Interna-
tional Association 1988). Currently, despite the relatively high
oil and seed meal production in the United States, the USDA
(U.S. Department of Agriculture) continues to investigate
non-conventional seeds. The example set forth by the USDA
is worth emulating by the developing countries that are more
in need of alternative oil sources. According to Balogun et al
(1986), lack of information on the composition and utiliza-
tion of the many and varied oil seeds indigenous to the trop-
ics is more of problems than is the real shortage of oils. There
exist already abundant data in literature on the proximate*Authors for correspondence
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composition, mineral content and other characteristics of the
more conventional oil seeds but this is lacking on the non-
conventional oil seed types.  In response to these needs and
in continuation of our effort to bring into focus the non-con-
ventional seed oils (Oderinde and Ajayi  1998 and 2000), the
oil content of Monodora myristica seeds have been studied
for its domestic and industrial applications.

Experimental

The seeds of M. myristica were purchased from a local
market (Ojoo market in Ibadan). The chemical used were sup-
plied by British Drug House (BDH)

Sample preparation. The seeds were cracked to remove the
brown-coloured kernels. These were ground to powder with
the use of a laboratory mortal and pestle. They were then stored
in a polythene bag and kept in the fridge until needed for
analysis.

Extraction.  Extraction of oil of the seed was carried out in a
soxhlet apparatus using purified hexane as the solvent. The
oil obtained, after distilling off the hexane, was stored in a
labelled  flask.  All analysis was carried out in the Chemistry
Department of Ibadan except for crude protein determination
which was carried out in Human Nutrition Department of
University of Ibadan.

Physical characterization.  Physical characterization of the
seeds and kernels was carried out according to the method
outlined by Femeni et al (1995). Weight, length and width of
one seed kernel was determined by taking the mean measure
of 50 seeds / kernel.

Proximate properties. Pulp and seed moisture was deter-
mined gravimetrically by placing 1g of specimen into an oven
at 105°C for 6h to reach constant weight according to Femenia
et al (1995). Crude protein (N% x 6.25) was determined by
the micro Kjedhal method while analysis for ash and crude
fibre were according to the methods of AOAC (1980).

Carbohydrate content was determined by difference [100.00%
- (protein + crude fat + ash + crude fibre)] (AOAC 1990;
Ajayi et al 2002).

Physico - chemical characteristics.  Procedures for the
determination of iodine value (Wij’s method), saponification
value, peroxide value and acid value were as those recom-
mended by the AOAC (1984).  For iodine value, 0.20g of the
oil was taken into a glass-stoppered flask and dissolved in
15ml carbon tetrachloride.  25ml of Wij’s solution was added,
the flask was stoppered and allowed to stand for 2h in the
dark at 25°C, after which 20ml of 10.00% KI solution was
added.  The mixture was titrated with 0.2N Na

2
S

2
O

3 
using

starch indicator. A blank determination was carried out.  The
iodine value was calculated as follows:
Iodine value = 12.69M  V

2
 - V

1

                   W
Where,  M = Molarity of thiosulphate
V

1
= Volume (in ml) of thiosulphate solution

used in test
V

2
= Volume (in ml) of thiosulphate solution in

blank
W = Weight of sample

The saponification value of the oil was determined by dis-
solving 1g of it in 12.50ml of ethanolic KOH and refluxing
the mixture for 30 minutes after which 1ml of phenolphtha-
lein indicator was added, the hot soap solution was then ti-
trated with 0.50N HCl.  A blank determination was carried
out under the same condition and the following equation was
used to calculate the saponification value of the oil.

Saponification value = 56.1M (V
2
 - V

1
)     (AOAC 1984)

                          W
Where, M = Molarity of hydrochloric acid used
V

1
= Volume of hydrochloric acid used in test

V
2

= Volume of hydrochloric acid used in blank
W = Weight of oil taken

For the peroxide value, 1g of the oil was weighed into a 200ml
conical flask and 25ml of 2:1 v / v glacial acetic acid and
chloroform solvent was added. 1ml of potassium iodide solu-
tion was then added and the solution was left in the dark for 1
minute after which 30ml of water was added. The mixture
was titrated with 0.20 N thiosulphate solution using 5ml starch
as indicator. A blank was determined simultaneously. The
peroxide value of the oil was then calculated using the equa-
tion below:

Peroxide value   = 100 (V
1
 - V

2
) M meg / kg (AOAC, 1990)

              W
Where, W = Weight of sample
V

1
= Volume (ml) of Na

2
S

2
O

3
 used in test

V
2

= Volume (ml) of Na
2
S

2
O

3
 used in sample

M = Molarity of Na
2
S

2
O

3

The acid value of the oil was determined by dissolving 0.20g
of the oil in 2.5ml of 1:1v / v ethanol and diethylether and
titrating each with 0.10M NaOH with swirling using phenol-
phthalein as indicator.  The acid value is calculated as fol-
lows:

Acid value  =  56.1M (V
2
 - V

1
) (Cock and van Rede 1966;

AOAC 1990).                   W

Where, M = Molarity of NaOH used
W = Weight of sample
V

1
= Volume (ml) of NaOH used
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Refractive index and specific gravity.  The refractive index of
the oil was determined with an Abbe refractometer while the
specific gravity was measured using the specific gravity bottle.
Both parameters were determined at room temperature (30°C
± 2°C) and following the procedures described by Pearson
(1976).

Metal composition.  The metal composition of the seeds was
determined according to the method used by Idouraine et al
(1996). 1g of the seed was completely ashed in a muffle fur-
nace at 600°C.  The ash obtained was digested with 3ml con-
centrated HNO

3
.  The digest was filtered carefully into a 100ml

volumetric flask and made up to mark with distilled water.  A
blank solution was also prepared.  The metal composition was
then determined using an Atomic Absorption Spectrophotom-
eter and following the manufacturer’s specifications.

Fatty acid analysis. Fatty acid was determined at the Institute of
Organic Chemistry, University of Tübingen, Germany accord-
ing to the method of Lutz et al (1998).  To 0.10g of the oil was
added 5ml of CH

3
OH and 1ml of CH

2
Cl

2
. The mixture was

cooled in ice and 0.6ml of CH
3
COCl was added.1ml of the

solution was withdrawn into the hydrolysis tube and heated for
1 hour at 110°C.  The solution was cooled and discharged into
10ml of 1.00% NaC1 solution in a separating funnel.  The or-
ganics were extracted with 3 x 4ml hexane and volume was
reduced to 0.5ml using a rotary evaporator.  This was eluted on
silica gel column successively with 5ml hexane and 4ml CH

2
C1

2
.

The CH
2
C1

2
 fraction was separated on a DB5 30m x 0.25mm

capillary installed on a GC Chrompack 9001 equipped with
computer software and Mosaic integration. Flame ionisation
detector was used. The temperature was programmed as
follows: 35°C for 3 minutes, temperature was then increased at
20°C per minute up to 230°C for 5 min. Heptadecanoic acid was
used as an internal standard.

Triacylglycerols. Lipids were first separated on silica gel (20
x 20cm) using petroleum ether: diethylether:acetic acid
(80:20:1) as the mobile phase. Details of the procedure have
been described in earlier publication (Esuoso and Bayer, 1998).
The triacyglycerol fraction was identified, scrapped off and
eluted with CH

2
Cl

2
. The samples and standards (0.1µl) were

injected into the gas chromatography (CHROMPACK
CP9000) using a Chrompack TAP capillary column, 25m x
0.25mm, film thickness, 0.1µ(J & W Scientific, Köln, Ger-
many). The carrier gas was hydrogen maintained between  95
- 96 kpa. The temperature was programmed as follows; 80°C
for 2 min.; temperature increased to 280°C at 30°C per min.;
temperature increased to 355°C at 3°C per min.

All the standards used for the studies were purchased from
the SIGMA Chemical Company. They include: Tripalmitin

PPP; 1,2 - Dipalmitoyl - 3 - oleoyl - rac - glycerol PPO; 1,3 -
Dipalmitoyl - 2 - oleoyl - rac - glycerol POP; 1,2 - Distearoyl
-3 -palmotoyl - rac - glycerol SSP; 1 - Stearoyl - 2 - oleoyl -3
-palmitoyl - rac - glycerol SOP; 1,3 - Dioleoyl - 2 - palmitoyl
- rac - glycerol OPO; 1 - Palmitoyl - 2,3 - dioleoyl - rac -
glycerol SOO, 1,3 - Dioleoyl - 2 - stearoyl - rac - glycerol
OSO; 1,3 - Distearoyl - 2 - oleoyl - rac - glycerol SOS; 1,2 -
Distearoyl - 3 - oleoyl - rac - glycerol SSO; Triolein OOO;
1,2 - Dimyristoyl - 3 - lauroyl - rac - glycerol MMLa; 1,2 -
Dimyristoyl - 3 -palmitoyl - rac - glycerol MMP; 1,3 -
Dipalmitoyl - 2 - Linoleoyl - rac - glycerol PLP; Trolinolein
LLL; 1,2 - Dilauroyl - 3 - myristoyl - rac - glycerol LaLaM;
1,2 - Dilinoleoyl - 3 - oleoyl - rac - glycerol LLO; 1 - Palmitoyl
- 2 - oleoyl - 3 - linoleoyl - rac - glycerol POL; 1,2  - Dioleoyl
- 3 - linoleoyl - rac - glycerol OOL, 1,2 - Linoleoyl - 3 -
arachidonyl - rac - glycerol LLA ; 1-oleoyl - 2 - Linoleoyl - 3
- arachidonyl - rac - glycerol OLA ; 1 - stearoyl - 2,3 -
diarachidonyl - rac -glycerol SAA ; 1 - oleoyl - 2 - stearoyl - 3
- arachidonyl - rac - glycerol OSA ; 1 - Linoleoyl - 2 - stearoyl
- 3 - arachidonoyl - rac - glycerol LSA ; 1,2 - dioleoyl - 3 -
arachidonoyl - rac - glycerol OOA

Results and Discussion

The result of the proximate composition of M. myristica seed
is presented in Table 1.  The oil yield of the seed is 21.79 ±
0.51% while the protein content is 20.57 ± 0.38%.  The oil
yield compare favourably with 21.00% of C. lanatus (Chi-
nese) (Al - Khalifa  1996) and it is in the same order with the
oil content reported for some conventional oil seeds such as
soybeans (19.00 ± 2.00%), olive (22.51 ± 2.50%) and cotton
seed (19.50 ± 1.00%).  The protein content of the seed is also
comparable to those of known oil seeds like sunflower
(19.50%), castor seed (18.90%) and cashew nut (12.20%)
(Fetuga et al 1973).  The seed has a low quantity of moisture
(5.21 ± 9.24%) which is comparable to the value reported in
literature for C. colocynthis (Al - Khalifa, 1996).  The carbo-
hydrate content of the seed is similar to 45.35 ± 1.10% re-
ported for E. pursaetha (Oderinde and Ajayi, 1998).

