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ABSTRACT: In the present study, nutritional composition and growth parameters of yellow 

mealworm, Tenebrio molitor L. (Coleoptera: Tenebrionidae) larvae were evaluated  after 30 days of 

feeding using different food materials i.e. Wheat  as (diet 1) , oats (diet 2) , chicken 21%  (diet 3)- corn 

Stover (diet 4) , oats + wheat bran ( diet 5) , oats + corn stover (diet 6) , oats + chicken feed 21% (diet 7) , 

wheat + corn stover  (diet 8), wheat bran + chicken feed 21% (diet 9) , chicken feed 21% + corn stover 

(diet 10)- and the last diet is a mixture of the previous four ingredients (wheat bran + corn stover + 

chicken feed 21% + oats (diet 11). For growth parameters, yellow mealworm larvae fed on  Wheat  as 

(diet 1) – oats (diet 2) – chicken feed 21 % and mixture of them  have the highest values in specific 

growth rate and feed conversion efficiency .Nutritional  analysis showed significant differences of 

contents between tested diets; Where the analysis showed the highest percentage of protein and fat when 

the larvae fed Diet 3 and 1 On the other hand ,highest level of crude fiber occurred when larvae fed on 

corn Stover and wheat + corn stover . In general, yellow mealworm mass rearing using Wheat, oats, 

chicken feed 21 % and mixture of them showed a good result on growth rate and nutritional composition. 

Key words: Different diets, larval body characteristics, food utilization efficiency, Tenebrio molitor.  

 

INTRODUCTION 

As a result of climatic change, which in turn 

led to a significant shortage of food at the global 

level, this led to the tendency to use some new 

alternatives in food, for example, the use of 

insects in food for humans, directly or indirectly, 

as they are used as feed for poultry, fish, and 

animals. This is because these insects can 

convert food that is poor in proteins in their body 

to a high content in proteins and that is better 

than other animals, and therefore they can be 

relied upon as a rich source of protein, either for 

humans as direct food (Joensuu 2017) or 

incorporated into the most familiar components 

of poultry, fish and farm animals. Therefore, it is 

used as indirect food for humans. There are types 

of insects used for the previous purposes, 

including wax worms, locusts, black soldier fly, 

and yellow bran worm, as it was found that these 

types of insects feed on a diet poor in protein 

content and convert it in their bodies to a high 

protein content (Ng WK et al. 2002). 

Yellow mealworm, Tenebrio molitor L. 

(Coleoptera: Tenebrionidae) is the most 

promising insect species for industrial utilization 

and commercial large-scale production. Larvae 

are used as food for fish, reptiles, turtles, birds 

and small pets that are raised at home (Huis 2013 

and Huis et al. 2013), and these larvae are raised 

all over the world for the previous purposes 

(Morales and Rojas, 2015, Morales et al . 2010 , 

2012 , and 2015), as they are considered the best 

food that contains high levels of protein and fat. 

Recently, the larvae of this insect have been 

included in the list of insects allowed to be used 

as ingredients in some animal feed in the 

European Union (Panini et al. 2017). In addition, 

it was evaluated as a component of feed 

ingredients for poultry and fish and gave 

excellent results. (FAO 2014, Nagasawa and 

Cruz 2004 , Shakouri and Yazdi  2012, Ng WK 

et al. 2001, Marco et al. 2015). This insect has 

attracted the attention of many researchers to use 

it as food for humans in a direct way. This 

interest has increased through the development 

of food systems in what is known as the insect 

breeding industry, in order to produce larvae 

commercially, especially in Western countries 
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Morales et al. 2012 and Siemianowska et al. 

2013). Newly, yellow mealworm, T. molitor has 

been used as human food in some European and 

Asian countries. (Nagasawa and Cruz 2004. 

