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Abstract
The stugly investigated the effect of finisher diets containing two-stage fermented banana peel (FBP) meal on growth perfor-
nce, haematological responses, intestinal microbiology and carcass traits of broilers. From days 22 to 38, 200 broiler chicks
were grouped to maize-soybean meal-based finisher diet as a control (CONT) and finisher diets containing either 5% FBP (FBP-
5), 10% FBP (FBP-10) or 15% FBP (FBP-15). Birds were blood sampled and slaughtered at day 38. For microbial population
and villi height measurement, digesta and intestinal Ements were collected. Breast meat was obtained for meat colour deter-
mination. Data collected were analysed according to analysis of varance followed by Duncan’s multiple-range tg)t when there
was significant effect. There was no effect of treatments on broiler growth performance. The relative du um weight tended
(P=0.08) to be lower in FBP than in CONT. The mean cclpusu“‘ hacmoglobin concentration (MCHC) was higher (P <0.05)
in FBP-5 than in CONT and FBP-15. Uric acid concentration was lower (P <0.05) in FBP-10 and FBP-15 than in CONT.
Feeding FBP tended (P =0.08) to decrease coliform population in the ileum. Compared to CONT, tlegileal villi heights were
higher (P < 0.05) and lower (P < 0.05) in FBP-10 and FBP-5, respectively. The relative weight of thigh (P< 0.05) and wings (P=
7) were higher in CONT than in FBP-fed birds, but the eviscerated carcass was not different (P> 0.05) among groups. The
1ghtness (L*) values of meat were higher (P <0.03) in FBP-10 and FBRZAS than in CONT and FBP-5. Compared with others,
breast meat from FBP-10 birds had lower (P < 0.03) redness (a*) values. In conelusion, dietary inclusion of FBP at the levels of
up te 15% had no detrimental effect on growth and health performances of broiler chickens.
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Introduction tive encrgy source in broiler diets. ?anana peel containg 109%

crude protein (CP) and 2932 keallkg mctabo]blc energy (ME)

%ﬁ‘ price of conventional feed ingredients, such as maize, has
increased substantially over the years. This condition may in-
crease thigjproduction cost and reduce efficiency of the broiler
industry. To reduce the cost of feed, there has been an increasing
interest o use by cts from the agro-industries as feedstuffs
n poultry rations (Kasapidou et al. 2015). Among the agro-
industrial by-products, banana peel may be used as an altema-
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(Blandon et al. 2015). Compared with other agro-industrial by-
products (such as palm kemel. cassava pulp, rice bran. copra
meal and orange peel and pulp), banana peel seems to be less
utilised while the production continuously increases (Sugiharto
et al. 2018a). As a consequence, banana peel has no economic
value. It was shown by Styal et al. “}l 6) that dietary nclusion
of 1.5% and 3.0% of banana peels resulted in higher final body
weight (BW) and dresglg percentage, when compared with
control. Cencomitantly, Blandon et al. (2015) revealed that feed-
ing banana peels up to 25% had no adverse effect on the average
BW of broiler chicks at day 42. In contrast to the above-
mentioned studies, dietary inclusion of 10% banana peel result-
ed in lower BW gain, feed consumption (Hernawan and eun
2014) and feed efficiency ratio of broiler chickens (Fas et al.
2015). Moreover, Duwa et al. (2014) reported that feeding 5%,
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106 or 15% banana peel meal as a replacement for maize re-
sulted in lower final BW of broilers. Several factors might be
responsible for the inconsistent data highlighted above, two of
which were the variation in the nutritional compositions and the
contents of antinutritive factors in banana peels used in the stud-
ics. Note that the nutritional traits (Koni 2013; Blandon et al.
2015) and antinutritive factors (Anhwange et al. 2009; Romelle
et al. 2016) in banana peel vary among cultivars. Regarding the
antinutritive factors, the compounds such as hydrogen eyamde,
oxalate, phytates and other antinutritional factors in banana peel
may adversely affect nutrient digestibility and thus growth per-

forgance of broders.