The oil from M. myristica seeds which is reddish-brown in
colour is consistently liquid at room temperature.  The acid
value of the oil is 14.31 ± 0.32% (Table 2), it is lower than the
value reported in literature for C. reticulata varsatsuma (21.71
± 0.30%) and C. tuberosus tuber oil (17.39 ± 0.75%) (Dagne
and Johnson, 1997).  This value is high but it can be reduced
by alkali refining.  The saponification value is 252.11 ± 2.50%,
this value is closed  to that of A. cohune 252 - 256 (Oboh and
Oderinde 1998).  The high saponification value of the oil sug-
gests that the oil contains high molecular weight fatty acids
and also that it will be useful for soap production.  The high
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ester value 237.80 ± 2.18 is an indication of high level of
ester is present in the oil. The specific gravity and refractive
index of the oil are 0.8428 ± 0.02% and 1.4400 ± 0.015%,
respectively.

The role of trace elements in human nutrition and disease can-
not be overemphasized.  Even though the mineral elements
form a small portion of total composition of most plant mate-
rials and of total body weight and they do not contribute to
energy value of food, and are of great physiological impor-
tance particularly in body metabolism (Schwart 1975). The
seeds of Monodora myristica are richest in potassium (64.96
± 1.60 ppm) followed by iron (8.40 ± 0.91ppm) and magne-
sium (8.58 ± 1.50ppm) and poorest in copper (0.33 ± 0.05ppm).
From the potassium content of the seed, it can be deduced
that the seed of M. myristica, if consumed, could be a good
source of potassium and to some extent iron.

Presented on Table 4 is the fatty acid composition of M.
myristica seed oil. The fatty acid composition of the total
seed oil reveals that linoleic acid (35.52%) and oleic acid

(33.15%) are the predominant unsaturated fatty acids. It is
well - known that dietary fats rich in linoleic acid prevents
disorders such as coronary heart disease, atherosclerosis
and high blood pressure and also linoleic acid derivatives
serve as structural components of the plasma membrane
and as precursors of some metabolic regulatory compounds
(Viles and Gottenbos 1989). The other fatty acids found
in M. myristica seed oil are palmitic acid (5.96%), stearic
acid (4.44%), gadoleic acid (2.96%), arachidic acid
(9.52%) and linoceric acid (0.15%). The percentage satu-
rated fatty acid in the oil is 20.07% while the percentage
of unsaturated fatty acid is 79.93%. This is of great nutri-
tional significance. This suggests that the oil could serve
nutritional purposes. It can be used to lower serum cho-
lesterol and prevent coronary heart disease.

Table 2
Physico-chemical characteristics of M. myristica

seed oil

Characteristics                       Range (%)           Mean ±   S.D

Oil content (%) 21.2800 - 22.3000 21.79 ± 0.510
Saponification value 249.6100 - 254.6000 252.11 ± 21.50
Peroxide value 15.4000 - 16.4000 15.900 ± 0.500
Acid value 13.9900 - 14.6300 14.310 ± 0.320
Iodine value 80.0000 - 90.0000 7.2000 ± 0.320
Free fatty acid
(as % oleic) 6.8800 - 7.5200 237.800 ± 2.180
Ester value 235.6200 - 239.9800 1.4400 ± 0.015
Refractive index (25°C) 1.4520 - 1.4550 0.9180 ± 0.026
Specific gravity 0.8428 - 0.8668
Consistency at room                     Liquid
temperature
Colour Reddish - brown
aMean of triplicate analysis

Table 1
Proximate properties of M. myristica seeds

Parameters                          Range (%)           Mean ±   S.D

Oil yield 21.28 - 22.30 21.79 ± 0.51
Moisture content 4.97 - 5.45 5.21 ± 0.24
Ash content 3.24 - 3.64 3.44 ± 0.20
Crude protein 20.19 - 20.95 20.57 ± 0.38
Crude fibre 4.55 - 4.85 4.70 ± 0.15
Carbodhydrate content 42.79 - 45.79 44.29 ± 1.50
aMean of triplicate analysis

Table 3
Mineral element composition of M. myristica seeds

Element                            Range (%)                Mean ±   S.D

Calcium 2.08 - 2.48  2.28 ± 0.20
Magnesium   7.08 - 10.08  8.58 ± 1.50
Potassium 63.36 - 66.56 64.96 ± 1.60
Sodium 1.25 - 1.55  1.40 ± 0.15
Manganese 0.92 - 1.08  1.00 ± 0.08
Iron 7.49 - 9.31  8.40 ± 0.91
Copper 0.28 - 0.38  0.33 ± 0.05
Zinc 0.54 - 0.94  0.74 ± 0.20

Table 4
Fatty acid composition of M. myristica seed oil

Fatty acid           M. myristica        Groundnut         Soybean
     (%)                    oila   oilb              oilb

12: 0                       - 0.05                   trace
14: 0                       - 0.05 0.10
16: 0 5.96 11.15 11.20
18: 0 4.44 0.10 0.10
18:1 33.15                        - 4.10
18:2 35.52                        - 21.70
18:3                        - 3.15 53.90
20:0 9.52 51.75 7.50
20:1 2.96 0.05 0.40
20:2 5.43 1.40 0.20
20:3 2.87 1.20                      -
22:0                        - 3.25                      -
22:1                        - 0.15 0.50
22:2                        - 1.65 0.10
24:0 0.15 0.15 0.20

Saturated 20.07 20.30 16.40
Unsaturated 79.93 78.70 83.50

aPresent work; bRossell and Pritchard (1991)
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Physical properties of Monodora myristica seed and kernel
regarding weight, length and width in addition to the kernel
percentage of whole seed are listed in Table 5. The result
showed that the kernel constitute 77.13% of the seeds. This is
higher than the value(22-38g / 100g) reported sweet kernel of
apricot by Filsoof et al (1976); Hallabo et al (1975) and
Ermakov (1980). The average length and width of the seeds
are 0.660 mm ± 0.140 and 0.395 ± 0.075 mm, respectively
while those for the kernel are 0.640 ± 0.120 mm and 0.375 ±
0.075 mm, respectively.

The comparison of the cost of production reported in Table 6
revealed that the cost of production of conventional oil such
as soybean is slightly lower than and our unconventional oil
(Monodora myristica) used for the present studies.

The composition of the triacylglycerols in the oil is presented
in Fig  1. OOO, OPO / POO and OOL accounted for over
57.70% of the total triacylglycerol in the oil. High molecular
weight triacylglycerols (containing fatty acid moiety > 18
carbons) was also detected in oil. SAA, OSA and LLA ac-
counted for about 5.00% of the total triacylglycerol. The
search for vegetable oil and fats as alternatives for cocoa but-
ter in chocolate and confectionery products have been a ma-
jor focus of research for decades now. The terms cocoa but-
ter equivalents (CBEs) ; cocoa butter substitutes (CBSs) and
cocoa butter replacers (CBRs) are strong for technological
and economic reasons (Lipp and Anklam 1998). From the
composition of the triacylglycols of the oil, it appears our M.
myristica oil could serve as cocoa butter equivalents (CBEs)

Conclusions

Monodora myristica seeds could be utilized as a source of
edible oil and protein for human consumption. In addition,
the seeds could be considered as a good source of dietary
fibre. The seeds have high content of unsaturated fatty acids
and therefore, could serve as substitute for highly unsaturated
fatty oils. Finally,  the triacylglyreol content of the oil revealed
that the oil could serve cocoa butter equivalents.
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Food legumes, widely grown and consumed throughout the
world are excellent sources of proteins (20 - 25%) and carbo-
hydrates (50 - 60%). They are also fairly good sources of
dietary fibre, minerals and vitamins. However, presence of
tannins, phytic acid and other anti-nutritional substances re-
duce the availability of protein and other nutrients in legumes
(Morrow 1991; Van der Poel et al 1991; Stanley 1992). Most of
the nutrients and anti-nutrients are lost during soaking and
cooking processes (De-Leon et al 1992). Physical characteris-
tics of certain legumes are associated with these soaking and
cooking processes (Phirke et al 1982;  Attia et al 1994). How-
ever, digestibility of starch and protein of the legumes is not
well documented in literature. This paper reports the effect of
cooking on nutrients, anti-nutrients and digestibility of pro-
tein and starch of commonly used legumes. Physical charac-
teristics of these legumes were also studied after soaking them
in simple water.

Raw form of five legumes (black grams, chick-peas, lentils,
red and white kidney beans) were obtained from Ayub
Agriculture Research Institute, Faisalabad (Pakistan).
Physical characteristics including water absorption capacity
(Sefa-Dedh and Stanly 1979), swelling capacity (Akinyele et
al 1986), seed density (Phirke et al 1982), and cooking time
(Singh et al 1991) of the legumes were determined after soak-
ing in water for 4 h. The ash, protein, soluble sugars, starch,
tannins, phytic acid, protein and starch digestibility was es-
timated before and after cooking the pre-soaked legumes
(AOAC 1990).

Table 1 summarized the physical characteristics of raw legumes.
Apparent seed density of the legumes were found to be from
0.48 to 1.85g/ml. Cooking time of unsoaked whole seeds of
these five legumes showed wide variations ranging from 16 -
130 min depending upon the size and hardness of seeds. Cook-
ing time was reduced by 34.61 to 43.75%, as a result of soak-
ing in water for 4 h. Reduction in cooking time could be the
result of absorption of sufficient water from the soaking
media which ultimately decreased hardness of legumes.

Black grams, chick-peas, lentils, red and white kidney beans
contained 19.43 - 26.00% protein, 2.73 - 3.73% minerals, 5.50 -
8.46% soluble sugars and 37.62 - 47.00% starch (Table 2). These
nutrients were lost to various extents during cooking pro-
cess. About 14.78 to 21.83% proteins were lost from these five
legumes on cooking. These losses in proteins are attributed
to partial removal of certain essential as well as non essential
amino acids along with other nitrogenous compounds which
were formed as a result of chemical degradation of complex
molecules of proteins into simple water soluble amino acids
due to high temperature and pressure. About 18.99 to 39.50%
minerals, 26.70 - 36.86% soluble sugars and 35.38 - 55.55%
starch contents were lost as a result of cooking of the le-
gumes. Earlier workers also reported that cooking caused some
of the bean cells to separate rather than to break because of
which cell contents (proteins, minerals and sugars) were re-
leased to the surrounding media and consequently, caused
reduction in the nutrients of beans (Kon 1979; Rincon et al
1993).

The amount of neutral detergent fibre (NDF), acid detergent
fibre (ADF), cellulose, hemicellulose and lignin in these five
food legumes was 19.44 - 24.98%, 4.23 - 8.49%, 2.67 - 6.60%,
12.74 - 20.78% and 1.40 - 1.89%, respectively (Table 2). Vari-
able amounts of these dietary fibre components from the le-
gumes were lost as a result of pressure cooking. Neutral de-
tergent fibre (NDF) and acid detergent fibre (ADF) contents
of these legumes reduced to 11.52 - 18.32% and 10.87 - 19.66%
because of cooking. Reduction in cellulose by 11.49 - 21.55%
and hemicellulose by 17.85 - 27.22% was observed whereas
3.03 - 7.40% lignin contents were reduced during cooking pro-
cess. These results are consistent with the findings of earlier
workers who found reduction in cellulose and hemicellulose
contents of legumes during different cooking processes (Vidal-
Valverde and Frias 1991).

