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ABSTRACT This study was conducted to investi-
gate the effect of insect full-fat meals (Tenebrio moli-
tor and Zophobas morio larvae), added “on top” of a
complete diet or calculated into diets, on the growth
performance, selected blood, and immune system traits
of broiler chickens. 1,000 one-day-old female Ross 308
broiler chicks were used in 2 independent experiments.
In the first trial, the birds were randomly assigned to
6 treatments, 10 replicate pens per treatment, and 10
birds per pen, i.e., negative control; positive control
with salinomycin addition (60 mg/kg diet), and ad-
dition of 0.2% and 0.3% of T. molitor and Z. morio
full-fat meals “on top". In the second experiment, 4
treatments, 10 replicate pens per treatment, and 10
birds per pen were set, i.e., negative control, positive
control with salinomycin addition (60 mg/kg diet), and
0.3% of T. molitor and Z. morio full-fat meals calcu-
lated in the diets. In both trials the supplementation

of insects increased the BWG (Exp. 1: P = 0.024;
Exp. 2: P = 0.046) and FI (Exp. 1: P = 0.022; Exp.
2: P = 0.026), and no negative effect on the FCR
was recorded in experiment one (P = 0.514), however
in second trial insects addition increased FCR values
(P = 0.011). In addition, in the first trial, groups fed
insects and PC comparing to NC decreased the IgY
(P = 0.045) and IgM, (P < 0.001) levels. In the second
experiment, IgM levels were also decreased (P < 0.001)
in groups fed insects comparing to NC. Moreover, in
first trial the IgM levels were negatively correlated to
the BWG (r = –0.4845) and FI (r = –0.4986), with
statistically significant values (P < 0.001). In conclu-
sion, the current results confirmed that small amount
addition (0.2% and 0.3%) of T. molitor and Z. morio
full-fat meals to the diet of broiler chickens can im-
prove growth performance and change selected the
immune system traits.
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INTRODUCTION

Insects have been proposed as a sufficient sustain-
able and alternative source of nutrients for livestock,
including poultry (Premalatha et al., 2011; María–José
Sánchez–Muros et al., 2014; Józefiak et al., 2016).
It should be highlighted that consuming insects is a
natural feeding habit for various species, including pig,
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poultry, and fish (Veldkamp et al., 2012; Makkar et al.,
2014; Henry et al., 2015). Among the various species
of insects, yellow mealworm (Tenebrio molitor; TM)
and super mealworm larvae (Zophobas morio; ZM)
have been predominantly studied as a source of pro-
tein and fat for different animal species due to their
qualitative and quantitative amino-acid and fatty-acid
profiles (Józefiak et al., 2016; Kierończyk et al., 2018).
Presently, insects are not only considered as a nutri-
tional carrier but also as a dietary factor that has
a wide spectrum of activities against pathogens due
to their ability to synthesize antimicrobial peptides
(AMPs) (Józefiak and Engberg, 2017). AMPs are
small cationic peptides that affect the molecules of
innate immunity and have shown a broad spectrum of
activity against bacteria, fungi, and viruses (Boman,
1995; Imamura et al., 1999; Thacker, 2013; Józefiak
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and Engberg, 2017). In addition to synthesizing AMPs,
insects are a rich source of chitin, whose beneficial
effect in increasing the activity of the innate immune
system, as well as its antibacterial effects, have been
widely studied (Koide, 1998; Esteban et al., 2001; Xu et
al., 2013). In addition, Lee et al. (2008) reported that
chitin has various biological activities, including im-
munostimulation. On the other hand, the mechanisms
of immunity in birds can be directly affected by several
factors, including nutritional ones (Kaiser and Balic,
2015). Numerous studies have reported various alter-
native protein sources, such as yeast and spray-dried
animal plasma, as functional feed additives for broiler
chicken, pig, and fish (Van Dijk et al., 2001; Paryad and
Mahmoudi, 2008; Pongpet et al., 2016; Shurson, 2017).
In most available literature, insects have been studied
as alternative protein sources in the broiler chicken diet
with various levels of inclusion, i.e., from 1% up to a
full replacement of the soybean meal (Ramos–Elorduy
et al., 2002; Ballitoc and Sun, 2013; Bovera et al., 2015;
Bovera et al., 2016; Biasato et al. 2017). Recently, Józe-
fiak et al. (2018) concluded that the inclusion of small
amounts of insect full-fat meals, i.e., from 0.05 to 0.2%
in the broiler chicken diet can modulate the microbiota
composition of the gastrointestinal tract (GIT). In addi-
tion, Kierończyk et al. (2018) stated that T. molitor oil
might be considered a bioactive substance to be used as
an alternative to soybean oil, which is commonly used
in broiler chicken nutrition, potentially prompting a
positive effect on the fatty acid profile of breast muscle
and even on the expression of select genes in the liver,
such as GIMAP5 which is key regulator of hematopoi-
etic integrity and lymphocyte homeostasis, and APOA1
which is identified as one of the genes responsible for
phenotypic fatness variability. Diet composition may
modulate immune function in broiler chickens (Kidd,
2004). However, there are no data in the available
literature about the effects of full-fat insect meals on
the immune system of broiler chickens. Therefore, we
hypothesized that small amount additions (0.2 and
0.3%) of insect full-fat meals may improve the growth
performance of broiler chickens through the modulation
of the immune system traits. The present study was
conducted to evaluate the effect of mealworm (Tenebrio
molitor) and super mealworm larvae (Zophobas morio),
added in relatively small amounts (0.2 and 0.3%) “on
top” of a complete diet or calculated into a diet, on
the growth performance, various blood parameters and
immune system traits of broiler chickens.

