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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 

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; 

Teixeira et al., 2006) are the most commonly 

used cycle length and medium volume for in 

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 

https://doi.org/10.54172/mjsc.v33i2.290
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v33i2.290&amp;domain=pdf&amp;date_stamp=2008-08-14
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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 
0
C and 1.5 kg /cm

2
 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 
0
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 
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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 
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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. 
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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 4 e 3 e 3 e 8 bcde 3 e 3 e 9 bcd 4 e 4 e 11 b 6 cde 6 cde 

6 4 e 4 e 3 e 6 cde 4 e 4 e 6 cde 4 e 6 cde 8 bcde 5 de 10 bc 

9 8 bcde 3 e 5 de 8 bcde 5 de 6 cde 8 bcde 6 cde 7 bcde 11b 6 cde 11 b 

12 5 de 3 e 5 de 6 cde 5 de 7 bcde 7 bcde 5 def 11 b 9 bcd 9 bcd 11 b 

Shoot length (mm) 

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

6 8.3 cd 8.3 cd 9.3bcd 10 bcd 9 bcd 8 d 11.3abcd 9.7 bcd 12.7abcd 14.7 abc 10.3 bcd 15 ab 

9 7.3 d 7 d 7.3 d 7.7 d 7.7 d 8 d 9.3 bcd 12.3abcd 12.3abcd 12.7abcd 13.3abcd 13.7abc 

12 8 d 7.7 d 7 d 9 bcd 9 bcd 8.7 bcd 9 bcd 11.7abcd 12 abcd 10 bcde 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/ l and BAP at 2.0 mg/l and pH adjusted to 5.0 and incubated under constant temperature 

(25 0 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. 
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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 3 1 2 3 1 2 3 1 2 3 

Total shoots per liter 

3 1333hij 2000efghi 3000cde 2667defg 2000efghi 3000cde 3000cde 2667defg 4000bc 3667cd 4000 bc 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 1667fghij 889 ij 1111 hij 2000efghi 889 ij 1333 hij 2333efgh 1222hij 1333 hi 3666cd 

12 417 j 500 j 1250 hij 500 j 833 ij 1750fghij 583 j 833 ij 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/ l and BAP at 2.0 mg/l pH adjusted to 5.0 and incubated under constant temperature 

(25 0 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) 
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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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تكوين ونمو الفريعات وتكمفة انتاج مرحمة التضاعف في  عمىحجم الوسط وكثافة العزلة  التحضين،تأثير فترة 
 مزرعة أنسجة اناناس صنف موريس

 عبد الحميد مختار حمد
ليبيا -قسم البستنة، كمية الزراعة، جامعة عمر المختار البيضاء  

 
 2017ابريل  20 القبول:/ تاريخ  2017فبراير  9تاريخ الاستلام: 

Doi:https://doi.org/10.54172/mjsc.v33i2.290  
 

يةوم  ثةلاث  75و 60 ، 45 ، 30أجريت ىذه الدراسة لمعرفة درجة تأثير توليفات مكونة من أربعةة فتةرات تحضةين  المستخمص : 
مل  عمي عدد الفريعات المتكونةة مةن  12و  9 ، 6 ، 3اثنين و ثلاثة  وأربع كميات من الوسط   ،درجات كثافة من العزلة  واحد 

نتةاج الفريةع الواحةد إلاجماليةة وتكمفةة االتكمفة  .عمي العدد الاجمالي لمفريعات تأثيرىاالعزلة الواحدة من أناناس صنف موريس وكذلك 
 9ثةلاث عةزلات فةي  ،بةوم 60مل من الوسط احتضنت لمةدة  12فيما لو استخدم لتر واحد من الوسط. توليفة من ثلاث عزلات في 

يةوم ادت لمحصةول عمةي أعمةي عةدد  75مل من الوسط احتضن كل منيا لمةدة  9وفي  3مل من الوسط وعزلة واحدة في  12وفي 
، 2750، 3667،  2750فريةع  ولكةن اختمفةت فةي العةدد الاجمةالي مةن الفريعةات   11من الفريعةات المتكونةة مةن العزلةة الواحةدة  

 دولار امريكةةةةي عمةةةةي التةةةةوالي . 36.09و  36.09 ،28.39 ،95.32 ،25.85فريةةةةع  وفةةةةي اجمةةةةالي التكمفةةةةة   1222و  3667
سنت  بينما التوليفات  1.0الواحد   اقل تكمفة انتاج لمفريع إلىالتوليفات التي استخدمت فييا ثلاث عزلات في المزرعة الواحدة أدت 

سةنت . مةن ناحيةة أخةري  2.9و  2.6ثةلاث مةرات   إلةىالتي استخدم فييةا عزلةة واحةدة تضةاعفت تكمفةة انتةاج الفريةع الواحةد مةرتين 
عمةةي متوسةةط أفريعةةات فقةةط  نصةةف  6لحصةةول عمةةي إلةةى ايةةوم تحضةةين أدت  75مةةل مةةن الوسةةط و  3توليفةةة مةةن ثةةلاث عةةزلات ، 

دولار   95.32اجمةالي تكمفةة   وبةأعمىفريةع   6000اجمةالي عةدد مةن الفريعةات   ىعمةأ ى  ولكةن عمةون الحصةول عميةفريعات امك
دي أيةوم  75مةل مةن الوسةط لمةدة  6سةنت لمفريةع الواحةد. تحضةين ثةلاث عةزلات فةي  1.6فيما لو اسةتخدم لتةر مةن الوسةط وبتكمفةة 

دولار فيمةةا لةةو اسةةتخدم لتةةر مةةن الوسةةط  50.68جمةةالي تكمفةةة ا  فريةةع و  5000مةةن العزلةةة الواحةةدة وانتةةاج  فريعةةات 10لمحصةةول عمةةي 
 5الحصةول عمةي  إلةى ىدأيةوم  30مةل مةن الوسةط والتحضةين لمةدة  12سةتخدام عزلةة واحةدة و اسنت لمفريع الواحةد.  1.0وبتكمفة 

فريةةع  وأقةةل  417دنةةي اجمةةالي عةةدد فريعةةات  أسةةنت  ولكةةن  5.0  نتةةاج لمفريةةع الواحةةدإتكمفةةة  ىفريعةةات مةةن العزلةةة الواحةةدة وبةةأعم
 دولار  فيما لو استخدم لتر واحد من الوسط . 20.73اجمالي تكمفة  

 .أناناس ،فترات التحضين ،كثافة العزلة ،حجم الوسط ،التكمفة الإجمالية ،جمالي الفريعاتإ:  الكممات المفتاحية

https://doi.org/10.54172/mjsc.v33i2.290
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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; Schäfer 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 

https://doi.org/10.54172/mjsc.v33i2.64
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v33i2.64&amp;domain=pdf&amp;date_stamp=2008-08-14
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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 using the Im-

munoCAP Specific IgE (TÜV 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 (TÜV 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/l) 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, α-laktalbumin, β-

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 α-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 
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Total cases 

of food aller-

gens 

252 

(19.38) 

723 

(55.62) 

194 

(20.64) 

511 

(54.36) 

Total cases of 

environmental 

allergens 

149 

(11.46) 

176 

(13.54) 

131 

(13.94) 

