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Effectiveness of various feed supplement on villi characteristics, feed
digestibility, and liver-kidney function of broiler chickens

Abstract

1

'I.'he research aimed to identify the effect of different feed supplements on the morphometry of duodenum villi, the protein
and fat digestibility, and liver and kidney function of broilers. The study used 180 unisex DOCs with an initial body weight
of 40.40+2.85 g. The experimental study was conducted in a Completely Randomized Design with six feed supplement treat-
ments, i.e., the non-supplemented feed (negative control), antibiotic (positive control), probiotic, acidifier, phytobiotic, and
combined feed supplements. Each treatment was replicated six times. The result showed that feed incorporated with different
additives had a highly significant effect (P < 0.01) on the morphometry of duodenum wvilli (length, width, and crypt depth);
a non-significant effect (P > 0.05) on metabolic energy and protein and fat digestibility of broilers, and a significant effect
(P < 0.05) on the level of serum glutamic oxaloacetic transaminase and serum glutamic pyruvic transaminase (SGOT and
SGPT), uric acid, creatinine, ureic, and blood albumin. Conclusively, feed supplements consisted of probiotics, acidifiers, pro-
biotics, and their combinations have increased the size of duodenum villi, and the performance of liver and kidneys of broilers
much better than antibiotics alone. Although, this study reported found that these supplements could not increase protein and
fat digestibility.
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Introduction g/head. The high performance of broilers cannot be separated
from feed quality and digestibility, as well as the performance of

Broiler meat in Indonesia contributes as high as 71.49% duodenal villi without causing disorder in the liver and kidney

to national meat production (Directorate General of Livestock function nor residue in the meat. The characteristics of modern
and Animal Health, 2020) due to technology manipulation that broilers are fast growth and high body fat; therefore, they need a
allows shorter maintenance. Broilers are generally harvested proper level of feed protein and fat. Also, quality feed has a high

at 4-5 weeks old with an average body weight of 1550-2020 digestibility (Arifin & Pramono, 2016; Bryan & Classen, 2020).
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There have been many types of feed supplements for
broilers, especially after using antibiotics as a growth pro-
moter was banned. Feed producers and famers have attempt-
ed many self-mixing to create a substitute for antibiotics that
can gain feed efficiency (Wiradimadja et al., 2018). The trop-
ical wet climate in Indonesia allows high temperature and
humidity throughout the year, so it takes feed supplement
to support the high performance of broilers. The popular
feed supplements include probiotics, acidifier, phytobiotic,
and the combination of probiotic, acidifier, and phytobiot-
ic. Probiotic is offered to broilers to improve growth, feed
digestibility, and body immune. There have been many pro-
biotic products containing microbes, such as Lactobacillus
sp., Rhodopseudomonas sp., Actinomycetes sp., Streptomy-
ces sp., Bacillus Subtilis, and yeast (Abdurrahman & Yanti,
2018). Acidifiers in feed maintain the balance of microbes
in the digestive tract by maintaining the pH, thus improv-
ing protein absorption ( Yendy et al., 2014; Abdurrahman
& Yanti, 2018). Feed supplements to substitute antibiotics
should not render toxicity in chickens (Akbar & Hari, 2017).

Feed supplements to substitute antibiotics should not ren-
der toxicity in chickens (Kendran et al., 2017). Feed supple-
ment has its advantages and drawbacks; therefore, its effec-
tiveness on duodenum, digestibility, and the function of liver
and kidneys in br()il needs to investigate.

This study aims to identify the effectiveness of different
feed supplements to improve the performance of duodenal
villi, liver, and kidney function. The effect of protein and fat
digestibility was investigated.