MATERIAL AND METHODS

According to Polish law and the EU directive (no
2010/63/EU), the experiments conducted within the
study do not require the approval of the Local Ethical
Committee for Experiments on animals in Poznań. All
procedures and experiments complied with the guide-
lines and all efforts were made to minimize suffering of
the animals.

Table 1. Composition of the basal experimental diets (experiment
1).

Ingredients (g/kg) 1 to 14 D 15 to 35 D

Wheat 487.4 513.4
Rye 100.0 100.0
Soybean meal 207.8 169.5
Rapeseed meal 100.0 100.0
Fish meal 20.0 20.0
Soybean oil 49.9 71.1
Vitamin–mineral premixa 3.0 3.0
Monocalcium Phosphate 13.1 6.7
Limestone 8.0 6.8
Salt (NaCl) 1.1 1.3
Sodium carbonate (Na2CO3) 2.2 1.7
L-Lysine HCl 2.9 2.4
Methionine 88% liquid 3.1 2.5
L-Threonine 1.5 1.6

Calculated nutritive value (g/kg)
Crude protein 215.6 200.6
Ether extract 65.4 86.3
Crude fiber 33.1 32.2
Total Phosphorus (P) 7.9 6.3
Calcium (Ca) 8.5 7.0
Methionine 6.1 5.3
Lysine 12.5 11.2
Methionine + Cysteine 9.9 9.0
Threonine 9.1 8.6
AMEN (MJ/kg) 12.56 13.31
aProvided the following per kilogram of diet: vitamin A, 11,166 IU;

cholecalciferol, 2,500 IU; vitamin E, 80 mg; menadione, 2.50 mg; vitamin
B12, 0.02 mg; folic acid, 1.17 mg; choline, 379 mg; D-pantothenic acid,
12.50 mg; riboflavin, 7.0 mg; niacin, 41.67 mg; thiamine, 2.17 mg; D-
biotin, 0.18 mg; pyridoxine, 4.0 mg; ethoxyquin, 0.09 mg; Mn (MnO2),
73 mg; Zn (ZnO), 55 mg; Fe (FeSO4), 45 mg; Cu (CuSO4), 20 mg; I
(CaI2O6), 0.62 mg; and Se (Na2SeO3), 0.3 mg.

Birds and Housing

A total of 1,000 one-day-old female Ross 308 broiler
chicks were used in 2 independent experiments at the
experimental unit (Piast, Olszowa Experimental Unit,
no. 0161, Olszowa, Poland). In the first experiment,
birds were randomly assigned into 6 dietary treatment
groups, with 10 replicate pens per treatment and
10 birds per replicate pen. In the second trial, birds
were assigned into 4 dietary treatment groups, with
10 replicate pens per treatment and 10 birds per
replicate pen. The experiments were conducted to
investigate the growth performance, selected blood
parameters, immune system traits, and selected organ
weights. The housing parameters were the same in both
experiments and, in accordance with the guidelines, the
birds were given 23 h of light and 1 h without light for
the first week, followed by 19 h of light and 5 h without
from 7 to 21 D of age. From 22 to 35 D of age, the
lighting system was similar to that of the first week.
The birds were kept in floor pens (1.00 × 1.00 m) for
35 D. birds were vaccinated against Gumboro disease
at day 21 (AviPro PRECISE, Lohmann Animal GmbH,
Cuxhaven, Germany).

Diets and Feeding Program

The ingredient compositions of the experimental
diets are shown in Tables 1 and 2. The birds were fed
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ad libitum during the entire period of the experiments.
The diets were prepared in mash form; all the raw
materials were ground by a disc mill (Skiold A/S, Saby,
Denmark) at a 2.5-mm disc distance and mixed with
any necessary heat treatment. The diets were produced
in the Piast Pasze feed mill (Lewkowiec, Poland)
according to ISO 9001:2008 procedures. The feed was
prepared on a laboratory-scale line equipped with a
horizontal double band mixer (Zuptor, Gostyń, Poland)
with roller mills (Skiold, Saby, Denmark). Starter diets
were offered to all birds from 1 to 14 D of age, and
grower diets were offered from 15 to 35 D of age. No
exogenous enzymes were added to the diets. In the
first experiment, the insect full-fat meals were added
“on top” of the complete diet, while in the second ex-
periment, the insect full-fat meals were calculated into
the diets. Additionally, based on the results of the first
experiment, the authors decided to select treatments
that showed the best growth performance results.