104 

(11.06) 

 

 
 

Figure (1). Results of Atopic test for one subject 

shown positve reaction for more than one type of al-

largens 
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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 

Girls (65) Boys (47) 

      Atopic No Mean  

degree of 

 reaction 

No of 

 Positive 

 cases (%)  

No of 

 negative  

cases (%) 

Mean  

degree of 

 reaction 

No of  

positive  

cases (%)  

No of  

negative  

cases (%) 

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

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

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

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

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

serum albumin 

5 

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

 Egg yolk 

6 

1.117 18 (27.692) 47 (72.308) 0.580 15 (31.915) 32 (68.085) Rice 7 

0.593 9 (13.846) 56 (86.154) 0.625 9 (19.149) 38 (80.851) Soybean 8 

2.808 39 (60) 26 (40) 3.627 27 (57.447) 20 (42.553) Banana 9 

0.535 14 (21.538) 51 (78.462) 1.064 9 (19.149) 38 (80.851) Pork 10 

0.18 8 (12.308) 57 (87.962) 0.207 12 (25.532) 35 (74.468) Beef 11 

0.162 4 (6.154) 61 (93.846) 0.203 7 (14.894) 40 (85.106) Chicken 12 

0.475 17 (26.154) 48 (73.846) 0.420 16 (34.043) 31 (65.957) Flour-Mix 13 

0.319 25 (38.462) 40 (61.538) 1.266 23 (48.936) 24 (51.064) Bakers-Yeast 14 

19.814 36 (55.385) 29 (44.615) 21.355 27 (57.447) 20 (42.553) D.pteronyssinus- 

D.farinaemix 
15 

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

Altern.altern.mix 

16 

1.086 43 (66.154) 22 (33.846) 0.575 31 (65.957) 16 (34.043) Birch- 

Oak pollen mix 

17 

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

pollen mix 

18 

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

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

 

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 

α-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 β-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-

14years 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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4-1الأطفال من سن  له فيوبعض العوامل المسببة (  Atopic Dermatitis) التأتبي الجمد التهاب   

اليبي-سنوات في مدينة البيضاء   

 3بيانكو عبدالحميدوسالمة  2, سميمة رزق الله اقويدر 1افكيرين  محمد . سامية 1 عمي مرفوعة صالح
 ليبيا-قسم عمم الحيوان، كمية العموم، جامعة عمر المختار، البيضاء 1

 ليبيا –، جامعة عمر المختار، البيضاء البشري حياء الققيةة والمااعة، كمية الب عمم الأ قسم 2 
 ليبيا -البيضاء -لمتحاليل معمل الرازي 3

 2012اوفمبر  11 الةبول:/ تاريخ  2012يوليو  31تاريخ الاستلام: 
Doi:54172/mjsc.v33i2.64https://doi.org/10.   

 

فةي جميةع  سن القراسةةمرحمة ما قبل  فيأمر شائع بين الأبفال  ( هوAtopic Dermatitis) التأتبي الجمق التها  المستخمص : 
ال معااةفةي  مةن أهةم العوامةل المة ورل والمسةببةقق تكون الحساسية الغذائية  معروفًا. ليس التأتبي الجمق لتها لا سب والم ،أاحاء العالم
المةرأ فةي عةقق  هةو تةيةيم مةقش تشةخي  هةق  هةذا القراسةة ت.سةاوا مةن سةاة واحةقل  لةب أربةع هةذا المةرأ أعمةارهمالأبفال من 

 مةن مةا مرحمةة فةي تشخيصة  تةم الإصابة احتمال نأ حيث حالة بعضها تم تأكيق التشخي  بها وأخرش مشكوك في تشخيصها 022
مضاقل اللأجسام المرضب لتةقير اوع ومستوش ا عاق السيرمتم تحميل  ء.اضشفب البيمن قبل عياقل حساسية الأبفال في مست حياتهم
٪ مةن الأبفةال 05حةوالي  نأظهةرت الاتةائ  أ. بيئيةةالحساسةية، مةا بةين مسةببات يذائيةة وأخةرش مسةببات  مسبباً من 29لعقق محققل 

تراوحةت اسةبة الحةالات الإيجابيةة مةع المةواق المسةببة  ، وقةقIgEلمجسم المضةاق   يجابيلقيهم تفاعل  التأتبيالمصابين بالتها  الجمق 
وقةةق كااةةت  ،عمةةب التةةواليلمةةذكور والإاةةاث ٪ 04-00يجابيةةة لمعوامةةل البيئيةةة بةةين لات الإا٪، والحةة29-00لمحساسةةية الغذائيةةة بةةين 

توعية الهو  تي توصل لها البحاثالخلاصة الالحالات  يجابية لعوامل الحساسية الغذائية في فئة القراسة ضق بعأ أاواع الاباتات. 
ن يزيةق أ يمكةنالمصةل  فةي IgEزيةاقل فةي  اتةاج الأجسةام المضةاقل  فةأي ،لمةواق الغذائيةةا فةي المكواةات المسةببة لمحساسةيةبالمجتمع 

 البفولة.في مرحمة الربو  مولالحساسية من خبر الإصابة بأمراأ 

 .، ليبياء، البيضاساوات 4تحت سن  الغذائية، الأبفالالتها  الجمق التأتبي، الحساسية :  الكممات المفتاحية

https://doi.org/10.54172/mjsc.v33i2.64
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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 

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 

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-

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 

https://doi.org/10.54172/mjsc.v33i2.113
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v33i2.113&amp;domain=pdf&amp;date_stamp=2008-08-14
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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: 

 Improvement with defecation 

 Onset associated with a change in frequency of 

stool 

 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. (Ringström 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 GI-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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 المرج ليبيا العصبي لمترددي عيادات الهلال الاحمر لمرعاية الأولية بمدينةمدي شيوع متلازمة القولون 

 ، فرج الحمري ونجيب صالح*سالم العوامي
 البيضاء. ليبيا المختار،جامعة عمر  البشريالطب  الباطنة كميةقسم الامراض 

 
 .2012ديسمبر  11/ تاريخ القبول:  2012 اكتوبر  11تاريخ الاستلام: 

Doi:https://doi.org/10.54172/mjsc.v33i2.113  
 

المختمفةةة الةبطن  وتتميةز بةملام والمتكةررة، المزمنةةةاضةطرابات الجاةاز الاضةمي  ىحةدإمتلازمةة القولةون العيةبي  ةةي المستتلم    
جود مرض عضوي واضة  وو تييةرات  امةة اةي الفحويةات المخبريةة، تثير الحيرة بسبب الاضطراب الوظيفي لمقولون وعدم و  لكناا

 انتشةةةاراليةةةرض مةةةن  ةةة   الدراسةةةة تقةةةدير مةةةدي  و الفحةةةل النسةةةيجي.و والمنةةةاظير الطبيةةةة وكةةة لص تيةةةوير الةةةبطنوالأشةةةعة السةةةينية، 
 وبحةث الأشةخالل مراض القولون العيبي بين المرضي مترددي العيادات العامةة وكة لص تقةدير قبةو والامراض الوظيفية خيويا 

