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Abstract

The present stuffwas conducted to investigate the effect of feeding Bacillus probiotics on internal organs
relatif weight and carcass characteristics of broiler chicks infected with avian pathogenic E. coli (AFEC).
Five hundred and four one-day-old broiler chicks were allocated either to CNTRL (chicks receiving basal
diet as control), AEPS (chicks receiving basal diet supplemented with 0.04% zinc bacitracin) or PROBIO
(chicks receiving basal diet supplemented with 0.5% Bacillus probiotics). Half of the chicks in each diet
were assigned to infection and the rest were not infected with APEC. At day 35, one bird from each
experimental unit was slaughtered, eviscerated and cut into commercial portions. Internal organs were
obtained and weighed. and samples of breast meat §ijre subsequently collected for the determinations of pH
and drip loss of meat. The liver relative weight was higher ( P<0.035) in PROBIO and infected birds, as
compared to @her dictary treatments and non-infected birds, respectively. Irrespective of infection, birds in
AGP§group had a higher (P<0.05) proportion of thigh compared to PROBIO birds. Meat from CNTRL
birds had lower ( P<0.05) pH values at 45 min and 24 hours after slaughtered when compared with AGPS
and PROBIO birds. Meat from CNTRL birds also had higher (P<0.05) drip loss. There was no substantial
interaction between dietary and infection treatments on the parameters measured. In conclusion, dietary
inclusion of Bacillus probiotics increased the liver relative weight, prevented the decrease in meat pH and
reduced the drip loss of broiler meats.
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Introduction

As the supply organs, internal organs have crucial roles in the life and production of broilers. Hence, the
development of these organs should be monitored to ensure the optimal health and growth of chicks.
Indeed, bacterial infection such as E. coli infection may negatively affect the development of internal
organs, and eventually the production and health performances of broilers (Guabiraba and Schouler 2015).
Today, consumers are more aware of the nutritional qualitics of meats, and therefore production of the high
quality and nutritious broiler meats is of importance. In general, there are several factors affecting the
qualities of carcass and meat in broiler chickens, including genotype, age, sex, dietary ingredients, density,
environment, exercise and stress. Besides @@using production problems as mentioned above, E. coli
infection in general may adversely impact on the quality of broiler meat (Istiqgomah et al 2013). In the
earlier time, in-feed antibiotic was extensively used to control bacterial infections in broilers (Hampson and
Murdoch 2003). Owing to phenomenon of antibiotic resistance, the use of in-feed antibiotic in broiler
rations i1s. however, no longer permitted in most countries (Sugiharto 2016). Hence, any alternatives to in-
feed antibiotic are crucial for the safe and sustainable broiler production worldwide.

Other than improving growth performance and controlling bacterial infections, probiotics have been shown
to ameliorate the detrimental changes in broiler meat composition due to infections (Wang et al 2017). In
the present study, we included Bacillus probiotics in diets as an alternative to in-feed antibiotic for broilers.




The additive has been shown able to improfff the digestive functions and physiological conditions and
increase populations of beneficial bacteria in the intestine of broiler chicks (Isroli et al 2017; Sugiharto et al
2018a.b). The effect of such additive on internaf@prgans and carcass characteristics from the infected
broilers has, however, never been documented. The aim of this present study was therefore to investigate
the effect of Bacillus probiotics on internal organs relative weight and carcass characteristics of broilers
infected with avian pathogenic L. coli.

Materials and methods

Five hundred and four one-day-old broiler chicks (Lohmann strain) were used in the 3 x 2 factorial design
experiment with diets and infection as main factors. Upon arrival at the broiler house, the chicks (body
weight: 45.2 + 0.37 g me4fs + standard deviation) were randomly allocated to three dietary groups:
CNTRL (chicks receiving basal diet as control), AGPSgEhicks receiving basal diet supplemented with
0.04% zinc bacitracin) and PROBIO (chicks recciving basal diet supplemented with 0.5% Bacillus
probiotic). Half of the chicks in each experimental diet were assigned to infection aff) the rest of the chicks
were not infected. Hence, there were 6 groups of 84 chicks each (7 replicates of 12 chicks). The additives
were added at the cxpense of the dicts. The feeds and water were provided ad libitum throughout the study
period (days 0 to 35). The basal diet was prepared (Table 1) to comply the national standard for broiler feed
in Indonesia (SNI 2006). The basal feed was provided in mash form and contained no antibiotics,
coccidiostat, enzymes or other feed additives/supplements. The probiotic preparation contained
approximately 12.10 log cfu/g of four strains of Bacillus (i.e..B. d@eus SIIA_Pb_E3. B. licheniformis FIAT-
29133, B. mgRaterium F4-2-27and Bacillus spp. 11CM31Y12), 0.100 mg vit A, 0.018 mg vit D3, 0.100 mg

