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The study aimed to investigate the effect of the inclusion of low-fat Tenebrio

molitor meal (LFTM) as partial replacement of soybean in the diet of broilers on

the physical properties, chemical composition and fatty acid profile of the meat.

The trial included a total of 120 male one-day-old Ross 308 broilers allocated to

5 groups. After 14 days of adaptation, the birds were fed a basal diet (C) and diets

including LFTM in amounts of 2.5% (T2.5), 5% (T5), 7.5% (T7.5), and 10% (T10). At

35 days of age, 8 birds per group were sacrificed and subjected to analysis of the

meat quality. The higher dietary levels of LFTM were associated with decrease in

pH24 (linear, P<0.0001), but increased L* (linear, P=0.0004), drip loss (linear,

P=0.0001) and cooking loss (linear, P=0.0058) in the breast. Furthermore,

increasing the LFTM concentrations led to decline in protein (linear, P<0.0001),

but increase in fat (linear, P<0.0001) andmoisture (linear, P=0.0006) of the breast

meat. The inclusion of the LFTM in the diet affected the fatty acid composition in

breast and thigh meat in a dose dependent manner. Increasing the dietary levels

of LFTM increased the saturated (SFA) fatty acids in the breast (linear, P=0.0012)

and thigh (linear, P<0.0001) as well as the content of monounsaturated (MUFA)

fatty acids in both cuts (linear, P<0.0001). This was associated with decrease in

the polyunsaturated (PUFA) fatty acids in themeat of the birds fed higher levels of

LFTM (linear, P<0.0001), thus producing higher atherogenic (AI) (linear,

P<0.0001) and thrombogenic indices (TI) (linear, P<0.0001). The results of this

study suggest that LFTM might be included in amount up to 5% in the diet of

broilers without adverse effects on meat quality.
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1 Introduction

Effective genetic selection has enhanced the growth

performance, feed efficiency, and meat yield in broilers, thus

helping to achieve broiler production at mass level (Choi et al.,

2023; Mir et al., 2017). Since the intensive growth of broilers is often

associated with abnormalities in meat (Petracci et al., 2019; Baldi

et al., 2020; Wang et al., 2023; Wu et al., 2024), the emphasis is now

on striving to improve its quality. Meat quality is a broad concept. It

includes physical traits, chemical composition and sensory

attributes of meat, all of which are important and affect the

consumers. While the chemical composition is crucial for the

nutritive and healthy value of meat, physical characteristics are

closely related to the sensory ones, the latter having effect on the

acceptability of the consumers and their willingness to purchase

meat. Some of the most important quality attributes of poultry meat

are the appearance, texture and functionality (Fletcher, 2002) and

they are related mainly to the pH, color and water holding capacity.

According to Swatland (1989) the research on the physical aspects

of meat quality is important since they are of commercial

significance, objectively measurable through rapid methods, and

can explain the full effect of the biochemical processes in meat.

Nutrition may have significant impact on the body composition

in broilers and the quality of their meat (Mir et al., 2017), as the

protein and energy contents being the key factors (Choi et al., 2023).

They affect the yield of the main carcass parts, particularly breast

(Berri et al., 2008), and have influence on the pH, water holding

capacity and color (Zhao et al., 2012; Jlali et al., 2012). The latter have

strong impact on the consumers’ acceptability. Furthermore,

nutrition has considerable influence on the dietary and healthy

value of the poultry meat, particularly the content of protein,

intramuscular fat and the fatty acid profile. According to Bordoni

and Danesi (2017) the protein content in poultry meat is within the

range of 19.4 -22.5 g/100 g, while lipids vary between 2.6-3.7g/100 g.

Poultry provides high quality protein and its lipids contain high

amounts of polyunsaturated fatty acids (Soriano-Santos, 2010). In

recent years there is increasing interest in alternative protein sources

that may successfully replace the soybean and fishmeal in the animal

and poultry diets. Insects offer a promising and sustainable solution

for addressing the challenges associated with conventional protein

sources while providing comparable nutritional value and a reduced

environmental footprint (Veldkamp et al., 2022; Van Huis, 2022). In

addition to the high-quality protein, the edible insects provide a wide

range of beneficial biologically active compounds, such as fatty acids,

antimicrobial peptides and chitin (Solecka and Drazbo, 2024) that

have positive immunomodulatory effect, and could be used in animal

and poultry diets without adverse effect on the production

(Malematja et al., 2023). As stated by Grau et al. (2017) Tenebrio

molitor (TM) is economically among the most important species used

for large-scale conversion of plant biomass into protein. The

mealworms can also breakdown low-nutrient byproducts of

common crops such as maize, wheat, millet and peanuts and

quickly recycle them into high-quality food (Heidari-Parsa et al.,

2018). Meals derived from TM larvae have been extensively studied as

a protein source in poultry diets, with focus mainly on the
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performance and carcass composition, showing different effect

depending on the levels of the meal. Bovera et al. (2016) did not

observe any significant effect on the growth performance and carcass

in broilers associated with the intake of TM larvae meal, however the

groups consumed the insects displayed improved feed conversion.

Biasato et al. (2018) suggested that increasing the level of TM up to

15% in the diet may improve the body weight and feed intake but

negatively affect the feed efficiency and gut morphology. Nieto et al.

(2022) reported lower body weight and weight gain in slow-growing

chickens fed TM meal as full replacement of the soybean meal. This

was later confirmed by Petkov et al. (2024) showing that broilers

receiving LFTM responded with linear decrease of the body weight

and weight gain with increasing the insect meal up to 10%. So far,

only few studies examined also the effect of the mealworm meals on

the meat quality parameters in poultry. The results differed

depending on the dose of the meals but no negative effect on the

meat quality parameters were reported in broilers with full (Bovera

et al., 2016) or partial (Elahi et al., 2020; Štǎstnıḱ et al., 2021; Shaviklo

et al., 2021) replacement of soybean meal, up to 25% replacement of

fishmeal (Parlar and Ustundag, 2024) and free-range hybrid chickens

(Dabbou et al., 2020). No negative effect was reported in the quality of

meat in native chickens (Selaledi et al., 2021) fed up to 15%

mealworm meal. Others reported improvement in the meat quality

of broilers fed 1% TMmeal (Kim et al., 2014) and quails (Zadeh et al.,

2019). Full fat TM meals were used for the purposes of these trials.