حمةةر الميبةي بمدينةةة المةةرج تةةم اختيةةار مشةاركين باةة   الدراسةةة مةن عيةةادات الرعايةةة الأوليةة لماةةلال الأ .والعةلاجالخةةدمات الطبيةةة  عمة 
يعتمةد عمةي تويةيات اجتمةاع رومةا  اسةتبيان، تم سؤال كل مشارص عن طريق 2013الي ديسمبر  2012ليبيا من الفترة بين نوامبر 

 216 (% 48)نسةةاء و (%52)  234مشةةارص لعيةةادة الاةةلال الاحمةةر 450حضةةر  ، ل بتشةةخيل القولةةون العيةةبيالثالةةث الخةةا
بينةت  ة   الدراسةة شةيوع  .(15.6 + انحةرا  معيةاري)سةنة  53متوسط العمر  ،سنة 80 - 20اعمار المشاركين بين تراوحت ،رجال

بين شةيوع  ارتباطمن المشاركين بحثوا عن المساعدة الطبية بسبب الام البطن. لا يوجد  %53.3 نا  و   %12القولون العيبي بنسبة
. (الرجةةةةال .%1221والنسةةةةاء  اةةةةي%11.9الجنسةةةةين تقريبةةةةا )نسةةةةبة المةةةةرض بةةةةين  و لةةةةص لتعةةةةادل وجةةةةنس المةةةةريضالقولةةةةون العيةةةةبي 

عةدد كبيةر مةن المشةاركين يمجةؤون   لص وجودوك ،المساعدة الطبية مقارنة بالأيير سناً عن      الدراسة عزو  المسنينوووضحت 
ارتفةةاع الكمفةةة   لةةإممةا ودي  ، النةةاج و لةةص لشةيوعق وقمةةة الةةدواءيحتةةاج  ةة ا المةةرض لمزيةد مةةن الابحةةاث كمةا  لمتةداوي بالطةةب البةةديل.

 والمجتمع.اراد الأ عم الاقتيادية 

 .يالامراض الوظيفية لمجااز الاضم المضايقة،و الام البطن ا الثالث،روما  اجتماع العيبي،القولون :  الكممات المفتاحية
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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 

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 

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 

color on its reduction (Louie et al., 2002). 

The enzymatic method has reached an 

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

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

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 78.9±25.2 71.9±29.0 

EDTA 102.1±19.8 88.0±23.9 75.2±22.6 61.6±27.8 55.2±30.6 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 99.5±22.8 79.9±27.2 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 

A B 

Mean 

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(78.9±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 

A B 

Mean 

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 

A B 

Mean 

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(86.3±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 

A B 

Mean 

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. 

Anticoagulant 

Mean of % 

reduction from 

zero to 30 min 

Mean of  % 

reduction from 

zero to 60 min 

Mean of  % 

reduction from 

zero to  

90 min 

Mean of 

 % reduction 

from zero to  

120 min 

Mean of 

 % reduction 

from zero to 

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 
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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 is 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. 
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 الدم في السكر مستوى عمى المختمفة التخثر ومضادات التخزين وقت تأثير

 ، إيمان سعد وأمل ازنين*خالد الصالحين
 ليبيا-، البيضاء قسم الكيمياء، كمية العموم، جامعة عمر المختار

 
 7102ديسمبر  00 القبول:/ تاريخ  7102سبتمبر  28تاريخ الاستلام: 

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

مسةةتوا الجموكةةوا يةة  عيمةةة دم مخامةةة يةة  مضةةادام تجمةةا مختم ةةة مةةن  وكسةةالام  عمةة دراسةةة تةة زير امةةن التخةةاين  المستتتخم:  
اريقةة الايةا الضةو  خ  خةلم عيمةام ي  زمج مجةرو  وللةب باسةتخدام  وعيمة سيرمسيترام الصوديوم  (،EDTAديتا )إ ال موريد،
 تان،دقيقةة لمةدأ  قصةاسا سةاع 30غيةر مصةابين بمةرل السةكرح، وحةددم مسةتويام السةكر ية  الةدم عمة  يتةرام  ا  لكةر  55الدم من 

و ظهةةرم المتةةا ج  ن المعةةدل الةةلح يتجيةةر ييةةلا جموكةةوا البلاامةةا مةة  مةةرور الوقةةم يختمةةا مةة  اخةةتلاا مضةةادام التخزةةرخ لةةوحظ  ن 
 ن الجموكةةوا يةة  الةةدم  كمةةا ،لةةلح يةةمخ ل ييةةلا الجموكةةوا يةة  الةةدم مةة  مةةرور الوقةةم يختمةةا مةة  اخةةتلاا مضةةادام التخزةةرالمعةةدل ا

ديتا )العشوا   ي  سيترام الصوديوم  والمصل ي  الزمج المجةرو  قةد امخ ةل بمعةدل متوسةا قةدر   و وكسالام ال موريد( EDTAوا 
سةاعام عمة  التةوال خ ييمةا يتعمةك بتركيةا الجموكةوا قبةل  3بعةد مةرور  رام/ دلمميج 60.2مميجرام/ دل و 15.4مميجرام/ دل،  28.4

كسالام ال موريد كمضاد لمتخزر، يميل إل  الح اظ عم  مستوا الجموكوا بشةكل و التخاين، يشير سلا إل   ن تخاين الدم باستخدام  
دقيقةة يمكةن  ن  30 يضل عم  مدا يترأ اويمة من الامنخ التخاين عم  الزمج المجرو  وال صل السري  من المصل ي  غضةون 

وقةم جمة   و و ظةر عةن مةول العيمةة، بجةل الم يمكممةا  ن مسةتمتج(خ 4.3متخزةر )  تخ ةيل لتحمةل دون إضةاية  ح مضةادام التمم  
ولةةللب يقتةةرر إجةةراء تحميةةل  ،غيةةر مسةةتقر  زمةةاء يتةةرأ التخةةاين الاويمةةة سةةيبق تركيةةا الجموكةةوا يةة  الةةدم يةة ن مةةول مضةةادام التخزةةر، 

لجموكوا الدم مباشرأ بعد جم  العيمام  و ي   قصر وقم ممكن بعد التخاين ي  مضاد لمتخزر، وللةب لمحصةول عمة  متيجةة يمكةن 
 لاعتماد عميهاخا

  خمضادام التخزر، مستوا الجموكوا ي  الدم، تحمل الجموكوا، جم  العيمام:  الكممات المفتاحية
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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) 

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
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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 

 

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).  