The experimental treatments used were as following:

Experiment 1: NC (negative control) − no additives;
PC (positive control) − NC + salinomycin addition
(60 mg/kg diet); TM02 − NC + 0.2% T. molitor
full-fat meals; ZM02 − NC + 0.2% Z. morio full-fat
meals; TM03 − NC + 0.3% T. molitor full-fat meals;
and ZM03 − NC + 0.3% Z. morio full-fat meals.

Experiment 2: NC (negative control) − no additives;
PC (positive control) − NC + salinomycin addition
(60 mg/kg diet); TM03 − NC with 0.3% T. molitor
full-fat meals; and ZM03 − NC with 0.3% Z. morio
meals full-fat meals.

Preparation of Insect Full-fat Meals

Both insect species (T. molitor and Z. morio) used
in the current experiments were obtained from a com-
mercial source (HiProMine S.A., Robakowo, Poland),
air-dried in an oven (SLN 240, POL–EKO Aparatura,
Poland) for 24 h at 50°C, and finely ground (Zelmer mo-
tor blocked power 1,900 w, Rzeszów, Poland) to obtain
full-fat meals.

Data and Sample Collection

In both experiments, the following variables were
analyzed on days 14 and 35 of the experiments,
body weight gain (BWG) and feed intake (FI) were
measured, and the feed conversion ratio (FCR) was
calculated. At the end of the experiments (35 D), 1
bird per replication (10 birds per group) were randomly
selected, blood samples were collected after slaughter,
and serum was obtained by centrifugation (Micro 220R,
Hettich, Tuttlingen, Germany) at 1,000 × g at 8°C for
10 min and stored at –20°C until analysis. The following
blood parameters were determined: non-esterified fatty
acid (NEFA), glucose, triglycerides, total cholesterol,
total protein (TP), and albumin. The methods used
for serum analysis are described in the next paragraph.

The concentrations of the selected serum parameters,
i.e., immunoglobulin Y (IgY), immunoglobulin M
(IgM), immunoglobulin A (IgA), interleukin-2 (IL-2),
interleukin-6 (IL-6) and tumor necrosis factor-alpha
(TNF-α), were assayed using species-specific commer-
cial ELISA kits for chicken IgY, IgM, and IgA (Abnova,
Taipei City, Taiwan), as well as IL-2, IL-6, and TNF-α
(Shanghai Sunred Biological Technology Co., Ltd,
Shanghai, China); the analyses were done according
to the manufacturer’s instructions. Each sample was
analyzed in duplicates. The birds were killed by cervi-
cal dislocation, and after dissection, the internal organ
weights were measured. The relative weight of the
organs was determined with respect to the live body
weight of the birds (% BW). The organs were accurately
weighed using a laboratory scale (PS 600/C/2, Radwag,
Radom, Poland).

Analyses of Blood Serum Parameters

The concentration of NEFA was measured according
to the colorimetric method described by Duncombe
(1964). The glucose concentration was analyzed col-
orimetrically using a Synergy 2 Multi-Mode Reader
(BioTek Instruments, Inc., Winooski, VT) with a kit
reagent (Pointe Scientific, Warsaw, Poland). Total
cholesterol and triglycerides were measured using com-
mercial enzymatic kits (Pointe Scientific, Canton, MI),
and TP and albumin were determined according to the
methods described by Szymeczko et al. (2008).

Chemical Analysis

The amino acid and fatty acid compositions of in-
sect meals were analyzed according to the method de-
scribed by AOAC (2005) procedures. Dry matter (DM),
crude protein, ether extract, crude ash, and crude fiber
were determined using methods 934.01, 976.05, 920.39,
920.153, and 985.29, respectively. The chitin composi-
tion of the insect meals was determined as described by
Soon et al. (2018). The compositions of the analyzed
insect full-fat meals are presented in Table 3, and the
fatty acid profile is shown in Table 4.

Calculations and Statistical Analyses

The internal organ indexes (% of BW) were cal-
culated as the organ weight (g) divided by the live
chicken’s weight before slaughter (Zhu et al., 2015).

The designs of the experiments were completely ran-
domized, and data were tested using the General Linear
Models procedure of SAS software. In the experiments,
means were separated using Duncans’ tests following
one-way ANOVA based on the following equation:

yij = μ + ai + δij,

where yij is the observed dependent variable; μ is the
overall mean; αi is the effect of treatment; and δij is the
random error. In cases in which the overall effect was
significant, P ≤ 0.05.
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Table 3. Nutrient composition of Tenebrio molitor and Zophobas
morio full-fat meals used in the experiments.

