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The experiment aimed to assess the effect of dietary inclusion of meals derived from Black soldier fly (BSF) larvae
on the meat quality in broilers. The birds were divided into three groups according to the formulated diets: control
(CON)- receiving standard diet, T1 — receiving 5% partially defatted and T2 — receiving 5% full fat BSF meal during
the finishing period (14-35 d). At the age of 35 days, 10 broilers from each group were slaughtered for meat qual-
ity evaluation. The dietary inclusion of the BSF meals was associated with decrease of pH and lighter colour of the
meat. The total amount of the saturated fatty acids (SFA) and atherogenic index (Al) were increased, while polyun-
saturated fatty acids (PUFA), the ratios between PUFA and SFA (P/S), n-6/n-3 PUFA and hypo/hypercholesterolemic
fatty acids (h/H) were decreased in the meat of the broilers consuming insect meals. The results of the study sug-
gest good prospective for further research with the examined BSF meals for broiler nutrition to formulate feeding
strategies that will not alter negatively meat quality and its healthy value.
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Introduction

In recent years, edible insects have been gaining much attention on the feed market mainly due to their high pro-
tein content that is essential for the growth of the farm animals. In the poultry industry, as well, the demand for
high-quality protein is increasing, hence increasing the demand for edible insects for the poultry feed. Black soldier
fly (BSF) (Hermetica illucens) and the common housefly (Musca domestica) are two insect species mainly being
investigated. Recently, research has been done also on yellow mealworm (Tenebrio molitor) (Bovera et al. 2016,
Biasato et al. 2017, Benzertiha et al. 2019), silkworm (ljaiya and Eko 2009, Dutta et al. 2012, Ullah et al. 2017), crick-
ets (Wang et al. 2005) and grasshoppers (Sun et al. 2013). BSF larvae are an excellent energy and protein source.
It has been stated that their amino acid profile is suitable for poultry (Barragan-Fonseca et al. 2017). According
to De Marco et al. (2015) the high apparent metabolisable energy and the amino acid apparent ileal digestibility
coefficients of BSF larval meal, make it a valuable ingredient for the formulation of broiler feeds. Furthermore,
Arango Gutiérrez (2005) suggested that BSF larvae have a suitable mineral content for the nutrition of poultry. On
the other hand, BSF larvae contain high amounts of lipids whose fatty acid profile vary considerably depending
on the composition of the rearing substrate. The lipids of the BSF larvae are characterized with large amounts of
saturated fatty acids (58—72%), with significant levels of C12:0, C16:0 and C18:1 (Surendra et al. 2016). Studies on
the application of BSF larvae meal in poultry feeds are carried out with broilers (Dabbou et al. 2018, Kinasih et al.
2018, Schiavone et al. 2019), ducks (Gariglio et al. 2019), quails (Cullere et al. 2016) and partridges (Loponte et al.
2017, Secci et al. 2018) evaluating the performance parameters of the birds, as well as, meat quality traits. Most
of the studies focus on the application of different percentages of defatted meal derived from BSF larvae while
few reported on the effect of the fat of BSF when added to the poultry feed (Schiavone et al. 2017, Cullere et al.
2019a). So far, to our knowledge there is no comparison between the full fat and partially defatted BSF meal as
replacement of the soybean meal in the diet of broilers. The aim of this study was to evaluate and compare the
effect of BSF meals (partially defatted and full fat) included in the diet of broilers on the quality, proximate com-
position and fatty acid profile of their meat.
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Material and methods

The experimental protocol used in this study, including the animal management, housing and slaughtering proce-
dures was approved by the Ethical committee of the Institute of Animal Science- Kostinbrod, Bulgaria.

Experimental birds and housing

The trial was carried out in the experimental poultry farm of the Institute of Animal Science- Kostinbrod, Bulgaria
with Ross 308 broilers. After hatching, the one day old chicks were sexed, marked and a total of 150 male chick-
ens were selected for the trial to form three groups, each containing 50 birds. The broilers were reared in deep
litter at a density of 10 birds m with controlled microclimatic conditions. They were maintained at a brooding
temperature of 32 °C for 7 d after which the environmental temperature was gradually reduced to 22 °C until day
35. The lighting regime was 23 h light and 1 h dark for day 1 to day 7, 18 h light and 6 h dark for day 8 to day 30,
and 23 h light and 1h dark for day 31 to day 35. The temperature and lighting regimes were recommended for the
standard breeding practices (Aviagen 2018). At hatching, the chickens were vaccinated against Newcastle disease,
Marek disease and infectious bronchitis, and at 9 days of age — against infectious bursal disease.

