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ABSTRACT: The purpose of this study was to investigate the effect of partially 

replacement the yellow mealworm (Tenebrio Molitor, YMW) of Japanese quail basal 

diet on productive performance during 1-42 days of age. Three hundred and fifty 

unsexed one-day-old chicks were randomly assigned to one of five food treatments (7 

pens per treatment, 10 birds per pen) and reared on battery brooders in wire cages 

(55×50×35 cm) with individual feeders and drinks. A basal control diet (24 % crude 

protein, CP; 2970 Kcal/kg) was fed to the first group. The 2
nd

, 3
 rd

, 4
th

 and 5
th

 treatments 

were supplied with YMW (2.5, 5.0, 7.5, and 10.0%, respectively), replacing the basal 

diet. Throughout the experimental period quails were provided feed and water ad-

libitum. The results indicated that the dry matter of YMW continued 61.5% CP and 

21.19 % ether exact (EE). The content of essential amino and fatty acids of YMW as a 

percentage of CP and EE was higher than that content on the fish and soybean meal.  

Replacement with 10.0% of YMW maximized both of body weight and gain and 

improvement the feed conversion ratio compared with control group.  Increasing the 

replacement percentage of YMW significantly increased the carcass, meat quality, and 

the content of some amino acids and saturated fatty acids. The inclusion of YMW, 

significantly decreased total cholesterol and triglyceride concentrations and the high 

lipoprotein concentration, biochemical and immunity statues were significantly 

improved. In conclusion, replacing YMW up to 10.0% of the Japanese quail diet is 

acceptable and has no adverse effect on growth and productive performance and 

immunity states. 
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INTRODUCTION 

The traditional protein sources in poultry 

feed fail to meet the increasing demand 

due to competition between humans and 

livestock. Also, limited resources, mainly 

land, raise whether agriculture can meet 

future needs for livestock feed. Moreover, 

protein cost accounts for over 15% of the 

total feed cost (Khan et al., 2010 and 

Khan et al., 2016).  Therefore, the 

nutritionist will identify alternative 

sources of protein, energy, and other 

nutrients produced on a viable and 

sustainable commercial scale for 

livestock to avoid such competition. 

However, determine the feasibility of an 

alternative protein source be incorporated 

into the diet, such as the nutritional 

variability in nutrient level and quality, 

particularly the essential amino acid 

balance, presence of anti-nutritional and 

toxic factors such as tannins and enzyme 

inhibitors and presence of pathogenic 

microorganisms (Ncobela and Chimonyo, 

2015; Dinani et al., 2019; Mohamed et 

al., 2021). 

In recent years, yellow mealworms 

(Tenebrio Molitor, YMW) have been 

received growing interest as one potential 

'new' protein that can be farmed at 

relatively low economic and 

environmental costs.  According to 

Henuk (2017) farming insects' uses up to 

50% less land per kilogram protein, 40–

80% less feed per kg edible weight.  Elahi 

et al. (2020) demonstrated that YMW 

contains a higher crude protein (CP) than 

traditional protein sources. Except for a 

methionine shortage, YMW has 

sufficient essential amino acids (EAA) to 

cover the nutritional requirements of 

humans (Azagoh et al., 2016) and poultry 

(Makkar et al., 2014). Other studies have 

revealed that the EAA content of 

mealworms is equivalent to that of fish 

and soybean meals used in cattle feed 

(Azagoh et al., 2016) and can improve 

broiler performance (Biasato et al., 2016) 

with a higher feed conversion ratio 

(FCR), according to Islam and Yang 

(2017).  Makkar et al. (2014), found that 

mealworm (the larva of the darkling 

beetle, Tenebrio Molitor) is a good source 

of lysine and methionine.  In addition, it 

can quickly transform low-quality plant 

waste into high-quality protein, fat, and 

energy. Fresh and dried YMW nutrients 

and amino acids were equivalent when 

adjusted to the same dry matter base, with 

slight changes as reported by (Loponte et 

al., 2017 and Khan et al., 2018). The 

nutritional profile discrepancy could be 

due to artificial or natural conditions in 

the production or processing of insects 

(Elahi, 2016). 

Assessment of feeding studies undertaken 

on various types of animals and poultry 

by FAO scientists in 2014. It was 

concluded that insect meal may replace 

25 percent to 100 percent of soy meal or 

fishmeal in the diets of the animals 

without causing harm. Biasatoa et al. 

(2021) found that increasing levels of 

YMW inclusion increased body weight, 

weight gain, and feed intake, but that feed 

efficiency was slightly harmed. Because 

insects are naturally devoured by wild 

birds and free-range chickens, the 

improvement in FCR could be related to 

higher feed palatability due to the 

inclusion of yellow mealworms (Zuidhof 

et al., 2003). 

