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ABSTRACT. The aim of the research was to evaluate the carcass characteristics and meat quality from chickens fed
on diets in which fish meal was substituted with raw earthworms (Lumbricus rubellus) or earthworm meal. In the trial
which lasted 42-days, 100 one-day-old Hybro broilers were divided into the control and three experimental groups.
The control group was fed on standard broiler feed, the first (E-I) and the second experimental groups (E-II) were fed
a diet in which 50% or 100% of fish meal was substituted with earthworm meal, respectively, whilst the third group
(E-III) consumed feed without fish meal, but was given raw chopped earthworms ad libitum from day 1 to day 42. The
replacement of fish meal with fresh earthworms resulted in significantly lower carcass weights in the E-III group in
comparison with the control group (p<0.05). The differences in drumstick, thigh and breast meat share relative to the
carcass mass were not significant (p>0.05). The lowest fat content in thigh and breast meat was in the group in which
fish meal was replaced with earthworm meal. The lightness (L*) of thigh and breast meat was highest in the broilers
fed fresh earthworms ad libitum. No significant differences in pH value were detected between the experimental groups
(p>0.05). The most consumer acceptable were drumstick samples from E-II group and the least acceptable samples
from the control group. Earthworm meal may be considered an adequate substitute for fish meal in broiler chickens’
diet since it does not impair the production performance, carcass yield and meat quality.
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INTRODUCTION

esides reducing environmental pollution and pro-

duction of quality fertiliser - biohumus, treatment
of manure with various earthworm species provides
significant quantities of a newly emerging feed i.e.
worms (Ncobela and Chimonyo, 2015; Jacob, 2015).
The production and demand for poultry meat is sup-
posed to continue growing worldwide. This increase
in meat production will require huge quantities of
protein feed such as fish and soybean meals, which
are expensive. For these reasons, there is a continu-
ous research on the introduction of alternative protein
feeds, which will help to solve the problem of defi-
cient high-value proteins for animal nutrition (Khan
et al., 2016; Djordjevic et al., 2008; Radulovi¢ et al.,
2018; Tiroesele and Moreki, 2012). Nowadays, with
the existing methods of extraction and meal prepara-
tion 25-50% of proteins can be obtained from earth-
worm meal. The meal produced from red Californian
earthworms (Eisenia fetida) is a tasty feed character-
ised by a high protein content (60-70%) of favour-
able amino acid composition that can replace fish and
soybean meals in every phase of broiler production
(Istiqgomah et al., 2009). No negative effects on pro-
duction performance in broiler chickens fed earth-
worm meal (obtained from Perionyx excavatus), as
well as no detrimental impact on their health and food
conversion rate were observed in previous studies (Vu
and Quang, 2010).

Nutrition can significantly influence the poultry
meat quality. The nutritive value of meat it is pri-
marily determined by the content and composition
of proteins and fats. Physical parameters for meat as-
sessment are its colour, pH and water binding capac-
ity. Colour is one of the first characteristics noted by
the consumers, especially in the fillet products, and
is also an indicator of meat quality (Fanatico et al.,
2007). Factors determining sensory quality have the
major influence on the consumer acceptability and are
decisive in meat consumption. Parameters which de-
termine carcass quality are carcass yield, breast meat
yield, and the meat fat content (Araujo et al., 2004;
Suchy et al., 2002). Nutrition is a factor which is most
frequently used to improve the desired nutritional,
sensory and technological quality of meat (Dzini¢ et
al., 2012).

Research has shown that red earthworms (Lum-
bricus rubellus) either dried or fresh, can successful-
ly be used as an alternative protein feed component
in broiler chickens fattening (Vu and Quang, 2010).

However, to our knowledge not much is known about
the influence of these feed components on carcass pa-
rameters and broiler meat quality. Thus, our research
targeted their influence on carcass parameters (pro-
cessed carcass yield and relative weight of main body
parts - thighs, drumsticks and breasts), meat quality
(basic chemical composition of red and white meats),
physical characteristics of thigh and breast meat (pH
and colour) and sensory characteristics of broiler
drumsticks. The present study was part of a bigger
research project and the data on the effects on the pro-
duction performance in broilers, their health and food
conversion have been reported earlier (Jankovic¢ at al.,
2015).