Experimental diets

Full fat and partially defatted meals were derived from Black Soldier Fly (Hermetia illucens) larvae and were dry
powder products. They were delivered by Nasekomo AD, Bulgaria.

Table 1. Ingredient and chemical composition of the diets

Component, % CON’ T1™ T2
Maize 44.55 47.79 46.31
Wheat 15.00 15.00 15.00
Soybean meal 27.20 21.10 22.20
BSF meal (partially defatted) 0.00 5.00 0.00
BSF meal (full fat) 0.00 0.00 5.00
Sunflower meal 5.00 5.00 5.00
Sunflower oil 5.10 3.15 3.40
Limestone 1.01 0.85 0.96
Monocalcium phosphate 0.84 0.82 0.84
Salt 0.22 0.22 0.22
Sodium bicarbonate 0.22 0.21 0.21
L-Lys 0.26 0.25 0.25
DL- Met 0.26 0.27 0.27
L-Tre 0.09 0.09 0.09
Choline chloride 0.05 0.05 0.05
Vitamin mineral premix * 0.20 0.20 0.20
Analyzed chemical composition

Crude Protein, % 18.63 18.51 18.03
Fat, % 6.91 5.44 6.75
Ash, % 4.59 4.14 391
Crude Fibers, % 3.95 4.15 4.73
Nitrogen free extract, % 57.59 59.19 57.99
Metabolizable energy?, kcal/kg 3171.16 3171.70 3170.04

" Control group; ** Group fed diet including 5% partially defatted BSF meal; ™" Group fed diet including
5% full fat BSF meal; * = Vitamin mineral premix provided the following per kg of diet: Ca, 380 mg;
Fe, 40 mg; Cu, 15 mg; Zn, 80 mg; Mn,70 mg; |, 1mg; Se, 0.3mg; vit. A, 12500 IU; vit.D, 4000 IU; vit.
E, 50 mg; vit. K, 2 mg, vit. B1, 2 mg; vit. B2, 7 mg; pantothenic acid, 10.87 mg; niacin, 35 mg; vit.
B6, 3mg, vit. B12, 40 mcg; folic acid, 1.5 mg; biotin, 100 mcg; BHT, 1.205, propyl gallate, 0.099 mg;
6-phytase, 2000 FYT; 1.4 beta-xylanase, 560 TXU, 1,4 beta glucanase, 250 TGU; ? = Metabolizable
energy was calculated using the Konfu sotware system for composing an optimisation of animal
feeds (provided by Exbit Ltd.).
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The feeding of the broilers was in two phases, as during the first two weeks of the trial, all the groups were fed
the same starter diet adjusted to the standards for Ross broilers. For the grower period, three diets were formu-
lated to have the same energy and crude protein levels. One of the diets was considered control (CON) while the
other two were prepared to include partially defatted (T1) or full fat BSF meal (T2) at the amount of 5 %.
The three groups of broilers (n=50) were fed the respective diets for a period of three weeks until 35 days of age.
Feed and fresh water were provided ad libitum. The composition of the diets was formulated according to the
standard for the Ross broilers. The chemical and fatty acid composition of the diets are presented on Table 1 and
Table 2 respectively, whereas the chemical composition and fatty acid profile of BSF meals can be found on Table
3. Data were provided by the Laboratory of Chemical Analyses and the Laboratory of Gas Chromatography and
Lipid Analysis in the Institute of Animal Science-Kostinbrod. During the trial period, the mortality of the broilers
in the three groups as well as the amount of feed provided were controlled daily, whereas the live body weight
of each bird was recorded weekly.

