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Abstract

The effects of replacing fish meal (FM) in the diet with defatted mealworm larvae meal (DMLM) on
growth, carcass, and biochemical constituents of serum of Japanese quail chicks were investigated. A total
of 600 unsexed one-day-old chicks were allotted to five dietary treatments with six replicates of 20 chicks
each. The diets were formulated by replacing FM with DMLM at the levels of 25% (D25), 50% (D50), 75%
(D75), and 100% (D100). The FM, D25 and D50 diets resulted in greater final bodyweight, higher
bodyweight gain, and improved feed conversion ratio compared with the other diets. Diets that contained
DMLM decreased the feed intake compared with the FM diet. The FM and D25 diets increased the hot and
cold carcass yields compared with the other diets, whereas the D75 and D100 diets significantly enhanced
the relative weight of the small intestine and abdominal fat compared with FM, D25, and D50. The
replacement of FM with DMLM reduced the serum globulin, total cholesterol and triglyceride levels, and the
albumin to globulin ratio significantly. The best protein and energy efficiency ratios and European efficiency
factor were obtained with the D25 and D50 diets. In conclusion, the replacement of FM with DMLM at the
levels of 25% and 50% produced positive results in growth performance, in serum albumin to globulin ratio,
and in nutrient use efficiency in quail.
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Introduction

As a result of rapid growth, the population of the world is expected to be nine billion by 2050 (Cullere
et al., 2016; Onsongo et al., 2018). Thus, the demand for poultry meat and eggs for human consumption will
increase (Bahadori et al., 2017), resulting in a 58% rise in global meat demand compared with the 2010 level
(Cullere et al., 2016). Therefore, increased poultry production is inevitable and would exacerbate the
competition for conventional feedstuffs (Onsongo et al., 2018). Feedstuffs currently make up 60% - 70% of
the total cost of production for broilers, with protein accounting for over 15% of the total (Khatun et al., 2005;
Khan et al., 2017). Soybean meal (SBM) and FM are currently the major protein sources for broilers (Marono
et al.,, 2015; Onsongo et al., 2018). As meat production increases, land that is available for soybean
cultivation will decrease, and the price of SBM will rise (Onsongo et al., 2018).

Imbalances between essential and non-essential amino acids, anti-nutritional factors, and non-starch
polysaccharides in SBM limit its use in broiler diets, although SBM protein has high digestibility (Sanchez-
Muros et al., 2014). These problems are solved with dietary supplementation of synthetic amino acids, and
the use of FM, which has high digestibility and a better balance of amino acids as a source of protein in
broiler diets (Sanchez-Muros et al., 2014). The protein in FM has high biological value in broiler diets,
because it is rich in essential amino acids, particularly sulphur-containing amino acids and lysine (Zadeh et
al., 2019). But the deterioration of fisheries has reduced the availability of FM and increased its price
(Sanchez-Muros et al., 2014). The inclusion of SBM and FM in broiler diets has become dependent on
imports to an ever-greater degree, resulting in even higher costs and less profitable broiler production
(Selaledi et al., 2019). Therefore, many researchers investigated alternative cheaper new protein source
feedstuffs for SBM and FM that do not have adverse effects on broiler performance (Onsongo et al., 2018;
Zadeh et al., 2019).
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Insect meals have recently been regarded as an alternative source of protein for poultry because of
the similarity of their crude protein and amino acid contents to FM (Bovera et al., 2015; Zadeh et al., 2019).
Currently, raising insects as an alternative protein source in poultry diet originates from their use of organic
waste as feedstuffs, thereby reducing environmental contamination and transforming low-quality plant waste
into high quality protein. This insect-derived protein could replace increasingly expensive protein
supplements such as FM (Veldkamp et al., 2012; Bovera et al., 2015; De Marco et al., 2015; Khan et al.,
2017; Kovitvadhi et al., 2019). Several studies investigated the efficacy of silkworms (Bombyx mori L.)
(Khatun et al., 2003; ljaiya & Eko, 2009; Dutta et al., 2012), houseflies (Musca domestica L.) (Hwangbo et
al., 2009), black soldier flies (Cullere et al., 2016; Onsongo et al., 2018), and mealworms (Tenebrio molitor
L.) (Ballitoc & Sun, 2013; Biasato et al., 2016, 2017, 2018; Bovera et al., 2015, 2016; Hussain et al., 2017;
Dabbou et al., 2019; Zadeh et al., 2019) as alternatives to SBM and FM in poultry diets.

