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ABSTRACT. This study aimed to evaluate the effect of adding fermented biomass from a combination of pineapple waste and
Indigofera leaves on nutrient digestibility in broiler chickens, both in vitro and in vivo. The materials used included 21-day-old
broiler chickens, finisher-phase broiler rations, pineapple waste, and Indigofera leaves. A completely randomized design (CRD)
was applied, consisting of five treatments with three replications each. The treatments included different levels of fermented
biomass addition to the broiler rations: P1=100% pineapple waste, P2= 98% pineapple waste + 2% Indigofera, P3= 96% pineapple
waste + 4% Indigofera, P4= 94% pineapple waste + 6% Indigofera, and P5= 92% pineapple waste + 8% Indigofera. The results
showed that the addition of fermented biomass from pineapple waste and Indigofera leaves had a significant effect (P<0.05) on
increasing crude protein digestibility and crude fiber digestibility. In conclusion, incorporating fermented biomass of pineapple
waste and Indigofera into broiler rations improves protein and fiber digestibility, with the optimal combination being 92% pineapple

waste + 8% Indigofera
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INTRODUCTION

High broiler productivity can be achieved by
maintaining digestive tract health, ensuring optimal
nutrient absorption from feed. One effective way to
improve gut health is by incorporating probiotics
into broiler rations. Probiotics are beneficial
microbes that help balance intestinal microflora
(Safitri et al., 2019). They work by enhancing gut
microbial balance and increasing the population of
beneficial microbes (Luthfiana et al., 2015).
Additionally, probiotics produce enzymes such as
amylase, protease, and lipase, which aid in the
digestion of specific nutrient substrates and
improve nutrient absorption (Haryati, 2011).

A promising alternative probiotic source is
fermented biomass derived from pineapple peel
and Indigofera leaves, utilizing Lactobacillus
bacteria from yogurt fermentation. Pineapple peel
contains essential nutrients such as protein,
glucose, and fructose, which serve as substrates for
fermentation (Andriani, 2013). Indigofera leaves
(Indigofera sp.) are rich in protein and have a low
non-protein nitrogen (NPN) content, making them
an ideal food source for Lactobacillus bacteria
during fermentation (Palupi et al., 2014).

Fermenting pineapple peel and Indigofera
leaves produces biomass and supernatant, which
are incorporated into broiler rations. The liquid
fermented  biomass contains  Lactobacillus
bulgaricus, which enhances nutrient absorption in
the digestive tract. Palupi et al. (2020) reported that
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fermented biomass from pineapple peel and
Indigofera leaves contained 8.4x10® CFU/mL of
Lactobacillus bacteria. The introduction of
Lactobacillus into broiler feed has been shown to
lower intestinal pH, increase beneficial bacteria
populations (e.g., lactic acid bacteria (LAB)),
suppress pathogenic bacteria growth, and improve
digestive tract function (Kurniasih et al., 2019).
Furthermore, Lactobacillus probiotics promote
intestinal villi development, increasing their height
and density, which enhances nutrient absorption
efficiency (Hartono et al., 2016).

The addition of fermented biomass from
pineapple peel and indigofera leaves is expected to
improve nutrient digestibility in broiler rations.
This study aims to determine the optimal
composition of pineapple peel and Indigofera
leaves as biomass constituents that have potential
as probiotic sources in broiler feed.

MATERIALS AND METHODS

Research Material

This study used 15 Lohman strain male
broilers, aged 20 days, along with pineapple peels,
Indigofera leaves, and commercial finisher rations.
The pineapple peel was sourced from pineapple
jam production waste, while Indigofera leaves were
harvested from the Poultry Experimental Cage,
Department of Animal Husbandry Technology and
Industry, Sriwijaya University. The commercial
finisher ration used was Hi-Pro-Vite 591, a non-
antibiotic growth promoter (AGP) feed, purchased
from PT Charoen Pokphand Indonesia. The
composition of the ration is detailed in Table 1. For
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proximate analysis, the study utilized: Reagents:
Distilled water (aquadest), concentrated H2SOa,
40% NaOH, mixed catalyst (CuSOs and K2SO.),
0.1 N NaOH, mixed indicator, 3.25% NaOH,
1.25% H2S0Os4, acetone, 0.1 N H2SOs, and ice cubes.
For the in vitro digestibility test, the following were
used: Reagents: 90 mL HCI, 1 L distilled water,
0.2% pepsin solution (1 L), and water.

