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Abstract: This study was conducted to investigate the effect of combinations of four incubation
periods (30, 45, 60 and 75 days), three explants density (one, two and three) and four volumes of
medium (3, 6, 9 and 12 ml) in the in vitro shoot formation per explant, total shoots and total cost
per liter of medium and cost per shoot of Moris pineapple. The highest shoot per explant was ob-
tained in combination of three explants in 12 ml of medium incubated for 60 days, three explants
in 9 and in 12 ml of medium and one explant in 3 and in 9 ml of medium incubated for 75 days
but at different total shoots (2750, 3667, 2750, 3667 and 1222 shoots), total cost ( USA $25.85,
36.09, 28.39, 95.32 and 36.06) per liter of medium. Combinations in which three explants were
used per culture resulted in lowest cost per shoot (1.0 cent) while combination in which one ex-
plant was used per culture, the cost per shoot was two to three times higher (2.6 and 2.9 cents).
Combination of three explants, 3 ml of medium and 75 days of incubation, on the other hand, re-
sulted in formation of only 6 shoots per explant (almost half of the highest obtained rate) but in
highest total shoot per liter of medium (6000 shoots ) at highest total cost (USA $95.32) and in-
termediate cost per shoot (1.6 cents). Combination of three explants, 6 ml of medium and 75
days resulted in formation of 10 shoots per explant, production of 5000 shoots per liter of medi-
um at lowest cost per shoot (1.0 cent) and intermediate total cost per liter of medium (USA $
50.68). Using of one explant in 12 ml for 30 days resulted in formation of 5 shoots per explant,
highest cost per shoot (5.0 cents) and lowest total shoots (417 shoots) and lowest total cost (USA
$ 20.73) per liter of medium.

Keywords: Total shoots; Total cost; Medium volume; Explants density; Incubation periods;
Pineapple; Ananas comosus.

INTRODUCTION Teixeira et al., 2006) are the most commonly

used cycle length and medium volume for in

A single multiplication cycle of pineapple
ranged from a minimum of 15 days
(Firoozabady & Gutterson, 2003) to a maxi-
mum of 112 days (Nelson et al., 2015) in
which explants placed in as low as 10
(Hamad & Taha, 2003) and as high as 100 ml
(Fernando, 1986) of MS medium. Yet 30 and
45 days and 20 and 25 ml of solid
(Sripaoraya et al., 2003; Sunitibala Devi et
al., 1997) and liquid medium (Be & Debergh,
2006; Pérez et al., 2009; Pérez et al., 2012;

vitro shoot multiplication. Explants were
used at density of 1(A. M. Hamad & R. Taha,
2008; A. M. Hamad & R. M. Taha, 2008a,
2008b), 2 (Be & Debergh, 2006; Soneji et al.,
2002), 3 (Hamad & Taha, 2003, 2009), 4
(Khan et al., 2004), 5 (Daquinta et al., 1997;
Pérez et al., 2009; Pérez et al., 2012), 8 (Dal
Vesco et al., 2001), and 10 (Zuraida et al.,
2011) explants per culture. Explants could be
used intact (A. M. Hamad & R. Taha, 2008;
Khan et al., 2004), halved single shoot

*Corresponding Author: Abdelhamid M. Hamad,abdelhamidhamad@gmail.com , Faculty of Agriculture, Omar Al-Mukhtar University El-Bayda,
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(Hamad, 2017,(Almeida et al., 2002; Bhatia
& Ashwath, 2002) and cluster of shoots
(Escalona et al.,, 1999; Firoozabady &
Gutterson, 2003; Hamad & Taha, 2009). Op-
timal hormone treatment varied at different
incubation periods (A. M. Hamad & R. M.
Taha, 2008b; Kofi & Adachi, 1993). The fo-
cus on these studies was mainly on testing
hormone types, concentrations, and combina-
tions and on comparing of solid and liquid
media at fixed level of other factors and the
assessment was based on the shoot formation
rate and total shoot per one cycle (Escalona
et al., 1999) and several cycles of multiplica-
tion (A. M. Hamad & R. Taha, 2008). Inves-
tigation of different combinations of explants
density, volume of medium per culture, and
incubation periods are not only important for
their expected effect on shoot formation per
explant but also on the possibly obtainable
total shoots per liter of medium. The objec-
tive of this study was to investigate the effect
of three explant densities (one, two and three
explants per culture) and 4 volumes of medi-
um (3, 6, 9 and 12 ml per culture) and four
incubation periods (30, 45, 60 and 75 days)
on the in vitro shoot formation per explants
and on total shoots and cost per one liter of
medium and cost per shoot of Moris pineap-
ple.

MATERIALS AND METHODS

Full strength MS(Murashige & Skoog, 1962)
medium enriched with sucrose at 20 g/l and
BAP at 2.0 mg/l was adjusted to pH 5.0,
sterilized at 121 °C and 1.5 kg /cm” for 25
minutes and dispensed under laminar air flow
cabinet into 144 culture tubes. Each 36 of the
144 cultures tubes received 3, 6, 9 and 12 ml
of the medium. One, two and three 15 to 20
mm long shoots were taken from 6-months
old Moris stock cultures and placed in each 9
of the 36 culture tubes that received an equal
volume of medium. The cultures incubated
under constant temperature 25 °C and 16
hours of light provided by cool white fluores-
cent lamps. After 30 days of incubation, 9

cultures from each combination of explants
density and volumes of medium were ran-
domly picked and used for data collection.
The multiple shoots complex of each explant
was picked out, placed over a squared paper
and separated into individual shoots for
counting and measuring the length of shoots.

Data were used to establish two tables, one
for total shoots and one for total shoot length
per culture after 30 days incubation period.
The table of total shoots per culture was con-
verted to table of shoot formation per explant
by dividing by the number of explants per
culture tube and to table of total shoot per
liter of medium by multiplying by 1000 and
dividing by the medium volume per culture.
Table of total shoot length was converted to
table of shoot length per explant by dividing
by the total shoots per culture. Each of these
tables is two factors table (explants and vol-
umes). After 45, 60 and 75 days of incuba-
tion, the same procedures were repeated to
establish tables for total shoots and total
shoots length per culture and shoots for-
mation and shoot length per explant after 45,
60 and 75 days of incubation. The two factors
tables (explants, volumes) of the same pa-
rameters (shoot formation, shoot length per
explant and total shoots per liter of medium)
at each incubation period were combined to
obtain three factors tables (explants, volumes,
and incubation) and the data were subjected
to analysis of variance and separation of
means by Duncan Multiple Range Test
(Duncan, 1955) at p < 0.05 using SPSS statis-
tical package No 11. Table of total shoots per
liter of medium was used for estimation of
total cost and cost per shoot.

RESULTS

Table 1 showed that five different combina-
tions of explants density and medium vol-
umes per culture and incubation periods re-
sulted in highest shoot formation per explant
(11 shoots). One of these combinations made
of three explants per culture incubated in 12
ml of medium for 60 days. In the other four

© 2018 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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combinations, the incubation period was 75
days but of a different combination of ex-
plants density and medium volume per cul-
ture. One explant in 3 and 9 ml and three ex-
plants in 9 and 12 ml of medium. In all of
these five combinations, the incubation peri-
od was longer than 45 days and none includ-
ed density of two explants per culture. On the
other hand, six different combinations result-
ed in the lowest shoot formation per explant
(3 shoots).

In these combinations, the incubation was
shorter than 60 days, the medium less than 9
ml, and the explants density was more than
one explant per culture. At a fixed density of
one explant, if the medium dispensed at 3 ml
per culture, each 15 days increase in the in-
cubation (30, 45, 60 and 75 days) increased
the shoot formation per explant (4, 8, 9 and
11 shoots). However, if the medium dis-
pensed at 6 ml, incubation for 45 days result-
ed in more shoots per explant (6 shoots) than
incubation for 30 days (4 shoots) but equal to
that obtained after 60 days (6 shoots). Ex-
tending the incubation to 75 days increased
the shoot formation to 8 shoots. When the
medium was dispensed at 9 ml, incubation
for 30, 45 and 60 days resulted in equal
shoots formation per explant (8 shoots) and
extending the incubation to 75 days increased
the shoots formation to 11 shoots per explant.
In cultures containing 12 ml of medium, in-
creasing the incubation from 30 to 45 and 60
days increased the shoots formation from 5 to
6 and 9 shoots per explants.

Extending the incubation to 75 days did not
increase the shoots formation resulted in
equal shoot formation as that of 60 days in-
cubation (9 shoots). At density of one, the
highest shoot formation (11) obtained when
medium dispensed at 3 and 9 ml and culture
incubated for 75 days. At fixed density of
two explants, dispensing the medium at 3 ml
per culture and incubation for 30 and 45 days
resulted in equal shoots formation per explant
(3 shoots) and increasing the incubation to 60

and 75 days increased the shoots formation to
4 and 6 shoots per explant respectively. If the
medium dispensed at 6 ml, incubation for 30,
45 and 60 days resulted in equal shoots for-
mation per explant (4 shoots) and increasing
the incubation to 75 days increased the shoots
formation to 5 shoots per explant while if
medium dispensed at 9 ml, increasing the in-
cubation from 30, 45 to 60 days increased
shoot formation from 3 to 5 and 6 shoots but
extending the incubation to 75 days did not
increase the shoots formation more than that
obtained after 60 days (6 shoots).

Dispensing the medium at 12 ml and incuba-
tion for 45 and 60 day resulted in equal shoot
formation (5 shoots) and both were more than
the shoot formation (3 shoots) after 30 days
of incubation. Extending the incubation to 75
days doubled the shoot formation (9 shoots)
compared to that obtained after 45 and 60
days of incubation. At a density of two ex-
plants, the highest shoot formation (9 shoots)
obtained when medium dispensed at 12 ml
and incubated for 75 days. Similar, the re-
sponse of explants when three explants were
used per culture were also varied depending
on the volume of medium and incubation pe-
riods. When the medium dispensed at 6 and 9
ml per culture, each 15 days increase in the
incubation (30, 45, 60 and 75 days) increased
the shoot formation per explant (3, 4, 6 and
10 shoots) and (5, 6, 7 and 11 shoots) respec-
tively. However, when the medium dispensed
at 3 ml, incubation for 30 and 45 days result-
ed in equal shoots formation per explant (3
shoots) and increasing the incubation to 60
and 75 days increased the shoots formation to
4 and 6 shoots per explant respectively. If the
medium dispensed at 12 ml per culture, in-
creasing the incubation from 30 to 45 and 60
days increased the shoots formation from 5 to
7 and 11 shoots per explant, but extending
the incubation to 75 days did not increase the
shoots formation more than that obtained af-
ter 60 days (11 shoots).

At a density of three, the highest shoot for-
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mation (11) obtained when medium dis-
pensed at 9 ml and incubated for 75 days and
when medium dispensed at 12 ml and incu-
bated for 60 days. Converting the shoot for-
mation per explant to total shoot production
per liter of medium (Table, 2) showed that
the five combinations (3 explants in 12 ml
and incubation for 60 days and 3 explants in
9 and 12 ml and one explants in 3 and 9 ml
and incubation for 75 days) which resulted in
the highest shoot formation per explant (11
shoots) resulted in different total shoots per
liter of medium (2750, 3667, 2750, 3667 and
1222 shoots). Three of these combinations
(three explants in 9 and 12 ml of medium for
75 days and three explants in 12 ml of medi-
um for 60 days) resulted in lowest cost per
shoot 0.1 cent and lowest total cost (USA $
25.85; 36.09; 28.39) while the cost per shoot
of the other two combinations was three-time
higher (2.6 and 2.9 cents) and the total cost
was USA § 95.32 and 36.09 (Table, 2).

On the contrary, combination in which the
shoot formation was 5 shoots less than the
highest obtainable shoot formation (three ex-
plants in 3 ml of medium for 75 days) result-
ed in the highest total shoots per liter (6000
shoots) but at highest total cost (USA §
95.32) and the cost per shoot was two times
(1.6 cent) the possible lowest cost per shoot
(0.9 cent).

DISCUSSION

This study demonstrated that unless the effect
of explants density, volume of medium and
incubation period were tested at combina-
tions of different levels, physiological studies
of shoot formation and commercial protocol
for in vitro multiplication could neither be
developed nor verified. The results showed
that changing the level of any one of these
factors lead to a different optimum combina-
tion of the other two factor for highest shoot
formation per explants (Table, 1), total shoots
production and total cost per liter of medium
and cost per shoot (Table, 2). Hence, to
achieve the different goals for physiologist

and propagators, dispensing of medium per
culture should be made in accordance with
the intended density of explants and incuba-
tion period and vice versa. According to
shoot formation per explant, five different
combinations of explants density, medium
volume per culture and incubation periods
(Table, 1) resulted in the highest shoot for-
mation per explant (11 shoots). According to
rates, either one of these five combinations
could be recommended as the best treatment.
However, Table 2 showed that higher shoot
formation per explant may result in lower to-
tal shoots and lower shoot formation may re-
sult in higher total shoots per liter of medi-
um. Combination of three explants, 3 ml and
75 days of incubation resulted in formation of
only 6 shoots per explants (half of the highest
obtained rate) but produced the highest total
shoots (6000 shoots) while combination of
one explant, 9 ml and 75 days of incubation
resulted in highest shoot formation (11
shoots) but low total shoots (1222 shoots) per
liter of medium. Which one is the more im-
portant than the other? The rate per explant
or the total shoots per liter of medium depend
on the researcher goal. Physiology judged by
rate while for management and profitability
of production a compromise between highest
total shoots and lowest total cost per liter and
cost per shoot are very crucial.

Two of the five combinations which resulted
in the highest shoot formation (11 shoots)
beside it resulted in different total shoots
(3667 and 1222 shoots) and total cost (USA $
95.32 and 36.09), the cost per shoot was 3
times higher (2.6 and 2.9 cents) than the low-
est obtainable cost per shoot. The other three
combinations resulted also in different total
shoots (3667, 2750 and 2750 shoots) and to-
tal cost (USA $ 36.09; 28.39 and 25.85) per
liter of medium (Table, 2) but in lowest cost
per shoot (0.1 cent). In other words, if the
combinations assessment was based on shoot
formation per explant, there is a risk of rec-
ommending combination which produced
shoots at three times higher cost per shoot

© 2018 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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(2.6 cents) than the possibly obtained lowest
cost (0. 9 cent), and losing of possibly pro-
duced 2445 shoots (3667- 1222) and extra
spending of USA $§ 69.47 (95.32-25.85) per
liter of medium.

On the other hand, if assessment was based
on total shoots per liter of medium (Table, 2),
combination of three explants, 3 ml and 75
days of incubation resulted in highest total
shoots (6000 shoots), but in lower shoot for-
mation per explant (6 shoots) and higher cost
per shoot (1.6 cents) and highest total cost
(USA $ 95.32) per liter of medium. That is,
there is a risk of recommending combination
which suppressed the shoot formation per ex-
plant, produced shoots at two times higher
cost per shoot than the possibly obtained
lowest cost (0. 9 cents) and at highest total
cost (USA $ 95.32). The cost per shoot could
be reduced to 0.1 cent, the total cost of USA
$ 50.68 and the shoot formation increased to
10 shoots per explant if the medium dis-
pensed at 6 instead of 3 ml, but the total
shoots declined from 6000 to 5000 shoots per
liter.

© 2018 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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Table (1). Effect of medium volumes, incubation periods and explants density per culture on the in vitro shoots formation per explant and shoot length of Moris pineapple.

MS Incubation periods (days) and explants density
(ml) 30 45 60 75
1 2 3 1 2 3 1 2 3 1 2 3

Shoots per explants

3 4e e 3e 8 bede e 3e 9 bed 4e 4e 11b 6 cde 6 cde

6 4e 4e 3e 6 cde 4e 4e 6 cde 4e 6 cde 8 bede 5de 10 be

9 8 bede e 5de 8 bede 5de 6 cde 8 bede 6 cde 7 bede 11b 6 cde 11b

12 5de e 5de 6 cde 5de 7 bede 7 bede 5 def 11b 9 bed 9 bed I1b
Shoot length (mm)

3 8.7bcd 11.7abcd 9.3bcd 9.7bcd 11.7abcd 12.3abcd 10 bed 13.7abcd 11.7abcd 10.7abcd 14.7 abc 15 ab

6 83cd 8.3 cd 9.3bcd 10 bed 9 bed 8d 11.3abed 9.7 bed 12.7abcd 14.7 abc 10.3 bed 15 ab
9 7.3d 7d 7.3d 7.7d 7.7d 8d 9.3 bed 12.3abcd 12.3abcd 12.7abcd 13.3abcd 13.7abc
12 8d 7.7d 7d 9 bed 9 bed 8.7 bed 9 bed 11.7abcd 12 abed 10 bede 13.3abcd 16.7 a

Each combination of medium volume, explants density and incubation period consisted of nine culture tubes.

Explants (shoots) were cultured in culture tubes containing static liquid full strength MS medium enriched with sucrose at 20 g/ 1 and BAP at 2.0 mg/l and pH adjusted to 5.0 and incubated under constant temperature
(25°C) and 16 hours of light.

Means followed by same letters were not significantly different as tested by Duncan Multiple Range Test at p < 0.05.

© 2018 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
ISSN: online 2617-2186 print 2617-2178

83



Al-Mukhtar Journal of Sciences 33 (2): 78-89, 2018

Table (2). Effect of medium volumes, incubation periods and explants density per culture on the total shoots and total cost per liter of medium and cost per shoot of Moris

pineapple
MS Incubation periods (days) and explants density
(ml) 30 45 60 75
1 2 1 2 3 2 3 1 2 3
Total shoots per liter
3 1333hij 2000efghi 3000cde 2667defg 2000efghi 3000cde 3000cde  2667defg 4000bc 3667cd 4000 be 6000a
6 667 j 1333 hij 1500ghij 1000 ij 1333 hij 2000efghi 1000 ij 1333 hij 3000 cde 1333hij 1667fghi 5000b
9 889 ij 667 j 1667{ghij 889 jj 1111 hij 2000efghi 889 jj 1333 hij 2333efgh 1222hij 1333 hi 3666¢cd
12 417j 500 j 1250 hij 500 833 jj 1750fghij 583 ] 833 jj 2750 def 750 j 1500ghi 2750def
Total cost per liter (USA $)
3 64.58 64.58 64.58 74.83 74.83 74.83 85.07 85.07 85.07 95.32 95.32 95.3
6 35.27 35.27 35.27 40.41 40.41 40.41 45.54 45.54 45.54 50.68 50.68 50.68
9 25.85 25.85 25.85 29.26 29.26 29.26 32.68 32.68 32.68 36.09 36.09 36.09
12 20.73 20.73 20.73 23.29 23.29 23.29 25.84 25.84 25.84 28.39 28.39 28.39
Cost per shoot (USA $)
3 0.048 0.032 0.022 0.028 0.037 0.025 0.028 0.032 0.021 0.026 0.024 0.016
6 0.053 0.026 0.023 0.040 0.030 0.020 0.045 0.034 0.015 0.038 0.030 0.010
9 0.029 0.039 0.015 0.033 0.026 0.015 0.037 0.024 0.014 0.029 0.027 0.010
12 0.050 0.041 0.016 0.046 0.028 0.013 0.044 0.031 0.009 0.038 0.019 0.010

Each combination of medium volume, explants density and incubation period consisted of nine culture tubes.
Explants (shoots) were cultured in culture tubes containing static liquid full strength MS medium enriched with sucrose at 20 gm/ 1 and BAP at 2.0 mg/1 pH adjusted to 5.0 and incubated under constant temperature

(25°C) and 16 hours of light.

Means followed by same letters were not significantly different as tested by Duncan Multiple Range Test at p < 0.05.
Total shoots per liter computed by multiplying the average total shoots per culture tube by 1000 and dividing by the volume of medium per culture tube
Cost estimate included only the variable cost items (Medium, culture tubes, labor and electricity)

© 2018 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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That is losing of 1000 possibly produced
shoots but saving of USA $ 44,64 per liter of
medium. Similar, if one or two explants were
used per culture, the highest total shoots per
liter of the medium was (3667and 4000
shoots respectively) and the lowest cost per
shoot in both cases (2.6 cents) obtained when
medium dispensed at 3 ml per culture and
incubated for 75 days. In a case when two
explants were used, the cost per shoot could
be reduced to 1.9 cents if the medium dis-
pensed at 12 instead of 3 ml, but the expected
total shoot per liter of medium declined from
4000 to 1500 shoots (Table, 2).

Tables 1 and 2 showed that using of explants
at a density of one and two per culture did
not serve the propagator goal of highest total
shoots and lowest total cost per unit of medi-
um. A density of three explants, on the other
hand, could serve the propagator goal only if
the medium dispensed at volume larger than
3 ml per culture and the incubation is longer
than 45 days. Lowest cost per shoot is very
crucial for both small and big companies
while the production of highest total shoots is
depending on the company budget, client
demands, market size, and time of delivery.
Depending on his budget and obligations,
propagator could select the most suitable
combination and decide the proper manage-
ment of in vitro multiplication system.

The shoot formation at each fixed explants
density depended on medium volumes, and at
each fixed volume of medium depended on
the explants density and on both cases on
how long the cultures were incubated. Cer-
tain volumes of medium per culture and cer-
tain incubation periods are optimum for cer-
tain explants density and not for the others.
Shoot formation per explant reflects how the
different factors directly or via interaction
with each other affect the process of shoot
formation. At a fixed density of one explant
and incubation of 30 days, the shoot for-
mation increased as the volume of medium
increased up to 9 ml per culture and declined

at 12 ml (Table, 1). This decline in shoot
formation if a volume of medium was higher
than 9 ml indicated that the number of some
ions of the medium nutrient or hormone con-
tent of the 12 ml reached inhibitory level.
However, if one explant incubated for 45, 60
and 75 days, the decline of shoot formation
started if the volume of medium was higher
than 3 ml per culture. Using a larger volume
of medium enhance the shoot formation in
case of shorter incubation but retard the shoot
formation in case of longer incubation. It
seemed that the promotion effect of a larger
volume of medium when explants incubated
for a shorter period could be reversed by
longer incubation.