 

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.  
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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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المفصلللل الصلللناعي لمركبلللة عبلللارة علللن عمميلللة جراحيلللة يلللتم فيةلللا اسلللتبدال الركبلللة التالفلللة  و المصلللابة بملللر  جفلللا   المستتتتخم  
بمفصللل صللناعي لا يتميللز بالصلللابة والببللات وحسللب بللل يلل دي وظيفللة الركبللة الطبيعيللة  والةللد  مللن المفاصللل لالفصللال العظمللي  

م  7112البحلث دراسلة تحميميلة لعلدد ملن المرضلا المصلابين بملر  الفصلال العظملي لمركبلة خللال الفتلرة الممتلدة ملن شلةر ينللاير 
سللتبدلة لمحللالات المرضللية التللي دخمللت مستشللفا الجلللاء م، حيللث قمنللا بدراسللة تحميميللة لمركللب الم 7111إلللا نةايللة شللةر ديسللمبر 

سلللنة وبعللل  الحلللالات كانلللت مصلللابة  55مصلللابات متوسلللط  عملللار م  55لمحلللوادث بنغلللازي خللللال تملللد الفتلللرة  الدراسلللة شلللممت علللدد 
، وبعللد الروماتويللديبللرمرا  مزمنللة مبللل مللر  السللكري والضللغط وكلل لد بعلل  الحللالات كانللت مصللابة بمللر  التةللاب المفاصللل 

مريضة ومن  34مريضات والنساء  17مريضات، من الرجال  55مفصلات صناعيات لعدد  51اء التحاليل والأشعة اللازمة تم استبدال إجر 
مرضا قمنلا باسلتبدال اللركبتين عملا ملرحمتين، وخللال فتلرة المتابعلة ولملدة بللاث سلنوات كانلت النتلا   النةا يلة  5ه الحالات بين   

لمدراسللة حللدوث التةللاب المفصللل الصللناعي لمللري  واحللد فقللط،  مللا ارتخللاء  و تفكللد المفصللل الصللناعي فكللان لمريضللين  وكانللت 
المفصللل الصللناعي لمركللب يعتبللر مللن العلاجللات الناجحللة لممرضللا  الرجللال، كبللر مللن النتللا   مرضللية لمرضللا الروماتويللد ولمنسللاء 
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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 

https://doi.org/10.54172/mjsc.v33i2.175
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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 & 

Núñez, 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. 

Travelling 

 time (sec.) 

Handling 

 time (sec.) 
Plant flowers 

2.8± 0.086 
c
 8.9± 0.319 

c
 Sinapis alba 

3.5± 0.135 
b
 7.2± 0.369 

b
 Pelargonium radula 

3.7± 0.113 
b
 8.4± 0.201 

a
 Malva parviflora 

4.3± 0.137 
a
 8.6± 0.307 

a
 Stachy stournefortii 

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:oo 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  

Stachys tournefortii Sinapis alba Pelargonium radula Malva parviflora  

Nectar 

)%( 

Pollen  

(%) 

Nectar³  )%(  Pollen 

 (%) 

Nectar 

 )%(  

Pollen² 

 (%) 

Nectar¹ 

)%( 

Pollen 

 (%) 

Time 

65.4 (15) 34.6 (8) - 100 (137) 100 (166) - - 100 (9) 8.00 

74.6 (34) 25.4 (11) - 100 (240) 100 (233) - - 100 (28) 9.00 

75.5 (57) 24.5 (18) - 100 (390) 100 (324) - - 100 (39) 10.00 

71.7 (70) 28.3 (27) - 100 (438) 100 (579) - - 100 (68) 11.00 

53.7 (47) 46.3 (40) - 100 (519) 100 (622) - - 111 (84) 12.00 

36.9 (34) 63.1 (59) - 111 (533) 100 (563) - - 100 (54) 13.00 
1,2,3   No visit recorded

 

DISCUSSION 

Time of searching for food: The period of 

searching for food represents the time spent by bees 

on the flower and the period of their traveling from 

one flower to another on the same plant.The resting 

time may be determined by the type of flower 

frequented by the bee species in terms of the 

different shape of the corolla or the available 

reward of nectar and pollen. The results showed 

that the honey bee Apis mellifera recorded a longer 

resting time on the flowers of Sinapisalba (8.9 

seconds) compared to the flowers of Pelargonium 

radula which recorded the least of resting time  

(7.2 seconds). This may be due to the fact that 

honeybees collect pollen from Sinapis alba and this 

takes a longer time to collect nectar, while 

honeybees have a longer resting time on Stachy 

stournefortii flowers, 8.6 seconds than on the 

flowers of Malva parviflora 8.4 seconds, and the 

finding may be due to that honey bee workers 

collect pollen and nectar together from the first 

plant and therefore stay longer on this plant 

compared to the second plant, which provides only 

the pollen. The relationship between the length of 

parts of the mouth and limiting the resting time, 

floral studies have confirmed that short-tongued 

bees quickly forage on short-crowned flowers 

faster than long-tongued bees, as Herrera showed in 

1989 that there was a relationship between the 

length of the bee's mouth and its resting time on the 

flower, and he noticed that the wild bee 

Anthophora quadrifasciata has a mouth length of 

11.1 mm and a  resting time of 0.8 seconds 

compared with short-tongued species such  Apis 

mellifera with length of the mouthparts (5.1 mm), 

and the period of resting time is 3.6 seconds and 

this indicates that the longer the mouths of bees the 

shorter of the resting time on the flower. While the 

bee workers recorded a longer time of travelling 

between the flowers of Stachy stournefortii  (4.3 

seconds) comparing to other plant flowers, the 

Sinapis alba flower recorded a mean travelling  

time of 2.8 seconds due to the proximity of flowers. 

Malva parviflora flowers recorded a longer 

travelling time with an average of 3.7 seconds and 

the Pelargonium radula plant recorded a travelling 

time of less than 3.5 seconds. In general, all species 

of bees recorded a time of travelling shorter than 

the time of resting on all plant flowers as a result of 

the arrangement of flowers and convergence within 

the flowering flower. resting and travelling time 

varies with the type of plant and the reward 

sponsored by the bees studied by Harder in 1986, 

which indicated that the length of time bees stand 

on the flowers at their visits depends on the type 

and quantity of nectar and pollen. 

Behaviour of bees in searching for food: The 

results showed that the flowers of Stachys 

tournefortii were visited by the honey bees at 10 am 

by 75.5% of the (57) workers who gather the 

nectar, then this percentage decreased and the 

percentage of workers who collect pollen increased 

to 63.1% from (59) workers at 13.00 at noon while 
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the percentage of workers that brings nectar 

decreased to 36.9% due to the gradually opening of 

the flora because of the high temperature and 

therefore a sufficient available amount of pollen. 

This behavior is consistent with what Bataw and 

Lamin (2001) pointed out that honey bee workers 

collect pollen from the Rosmarinus officinalis 

flowers after 10:00 am where pollen is available 

after this time. The bee collected only the pollen 

grains of Sinapis alba and that could be due to the 

undesirable nectar of this plant or to the lower 

nectar concentration, and this phenomenon was 

noticed by (Corbet & Delfosse, 1984) during their 

study on Echium pgantagineum flowers where 

honeybees collect pollen only when the 

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 μl 

produced per 24 hours, but the results were 

different on the flowers of the berry plant. (Tian et 

al., 2004), indicated that the main pollinators, 

honey bees and Bombus spp, forage early in the 

morning on the flowers of Impatient reptus to 

obtain pollen during the first hours of opening the 

anthers, and return for the nectar when its 

concentration reaches 29.5% in the flowers of this 

plant. 
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Apis mellifera Linn.سموك البحث عن الغذاء لشغالة نحل العسل 
ليبيا -البرية بمنطقة الجبل الأخضرالزائرة لأزهار بعض النباتات   

 
 نسرين خالد شريفو  *عمي عبد القادر بطاو

 ليبيا -البيضاء ، قسم عمم الحيوان، كمية العموم، جامعة عمر المختار
 

 2013بريل أ 11/ تاريخ القبول : 2012ديسمبر  11تاريخ الاستلام: 
Doi:https://doi.org/10.54172/mjsc.v33i2.175  