MATERIAL AND METHODS

Birds, menagement and experimental diets

The study was performed on a total of 100 one-
days-old Hybro G female chickens (mean initial body
weight 44.90+3.86 g). The chickens were equally di-
vided into a control and three experimental groups.
Throughout the experiment the preventive measures,
housing and nursing were adjusted to the floor rear-
ing system of Hybro G broilers. Feed and water were
provided ad libitum. The ambient conditions were
identical for all the groups and in agreement with the
recommended technological standards for Hybro G
broilers. Research protocols concerning animal han-
dling were in accordance with the guidelines pro-
posed by the Ethical Committee of the University of
Belgrade, Faculty of Veterinary Medicine, and with
the EU Directive 2010/63/EU for animal experiments.

Broiler feed

The control group (C) was fed with standard feed
mixture (NRC, 1994). In the first (E-I) and second (E-
II) experimental groups 50% and 100% of fish meal
(FM) was replaced with earthworm meal respective-
ly, whereas the third experimental group (E-III) was
fed on diets with no fish meal, but was given fresh
chopped earthworms from day 1 to day 42 of the ex-
periment ad libitum. The composition of the diets in
each experimental phase is given in Table 1.
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Table 1. Composition of broiler diets in each experimental phase [%]

Experimental phase!

Ingredients [%] Days 1-21 Days 22-35 Days 36-42

C E-1 E-II E-II C E-I E-Il  E-NI C* E-I1* E-II* E-lII*
Maize 557 538 519 607 624 612 60.0 654 660 660 66.0 66.0
Soybean meal 44%  26.0 260 260 260 21.0 21.0 21.0 210 21.0 210 21.0 21.0
Sunflower meal 33% 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Dicalcium phosphate 1.0 1.2 1.6 1.6 1.0 1.1 1.2 1.2 1.1 1.1 1.1 1.1
’Limestone 0.6 0.8 0.9 0.6 0.8 0.8 0.8 0.8 1.1 1.1 1.1 1.1
Brewers Yeast 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 2.0 2.0 2.0 2.0
Fish meal 5.0 2.5 - - 3.0 1.5 - - - - - -
Earthworm meal - 4.0 8.0 - - 2.5 5.0 - - - - -
Fresh earthworm
(ad libitum) i ) ) FE ) ) ) FE ) ) ) FE
Soybeane oil 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
Salt 0.2 0.2 0.2 0.2 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
SVMP 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Total 100 100 100 100 100 100 100 100 100 100 100 100

"Experimental phases: I experimental phase (days 1-21); II experimental phase (days 22-35); III experimental
phase (days 36-42); C - Control group; E-I - first experimental group; E-II-second experimental group; E-III - third

experimental group;

*. In the final phase of fattening (36™ - 42" day), all experimental groups and the control group were fed on the same
mixture: fish and worm meal were excluded from diet in the experimental groupl and 2, respectively; the experimental
group 3 was fed on the same mixture, but was given fresh chopped worms during the entire fattening period. This is
why all three groups have same numerical values of chemical content of the mixture.

’Limestone - Calcium carbonate;
3VMP - Vitamin mineral premix
“FE - Fresh earthworm

The earthworms (Lumbricus rubellus) used in the
experiment were obtained by vermicomposting cat-
tle manure (“Lumbri bio agrar”, LeStane, Belgrade,
Serbia). They were washed with water to remove dirt
from the surface and afterwards kept in cold water (at
14°C) for 24 hours to free them from faecal mud (Ed-
wards, 1985). The earthworms were dried in an oven
at 50°C for 10 hours following the method described
by Istiqomah et al. (2009). After drying, the worms
were weighed and ground with a hammer milling ma-
chine into powder. The mixtures intended for feeding
the experimental animals were mixed (25 min.) in the
Vrieco-Nauta conical screw mixer with a capacity
of 50 kg (Hosokawa Micron Group, Osaka, Japan).
Broilers were fed on starter feed from day 1 to 21,
grower from day 22 to 35, and finisher from day 36 to
42 (all groups).

