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Abstract

Background and Objective: There has been continued effort to find an alternative to antibiotic growth promoters (AGPs) to improve
broiler chicken performance. Several studies have been conducted on the use of herbal active compound for development of natural oil
blend formulation (NOBF). This study aimed to explore the effectiveness of NOBF on the productivity, health and safety of broiler chickens.
Materials and Methods: The parameters observed were productivity (feed and water consumption, weight gain, final weight, feed
conversion ratio (FCR), mortality and meat proximate test), health (red blood cell features-red blood cell count, hematocrit and
hemoglobin; white blood cell features-white blood cell count, white blood cell differentiation into lymphocytes, monocytes, heterophils,
eosinophils, basophils and the heterophil/lymphocyte ratio; and Newcastle disease antibody titer), safety, liver function [serum glutamate
pyruvate transaminase (SGPT) and serum glutamate oxalate transaminase (SGOT)] and kidney function (urea and creatinine). A total of
320 day-old chickens (DOC) were divided in a complete randomized design into 2 groups: one group was given standard feed without
AGP or essential oil (control) and the other group was given feed (without AGP) with NOBF added at a dose of 2 kg t™' feed, with 160
repetitions and dietary treatments were administered for 30 days. Blood samples were collected at the beginning (H0) and end (H35) of
the research. Results: The NOBF significantly improved the final weight by week 4 compared to the control (p<0.05), showed lower
mortality and did not influence the physiological function, liver function, or kidney function of broiler chickens. Conclusion: The
administration of NOBF at a dose of 2 kg t~" feed to broiler chickens was proven effective in increasing performance and was safe to use
(nontoxic).
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INTRODUCTION

Poultry is a developing sector in Indonesia. Poultry-
derived food products are experiencing an increase in
demand alongwith anincreasein the Indonesian population'.
This situation has positively influenced the poultry industry
and improve the broiler chickens productivity. However,
broiler chicken management s prone to viral, bacterial, fungal
and parasitic diseases that are massively contagious?*. A high
rate of poultry disease causes a high number of deaths and
morbidities, which can decrease production and affect meat
quality’.

Previously, efforts were made by farmers to improve
broiler chicken performance by using antibiotic growth
promoters (AGPs). The use of AGP in animal feed reduce
the population of pathogenic microorganisms, which can
increase feed efficiency and allow optimum livestock
growth®, However, massive overuse of antibiotics can cause
microorganism resistance and antibiotic residues®'%. Thus, an
alternative solution is needed to maintain chicken productivity
atits optimum level without the use of AGPs.

Several studies have been performed to increase broiler
chicken performance through the use of herbal materials such
as garlic, ginger, curcumin, Javanese ginger and galanga'''4.
Pine is an essential oil and an active compound found in
plants that increases broiler chicken performance'. Essential
oils can be utilized as antibacterials, antifungals, antivirals and
antioxidants’®. Itis anticipated that the antibacterial properties
of essential oil blend will inhibit pathogenic bacteria that
cause diseases in broiler chickens.

Natural oil blend formulations (NOBFs) contain several
essential oils, including pine oil (Pinus sp.), lavender oil
(Lavandula sp.) and eucalyptus oil (Fucalyptus sp.). Pine oil
contains active compounds that act as antibacterial and anti-
inflammatory compounds'’'8 Linalool essential oil generated
from lavender has antibacterial effects'. Eucalyptus oil
contains a cineol active compound that is antibacterial?®. We
hypothesized that the essential oil content in NOBF will show
synergy in increasing the productivity of broiler chickens.

Objective: This study aimed to explore the safety
administration and effectiveness of NOBF on the productivity
and health of broiler chickens.