The study used 15 metabolic cages, each
equipped with feed and water containers. For liquid
fermentation, the following equipment was used:
Plastic bags, grinding machine, rubber bands,
weighing scales, stove, steaming pot, jars, paper,
stirrers, and isolation materials. For proximate
analysis, the tools included: oven, analytical
balance, filter paper, crucibles, tweezers,
desiccator, spatula, furnace, glass funnel, Blichner
funnel, deconstruction flask, pipettes (measuring
and dropper), boiling stone, hot plate, beaker glass,
measuring cup, Erlenmeyer flask, and label paper.
For in vitro digestibility measurement, the
following were used: Beaker glass, stirrer,
Erlenmeyer flask, vial tube, shaker water bath, and
filter paper.

Table 1. Nutrient content of broiler ration
Feed substances Feed Hi-Pro Vite 591 (%)

Water content (max.) 13.0
Protein 18.0-20.00
Fat (min.) 3.0
Crude (max.) 6.0
Ash (max.) 7.0
Calcium (min.) 0.90
Phospor (min) 0.60

Source: PT. Charoen Pokphand Indonesia

Research Design

This study employed a completely
randomized design (CRD) with five treatments and
three replicates per treatment. The treatments
consisted of fermented biomass from a
combination of pineapple peel and Indigofera
leaves incorporated into the broiler ration, with the
following compositions:

P1 =100% pineapple peel biomass

P2 =98% pineapple peel biomass+ 2% Indigofera
leaves

P3 =96% pineapple peel biomass+ 4% Indigofera
leaves

P4 =94% pineapple peel biomass+ 6% Indigofera
leaves

P5 =92% pineapple peel biomass+ 8% Indigofera
leaves

This design allowed for a comprehensive
evaluation of the effects of different Indigofera
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inclusion levels on broiler performance and
nutrient digestibility.

Fermentation Process

The fermentation process followed the
method of Nurhayati and Berliana (2014) with
modifications, incorporating Indigofera leaves at
varying levels based on the treatment groups. The
fermentation procedure was as follows: Substrate
Fermentation: The fermentation was conducted for
72 hours. Separation of Biomass and Supernatant:
After fermentation, the biomass and supernatant
were separated through filtration. Processing of
Biomass: The biomass was first weighed in a wet
state. It was then dried before being incorporated
into the broiler ration. Incorporation into Ration:
The dried biomass was added to the broiler ration
at a 6% inclusion rate of the total ration. The
mixture was stirred until  homogeneous.
Digestibility Measurement: Finally, in vitro and in
vivo digestibility assessments were performed.

In Vitro Digestibility Measurement

The in vitro digestibility of broiler rations
was assessed using the Tilley and Terry (1963)
Stage 2 Method, which evaluates pepsin
digestibility.

Preparation of Pepsin Solution

The pepsin solution used in the Tilley and
Terry (1963) Stage 2 Method was prepared using
the following steps: Preparation of HCI Solution:
6.1 mL of HCI was dissolved in 1 litre of distilled
water (aquades) to create an acidic environment.
Preparation of Pepsin Solution: 0.2 g of pepsin was
added to 1 litre of distilled water and mixed until
homogeneous. Heating and Mixing: The HCI
solution was heated on a hot plate at 420-450°C.
The pepsin solution was then slowly added to the
heated HCI solution while stirring to ensure
complete dissolution.

In Vitro Measurement

Weighing the Ration Sample: Weigh 5 g of
broiler ration, ensuring the known content of dry
matter (DM), crude protein (CP), and crude fiber
(CF). Add 0.30 g (6% of the ration) of biomass
obtained from the liquid fermentation of pineapple
peel and Indigofera leaves. Preparation for
Digestion: Place the mixture into a vial bottle. Add
100 ml of pre-warmed pepsin solution (heated to
420-450°C). Incubation Process: Place the vial
bottle in a water shaker bath for 16 hours to
simulate digestive conditions. Filtration and
Residue Collection: After 16 hours, remove the vial
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bottle from the water shaker bath and let it stand for
15 minutes to allow the residue to settle. Slowly
filter the supernatant using pre-weighed filter
paper. Rinse the vial bottle with acetone to ensure
complete transfer of residues. Final Analysis: The
remaining residue will be analysed for dry matter,
crude protein, and crude fiber content. These values
will be used to determine the percentage of
digestibility of the fermented biomass of pineapple
peel and Indigofera leaves.