Phytic acid and tannin contents in the food legumes were
found to be 223 - 599 mg /100g and 164 - 371 mg /100g, respec-
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Table 1
Physical characteristics of raw legumes

Legumes Legumes Water Swelling Cooking
apparent absorption capacitytime
seed density capacity (g /100g) (min)
(g /ml) (g /100g)

Black gram 1.16 25.60 73.00 110

Chick-peas 1.85 23.80 84.53 75

Lentils 0.48 15.42 32.72 16

Red kidney beans 1.23 34.74 74.39 130

White kidney beans 1.10 27.80 66.07 45
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tively (Table 2). About 53.43 to 66.11% phytic acid and  25.23
- 50.00 % tannin contents were reduced when water soaked
legumes were cooked in a pressure cooker for 15 min. Reduc-
tion in anti-nutrients have already been observed by earlier
workers during cooking of cowpea, winged beans and field
beans (Laurena et al 1984;Ogun et al 1989).

Protein and starch digestibility of the raw legumes varied
from 33.77 -  45.72 and 42.00 -  49.37%, respectively (Table 3).
The digestibility of protein and starch was  improved by 51.07
- 66.09% and 64.31 - 76.19%, respectively on cooking legumes.
Improvement in starch digestibility by 15.28 to 25.92% was
higher than protein digestibility of these legumes on cook-
ing. Better improvement in starch digestibility could be at-
tributed due to hydrolysis of starch under drastic conditions
of heating under pressure. Mbofung et al (1999) also reported
distinct improvement in starch digestibility of cowpeas after
cooking. Partial removal of anti-nutrients (phytic acids,
tannins) might be responsible for improving the digestibility
of protein and starch of the legumes. However, it is also pos-
sible that some structural changes might have occurred which
increased the susceptibility to enzymatic attack and ultimately
improved the digestibility of these two nutrients after cook-
ing process.

Key words:  Legumes, Nutrients, Anti-nutrients, Physical char-
acteristics, Soaking, Cooking.
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Digestibility of protein and starch of raw legumes
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Lentils 45.72 42.00
Red kidney  beans 33.77 48.00
White kidney beans 35.29 49.37
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The effects of 24 and 48 h leaf extracts of Calotropis procera
on radicle and plumule growth of four cultivars of maize (Oba
Super I, II, III and IV) were examined. Both extracts demons-
trated considerable inhibitory effects on the growth of radicle
and plumule of the cultivars and the severity of the inhibition
was observed to increase with the increase in the duration of
the extraction.

The growth of Oba Super 1 tends to be the least inhibited
while the growth of Oba Super III appeared to be mostly inhi-
bited by the extracts when the growth and development of
their radicle and plumule were compared to those of the con-
trol.

The study concluded that allelopathy might have played a
major role in the suppressive ability of this weed on the seed-
ling growth of maize.

Calotropis procera, a member of Asclepiadaceae (Olorode
1984), is one of the most prominent weeds in the Savanna

zone of Nigeria, where it constitutes a menace to cowpea,
guinea corn and maize farms. Field observations have revealed
a significant reduction in yields from the farms, where this
weed is found.

Previous studies, such as (Evanari 1949; Rice 1984) among
others, had revealed that most weeds affect their neighbours
by releasing allelochemicals, which inhibit the growth of their
neighbours directly or indirectly by altering the physical and
chemical characteristics of the soil and the availability of
nutrients, pH, total phenolic levels and microbial population
(Blum & Shaffer 1988; Inderjit & Dakshini 1992, 1994).

Therefore, there is a growing interest in the study of allelopa-
thy among weed scientists and plant ecologists in the recent
time. The study being reported here aimed at determining the
inhibitory potentials of the extracts of C. procera on the ger-
mination and seedling growth of maize, a widely cultivated
crop in Nigeria.

Maize seeds from four cultivars, namely Oba Super I, II, III
and IV, were obtained from the International Institute for
Tropical Agriculture, Ibadan, Nigeria and used in this study.

Leaves of Calotropis procera were collected along Ilorin -
Jebba road in the Savanna region of Nigeria. 500 g of fresh
leaves were soaked in one litre of distilled water for a period
of 24 h. Another 500 g were soaked for 48 h. The solutions
were filtered and the filtrate was used as aqueous extracts.

Sterilized petri- dishes were double - layered with Whatman
No.1 filter papers. Five seeds of the respective cultivars were
placed in each petri - dish. The petri - dishes were moistened
daily with the 24 and 48 h, aqueous extracts of the leaves of
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Table 1
Effect of aqueous extracts of C. procera on the radicle and plumule lengths (cm) of maize cultivar Oba Super I

Plant Extract                      Experimental time (h)* Average

parts time (h) 24 48 72 96 120 144 %

decrease

 Control - 1.30 3.92 5.73 6.95 8.05 -

Radicle 24 - 0.95 1.08 2.95 4.01 5.27 -
(26.90) (72.40) (48.50) (42.30) (34.50) (44.90)

48 - 0.56 0.92 1.45 3.24 4.01 -
(56.90) (76.50) (74.70) (53.40) (50.20) (62.30)

Control - 1.20 1.31 2.38 2.98 3.68 -

Plumule 24 - - 0.51 0.97 1.21 1.88 -
(100.00) (61.10) (59.20) (59.40) (48.90) (65.70)

48 - - 0.31 0.53 0.71 1.06 -
- (100.00) (76.30) (77.70) (73.50) (71.20) (79.70)

* Figures in brackets represent the % decrease over control.
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C.procera. Each treatment was replicated five times. A con-
trol treatment was also set up and moistened daily with dis-
tilled water.

The petri - dishes were kept at room temperature in a growth
chamber where germination measurements were recorded at
24 h intervals. The results obtained from the extract - treated
seed were compared statistically to those obtained from the
control experiment.

The results of the different aqueous extracts of the leaves
of C.procera on radicle and plumule growth of maize are
shown in Table 1 - 4. Both 24 and 48 h extracts demonstrated

considerable inhibitory effects on the growth of radicle and
plumule of the maize cultivars. The severity of the inhibition
was more pronounced at 48 h extract time than those of the 24
h extract time.

Results obtained from all the cultivars tend to follow the same
trend. The growth and development of the radicle and plu-
mule decreased with the increase in the duration of the ex-
traction. Statistical analyses revealed that these reductions
were significantly different when compared to the control at
5% level.

The radicle of Oba Super I was least affected by the extracts,

Table 2
Effect of aqueous extracts of C. procera on the radicle and plumule lengths (cm.) of maize cultivar Oba Super II

Plant Extract                      Experimental time (h)* Average
parts time (h) 24 48 72 96 120 144 %

decrease

Control - 1.40 3.98 6.92 9.01 10.89 -

Radicle 24 - 0.72 1.51 2.01 3.96 4.75 -
(48.60) (62.10) (71.00) (56.00) (56.40) (58.80)

48 - 0.56 0.98 1.75 2.57 3.01 -
(60.00) (75.40) (74.70) (71.50) (72.40) (70.80)

Control - 1.36 1.98 2.58 3.30 4.02 -

Plumule 24 - - 0.52 0.98 1.08 1.73 -
- (100.00) (73.70) (62.00) (67.70) (57.00) (72.10)

48 - - 0.23 0.38 0.91 1.22 -
- (100.00) (88.40) (85.30) (72.40) (69.70) -

* Figures in brackets represent the % decrease over control.

Table 3
Effect of aqueous extracts of C. procera on the radicle and plumule lengths (cm) of maize cultivar Oba Super III

Plant Extract                      Experimental time (h)* Average

Parts time (h) 24 48 72 96 120 144 %

decrease

Control - 0.28 1.86 3.27 4.01 4.78

Radicle 24 - - 0.21 0.53 0.99 1.32
- (100.00) (88.70) (83.30) (75.90) (72.40) (89.10)

48 - - 0.14 0.25 0.48 0.96
- (100.00) (92.50) (92.40) (88.00) (79.90) (90.60)

Control - 0.34 0.78 1.82 2.65 3.12

Plumule 24 - - - 0.25 0.51 1.05
- (100.00) (100.00) (86.30) (80.80) (66.30) (86.70)

48 - - - 0.23 0.49 1.03
- (100.00) (100.00) (87.40) (81.50) (67.00) (87.20)

* Figures in brackets represent the % decrease over control.
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as the percentages decrease over the control were 44.90 and
62.30 at 24 h and 48 h extracts, respectively (Table 1). Radicle
that mostly inhibited was of Oba Super III with the percent-
ages decrease of 89.10 and 90.60 at 24h and 48h extracts,
respectively (Table 3). The percentages decrease of the radi-
cle of Oba Super II and Oba Super IV were 58.80 and 70.80,
68.40 and 72.30 at 24 h and 48 h extracts, respectively.

The inhibition of the growth and development of the plumule
also followed the trend above. Oba Super I tends to be the
least inhibited at both 24 h and 48 h extract (Table 1) while
Oba Super III appeared to be the most inhibited at both 24 h
and 48 h extract (Table 3). Plumule inhibition was above 70%
when compared to the controls at both 24 and 48 h extracts in
Oba Super II and IV (Tables 2 and 4).

The role of allelopathy in the spatial distribution of weeds
cannot be over - emphasized. The latex exudates some of the
members of the genus Calotropis which has been found to
contain a strong allelochemical called Calotropin (Watt &
Breyer - Brandwijk 1962; Bouguent 1972; Daubenmire 1974).
This compound might be responsible for the inhibitory
effects demonstrated in this study by this weed.

Allelochemicals, though present in all plants parts, have been
found to be mostly concentrated in the leaves. For example,
studies had revealed that the allelochemicals present in
Chromoleana odorata, (Ogbe et al 1991; Gill et al 1993),
Setaria faberii (Bell & Koeppe 1972), Cyperus rotandis
(Alams & Azini 1991) and Euphorbia heterophylla (Tijani -
Eniola & Fawusi 1989; Kayode 1998) were concentrated in
their leaves. The leaf extracts from these weeds, irrespective
of the duration of extraction, inhibited germination and seed-

ling growths in Zea mays, Vigna unguiculata, wheat,  tomato
and cowpea, respectively.

In conclusion, Idu & Omonhinmin 1998 had shown that the
degree of inhibition demonstrated by extracts from the dif-
ferent component parts of C. procera were similar. Thus, it
could be suggested that allelopathy might have played a
prominent role in the spatial distribution and suppressive
ability that this weed exerts on neighbouring plants in the
field.

Key words: Allelopathy, Inhibition, Calotropis procera,
Radicle, Plumule.
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Probiotics are viable bacteria used as feed additives, which
produce beneficial effects that bring about a balance of the
intestinal flora. Strains of Lactobacillus, Pediococcus,
Bacteriodes, Bifido bacterium, Bacillus, Streptococcus and
Escherichia coli have been used as probiotics (Fuller 1986).

Lactobacilli are found in the normal intestinal flora of chickens
and other animals from the first few days of their life (Fuller
1986). Their ability to inhibit both Gram- positive and Gram-
negative bacteria had been reported (Klaenhammer 1988;
DeVuyst and Vandemme 1994; Jin et al 1996). Chang and his
co - workers (Chang et al 2001) recently reported that
Lactobacillus reuteri BSA131 sourced from pig faeces
strongly inhibited pathogenic bacteria used as indicator
organism. Moreover, the adhesion of Lactobacilli to the
epithelial wall of the small intestine of some animals had also
been reported (Sarra et al 1992; Jin et al 1996).

Lactobacillus acidophilus produce lactic acid and small
amount of hydrogen peroxide to suppress harmful bacteria
(Price and Lee 1970; Gilliland and Speck 1977). Some strains
produce bacteriocins such as acidophilin, lactocidin and
acidolin (Gilliland 1989). The resistance of Lactobacillus
acidophilus to bile salt and pH had been reported (Andrez
and Leszek 2001).