pe‘:nmtaﬁon has been conducted to improve the nutritional
properties of banana peel. Koni et al. (2013) fermented banana
peel using the fungus Rhizopus oligosporus, and found an in-
crease and decrease m CP and crude fibre (CF) contents, re-
spectively, after fermentation. For broiler diets, however, Koni
et al. (2013) and Koni et al. (2013) rec rended that
fermented banana peel by R. oligosporus may only be included
at the maximum of 10%, as higher inclusion levels impaired
growth performance of broilers. In general, although fungal
fermentation can increase CP content, it did not substantially
improve protein solubility and amino acid profile of the sub-
strates (Koni et al. 2013; Mukherjee et al. 2016). The latter
condition may. therefore, limit protein utilisation of the
fungal-fermented products by broiler chickens (Koni et al.
2013). Besides single-stage fermentation, two-stage fenmenta-
tion has often been conducted to produce better nutritional
characteristics in the products. Compared to single fermentation
with Bacillus subtilis, two-stage fermentation using
R ofigosporus followed by B. subtilis resulted in higher protein
content in soybean in the study of Weng and Chen (2011).
Concomitantly, two-stage fermentation with Aspergillus orvzae
and Lactebacillus caser produced higher soluble protein, avail-
able lysine and protein digestibility of soybean meal, when
compared with single farmentation using A. orvzae (Chen
et al. 2010). In the present study, we firstly fermented banana
peel meal with the fungus Chrysonilia crassa and then followed
by B. subiilis. First-stage fermentation with C. crassa was par-
ticularly expected to lower the CF content of banana peel meal
due to the remarkable fibrolytic activity of the fungus
{Sugiharto et al. 2017). B. subtilis was preferred as a starter
for the second-stage fermentation given that such bacteria were
considerably able to improve protein solubility/digestibihty and
amino acid profile of the substrates (Mulkherjee et al. 2016).
Overall, two-stage fermentation of banana peel meal with
C. crassa and B. sulgis was expected to produce better nutri-
tional traits and thus merease the inclusion level of banana peel
meal in broiler rations. Moreover, considering the probiotic
potentials of C. crassa (Sugiharto et al. 2017) and B. suhtilis
(Sugiharto et al. 2018b), the two-stage fermentation using both
microorganisms was therefore expected to improve not only the
nutritional qualitics. but also the functional properties of banana
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pecls. The latter featurcs may exert health benefits that are of
importance for broiler production following the ban of antibi-
otic growth promoters. Thg aim of the present study was to
investigate the effect of hinisher diets gntaining two-stage
fermented banana peel (FBP) meal on growth performance,
hacmatological responses, intestinal microbiology and carcass
traits of broiler chickens.

Materials and methods

Preparation of starter cultures
2

Starter culture of C. crassa was prepared according to Sugiharto
etal. (2017) with few modifications. It conducted by reju-
venating the stock culture of C. crassa &jmm’n@d on a potato
dextrose agar [PDA; Merck KGaA, Darmstadt, Germany] and
stored at 4 °C) on chloramphenicol-supplemented PDA. The
mycelia of the fungi were dislodged from the PDA after acrobic
mcubation at 38 °C for 48 h. It was then diluted in 200 ml of
sterilised distilled water. To produce the fimgal starter culture,
the mycelia suspension was used for inoculating the sterilised
dry cassava pulp (200 g; 87.5% dry matter). The mixture was
then incubated aerobically at room temperature, Cassava pulp
was used for the production of starter culture as our preliminary
study showed that C. crassa grew better on cassava pulp than
on banana peel meal. After 4 days of incubation, the colonies of
C. crassa were counted based on the colony counting method.
The fungal starter culture produced was further used to ferment
(first-stage fermentation) the banana peel meal Starter culture
B. subrilis (used for the sccond-stage fermentation) was kindly
provided by PT. Bayer Indonesia, Jakarta, Indonesia. It was in
the form of concentrate and contained minimum 10'” spores/g,

Preparation of two-stage fermented cassava pulp

Fermentation of banana peel meal was conducted based on the
solid-state fermentation method. In bricf, 10 kg of sterilised
banana peel meal was soaked in sterile water (1:1) to achieve
the water content of about 40% in the substrates. The banana
peel meal was then inoculated with 110 g/hkg starter culture of
C. crassa (containing 3.6 = 10" cfw/g) and 41 g/kg urea as a
source of nitrogen. After being mixed thoroughly, the inocu-
lated banana peel meal was incubated aerobically at room
temperature (25-26 °C) for 4 days. The substrate was turned
every 2 days to ensure that the fungi grew evenly throughout
the substrate. After 4 days of incubation with . crassa, the
substrate was subsequently moculated with 1 mg/g B. subiilis
inoculum and further incubated aerobically for 2 days at room

1perature. After being sun-dried, sample of the FBP was
g;ainad for proximate analysis {Table 1), and the rest of the
FBP was used for the in vivo experiment.
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Table 2 Ingredients and chemical compositions of sarter diet (davs 0-21)