Among the insect-derived meals, the defatted ones are of major

interest since they are richer in crude protein and have lower ether

extract. In addition, the lower fat content in these meals makes them

more stable during storage due to reduced risk of lipid oxidation

(Renna et al., 2023) and they are easier to include in feed formulations

than the full-fat ones (Gasco et al., 2023). The highly and partially

defatted insect meals examined in regard to the meat quality traits in

poultry are mainly derived from Black soldier fly larvae (Schiavone

et al., 2019; Popova et al., 2020; Gross-Bosǩović et al., 2024) and

silkworm pupae (Zsedely et al., 2023; Dalle Zotte et al., 2024). To date

there is no research of the effect of defatted or low-fat Tenebrio

molitor meal on the quality of broilers meat. Hence, the aim of this

study was to investigate the meat quality attributes in broilers fed

diets partially replaced with different doses of low-fat Tenebrio

molitor meal.
2 Material and methods

2.1 Experimental design and diets

The trial was carried out in the experimental poultry farm of the

Institute of Animal Science-Kostinbrod, Bulgaria. The experimental

design is provided in full details elsewhere (Petkov et al., 2024).

Briefly, 120 male Ross 308 broilers (BW 41.19 ± 0.55 g) were

randomly allocated to 5 groups (each including 4 replicate cages

with 6 birds per cage). The birds were kept in controlled

microclimate in appropriately designed premises with artificial

fluorescent light and forced ventilation. Heating was done

through local brooders on each cage. The low-fat Tenebrio
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molitor meal was supplied by VBF Pro Ltd., Petrich, Bulgaria. Its

chemical composition was analyzed in the Laboratory for Feed

Analysis at the Institute of Animal Science-Kostinbrod and

summarized as follows: crude protein: 62.8%, moisture: 11.74%,

crude fat: 4.02%, crude fiber: 9.46%; crude ash: 7.47%; nitrogen free

extracts: 4.51%; Ca: 0.082%; P:1.536%. The feeding of the broilers

was in two phases, as during the first two weeks of the trial (1d-14d),

all the groups were fed the same starter diet adjusted to the

recommendations for Ross broilers. For the grower period, four

diets were formulated containing respectively 2.5% (T2.5), 5% (T5),

7.5(T7.5) and 10% (T10) LFTM. The control (C) group was fed the

basal diet. The composition of the diets as previously reported by

Petkov et al. (2024) is presented in Table 1. The formulations were
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designed to be isocaloric and isonitrogenous to meet the nutritional

requirements for broilers (Ross Broiler Management Handbook,

2018). They were prepared and their nutritional composition

analyzed by Viand JSC. The fatty acid composition of the diets

and the insect meal was analyzed in the Laboratory of Lipid

Analysis in the Institute of Animal Science-Kostinbrod and

presented in Table 2. During the trial period, the birds received

feed and water ad libitum, and were individually weighed each week

to calculate their weight gain.
2.2 Slaughtering and sampling

At the end of the trial (35 d) two birds per replicate cage were

selected from each group (n=8), based on the average live weight

(Petkov et al., 2024). The broilers were stunned, decapitated and

bled. The carcasses were then plucked, eviscerated and their feet

were removed. Hot carcass weight was recorded and dressing

percentage was calculated (Petkov et al., 2024). The carcasses

were then stored at 4°C for 24 h and weighed again. Further, the

abdominal fat was removed from the carcasses, and they were

separated into breast, thigh, back and wings. The neck was also

separated from the carcass. Тhe carcass parts were weighed and

calculated as percentage of the cold carcass. Further, the skin was

removed, the breast and thigh muscles were separated from the

bones and subjected to analysis.
2.3 Measurement of pH and color

Muscle pH and color were measured 24 h post mortem at the

time of deboning of the breast and thigh cuts. The pH24

measurements were taken using a portable pH meter equipped

with a glass electrode HI 83141 (Hanna Instruments Ltd.,

Woonsocket, Rhode Island, USA). Calibration prior to use at pH

4.0 and 7.0 was performed. The measurements were taken directly

in the breast (m. Pectoralis major) and thigh (m. Iliotibialis

laterialis) at three different points. The color of the breast and

thigh muscles was measured by Chroma meter CR-410 (Konica

Minolta Inc., Osaka, Japan) using CIE values expressed as lightness

(L*), redness (a*), and yellowness (b*). A 50 mm diameter

measurement area, illuminant D65, and 2° standard observer

were used. The instrument was calibrated using a standard white

plate. The color measurements were done on the medial surface at

the bone side of the breast and thigh muscle. Three measurements

of each cut were taken and averaged.
2.4 Drip loss

Drip loss was measured as described by Honikel (1998) with

slight modifications. After deboning portions of approximately 50 g

and 30 g were excised respectively from the fresh m. Pectoralis

major and the upper part of m. Iliotibialis lateralis. The samples

were immediately placed in plastic bags, hung from a hook and
TABLE 1 Composition of the broilers’ diet (as fed basis).

Component, % C T2.5 T5 T7.5 T10

Wheat 36.51 38.46 40.03 41.83 43.90

Soybean meal 35.80 32.00 28.50 24.90 20.90

Maize 20.00 20.00 20.00 20.00 20.00

Sunflour oil 3.40 2.95 2.60 2.15 1.70

Monocalcium phosphate 1.11 1.05 1.00 0.92 0.85

Limestone 0.90 0.95 1.00 1.05 1.10

Mollasses 0.50 0.50 0.50 0.50 0.50

DL-Methionine 0.34 0.33 0.31 0.30 0.28

Sodium bicarbonate 0.20 0.19 0.18 0.13 0.12

L-Lysine 0.31 0.23 0.13 0.03 0.01

L-Threonine 0.12 0.08 0.05 0.01 0.01

Coccidiostat1 0.05 0.05 0.05 0.05 0.05

Choline Chloride 0.05 0.05 0.05 0.05 0.05

Salt 0.20 0.15 0.09 0.07 0.02

Antioxidant2 0.01 0.01 0.01 0.01 0.01

Vitamin mineral premix3 0.50 0.50 0.50 0.50 0.50

LFTM 0.00 2.50 5.00 7.50 10.00

Chemical composition4

Crude protein, % 23.05 22.99 23.01 23.02 22.95

Crude fat, % 5.02 4.65 4.38 4.00 3.63

Crude fiber, % 2.57 2.72 2.87 3.03 3.18

Сrude ash, % 5.25 5.16 5.08 4.99 4.90

Metabolizable energy,
kcal/kg

3001.32 3000.18 3002.17 3000.34 3001.03
1 Coccidiostat: Salinomycin sodium Sacox®.
2 Antioxidant: Paradigmox®.
3The vitamin-mineral premix provided the following per kg of diet: I, 1.56 mg; Fe, 50 mg; Cu,
12.50 mg; Zn, 100 mg; Mn, 125 mg; Se, 0.31 mg; vit. A, 12500 IU; vit. D3, 5000 IU; vit. E, 100
mg; vit. K3, 3.41 mg; vit. B1, 2.50 mg; vit. B2, 7.50 mg; calcium D panthotenate,15 mg; vit. B6,
4.38 mg, vit. B12, 25 mcg, folic acid, 1.88 mg; biotin, 125 mcg; vit. B3, 62.50 mg; 6- phytase,
500 FTU; BHA, 0.21 mg; BHT,4.32 mg; propyl gallate, 2.17 mg; endo 1,4 beta- xylanase, 1100
VU, endo1,3- beta glucanase, 1500 VU.
4 The chemical composition of the diets was determined through near infrared spectroscopy at
the site of preparation.
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stored for 24 h at 4°C. The samples were taken out of the bags

