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and developmentin the mosquito Anopheles 

maculipennis 
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Abstract 
Mosquitoes play an important role in global disease transmission. The diseases that they transmit impact 
directly on the human and animal health. Our study aimed the evaluation of two blood meals (Cattle 
blood and Chicken blood), on the duration of the development, the biochemical composition of ovaries 
and the reproductive parameters in Anopheles maculipennis Meigen, 1818. Data showed that the 
fecundity was significantly higher (p<0.001) with the Cattle blood (192.9±77.37 eggs laid/female) as 
compared to the Chicken blood (95.8±33.35 eggs laid/female). However, there was no significant 
difference (p=0.155) between the two tested bloods on the fertility (Cattle blood 69.25±17.84 % and 
Chicken blood 62.65±16.89%). In addition, the Chicken blood significantly reduced the duration of 
embryonic development, fourth larval instar and pupal stage, and increased the amounts of main 
biochemical components as compared with the Cattle blood. 
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1. Introduction 
The mosquito species belonging to Aedes, Culex and Anopheles play an important role in 
global disease transmission. The diseases that they transmit impact directly on the human and 
animal health. Malaria transmitted by female mosquitoes of Anopheles, affects more than half 
of the world population [1, 2]. with 300 million infections per year and 1.5 to 2.7 million of 
deaths per year [3, 4]. In Algeria, mosquitoes were the subject of a great number of studies 
dealing with systematic, biochemistry, morphometry, chemical and biological control [5-12]. 
The physiology of blood sucking insect’s remains poorly studied [13]. Therefore, fundamental 
studies are needed in order to better control vectors [14]. 
The influence of nutritional status on the alimentary research behavior among hematophagous 
insects has been extensively studied in female mosquitoes, and the studies have focused in 
particular on the interaction between the nutritional status and reproductive status [15, 16]. 
Furthermore, the evolution of the essential biochemical parameters of the yolk was studied by 
a quantitative determination of main biochemical components according to the blood type. The 
present study prompted us to perform a mass breeding of the Anopheles maculipennis Meigen 
1818 (Diptera, Culicidae) under laboratory conditions, taking into account the breeding 
conditions and blood types (Mammals and Birds), examining their impact on the duration of 
larval and pupal stages. The better control of human disease resulting from the transmission of 
parasites by some hematophagous insects requires a good knowledge of the biology of these 
vectors. One of important aspect in the control of these insects is the seeking behavior of the 
specific host. 
 
2. Materials and methods 
2.1Presentation of the study area 
The studied species was sampled from the lake of Birds, which is a wetland of universal 
importance, located outside the boundaries of the National Park of ElKala (PNEK), during the 
period ranging from May 2012 to June 2012. It is a freshwater lake with 120 hectares in winter 
and 70 hectares in the dry season. This lake is by its location in the North of State Road 44, a 
privileged natural center for environmental education. Its water is naturally done by run of 
surface water from the water shed and groundwater [17].The water of the lake is characterized 
by its alkalinity with pH varying between 7.68 and 8.13, its temperature ranged between 27 
and 29.5 °C, and electric conductivity from 300 and 800 µS [18]. 
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2.2 Sampling and rearing of mosquitoes 
Our study was conducted on An. maculipennis. Mosquito 
adults were collected in barns and stables which are located 
near the Lake. Sampling was carried out using a glass tube that 
gently deposited on the top of the female engorged of blood 
and at rest, the latter flies to the bottom of the tube, which will 
be opened inside the cage. The breeding of Anopheles was 
carried out in the laboratory in incubators (15x15x15cm) with 
a wooden frame covered with tulle. A grape cluster (each one 
is cut in half) was introduced in each cage to provide sugars 
for mosquito adults. Pyrex storage jars containing 200 ml tap 
water were also placed in each cage to collect the eggs [5].  
 
In the adult case: Females of Anopheles species collected 
from stables were identified according to the informatic 
software [19], eggs criteria [20] as well the dichotomic key of 
Culicidae of Morocco [21]. The Females were selected 
according to the type of blood (Cattle and Chicken). The blood 
was taken via intravenous way and preserved in heparin tubes. 
A tube is put in each cage during 48 hours, which is the 
necessary time for the engorgement of females. Thirty females 
for each blood type were isolated individually in thirty cages 
and nourished by grapes. Water containers are placed in the 
cages serving as egg-laying environment. 
 
In larval case: The eggs are harvested and placed into 
breeding containers containing dechlorinated water. After 
hatching, the larvae will eat algae: 0.04 g every 2 to 3 days. 
Three days after hatching, the water should be changed 
weekly. The physicochemical parameters of water were as 
follow: light (12 to 14 hours), temperature (29 to 30 °C), food 
quality (algae) and larval density per unit area or volume of 
water (0.5 larvae / cm2) [22]. The obtained pupae were placed in 
cages where the mosquito adults emerge. During the 
experiment, the egg hatchability (percentage of neonates that 
emerged from eggs), the number of larvae reaching the pupal 
and adult stages were determined. 
 
