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ABSTRACT  

 
 This study was proposed to provide general conclusions regarding the potential of feeding the meal worm (Tenebrio molitor) to broiler 
productivity and healthy using the meta-analysis method. The research was initiated with a search for articles through the Google Scholar and Scopus 
databases and 1923 articles were obtained using the keywords Tenebrio molitor, mealworm, broiler chicken, performance, feed conversion ratio, 
broilers, caterpillars, carcasses, body weight, feed, Hongkong caterpillars connected with Boolean operators AND and OR. Furthermore, article 
selection was carried out based on the PRISMA flow chart using Microsoft Excel and Mendeley. The results of data extraction from 25 articles 
included in the meta-analysis were then processed in the form of a database in Microsoft Excel, converted to the same unit and then analyzed with 
mixed model procedures using Statistical Analysis System (SAS) software. The parameters measured were body weight (BW), body weight gain 
(BWG), average daily growth (ADG), feed consumption (FI), average daily feed intake (ADFI), feed conversion ratio (FCR), carcass weight (CW), 
carcass yield (CY), abdominal fat, total protein, cholesterol, glucose, uric acid, hemoglobin, erythrocytes, leukocytes, albumin, and globulin. Data 
from each article were tabulated in Microsoft Excel software. The results showed that the use of Tenebrio molitor as animal feed showed a 
quadratically significant effect in reducing BWG (62.13 g), FI (112.42 g), CY (70.47%), albumin (20.71), and uric acid (UA) (5.44) (P<0.05). 
However, there was no significant effect (P>0.05) on BW, ADG, ADFI, FCR, CW, abdominal fat, total protein, cholesterol, glucose, hemoglobin, 
erythrocytes, leukocytes, and globulin by utilizing Tenebrio molitor as broiler feed. It can be concluded that the provision of Tenebrio molitor has the 
potential as broiler feed. The optimal use of Tenebrio molitor in broiler chickens is 17.04%. The feeding dose must be considered because Tenebrio 
molitor contains antinutrients in the form of chitin and tannin to avoid negative effect on the performance and health of broiler chickens. 
________________________________________________________________________________________________________________________ 
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ABSTRAK 
 

Penelitian ini bertujuan menyediakan kesimpulan umum mengenai potensi pemberian pakan cacing sutra (Tenebrio molitor) terhadap 
produktivitas dan kesehatan ayam pedaging dengan menggunakan metode meta-analisis.. Penelitian diawali dengan pencarian artikel melalui 
database Google Scholar dan Scopus sehingga diperoleh 1923 artikel menggunakan kata kunci Tenebrio molitor, mealworm, broiler chicken, 
performance,  feed conversion ratio, hematology, ayam pedaging, ulat, karkas, bobot badan, pakan, ulat hongkong yang dihubungkan dengan 
Boolean operator AND dan OR. Selanjutnya dilakukan seleksi artikel berdasarkan diagram alir PRISMA dengan menggunakan Microsoft Excel dan 
Mendeley. Hasil ekstraksi data dari 25 artikel yang diinklusi dalam meta-analisis kemudian diolah dalam bentuk basis data di Microsoft Excel, 
dikonversi ke satuan yang sama dan selanjutnya dilakukan analisis dengan prosedur mixed model menggunakan perangkat lunak Statistical Analysis 
System (SAS). Parameter yang diukur adalah bobot badan, pertambahan berat badan, pertumbuhan rata-rata harian, konsumsi pakan, rata-rata 
konsumsi pakan harian, konversi pakan, berat karkas, persentase karkas, abdominal fat, total protein, kolesterol, glukosa, asam urat, haemoglobin, 
sel darah merah, sel darah putih, albumin, dan globulin. Setelah itu, akan dilakukan tabulasi data-data dari setiap artikel yang dimuat di perangkat 
lunak Microsoft Excel.  Hasil penelitian menunjukkan bahwa penggunaan Tenebrio molitor sebagai pakan ternak menunjukkan pengaruh signifikan 
secara kuadratik terhadap PBB (62,13 g), KR (112,42 g), PP (70,47%), albumin (20,71), dan asam urat (5,44) (P<0,05). Namun demikian, tidak 
terdapat efek signifikan (P>0,05) terhadap BB, PBBH, KRH, KP, Karkas, abdominal fat, protein total, kolesterol, glukosa, hemoglobin, eritrosit, 
leukosit dan globulin dengan pemanfaatan Tenebrio molitor sebagai pakan ayam broiler. Dapat disimpulkan bahwa pemberian Tenebrio molitor 
berpotensi sebagai pakan ayam broiler. Penggunaan optimal Tenebrio molitor pada ayam broiler sebesar 17,04%. Dosis pemberian harus 
diperhatikan karena Tenebrio molitor mengandung zat antinutrisi berupa kitin dan tannin agar tidak memberi pengaruh negatif pada performa dan 
kesehatan ayam broiler. 
_______________________________________________________________________________________________________________________ 
Kata kunci: broiler, Tenebrio molitor, performa, meta-analisis 
 