immediately before measurement, gently blotted dry and weighed

on electronic balance (KERN EG220-3NM, Kern & Sohn GmbH,

Balingen, Germany). Drip loss was expressed as percentage of the

initial weight, following the equation:

Drip loss = ½(W1 −W2)=W1� � 100, %,

where W1 is the initial weight of the sample (g), W2 is the final

weight of the sample (g).
2.5 Cooking loss

Cooking loss was measured as described by Echegaray et al.

(2022). The breast and thigh meat samples, taken as described

above, were weighed, put into plastic bags, sealed and placed in a

multiple water bath (W3, VEB MLW Prüfgeräte-Werk Medingen/

Sitz Freital, Germany) set at 80°C. The meat samples were cooked

until the temperature in the core reached 70°C measured by digital

thermometer, (SIKA, TT 7110, Dr. Siebert & Kunh GmbH &Co

KG, Kaufungen, Germany). Then the bags were removed and the

meat was left to cool at room temperature for approximately

30 min. The meat pieces were dried to eliminate any water left on

the surface and then weighed. The cooking loss was expressed as a

percentage using the following equation:

Cooking loss = ½(W1 −W2)=W1� � 100, %,

Where W1 is the initial weight of the sample (g), W2 is the

weight after cooking (g).
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2.6 Proximate analysis

The content of moisture, protein, fat, and ash in the breast and

thigh meat was assessed according to the methods of AOAC (2004).

Each sample was analyzed in triplicate.
2.7 Fatty acid composition of the meat

The fatty acid composition of the LFTM, feeds and meat was

determined according to the method of Bligh and Dyer (1959) with

slight modifications described by Vargas-Ramella et al. (2020).

Lipids were extracted from 10 g of the muscle/feed sample and

homogenized using a HG-15D homogenizer (Witeg Labortechnik

GmbH, Wertheim, Germany) with 10 mL of chloroform and 20 mL

of methanol for 30 s. Following this, 10 mL of chloroform and 10

mL of NaCl (1% in distilled water) were added to the mixture and

homogenized for 30 s. The samples were centrifuged (4000 rpm for

10 min) and finally the chloroform layer was evaporated. The fatty

acids were trans esterified as described by Domıńguez et al. (2015)

with some modifications: 20 mg of extracted fat dissolved in 1 mL of

toluene was mixed with 2 mL of a sodium methoxide (0.5 N)

solution, vortexed for 10 s, and allowed to stand for 15 min at room

temperature. Then, 4 mL of a H2SO4 solution (10% of H2SO4 in

methanol) was added, vortexed for 10 s, and left for 5 min before

adding 2 mL of saturated sodium bicarbonate solution. Fatty acid

methyl esters were extracted as 1 mL of hexane was added to the

samples, vortexed for 10 s, and the organic phase was transferred to

an appropriate GC vial. Separation and quantification of FAMEs

were carried out using a gas chromatograph (CSi 200 series,

Cambridge Scientific Instruments Ltd., Ely, UK) equipped with a

capillary column (DM-2330:30 m × 0.25 mm × 0.20μm) and

hydrogen as a carrier gas. The oven temperature was first set to

160°C for 0.2 min, then raised to 220°C at a rate of 5°C/min and

then held for 5 min. The temperatures of the detector and injector

were 230°C. Methyl esters were identified through comparison of

the retention times of the standards. Fatty acids are presented as

percentages of the total amount of the methyl esters (FAME)

identified. The amount of each fatty acid was used to calculate

the atherogenic (AI) and thrombogenic (TI) indices (Ulbricht and

Southgate, 1991):

AI  =  (4 �  C14 : 0  +  C16 : 0)=½MUFA  +  S(n  −  6)  +  S(n  −  3)�;

TI  =  (C14 : 0  +  C16 : 0  +  C18 : 0) = ½0:5 �  MUFA  +  0:5 �  (n 

−  6)  +  3 �  (n  −  3)  +  (n  −  3)=(n  −  6)� :

The D 9-desaturase index, as an indirect index of stearoyl-CoA

desaturase (SCD) activity, was calculated using the following

formulae (Zhang et al., 2007):

SCD (16)  =  100 �  ½C16 : 1=(C16 : 1 + C16 : 0)�;

SCD (18)  =  100 �  ½C18 : 1=(C18 : 1 + C18 : 0)�;
TABLE 2 Fatty acid composition of the LFTM and the diets.

Fatty acids LFTM C T2.5 T5 T7.5 T10

C12:0 0.22 – – – – –

C14:0 1.16 0.08 0.12 0.12 0.18 0.17

C16:0 13.53 9.78 10.88 9.67 10.43 10.64

C16:1 1.92 0.23 0.10 0.22 0.37 0.29

C17:0 0.51 – – – – –

C18:0 7.79 3.43 3.24 3.36 3.24 3.56

C18:1 25.00 28.82 29.22 28.38 27.55 26.82

C18:2 47.92 53.89 54.20 55.49 55.39 55.60

C18:3 1.42 3.10 2.00 2.30 2.18 2.56

C20:0 0.17 0.19 0.13 0.23 0.27 0.23

C20:5 – 0.48 0.11 0.23 0.39 0.13

C22:5 0.17 – – – – –

C22:6 0.19 – – – – –

SFA 23.38 13.48 14.37 13.38 14.12 14.60

MUFA 26.92 29.05 29.32 28.60 27.92 27.11

PUFA 49.70 57.47 56.31 58.02 57.96 58.29
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The indices of D5 (D5D) and D6 desaturase (D6D) activity were
calculates as ratio between product and precursor (Haug et al.,

2014): D5D=C20:4n-6/C20:3n-6;

D6D =  C18 : 3n − 6=C18 : 2n − 6;

The elongase index was calculated as 100×[(C18:0 + C18:1 n-9)/

(C16:0 + C16:1 + C18:0 + C18:1 n-9)] (Green et al., 2010).
2.8 Statistical evaluation