In Vivo Digestibility Measurement

Preparation of Metabolic Cages and
Equipment: Clean the metabolic cages thoroughly
and spray with a disinfectant solution to eliminate
potential disease sources. Clean the feed and drink
containers before placing them inside the metabolic
cages. Preparation of Experimental Rations: Weigh
6 g of biomass from liquid fermentation of
pineapple peel and Indigofera leaves (equivalent to
6% of the daily ration consumption). Add the
biomass to the broiler ration according to each
treatment and mix well until homogeneous.

Feeding Process: Broiler chickens were
initially fasted for 8 hours before being given the
treatment ration. After fasting, rations and drinking
water were provided ad-libitum (free access). The
amount of given and remaining rations were
weighed to calculate total ration consumption
during the study.

Excreta Collection: Excreta collection
started when broilers reached 20 days old and were
housed in metabolic cages. The excreta expelled
into the reservoir was sprayed every 2 hours with
0.1 N H2SOs solution to preserve nitrogen content.
Excreta collection continued for 3 days, with
samples collected every 24 hours. Collected
excreta were then dried and weighed to determine
the daily excreta weight (Guzman-Cedillo et al.,
2017). Proximate Analysis of Excreta: The dried
excreta were analyzed for dry matter (DM), crude
protein (CP), and crude fiber (CF). The obtained
data were used to calculate the digestibility of dry
matter, crude protein, and crude fiber.

Parameters Observed

The parameters observed in this study
included: pH of the small intestine measurement
was conducted by feeding the chickens for six
hours, followed by slaughtering. After slaughter,
the small intestine was separated from the digestive
organs, and its digesta was removed. The pH of the
small intestinal digesta was then measured using a
pH meter (Rahmawati et al., 2014). Dry matter
digestibility was determined using in vitro and in
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vivo methods, following Tillman et al. (2005). It
was calculated as the difference between the dry
matter content of the ration consumed and the dry
matter excreted in the feces. Crude protein
digestibility was analysed in vitro and in vivo,
referring to Tillman et al. (2005). It was calculated
based on the difference between the crude protein
in the ration consumed and the crude protein
excreted in the feces. Crude fiber digestibility was
assessed in vitro and in vivo, based on Tillman et
al. (2005). It was determined by measuring the
difference between the crude fiber content in the
ration and that excreted in the feces.

_ DM intake feed-DM excreta

bMD DM intake feed

x100%

_ CP intake feed-CP excreta

DMD= 1009
CP intake feed *100%

_ CF intake feed-DM excreta

= 0,
bMD CF intake feed *100%

Data Analysis

The data were analyzed using analysis of
variance (ANOVA) following a completely
randomized design (CRD). If a significant
difference was observed among treatments, the
analysis was further examined using the Duncan's
Multiple Range Test (DMRT) to determine
differences between treatment means (Steel and
Torrie, 1991).

RESULTS AND DISCUSSION

pH of the Small Intestine

The impact of feeding fermented biomass of
pineapple peel and Indigofera leaves on the pH of
the small intestine in broiler chickens is presented
in Table 2. The analysis of variance results
indicates that the use of pineapple peel biomass and
Indigofera leaves had a significant effect (P<0.05)
on the pH level of the small intestine in broiler
chickens. The higher the proportion of Indigofera
leaves in the substrate composition, the lower the
pH of the small intestine. This reduction in pH is
attributed to the increased metabolic activity of
bacteria, driven by the availability of nitrogen
sources in the substrate, leading to higher lactic
acid production. LAB (lactic acid bacteria) require
nitrogen for optimal growth (Ayad et al., 2020), and
lactic acid a byproduct of LAB metabolism is
known for reducing pH levels (Abedi and Hashemi,
2020).
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Table 2. Small intestine pH values during the study

Treatment Small intestine pH levels
P1 6.83+0.38
p2 6.47+0.88
P3 5.78°+0.18
P4 5.22+0.33
P5 5.13+0.36

Note: P1 (100% pineapple skin), P2 (98% pineapple skin + 2%
Indigofera leaves), P3 (96% pineapple skin + 4%
Indigofera leaves), P4 (94% pineapple skin + 6%
Indigofera leaves), P5 (92% pineapple skin + 8%
Indigofera leaves). The numbers followed by the same
letter in the same column means not significant at 5%
level (DMRT).