2.3 Characteristics of blood meal types 
We chose the Cattle blood for Mammals and Chicken blood 
for Birds. The main organic (such as total proteins, glucose, 
total cholesterol) and mineral (Mg, Ca, Na, K) constituents of 
plasma and some biophysical parameters (pH, viscosity) of 
these two types of blood has been previously determined [23- 

25]. 
 
2.4 Reproductive parameters 
The insects were examined daily until adult emergence and the 
mortality at various developmental stages scored. The 
fecundity (number of eggs laid per female) and the egg 
hatchability (percentage of neonates that emerged from eggs) 
were determined. 
 
2.5 Extraction and quantification of ovarian biochemical 
components 
Paired ovaries were collected from engorged females and 
analysed. The extraction of principal biochemical components 
of the ovaries from An.maculipennis adult females carried [26] 

and homogenized in 1ml of trichloracetic acid (20%). 
Afterwards the first centrifugation (5000 x g for 10 min), the 
supernatant obtained is used for carbohydrate determination 
[27], while the precipitate1is added to the mixture ether and 
chloroform (1V/1V). The second centrifugation gives another 

supernatant that is used for lipid determination [28], while the 
precipitate 2 that was suspended in 1 ml of NaOH (0.1N) and 
used for total protein determination. Ovarian proteins were 
quantified using the Coomassie Brilliant Blue G 250 (BBC) [29] 

as a reagent and bovine serum albumin (BSA) as standard 
(Sigma). The reading of absorbance was performed at a 
wavelength of 595 nm. The determination of carbohydrates 
was performed on an aliquot (100 μl) [30]. This method uses 
anthrone as a reagent and glucose (Sigma) as standard. The 
absorbance was read at a 620 nm. Lipid amounts were 
estimated based on the vanillin method [31]. Data on ovarian 
biochemical components were expressed in μg/mg ovaries.  
 
2.6 Statistical analysis 
Results are presented as mean ± standard deviation (SD). All 
analyzes were performed using MINITAB Software (version 
16, PA, Penn State College, USA). The number of individuals 
tested and repeats are given with results. Statistical 
significance was set at p<0.05 level. 
 
3. Results 
3.1 Effect of blood meal types on fecundity and fertility: 
The biochemical and biophysical characteristics of the two 
blood tested were previously determined [23- 25] and presented 
in table 1. The Chicken blood is relatively rich in sugars and 
poor in total proteins and lipids (total cholesterol) in 
comparison with Cattle blood.  
 
Table 1: Plasma constituents and biophysical parameters of the two 

types of blood (Cattle’s blood and Chickens’ blood). 
 

Plasma constituants Cattle blood Chicken blood 

Glucose (mmol/l) 2.5 - 7.2 8.4 - 10 

Urea (mmol/l) 0.5 - 2.2 0.3 

Creatinin (µmol/l) 18 - 230 80 -160 

Total Bilirubin (µmol/l) 1.7-12 0 -3.4 

Uric acid (µmol/l) ≤ 160 147- 481 

Total cholesterol (mmol/l) 2 - 44 1.3 - 3.8 

Total proteins (g/l) 60 - 85 52 - 69 

Albumins (g/l) 25 - 42 21 -35 

Alpha-1 globulins (g/l) 6 - 12 4.5 - 10 

Alpha-2 globulins (g/l) 3.5 - 9.5 3.5 - 12 

Béta-globulins (g/l) 4 - 11 5 -18 

Gamma-globulins (g/l) 7 - 26 4.6 - 10 

Sodium (mmol/l) 132 - 152 148 - 163 

Potassium (mmol/l) 4 - 7 4.6 - 6.5 

Chlorine plasma (mmol/l) 97 - 110 116 - 140 

Bicarbonates (mmol/l) 18 - 36 17.6 - 30 

Phosphates (mmol/l) 1.5 - 3 2 - 2.5 

Calcium (mmol/l) 2.3 - 3 2.2 - 6 

Magnesium (mmol/l) 0.5 - 1.5 0.5 - 1.5 

Alkaline phosphatase (Ul/l) 94 - 170 25 - 45 

Acid phosphatase (Ul/l) 1 - 18 23 - 42 

LDH (Ul/l) 8 - 300 88 - 310 

Ph 7.6 - 7.9 7.34 - 7.37 

Viscosity 1.3 2.14 

 
The fecundity of females engorged with Cattle blood are 
significantly (p>0.001) higher than those of the females  
Engorged with Chicken blood (Table 2). 
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Table 2: Effect of two blood meal types (Cattle, Chicken) on fecundity (number of eggs laid/female) and fertility (percentage of egg 
hatchability) in An.maculipennis (Mean ± SD; (min-max); N = 30). 

 

Reproduction Cattle blood Chicken blood P 
Fecundity 192.9 ± 77.37 (84 - 384) 95.8 ± 33.35 (37-160) < 0.001 

Hatchability (%) 69.25 ± 17.84 (35.18 - 100) 62.65 ± 16.89 (30-90) 0.155 
 
3.2 Effect of blood types on the duration of larval and 
pupal development: 
The table 3 summarizes the duration of larval and pupal stages. 
The duration of the larval and pupal stages within the larvae of 
the females engorged with Chicken blood was found to reduce 
significantly the duration of the fourth larval stage p>0.004 as 
compared with Cattle blood stages. 
 