 

INTRODUCTION 
 
Feed greatly affects the success of broiler farming. 

In the livestock business, the highest costs are used for 
feed production. Kusumawati et al. (2016) states that 
feed costs account for 70% of total production costs. 
Several factors affect feed quality, such as nutritional 
content, price, availability, and physical quality. 
Selecting the right feed ingredients can improve 
production quality and ensure healthy livestock. The 
performance of broilers is closely related to 
physiological conditions, which can be evaluated 

through blood. In addition to broiler performance, blood 
profiles can also be used as physiological parameters to 
determine livestock health because blood functions as a 
medium for transporting all metabolic nutrients to all 
body tissues (Rane et al. 2021). Disorders in livestock 
health can be seen from the hematological profile of the 
blood such as susceptibility to stress and decreased 
production, which, if it is too low or too high, can affect 
the health and the products produced by broiler 
chickens. One feed ingredient that has high nutritional 
value for the growth and health of broiler chickens is the 
mealworm. 
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 Mealworm (Tenebrio molitor) is a type of insect that 
can be used as a high-protein animal feed. Mealworm 
contain a high water content of 57%. Mealworms have a 
complete nutritional profile, comprising 52.35% protein, 
24.70% fat, 2.20% carbohydrates, and 3.62% ash content 
(Zielińska et al. 2015). In addition, mealworm also have a 
complete amino acid content, namely glutamic acid 
6.44%, alanine 4.53%, aspartic acid 4.30%, isoleucine 
4.12%, tyrosine 3.86%, glycine 3.67%, arginine 3.60%, 
phenylalanine 3.06%, leucine 2.96%, lysine 2.67%, 
proline 2.67%, serine 2.38%, methionine 1.76%, 
threonine 1.47%, and valine 0.65% (Jajić et al. 2020). 
The use of mealworm can reduce the production costs of 
broiler chicken feed and can be used as animal protein 
feed, thus reducing the burden on farmers in providing 
quality feed. In addition, these insects can be a solution to 
environmental problems because they play an important 
role in managing waste in agricultural and livestock 
environments (Permatasari et  al.  2020). 
 The use of mealworm as a source of animal protein 
has been given to broiler chickens. Various studies that 
have been conducted have yielded varying results. 
Purnamawati (2017) reported that the use of 5% 
mealworm in feed is able to match meat and bone meal 
(MBM) in producing the performance and quality of 
broiler chicken carcasses. Another study reports that the 
use of up to 12% mealworm can replace fish meal and 
maintain the performance of broiler chickens 
(Handayani et al. 2022). Wahyuni (2017) argue that the 
hedonic quality characteristics of broiler chicken fed 
with flour made from mealworm are better than chicken 
fed with MBM. The research by Bovera et al. (2015) 
has no significant effect on the performance and quality 
of broiler carcasses. Meanwhile Petkov et al. (2024) 
state that the provision of 7,5%-10% Tenebrio molitor 
reduces the growth performance and carcass quality of 
broiler chickens. Regarding the health of broiler 
chickens, Bovera et al. (2015) showed that the lowest 
albumin-globulin ratio of broiler chickens fed Tenebrio 
molitor showed a higher immune response and lower 
uric acid levels than broiler chickens fed soybean meal 
(SBM). Another study reported that feeding Tenebrio 
molitor had no effect on hematochemical parameters, 
carcass properties, and histology of broiler chickens 
(Biasato et al. 2017). 
 The general conclusion from these data can be 
generalized regarding the potential of feeding the 
mealworm on the production characteristics, 
performance, and health of broiler chickens. The results 
of various studies can be analyzed using the meta-
analysis method. Meta-analysis is an important tool in 
summarizing data accurately and reliably. The use of 
meta-analysis is highly recommended in integrating all 
previous research results to produce general conclusions 
(Sauvant et al. 2008; Haidich 2010). 