Shakouri and Yazdi 2012, Siemianowska et 

al.2013) 

 

Life cycle, feeding Habitats and 

Distribution of Yellow mealworm : 

Yellow mealworm life cycle includes Egg, 

larva, pupa and adult. The average number of 

deposed eggs for female is 400-500 eggs. The 

adult laid bean shaped sticky eggs and shiny 

white in color, these is singly or in clusters in the 

food. The incubation period of eggs is about 2 

weeks at 25-27°C, after that, the eggs hatch into 

larvae about 2 mm in length, which are initially 

white in color, then turn to bright yellowish 

brown after feeding. The larva elongate and 

cylinder, it has 6 small legs behind the head 

directly, and there is a pair of short horns on the 

edges of the abdomen. The period of larval stage 

is about 6-8 months at optimum conditions; this 

period may extend to two years when the 

environmental conditions are not suitable. At the 

end of this period, the length of the larva reaches 

2.0 – 2.5 cm, mature larvae turn into pupae about 

1 cm long and yellowish brown.in color, the 

period of pupa takes from 6 to 18 days, 

depending on the temperature. The adult 

emergence occurs at the end of the pupal stage, 

and they are initially shiny brown in color and 

then turn black when they are sexually mature. 

After about 3 days, they are ready to meeting 

process. The female mates several times during 

its lifespan, which ranges from 37 to 96 days. 

The yellow mealworm T. molitor is spread all 

over the world. The larvae of this insect are 

present in the winter, and the pupae are formed 

in the spring and early summer. The adults are 

present in the summer where they mate, lay eggs 

and it continues their life cycle (Ghaly and 

Alkoaik 2009).  

This insect is considered of mmoderate 

importance, infecting all stored grains and their 

products. This insect prefers ground and 

decaying grains, which have increased moisture 

content. It can also feed on flour, bran, grains, 

bread, mill wastes, meat waste, feathers, dead 

insects, moulting skins 23. The insect is found in 

dark, damp places, feed bags, chicken droppings, 

and bird breeding places.  (Morales and Rojas, 

2015 , Morales et al. 2010 and 2015  ).  

As a result of little information on the 

suitable nutrition for the yellow mealworm 

(Tenebrio molitor), the aim of this study was to 

evaluate some food diets and their effect on the 

growth characteristics and nutritional 

composition of the larvae, to mass rearing on a 

large scale and commercially uses for human and 

animal feeding purposes. 

 

Materials and methods 

To evaluate the suitable nutrition for the 

mealworm Tenebrio molitor thirty  second instar 

larvae were fed on 20 grams of  11 diets: Wheat   

as (diet 1) , oats (diet 2) , chicken 21%  (diet 3) 

which consists of: yellow corn - soybean meal 

(44%) - corn gluten (60%) - di-calcium 

phosphate - limestone - table salt - a mixture of 

vitamins and minerals - anti-caking - sodium 

bicarbonate - choline chloride 60% - L. Lysine 

Hydrochloride 98,5% - Methionine Hydroxy 

Analog Calcium (Produced by New Feed 

Company), corn Stover (diet 4) , oats + wheat 

bran ( diet 5) , oats + corn stover (diet 6) , oats + 

chicken feed 21% (diet 7) , wheat + corn stover  

(diet 8), wheat bran + chicken feed 21% (diet 9)  , 

chicken feed 21% + corn stover (diet 10) and the 

last diet is a mixture of the previous four 

ingredients (wheat bran + corn stover + chicken 

feed 21% + oats (diet 11).  

Larvae were fed to the previous environments 

in equal proportions for each diet item (1:1), and 

the total weight of the diet environment was 20 

grams. The larvae were weighed at the beginning 

and end of the experiment, and the lengths and 

weights of both larvae and pupae were taken. 

The feeding period was three months at 27°C±2 

and 65%±2 starting with the second instar. The 

diets were changed daily with the same amounts 

used in the experiments. 
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Evaluation of growth performance 

and survival of Tenebrio molitor:  

Feed conversion, growth performance and 

survival rate in each treatment group were 

determined after feeding trial. Performance in 

growth and feed utilization were determined 

based on the criteria: length gain (LG), weight 

gain (WG), specific growth rate (SGR), food 

conversion ratio (FCR) and food conversion 

efficiency (FCE) (Oonincx et al. 2015 and Agbo 

et al. 2011). Calculation of each criterion was 

done based on the formulas below: 

a. LG (%)=100[(Final length−Initial 

length)/Initial length].  

b. WG (%)=100[(Final weight− Initial 

weigh)/Initial weight].  

c. SGR (%)=100[(ln Final weight of alive 

larvae)–(ln Initial weight or larvae) /total 

feeding days]. 

d.FCR (g/g)=Weight of ingested diet/Weight 

gained of  alive mealworms. 

e. FCE (%)=100(Weight gained of alive 

mealworms /Weight of ingested diet).  

f. Survival rate (%)=100(Initial number of 

mealworms–Number of dead 

mealworms)/Initial number of mealworms.  