Chemical analysis of feedstuff

Standard methods of AOAC (2006) were followed
for measuring dry matter, fat, cellulose, proteins and
crude ash. Calcium was determined by colorimetric

method SRPS ISO 6490-1:2001 (2001) and phospho-
rus contents by method SRPS ISO 6491:2002 (2002).
The concentrations of lysine and methionine, as well
as the dietary gross energy (MJ/kg) were calculated
according to Sauvant at al. (2004).

Slaughtering parameters of poultry meat

The broilers were transported to a slaughterhouse
at the end of the experiment, on day 42. Having
been measured individually, the birds were electri-
cally stunned, sacrificed by manual exsanguination,
plucked and eviscerated. The measurement of body
weight before slaughter, and carcass mass after
slaughtering was done by the usual procedure for an
industrial slaughter house. Carcass yield was calculat-
ed from the ratio between the mass of chilled carcass
and body mass before slaughter. Chilled carcasses
were cut in accordance with legislations, Rules on the
quality of poultry meat (Sl. paper SFRJ 1/81, 51/88)
(1988) into main commercial cuts (thighs, drumsticks
and breasts) and measured on automatic scales with a
precision of £0.05 g.
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Chemical analysis of the meat

In order to assess the meat quality certain chem-
ical analyses were performed. By means of random
sampling 10 carcasses were chosen from each group
and from these 7 random samples of following tissues
were taken: breasts, thighs and drumsticks. The prepa-
ration of these samples was done according to AOAC
procedure (2006). The chemical analyses of meat sam-
ples (breast and thighs) were performed after 24 hours
of storage at 4°C following standard procedures: water
content was measured by means of loss of mass while
drying homogenised samples at 105+1°C until con-
stant mass was achieved; fat content was determined
by the Soxhlet method i.e. extracted from samples
extracted with petrol ether and dried at 105+£1°C to
constant mass; proteins were quantified by the method
described by Kjeldahl; ash was determined by sample
incineration at 550°C until constant mass.

Physical characteristics of the meat

To assess the meat quality certain physical and
sensory analyses were carried out. Ten carcasses ran-
domly chosen from each group were used as a source
of 7 samples of thigh and breast muscles taken at
random. The detection of meat colour was done 24h
post mortem using the colorimeter Konica Minol-
ta CR-400 Chroma Meter (Ramsey, NJ, USA) cali-
brated on white panel (L*=93.30; a*=0.32 and 1.8;
b*=0.33). Measurement area @ 8.0 mm, illumination
D,, viewing angle 0°. The colour was measured in
terms of the CIE system (Commission International
de L’éclairage, 1976), where L* value defines light-
ness, a* redness and b* yellowness in meat samples
prepared according to Warriss (2000). The colour of
each sample resulted from three consecutive measure-
ments and is expressed as the averages for each of the
parameters assessed.

The pH values were measured 24h after slaughter-
ing and cooling of carcasses with a pH meter “Testo
205” (Testo Ltd., Hampshire, UK) by direct insertion
of the probe into the thigh and breast muscles (with
+ 0.01 accuracy). Before and during its use the pH
meter was calibrated with standard phosphate buf-
fers (pH of the calibration buffer was 7.00 and 4.00
at 20°C). The mean of two pH values measured at the
same point was considered to be the result (Korkeala
et al.,1986).

Sensory evaluation of broiler meat samples
The sensory evaluation of broiler meat was per-
formed by trained analysts. The panel consisted of

twelve assessors who were chosen according to the
defined standard, which is identical to the internation-
al one ISO 8586:2012 (2012). The means of prepara-
tion of all the samples were identical. The skin was
removed from the drumstick meat before thermal
treatment. Thermal processing was performed on an
electric grill and lasted for about 20 minutes, until the
temperature of 80°C was achieved in the core of each
piece of meat. After the roasting the samples were
presented to the assessors on identical plastic saucers.
They were asked to inspect the smell and taste, and
rank the samples so that the first place would take the
most acceptable, followed by less acceptable and the
least acceptable one. The differences in the accept-
ability of broiler meat were detected with Rang test
ISO 8587/2006 (2006). The significance of the differ-
ences in the acceptability at levels 95% and 99% was
determined having in mind the number of samples,
number of rankings and the difference in the sums of
ranks between the samples.