The DMRT revealed that P1 and P2 had
significantly different effects (P<0.05) compared to
P3, P4, and P5. The greater the concentration of
LAB, the lower the pH in the small intestine. The
addition of LAB results in a more acidic digestive
tract, reducing the pH levels (Widodo et al., 2015).
This decrease in pH is particularly beneficial as
LAB thrive in acidic conditions, whereas
pathogenic bacteria prefer neutral environments
(Imam et al., 2018). A more acidic small intestine
environment inhibits the growth of pathogenic
bacteria, leading to better digestive tract health and
enhanced nutrient digestibility. This ultimately
improves the efficiency of nutrient absorption in
the small intestine (Rahmawati et al., 2014).

Dry Matter Digestibility

The average in vitro dry matter digestibility
of broiler rations with fermented biomass from
pineapple peel and Indigofera leaves ranged from
75.42% to 75.62%. The composition of the
substrate in the fermented biomass did not
significantly affect the dry matter digestibility
value of broiler rations. This finding suggests that
the ability of LAB from different substrate
compositions of pineapple peel and Indigofera
leaves was similar in digesting dry matter under in
vitro conditions. Research by Palupi et al. (2020)
reported that fermented biomass of pineapple peel
and Indigofera leaves contained LAB
concentrations ranging from 6.5x10* to 2.3x108®
CFU/mL. It is suspected that the fermented
biomass used in in vitro digestion did not contain
LAB capable of utilizing these prebiotics
effectively. As a result, there was no increase in
metabolic activity related to dry matter digestion in
vitro. Patterson and Burkholder (2003) stated that
prebiotics selectively enrich specific beneficial
bacteria in limited amounts and modify gut
microbiota composition and activity.

The analysis of variance results indicates
that the addition of biomass from liquid
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fermentation of pineapple peel and Indigofera
leaves had no significant effect (P>0.05) on in vitro
dry matter digestibility. However, the treatment
had a significant effect (P<0.05) on in vivo dry
matter digestibility. The effect of the treatment on
dry matter digestibility values is presented in
Table 3.

Table 3. Average dry matter digestibility (DMD) values
obtained in the study

Dry matter Dry matter
Treatment digestibility in vitro  digestibility in vivo
(%) (%)
P1 75.42+0.66 79.022+2.53
P2 75.42+0.29 78.52%+3.54
P3 75.42+0.32 78.33%+3.61
P4 75.53+0.75 80.23%+3.57
P5 75.62+0.61 83.03°+3.63

Note P1(100% pineapple skin), P2 (98% pineapple skin + 2%
Indigofera leaves), P3 (96% pineapple skin + 4%
Indigofera leaves), P4 (94% pineapple skin + 6%
Indigofera leaves), P5 (92% pineapple skin + 8%
Indigofera leaves). The numbers followed by the same
letter in the same column means not significant at 5%
level (DMRT).

The average in vivo dry matter digestibility
of broiler rations supplemented with fermented
biomass from pineapple peel and Indigofera leaves
ranged from 79.02% to 83.03%. The analysis of
variance indicated that the addition of fermented
biomass had a significant effect (P<0.05) on the in
vivo dry matter digestibility of broiler rations. The
variation in biomass composition led to differences
in dry matter digestibility, with an increasing
proportion of Indigofera leaves in the fermentation
substrate resulting in higher dry matter
digestibility. This increase in digestibility was
consistent with improvements in crude protein and
crude fiber digestibility. The high digestibility of
dry matter is influenced by the organic and
inorganic components in the feed, including
carbohydrates, proteins, fats, vitamins, and
minerals (Hamdan et al., 2017). However, a study
by Abeddargahi et al. (2022) reported that the
inclusion of up to 20% fermented soybean meal as
a prebiotic in broiler rations did not significantly
affect the dry matter digestibility in the finisher
phase.