Table 1 Chemical compositions of fermented banana peel meal
Compositions (%, as dry basis,  Unfermented Fermented
unless otherwise stated) banana pecl meal  banana peel meal
Moisture 18.3 229

Crude protein 796 1.8

Crude fat 3.24 2.39

Crude fibre 19.6 12.2

Ash 12.4 8.51
Metabolisable energy (kcalkg)' 2660 3023

! Metabolisable energy was calculated based on formula (Bolton 1967) as
follows: 4081 {0.87 [crude protein +2.25 crude fat 4 nitrogen-free ex-
tract] +2.5}

ﬂ vivo experiment

The animal trial was conducted complying with the standard
rearing and handling of livestock stated in law of the Republic
of Indonesia number 18, 2009, conceming animal husbandry,
health and welfare. Two hundred Lohmann broiler day-old
vhicks (unsexed, with average BW of 35.6 £ 0.85 g) obtained
from a local hatchery were raised in an open-sided broiler
house during the study. All birds were provided with starter
diet (Table 2) from days 0 to 21. The chicks were weighed at
day 22 (average BW of 392 +3.66 g) and then randomly al-
located to four dictary treatmenggegroups of 50 birds cach (5
replicates of 10 birds). Thes&:lgé‘rary groups were maize-
soybean meal-based finisher diet as a control (CONT), fmnish-
er diet containing 3% FBP (FBP-5), finisher diet containing
10% FBP (FBP-10) and finis iet containing 15% FBP
(FBP-15). The treatment diets (in mash form) were prepared
to be isonitrogenous and isocaloric and met the Indonesian
gltiﬂnal Standards for Broiler Feed (SNI 2006) (Table 3).

or the entire trial period, the birds were allowed free access
to feed and water. Vaccinations with commercial Newcastle
disease virus (NDV) vaccine were done through spraying and
drinking water on days 0 and 18, respectively. At day 38, BW
gain, feed intake and feed conversion ratio (FCR) were record-
ed. The chick was weighed individually. A Camry electronic
digital scale EK3650 with maximum capacity of 5-kg and 1-g
graduation was used to weigh the chick and feed. FCR was
determined as the total amount of feed consumed per unit BW
gam from days 22 to 38.

At day 38, blood was obtained from the bird's wing veins
of'one chick from each replicate (5 chighs per treatment). For
the determination of full blood counts, blood was collected in
“hcutainers containing ethylenediaminetetraacetic acid, and
the rest of the blood was collected m anticoagulant-free
vacutainers to make serum (for the analyses of antibody titre
and serum biochemistry). Immediately, the same chicks as
blood sampled were slaughtered by neck ecut, defeathered
and eviscerated. Quickly. the segments of the duodenum,

Items Composition (%)
Maize 3
Soybean meal qn
Wheat flour 100
Bread flour son
Rice bran 445
Crude palm ail 3ou
Corn gluien meal 10
Distiller dried grains 3on
Meat bone meal 28U
Chicken feather meal P
Bone meal 1.50
Lysine 0.55
Methionine 037
L-Threonine 0.08
Salt als
Premix’ 0.50
Analysed compositions
Crude protein 214
Crude fat 439
Crude fibre 763
Ash 771

! Premix contained (per kg of diet) of Ca 2250 g, P0.625 g, Fe 3.570 mg,
Cu 0.640 mg, Mn 5.285 mg, Zn 0.003 mg, Co 0.00]1 mg, Se 0.013 mg, [
0.016 mg, vitamin A 375 IU, vitamin D 150 [U, vitamin E 0.080 mg

jejunum and ileum (each about 2 cm) were taken and put in
10% ncutral formalin buffer solution (Leica Biosystems
Richmond. Inc., Richmond, VA, USA) for the histological
analysis. For the microbiological analysis, samples of digesta
were collected from ileum and caceum by gently squeczing
mto the stenle sample bottle@l he internal organs, carcass and
commercial cuts of broilers were obtained and weighed. The
samples of skinless breast meat were obtained for the deter-
mination of meat colour.