Statistical processing was done using JMP pro 17 software

package. Shapiro-Wilk test was applied to check the normality of

the distribution of the data. Тhe physical parameters, proximate

composition and the fatty acid profile were analyzed through one-

way ANOVA, followed by post-hoc comparisons (Tukey HSD,

p<0.05) to assess the significance of the differences. Polynomial

contrasts were used to assess the linear and quadratic effects of the

levels of LFTM in the diet of the birds on the meat quality

parameters. Data was presented as Mean and Standard error of

the mean (SEM).
3 Results

3.1 Physical attributes

The effect of the incorporation of the LFTM in the diet on pH24

and color was observed only in the breast (Table 3). The pH24 values

in this cut decreased linearly (P<0.0001) with increasing the levels

of the insect meal. The L* parameter showed linear (P=0.0004)
Frontiers in Animal Science 05
response to the inclusion of the LFTM. The darkest color of the

breast meat was observed in the birds from the control group. The

inclusion of the insect meal and the increase of its content was

associated with increase in the L* values. The redness of the meat

showed the opposite changes, responding with linear decrease

(P=0.0481) to the higher concentration of the insect meal in the

diet. The highest a* values were measured in the breast of the

control group, and the lowest in T7.5.

In the thigh meat, pH24 values showed no significant difference

between groups (Table 3). Similarly, no effect of the incorporation

of LFTM in the diet on the color parameters of the thigh meat

was observed.

The drip losses were affected by the inclusion of the insect meal

in the diet of broilers in both breast and thigh meat. In the breast

there was significant linear response of this trait and its values

increased with increasing the contents of the LFTM. The lowest drip

loss (1.41%) was measured in the control group, while the breast of

T7.5 and T10 exhibited the highest values of this trait (2.28% and

2.50% respectively). The same linear effect was observed in the drip

loss of the thigh meat (P=0.0005).

The cooking losses in the breast increased linearly in response

to the higher doses of LFTM (P=0.0058) and followed the pattern of

the drip losses. Although a slight increase of the cooking loss was

detected in the thigh meat of the groups fed higher doses of the

insect meal, the effect was not significant.
3.2 Proximate composition

The effect of LFTM in the diet of the broilers on the proximate

composition was different for the breast and the thigh meat. There
TABLE 3 Effect of LFTM in the diet on the physical parameters of breast and thigh meat in broilers.

Trait C T2.5 T5 T7.5 T10 SEM1
p-value

ANOVA Linear Quadratic

Breast

pH 24 5.99a 5.92ab 5.90ab 5.83b 5.80b 0.086 0.0015 <0.0001 0.9176

L* 57.39c 59.07bc 60.97ab 61.01a 61.02a 2.181 0.0008 0.0004 0.0546

a* 13.47a 12.47ab 12.77ab 11.68b 12.59ab 1.030 0.0482 0.0481 0.1383

b* 10.65 10.62 10.70 11.49 11.11 1.160 0.6012 0.2055 0.8885

Drip loss, % 1.41b 1.83ab 2.06ab 2.28a 2.50a 0.528 0.0059 0.0001 0.5618

Cooking loss, % 17.97 18.49 19.43 21.78 20.77 2.550 0.0557 0.0058 0.7544

Thigh

pH24 6.24 6.27 6.25 6.27 6.19 0.152 0.8491 0.6886 0.3629

L* 56.67 56.16 55.90 56.57 55.37 2.301 0.8417 0.4137 0.9634

a* 17.26 17.51 17.90 17.30 17.58 0.790 0.5426 0.5922 0.3335

b* 10.15 10.21 9.67 10.08 9.89 0.970 0.8101 0.5385 0.7174

Drip loss, % 0.82b 1.07ab 1.10ab 1.42a 1.30a 0.289 0.0056 0.0005 0.3184

Cooking loss, % 20.05 20.85 21.25 22.85 21.51 2.801 0.4746 0.1349 0.4921
Means connected with different superscripts differ significantly (p < 0.05); 1 Standard error of mean.
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was significant linear response of the protein and ash content of the

breast meat towards the levels of LFTM (P<0.0001) (Table 4). The

values of both components decreased with increasing of the meal

content in the diet with highest values in the control group and

lowest in T7.5 and T10. The intramuscular fat content (IMF) of the

breast showed the opposite trend and increased linearly (P<0.0001)

in the groups receiving higher doses of the low-fat meal. Similarly,

the moisture content of the breast showed significant linear

response (P=0.0006), increasing significantly in T7.5 and T10.

In thighs, only the ash content of the meat was influenced by the

insect meal in the diet of the broilers. Similar to the breast meat, in

the meat of the thighs we observed linear response of the ash

content (P=0.0011) that showed decrease with increasing of the

insect meal levels (Table 4).
3.3 Fatty acid composition

The inclusion of the LFTM in the diet affected the fatty acids

profile of the breast meat according to its percentage in the

diet (Table 5).

While C14:0 in the breast remained unaffected, linear increase

was observed in the percentage of C15:0 and C16:0 (P<0.0001).

C20:0 increased linearly (P<0.0001) and quadratically (P=0.0125)

with the higher levels of LFTM in the diet. On the other hand,

significant linear decrease was found in the percentage of C17:0

(P=0.0102) and C18:0 (P<0.0001). The monounsaturated C16:1n-7

and C18:1n-9 in the beast meat showed significant linear increase

with the higher content of LFTM in the diet (P<0.0001). The higher

doses of LFTM in the diet were associated with linear decrease in

C18:2n-6 (P<0.0001), C18:3n-3 (P=0.0003), C20:2n-6 (P<0.0001),

C20:4n-6 (P<0.0001), C22:4n-6 (P<0.0001), C22:5n-3 (P<0.0001)

and C22:6n-3 (P=0.0002). Quadratic response to the incorporation

of LFTM in the diet was observed in C20:2n-6 (P=0.0282), C20:4n-6

(P=0.0233), C22:5n-3 (P=0.0074) and C 22:6n-3 (P=0.0013).
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Similar to the breast meat, in thighs the effect of the

incorporation of LFTM in the diet of the broiler was associated

with linear increase in the percentage of C15:0 (P=0.0001), C16:0

(P<0.0001), C20:0 (P=0.0040) and also C14:0 (P=0.0028). Linear

decrease was found in the percentage of C17:0 (P=0.0009) and

C18:0 (P=0.0110). The contents of C16:1n-7 and C18:1n-9 were

linearly increased (P<0.0001) with increase of LFTM showing

maximum values in T7.5 and T10. The increase in the amount of

LFTM in the diet lead to significant linear decline in the n-6 fatty

acids including C18:2n-6 (P<0.0001), C18:3n-6 (P=0.0059),

C20:2n-6 (P=0.0216), C20:4n-6 (P=0.0002) and C22:4n-6

(P=0.0001). Linear and quadratic response was observed in

C18:3n-3 (P<0.0001 linear, P=0.0008 quadratic); C22:5n-3

(P=0.0002 linear, P=0.0436 quadratic) and C22:6n-3 (P<0.0001

linear, P=0,0254 quadratic), however all these fatty acids showed

reduced content with the increase of LFTM in the diet.