This work aimed to investigate the effect 

of including different dietary levels of 

yellow mealworm (Tenebrio Molitor, 

YMW) on growth performance, carcass 

and carcass meat (breast + thigh) amino 

acids contents, lipid metabolism and 

blood constituents of Japanese quail 

during the growing period (1-42 days). 

https://www.sciencedirect.com/science/article/abs/pii/S0377840115002333#!
https://www.sciencedirect.com/science/article/abs/pii/S0377840115002333#!
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MATERIALS AND METHODS 

The procedures were carried out in El-

Sabahia Poultry Research Station, 

Alexandria Governorate belonging to 

Animal Production Research Institute, 

ARC, Ministry of Agriculture. 

Preparation of Yellow Mealworm:  

Yellow Mealworm (Tenebrio Molitor, 

YMW) diet was produced, in a small unit 

in El-Sabahia Poultry Research Station, 

using mealworm beetles, fed on a growth 

media consisting of three parts of broiler 

diet (25% CP), two parts of wheat bran 

and one part of oat as growth media. New 

larvae were harvested, freeze, dried in an 

oven-dried at 50 
o
C for three days, and 

ground. The proximate analyses of YMW 

and muscle samples were determined 

using the Association of Official 

Analytical Chemists' method (AOAC, 

2003). 

Birds and Diets: Three hundred and fifty 

mixed-sex, one-day-old Japanese quails 

(individual body weight (BW) ~ 9.5 g) 

were assigned randomly to one of five 

food treatments (7 pens/treatment and 10 

birds/pen) while being reared on the floor 

with wood shaving as bedding.   Each 0.9 

x 1.7 m
2
 pen was equipped with its own 

feeder and drinker. Throughout the 

experiment period, the quails were 

provided feed and water ad-libitum. The 

management and medical programmer 

were carried out in accordance with 

standard veterinary care procedures. 

Birds were subjected to a photoperiod of 

16 to 8 (L:D) cycles. Ground mealworms 

(YMW) were used as replacement of 0.0, 

2.5, 5.0, 7.5 and 10.0% of basal diet 

(Table1). The temperature in the chicken 

house was maintained at 33 
o
C for the 

first three days and then reduced by 3
 o

C 

each consecutive week until 28
 o
C. 

Growth Performance: At 14, 28, and 42 d 

of age, BW and feed intake (FI) were 

recorded for each pen. Mortality was 

recorded daily for FI correction.  

Bodyweight gain (BWG) and feed 

conversion ratio (FCR) were calculated 

by using the documented data of BW, FI, 

and mortality. 

Hematological Characteristics: In each 

treatment group, two blood samples were 

obtained from the brachial vein in the 

wing of seven randomly selected birds at 

42 days of age. The samples were placed 

in two tubes, one without anticoagulant 

and with heparin. Blood was centrifuged 

at 1500x g for 20 minutes to obtain 

plasma and serum samples, then frozen at 

-20°C until needed for analysis. The 

second blood sample was used to 

determine the hematological elements of 

the blood. 

White blood cell (WBC) counts were 

determined and blood film was made 

according to (Lucky, 1977), uric acid 

(Urea) by the method of Bartles et al. 

(1972), plasma triglycerides (Trg, mg/dl) 

by the method of Fossati and  Prencipe 

(1982), total plasma cholesterol (Chol, 

mg/dl) by the method of Stein (1986), 

plasma HDL-cholesterol by the method 

of Lopez-Virella (1977), plasma LDL- 

cholesterol calculated according to 

Friedewald et al. (1972)  {LDL= total 

cholesterol – HDL- (triglycerides/5)}. 

The activity of serum aspartate 

aminotransferase (AST) and serum 

alanine aminotransferase (ALT) 

according to Reitman and Frankle (1957) 

Chiu et al. (1976) used to assess 

glutathione peroxidase (GPx) activity.  

Serum total antioxidant capacity (TAC) 

was determined according to (Erel, 2004). 

Biochemical constituents were 

determined using commercial kits 

produced by Diamond Diagnostics 

Company (29 Tahreer St. Dokki Giza 

Egypt). 
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Carcass and Meat Quality: Three birds 

from each pen were slaughtered at 42 

days of age, and the carcass, gizzard, 

liver, pancreas, intestinal weight and 

length, spleen, bursa, ovaries, and tests 

were all recorded. At 24 hours after 

slaughtering, meat color was determined 

in triplicate using a Chroma meter and 

described in the CIE-Lab trichromatic 

system as lightness (L*), redness (a*), 

and yellowness (b*). Drip loss is a 

measure of water holding capacity. 

Amino acid analyses: The amino acid 

compositions of the YMW and meat were 

determined using an automatic amino 

acids analyzer according to (AOAC 

2005). 