The full blood count analysis was performed using a
hacmatology anmalyser based on the manufacturer’s protocols
(Prima Fully-auto Haematology Analyser, PT. Prima
Alkesindo Nusantara, Jakarta, Indonesia). For the histological
analyses of the intestine, 5-um slices of the duodenum, jeju-
num and 1leum were prepared and stained with haematoxylin
and eosin. The villus height of each intestinal segment was
measured with the aid of an optical microscope fitted with a
digital camera (Leica Microsystems GmbH, Wetzlar,
@'maﬂyl The populations of selected bacteria in the intesting
were determined according to Sugiharto et al. (2017) with few
modifications. The red and colourless colonies growing on
MacConkey agar (Merck KGaA, Darmstadt, Germany) after
acrobic incubation at 38 °C for 24 h were counted as total
coliform and lactose-negative enterobacteria, respectively.
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Table 3 Ingredients and chemical composition gﬁnisher dict (days
22-38)

Items Treatment groups (%, unless

otherwise stated)

CONT FBP-5 FBP-10 FBP-15
Maize 64.0 39.0 54.0 49.0
Soybean meal 2000 2000 2000 20,0
Poultry meat meal 10.7 10.8 109 11.0
Rice 3.00 2.40 1.80 1.20
Crude coconut oil 1.00 1.50 2,00 250
FRBP - 5.00 10,0 150
Methionine 030 0.30 030 0.30
Lysine 020 0.20 020 020
Dicalcium phosphate 0 030 030 .30
Premix’ gu 050 050 050

Caleulated composition

Mectabolisable energy (keal/kg)® 3030 3030 3030 3030

Crude protein 200 200 200 20.0
Crude fibre 5.10 5.80 660 7.30
Methionine 070 0.70 070 0.70
Lysine 1.40 1.40 1.40 1.40
Ca 1.00 1.00 1.00 1.00
p .70 0.70 070 070
Analysed compositions
Dry matier 87.& 84.6 854 854
Crude protein 225 208 218 185
Crude fat 349 3.54 289 352
Crude fibre 822 9.09 9.43 983
Ash 349 3.68 3.95 425

! Premix contained (per kg of diet) of Ca2.250 g, P 0.625 g, Fe 3.570mg,
Cu 0,640 mg, Mn 5.285 mg, Zn 0.003 mg, Co 0001 mg, Se 0.013 mg. 1
0.016 mg, vitamin A 375 U, vitaman 1 150 [U, vitamin E 0.080 mg

< Me 1sable energy was calculated according to formula (Bolton
1967) as follows: 4081 {087 [crude protein +2.25 crude fai + nitro-
zen-free extract] + 2.5}

The numbers of enterobacteria were determined as the sumg'
coliform and lactose-negative enterobacteria. The colonies of
lactic acid bacteria (LAB) were enumerated on de Man,
Rogosa and Sharpe (MRS; Merck KGaA) agar after anaerobic
incubation at 38 °C for 48 h. The measurement of serum
antibody titres against NDV was carmed out according to the
haemagghutination inhibition (HI) test (Villegas 1987). from
which the titres were presented as geometric mean titres
{(Log2). The levels of total triglyceride, total cholesterol,
high-density lipoprotein (HDL), low density lipoprotein
(LDL), uric acid and creatmne n serum were determined
according to the enzymatic colorimetric/colour methods. The
concentrations of total protein, albumin, alanine aminotrans-
ferase (ALT) and aspartate aminotransferase (AST) in serum
were determined based on spectrophotometric/photometric

@ Springer

tests. The serum globulin values were obtained from the dif-
ference between total protemn and albumin. These above-
mentioned Ppchemical analyses in serum were performed
using kits (DiaSys Diagnostic System GmbH, Holzheim,
Germany) according to the producer s instructions. Tlggcolour
values of broiler breast meats were measured with a digital
lour meter in Mac OS X (set to CIE Lab) and expressed as
(lightess), a* (redness) and b* (yellowness) values. The
L* value of breast meat below 50 was categorised as dark-
coloured meats, L* value of 50 to 56 as normal-coloured
meats and L* value above 56 as light-coloured meats
(Kacwthong et al. 2017). 3
All data obtained were analysed based on the analysis of
variance using the general linear modghy procedure in SAS
(SAS Tnst. Inc., Cary, NC, USA). Data arc presented as lcast
square means @ESMEANS) and pooled standard error of the
mean (SEM). Duncan’s multiple-range test was performed
when there was significant difference (P <0.05) among the
treatment groups.

Results

Data on the growth performance of broilers are presented
in Table 4. In general, there was no substantial effect
(P> 0.05)gaf dietary treatments on BW gain, feed intake,
FCR, and feed cost per kilogramme live BW gain of broiler
chicks during the finishing phagey With regard to the rela-
tive weight of internal organs, gcrc was a tendency (P=
0.08) that the relative weight of the duodenum was lower
in the treated birds as compared to that in control birds
(Table 5). The other internal organs were not significantly
different across the treatment diets

Data on the full blood counts of broilers are presented in
Table 6. The values of MCHC were higher (P <0.05) in FBP-
5 when compared with those in CONT and FBP-15, but the
differencefyas not different as compared to that in FBP-10.
The other parameters did not differ among tl'ﬂrcatment diets.
Data on serum antibody titres against NDV and biochemical
parameters of broilers are presented in Table 7. The concen-
tration of uric acid was lower (P< 0.05) in FBP-10 and FBP-
15 as compared to that in CONT birds. There was no signif-
1cant difference observed with regard to the other biochemical
parameters.