Despite the different pattern of changes in the individual

saturated fatty acids the total amount of SFA increased linearly in

the breast (P=0.0012) and thigh meat (P<0.0001) following the

increase of the levels of LFTM (Table 6). The total amount of

MUFA showed the same linear response as the SFA in both meat

cuts (P<0.0001) and both displayed considerably higher values in

the T7.5 and T10 in comparison to the control, T2.5 and T5. The

total amount of PUFA linearly decreased with the increase of TLFM

in the diet (P<0.0001) and the minimal values of this indicator were

found in the breast and thigh meat of T7.5 and T10.

The incorporation of the LFTM in the diet of the broilers

affected significantly SCD 16 (P<0.0001 linear) and SCD 18

(P<0.0001 linear, P= 0.0310 quadratic) in the breast, as both

indices increased with the growing contents of the LFTM. The

same pattern was observed in the thigh meat, where the desaturase

indices increased linearly and showed considerably higher values in

T7.5 and T10. On the other hand, the elongase index linearly

decreased in both breast and thighs (P<0.0001) with increasing the

dietary LFTM. The activity of D6D was affected by the LFTM only
TABLE 4 Effect of LFTM in the diet on the proximate composition of breast and thigh meat in broilers.

Trait C T2.5 T5 T7.5 T10 SEM1
p-value

ANOVA Linear Quadratic

Breast

Protein, % 19.93a 19.28ab 19.13ab 18.57b 18.60b 0.565 <0.0001 <0.0001 0.2017

IMF, % 0.69b 0.76b 1.03ab 1.04ab 1.22a 0.275 0.0022 <0.0001 0.9206

Moisture, % 76.28b 76.84ab 76.74ab 77.40a 77.16a 0.537 0.0026 0.0006 0.2482

Ash, % 1.12a 1.13a 1.12a 1.01b 1.04b 0.043 <0.0001 <0.0001 0.2923

Thigh

Protein, % 16.27 15.97 16.01 15.83 16.03 0.461 0.4435 0.2296 0.2017

IMF, % 2.69 3.23 3.21 3.35 3.31 0.620 0.2287 0.0563 0.2185

Moisture, % 78.07 77.82 77.82 77.93 77.74 0.591 0.8249 0.3995 0.7623

Ash, % 1.02ab 1.04a 1.02ab 0.95c 0.99bc 0.032 <0.0001 0.0011 0.6258
Means connected with different superscripts differ significantly (p < 0.05); 1 Standard error of mean.
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TABLE 5 Effect of LFTM in the diet on the fatty acid composition (%FAME) of breast and thigh meat in broilers.