Fatty Acid Methyl Esters (FAMEs) 

Analyses: 

Fatty Acid Methyl Esters analyses was 

determined by using gas chromatography 

analysis (using Hewlett-Packard 6890 

model gas chromatograph equipped with 

a flame ionization detector and a split 

injector (Umit, et al., 2015). Folch et al. 

(1959) and the AOAC (2005) technique 

were used to extract lipids from 10 g of 

meat. Fatty acid methyl esters (FAMEs) 

were prepared from lipid extracts 

according to AOAC guidelines (1990). 

Statistical Analysis: Data was statistically 

analyzed using one-way ANOVA of 

SAS
®
(SAS, 2009). Variables having 

significant differences were compared 

using the Tukey test (SAS, 2009). The 

statistical model used was as follows: 

Yij= μ+Ti+eij, Where, Yij= the 

dependent variable, μ= the overall mean; 

Ti= the effect of treatments and eij= the 

random error. 

RESULTS AND DISCUSSIONS 

Chemical composition of yellow meal 

warm: Yellow mealworm (Tenebrio 

Molitor L., YMW) is a vital insect that 

can represent a valuable alternative 

protein source, and it can be successfully 

used as partial feedstuff replacement of 

soybean meal and fishmeal in poultry 

diets (Henry et al., 2015; Calislar, 2017).  

The data indicated that the dry matter of 

YMW has reached of CP (60.15%) and 

that levels are more than the content of 

soybean meal (48.5 %) and almost equal 

to what fish meal content of CP (72.0%), 

Table 2. That content of CP reported 

herein was compatible with the results of 

several researches, 45–60% (Józefiak and 

Engberg, 2015), 44-69% (Henuk, 2017), 

45.83% (Hussain  et al., 2017), 25–60% 

(Benzertiha et al., 2020), 53.8% (Kröncke 

et al., 2019), 46.44% (Zadeh,  et al., 

2019), 51.9% (Gasco et al., 2020) and 

53.25 % (Stastnik et al., 2021). The ether 

exact (EE) was 21.19 %, that content is 

more than the content of soybean meal 

and fish meal (1.0 and 10.0%, 

respectively), and that content results was 

almost equal with the results of Henuk 

(2017) 23-47%, Gasco et al. (2020) 23.60 

and Stastnik et al. (2021) 29.35%. The 

present study's ash and crude fiber 

contents were 4.19 and 8.12 %, 

respectively, and these percentages 

ranged between 3.0–4.5% and 5.0–8.8%, 

respectively, as reported by Ramos-

Elorduy et al. (2002). 

Protein and ether extract of MWM is high 

in essential amino acids (EAA) and fatty 

acids content (FA). The results detected 

that all amounts of EAA and FA in YMW 

as a percentage of CP and EE are higher 

than that on the fish and soybean meals 

(Table 2). Hall (1992) reported that 

insects balance their essential and non-

essentials, compared with the content of 

vegetable protein sources, and could have 

a similar market as fishmeal and soybean 

meal (Van Huis et al., 2014). Ravzanaadii 

et al. (2012) remarked that the values of 

oleic acid along with linoleic acid and 



Japanese quail, yellow mealworm, growth performance and immunity statues. 

299 

 

palmitic acid were the highest component 

(43.17, 30.23 and 16.72%, respectively) 

from the long chain of FAs in larvae 

meal. 

Growth performance: At all experimental 

periods (14, 28, and 42 days of age), the 

BW and BWG significantly increased 

gradually by increasing the amount of 

YMW meal replacement, and the 

maximum BW and BWG corresponded to 

the replacement of 10.0% YMW/kg diet 

compared with the control group, Table 3.  

Feed intake has significantly differed 

among all experimental groups at 

different periods. The average amount of 

FI fluctuated among other periods.  

However, the high mount of FI was 

recorded for the group fed 10.0% YWM 

during all experimental periods (0-6 Wk). 

The FCR at 14, 28, and 42 d of age were 

significantly differed for each period. The 

overall FCR showed an improvement for 

the total period (from 0-6 Wk) with 

increasing the amount of YMW 

replacement. The previous results agree 

with Bovera et al. (2015) and Yoo et al. 

(2015) demonstrated that broiler growth 

performance had no detrimental effect 

due to supplementation of Tenebrio 

Molitor larvae in their diets. Also, Zahra 

et al. (2019) concluded that increasing 

YMW inclusion up to 30 g/kg of feed 

replacement for fish meal in quail diets 

could improve BW and had better FCR 

values than other groups. 

On the other hand, the similarity in feed 

intake observed in the present study may 

be due to the incision of YMW in the diet 

being acceptable and having no adverse 

effect on palatability. These results agree 

with Ballitoc and Sun (2013) who 

indicated that adding ground yellow 

mealworms to common feedstuff can 

improve the growth performance of 

broiler chickens. Also, Biasato et al. 

(2018) recorded that body weight may 

improve by increasing levels of dietary 

YMW inclusion in the male broiler diet. 