Nutrition analysis: The moisture, ash, protein 

and fat contents of mealworms representing a 

full range of weights (4.8-182.7 mg) were carried 

out. Moisture content: The moisture content was 

determined gravimetrically using 50 live worms 

(5 from each weight group). The oven dry 

method procedure described in APHA (1990) 

was followed. 

Statistical analysis: Statistical analyses were 

conducted using SPSS Statistical Package (2010). 

Data were subjected to one-way ANOVA 

analysis and Dunkin Multiple Comparison Test 

were evaluate differences between groups with 

the acceptance at p<0.05. 

 
RESULTS AND DISCUSSION 

Effect of different diets on some body 

characteristics: 

1- Larvae 

The food type has a clear effect on the weight 

of the larvae after the treatment period. The 

mean gain weights of T. Molitor larvae fed on 

different diets were summarized in Table (1). 

Mealworms T. Molitor larvae fed on Diet 1 

showed the highest gain weight while the lowest 

weight was found in T. Molitor larvae fed on 

Diet 4. Generally, larvae fed on the tested diets 

significantly differ from each other.  

 
Table (1): Effect of different diets on mean weight of larvae and pupae and mean length of larvae 

Different 

Diets 

Larva Resulted 

pupa 

Initial 

number 

Mean initial 

weight (mg) 

Final 

number 

of alive 

larvae 

Mean final 

weight(mg) of 

alive larvae 

mean 

initial 

length 

(cm) 

Mean final 

length(cm) 

Mean weight 

(mg) 

Diet (1)  90 0.03±0.01 90 0.18±0.3a 1.5±0.71 2.8±0.31a 0.18±0.51a 

Diet (2) 90 0.03±0.02 90 0.15±0.3b 1.4±0.32 2.5±0.44b 0.15±0.21b 

Diet (3) 90 0.03±0.04 90 0.16±0.2b 1.5±0.51 2.7±0.56a 0.15±0.11b 

Diet (4) 90 0.04±0.03 79 0.10±0.7d 1.5±0.43 1.9±0.32d 0.11±0.10c 

Diet (5) 90 0.03±0.02 88 0.18±0.4a 1.3±0.81 2.5±0.11b 0.16±0.31a 

Diet (6) 90 0.04±0.06 87 0.12±0.1c 1.4±0.72 2.4±0.64bc 0.12±0.01c 

Diet (7) 90 0.04±0.04 90 0.17±0.5a 1.4±0.62 2.6±o.43a 0.14±0.13b 

Diet (8) 90 0.03±0.01 88 0.14±0.8bc 1.3±0.80 2.5±0.71b 0.13±0.12bc 

Diet (9) 90 0.04±0.02 89 0.18±0.4a 1.3±0.30 2.6±0.62a 0.16±0.14a 

Diet (10) 90 0.04±0.07 89 0.13±0.3c 1.3±0.21 2.3±0.55c 0.13±0.10bc 

Diet (11) 90 0.04±0.09 89 0.14±0.1bc 1.5±0.83 2.5±0.42b 0.14±0.13b 

P value - - - 0.00** - 0.000*** 0.00** 

LSD - - - 0.02 - 0.11 0.01 
Means followed by same letter in column are not significantly different at 5% level. 
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Also, the effect of food type has a significant 

effect on the gain length of T. Molitor larvae. 

Results in Table (1) showed the significant effect 

of different diets on the length of tested larvae 

where it was found that larvae fed on the diet 1 

led to a significant increase in the length of the 

larvae at the end of the experiment period, the 

highest length was 2.8 cm. Different diets had 

significantly effect on the final length at the end 

of experiment. The lowest length was occurred in 

the diet 4, the length, the mean length of larva 

was 1.9 cm. Generally, tested diets significantly 

effect on the length of tested larvae (Figure 1). 

Also, the survival rate of tested larvae were 

differed significantly. Diet 1 showed the highest 

survival rate followed by Diet 2 (Figure 2). 
 

 

   
a) Larval body length after 

feeding on wheat bran, 

chicken feed 21% and oats 

starting from the left, 

respectively. 

  

b) Larval body length 

after feeding on wheat 

bran and corn stover, 

respectively. 