Studies on the antagonistic effect of wild strain of
Lactobacillus acidophilus from faeces and fresh milk on some
pathogen and their adherence to the IEC (Ileum epithetial cell)
of albino rat is lacking. The aim of the present work was to
investigate the antagonistic effect and adhesion properties of
Lactobacillus acidophilus strains to the IEC of albino rat.

Source of Lactobacillus isolates. Fresh cow milk was
obtained from the university farm. Faeces of man was collected
from a student while faeces of pig and albino rat were obtained
from the piggery and experimental animal house of the Federal
University of Technology, Akure, Nigeria.

Isolation and characterisation of isolates. Lactobacillus
isolates were obtained using MRS agar (LABM). Incubation
was at 37° C under an anaerobic environment generated inside
a dessicator. Dry crab – like colonies with projecting outgrowth
were subjected to morphological and biochemical test for
identification (Parker and Collier 1990).

Source of indicator bacteria. Pure culture of Bacillus
cereus NCIB 6349, Escherichia coli Type 1 NCIB 86, Pseudo-
monas aeruginosa NCIB 950, Klebsiella pneumoniae NCIB
14070, and Staphylococcus aureus NCIB 8588 were obtained
from culture collection of the Department of Microbiology,
Obafemi Awolowo University, Ile Ife, Nigeria. They were
maintained on nutrient agar (LABM) slant throughout the
duration of the study.

In vitro antagonism assay. The agar diffusion assay of
Schillinger and Lucke (1989) was used to assay the inhibitory
effect of Lactobacillus acidophilus strains against the
indicator bacteria. This involves seeding Tryptone Soya agar
(LABM) plates with the test bacteria and introducing 0.05ml
(50 µl) of overnight broth culture L.acidophilus into holes
bore with 3mm cork borer. The plates were incubated
aerobically at 37° C for 24h after which they were examined for
zones of inhibition.

Preparation of intestinal epithelial cell of albino rat.
Ileum epithelial cell of 4-weeks-old albino rat was prepared by
using the method of Jin et al (1996). The epithelial cells of the
ileum were scrapped off gently using the edge of a microscope
slide and the scrapping suspended in phosphate buffer saline
(PBS) of pH 7.3. The suspended scrapping was stored in ice for
15 min to allow the debris to settle. The sedimented debris was
removed and the supernatant fluid centrifuged for 10 min at 2 g
to remove large tissue cluster. It was centrifuged again at 120 g
for 10 min to spin down the cells in suspension. The IEC was
then suspended to a concentration of 6 x 105 cell / ml.

In vitro adhesion assay. The method described by Jin et al
(1996) was adopted. Cells from overnight anaerobic cultures
of Lactobacillus acidophilus in MRS broth was washed and
suspended in PBS to a density of 108 cells/ml. One fifth of 1ml
(0.2ml) of epithelial cell suspension was added to 0.8ml of the
overnight anaerobic broth culture of L.acidophilus and
incubated for 1h at 37° C. Adhesion of the L.acidophilus
strains to IEC was assessed using light microscopy with phase
contrast illumination (x100).

Statistical analysis. The differences between the mean of
the L.acidophilus attached to the IEC was assessed using the
one way ANOVA (SPSS version 10.0) with the level of
significance set at P< 0.05.
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L. acidophilus strain was isolated from fresh cow milk, human,
pig and albino rat faeces, respectively. The strain from pig was
able to inhibit all the indicator bacteria (Plate B) while the
isolate from the other sources could not inhibit one or two of
these bacteria (Table 1). The highest level of inhibition (15 mm)
was recorded for isolate from fresh milk against Pseudomonas
aeruginosa (Plate A). The result obtained contradicts the
earlier report of Gilliland and Speck (1977). These workers
showed that Lactobacilli showed stronger antibacterial
properties against Gram - positive than Gram - negative bacteria.

Recently, the antibacterial effect of Lactobacillus isolates have
been demonstrated against Salmonella and E.coli by agar
diffusion / spot methods (Oyarzabal and Conner 1995; Jim et
al 1996). The ability of the isolate to antagonise the growth of
these indicator bacteria as observed in the present report is a
good index that these strains can produce metabolic products
that can inhibit the growth of pathogen in the intestine. Juven
et al (1992) reported that strains of L. acidophilus147 from
chicken intestine produce lactic acid, hydrogen peroxide and
a bacteriocin. All these substances have antibacterial pro-
perties. Figure 1, shows the plates (A & B) of the inhibitory
effect of L.acidophilus strains on some of the indicator
bacteria.

The four L.acidophilus strains were able to adhere to the IEC
of albino rat. The highest level of adhesion of 23 bacteria/cell
was recorded for isolate from albino rat while the least was
observed for isolate from pig (5 bacteria/cell) (Table 2). Several
workers have reported the host specificity of bacteria strain
adhesion to epithelial cells of chicken crop, rats and pig

Table 1
Antimicrobial activities of faecal strains of

L.acidophilus strains towards indicator bacteria
     Isolates

       Zone of inhibition (mm)*
Indicator bacteria          1H             1P              1A    1C

Bacillus cereus 3.0 ± 1.0 3.5 ± 1.0 3.5 ± 1.0 NI
Escherichia coli 2.5 ± 0.0 1.0 ± 1.0 1.5 ± 0.5 6.0 ± 1.7
Pseudomonas
aeruginosa NI 2.5 ± 0.9 NI 15.0 ± 0.5
Klebsiella
pneumoniae 4.0 ± 0.1 3.0 ± 1.0 2.0 ± 1.0 NI
Staphylococcus
aureus 3.5 ± 1.3 2.0 ± 0.5 NI NI

*Values are mean ± SD of three replicates; NI: No inhibition
H: Human isolate; P: Pig isolate; A: Albino rat isolate; C: Cow milk.

Table 2
Attachment of L.acidophilus strains to the

IEC of albino rat
Isolates Bacteria / IEC *

   1H           15
   1P             5
   1A           23**
   1C           10

*Each value is a mean of three replicates. **Value is higher and
significantly different (P < 0.05) from other. Contact time (1h) at
37°C.

      Fig 1. Inhibition of bacteria indicator by L.acidophilus strains. The indicator of plate ‘A’ is Pseudomonas aeruginosa NCIB 950 while plate
              ‘B’ is Bacillus cereus NCIB 6349.
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sqamous in vitro (Fuller 1975; Suegara et al 1975; Barrow 1980).
The adhesion ability varies between bacterial species and even
different strains of the same species show variations (Fuller
1986). This may account for the high adhesion recorded for
strain isolated from albino rat faeces.

A temperature of 37°C was used to ascertain the adhesion
capability of the different strains to the IEC of albino rat. Fuller
(1975) had earlier reported that temperature in the range of
4°C to 47°C has no effect on the ability of Lactobacilli to
adhere to the IEC of chicken, hence a temperature of 37°C was
adopted. A contact time of 1h (more than 30 mins) was adopted
as recommended by Jin et al (1996). There was a significant
difference (P< 0.05) in the adhesion of the different strains to
albino rat IEC.

This study shows that wild strain of L.acidophilus from the
faeces of human, pig and albino rat can produce antibacterial
agent against major pathogenic bacteria. It also reveals that
different strains of L. acidophilus have varying degree of
adhesion to the IEC of albino rat with the isolate from albino
rat having the highest adhesion.

Key words: Probiotic, Lactobacilli, Antagonism, Adhesion.
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Introduction

Dyes are intensely colored substances that can be used to
produce a significant degree of coloration when dispersed in
or reacted with other materials by a process which at least
temporarily destroys the crystal structure of the substrate.
They are retained in the substrate by adsorption solution and
mechanical retention or by ionic or covalent chemical bonds
(Anon 1974).

Organic pigments are finely divided crystalline solids. They
are insoluble in the systems in which they are used, like inks,
surface coatings, plastics and artificial fibres, must be disper-
sed in them with the expenditure of mechanical energy
(Schewaebel and Nordmyer 1971).

Dye Intermediates are the chemicals or substances which are
used in the synthesis of dyes and pigments. For example,
intermediates used in the production of dyes and pigments
are naphthols, naphylaminophenols and many others, having
different substituents on aromatic rings and having structure
as required according to their use in any class of dyes (Anon
1955).

Purpose of this review is to create awareness about the toxicity
and carcinogenicity of these synthetic dyes and intermediates
among who are manufacturing these dyes or are using them in
their goods. This review covers the literature from 1956 to
2002 with all the hazardous/carcinogenic / mutagenic effects
of dyes and dye intermediates on humans and animals. Toxi-
city of many intermediate chemicals are presented in Table 1
and  2. Various reports are already can be seen in the literature
(Clontero et al 1990, Anliker 1979) however, these reports lack
mechanism of toxicity induced by these synthetic dyes.

Prohibition of certain dyestuffs in developed countries began
with the discovery of that handling benzidine-based dyes
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that could cause cancer of the bladder for over 25 years (Melick
et al 1955, Huang et al  1979). Studies comparing the combined
effect of chemical carcinogens on laboratory rats revealed
that concurrent, sequential or mixed quantities of compounds
targeted at liver tissue resulted in syncarcinogenic effects.
Current test of relevance to human tissue involved change in
morphology in respect of stiochiometric adducts, haemoglobin
or DNA.

Carcinogenic aromatic amine metabolism and DNA
adduct detection in humans. Initial metabolism of an
aromatic amine occurs primarily in the liver and involves N-
hydroxylation by cytochrome P - 450 IA2 and N-acetylation
by acetyltransferase which serve as competing activation
and detoxification reactions, respectively. Both the enzymes
are polymorphic in humans and can be readily assessed using
caffeine ingested in coffee followed by urinary metabolite
analysis. N-hydroxyarylamines can then be transported in
the blood where they can form protein adducts with
haemoglobin (Hb) or undergo renal filtration into the urinary
bladder lumen where, at acidic pH, they can react covalently
with urothelial DNA. Carcinogen-DNA adduct levels in human
bladder are smoking-related and the C

8
-substituted deoxy-

guanosine derivatives of 4-aminobiphenyl are the major
product formed.

Alternatively, N-hydroxyarylamines can be conjugated in the
liver by glucuronyl transferases which provides a mechanism
for biliary transport of the colon lumen where α-glucuro-
nidases can regenerate the aglycon. In the colon mucosa,
acetyltranferases can further activate the N-hydroxy metabo-
lite by O-acetylation, and persons with rapid acetylation are
known to be at higher risk for colorectal cancer. Detection of
specific arylamine - DNA adducts in human colon should
provide direct evidence for the role of these carcinogens in
the etiology of this disese (Kadlubar 1991, Pei et al 1993).*Author for correspondence
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The azo dyes have ability to undergo reductive cleavage of
the azo linkage. The metabolism via a reductive - cleavage
reactions has been shown in Scheme - 1.

Toxicity of Dyes and dye Intermediates. Certain dye
intermediates e.g., substituted aromatic amines (anilines and

benzidines) are known to possess high toxicological potential.
They are classical environmental pollutants by virtue of their
high degree of water solubility and the large amounts produ-
ced annually in the chemical industry for the synthesis of
dyes and other compounds. As a consequence of their common
usage, certain members of aromatic amines and benzidines are
commonly found not only in waste water but also in surface
water. For this reason, their accumulation in free or bound
form is also possible in sediments or suspended matter (Scholz
et al 1988). Some examples given in Table 1.