Yellow mealworm, the larva of the mealworm beetle, is among the insect species that have
widespread production in the world (Ramos-Elorduy et al., 2000). Mealworm has potential as a feedstuff for
poultry because it contains high levels of protein, lipids, carbohydrates, and vitamins (Hussain et al., 2017).
Larvae and pupa stages of yellow mealworm (T. molitor L.) are rich in protein, and the breeding and feeding
of them is straightforward (Ghaly & Alkoaik, 2009). They grow well on organic waste, and are usually fed live
to broilers, but may also be sold canned, dried or processed into a powder (Bovera et al., 2015). Yellow
mealworm larvae meal (YMLM) is rich in crude protein (44% - 69%) and crude fat (23% - 47%) (Veldkamp et
al., 2012). Extraction of oil from yellow mealworm larvae produces a meal that has only 3% - 7% crude fat on
a dry matter (DM) basis (Veldkamp & Bosch, 2015). Important performance limiting essential amino acids in
YMLM for growing poultry include methionine, methionine + cystine and arginine (Veldkamp et al., 2012).

Insects also contain chitin, a polysaccharide of the arthropod’s exoskeleton (Henry et al., 2015). The
chitin level affects the use of YMLM in poultry diet by producing a graded negative response in the
digestibility of nutrients (Khempaka et al., 2011). Diets for broilers with 1.36% to 2.42% chitin in broiler diets
had beneficial effects on growth without detrimental effects on nutrient digestibility, but a diet containing
3.23% chitin resulted in decreased digestibility of nutrients and performance. The chitin content of YMLM is a
approximately 2.8% on a DM basis (Finke, 2013).

Chitin is not degraded and absorbed in the small intestine. Even so, chitin is fermented by the
microbiota of the large intestine and acts as a prebiotic (Bovera et al., 2015; Loponte et al., 2017). Thus,
chitin in YMLM is able to improve the sanitary status of broilers (Bovera et al., 2015) and laying hens
(Marono et al., 2017). Chitin also has an antibacterial activity on gram negative pathogen bacteria (Bovera et
al., 2015). Furthermore, feeding insects to chickens may reduce the need for dietary antibiotics (Bovera et
al., 2015).

In the past, YMLM has replaced 25% (Schiavone et al., 2014) and 100% (Bovera et al., 2015, 2016;
Khan et al., 2017) of SBM in broiler diets without negative effects on performance and serum biochemistry
parameters. In addition, Loponte et al. (2017) reported that the inclusion of dietary YMLM meal as a
replacement for SBM at the level of 25% in a Barbary partridge diet improved their growth performance and
reduced their serum albumin to globulin ratio. Black soldier fly larvae meal has also been used to replace the
conventional part of SBM and soybean oil in diets for growing broiler quail without detrimental effects
(Cullere et al., 2016). However, no research has investigated the effects of replacing FM with DMLM in
Japanese quail diets. Therefore, the aim of the present study was to investigate the effects of using various
levels of DMLM to replace FM as a source of animal protein on growth performance, carcass traits and
serum biochemistry parameters of Japanese quail.

Materials and Methods

A total of 600 one-day-old Japanese quail (Coturnix coturnix japonica) chicks were purchased from a
commercial hatchery (19 Mayis University Poultry Production and Marketing Plant, Samsun, Turkey) for use
in this experiment. The experimental procedures were approved by the Ethical Animal Care and Use
Committee of Tokat Gaziosmanpasa University (Prot. no. 2017 HADYEK-03). The chicks were wing-banded,
weighed and randomly assigned to five treatment groups, each with six replicates of 20 chicks (10 female,
10 male). From hatching until five weeks old, the chicks were kept under uniform environmental conditions in
wire cages equipped with nipple drinkers. The temperature was kept at 32 °C for the first week, 28 °C for the
second week, and then at 21 °C.