vit E, 1200 mg Ca, 750 m@P. 0.08 mg Mg, 0.006 mg Co. 0.045 mg Cu, 0.015 mg Se, 0.180 mg S, 0.010 mg

Zn, 0.060 mg KCI, 0.030 mg I, 0.060 mg Fc and 0.100 mg Mn (Isroli ct al 2017; Sugiharto ct al 2018a.b).
Table 1. Ingredients and nutrient composition (DM basis) of basal feed'

Composition (%, unless

. otherwise noted)
Maize (CP 8.5%) 455
Soybean meal (CP 46%) 17.0
Wheat flour 10.0
Bread flour 5.00
Rice bran 4.45
Palm oil 3.50
Com gluten meal 3.60
Distiller dried grains 3.00
Meat bone meal 2.80
Hydrolyzed chicken feather meal 2.00
Bone meal 1.50
Lysine 0.55
Methionine 0.37
L-threonine 0.08
Salt

Premix? 0.50
Calculated composition:

Metabolizable energy (kcal/kg)® 3.200
E&de protein 22.0
Crude fat 5.00
Crude fiber 5.00
Ash 7.00

Ingredients and nutrient composition of basal feed used in the current study was
similar with that of used by Sugiharto et al (2018¢)

Premix contained (8 kg of diet) of Ca 2.250 g, P 0.625 g, Fe 3.570 mg, Cu
0.640 mg, Mn 5.285 mg, Zn 0.003 mg, Co 0.00] mg, Se 0.013 mg, 1 0.016 mg, vit A
375 10U vit D 150 1U, vit E 0.080mg

3 Metabolizable energy was calculated based on formula (Bolton 1967) as
Jollosw: 40.81 {0.87 {CP + 2.25 crude fat + nitrogen -free extract]| + 2.5}

CP: crude protein




The chicks were vaccinated at day 0 with commercial Newcastle disease (ND) and avian influenza (Al)
vaccines througlgtramuscular injections. At days 21, 23, 25 and 27, half of the birds within each diet were

challenged with 0.5 mL of a culture containing 10® cfu/mL avian pathogenic E. coli (APEC) ATCC 8739.
The infection §s conducted by direct intra-tracheal instillation of challenge inoculum into the trachea of
broiler chicks using a 1.0 mL syringe fitted with a blunt-ended pipette tip (Kaikabo et al 2017). At day 35,
live body weight (BW) was recorded and a total of 42 birds (7 birds from e¢ach group/one bird from cach
replicate) were slaughtered. The chicks @@re eviscerated and cut into commercial portions. Internal organs
were obtained and weighed. and for the determinations of pH and drip loss, breast meats were collected.
The determinations of pH and drip loss of broiler meat were conducted according to Wang et al (2015). The
meat was weighed and the pH was measured (with Eutech EcoTestr pH 1, Thermo Fisher, Singapore) at
about 45 min after slaughter. The breast meat was then placed in a Whirl-Pak bag. After beinfffiored in a
refrigerator (4-5°C) for 24 h, the meat was reweighed and the pH was again determined. The drip loss was
determined as the weight loss of meat after 24 h storing at the refrigerator. The drip loss are presented as
percentage. The parameters measured were internal organs relative weight, commercial cuts, #jand drip
loss of broiler meat. The data were analyzed according to a completely randomized design by d&@lysis of
variance using the General Lincar ModclgJProcedure in SAS (SAS Inst. Inc., Cary, NC, USA). The pen was
considered as the experimental unit. The differences among groups were further analyzed using Duncan’s
multiple-range test.