Explants during the first 30 days of incuba-
tion might have inefficient nutrient uptake
and require a larger volume of medium while
after 30 days of incubation explant developed
efficient nutrient uptake and absorbed enough
nutrient even if the volume per culture was
too low. In addition, after 30 days of incuba-
tion, the explants may release certain extracts
that interact with certain components of the
medium to produce an inhibitor of shoot for-
mation. On the contrary, at a fixed density of
three explants, the highest shoot formation at
any of the incubation period obtained when
medium dispensed at the largest volume of
medium (12 ml) per culture. The shoot for-
mation increased as the volume of medium
per culture increased. This may indicate that
presence of three explants would share the
content and reduce the amount of certain me-
dium components below its inhibitory level.
At a density of one explant per culture, two
different volumes of medium (3 and 9 ml) at
same incubation period (75 days) could be
used to induce one explant to express its
highest shoot formation ability (11 shoots).
At a density of three explants, also two dif-
ferent but larger volumes of medium (9 and
12 ml) at same incubation (75 days) and same
medium volume (12 ml) but different incuba-
tion period (60 and 75 days) resulted in high-
est shoot formation. One of these volumes of
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medium (9 ml) and one of these incubation
periods (75 days) is shared by the two differ-
ent explants density. All of these different
combinations of medium volume and incuba-
tion periods resulted in highest and equal
shoot formation (11 shoots) whether the ex-
plant was one or three.

In case of two explants per culture, none of
the combinations resulted in 11 shoots. But
also, two different volumes of medium and
two different incubation periods could be
used to induce highest shoot formation per
explant (9 shoots). Medium dispensed at 9 ml
and incubation for 60 days and dispensed at
12 ml and incubation for 75 days. However,
when the response of one and three explants
was compared, it showed that depending on
the volume of medium and incubation period,
one explant per culture could result in higher,
equal or less shoot formation rate than that of
three explants per culture and vice versa (Ta-
ble, 1). The effect of medium volume and ex-
plants density on shoot formation could be
related to the shortage (competition) or over-
supply (inhibition) of medium components.
The effect of incubation period is a result of a
complicated relationship of growth, changes
of medium components and vessel atmos-
phere over time. If the cultures containing
less than 12 ml and the incubation period less
than 75 days, using of one explant resulted in
higher rate of shoot formation than using
three explants per culture. The low rate of
shoot formation of the three explants may
due to competition for nutrient or hormone
content of the medium. On the contrary, if the
culture contained 12 ml of medium irrespec-
tive of the incubation period (30, 45, 60 and
75 days), using of three explants resulted in
higher rate of shoot formation per explant
than using one explant per culture. The hor-
mone or ions content of the larger volume of
the medium reached an inhibitory level for
the one explant and suppressed its shoot for-
mation. However, irrespective of using
smaller or larger volume of medium per cul-
ture if the culture incubated for 75 days, three

explants resulted in higher rate of shoot for-
mation than one explant. In this case, compe-
tition and over supply could not explain the
result. Over longer incubation, the three ex-
plants might release an extract that over-
comes shortage as well as the inhibitory ef-
fect of medium components and enhances the
shoot formation of the three explants more
than one explant. (Konan et al., 2007) report-
ed that when more than one explants were
used per culture, explants size-related cofac-
tor control the in vitro rooting ability of oil
palm. The higher shoot formation of the three
explants than the one at certain medium vol-
ume and incubation and lower at other indi-
cated presence of explants density- related
cofactors. Promotion or inhibition nature of
the cofactor depended on the volume of me-
dium dispensed per culture and incubation
period. Elucidation the role of medium vol-
ume, explants density and incubation period
in the shoot formation process require future
investigation using specifically selected com-
binations and retesting their effect using me-
dium of different strength and pH adjust-
ments in connection with a chemical analysis
of medium and explants and histological in-
vestigation over incubation.
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Abstract: Atopic dermatitis (AD) is common among pre-school children worldwide. Food aller-
gy may be an important factor in children with atopic eczema under 4 years. Our objective was
to assess the extent and characteristics of confirmed and unconfirmed diagnoses of AD in 112
children who were diagnosed by Pediatric Allergy Clinic at Al-Bayda’s hospital with a high pos-
sibility of having AD at some point in their lifetimes. Sera from the patients were analyzed for
specific IgE antibodies to 20 allergens. About 95% of children with AD have IgE-mediated clin-
ical reactivity. The prevalence of positive cases with food allergens ranged from 19-20%, and
environmental factors ranged from 11-14% for boys and girls respectively. Positive cases of en-
vironmental factors in this population were recorded against some species of plants. As a result,
a combined sensitization to food and environmental allergens not only has an additive increase
in serum IgE antibody production, but also increases the risk of developing allergic diseases such
as asthma during childhood. An evaluation for AD should be considered to these children.

Keywords: Atopic dermatitis (AD), Food allergy, environmental factors, children, Al-Bayda

and Libya

INTRODUCTION

Atopic dermatitis (AD) is the most common
inflammatory skin disease in children, partic-
ularly in young children. The prevalence of
AD has tripled over the past three decades
and affects 15% to 30% of children in indus-
trialized countries(Larsen, 1996) (Bieber,
2010). This growth has been too speedy to be
explained by genetic changes and alteration
environmental elements have been proposed
as the possible explanation for the increased
prevalence of AD(McNally et al., 1998).
There are also many factors demonstrated to
be associated with AD: personal factors in-
cluding, age, gender, nutritional status, life-
style, allergy status and family history

(McNally et al., 1998) and changes in envi-
ronmental factors (e.g. house dust mite, ani-
mal dander, molds, cockroach infestation,
occupational exposure, environmental tobac-
co smoke, air pollution, aeroallergens, and
climate change) (Lee et al., 2012; McNally et
al., 2001; Schifer et al., 2008). Since the first
documented report of food allergy-provoking
AD in 1915 (Schloss, 1915), parents and pa-
tients with AD continue to implicate food in
disease flares (Greenhawt, 2010), an idea
backed by the fact that food allergy is more
common in children with AD. 30% of them
are affected compared with 4% to 10% in the
general pediatric population (Suh, 2010).
Roughly one-third of kids with severe AD
suffer from food allergy. In childhood, food
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allergies and food allergens such as cow's
milk or hen's egg are mainly responsible for
allergic reactions, when compared with ado-
lescents and adults (Wassmann & Werfel,
2015). The diagnosis of eczematous reactions
to food demands a careful diagnostic proce-
dure, taking into account the patient's history
and sensitization patterns. Despite the large
types of food that can cause IgE- mediated
reactions, most prevalence studies have con-
centrated on the most common allergenic
foods, namely cow’s milk, hen’s egg, peanut,
tree nut, wheat, soya, fish, and shellfish. Such
allergens account for up to 90% of food al-
lergy reactions (Eigenmann et al., 1998).
Various diagnostic tools for atopic dermatitis
(AD) have been proposed due to the lack of
definitive biomarkers and the marked diversi-
ty of its clinical features (Brenninkmeijer et
al., 2008; Deleuran & Vestergaard, 2014).
The aim of our study was to screen serum of
a group of children with AD to determine the
course of sensitization and the development
of clinical allergy which include a common
allergic food and some environmental factors.

MATERIALS AND METHODS

The study protocol was reviewed and ap-
proved by Bioethics Committee at Biotech-
nology Research Center (BEC-BTRC) with
Ref No: BEC-BTRC 04-2017. A group of
112 children (age: 6 months -48 months) with
atopic eczema (inflammatory skin disease
characterized by an itchy red rash) diagnosed
by a doctor in Pediatric Allergy Clinic and
Outpatients department at Al-Bayda’s Hospi-
tal, Libya. The physicians involved in the
study protocol determined the diagnosis of
AD as a high possibility to have food aller-
gies. Questions included demographic infor-
mation, age of onset of allergy, number of
accidental exposures, and history of concur-
rent food allergies. Then, a specific kit was
used to determine main causes of these symp-
toms. Serum samples from all patients were
collected at the time of the visit in Razi Med
Lab in Al-Bayda and analyzed for allergen—

specific IgE antibodies wusing the Im-
munoCAP Specific IgE (TUV Rheinland,
Germany) (Maloney et al., 2008) . In brief,
venous blood samples were collected and an-
alyzed with the automated ImmunoCAP Sys-
tem. Fifty microliters of standards or pa-
tients’ sera were added to the solid matrix
(ImmunoCAP) and incubated for 30 minutes
at room temperature. After washing, enzyme-
labeled anti-IgE was added to the Im-
munoCAP and incubated for 2.5 hours at
same temperature, after which it was washed
again. Then, 50 mL of developing solution
was added to each sample. After a 10-minute
of incubation, a stopping solution was added
and fluorescence was determined and com-
pared with values from the standard curve
using biocheck imaging software. With the
help of Biocheck Imaging Software (BIS)
and a PC, the Polycheck cassettes were inter-
preted (TUV Rheinland, Germany). In com-
parison with the standard curve, the amount
of allergen-specific IgE for each allergen was
given as relative kilo units per liter (kU/1) and
results were determined based on their con-
centration of IgE. In this test, we used a pedi-
atric screen for 20 individual allergens for
children, designed as a screening test for the
most relevant inhalation and food allergens.
Histamine (10 mg/ml) was used as a positive
control and glycerine as a negative control.
Allergen-specific IgE (sIgE) concentrations
in the serum were determined for the follow-
ing allergens: milk, casein, a-laktalbumin, -
laktoglobulin, Bovine serum albumin, egg
yolk and egg white, rice, soybean, banana,
pork, beef, chicken, flour mix, bakers-yeast,
D.pteronyssinus-  D.farinaemix,  Cladosp
herb.-Altern.altern.mix, Birch-Oak pollen
mix, Alder-Hazel pollen mix, six Grass mix
and level of IgE in serum. Degree of reaction
for each allergen separately was ranged from
0.15 as a negative result (no specific antibody
detection) to 100 as a positive result (very
strong antibody concentration) that obtained
as a result of collaboration of soft program
with Polycheck kit.
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RESULTS

From January to December 2016, 112 cases
were screened for specific serum IgE for 20
different allergens. The majority of children
were having atopic dermatitis or asthma at
some point in their lifetimes. Of the children
with reported symptoms of AD, the patients
ranged in age from 6 months to 4 years (me-
dian, 2.5 years), and the ratio of gender of
patients was male/female ratio of 47:65.
There was similarity of results found between
couple of genders with a type of allergens
and most of them have more than one posi-
tive reaction to different allergens. Results in
Table 1 illustrated a comparison in numbers
between percentages of negative and positive
cases for food/environmental allergens in
both genders. The prevalence of positive cas-
es with food allergens ranged from 19-20%,
and prevalence of environmental factors
ranged from 11-14% for boys and girls re-
spectively. Most cases got a positive reaction
against more than one type of allergens, thus
the total numbers for positive and negative
cases of food allergens for boys were 252 and
723 respectively, whereas the total number of
the boys and girls in this study were 47 and
65 respectively (Figure 1 showed an example
of the results for one subject).

For more details, Table 2 presented the num-
bers with percentages of negative and posi-
tive cases, and the mean degrees of reaction
for each gender. Overall boy/girl cases, the
highest numbers of positive cases were found
with Alder-Hazel pollen mix (38 boys/44
girls) and Birch-Oak pollen mix (31 boys/43
girls), and the lowest numbers were noted
with a-Laktalbumin (2 boys/4 girls), Casein
(3 boys) and Chicken (4 girls). Additionally,
of these 47 boys, 27 had reacted to D. pter-
onyssinus-,D. farinaemix, banana, and 24 re-
acted to 6-Grass mix. Of these 65 girls, 36
had reacted to D. pteronyssinus-D. farinae-
mix, 39 reacted to a banana, and 21 reacted to
6-Grass mix. The results also showed that the
total numbers for positive and negative cases

of food allergens for boys were 252 and 723
respectively, whereas the total number of the
boys/girls in this study was 47/56 subjects.
This referred to the most case that had been
found to be positive to more than one type of
food/ environmental allergens at the same
time. In the same table, the ranges of in-
creased serum specific IgE levels for each
allergen varied widely among patients with
positive diagnoses, and the total mean level
of IgE was 96 and 100% for boys and girls
respectively. The same table showed levels of
mean degree of reaction for each allergen that
ranges between 0.15-100 kU/I (concentration
of antibody detection). The highest value was
recorded with D. pteronyssinus-D.farinaemix
with 21.4 and 19.8 for boys and girls respec-
tively, followed by 6-grass mix and banana.

Table (1). Numbers and percentages of negative and
positive cases for food/environmental allergens in
both genders

Boys (47) Girls (65)
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Table (2) .Correlation between different twenty allergens with percentages of positive/negative cases and mean degrees of

reaction in male and female subjects

Boys (47) Girls (65)

No Atopic No of No of Mean No of No of Mean
negative positive degree of negative Positive degree of
cases (%) cases (%) reaction cases (%) cases (%) reaction

1 Milk 41(87.234) 6 (12.766) 0.197 57 (87.962)  8(12.308) 0.282

2 Casein 44 (93.617) 3 (6.383) 0.169 57 (87.962)  8(12.308) 0.181

3 a-Laktalbumin 45 (95.745) 2 (4.255) 0.181 61 (93.846) 4 (6.154) 0.279

4  B-Laktoglobulin 30 (63.830) 17 (36.170) 0.648 33(50.769)  32(49.231) 2.085

5  Bovine 34 (72.340) 13 (27.660) 1.711 46 (70.769) 19 (29.231) 0.627

serum albumin

6  Egg white + 39 (82.979) 8 (17.021) 0.177 54 (83.077) 11(16.923) 0.189

Egg yolk
7  Rice 32 (68.085) 15 (31.915) 0.580 47 (72.308) 18 (27.692) 1.117
8  Soybean 38 (80.851) 9 (19.149) 0.625 56 (86.154)  9(13.846) 0.593
9  Banana 20 (42.553) 27 (57.447) 3.627 26 (40) 39 (60) 2.808
10 Pork 38 (80.851) 9 (19.149) 1.064 51 (78.462) 14 (21.538) 0.535
11 Beef 35 (74.468) 12 (25.532) 0.207 57 (87.962)  8(12.308) 0.18
12 Chicken 40 (85.106) 7 (14.894) 0.203 61 (93.846) 4 (6.154) 0.162
13 Flour-Mix 31 (65.957) 16 (34.043) 0.420 48 (73.846) 17 (26.154) 0.475
14 Bakers-Yeast 24 (51.064) 23 (48.936) 1.266 40 (61.538)  25(38.462) 0.319
15  D.pteronyssinus- 20 (42.553) 27 (57.447) 21.355 29 (44.615)  36(55.385) 19.814
D farinaemix

16  Cladosp.herb.- 36 (76.596) 11 (23.404) 0.302 60 (92.308)  5(7.692) 0.336
Altern.altern.mix

17 Birch- 16 (34.043) 31 (65.957) 0.575 22 (33.846) 43 (66.154) 1.086
Oak pollen mix

18  Alder-Hazel 9 (19.149) 38 (80.851) 0.420 21(32.308) 44 (67.692) 0.916
pollen mix

19  6-Grass mix 23 (48.936 24 (51.064) 3.980 44 (67.692)  21(32.308) 2.886

20 Total IgE 2 (4.255) 45 (95.745)  58.42 0 65 (100) 59.351

DISCUSSION

AD/food allergy use had distinct risk factors.
The prevalence of sensitization to food aller-
gens appeared to occur and increase in early
infancy (Kulig et al., 1998). In young chil-
dren, the diagnosis of AD is mainly based on
clinical evaluation. Although assessment of
allergen-specific IgE antibodies provides
helpful information to the clinician, a correct

interpretation of sensitization to common al-
lergens is critical in determining susceptibil-
ity to allergic diseases (Chiu et al., 2014).
This study attempted to estimate prevalence
and risk factor profile of AD/food allergy that
cause allergy in early childhood by compar-
ing the distribution of different allergens in
subjects suffers from AD. From our result,
close to 95% of children with AD have IgE-
mediated clinical reactivity. As a result, an
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allergic reaction occurs when the immune
system overreacts to the allergen by produc-
ing IgE antibodies. IgE is a type of antibody
that is presented in small amounts in the body
but plays a major role in allergic diseases
(Galli & Tsai, 2012). In this study, the
changes of serum IgE levels were consistent
with the sensitization patterns of food. The
lowest numbers of positive cases noted with
a-Laktalbumin (2 boys/4 girls), Casein (3
boys) and Chicken (4 girls). On the other
hand, the highest number of positive cases
was recorded with banana followed by Bak-
ers-Yeast, then B-Laktoglobulin, flour-mix,
and rice for both genders. These results might
refer to the fact that these types of food are
considered as an important food for children
at an early age. The total positive case with
food allergens was found around 20% for
both genders. These results were in agree-
ment with other studies that found food aller-
gy as an important factor in up to 20% of
children with atopic eczema under 4 years
(Oranje & De Waard-Van Der Spek, 2000;
Tariq et al., 2000). These results were close
to the finding of another study which stated
that children (1 to 10 years old) in German
were found to have a positive predictive val-
ue for eczematous reactions with food of 30%
(Breuer et al., 2004). In another study, only
35% to 40% of food-sensitized children with
AD have clinical signs and symptoms of food
allergy (Greenhawt, 2010).

On the other hand, from our results, percent-
ages of total positive cases with environmen-
tal allergens were found to be around 11-14%
in both genders. In more details, 80 and 77%
of subjects were found to have a high positive
reaction with Alder-Hazel pollen mix, fol-
lowed by Birch-Oak pollen mix and
D.pteronyssinus -D.farinaemix compared to
food allergens. This might be attributed to the
presence of these variety of plants in study
area. Our results agreed with a study that
found a prevalence of AD of (11.7%) from
pediatric dermatosis in Benghazi, Libya
(Elfaituri, 2015). They also agreed with a

study that found approximately half of young
infants with food allergen sensitization were
more likely to be allergic to inhalant aller-
gens, and were at an increased risk of devel-
oping respiratory allergic diseases by the age
of 4 years (Chiu et al., 2014). Thses envi-
ronmental factors might play a role in in-
creasing the risk of asthma which was report-
ed in another study with children at age 1-
l4years in the same city. Results of that study
found a high number of children with severe
smoke sensitivity and dust allergy and that
the environmental factors might lead to the
development of asthma in older children (Ali
et al. 2016). To sum up, not only lifestyles
but also environmental factors may be asso-
ciated with the prevalence of AD in children
at an early age in Al-Bayda city, which might
lead to the increased risk of developing a res-
piratory allergy. This risk is high especially
in children with early onset of food allergy.

CONCLUSION

The complex interplay between the variabil-
ity of the environmental exposure and the in-
teractions between the food allergies are like-
ly to affect the development of AD. It is im-
portant to identify infants at risk to provide
early intervention. Prevention should begin in
early life, a critical window of vulnerability.
Fixing of the epidermal barrier in infants with
AD may prevent the subsequent allergic dis-
eases.
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Abstract: Irritable bowel syndrome (IBS) is a chronic or recurrent abdominal symptom. No cause
can be identified using conventional diagnostic testing and it is characterized by abdominal pain or
cramping and changes in bowel function. Aims of our study were to estimate the prevalence of
functional bowel disorders namely C1; Irritable bowel syndrome (IBS) among clinic-based patients,
and to assess health-care seeking in subjects with functional bowel disorders. The study used partic-
ipants recruited from AL Marj- Libyan Red Crescent Clinic primary care general practices. Be-
tween November 2012 and December 2013, each study subject was asked according to a prepared
questionnaire. This questionnaire depends on Rome III diagnostic criteria for irritable bowel syn-
drome. 450 consecutive patients attended the Red Crescent Clinic, 234 (52%) were female and 216
(48 %) were male. Population age ranged from 20-80 years, and the mean age was 53 years (SD+
15.6). In our study, the prevalence of irritable bowel syndrome (IBS) is 12%, and 53.3% of the sub-
jects had looked for medical advice for abdominal pain. There was no significant association ob-
served between the prevalence of IBS and sex. IBS was11.9% in women and 12.1% in men. Elderly
were the least frequent sufferer of IBS and the least medical advice seeker compared to younger age
groups, which necessitate not overlooking organic cause in such age group. Considerable patients
seek medication and traditional remedies due to their bowel disorders. Further investigations of the
treatment are required because of the high financial burden for individuals as well as for the society.

Keywords: Irritable bowel syndrome, IBS, Rome III diagnostic criteria, abdominal pain or discom-
fort, Functional gastrointestinal disorders, (FGID).

INTRODUCTION all functional bowel disorders attributed to
the colon and rectum (Table 1) (Drossman,
2006). Irritable bowel syndrome (IBS) is a

complex symptom characterized by ab-

Functional gastrointestinal disorders (FGID)
are clinical syndromes defined by chronic or

recurrent abdominal symptoms. No cause can
be identified using conventional diagnostic
testing. They can be classified by anatomic
region: esophageal (A), gastroduodenal (B),
bowel (C), functional abdominal pain (D),
biliary (E), and anorectal (F). Within each
anatomic category site, there can be several
disorders each with specific clinical features.
For example, the functional bowel disorders
(C), which include IBS (C1), functional ab-
dominal bloating (C2), functional constipa-
tion (C3), and functional diarrhea (C4), are

dominal discomfort or pain associated with
defecation or a change in bowel habit. IBS is
a common disorder with a prevalence of 15—
20% in the general population and it consti-
tutes 50% of the cases in outpatient clinics of
gastroenterology. It appears that 33-90% of
sufferers do not consult their clinicians, and
that a proportional meeting IBS criterion is
not labeled as having IBS by their clinicians.
(Talley et al. 1992b, Mertz, 2003). IBS is not
associated with the development of long-term
serious disease and there is no evidence to
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link IBS to excess mortality, although it has
been shown that patients with IBS are more
likely to undergo certain surgical operations
including hysterectomy and cholecystectomy
compared to matched non-IBS controls.
Health-related quality of life is poor in pa-
tients with IBS and can lead to a loss of time
for work or increased health care costs (Spill-
er et al. 2007).Symptoms of Functional bow-
el disorder are abdominal pain or discomfort
which is clearly linked to bowel function, be-
ing either relieved by defecation (suggesting
a colonic origin) or associated with a change
in stool frequency or consistency suggesting
a link to changes in intestinal transit, which
might reflect changes in either motor patterns
or secretion. (Horwitz & Fisher, 2001).