Table 2. Fatty acid composition (% FAME) of the diets

Fatty acids CON" T1™ T2
C12:0 - 9.13 16.63
C14:0 0.30 1.58 2.38
C16:0 13.69 15.25 15.93
C16:1n-7 0.20 0.29 0.41
C18:0 4.69 3.92 3.96
C18:1 39.91 32.93 29.81
C18:2n-6 40.07 35.56 29.83
C18:3n-3 1.14 1.34 1.05

"Control group; " Group fed diet including 5% partially defatted BSF meal; """ Group
fed diet including 5% full fat BSF meal

Table 3. Chemical and fatty acid composition of the BSF meals included in the diet

Chemical composition,% ESF meal BSF meal
(partially defatted) (full fat)
Crude protein 52.17 43.78
Fat 17.22 31.14
Ash 9.38 6.23
Crude fibers 10.38 12.23
Nitrogen free extracts 6.07 1.83
Fatty acid composition, %
C12:0 41.23 49.56
C14:0 8.39 7.90
C16:0 18.15 15.17
C16:1n-7 2.04 1.72
C18:0 1.90 1.55
C18:1 11.77 8.32
C18:2n-6 15.61 14.90
C18:3n-3 0.91 0.88

Slaughtering procedure and sampling

At 35 days of age, a total of 30 broilers (10 birds per group) were selected for slaughter based on the average live
body weight. After stunning, decapitation and bleeding, the carcasses were plucked, eviscerated and their feet
removed. The edible by-products (neck, liver, gizzard, heart and spleen) were separated. Hot carcass weight (HCW)
was recorded and dressing percentage was calculated. The carcasses were then kept at 4 °C for 24 h. Further,
breasts and thighs of each broiler were separated from the carcass, the skin was removed and they were subject-
ed to analysis in the Laboratory of Meat Quality in the Institute of Animal Science- Kostinbrod.

179



AGRICULTURAL AND FOOD SCIENCE

T. Popova et al. (2020) 29: 177-188

Analysis of the meat quality traits

pH and colour measurements

Muscle pH and colour analysis was performed at the time of deboning the breast and thigh muscles from the right
side of the carcass. pH was measured using a portable pH meter equipped with a glass electrode, calibrated pri-
or to use at pH 4.0 and 7.0. Meat colour was measured on the surface of the cranial part of each beast fillet and
thigh using the CIELAB method, expressed as lightness (L*), redness (a*), and yellowness (b*), with a colorime-
ter PCE-CSM 4 (PCE Instruments). Color saturation (chroma, C* and the hue angle h) were also measured. pH as
well as the color measurements were done on three locations of the muscles and the results were averaged. Af-
ter the analysis of pH and colour, the breast and thigh muscles were minced in a meat grinder. Aliquots of 300 mg
per breast and thigh meat were used for determination of WHC, and the rest was vacuum packed and stored at
—20 °C until analysis of myoglobin content, proximate composition and fatty acid profile. All the determinations
in the analyses below were done in triplicate per sample.

WHC determination

Water holding capacity measured as free water content (%) was determined as described by Grau and Hamm (1952).

Myoglobin content

Total content of myoglobin was determined (Hornsey 1956) using a T60 UV/Visible spectrophotometer (PG-
Instruments).

Proximate composition

The moisture, protein and ash contents of the breast and thigh meat were determined according to AOAC (2004).

Fatty acid composition of the diets and meat samples

Total lipids from the meals, feed, breast and thigh meat were extracted according to the method of Bligh and Dyer
(1959). Methyl esters of the total lipids, isolated by preparative thin layer chromatography, were obtained using
0.01 % solution of sulfuric acid in dry methanol for 14 h, as described by Christie (1973). The fatty acid composi-
tion of total lipids was determined by gas—liquid chromatography (GLC) analysis using a chromatograph CSi 200
equipped with a capillary column (DM-2330:30 mx0.25 mmx0.20 um) and hydrogen as a carrier gas. The oven tem-
perature was first set to 160 °C for 0.2 min, then raised until 220 °C at a rate of 5 °C min™ and then held or 5 min.
The temperatures of the detector and injector were 230 °C. Methyl esters were identified through a comparison to
the retention times of the standards. Fatty acids are presented as percentages of the total amount of the methyl
esters (FAME) identified (Christie 1973). The amount of each fatty acid was used to calculate the atherogenic (Al)
and thrombogenic (TI) indices as proposed by Ulbricht and Southgate (1991):

Al = (C12+4xC14:0+C16:0)/[MUFA+2(n-6)+2(n-3)]

Tl = (C14:0+C16:0+C18:0)/[0.5xMUFA+0.5x (n-6)+3x(n-3)+(n-3)/(n-6)]

The h/H ratio was calculated, as suggested by Santos-Silva et al. (2002):
h/H=(C18:1+C18:2n-6+C20:4n-6+C18:3n-3+C20:5n-3+C22:5n-3+C22:6n-3)/(C14:0+C16:0)