Yellow mealworm (T. molitor L.) larvae were purchased from a commercial supplier in Ankara,
Turkey. These larvae had been grown on organic feed, which consisted mainly of wheat, wheat bran and
carrots. The larvae were not starved before being killed and were freeze-dried overnight to remove moisture.
Approximately 1 kg of freeze-dried mealworm larvae was ground into the meal. The fat was removed from
the freeze-dried the freeze-dried larvae meal with a Soxhlet device under optimized extraction conditions
with a petroleum ether to mealworm larvae ratio of 3 to 1 L/kg, at 60 °C for 4 hours. After removing the fat,
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the YMLM was dried at 40 °C for three hours. As a result of this process, the fat content of YMLM was
reduced from 23% to 6.6% and its crude protein content was increased from 44% to 76.2%. The amount of
protein linked to acid detergent fibre (ADF) was determined (AOAC, 2007) and used to estimate the amount
of chitin in YMLM (Finke, 2007) as follows:

chitin (%)= ash free ADF (%)-ADF linked protein (%).

The chitin content of the YMLM was 4.2%.

The dietary ingredients were ground through a 1-mm screen in preparation for chemical analysis. They
were then analysed for dry matter, crude protein (CP), crude fat, crude ash, starch, total sugar, calcium,
phosphorus and sodium contents according to the methods of the AOAC (2007) at Ankara Food Control
Laboratory (Ankara, Turkey). Their essential amino acid contents were analysed by Turkish Scientific and
Technical Research Institute (Gebze, Turkey) using high performance liquid chromatography. Their
metabolizable energy (ME) content of each dietary ingredient was calculated based on its analysed nutrient
composition (WPSA, 1989). The nutrient compositions of feed ingredients and the defatted YMLM (referred
to hereafter as DMLM) are given in Table 1.

Table 1 Nutrient composition of feed ingredients and defatted mealworm larvae meal used in the diets for
growing Japanese quail

Nutrient composition, % Soybean meal Corn Fish meal DMLM
Dry matter 91.8 89.5 92.4 95.7
Crude protein 46.6 7.1 70.1 76.2
Crude ash 6.0 11 12.3 7.3
Crude fat 0.5 2.9 134 6.6
Starch 7.0 65.4 Not detected 3.3
Total sugar 10.7 2.4 0.5 0.5
Metabolizable energy, Kcal/kg 2380 3185 3715 3515
Calcium 0.34 0.07 2.37 0.08
Phosphorous 0.64 0.20 1.94 0.80
Sodium 0.01 0.03 0.65 0.65
Methionine 0.65 0.18 2.20 2.05
Cystine 0.67 0.18 0.72 0.58
Lysine 2.90 0.26 5.70 5.85
Threonine 1.72 0.29 3.07 3.62
Tryptophan 0.74 0.06 0.83 0.58

DMLM: defatted mealworm larvae meal

The experimental diets were formulated by replacing FM with DMLM at the levels of 0%, 25%, 50%,
75% and 100%. All diets were formulated to be isonitrogenous and isocaloric and meet the minimum nutrient
requirements of the birds as established by the National Research Council (1994). The feed ingredients and
calculated nutrient compositions of these diets are presented in Table 2. The diets were supplied in mash
form and drinking water was provided ad libitum.

During the 35-day period, the growth performance of the quail was evaluated by recording the
bodyweight gain (BWG), feed intake (FI) and feed conversion ratio (FCR). Bodyweight was recorded at the
beginning of the experiment and then weekly. Feed supplied and leftovers were recorded weekly. The FI
data were adjusted for mortalities. Mortality was recorded as it occurred. Feed conversion ratio was
calculated weekly as the ratio of Fl to BWG.

At 35 days old, 18 quail (9 female and 9 male) were selected from each group, because their BWs
were similar to the group average, and leg banded and weighed after an eight-hour fasting period. An
injection of sodium pentobarbital (100 mg/kg) was applied as anaesthesia to these quail before slaughtering.
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A total of 90 quail were slaughtered by severing the jugular vein to determine the pre-slaughter BW, the
relative weight of certain internal organs, and hot and cold carcass yields. When the quail were completely
immobilized, their carcasses were scalded at 55 °C to 60 °C for 45 seconds and the feathers were removed
in a rotary plucker. Immediately after being plucked, the carcasses were processed (removal of head and
feet), eviscerated (removal of gastrointestinal tract), weighed and then chilled overnight in a refrigerator (4
°C). Data collected from the individual birds included the weights of the hot and cold carcasses, gizzard,
liver, proventriculus, spleen, small intestine, and abdominal fat. The relative weights of the internal organs
and hot and cold carcass yields were calculated as a percentage of the pre-slaughter BW.