Table 1: Functional bowel disorders; bowel disorders
category C (Talley et al. 1999)

C1. Irritable bowel syndrome

C2. Functional abdominal bloating

C3. Functional constipation

C4. Functional diarrhea

Aims of our study were to estimate the preva-
lence of functional bowel disorders C1; IBS
among clinic-based patients, and to assess
health-care seeking in subjects with function-
al bowel disorders.

MATERIALS AND METHODS

The study used participants recruited from
AL Marj- Libyan Red Crescent Clinic gen-
eral practices. For each study subject, date of
birth and sex were registered by a doctor who
also asked every study subjects according to
a prepared questionnaire. This questionnaire
depends on Rome III diagnostic criteria for
irritable bowel syndrome which was created
by the Rome III committee, (Table 2), (Ap-
pendix A, 2006). The questionnaire assessed
abdominal pain or discomfort in the last 12
months. Abdominal disorders when occurred,

the number of episodes, and associated symp-
toms were assessed. These symptoms are
common in IBS but not part of the diagnostic
criteria namely; bloating, straining at defeca-
tion, urgency, feeling of incomplete evacua-
tion, and the passage of mucus per rectum.
Subjects were asked if pain or discomfort
improved after defecation and if it was asso-
ciated with altered stool habits (more or less
bowel movements, harder or looser stools).
History of follow up with a doctor or alterna-
tive medical care because of abdominal com-
plaints was recorded.

Table 2: Rome III diagnostic criteria* for irritable
bowel syndrome

Recurrent abdominal pain or discomfort at least 3

days a month in the past 3 months, associated with

two or more of the following:

e Improvement with defecation

e Onset associated with a change in frequency of
stool

e Onset associated with a change in form (appear-
ance) of stool

*Criteria fulfilled for the past 3 months with symp-
tom onset at least 6 months before diagnosis

Translation and cultural adaptation

The questionnaire was translated into Arabic
according to the international principles
(WHO, 2013). As a part of the translation
process, the Arabic language versions were
tested with IBS patients. The questionnaire
was back translated into English after transla-
tion into Arabic and reviewed again by mem-
bers of the questionnaire survey team to en-
sure preservation of content and clarity of the
items (Gorecki, et al. 2013).

RESULTS

Between November 2012 and December
2013, 450 consecutive patients attended the
AL Marj- Libyan Red Crescent primary care
clinic, 234 (52%) were female and 216 (48
%) were male, population aged 20-80 years,
and mean age was 53 years (SD+ 15.6), with
38%, 35%, and 27% in the age groups 20-40,
41-60, and 61-80 years respectively. There
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were 240 subjects (53.3%) reported ab-
dominal discomfort or pain at least once in
the previous 12 months. 130 (29%) subjects
had discomfort occurred more than 6 times
during the past year. 99 (22%) subjects re-
ported lower abdominal pain, and 54 (12%)
had IBS. Prevalence of seeking medical care
due to lower abdominal pain was lower in
subjects aged 60-80 years compared to sub-
jects aged 20-40 years. The prevalence of
IBS was significantly lower in the age groups
60-80 and 40-60 years compared to 20-40
years old subjects (Table 3). 256 subject
(56%) had reported intake of drugs pre-
scribed by their doctors and 170 (37%) re-
ported intake of different remedies (tradition-
al treatment or herbal treatment) for ab-
dominal symptoms in the past 12 months.

Table (3): prevalence of IBS and abdominal pain, for
sex and age per 100 population

Abdominal pain % IBS %
All subjects 22 12
Sex
Male 21.8 12.1
Female 22.2 11.9
Age groups (years)
20-40 26.6 17.5
40-60 22.6 11
60-80 16.8 9.6

DISCUSSION

Our study was not different from internation-
al reported studies on the prevalence of Irri-
table bowel syndrome (IBS) which is 12%.
(Icks et al. 2000), 53.3% had looked for
medical advice for abdominal pain. (Talley &
Boyce 1979) had reported the results of a
population- based study which attempted to
explain health care seeking for irritable bow-
el syndrome (IBS) patients. Of their sample,
13% had IBS, and of this, 73% had sought
medical care for abdominal pain or discom-
fort. (Ringstrom et al. 2007). There was no
significant association observed between the
prevalence of Irritable bowel syndrome (IBS)
and sex in our study. IBS was in women
11.9% and in men 12.1%. We might attribute

that to the clinic based questionnaire, alt-
hough in the literature there was nothing to
support differences in prevalence among dif-
ferent sexes because female subjects had
more Gl-related health-seeking behavior than
the male counterpart, whereas no gender dif-
ference existed in terms of previous medical
or intra-abdominal surgical history, educa-
tion, school/ work absenteeism and sleep dis-
turbance. (Lu et al. 2006; Chang et al. 2010).
In our study we found that Functional bowel
disorder in the elderly was less frequent
compared to younger age groups, and the
prevalence of seeking medical care due to
abdominal pain was lower in subjects aged
60-80 years compared to subjects 20-40
years. This is very important to draw our at-
tention to organic cause for GIT symptoms in
the elderly along with other alarming symp-
toms (table 4). As in age over 50 years at on-
set of symptoms, male sex, blood mixed in
the stool, and blood on the toilet paper were
all predictors of an organic diagnosis. (Talley
et al. 1992a).

Table (4): Alarm features in irritable bowel syndrome
(Spiller et al. 2007)

Age 50 years

Short history of symptoms
Documented weight loss
Nocturnal symptoms

Male sex

Family history of colon cancer
Anemia

Rectal bleeding

Recent antibiotic use

More than half of the patients with lower ab-
dominal pain (56%) had mentioned that they
had taken prescribed drugs from their doctors
due to their abdominal symptoms in the past
12 months, and more than one third of them
(37%) have used different remedies (tradi-
tional treatments or herbal treatments) (Ikechi
et al., 2017), and probiotics and prebiotics,
(Lawrence & Hyde, 2017). This indicates
considerable patients seek medication and
traditional remedies due to their bowel disor-
ders. Further investigations of treatments are
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required because of the high financial burden
for individuals as well as for the society.

CONCLUSION

Living with functional bowel disorder repre-
sents daily challenges. It may be painful or
embarrassing and can seriously affect the
quality of life. As yet there is no imaging test
to aid in diagnosis, which relies upon history.
Although many adults have signs and symp-
toms of functional bowel disorder, fewer than
half seek medical help. Yet it's important to
discover alarming symptoms especially after
the age of 50 years.
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Abstract: The comparative stabilizing effects of storage time and the anticoagulants; fluoride
oxalate, EDTA, sodium citrate, and serum on ice slurry; on fasting blood glucose level were
determined using the spectrophotometry method. Fasting blood samples were taken from 75 non-
diabetic male people, and the blood glucose levels determined at 30 min intervals for a maximum
time of 3 hours. Our results showed that the rate at which plasma glucose changes with time varies
with specific anticoagulants. From the results, it was observed that the rate at which the blood
glucose decreases with time vary with specific anticoagulants. It was noticed that random blood
glucose in sodium citrate, EDTA, fluoride oxalate and serum on ice slurry decreased at a mean
value of 28.4mg/dl, 58mg/dl, 15.4mg/dl and 60.2mg/dl dl after 3 hours respectively. With respect to
the concentration of glucose before storage, this suggests that storage of blood using fluoride
oxalate as an anticoagulant tends to better preserve the glucose level over a long period of time.
Transport on ice slurry and rapid separation of serum within 30 min can inhibit glycolysis without
the addition any anticoagulants (% reduction 1.3). Thus, from our findings, it is obvious that
irrespective of the specimen type, time of collection or type of anticoagulant, the concentration of
blood glucose remained unstable during storage. It is therefore suggested that analysis of blood
glucose should be carried out immediately after collection of specimen or within the shortest
possible time after storage in an anticoagulant to obtain a reliable result.

Keywords: anticoagulants, fasting blood glucose, glycolysis, sample collection.

INTRODUCTION blood, serum or plasma (Richard, 2001).
Collection of blood specimen  for
measurement of blood glucose level should
be done on the day and time requested. This
is because collection times are related to food
intake (Ochei and Kolhatkar, 2000). There
are two different methods of determining
glucose level: The chemical method and the
enzymatic method. The chemical method
exploits the non-specific reducing property of
glucose in reactions with an indicator
substance, which concomitantly changes

Most energy for cellular activities is derived
from glucose, and more than 70% of the
energy used by the human body is provided
by the glucose oxidation process, which is
important in maintaining the body's normal
physiological functions (Zhu et al., 2017)).
The blood sugar concentration or blood
glucose level is the amount of glucose
present in the blood of a human. Normally in
mammals, the body maintains the blood

glucose level at a reference range between 70
and 100 mg/dl before-meal (Baker et al.,
1969). Glucose can be measured in whole

color on its reduction (Louie et al., 2002).
The enzymatic method has reached an
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advanced stage where the enzymes could be
immobilized in electronic machines or
devices for easier and faster analysis
(Chernow et al., 1996). Glucose estimation
using plasma or whole blood requires the use
of an anticoagulant, which are compounds
that help prevent the clotting of blood. When
blood is shed or collected, the cell does not
die immediately. They continue to metabolize
and use up glucose as a source of energy via
the glycolytic process. Glucose thus
disappears from whole blood on standing
over a period. Glycolysis can be prevented
with an enzyme inhibitor (Lawrence et al.,
2008).

The commonest inhibitor for this purpose is
sodium fluoride, which usually used in
conjunction with an anticoagulant potassium
oxalate. Fluoride actually inhibits the enzyme
enolase that found in the metabolic pathway
of glucose and has a little effect on glucose
oxidase and peroxidase enzymes. It also
inhibits bacterial growth (Lawrence et al.,
2008). Another widely used anticoagulant is
Ethylene Diamine Tetra acetate (EDTA).
When EDTA added to a blood sample, it
chelates the calcium needed for blood
clotting and thereby preventing the formation
of fibrin. It forms an insoluble calcium salt
by chelation. It was the purpose of this study
to measure serum and plasma glucose
concentration using different anticoagulants
at different storage periods of time.
Comparison of these anticoagulants helps to
choose the suitable anticoagulant and to
detect the effect of each anticoagulant at a
specific storage time on serum and plasma
glucose level. To our knowledge, no studies
have been conducted on the investigation of
the stability of blood glucose at different
laboratory storage times and in different
anticoagulant tubes in Libya.

MATERIALS AND METHODS

The study was carried out in University
Clinic and biochemistry laboratory at

Chemistry Department, Faculty of science,
Omar Al-Mukhtar.

Study population and sample size: The
study was covering 75 apparently healthy
male individuals, randomly selected, and
lived in El-Beida City from different age
groups (49.7+11.45).

Exclusion criteria: Hemolytic samples and
diabetic samples must be rejected.

Ethical consideration:All participants on
this study were informed about the nature of
study; blood samples were collected after
their agreement.

Sample collection and processing: Vein
side was cleaned with 70% alcohol;
tourniquet was tied in space before
collection. The needle was inserted and 6 ml
of blood sample was collected. 2.0 ml from
sample were applied to; fluoride oxalate
anticoagulant container (Orange color),
EDTA anticoagulant container (Green color),
and sodium citrate (Pink Color) anticoagulant
container and then were immediately
separated at 3.000 rpm for 5 minutes at 20°C
by using the centrifuge instrument. The
serum was then separated from the blood
cells in a plane container (Red color) and
kept on an ice slurry. Blood samples were
examined initially (at zero time), after 30, 60,
90, 120, and 180 minutes from sample
collection.

Fasting blood glucose determination:The
concentrations of fasting blood glucose in the
plasma and serum were determined
spectrophotometrically i1mmediately after
collection using Glucose-Oxidase test kit
(Vitro Scient, Germany) described by
(Werner et al., 1970). The procedure was
repeated every 30 min interval for 3 h.
Results were expressed as mg/dl.

Reference range of random blood glucose:
Serum or plasma = 70-120 mg/dl (Trinder,
1969).
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Statistical analysis: The means and standard
deviations (SD) were calculated and paired t-
test was used to calculate P values.

RESULTS AND DISCUSSION

The assay of fasting blood glucose in samples
stored in anticoagulants is a regular practice
in this part of the world. When blood samples
are collected, they are stored in their native
state by preserving them in different

anticoagulants. Though their native state is
preserved, the blood glucose when assayed in
different anticoagulants, at different times,
varies. In this study, an attempt was made to
compare the changes in blood glucose level
over three hours at intervals of thirty minutes.
From the results (Table 1), it was observed
that the rate at which the blood glucose
decreases with time vary with the specific
anticoagulant.

Table (1).Effects of some anticoagulants on random blood glucose of some apparently healthy individuals.

Blood glucose concentration (mg/dl) during time (minutes)

Anticoagulant
Zero time 30 60 90 120 180
Sodium citrate 100.3£15.1 98.5¢17.7 92.6+£21.7 87.1+£23.1 78.94£25.2 71.9+£29.0
EDTA 102.1£19.8 88.0+£23.9 75.2422.6 61.6+27.8 55.2430.6 44.1+25.1
Fluoride oxalate 101.7+ 23.6 100.9£12.6 100.1+16.1 99.4+12.9 98.1+£25.8 86.3£29.6
Serum on ice slurry 100.9+22 4 99.54+22.8 79.9427.2 65.6+29.1 50.1+33.2 40.7+35.4

Data are expressed as mean + SD; n = 75; Ethylene Diamine Tetra Acetate (EDTA)

It was noticed that random blood glucose in
sodium citrate, EDTA, fluoride oxalate and
serum on ice slurry decreased at mean values of
28.4 mg/dl, 58mg/dl, 15.4 mg/dl and 60.2 mg/dl
after 3 hours respectively. With respect to the
concentration of glucose before storage, this
suggests that storage of blood using fluoride
oxalate as an anticoagulant tends to better
preserve the glucose level over a long period of
time. This may be due to the ability of fluoride
ion to inhibit the activity of enolase, an enzyme
in the glycolytic pathway, thereby slowing down
the breakdown of glucose (Gupta & Kaur, 2014).

It can also be observed that irrespective of the
anticoagulant used, the random blood glucose
significantly (P<0.05) decreased steadily as
compared to the value before storage. This
actually shows that anticoagulants can not stop,
in totality, the breakdown of glucose (glycolysis).
Thus, over a long period of time, the
concentration of glucose may reduce to zero level
(Tables 2, 3,4 and 5).

Table (2). Comparison between plasma glucose
concentrations at zero with 30, 60, 90,120 and 180
minutes in sodium citrate anticoagulant.

Glucose concentration mg/dl = SD at different times

Mean
A B differences(A-
B)
Zero(100.3£15.1) 30 (98.5+17.7) 1.8
Zero(100.3£15.1) 60 (92.6+21.7) 7.7
Zero(100.3£15.1) 90 (87.1£23.1) 13.2*
Zero(100.3£15.1)  120(78.94£25.2) 21.4%
Zero(100.3+£15.1)  180(71.9£29.0) 28.4%*

Data are expressed as mean = SD; n = 75; *represents significant at
P<0.05 between different times.

Table (3). Comparison between plasma glucose
concentrations at zero with 30, 60, 90,120 and 180
minutes in EDTA anticoagulant.

Glucose concentration mg/dl + SD at different

times
Mean
A B differences

(A-B)
Zero(102.1£19.8) 30 (88.0+£23.9) 14.2%*
Zero(102.1£19.8) 60 (75.2+22.6) 26.9%*
Zero(102.1£19.8) 90 (61.6+£27.8) 40.5%*
Zero(102.1£19.8)  120(55.2+30.6) 46.9%
Zero(102.1£19.8) 180(44.1+£25.1) 58%*

Data are expressed as mean = SD; n = 75; *represents significant at
P<0.05 between different times.
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Table (4). Comparison between plasma glucose
concentrations at zero with 30, 60, 90,120 and 180
minutes in fluoride oxalate anticoagulant.

Glucose concentration mg/dl = SD at different times

Mean
A B differences
(A-B)
Zero(101.7+£23.6)  30(100.9+12.6) 0.8
Zero(101.7£23.6)  60(100.1£16.1) 1.6
Zero(101.7£23.6)  90(99.4+ 12.9) 2.3
Zero(101.7£23.6)  120(98.1+£25.8) 3.6
Zero(101.7£23.6)  180(86.34£29.6) 15.4%

Data are expressed as mean = SD; n = 75; *represents significant at
P<0.05 between different times.

It was noticed that fasting blood glucose in
sodium citrate, EDTA, fluoride oxalate and
serum on ice slurry decreased at mean

percentage values of 28.4%, 56.8%, 13.7%
and 59.6% after 3 h (Table 6).

Table (5). Comparison between serum glucose
concentrations on ice slurry at zero with 30, 60,
90,120 and 180 minutes.

Glucose concentration mg/dl + SD at different times

Mean
A B differences

(A-B)
Zero(100.9£22.4) 30 (99.5+22.8) 1.4
Zero(100.9£22.4) 60 (79.9+27.2) 21%*
Zero(100.9£22.4) 90 (65.6£29.1) 35.3%
Zero(100.9£22.4)  120(50.1£33.2) 50.8*
Zero(100.9+£22.4)  180(40.7+35.4) 60.2*

Data are expressed as mean = SD; n = 75; *represents significant at
P<0.05 between different times.

Table (6).Comparison between reduction percentage of serum and plasma glucose levels in different anticoagulants.

Mean of % Mean of % Mear} of % o Mean O.f o Mean O.f
Anticoagulant reduction from reduction from reduction from % reduction % reduction
zero to 30 min zero to 60 min zero FO from Zero to from Zero to
90 min 120 min 180 min
Sodium citrate 1.7 7.6 13.1 21.1 28.1
EDTA 13.8 26.3 39.6 45.9 56.8
Fluoride oxalate 0.78 1.57 2.2 3.5 13.7
Serum on ice slurry 1.3 20.8 34.9 50.3 59.6

These also support the possibility for fluoride
oxalate to be a better anticoagulant for long-term
storage of blood samples for glucose
determinations, since the glucose concentration
in the blood samples stored in it tends to be
comparatively more stable (% reduction 13.7
after 3 h).(Chan et al.,, 1989)) reported that
antiglycolytic action of fluoride is delayed for up
to 4 h and has little or no effect on the rate of
glycolysis during the first 1-2 h after blood is
collected. Glucose levels can fall as much as 10
mg/dl during this period. Transport on ice slurry
and rapid separation of serum within 30 min can
inhibit glycolysis without the addition of any
anticoagulants (Table 6; % reduction 1.3), and in
fact works better as shown by few studies
(Gambino, 2013; Waring et al., 2007).

The recommendations of American Diabetes
Association (ADA) published in 2002 and WHO
guidelines of 2006 clearly indicated that venous

plasma is the preferred sample for glucose
estimation (Organization, 2006; Sacks et al.,
2002). However in most laboratory panels, serum
is the most suitable sample for all other
chemistries performed, and so ‘‘panel’’ glucose
is usually serum glucose. The requirement that
serum samples must be allowed to clot before
serum glucose is tested and significantly
increases turnaround time for glucose results
compared with plasma results(Schrot et al.,
2007). There is also a suggestion that clotting
consumes glucose (Gambino et al., 2009).
Therefore, serum glucose concentrations will
always be lower than plasma glucose if
glycolysis in a plasma sample is inhibited
immediately. The amount of the differences will
vary with the glycolysis rate in the individual
specimen and the time elapsed between
collection and centrifugation(Gambino, 2013).
The comparison of paired blood samples for
serum and heparinized plasma collected and

© 2018 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.

ISSN: online 2617-2186 print 2617-2178

107



Al-Mukhtar Journal of Sciences 33 (2): 104-111, 2018

stored at same ambient temperature and
centrifuged at same time produced higher glucose
values in plasma (Gambino et al., 2009). On the
other hand, studies comparing the results of
serum gel separator tubes with those of fluoride
tubes have reported higher glucose values in
serum samples (Turchiano et al., 2013). This is
because when serum is collected in tubes with a
clot activator, serum gel separator, and promptly
centrifuged, glycolysis is stopped quickly due to
the separation of serum from the cellular
components (Turchiano et al., 2013). The use of
serum for glucose estimation is not uncommon in
the world. This means that the practice of using
serum sample for glucose estimation could be
leading to many wrong reports and responsible
for false variation in results of an individual
obtained from different laboratories as well as
misclassification of at risk patients (Gupta &
Kaur, 2014). But WHO and ADA have
emphasized on the need of putting the plasma
glucose samples immediately on ice slurry and
centrifugation within 30 min (Sacks et al., 2011).

This may be difficult but not impossible to
achieve as a short-term measure for accurate
reporting of glucose levels. Mechanisms can be
developed to either centrifuge the glucose
samples immediately in the sample collection
area or transport to central lab on ice packs or
they can be directly sent to laboratory on priority
as 1s immersed in ice slurry, where immediate
processing could take place (Gupta & Kaur,
2014).

As observed in Tables 2, 3 and 4, they also
showed significantly decrease (P<0.05) in fasting
blood glucose levels in the blood samples stored
in all the anticoagulants under study. Thus, from
our findings, it is obvious that irrespective of the
specimen type, time of collection or type of
anticoagulant, the concentration of blood glucose
remained unstable during storage. It is therefore
suggested that analysis of blood glucose
concentrations should be carried out immediately
after collection of the specimen or within the
shortest possible time after storage in an
anticoagulant, so as to obtain a reliable result.