Results and discussion

Data in this study showed that liver relative weight was higher in PROBIO than in other treatment groups
(Table 2). Our finding is in accordance with Awad et al (2009) and El-Faramaw et al (2016) showing the
increased liver relative weight when feeding probiotic Lactobacillus sp. and mixed probiotics containing L.
casei, L. plantarum and Enterococcus faecium. respectively, to broiler chickens. The reason for the
increased liver relative weight is not exactly known, but the increase in liver glycogen due to probiotic
treatment may be one possibility. In the study of Sharma et al (2016), it was apparent that treatment with
probiotics Ik asei and Bifidobacterium bifidum increased liver glycogen level and thus liver weight in
Wistar rats. In thd@hirrent study, the relative weight of liver was higher in the infected than that in non-
infected broilers. Similar result was reported by Abalaka et al (2017), in which E. coli infection resulted in
enlarged liver in broiler chickens. Moreover, Rocha et al (2013) showed an increased liver relative weight
in broiler chicks challenged with Sa/monella Typhimurium. The inflammation and necrotic lesions in the
liver due to E. coli infections seemed to be responsible for the increased relative weight of liver in the
present study (Abalaka et al 2017). There was a clear tendency (P=0.06) that APEC infection increased the
relative weight of gizzard in this study. No definite explanation for the latter condition, but APEC infection
was most likely to elicit stress that can induce gizzard erosions and ulcerations, and eventually increase the
€73 zard weight of broilers (Grabarevi¢ et al 1993). The substantial increase in the relative weight of gizzard
has also been reported by Elaroussi et al (2006) when feeding mycotoxin ochratoxin A to broiler chickens.
It has been shown in the present study that thymus relative weight tended (P=0.09) to be lower in PROBIO
than in CNTRL and AGPS groups. This finding was consistent with Sugiharto et al (2018b) showing a
lower thymus relative weight in broilers supplemented with Bacillus mixture as probiotics. The latter
authors inferred that the lower relative weight of thym@&hay be associated with the less infections in
PROBIO broilers. There was a tendency (P=0.06) that the relative weight of Bursa of Fabricius decreased
in PROBIO chicks after challenge with APEC. Such decrease did not occur in other treatment groups. The
decrease in Bursa of Fabricius was previously reported by Nakamura et alfZ8986) in broiler chicks after
inoculation with E. coli. Considering its immune functions, the decreased relativgZjveight of Bursa of
Fabricius may be attributed to the impaired immune competences in bffllers. In this study, the decreased
relative weight of Bursa of Fabricius seemed not to harm the birds, as theflative weight of Bursa of
Fabricius was still within the normal range. Olnood et al (2015) reported that the relative weight of Bursa of
Fabricius in broiler chicks ranged from 0.12 to 0.19 %BW. There was a tendency (P=0.09) that infected
birds had a lower proportion of abdominal fat pad as compared to non-infected birds. As an energy reserve,
abdominal fat may be oxidized to produce energy. During infections, the birds need more energy for
maintenance (recovery), while feed intake may be lowered (Kostadinovic¢ et al 2011). The latter conditions
may increase lipolysis from the lipid depots and consequently lower the relative weight of abdominal fat in
broilers.




Table 2. Internal organs relative weight of broilers

CNTRL AGPS PROBIO P

% live BW SEM
= + - + - + D 1 D*I
Heart 0.42 0.42 043 0.44 0.44 0.43 0.02 0.84 086 093
Liver 2 39by 2 56b% 2.43bY 2.63bx 2.642Y 2 g5ax 0.11 003 003 099
Proventriculus 0.52 0.53 0.46 0.51 0.51 0.49 0.03 0.41 0.60 046
Gizzard 1.53 1.64 142 1.59 1.62 1.87 0.12 0.11 0.06 0.82
Small intestine 2.64 2.38 2.14 2.58 2406 2.63 0.18 0.51 0.39  0.12
Pancreas 0.32 0.31 0.28 0.30 0.30 0.29 0.02 0.56 098 0061
Spleen 0.10 0.09 0.08 0.10 0.10 0.09 0.01 0.91 0.86 0.34
ymus 0.38 0.30 0.39 0.39 0.31 0.31 0.04 0.09 081 0.99
Bursa of Fabricius 0.14 0.16 0.13 0.14 0.17 0.13 0.02 0.42 0.98 0.06
ﬁ;domina] fat 1.39 1.27 1.49 1.27 142 1.25 0.13 091 0.09 092

o Meanshe row with different letters show significant differences (P<0.03) among dietary treatments