 

 لأزىذارخذلال زيارتيذا  ئيافي البحث عن غذذاApi smellifera شغالة نحل العسل  ياجريت ىذه الدراسة لمتعرف عمالمستخمص : 
 وكذذذلأ أزىذذذذذار نبذذات Malva parvifloraالخبيذذز و  Pelargonium radulaطذذر شذذذذذان العو  Sinapis albaنباتذذات الحذذذذذارة 

Stachy stournefortii.  وبينذت فذذي فترات البحث عذن الغذذذذاء بفذرع معنذذوض واضذ  بذين أزىذذذار النباتذات  سجمت النتائج تفاوتا  وقد
 Pelargonium radulaارة مقذذذذارنة بززىذذذذار نبذات العطذر شذذذذان  فتذرة عمذأ أزىذذذذار نبذذات الحذذذذتقضذي أطذذول  شغذذذذالة الن الدراسذة أ
 ذذذذذذا  زمذذن انتقذذذذذال نحذذذذل العسذذل مذذن زىذذذرة  لذذذذأ أخذذذذره فذذذذذذذذذذذزـيذذذرت النتذذذذذذذذذذائج  ن ىنذذذذذذذذذذاأ فرقذذذذذذذذذذذذذا  معنويذذذذ أمذذافتذذرة بقذذذذاء، أقذذل  تالذذذض سذذجم
ثانيذة وسذجل  4.3بمتوسذط و فتذرة أطذذذول Stachy stournefortii نبذذذات ت الشذغالات فذي انتقاليذا بذين أزىذار جمحيذث سذ واضحذذذذذذذذذذذذذذا  

بذذين الأزىذذار  نشاطذذذذا  مغذذذذذايرا   Apis mellifera  أـيذذر نحذذل العسذذل، و ثانيذذة 3.5فتذذرة انتقذذذذال بمتوسذذط شذذان  أزىذذذذذار نبذذذذات العطذذر
 خلال ساعات النيار المختمفة. المختمفة في جمعو لمرحيع أو حبوب المقاح

 .الجبل الاخضر ,الأزهار البرية ,Apis melliferaليبيا ،  ,سموأ البحث عن الغذاء:  الكممات المفتاحية

https://doi.org/10.54172/mjsc.v33i2.175
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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
o 

C if pp is

100% isotactic and the temperature of glass 

transition of pp polymer is -17
o
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 

https://doi.org/10.54172/mjsc.v33i2.177
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v33i2.177&amp;domain=pdf&amp;date_stamp=2008-08-14
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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
0
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-Nor116 100 --- --- 

2 PP-APP 107 96 Polybond 

(pb) 

--- 

3 PP-NOR-NH 91 Polybond APP 

4 PP FR 107 91 Polybond 
1
FR245 

5 PP Amgard 

107 

91 Polybond Amgrad 

NH 

6 PP 3OB 96 Polybond --- 

7 PP APP 3OB 92 --- APP 

Note:  1 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. 

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             PP-NOR-APP  

 

Figure (2):  Digital images of charred samples of 

heating polymers .  

 

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 2θ = 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 2θ 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 Table1) (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-

PP 

sample 

LOI 

(%) 

Burning 

time (sec) 
Burning behaviour  

1 
18.4 -

8.5  
2.23 -5.07  

Very small flame-

black ash  

and fast Drips. 

2 
17.8 -

17.9 
1.46 -2.7  

Very small flame, 

black ash. 

3    17.9 4.3 

Very small flame, 

drips, ash, and then 

the flame became 

bigger. 

4 1-18.8 17.44 
Very small flame, 

slow drips, black ash 

5 
17.4 -

17.5 
3.73- 4.16 Very small flame. 

6 18.2 35.13 

Small flame, drips 

and then the flame 

became bigger 

7 
18.3 -

18.4  
 7.1- 8.3 

Very small flame- 

black ash. 



Al-Mukhtar Journal of Sciences 33 (2): 424-431, 2018 

 

© 2142 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license. 

ISSN:  online 2617-2186           print 2617-2178 

127 

scopic images of this sample in Figure 3. The 

dispersion appears to be much better for the 

sample PP-FR107-FR372 and PP-NOR107 

(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 < 

1μm. The clay particle widths appear to be < 

0.1μm with lengths up to 0.5μm. 

 

Figure (4):  SEM image of charred PP-NOR-107 

heated sample.  

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. 

 

 Fig. (a), The schematic of the (LO1) tests   
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Fig. (b), Scanning electron microscopic (SEM) 

 

Fig. (c), 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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من خلال معالجة  وسموك المهب وخصائص التحمل الحراري الاحتراق% مثبت، عمى 1تأثير مثبطات المهب و 
 مادة البولي بروبيمين

 مستورة افحيمة
 ليبيا-، البيضاءقسم الفيزياء، كمية العموم، جامعة عمر المختار

 
 4102مايو  0 القبول:/ تاريخ  4102نوفمبر 42تاريخ الاستلام: 

Doi:jsc.v33i2.177https://doi.org/10.54172/m  
 

 تيدف ىذه الدراسة الى فيم آلية توحيد تفاعل أنواع مختمفة من مثبطات الميب المميجنة عمى استمرار التحمل الحراري المستخمص:
 مع twin screw extruder جياز في لمزجو   PPيمرالبول اختيار تم .(PPالبوليمر البولي بروبيمين )عينات مختمفة من  2 من

 خلال دراسة وتقميمو منالبولي بروبيمين  احتراق في التحكم واختبارمتحقق لمثبت  %1 وىي المضافة والمادة( FRب )مثبطات المي
 كملا .فلي ىلذه الدراسلة LOIوالمعروفلة باختبلار إجلراء اختبلارات سلموك الاالتعال  وخصلاص  التحملل الحلراريت وتلم الاحتلراق سلموك

ذوبلان البلوليمر واللذي يلؤثر  الغلاز النلاتع علن ضلصيل عملى خفلع معلدل ضلياع وخلرو وجد أن مثبطلات الميلب الميمجنلة ليلا تل ثير 
 بقايلا بعلع يسلاعد فلي تالكيل (PPبلروبيمين ) البلولي فلي بلوليمر FR245 و APPالميلب مثبطلات  نأكملا وجلد المزوجلة، عملى 

 ماعلدا تمقاصيا، ت انطف والعينات قل   ميبال حجم ،بالكامل احترقت Clay المثبت مثبطات الميب وبدون مع العينات جميع البوليمرت 
 Digital) ) ةدقيقل وصلور SEMو XRDتقنيلة  صلت باسلتعمالفح النتلاصع ىذه كل تفقط مثبطات الميب عمى تحتوي التي العينة

images تر المحترقةالبوليملعينات 

 البوليمرت احتراقالتحكم وتقميل  ،الاحتراق البوليمر، سموكعمم  ،الفيزياصية المواد، العموممعالجة  :المفتاحيةالكممات 
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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/m²) 

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 

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 

clinical practice and represents modifications 

to the WHO definition and ATP III criteria 

(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: 

Raised triglycerides: > 150 mg/dL (1.7 

mmol/L), or specific treatment for this lipid 

abnormality 

Reduced HDL cholesterol: < 40 mg/dL (1.03 

mmol/L) in males, < 50 mg/dL (1.29 

mmol/L) in females, or specific treatment for 

https://doi.org/10.54172/mjsc.v33i2.178
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v33i2.178&amp;domain=pdf&amp;date_stamp=2008-08-14
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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/m², 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 

ATP III 4 WHO 5 IDF 6 

Metabolic syndrome 

 is defined as follows:  

The presence of *three 

 or more of the components  

listed below: 

Metabolic syndrome is defined as follows:  

The presence of three or more of the components listed below: 

*Diabetes, *impaired fasting  

glucose, *impaired glucose tolerance, or  

clinically determined *insulin resistance 

plus at least *two of the following criteria: 

Metabolic syndrome is defined as follows:  

*Central obesity (defined as 94 cm for 

European men and  80 cm for European 

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/m²) 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 

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 values 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 

(2).