CONCLUSION

From our findings, it is obvious that irrespective
of the anticoagulant used, time of collection of
specimen or type of specimen, the concentration
of glucose is never stable. Thus, to get reliable
results, glucose determination should be carried
out immediately after collection of samples or
within the shortest possible time. Fluoride
oxalate is more stable anticoagulant than the
other anticoagulants. Reduction percentage was
more pronounced between 0-3 hours. For this
reason, it is better to measure the concentration
of fasting glucose within the shortest time after
sample collection.

REFERENCES

Baker, L., Root, A. W., Haque, N., & Kaye,
R. (1969). Metabolic homeostasis in
juvenile diabetes mellitus. 1. Role of
growth hormone. Metabolism, 18(2),
110-114 .

Chan, A., Swaminathan, R., & Cockram, C.
(1989). Effectiveness of sodium
fluoride as a preservative of glucose
in blood. Clinical Chemistry, 35(2),
315-317.

Chernow, B., Jackson, E., Miller, J., &
Wiese, J. (1996). Blood conservation
in acute care and critical care. AACN
Advanced Critical Care, 7(2), 191-
197 .

Gambino, R. (2013). Sodium fluoride: an
ineffective inhibitor of glycolysis.
Annals  of clinical biochemistry,

50(1), 3-5 .

Gambino, R., Piscitelli, J., Ackattupathil, T.
A., Theriault, J. L., Andrin, R. D.,
Sanfilippo, M. L., & Etienne, M.
(2009). Acidification of blood is
superior to sodium fluoride alone as
an inhibitor of glycolysis. Clinical
Chemistry, 55(5), 1019-1021 .

© 2018 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.

ISSN: online 2617-2186 print 2617-2178

108



Al-Mukhtar Journal of Sciences 33 (2): 104-111, 2018

Gupta, S., & Kaur, H. (2014). Inhibition of
glycolysis for glucose estimation in
plasma: recent guidelines and their

implications.  Indian Journal of
Clinical Biochemistry, 29(2), 262-
264 .

Lawrence, J. M., Contreras, R., Chen, W., &
Sacks, D. A. (2008). Trends in the
prevalence of preexisting diabetes
and gestational diabetes mellitus
among a racially/ethnically diverse
population of pregnant women, 1999—
2005. Diabetes care, 31(5), 899-904 .

Louie, L., Goodfellow, J., Mathieu, P., Glatt,
A., Louie, M., & Simor, A. (2002).
Rapid detection of methicillin-
resistant staphylococci from blood
culture bottles by using a multiplex
PCR assay. Journal of clinical
microbiology, 40(8), 2786-2790 .

Organization, W. H. (2006). What diagnostic
tests should be used to define
glycemic status. Definition and
diagnosis of diabetes mellitus and
intermediate hyperglycemia. Geneva:
WHO, 29-30 .

Sacks, D. B., Arnold, M., Bakris, G .L.,

Bruns, D. E., Horvath, A. R,

Kirkman, M. S., Lernmark, A.,

Metzger, B. E., & Nathan, D. M.

(2011). Position statement executive

summary: guidelines and
recommendations  for  laboratory
analysis in the diagnosis and

management of diabetes mellitus.
Diabetes care, 34(6), 1419-1423 .

Sacks, D. B., Bruns, D. E., Goldstein, D. E.,
Maclaren, N. K., McDonald, J. M., &
Parrott, M. (2002). Guidelines and
recommendations  for  laboratory
analysis in the diagnosis and

management of diabetes mellitus.
Clinical Chemistry, 48(3), 436-472 .

Schrot, R. J., Patel, K. T., & Foulis, P.
(2007). Evaluation of inaccuracies in
the measurement of glycemia in the
laboratory, by glucose meters, and

through measurement of hemoglobin
A lc. Clinical Diabetes, 25(2),43-49 .

Turchiano, M., Nguyen, C., Fierman, A.,
Lifshitz, M., & Convit, A. (2013).
Impact of blood sample collection
and processing methods on glucose
levels in community outreach studies.
Journal of environmental and public

health, 2013 .

Waring, W., Evans, L., & Kirkpatrick, C.
(2007). Glycolysis inhibitors
negatively bias  blood glucose
measurements: potential impact on
the reported prevalence of diabetes

mellitus.  Journal  of  clinical
pathology, 60(7), 820-923 .

Werner, W., Rey, H.,, & Waielinger, H.
(1970).  Properties of a new
chromogen for determination of
glucose in blood according to
god/pod-method.  Zeitschrift  fur
Analytische Chemie Fresenius,

252(2-3), 224 +-

Zhu, X.-L., Wang, S.-H., Cui, Y.-X., Yao,
R.-F., Chen, J., & Jin, H.-Z. (2017).
Effect of specimen storage time on

neonatal  blood glucose level.
Biomedical Research, 28(14 .(

Baker, L., Root, A. W., Haque, N., & Kaye,
R. (1969). Metabolic homeostasis in
juvenile diabetes mellitus. 1. Role of
growth hormone. Metabolism, 18(2),
110-114 .

Chernow, B., Jackson, E., Miller, J., &
Wiese, J. (1996). Blood conservation

© 2018 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.

ISSN: online 2617-2186 print 2617-2178

109



Al-Mukhtar Journal of Sciences 33 (2): 104-111, 2018

in acute care and critical care. AACN
Advanced Critical Care, 7(2), 191-
197 .

Gupta, S., & Kaur, H. (2014). Inhibition of
glycolysis for glucose estimation in
plasma: recent guidelines and their
implications.  Indian Journal of
Clinical Biochemistry, 29(2), 262-
264 .

Lawrence, J. M., Contreras, R., Chen, W., &
Sacks, D. A. (2008). Trends in the
prevalence of preexisting diabetes
and gestational diabetes mellitus
among a racially/ethnically diverse
population of pregnant women, 1999—
2005. Diabetes care, 31(5), 899-904 .

Louie, L., Goodfellow, J., Mathieu, P., Glatt,
A., Louie, M., & Simor, A. (2002).
Rapid detection of methicillin-
resistant staphylococci from blood
culture bottles by using a multiplex
PCR assay. Journal of clinical
microbiology, 40(8), 2786-2790 .

Werner, W., Rey, H., & Wielinger, H.
(1970).  Properties of a new
chromogen for determination of
glucose in blood according to
god/pod-method.  Zeitschrift  fur
Analytische ~ Chemie  Fresenius,
252(2-3), 224 +-

Zhu, X.-L., Wang, S.-H., Cui, Y.-X., Yao,
R.-F., Chen, J., & Jin, H.-Z. (2017).
Effect of specimen storage time on
neonatal blood glucose level.
Biomedical Research, 28(14 .(

Baker, L., Root, A. W., Haque, N., & Kaye,
R. (1969). Metabolic homeostasis in
juvenile diabetes mellitus. I. Role of
growth hormone. Metabolism, 18(2),
110-114 .

Chernow, B., Jackson, E., Miller, J., &
Wiese, J. (1996). Blood conservation
in acute care and critical care. AACN
Advanced Critical Care, 7(2), 191-
197.

Lawrence, J. M., Contreras, R., Chen, W., &
Sacks, D. A. (2008). Trends in the
prevalence of preexisting diabetes
and gestational diabetes mellitus
among a racially/ethnically diverse
population of pregnant women, 1999—
2005. Diabetes care, 31(5), 899-904 .

Louie, L., Goodfellow, J., Mathieu, P., Glatt,
A., Louie, M., & Simor, A. (2002).
Rapid detection of methicillin-
resistant staphylococci from blood
culture bottles by using a multiplex
PCR assay. Journal of clinical
microbiology, 40(8), 2786-2790 .

Werner, W., Rey, H.,, & Waielinger, H.
(1970).  Properties of a new
chromogen for determination of
glucose in blood according to
god/pod-method.  Zeitschrift  fur
Analytische Chemie Fresenius,

252 4+-224 «(3-2)

Zhu, X.-L., Wang, S.-H., Cui, Y.-X., Yao,
R.-F., Chen, J., & Jin, H.-Z. (2017).
Effect of specimen storage time on

neonatal  blood glucose level.
Biomedical Research, 28(14).

© 2018 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.

ISSN: online 2617-2186 print 2617-2178



2018 <111-104 :(2) 33 psbell lisall as

adll A Sl ggina o ABlA A cilaliaag cpiAdl) cdy il

Cd)) Jals drw glag) ¢ * cpatlal) A&
l;:,-:;af— ;Lz;:,J/ ‘JL'J'AAJ/_)«: 4.!.AIA ‘H.LJIM‘;LAA.&//?M
2017 sanss 11 15l eyl [ 2017 yaaians 28 1 D5 sl
https://doi.org/10.54172/mjsc.v33i2.173:Doi

VLS e At Jalas cilabias 8 433 a2 Aie & 55Sslal) sgie o il oy il Al 1 palid)
clye @dal . Sgall Culall &k aladiuly @llds i yme gb & oy L asgal) Sl (EDTA) ) gl
eolie L laladl 500l 4883 30 iy e aall 3 Sl cilygine Citdng coSall Gape alae e 1S3 75 (e al
O Ll aaall Claliae CUAD pe Caling Bl 5 pe ae LDl 35S5la i iy (53 Jaeall o il <yl
aall & 5Slall o LS ¢yl culabime AN e Caliny gl g5 ae pall 3 5sSslall 4 (mitsy AN Jasal)
238 Lo gia Janar paiddl 88 Gl yaall Bl (8 Jeadlly apslill VLSl (EDTA) Gaoly asiseall Sl (3 Jlsdial
Jd 5sSslall 5y ety Lad . gl e el 3 5 e 2 5 fahaale 60.2 5 Ja falaale 15.4 ¢Ja [a)2al28.4
IS8 sSslall (st o Bliadl ) daay ¢ fill sbiaeS ay)slil) YL aladialy aall 0583 of ) 138 e (ol
o 0% 4883 30 (ypin & Jeaall (o apedl Juailly g sl @) e il adl e Aisha 58 530 e Juadl
o e gy Al gs5 e ) (ki of Wiy (1.3 mnias 1) il cilabias gl dila) (50 Jladl) pid
Jalat o) iy llads cAlyghall G3ail) 58 o U e joe Gl pal) (3 pSlall 585 ol ¢ Bl Claliae g5
oS A o Jpeanll @iy ¢ faill sbiae b oAl aa (Sae s gl 8 Glisall pan day 380 a8

Jeale alaieY)

ccilisal) gan ¢ 3eSslall Jlad caal) 8 5eSslall (i ¢ R cilaling : Apalital) cilaldl)

DGR jee Aaals caglall A0S Lkl o khaled.alsalhen@omu.edu.ly cpsliall AA *
111



https://doi.org/10.54172/mjsc.v33i2.173

Al-Mukhtar Journal of Sciences 33 (2): 112-116, 2018

Jl“:}
¥

Chack for
| updates |

Al-Jala Hospital Experience on Total Knee Arthroplasty

Salah Bayio' and Ramzi Ahmed Hussein**

"Department of Orthopedics and Traumatology, faculty of Medicine, Benghazi University -
Libya

’Department of orthopedic, Faculty of Medicine, Omar Al-Mukhtar University, El-Bayda,
Libya

Received: 5 October 2017 / Accepted: 18 February 2018
Doi: https://doi.org/10.54172/mjsc.v33i2.174

Abstract: The aim of this Prospective study was to analyze the results and our experience in the
knee Arthroplasty for the management of primary osteoarthritis at aljala teaching hospital in
Benghazi. From January 2007 to December 2008, our orthopedic department; male orthopedic A (
MOA ) and female orthopedic word ( FOW ) operated 60 knees of 55 patients. 43 of them were
females (78%) and 12(22%) were males, and the mean age was 56 years. We recorded patient’s
details; age, sex, Right or Left knee days of staying in hospitalization, Classification of OA
[primary or secondary], time of operation, and associated diseases [hypertension, Diabetes mellitus,
Ischemic heart disease]. A physical examination to assess knee motion, stability, strength, and
overall leg alignment and X-rays (radiographs) to determine the extent of damage and deformity of
the knee. Post-operative complications and Revision. At final evaluation after a minimum period of
3 years; 5(9%) patients had bilateral total knee replacement, 32 right knee patients (58%), and 23left
knee patients (42%). Loosening tibial component was found in two patients (3.6%), and one patient
(1.8%) was complicated by postoperative infection. Patients with rheumatoid arthritis showed more
improvement than those with osteoarthritis. The conclusions with regards to the differential
treatment of women are almost two-thirds as likely to undergo a TKA as men. Elective TKA is an
effective treatment option for end-stage osteoarthritis of the knee.

Keywords: Arthroplasty, Osteoarthritis, Total knee arthroplasty.

INTRODUCTION

Total knee replacement (TKR), also referred
to as total knee arthroplasty (TKA), is a
surgical procedure where worn, diseased, or
damaged surfaces of a knee joint are removed
and replaced with artificial surfaces.
Materials used for resurfacing of the joint are
not only strong and durable but also optimal
for joint function as they produce as little
friction as possible. The "artificial joint or
prosthesis" generally has two components,
one made of metal which is usually cobalt-
chrome or titanium. The other component is a

plastic material called polyethylene [ figure
1]. Modern knee arthroplasty began in the
early 1970s with the development of the total
condylar knee prosthesis. Survivorship
studies with this prosthesis are the standard
with which modern knee replacement is
compared. Long-term series by Ranawat et
al. Font-Rodriguez et al. and Pavone et al.
have documented the longevity of the
original total condylar prosthesis to be 95%
at 15 years and 91% at 21 and 23 years(Font-
Rodriguez et al., 1997; Ranawat, 1986)

*Corresponding Author: Ramzi Ahmed Hussein mahjob777@yahoo.com Faculty of medicine, Omar Al-Mukhtar University, El-Beida, Libya



https://doi.org/10.54172/mjsc.v33i2.174
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v33i2.174&amp;domain=pdf&amp;date_stamp=2008-08-14

Al-Mukhtar Journal of Sciences 33 (2): 112-116, 2018

<+

Figure (1). Components of knee arthroplasty

Cementless fixation has had mixed results
with respect to prosthesis survivorship. Some
designs have equaled the success of cemented
designs whereas others have had higher rates
of failure because of tibial loosening,
polyethylene wear, and osteolysis (Murray et
al., 1994; Whaley et al., 2003). The general
goal of total knee replacement is to provide
painless and unlimited standing, sitting,
walking, and other normal activities of daily
living, but it is not designed for sports like
tennis.

MATERIALS AND METHODS

Data were collected for all attendances over
the years (2007-2008) in which the cases
with primary osteoarthritis treated by TKR at
Al-jalla  teaching hospital (Orthopedic
Department —Benghazi) main regional trauma
centre. We recorded patient’s details: Age,
sex, side, days of staying in hospitalization,
classification of O.A [primary or secondary],
time of operation, associated diseases
[Ahypertension—Diabetes mellitus— Ischemic
heart disease], a physical examination to
assess knee motion, stability, strength, and
overall leg alignment and  X-rays
(radiographs) to determine the extent of
damage and deformity of the knee, post
operative complications, revision done or not.

Our treatment protocol included the routine
investigation of hemoglobin levels, blood

sugar, blood group, renal function, urine
examination, electrocardiograph and chest
radiography, and any medical problems were
treated with the help of physician and
anesthetist so the surgery could be carried out
as soon as possible. We used the cementing
techniques in all surgical procedures, and the
healing process was determined both

clinically and radio graphically [figure 2].

Figure (2). X-Ray of TKR

Statistics: From January 2007 to December
2008, our unit operated (60) knees of (55)
patients with primary osteoarthritis admitted
from the total number of admission (3509) to
MOA-FOW. In 2007 (688) patients admitted
to F.O.W and (1021) patients admitted to
M.O.W. In 2008 (809) patients admitted to
F.O.W and (991) patients admitted to M.O.W

Post-operative policy: Sciatic nerve block
may provide earlier anesthesia effects than
Local infiltration anesthesia when combined
femoral nerve block. However, there were no
differences in morphine use, active knee
flexion, postoperative nausea, and vomiting
between the groups. The Local infiltration
anesthesia group spent less time under
anesthesia, suggesting that Local infiltration
anesthesia may offer a practical and
potentially safer alternative to Sciatic nerve
block (Li et al,. 2016 ). We started the
isokinetic physiotherapy in the second week
in the non-complicated cases by using the
continuous passive motion machine (Mclnnes
et al.,, 1992) and were discharge after two
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weeks from the admission exept for one
patient who stayed for 6 weeks to control
post operative infection (Schoifet & Morrey,
1990).

Follow-up: patients were normally reviewed
in the first week, third week, and every
month until healing occurred. The patients
have a follow up protocol reaching up to 3
years (36 month). Compared to 45 months for
WOMAC ( Western Ontario and McMaster
Universities). However, weighting for
baseline knees and Knee Society score (KS)
had a mean follow up of 90 months and 68
months for WOMAC, but Hospital for
Special Surgery scale (HSS) was only 61
months. The longest mean follow up time
was 90 months (KS scores weighted for
baseline knees), way less than the 10 years
that has been suggested in order to evaluate
long term functional results (Crowder et al.,
2005; Insall et al., 1989)

RESULTS

In average, the patients were approximately
56 years of age and very few of them were
over the age of 75 [tab.1]. nearly all of the
patients had primary osteoarthritis, and about
78% were females and 22% were males
(figure 3).

Table (1). Characteristic of the 55 patients.

Male to female ratio 12 male -43 female

Age of the patient (Average) 56 years
Body weight (Average) 80 kg
Bilateral TKR 5 patients

Right knee Replacement 32 patients

Left knee Replacement 23 patients

Patients with rheumatoid

arthritis 3 patients
Range of motion post O.T 90°
Loosening tibial component 2 patients

Infection Post Operative One patient

mmale mfemal

Figure (3). male and female ratio

Four patients presented with HTN and D.M,
three patients with IHD, renal stone one
patient, and 3 patients with kwon case of
rheumatoid arthritis and one of them was 52
years female also presented with HTN and
D.M operated and followed up during the
period of study with no complication. The
average time to healing of the 60 total knee
replacement was 4 months (minimum 3
months, maximum 7 months). The overall
knee range of motion averaged 90°. Body
weight average 80 kg, Bilateral total knee
replacement was applied for 5 patients (9%),
right knee 32 (58 %), and left knee 23patients
(42 %) (figure 4).

T0%
6%
50% -
a0% -
30%
20%
10%

o

Bilat knee Rt knes Lt knee

Figure (4). patients knee ratio for arthroplasty

Loosening tibial component was found in two
patients, one female was 58 years (D.M and
HTN) and the other female was 60 years (
HTN and IHD). One female patient
complicated by post operative infection was
65 years ( CRP was 311 .. 78 ) and was
planning for revision.

© 2018 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license.
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DISCUSSION

Patients with rheumatoid arthritis showed
more improvement than those with
osteoarthritis, but this may be related to their
poorer functional scores at the time of
treatment and hence the potential for more
improvement. Elective total knee
Arthroplasty is an effective treatment option
for end-stage osteoarthritis of the knee. The
strongest evidence exists over a follow up
period of up to two years, but the studies that
extend to 5 and even 10 years of follow up
show positive results as well (Crowder et al.,
2005).

The revision rate through two or more years
is 1.8 percent of knees and 1.6 percent of
patients. Postoperative complications
occurred in 1.8 percent of patients and 1.6
percent of knees. There were only 11 patients
with cardiovascular or renal complications .
The conclusions with regard to the
differential treatment of women are almost
two-thirds as likely to undergo a TKA as
men. These conclusions are tempered by the
limitations of the designs of many studies
included in the analysis. Although
osteoarthritis does not seem to be a predictor
of outcomes, the results seem to be somewhat
better for rheumatoid arthritis(Alicea, 2001;
Bellamy et al., 1988).
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Abstract: This study was conducted to identify the foraging behaviour of honey bees Apis mellifera
in the search for food during their visit to the wild flower plants Sinapis alba, Pelargonium radula,
Malva parviflora and Stachy stournefortii in Eljabal Alakhder region. The results showed
differences in the handling time periods with a significant difference between plant flower species.
It showed a longer resting period compared with the handling time for flowers of the Pelargonium
radula, which recorded the lowest time, also the travelling time of honey bee among the flowers of
the plant species showed a significant difference. Stachy stournefortii recorded a longer travelling
time with an average of 4.3 seconds, and Pelargonium radula with 3.5 seconds. Apis mellifera
showed a different activity among the different flowers in the collection of nectar or pollen during

different daytime hours.