Dyes.Azo and anthraquinone dyes are the major chemical
classes of commercial dyes. Among azo dyes, the direct dyes
and pigments are the major classes which are derived from mono
and disubstituted anilines. Much of the research on the ecolo-
gical aspects of nitro, azo and anthraquinone dyes has shown
the potential carcinogenic risk to humans and animals.

The International Agency for Research on Cancer (IARC) has
also reported an evaluation of the Carcinogenic and Mutage-

Table 1
Dyes Intermediates

Compound/Class           Area of application

Monochloroanilines Intermediate for herbicides,
pharmaceuticals and azo dyes

Dichloroanilines Dyes, azo dyes, isocyanates, plant
protection agents

Trichloranilines Pigment intermidiates
Toluidines Herbicides, Pharmaceuticals, dye

Intermediates
Benzidines and Intermediates for azo dyes and
substituted benzidines pigments, cross linking agents for

polyurethanes and polyamides

Scheme 1. The metabolism of an azo dye via a reductive- cleavage reaction.
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Table 2
Toxicity of some colorants

                                                                       Active                      Toxicological
C.I. Generic name & No.     CAS No.                         CAS Name ingredient                Irritation Symbol

                                                                       in test LD50 Skin Eye
   sample (%) (mg/kg rat) rabbit rabbit

C.I. Acid Orange 156 68555-86-2 Benzenesulphonic acid, 4-[(5-methoxy- 95 120200 - - T
C.I. 26501 4-[(methoxyphenyl)azo]-2-

methylphenyl]-azo]-, sodium salt

C.I. Acid Orange 165 85030-26-8 Benzenesulphonic acid, 3-[(4-[(3,5- 100 60 - + T
C.I. 28682 dimethyl-IH-pyrazol-4-yl)azo]2,5-

dimethoxyphenyl)azo]-, sodium salt

C.I. Basic Blue 3 63589-47-9 Phenoxazin-5-ium, 3,7-bis(diethylamine)-, 95 100 - + T
C.I. 51004 (T-4)- 95 100 - + T(chlorozincate)
(chlorozinoate) tetrachlorozincate (2-1) (2:1)

C.I. Basic Blue 7 2390-60-5 Ethanaminium, N-[4-((4-(diethylamino)- >98 100 - + T
C.I. 42595 phenyl] [4-(ethylamino)-1-

napthalenyl]methylene]-2, 5-
cyclohexadien-1-ylidine]-N-ethylchloride

C.I. Basic Blue 81 73309-46-3 Ethanaminium, N-[4-(diethylamino)- >98 205 - + T
C.I. 42598 phenyl] [(4-ethoxyphenyl)amino]-1-

naphthalenyl]methylene]2,5-
cyclohexadien-1-ylidine]-N-ethyl-, chloride

C.I. Basic Red 12 6320-14-5 3H-Indolium, 2-[3-(dihydro-1,3,3,- >98 25+ - + T
C.I. 48070 trimethyl-2H-indol-2-ylidine)-1- 310

propenyl]-1,3,3,-trimethyl-, chloride

C.I. Basic Violet 16 6359-45-1 3-H-Indolium, 2-(2-[4- 94 90 - + T
C.I. 48013 (diethylamino)phenyl]-ethenyl]-1,3,3-

trimethyl-, chloride

C.I. Basic Yellow 21 6359-50-8 3H-Indolium, 2-[2-[2,3-dihydro-2- >98 171 - + T
C.I. 48060 methyl-1H-indol-1-yl]ethenyl]1-3-

trimethyl-, chloride

C.I. Direct Orange 62 70304-37-9 Benzensulphonic acid, 2,2''-(1,2- 96 150 - + T
C.I. not available ethenediyl)-bis(5-[(2-methoxy-5-methyl-

4-[(4-sulphophenyl)azo]phenyl]-azoxy]-
tetrasodium salt

C.I. Basic Blue 81 2390-60-5 Ethanaminium, N-[(4-diethylamino)- >98 205 - + T
C.I. 42598 phenyl][(4-ethoxyphenyl)amino)-1-

napththalenyl)]methylene]-2,5-
cyclohexadien-l-ylidine]-N-ethyl-, chloride

C.I. Azoic Diazo 120-00-3 Benzamide, N-(4-amino-2,5- 90 49 - - T
Component 20 diethoxyphenyl)-
C.I. 87175

C.I. Azoic Diazo 6268-05-09 Benzamide, N-(4-amino-2,5- 90 70 - - T
Component 24 dimethyoxyphenyl)-
C.l. 37155

C.I. Azoic Diazo 99-21-8 Benzamide, N-(4-amino-5-methoxy-2- 90 115 - - T
Component 41 methylphenyl)-
C.l. 37165

Symbol T=Toxic
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nic risk of some aromatic amines and related nitro compounds
and azo dyes to man. It seems clear from these reports that, as
a general rule, azo dyes which are based on these aromatic
amines and which also lack at least one sodium sulfonate
(-SO

3
Na) group pose a risk to man and this point is also

supported by more recent work. On the other hand, those
dyes which contain two or more hydrophilic - SO

3
Na groups

are non-mutagenic and non-carcinogenic (Anon 1982).

For a number of colorants e.g, the benzidine - based dyes for
which the metabolism in man and animals has been shown to
involve reductive cleavage of the azo bonds. The use of such
dyes in high-exposure applications e.g. hair dyes, children’s  wear,
finger paints, do-it-yourself dyeing or under poor working
conditions in processing plants, poses an elevated risk.

Toxicity of dye intermediates and their biochemistry.
Health Hazard Information. The ETDA members have com-
pleted the project which involved the testing of over 5000
commercial dyes during 5 - 7years and reported the acute oral
toxicity on the rats and rabbits. The analysis of short - term
health effects showed skin and eye irritation which may occur
immediately or shortly after exposure to these aromatic amine
(Hunger and Jung 1991, Sewekow 1997).

Chronic Health Effects. At present, the possible chronic
effects that attracting most of the attention are carcinogenicity
and to a lesser extent sensitization. Technical dyes (excluding
food, hair, cosmetics and drug dyes), properly handled and
used, are only taken up in small traces, if at all. The available
evidence  indicates that these trace quantities do not  present
any unreasonable risk. However, a risk situation could arise
due to improper handling or use. This is the main reason for
ETDA’s continuing efforts to identify any such product. The
chronic (long - term) health effects can occur at some time
after exposure to these aromatic amines and can last for months
or years (Slawomir et al 1998).

Cancer Hazard. The aromatic amines are carcinogens in
humans and cause liver, breast, bladder intestine and skin
cancer not only in humans but in animals also (Helmes et al
1986).

Many scientists believe that there is no safe level of exposure to
a carcinogen. Such substances may also have the potential for
causing reproductive damage in humans. These compounds
caused cancer in the offspring of animals exposed during their
pregnancy. Other long - term effects may cause a skin allergy. If
allergy develops, very low future exposure can cause itching
and a skin rash (Rockeville 1984, Hillier and Rome 1986).

Acute (short-term) ecological effects. Acute toxic effects
may include the death of animals, birds or fish and death or

low growth rate in plants. Acute effects are seen after two or
four days when animals or plants come in contact with a toxic
chemical substance (Jaskot and Costa 1994).

Chronic (Long-term) Ecological effects. Chronic toxic
effects may include shortened lifespan, reproductive problems,
lower fertility and changes in appearance or behavior. Chronic
effects can be seen long after first exposure to a toxic chemical
(Sun et al 1998).

Water solubility. The solubilities of these aromatic amines
is between 1 to 1,000 mg in a liter of water.

Distribution and persistence in the environment. These
compounds are moderately persistant in water, with a half -
life of between 20 to 200 days. The half life of a pollutant is the
amount of time it takes for one - half of the chemical to be
degraded. About 60 - 80% of these aromatic amines will even-
tually end up in water, the rest will be divided about equally
between terrestrial soils and aquatic sediments.

Bioaccumulation in aquatic organisms. Some subs-
tances increase in concentration or bioccumulate, in living
organisms as they breath contaminated air, drink contaminated
water, or eat contaminated food. These chemicals can become
concentrated in the tissues and internal organs of animals
and humans.

Biochemistry of dyes/dye intermediates and their
carcinogenicity. There is sufficient evidence for the
carcinogenicity in experimental of these aromatic amines
animals in when administered in the diet, these aromatic amines
induced transitional cell carcinomas of the urinary bladder in
hamsters and female dogs and hepato-cellular carcinomas in
female dogs (Lakshmi et al 1995).

When administered by transplacental exposure, the compound
increased the incidences of lymphoid leukemia in mice
(Kennelly et al 1982).

The dye intermediates have ability to undergo reductive
cleavage of the azo linkage. The metabolism by a reductive
cleavage reaction has been shown in Scheme - 1.

Binding of benzidine / derivatives to rat and mouse
tissue DNA. Heamoglobin binding of benzidine and some
benzidine congeners (Beland et al 1997).

Hydroperoxidase I catalyzed peroxidative activation of ben-
zidine / derivatives to a mutagen in Salmonella tuphimurium
(Jung et al 1985).

Comparative activation of benzidines to mutagens by hepatic
S9 and microsomes from rat pretreated with different inducers
of Cytochrome P - 450 (Parkinson et al 1983).
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Benzidine and derivatives induce micronuclei in the bone
marrow and the fetal liver of mice after gavage (Przybjewska
et al 1985).

Mutagenicity of some benzidine congeners and their
acetylated and diacetylated derivatives in different strains
(Hatcher and Swaminatham 1992).

Induction of hepaticmicrosomal cytochrome P - 448 - mediated
oxidases by benzidine derivatives in the rat (Parkinson et al
1983). Binding of benzidine derivatives to DNA and polyribo-
nucleotides (Osborne and Monogr 1984).

Mutagenicity of some congeners of benzidine in the
Salmonella typhimurium assay system (Kranen et al 1997).

Covalent interaction of benzidine/derivative with hepatic
lipids. Enzymic basis and stability of the adducts (Mule and
Lomte 1994).

Activation of benzindine/derivatives in rat liver microsomes
to mutagens with the involvement of Cytochrome P - 450
(Manus 1989).

Structure - toxicity relationship. The toxicity and carcino-
genic activity also depend on the structure and substitution
on biphenyls. For dyes that are carcinogenic and are resistant
to chemical attack, such as true azo dyes, the dye itself is
likely to be procarcinogen. In contrast, azo dyes which exist in
the hydrazone form are more likely to be broken down e.g.
reduced. In this case, the procarcinogen is likey to be an amine
breakdown product of the dye and the ultimate carcinogenic
potential can then be deduced from the availabitlity of a
suitable active site on the metabolite. Azo pigments because
of their extreme insolubilities are likely to be broken down,
even if they exist in the hydrazone form (Gregory 1986).

A relationship also exists between structure and carcinogenic
activity of substituted benzidines. Proton accepting
substituents which are capable of forming intramolecular
hydrogen bonds in ortho - position in relation to amino groups,
decrease the carcinogenicity of the title intermediates of dye
synthesis. Lipophilicity of the compounds and electronic
effects of the substitents are found to be the main parameters
of carcinogenicity. Substitution at both ortho positions 2, 6-
disubstitued aniline and 2,4,5-trimethyl aniline could prevent
genotoxicity due to steric hindrance of an enzymic activation
to electrophilic intermediates (Belogoro et al 1981).