Statistical evaluation

The statistical analysis was performed using JMP v.7 software package. Each bird was used as experimental unit.
The normality of distribution for the data and homogeneity of variances were checked by Shapiro-Wilk and Brown-
Forsythe tests. The effect of the BSF meals in the diet on the examined traits was evaluated through one-way
ANOVA procedure. In case of significance, the means of the groups were evaluated through Tukey post hoc com-
parisons at p<0.05.
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Results

The health status of the birds during the trial was strictly controlled. The two groups receiving BSF meals had no
mortality, while the control group had mortality of 7.55 % for the whole experimental period. This could be ex-
plained with the high content of C12:0 in the diets containing BSF meals and the bactericidal effect of this fatty
acid in the intestinal tract of the birds against pathogenic microorganisms. At the end of the trial period the live
weight of the three groups differed significantly, as the broilers from the control group had the lowest weight
(1606.30 g vs. 1692.70 g for T1 and 1746.82 g for T2). The effect of the BSF meals on the live weight was also ob-
served on the dressing percentage, which was higher in the broilers consuming the insect meals compared to the
control group (CON: 65.18%; T1: 72.73%; T2: 70.31%).

Quality characteristics of breast and thigh meat

The values of pH24, colour and WHC of breast and thigh meat are presented in Table 4.

Table 4. Quality traits of the breast and thigh meat

Item CON* T T2 SEM p
Breast

pH24 5.67a 5.96a 5.53b 0.18 0.0001
L* 63.47a 69.52b 72.29b 4.02 0.0003
a* 6.09 5.26 5.89 1.07 0.2230
b* 7.72a 6.09b 6.86ab 1.21 0.0253
c* 9.84a 8.09b 9.09ab 1.40 0.0381
h 51.86 48.26 48.91 5.68 0.3623
WHC, % 36.88 38.04 39.82 3.25 0.1758
Myoglobin, mg g* 0.62a 0.51b 0.53ab 0.08 0.0236
Thigh

pH24 6.10a 6.16a 5.70b 0.20 0.0001
L* 56.94a 62.31c 66.61b 3.68 <0.0001
a* 9.04 7.37 7.71 1.62 0.0854
b* 5.64a 4.26b 5.41ab 1.12 0.0271
c* 10.76a 8.56b 9.44ab 1.61 0.0227
h 32.79 34.89 30.18 6.41 0.2910
WHC, % 32.96a 34.29a 38.29b 3.23 0.0047
Myogobin, mg g* 1.15a 0.99b 1.02ab 0.11 0.0181

Means connected with different letters differ significantly (p<0.05); " Control group; ** Group fed diet including 5% partially
defatted BSF meal; *** Group fed diet including 5% full fat BSF meal

The inclusion of the BSF meal in the diet of broilers affected significantly (p=0.0001) pH24 both in breast and
thigh meat, showing higher values in the control and T1 groups, when compared to T2 group. The colour charac-
teristics were also significantly affected by the dietary BSF meal and also by its form. The groups fed BSF meals
had significantly lighter colour of the breast (p=0.0003) and thigh (p<0.0001) when compared to control group.
Furthermore, in thigh meat, differences in the lightness were observed also between T1 and T2 groups, showing
the highest L* values in the meat of the chickens receiving full fat BSF meal. While the a* parameters remained
unaffected by the BSF meals, the yellowness and colour saturation were influenced by the inclusion of the insect
product and also by its form, revealing lowest values of b* and C* in the meat of T1 group and highest in the con-
trol. No effect of the insect meal was observed in regard to the WHC in breast, whereas in thigh decrease in the
WHC in T2 was found. The effect of the BSF meal on the myoglobin content was consistent with the one observed
on the yellowness and colour saturation. In both breast and thigh meat, the myoglobin content was highest in the
control group and lowest inT1 group.
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Proximate composition
The proximate composition of the breast and thigh meat is presented in Table 5.

The content of the protein in breast was not affected by the BSF meal in the diet, while in thighs, it influenced
significantly this parameter (p=0.0048). In both groups receiving insect meal, the protein content was increased
when compared to the control group. The muscle moisture was also affected by the BSF meals (p<0.0001), how-
ever the effect differed in breast and thigh meat. While in breast lower value was displayed only in T1 group, in
thigh meat, both groups receiving BSF meal had lower moisture when compared to the control group.