Fatty acids C T2.5 T5 T7.5 T10 SEM1
p-value

ANOVA Linear Quadratic

Breast

C14:0 0.54 0.47 0.51 0.57 0.60 0.111 0.1648 0.0806 0.1604

C15:0 0.10a 0.05b 0.10a 0.12a 0.12a 0.024 <0.0001 0.0017 0.0846

C16:0 16.86d 18.03cd 18.81bc 20.19ab 20.69a 1.244 <0.0001 <0.0001 0.6494

C16:1n-7 1.77c 2.54bc 3.04b 4.21a 4.76a 0.596 <0.0001 <0.0001 0.7759

C17:0 0.22 0.16 0.18 0.17 0.13 0.055 0.0567 0.0102 0.8018

C18:0 9.31a 8.40ab 7.84bc 7.39c 7.18c 0.662 <0.0001 <0.0001 0.0853

C18:1n-9 28.25d 31.20c 32.17bc 34.48ab 35.86a 1.748 <0.0001 <0.0001 0.4351

C18:2n-6 29.47a 28.02a 27.78a 24.00b 22.28b 1.999 <0.0001 <0.0001 0.1399

C18:3n-6 0.22 0.23 0.27 0.23 0.24 0.051 0.3371 0.4247 0.2691

C18:3n-3 1.10a 0.88ab 0.93b 0.84b 0.84b 0.120 0.0005 0.0003 0.0873

C20:0 0.26b 0.37a 0.38a 0.40a 0.41a 0.055 <0.0001 <0.0001 0.0125

C20:2n-6 1.00a 0.83ab 0.58b 0.59b 0.58b 0.200 0.0002 <0.0001 0.0282

C20:3n-6 0.70 0.76 0.68 0.73 0.72 0.160 0.8985 0.9143 0.9906

C20:4n-6 6.64a 5.34b 4.47bc 4.04c 3.80c 0.841 <0.0001 <0.0001 0.0233

C20:5n-3 0.15 0.14 0.15 0.12 0.15 0.051 0.7130 0.6621 0.6038

C22:4n-6 1.94a 1.67ab 1.34bc 1.20c 0.98c 0.293 <0.0001 <0.0001 0.4878

C22:5n-3 0.85a 0.56b 0.49bc 0.43bc 0.37c 0.121 <0.0001 <0.0001 0.0074

C22:6n-3 0.62a 0.35b 0.28b 0.28b 0.29b 0.139 <0.0001 0.0002 0.0013

Thigh

C14:0 0.38b 0.42ab 0.39b 0.52a 0.53a 0.091 0.0230 0.0028 0.4846

C15:0 0.06c 0.09bc 0.08bc 0.16a 0.14ab 0.038 0.0006 0.0001 0.9052

C16:0 16.67b 18.22b 17.94b 21.11a 21.85a 1.114 <0.0001 <0.0001 0.3432

C16:1n-7 2.58b 3.46b 3.59b 4.99a 5.28a 0.671 <0.0001 <0.0001 0.9308

C17:0 0.22a 0.22a 0.19ab 0.18ab 0.14b 0.045 0.0203 0.0009 0.4220

C18:0 8.32 7.57 7.87 7.44 7.36 0.583 0.0508 0.0110 0.4983

C18:1n-9 32.47b 34.94ab 35.57ab 37.40a 38.42a 2.066 0.0004 <0.0001 0.5772

C18:2n-6 31.96a 29.66a 28.38a 23.56b 21.78b 2.136 <0.0001 <0.0001 0.4566

C18:3n-6 0.24a 0.21ab 0.25a 0.20ab 0.17b 0.034 0.0040 0.0059 0.1807

C18:3n-3 1.44a 1.06b 1.04b 0.89c 0.83c 0.072 <0.0001 <0.0001 0.0008

C20:0 0.27b 0.28b 0.36a 0.33ab 0.37a 0.065 0.0287 0.0040 0.6262

C20:2n-6 0.40ab 0.29bc 0.42a 0.31abc 0.26c 0.068 0.0007 0.0216 0.3173

C20:3n-6 0.34ab 0.28b 0.37a 0.29ab 0.27b 0.051 0.0105 0.1230 0.4110

C20:4n-6 3.05a 2.35ab 2.35ab 1.84b 1.82b 0.537 0.0033 0.0002 0.3147

C20:5n-3 0.06a 0.01b 0.06a 0.05a 0.06a 0.019 0.0002 0.1330 0.1059

C22:4n-6 0.81a 0.55bc 0.70ab 0.46c 0.41c 0.134 0.0001 0.0001 0.8566

(Continued)
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in breast showing linear increase in the experimental groups

(P<0.0001). The D5D index decreased in all the groups receiving

LFTM in both breast (P<0.0001) and thigh (P=0.0067).

With regard to the lipid nutritional indices of the meat in this

study, we observed linear increase in AI and TI and decrease in P/S

(P<0.0001). The n-6/n-3 ratio showed quadratic response to the

incorporation of LFTM (P=0.0024) in the breast, however its values

were lowest in the control group. In the thighs, this ratio responded

both linearly (P=0.0275) and quadratically (P<0.0001), however it

remained the lowest in the birds that did not receive LFTM.
4 Discussion

The results of this study showed that substantial effect of LFTM

on the pH24, color and water holding capacity, depending on the

dose might be expected in the breast meat rather than in thighs in

broilers. pH is an important parameter closely related to the meat

quality attributes and its shelf life (Mir et al., 2017) as well as the

possibilities for further processing. The values of pH24 in the breast

that were measured varied within 5.99-5.80 and fell in the “normal”

range according to Zhang and Barbut (2005). On the other hand,

the values of pH24 in the thigh meat varied within 6.18-6.27. Such

values are due to the greater activity of these muscles before

slaughter associated with lower glycogen content and hence lower

production lactic acid (Kokoszyński et al., 2016). The values of pH24

in the breast decreased significantly with increasing the LFTM levels

in the diet. In thighs, although not significant, the lowest pH24 was

measured in T10. Similarly, Shaviklo et al. (2021) observed decrease

in the pH of breast meat in broilers fed 1, 2 and 3%mealworm meal.

Also, Selaledi et al. (2021) reported decreased pH in the meat of

Boschveld indigenous chickens as a result of incorporation of 15%

TM larvae. In contrast, Bovera et al. (2016) reported higher pH of

the breast muscle in broilers when fed TM larvae in comparison to

soybean meal. A possible reason for the linear decrease in the breast

pH24 with the higher levels of LFTM that was observed here might

be the significant linear decline in the breast weight that was

reported in previous work (Petkov et al., 2024). The weight of the

breast decreased with 26.58% for the group consuming 7.5 and 10%

LFTM. Lower weight of the breast muscle is associated with higher

glycolytic potential and hence lower pH24 (Le Bihan-Duval et al.,

2008; Kaya et al., 2024). The lower pH in the meat of the groups fed

LFTM resulted in paler color of the breast as indicated by the

increase in L* and decrease in a* values. According to Anadon

(2002), the lower pH of meat (≤ 6.0) is associated with higher extent
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of protein denaturation and hence the increased scattering and

opaqueness of the meat. The effects of the insect meals on the meat

color reported in the literature are contradictory. Selaledi et al.

(2021) and Vasilopoulos et al. (2023) reported higher L* in broilers

fed TM larvae, however, the latter also observed significant increase

in the redness and yellowness. In contrast, Bovera et al. (2016); Elahi

et al. (2020) and Dabbou et al. (2020) did not find any significant

effect of TM meal on the color of broilers meat, while Parlar and

Ustundag (2024) reported quadratic decrease in L* of the breast in

broilers fed diet containing 25, 50, 75 and 100% TM as replacement

of fish meal. With regard to meals derived from other insects, in a

previous study (Popova et al., 2020) significant increase in the

lightness of both breast and thigh meat in broilers fed partially

defatted and full fat Hermetia illucens meal was found, while

Schiavone et al. (2019) observed increased redness of the breast in

broilers fed 5 to 15% defatted Hermetia illucens meal. On the other

hand, no effect on the meat color was reported in slow growing

chickens fed Acheta domesticus larval meal (Nieto et al., 2024). The

higher lightness of the breast in the birds consumed LFTM also

corresponded to the higher content of IMF observed in the

experimental groups. Such relationship in broiler meat was

demonstrated by Kokoszyński et al. (2025) who reported

increased L* in breast meat with higher IMF content. The values

of L* in this study fall within the normal range (56<L*<62)

according to Lee et al. (2022). Thus the changes in the lightness

of the meat due to the incorporation of the low-fat insect meal

might not be of concern to the consumers and not adversely affect

consumers’ perception.

Drip loss is an important parameter closely related to the water

holding capacity of meat that affect both its technological qualities

and sensory attributes. Drip and cooking losses in the breast meat

increased in linear fashion with increasing the levels of LFTM in the

diet of broilers corresponding to the changes in pH and color.

Linear increase in the drip loss in the birds consuming higher levels

of LFTM was also observed in thighs, indicating decrease in the

water holding capacity of the meat. Linearly reduced water holding

capacity due to inclusion of TM in the diet was observed in quails by

Secci et al. (2022). The results of our study, however, were not

consistent with the results of Parlar and Ustundag (2024), who

reported better water holding capacity and reduced cooking loss in

broilers with increasing the amounts of TML, and Zadeh et al.

(2019) who demonstrated improved WHC in quails. On the other

hand, Bovera et al. (2016) and Dabbou et al. (2020) did not find any

effect of TM on the water retention capacity of meat in broilers. The

values of drip loss in this study are within the range reported by
TABLE 5 Continued

Fatty acids C T2.5 T5 T7.5 T10 SEM1
p-value

ANOVA Linear Quadratic

Thigh

C22:5n-3 0.44a 0.23b 0.28b 0.16b 0.19b 0.088 <0.0001 0.0002 0.0436

C22:6n-3 0.29a 0.16b 0.16b 0.11b 0.12b 0.059 0.0002 <0.0001 0.0254
Means connected with different superscripts differ significantly (p < 0.05); 1Standard error of mean.
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Kralik et al. (2014) for normal broiler meat. The results indicate that

the incorporation of LFTM does not have a negative effect on the

water retention of the broiler meat in terms of cooking and drip

loss. This is especially important for the latter, since excessive drip

losses may be associated with significant economic loss for

the industry.