Item Tenebrio molitor Zophobas morio

Dry matter (%) 95.58 96.32
Crude protein (% of DM) 47.0 49.3
Ether extract (% of DM) 29.6 33.6
Crude ash (% of DM) 2.56 2.52
Crude fiber (% of DM) 5.6 5.1
Chitin (% of DM) 8.91 4.59
Calcium (% of DM) 0.05 0.05
Phosphorus (% of DM) 0.72 0.62

Amino acids composition (% of DM)
Indispensable amino acids
Arginine 2.51 2.52
Histidine 1.41 1.41
Isoleucine 2.08 2.18
Leucine 3.78 3.56
Lysine 2.65 2.71
Methionine 0.73 0.67
Phenylalanine 1.93 1.82
Threonine 2.51 1.97
Valine 3.33 2.97
Tryptophan 0.47 0.57

Dispensable amino acids
Alanine 4.17 3.76
Aspartic acid 3.82 3.83
Cysteine 0.58 0.49
Glycine 2.65 2.49
Glutamic acid 6.03 6.40
Proline 3.13 2.68
Serine 2.28 2.23
Tyrosine 3.14 3.30

Table 4. Fatty acid profile of Tenebrio molitor and Zophobas
morio full-fat meals (% DM).

Item
Tenebrio
molitor

Zophobas
morio

Saturated fatty acids
C14:0 Myristic 0.9 0.3
C16:0 Palmitic 6.3 10.5
C18:0 Stearic 1.2 3.1
Total SFA1 8.5 14.4

Monounsaturated fatty acids
C16:1 Palmitoleic 0.6 0.2
C18:1 c9 Oleic 13.4 10.3
Total MUFA2 14.2 10.8

Polyunsaturated fatty acids
C18:2 c9c12 Linoleic, LA 9.2 8.2
C18:3 c9c12c15 α-Linolenic, LNA 0.4 0.3

Total PUFA3 9.6 8.6
n-3 0.4 0.3
n-6 9.2 8.2
n-9 13.4 10.3

1SFA—saturated fatty acids.
2MUFA—monounsaturated fatty acids.
3PUFA—polyunsaturated fatty acids.

The correlation between immunoglobulins concentra-
tion and growth performance factors was assessed using
Person’s correlation on GraphPad Prism 6 (GraphPad
Software, Inc., San Diego, CA) calculated from the fol-
lowing formula:

rxy = cov (x, y) /sxsy,

where rxy is the Pearson’s correlation coefficient,
cov (x, y) is the covariance (covariation between x and
y), and Sx and Sy are the standard deviations of the x
and y cultivars, respectively.

RESULTS

Bird Performance

Experiment 1 The effects of T. molitor and Z. morio
larvae supplementation on the growth performance of
broiler chickens are shown in Table 5. From 1 to 14 D,
significant differences were observed in the case of BWG
and FCR (P = 0.038, P = 0.009 respectively), and the
highest value of BWG was noted in ZM03, with no dif-
ferences between PC, TM02, ZM02, and TM03. The
lowest BWG was in the NC group. The lowest FCR
value was observed in the case of PC, ZM02, TM03,
and ZM03, while the NC showed the highest value. In
the case of FI, no significant differences between all
groups were recorded. From 15 to 35 D, significant dif-
ferences were noted in the case of BWG and FI (P =
0.044, P = 0.012, respectively). Meanwhile, no differ-
ences were found in the case of FCR. The BWG showed
the highest value in ZM03, with no differences between
the ZM02 and TM03 groups and being the lowest in the
NC group. While PC and TM02 did not differ among
other treatments. Considering the entire period of the
experiment, statistically significant differences were ob-
served in the case of BWG and FI (P = 0.024, P =
0.022); meanwhile, there were no differences in FCR
value. Both T. molitor and Z. morio larvae additions
in each proportion increased the BWG and FI in com-
parison to NC and PC, with a remarkable difference in
the BWG (7.11%) between ZM03 and NC and in the
BWG (3.25%) between ZM03 and PC.

Experiment 2 The growth performance results are
shown in Table 6. From 1 to 14 D, the BWG showed
a variable tendency (P = 0.062); the highest value
was noticed in TM03, and the lowest occurred in the
NC. Meanwhile, no differences were observed in FI and
FCR. The FCR values in this period show a trend with
the lowest values at TM03 and ZM03. In the second
period (from 15 to 35 D), statistically significant differ-
ences were observed in all parameters, i.e., BWG, FI,
and FCR (P = 0.027, P = 0.035, and P < 0.001, respec-
tively); the highest BWG value was found in TM03 and
PC and the lowest was found in NC, while the highest
FI value was in TM03. The FCR showed a low value
in the PC, with significant differences compared to the
other treatments. During the entire period of the ex-
periment, the BWG, FI, and FCR exhibit significant
differences between treatments (P = 0.046, P = 0.026,
and P = 0.011, respectively). The highest BWG and
FI values were observed in TM03, and the lowest was
in the NC. The FCR value shows a low value in the
PC, with significant differences compared to the other
treatments.
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Table 5. The effect of dietary supplementation with selected full-fat insect meals on the growth performance of broiler chickens
(experiment 1).