The effects of dietary treatments on the population of se-
lected bacteria in the ileum and caccum of broilers are pre-
ney (P = 0.08) that feed-
ccreased the numbers of

sented in Table 8. There was a ten
ing finisher diet containing FBP
coliform bacteria in the ileum of broilers. The numbers of
other bacteria were not significantly different among the treat-
ment diets. Compared to CONT, the ileal villi heights were
higher (P« 0.05) and lower (P <0.05) in FBP-10 and FBP-5
birds. respectively (Table 9). The villi heights in the
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Table 4 Growth performance of
broilers fed FBP during days 22— Days Treatment groups SEM P value
3%
CONT FBP-5 FBP-10 FBP-15
BW gain (ghird/day) 48.6 528 5355 520 2.11 0.19
Feed intake (g/bird/day) 770 87.0 B06 878 6l 0.14
FCR 1.61 1.66 146 1.69 0.09 029
Feed cost per kg live BW gain' 11,777 11,743 9971 11,132 627 0.18

!"Values are expressed in IDR (Indonesian currency) as at the time of trial, and was counted by the cost of feed
consumed to obtain a kilogramme live BW gain

CONT maize-soybean meal-based finisher diet, FBP-3 finisher diet containing 5% FBP, FEP-1} finisher diet
containing 10% FBP, FBP-15 finisher diet containing 15% FBP, FBP fermented banana peel meal, BW body
weight, FCR feed conversion ratio, SEM pooled standard error of the mean

duodenum and jejunum were not different (P> 0.05) among
the treatment groups.

Table 10 shows the effect of feeding finisher diets contain-
ing FBP on the carcass characteristics of broiler chicks. The
rclative weights of the thigh (P<0.05) and wing (P=0.07)
were higher in CONTphan in the treated birds. The eviscerat-
ed carcass of broilers was not different (P> 0.05) among the
treatment diets. With the organoleptic characteristics, values
obtained showed that meats on the FBP-10 and FBP-15 had
lighter (L*) colour as compared to those on the control diets
and 5% FBP dicts (Table 11). Compared to other birds, breast
meat from birds in the FBP-10 group had lower (P <0.05)

values of redness (a™). No significant difference was observed

gble 5 Relative internal organ weights of broilers fed FBP

Items (% live  Treatment groups SEM P value
BW)
CONT FBP-5  FBP-100 FBP-15

carl 056 048 0.50 0.48 0.03 017
Liver 291 257 2.56 2.58 023 0.66
Proventriculus  0.62  0.60 0.60 0.59 0.04 0.%4
Gizzard 1.91 1.63 1.83 1.78 0.14 058
Duodenum 086 0.62 0.67 0.71 0.06 0.08
Jejunum 141 1.15 1.29 L5 0.09 0.16
lleum 137 LI7 1.19 1.20 0.08 0.27

creas 035 032 0.34 0.37 0.02 0.28
g"a:n 040 037 0.33 0.42 040 0.31
Spleen 012 0.17 0.11 0.16 0.03 0.56
Thymus 032 028 0.27 0.21 0.03 0.11
Bumsa of 007 007 0.08 0.07 0.01 0.83

Fabricius

Abdominal fat  1.12 (.85 1.15 0.78 0.14 0.17

CONT maize-soybean meal-based finisher diet, FBP-5 finisher dict con-
taining 5% FBP, FBP-10 fimsher dict containing 10% FBP, F.E'P-JJ'.—
isher diet containing 15% FBP, FBP fermented banana peel meal, BW
body weight, SEM pooled standard error of the mean

with regard to yellowness (b*) values of breast meat across the
treatment groups.