Table 5. Proximate composition of the breast and thigh meat

Iltem CON" T1™ T2 SEM p
Breast

Protein, % 23.38 22.98 23.28 0.48 0.1973
Lipids, % 1.25 1.14 1.16 0.33 0.7582
Moisture, % 74.64a 72.93b 74.74a 0.64 <0.0001
Ash, % 1.18 1.16 1.20 0.10 0.4479
Thigh

Protein, % 19.49a 20.07b 20.28b 0.47 0.0048
Lipids, % 3.95 4.11 4.55 0.63 0.1327
Moisture, % 75.45a 71.13b 73.66b 0.68 <0.0001
Ash, % 1.16 1.09 1.07 0.10 0.1830

Means connected with different letters differ significantly (p<0.05); * Control group; ** Group fed diet including 5% partially defatted BSF
meal; ** Group fed diet including 5% full fat BSF meal

Fatty acid profile

The inclusion of the BSF meal in the diet of broilers had pronounced effect on the saturated C12:0 and C14:0 fatty
acids in the breast and thigh meat (p<0.0001), as shown in Table 6.

The proportion of these fatty acids gradually increased from the control group to the group that received the full
fat BSF meal, showing the highest levels in the latter. C16:0 remained unaffected and C16:1n-7 only tended to in-
crease in breast meat of the groups receiving insect meals (p=0.0861). However, in thigh meat these two fatty ac-
ids were affected by the inclusion of the BSF meals in the diet and were significantly lower in the control group. In
regard to the polyunsaturated fatty acids, the dietary intake of BSF meal was associated with changes in C18:2n-6
in breast and thigh (p<0.0001),decreasing considerably in T1 and T2 groups. In breast meat C22:5n-3 increased
significantly (p=0.0233) in the groups fed BSF meals.

The inclusion of BSF meal in the diet affected significantly the total amount of SFA in breast (p=0.0038) and thigh
(p<0.0001) meat leading to increased valued of their percentage in T1 and T2 groups (Table 7).

MUFA were affected by the insect meals only in thigh meat (p=0.0187) and displayed significantly augmented pro-
portion in the group fed defatted BSF meal when compared to control group. T2 was intermediate in regard to
this parameter. Similar to SFA, the PUFA content was significantly affected by the dietary intake of insect product
in breast (p=0.0010) and thigh (p<0.0001) meat and showed decrease in the groups fed defatted as well as full
fat BSF meal. The changes in the total SFA and PUFA reflected in the values of P/S ratio, which were significantly
lower (p<0.0001) in the meat of broilers receiving BSF meals. Furthermore, both T1 and T2 groups displayed low-
er n-6/n-3 and h/H ratios, however the atherogenic index was augmented when compared to the control group.
The Tl values were influenced by the diet as well, but they differed significantly between the groups only in the
thigh meat (p<0.0001), being higher in the meat of broilers receiving BSF meals compared to the control group.
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Table 6. Fatty acid (% FAME) composition of the breast and thigh meat

Fatty acids CON® T T2 SEM p
Breast

C12:0 0.19a 1.07b 2.52¢ 0.64 <0.0001
C14:0 0.45a 0.82b 1.30c 0.18 <0.0001
C16:0 20.95 21.57 21.04 1.80 0.6994
C16:1n-7 2.67 3.49 3.14 0.79 0.0861
C18:0 6.47 7.24 6.97 1.23 0.3898
€18:1n-9 34.16 35.70 33.33 3.26 0.2765
C18:2n-6 30.21a 24.48b 26.03b 1.98 <0.0001
C18:3n-3 0.38 0.41 0.42 0.08 0.5026
€20:2n-6 0.53 0.56 0.60 0.13 0.5579
€20:3n-6 0.47a 0.71b 0.67b 0.12 0.0004
C20:4n-6 3.20 3.49 3.45 0.86 0.3471
€20:5n-3 0.03 0.07 0.06 0.03 0.1158
€22:5n-3 0.16a 0.23ab 0.25b 0.06 0.0233
C22:6n-3 0.13 0.16 0.22 0.16 0.4577
Thigh