*Y Means in the row with fferent letters show significant differences (P<0.05) between infected and non-infected birds

CNTRL: cfffks receiving basal diet as control; AGPS: chicks receiving basal diet supplemented with 0.04% zinc bacitracin;
PROBIO: chicks receiving basal diet supplemented with 0.5% Bacillus probiotics; BW: body weight; (—): chicks not infected: (+):
chicks infected with avian pathogenic E. coli; D: diets; I: infection

Irrespective of infection, birds in AGPS group had a higher proportion of thigh compared with PROBIO
birds (Table 3). Izat et al (1990) repffted that antibiotics (Bacitracin methylene disalicylate and
virginiamycin) treatment increased dressing percentage and parts yield of broiler chickens. In the case of
our study, the eviscerated carcass relative weight did not substantially differ among the treatment groups.
Hence, the lowered relative weight of thigh in PROBIO birds seemed to be compensated by the increased
relative weight of other parts such as breast and back (though the values did not reach significant levels).

Table 3. Commercial cuts of broilers

CNTRL AGPS PROBIO P
SEM
- + - + - & D I D*1
% live weight
Eviscerated carcass 64.9 64.4 65.1 61.0 65.2 67.1 1.68 0.20 0.53 0.22
% Eviscerated carcass
Breast 32.6 33.8 328 295 342 322 1.89 0.46 0.39 0.47
Thigh 17.6% 16.9% 18.0* 183 163 171> 058  0.04 084 046
Drumstick 145 14.4 14.6 15.4 143 139 0.50 0.21 0.84 0.50
Wing 11.7 11.6 11.5 12.6 11.7 113 043 0.42 0.59 0.20
ﬁck 23.7 23.3 23.0 242 234 255 0.90 0.52 0.20 0.39

6 Means in the row with different letters show significant differences (P<0.05) among dietary treatments CNEEY. chicks receiving
basal diet as control; AGPS: chicks receiving basal diet supplemented with 0.04% zinc bacitracin; PROBIO: chicks receiving basal
diet supplemented with (.5% Bacillus probiotics; (—): chicks not infected; (+): chicks infected with avian pathogenic E. coli; D:
diets; I: infection
Data in our present study showed that, irrespective of infection, meat from CNTRL birds had lower
(P<0.01) pH values at 45 min and 24 hours after slaughter compared with AGPS and PROBIO birds. Meat
from CNTRL birds also had higher (P<0.05) drip loss, when compared with other birds (Table 4). g of
meat has been used as an indicator of meat quality, in which the low pH may implicate in negative effect on
the water holding capacity (WHC) and processing char§iferistics of meat (Petracci et al 2015).Note that
low WHC implies in the abnormalities of meat such as pale-soft-and-exudative (PSE)-like meat. It has been
shown that low pH value was associated with protein degradation and lower shear force in meat (Huang et
al 2016). In this regard, breast meat from AGPS and PROBIO chicks may be supposed to have better
nutritional characteristics especially with regard to protein content in meat, as compared to CNTRL meat.
In this study. the lower pH value in CNTRL meat was in parallel with the higher drip loss in CNTRL meat.




The latter condition seemed to be related to the low WHC in meat as Bowker and Zhuang (2015) reported
that drip loss was greater in broiler meat with low WHC.

Table 4. pH and drip loss of broiler meats

CNTRL AGPS PROBIO p
Items SEM
- + - + - + D I D*1
pH 45 min 5970 6.13b 6.142 6.238 6208 (270 0.06 <001 011 032
pH 24 h 571 580" 50938 590° 596 594 005 <001 090 083

&iploss(%) 568 571* 403" 56120 396> 388> 072 0.04 033 040

ab \feans in the row with different letters show significant differences (P<0.05) among dietary freatments
CNTRL: chicks receiving basal diet as control; AGPS: chicks receiving basal diet supplemented with 0.04% zinc
bacitracin; PROBIO: chicks receiving basal diet supplemented with 0.5% Bacillus probiotics, (-): chicks not
infected; (+): chicks infected with avian pathogenic E. coli; D: diets; I: infection

Conclusions

o Feeding Bacillus probiotic increased the liver relative weight, prevented the decrease in meat pH and
reduced the drip loss of broiler meats.

¢ Hence, Bacillus probiotic has potential to improve the meat quality of broilers.
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