Discussion

One of the purposes in the use of FBP was to reduce the pro-
portion of maize as an energy source in broiler rations. This is of
importance as the Ece of maize is mcreasing over the years. In
the present study, inclusion of FBP in the finisher diets up to
15% had no deleterious effect on the growth performance of
broilers. This result, therefore, disagreed with that of Hemawan
and Abun (2014) and Duwa et al. (2014) showmg an adverse
effect of feeding banana peel meal on the growth performance
of broilers. In the present study, two-stage fermentation de-
creased and increased the CF and CP contents of banana peel
meal by 37.8% and 32.5%, respectively. On this basis, we in-
corporated either 5. 10 or 15% of FBP and formulated the
fimisher diets to be 1sonitrogenous and 1socalonc. Divergent
from our calculation, the proximate data showed that the CP
contents of FBP-incorporated feeds (particularly FBP-15 diet)
were lower than those of control diet. In spite of that, the growth
performance did not vary between the FBP-treated and control
birds, suggesting that protein utilisation was better in the FBP-
fed than in control birds. This may be reasonable as Mukherjee
et al. (2016) noticed better protein Lligesﬁblht“heu feeding
diets containing fermented feed to poultry. This inference
should, however, be mterpreted with caution as we did not
measure protein digestibility of broiler during the present trial.
It was seen in the present study that feed cost per kilogramme
live BW gain was lower (by 15.3%. as compared to control) in
FBP-10 than in other dietary groups, although the value was not
statistically significant. Compared to feeding maize-soybean
meal-based finisher diet, feeding finisher diet containing FBP
at the level of 10% may therefore reduce the cost of feed
resulting in improved production efficiency and profitability
of broiler enterprises.
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Table 6 Complete blood counts

of broilers fed FBP Items Treatment groups SEM P value
CONT FRP-5 FBP-10 FBP-15
Haemoglobin (g/dL) 10.4 10.7 9.50 9.80 0.70 0.61
Erythrocytes (lﬂﬁ,’ple 2355 254 224 240 017 0.55
Haematocrit { %) 269 269 242 256 1.74 0.66
MOV (1) 107 108 109 108 1.38 0.71
MCH (pg) 40.8 422 423 409 0.64 020
MCHC (g/dL) 18.6° 39.7 3920 3820 0.34 0.03
Leukocytes (107/uL) 68.0 614 65.6 65.4 6,92 092
Heterophils (10%/uL) 730 6.70 580 7.70 1.38 0.78
Eosinophils (lﬂq:'uL) 430 4.00 4.70 4.90 0.08 0.79
Lymphocytes (108/pL) 56.4 50.7 55.1 528 5.87 091
Thromboeytes ( 10%uL) 9.40 9.00 780 8.00 0.98 0.61

CONT maize-soybean meal-based finisher diet, FBP-5 fimsher diet containing 5% FBP, FEP-10 finisher diet
containing 10% FBP, FEP-15 finisher diet containing 15% FBP, FBP fermented banana peel meal, MCV mean

tion,

{:urpmldar volume, MCH mean corpuscular haemoglobin, MCHC mean corpuscular haemoglobin concentra-
pooled standand emror of the mean

& Means in the same row with different letters show significant differences (P < 0.03)

Data from the current study showed no substantial effect of
dietary treatments on the relative organ weight of broiler
chicks, although there was a tendency that duodenum relative
weight was lower in the treated than in control broilers. The
definite explanation for the lower duodenum relative weight
of broilers in the present study was not known, but such de-
crease scemed to be advantageous for broiler chicks, as Wang

et al. (2016) suggested that the decrease in intestinal weight
may imply better nutrient utilisation as more energy
partiioned into growth than maintenance.

In the present study. the value of MCHC was higher in FBP-
5 than in CONT and FBP-15 birds. In line with our finding,
Oloruntola et al. (2016) reported an increased MCHC value in
rabbits with feeding mumen liquor fenmented cassava peels. The

Table 7 Seniviantibody titres

against NDV and biochemical Items Treatment groups SEM P wvalue
parameters of broilers fed FBP
CONT FBP-5 EBP-10 FBP-15

Antibody tifre agamst NDV (Log> GMT) 240 275 233 4.25 093 0.34
AST (/L) 168 186 195 205 19.2 0.59
ALT (U/L) 1.70 0.95 1L.77 1.24 029 0.19
Uric acid (g/dL) 12.2% 9,574 578 7.69° 152 004
Creatining (g/dL) 0.06 0.7 007 0.08 0.0l 0.16
Total trighyeeride (g/dL) 53.1 451 57.8 65.5 699 021
Total cholesterol (g/dL) 116 122 125 124 895 0.89
LDL (g/dL) 474 329 343 0.4 125 076
HDL (grdL) 67.6 740 79.0 802 628 049
Total protein (g/dL) 245 2.40 230 2.81 041 0.83
Albumin (g/dL) 1.11 1.08 1.14 1.16 006 081
Globulin (gAdL) 1.34 1.32 1.16 1.67 038 081
AJG ratio 147 0.87 1.17 0.77 028 036