Khan et al. (2018) concluded that 

performance and FCR are enhanced by 

including mealworm on broiler diet. 

Islam and Yang (2017) demonstrated that 

average daily gain and daily feed intake 

increased, while feed conversion ratio (g 

information/ g gain per bird) decreased 

due to YMW supplementation on broiler 

diet. Yellow mealworm meal is suitable 

as a protein feedstuff in the broiler diet, 

according to Elahi et al. (2020), with no 

negative impacts on chick performance.  

Zuidhof et al. (2003) indicated an 

improvement in feed intake in the birds 

fed YMW diets. That may be due to 

increased feed palatability concerning the 

addition of YMW, since wild birds and 

free-range poultry naturally consume 

insects.  Also, Benzertiha et al. (2020) 

results confirmed that small amount 

addition (0.2% and 0.3%) of Tenebrio 

Molitor meals to the diet of broiler 

chickens could improve growth 

performance. However, Lwalaba et al. 

(2010) demonstrated that digestive 

enzymes in drying insects could influence 

protein properties and be suitable for feed 

production. 

On the other hand, Biasato et al. (2018) 

reported that high levels of YMW 

(150g/kg diet) inclusion in male broiler 

chickens had a negative effect on feed 

efficiency and intestinal morphology, 

thus indicating a low level (50 g/kg diet) 

may be more suitable. 

Carcass and meat quality: Table 4 

summarizes the slaughtering performance 

and the meat quality of the quails. The 

carcass weight, intestinal length, thymus, 

bursa, ovaries, testes, meat color, and 

WHC were significantly increased with 

increasing the replacement percentage of 
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YMW meal compared with the control 

group. The maximum increase was 

observed with 7.5 and 10.0% YMW. The 

liver, pancreas, intestinal weight, spleen, 

and meat pH were statistically equal 

among the experimental groups. The 

Malondialdehyde in fresh meat was not 

significantly differed among all 

experimental groups. After storage in the 

refrigerator to 48 h was significantly 

increased on carcass meat for the control 

and the groups supplemented with 2.5% 

YMW compared with the control other 

experimental groups, which statistically 

equaled Table 4. 

The analysis of meat indicated that the 

content of CP and methionine, lysine 

isoleucine, valine, arginine, and glycine 

were significantly increased in the groups 

fed basal diet replacement with 7.5 and 

10.0% YMW compared with the content 

of control group Table 5. The meat 

content of lysine was significantly 

increased for all groups fed basal diet 

replacement with different levels of 

YMW meal compared with the range of 

the control group.  Leucine content was 

boosted considerably in the group that 

provided basal diet replacement with 

10.0% of YMW compared with the 

content in the different groups.  However, 

alanine content on meat, the total amount 

of AAs, and the ratio between protein and 

AAs content were statistically equal 

among other experimental groups. 

Continually for the meat quality, meat 

content from total saturated fatty acids 

(TSFA) was significantly increased with 

all replacement percentages of basil diet 

by YMW compared with control group 

Table 6. Also, full mono and 

polyunsaturated fatty acids were 

significantly increased for the group fed 

basal diet replacement with 10.0% YMW 

compared with the other experimental 

groups. In the same line, n-6 fatty acids 

and the ratio between n-6 and n-3 (n6/n3) 

were recorded the same results, while the 

n-3 percentages recorded the opposite 

results. 

These results agree with Zahra et al. 

(2019) who indicated that increasing 

YMW inclusion up to 30 g/kg of feed 

replacement for fish meal in quail diets 

could improve carcass yield and meat 

quality jejunum. Similarly, Hwangbo et 

al. (2009) and Ballitoc and Sun (2013) 

observed an improvement in slaughter, 

dressed carcass, breast muscle, and thigh 

muscle weights, and dressing percentage 

in broilers fed diets with different insect 

meals inclusion. Ballitoc and Sun (2013) 

showed that the chemical characteristics 

of broilers meat (from the right breast) 

were unaffected by fed YMW dietary 

treatments. Also, the same research 

indicated that the addition of ground 

yellow mealworms to common feedstuff 

could improve the carcass yield of broiler 

chickens. Biasato et al. (2018) observed 

no effect on broiler carcass traits to 

YMW utilization. Elahi et al. (2020) 

reported that there was no linear or 

quadratic effect of dried MWM (0%, 2%, 

4%, and 8%) on the broiler chicks meat 

quality, and 4% of dried MWM showed 

elevated a* values, which could be 

because of muscle pH. 

Hematological, serum parameters and 

immunity: the results of hematological 

and some biochemical traits are 

summarized in Table 7. Interestingly, the 

results indicated that WBCs counts, and 

the lymphocytes (L) percentage showed a 

linear positive response. In contrast, 

heterophils (H) percentage showed the 

opposite reaction.  Moreover, the H/L 

ratio was significantly improved by 

increasing the YMW inclusion in the 
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quail diet. However, De Marco et al. 