Table 2 Ingredients and nutritional composition of experimental diets for growing Japanese quail chicks in
which fish meal was replaced with defatted mealworm larvae meal (dry matter basis, g/kg)

Protein supplement

Feed Ingredients

FM D25 D50 D75 D100
Corn 561.0 559.5 559.5 559.5 559.7
Soybean meal 360.0 358.0 358.0 356.1 354.2
Fish meal 46.2 34.6 23.1 11.6 00.0
YMLM 00.0 11.6 23.1 34.6 46.2
Vegetable oil 9.3 8.9 11.1 11.9 12.6
Dicalcium pate 5.5 6.6 6.9 7.8 8.6
Limestone 10.6 13.7 11.2 114 11.6
L-Threonine 1.4 11 1.1 1.1 1.1
Salt 25 25 25 25 25
Vitamin premix* 25 25 2.5 2.5 2.5
Trace mineral premix? 1.0 1.0 1.0 1.0 1.0
Dry matter 905.4 905.6 906.4 907.1 907.0
Crude protein 240.1 240.0 240.4 240.2 240.0
Crude ash 335 32.8 32.2 315 30.9
Crude fat 33.6 32.5 33.7 335 33.6
ME, Kcal/kg 2900 2900 2900 2900 2900
Phosphorus, available 3.0 3.0 3.0 3.0 3.0
Calcium 8.0 8.0 8.0 8.0 8.0
Sodium 15 15 1.5 15 1.5
Methionine + cystine 8.2 8.0 7.9 7.8 7.7
Lysine 14.6 14.6 14.6 14.6 14.6
Threonine 10.2 10.2 10.2 10.2 10.2
Tryptophan 3.5 3.4 3.4 3.2 3.2

1 Premix 2.5 g/kg diet: vitamin A: 15 000 IU; vitamin Ds: 3 000 IU; vitamin E: 50 mg; vitamin Ks: 5 mg; vitamin B1: 3 mg;
vitamin Bz: 6 mg; vitamin Be: 5 mg; vitamin Bi2: 0.03 mg; niacin: 25 mg; Ca-D-pantothenate: 12 mg; folic acid: 1 mg; D-
biotin: 0.05 mg; apo-carotenoic acid ester: 2.5 mg; choline chloride: 400 mg

2 Premix 1 g kg™ diet: Mn, 80 mg; Fe, 60 mg; Zn, 60 mg; Cu, 5 mg; Co, 0.20 mg; |, 1 mg; Se, 0.15 mg

ME: metabolizable energy, DMLM: defatted mealworm larvae meal, FM: fish meal, D25: 25% of FM replaced with
DMLM, D50: 50% of FM replaced with DMLM, D75: 75% of FM replaced with DMLM, D100: FM replaced entirely with
DMLM

Blood samples of the 90 slaughtered quail were collected in test tubes without anticoagulant and
centrifuged at 3500 rpm for 15 min. at +4 °C. After centrifugation, the serum was removed and stored in
Eppendorf tubes at -80 °C until analysis at the Biochemistry Laboratory of the Medicine Faculty of Tokat
Gaziosmanpasa University with an auto-analyser using the test kits for total protein, albumin, globulin, uric
acid, total cholesterol and triglyceride levels, as described by the manufacturers.
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The protein efficiency ratio (PER), energy efficiency ratio (EER) and European efficiency factor (EEF)
were calculated for 0-35 days:

weight gai
pER = Vet gain (9)
protein intake (g)

weight gain (g)x100
MEI

EER = (Kamran et al., 2008)
__ liveability (%)xlive weight(kg)x100

EEF
age(d)xFCR

De Marcu et al. (2013)

One-way analysis of variance (SPSS, Inc., Cary, lllinois, USA) was applied to the data to determine
the significance of the effects of the diet. Treatment means were separated with Duncan’s multiple range test
(Duncan, 1955). The results were presented at least square means and standard error. All statements of
significance were based on P <0.05.

