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Abstract. Previous in vitro studies showed that nanoparticle extract of turmeric, zedoary, and garlic exhibit
antibacterial activity against Mycoplasma gallisepticum (M. gallisepticum) which causes chronic respiratory
disease (CRD) in chicken. This research aimed to determine the antibacterial activity of nanoparticles of
Curcuma longa, Curcuma zedoaria, and Allium sativum extract to CRD infected chicken. In vivo test of
antibacterial activity of turmeric, zedoary, and garlic nanoparticle in combination was conducted on chicken
infected by M. gallisepticum and Escherichia coli (E.coli). Antibiotic control used was enrofloxacin. As many
as 75 chickens were divided into 5 groups containing 15 chickens each. Group one consisted of healthy
chickens (positive control); group two consisted of chickens that have been inoculated by bacteria (negative
control); group three (treatment) were chickens inoculated by bacterium and given extract nanoparticle
combination on day 7 of infection for 7 days; group four (prevention) were chickens inoculated by bacterium
and given combination of extract nanoparticles on day 5 before infection for 14 days; group five were chickens
inoculated with bacterium and given enrofloxacin antibiotics for 7 days. In vivo research results showed
increased body weight and performance indicated by improvements in clinical signs, and gross pathology
changes. The combination of three extract nanoparticles showed the best activity in controlling CRD in
chicken, both as preventive and curative means.
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1 Introduction

Chronic respiratory diseases (CRD) is an endemic
disease in chickens that cause huge economic loss in the
poultry industry [1,2]. This disease is caused by M.
gallisepticum. This bacterium is an important pathogen
that can damage the economy of the commercial poultry
industry. CRD complex treatment usually involves the use
of antibiotics. Resistance towards several antibiotics by
M. gallisepticum has been reported [3]. Information about
the danger of resistance and antibiotic residue in livestock
products prompt the need to find an alternative solution.
The use of medicinal herbs is among the feasible
alternative. Curing and preventing via the use of herbal
medicine has several advantages: it is relatively safe for
consumption, low toxicity, and has not been reported to
leave residues.

Turmeric (Curcuma domestica) is known to act as
an antioxidant [6,7], antibacterial [4,5], antifungal [7,8]
and antivirus [9.10]. Zedoary (Curcuma zedoaria) can
neutralize toxins, elevate joint pain, lower cholesterol
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levels [15] has antibacterial effects [13], antioxidant [11],
and anti-inflammatory properties [12,14]. Garlic (Allium
sativum) contains allicin which is a bioactive compound
that has antibacterial effects. Other bioactive components
are diallyl disulfide and diallyl trisulfide which also
exhibit antibacterial [17,18], antitubercular [16], and
antiprotozoal activities [19].

The use of plant extract as therapeutic and
preventive treatment often have issues such as low water
solubility as well as sensitivity to heat, light, metal ion,
enzyme, and oxygen. Based on pharmacological effects
and its characteristics, the plant extract is a promising
candidate for new drug main ingredients such as a
nanoparticle, nano-emulsion, and nanoencapsulation. The
nanotechnology-based pharmaceutical form can solve
formulation problems and improve the pharmacology
effect. Nanoparticle size ranges between 10-1000 nm. The
nanoparticle has a large surface area and a large number
of atoms by its surface and thus having low surface energy
and surface tension. This eases particles to pass through
cell membranes. These characteristics can be modified by
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controlling the size of the material, the chemical
composition, modifying the surface, and controlling the
interaction between particles [20]. Previous researches
have proven that nanoparticle extract formulation can
improve medicinal plant pharmaceutical activity. This
research aimed to determine the efficacy of nanoparticle
combination of turmeric, zedoary, and garlic extract in
chicken suffering from chronic respiratory disease.

2 Materials and methods
2.1 Extraction

Simplicia extraction used the maceration method for 3 x
24 hours by pharmaceutical grade ethanol 96% solvent.
The sample and the solvent ration were 1:10.

2.2 Nanoparticle preparations

Nanoparticle formation begins with the formation of
nanoemulsion 0.5% w/v. Nanoemulsion preparation
production used the inversion method with the formula:
extract, dimethyl sulfoxide, Tween 80, glycerol, and
water. The nanoemulsion preparation was made by
mixing every ingredient except water. Water is then added
into the mixture and mixed with a stirrer on 700 rpm for
15 minutes. The nanoemulsion was then spray dried. The
morphology of nanoparticles was evaluated by scanning
electron microscopy. Nanoparticle combination extract
for turmeric, zedoary, and garlic are in 1:1:1 ratio.