Keywords: Foraging behaviour, Libya, Apis mellifera, wild flowers, Eljebal Alakhder

INTRODUCTION

Foraging activity is measured by using
different parameters including, the foraging
commencement or/and cessation time (Joshi
& Joshi, 2010; Mattu et al., 2012; Tan et al.,
2012). Other parameters related to foraging
activity and the visiting of plants include the
number of foragers per flower and time spent
per flower (Sushil et al., 2013); nectar and
pollen collection method from the blooms
(MacKenzie, 1994); the proportion of pollen
or nectar foragers relative to total foragers;
foraging type; the load of pollen and pollen
type; concentration of crop nectar sucrose
(Riddell Pearce et al., 2013). The resting time
of the bee on the flower is the time spent
from the moment it descends to the moment
when it left the flower, and the travelling
time is known at the time it takes for bees to
travel from a flower to another of the same
plant (Steel et al., 1980). Herrera (1989)
noticed that there was a relationship between

the length of the bee's mouth and the length
of its resting time on the flower. Long-
tongued species such as Anthophora
quadrifasciata, whose length of mouth parts
was 11.1 mm long, had a resting time of 0.8
seconds, while the honey bees which has a
length of 5.1 mm of her mouth parts, had a
resting time of 3.6 seconds and that indicates
that the longer the bees' mouths are, the
shorter the length of time needed on the
flower, and (Willmer et al., 1994) confirmed
that the resting time of honeybees that visited
the flower of Glen Clova is 11.53 seconds,
Glen Prosen 10.49 seconds, and 21.42
seconds on the Glen Moy flowers. Also, the
length of travelling time in flowers is
different from one plant to another. For the
flower of Glen Clova it was 3.27 seconds,
4.35 seconds on Glen Moy, and 4 seconds on
the flower of the plant Glen Prosen. Bataw
and Lamin (2001) also noticed that the
resting time length of honeybees on
Rosmarinus officinalis was 1.32 seconds, and
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the travelling time was 1.5 seconds. Gegear
and Laverty (2004) assessed the flower
constancy of Apis mellifera and Bombu
impatiens during the visit to two types of
flowers (yellow flowers- blue flowers), the
study showed that the honey bee has a high
stability on one type of the flowers and took a
longer time in the movement between
flowers, and the length of resting time did not
differ significantly between the two types.
(Fahn & Shimony, 2001) who worked on
Lysioglossum spp and showed that honeybees
spend a long resting period on Ecballium spp.
while the Ceratina bees showed a short
resting time on the same flowers. The
difference in the resting and travelling time
changes according to the type of plant and
reward sponsored by the bees, and the length
of time bees stand on the flowers when
visiting depends on the type and quantity of
nectar and pollen (Harder, 1986).
YeboahGyan and Woodell pointed out in
1987 that honeybees collected pollen from
the flowers of the plant of Rubus fruticusus in
the early morning and this may be due to the
low concentration of sugar in the nectar
because of the high humidity and generally;
collected pollen by bees increased during the
day and extend to what between noon and
afternoon. (Corbet & Delfosse, 1984) noticed
that honeybees collect pollen of Echium
pgantagineum only when the concentration of
nectar is less than 35%. In a study conducted
by Sazima and Feritas (2003) on the flower
of Viola spp, they pointed out that the
primary pollinator of the flowers of this plant
are females belonging to bees Andrena spp,
which are mainly looking at the pollen by
shaking the flower, and they pointed out that
the males of this species circled around the
flower clusters to feed on nectar and
represent secondary pollinators. (Giurfa &
Nufiez, 1992) concluded that honeybees used
the smell of visited flowers to avoid the lack
of content of the nectar. Nectar volume and
concentration are the basis upon which nectar
energetics are calculated, and the abundances
of the dominant species of flower visitors

within some ecosystems are linked to the
amount of energy provided by the nectar
(Roubik 1989). Daily changes in available
nectar clearly affect the identity and
abundance of flower feeders (Potts et al.
2001; 2004). Relatively, a little is known
about the honey bee foraging behavior in
Aljabal Alakhder. Our objective was to
establish a baseline foraging behavior to aid
in  establishing long-term  monitoring
pollinator programs.

MATERIALS AND METHODS

The study site was an area near the buildings
of Omar Elmukhtar University,(32°45°14
N21°42°42 E; altitude 6255 m) in Albaida,
Libya. The experemint was carried out during
the flowering season period of the wild
plants, Sinapis alba, Pelargonium radula,
Malva parviflora, and Stachy stournefortii.
These species are among the common wild
plant flowers in the area and their flowering
season extends from February until the month
of August. Their flowers provide an
important source of food for honeybees,
where many beekeepers keep their bee hives
near these areas.

Rate of food search: The time spent on a
single flower was calculated once a bee
touches any part of the flower (Handling
time), as well as the time it traveled from one
flower to another during the flowering season
(Travelling time). Readings were taken
during the period from 8:00 to 13:00 using a
stopwatch in the same way as previously
described ((Pleasants, 1981).

Nectar and pollen collection times: The
behavior of honeybee workers was monitored
during their visits to plant flowers, the
number of visiting workers, and the times
when nectar was collected by extending their
mouths inside the flower or collecting the
pollen through the use of its front legs from
8:00 to 13:00.

Statistical analysis: Statistical analysis of all
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data were obtained by using Minitab (16),
One-way ANOVA, mean and standard error
(£SE) using the Tukeys' method.

RESULTS

Period of foraging: The results showed a
clear variation in handling time with the
visits of bees to the different plant flowers
(One- way ANOVA) : df =3, F = 7.72, P
<0.005). The Apis mellifera has a longer
handling time on the flowers of Sinapis alba,
which was 8.9 seconds, compared to the
flowers of Pelargonium radula, which had a
handling time of 7.2 seconds, while on the
flowers of Malva parviflora had a period of
8.4 seconds, and on the flowers of Stachy
stournefortii recorded 8.6 seconds. The
results also revealed that there was a
significant difference in the travelling time
between the flowers of different plant species
( One-way ANOVA : df = 3, F = 22.80, P
<0.005). The Stachy stournefortii flower
recorded a longer travelling time of 4.3
seconds while the Sinapis alba flower
recorded the lowest travelling time of 2.8
seconds. Malva parviflora flowers recorded
an average of travelling time of 3.7 seconds
and the flower of Pelargonium radula
recorded a travelling time of 3.5
seconds.(Table 1).

Table (1). Mean (£SE) of the handling time of the
Apis mellifera on the flower and the travelling time (in
sec.) between different flower species.

Plant flowers Handhng Travelllng
time (sec.) time (sec.)
Sinapis alba 8.9+ 0.319° 2.8+0.086 ¢
Pelargonium radula 7.2+ 0.369" 3.5+0.135°"
Malva parviflora 8.4+0.201* 3.7+0.113"
Stachy stournefortii 8.6+ 0.307* 4.3+0.137°
Similar letters mean that there is no

significant difference within each column (P
<0.005)

Foraging Behavior of bees in the collection
of nectar and pollen :.By observing the
foraging behaviour of Apis mellifere during
their visits to the different flower species
(Table 2), We noticed on the flowers of
Stachy  stournefortii  that the workers
collected nectar and pollen by entering their
head through the opening of the corolla and
extending their mouth to the bottom of the
flower to suck the nectar, and the rest of the
body was out and by using the help of legs to
hold on the flower. The results showed that
the highest percent number of workers
(75.5%) collecting nectar was recorded at 10
am, and the lowest number of workers
(36.9%) collecting nectar was at 13:00 and
we recorded a higher percentage number of
bees collecting pollen at 13:00 with 63.1%,
and the lowest percentage number was
(24.5%) at 10:00 The honey bee, Apis
mellifera, on the flowers of Sinapis alba, was
active in collecting pollen only from 8:00 am
to 13:00 by 100%. It was noticed that it
moves its front legs when it stands on the
flower. Honey bees also showed the same
behaviour during their visit to the flowering
plant Malva parviflora by collecting pollen
grains with 100% starting from 8:00 am to
13:00. The honey bees workers showed a
different activity on the flowers of the
Pelargonium radula, by collecting nectar
only from 8:00 to 13:00 at 100%.
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Table (2). The ratio of the total number of honey bee workers collecting nectar and pollen from the flowers of Malva
parviflora, Pelargonium radula, Sinapis alba and Stachy stournefortii during the day from 8:00 to 13:00(No. between
prackets refere to no. of samples)

Plant

Malva parviflora Pelargonium radula Sinapis alba Stachys tournefortii
Time Pollen Nectar! Pollen? Nectar Pollen Nectar*(% Pollen Nectar

(%) (%) (%) (%) (%) (%) (%)
8.00 100 (9) - - 100 (166) 100 (137) - 34.6 (8) 65.4 (15)
9.00 100 (28) - - 100 (233) 100 (240) - 254 (11) 74.6 (34)
10.00 100 (39) - - 100 (324) 100 (390) - 24.5 (18) 75.5(57)
11.00 100 (68) - - 100 (579) 100 (438) - 28.3 (27) 71.7 (70)
12.00 100 (84) - - 100 (622) 100 (519) - 46.3 (40) 53.7 (47)
13.00 100 (54) - - 100 (563) 100 (533) - 63.1(59) 36.9 (34)

1,2,3 No visit recorded

Anthophora quadrifasciata has a mouth length of

DISCUSSION 11.1 mm and a resting time of 0.8 seconds

. . ) compared with short-tongued species such Apis
Time of searching for food: The period of ejjifera with length of the mouthparts (5.1 mm),
searching for food represents the time spent by bees 4,4 the period of resting time is 3.6 seconds and

on the flower and the period of their traveling from hig indicates that the longer the mouths of bees the
one flower to another on the same plant.The resting s orter of the resting time on the flower. While the
time may be determined by the type of floweryee workers recorded a longer time of travelling

frequented by the bee species in terms of theyeryeen the flowers of Stachy stournefortii (4.3
different shape of the corolla or the available seconds) comparing to other plant flowers, the

reward of nectar and pollen. The results showed Sinapis alba flower recorded a mean travelling
that the honey bee Apis mellifera recorded a longer e of 2 8 seconds due to the proximity of flowers.
resting time on the flowers of Sinapisalba (8.9 \a]va parviflora flowers recorded a longer
seconds) compared to the flowers of Pelargonium yayelling time with an average of 3.7 seconds and
radula which recorded the least of resting time e pelargonium radula plant recorded a travelling
(7.2 seconds). This may be due to the fact that,e of Jess than 3.5 seconds. In general, all species
honeybees collect p‘ollen from Sinapis alba and this of bees recorded a time of travelling shorter than
takes a longer time to collect nectar, while e time of resting on all plant flowers as a result of
honeybees have a longer resting time on Stachy the arrangement of flowers and convergence within
stournefortii flowers, 8.6 seconds than on thehe flowering flower. resting and travelling time
ﬂowprs of Malva parviflora 8.4 seconds, and the . ries with the type of plant and the reward
finding may be due to that honey bee workers gyons0red by the bees studied by Harder in 1986,
collect pollen and nectar together from the first\pich indicated that the length of time bees stand

plant and therefore stay longer on this plant,, the flowers at their visits depends on the type
compared to the second plant, which provides only ;4 quantity of nectar and pollen.

the pollen. The relationship between the length of

parts of the mouth and limiting the resting time, Behaviour of bees in searching for food: The
floral studies have confirmed that short-tonguedresults showed that the flowers of Stachys
bees quickly forage on short-crowned flowers tournefortii were visited by the honey bees at 10 am
faster than long-tongued bees, as Herrera showed inby 75.5% of the (57) workers who gather the
1989 that there was a relationship between thenectar, then this percentage decreased and the
length of the bee's mouth and its resting time on the percentage of workers who collect pollen increased
flower, and he noticed that the wild beeto 63.1% from (59) workers at 13.00 at noon while
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the percentage of workers that brings nectar Australia. Austral Ecology 9(2):125-
decreased to 36.9% due to the gradually opening of 139.

the flora because of the high temperature and

therefore a sufficient available amount of pollen. Fahn, A. and Shimony C. (2001). Nectary

This behavior is consistent with what Bataw and structure and ultrastructure of unisexual
Lamin (2001) pointed out that honey bee workers flowers of Ecballium elaterium (L.) A.
collect pollen from the Rosmarinus officinalis Rich.  (Cucurbitaceae) and their
flowers after 10:00 am where pollen is available presumptive pollinators. Annals of
after this time. The bee collected only the pollen Botany 87(1):27-33.

grains of Sinapis alba and that could be due to the )
undesirable nectar of this plant or to the lowerfreitas, L. and Sazima, M. (2003). Floral

nectar concentration, and this phenomenon was biology and pollination mechanisms in
noticed by (Corbet & Delfosse, 1984) during their two  Viola species—from nectar to
study on Echium pgantagineum flowers where pollen flowers? Annals of Botany
honeybees collect pollen only when the 91(3):311-317.

concentration of nectar is less than 35%. As for the
plant of Pelargonium radula, the workers collected
only the nectar and we did not notice any worker
collecting the pollen. The reason may be due to the
low nutritional value of the pollen of this plant as
well as the availability of other sources of pollen on
adjacent plants, and this corresponds to what
(Freitas & Sazima, 2003) found in the study of the
mechanization of pollination in the violet flower
Violaspp, which has an amount of nectar of 0.14 ul
produced per 24 hours, but the results were

different on the flowers of the berry plant. (Tian ety 4or . D (1986). Effects of nectar
al., 2004), indicated that the main pollinators, ’concentration and flower depth on

honey bees and Bombus spp, forage early in the flower handling efficiency of bumble
morning on the flowers of Impatient reptus to bees. Oecologia 69(2):309-315.
obtain pollen during the first hours of opening the

anthers, and return for the nectar when its Herrera, C. M. (1989). Pollinator abundance,

Gegear, R. J. and T. M. Laverty. (2004). Effect
of a colour dimorphism on the flower
constancy of honey bees and bumble

bees Canadian Journal of Zoology
7:587 -593 .

Giurfa, M. and Nufiez, J. A. (1992). Honeybees
mark with scent and reject recently
visited flowers. Oecologia 89(1):113-
117.

concentration reaches 29.5% in the flowers of this morphology, and  flower visitation
plant. rate:analysis of the quantity component
in a  plant — pollinator system.
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Abstract: This study aimed to understand the mechanisn of combining the action of different types
of flame netexdents an thermal stability and flammability of Polypropylene polymer (PP). PP Pol-
ymer was chosen to be blent in a twin screw extruder with the flame retardants (FR) and an addi-
tive, which is a 1% Stabilizer, to investigate Polypropylene's burning moderation and reduce it by
studying its burning behavior and thermal decomposition properties. Flammability behaviour tests
which is known as LOI were applied in this study. It was found that halogenated flame retardants
have a little effect on reducing the rate of gas escape from polymer melt which affects the viscosity,
as it was found that APP and FR245 in PP Polymer help in some leftovers of the polymer. All sam-
ples with flame retardants and no clay were burnt completely, and the flame spread was reduced and
samples were self-extinguished except for the one containing the fire retardants only. All these re-
sults were investigated by XRD, Scanning Electron Microscopic (SEM), and Digital images of the

charred samples of polymers.

Keywords: Materials treatment, Physical Sciences, Polymer science, Flammability behaviour,

Polymers burning moderates and reduces.

INTRODUCTION

The present study is a part of a larger project
exploring the production of a synthetic
nano/micro fiber-composite fire retardants.
This work concentrated on Polypropylene or
polypropene (PP), which is a useful commod-
ity polymer mainly used in clothing, furni-
ture, floor coverings, medical, geotextiles,
and automotive applications due to its low
cost, lightweight, good mechanical proper-
ties, and low reactivity towards other chemi-
cals. Polypropylene (PP) had higher values
for tensile strength at break, the Polypropyl-
ene polymer degradation is occurring at high
temperatures and the Polypropylene polymer
(PP) Melting temperature is 174° C if pp is
100% isotactic and the temperature of glass
transition of pp polymer is -17°C. The main

advantage is that PP is an addition polymer
made from the monomer propylene, causing
it to be unusually resistant to many chemical
solvents, acids and bases. However, being
wholly aliphatic hydrocarbon structure, it
burns very rapidly with a relatively smoke-
free flame and without leaving any char resi-
due (Zhu et.al, 2001). Lack of polar groups in
the structure makes it difficult to react with
reactive flame retardants. Additive flame re-
tardants if used, are required in large amounts
(> 20% w/w) to provide the required fire pro-
tection to products (Zhang et.al, 2005), this
flame retardancy effect increases with in-
creasing irradiation and vanishes with de-
creasing irradiation (Qin et.al, 2005). How-
ever, such high levels of additives cause pol-
ymer processing problems, in particular for
their extrusion into thin films or fibers. The
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flame retardancy is sensitive to modification
of the flame retardant, the use of syner-
gists/adjuvants, and changes to the polymeric
material. A detailed understanding facilitates
the launch of tailored and targeted develop-
ment (Morgan and Wilkie 2007). Flammabil-
ity tests still require some amount of conven-
tional flame retardants. It must be noted,
however, that with this approach of using
flame retardants as additives, the polymer
content in the formulation is reduced com-
pared to the unmodified polymer. In our ear-
lier publications, we have demonstrated that
nanoclays can be nanodispersed in polypro-
pylene with a proper choice of compatibil-
izer, and the compounded polymer can be
extruded into fibers (Gilman, 2007- Qin et.al,
2005). Nanoclays, although increasing the
thermal stability of polypropylene and help-
ing in char formation (Xie et.al, 2001), they
do not reduce the flammability of PP fibers to
a large extent (Gilman, 2007). Clay,
nanoclay, and a small amount of flame re-
tardant (5%) when added together to PP con-
taining certain compatibilizers, the extruded
fibers could be self-extinguished. In our pre-
vious work, we have only used ammonium
polyphosphate (Qin et.al, 2005) whereas in
this study, we use different phosphorus. The
main aim of this work is to understand the
mechanism of combining the action of differ-
ent types of flame retardants on thermal sta-
bility and flammability of PP. A number of
polypropylene samples containing compati-
bilizer, clay, stabilizer, and different flame
retardants have been compounded in a twin
screw extruder.

MATERIALS AND METHODS

The following materials were obtained from
commercial sources: the seven different
thermoplastic Polypropylene polymers (PP).
Samples are tested after blended with UV-
Stabilizer (Nor) and Flame Retardants.

Polymer Preparation: The 7 polypropylene
samples composition (wt %) and additives

were blended with 1% Stabilizer (Nor 116),
and 5% FR as shown in Table 1.

For LOI and burning tests, coarse monofila-
ments (strands) were blended to the PP wt %,
stabilizer 1 wt %, and FR 5 wt % (Table 1).
However, the nanoclays which could be used
(Cloisite 20A, and Southern Clay Products,
USA) are montmorillonite clay modified with
dimethyl, and dihydrogenated tallow quater-
nary ammonium chloride. This modified clay
was chosen because of its nonpolar alkyl sub-
stituents. A Thermoelectron Prism Eurolab
16 twin screw extruder with a temperature
profile over six heating zones between 179—
190°C was used for compounding. The poly-
mer samples (diameter 1.8 = 0.2 mm) were
collected before pelletising.

Table (1): Mass percentages of various components in
the formulations where Stabilizer 1% is NOR 116.

Sample pp% Graft 1%  FR 5(%)
1  PP-Norllé6 100 - -
2 PP-APP 107 96 Polybond  ---

(pb)
3  PP-NOR-NH 91 Polybond  APP
4 PPFR 107 91 Polybond  'FR245
5 PP Amgard 91 Polybond  Amgrad
107 NH

6 PP30OB 96 Polybond  ---
7 PP APP 30B 92 --- APP

Note: 'FR = APP, NH, FR245, also PP-NOR-NH is PP 107,FR372
or FR245

Fig. (1): The XRD curves for compounded clay-
containing polymer samples showing the effect of clay
and flame retardants on dispersion, where FR is APP
and FR245
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Characterisation and Testing: Limiting ox-
ygen index (LOI) (Table 2) tests were con-
ducted using a standard procedure (Morgan
and Wilkie 2007). The burning behavior of
each sample was observed and noted.

Table (2): LOI and flame spread results of com-
pounded PP polymer samples.

PP LOI Burning . .
sample (%) time (sec) Burning behaviour
184 - Very small flame-
1 3 5 2.23 -5.07 black ash
) and fast Drips.
17.8 - Very small flame,
2 17.9 1.46-2.7 black ash.
Very small flame,
drips, ash, and then
3 17.9 4.3 the flame became
bigger.
Very small flame,
4 I-18.8  17.44 slow drips, black ash
5 };‘5‘ " 3.73-4.16  Very small flame.
Small flame, drips
6 18.2 35.13 and then the flame
became bigger
18.3 - Very small flame-
7 18.4 7.1-8.3 black ash.

RESULTS AND DISCUSSION

The chars were examined for PP as obtained
in Fig. 2 and 3, and surface characteristics
and morphology by Scanning Electron Mi-
croscopy (SEM)) using a Cambridge Stereos-
can 200 SEM. A Nicolet, Magna-IR Spec-
trometer 550 was used to study any structural
changes in the chars, using KB discs contain-
ing 2% (w/w) char (Xie et. al, 2001, Morgan
and Wilkie 2007).

PP-NOR-FR245

B

Woha ¢

Figure (2):
heating polymers .

Digital images of charred samples of

Fig (3): clay in polypropylene—clay prepared by melt
compounding polypropylene, A small fraction been
included.

Although the XRD study was carried out in
the range 2 = 2 — 600, only the regions be-
tween 20 = 2 — 80 were analyzed in detail.
XRD curves for compounded clay-containing
polymer samples showing the effect of clay
and flame retardants on dispersion are pre-
sented in Figure 1. Also, the XRD and ther-
mal analytical results of compounded poly-
mers for the clay 1% value was 2.53nm. For
sample PP-NOR, no peak could be observed,
which could indicate to an exfoliation of the
clay. In all flame retardant containing sam-
ples, the clay peak could be observed but at a
slightly lower 20 angle (Figure 1). Hence,
higher d- spacings, and FR245 containing
sample have a greater d-spacing (3.46 nm),
followed by NH and Amgrad NH (sample PP
Amgard 107) as recorded in Tablel) (3.32,
3.31 nm), (Hu et al, 2007-B. Schartel et. al,
2006) APP (3.23nm) and FR245 (3.20nm).

The differences are due to the effect of dif-
ferent flame retardants on dispersion of the
clay (Xie et.al, 2001, Morgan and Wilkie
2007) as seen by the microscopic studies e.g.
PP- NOR-107 (Fig. 3).The transmission elec-
tron micrographs of different samples in Fig-
ure 2 showed the effect of two types of flame
retardants on clay dispersion. In Figure 2a,
larger particles are appeared to be the flame
retardant (APP) whereas the smaller and
more structured particles appeared to be clay
platelets that have started to delaminate and
separate, thereby indicating that delamination
is taking place. This delamination is also ap-
parent in higher resolution electron micro-
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scopic images of this sample in Figure 3. The
dispersion appears to be much better for the
sample PP-FR107-FR372 and PP-NORI107
(Figure 4), indicating that the flame retardant
FR245 is much better dispersed compared to
the nanoclay (Morgan and Wilkie 2007). In
general, it can be concluded that although
structures observed here are not obviously
intercalated or exfoliated micro composites, a
dispersion is indeed at the Nano level (Mor-
gan and Wilkie 2007), i.e. particle size <
Ium. The clay particle widths appear to be <
0.1pm with lengths up to 0.5um.