 

 

c) Larval body length after feeding on 
(oats + chicken feed 21%) - (wheat 

bran + chicken feed 21%) - (wheat 

bran + corn stover ) - (corn stover)- 

(chicken feed 21% + corn stover) – 

(oats + corn stover) , respectively. 

Fig. (1): Effect of tested diets on larval length of T. Molitor 

 

80

82

84

86

88

90

92

94

96

98

100

102

Diet

(1)
Diet

(2)
Diet

(3)
Diet

(4)
Diet

(5)
Diet

(6)
Diet

(7)
Diet

(8)
Diet

(9)
Diet

(10)
Diet

(11)

SR%

Different diets 
Fig (2) : Effect of different diets on Survival rate % of larvae . 

 

 



 

 

 

 

 

Effect of different diets on some larval body characteristics and food utilization efficiency …. 

13 

 

2- Pupae  

Also for the pupae, the results were going in 

the same trend, as it was found that the type of 

food affects the weight of the pupae, and this is 

what the results show in Table (1). 

The growth parameters and food conversion 

of T. Molitor were showed in (Table 2). T. 

Molitor larvae fed on Diet 1 showed longest 

body’s length (LG) gain ( 93.33% ), followed by 

Diet 3 ( 86.67%  ) but the lowest  LG % was 

occurred when larvae fed on  Diet 4 ( 26.67 %), 

there was a significant difference among tested 

diets (p>0.05) (Table 2).  

Likewise, the same trend was noticed on the 

weight-gained (WG) and specific growth rate 

(SGR); the larvae fed on Diet 1 showed the 

highest WG value at 125 % and the lowest WG 

occurred when the larvae fed on Diet 4 (66.67 %). 

About SGR values obtained data showed that 

the highest values occurred when the larvae fed 

on Diet 1 and 9 at (1.17 %) but the lowest SGR 

value was found with Diet 4 at (0.74 %).  

As for the efficiency of food conversion 

value (FCR), T. Molitor larvae fed on Diet 4 , 6 

and 11 showed the highest food conversion ratio 

among the other tested  diets  with 13.15, 13.20 

and 14.28 % , respectively. On the other hand, T. 

Molitor fed on Diet 3 and 10 showed the lowest 

FCR value at 9.5 and 8.23 %, respectively (Table 

2). In fact, FCR value always related to the 

protein content in diet. Higher protein content in 

the diet helps in muscle growth and formation, 

and thus led to a lower FCR; and vice versa (Van 

et al. 2015). 

Data in Table (2) showed that the food 

conversion efficiency values for tested diets were 

differed significantly. T. Molitor larvae fed on 

Diet 10 have the highest food conversion 

efficiency (FCE) at 12.16 % among the tested 

diets followed by 2. 9. 8. 1, 7 and 3, but the 

lowest values were occurred when larvae fed on 

Diet 4 and 11 with 7.41 and 7.58 %, respectively 

(Table 2). The growth indicators and FCE were 

highest when using Diet 1, and there were 

similar results for the Diets 3, 9 and 10, it 

showed highest survival rate in T. Molitor 

cultivation (Fig. 1). 

Data in Table 3 showed that Diet 1 was the 

better food in terms of nutrients e.g. crude 

protein, moisture, ash and crude fat. It was clear 

from Table (3) that the percentage of crude 

protein was high when the larvae fed on the Diet 

1, 2 and 3, there was no significant difference, 

while the percentage of protein decreased to 

some extent when the larvae fed on the Diets 4 

and 8. It was clear that the lowest percentage of 

protein appeared when the larvae fed on the Diet 

4. As well as the percentage of crude fat, it 

became clear from this study that when the 

percentage of crude protein was increased, the 

percentage of crude fat decreased as shown in 

Table 3 (Shu, 2018), Higher protein content 

helps in muscle development (Giroux, 1996), and 

thus lowering FCR; and vice versa (Van et al. 

2015).Also, diet with high crude protein and 

crude fat could produce longest larvae at the 14th 

instar’s stage (Morales et al. 2012 , Huis et al. 

2013 and Siemianowska et al.2013) The results 

showed that there was a significant difference 

between the tested diets, but the highest 

percentage of crude fat was when the larvae fed 

on the Diet 3 and it was less Percentage when the 

larvae fed on the Diet 4 (Berezina,  2017, Paul et 

al. 2017 , Rumpold et al. 2013, Schlüter et al. 