 
MATERIALS AND METHOD 

 
Database Development 
 This research was conducted at Universitas Syiah 
Kuala, Banda Aceh. The equipment used was hardware 

in the form of a laptop and software in the form of 
Microsoft Excel, Mendeley, Microsoft Word and the 
Statistical Analysis System (SAS) series 3.81 program. 
Meanwhile, the materials used in this study were research 
data obtained from Google Scholar and Scopus. 
 The first step was to identify relevant studies for the 
topic to be analyzed by collecting published articles 
through the Google Scholar and Scopus databases. The 
article search was conducted using the keywords 
Tenebrio molitor, mealworm, broiler chicken, 
performance, feed conversion ratio, hematology, broiler 
chicken, caterpillar, carcass, body weight, feed, Hong 
Kong caterpillar. Each keyword was linked using the 
Boolean operator AND or OR. Based on these 
keywords, 1923 articles were obtained. Next, articles 
were selected based on the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
flowchart (Page et al. 2021) using Microsoft Excel and 
Mendeley. The data extraction results from 25 articles 
(Table 1) included in the meta-analysis were then 
processed in the form of a database in Microsoft Excel. 
After that, the data for each parameter was converted to 
the same unit. The data were analyzed simultaneously 
SAS program. 
 The insect source was determined based on the 
species name of mealworm (Tenebrio molitor). The 
livestock involved in this experiment was poultry, 
namely broiler chickens. The feeding level of Tenebrio 
molitor was presented as a percentage and 
measurements in other units (g or kg) were converted 
into a percentage. The use of Tenebrio molitor in the 
feed ration ranged from 0 (control) to 100%. The 
preferred reporting items for systematic reviews and 
meta-analysis flow chart are presented in Figure 1. 

The parameters observed consist of body weight 
(BW), body weight gain (BWG), average daily growth 
(ADG), feed consumption (FI), average daily feed intake 
(ADFI), feed conversion ratio (FCR), carcass weight 
(CW), carcass yield (CY), abdominal fat, total protein, 
cholesterol, glucose, uric acid, hemoglobin, red blood 
cells, white blood cells, albumin, and globulin (Tabel 2). 

 
Data Analysis 

The meta-analysis method is a statistical analysis to 
create a quantitative summary of literature data. The 
statistical analysis carried out in this study refered to the 
meta-analysis approach by Sauvant et al. (2008) and St-
Pierre (2001) with a mixed model procedure with SAS. 
The statistical analysis model used was as follows: 

 
Yij = B0 + B1Xij + si + biXij + eij 
 

Description: 
Yij = dependent variable 
B0 = intercept 
B1 = linear regression coefficient of Y on X 
Xij = synthesized data value j of X 
Si = random effect of study i 
Bi = the random effect of study i on the regression 

coefficient of Y based on X 
Eij = research error   
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RESULTS AND DISCUSSION 
 

Broiler Performances 
 The results of the meta-analysis study showed that the 
use of the mealworm as animal feed for broiler chickens 
has varying effects on the performance of broiler 
chickens. The feeding of Tenebrio molitor as feed for 
broiler chickens has a significant quadratic effect on 
broiler chicken BWG and FI (P<0.05). However, the use 
of Tenebrio molitor did not have a significant effect on 
BW, ADG, ADFI, and FCR. The results of the meta-
analysis of the effect of feeding Tenebrio molitor on the 
performance of broiler chickens are presented in Table 3. 

Feed Intake 
The average feed intake in broiler chickens fed 

Tenebrio molitor was 112.42 g. The results of the meta-
analysis showed a significant response to feed 
consumption (P<0.05) quadratically (Figure 2). This 
indicated that feed intake increases to a certain level of 
Tenebrio molitor use, but there was a decrease if the 
feeding percentage was too high, indicating an optimal 
limit in the use of Tenebrio molitor in the ration. In this 
study, the average daily consumption did not show a 
significant effect, enabling broiler chickens to utilize 
feed efficiently and support overall health and 
performance. 