Results and Discussion

The diets supplemented with FM, D25 and D50 increased the final BW of quail compared with D75
and D100 (P <0.05) (Table 3). This result agrees with the findings of Pretorius (2011), for whom a 25%
housefly larvae meal diet yielded significantly greater average live weights of broiler at slaughter compared
with those that were fed a higher level of this meal. The current results for BW also concur with the findings
of Dutta et al. (2012) and Jintasataporn (2012), who reported that the complete replacement of FM with
silkworm pupae meal reduced the final BW of broilers significantly compared with a diet containing FM.
Sapcota et al. (2003) also pointed out that replacing FM with silkworm at a level of 50% significantly
decreased the final BW of broilers compared with a diet containing FM. However, Zadeh et al. (2019)
reported that replacing 75% and 100% of dietary FM with YMLM significantly increased the final BW of
Japanese quail compared with quail that were fed the basal diet (FM) and diets replaced with lesser amounts
of YMLM.

Table 3 Effects on performance of Japanese quail of replacing fish meal with defatted mealworm larvae
meal over a 35-day feeding period

Supplement Initial BW, g Final BW, g BWG, g Fl, g FCR, g0
FM 8.26 163.422b 155.16% 598.862 3.862
D25 8.27 164.902 156.632 557.86¢ 3.56°¢
D50 8.21 160.562° 152.35% 561.02¢ 3.68°
D75 8.25 157.91¢ 149.64¢ 571.09° 3.822
D100 8.21 157.38¢ 149.17¢ 573.27° 3.852
P-value 0.880 0.022 0.023 0.037 0.021
SEMS 0.023 0.931 0.928 5.063 0.0361

ad values in the same column not sharing a common superscript differ significantly (P <0.05)

BW: body weight; BWG: body weight gain; Fl: feed intake; FCR: feed conversion ratio

DMLM: defatted mealworm larvae meal, FM: fish meal, D25: 25% of FM replaced with DMLM, D50: 50% of FM replaced
with DMLM, D75: 75% of FM replaced with DMLM, D100: FM replaced entirely with DMLM

The diets supplemented with FM, D25 and D50 increased BWG from 0 to 35 days compared with the
D75 and D100 diets (P <0.05). This result agrees with the findings of Pretorius (2011) that a 25% housefly
larvae meal diet yielded significantly greater average daily weight gain of broilers compared with a diet in
which housefly larvae meal replaced 50% of the FM. But Awoniyi et al. (2003) reported that replacement of
FM with maggot meal at the levels of 75 and 100% significantly reduced BWG of broilers compared with
diets containing only FM and 25% maggot meal instead of FM. Moreover, Dutta et al. (2012) indicated that
the dietary replacement of FM with silkworm pupae meal also significantly reduced the BWG of broilers.
However, Agunbiade et al. (2007) reported that replacement of FM with increasing levels of maggot meal did
not influence the daily BWG of layer hens significantly. Likewise, Zadeh et al. (2019) indicated that the use of
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YMLM to replace 75% and 100% of FM increased the BWG of the significantly quail compared with
isocaloric diets containing larger amounts of FM. Moreover, Sapcota et al. (2003) pointed out that completely
replacing FM with silkworm similarly increased the BWG of broilers compared with a diet containing FM. In
addition, Biasato et al. (2017) and Hussain et al. (2017) reported that increasing dietary supplementation of
YMLM produced a significant linear increase in the BWG of broilers.

The replacement of FM with increasing levels of DMLM decreased the Fl of quail between 0 and 35
days old compared with the diet containing FM (P <0.05). These findings agree with those of Zadeh et al.
(2019), who also reported that replacement of FM with 25%, 50%, 75%, and 100% YMLM significantly
reduced the FI of quail. Further, the present results concur with those of Khatun et al. (2003), who reported
that replacing FM with silkworm pupae meal decreased the FI significantly of broilers compared with the diet
that contained only FM. However, Sapcota et al. (2003) and Dutta et al. (2012) reported that replacing FM
with increasing amounts of silkworm meal did not significantly influence the FI of broilers compared with a
diet containing only FM. Likewise, Biasato et al. (2017, 2018) and Hussain et al. (2017) indicated that dietary
supplementation of YMLM at the increasing levels of 0, 50, 100, and 150 g/kg did not affect the FI of broilers.