1 to 14 D 15 to 35 D 1 to 35 D

BWG, FI, FCR, BWG, FI, FCR, BWG, FI, FCR,
Item g g g:g g g g:g g g g:g

PC 382a 549 1.44b 1671a,b 2783a,b 1.67 2053a,b 3332a,b 1.62
NC 362b 551 1.52a 1609b 2703b 1.68 1971b 3254b 1.65
TM02 372a,b 546 1.47a,b 1663a,b 2794a,b 1.68 2035a,b 3340a,b 1.64
ZM02 382a 549 1.44b 1706a 2852a 1.67 2088a 3401a 1.63
TM03 382a 536 1.40b 1722a 2897a 1.68 2104a 3433a 1.63
ZM03 388a 543 1.40b 1734a 2919a 1.68 2122a 3462a 1.63
SEM1 2.53 1.97 0.01 12.71 19.88 0.01 14.27 19.81 0.01
P-value 0.038 0.301 0.009 0.044 0.012 0.908 0.024 0.022 0.514

a,bMeans within a column with no common superscripts differ significantly (P < 0.05).
1SEM—standard error of the mean.
Data are means of 10 replicate pens with 10 birds per pen.

Table 6. The effect of dietary supplementation with selected full-fat insect meals on the growth performance of broiler chickens
(experiment 2).

1 to 14 D 15 to 35 D 1 to 35 D

BWG, FI, FCR, BWG, FI, FCR, BWG, FI, FCR,
Item g g g:g g g g:g g g g:g

PC 391 543 1.39 1743a 2741b 1.57b 2134a,b 3283b 1.54b

NC 388 541 1.40 1688b 2716b 1.61a 2076b 3257b 1.57a

TM03 408 549 1.35 1739a 2831a 1.63a 2148a 3380a 1.57a

ZM03 401 541 1.35 1693b 2763a,b 1.63a 2094a,b 3304a,b 1.58a

SEM1 18.05 13.74 0.06 49.72 87.28 0.03 61.99 89.94 0.03
P-value 0.062 0.458 0.196 0.027 0.035 <0.001 0.046 0.026 0.011

a,bMeans within a column with no common superscripts differ significantly (P < 0.05).
1SEM—standard error of the mean.
Data are means of 10 replicate pens with 10 birds per pen.

Table 7. Weights of selected internal organs relative to live body
weight of broilers fed selected full-fat insect meals (% of BW)
(experiment 1).

Item Liver Pancreas Spleen Bursa of Fabricius

PC 2.29 0.25 0.10 0.15b

NC 2.38 0.24 0.11 0.20a

TM02 2.42 0.27 0.11 0.15b

ZM02 2.55 0.23 0.11 0.14b

TM03 2.27 0.25 0.12 0.15b

ZM03 2.28 0.25 0.11 0.14b

SEM1 0.04 0.01 <0.01 0.01
P-value 0.203 0.294 0.747 0.049

a,bMeans within a column with no common superscripts differ signif-
icantly (P < 0.05).

1SEM—standard error of the mean.
Data are means of 10 replicate pens with 1 bird per pen.

Weight of Internal Selected Organs

Experiment 1 The weights of selected internal or-
gans are shown in Table 7. There were no differences in
the relative weights of the liver, pancreas, and spleen to
the BW, except the bursa of Fabricius, which was af-
fected by the dietary treatment. Significant differences
(P = 0.049) were noted, and both full-fat insect meals
and salinomycin reduced the weight in comparison to
the NC.

Experiment 2 No statistically significant differences
were observed in the relative weights of the internal
organs, i.e., liver, pancreas, spleen, bursa of Fabricius,
and thymus (data not shown).

Selected Blood Parameters

Experiments 1 and 2 The concentrations of the se-
lected blood parameters are shown in Table 8. The
NEFA values showed statistically significant differences
(P = 0.035), and the TM02, ZM02, and ZM03 decreased
the level of the NEFA in comparison to the PC, while
there were no differences in TM03 and NC. The glucose
level was not significantly affected. However, a tendency
was recorded (P = 0.072), where the lowest value was
observed in the NC. No differences were observed in
total cholesterol, triglycerides, albumin, and TP levels.

The results of the second experiment indicated that
the addition of full-fat insect meals generally affected
the content of TP and albumin with statistically sig-
nificant differences (P < 0.001 and P = 0.005, respec-
tively); the highest value occurred with the addition of
ZM03, while the lowest value of albumin was in the neg-
ative and positive controls. Triglycerides content was
not affected by any of the experimental diets, while the
content of total cholesterol was statistically significant
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Table 8. The effect of dietary supplementation with selected full-fat insect meals on the concentrations of
selected blood parameters.