Statistical analysis

Data were statistically processed and analysed by
the Graph Pad Prism 5.0 software. Study results were
statistically analysed and presented using mean value
and standard deviation. The one-way analysis of vari-
ance (ANOVA) was applied and followed by Tukey
HSD-test.

RESULTS

The chemical composition of fresh earthworms
and dehydrated earthworm meal is presented in Ta-
ble 2. These results represent the mean values of the
chemical analyses of the earthworms sampled at reg-
ular intervals.

The chemical compositions of complete broiler
feeds in the experiment are given in Table 3. The results
showed that they fully satisfied the animals’ require-
ments NRC (1994) as well as those of the experiment.

The average body mass before slaughter was low-
est in E-II broilers (Figure 1), the group fed on the
diet without fish meal which was completely replaced
with earthworm meal, whilst the highest was in the
control. However, the differences between the groups
were not significant (p>0.05). Carcass weight was
lowest in E-III group and the highest in the control,
and differed significantly (p<0.05). Carcass yield
broiler was lowest in E-III group and the highest in
the E-II group but the differences between the groups
were not significant.
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Table 2. Chemical composition of fish meal, fresh worms and earthworm meal [100% DM]

Chemical composition Fish meal Fresh worms Redworm meal
Moisture, % 10.00 84.76 11.44
Ash, % 19.57 1.32 9.20
Crude Protein, % 67.39 6.89 41.42
Crude Fat, % 7.17 2.25 9.20
Crude Fibre, % 0.65 0.55 1.77
NFE!, % 5.22 4.14 25.00
Ca, % 7.28 0.20 1.46
P, % 3.48 0.14 0.80
Lysine, % 5.11 0.51 3.33
Methionine, % 1.96 0.14 0.96

I'NFE - nitrogen free extract;

Table 3. Chemical composition of feed mixture for broilers per experimental phase [%]

Chemical Feed mixture I Feed mixture II Feed mixture IIT
composition (01-21 days) (22-35 days) (36-42 days for all groups)
[%] C E-I E-IT  E-III C E-1 E-II E-III C E-I* E-II* E-III*
Moisture 11.11  11.13 11.15 1136 11.33 11.34 1136 1148 11.50 11.50 11.50 11.50
Ash 540 568 560 456 513 527 5.41 4.62 4.94 4.94 4.94 4.94
Crude protein  22.28 22.28 2227 19.58 19.38 1941 1945 1776 17.32 1732 17.32 17.32
Crude fat 547 560 573 534 556 5.64 5.72 5.48 5.48 5.48 5.48 5.48
Crude fibre 402 4.03 405 4.09 385 387 3.87 3.90 3.88 3.88 3.88 3.88
NFE 51.71 5126 50.82 55.05 5474 5446 54.17 5675 56.86 5686 56.86 56.86
Ca 098 1.00 1.00 0.65 090 0.88 0.87 0.7 0.82 0.82 0.82 0.82
P 0.81 0.80 0.80 066 074 0.74 0.75 0.65 0.66 0.66 0.66 0.66
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
ME MJ/kg) 12.79 12.61 1243 1296 13.03 1293 1282 13.10 13.09 13.09 13.09 13.09

C - Control group; E-I - first experimental group; E-II-second experimental group; E-III - third experimental group

*- In the final phase of fattening (36" - 42" day), all experimental groups and the control group were fed on the same
mixture: fish and worm meal were excluded from diet in the experimental groupl and 2, respectively; the experimental
group 3 was fed on the same mixture, but was given fresh chopped worms during the entire fattening period. This is
why all three groups have same numerical values of chemical content of the mixture.