2.3 Antibiotic

The antibiotic used was enrofloxacin. The animal model
was given an oral solution with a 10% concentration
according to the recommended dosage (10 mg/kg BW) for
7 days.

2.4 Bacterial Isolate

Bacterial isolates M. gallisepticum and E. coli were
obtained from The Indonesian Research Center for
Veterinary Science. M. gallisepticum medium is a special
medium consisting of PPLO broth and as fertilizer yeast
extract was used. E. coli medium used were Mueller
Hinton broth and Mueller Hinton agar. The bacterial
dosage used was 5x10% CFU for M. gallisepticum and
5x10° for E. coli. Infection was done by injecting the
isolates via the intra-air sac route followed by the
intranasal route. M. gallisepticum infection was done
when the chicken reached 15 days old whereas E. coli
infection was administered when the chicken was 18 days
old [22].

2.5 Research Design

As many as 75 chickens were divided into 5 groups
containing 15 chickens each. Group one consisted of
healthy chickens (control); group two consisted of
chickens with CRD complex infection; group three were
chickens infected with CRD complex and treated with
extract nanoparticle combination for 14 days; group four
(prevention) were infected chickens and given extract
nanoparticles combination of on day 5 before infection for

14 days; group five were chickens with CRD complex
infection and given antibiotics for 7 days.

Nanoparticle dosage administration was based on
the minimum inhibition dose for nanoparticle extract
combination which was 2 mg/kg BW, with extract content
being 0.4 mg/kg BW.

2.6 Parameters

The parameters for this research are clinical symptoms,
body weight, feed conversion ratio, gross pathology, and
histopathology. Serum samples were taken 1 day before
infection, day 3 and 5 posts bacterial infection for SPA
(Serum Plate Agglutination) test. Clinical symptoms and
gross pathology were examined to determine the success
of infection. Gross anatomy and histopathology features
were gathered on days 22 and 29.

3 Results and Discussion
3.1 Nanoparticle Preparation

Particle size, distribution, and morphology are important
factors in nanoparticle preparation. Size and distribution
of nanoparticles can influence drug delivery, drug release,
and nanoparticle stability. The scanning electron
microscope (SEM) method was used to recognize the
morphology of nanoparticles. The morphology of
turmeric, zedoary, and garlic extract nanoparticle was
found that had smooth surface and sphere shapes(Figure.

).
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Figure. 1. Scanning Electron Microscope analysis (a) turmeric,
(b) zedoary, and (c) garlic.
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Figure. 2. Size distribution by intensity



E3S Web of Conferences 151, 01054 (2020)
15T ICVAES 2019

https://doi.org/10.1051/e3sconf/202015101054

Particle size analysis results showed the average size
of nanoparticles for turmeric extract was 30.60+0.85 nm;
zedoary was 28.33+0.87 nm, and garlic was 26.86+0.83
nm. Particles of 200 nm, and smaller, can penetrate cells
much more easily than micron-sized particles eventually
also passively [21]. The distribution of each nanoparticle
is presented in Figure. 2. Aggregation of the nanoparticles
usually cause an increase in the nanoparticle size [23].

3.2 In vivo test

Clinical symptoms began to be observed on day 7 post-
infection (PI), characterized by lethargy, lowered
appetite, ruffled feathers, nasal discharge, and snoring
during breathing. On Group 4 (preventive) no clinical
symptoms were observed. This condition may be caused
by the effect of extract nanoparticle combination which
can prevent the chickens from CRD manifestation.

Bodyweight measurement on therapeutic groups
(extract treatment and antibiotic treatment) demonstrated
similar body weight and body weight gain compare to the
control group. Significant differences were observed
between the therapeutic group and the infection group.
Group 4 (preventive) has the best bodyweight and body
weight gain (1550.7£12.3 g and 64.18+2.6 g, Table 1).

Feed conversion ratio (FCR) is among the
determining indicator of feed efficiency rate in broiler
chickens. Low FCR value indicates high feed efficiency.
Infected broilers given nanoparticle extract combination
formulation showed lowered values compared to the
infected group without therapy (Group 2) which was
significantly different (P<0,05). Group 3 (curative group)
and group 4 (preventive group) have the best FCR rate,
1.71+0.04 and 1.71+0.04 (Table 1).