Table (2). General characteristics of the study population 

 Number Mean St Dev MIN Max 

Age years 192 45.56 

M F 

45.65     45.49     
 

±15.36 16 yrs 

M F 

17 16     
 

85 yrs 

M F 

78 85     
 

Abd Girth cm 192 96.53 

M F 

95.54     97.23     
 

±18.89 46 cm 

M F 

46 52 
 

194 cm 

M F 

194 173 
 

BMI % 192 29.06 

M F 

27.25    30.35    
 

±06.998   14.4% 

M F 

14 15.10    
 

53.4% 

M F 

40,40 53.40    
 

Male 80     

Female 112     



Al-Mukhtar Journal of Sciences 33 (2): 131-131, 2018 

 

© 2111 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license. 

ISSN:  online 2617-2186           print 2617-2178 

134 

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 used 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 Female  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 

IDF Criteria 
None  

Met S  

Male 

Met S 

 Male 

None  

Met S  

Female 

Met S  

Female 

Total ANOVA For  

None Met S &  

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% 104.8 145.4 111.6 122.9 118.2 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 

Criteria, Met S: metabolic syndrome, 

ANOVA: Analysis of Variance, BP: blood 

pressure) For the whole study population, the 

mean HB g% is 12.8, platelet count is 

251000/ Cmm, Total white blood cells is 

7529/ Cmm, Neutrophil % is 62 %, 

Lymphocyte % is 29%, bilirubin 0.50%, AST 

20 U/L, ALT 20 U/L, ALP 152 U/L, while 

the result of different category of persons of 

metabolic syndrome and non-metabolic 

syndrome in table (5). 

 

 

Table (5). inflammatory markers and other blood tests 
 

 None- 

 Met S  

Met S  ANOVA For  

None Met S & Met S 

Variable Min Max Min Max P Value 

Hb gm% 7.8 17.1 5.3 17.4 0.324 

WBC x1000/Cmm 3.1 19.6 3.5 13.1 0.250 

Neutrophil % 5.8 84 41 75 0.842 

Lymphocyte % 7 88 10 50 0.405 

Plateletx1000/Cmm 17 774 125 355 0.221 

ESR mm./1st Hr 2 83 5 125 0.115 

Bilirubin mg% 0.1 2.2 0.3 7.4 0.082 

AST U/L 7 59 3 45 0.623 

ALT U/L 7 124 5 44 0.813 

ALP U/l 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 is 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 

Female 
Met S Female 

Over weight 

 >25<30 

25 (13%) 6 (3.1%) 

Obesity > 

30 

37 (19.3%) 19 (9.9%) 

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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معةايير يمكةن تشخيهة ا وفقةا لعةدة معةايير مختملةة م ةل و  تجمة  لعديةد مةن التشةوهات اييضةيةهة   المتلازمةة اييضةية المستخمص:
وقةةد  الممارسةةة السةةريرية.مجةةال فةة  ه وانتشةةارع عالميةةا تطبيقةة إلةة  الةةدول  لمسةةكريالاتحةةاد تعريةة   ي ةةد و  الةةدول  لمسةةكري الاتحةةاد

 عةةدد الهةةلالد الدمويةةة،و  العةةدد التلاضةةم و  اعتبةةرت الاختبةةارات الخاهةةة والتحاليةةل لهةةورة الةةدم  العةةدد الكمةة  لكةةرات الةةدم البيضةةاء
 متلازمةةة اييضةةية الو هةة ع الاختبةةارات  تباطةةات بةةينالبيانةةات عةةن الار  تكشةةلو  عمةة  الالت ةةابمؤشةةرات دالةةة  معامةةل سةةرعه الترسةةيب و 

 عةدة دراسةةات عرضةية هةة ع الدراسةة اسةةتخدم في ةا مشةةاركين مةن مةدينت  البيضةةاء والمةرج والةة ين تةرددوا عمةة  العيةادات الخارجيةةة،فة  
 قيةةاس معةةدل  يريلكشةة  السةةر وا السةةكريو  أخةة  التةةاريخ المرضةة  يمةةراض ارتلةةا  ضةة ط الةةدمتتبعنةةا ارجةةراءات الطبيةةة المتبعةةة مةةن 

 ختبةاراتالا جم  عينةات الةدم مةن أجةلو   2كجم / م م  دليل كتمة الجس حسابمحيط الخهر  ومن  م و  الطولو  الوزنو  ض ط الدم
أجريت ه ع الدراسة طبقا لممعايير الخاهة للاتحاد العالم  لمسكري. المتلازمة اييضية تم ةل عةدة عوامةل مرضةية م ةل:   .المختملة

الخطةورة لعةدة أمةراض من ةا دل ارتلا  ض ط الدم وارتلا  مستوي السكر ف  الةدم والتة  جميع ةا تزيةد مةن معةو  الدهونارتلا  مستوي 
 حالةةة، تتةةراوح192عةةدد الحةةالات التةة  خضةةعت لمدراسةةة  والسةةكتات الدماةيةةة والقمبيةةة. الةةدم،ارتلةةا  ضةة ط ومةةرض  مةةرض السةةكري
٪  مةن ارنةاث. وكةان متوسةط مؤشةر 58.3  112٪  من المشاركين مةن الة كور و41.7  80 وكان .عاما 85و 16أعمارهم بين 

 والةةةةةةةةةةةةةوزن الطبيعةةةةةةةةةةةةةة  وزيةةةةةةةةةةةةةادة الةةةةةةةةةةةةةةوزن النحافةةةةةةةةةةةةةةة . وبم ةةةةةةةةةةةةةةت معةةةةةةةةةةةةةدلات 07±  انحةةةةةةةةةةةةةةرا  معيةةةةةةةةةةةةةاري  29%كتمةةةةةةةةةةةةةة الجسةةةةةةةةةةةةةم 
تحةةاد معةةدل انتشةةار المتلازمةةة اييضةةية فةة  هةة ع الدراسةةة حسةةب معيةةار الا التةةوال . عمةة %43.75%،27%،24.5%،4.7والبدانةةة

٪ . السةةمنة المركزيةةة، وارتلةةا  جموكةةوز البلازمةةا، وارتلةةا  ضةة ط الةةدم، 13٪ وارنةةاث 12.5٪  الةة كور 25.5العةةالم  لمسةةكري كةةان 
مسةؤولة عةةن نشةةوء ارهةابة بالمتلازمةةة اييضةةية. لا يوجةد فةةارد بةةين علامةات ودلالات الالت ابةةات فةة  مجموعةة المتلازمةةة اييضةةية 

 أشخاص الدراسة ال ين لا يعانون من المتلازمة اييضية.  المعدل ف  الوزن الزالد والسمنة ف  لك لزيادةو ومجموعة السمنة العادية 

 سابقات علامات الالت ابات.، دليل كتمة الجسم، الاتحاد العالم  لمسكري، المتلازمة اييضية :المفتاحيةالكممات 
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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-

https://doi.org/10.54172/mjsc.v33i2.180
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v33i2.180&amp;domain=pdf&amp;date_stamp=2008-08-14
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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 N2to NH3. 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 O2 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 N2 in the presence of ex-

cess NH4
+
 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) 



Al-Mukhtar Journal of Sciences 33 (2): 931-941, 2018 

 

© 2191 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license. 