Figure (4):
heated sample.

SEM image of charred PP-NOR-107

Thermal analysis: As a result, the addition
of clay together with conventional flame re-
tardants enhances both the overall thermal
stability forming PP polymer. The compati-
bilizer helps in improving dispersion of the
clay in the polymer (Morgan and Wilkie
2007), it also reduces the rate of gas escape
from polymer melt affecting the viscosity.
Also as can be seen from Figure 2, APP and
FR245 in PP help in some char formation.

Characterization of the char residue: Se-
lected samples are shown in Figure 2, it
shows the presence of maleic-anhydride-
grafted polypropylene, APP and clay in PP
sample 3 (PP-NOR-NH)) has encouraged
char formation (Figure 2b) whereas no char
could be seen for the control sample. PP-
NOR, which is still a molten polymer, has no
char therefore could be observed for samples
containing clays only (Fig 2b). Also as seen
as in Fig. 3, the clay in polypropylene—clay
was prepared by melt compounding polypro-
pylene in a twin screw extruder. A small frac-
tion (1-3% w/w) of modified grafted poly-

propylene (Morgan and Wilkie 2007) had al-
so been included to improve dispersion of the
clay (Morgan and Wilkie 2007). Scanning
electron microscopic (SEM) images (Fig. 3
and 4) of these heated samples of polymers
are shown in Figure (2b) and confirmed the
analyses of images in Figure 2a. For exam-
ple, the PP control sample in Figure (2b)
showed the absence of any charred structure.
The clay presence (Figure 3) (Figure 2 and 3)
changed the morphology of PP-NOR-107
polymer sample where it is seen to be more
textured. Obvious char formation is not ap-
parent until both clay and flame retardant are
present together (Figure 2b), and respective
char structures appear to differ albeit in an
unclear way as seen in images of charred
samples of polymer (Fig. 2a).

Limiting oxygen index (LOI): Limiting ox-
ygen index (LOI) values for various samples
are listed in Table 1 where it can be seen that
clay and additives presence reduce them
compared to either control or respective
flame retardant containing samples. This be-
havior is not unexpected as clay presence
changes the burning behavior of polymer by
reducing its thermoplasticity (Beyler and
Hirschler, 2002). In the presence of clay, the
polymer neither melts nor lose energy via
melt dripping. The polymer thus burns more
easily and consistently as it was also evident
from burning test results given in Table 6.

Flam
+
Chimney * 600 mm. high — Sample
Gas mixture of O, and N = 72
Tam§erature
 —
O
Oxygen
Zi 5
= .
itrogen
- -
Power g
Limiting oxygen index i

Fig. (a), The schematic of the (LO1) tests
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Fig. (¢), The XRD technique

CONCLUSION

The dispersion of nanoclay can be improved
by compounding polymer-clay samples
(Morgan and Wilkie 2007), and by adding a
compatibilizer. LOI values are not changed
significantly following the addition of clay
and even in the presence of other flame re-
tardants. However, the presence of nanoclay
alone changes the thermal stability and burn-
ing behavior of the polypropylene. With ad-
ditional flame retardant presence, the poly-
mer can show self-extinguishing properties.

The effect of different flame retardant types
on the thermal stability, flammability, and
char formation tendency of Figure 3 optical
micrographs of tape samples showed an ef-
fect of Polybond (pb) on clay dispersion.
Polypropylene (PP) was studied. PP, compat-
ibilizer, Clay, stabilizer, and different flame
retardants have been compounded in a twin
screw extruder to produce polymers with im-

proved thermal and flame retardant proper-
ties. Thermal analysis has been used to study
the thermal properties and LOI. All flame re-
tardants acting in the condensed phase (phos-
phorus- and nitrogen- containing) (Xie et.al,
2001) lowered the rate of decomposition,
whereas halogenated flame retardants had a
little effect. Addition of 1% compatibilizer
with 3% clay in sample 3 has caused micro-
dispersion of the clay particles. However, by
increasing level of compatibilizer to 3%, the
dispersion at the micro level has improved as
observed by the absence of clay layer. The
samples compatibilizer and clay have been
previously masterbatched prior to dilution
and blending. Flame retardants increased the
thermal stability of all samples and helped in
char formation (Morgan and Wilkie 2007).
Flammability behavior testes and LOI are
carried out to measure flammability proper-
ties and have been examined with digital im-
ages. The decomposition significantly reduc-
es the molecular weight, followed by an easy
flowing of polymer melts. The melting wax
can flow over surfaces of the specimen and
drip. Thus, it is expected that the small-size
dripping is independent on the cross-sectional
area of the specimen, that is the first dripping
time or the mass of the first drop has a little
to do with the thickness of the specimen.

Outcome and future work

Up to this period, this research completed the
recent developments in the area of polymer —
nanocomposites science, and has suggested
that the addition of just a small quantity (<
5%) of organically modified layered-silicate
nanoclay (montmorillonite) (Morgan and
Wilkie 2007) to a PP polymer matrix could
enhance many of the properties of that poly-
mer, including the fire performance (Beyler
and Hirschler, 2002). In polypropylene (PP),
the lack of polar groups in the polymer chain
makes the direct intercalation or exfoliation
of the nanoclays almost impossible (Beyler
and Hirschler, 2002) without the use of a
compatibilizer (Gilman 2007, Morgan and
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Wilkie 2007). Maleic anhydride-grafted pol-
ypropylene (PP-g-MA) can be used as a
compatibilizer, which enhances the interac-
tion between the clay and polymer with a
strong hydrogen bonding between -OH or -
COOH and the oxygen groups of clay (Xie
et.al, 2001- Morgan and Wilkie 2007).

We except that the researche of Polymers
science is one of the many sides and applica-
tions of material science and for the devel-
opment of the Polymers and material treat-
ments for a bright forthcoming future, for ex-
ample we watched the effects of flame re-
tardancy, FR and additives on the Polymers
by assessing its burning behaviours, its chem-
ical and physical properties, and its dripping
when used to stop a fire which is now used
for health and safety in real life and fire con-
ditons.

Therefore it's very important to collect and
record all the results related to these aims and
more, ( i.e. the flame retardancy effect in-
creases with increasing treatment and disap-
pears with decreasing treatment) (Schartel
et.al, 2006), until now they found that the
structures at the polycrystalline level. How-
ever, in most publications, the terms nanodis-
persion and nanocomposite (Morgan and
Wilkie 2007) (the Nanoclay is Cloisite 20A,
Southern Clay Products, USA, is a montmo-
rillonite clay modified with dimethyl, dehy-
drogenated tallow-quaternary ammonium
chloride (Morgan and Wilkie 2007), and this
modified clay was chosen because of its non-
polar alkyl substituents) are taken as mean
conditions fulfilling (Morgan and Wilkie
2007).
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Abstract: Metabolic syndrome (Met S) is known as the clustering of several metabolic
abnormalities; it can be diagnosed according to several different criteria such as the International
Diabetes Federation (IDF) criteria, which is intended for global application in clinical practice.
Hematological tests (total Leukocyte count, differential count, platelet count and ESR) has been
considered to be a marker of inflammation, several studies have examined the relationship between
hematological tests, and components of metabolic syndrome; the data reveals correlations between
it and metabolic syndrome in some cross-sectional studies. The study used participants recruited
from Albayda and Almarj cities outpatient clinic. History of hypertension, diabetes, Blood pressure,
were taken, height, weight, and waist circumference were measured body mass index (BMI, kg/m?)
was calculated. Blood samples were collected for hematological tests and others. The study subject
was included and categorized according to IDF criteria. A total of 192 residents aged 16 to 85 years
were investigated, 80 (41.7%) participants were Males and 112 (58.3 %) were Females. The mean
BMI was 29 (St. Dev+07). Rates of underweight, normal weight, overweight and obesity were
4.7%, 24.5%, 27% and 43.75%, respectively. Prevalence of Metabolic Syndrome in our study
according to IDF Criteria is 25.5 % (males 12.5% and females 13%), central obesity, high plasma
glucose, high blood pressure, elevated TG accounted for development of Met S. Inflammatory
markers showed no significant difference between Met S and None-MetS groups, which could be
explained by high prevalence of overweigh and obesity in none-MetSsyndrome persons in our study

group.

Keywords: Metabolic syndrome, International Diabetes Federation (IDF), body mass index
(BMI), pro-inflammatory marker.

INTRODUCTION (Organization, 1999). The International
Diabetes Federation consensus worldwide
definition of the metabolic syndrome is:
Central  obesity  (defined as  waist
circumference with ethnicity-specific values)
AND any two of the following:

Metabolic syndrome (Met S) represents a
cluster of health factors (like dyslipidemia,
hypertension and hyperglycemia), it raises
risk for heart disease and other health
problems, such as diabetes and stroke
(Grundy, 2008; Wilson et al., 2005).There are
several definitions of Metabolic Syndrome;
in 2005, the International Diabetes Federation
(IDF) proposed a definition of Metabolic
Syndrome intended for global application in  Reduced HDL cholesterol: < 40 mg/dL (1.03
clinical practice and represents modifications  mmol/L) in males, < 50 mg/dL (1.29
to the WHO definition and ATP IIT criteria  mmol/L) in females, or specific treatment for

Raised triglycerides: > 150 mg/dL (1.7
mmol/L), or specific treatment for this lipid
abnormality
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this lipid abnormality. Raised blood pressure
(BP): systolic BP > 130 or diastolic BP >85
mm Hg, or treatment of previously diagnosed
hypertension Raised fasting plasma glucose
(FPG): >100 mg/dL (5.6 mmol/L), or
previously diagnosed type 2 diabetes If FPG
is > 100 mg/dl (5.6 mmol/L), an oral glucose
tolerance test is strongly recommended, but is

not necessary to define presence of the
syndrome.

If BMI is >30 kg/m?, central obesity can be
assumed and waist circumference does not
need to be measured (IDF 2006). Table (1).

Table (1). Definitions and Sources of Definitions of the Metabolic Syndrome

ATPIII 4 WHO 5

IDF 6

Metabolic syndrome is defined as follows:

Metabolic syndrome
is defined as follows:
The presence of *three

Metabolic syndrome is defined as follows:
*Central obesity (defined as 94 cm
European men and 80 cm for Europ

The presence of three or more of the components listed bel
*Diabetes, *impaired fasting

or more of the components
listed below:

glucose, *impaired glucose tolerance, or
clinically determined *insulin resistance
plus at least *two of the following criteria:

women) plus any *two
of the following four factors:

+

Waist circumference Men >102 cm Women >88 cm
Triglycerides 150 mg/dL

HDL cholesterol Men <40 mg/dL Women <50 mg/dL
Blood pressure >130/85 mmHg

Fasting glucose >110 mg/dL

ATP III: Third Report of the National
Cholesterol Education Program Expert Panel
on Detection, Evaluation, and Treatment of
High Blood, Cholesterol in Adults (Adult
Treatment Panel III); WHO, World Health
Organization; IDF, International Diabetes
Federation, HDL, high-density lipoprotein;
LDL, low-density lipoprotein) Insulin
resistance and/or associated hyperinsulinemia
are believed to be the direct cause of the
Metabolic Syndrome risk factors; Insulin
resistance is enhanced by excess adipose
tissue, in particular abdominal adiposity.
Hyperinsulinemia  may  increase  the
production of very low-density lipoprotein
triglycerides and thus raise triglycerides.
Insulin resistance can raise blood pressure.
Adipose tissue, once only considered to be a
storage depot for triglycerides, is now
recognized as a complex and active endocrine
tissue that secretes many factors that regulate
metabolic and vascular biology. These
factors, collectively called adipokines,
include adiponectin, leptin, tumor necrosis
factor-alpha, resistin, angiotensinogen,

interleukin-6 plasminogen activator inhibitor-
1 and C-reactive protein; deregulation of
these adipokines may participate in the
pathogenesis of Metabolic  Syndrome
Chronic, sub - clinical inflammation and its
association with Metabolic Syndrome is a
well - documented. Inflammatory mediators
have been recognized as factors that increase
the risk of cardiovascular disease, but also
are one cause of insulin resistance (Ross,
1999). The peripheral circulating white blood
cell (WBC) count is an objective marker of
acute infection, tissue damage, and other
inflammatory conditions, the leukocyte count
has been proposed as an emerging biomarker
for predicting future cardiovascular events
and mortality (Danesh et al., 1998; Imano et
al., 2007). It has also been shown that
macrophages residing in the adipose tissue
may also be a source of pro-inflammatory
markers (Boisvert et al., 1998).

The aim of the present study with a
representative sample of Libyans was to
investigate the prevalence of metabolic
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syndrome using the International Diabetes
Federation (IDF) and assessment of the
association between the pro-inflammatory
markers using hematological tests (total
Leukocyte count, differential count, platelet
count and ESR) as possible predictors of the
development of metabolic syndrome and/or
its features in our population at high risk of
cardiovascular disease.

MATERIALS AND METHODS

The study used participants recruited from
Albayda and Almarj cities outpatient clinic,
where the interview and  physician
examination were conducted, for each study
subject, date of birth and sex, marital status,
smoking, history of hypertension, diabetes
and use of antihypertensive medications,
antidiabetic medications. Blood pressure,
height, weight, and waist circumference were
measured during the physician examination.
Weight and height were measured with
participants standing without shoes or heavy
outer garments, from which body mass index
(BMI, kg/m?) was calculated. Waist
circumference was measured in the erect
position at the midpoint between the lowest
rib and the superior border of the iliac crest.
Using the World Health Organization (WHO)
criteria,(Organization, 1995, 2000). BMI was
categorized into four groups as underweight
(BMI, <18.5), normal weight (18.5< BMI,
<25.0), overweight (25.>BMI, <30.0) and

Table (2). General characteristics of the study population

obesity (BMI >30.0). Blood samples were
collected for blood Hb (hemoglobin), PLT
(platelet count), TLC (Total leukocyte count),
DLC (differential leukocyte count), ESR
(erythrocytes sedimentation rate), cholesterol,
LDL (low density lipoprotein), HDL (high
density lipoprotein), TG (triglyceride), urea,
FPG (fasting plasma glucose), T.Bil (total
bilirubin), AST (aspartate aminotransferase),
ALT (alanine aminotransferase).

ALP (alkaline phosphatase). The study
subject was included and categorized
according to IDF (International Diabetes
Federation); the exclusion criteria from the
study were, active infectious disease,
hepatitis, positive serology of HIV (human
immunodeficiency virus), HCV (Hepatitis C
Virus), and HBV (Hepatitis B Virus).

Statistical analysis: All analyses, descriptive
Statistics, analysis of variance (ANOVA) and
Correlations (Pearson) were done using
Windows-based Minitab Statistical Package
(version 11.12), and P wvalues 0.05 were
considered significant.

RESULTS

A total of 200 residents aged 16 to 85 years
were investigated, 8subjects were excluded,
192 participants who had complete interview
and blood sample data were included. Table

).

Number Mean St Dev MIN Max
Age years 192 45.56 +15.36 16 yrs 85 yrs
M F M F M F
45.65 45.49 17 16 78 85
Abd Girth cm 192 96.53 +18.89 46 cm 194 cm
M F M F M F
95.54 97.23 46 52 194 173
BMI % 192 29.06 +06.998 14.4% 53.4%
M F M F M F
2725 30.35 14 15.10 40,40 53.40
Male 80
Female 112
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80 (41.7%) participants were Males and 112
(58.3%) were Females. The mean age of the
participants was 45.6 (StDev. £ 15.36)
years, 57.5% participants were married,
28.5% were Single, 12% were widowed and
2% were divorced, all female were non-
smoker,18 % of male participants were
current smokers. 50% metabolic syndrome
males are smoker. The mean BMI was 29 (St.
Dev+07). Rates of underweight, normal
weight, overweight and obesity were 4.7%,
24.5%, 27% and 43.75%, respectively.

The mean waist circumference was 95.54 (St

Dev.#+ 19.33) cm for male and 97.23 (St Dev.
+ 18.62) cm for female (no significant
difference P: 0.541). The mean systolic blood
pressure and diastolic blood pressure was
134.64 (St Dev.+ 27.75) mm Hg and 82.23
(StDev 18.84+) mm Hg, respectively.

The mean TG 131.01 (St Dev.+ 70.4) mg%,
the HDL cholesterol 50.19 (St Dev.= 15.12)
mg % and fasting plasma glucose was 109.95
(St Dev.£= 44.25) mg%. Table (4) shows the
descriptive Statistics of Diagnostic criteria of
metabolic syndrome wused in the current
study.

Table (3) Body mass index category and prevalence of Metabolic Syndrome

None Met S Male Met S Male None Met S Femalr Met S Female Total
Underweight 18.5 4(2.1%) 0 (0%) 5(2.6) 0 (0%) 9 (4.7%)
Normal >18.5 <25 25 (13%) 2 (1%) 20 (10.4%) 0 (0%) 47 (24.5%)
Over weight >25<30 16 (8.3%) 5 (2.6%) 25 (13%) 6 (3.1%) 52(27.0%)
Obesity > 30 11 (5.7%) 17 (8.9%) 37 (19.3%) 19 (9.9%) 84(43.75)
Total 56 (29.2%) 24 (12.5%) 87(45%) 25 (13%) 192
Table (4). Descriptive Statistics of Diagnostic criteria of metabolic syndrome used in the current study
None Met S None Met S Total ANOVA For
IDF Criteria Met S Male Met S Female None Met S &
Male Female Met S
Mean Waist circumference cm 90.70 106.8 93.21 105.6 96.53 P: 0.000
Mean Triglycerides mg% 107.3 197.8 103.2 194.5 131 P: 0.000
Mean HDL cholesterol mg % 49.84 41.56 51.82 52.64 50.19 P: 0.064
Mean Fasting plasma glucose mg% 104.8 1454 111.6 122.9 118.2 P:0.000
Mean Systolic BP mm HG 118.6 153.6 125.04 157 134.6 P: 0.000
Mean Diastolic BP mm HG 76.29 86.50 78.30 94.50 82.23 P: 0.000
(IDF: International Diabetes Federation Table (5). inflammatory markers and other blood tests
Criteria, Met S: metabolic syndrome, None- Met S ANOVA For
ANOVA: Analysis of Variance, BP: blood : Met S : None Met $ & Met S
. Variable Min Max Min Max P Value
pressure) For the whole study population, the Hb em% "8 171 53 174 0324
mean HB g% is 12.8, platelet count is  wpeyp00cmm 31 196 35 131 0250
251000/ Cmm, Total Whlte blogd cells is Neutrophil % s8 84 41 75 0842
7529/ Cmm, Neutrophil % is 62 %, Lymphocyte % 7 88 10 50 0405
Lymphocyte % is 29%, bilirubin 0.50%, AST  pieerxiooncmm 17 774 125 355 0221
the result of different category of persons of Bilirubin mg?% ol 29 03 74 008
metabolic syndrome and non-metabolic AST UL ’ 7' 5;) 3' 4'5 0' o3
syndrome in table (5). ALT UL 124 5 44 0813
ALP U/ 49 319 69 303 0.094
Urea mg% 9 62 13 71 0.002*

(Met S: metabolic syndrome, ANOVA: Analysis of Variance)
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DISCUSSION

prevalence of Metabolic Syndrome in our
study according to international Diabetes
Federation (IDF) Criteria is 25.5 % ( males
12.5% and females 13%), which is low
comparable to  other regional and
international studies; in Saudi adults is more
than 28%(Aljohani, 2014), the prevalence of
Metabolic Syndrome among adults in Egypt
Suez Canal area is 42.1%(Maklady et al.,
2014); thirty - four cross- sectional studies
were analyzed with a sample of 83227,
Iranian population from Jan 2005 to May
2016. With overall weighted prevalence of
Met S of 31% (Dalvand et al. 2017); Nearly
35 percent of all U.S. adults and 50 percent
of those 60 years of age or older were
estimated to have the metabolic syndrome in
2011-2012,(Aguilar et al., 2015).

High plasma glucose, high blood pressure,
elevated TG  and  increase  waist
circumference (reflecting central obesity)
accounted for significant determinate for
diagnosis of metabolic syndrome in our study
population as the difference is strongly
significant between metabolic syndrome and
non- metabolic syndrome (table 4, P<0.001)
(Carnethon et al., 2004). There is no
significant difference in level of HDL
cholesterol among Met S and non-MetS
subjects (P 0.240) respectively. The Mean
fasting plasma glucose among female study
population were significantly higher than
those among male (P 0.049), although the
prevalence of known male diabetic in our
sample study is 25% of males, 12,5 % of
females; this could be explained by poor
control of plasma glucose among diabetic
female as the prevalence metabolic syndrome
among male and female almost identical.
Central obesity as an obligatory component
in the IDF definition, central obesity and
BMI have strong positive correlation (0.64 P
0.01). The prevalence of two components of
MetS, namely central obesity and TG among
male were lower than those among female,

see table (3). 32.2% of female who did not
satisfy the IDF criteria of metabolic
syndrome, have Overweight, and Obesity
Table (6); On appreciative difference of
eating habits in our society according to
marital status, there 1is no statically
significant effect of marital status on
prevalence of metabolic syndrome in this
study; however housekeepers was identified
as significant risk factors for acquiring
metabolic syndrome by a cross - sectional,
community-based study that covered the
entire population of KSA in 2005 (Aljohani,
2014).

Table (6). prevalence of overweight and obesity in
female

None Met Met S Female
Female
Over weight 25 (13%) 6 (3.1%)
>25<30
Obesity > 37 (19.3%) 19 (9.9%)
30
Total 62 (32.3%) 25(13%)

We fail to demonstrate significant increase in
proinflamtory markers using hematological
tests (total Leukocyte count, differential
count, platelet count and ESR) in metabolic
syndrome group, for example the numbers of
total leukocytes, neutrophils, and
lymphocytes were equal in both metabolic
and  non-metabolic syndrome, other
inflammatory markers showed no significant
difference between both groups, which could
be explained by high prevalence of
overweigh and obesity in non-metabolic
syndrome persons in our study groups (table
5), however leukocytes increase is more
evidently in acute vascular complications,
and they seem to be less valuable for chronic
inflammatory character, this finding was seen
in few other study (Genel et al., 2014).