(2013) and Salamano et al. (2010), 

indicated that the H/L ratio was not 

affected by dietary TM meal inclusion. 

The lipid profile was significantly 

affected by the inclusion YMW in the 

quail diet. The total cholesterol, 

triglyceride and LDL concentrations were 

significantly decreased with the inclusion 

level on a basal diet compared with that 

control group. On the other hand, the 

concentration of HDL was improved 

considerably due to increasing the level 

of YMW inclusion compared with a 

control group. However, aspartate 

aminotransferase and alanine 

aminotransferase activity and uric acid 

concentration were not differed among all 

experimental groups.  Also, these results 

indicated that the inclusion of YMW in 

the present study might be had a 

beneficial effect on the biochemical 

parameters. In the same line, Bovera et al. 

(2015) and Biasato et al. (2016) reported 

that yellow mealworm inclusion in the 

birds did not affect the serum biochemical 

traits. Elahi (2020) reported that dietary 

MWM inclusion in broiler diet did not 

influence the AST and total superoxide 

dismutase activity.  However, Lumej 

(2008) suggested that the inclusion of 

YMW meals had no adverse effect on the 

health status of the animals. Islam and 

Yang (2017) and Benzertiha et al. (2020) 

demonstrated that dietary 

supplementation of YMW improved the 

immune system traits of broiler chickens. 

Glutathione peroxidase activity and TAC 

concentrations were significantly 

increased by increasing the YMW 

inclusion level compared with the control 

group Table 7.  

 

These results indicated that the inclusion 

of YMW in the present study may have 

had a beneficial effect on the immune 

statues of birds. 

However, According to Cutter 

(2006) these results could be attributable 

to the presence of chitin in the 

exoskeleton of insects and larvae, also, 

chitin may include antioxidants and have 

antibacterial properties against bacteria, 

moulds, and yeasts. In addition, Esteban 

et al. (2001) and Xu et al. (2013) found 

that insects are high in chitin which has a 

favorable influence on the innate immune 

system's function. 

 

CONCLUSION 

The dry matter of YMW has reached on 

CP (60.15%). Replacing up to 10.0% of 

YMW from the Japanese quail diet is 

acceptable and has no adverse effect on 

growth performance, could improve 

carcass yield, significantly decreased the 

total cholesterol and triglyceride 

concentrations and had a beneficial effect 

on the immune's statues. 
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Table (1): composition and calculated analysis of the experimental diets through the 

growing period 

Ingredients 
Basal diet 

(%) 
Calculated analyses 

Yellow corn (maize) 52.90 Crude protein (%) 24.08 

Soybean meal (44%) 33.15 ME (Kcal/kg diet) 2970 

Broiler concentrate (50%) 10.0 Ether extract (%) 2.43 

Di-calcium phosphate 0.75 Crude fiber (%) 1.16 

Limestone  1.00 Lysine (%) 1.42 

Soybean oil 1.20 Methionine (%) 0.76 

Vit.and min mix.  0.50 Calcium (%) 1.08 

NaCl 0.50 Av. phosphorus 0.49 

Total  100   
 1

Vit+Min mixture provides per kilogram of diet:  vitamin A, 12000 IU, vitamin E, 10 IU, 

menadione, 3 mg, Vit. D3, 2200 ICU, riboflavin, 10 mg, Ca pantothenate, 10 mg, nicotinic acid, 

20 mg, choline chloride, 500 mg, vitamin B12, 10 g, vitamin B6, 1.5 mg, vitamin B1, 2.2 mg, 

folic acid, 1 mg, biotin, 5  0 g. Trace mineral (milligrams per kilogram of diet): Mn, 55, Zn, 

50, Fe, 30, Cu, 10, Se, 0.10,
 

Anti oxidant, 3 mg. 
 

 

Table (2): Approximate analysis, essential amino acid and fatty acid compositions of 

the Yellow Mealworm (Tenebrio molitor, TM), (% DM) 

Parameters Yellow 

Mealworm 

Analyses 

Fish meal 

(Mechanically 

Extracted) * 

Soybean meal 

(Solvent 

extracted) * 

Crude protein (%) 60.15 72.0 48.5 

Ether extract (%) 21.19 10.0 1.00 

Crude fiber (%) 8.12 0.7 3.90 

Calcium (%) 0.25 2.29 0.27 

Phosphorus (%) 2.11 1.70 0.62 

Methionine (% protein) 2.99 1.56 0.32 

Lysine(% protein) 4.93 3.94 1.43 

Leucine(% protein) 5.73 3.59 1.81 

Isoleucine(% protein) 4.85 2.33 1.03 

Tyrosine (% protein) 5.45 1.62 095 

Valine(% protein) 1.38 2.81 1.08 

Arginine(% protein) 7.10 3.03 1.69 

Glycine(% protein) 5.28 3.10 0.99 

Linoleic acid (C18:2) 22.98 0.14 0.47 

αLinolenic acid (C18:3) 2.11 0.08 0.07 

Oleic acid (C18:1) 38.91 1.196 0.16 

Palmitic acid "(C16:0) 18.39 3.61 0.24 
* National Research Council. (NRC, 1994) 



Japanese quail, yellow mealworm, growth performance and immunity statues. 