The D25 and D50 diets improved the FCR of quail over the 35-day feeding period compared with the
FM, D75 and D100 diets (P <0.05). Awoniyi et al. (2003) reported that replacement of FM with maggot meal
at 75% and 100% levels did not affect the FCR of broilers compared with a diet using only FM. Likewise,
ljaiya and Eko (2009) pointed out that the FCR of broilers was not influenced by replacing 75% and 100% of
dietary FM with silkworm caterpillar meal when compared with a diet that contained only FM. However,
Jintasataporn (2012) reported that complete replacement of FM with silkworm pupa meal worsened the FCR
of broilers compared with the diet containing FM. In contrast, Zadeh et al. (2019) showed that replacing FM
with YMLM at the levels of 75 and 100% had better FCR values compared with the other diets.

As a whole, 75% and 100% replacement of FM with DMLM compromised the growth performance of
quail. The D75 and D100 diets contained 3.15% and 4.2% chitin, respectively. The chitin bonded with the
protein and amino acids, reducing their availability. Unfortunately, the digestibility of chitin by poultry is low,
which reduces the availability of protein and organic matter and, as a result, degrades the growth
performance of quail (Khatun et al., 2003; Ojewolia et al., 2005; Oduguwa et al., 2005; Jintasataporn, 2012;
Khan et al., 2017).

Replacement of FM with DMLM did not affect the relative weights of the gizzard, liver, proventriculus
and spleen of the quail (P >0.05) (Table 4). The findings for the relative weights of the liver, gizzard and
proventriculus are consistent with the results of Zadeh et al. (2019), who reported that replacing FM with
YMLM at various levels did not influence the percentage weight of these organs. These results pertaining to
the relative weight of liver concur with the findings of Bovera et al. (2016), who reported that the complete
replacement of SBM with YWLM did not significantly affect the relative weight of the liver of broilers.
Similarly, Khatun et al. (2003) and Biasato et al. (2017) also pointed out that the percentage weights of the
liver and gizzard were not affected by various levels of YMLM in the diets of broiler chickens. In contrast,
Ballitoc and Sun (2013) reported that the supplementation of YMLM to broiler diet increased the relative
weight of gizzards compared with the control. Complete replacement of SBM with YWLM has also been
shown to increase significantly in the relative weight of the spleen in broilers (Bovera et al., 2016)

The D75 and D100 diets increased the relative weight of the small intestine compared with FM, D25
and D50 (P <0.05). The D75 (3.15% chitin), and D100 (4.2% chitin) diets led to the consumption of high
levels of chitin compared with FM (0% chitin), D25 (1.05% chitin), and D50 (2.10% chitin). Increased chitin
consumption reduces protein digestibility and a low digestible level of diet forces the development of an
increase in surface area of the small intestine for the absorption of nutrients in quail. Thus, the weight and
length of the small intestine are increased (Borin et al., 2006; Bovera et al., 2015).

The D75 and D100 diets increased the relative weight of abdominal fat compared with the FM, D25,
and D50 diets (P <0.001). Jintasataporn (2012) also reported that the complete replacement of FM with
silkworm pupa meal significantly increased the relative weight of the abdominal fat of broilers compared with
a diet that contained FM. But the low nutrient digestibility because of the high chitin level in D75 and D100
diets may cause problems in the absorption of amino acids in chickens and result in an accumulation of
abdominal fat (Jintasataporn, 2012).

The FM and D25 diets increased the hot and cold carcass yields of quail compared with D50, D75 and
D100 (P <0.05) (Table 4). In the D25 diet, the level of chitin (1.05%) that was consumed was not high
enough to reduce protein digestibility. This probably caused an increased rate of protein accumulation and
carcass Yield (Hwangbo et al., 2009). However, Khatun et al. (2003) reported that replacing dietary FM with
silkworm pupae at the levels of 50%, 75%, and 100% increased the carcass yields of broilers significantly
compared with the FM diet. Furthermore, Zadeh et al. (2019) pointed out that 100% replacement of FM with
YMLM similarly affected the carcass yield of quail compared with the FM diet.
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Table 4 The effects of replacing fish meal with defatted yellow mealworm larvae meal on carcass traits of
Japanese quail