Table 1. Relevant articles included in the meta-analysis 
Reference Exp Study TM Level (%) Nation Treatment 
Elahi et al (2020) 1 5 0 - 8 China Meal 
Bovera et al (2015) 1 2 0 - 15 Italy  Meal  
Biasato et al (2018) 1 4 0 - 29 Italy Meal  
Hussain et al (2017) 1 4 0 - 15 Pakistan  Meal 
Nassar et al (2023) 1 6 0 - 10 Saudi Arabia Meal 
Naderiboroojerdi and Rajabzadeh (2022) 2 5 0 - 20 Iran  Meal 
Šťastník et al (2021) 1 3 0 - 5 Czech Republik Meal 
Machona et al (2022) 1 3 0 - 16 Afrika Meal 
Vasilopoulos et al (2023) 1 3 0 - 10 Yunani Meal 
Terera et al (2023) 1 4 0 - 7,5 Kenya  Meal 
Jiang et al (2021) 1 5 0 - 9 China  Meal 
Selaledi et al (2021) 1 4 0 - 15 South Africa Meal 
Debache K (2021) 2 4 0 - 40 Algeria Meal 
Tavares et al (2021) 1 4 0 - 12 Brazil Meal 
Işık and Kırkpınar (2016) 1 4 0 - 6 Turki Meal 
Kim et al (2014) 1 5 0 - 2 Korea  Meal 
Ballitoc and Sun (2013) 1 5 0 - 10 Philipina Meal 
Ramos-Elorduy et al (2002) 1 3 0 - 10 Mexico Meal 
Biasato et al (2022) 1 2 0 - 7,5 Italy Meal 
Bovera et al (2016) 1 2 0 - 29,65 Italy Meal 
Sedgh-Gooya et al (2021) 1 3 0 - 5 Iran Meal 
Dalmoro et al (2020) 1 5 0 - 20 Brazil Meal 
Nuraini et al (2022) 1 5 0 - 10 Indonesia Meal 
Andrade et al (2023) 1 4 0 - 2 Brazil Meal 
Amin et al (2024) 1 5 0 - 2 Pakistan  Meal  

Exp= Number of experiments 
 

 
Figure 1. The preferred reporting items for systematic reviews and meta-analysis (PRISMA) flow chart of the literature review 
process 
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Tenebrio molitor has a limiting factor as animal 
feed, especially for poultry, because it contains chitin. 
Chitin is the main structural polysaccharide found in the 
exoskeleton of insects such as Tenebrio molitor. Chitin 
is often a limiting factor in its use as broiler chicken 
feed because it is difficult to digest for the poultry 
digestive system, which does not naturally have the 
enzyme chitinase (Zhao et al. 2016). As a result, chitin 
can reduce the digestibility of other feed ingredients 
because it is anti-nutritional and accelerates the transit 
time of feed in the digestive tract (Ojha et al. 2020). 
When used in large quantities without proper 
management, this can lead to an excess in the chicken's 
diet, so the chicken naturally reduces feed consumption 
to balance its energy needs (Van-Huis 2013). Chitin 
contained in Tenebrio molitor can reduce palatability 
and slow down digestion, so that chickens reduce feed 
consumption (FI) (Zhao et al. 2016). Tenebrio molitor 

also contains other antinutritional substances such as 
tannin which can inhibit the activity of enzymes such as 
amylase, lipase, and protease, resulting in a decrease in 
the efficiency of carbohydrate, fat, and protein 
digestion, thus negatively impacting the growth and 
productivity of broiler chickens (Dobermann et al. 
2017). Tannins are able to form complexes with 
proteins that can cause bitterness and result in decreased 
palatability of livestock. Low palatability can be caused 
by the aroma and taste resulting from the imperfect 
processing of Tenebrio molitor, making chickens less 
interested in consuming feed containing these insects, 
thus impacting decreased feed consumption. 