Direct Dyes. It is now well established that the ability of azo
dyes to undergo reductive cleavage of the azo linkage could
lead to an indirect route of exposure to an established
carcinogen. The absorbance potency of these dyes, however
was the most potent of the dyes tested and their inducing
activity was much greater than that of its azo reduction
products (Kornburst and Barfknecht 1984). The literature
surveyed contains the following reports which described work
published on the toxicity of direct dyes.

A report on the toxicology and carcinogensis properties of
C.I. Direct blue 14 and 15 was published under the national
toxicology programe. The rats were fed these dyes in drinking
water and the experimental results showed a clear evidence
of carcinogenic activity, as indicated by benigu and malignant
neoplasms of the skin, Zymbal’s gland, preputial gland, liver,
oral cavity and small and large intestine. Increased incidences
of mononuclear cell leukemia and neoplasms of the brain may
have been related to chemical administration (Anon 1992,
1993).

Table 3
Mutagenicity data of some dye intermediates

          Mutagencity (Revertants µmol-1)

Test   Standard            Prival
  Assay S9      Modification

Aniline Negative Negative

3-Aminoquinoline Negative -

5-Aminoquinoline 42 -

3-Aminopyridine 0.7 -

4-Amino-N,N-bis- 1007 689
   (2-hydroxyethyl)aline

4-Aminodiphenylamine Negative 154

4-Amino-N,N-dimethylaniline Negative -
(toxic)

2-Aminothiazole 4.1 -

3-Aminophenol 1.7 -

Chromatropic acid Negative Negative

Broenner’s acid 4.9 7.7

Cleve’s acid 4.9 12.5

S-acid 13.8 24.4

Gamma acid 15.0 32.6

H-acid Negative Negative

J-acid 5.2 41

4-Amino-1-naphthol 1413 Negative

4-Amino-5-hydroxy-8- Negative Negative
   phenylazo-2,7-naphthalenedisulfonic
   acid disodium salt

4-Amino-8-(4-carboxyphenylazo)-5- Negative Negative
   hydroxy-2,7-naphthalenedisulfonic
   acid trisodium salt

7-Amino-4-hydroxy-1-phenylazo-2- 16.1 67.8
   naphthalenesulfonic acid monosodium
   salt
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A thirteen-week subchronic toxicity studies were conducted
on direct blue 6 (Anon 1974), direct black 38 and direct brown
95 by administering the test chemicals in feed to rats and mice.
Deaths occurred among rats but not among mice during the
test period. In rats, neoplastic lesions of the liver, hepatocellular
carcinomas and neoplastic nodules, occurred only in the
treated groups (Roben et al 1980).

In an investigation, the textile dyes, Navy blue M3R(I) and
direct brown 2G(2), not only reduced the percentage of seed
germination in Vigna radiata (L.) but also suppressed various
morphological, biochemical and physiological parameters. I
affected the various parameters more adversely than 2. The
adverse effects of both dyes were higher in black soil than in
red soils (Wilczek et al 1992). Toxicological and carcinogenesis
studies were conducted by adiministering direct blue 218 in
feed to groups of male and female rats in Salmonella typhi-
murium, cultured Chinese hamster ovary cells and Dorsophila
melanogaster and their carcinogenic and toxic effects are
reported (Anon 1994).

The azo reductase activity of a cell - free extract of  Fusobacte-
rium sp.2 was characterized using trypan blue (I) as a subs-
trate. Either chemical reduction of this dye with sodium
hydrosulfite or reduction by the cell-free extract produces a
mutagenic product, o - tolidine. The o - tolidine is mutagenic
in the Ames Salmonella / mammalian - microsome mutagenicity
test when activited by a rat liver S9 preparation (Hartman et al
1978).

The effects of prenatal administration of the benzidine-based
dyes which are Congo red, Diamine blue and Chlorazil black E,
whereas, the dimethylbenzidine-based dyes include: Trypan
blue, Evans blue and Benzopurpurin 4B and dimethoxyben-
zidine-based were investigated, whereas, Chicago sky blue,
Azoic diazo component 48, a dimethoxybenzidine congener,
two diazo dyes , Naphthol blue black  and Sudan III were tes-
ted for developmental testicular toxicity.  In mice and rats,
prenatal exposure to the dye, Congo red permanently reduces
the number of germ cell in male and female offspring. In this
study, the structural component of the dyes responsible for
the parental induction of germ cell aplasia was identified. Only
benzidine-based dyes altered testicular development and
caused hypsopermatogenesis in mice during adulthood.
Dimethyl-and dimethoxybenzidine based dyes were without
effect (Gray et al 1993).

β -Amyloid peptides are neurotoxic when applied to primary
cultures of hippocampal neurons from the embryonic rat. This
neurotoxic effect can be inhibited completely by certain diazo
dyestuffs. The most potent of these are Congo black(I) and
Congo rubin, while direct garnet and sodium-4-aminonaph-

thalene-1- sulfonate are inactive. I also inhibits the neurotoxic
effects of the human pancreatic amyloidogenic peptide amy-
lin. It is postulated that these dyes, by interacting with the
(- pleated sheet structure of amyloidogenic peptide, prevent
aggregation and hence neurotoxicity (Bargevin et al 1994). In
a similar study the gonadal effects of fetal exposure to the azo
dye Congo red (I) in mice was investigated. This study
describes the relationship between gonadal agenesis and
fertility in male and female mice exposed to the diazo dye (I).
Maternal (I) treatment inhibited testicular and ovarian function
in the offspring after oral administration. It was found that
prenatal exposure to the dye (I) affects the gonads of both
male and female offspring, but only the female offspring display
reduced fertility (Gray et al 1992).

Food colors. The toxic effects of nine natural food dyes on
Paramecium caudatum showed the inhibitory effects on
leucine aminopeptidase acid phosphatase and esterase in vitro
and were proportional to the toxic effects of the dyes expressed
in terms of the survival time of  P. caudatum (Chughtai et al
1993). In a similar studies, the toxic effect of Xanthene dyes
containing halogen atoms were found to be more toxic than
other types of food dyes. Phloxin and Rose Bengal (containing
chlorine) were particularly toxic. The inhibitory effect of food
dyes on leucine aminopeptidase were not consistent with their
toxic on A.salina. On the other hand, the inhibitory effects of
food dyes on lactate dehydrogenase in vitro were consistent
with the toxic effects of the dyes on A. salina (Sako et al 1979).

The carcinogenic effect of Metanil Yellow on albino mice have
developed hemangioendotheliosarcoma in 80% of the female
albino  mice and none in males after feeding them food colour
additive for 1 year at a dose of 3.0 g / kg body weight. Degene-
rative changes and metastates were also observed in other
important vital organs of the body such as stomach, ileum,
rectum, liver, spleen, kidney and ovary (Prasad and Rastogi
1982).

A skin painting studies in mice was conducted with 14 Food,
C, D and C colours: FD and C blue No. 9, red No.10, red No.19
& red No. 21, red No. 27 and red No. 31, red  No. 36, orange No.
5, orange No. 10 and orange No. 17. These 14 cosmetic colour
were submitted to dermal toxicity testing. Dosage levels were
based on lipstick use determination made in a group of human
female volunteers. The groups of lipstick colors were divided
into 3 treatment series and painted on twice weekly to an area
6 cm. A total of 1400 mice were used comprising groups of 100
mice (50/sex) plus an additional pos. control group of the same
size and a vehicle control group of 300 mice (150/sex). All
colours were prepared at 1.0% suspensions in water. The pos.
control received benzo[a] pyrene(1) dissolved in acetone.
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Survival was approximated equivalent in all experimental
groups except the pos. controls who died earlier which was
consistent with survival recorded by others for I-treated mice.
Extramedullary hematopoiesis was found in all treated groups,
equivalent to the findings in the controls. The repeated
application of 0.1 ml containing 1.0% dye did not increase the
incidence of neoplasia when compared to controls in any of
the groups receiving application of the 14 days (Carson et al
1984).

The mutagenicity of food colors in the Ames/Salmonella of
14 food dyes tested, including Methylene green 203A,
Strawberry red 1023, Purple red 0048, Raspberry red 0059 and
Black 0051 was determined but none was mutagenic. In another
investigation, the effect of food colors on the induction of
sex-linked recessive lethal mutation with Dorsophila mela-
nogaster (Rapic et al 1985) was determined of 13 food dyes
tested, inclusive Citronine rose 200A, Methylene green 203A,
Black 0051, Purple red 0048, Strawberry red 1023 and Raspberry
red 0059, none were mutagenic in a sex-linked recessive lethal
mutation test with D. melanogaster (Vijosevic et al 1985). In a
similar report, the results of in vivo study on mammalian
chromosomes of genotoxicity of 16 food dyes tasted, including
Raspberry red 0059, Orange color 963, Strawberry red 1023,
Citron rosy 200 A and Chocolate brown 1022, none was geno-
toxic to bone marrow cell chromosomes when given to mice as
a single dose of a 1% aqueous solution (Jankovic et al 1985).

The mutagenic evaluation of Orange color 963, Vanilla red
0050, May green 1025, Black 0051 and Methylene green 203A
by the micronucleus test (no of polychromatic and normo-
chromatic erythrocytes containing micronuclei) with rats only
1 (Black / 0051) increased the percentage of erythrocytes with
micronuclei indicating mutagenic activity by this dye
(Savkovic et al 1985). In another investigation, the influence
of 16 food colors on the induction of dominant lethal mutation
and spermatozoid abnormality in mammals was also deter-
mined. None of 16 tested food dyes reduced fertility or caused
spermatozoid abnormalities. No significant changes in
dominant lethal mutations were induced. The dyes tested
included Orange color 963, Vanilla red 0050, May green 1025,
Black 0051 and Methylene green 203A (Konishi et al 1992,
Dillion et al 1994).

The carcinogenicity testing of Food red No.106 (acid red) (I)
in male and female rats were determined. Body and organ
weights, hematology, urinalysis and histopathological
evaluations do not reveal any evidence of adverse effects
associated with the compound relative to the untreated
controls. The spectrum, incidence and histology of tumors
developing in both treated and control animals were consistent
with spontaneous incidences reported in this strain of rat.

This study thus indicates that (I) is not carcinogenic to F 344
rats after 2 year of dietary administration at a maximal level of
5.0% in the basal diet by weight (Osman et al 1984).

The effect of feeding synthetic food and drug colorants
belonging to four different chemical classes i.e. Brilliant black
(BK), Brilliant blue (B), Erythrosine (Er) and Indigo carmine
(In) were studied. Groups of male and female mice were fed-
libitum diets mixed with the synthetic food colorants. The
activities of liver and heart tissues were inhibited in male and
female mice relative to control and males were more affected
than females. The blood hemoglobin (Hb) content was
increased under the effect of the 4 synthetic food colorants in
the order: Er > Bk > In > Bl as well as the red blood cells while
white blood cell count were increased relative to control in
male and female mice. Pathalogical and histopathological
changes were observed either in female or male organs
especially in the liver and stomach. Some changes were found
in the liver tissues and cell nucleus (polynucleus) in addition,
enlargement of the stomach size was also evident (Nishiuchi
1984).