€12:0 0.02a 1.58b 2.42c 0.40 <0.0001
C14:0 0.35a 0.98b 1.32¢ 0.16 <0.0001
C16:0 18.86a 20.60b 19.98ab 1.31 0.0207
C16:1n-7 3.13a 4.95b 4.37b 0.87 0.0003
C18:0 5.96 6.28 6.06 0.48 0.3310
C18:1n-9 37.31 38.33 36.71 1.69 0.1178
C18:2n-6 31.77a 24.60b 26.63b 2.48 <0.0001
C18:3n-3 0.39 0.48 0.53 0.05 0.5603
€20:2n-6 0.21 0.21 0.22 0.05 0.7260
€20:3n-6 0.22a 0.28b 0.27b 0.03 0.0019
C20:4n-6 1.60 1.52 1.33 0.25 0.0659
€20:5n-3 0.00 0.01 0.01 0.01 0.1855
€22:5n-3 0.11 0.11 0.09 0.02 0.3094
€22:6n-3 0.07 0.07 0.06 0.02 0.8357

Means connected with different letters differ significantly (p<0.05). *Control group; ** Group fed diet including 5% partially defatted BSF meal;
*** Group fed diet including 5% full fat BSF meal
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Table 7. Total content of fatty acids and lipid nutritional indices in breast and thigh meat

Item CON* T1™ T2 SEM p
Breast

SFA 28.06a 30.70b 31.83b 2.33 0.0038
MUFA 36.83 39.18 36.47 3.65 0.2147
PUFA 35.11a 30.11b 31.70b 2.70 0.0010
n-6 34.41a 29.24b 30.75b 2.60 0.0005
n-3 0.70 0.87 0.95 0.22 0.0579
P/S 1.25a 0.98b 0.99b 0.12 <0.0001
n-6/n-3 49.16a 33.61b 32.36b 3.34 0.0012
Al 0.32a 0.37b 0.42b 0.04 0.0002
Tl 0.74 0.80 0.80 0.08 0.1954
h/H 3.26a 2.88b 2.87b 0.36 0.0397
Thigh

SFA 25.19a 29.44b 29.78b 1.42 <0.0001
MUFA 40.44a 43.28b 41.08ab 2.18 0.0187
PUFA 34.37a 27.28b 29.14b 2.66 <0.0001
n-6 33.80a 26.61b 28.45b 2.60 <0.0001
n-3 0.57a 0.67b 0.69b 0.07 0.0016
P/S 1.36a 0.93b 0.98b 0.14 <0.0001
n-6/n-3 59.29a 39.71b 41.24b 4.11 <0.0001
Al 0.27a 0.37b 0.40b 0.03 <0.0001
Tl 0.52a 0.62b 0.60b 0.04 <0.0001
h/H 3.74a 3.02b 3.09b 0.30 <0.0001

Means connected with different letters differ significantly (p<0.05). * Control group; ™ Group fed diet including 5% partially defatted BSF meal;
""" Group fed diet including 5% full fat BSF meal