Materials and Methods

Animals and supplements

The materials in this study were 180 DOCs unisex broil-
ers (4040+2.85 g initial BW) previously vaccinated with
live Newcastle Disease (ND), IB-ND KV, and transmute
IBD. Broilers were randomly allotted to individual cages
60x60X35 cm, five chickens each. The basal feed was com-
mercial feed, while the supplement consisted of (1) antibiot-

Table 1. Nutrient content of treatment feed

ics, (2) probiotic, (3) acidifier, (4) phytobiotic (garlic, ginger,
and turmeric combined), (5) combined of feed supplements
of probiotic, acidifier, and phytobiotic. All feed supplements
in form of powder were incorporated into the commercial
feeds. Table 1 presents the nutrient content of the feed sup-
plement.

The antibiotics contains 25 mg/kg feed tetracyclines HCI,
and the probiotic (2.5g/kg feed) contained (5.4x107 cfu/g
Lactobacillus sp. and 2.3x10°cfu/g Bacillus sp). The acidifi-
er contained 450 g fumaric acid, 195 g lactic acid, 10 g citric
acid, 2 g/kg feed propionic and formic acids. The phytobiot-
ics were composed of 200 g garlic, 400 g turmeric powder,
400 g ginger powder, and offered to broilers as much as 1 g/
kg feed. The combined of feed supplements were composed
of 0.83 g/kg feed probiotic (33.33% probiotics level),0.67 g/
kg feed acidifier (33.33% acifier level), and 0.33 g/kg feed
phytobiotic (33.33% phytobiotics level). The supplements in
this study are commercial feed supplements commonly used
by the famers after the prohibition of antibiotics. The dosage
of supplementation followed that printed on the label of each
supplement.

Experimental Design

The researchers experimented with a Completely Ran-
domized Design, using six treatments of feed supplements,
namely non-supplemen lnegillive control), antibiotics (posi-
tive control), probiotics, acidifier, phytobiotic, and combined
feed supplements. Each treatment contained five broilers and
had six replicates.

The broilers were offered commercial feed/basal feed
for ten days. Before treatments were offered, a prelimﬂry
phase conducted for four days fed the broilers with 25%
treatment feed + 'a% commercial feed (Day 1), 50% treat-
ment feed + 50% commercial feed (Day 2), 75% treatment
feed + 25% commercial feed (Day 3), 100% treatment feed
since Day 4 onwards.

The treatments were offered aen the broilers reached
the age of 14 through 35 days. Feed and drinking water
were provided ad libitum, feed intake was recorded daily,

Treatments Water, Crude Crude lipid, | Crude fiber, Ash,
% protein, % % % %
Basal feed 13.67 20.30 5.64 542 6.89
Basal feed+ Antibiotic 13.60 20.30 5.62 542 6.88
Basal feed+ Probiotic 13.85 20.34 5.80 5.38 7.02
Basal feed+ Acidifier 13.66 2030 5.60 545 6.89
Basal feed+ Phytobiotic 13.82 2032 5.76 542 7.02
Bas@lleed+ (probiotic, acidifier, and phytobiotic combined) 13.86 20.36 5.72 5.39 6.81

Note: The result of proximate analysis of Laboratory of Nutrition and Feed of Animal Science Faculty, Jenderal Soedirman University (2019)
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and body weight was measured once a week. The tempera-
ture and humidity of the cage were measured in the morn-
ing, midday, and afternoon. When the broilers were 35 days
old, blood samples were drawn from the brachialis vein of
the chickens in each unit to obtain data on liver and kidney
function. Then, the broilers were slaughtered, the carcass
was weiatd, and the duodenum was removed to observe
the villi. The obtained data were subjected to the analysis of
variance, and any significant effects were followed up with
the Dunnet test.

Creating Histology Microscope Slide and Measuring
the Duodenal Villi

The histology microscope slide was created based on a
method by Zainuddin et al. (2016) where the small intestines
were removed after the bird was slaughtered. The small intes-
tines were stretched, and the duodenum was cut and washed
from fat and feed residue using 0.9% physiological NaCl. The
histology microscope slide was created using Hematoxylin
Eosin (HE). Duodenum sampled was cut 2-cm long, fixated
in 10% neutral buffer formalin, and let soak for 24-48 hours.
The samples were dried and dehydrated by soaking into 80%,
90%, and 100% alcohol and absolute alcohol with two rep-
lications, two hours each. The next step, or clearing, put the
samples into xylol for 30 minutes and repeated three times.