The toxicity of 25 dyes on freshwater organisms was tested.
These synthetic dyes used in food was tested on carp
(Cayprinus cariop), Dephnia carinata, Indoplanorbis
exustus, larvae of Sympetrum frequens and tadpoles of toad
(Bufo bufo) and frog (Rana brevipoda porosa). With the
exception of the effect of Food Black No. 105 (Rose Bengal)
on carp, all the tested dyes showed very low toxicity to all
tested fresh water organisms with median lethal concentration
value (LC50) of > 40 ppm (Wagner et al 1995).

Basic and Solvent Dyes. The potential for methylene blue
genotoxicity was investigated in two mammalian test systems.
Different concentrations of Methylene blue were prepared in
plasma (heat-treated at 56°C for 1h to reduce cytotoxicity) and
used, without illumination, in an in vitro mouse lymphoma
cell assay designed to detect forward mutations in the gene
encoding thymidine kinase. The assay was performed in the
presence and absence of rat liver microsomal fraction.
Methylene blue did not increase the frequency of micronuclei
in polychromatic red cells harvested from bone marrow. It is
mutagenic in cultured mammalian cells (Michaels et al 1985).

The toxicity and sorption of 5 azo and triphenylmethane dyes
named as Basic violet 1(I), Basic violet 2, Basic violet 3, Basic
green 4 and Tropaeolin O were established by determining
the percent to fresh water microbiota and determined the risks,
that these dyes may pose to the aquatic environment. Basic
violet 3 was the most toxic, with a mean survival rate of 20.7%
at a dye concentration of 5.0 mg/l. Tropaeolin O was the least
toxic, with a survival rate of 92.0%. Survival increased with
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decreasing dye concentration equilibrium. Partition coefficients
were higher for viable cells than for heat-killed cells, suggesting
that a metabolic process may be involved in sorption of these
dyes or that autoclaving the cells reduces the organisms’ cation
exchange capacities (Milanova et al 1997).

Aquatic toxicity effects of dyes used in the manufacture of
news print and telephone directory-grade papers were studied
on luminescent bacteria, rainbow trout and activated sludges.
The results showed that triphenyl methane dyes, used in
making telephone directory-grade papers inhibited respiration
of flora in activated sludge at higher concentrations not likely
to exist in mill effluents. Data from microtox tests agreed with
fish toxicity data (Ahmed et al 1985).

The toxicity of Aniline blue, Methylene blue, Xanthene, Eosin
and Fuchsin dyes against the cotton leaf worm (Spodoptera
littorialis ) was investigated for their possible use in
combination with pyrethroids. Deltamethrin was the most
effective against (S. littoralis) 4th instar larvae followed by
flucythrinate and cypermethrin, whereas, Aniline blue and
Methylene blue showed higher toxic index than Xanthine
followed by Eosin and Fuchsin. The joint action studies
demonstrated strong synergism in mixtures of deltamethrin
with Fuchsin, Methylene blue or in the mixture of Flucythrinate
with Xanthine or Eosin. The other combinations indicated
only additive joint action (Vachalkova 1996).

The reduction of some triphenylmethane dyes and their
potential carcinogenic activity was examined in strictly
anhydrous solutions in the absence and presence of α-lipoic
acid. The highest potential carcinogenicity values determined
for Crystal violet and Methyl violet are found to be 0.420 and
0.440, respectively (Selyuzhitskii et al 1982).

A study was conducted to find out the blastomogenic
properties of Basic blue K (1) on animals. I induced formation
of 2 tumors in 2 males of 10 and 10 tumors in 7 females of 13;
no tumors were developed in control animals (Zimina and
Pavlenko 1991).

The toxic and mutagenic effects of arylmethane dyes Victory
blue (C.I. 44040), Methyl violet (C.I. 42535) and Brilliant green
(C.I. 42040) and the carcinogenic aminoazo dye Chrysoidin
(C.I. 14270) were evaluated. All the dyes exhibited high toxicity
(as cell killing and growth inhibition) and increased the
frequency of nuclear point mutations and cytoplasmic
mutations of respiratory deficiency (Serova et al 1992).

The frequency of neoplasms and chromosomal aberrations
(CA) in the liver and bone marrow were investigated after
administration of carcinogenic O-aminoazotoluene (OAT) and
non-carcinogenic analog - 4 - aminoazo-toluene (AB) to male

and female rats in the early postnatal period. AB increase of
CA in the liver was small (although substantial in males), but
the increase was high in the bone marrow of both sexes. In
contrast, OAT increase of CA was higher in the liver than that
in the bone marrow and it was higher in the males. In addition,
OAT induced greater number of hepatic neoplasm in the males.
Both these effects of OAT in males suggest a relation between
its mutagenic and carcinogenic properties (Kaledin et al 1994;
Ashby et al 1994).

The evaluation of Butter yellow (4-dimethylaminoazobenzene)
(I) and 12 of its structural analog were made in a cell trans-
formation assay. The in vitro results agreed with long-term
animal data for 8 compounds, but disagreed in finding I-4
sulfonic acid and sodium salts, 4-trifluoromethyl-I and 4-die-
thylaminoazobenzene pos. 9-Phenylazotoluidine and
N-methyl-5-phenylazoindoline may have carcinogenic
potential and 3,5-dimethyl-4-aminozobenzene-4-sulfonic acid
may be noncarcinogenic. Addition of azobenzene to the in
vitro assay medium increased the transforming potency of I
25-fold. This assay cannot be relied upon to predict the in
vivo potency of a carcinogen (Sandhu and Chipman 1991).

The role of oxidation and azo reduction in the activation of
Chrysoidine (I) dyes to genotoxic products. The enzymes
involved in metabolic activation of (I) azo dye to genotoxic
products were investigated. The mutagenicity of the
component 2,4-diamino-3-methylazobenzene in Salmonella
typhimurium strain TA 100 potentiated > 4-fold. The results
indicate a role for cytochrome P - 450 particularly, cytochrome
P - 448 in metabolic activation of these dyes and indicate that
azo reduction was a detoxification process. Neverthless, the
oral and injected dosing of Chrysoidine to rats led to
unscheduled DNA synthesis in hepatocytes (Collier et al
1993).

The mechanism of azoreduction of p-dimethylamino-
azobenzene (I) dye carcinogens was conducted by rat liver
microsomal cytochrome P - 450. To elucidate the mechanisms
involved, the reduction of structurally related azobenzenes
by hepatic microsomes was investigated. High substrate
reactivity was observed for I, its corresponding secondary
(II) and primary (III) amines and p-hydroxyazobenzene (IV). In
contrast, only negligible rates were obtained for unsubstituted
azobenzene (V), hydroazobenzene (VI), p-isopropylazobenzene
(VII) and (VIII), the benzoylamide derivatives of III. These
results clearly indicate that electrons-donating groups, such
as hydroxyl or primary, secondary and tertiary amines, are
essential for binding of azo dye carcinogens to liver microsomal
cytochrome P - 450 and by implication, their enzyme reduction.
No inhibition of azoreduction of I and IV was obtained by
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addition of VII, V or IV to the reaction mixture. In contrast,
very weak binding was observed for the unreactive compounds
VII, VIII, V, VI. Thus, there is good correlation between binding
and substrate reactivity. The apparent lack of binding may
explain the inability of the non-reactive compounds to inhibit
azoreduction. The difference in the reduction rate observed
for V vs. IV suggested that hydroxylation would facilitate the
reduction of an otherwise non-reactive azo dyes (Zbaida et al
1989, Anon 1992).

Pigment and vat dyes. Under National Toxicology Prog-
ram (NTP), a technical report on the toxicology and carcino-
genesis studies of C.I. Pigments red 3(I) in rats and mice is
prepared. Under the condition of 2-year feeding studies, there
was some evidence of carcinogenic activity of (I) in male rats
as exhibited by increased incidences of benign pheochromocy-
tomas of the adrenal gland. The marginal increase in the inci-
dences of squamous cell papillomas of the skin and Zymbal’s
gland carcinomas may have been related to (I) administration.
There was some evidence of carcinogenic activity of (I) in
female rats as indicated by the increased incidence of hepato-
cellular adenomas. There was some evidence of carcinogenic
activity of (I) in male mice as exhibited by the increased inci-
dences of tubuler adenoma of the renal cortex and follicular
cell adenomas of the thyroid glands. There was no evidence
of carcinogenic activity of (I) in female mice that received
12,500, 25,000 or 50,000 ppm. The incidences of mononuclear
cell leukemia and preputial gland tumors in male rats and
mononuclear cell leukemia, mammary gland fibroadenoma and
clitoral gland tumors in female rats were lower in the exposed
groups. The incidences of liver foci were markedly increased
in exposed male and female rats. The severity of nephropathy
was observed in male and female mice, cytomegaly (kary-
omegaly) of renal tubule epithelium was observed in male
mice. Thyroid follicular cell hyperplasia occurred with an
increased incidence in male and female mice receiving (I)
(Anon 1994).

In a similar study, toxicology and carcinogenesis of C.I. Pig-
ment Red 23(I) was determined in rats and mice. Under the
conditions of the 2-year feed studies, there was equivocal
evidence of carcinogenic activity of (I) in male rats as evi-
denced by a marginally increased incidence of renal tubule
cell neoplasms. There was no evidence of carcinogenic activ-
ity of (I) in female rats fed diets containing 10,000, 25,000 or
50,000 ppm. The severity of kidney nephropathy was increased
in exposed male rats. In mice, (I) caused an increased in hyper-
keratosis and epithelial hyperlasia of the forestomach (Hofman
and Schmidt 1993).

The possible metabolism of Pigment Yellow 17(I), a 3,3´-
dichlorobenzidine based pigment was investigated after

inhalation exposure in rats. Rats were exposed by inhalation
to the technically highest administrable concentration of 230
mg (I) / m3 air for 4 h. Inhalability of the dust was guaranteed
by a mass - median aerodynamic diameter of 1.0 - 1.1 m. For 14
days after exposure, urine and serum samples were analyzed
for 3,3́ -dichlorobenzidine, the parent carcinogenic amine of
the test compound. No 3,3´-dichlorobenzidine could be detec-
ted either in urine of blood, the detection limit being 5 mg/ml
for both media. Based on the results of this study there is no
evidence for metabolic cleavage of (I) to 3,3´-dichlorobenzidine
in the rat (Kurlyanskii et al 1988).

The water-soluble phthalocyanine dyes are found to be low
toxic and are not very harmful. The copper phthalocyanine
derivatives-disulfonic acid, trisulfonic acid reactive turquoise
2 Z and reactive turquoise K affected hepatic mitochondrial
electron transport chain. Toxicological properties of dyes are
also described (Rannung et al 1992).

The presence of genotoxic and bioactive components in in-
digo-dyed fabric was examined. Extractions of pure cotton
and jean fabrics were tested for mutagenicity in Salmonella
typhimurium strains TA 98 and TA 100. Synthetic indigo, indi-
rubin and isatin were tested in competition expermients in
vitro. The mutagenicity of the indigo dyed fabric was depen-
dent on type and treatment of the fabric. Extracts of both
bleached and nonbleached jeans gave mutagenic effects on
TA 98 (S9 and TA 100 S9). The greatest effects were seen in
the presence of S9. Indigo can, therefore, still be a potential
health risk either by eliciting toxic effects of other compounds
or by being a non - genotoxic carcinogen. The world wide use
of jeans with a possible exposure of a large population to
genotoxic and biological active components emphasizes the
need for a more thorough characterization of these effects
(Conde et al 1984).