There significant difference of elevate blood
urea level among metabolic syndrome
participant (P value = 0.002); which could be
linked to risk of vascular cause; of renal
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impairment due to high prevalence of
atherosclerotic changes in Met S (table 5).

CONCLUSION

prevalence of Metabolic Syndrome in our
study according to international Diabetes
Federation (IDF) Criteria is 25.5 % ( males
12.5% and females 13%), which is low
comparable to  other regional and
international studies, There is no significant
correlation between BMI and Waist
circumference for diagnosis of metabolic
syndrome in our population; which could be
attributed to high prevalence of overweigh
and obesity in non-metabolic syndrome
persons in our study group 18 % of male
participants were current smokers. 50%
metabolic syndrome males are smoker.

Overweight, obesity, metabolic syndrome,
smoking habit necessitate the work of
national health system and other health
financing and policy making institutions in
Libya, in order to successfully diagnose and
treat metabolic syndrome and create
campaign to reduce obesity and smoking,
trying to prevent cardiovascular
complications(Grundy et al., 2005). We fail
to demonstrate significant increase in
proinflamtory markers using hematological
tests (total Leukocyte count, differential
count, platelet count and ESR) in metabolic
syndrome group as possible predictors of the
development of metabolic syndrome and/or
its features
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Abstract: In the present study, 15 samples of soil were collected to isolate Azotobacter from the
rhizosphere in different regions of Tripoli. LG specified medium was used for the isolation of bac-
teria and were purified on the same medium for identification and characterisation.The colonies
were identified through microscopical and biochemical tests and the results obtained were classified
as Azotobacter sp. Subsequently, the microbial population was calculated by colony count method.
The soil pH, total nitrogen content (N), total phosphorus content (P) and organic carbon (OC) in soil
were determined. The results of this study indicated to effects positive and negative of soil pH lev-
els on Azotobacter population. In the estimation of above chemical properties of all soil samples it
was showed that bacterial population differs significantly among the different soil samples.

Keywords: Azotobacter population, Soil properties.

INTRODUCTION

The genus Azotobacter has a great attention
to stimulate plant-growth-promoting rhizo-
bacteria (PGPR), and their role in rising the
growth and health of plants. Moreover, many
other species have the ability to produce
compounds with antimicrobial activity. The
genus Azotobacter was discovered by Marti-
nus Beijerinck in 1901. Azotobacter belongs
to the phylum proteobacteria, class: Gam-
maproteobacter order: pseudomonadales,
family Azotobacteraceae, comprises more
species among them: Azotobacter vinelandii,
A. chroococcum, A. salinestris, A. nigricans,
A. beijerinckii, A. paspali, and A. armeniacus
(Kennedy et al. 2005). Azotobacter is an
aerobic free living diazotrophic bacteria gen-
erally distributed in different soils. Azotobac-
ter play an important role in the nitrogen cy-
cle in nature. In addition, the bacteria are the
most significant genera found in rhizosphere
gramineae (Dart & Day, 1975). The plant

growth is improved, both directly through
nitrogen fixation, excretion of growth pro-
moting and producing plant growth substanc-
es such as indole-3-acetic acid (IAA), in-
creasing solubilization of mineral phosphates
and indirectly through producing hydrogen
cyanide, siderophore and antifungal antibiot-
ics by means of the bacteria (Benizri et al.,
2001). Several studies mentioned nitrogen
fixation, production of phytohormones, vita-
mins and increasing of food uptake as the
reasons for yield increase of inoculated maize
with Azotobacter (Gonzalez - Lopez et al.,
1991). Azotobacter inoculation with oak
seedlings results in positive growth responses
was suggested by (Pandey et al., 1986).
Moreover the inoculation of barley grains
with Azotobacter in leads to growth of plant
length, dry matter, soil nitrogen content in
sand and nitrogen deficient lands (Shehata et
al., 2005). Azotobacter can produce antifun-
gal antibiotics which inhibit Rhizoctonia
solani growth (Zarrin et al. 2009), Azotobac-
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ter is found in many environments such as
soil, water, surfaces of roots (rhizosphere)
and leaves (phyllosphere). Also, some spe-
cies appear in the tropical and polar regions.
Their frequency is different in various soils.
They are frequent in neutral to alkaline soils
and rarely found in acidic soils (Jensen &
Petersen, 1955) Azotobacter is gram—
negative, nitrogen—fixing soil bacteria that
have extremely high respiration rates. Azoto-
bacter can fix at least 10 mg nitrogen per
gram of carbohydrate (Becking, 1992).

This bacterium is an obligate aerobic. Nitro-
gen fixation is achieved by the enzyme ni-
trogenous, which reduces Noto NH;. Howev-
er, this enzyme is extremely sensitive to oxy-
gen in Azotobacter species. High respiration
rates and conformational protection of the
enzyme are suggested as two factors which
make nitrogen fixation possible in an aerobic
environment (Hill and Sawers, 2000) Reduc-
tion of O, by Azotobacter species occur at
such a high rate that large amounts of super-
oxide radicals are produced (Vikhe, 2014).
Azotobacter is a free-living fixing bacteria
and related to soil organic components, and
the amount of nitrogen fixation is lower in
Azotobacter compared to the associative and
symbiotic bacteria as reported by (Hammad,
1998).The ecological distribution of Azoto-
bacter is a complex subject and related to a
variety of factors which determine the pres-
ence or absence of this bacterium in soil. It
has been demonstrated soil properties and
climate conditions are two most important
factors that affect the distribution of this mi-
croorganism (Dobereiner & Pedrosa, 1987).
These characteristics include organic matter
content, moisture, pH and C/N ratio
(Gonzalez - Lopez et al., 1991).

Different studies showed that some Azotobac-
ter mutants can fix N, in the presence of ex-
cess NH;~ which is related to Azotobacter
industrial applications(Terzaghi, 1980). The
mutants are of industrial significance, be-
cause they hinder mobilization in alginate

beads and provide the opportunity to produce
ammonia (which can be used as plant fertiliz-
er). So Azotobacter is used in biofertilizer
and biotechnological processes (Tejera et al.,
2005).

As well as, this study aimed to address the
effect of the chemical properties of different
soil samples in different regions of Tripoli as
soil pH, total nitrogen content (N), total
phosphorus content(P) and organic carbon
(OC) on Azotobacter population.

MATERIALS AND METHODS

Collection of Soil samples : This experiment
was conducted in Soil microbiology laborato-
ry at Faculty of Agriculture, University of
Tripoli at the end of Winter season of 2016,
Fifteen soil samples were collected from the
different cultivated and uncultivated regions
in Tripoli area. 1 kg of soil was collected
randomly from the rooting zone at a depth of
(5- 30 cm) below the surface with three repli-
cates of each of soil samples. Prior to com-
mencement of the experiment, bulk soil sam-
ples were air-dried, cleaned and passed
through a 5 mm sieve to determine particles
chemical analysis.

Measuring of Soil chemical properties

microbiological properties: The chemical
properties of soil mean most chemical inter-
actions with or between minerals in soil envi-
ronment. Such as soil ph, Cation Exchange
Capacity, Basic Saturation...ect. While mi-
crobiological properties of soil belong bio-
logical activity in soil, such as N-fixation,
humus formation. Which include microorgan-
isms activity in soil environment. The pH of
soil was measured using pH meter. Organic
carbon was observed by using the method of
(Walky & Black, 1934) and Seeley and
Vandemark (1981). The estimation of total
nitrogen was done by using the Kjeldahl
method and the total phosphorus content (P)
was analysed using Olsen method by extract-
ing soil samples with 0.5M NaHCO3; (pH 8.5)
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at a solid to solution ratio 1:20 for 30 min
(Olsen, 1954) and using Spectrophotometer

at 660nm wavelength (Tablel).

Table (1). Chemical and microbiological properties of soil samples

Solamples et P e e oo
1 4.98 7.3 5.87 7.96 2.14
2 6.5 7.1 57.16 11.9 3.63
3 4.37 7.3 33.53 22.88 1.88
4 1.17 8.4 5.23 23.4 1.63
5 2.84 8 8.25 20.96 1.52
6 1.13 8.2 1.35 14.9 2.68
7 5.33 7.8 34.75 19.3 2.34
8 5.7 7.23 33.08 14.19 2.79
9 3.8 7.5 27.58 19.85 1.42
10 5.65 7.5 44.62 15.66 3.22
11 5.63 7.4 47.04 19.90 0.76
12 6.13 7.2 59.75 23.2 4.7
13 5.49 7.17 37.98 5.70 2.79
14 423 7.4 32.58 22.89 3.08
15 1.95 8.1 3.8 12.56 1.736

Isolation of Azotobacter: The soil paste—
plate method of (Becking, 1981) was used to
Isolate of Azotobacter from soil samples.
Each soil sample was mixed thoroughly with
approximately 0.5 g of mannitol, 0.5 g of
CaCOs, 0.12 ml of 10% aqueous K;HPOy4 so-
lution, 0.12 ml of 10% aqueous MgSQOy solu-
tion, and some extra distilled water was also
added in order to obtain a soil paste, and then
incubated at 30°C for 48h. Then brown, glis-
tening, slimy Azotobacter colonies were
grown on the soil surface. Subsequently,
brown blots of soil paste surface were placed
on Jensen medium and purified (Subba Rao,
1993). Bacterial colonies were transferred to
plates of the same medium.

Identification of bacteria:Isolates were cul-
tured on plates of N-free LG medium for
identification and characterization. In gain
isolates from each soil samples were Gram-
stained using standard procedures. Morphol-
ogy characterization was determined using a
compound microscope in oil immersion
(1000 x) about 100 colonies were chosen at

random at all the colonies from the rhizo-
sphere of soil samples whatever their size,
shape and color were transferred onto other
plate to check for purity. All the colonies
grown on the plates were about Imm diame-
ter and white with flat margins initially
glossy and gummy but turned into glistening
colonies with clear slime upon further growth
(Brenner et al. 2004). The following bio-
chemical tests were used: catalase, oxidase,
nitrate reduction and movement (Seeley and
Vandemark 1981). Moreover, the carbon
sources utilization test was determined by
using the phenol red medium and dispensed
into sterile test tubes. Then, 0.5% (w/v) of
the glucose, fructose, malonate, mannitol,
caproate, inositol, malonate, rhamnose and
starch were separately added to 24 h old in-
oculated culture and incubated at 30°C for 24
h. Temperature is perhaps the most important
environmental factor determining the activity
of microorganisms in soil. The effect of
temperature on the growth rate was deter-
mined by patching the bacteria on to the LG
medium and incubated at different tempera-
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tures 15, 18, 21, 32, 37°C. The growth of
bacteria colonies until 5 days after the incu-
bation indicated their ability to grow in the
cited temperatures. Motility was assessed us-
ing a Craigie tube with a semi-solid medium
Nitrate reduction was tested by inoculating
trypticase-nitrate tubes with the colonies and
then incubating at 27 C for 48 h. One ml of
sulfanilic acid was added to each tube, and
then 1 ml of dimethyl 1-naphthylamine solu-
tion (Seeley and Vandemark (1981). Some of
the pure isolates from each soil samples were
defined by direct use of microscopic morpho-
logical characteristics and compared to some
of the known and available cultures and then
were characterized using the criteria of
(Brenner ef al. 2004).

Estimation of Agzotobacter population:To
estimate numbers of Azotobacter in each soil
sample the colony count method was used
(Cappuccino and Sherman 1987). Ten grams
of soil sample was transferred into the 250 ml
of the conical flask containing 90 ml of steri-
lized distilled water and was shaken for 30
min at 150 rpm, and 1 ml of this solution was
added to the test tubes containing 9 ml steri-
lized distilled water to prepare 10 dilution.
The latter solution was mixed and one ml of
this solution was transferred to another test
tube containing 9 ml sterilized distilled water
to prepare 10~ dilution again and the same
method was followed to prepare 107 dilution.
Subsequently, 0.1 ml each of the dilutions
was transferred to a plate containing Jensen
medium and was dispensed to the above me-
dium equally. Three replicates were main-
tained for each sample. 50 mg cycloheximide
was added to medium as fungal growth inhib-
itor. The plates were incubated at 30°C for 3-
7 days and Azotobacter—like colonies were
counted. The dilutions with colony number
between 10 — 60 colonies were accepted. The
average colony number was calculated in the
three replicates multiplied in ten and the re-
verse of appropriate dilution.

Statistical Analysis:The data were subjected

to correlation analysis of variance using sta-
tistical program (SPSS software) Table (2).
The differences among various treatment
means were compared using Tukey's family
error test (standard deviation) at a probability
of P=0.05.

RESULTS AND DISCUSSION

Isolation of Azotobacter:The pure isolates of
bacterial colonies were sub cultured from the
60 isolates on the LG medium for further
studies. The colonies formed by these bacte-
ria on the LG medium were small, transpar-
ent, circular, flat, and slimy with regular bor-
der (Fig 1).

Fig (1). Colonies of Azotobacter on LG medium Incu-
bated at 30°C for 3-7 days

Bacteria were Gram-negative with rounded
ends. Also, the isolates produced yellow-
green and brown pigments and were put in
one group. Biochemical and morphological
characteristics of these bacteria included the
following: motile, catalase positive, oxidase
activity positive and Nitrate reduction posi-
tive. The utilization of glucose, fructose, ma-
lonate, mannitol, caproate, inositol, malonate,
rhamnose but not starch was detected. Bacte-
ria grew well in LG medium with 15, 18, 21,
32, 37°C temperatures. On the basis of cul-
tural, morphological and biochemical charac-
teristics a total of 15 soil isolates were classi-
fied according to (Brenner et al. 2004) as
Azotobacter sp. It is in agreement with the
obtained results by (Ahmad et al., 2008).

Relationship of chemical properties of soil
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with Azotobacter population:

Soil pH : The soil pH are definition as the
negative logarithm of the hydrogen ion con-
centration pH = -log (Bashan).The soils are
referred to as being acidic, neutral or alka-
line, depending on their PH values, also these
categories of soils are dividing to group of
classes according to degrees of acidity of
soil. Among these classes soil neutral is 6.5-
7.5 PH, and soil slightly alkaline is 7.5-8.0
PH, while soil moderately alkaline is 8-8.5
PH. In this study the Azotobacter population
was determined in different 15 soil samples.
The result showed that all samples contained
Azotobacter and the high population of Azo-
tobacter was observed in soil samples with
the range of pH 7 - 7.5. whereas Azotobacter
population relatively continue in range PH of
soil slightly alkaline, while Azotobacter pop-
ulation was decline as soon as commence at a
zone of moderately alkaline soil as in fig.(2).
Also observed through soil samples 4,5,6 and
15 from table (1) and fig.(2) decrease in the
amount of total N% in soil with decrease in
the Azotobacter population while happen in-
creasing in soil alkaline levels, on other hand
the opposite was happen in soil samples 2
and 12. This explain an existence increasing
relationship between Azofobacter population
and total N% in neutral soils.
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Fig (2). The relationships between soil pH with Azo-
tobacter population Several studies indicated that the
soil pH value influences the Azotobacter population
(Jensen & Petersen, 1955).

The studies showed that all soils with pH of
above 7.2 (pH range 7.3 - 8.5) contained A4zo-
tobacter and, in the pH ranges of 7.0 - 7.4,
6.5 - 6.9, and 6.0 - 6.4, the percentage of
Azotobacter was 90, 58, and 35%, respective-
ly (Gonzalez - Lopez et al., 1991; Kanungo
et al., 1997) has indicated that the optimum
pH for the growth of Azotobacter sp. is near
to 7. Also, (Becking, 1981) noted that Azo-
tobacter population in tropical soils with pH
of above 7.5 differs between 10% and 10* per
gram of soil. Various studies proved the line-
ar relationship between soil bacterial com-
munities and pH value. Then, other studies
showed bacterial population in the range of
pH 4-8 and observed that increasing pH value
and bacterial population are interrelated
(Rousk et al., 2010).

Total Nitrogen (N): Nitrogen is a major lim-
iting nutrient for crop production, in case ab-
sence of a source of nitrogen compound,
plant need to organisms for fixed atmospheric
nitrogen. from table (1) notice, increasing of
nitrogen percentage in soil which was corre-
spond to increasing of Azotobacter popula-
tion in soil. this mean there is relationship
between Azotobacter growth and nitrogen
fixation in soil fig.(3). however this relation-
ship was limiting with soil PH levels, alt-
hough major soil PH values for soil samples
which examined were situated between neu-
tral to moderately alkaline soils, nevertheless
Azotobacter appearing tend to growth in neu-
tral soils more than slightly alkaline soils.
whereas Azotobacter growth recorded fast
retreat in moderately alkaline soils. table(1).
(Bashan, 1990) reported that, the Azotobacter
population is low in dry and temperate zones
like America and Mexico. The total nitrogen
contents were suggested as the factors influ-
encing the microbial population (Ahmed et
al. 2008).
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Fig (3). The relationships between total Nitrogen
(N%) with Azotobacter population

Total phosphorus (P): In this study, the soil
samples which had neutral PH such as
2,12,and 13 in table(l) appearing various
values of total phosphorus percentage in soil
with Azotobacter population, whereas soil
samples of moderately alkaline soil 4,5,6 and
15 table(1). Showing increasing in total P%.
as opposite to Azotobacter population fig.(4).
But these changes in total P% do not explain
the decrease in Azotobacter growing in alka-
line soil, because organic phosphorus de-
crease quickly with soil depth such as soil
organic matter. Secondly the source of P in
soil. in case of the source of available P in
soil Ca phosphates the level of soil PH will
changes from neutral to high alkaline, while
in case Al and Fe phosphates are predomi-
nates P mineral in soil with PH levels below
6.5. Therefore, the value of soil PH above 8
was probably responsible for the decrease of
Azotobacter population in soils of region of
study. Some studies reported that, the native
soil P is mostly unavailable to plants because
its low solubility, therefore the P solubilizing
bacteria and Azotobacter sp can play an im-
portant role in improving P bioavailability in
soil, on the other side the population of rhi-
zobacteria which includes Azotobacter had a
different influence on phosphorus in soil (Wu
et al., 2005). phosphorus is also a major nu-
trient for microorganisms and suggested to be
the factors influencing the microbial popula-
tion.
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Fig (4). The relationships between total phosphorus
(P%) with Azotobacter population

Organic Carbon (OC) : The organic carbon
in soil are an importance indicator for exist-
ence soil organic matter. Through soil sam-
ples which were contain high percentage of
0.C as,2,10, 12 and 14 in table (1) and fig.
(5). Also, observed at same time increasing in
the Azotobacter population and total N per-
centage at neutral soil 7-7.5 PH. On other
hand, soil samples which were contain low
O.C such as 11,9,5 and 4 do not appearing
any response to Azotobacter population, par-
ticularly soil samples (6 ,11) which showing
a clear disagreement in their contain of O.C
and Azotobacter population. So, that mean do
not there any direct relationship between O.C
% and Azotobacter population at soils of re-
gion of study.
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Fig (5). The relationships between Organic carbon
(OC %) with Azotobacter population

A range of environmental factors like pH,
organic carbon, total N and total P determine
and influence the distribution of soil microbi-
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al population (Kennedy & Smith, 1995). Or-
ganic carbon is one of the main factors influ-
encing the number, composition and activi-
ties of microbial population(Wardle, 1992).
Lalfakzuala et al. (2008) found that gramine-
ae influenced soil microbial number and soil
respiration positively. Organic carbon affects
both the chemical and physical properties of
the soil (Channal et al., 1989). Properties in-
fluenced by organic matter include: soil
structure, diversity and activity of soil organ-
ism, which might be beneficial and harmful
to crop production. Soil organic matter is an
accumulation of dead plant matter and animal
residues (Campbell et al., 2000). Further-
more, The findings from this study showed
that there was a Linear relationship (p<0.01)
was observed in different soil samples for
bacterial population as shown in Table (2)
and significant relationship between soil pH,
total N, total P and organic carbon with mi-
crobial population, so that the number of bac-
terial population per gram of soil increased
by increasing the compounds which, indicat-
ed, there is a significant relationship between
the soil organic and mineral matters on the
microbial population (Coutinho et al. 1999).

Table (2). Relationship with soil pH, total nitrogen,
total phosphorus and organic carbon between bacterial
population.

Variables Coefficient Correlation (1)
pH 0.93**
Total N 0.95%*
Total P 0.90%**
oC 0.75%*
CONCLUSION

In conclusion, this study has shown that a
significant correlation between soil pH, total
nitrogen, total phosphorus and organic carbon
the chemical properties of different soil sam-
ples from different soil regions of Tripoli-
Libya on Azotobacter population which had a
greater influence on it.
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Abstract: In this work was studied effect of wastewater pollution on heavy metal accumulation in
Cystoseria sp., (brown seaweed) and Enteromorpha sp. (Green algae), in an effort to gain some in-
sight into the level of metal contamination which might exist in the coastal marine environment
along the Derna coast. Assessed by measuring the concentration of heavy metals as Pb, Zn, Mn and
Cd, in the algae tissue and seawater. The results indicate concentrations of metals were invariably
slightly higher in Enteromorpha sp., than in Cystoseria sp., at all sampling stations. The metals
concentrations recorded for the different tissues and sites of the present study confirm the higher
concentrations usually observed in summer. The average MPI was highest (0.86) for the both spe-
cies inhabiting S6 station and least (0.29) at S1 station. In general, the all of heavy metals show no
detrimental effects on the domestic aquatic environment of Derna coast. However, must be moni-
tored continuously to ensure that they stay at harmless levels.

Keywords: pollution, heavy metal, bio-indicators, wastewater, macroalgae.