With regard to the chemical composition of the meat, the

incorporation of the insect meal in the diet of the broilers had more

pronounced effect in the breast when compared to the thigh meat. In
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the breast meat, we observed lower protein content in all the groups

consuming LFTM that decreased linearly with increasing levels of the

insect meal. No such effect of the LFTM was found in the thigh meat.

On the other hand, the groups fed LFTM showed increased IMF

content and moisture in the breast. This corresponded to the lower

protein content and is indicator of dystrophic processes due to

impaired protein utilization in the diets containing LFTM in

amounts higher than 5%. Similarly, Parlar and Ustundag (2024)

reported linear decrease of the meat protein content in the birds
TABLE 6 Effect of LFTM in the diet on the total amounts of fatty acids and lipid nutritional indices of breast and thigh meat in broilers.

Trait C T2.5 T5 T7.5 T10 SEM1
p-value

ANOVA Linear Quadratic

Breast

SFA 27.29c 27.48bc 27.82abc 28.84ab 29.13a 1.324 0.0285 0.0012 0.6163

MUFA 30.02c 33.74b 35.21b 38.69a 40.62a 2.161 <0.0001 <0.0001 0.5804

PUFA 42.69a 38.78b 36.97b 32.47c 30.25c 2.610 <0.0001 <0.0001 0.8356

n-6 39.97a 36.85ab 35.12b 30.79c 28.60c 2.455 <0.0001 <0.0001 0.8278

n-3 2.72a 1.93b 1.85b 1.68b 1.65b 0.263 <0.0001 <0.0001 0.0004

n-6/n-3 14.69b 19.09a 18.98a 18.33a 17.33ab 2.901 0.0137 0.1209 0.0024

AI 0.26c 0.27c 0.29bc 0.32ab 0.33a 0.026 <0.0001 <0.0001 0.8385

TI 0.62b 0.65ab 0.67ab 0.71a 0.72a 0.050 0.0016 <0.0001 0.7763

P/S 1.56a 1.41ab 1.33b 1.13c 1.04c 0.138 <0.0001 <0.0001 0.8632

SCD16 9.46c 12.32b 13.92b 17.15a 18.61a 1.681 <0.0001 <0.0001 0.6020

SCD18 75.24d 78.75c 80.38bc 82.32ab 83.29a 1.637 <0.0001 <0.0001 0.0310

D6D 0.0073b 0.0083ab 0.0096ab 0.0094ab 0.0109a 0.0020 0.0129 0.0005 0.8425

D5D 9.81a 7.12b 6.95b 5.66b 5.26b 1.480 <0.0001 <0.0001 0.0882

Elongase 66.85a 65.81ab 64.66abc 63.22bc 62.90c 1.855 0.0005 <0.0001 0.6336

Thigh

SFA 25.92b 26.80b 26.83b 29.74a 30.39a 0.913 <0.0001 <0.0001 0.1321

MUFA 35.05c 38.40bc 39.16bc 42.39ab 43.70a 2.594 <0.0001 <0.0001 0.6768

PUFA 39.03a 34.80ab 34.01b 27.87c 25.91c 2.748 <0.0001 <0.0001 0.8552

n-6 36.80a 33.34a 32.47a 26.66b 24.71b 2.654 <0.0001 <0.0001 0.6491

n-3 2.23a 1.46b 1.54b 1.21c 1.20c 0.127 <0.0001 <0.0001 0.0005

n-6/n-3 16.50c 22.84a 21.08ab 22.03ab 20.59b 1.304 <0.0001 0.0275 <0.0001

AI 0.25b 0.27b 0.27b 0.33a 0.34a 0.020 <0.0001 <0.0001 0.2022

TI 0.59c 0.65b 0.65bc 0.76a 0.79a 0.032 <0.0001 <0.0001 0.3557

P/S 1.51a 1.30b 1.27b 0.94c 0.85c 0.122 <0.0001 <0.0001 0.8218

SCD16 13.37c 15.86bc 16.62abc 19.05ab 19.39a 1.939 <0.0001 <0.0001 0.3732

SCD18 79.54b 82.13ab 81.82ab 83.40a 83.93a 1.863 0.0040 0.0002 0.4367

D6D 0.0075 0.0070 0.0087 0.0083 0.0079 0.0015 0.3220 0.2947 0.4174

D5D 8.97b 8.57ab 6.40c 6.54bc 6.68bc 1.740 0.0364 0.0067 0.2116

Elongase 68.00a 66.26a 66.85a 63.25b 62.79b 1.448 <0.0001 <0.0001 0.5163
Means connected with different superscripts differ significantly (p < 0.05); 1Standard error of mean.
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with increasing levels of TM meal in the diet. However, the authors

demonstrated also decrease in the fat content which is not consistent

with our findings. Contrary to our results, Vasilopoulos et al. (2023)

observed stronger effect of the TM on the chemical composition of the

thighs in broilers, and reported increased protein but decreased fat

content of the meat. The results here corresponded to the changes in

the growth performance and carcass parameters that were reported

recently for the same experimental birds (Petkov et al., 2024). In this

work, we found linear decrease in the weight of the broilers as well as

the breast yield, while no such changes were registered for the thighs.

This indicated a possible negative effect of the insect meal, especially in

higher doses, on the protein utilization and breast muscle deposition

that might be associated with the lower protein content in the meat.

The ash content decreased linearly in both breast and thigh meat,

especially in T7.5 and T10. Shaviklo et al. (2021) reported different

pattern of change in the ash content depending on the dose and also

on the age of slaughter. In their experiment involving broilers fed 24

days with mealworm meal they found lower ash in the groups

receiving insect meal. However, in another experiment the ash of

the experimental groups increased after shifting to normal feeding.

The decline in the ash content observed in this study suggests that high

doses of the low-fat insect meal might induce impaired absorption of

the dietary minerals in the broilers.

The fatty acid composition of meat is an important characteristic

associated with its dietetic and healthy quality. In this study, the

incorporation of LFTM in the diet of the broilers affected

considerably the fatty acid profile of the breast and thigh meat,

however it did not reflect entirely the fatty acid profile of the diets.