Following the clearing process, the sample was infiltrated
by soaking the samples in infiltration paraffin for 30 minutes
and repeated three times in different paraffin. Then, the sam-
ples were embedded in a paraffin block and let sit for at least
24 hours before the cutting and coloring process. In the last
step, which is coloring, the samples were sliced using a4 ym
microtome, placed on a glass object, and HE-colored. The
microscope slide was covered with glass-covered and sealed
with adhesive tape. The ready slides in glass objects were
observed and measured using a computer-aided microscope.

The intestinal villi were measured using a method by Iji
et al. (2001), namely a) villi height (zm) by measuring the
highest distance from the villi; b) villi width (#m) by mea-
suring the apical width and basal width, and averaged. ¢) The
crypt depth (m) by measuring the deepest crypt depth.

Measuring the digestibility of protein and fat digestibility
The digestibility of protein and fat was measured when
the broilers were 35 days old using a total collection method
for seven days. Broilers with similar weights were selected
from each treatment. The feces collected in a container was
sprayed with HC1 0.2 N every three hours to prevent the N
evaporation and then weighed. The feces were sun-dried to
obtain the air-dried weight, then oven-dried at 60°C for 24
hours to get the dry weight. Ten percent of the sample was

taken to analyze the crude protein (Kjeldahl method) and
crude fat (Soxhlet method). Protein or fat digestibility is the
amount of digested protein or fat that is expressed in percent
or calculated using a formula by Anggorodi (1995).

The analysis of liver and kidney function

The blood sample was drawn when the broilers were 35
days old from the brachialis veirfid obtain the data of liver
and kidney function. The blood sample was centrifuged at
3000 rpm speed f(al 0-15 minutes. The data of liver function
was analyzed for SGOT (serum glutamic oxaloacetic trans-
aminase) and SGPT (serum glutamic pyruvic transaminase)
elctiviticthc serum using an Auto analyzer (Refloton (R)
plus). A drop of blood was placed on a kit slide for each pa-
rameter and inserted into an AutoAnalyzer. The automated
reading was ready after a few minutes.

Data on kidney function was obtained by examining the
uric acid, creatinine, ureic, and albumin. As much as 20 pL
rum for each variable was added with a solution of reagent
1 (buffer) and reagent 2 (starter) using different types of a
reagent according to the variables. The serum and reelga
were mixed, and the automated reading was performed by
the Auto-analyzer Cobas Mira Instrument DIRUI BCC-
30000. The analysis used a Biocon Diagnostic MCD-900
test kit quantitatively. Data on kidney function was obtained
by examining the uric acid, creatinine, ureic and albumin.
As much as 20 pL sean for each variable was added with
a solution of reagent 1 (buffer) and reagent 2 (starter) us-
ing different types of reagent according to the variables. The
serum and l'Cilg]l were mixed, and the automated reading
was performed by the Auto-analyzer Cobas Mira Instrument
DIRUI BCC-30000. The analysis used a Biocon Diagnostic
MCD-900 test kit quantitatively.

Results and Discussion

Characteristics of Duodenal Villi

The small intestine is the main place for chickens to di-
gest and absorb nutrients (Zhang & Chen, 2019). The anat-
omy of the small intestines i1s divided into three parts: du-
odenum, jejunum, and ileum. In broilers, the duodenum is
the smallest part with the biggest diameter in the intestine
and a circular mucosa fold (Zainuddin et al., 2014). It per-
forms chemical digestion on food with the help of digestive
enzymes which are mostly derived from the pancreas, and
the villi are longer than the jejunum and ileum (Metzler-Ze-
beli et al., 2018). The longer the intestinal villi, the broader
the surface for optimum nutrient absorption (Satimah et al.,
2019). The size of duodenal villi of broilers consuming feed
supplement to substitute antibiotics is presented in Table 2.
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Bble 2.The size of chicken duodenal villi