2017). 

As in many previous studies, our study 

showed that these larvae of T. Molitor are a good 

source of protein (Ghaly and Alkoaik 2009) and 

can be used to feed fish and poultry by adding 

them to feed, as they are highly efficient in 

converting protein-poor materials into a high-

protein biomass (Nagasawa and Lacierda , 2004) , 

Shakouri and Yazdi 2012, Huis ,2013) Van et al. 

2015 and Bureau et al. 2002). similar to black 

soldier fly, it is capable to convert waste 

materials to energy with higher efficiency (Abel 

FAS et al. 2015, Siyal et al. 2016 and Shu , et al. 

(2018). 
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Table (2): The growth performance of meal worms Tenebrio molitor throughout 30-day feeding 

trial. 

Different Diets LG (%) WG (%) SGR (%) FCR (gm/gm) FCE (%) 

Diet (1) control 93.33±3.02 a 125.0±6.33   a 1.17±0.42 a 11.6±2.11   b 8.62±1.22   c 

Diet (2) 78.57±4.11 c 114.29±2.10 b 1.10±0.11 b 10.63±3.42  c 10.39±1.45 b 

Diet (3) 86.67±4.45 b 100.0±4.22   b 1.00±0.51 b 9.50±2.46  d 8.33±2.42   c 

Diet (4) 26.67±2.14 e 66.67±2.46   d 0.74±0.29 c 13.15±1.62   a 7.41±1.77   d 

Diet (5) 84.62±2.34 b 100.0±5.32   b 1.00±0.81 b 12.3±2.44   ab 8.13±2.93   c 

Diet (6) 85.71±3.61 b 71.43±2.12   c 0.78±0.21 c 14.28±3.57  a 7.00±2.72  d 

Diet (7) 80.00±2.42 c 112.5±5.41   b 1.09±0.62 b 11.82±1.92  b 8.46±1.43   c 

Diet (8) 69.23±2.11 d 100.0±6.41   b 1.00±0.22 b 11.4±2.81    b 8.77±1.64   c 

Diet (9) 84.61±3.71 b 125.0±7.46   a 1.17±0.32 a 11.36±1.79  b 8.80±1.33   c 

Diet (10) 76.92±2.32 c  116.67±4.66 b 0.89±0.71 c 8.23±2.58    d 12.16±3.22 a 

Diet (11) 66.67±1.77 d 100.00±4.93 b 1.oo±0.33 b 13.2±2.71    a 7.58±1.83   d 

P value 0.00** 0.00** 0.0* 0.00** 0.00** 

LSD 7.71 5.32 0.45 6.73 5.81 

Means followed by same letter in column are not significantly different at 5% level. 

 

Table 3 : Compositions of mealworms Tenebrio molitor larvae 

Different 

Diets 

Larval composition % 

Crude Protein Moisture Ash Crude Fat Crude Fibre 

Diet (1)  43.61 ±2.33a 8.3±0.12 b 1.9± 0.33cd 32.8±1.72 a 13.39± 1.22c 

Diet (2) 44.23 ±1.43a 8.6±0.31 b 1.4± 0.12d 32.3±2.31 a 12.77±1.42 c 

Diet (3) 45.72 ±1.54a 9.3±0.22 a 1.5±0.41 d 31.5±1.84 a 11.98±1.83 c 

Diet (4) 36.11 ±3.66c 8.1±0.51 b 4.6± 0.88a 28.6±1.44 b 22.59±1.33 a 

Diet (5) 43.52±1.78 a 9.1±0.52 a 2.2±0.37 c 31.4±1.73 a 13.18±1.56c 

Diet (6) 42.13 ±1.45b 9.4±0.72 a 3.1±0.91 b 29.3±2.86 b 16.07± 1.31b 

Diet (7) 40.11±1.91 b 8.2±0.61 b 2.3±0.25 c 32.7±1.56 a 16.69± 1.41b 

Diet (8) 38.61±2.63 c 8.3±0.53 b 1.8±0.61 cd 30.1±1.75 b 21.19± 1.80 a 

Diet (9) 43.52 ±1.51a 9.2±0.82 a 1.3±0.11 d 33.7±1.48 a 12.28± 1.77c 

Diet (10) 40.45±1.33 b 9.1±0.47 a 2.1±0.22 c 31.3±1.88 a 17.05± 1.90b 

Diet (11) 39.22±2.66 c 8.5±0.64 b 2.6±0.32 c 29.8±2.93 b 19.88±1.43 a 

P value 0.00* 0.0* 0.00** 0.0* 0.0* 

LSD 8.51 2.63 4.11 6.52 8.33 

Means followed by same letter in column are not significantly different at 5% level. 
 