 
Body Weight Gain 

In a meta-analysis study of the body weight of 
broiler chickens fed Tenebrio molitor in the form of 
feed, the average was 2536.09 g. Feeding Tenebrio 

Table 2. Meta-analysis of the effect of Tenebrio molitor feeding on livestock performance  
Parameter Unit na Average SDb Minc Maxd 

Performance       
BW g 63 2536.09 733.03 1073.00 4003.00 
BWG g 49 62.13 17.69 32.78 103.46 
ADG g 15 41.47 5.97 35.38 50.20 
FI g 60 112.42 42.88 44.87 207.80 
ADFI g 14 91.83 3.61 86.75 97.20 
FCR  83 1.98 0.67 1.32 4.40 
Carcass Production       
CW g 25 2049.65 741.95 455.80 2965.00 
CY % 45 70.47 5.37 58.74 82.57 
AF % 28 1.68 0.41 1.00 2.40 
Hematology       
PROT g/dL 31 4.11 1.23 2.69 6.43 
CHO mg/dL 26 106.99 17.22 78.61 129.57 
GLU mg/dL 13 237.45 20.03 208.85 271.20 
UA mg/dL 21 5.44 1.08 3.93 8.11 
HGLOB g/dL 7 10.08 0.38 9.50 10.66 
ERYT 106/mm 12 2.53 0.38 2.10 3.34 
LEU 103/mm 12 10.84 5.67 7.63 23.71 
ALB g/L 22 20.71 11.15 7.10 41.80 
GLOB g/L 16 22.21 7.51 13.84 37.20 

BW= Body weight; BWG= Body weight gain; ADG= Average daily gain; FI= Feed intake; ADFI= Average daily feed intake; FCR= Feed convertion 
ratio; CW= Carcass weight; CY= Carcass yield; AF= Abdominal fat; PROT= Total proteins; CHO= Cholesterol; GLU= Glucose; UA= Uric acid; 
HGLOB= Hemoglobin; ERYT= Erythrocytes; LEU= Leukocytes; ALB= Albumin; GLOB= Globulin; n= Number of studies; SD= Standard 
deviation; Min= Minimum value; Max= Maximum value 
 

 
Figure 2. Optimum feeding level of Tenebrio molitor on BWG 
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molitor in this study did not have a significant effect on 
the increase (P>0.05) in body weight of broiler 
chickens. 
 The relationship between body weight and weight 
gain is very closely related. This refers to the fact that a 
consistent increase in energy intake will result in 
proportional weight gain. The results of the meta-
analysis showed that the administration of Tenebrio 
molitor as feed has a quadratic significant response to 
the daily weight gain of broiler chickens (P<0.05). This 
quadratic model indicated that the weight gain of 
chickens increases to a certain level of the percentage of 
feeding Tenebrio molitor, but there would be a decrease 
if the percentage of feeding was too high, indicating an 
optimum limit for feeding Tenebrio molitor in broiler 
chicken rations (Figure 3). 

 
Feed Convertion Ratio (FCR)  
 The average FCR value in chickens fed Tenebrio 
molitor in this study was 1.98. The results of the meta-
analysis showed that the decrease in FCR has no 
significant effect (P>0.05). This is in line with Hidayat 
et al. (2018) research, which found that adding 10% 
Tenebrio molitor to broiler chicken feed had no 
significant effect on FCR. The results of research by 
Biasato et al. (2016) also stated that the addition of 
Tenebrio molitor flour for a period of 43 to 97 days has 
no impact on FCR. 
 The linear model showed a downward trend in FCR 
in broiler chickens fed Tenebrio molitor. Overall, the 
results showed relatively good performance in feed use 
with a decreasing FCR, indicating that broilers use feed 

more efficiently, which is considered a good indicator 
of production performance. 
 
Carcass Production  

The average weight of a chicken carcass fed with 
Tenebrio molitor was 2049.65 g and the average 
percentage of carcass produced was 70.47%. The results 
of the meta-analysis showed that there was no 
significant response in CW and abdominal fat due to the 
administration of Tenebrio molitor as feed. However, a 
significant quadratic response to CY (P<0.05) was 
found. The results of the meta-analysis are presented in 
Table 4. 

Akhadiarto (2010) stated that the achievement of 
carcass weight is an important factor in assessing 
production that is closely related to body weight, where 
an increase in body weight is accompanied by an 
increase in carcass weight. The CY percentage had a 
quadratic effect (P<0.05) where the administration of 
Tenebrio molitor at a certain level  provided best results, 
while administering too high  dose actually reduced the 
carcass yield percentage (Figure 4). Sufficient protein in 
feed can increase the muscle percentage in broiler 
chicken carcasses. However, too much protein can risk 
causing fat accumulation, which has a bad effect on 
carcass quality, especially on the chicken's chest and 
thighs (Gamboa et al. 2001). This is caused by an 
imbalance in protein and energy intake in the ration so 
that the proportion of muscle tissue is lower than the 
total body weight. The average percentage of CY in this 
study was 70.47%. This value was within the standard 
range, which means that broiler chickens are very good 