Treatments Villi length, gm Villi width, gm Crypt depth, pm
Basal feed (negative control) 530.23x15.73a 101 29+4.52a 42.48+2.93a
Basal feed+ Antibiotic (positive control) 497.02+32 28a 93.27+4 575a 38.61+261a
Basal feed+ Probiotic 547.54+421.21b 101.92+2.77a 50.65+2.62b
Basal feed+ Acidifier 602.84+9.97b 1174224 .15b 48.53+5.61b
Basal feed+ Phytobiotic 732.268+18.97c 101.54+6.50a 51.05+1.68b
Bas ed+ Combined feed supplements 72496+12.83¢c 104 42+4.87a 51.86+2.73b

Note: Different superscripts within column show a highly significant difference (<0.01)

Table 3. Metabolizable energy value, protein and lipid
feed digestibility of broiler fed treatments

Treatments Protein Fat
digestibility, % | digestibility, %
Basal feed (negative control) 82.77+3.84 T0.5443.78
Basal feed+ Antibiotic 82.08+1.69 T2.81+2 .36
(positive control)
Basal feed+ Probiotic 84.50+2.02 T1.04+2 51
Basal feed+ Acidifier 83.83+1.58 T297+1.12
Basal feed+ Phytobiotic 84 88+2.24 T1.46=+1 .68
Basal feed+ combined feed 86.68+3.59 T0.47+2 61
supplement

1

Table 2 shows Eat feed incorporated with different sup-
plements had a highly significant difference (P<0.01) on villi
morphometric (length, depth, and crypt depth) of broilers’
duodenum. Meanwhile, the non-supplcanted feed fortified
with antibiotics had the same effect on the length and width
of duodenal villi. The dose of antibiotics incorporated in the
feed could inhibit the pathogenic bacteria but created resid-
uals that blocked the epithelial. Therefore, it could not stim-
ulate the development of villi length and depth and the crypt
depth of the duodenal villi. In contrast, acidifier, phytobiotic,

and the combined feed supplements could inhibit the patho-
genic bacteria and stimulate the development of villi (villi
length and width and crypt depth) (Table 3).

The acidifier and the active compounds in the phytobi-
otic (allicin, curcumin, ingenol, and shogaol) exhibit high
bactericidal and antivirus properties and positive effect on
regulating the population of the intestinal bacteria (Leeson
etal., 2005; Adil etal., 2010). The essential o1l in garlic, tur-
meric, and ginger can be used as natural antibiotics because
it can inhibit pathogenic bacteria (Adli et al., 2019). In a
proper amount, probiotics as living organisms would reduce
the population of pathogens in the intestinal and contributes
positively to the digestive system (Hamida et al., 2015). Pro-
biotics can increase the lactic acid bacteria in the chicken
intestines, and garlic, turmeric, and ginger can balance the
non-pathogenic bacteria and lower the level of pathogenic
bacteria (Sjofjan et al., 2020).

Duodenum consists of four layers, tunica mucosa, sub-
mucosa, muscular, and serosa. The mucosa csts of a)
columnar epithelial, and between the cells are goblet cells,
b) lamina propria, and ¢) muscularis mucosa. Tunica muco-
sa has intestinal villi, the submucosa is a connective tissue
with many blood vessels and lymph, and tunica muscularis

Fig. 1. Histology
of duodenal
of each treatment:
a) non-feed supple-
ment, b) antibiotic,
¢) probiotic,
d) acidifier,
e) phytobiotic and
f) combined treat-
ments.
1. Tunica serosa
2. Tunica muscularis
3. Tunica mucosa
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are smooth muscles composed as fibers. Liberkhun duodenal
gland, composed of linear cylindrical epithelial cells, pro-
duces mucus and some enzymes for peptide, carbon dioxide,
and fat. Liberkuhn gland culminates in the crypt in the intes-
tinal villi (Mardhiah, 2015) as presented in Figure 1.