ISSN:  online 2617-2186           print 2617-2178 

141 

at a solid to solution ratio 1:20 for 30 min 

(Olsen, 1954) and using Spectrophotometer 

at 660nm wavelength (Table1). 

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

Soil samples 
Azotobacter population 

(1gram soil x 10.0000) 
pH 

Total 

N% 

Total 

P% 
OC% 

   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            4.23 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 

CaCO3, 0.12 ml of 10% aqueous K2HPO4 so-

lution, 0.12 ml of 10% aqueous MgSO4 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 1mm 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 et al. 2004). 

Estimation of Azotobacter 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
-2

 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
-3

 dilution again and the same 

method was followed to prepare 10
-5

 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 Azotobacter population 

and total N% in neutral soils.  

 

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 Azo-

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
2
 and 10

4
 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). 



Al-Mukhtar Journal of Sciences 33 (2): 931-941, 2018 

 

© 2191 The Author(s). This open access article is distributed under a CC BY-NC 4.0 license. 

ISSN:  online 2617-2186           print 2617-2178 

144 

 

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(1) 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. 

 

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 

O.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. 

 

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 (r) 

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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باستخدام الخصائص  Azotobacterعمى مستعمرات بكتيريا  pHدراسة مدى تأثير حموضة التربة 
 كمقياس حيوي في الأراضي الزراعية بمنطقة طرابمس شمال غرب ليبيا المكروبيولوجية

 ميرفت الطاهر بن محمود، إيمان عمي الفرجاني
 ليبيا. –طرابمس   جامعة طرابمس،  -كمية الزراعة، قسم التربة والمياه

 
 2012مايو  2/ تاريخ القبول : 2012فبراير  5تاريخ الاستلام: 

Doi:https://doi.org/10.54172/mjsc.v33i2.180  
 

، ودورهنننا فنننو رفنننح و منننو و نننحة ((PGPR تعزينننز  منننو ال بنننات -لدينننل القننندرت عمننن  تح ينننز Azotobacterجننن س المستتتتخمص   
ال باتات. وعلاوت عم  ذلك، فالعديد من الأ واع الأخرى لديها القدرت عم  إ تاج مركبات م ها المركبات المضادت ل شاط الميكروبنات.  

م اطق مختم ة من طرابمس شمال غنر  ليبينا لتحديند درجنة  عي ة من م طقة الجذور لتربة مزروعة فو 95فو هذه الدراسة  جمعت 
فننننو التربننننة وليضننننا لعننننزل بكتيريننننا  (OC)والكربننننون العضننننوي  (P)، ال وسنننن ور(N)، و سننننبة  ال يتننننروجين الكمننننو pHت اعننننل التربننننة 

Azotobacter  و اسننتخدمت البي ننة اليذا يننةLG  وقنند تننم تحدينند جنن س لعننزل البكتيريننا وت قيتهننا عمنن    ننس البي ننة لو نن ها و تعري هننا
البكتيرينننا منننن خنننلال ال حنننلا المجهنننري والاختبنننارات البيوكيميا ينننة لمعي نننات،  ولاهنننرت ال تنننا ا لن البكتيرينننا المتح نننل عميهنننا تابعنننة 

وقند تنم حسنا  لعندادها  Bergey’s Manual of Systematic Bacteriology (2004) وفقنا لندليل Azotobacterلبكتيرينا 
ات البكتيرينة لتحدينند مندي تنالير الخنوالا الكيميا ينة لمتنر  عمنن  هنذه المسنتعمرات.  سنت تا منن  تنا ا هننذه عنن طرينق العند لممسنتعمر 

 .  pHتتالر إيجابياً وسمبياً وفقا لمستويات حموضة التربة  Azotobacterالدراسة لن المستعمرات البكتيرية لبكتيريا 

 .، لعداد البكتيريا ، خوالا التربة Azotobacterبكتيريا :  الكممات المفتاحية
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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 

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 

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
th

 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., 

https://doi.org/10.54172/mjsc.v33i2.179
https://crossmark.crossref.org/dialog/?doi=10.54172/mjsc.v33i2.179&amp;domain=pdf&amp;date_stamp=2008-08-14
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1997; Andrade et al., 2010; Astorga-España 

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 

& Galvão, 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
th

 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 

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. 

 
Fig. (1).Locations of the six study sites, which are located along the Derna coast. The inset map shows the location of the 

study area in Libya 
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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 μm 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 μg (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 (µg/g), while record-

ed their lowest values  in both summer and 

spring seasons at the S3, S5 stations with 

0.78±0.02 and 0.40±0.08 (µg/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 (µg/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 

(µg/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 (µg/g), respectively. Whereas the 

lowest levels were found at S3 station 

0.69±0.03 (µg/g) in summer, followed by at 

S1 station 0.27±0.007 (µg/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 

(µg/g) respectively. 

Table (1).Average concentrations (μg g
-1

 dry weight) with standard error of means in Cystoseira sp., collecting during 

spring and summer seasons 2016, along stations of Derna coast. 

Metals S
tatio

n
s 

Ave. 
Cd Zn Mn Pb 

Summer Spring Summer Spring Summer Spring Summer Spring 

0.72 0.007±0.01 0.007±0.01 0.75±0.008 0.27±0.007 1.74±0.1 1.16±0.02 1.20±0.03 0.61±0.01 S1 

0.58 ND ND 0.71±0.04 0.41±0.02 0.72±0.02 0.36±0.02 0.85±0.03 0.41±0.02 S2 

0.52 0.001±0.001 0.001±0.002 0.69±0.03 0.59±0.06 0.93±0.02 0.58±0.03 0.78±0.02 0.60±0.05 S3 

0.79 ND ND 0.93±0.03 0.77±0.01 0.81±0.03 0.59±0.06 0.96±0.03 0.69±0.1 S4 

0.71 ND ND 0.86±0.01 0..68±0.03 0.89±0.03 0.57±0.03 0.84±0.03 0.40±0.08 S5 

1.11 ND ND 1.15±0.06 0.81±0.01 1.12±0.09 0.95±0.09 1.50±0.3 1.13±0.03 S6 

 0.004 0.718 0.868 0.831 Ave. 
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Fig (3) .Average concentrations (μg g
-1

 dry weight) in 

Cystoseira sp., collecting during spring season 2016, 

along stations of Derna coast. 