Supplement
Carcass traits, % SE P-value
FM D25 D50 D75 D100
Gizzard 2.32 2.30 2.20 2.26 2.39 0.043 0.712
Liver 2.71 2.51 2.32 2.53 2.26 0.082 0.067
Proventriculus 0.52 0.53 0.51 0.56 0.53 0.011 0.768
Spleen 0.05 0.04 0.04 0.05 0.05 0.002 0.318
Small intestine 3.73¢ 3.92¢ 4.00°¢ 4.06% 4.232 0.127 0.018
Abdominal fat 0.79° 0.80° 0.84° 0.942 0.962 0.017 0.000
Hot carcass yield 71.632 71.532 68.98° 68.56° 68.27° 0.495 0.036
Cold carcass yield 70.082 69.902 67.27° 66.85P 66.79° 0.473 0.039

ad Values in the same column not sharing a common superscript differ significantly (P <0.05)

BW: bodyweight; BWG: body weight gain; FI: feed intake; FCR: feed conversion ratio

DMLM: defatted mealworm larvae meal, FM: fish meal, D25: 25% of FM replaced with DMLM, D50: 50% of FM replaced
with DMLM, D75: 75% of FM replaced with DMLM, D100: FM replaced entirely with DMLM

The FM and D25 diets significantly increased the serum total protein and uric acid levels of qualil
compared with the other diets (Table 5). Bovera et al. (2015) also reported that the total replacement of SBM
with YMLM significantly decreased the serum uric acid levels of broilers compared with a SBM-based diet.
Serum albumin levels of quail were also significantly reduced by supplementation with increasing DMLM
levels (P <0.05). The present results are consistent with those of Biasato et al. (2017) and Loponte et al.
(2017), who reported that the serum albumin levels of broilers and Barbary partridge, respectively, were
reduced significantly with the increasing levels of TMLM. In contrast, Bahadori et al. (2017) showed that the
inclusion of higher levels of earthworm in the diet increased serum total protein and albumin concentrations.

Table 5 The effects of replacing fish meal with defatted mealworm larvae meal on the serum biochemistry
profile of Japanese quail

Supplement Total protein, Uric acid,  Albumin,  Globulin, Albumin to Cholesterol, Triglyceride,
gdit mg dI* gdit gd? globulin ratio mg dI! mg di-1
FM 3.212 5.382 1.65 2.622 0.632 201.502 160.402
D25 3.682 5.852 1.33 2.29° 0.58° 184.27° 114.55¢
D50 2.90° 4.64° 1.24 2.26° 0.55° 173.88°¢ 108.73¢
D75 2.64° 4.54° 1.29 2.30° 0.56° 144.70¢ 125.02°
D100 2.63° 4.48° 1.35 2.34° 0.58° 159.70¢ 104.179
P-value 0.011 0.017 0.015 0.000 0.015 0.042 0.017
SE 0.147 0.376 0.039 0.031 0.016 12.164 13.135

ad Values in the same column that do not share a common superscript differ significantly (P <0.05)
DMLM: defatted mealworm larvae meal, FM: fish meal, D25: 25% of FM replaced with DMLM, D50: 50% of FM replaced
with DMLM, D75: 75% of FM replaced with DMLM, D100: FM replaced entirely with DMLM

Uric acid is the major waste product of nitrogen metabolism in poultry. The serum uric acid levels of
quail fed the D50, D75, and D100 diets decreased compared with the FM and D25 diets (P <0.05). These
findings concur with the results of Bovera et al. (2015) and Loponte et al. (2017), who pointed out that
replacing 50% to 100% of the dietary SBM with YMLM decreased serum uric acid levels in broilers and
Barbary partridges, respectively. There is a direct relationship between the amount of digested protein and
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serum uric acid concentration. Therefore, changes in protein metabolism are reflected in serum uric acid
concentration. The present serum albumin and uric acid results may be ascribed to the properties and levels
of chitin in DMLM (Bovera et al., 2015). This might be because of the reduced digestibility of protein with
higher levels of chitin, as in the D50, D75 and D100 diets, because chitin bonded with the protein and
reduced its digestibility. This phenomenon would result in the levels of serum albumin and uric acid and the
concentrations of metabolites of protein degradation being reduced (Loponte et al., 2017).