Protein and fat digestibility

Digestible nutrients are defined as the proportions that
are not excreted in feces or assumedly absorbed by the broil-
ers. The digestibility of protein and fat of broilers are 64.60
+ 11.91% and 77.02 + 10 .40%, respectively (Andriyanto et
al., 2016).

The present study demonstrates that feed supplements do
not significantly affect (P>0.05) the energy metabolism and
digestibility of protein and fat. Feed supplement treatments
(antibiotics, probiotics, phytobiotic, and acidifiers) can kill
pathogenic bacteria without damaging the membranes of
digestive tracts but thinning the cell wall; consequently, it
improves the intestines absorbability of feed substances that
the body needs. This study observed that either antibiotic
treatments or other treatments had a similar effect on protein
and fat digestibility. However, the side effects of antibiot-
ics include the increased villi density and length as well as
the intestinal surface because antibiotics kill both pathogen-
ic and commensal bacteria, thus decreasing the function of
small intestines and nutrient digestibility (Murugesan et al.,
2015; Zhang & Chen, 2019). Furthermore, antibiotics ham-
per the development of chicken:y inhibiting (1) DNA rep-
lication, (2) ribonucleic acids (RNA) and protein synthesis,
(3) cell division, differentiation, and development, (4) folic
acid metabolism, or (5) membrane cells and the synthesis
of microorganisms in cell walls that are responsible for the
infection spread (Mund et al., 2017). Incorporating probi-
otics and organic acid (acidifier) in drinking water or feed
of broilers is increasing the absorption by improving the
performance of digestive enzymes so it affects the increased
digestibility and absorption of substances, especially fiber
and protein (Hume, 2011; Pio etal., 2017). Phytogenic feed
additives are the accepted alternative strategy to enhance an-
imal performance because phytogenic feed additives exhibit
antibacterial, antifungal, antioxidant, and anti-inflammatory
properties that altogether improve broiler performance (Hai
et al., 2020; Candinegara, 2020).

Liver-Kidney Function

The liver and kidney are vital organs for detoxification
and secretion. The chemo tactical factor and chemical com-
pounds would lead to degeneration and necrose in the liver
and kidneys characterized by the accumulation of monocyte
cells (Sugito et al., 2007; Mardhiah 2015).

Table 4 shows that feed incorporated with dﬂ?l‘cnl feed
supplements significantly affected (P<0.05) the Serum Glu-
tamic Oxaloacetic Transaminase (SGOT), and Serum Glu-
tamic Pyruvic Transaminase (SGPT) of broilers. The SGOT
and SGPT of broilers identified in this study is within the
normal range which, according to Kiran et al. (2015), is
58.5 pg/mL and 24.40 pg/mL, respectively. The SGOT and
SGPT of broilers offered with antibiotics-supplemented feed
were different from those with non-supplemented feed or
supplemented with probiotic, acidifier, phytobiotic, and the
combined supplements. Accordingly, the antibiotic-supple-
mented feed would increase the work of the liver and poten-
tially damages the hepatic cells. It confirms a previous study
(Butaye et al., 2003) that when a low dose of antibiotic is
absorbed regularly, in the long run, would damage the liver
whose vital function is detoxification of toxic substance.

Table 4. The function of broiler’s liver offered with sup-
plemented feed

Treatments SGOT.u/L SGPT,u/L
Basal feed (negative control) 19.43+3.65a 34.67+£522a
Basal feed+ Antibiotic 29.18+4 52b 56.76+5.19b
(positive control)

Basal feed+ Probiotic 19.26+2 82a 39.69+5.32a
Basal feed+ Acidifier 22.46+6.11a 39.69+9.48a
Basal feed+ Phytobiotic 22.46+4.7% 36.98+6.44a
Basal feed+ combined feed 2221+523a 359344 56a
Supy ent

Note: Different superscript within column shows significant difference
(P<0.05)

Recent studies on the influence of organic acids, probi-
otics, phytobiotic as a growth promoter for broiler chickens
reported that the supplements did not increase SGOT and
SGPT because they could decimate the pathogenic bacteria
and inhibit bacteria translocation from the intestines to the
ajcr organs, thus reducing the liver inflammation (Winarsih
et al., 2008; Al-Saad et al., 2014; Habibu et al., 2018; Taer
etal., 2020).