Conclusion 

Our study concluded that tested food 

materials showed good results in the survival rate 

of T. Molitor larvae and also led to improved 

growth and nutrition. Bran, chicken feed and oats 

are the best in the feeding process. The previous 

study suggests raising larvae on these materials 

when expanding on a large scale for use in food 

purposes for humans and animals, due to its high 

content of protein and fat, and therefore it is an 

easy and cheap source for large-scale protein 

production. 
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 حأثيش اخخلاف انغزاء عهي يعذلاث انًُى و ححىيم انغزاء في يشقاث حششة

Tenebrio molitor L. (Coleoptera: Tenebrionidae) 
 

 باسم محمد الدفراوي –د سعدية محمد سعي
 جايعت انًُىفيت –شبيٍ انكىو  –كهيت انزساعت  - قسى انحششاث الاقخصاديت

 الملخص العربى

 .Tenebrio molitor Lفي هزِ انذساست , حى حقييى انخشكيب انغزائي ويعاييش ًَى يشقاث دودة جشيش انزسة انصفشاء , 

(Coleoptera: Tenebrionidae)   ( 1 انُظاو انغزائيَخانت انقًح ) و هي:ت باسخخذاو يىاد غزائيت يخخهفت يٍ انخغزي 33بعذ

 -( 4دشيشت انزسة )انُظاو انغزائي  -( 3)انُظاو انغزائي   21عهف دجاج َسبت بشوحيٍ  % -( 2 انُظاو انغزائيشىفاٌ ) -

: 21انشىفاٌ + عهف انذجاج  -( 6انغزائي انشىفاٌ + دقيقت انزسة انزسة )انُظاو  -( 5انشىفاٌ + َخانت انقًح )انُظاو انغزائي 

عهف  -( 9: )َظاو غزائي 21َخانت قًح + عهف دجاج  -( 8َخانت قًح + حاء انزسة )انُظاو انغزائي  –( 7)انُظاو انغزائي 

+  وانُظاو انغزائي الاخيش عباسة عٍ خهيط يٍ انًكىَاث الاسبعت انسابقت )َخانت قًح –( 13: + دشيشت رسة )دايج 21دجاج 

بانُسبت نًعاييش انًُى فإٌ يشقاث دودة انجشيش انصفشاء انخي . ( 11: + شىفاٌ )انُظاو انغزائي 21دشيشت رسة + عهف دجاج 

أعهً اظهشث : ويزيج يُها نهًا 21عهف انذجاج  -( 2انشىفاٌ )انُظاو انغزائي  -( 1انقًح )انُظاو انغزائي َخانت عهً  ثحغز

انًشباة عهي انًىاد انغزائيت انًخخبشة   . أيضا أظهش انخحهيم انكيًيائي نهيشقاث نغزائيوكفاءة انخحىيم اانقيى في يعذل انًُى 

حى  عُذيا ؛ حيث أظهش انخحهيم أعهً َسبت يٍ  انبشوحيٍ وانذهىٌ  يحخىياث انبشوحيٍ و انذهىٌ و الانيافيعُىيت في  افشوق

أخشي  ظهش أعهً يسخىي يٍ الأنياف انخاو عُذ حغزيت انيشقاث عهً  ٍ َاحيتي و , 1و  3انغزائي   حغزيت انيشقاث عهً انُظاو

دودة انجشيش انصفشاء باسخخذاو انقًح  ٌ حشبيتأظهشث انُخائج أو بشكم عاو دشيشت انزسة وانقًح + دشيشت انزسة. بشكم عاو , 

 .انًُى وانخشكيب انغزائي عهً يعذل يجابيإحأثيش كاٌ نها  : ويزيج يُها 21وانشىفاٌ وأعلاف انذجاج بُسبت 

 

 

 

 

 

 

 

 

 

 

 

 

 