CONT maize-soybean meal-based finisher diet, FBP-3 finisher diet containing 5% FBP, FEP-1( finisher diet
contaiming 10% FBP, FBP-15 finisher diet containing 15% FBP, FBP fermented banana peel meal, NDV
Newcastle disease virus, GMT geometric mean fitre. AST aspartate aminotransferase, ALT alanine arﬁmnsf&r-

ase, LW low-density lipoprotem, F{DL high-density lipoprotein, A/ ratio albunin to globulin ratio,

standard error of the mean

pooled

45 Means in the same row with different letters show significant differences (£ < 0.05)
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Table 8 Sclected bacterial
populations in the ileum and Items Treatment groups SEM P value
caecum of broilers fed FBP
CONT FBP-5 FBP-10 FBP-15
lleum (log cfu/g)
Coliform 8.39 625 6.70 6.69 0.64 0.08
Lactose-negative enterobacteria 8.85 291 B.54 841 048 0.84
Enterobacteria 9.07 201 892 845 049 0.80
LAB 109 10.4 10.7 11.0 0.35 0.56
Caccum (log cfu/m)
Coliform 0.21 0.63 9.50 013 0.26 0.54
Lactose-negative enterobacteria 8.57 921 9.22 874 0.33 044
Enterobacteria 9.45 9.66 9.66 9.33 0.18 043
LAB 11.4 116 11.5 115 012 0.58
CONT maize-soybean meal-based finisher diet, FBP-3 finisher diet containing 3% FBP, FRP-11} fisisher diet
containing 10% FBP, FAP-15 finisher diet containing 15% FBP, FRP fermented banana peel meal, ¢ju colony-

forming units, LAB lactic acid bacteria, SEM pooled standard emor of the mean

latter authors further confirmed that feeding such fermented
feed improved the haematopoiesis in rabbits. To date, there
has been no definite explanation for the elevated value of
MCHC in broilers with feeding FBP. A recent study by
Aureli et al. (2018) showed an efficacy of glucuronoxylan hy-
drolase (produced by fermentation using Bacillus sp.) m n-
creasing MCHC wvalue in broiler. In this regard, glucuronoxylan
hydrolase in FBP seemed to be responsible for the increased
haematopoietic activity in FBP-fed broilers. The latter specula-
tion should, however, be noted with caution as we had no data
of glucuronoxylan hydrolase in FBP and, also, there was no
increase in the values of haemoglobin and erythrocytes in FBP-
fedgirds in the present study.

ata in our present study showed that the concentration of
uric acid decreased with feeding FBP. Considening that unc
acid is the ultimate product of protein catabolism, the lower
level of uric acid may reflect the lower protein degradation in
FBP-fed broilers (Swennen et al. 2005). This may be benefi-
cial for protein deposition in broilers.

Table 9  Height of intestinal villi of broilers fed FBP

Items (um)  Treatment groups SEM P value
CONT FBP-5 FBP-10  FBP-15

Duodenum 1277 1193 1107 1135 733 038

Jejunum 1277 1275 1209 1358 365 033

Tleum 2639° T068° 1036 9452 529 <001

In the present study, feeding FBP tended to decrease 9&
number of coliform bacteria in the ileum of broilers. Studies
have revealed the antibacterial activities of C. crassa
(Sugiharto et al. 2018b) and B. subrilis (Jeong and Kim 2014).
In this respect, the probiotic activigpy of both microorganisms
used to ferment banana peel meal may be responsible for low-
ering the number of ileal coliform in broiler chickens. In this
study, we believed that both C. crassa and B. subtifis remained
alive in the feeds as they were able to form spores that are
resistant t0 heat and chemicals. Apant from the probiotic effect,
the antimicrobial a@fivities of banana peel itself may take an
action in 1oweﬁng{$ population of coliform in the ileum of
broilers. Indeed, Sirajudin et al. (2014) demonstrated the

Table 10  Carcass characteristics of broilers fed FBP

Items Treatment groups SEM P value

CONT FBP-5>  FBP-10 FBP-15

% live BW

Eviscerated 64.3 655 66.7 64.4 0.99 031
carcass
% eviscerated carcass

Breast 324 348 34.6 330 0.96 026
Thigh 17.6° 162" 165" 165" 031 003
Drumstick 160 154 15.2 15.9 031 025
Wing 120 115 110 114 0.24 007
Back 219 221 226 232 0.55 D36