3000 -
1500 -
a
1000 - b
1500 -
1000
500
'R : : : .
[ £ E-ll E-Ill
W hefore slaughter
W after slaughter

Figure 1. Broiler body mass (before slaughter) and carcass mass
(g); Value expressed as X+ Sd; “><¢ - small letters indicate signif-
icant difference (p<0.05)

The average mass of thighs and drumsticks (Figure
2) was the lowest in broilers of the E-III group and the
highest in the control, and differed significantly (p<0.05).

700 - )
600 - b
500 |
4000
300
200
1000 4
0 : , )
c El E-l E-ll

Figure 2. Mass of whole legs (thigh and drumstick) (g); Value
expressed as X £ Sd; >4 - small letters indicate significant dif-
ference (p<0.05)

The mass share of the thigh and drumstick was
lowest in broilers of the E-III group and the highest in
E-I group. Nevertheless, the differences between the
groups were insignificant (p>0.05).
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Figure 3. Mass share of breast meat in the carcass mass (%); Val-
ue expressed as X + Sd

The average mass of breast meat (Figure 4) was
lowest in the E-III group and the highest in the con-
trol, but the difference was not assessed as significant

(p>0.05).

650
E-ll E-lll

600 )
550
500
450
400
350
300
C £

Figure 4. Mass breast meat (g); Value expressed as X + Sd

In Figure 5 it can be seen that the relative mass
share of breast meat in the carcass was highest in
broilers of E-II group and the least in E-III. Howev-
er, the difference between them was not significant

(p>0.05).
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Figure 5. Relative average weight of breast meat (%)

The results of chemical analyses of the meat are
presented in Table 4.

From the results of the analysis of the thigh meat it
is noticeable that the mean water content in the broil-
ers of E-I group was significantly lower than in the
other groups (p<0.01). The lowest average fat con-

tent in thigh meat was detected in samples taken from
E-II group whilst the highest was in E-I group. All the
intergroup differences in fat content were significant
(p<0.01), with the exception of the one between the
control and E-I (p>0.05). Protein levels were signifi-
cantly higher (p<0.01) in E-I group in comparison to
the control. A significant difference in protein content
was recorded for groups E-I and E-III (p<0.05). Dif-
ferent diets did not influence the concentrations of
minerals in thigh meat (p>0.05).

According to the results of chemical analysis, in
breast muscles (Table 4) the water content was high-
est in E-I group significantly higher than in all the
others experimental groups (p<<0.01). The average fat
content was lowest in E-II group. Differences in fat
content between the groups were significant (p<0.01).
Proteins were detected in lowest concentrations in the
breast meat in group E-I, highest in breast meat in
E-III group. The differences in protein content were
significant (p<0.01) between the control and E-I on
one side and E-I other groups on the other side. Ash
content was highest in meat E-I group, significant dif-
ferences were observed between the control and E-1
group (p<0.05), as well as between groups E-I and
E-II1.

The results of instrumental assessment of the co-
lour of thigh meat (Table 5) showed that its lightness
(L*) was significantly higher (p<0.01) in the group
which was given feed without fish meal, but had ac-
cess to fresh earthworms ad /ibitum in comparison to
all other groups. The lightness in the control was sig-
nificantly higher (p<0.01) in comparison with E-I and
E-II. Redness (a*) was significantly more intensive in
the group in which fish meal was completely replaced
with earthworm meal in comparison with the others
groups. The yellowness (b*) in E-III was significantly
higher (p<0.01) in comparison with the control, E-I
and E-II groups. Moreover, in the control yellowness
was significantly higher (p<0.01) in comparison with
E-IL

Breast meat was lightest in group E-III and dark-
est in E-II (Table 5). Significant differences (p<0.01)
were detected between all the groups tested. The red-
ness of breast meat in group E-III was significantly
higher (p<0.01) in comparison with all other groups.
The yellowness in the control and E-III was signifi-
cantly higher (p<0.01) in comparison with the two
other groups.

The results measurements of pH in thigh and
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drumstick meat (Table 5) were found to be with no
significant differences between groups (p>0.05). The
results of electrochemical measurements of pH in
breast meat (Table 5) were found to be without differ-
ences between the groups (p>0.05).

ceptability of drumstick meat samples can be seen.
Ranking meat samples resulted in the notion that the
most acceptable were those from broilers of the E-11
group, significantly more acceptable than any other.
The samples from the control group were assessed as

the least acceptable by the panel of jurors.