NEFA1 Total protein Albumin Glucose TG2 TCh3

Item (mmol/L) (g/dL) (g/dL) (mg/dL) (mg/dL) (mg/dL)

Experiment 1
PC 0.59a 4.66 2.67 227.80 83.34 139.29
NC 0.55a,b 4.50 3.08 211.23 77.17 138.14
TM02 0.50b 4.62 2.69 217.03 70.55 141.16
ZM02 0.51b 4.61 3.24 227.83 69.84 138.95
TM03 0.54a,b 4.56 2.55 236.28 67.54 140.23
ZM03 0.51b 4.72 4.19 227.06 61.17 141.60
SEM3 0.07 0.28 1.63 18.21 18.42 13.84
P-value 0.035 0.699 0.392 0.072 0.224 0.995

Experiment 2
PC 0.66b 4.82b 2.64b 208.13 99.32 123.92b

NC 0.77a 5.04a 2.55b 216.43 104.50 123.18b

TM03 0.69b 5.21a 2.67a,b 216.88 98.47 135.68a

ZM03 0.64b 5.15a 2.76a 224.17 100.57 116.59c

SEM4 0.09 0.24 0.16 16.74 17.69 6.90
P-value <0.001 <0.001 0.005 0.072 0.779 <0.001

a–cMeans within a column with no common superscripts differ significantly (P < 0.05).
1Non-esterified fatty acid.
2Triglycerides.
3Total cholesterol.
4SEM—standard error of the mean.
Data are means of 10 replicate pens with 1 birds per pen.

and decreased at the addition of ZM03, with the high-
est content observed in the TM03 group. There was a
noted tendency of the glucose level (P = 0.072), and it
is remarkable that the addition of full-fat insect meals
increases the plasma glucose level in comparison to the
NC and PC. In addition, the NEFA content was affected
by the dietary treatments, and statistically significant
differences (P < 0.001) were observed, as the full-fat
insect meals and salinomycin decreased the NEFA level
in comparison to the NC.

Immune Parameters Status

Experiments 1 and 2 The effects of the dietary
treatments on the immunological serum parameters are
shown in Table 9. In the first experiment, the addition
of insect full-fat meals added “on top” as well as the
salinomycin decreased significantly the IgY (P = 0.045)
and IgM, (P < 0.001) levels. Meanwhile, a tendency was
noted in the IgA level (P = 0.061) with a decrease in
the addition of full-fat insect meals and salinomycin.
The IL-2 was significantly affected (P < 0.001) by the
dietary treatment, in which the highest value was ob-
served in TM03 and the lowest was observed in the NC.
TNF-α was also significantly affected (P = 0.016), by
which ZM03 and TM03 increased its value.

In the second experiment, the IgM was also signifi-
cantly affected (P < 0.001) by the addition of insect
full-fat meals (calculated in diet), and level of IgM in
all groups was statistically decreased (P < 0.001) in
comparison to NC group. However, no effect was noted
on the other parameters (IgY, IgA, IL-2, TNF-α, and
IL-6).

Correlation

The correlation between immunoglobulin concentra-
tion and FI and BWG in the first experiment is shown
in Table 10. The IgM was negatively correlated to the
BWG (r = –0.4845) and the FI (r = –0.4986), with
statistically significant values (P < 0.001). Meanwhile,
no correlation was recorded between IgY, IgA and
BWG, FI.

DISCUSSION

A total of 2 independent experiments were conducted
to examine the effects of relatively small inclusions (0.2
to 0.3%) of T. molitor and Z. morio full-fat meals in
the diets on the growth performance, internal organs,
selected blood, and immune system traits of the broiler
chickens.

In the first experiment, the inclusion of ZM03 showed
the best results with 3.25% higher BWG than PC and
7.11% higher BWG than NC (P = 0.024). Islam and
Yang (2016) also observed that the implementation of
a relatively small amount, i.e., 0.4% T. molitor and Z.
morio, increased the BWG of broiler chickens; however,
their diets were enriched by Lactobacillus plantarum
and Saccharomices cerevisiae. It should be emphasized
that in the current study, only insect full-fat meals,
without any probiotics or other feed additives, were
used in the basal diets, and the impact of full-fat in-
sect meals was considered as an experimental factor. In
addition, the results of Ballitoc and Sun (2013) showed
that 1% addition of T. molitor full-fat meals to the
broiler chicken diet increase the growth performance.
The results of the present study are in line with the
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Table 9. The effect of dietary supplementation with selected full-fat insect meals on immunological serum parameters in
broilers.

IgY1 IgA2 IgM3 IL-24 TNF-α5 IL-66

Treatments (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL) (ng/mL)

Experiment 1
PC 70.74c 64.28 101.21b 55.69b,c 260.93b 277.83
NC 104.81a 88.14 147.11a 33.83c 271.86b 321.02
TM02 83.74a–c 71.84 121.17b 44.70c 269.33b 287.44
ZM02 79.75b,c 66.45 108.87b 78.37a,b 281.24b 288.86
TM03 90.05a–c 65.82 102.43b 96.54a 384.78a 344.61
ZM03 95.34a,b 68.42 98.92b 69.87b 325.15a,b 303.09
SEM1 31.03 23.93 34.44 22.14 74.40 76.12
P-value 0.045 0.061 <0.001 <0.001 0.016 0.553

Experiment 2
PC 115.63 67.58 95.26b 75.57 277.04 299.82
NC 139.35 80.93 134.24a 64.30 418.03 314.68
TM03 118.26 69.62 78.66b 61.14 364.47 292.06
ZM03 113.75 77.28 81.02b 60.62 423.55 329.06
SEM7 63.00 25.44 33.58 23,00 145.93 58.78
P-value 0.640 0.412 <0.001 0.540 0.226 0.637

a–cMeans within a column with no common superscripts differ significantly (P < 0.05).
1Immunoglobulin Y.
2Immunoglobulin A.
3Immunoglobulin M.
4Interleukin-2.
5Tumor necrosis factor-alpha.
6Interleukin-6.
7SEM—standard error of the mean.
Data are means of 10 replicate pens with 1 birds per pen.