The main function of the kidney is excreting the Non-pro-
tein Nitrogen Compound (NPN) which is the by-product of
the body metabolism of nucleic acid, amino acid, and pro-
tein including urea, creatinine, and uric acid (Imtiaz et al.,
2020; Maiuolo et al., 2016; Verdiansah, 2016). The level of
uric acid, creatinine, ureic, and albumin of broilers according
to Ding et al. (2020) are 199.76+21 29 pmol/L, 9.16+1.57
pmol/L, 0.71+0.20 gmol/L, and 9.16£1.57 g/L, respectively.
This study reported a lower level of those substances, name-
ly 3.26+0.02-4.42+0.65 mg/dL, 2.34+0.06-3.80£0.04 mg/
dL, 3.72+0.17-4.64+0.94 mg/dL, and 1.45+0.45-3.88+0.82
g/dL, respectively.
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Hle 5. Kidneys function of broilers offered with supplemented feed

Treatments Uric acid, mg/dL Creatinine, mg/dL Ureic, mg/dL Albumin, g/dL
Basal feed (negative control) 3.2940.02a 2.34+0.06a 3.8240.22a 1.45+0.45a
Basal feed+ Antibiotic (positive control) 44240 .65b 3.80+0 .04b 4.64+0 94b 3.8840 .82b
Basal feed+ Probiotic 3.2640.02a 240+40.11a 3.7540.35a 1.56+0.21a
Basal feed+ Acidifier 3.33+0.04a 2.36+0.02a 3.7240.17a 1.62+0.53a
Basal feed+ Phytobiotic 3.3440.12a 2.40+0.18a 3.77+0.34a 1.57+0.20a
Bas-ﬁeed+ combined feed supplement 3.35+0.12a 2.41+0.24a 3.78+0.12a 1.76:0.28a

Nore: different superscripts within column show significant difference (P< 0.05)

Our study demonstrated that the feed supplement sig-nificantly affected (P<0.05) the level of uric acid, creatinine,
ureic, and albumin in the blood of broilers (Table 5). The ac-cumulated antibiotics have a nephrotoxic effect derived from
cationic amino that can damage the proximal tubular epithe-lial cells in the kidneys by binding the phosphoinositide; as a
result, the filter process is inhibited and the level of uric acid,creatinine, ureic, and albumin increase (Pazhayattil & Shirali,
2014). The increased ureic, creatinine, and albumin is indica-tive of the declining function of kidneys (Verdiansyah, 2016).

Antibiotics tend to deteriorate kidneys’ function as demon- strated by the high level of uric acid, creatinine, ureic, and
albumin. It is because antibiotics not only fight the infectiousbacteria but also kill all bacteria; consequently, it disturbs the
livestock health, especially the liver and kidneys function(Hume,201 1; Slizewska et al., 2019). It is recommended to use
the common alternative of feed additives, such as probiotics,prebiotic, enzymes, organic acids, immunostimulants, bacterio-
cin, bacteriophage, photogenic, phytoncides, nanoparticles, andessential oils. The alternative feed additives are safer because
they improve the broiler’s performance without disturbing kid-ney function nor leaving residual traces in the meat, liver, kid-

neys, skin, and fat (Mehdi etal., 2018; Habibu etal., 2018).

Conclusion 0
1
Feed supplement alternatives (probiotics, acidifier, and phytobiotics) could improve the size of duodenal villi and the
performance of liver and kidney in broilers better than antibiotics, although it could not increase the digestibility ofprotein
and fat.
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