INTRODUCTION et al., 2014; Kureishy et al., 1995; Li &
Huang, 2012). The value of algae as bio-
indicators has already been recognized in the
mid of 19" century (Wu et al., 2014).
Seagrass or macroalgae can be used as bio-
monitors to give information on concentra-
tions of heavy metal or changes in metal
availabilities in the surrounding environment,
besides their abundance in various environ-
mental systems(Campanella et al., 2001;
Capiomont et al., 2000). In general, algae are
widely distributed in the aquatic environment
and are sedentary, easy to collect, identify,
and the bioaccumulation of trace metals oc-
cur in high degrees; satisfying all the funda-
mental requirements for  bioindicators
(Campanella et al., 2001). Brown algae spe-
cies can accumulate high concentrations of
metals in contaminated ecosystems, and as a
result, they are chosen as heavy metal bio-
monitors in coastal areas(Amado-Filho et al.,

The wastewater discharge consists primarily
of untreated human wastes and domestic
wastes. Heavy metals are common types of
toxic substance present in sewage sludge that
affect aquatic life. The outfall has been in
operation for over many years and discharges
into the Derna coast area. Wastewater is any
water that has been adversely affected in
quality by  anthropogenic  influence.
Wastewater can originate from a combination
of domestic, industrial, commercial or agri-
cultural activities, surface runoff or storm
water, and from sewer inflow or
infiltration(Beijer & Jornelo, 1979). The ra-
tionale for using organisms to assess levels of
contamination in the marine environment,
and the criteria by which these organisms are
selected as suitable biomonitors are well doc-
umented (Al-Homaidan et al., 2011;
Alkhalifa et al., 2012; Dokulil, 2003; Khaled
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1997; Andrade et al., 2010; Astorga-Espana
et al., 2008; Karez et al., 1994; Villares et al.,
2002). Green algae are considered an indica-
tor of contamination (Brown et al., 1999).
These algae were chosen to conduct the in-
vestigation as bio-indicators for heavy metals
pollution of Derna city coastal area at the east
of Libya. Due to their they were almost
available in all sites during field study. Due
to their short life cycle, algae respond quickly
to environmental changes and are thus a val-
uable indicator of water pollution(Domingues
& Galvao, 2007). Many of the chemical test-
ed are basic parts of components of domestic
and sewage sludge. The nature of any poten-
tially toxic substances depends mainly on the
types of wastes entering the sewage system.
Heavy metals are common types of toxic sub-
stance present in sewage sludge that affect
aquatic life.Libya is located in lies the Medi-
terranean Sea, it is ranked 124" out of 142
countries on an Environmental Sustainability
Index, which places the country well down
the list signifying a country with serious en-
vironmental degradation (WEF, 2002). This
region is very important, due to it having dis-
tinct environmental characteristics associat-
ed. Also it has an environment similar to oth-
er regions in Southern Europe such as Italy,
the Greek islands and Turkey(Azzawam,
1984). The study area is located along the
Derna coast, in Jabal Akhdar region the north
east part of Libya at latitude 32° North and
22° East. This area which are exposed to dif-
ferent degrees of pollution. Marine pollution

Mediterranean

e p o Y /e
Fig. (1).Locations of the six study sites, which are located along the Dern

study area in Libya

in Derna coastal, due to the enormous incre-
ment of sewage discharged into the aquatic
environment, has drawn the attention in the
last decades, see figure 2. Little quantitative
data are available on the concentration of
metals in seaweeds general pollution of this
area. The main aim of this work was to inves-
tigate the effect of wastewater on heavy met-
al accumulation in Cystoseria sp., (Brown
algae) and Enteromorpha sp., (Green algae),
which might exist in the coastal marine envi-
ronment along the Derna beaches.

MATERIALS AND METHODS

Study Area :The Derna city is a part of the
Jabal Akhdar, were is situated in North east
of Libya. Climatically, the study area of the
Derna coast is influenced by the Mediterra-
nean Sea to the north. The rainfall is erratic
in quantity, frequency and distribution. It at-
tracts considerably more reliable rainfall than
other coastal regions of Libya between au-
tumn to early spring, with the mean annual
rainfall ranges between 450 and 650 mm, 24-
30 % falling in January. The temperature is
8-13°C in winter and 22-27°C in summer
Winds are northern in winter but southern
and eastern southern in other seasons. Six
stations were chosen including the Derna
Harbor (S1), Shahat company (S2), Post sta-
tion (S3), Republic station (S4), Algarod sta-
tion (S5) and Desalination station (S6), see
figure 1.

Stations: 81...86
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Fig. (2).Marine pollution in Derna coastal, due to the sewage discharged into the aquatic environment

Measurements: The concentrations of metals
were measured in macroalgae species in trip-
licates in two seasons at six coastal stations
along the Derna city coast. Seawater samples
were also collected to detect their metal con-
tents in order to gain more information on the
environmental conditions of the area and pos-
sible bioaccumulation patterns, were cleaned
with distilled water and all algal samples
were air dried at 90°C (Al-Homaidan et al.,
2011), were collected during two seasons in
spring and summer, 2016. The two collected
algae were identified as Cystoseria sp.,
(Brown algae) and Enteromorpha sp., (Green
algae) and then kept to analyze for heavy
metals (manganese (Mn), zinc (Zn), cadmium
(Cd), and lead (Pb). The concentrations of
manganese, zinc, cadmium and lead were de-
termined in the collected algal samples ac-
cording to previously reported methods (Al-
Homaidan et al., 2011). 500 mg (dry weight)
of each algal dried sample were placed in ac-
id washed digestion tubes. 25 ml of concen-
trated nitric acid was added to each tube and
the contents were evaporated to about dry

ness. After cooling, 20 ml of double deion-
ized water was added to each tube and the
contents were filtered through 0.45 pm milli-
pore filters. The solutions were then trans-
ferred to 25 ml acid washed volumetric flasks
and the volumes were completed to 25 ml
with double distilled deionized water. All
samples were analyzed in triplicates and the
concentrations were expressed in pg (metal)
per gram dry weight (alga) and the mean val-
ues were recorded (Al-Homaidan et al.,
2011). All analysis was made in three repli-
cates. Statistical analysis was based on SPSS
(Version 11.0) program (Al-Homaidan et al.,
2011).

RESULT AND DISCUSSION

Heavy Metals in Algae: The present data
revealed of Cystoseria sp., recorded a rela-
tively high (Pb) concentration in summer at
the S6 station 1.50+0.3 (ng/g), while record-
ed their lowest values in both summer and
spring seasons at the S3, S5 stations with
0.784+0.02 and 0.40+0.08 (ug/g) respectively,
table 1. The Cystoseria sp., recorded a rela-
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tively high (Mn) concentration in summer
and spring at the S1 station with 1.74+0.1 and
1.16+£0.02 (pg/g) dry weight), while recorded
their lowest values in summer and spring at
the S2 station 0.72+0.02 and 0.36+0.02
(ng/g) respectively. The Cystoseria sp., col-
lected from the S6 station in both summer
and spring seasons recorded the highest con-
centration of (Zn) level 1.15+0.06 and
0.81+£0.01 (ug/g), respectively. Whereas the
lowest levels were found at S3 station
0.69+0.03 (ng/g) in summer, followed by at
S1 station 0.27+0.007 (ng/g) in spring, see
figures 3 and 4. This results are in good
agreement with those found by (Strezov &
Nonova, 2003) who reported concentrations
of (Pb) level between in two Cystoseira sp.,
in most stations from the Bulgarian Black
Sea coast. On the other hand, the Cystoseira
sp., in the present study, recorded lower val-
ues of (Pb) compared than that reported by
many authors as; (Al-Masri et al., 2003;
Schintu et al., 2010) for algae collected from
the south-western Sardinia, Italy; (Khaled et
al., 2014) for Cystoseira sp., in Marsa-
Matrouh beaches, Egyptian in Mediterranean
Sea; (Strezov & Nonova, 2007). Average
while, the present data revealed a lower val-
ues of (Mn) than that recorded by (Strezov &
Nonova, 2007). To compare the present data
with those previously studied by many au-
thors revealed that Cystoseira sp., recorded
lower values for (Zn) compared than that re-

ported by many authors as; (Akcali &
Kucuksezgin, 2011; Al-Masri et al., 2003;
Culha et al.,, 2013; Khaled et al.,, 2014;
Schintu et al., 2010; Strezov & Nonova,
2007)in Kastamonu station in Black Sea. In
the present study recorded lower values of
(Cd) compared than that reported by many
authors as; (Akcali & Kucuksezgin, 2011; Al-
Masri et al., 2003; Khaled et al., 2014;
Schintu et al., 2010; Strezov & Nonova,
2007). On the other hand, the value of aver-
age concentration for (Pb) was in this study,
higher to those found by (Culha et al., 2013)
for Cystoseira sp., in marine algae samples of
all sampling stations in Black Sea, Marmara
Sea and Mediterranean Sea. Also by (Sawidis
et al., 2001) for Cystoseira sp., in the Aegean
Sea, Greece. As well, the value of average
concentration for (Zn) was in this study,
higher than to those found by (Culha et al.,
2013) for Cystoseira sp., in marine algae
sample of samsun station in Black Sea.
While, the value of average concentration for
(Cd) was in this study, comparable to those
found by (Culha et al., 2013) for Cystoseira
sp., in marine algae samples of all sampling
stations in Black Sea, Marmara Sea and Med-
iterranean Sea. The present data revealed of
Enteromorpha sp., recorded a relatively high
Pb concentration in summer and spring sea-
sons at the S6 station 1.92+0.3 and 1.63+0.03

(ng/g) respectively.

Table (1).Average concentrations (ug g dry weight) with standard error of means in Cystoseira sp., collecting during
spring and summer seasons 2016, along stations of Derna coast.

o Metals

= Pb Mn Zn Cd

S. Spring Summer  Spring Summer  Spring Summer Spring Summer Ave.
S1 0.61£0.01 1.20+0.03 1.16+£0.02 1.74+0.1 0.27+£0.007 0.75+£0.008 0.007£0.01  0.007+0.01  0.72
S2 0.41£0.02 0.85+0.03 0.36+0.02 0.72+0.02 0.41+0.02 0.71+0.04 ND ND 0.58
S3 0.60+0.05 0.78+0.02 0.58+0.03 0.93+0.02 0.59+£0.06  0.69+0.03  0.001+£0.002 0.001+£0.001 0.52
S4 0.69+0.1  0.96+0.03 0.59+0.06 0.81+0.03 0.77+0.01  0.93+0.03 ND ND 0.79
S5 0.40+0.08 0.84+0.03 0.57+0.03 0.89+0.03 0..68+0.03 0.86+£0.01 ND ND 0.71
S6 1.13+£0.03 1.50+0.3 0.95+0.09 1.12+0.09 0.81+0.01 1.15£0.06 ND ND 1.11
Ave.  0.831 0.868 0.718 0.004
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Fig (3) .Average concentrations (ug g dry weight) in
Cystoseira sp., collecting during spring season 2016,
along stations of Derna coast.
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Fig (4) . Average concentrations (ug g dry weight) in
Cystoseira sp., collecting during summer season 2016,
along stations of Derna coast.

while recorded their lowest values in summer
and spring at the S4 0.96+0.03 and 0.69+0.1
(ng/g) respectively, table 2. While, Entero-
morpha sp., recorded a relatively high Mn
concentration in summer and spring at the S4
station 1.91£0.03 and 1.85+0.06 (ng/g),
while recorded their lowest values in summer
and spring at the S3 station 1.12+0.02 and
0.88+0.03 (ng/g) respectively. In Enteromor-
pha sp., we also have data for Zn, which was
at a maximum at S6 station, 1.82+0.06 ng/g

in summer. Minimum levels of Zn in this alga
0.05+0.01 (pg/g) in spring, were found at S4
station, see figures 5 and 6.Comparison of the
present data with those previously studied by
many authors revealed that the concentrations
of Zn, Pb and Cd for Enteromorpha sp., low-
er than that recorded by (Schintu et al., 2010)
along the south-western Sardinia, Italy;
(Khaled et al., 2014) in the Marsa-Matrouh
beaches in Mediterranean Sea; (Strezov &
Nonova, 2007) for Enteromorpha sp. The
present data revealed a lower values of Mn
and Zn for the E. compressa than that record-
ed by (Villares et al., 2001), also for Zn with
those previously studied by many authors
as(Culha et al.,, 2013; Say et al., 1990).
While, the value of average concentration for
(Pb) was in this study, higher to those found
by (Culha et al., 2013) in Black Sea, Marma-
ra, Sea and Mediterranean Sea; (Sawidis et
al., 2001) in the Aegean Sea, Greece. The
value of average concentration for (Zn) was
in this study, higher than to those found by
(Culha et al., 2013) for Enteromorpha sp., in
marine algae in Ordu station in Black Sea. As
well, the value of average concentration for
(Cd) was in this study, comparable to those
found by (Culha et al., 2013) for Enteromor-
pha sp. in marine algae samples of all sam-
pling stations in Black Sea, Marmara Sea and
Mediterranean Sea. Many authors reported
that the expected levels of Zn in Enteromor-
pha sp., are in the range 10-50 pg g’ and 95-
130 pg g~', for uncontaminated and contami-
nated sites respectively (Phillips, 1990;
Stenner & Nickless, 1975).

Table (2). Average concentrations (ug g dry weight) with standard error of means in Enteromorpha sp., collecting
during spring and summer seasons 2016, along stations of Derna coast.

Metals
Stations Pb Mn Zn Cd Ave.
Spring Summer  Spring Summer  Spring Summer Spring Summer

S1 0.86+£0.01 1.20+0.03 1.22+0.02 1.72+0.1  1.74+0.007 1.25+£0.008 0.001+0.01 0.003+0.01  1.00
S2 0.95+0.02 1.26+0.03 1.21+0.02 1.35+0.02 0.20+0.02 0.39+0.04 0.06+0.01 0.04+ 0.00 0.68
S3 1.08+£0.05 1.55+0.02 0.88+0.03 1.12+0.02 0.60+0.06 0.88+0.03 0.05+0.00z 0.006+0.001 0.77
S4 0.69+0.1  0.96+0.03 1.85+0.06 1.91+0.03 0.05+0.01 0.19+£0.03 0.002+0.0 0.006+0.001 0.71
S5 1.13+0.08 1.55+0.03 0.92+0.03 1.60+0.03 1.07+0.03 1.14+0.01 0.004+0.0 0.007+0.02  0.93
S6 1.63+0.03 1.92+0.3 1.24+0.09 1.56+0.09 1.53+0.01 1.82+0.06 0.007+0.0 0.007+0.0 1.21
Ave. 1.23 1.38 0.91 0.02
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Fig (5) . Average concentrations (ug g dry weight)
in Enteromorpha sp., collecting during spring season
2016, along stations of Derna coast.
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Fig (6) . Average concentrations in Enteromorpha sp.,
collecting during summer season 2016, along stations
of Derna coast.

Heavy Metals in Water: Determination of
heavy metal concentrations in marine algae
samples is usually preferred in the seawater
and sediment samples. Heavy metal concen-
trations in seawater are very low and show
wide fluctuation. At the same time, heavy
metal levels in the sediment samples can be
changed by organic matter content, grain size
composition, pH and oxidation-reduction po-
tential, etc. (Farias et al., 2002; Forstner,
1985). In our study, low metal contamination
was found in S1 for Pb, Mn, Cd and Zn in
seawater compared with contamination met-
als accumulated in the tissues of algae. The
concentration of the metals in the six sam-
pling sites followed the order of
Mn>Zn>Pb>Cd. The average of heavy metals

concentrations in sea water were lower at site
S2 and relatively higher at site S1 (Table 3,
Figures 7 and 8).

Mn was the most abundant metal, whereas Cd
was the least abundant. The other metals ex-
hibited intermediate concentrations and vari-
ability among the six sites. Largely, metals
contents in seawater, from S1 obtained in this
work are intermediple, site S1 in our study
were the most contaminated for Pb in sum-
mer and spring seasons. This site is seem
heavily affected by human activities and was
the closest to the wharf. Pb concentrations
from seawater in this study ranged between
0.12 and 0.54 (ug 1'"), were this result agree
with (Chakraborty et al., 2014) for water sea
along the coast of the Gulf of Kutch in India.
While site S4 were the most contaminated for
Mn in both summer and spring seasons, be-
tween 0.24 and 0.52 (pg 17). As well, the
maximum values of Cd metal were also de-
termined at site S5 in both summer and
spring seasons between 0.003-0.05 (pg 1.
These were much similar results obtained by
(E1-Adl et al., 2017), along Al-Hanyaa coast-
line, Libya, as well as the standard limits of
Environmental Protection (EPA, 2014).

In addition, results in this study show that the
site S6 were the most contaminated for Zn in
summer and spring seasons. Despite of the dis-
charge of wastes in sea water, our results were
much lower than those reported from along Al-
Hanyaa Coastline, Libya 5.4-7.4 (ug 1) (El-
Adl et al., 2017).
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Table (3). Average heavy metals concentrations (ug I'") with standard error of means in the selected marine water col-
lecting during spring and summer seasons 2016, along stations of Derna coast.

Metals
Stations Pb Mn Zn Cd Ave.
Spring Summer  Spring Summer  Spring Summer Spring Summer

S1 0.47+0.01 0.54+0.05 0.37+0.03 0.42+£0.08 0.17£0.01 0.21£0.008 ND 0.002+0.0  0.31
S2 0.154£0.08 0.20+£0.05 0.24+0.03 0.31+£0.01 0.11£0.2  0.17£0.05 ND 0.001£0.0  0.20
S3 0.16£0.08 0.21£0.05 0.36+0.01 0.41+£0.08 0.28+0.2  0.35£0.05 ND 0.002£0.0  0.22
S4 0.124£0.01 0.20+£0.06 0.41+0.01 0.52+0.01 0.2940.05 0.31£0.01 ND 0.004+20.0 0.23
S5 0.374£0.01 0.41£0.01 0.36+0.02 0.45+£0.08 0.284+0.01 0.36£0.01 ND 0.005£20.0 0.29
S6 0.1240.01 0.21+0.08 0.28+0.01 0.31+£0.08 0.41+£0.01 0.52+0.01 0.002+0.0 0.004+0.01 0.23
A 0.23 0.30 0.34 0.40 0.26 0.32 0.00 0.00

Y 006 0.37 0.29 0.00

udd
On
In

Concentration pg -1

uPh

Station

Fig (7) . Average concentrations (pg ") in water col-
lecting during spring season 2016, along stations of
Derna coast.

LI
Oin
Mn

Concentration pgl-1

uPh

Station

Fig (8) . Average concentrations (ug 1) in water col-
lecting during summer season 2016, along stations of
Derna coast.

Metal Pollution Index (MPI): The average
MPI was highest for the algae species inhab-
iting S3 and S6 stations, intermediate for the
algae species of S4 and S5 stations, and least
for the algae species of S1 and S2 stations
(Table 4 and Fig. 9 and 10). Metal pollution
index (MPI) can be used to compare the av-
erage heavy metal content of different algal

species within the same site or among differ-
ent sites (EI-Adl et al., 2017).The ability to
accumulate heavy metals was highest in
Chaetomorpha sp., which was substantially
higher than Enteromorpha sp., at most sta-
tions. This points to a marked genotypic vari-
ability in heavy metal accumulation and
agrees with the findings of (Khan et al.,
2015) who reported that some macroalgae
can concentrate heavy metals in their tissues
to several times higher than those in the am-
bient water.

Table (4). Metal Pollution Index (MPI) of algae spe-
cies along six stations of Derna coast

Algae SI S2 S3 sS4 S5 S6 AV
erage

Enteromor- 0. 0. 0. 0. 0. 0. 032
pha sp. 32 37 37 16 31 41 ’
Chaetomor- 0. 0. 1. 1. 1. 1. 0.87
pha sp. 32 36 09 21 06 16 )
Average 0. 0. 0. 0. 0. O

32 37 73 69 69 79

Enteromorpha sp. Cystoseria asmundaceace

0.5 12

04 1
0.8

g U g
s e = 0.6
. 04
01 0.2
0 0

S1 S2 S3 54 S5 56
Stations

51 52 S3 S4 S5 56
Stations

Fig (9) .Metal pollution index (MPI) of Enteromorpha
sp., and Chaetomorpha sp., algae along the six sta-
tions of Derna coast.
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Fig (10). Metal pollution index (MPI) of algae along
the six stations of Derna coast.

Heavy Metals in Two Seasons: The metals
concentrations recorded for the different tis-
sues and sites of the present study confirm
the occurrence of significant seasonal varia-
bility, with maximum concentrations usually
observed in summer. Such seasonal variabil-
ity in trace metal concentrations have been
reported by other authors for Pb and Cu in
Posidonia oceanica (Malea et al., 1994), for
Cd, Cu, Pb and Zn in Posidonia australis
(Ward, 1987), and for Cd, Cu, Pb and Zn in
Zostera marina (Lyngby et al., 1982). The
latter authors found that maximum concentra-
tions of heavy metals were recorded when the
growth has ceased, and decline of these met-
als occurred at the beginning of the growth
season. In this study, the concentrations of
zinc, lead and manganese in algae varied sea-
sonally, the concentrations collected in sum-
mer show exhibiting significantly higher
metals levels than those of individuals col-
lected during the spring. Generally, as previ-
ously reported by many authors as(Akcali &
Kucuksezgin, 2011; Brown et al., 1999);
there may be a number of reasons for the sea-
sonal differences found, including: environ-
mental factors, such as variations in metal
concentrations in solution, interactions be-
tween metals and other elements, salinity, pH
etc., metabolic factors, such as dilution of
metal contents due to growth; or they may be
due to interactions between both kinds of fac-
tors, different genetic capacities for metals
concentration.

CONCLUSION

The obtained heavy metal contents indicated
that different species demonstrated various
degrees of metal accumulation. High levels
of Mn were detected in the both species of
algae. Drainage of waste into the coast of city
are probably the main cause of this problem.
The information compiled from the above
recommendations can then direct strategies
for initial environmental surveys to investi-
gate contamination of heavy metals in Derna
coast.
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