Table 10. Pearson’s correlation coefficients between serum im-
munoglobulins concentration and BWG, FI of broiler chicken
fed selected full-fat insect meals (experiment 1).

Immunoglobulins Parameters Correlation coefficient (r) P value

IgY1 BWG –0.1506 0.318
IgY FI –0.08503 0.574
IgA2 BWG –0.1446 0.327
IgA FI –0.4986 0.189
IgM3 BWG –0.4845 <0.001
IgM FI –0.4986 <0.001

1Immunoglobulin Y.
2Immunoglobulin A.
3Immunoglobulin M.

experiment conducted by Biasato et al. (2017), in which
the inclusion of 5 to 15% of the T. molitor meal in the
diet improved the growth performance parameters. On
the other hand, Biasato et al. (2016) noticed that the
growth performance in fast-growing and intermediate-
growing chickens was not affected when birds were fed
T. molitor added to diets at inclusion levels from 5
to 10%. A total replacement of the soybean meal with
T. molitor meal did not affect the performance of the
broiler chicken from 30 to 62 D (Bovera et al., 2016).
The causes of various data obtained in the available
literature should be connected with the different nutri-
tional value of insects, which is species- and life stage-
dependent. Moreover, the rearing medium of inverte-
brates is not meaningless, as it determines the quantity
and quality of protein and fat in their body (Tschirner
and Simon, 2015). Furthermore, the nutrient content
of insects is frequently affected by meal preparation
processes (Dreassi et al., 2017; Makkar et al., 2014).

In addition, some authors have reported that the dry-
ing process affects the chemical composition of insects
(Lenaerts et al., 2018; Melis et al., 2018). From this
point of view, it is the main problem during the com-
parison of various results when the experimental factor
is not unified, and more data are needed to understand
the mode of action.

According to Józefiak and Engberg (2017), insect
proteins are a potential source of AMPs that can be
applied to livestock production. It has been well doc-
umented that insects synthesize AMPs constitutively
in their body (Boman, 1995; Imamura et al., 1999;
Thacker, 2013; Józefiak and Engberg, 2017); therefore,
the positive growth performance results in both exper-
iments upon inclusion of insect full-fat meals could be
related to the function of AMPs.

In both experiments, the FI was increased in the full-
fat insect meals treatments in comparison with NC and
PC. According to Ballitoc and Sun (2013) and Islam
and Yang, (2016), the inclusion of T. molitor to the
diet of broiler chickens can increase the feed palatabil-
ity and this could be due to the attractive smell after
processing. On the other hand, Bovera et al. (2016) did
not find any differences in the FI value when the in-
clusion level of T. molitor was 30% of the diet. In the
first trial, FCR value was not affected by any of the
dietary treatments, these results are in line of the stud-
ies conducted by Ramos–Elorduy et al. (2002), Ballitoc
and Sun (2013) and Bovera et al. (2016). However, in
the second experiment, the FCR values were negatively
affected by the inclusion of full-fat insect meals to the
basal diets. It is difficult to explain why the addition
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of full-fat insect meals caused higher FCR values which
might have been due to the increase in FI.

In both experiments, no significant effect on internal
organ weights was observed, except the bursa of Fabri-
cius size (P = 0.049) in the first experiment, which was
lowered by full-fat insect meals and salinomycin supple-
mentation. This finding is in line with the study done
by Islam and Yang (2016). Bursa of Fabricius is a pri-
mary lymphoid organ in birds that plays a fundamental
role in the differentiation of B-lymphocytes (Schat and
Skinner, 2014). The size of the bursa of Fabricius can be
directly affected by several pathologic conditions (infec-
tious diseases, mycotoxins, etc.) (Cazaban et al., 2015).
In the first experiment, the size was lowered by both
insect species and PC. The reason for the decrease of
the bursa size can be due to the presence of AMPs syn-
thesized by insects, which are characterized by a wide
spectrum of the antimicrobial mode of action (Boman,
1995; Imamura et al., 1999; Thacker, 2013; Józefiak and
Engberg, 2017).

The biochemical parameters of blood are crucial
traits to assess the health status and performance of
animals, including poultry (Milner et al., 2003; Lumej,
2008). Total protein and albumin concentration are
2 useful factors to evaluate the body condition of
poultry (Piotrowska et al., 2011). Plasma proteins play
a fundamental role in body homeostasis maintenance.
In the first experiment, the TP level was not affected,
while in the second experiment, the insects showed
a higher value of protein level. Albumin is the most
favorable source of amino acids for protein synthesis
(Filipović et al., 2007). In this study, the albumin level
was not affected in the first experiment; these findings
were in accordance with those of Biasato et al. (2016).
However, in the second experiment, the insect addition
increased the albumin level. The changes in the TP
and albumin level could be attributed to the properties
of chitin contained in the insect meals (Biasato et al.,
2016). On the other hand, other authors did not find
any differences in the TP and albumin levels when the
total replacement of soybean meal by T. molitor was
performed (Brovera et al., 2016; Biasato et al., 2017).