Table 3: Effect of two blood meal types (Cattle, Chicken) on the duration 

(days) of larval and pupal stages of An.maculipennis (Mean ± SD; N= 
30). 

 

Blood type 
Duration (days) 

Cattle blood Chicken blood P 

Larval stage 1 2.83 ± 1.48 2.32 ± 0.92 0.586
Larval stage 2 2.60 ± 1.05 2.36 ± 0.97 0.712
Larval stage 3 3.30 ± 1.34 2.92 ± 0.79 0.202
Larval stage 4 7.16 ± 1.68 5.96 ± 1.45 0.004

Pupal stage 2.03 ± 0.18 1.96 ± 0.18 0.161
 
3.3 Effect of blood types on the biochemical composition of 
ovaries:  
The biochemical measurements are presented in table 4. 
Results showed that the blood type had no significant effect on 
the ovarian amounts of proteins (p=0.349), lipids (p=0.299) 
and carbohydrates (p= 0.289).  
 
Table 4: Effect of two blood meal types (Cattle, Chicken) on the 
ovarian amounts (μg/mg tissue) of proteins, lipids, and carbohydrates 
in An. maculipennis (Mean ± SD; N= 5). For each component, values 
followed by the same letter are not significantly different (p>0.05). 

 

Blood types Cattle Chicken P 
Proteins 3.848 ± 1.42 a 5.794 ± 1.93 a 0.349
Lipids 1.676 ± 0.67 a 2.752 ± 0.90 a 0.299 

Carbohydrates 3.096 ± 1.14 a 4.954 ± 1.58 a 0.289 
  
4. Discussion  
Reproductive physiology of female mosquitoes was analyzed 
at different levels because of their role as disease vectors of 
diseases. Considerable progress has been made in 
understanding the behavioral studies on host-seeking [16], their 
endocrinology [32-34], blood meal digestion and utilization [35, 

36], and biology and ecology of mosquitoes [37, 38]. The breeding 
of Anopheles mosquitoes in the laboratory has a global issue. 
This kind of mosquito is very delicate and very sensitive to 
environmental conditions (Temperature, humidity, 
photoperiod...) for adults and the water quality (dechlorinated 
water, moist soil, organic matter...) for the larvae [39]. An. 
maculipennis maintained in the laboratory allowed us to 
determine the duration of larval and pupal stages, the main 
biochemical components of ovaries, and the reproductive 
events as function the blood meal types.  
It is suggested that the duration of the fourth larval stage in the 
larvae engorged by Cattle blood is longer compared to those 
engorged by chicken blood, this is due to the composition of 
the cholesterol of the former. In addition, fecundity is more 
important in the females engorged by Cattle blood that may be 
due to the composition of the latter which is richer in proteins 
compared to the chicken blood. Therefore, this is probably 
related to the difference in biochemical and physical 
composition of the tested blood types [23- 25].  

The host-seeking behavior is inhibited until, depending on 
species, egg maturation or oviposition [40]. Other studies 
indicate that in certain species of mosquitoes (An.gambiae) [40], 
several blood meals take place during the same gonotrophic 
cycle. The acquisition of nutrient resources necessary for 
survival is indeed, in the majority of species, the trigger event 
in the reproduction process; it requires adaptation to the life 
styles of host species. However, no detailed physiological 
study seems to exist and actual measurements of larval 
parameters are rare [41]. The reproduction process need an 
accumulation of various energetic materials like lipids 
(triglycerides, lipoproteins), carbohydrates (glycogen), 
proteins and salts mineral [42]. The vitellus constitutes the 
energy reserves used by the embryos during the embryonic 
development. It is produced by the mother's body and 
accumulates in the oocyte during oogenesis. Proteins play a 
fundamental role in the organization of all known living 
biological species [43]. Carbohydrates are also the energy 
component of the body plays an essential role in the 
physiology of insects. They form part, with proteins and lipids, 
essential constituents of living beings and their nutrition since; 
they are one of the main biological intermediate storage and 
energy consumption. Ovarian lipids are an important part of 
reserves; weakly synthesized by oocytes and follicles, they 
originate from fatty substances via the hemolymph form 
lipoprotein [42]. Our study on An.maculipennis showed that the 
type of blood meal had no effect on the ovarian content of 
proteins, carbohydrates and lipids. 
 
5. Conclusion 
The overall results show that the blood type can affect the 
development and the reproductive events in An. maculipennis. 
The Chicken blood significantly reduced the duration of both 
embryonic development, fourth larval and pupal stages, the 
fecundity and the fertility, as compared with the Cattle blood. 
However, the biochemical measurements showed that the 
blood type had no significant effect on the ovarian amounts of 
proteins, lipids and carbohydrates. 
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