In Table 6 the differences in the assessment of ac-

Table 4. Chemical composition* of thigh and breast meat (%)

Chemical composition C E-I E-11 E-II1
Thigh meat

Water 72.29+0.38% 70.79+ 0.32Y 71.95+0.13% 72.294+0.21%
Fat 6.74+£0.27* 6.80 £0.12»* 6.24+0.14Y 6.54+0.13¢
Protein 20.10+0.50* 21.38+0.242 20.91+0.38° 20.58+0.75%
Ash 1.03£0.00 1.03+£0.00 1.024+0.00 1.03+0.00
Breast meat

Water 74.36+0.38>* 75.38+0.23Y 74.82+0.21°* 74.18+0.30¥
Fat 1.88+0.06* 1.34+0.05% 1.31£0.04* 1.89+0.07Y
Protein 22.504+0.33* 21.82+0.18Y 22.45+0.20* 22.51+£0.30*
Ash 1.42+0.02° 1.45+0.03° 1.4240.01 1.42+0.02°

*X + Sd results are presented as mean + standard deviation (SD); small letters indicate significant difference: a, b, c, d
(p<0.05); x,y,z,w (p<0.01) within the same row

Table 5. pH and colour values of thing and breast meat

C E-I E-I1 E-III

Thigh meat

pH 6.45+0.03 6.45+0.03 6.45+0.02 6.46+0.03
L* 50.43+0.242 49.52+0.20° 49.15+0.24° 52.15+0.41¢
a* 6.92+0.114 6.76+0.11°2 7.15£0.198° 6.89+0.12¢
b* 5.87+£0.12° 5.74+0.13%> 5.58+0.14° 6.14+0.15¢
Breast meat

pH 5.85+0.04 5.85+0.03 5.86+0.03 5.86+0.03
L* 47.30+0.29¢ 46.36+0.26° 45.39+0.29¢ 48.08+0.24¢
a* 4.69+0.08* 4.33+0.12° 4.51+0.16%° 4.89+0.12°
b* 8.13+0.16% 7.43+£0.13° 7.25+0.20° 8.16+0.177

L* = lightness; a*=redness; b*=yellowness; values in the same row marked with different upper case (A,B,C,D) or
lower case letters (a,b,c,d) differ significantly (p<0.05 and p<0.01, respectively)

Table 6. Significance of differences between acceptability assessment of broiler drumstick meat samples

Groups E- I E-11 E-I C
Sum of rank 27 48 30 25
C 2ns 23%* 5ns -

E-1 2ns 18%* -

E-II 21 %* -

E-III -

ns=not significant (p>0.05); *p<0.05; **p<0.01
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DISCUSSION

Chemical analysis of feed

The protein content (41.42%) in the earthworm
meal is lower in comparison to some literature data,
which ranged between 46.57% and 63.0% (Khan et
al., 2016; Jacob, 2015), but also more than reported
by Mahmoud et al. (2015), who claimed that the con-
tent was 38.87%. Similarly, the amino acid content
was somewhat lower compared to relevant published
data, but still satisfactory. The results of the absolute
content of amino acids are in agreement with the lev-
els obtained by other authors (Sogbesan and Ugwum-
ba, 2008). Fat contents were higher than the ones re-
ported in literature according to Dynes (2003). Due to
high fat contents in comparison with other feed com-
ponents, earthworms are a rich source of energy with
regard to dry matter. The ash content in earthworms
is in agreement with some previously published data
obtained by Sogbesan and Ugwumba (2008). The re-
sults of chemical analyses of feed consumed by broil-
er chickens in this research confirmed that it satisfied
the norms required by the management guide for Hy-
bro broilers and regulations NRC.