Both individual and total saturated fatty acids in the breast and thigh

responded in a similar way in to the increase of the dietary levels of

LFTM in the diet. With exception to the C17:0 and C18:0, that

decreased considerably in the groups fed higher levels of LFTM, the

other saturated fatty acids increased with the higher amount of

LFTM. Biasato et al. (2025) when comparing the effect of different

doses of partially defatted meals derived of Hermetia illucens and

Tenebrio molitor as well as mix between both in the diet of poultry

found that C14:0 remained unaffected while C16:0 increased in the in

the breast of the group fed 10% TM compared to 5%. The authors

also reported increased content of total SFA in the group receiving

higher amount of TM which is in agreement with the results of this

study. Loponte et al. (2018) reported significant increase in C12:0 and

C14:0 in the breast of broilers receiving TML meal compared to

soybean meal. In line with the results of the present experiment,

Dabbou et al. (2020) reported increased content of C14:0 in the thighs

of free range chickens fed diet containing TM meal. The authors

however found significant decrease in C16:0 and SFA in the breast

that contradicts to our results. Since many studies report the

hypercholesterolemic effect of C14:0 and C16:0, the increase of

their content in the groups fed higher levels of LFTM indicates

certain negative effect on the healthy value of the meat, especially in

the groups fed 7.5 and 10%. On the other hand, the total content of

MUFA increased linearly in both breast and thigh with increasing the

levels of LFTM in the diet of the birds. This increase was determined

by the amounts of C16:1n-7 and C18:1n-9 that raised in the groups

receiving higher percentage of the insect meal. The same effect was
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observed by Biasato et al. (2025). The increase of the MUFA in the

meat of the broilers fed higher amounts of LFTM corresponds to the

increase in the SCD16 and SC18 indices and also to the decreased

amounts of PUFA. This can be associated with higher activity of

Stearoyl-CoA desaturase, in conditions of low levels of PUFA.

According to Choi et al. (2001), SCD expression can be

considerably suppressed by C18:2n-6, C18:3n-3 and C20:4n-6.

Furthermore, as it has been shown by Lefevr et al. (2001), that in

chickens SCD is up-regulated by low-fat high-carbohydrate diets, and

is down-regulated by the addition of dietary PUFA.

The most abundant PUFA in the chicken meat is C18:2n-6. In

this study its linear decrease in the meat despite its increasing levels

in the broilers’ diets was observed. The same was found in regard to

the C18:3n-3. Both fatty acids are essential and derived exclusively

from the diet. These fatty acids are also precursors for the synthesis

of long chain n-6 and n-3 PUFA and their lower amounts

corresponded with the decreased percentages of the other PUFA

as well as the total amount of the PUFA. Similarly, decrease in the

levels of C18:2n-6, C18:3n-3 and total PUFA in the meat of broilers

fed 10% TM in comparison to the group receiving 5% were reported

(Biasato et al., 2025). The opposite was observed by Dabbou et al.

(2020), who found increased content of C18:3n-3 and total amount

of n-3 fatty acids in the breast of free-range chickens fed diet

containing TM meal. No effect of full fat TM meal in comparison to

soybean meal was found in the breast meat of broilers (Loponte

et al., 2018). The higher D6D corresponded to the lower percentage

of its substrate C18:2n-6 in the breast of the groups consuming

LFTM, while no such changes were observed in the thighs. On the

other hand, the activity of D5D showed marked decrease in both

breast and thighs in the chicken that received the insect meal. The

higher values of D5D and D6D mean better conversion of the

precursors and synthesis of long chain fatty acids. The lower

percentage of the individual PUFA and particularly C20:4n-6 in

our research found in the groups receiving LFTM corresponded to

the increased content of C18:1. Høstmark and Haug (2014)

demonstrated a strong inverse relationship between the

percentage of C18:1 and C20:4n-6 in chicken breast. According to

these authors, C18:1 acts as an inhibitor for the D-5 and D-6
desaturase and/or 5-elongase systems, while at the same time

C20:4n-6 might inhibit the SCD. The decreasing percentage of

the PUFA in the meat of the birds receiving the insect meat can also

be associated with their higher IMF content. Such relationship was

observed by Sirri et al. (2010), in different chicken genotypes. Low

relative content in PUFA in animals with higher IMF is due to the

higher percentage of triacylglycerols and low of phospholipids, as

the latter present high content of PUFA (Bartoň et al., 2008).

The changes of the fatty acids due to the inclusion of the LFTM

in the diet affected the lipid nutritional indices. Both AI and TI

increased with increasing the percentage of LFTM. The values of AI

varied between 0.26-0.33 for the breast and 0.25-0.34 for the high

meat. The TI index had values within the range of 0.62-0.72 for the

breast and 0.59-0.79 for the thighs. The values of both indices were

lower than those reported in a study of Dal Bosco et al. (2024), for

breast from slow and fast-growing broilers and within the range

reported by Ciobanu et al. (2019). This indicated that despite the
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adverse effect of the increasing level of LFTM on the

hypercholesterolemic C14:0 and C16:0, they do not impair

considerably the healthy quality of the chicken meat in this study.

The ratio between n-6 and n-3 PUFA ranged within 14.69-19.09

for the breast and 16.50-22.84 for the thigh meat. In contrast to the

AI and TI, its values are high regardless of the incorporation of

LFTM and considerably exceed the recommended value of 4

(Simopoulos, 2002). These values can be attributed to the high

levels of C18:2n-6 that is abundant in the broilers meat and fall

within the range reported in other studies (Untea et al., 2022). The

values of the n-6/n-3 ratio found in this study are indicator for a

certain imbalance of the fatty acid profile of meat of the broilers and

suggest the need of further studies in order to adapt feeding

strategies that will help achieve a more favorable profile in regard

to the polyunsaturated fatty acids.
5 Conclusions

The study provides new data and insight on the possible use of

low-fat Tenebrio molitor meal in the diet of broilers concerning the

quality attributes of meat. With regard to the physical properties

and chemical composition, the results indicated that the effect of the

incorporation of the LFTM was stronger in breast meat and

depended on the dose. Although it could not be considered as

adverse, it was associated with lower pH24, paler meat, increased

drip and cooking loss, lower protein and higher fat of the meat that

changed linearly as the levels of the insect meal increased. In regard

to the fatty acid profile, the increase of the doses of LFTM produced

higher amount of SFA and MUFA, while lowered PUFA which was

associated with higher atherogenic and thrombogenic indices, as

well as n-6/n-3 ratio. The results suggest that amounts up to 5%

LFTM might be appropriate for broilers diets. However, further

research will be necessary to formulate feeding strategies for

incorporation of the LFTM that will not negatively affect the

qualities of broiler meat.
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