The higher inclusion of Indigofera leaves in
the fermented biomass composition of pineapple
peel and Indigofera leaves resulted in a higher dry
matter digestibility of broiler rations. This increase
was attributed to the greater availability of protein
sources for lactic acid bacteria (LAB) growth,
which enhanced LAB metabolism in aiding the
digestion of organic matter in vivo.
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The increase in LAB concentration leads to
greater mucus production in the intestine, which in
turn slows down the digesta rate. As a result,
nutrient absorption is optimized since the ration
remains in the digestive tract for a longer period.
Dry matter digestibility is closely linked to organic
matter digestibility, as a significant portion of dry
matter consists of organic components, and organic
matter retention is influenced by dry matter
retention. According to Rompas et al. (2016), dry
matter  digestibility is determined by the
digestibility of its individual components, such as
protein, carbohydrates (nitrogen-free extract and
crude fiber), fat, and ash. Several studies have
reported that probiotics provide beneficial effects
on the body's antioxidative capacity, digestive
enzymes, and nutrient absorption, while also
reducing cell apoptosis, thereby promoting gut
health and broiler production performance (Bay et
al., 2017; Rodjan et al., 2018; Wu et al., 2019;
Wang et al., 2021).

Crude Protein Digestibility

The results of the analysis of variance
indicated that the addition of biomass from the
liquid fermentation of a combination of pineapple
peel and Indigofera leaves had a significant effect
(P<0.05) on crude protein digestibility both in vitro
and in vivo. The effect of the treatment on crude
protein digestibility values is presented in Table 4.

The increase in protein digestibility of the
fermented combination of pineapple peel waste and
Indigofera leaves is expected due to the enhanced
performance of protease enzymes, which hydrolyse
proteins into simpler molecules, facilitating
digestion and absorption in the digestive tract. The
composition of the fermented biomass significantly
influences small intestine pH higher inclusion of
Indigofera leaves in the fermentation substrate
results in lower small intestine pH. This
environment enhances the activity of protease
enzymes, optimizing protein breakdown and
nitrogen production. Protease enzymes in
pancreatic secretions function efficiently at low
pH, breaking down proteins into amino acids,
which are then absorbed by the small intestine
(Svendsen, 2016). Additionally, pineapple contains
bromelain, a protease enzyme capable of breaking
down proteins (Noviandi et al., 2017).

The digestibility value of crude protein
increased due to the higher inclusion of Indigofera
leaves, which also led to an increase in LAB
concentration in the fermented biomass. The
fermentation duration and higher Indigofera levels
further promoted LAB growth. Research by Palupi
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et al. (2020) reported that increasing Indigofera leaf
levels to 8% in the fermentation substrate resulted
in LAB concentrations reaching 2.3x10% CFU/mL.
The LAB produced from fermented pineapple peel
and Indigofera leaves plays a crucial role in
improving crude protein digestibility in broiler
rations. The addition of LAB to the ration enhances
protease enzyme activity, which facilitates protein
digestion. These bacteria can survive in the
digestive tract, inhibiting the growth of pathogenic
and harmful bacteria (Usman et al., 2018). This
finding aligns with Mubarak et al. (2018), who
suggested that probiotics increase the acidity of the
digestive tract, making it inhospitable for
pathogenic bacteria. Consequently, proteins are
efficiently digested and absorbed by the intestines.
Probiotics contribute to digestion by producing
protease enzymes, which break down proteins into
amino acids, leading to better protein utilization
and energy absorption compared to digestion
without probiotic supplementation.

Table 4. Average crude protein digestibility (CPD)
values obtained in the study

In vitro digestibility of In vivo digestibility

Treatment crude protein (%)  of crude protein (%)
P1 74.55°+0.82 76.58%+3.09
P2 75.62°+0.44 77.22%+3.55
P3 77.04+0.31 78.31°+3.49
P4 79.18°+0.81 81.96°+2.97
P5 80.37°+0.36 85.56°+3.01

Note: Different superscripts in the same column indicate
significant differences (P<0.05), P1 (100% pineapple
peel), P2 (98% pineapple peel + 2% Indigofera leaves),
P3 (96% pineapple peel + 4% Indigofera leaves), P4
(94% pineapple peel + 6% Indigofera leaves), P5 (92%
pineapple peel + 8% Indigofera leaves). The numbers
followed by the same letter in the same column means
not significant at 5% level (DMRT).

Crude Fiber Digestibility

The effect of fermented biomass of
pineapple peel and Indigofera leaves on crude fiber
digestibility is presented in Table 5. The results of
variance analysis indicated that the addition of
liquid fermented biomass had a significant effect
(P<0.05) on crude fiber digestibility, both in vitro
and in vivo. This effect is attributed to the variation
in substrate composition used to produce fermented
biomass. Higher levels of Indigofera leaves in the
substrate contributed to an increase in nitrogen
sources, which enhanced LAB growth. According
to McNaught and MacFie (2000), probiotic
microbes from Lactobacillus species, which
produce lactic acid, can also synthesize cellulase
enzymes that aid digestion. These enzymes help
break down crude fiber, which is otherwise difficult
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to digest in the poultry digestive tract. Additionally,
as the amount of LAB in the ration increases, it
enhances feed metabolism and improves the
digestive process, thereby facilitating nutrient
digestion and absorption in poultry (Nurhayati,
2014).