Slaughtering parameters of broiler meat

The analysis revealed that various diets did not
affect significantly the average broiler body mass
measured immediately before slaughter. These re-
sults are in agreement with the report of Bahadori
et al. (2015), who, having studied the nutritive val-
ue of earthworms, found no significant differences in
the body mass between the control and experimental
groups. By contrast, Ton et al. (2009) claimed that the
mean body mass of the broilers fed on diets contain-
ing earthworms (Perionyx excavatus) was higher than
in the control.

Lower mass of chilled carcasses in comparison
to the control was registered in the group which con-
sumed feed with chopped raw earthworms instead of
fishmeal. Resnawati (2002) conducted the research in
order to clarify the effect of earthworm meal in the
diet on carcass parameters of broiler chickens and
observed no significant differences between the treat-
ments, on that occasion he concluded that earthworm
meal could be used up to 15 percent in broiler diets
with no impact on carcass parameters or feed conver-
sion. Results by Mahmoud et al. (2015) indicated that
good results of broiler performance and carcass char-
acteristics were obtained when 3.5% of earthworm
meal was included in the broiler diet.

There were no significant differences in the car-
casses yield of the broilers in the experiment. How-
ever, the lowest carcass yield was in the third exper-
imental group i.e. 1.18% lower than in the control.
The second group achieved 2.58% and the first one
0.92% higher carcass yields than the control. Ton et
al. (2009) suggested that feeding with various quan-
tities (1%, 1.5% and 2% on a dry matter basis) of red
worms (Perionyx excavatus) resulted in higher yield
of carcass.

Significantly lower weight of thighs and drum-
sticks in comparison to the control were detected in
the group fed on feed in which the whole content
of fish meal was replaced with chopped fresh earth-
worms. The mass share of thigh and drumstick meat
in the carcass mass was lowest in the third group and
the highest in the first one (32.23%). These data on
the relative weight of whole legs are in accordance
with those published by Bogosavljevi¢-Boskovi¢ et
al. (2010).

Breast meat is the carcass component with the
highest economic value. The average chicken breast
mass was lowest in the third experimental group and
highest in the control, but they did not differ signifi-
cantly. The yield of breast meat results from the sat-
isfactory quality of feed which was used in the exper-
iment: had there been a shortage of limiting amino
acids in broiler feed, the primary indicator would
have been a poor breast meat yield because the most
intensive protein synthesis takes place in breast mus-
cles (Araujo et al., 2004). However, the highest share
of breast meat in chilled carcasses was detected in the
second experimental group (34.54%) and the lowest
in the third group (33.00%), but the differences were
insignificant. Ton et al. (2009) reported about rela-
tive weights of deboned breast meat from 25.26% to
27.75% in broilers fed earthworms (1%, 1.5% and 2%
on a dry matter basis). Having considered the slaugh-
tering parameters for the experiment as a whole one
may conclude that broilers fed on diets in which the
fish meal was replaced with earthworm meal achieved
satisfactory production results. There were no signifi-
cant differences in carcass yield between the chicken
groups. In addition, the relative weight of more valu-
able main commercial cuts were highly satisfactory,
especially the one of breast meat.

Chemical composition of thigh and breast meat
Besides carcass yield, chemical composition is a
main criterion for broiler meat quality assessment. The
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analysis of thigh meat revealed that its average water
content ranged from 70.79% to 72.29% and that there
were some highly significant differences between the
experimental groups. The percentage of water in thigh
meat measured in the current research was lower than
reported previously by Risti¢ et al. (2008).

The intergroup difference in fat content was signif-
icant. The lowest average level in thigh meat (6.24%)
was measured in the group consuming the feed with
completely substituted fish meal with earthworm meal
and the highest (6.80%) in chicken fed on partially
substituted diet. Fat content in thigh meat in the ex-
perimental groups was lower than claimed for Hybro
broilers (8.9%-9.3%) by other researchers (Suchy et
al., 2002; Risti¢ et al., 2008). These lower fat percent-
ages in poultry meat are of utmost importance for the
consumers, which may be concluded from increasing
demands of the market for lean meat.