The contact dermatitis was determined in 3 patients induced
by the use of dyed textiles or by occupational exposure to azo
dyes p-aminoazobenzene (I), disperse yellow 3, disperse orange
3, diazodiethylaniline and diazodimethylaniline (Kosaka et al
1991).

Miscellaneous. The genotoxic components of commercially
available synthetic dyes were examined. Dyes which showed
toxicity were separated on silica gel coated plates and the
genotoxicity of each component was examined. Among the
dyes examined, the main component of Disperse red 73 showed
genotoxicity. In the case of 5 other dyes, Acid black 26, Acid
black 50, Acid brown 2, Disperse red 145 and Disperse red
157, a minor component of Disperse violet 52 was not deter-
mined because of the insolubility of its main component
(Wedzisz and Grzelka et al 1988).
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LD50 (96 h) values of Mordant black 11, Basic brown 1 and
Disperse yellow 1 in guppies (L. reticulatus) were found to be
4.02, 3.06 and 3.74 mg / l, respectively; thus the dyes have
moderate toxicity to fish. LC50 of Mordant black 15, Acid
violet 7, Acid black 26, Acid yellow 44, Acid violet 49, Acid
blue 7 and Direct black 32 and 151 were > 400mg/l; these dyes
can be considered non-toxic (Kour et al 1993).

The mutagenicity testing of textile (azo) dyes with Salmo-
nella / microsome assay. Five textile azo dyes-Acid violet 17,
Acid green 16, Acid red 85, Acid red 114 and Direct green 6
were tested for bacterial mutagenicity with S.typhimurium
TA98 and TA100 strains using a plate incorporation assay.
After testing over the concentration range 1 - 500 mg with and
without metabolic activation these dyes showed no mutage-
nicity or toxicity (Flammang et al 1992).

Dyes intermediate toxicity. The DNA adduct levels were
determined in congenic rapid and slow acetylator mouse
strains following chronic administration of 4-aminobiphenyl.
The levels of the hepatic DNA adducts were 2-fold higher in
the liver of the female as compared to the male animals. The
DNA adducts also increased with the dose in bladder of the
male mice, but in contrast to the liver, the adduct levels were
2-fold lower in the bladder DNA of the female mice (Hughes
et al 1992).

New thiophene analogs of benzidine and 4-aminobiphenyl
have been tested for their carcinogenicity in the Salmonella
revere-mutation assay Ames and the cell-transformation as-
say of styles. Their activity profiles in vitro were consistent
with their known potential carcinogenicity. The possible car-
cinogenicity of the analogs in vivo is discussed (Ashby et al
1978).

3,3'-Dimethylbenzidine dihydrochloride (I) is one of five chemi-
cals being evaluated in 2-years carcinogenicity and toxicity
studies as part of NTP’s Benzidine Dye initiative. Toxicology
and carcinogenesis studies were conducted by administering
(I) (approximately 99% pure) in drinking water to groups of
rats of each sex, whereas, Genetic toxicology studies were
conducted in Salmonella typhimurium, Chinese hamster ovary

(CHO) cells and Drosophila melanogaster. Hematology and
serum chemical analyses and thyroid hormone determinations
were conducted and the results indicated a rapid declining of
animal survival (Anon 1991).

It has been reported that the carcinogen 3,3'-dichlorobenzi-
dine is bioactivated in the liver in vivo and in vitro to mutage-
nic and lipid - binding metabolites. To characterize the meta-
bolites involved, adult male rats with treated with a single
dose of either DBC, the spin trap 1-phenyl-N-tert - butylnitrone
(PBN) and both chemicals. It is concluded that in the rat aryl
radicals may be the predominant stable radicals from aryla-
mines in the liver, whereas, radicals derived from N-oxygena-
tion may predominate in the blood. The tissue distribution of
the two may predominate in the blood. The tissue distribution
of the two radical species may reflect the major site of their
formation from some arylamines in the rat (Iba et al 1991).

The non-genotoxic rodents of the potent bladder carcino-
gens, o-anisidine and p-cresidine has been reported which
indicated that the genotoxicity of o-anisidine was acknowl-
edged and misquoted data cited (Bolcsfoldi et al 1992). In
another studies, the mutagenicity of o-anisidine to the blad-
der of lacl transgenic mice was also conducted. A single oral
administration of the maximum tolerated dose level (750 mg/
kg) of o-anisidine to mice yielded negative results in 32P -
post - labelling assays of bladder and liver DNA (24 h after
dosing). The possibility that o-anisidine is mutagenic and car-
cinogenic to the rodent bladder via formation of radical spe-
cies is suggested (Sasaki et al 1994).

The toxicities of chloroanilines to Photobacterium phos-
phoreum was determined and their correlations with effects
on other organisms and structural parameters using the Mic-
rotox assay was presented. The values obtained correlated
well with the toxic effects of these compounds to 4 different
species of yeast and with the effects of the octanol / water
partition coefficient (Ashby 1992).

The toxicity, DNA binding and adduct formation of chloro-
aniline and 4,4́-methylene - bis (2 - chloroaniline) has been
found and the data showed DNA damage in cultured explants

Table 4
Characterization of 1,5-dihydroxy napthalene formaldehyde (1,5-DHNF) Oligomer

1,5-dihydroxy Softning                Elemental analysis(%) Mn estimated
Napthalene Color point                         C                        H by

Formaldehyde (°C) Calcd Found Calcd Found VPO

oligomer
(1,5-DHNF) Brown > 230 77.41 77.30 5.37 5.30 744

Where VPO=Vapour Pressure Osmometry.
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of human and dog bladder urothelium. The level of DNA
damage in human bladder was higher than that in the dog. 33
P-postlabeling analyses indicated that Methylene-bis (2-
chloroaniline) forms several DNA adducts in both human and
dog bladder tissues. These results suggest caution in the
occupational exposure of humans to Methylene-bis (2-
chloroaniline) (Ribo and Kaiser 1983).

The aromatic amine metabolism catalyzed by prostaglandin
H synthase (PHS) was investigated as an enzyme system
responsible for the conversion of carcinogens to reactive
metabolite(s) in extrahepatic tissues. The bladder carcinogens
benzidine 2-aminofluorene, and 2-naphthylamine are oxidized
by PHS to free radicals. Metabolic activation of carcinogenic
aromatic amines catalyzed by hepatic cytochrome P - 450 pro-
ceeds via an N-hydroxylation pathway analogous to other
well - studied aromatic amine carcinogens. PHS - catalyzed
metabolism of these compounds results in the formation of
reactive species which bind covalently to cellular macromols
(Stoner et al 1988).

The metabolism of naphthylamines in isolated rat hepato-
cytes has been studied and compared in freshly isolated
hepatocytes from 3-methylcholanthrene (MC) - treated and
untreated rats. At 10 (M, 2-naphthylamine was mainly N-
acetylated and N-glucuronidated. Minor pathways led to
C-oxidation and N-oxidation. In hepatocytes, from MC-
treated rats total metabolism was slightly affected (1.5-
fold increase). Similar experiments were carried out with 1-
naphthylamine. Its N-glucuronide was the predominant
metabolite (68%) followed by the N-acetylated compound
(15%) while C-oxide was low and N-oxidized metabolites
could not be detected, even after induction. Thus, MC
treatment markedly shifted 2-naphthylamine metabolism
from N-acetylation and N-glucuronidation to N-and C-oxi-
dation. In the case of 1-naphthylamine metabolism, exten-
sive N-glucuronidation together with the lack of N-oxida-
tion may prevent carcinogenesis (Eling et al 1987). In a
similar study, rat peritoneal macrophages were incubated
with 2-naphthylamine (I), a well known carcinogen and
respiratory burst was studied. (I) induced a time and dose-
dependent stimulation of superoxide anion production
which was suppressed by superoxide dismutase treatment.
Other observations were as follow (i) the simultaneous
presence of polymyxin B and stauros-porine inhibitors of
protein kinase C, inhibited (I)-dependent O2 -production;
(ii) NADPH-oxidase contained in postnuclear fraction from
(I)-incubated macrophages showed a greater activity than
control fractions; (iii) the stimulation of O2 -production eli-
cited by (I) was several-fold enhanced in activated mac-
rophages compared to resident cells. These data suggest

that (I) produces the activation of NADPH-oxidase through
protein kinase C (Orzechowski et al 1992).

The toxicity of toluidine isomers have been determined. It has
been reported that p-toluidine was 2-fold more toxic than the
ortho and meta isomers according to LD50 in rats, mice and
rabbits. The m-toluidine had the most damaging effect on blood
composition, followed o-toluidine and p-toluidine. The last
also showed some hepatotoxicity. The meta isomer somewhat
impaired the N excretion by the kidney. Skin resorption fol-
lowed the order ortho > meta > para. The most local irritating
action in rabbit eye was shown by m-toluidine (Chiara and
Sobrino 1992). In similar work, the author have re-evaluated
the carcinogenicity of o-toluidine and presented the evidence
of carcinogenicity/genotoxicity of o-toluidine (Vashenko et
al 1977). The preventions of occupational urinary bladder
tumours in the manufacture of toluidines were investigated.
The results of experimental, hygienic and occupational - patho-
logy investigations indicate the carcinogenic nature of o-tolui-
dine. A most effective measure for radically improving work-
ing conditions is the use of the catalytic method. The maxi-
mum perimissible concentration of I should be revised, taking
into account its carcinogenic activity.

Among the aromatic amines examined, the mutagenicity was
in the order: 3,3'-dichlorobenzidine > toludine > benzidine> 2-
naphthylamine. Dichlorobenzidine was extremely mutagenic
in the Ames assay with Salmonella typhimurium TA 98 with
S9 microsomal activation. The last 2 aromatic amines were
moderate mutagenicity. Tobias acid and 2,2', 4,4'-tetra-
aminobiphenyl gave negative results with S. typhimurium TA
98 and 100 stains and with or without S9 microsomal activa-
tion. The carcinogenicity of these compounds was in the same
order as their mutagenicity of these compounds. Plus tobias
acid and tetra-aminobiphenyl were not carcinogenes.

Conclusion

The primary motivation for the design of novel, marketable
dyes and pigments have been the need for colorants having
improved technical performance. In more recent years, consu-
mers are getting awareness of the hazards of synthetic dyes
and pigments. It has therefore, become clear that the toxico-
logical properties of dyes and their precursors must also be
factored into the dye design equation. This means that the
development of environmentally friendly colorants must
embrace all aspects of the life cycle of synthetic dyes, from
manufacture through dye application and handling of resi-
dual dye bath color. In this regard, it is also clear that dye
chemists must continue to work closely with genetic toxicolo-
gists and environmental toxicologists to assure the viability
of our industry without compromising human health or the
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environment. It is the role of dye chemists to work especially
closely with genetic toxicologists to enhance our understand-
ing of the nature of the binding site(s) with which azo dyes
interact en route to eliciting a genotoxic response. The ability to
define these sites and develop working models would shed
light on the reason that closely related dye structures can
differ significantly in genotoxicity. Many efforts have been
made to meet this challenge and synthesize intermediates to
develop non-genotoxic dyes. It should also be excersied to
handle these intermediates properly to prevent/reduce the
health   risks.
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