Table 3. Meta-analysis of the effect of Tenebrio molitor on broiler performance 
Parameter 
responses Unit n Model Parameter estimates AIC Trend Intercept SE intercept Slope SE slope P-value 

Broiler Performance 
BW g 63 L 2549.30 198.11 1.1365 6.1223 0.8536 853.2 + 

BWG g 49 Q 57.0010 5.0967 -0.01801 0.007489 0.0218 314.0 - 
      0.6139 0.1873 0.0024  + 

ADG   g 15 L 41.0461 4.1227 0.3471 0.2031 0.1182 58.0 + 
FI g 60 Q 116.58 11.0893 -0.02246 0.006978 0.0025 410.5 - 
      0.1919 0.1730 0.2737  + 

ADFI g 14 L 91.4268 2.4313 0.4823 0.3935 0.2514 62.7 + 
FCR  83 L 2.1383 0.1589 -0.00315 0.005680 0.5813 35.9 - 

LW= Live weight; BWG= Body weight gain; ADG= Average daily gain; FI= Feed intake; ADFI= Average daily feed intake; FCR= Feed convertion 
ratio; n= Number of studies; Q= Quadratic; L= Linear; AIC= Akaike information criterion 
 

 

 
Figure 3. Optimum feeding level of Tenebrio molitor on FI 
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at converting feed ingredients into meat, so to determine 
the right slaughter age, the carcass percentage must be 
in the range of 60-70% of BW. 

 
Broiler Health 

The results of the meta-analysis showed that the use 
of Tenebrio molitor as broiler chicken feed had a 
significant quadratic effect on livestock hematology, 
especially on uric acid (UA) and albumin (P<0.05). 
However, the administration of Tenebrio molitor had no 
significant effect on the total protein, cholesterol, 
glucose, hemoglobin, erythrocyte, leukocyte, and 
globulin content. The results of the meta-analysis of the 
effect of Tenebrio molitor on broiler hematology are 
presented in Table 5. 

 
Total Protein 

Blood protein consists of various types of proteins, 
including albumin and globulin, which have a primary 
function in various physiological processes. The 
average total protein, albumin, and globulin content in 

this study were 4.11 g/dL, 20.71 g/dL, and 22.21 g/L, 
respectively (Figure 5), which indicated normal levels 
that broiler chickens should have.  

The results of the meta-analysis show that the use of 
Tenebrio molitor as broiler chicken feed did not 
significantly increase (P>0.05) total protein and globulin. 
However, Tenebrio molitor was quadratically significant 
for albumin in broiler chicken blood (P<0.05). This 
quadratic model indicated that the use of Tenebrio 
molitor should not exceed a certain level to keep albumin 
at normal levels in the blood and did not cause negative 
effects on broiler performance. Optimal albumin levels in 
broiler blood reflect good nutritional status and healthy 
liver function, contributing to efficient feed use and 
optimal weight gain (Liu et al. 2020). 
 
Glucose, Cholesterol, and Uric Acid in Broiler 
Chicken Blood 

 The levels of cholesterol, glucose, and uric acid in 
broiler chicken blood have an important relationship 
with the health and performance of chickens. The 

Table 4. Meta-analysis of the effect of Tenebrio molitor on carcass production 
Parameter 
responses Unit n Model Parameter estimates AIC Trend Intercept SE intercept Slope SE slope P-value 

Carcass production 
CW g 25 L 2005.03 331.45 10.3472 11.6502 0.3869 328.2 + 
CY % 45 Q 69.3543 1.7330 -0.01082 0.0033592 0.0050 209.2 - 

      0.3781 0.08944 0.0002  + 
AF % 28 L 1.6144 0.1575 0.01991 0.01516 0.2046 19.2 + 

CW= Carcass weight; CY= Carcass yield; AF= Abdominal fat; n= Number of studies; Q= Quadratic; L= linear; AIC= Akaike Information criterion 
 

 
Figure 4. Optimum level of Tenebrio molitor feeding on carcass yield (CY) 

 
Table 5. Meta-analysis of the effect of Tenebrio molitor on the hematology of broiler chickens 