 
Fig (4) . Average concentrations (μg g

-1
 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 

(µg/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 (µg/g), 

while recorded their lowest values in summer 

and spring at the S3 station 1.12±0.02 and 

0.88±0.03 (µg/g) respectively. In Enteromor-

pha sp., we also have data for Zn, which was 

at a maximum at S6 station, 1.82±0.06 μg/g 

in summer. Minimum levels of Zn in this alga 

0.05±0.01 (μg/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 μg g
−1

 and 95-

130 μg g
−1

, for uncontaminated and contami-

nated sites respectively (Phillips, 1990; 

Stenner & Nickless, 1975). 
 

Table (2). Average concentrations (μg g
-1

 dry weight) with standard error of means in Enteromorpha sp., collecting 

during spring and summer seasons 2016, along stations of Derna coast. 

Metals 

Stations Ave. Cd Zn Mn Pb 

Summer Spring Summer Spring Summer Spring Summer Spring 

1.00 0.003±0.01 0.001±0.01 1.25±0.008 1.74±0.007 1.72±0.1 1.22±0.02 1.20±0.03 0.86±0.01 S1 

0.68 0.04±   0.00 0.06±0.01 0.39±0.04 0.20±0.02 1.35±0.02 1.21±0.02 1.26±0.03 0.95±0.02 S2 

0.77 0.006±0.001 0.05±0.002 0.88±0.03 0.60±0.06 1.12±0.02 0.88±0.03 1.55±0.02 1.08±0.05 S3 

0.71 0.006±0.001 0.002±0.0 0.19±0.03 0.05±0.01 1.91±0.03 1.85±0.06 0.96±0.03 0.69±0.1 S4 

0.93 0.007±0.02 0.004±0.0 1.14±0.01 1.07±0.03 1.60±0.03 0.92±0.03 1.55±0.03 1.13±0.08 S5 

1.21 0.007±0.0 0.007±0.0 1.82±0.06 1.53±0.01 1.56±0.09 1.24±0.09 1.92±0.3 1.63±0.03 S6 

 0.02 0.91 1.38 1.23 Ave. 
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Fig (5) . Average concentrations (μg g
-1

 dry weight)  

in Enteromorpha sp., collecting during spring season 

2016, along stations of  Derna coast. 

 

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. ( ar  as et al., 2002    rstner, 

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 (μg l
-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 (μg l
-1

). 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 (μg l
-1

). 

These were much similar results obtained by 

(El-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 (μg l
-1

) (El-

Adl et al., 2017). 
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Table (3). Average heavy metals concentrations (μg l
-1

) with standard error of means in the selected marine water col-

lecting during spring and summer seasons 2016, along stations of Derna coast. 

Ave. 

Metals 

Stations Cd Zn Mn Pb 

Summer Spring Summer Spring Summer Spring Summer Spring 

0.31 0.002±0.0 ND 0.21±0.008 0.17±0.01 0.42±0.08 0.37±0.03 0.54±0.05 0.47±0.01 S1 

0.20 0.001±0.0 ND 0.17±0.05 0.11±0.2 0.31±0.01 0.24±0.03 0.20±0.05 0.15±0.08 S2 

0.22 0.002±0.0 ND 0.35±0.05 0.28±0.2 0.41±0.08 0.36±0.01 0.21±0.05 0.16±0.08 S3 

0.23 0.004± 21.1 ND 0.31±0.01 0.29±0.05 0.52±0.01 0.41±0.01 0.20±0.06 0.12±0.01 S4 

0.29 0.005± 21.1 ND 0.36±0.01 0.28±0.01 0.45±0.08 0.36±0.02 0.41±0.01 0.37±0.01 S5 

0.23 0.004±0.01 0.002±0.0 0.52±0.01 0.41±0.01 0.31±0.08 0.28±0.01 0.21±0.08 0.12±0.01 S6 

 0.00 0.00 0.32 0.26 0.40 0.34 0.30 0.23 
Ave. 

 0.00 0.29 0.37 0.26 
 

Fig (7) . Average concentrations (μg l
-1

) in water col-

lecting during spring season 2016, along stations of 

Derna coast. 

Fig (8) . Average concentrations (μg l
-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 (El-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 

Av-

erage 
S6 S5 S4 S3 S2 S1 Algae 

0.32 
0.

41 

0.

31 

0.

16 

0.

37 

0.

37 

0.

32 

Enteromor-

pha sp. 

0.87 
1.

16 

1.

06 

1.

21 

1.

09 

0.

36 

0.

32 

Chaetomor-

pha sp. 

 
0.

79 

0.

69 

0.

69 

0.

73 

0.

37 

0.

32 
Average 

 
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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ليبيا درنة، درنة، في والبحرية البرية الحياة لحماية زعطوط ، منظمة marwan2004h@yahoo.co.uk مسعود زعطوط: *  
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و الطحالب الخضراء  (Cystoseria sp) المعادن الثقيمة في الطحالب البنيةتأثير المياه العادمة عمى تراكم 
(Enteromorpha sp.) في ساحل درنة، ليبيا 

 2وسميمان الحاجي 2، يوسف عبدالحفيظ 1مسعود زعطوط

 منظمة زعطوط لحماية الحياة الربية والبحرية في درنة، درنة، ليبيا ¹
 العموم، جامعة عمر المختار، البيضاء، ليبيا قسم النبات، كمية ²

 

 2012 غسطسأ 4/ تاريخ القبول:  2017مايو  11تاريخ الاستلام: 
Doi:https://doi.org/10.54172/mjsc.v33i2.179   

 

)الطحاليي   ,.Cystoseria spفييي اييلا العمييل تييم دراسيية تييميير تمييوث المييياا العادميية عمييي تييراكم المعييادن اليقيميية فييي المستتتخم:   
. )الطحال  الخضراء(، في محاولة لمحصول عمي بعض التبصير لمسيتوا التميوث المعيدني اليل  ,.Enteromorpha spالبنية( و 

لرصيا،، قيياس تركييز المعيادن اليقيمية كا م مين خيلالالتقيييول ساحل درنية. تيم قد يكون موجودا في البيئة البحرية الساحمية عمي ط
الزنيييا، المنزنييييز و الكيييادميوم، فيييي أنسيييجة الطحالييي  وميييياا البحييير. تايييير النتيييائأ إليييي أن تركييييزات المعيييادن كانيييت أعميييي قمييييلا فيييي 

Enteromorpha sp.,   مميا كانيت عمييي فييCystoseria sp.,  فيي جمييم محطيات أخيل العينيات. وتركييزات المعيادن المسيجمة
(  0.20للأنسجة والمواقم المختمفة لهلا الدراسة تؤكيد ان التركييزات أعميي عيادة فيي الصيين. وكيان متوسيط مؤاير التميوث أعميي ) 

يمية أ  ثييار ضيارة عميي . باكل عام، لا تظهير جمييم المعيادن اليقS1( في المحطة 0.20وأقل ) S6لكل من النوعين في المحطة 
 مان بقاءاا في مستويات غير ضارة.البيئة المائية المحمية لساحل درنة. ومم للا، يج  رصداا باكل مستمر لض

 .التموث، المعادن اليقيمة، المؤارات الحيوية، مياا الصرن الصحي، الطحال  الكبيرة:  الكممات المفتاحية
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