CONT maize-soybean meal-based finisher diet, FBP-5 finisher diet con-
taining 5% FBP, FBP-I10 fimsher diet containing 10% FBP, FBP-15 fin-
isher diet contaiming 15% FBP, FBP fermented banana peel meal, SEM
pooled standard error of the mean

abe

Means in the same row with different letters show significant difter-
ences (< 0.05)

CONT maize-soybean meal-based finisher diet, FBP-5 finisher diet con-
taining 5% FBP, FBP-10 finssher diet containing 10% FBP, FBP-15 fin-
isher diet coﬂng 15% FBP, FBF fermented banana peel meal, 8W
body weight, pooled standard emor of the mean

b Means in the same row with different letters show significant differences
<005
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Table 11 Colour values of breast meats of broilers fed FBP

Items Treatment groups SEM P value
CONT FBP-5  FBP-100 FBP-15

L* (lightness)  49.4°  51L7  3561°  530° 116 <001

a* (redness) 106" 813 453" 927 096 <001
b* (yvellowness) 242  22.0 254 245 L2 012

CONT maize-soybean meal-based finisher diet, F'8P-5 fimisher diet con-
taming 5% FRP, FBP-11) fimsher diet containmg 10% FBP, FAP-15 fin-
isher diet containing 15% FBP, FAP fermented banana peel meal, SEM
pooled standard error of the mean

“8¢ Means in the same row with different letiers show significant differ-
ences (7 < 0.05)

antimicrobial activities of banana (Musa paradisiaca variety
Nangka and M. paradisiaca variety Tanduk) peel extracts
against food bome pathogens (Staphylococcus aureus,
Candida forusei, Vibrio parahaemolyticus and Candida
alhicans).

In the present study, FBP-10 and FBP-15 had a relatively
higher ileal villi height as compared to CONT birds. This
suggests that these respective birds may have better absorptive
capacity than control birds. In contrast to FBP-10 and FBP-15,
birds in the FBP-5 group had a lower ileal villi height. It may
be speculated that these birds had reduced absorptive capacity
ond thus lower growth rate than other birds. However, this was
not the case in our present study, as there was no difference 1n
terms of BW gain of broiler. Perhaps, the lower ileal villi
height in FBP-5 birds was compensated by the increased crypt
depth {not observed in the current study) as previously report-
ed by Bogucka ct al. (2016). As a result, the difference in
absorptive capacity and thus growth performance in birds
was not observed in this study. In general, the morphology
of ileal villi is greatly affected by the presence of digested
nutrients i the ileal lumen. In this regard, the lower ileal villi
height in FBP-5 birds may be duc to most of the nutrients
being already absorbed in the duodenum and jejunum of broil-
er chicks resulting in less nutrients reaching the ileum
{Yamauchi et al. 2010).

In this study. feeding fmisher diet contaming FBP did not
aflect the relative weight of eviscerated carcass of broiler chicks.
Our present finding was in accordance with that of Koni et al.
(2013) showing no eftect of feeding FBP up to 15% on the
relative weight of eviscerated carcass. This may suggest that
FBP may be included in broiler ration without any deleterious
effect on the carcass weight of broilers. However, it should be
noted that feeding such stuft may reduce thigh and wing relative
weights in broilers. Overall, the numerical increase in breast
weight may explain why the inereased thigh and wing relative
weights did not affect the carcass weight of broilers,

@ Springer

The colour of breast meat has been used to estimate the
quality of meat of broiler chicks. With regard especially to
L* values, the increase in L* values may be associated with
reduced water holding capacity and pH, which corresponded
with pale-soft-exudative (PSE) meat. Indeed, data in the pres-
ent study showed that feeding FBP at the levels of 10% and
15% increased the L* values of broiler breast meats. However,
it seemed that breast meats in the present study still had nor-
mal lightness, as Kaewthong et al. (2017) categorised the
lightess of broiler meats as follows: dark-coloured meats
(L* < 50), normal-coloured meats (50=<L* <56) and light-
coloured meats (L* > 56). In this study. it was observed that
a* values were substantially lower in FBP-10 than other birds.
It was difficult to relate the lower a* values of breast meat with
the inclusion of banana peel meals in dicts, as the a* values of
breast meat in FBP-15 broilers did not differ from those of
CONT birds.

In conclusion, dietary inclusion of FBP at the levels of up
to 15% had no detrimental effect on growth and health perfor-
mances of boiler chickens. Such fermented by-product may
be used as feed ingredient in broiler rations to reduce the use
of maize,
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