Table 5. Average crude fiber digestibility values (CFD)
obtained in the study
In vitro crude fiber

In vivo crude fiber

Treatment — * jioestibility (%) digestibility (%)
P1 73.91°0.44 85 65-1.85
p2 74.68%+0.41 85.15%+2.35
P3 74.90°40.79 85.02%4+2.48
P4 75.20040.53 8502442 52
P5 75.630+0.91 87.66°+2.75

Note: P1 (100% pineapple peel), P2 (98% pineapple peel + 2%
Indigofera leaves), P3 (96% pineapple peel + 4%
Indigofera leaves), P4 (94% pineapple peel + 6%
Indigofera leaves), P5 (92% pineapple peel + 8%
Indigofera leaves). The numbers followed by the same
letter in the same column means not significant at 5%
level (DMRT).

The variation in substrate composition in the
fermentation of pineapple peel and Indigofera
leaves did not result in significant differences in the
crude fiber digestibility of broiler rations in this
study. This is likely because the amount of LAB
produced was similar across all treatments, leading
to consistent cellulase enzyme activity, which
maintained a similar ability to digest crude fiber in
the digestive tract. According to Palupi et al.
(2020), fermented biomass from a combination of
pineapple peel and Indigofera leaves contained
8.4x10® CFU/mL of Lactobacillus bacteria.
Lactobacillus species play a crucial role in
improving broiler performance by: enhancing
digestive function increasing the bioavailability of
micronutrients modulating intestinal microflora
boosting immunomodulation improving overall
broiler health (Lee et al., 2010; Kim et al., 2019;
Palupi et al., 2023).

The average crude fiber digestibility from
the addition of fermented biomass from pineapple
peel and Indigofera leaves in vivo ranged from
85.65% to 87.66%. These results are higher
compared to previous studies, such as: Dara (2016),
who reported that using fermented soybean juice
pulp with Neurospora cytophila in broiler rations
resulted in crude fiber digestibility of 53.03%.
Kurniasih et al. (2019), who found that Dayak
onion extract as a prebiotic in broiler rations
produced crude fiber digestibility of 21.24-24.54%.
The higher crude fiber digestibility observed in this
study is likely due to the symbiotic role of the
fermented biomass of pineapple peel and

Jurnal Agripet, Volume 25, No. 1, April 2025

Indigofera leaves. This symbiosis functions as both
a probiotic and prebiotic, contributing to: Providing
LAB nutrients in the digestive tract Enhancing
digestive enzyme activity According to Dev et al.
(2020), supplementation of 0.2% MOS (mannan-
oligosaccharides) along with LAB at a dose of 10°
CFU/g significantly improved growth
performance, serum biochemistry, antioxidant
profile, health index, meat quality, and lipid
oxidative stability in broilers. Furthermore, Such et
al. (2021) stated that symbiotic supplementation in
broiler feed can increase the Lactobacillus
population while reducing the Enterobacteriaceae
family, improving gut health and digestion
efficiency.

CONCLUSION

The results demonstrated that the addition of
fermented biomass from pineapple peel and
Indigofera leaves in the ration significantly
increased the digestibility of dry matter, crude
protein, and crude fiber both in vitro and in vivo.
The optimal combination for improved digestibility
was found to be 92% pineapple peel and 8%
Indigofera leaves. This composition showed
significant improvements: In vitro protein
digestibility increased by 7.80%. In vivo protein
digestibility increased by 11.72%. In vitro crude
fiber digestibility increased by 2.33%, However, in
vivo crude fiber digestibility was not significantly
improved. The findings indicate that the addition of
pineapple peel and Indigofera leaves in the ration,
particularly in the optimal 92:8 ratio, plays an
essential role in enhancing nutrient digestibility,
especially protein. However, while in vitro crude
fiber digestibility showed improvement, the in vivo
results did not exhibit the same trend, suggesting
that other factors, such as microbial populations or
digestive enzyme activity, may play a role in the
effectiveness of fiber digestion in the live birds.
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