303 

 

Table (3): Effect of Yellow Mealworm meal (Tenebrio molitor, YMW) replacements (g 

YMW/Kg diet) on some productive performance productive performance of Japanese quail 

during growing periods . 

Treatment 

 Items 

0.0% 

YMW 

2.5% 

YMW 

0.5% 

YMW 

7.5% 

YMW 

10.0% 

YMW 

SEM P 

Value 

Body weight (g) 

1 day 9.58 9.52 9.60 9.70 9.60 0.0011 0.0921 

2 Wk 59.1
 b
 60.1

 b
 64.7

 b
 65.9

 b
 70.50

 a
 0.0296 0.0001 

4 Wk 157
 e
 160

 d
 165

 c
 170

 b
 175

 a
 0.0695 0.0001 

6 Wk 226
 e
 236

 d
 240

 c
 246

 b
 251

 a
 0.0734 0.0001 

Body weight gain (g/chick/period) 

0-2 Wk 49.6
 e
 50.7

 d
 55.1

 c
 56.2

 b
 60.9

 a
 0.0295 0.0001 

2-4 Wk 99
 c
 100

 b
 100

 b
 105

 a
 105

 a
 0.0428 0.0001 

4-6 Wk 69
 b

 76
 a
 75

 b
 75

 a
 76

 a
 0.0237 0.0001 

0-6 Wk 216
 e
 227

 d
 230

 c
 236

 b
 241

 a
 0.0681 0.0001 

Feed intake (g/chick/period) 

0-2 Wk 85.0
 a
 79.7

 e
 80.1

 d
 83.6

 b
 81.5

 c
 0.0184 0.0001 

2-4 Wk 190
 d
 188

 e
 194

 c
 191

 c
 192

 b
 0.0065 0.0001 

4-6 Wk 275
 a
 263

 c
 267

 b
 267

 b
 276

 a
 0.0371 0.0001 

0-6 Wk 550
 a
 531

 e
 544

 b
 542

 b
 550

 a
 0.0556 0.0001 

Feed conversion ratio (g feed/g weight gain) 

0-2 Wk 1.71
 a
 1.57

 b
 1.45

 d
 1.49

 c
 1.34

 e
 0.0001 0.0001 

2-4 Wk 1.94
 a
 1.88

 b
 1.93

 a
 1.82

 c
 1.84

 c
 0.0013 0.0001 

4-6 Wk 4.00
 a
 3.48

 c
 3.61

 b
 3.57

 b
 3.51

 bc
 0.0016 0.0001 

0-6 Wk 2.54
 a
 2.34

 c
 2.36

 b
 2.30

 d
 2.28

 e
 0.0013 0.0001 

a,b,c
 means having different superscripts in the same row are significantly different (P<0.05).  

SEM: standard error of means, P value: probability level.  

Table (4): Effect of Yellow Mealworm meal (Tenebrio molitor, YMW) replacements (g 

YMW/Kg diet) on some carcass treats of Japanese quail at 6 weeks of age 

              Treatment 

 Items 

0.0% 

YMW 

2.5% 

YMW 

0.5% 

YMW 

7.5% 

YMW 

10.0% 

YMW 

SEM P 

Value 

Carcass (%) 75.5
b
 74.0

ab
 76.9

ab
 80.9

 a
 82.0

a
 0.436 0.0001 

Liver (%) 2.5 2.6 2.6 2.6 2.6 0.138 0.0874 

Pancreas (%) 0.29 0.29 0.29 0.30 0.31 0.052 0.0621 

Color (meat) 0.38
 b
 0.31

b
 0.52

 a
 0.66

 a
 0.69

a
 0.068 0.0001 

WHC (meat) 5.11
b
 5.39

b
 5.29

b
 6.92

 a
 7.01

 a
 0.302 0.0001 

MDA (0h) 11.8 11.0 11.13 11.63 11.55 0.038 0.2135 

MDA (48 h) 13.6
 a
 13.5

a
 12.2

b
 11.6

 c
 11.2

 c
 0.026 0.0001 

  
a,b,c

 means having different superscripts in the same row are significantly different (P<0.05).      SEM: 

standard error of means, P value: probability level.  WHC=Water holding capacity (Cm
2
)  MD (0 h)= 