Discussion

The results of the present study show that the values of pH 24 in the broiler meat can be diversely affected by
the inclusion of the BSF meal in the diet and might depend on its form (full fat or partially defatted product).
The pH value of the meat is an important parameter regarding the transformation of muscle tissue in meat and
depends on the rate of decomposition of glycogen deposits in the muscles. The very rapid decline of pH early post
mortem is associated with the abnormal pale colour and reduced water holding capacity (PSE) meat. In poultry meat
such abnormalities exist, as broilers are most prone to them, due to the rapid growth rates and the hypertrophy
of muscles, especially breast. Studies on broiler meat quality report different values for the pH in normal and PSE-
like meat in breast, and such have been not pointed for thigh muscles. The pH24 values of the breast in this study
are within the normal range for the control and T1 groups (Fletcher 1999, Zhang and Barbut 2005, Lesiow et al.
2009), however it was significantly lowered in the group consuming full fat BSF meal. It is known that BSF larvae
are rich in lauric acid and hence the products derived by them would have considerable levels of this fatty acid. It
could be suggested that the augmented content of lauric acid in the full fat BSF meal is responsible for the lower
values of pH in the broilers meat, however the results so far have been inconsistent. Zeiger et al. (2017) reported
significantly lower pH in the breast muscles in broilers receiving lauric acid in the diet but dependent on the
broiler strain. On the other hand, Schiavone et al. (2017) did not find any changes in pH in meat of broilers fed
diets with partial or total replacement of the soya with BSF larvae fat. Cullere et al. (2016), reported significant
decrease in the pH value quails breast meat when receiving defatted BSF meal in the diet, similar trends were fur-
ther observed in quails with 10 % dried and ground BSF larvae in the diet (Cullere et al. 2019b). Lower pH values
are associated with decrease in the WHC and lighter colour. In our study WHC tended to be lower in the groups
fed BSF meal and significantly deteriorated in the thigh of T2 group. Increased drip losses and deteriorated WHC
due to intake of elevated lauric acid levels were reported by Zeiger et al. (2017) and Fortuoso et al. (2019), how-
ever Schiavone et al. (2017, 2019) did not find any changes in the drip loss due to BSF fat or meal.
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The lightness of the breast and thigh meat in this study increased significantly in T1 and T2 groups when com-
pared to the chickens from the control group. The highest L* values were registered in the chickens fed full fat
BSF meal. This corresponded to the lowest WHC associated with the lowest pH values and hence more moisture
on the surface of the meat to reflect the light in this group. This result was not expected and requires further in-
vestigation. In regard to the b* and C* values, however, T2 group was intermediate. These two parameters were
significantly affected by the inclusion of BSF meal in the diet but their lowest values were observed in T1 group.
The highest b* and C* values were recorded in the control group which corresponded with the darkest colour of
the breast and thigh meat as well as the highest myoglobin content. Colour is one of the meat quality parameters
that affect considerably the perception of consumers. So far, the observations on the effect of the insect meals
as a component of the diet in poultry on the colour characteristics of meat have been contradictory. In line with
our results, Schiavone et al. (2019) observed reduced yellowness in meat of broilers receiving defatted BSF meal
in the diet, however they reported increased redness in response to the BSF meal. On the other hand, Schiavone
et al. (2017) did not find any significant changes in the colour of broiler breast meat either fresh or subjected to 9
days of retail display that were due to the dietary intake of BSF fat. Cullere et al. (2016) reported dose dependent
effect of BSF defatted meal on the redness index of quail breast with decrease of its values in the birds consumed
higher content of the meal. Secci et al. (2018) detected increased yellowness in cooked partridge meat from birds
fed BSF and Tenebrio molitor meal, but no changes were observed in the fresh meat. Pieterse et al. (2019) did
not find any difference in the colour characteristics of meat in broilers fed pre-pupae BSF meals included in the
diet. On the other hand, in an earlier study, Pieterse et al. (2014) found decreased lightness and redness in breast
and decreased yellowness in thigh meat of broilers receiving Musca domestica larvae meal, replacing fish meal in
the diet. We consider that the changes in the colour parameters attributable to the dietary inclusion of BSF meal
affected considerably the visual appearance of the meat with possible impact on the choice of the consumers.

The proximate composition of the meat was affected by the inclusion of the BSF meal in the diet. Both kinds of
meat displayed changes in the moisture content that in breast was the lowest in T1 group, while in thigh the
decrease of this parameter was observed in both groups receiving BSF meals. The decreased moisture in thigh
however corresponded with the tendency toward higher lipid deposition, while on the other hand the protein
content in the broilers consuming insect meals was also higher. Similar to the physical traits, no consistent effect
of the insect products on the proximate composition of the meat has been reported. Our results are in partial
agreement with Schiavone et al. (2019), reporting higher protein content and decreased moisture content in re-
sponse to increasing level of BSF defatted meal in broilers. The proximate composition of broiler meat remained
unaffected by the inclusion of BSF larvae (Cullere et al. 2019b) or other insect sources such as Tenebrio molitor
(Bovera et al. 2016, Dabbou et al. 2019).

The fatty acid profile is of great importance for the healthy value of food. One of the factors that greatly affect the
fatty acid composition of meat is the nutrition of the animals it is derived from. In this study, the fatty acid pro-
file of breast and thigh meat revealed dramatic increase in the content of C12:0. This is expected since the BSF
meals contain significant amount of lauric acid (Table 3). The increase of the proportion of C12:0 was accompa-
nied by higher content of C14:0 and total SFA in breast and thigh meat. C16:0 was only augmented in the thigh
meat, more pounced in T1 group. Our results coincide with those reported by Schiavone at al. (2017), Cullere et
al. (2019a), Schiavone et al. (2019), who observed linear increase in the content of lauric and myristic acids in the
meat of broilers with partial or total replacement of the soya oil with fat derived from BSF larvae or increasing
amounts of defatted BSF meal respectively.