The average protein levels in thigh meat ranged
from 20.10% to 21.38%, and varied significantly be-
tween groups. The highest level was detected in the
meat of chickens which were fed on diets with 50%
of fish meal and 50% of earthworm meal. The pro-
tein content in thigh meat obtained in the research is
somewhat higher than for Hybro G broilers (18.3%-
19.1%) claimed by Bogosavljevi¢-Boskovi¢ et al.
(2010) and Suchy et al. (2002). The ash percentages
in thigh meat were roughly the same in all chickens
and similar to previously published data obtained by
other authors (Bogosavljevi¢-Boskovi¢ et al., 2010;
Suchy et al., 2002).

The percentage of water in breast meat varied
from 74.18% to 75.38%, with significant differences
between the chicken groups. These results correspond
exactly to those obtained by Risti¢ et al. (2008), who
measured a water content of 75%. The average fat
content in breast meat varied significantly, and ranged
from 1.31% in the second experimental group to
1.89% in the third one. These results are much lower
than previously published data (2.1 to 2.5%) claimed
by Suchy et al. (2002). Partial or complete replace-
ment of fish meal with earthworm meal or raw earth-
worms leads to significantly lower percentages of fat
in broiler breast meat. This is of outstanding nutri-
tional importance since low fat content, especially in
white meat, is one of the reasons for the increasing de-
mand for poultry meat. The average protein levels in
breast meat ranged from 21.82% to 22.51%, with sig-
nificant differences between groups. Having analysed
the results obtained in the current experiment, one

can conclude that the complete replacement of fish
meal with earthworm meal or raw earthworms in the
broiler diet exerts highly positive effects on protein
contents in breast meat. These protein percentages in
breast meat correspond to data for Hybro G broilers
(22.5% to 22.7%) claimed by Suchy et al. (2002), but
are somewhat lower (22.5% to 23.7%) than those pre-
sented by Bogosavljevi¢-Boskovi¢ et al. (2010). Ash
content varied slightly from 1.42% to 1.45%, which
is higher than the one (1.1%) published by Risti¢ et
al. (2013).

Physical characteristics of chicken meat

The results of the measurements of meat colour in
thigh samples revealed significant differences in co-
lour. Highest L* and b* values were detected in E-I11
group, which consumed the feed without fish meal but
had chopped worms ad libitum. Thigh meat was red-
dest in E-II group. The lowest L* value, indicating the
darkest meat, was in the broiler group which was fed
on the feed with completely replaced fish meal with
earthworm meal.

Breast meat of the chickens in E-III had signifi-
cantly higher L* and b* values than those in other
groups. The lowest was the L* value in broiler meat
from E-II group. Qiao et al. (2002) have classified
chicken breast muscle into three groups according
to its colour: lighter-than-normal or light (L*>53),
normal (48<L*<51), and darker-than-normal or dark
(L*<46). Comparison of our results with these criteria
leads to the conclusion that breast muscles of all broil-
er groups had normal colour and differed only slightly
and were all visually acceptable.

Measurements of the electrochemical reaction
of thigh meat failed to detect significant differences
between inspected meat samples. These results are
comparable with the data on the average pH (which
is claimed to be 6.4) of fresh poultry meat (Risti¢
and Damme, 2013). The shelf-life of breast meat, its
smell, colour, water adsorption during marination,
water-holding capacity and loss during thermal pro-
cessing depend mainly on pH. The results showed
that there were no significant differences in pH values
in breast meat between the groups, which is in accor-
dance with the claims of Ton et al. (2009).

By means of sensory assessment it was discov-
ered that the most acceptable were the drumsticks and
breast meat originating from broilers fed on the diet
without any fish meal, which was completely substi-
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tuted with earthworm meal, and the least acceptable
those from the control group and E-III group. The
differences in the acceptability were based on the
complete impression about the samples assessed -
the colour, smell, juiciness, tenderness, texture, taste,
aftertaste, fullness of flavour - on all traits percepti-

ble by senses, rather than on one characteristic only
(Balti¢, 1994; Font-I-Furnols and Guerrero, 2014).

Conclusion is that earthworm meal may be con-
sidered an adequate substitute for fish meal in broiler
chickens’ diet since it does not impair the production
performance, carcass yield and meat quality.
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