The D25, D50, D75, and D100 diets decreased the serum globulin level (P <0.001) and the albumin to
globulin ratio (P <0.05) of quail compared with the FM diet. Bovera et al. (2015) and Loponte et al. (2017)
also observed that the albumin to globulin ratio decreased when broilers were fed YMLM. Griminger and
Scanes (1986) and Biasato et al. (2018) stated that a low albumin to globulin ratio indicated enhanced
disease resistance and immune response of birds. This result might be derived from the properties of the
chitin content of insect meal. Chitin can be fermented only by the microbiota of the large intestine, acting as
a prebiotic (Loponte et al., 2016). The prebiotic effect of chitin results from the higher production of butyric
acid in the caecal content of broilers fed T. molitor (Loponte et al. (2016). Thus, chitin can reduce the
prevalence and duration of some infectious agents and improve the health status of the digestive system and
the immune response of the birds (Choi et al.,, 2018; Selaledi et al., 2019). In addition, chitin exhibits a
bacteriostatic effect on gram negative bacteria (Vidanarachchi et al.,, 2010) and has antimicrobial and
antifungal properties (Khoushab & Yamabhai, 2010). The use of insect meal in the diets of poultry under
intensive farm conditions may decrease the use of antibiotics. However, Biasato et al. (2018) found that
increasing dietary YMLM did not influence the serum total protein and uric acid levels of broilers.

The D25, D50, D75, and D100 diets decreased the serum cholesterol and triglyceride levels of quail
compared with birds fed the FM diet (P <0.05). Chitin in DMLM binds with anionic carboxyl groups of fat and
bile acids in the intestine and interferes with the emulsification with neutral lipids by binding them with
hydrophobic bonds, and blocks the absorption of cholesterol and lipid. Moreover, chitin prevents the
reabsorption of biliary cholesterol, which increases the excretion of faecal cholesterol and lipids. As a result,
serum cholesterol and lipid levels are decreased (Simunek & Bartonova, 2005). These findings do not agree
with the results of Bovera et al. (2015), Biasato et al. (2017, 2018) and Loponte et al. (2017), who reported
that YMLM inclusion in their diets did not influence the serum total cholesterol and triglyceride levels of
broilers significantly.

The D25 and D50 groups had significantly increased protein and energy efficiency ratios of compared
birds fed the other diets (Table 6). In contrast, it was reported that the replacement of FM with silkworm
caterpillar meal in broiler diets did not influence their PER (ljaiya & Eko, 2009). Moreover, the European
efficiency factor (EEF) was increased by the D25 diet compared with the other diets (P <0.05). In addition,
the D50 diet increased the EEF of the experimental groups compared with the FM, D75, and D100 diets (P
<0.05). High EEF shows that the D25 and D50 diets had a positive effect on the growth performance of
broilers compared with the FM, D75 and D100 diets, because EEF value is related to growth performance.
Moreover, a reduction in the EEF value indicated that production efficiency had worsened owing to fat
deposition (Bovera et al., 2015).

Table 6 The effects of replacing fish meal with defatted mealworm larvae meal on production efficiencies of
Japanese quail

Supplement Protein efficiency ratio Energy efficiency ratio European efficiency factor
FM 1.080° 8.93¢ 121.73¢

D25 1.1742 9.702 141.622

D50 1.1352 9.382 135.67°

D75 1.094° 9.05P 123.14¢

D100 1.084° 8.97b¢ 124.74¢

P-value 0.015 0.015 0.043

SE 0.011 0.091 8.910

a¢ Values in the same column not sharing a common superscript differ significantly (P <0.05)
DMLM: defatted mealworm larvae meal, FM: fish meal, D25: 25% of FM replaced with DMLM, D50: 50% of FM replaced
with DMLM, D75: 75% of FM replaced with DMLM, D100: FM replaced entirely with DMLM
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Conclusion

As a source of protein in the diet of Japanese quail, 25% to 50% of FM could be replaced with DMLM
without compromising growth performance, serum albumin to globulin ratio, cholesterol and triglyceride
levels, or production efficiency. By acting as a prebiotic, the chitin in the DMLM may also decrease the use of
antibiotics.
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