Malondialdehyde in meat on fresh carcass   MDA (0 h)= Malondialdehyde in meat after 48 hours storage 

in the refrigerator . 
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Table (5): Effect of Yellow Mealworm meal  (Tenebrio molitor, YMW) replacements 

(g YMW/Kg diet) on meat (breast + thigh) amino acids contents of quail at 6 weeks of 

age  

Treatment 

Items 

0.0% 

YMW 

2.5% 

YMW 

0.5% 

YMW 

7.5% 

YMW 

10.0% 

YMW 

SEM P 

Value 

Protein content  20.01 20.25 20.60 20.72 20.75 0.459 0.2145 

Methionine (E)  0.51
b
 0.54

b
 0.55

ab
 0.54

b
 0.57

a
 0.051 0.0001 

Lysine (E) 2.10
c
 2.14

b 
2.15

b
 2.14

b 
2.18

a 
0.042 0.0001 

Leucine (E) 1.87
c
 1.96

bc
 2.10

b
 2.09

b
 2.15

a
 0.045 0.0001 

Isoleucine (E) 1.09
c
 1.11

c
 1.18

b
 1.22

a
 1.25

a 
0.033 0.0001 

Tyrosine (E) 0.49
b
 0.55

ab
 0.47

b
 0.67

a
 0.66

a
 0.017 0.0001 

Valine (E) 1.09
b
 1.07

b
 1.11

b
 1.18

a
 1.21

a
 0.018 0.0001 

Arginine (NE) 1.29
b
 1.33

b
 1.35

b
 1.45

a
 1.44

a
 0.029 0.0001 

Glycine (NE) 0.95
b
 1.11

a
 1.09

a
 1.12

a
 1.11

a
 0.020 0.0001 

Alanine (NE) 1.29 1.28 1.33 1.36 1.36 0.039 0.3125 

EAA (Total) 7.15 7.37 7.56 7.84 8.02 0.190 0.2451 

Protein: EAA  2.81 : 1 2.75 : 1 3.06 : 1 3.06 : 1 3.02 : 1   
a,b,c

 means having different superscripts in the same row are significantly different (P<0.05).       

 SEM: standard error of means, P value: probability level.  EAA= Essential amino acids 

E: Essential amino acid    NE: Non-essential amino acid 

 

 

Table (6): Effect of Yellow Mealworm meal (Tenebrio molitor, YMW) replacements (g 

YMW/Kg diet) on meat (breast + thigh) fatty acid composition (%) of quail at 6 weeks 

of age . 

Treatme 

Items 

0.0% 

YMW 

2.5% 

YMW 

0.5% 

YMW 

7.5% 

YMW 

10.0% 

YMW 

SEM P 

Value 

TFA 
99.45ab 97.89b 98.41ab 97.89b 100.73a 0.041 0.0001 

TSFA 58.33b 61.33a 61.38a 61.33a 60.63a 0.913 0.0001 

TMUFA 
24.85a 22.49b 22.76b 22.49b 24.35a 2.330 0.0001 

TPUFA 
16.27a 14.17b 14.27b 14.07b 15.75ab 0.89 0.0001 

n-3 
3.31a 2.54b 2.59b 2.54b 2.36b 0.151 0.0001 

n-6 
12.96ab 11.53b 11.68b 11.53b 13.39a 1.300 0.0001 

n-6 / n-3 3.92c 4.56b 4.53b 4.56b 5.67a 0.752 0.0001 
a,b,c

 means having different superscripts in the same row are significantly different (P<0.05).   

SEM: standard error of means, P value: probability level. TFA: total fatty acid, TSFA: total 

saturated fatty acid,     TUFA: total unsaturated fatty acid,  TPUFA: total poly unsaturated fatty 

acid,  n-3: omega 3,    n-6: omega 6, 
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 Table (7): Effect of Yellow Mealworm meal  (Tenebrio molitor, YMW) replacements 

(g MW/Kg diet) on some hematological and biochemical parameters of Japanese quail 