The monounsaturated fatty acid that was affected by the dietary inclusion of the insect meals was C16:1n-7 which
increased in the groups fed both full and partially defatted BSF meals. Its increase was more pronounced in thigh
meat and led to higher total amount of MUFA observed in this meat. Though it tended to be increased in the
breast, its amounts were not sufficient to induce increase in the total MUFA. In line with our results, Cullere et al.
(2019a) and Sciavone et al. (2019) observed increase in C16:1 in the breast and thigh meat of broilers receiving
dietary BSF fat, however they reported contradictory results in regard to C18:1. The lack of changes in C18:1n-9
that we observed might be attributed to the higher intake of dietary SFA in the groups fed BSF meals. According
to Poureslami et al. (2010), dietary surplus of SFA inhibits the biosynthesis of C18:1n-9 by suppressing the elon-
gase activity. Furthermore, according to Kouba and Mourot (1998) and Smink et al. (2010), the high dietary PUFA
intake expected in this study due to the high amounts of C18:2n-6 in the diets (Table 2), might inhibit the §-9 de-
saturase in the liver and reduce the conversion of SFA to MUFA.

The results of the study show significant decrease in the C18:2n-6 in the groups consumed BSF meals. It is known
that C18:2 n-6 is essential for the organism and is exclusively derived from the diet. Since both BSF meals in the
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diet of the broilers are included to replace the soybean meal, which is rich in C18:2 n-6, the decrease in the con-
tent of this fatty acid in the meat could be expected and due to its lower intake from the diet. Contrary to us,
Cullere et al. (2018) did not observe any effect of BSF in the diet on the C18:2n-6, while Schiavone et al. (2017) re-
ported increase of C18:2n-6 in the meat of broilers with increased levels of BSF in the diet. The n-3 PUFA content
tended to increase in breast (p=0.0579) in breast of T1 and T2 groups which contradicts to the findings of Secci et
al. (2018) and Schiavone et al. (2019), reporting significant decrease in the long chain n-3 PUFA. The decrease in
C18:2n-6 lead to lower n-6/n-3 ratio, however it remained very high in all the groups. The recommended values
of this ratio are < 4 (Enser et al. 2001), whereas the reported in this study are far beyond this value, which indi-
cates necessary further modifications of the diet of the birds, so that they meet the criteria for a healthy and bal-
anced fatty acid profile. On the other hand, the P/S ratio are above the recommended minimum of 0.4 (Wood et
al. 2003). The significant increase of SFA and particularly C14:0 is associated with increase in Al, Tl and decrease
in h/H. Atherogenic and thrombogenic indices are lipid quality indicators that depend on the changes of particu-
lar groups of fatty acids. They indicate the potential effects of the lipids on the development of cardiovascular
diseases. Both Al and Tl showed increase in the breast and thigh meat of broilers consuming BSF meals, the maxi-
mum values observed in T2 group. This corresponds to the significantly higher content of SFA in the groups fed
BSF meals. Attia et al. (2017) observed significant positive relationship between SFA and Al and Tl in broiler meat.
Schiavone et al. (2019) observed linear increase in Al of the breast meat in broilers, receiving diets including 50—
150 g kg* partially defatted BSF meal. They reported values within the range of 0.29-0.34. On the other hand,
they did not observe any effect of the BSF meal on the thrombogenic index (0.61-0.64) which coincides with our
results for the breast meat. Cullere et al. (2019a) reported significant increase of the Al and Tl in broilers consum-
ing diets with 50% and 00% replacement of the soybean oil with oil derived from BSF larvae. The Al and Tl values
determined in this study might be considered low when compared to other studies with boilers (Attia et al. 2017,
del Puerto et al. 2017, Cullere et al. 2019a) which indicates no negative effect of the BSF meals on the lipid quality.

Conclusions

The present study shows that the inclusion of 5% of full fat or partially defatted meal derived from the Black
Soldier fly larvae in the diet affected considerably the quality characteristics and fatty acids profile of meat in
broilers at 35 days of age. Mostly, changes were associated with decrease of pH 24 and the lighter colour in the
groups consuming BSF meals. Furthermore, significant increase in SFA, mainly due to higher content of C12:0 and
C14:0 and decrease in PUFAin the meat of the chickens that received BSF meals was observed. These changes led
to higher atherogenic and thrombogenic indices of the meat of the broilers in the experimental groups. The re-
sults suggest that further research is necessary in order to formulate feeding strategies in broiler nutrition with
participation of the examined BSF products that will not alter adversely the meat quality.
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