Chitin is a major aminopolysaccharide constituent of
shells of arthropods, such as crabs, shrimps, and insects
(Furda, 1983; Hossain and Blair, 2007). In the present
study, during the analysis of T. molitor and Z. morio
full-fat meals, the chitin content showed 8.91% of DM
and 4.59% of DM, respectively. Furthermore, chitin was
described to reduce total cholesterol and triglycerides
serum levels in broiler chickens (Hossain and Blair,
2007). The serum total cholesterol and triglycerides
levels were not affected in the first experiment. This
is in line with the results of the studies conducted by
Bovera et al. (2015) and Biasato et al. (2016). However,
total cholesterol was lowered in the second experiment
by ZM03, and this could be related to the chitin effect.
The level of NEFA increases in blood when the glucose
level decreases, which induces lipolysis in the adipose
tissue and causes the fatty acids to become the major

energy source used by most tissues (Brooks et al.,
2016). In both experiments, the addition of insect
full-fat meals significantly reduced the level of NEFA.
The glucose level showed a tendency to reach a high
level during the addition of insect full-fat meals. This
could be explained by the high feed intake in the ZM
and TM treatment groups. This phenomenon does not
seem to be negative on the birds. Previous research
done by Van der et al. (1999) showed that the increase
of NEFA and decrease in glucose levels is a consequence
of feed withdrawal.

The chitin was described as the substance that stim-
ulates the immune response in vertebrates (Esteban
et al., 2001; Lee et al., 2008). Furthermore, Islam and
Yang (2016) noted that the immunoglobulin levels of
broiler chicks were increased after the supplementation
of 0.4% of T. molitor and Z. morio probiotics which
were obtained by fermenting the insect meals with L.
plantarum and S. cerevisiae. Their findings indicated
that IgG and IgA levels increased in response to T.
molitor and Z. morio supplementation. Immunoglob-
ulins act as antibodies, and they are synthesized in
response to antigens (Lumej, 2008).

This contrasts with the present study, where no
birds’ challenge trials were performed, and the levels of
IgM and IgY were significantly high in the NC in com-
parison to the other treatments with insect inclusion
and PC. This clearly indicates that the inclusion of in-
sect full-fat meals may have a significant impact on the
immune response in broilers. The decreased levels of
immunoglobulin classes IgM and IgY in the experimen-
tal groups fed full-fat insect meals could be explained
by the antimicrobial effects of insect components such
as AMPs and chitin. Józefiak et al. (2018) found that
the inhibition of possibly pathogenic bacteria and the
positive modulation of microbiota in the broiler chicken
GIT could be due to full-fat insect meals, potentially
similar to the effects of ionophore coccidiostats, i.e.,
salinomycin. Furthermore, the results of the present
study showed that the addition of a relatively small
full-fat insect meal may decrease immunoglobulin
levels, similar to salinomycin. IgA is abundant in the
seromucous secretions such as the GIT, at this site,
IgA serves as the first line of defense against many
bacteria and viruses (Pleass et al., 2001). In both
experiments, the lack of an effect on immunoglobulin
class IgA levels in groups with salinomycin addition
and groups supplemented with full-fat insect meals
could be evidence of no ongoing GIT inflammation.
AMPs are involved in the first line of immune defense
and possess inhibitory activity against infectious agents
through different mechanisms (Dutta and Das, 2016;
Xia et al., 2018). Therefore, the immunoglobulin levels
in our study could also be related to the insects’ AMPs
against infectious pathogens. Furthermore, a decrease
of IgM secretion correlates with an increase in BWG
(r = –0.4845) and the FI (r = –0.4986) in the first ex-
periment, in which the health status of the birds could
be explained. In our study, IL-6 was not affected by
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dietary treatments. However, IL-2 was increased in the
TM03, and TNF-α was high in the TM03 and ZM03
treatments, which may be related to the insects’ AMPs.

CONCLUSIONS

The addition of relatively small amounts of insect
full-fat meals to the diets of broiler chicken in 2 inde-
pendent experiments showed different effects on their
biochemical blood parameters, such as TP, albumin,
and total cholesterol. However, the same effects were
noticed in terms of broiler chicken growth performance,
as well as the immune system traits expressed in lower
IgM and IgY. We concluded that low inclusion, i.e.,
0.2% or 0.3%, of T. molitor and Z. morio full-fat meals
increased the growth performance and changed the im-
mune system traits. Furthermore, the mechanisms by
which insect full-fat meals function remain unknown,
and further studies are needed to investigate them.
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Kierończyk, B., M. Rawski, A. Józefiak, J. Mazurkiewicz, S.
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