Parameter 
response Unit n Model Parameters estimates AIC Tren Intercept SE intercept Slope SE slope P-value 

Hematology  
PROT g/dL 31 L 3.9267 0.4938 0.04984 0.02545 0.0636 79.7 + 
CHO mg/dL 26 L 102.44 7.5874 -0.3717 0.5247 0.4883 203.7 - 
GLU mg/dL 13 L 241.01 11.0425 -0.5432 0.5830 0.3825 102.2 - 
UA mg/dL 21 Q 5.6555 0.2984 0.003715 0.001406 0.0203 68.3 + 

      -0.1266 0.04538 0.0154  - 
HGLOB g/dL 7 L 9.5000 0.3961 1.8600 1.4329 0.2850 1.8E308 + 
ERYT 106/mm 12 L 2.6373 0.2590 0.006831 0.01038 0.5348 25.3 + 
LEU 103/mm 12 L 12.5439 3.9818 -0.04749 0.05029 0.3815 60.6 - 
ALB g/L 22 Q 16.6603 4.9726 -0.02502 0.009028 0.0150 131.9 - 

      0.6398 0.2271 0.0137  + 
GLOB g/L 16 L 21.8473 4.3534 0.6152 0.2957 0.0641 94.7 + 

PROT= Total proteins; CHO= Cholesterol; GLU= Glucose; UA= Uric acid; HGLOB= Hemoglobin; ERYT= Erythrocytes; LEU= 
Leukocytes; ALB= Albumin; GLOB= Globulin; n= Number of studies; Q= Quadratic; L= Linear; AIC= Akaike information criterion 
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results of the meta-analysis showed that the use of 
Tenebrio molitor as broiler chicken feed has no 
significant effect on glucose and cholesterol levels. 
However, Tenebrio molitor was quadratically significant 
for uric acid levels  in broiler chicken blood (P<0.05) 
(Figure 6). This quadratic model indicated that uric acid 
decreases to a certain level from the use of Tenebrio 
molitor, but an increase occurs if given in too high an 
amount, indicating an optimal limit of administration to 
avoid negative effects on the health and performance of 
broiler chickens. 

 
Hemoglobin, Erythrocytes and Leukocytes Profile of 
Broiler Chickens 
 Based on a meta-analysis study, it can be seen that 
there was no significant effect (P>0.05) of using 
Tenebrio molitor as broiler chicken feed on hemoglobin, 
erythrocyte and leukocyte levels in broiler chicken 
blood. In addition, a study conducted Boru et al. (2020) 
state that despite changes in the growth parameters of 
broiler chickens fed Tenebrio molitor, the hemoglobin, 
erythrocyte, and leukocyte levels in the blood of broiler 
chickens did not show significant differences compared 
to the control group. 
 Tenebrio molitor does contain high levels of protein, 
fat, and minerals, but this is not enough to produce 
significant changes in blood components such as 
hemoglobin, erythrocytes, or leukocytes. Normally, 
blood constituent values are influenced by various 
factors such as genotype, age, physiological condition, 
sex, feed, micro and macro climatic conditions, rearing 

methods, and pathology factors (Mohamed et al., 2012). 
Normal erythrocyte, hemoglobin, and hematocrit values 
indicate that chickens are not experiencing 
physiological disorders or acute infections. The 
different blood profile of the chickens is thought to be 
due to good nutritional intake so that erythrocytes, 
hemoglobin, and hematocrit which function in 
transporting nutrients, O2, and metabolic waste are in 
the normal range. Normal erythrocyte, hemoglobin, and 
hematocrit values have a positive impact on chicken 
performance. In addition, the broiler chicken digestive 
process may not fully absorb all the nutrients in 
Tenebrio molitor, depending on how well the chicken 
can digest and utilize the nutrients in the larvae (Zhao et 
al. 2018). 

CONCLUSION 
 

 Based on the results of the meta-analysis, it can be 
concluded that the use of Tenebrio molitor as a protein 
source for animal feed has good potential because the 
administration of Tenebrio molitor does not have a 
negative effect on the health and performance of broiler 
chickens by use of the optimum dose with the level of 
17.04% in the diet. 
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Figure 5. Optimum level of Tenebrio molitor feeding on albumin 

 

 
Figure 6. Optimum level of Tenebrio molitor feeding on UA 
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