at 6 weeks of age  

             Treatment 

Items 
0.0% 

YMW 

2.5% 

YMW 

0.5% 

YMW 

7.5% 

YMW 

10.0% 

YMW 
SEM 

P 

Value 

WBCs (10
3
/mm

3
) 17.10

b
 17.67

b
 19.91

a
 20.11

a
 21.25

a
 0.64 0.0001 

Heterophils (H) % 34.3
a
 32.2

ab
 29.9

b
 28.9

b
 30.2

c
 1.72 0.0001 

Lymphocytes (L)% 48.67
b
 49.91

b
 53.61

a
 53.91

a
 53.89

a
 1.29 0.0001 

H/L 0.70
 a
 0.65

ab
 0.54

 b
 0.52

 b
 0.57

 b
 0.10 0.0001 

T-Chol mg/dl 190
a
 175

b
 180

 b
 179

 b
 181

b
 6.32 0.0001 

Trg mg/dl 151
a
 141

 ab
 135

b
 132

b
 132

b
 7.98 0.0001 

HDL mg/dl 32.2
c
 35.4

  b
 38.2

 ab
 40.2

 ab
 42.3

a
 2.60 0.0001 

LDL mg/dl 128
a
 111

 b
 114

 b
 112

 b
 112

b
 5.81 0.0001 

GPx U/L 27.9
c
 29.3

 b
 31.0

 ab
 31.9

 a
 32.7

a
 0.580 0.0001 

TAC mg/dl) 0.783
b
 0.802

a
 0.830

a
 0.864

a
 0.880

a
 0.084 0.0001 

Uric acid (mg/dl) 4.01 4.11 4.09 4.15 4.16 0.300 0.6532 

AST U/L 172 175 173 178 178 4.400 0.2135 

ALT U/L 11.2 12.3 12.4 12.2 12.3 0.806 0.3541 

ALP U/L 73.3 75.8 75.6 76.7 77.9 0.560 0.5642 
a,b,c

 means having different superscripts in the same row are significantly different (P<0.05).   

WBC= white blood cells, T-Chol=Total cholesterol, Trg:Triglycerides, LDL=Low density 

lipoprotein, HDL= High  density lipoprotein, GPx=glutathione peroxidase, TAC=total 

antioxidant capacity, AST=Aspartate Amino Transferase ALT=Alanine Amino Transferase, 

ALP=Alkaline Phosphatase.  
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 الملخص العربى

 

فى علف السمان الياباوى على الأداء  (Tenebrio Molitor)تأثير استخذام دود الأرض الأصفر

 وتاجى و التىاسلىالإ

 الىمى ل مه العليقة الأساسية خلال مرحلهستبذاالإ
 

 –عفت يحيى حسه  –محمذ معىض خليفة  -أسامه محمىد احمذ  –احمذ عبذ العزيز عبذ الله  –مىى محمىد احمذ 

 الىجار كامل محمذ –بهاء محمذ السيذ ابى شحيمة   -اميىه شعبان السعذوى 

 

 

 YMW, Tenebrio) بأستخدام ديدان الأرض الصفراء )لمعميقو يم الأستبدال الجزئى يتيدف ىذة الدراسة الى تق
Molitor خمسون سمانة عمر يوم(.   تم توريع ثلاثة مائة و  42 –النمو ) يوم  علائق السمان اليابانى خلال مرحمول

طيور و ذلك  01يوم عشوائيا الى خمسة معاملات تمثل كل معاممة بسبعة مكررات وتحتوى كل مكررة عمى عدد 
مساقى فردية لمياه الشرب. تم تغذية المعاممة ( مزودة بعلافات و سم x  51 x 55 55فى اقفاص تربية من السمك )

املات كيمو كالورى.  تم تغذية المع 2771% و طاقة 24الأولى عمى عميقة اساسية تحتوى عمى بروتين  خام
الأرض   الخامسة عمى نفس العميقة الأساسية لممعاممة الأولى مع استبدال جزئى ليا بديدانالثانية والثالثة والرابعة و 

YMW   الماء بصورة حرة خلآل فترة عمى التوالى. تم تقديم العمف و   % 01.1و  7.5و  5.1و  2.5بمعدل
% مستخمص  20.07روتين خام و % ب 60.5عمى   YMWالدراسة. أوضحت الدراسة احتواء ديدان الأرض 

 منسوبوساسية  كنسبة مئوية من الأحماض الأمينية والأحماض الدىنية الأ  YMW.  محتوى ديدان الأرض  دىنى
كسب فول و المستخمص الأثيرى اكبر مما ىو موجود فى كلآ من مسحوق السمك حتواىا من البروتين الخام و الى م

يعظم من وزن الجسم ووزن الجسم    YMW% من ديدان الأرض  01.1الصويا. استخدام نسبة الأستبدال 
رنة بالمجموعة المقارنة ) المعاممة الأولى(. الزيادة لنسب يحسن من الكفاءة التحويمية لمعمف مقاالمكتسب و 

الأحماض الدىنية تواىا من الأحماض الأمينية و محتؤدى الى تحسن فى وزن الزبيحة وجودة المحم و  الأستبدال
ى فى تركيز كلا من الكموستيرول والجمسريدات الثلاثية المشبعة. الزيادة لنسب الأستبدال تؤدى الى انخفاض معنو 

 البيوكيميائية.وتحسن معنوى فى تركيز الميبوبروتين والحالة المناعية و 
 YMW% من العميقة الأساسية لعميقة السمان اليابانى بديدان الأرض 01.1استخدام نسبة الأستبدال  الخلاصة:

 الحالة المناعية.سمبي عمى النمو والأداء الأنتاجى و  ليس ليا اى تأثيرتعتبر مقبولة و 