Table 1 Observation results of body weight, body weight gain,
and FCR on day-29

Para- Groups

meter 1 2 3 4 5
Body- 1498.3+  1356.0 1458.0+ 1550.7+ 1509.7
weight 129.1% +40.6°*  39.2%® 12.3* +19.6%
Body- 6.47+ 53.46+ 62.73+ 64.18+ 63.25+
weight 0.02* 1.31° 1.02* 2.60° 2.45°
increase

FCR 1.73+ 1.95+ 1.71+ 1.71+ 1.77+

0.02° 0.05* 0.04% 0.03% 0.02°

Rising body weight and its increase after being given
nanoparticle extract combination formulae are assumed to
have been caused by the active compound within the
nanoparticle material. Curcumin is an active compound
contained in turmeric. This compound has the role of
increasing the activity of gastrointestinal tracts, especially
bile and pancreas. This activity can induce increases in
production and enzyme secretion of gastrointestinal tracts
to optimize the metabolism of carbohydrate, protein, and
lipid source feed [27].

3.3 Gross Pathology result of in vivo test

Table 2 showed the image of gross pathology for each
group during the research period. Pericarditis (40%),
airsacculitis (100%), and perihepatitis (20%) are the main
lesions found in the infected group (group 2) on day 22.
All  treatment groups (extract combination and
enrofloxacin) showed lower lesion percentage compared
to group 2 (Table 2). On day 29, the chickens recovered
from infection and lesions appeared to decrease, however,
group 2 still showed more lesions compared to other
groups with pericarditis (20%) and airsacculitis (80%).
This proved that the administration of nanoparticle extract
combination of turmeric, zedoary, and garlic can lower
the incidence of perihepatitis, pericarditis, and
airsacculitis similar to what was found in enrofloxacin
group (Group 5).

Table 2 Observation result of chicken pathology anatomy

Total number of cases (%)

Day Lesion Groups
1 2 3 4 5
Perihepatitis 0 20 100 20 100
22 Pericarditis 0 40 0 0 0
Airsacculitis 0 100 100 60 100
Perihepatitis 0 0 0 0 0
29 Pericarditis 0 20 0 0 0
Airsacculitis 0 80 0 0 0

3.4 Lung Histopathology

Chronic Respiratory Disease case in chicken has an
infection mechanism. M. gallisepticum bacteria enters the
nasal cavity and attaches to epithelial receptor called
sialoglycoprotein (Patron recognition receptors sites).
This attachment is mediated by adhesin and protein called
bleb (pathogen associate molecular patrons) located on
the tip of mycoplasma bacteria’s organ. Mycoplasma
penetrates and destroys epithelial mucosa while

multiplying itself with the help of epithelial cilia and bleb.
Mycoplasma moves into the abdominal air sac. M.
gallisepticum then moves into the ovary or oviduct to
cause vertical transmission in which the complete
mechanism is still unknown [24]. Lung histopathology is
presented on Figure 3.
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o

Figure 3. Lung histopathology around secondary bronchi; K1 is
a healthy condition of the chicken lung. K2 is the lung of
infected chicken showed lymphocytes infiltration (L), Goblet
cell degeneration (G) and hemorrhage (H). K3 (preventive) and
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K5 (antibiotic treatment) showed lung with lymphocyte
aggregates (L) with the recovery process (P). HE staining.

Histopathology evaluation results of chicken lungs
showed pathological changes of three groups, which are
bacterial infected (K2), administered extract nanoparticle
combination (K3), and antibiotic (K5). The three groups
showed changes in the chicken lung around the
bronchioli. Histopathological examination on K1 showed
that the lung did not show any changes. K2 ( infected
chickens) showed infection surrounding bronchioli,
indicated by inflammatory cells (lymphocyte) mixed with
hemorrhage at the bronchus associated lymphoid tissue
(BALT) area. Goblet cells on the mucosa showed
degeneration. Chicken infected by the bacteria and
administered nanoparticle extract combination (K3)
showed an increase in the number of lymphocyte cells by
the BALT area and the number of BALT. This condition
explains the microscopically increased readiness of
lymphocyte cells in the BALT area to occur, according to
Reese et al. (2006). There is an assumption that
nanoparticle extract combination given to the K3 group
act as an immunomodulator [25,26]. Histopathological
image of K5 showed a lowered number of lymphocytes in
the BALT area compared to K3. Recovery in K3 and K5
group is assumed to be an effect of nanoparticle herbal
materials administration. Recovery criteria from
nanoparticle extract combination and antibiotic are
lowered number of Ilesions (hemorrhage and
inflammatory cell infiltration) caused by CRD complex.

Conclusion

The in vivo study of nanoparticle extract combination
using turmeric, zedoary, and garlic showed improvement
in growth and performance with recovery in clinical and
pathological changes of CRD complex infection. Its
combination has both preventive and curative activities.
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