MATERIALS AND METHODS

Experimental design: This study was conducted from April
to July 2019 in the poultry cage of the Animal Laboratory
of Management Unit (Unit Pengelola Hewan Laboratorium-
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UPHL) in the Faculty of Veterinary Medicine, IPB University
(FKH-IPB). This study used 320 day-old chicks (DOCs), code
CP707. The birds were divided in a complete randomized
design with 2 groups: first group of chicken was given
standard feed without an AGP or essential oil (control) and
second group was given feed (without an AGP) supplemented
with NOBF at a dose of 2 kg t~' feed (treatment). Each group
consisted of 160 repetitions. The chickens were acclimatized
for 5 days and dietary treatment was administered for 30 days.

Preparation, caging and feeding stage: Chicken cages,
feeding equipment and cage equipment were disinfected by
soap water and disinfectant (a combination of glutaraldehyde,
ammonium chloride and isopropanol) before the research was
performed. The cage used was a colony cage layered with
sterile husk litter. The feeds used were commercial feed
(withoutadditional compounds) and feed supplemented with
NOBF. Feed was divided according to chicken age, which
consisted of starter feed (1-14 days) with feed code Booster
500, grower feed (15-21 days) with feed code S11 and finisher
feed (22-38 days) with feed code S12. All feed used in this
study was produced at Feed mill, Surabaya of Charoen
Pokphand Indonesia. The proximate analysis of feed used is
presented in Table 1.

Research chicken management: DOCs were given sugar
water on day 1 to rejuvenate the chickens post-transport.
During rearing, chickens were vaccinated with ND-I, IBD and
ND Il consecutively when they reached the age of 4, 10and
17 days, respectively. Drinking water was given ad /ibitumand
replaced every day.

Observed parameters: The parameters observed to test the
effectivity of NOBF on the performance of broiler chickens
were broiler productivity, broiler health and the safety of
NOBF.

Observation of broiler chicken productivity: Broiler chicken
productivity was observed by measuring feed consumption,
water consumption, weight gain, final weight, mortality and
feed conversion ratio (FCR), as well as meat quality (thigh,
breast and wing) was tested by proximate analysis. Meat
proximate analysis was performed on day 35 after treatment.
Proximate analysis was performed on the water content, crude
protein, crude fat, carbohydrate or nitrogen-free extract (NFE)
and ash.

Observation of broiler chicken health: Broiler chicken health
was observed through red blood cell features (red blood cell
count, hematocrit and hemoglobin), white blood cell features
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Table 1: The feed proximate analysis of feed given during research

Feed types

Parameters Booster 500K Booster 500T ST1K ST S12K S12T

L-histidine (mg kg™") 6181.73 8589.68 6716.24 5384.80 6096.50 6567.56
L-threonine (mg kg~") 10467.17 12899.95 10543.63 9908.83 10017.09 10574.90
Phosphorus (mg kg™) 6559.82 5604.71 6513.73 442814 6914.02 4882.50
Water Content (%) 10.98 11.05 10.70 11.04 10.92 10.49
Protein (%) 22.81 23.43 20.22 19.89 18.75 18.74
Ash (%) 6.12 6.42 6.04 552 6.55 7.22
Energy from Fat (kcal 100 g~") 52.11 50.22 50.22 53.46 54.36 57.33
Total Fat (%) 579 5.58 5.58 5.94 6.04 6.37
Total Energy (kcal 100 g~") 360.55 358.02 360.94 363.46 360.32 361.01
Carbohydrate (%) 54.30 53.52 57.46 57.61 57.74 57.18
Calcium (mg 100 g~") 1460.75 664.24 1871.27 1179.52 1599.06 794.04
Natrium (mg 100 g~") 300.01 124.04 298.57 218.30 314.17 563.62
Potassium (mg 100 g~") 1275.23 1072.92 1412.05 876.83 1350.01 947.79
Total Aflatoxin (mcg kg=") 4.23 793 5.73 11.80 9.98 6.09
L-serine (mg kg™") 1195231 14860.72 12462.54 11207.11 10753.04 10466.73
L-glutamic acid (mg kg™") 41077.10 43812.67 32728.94 42564.36 32021.70 30666.03
L-phenylalanine (mg kg~") 12217.00 18926.94 14453.77 11417.93 11484.92 13183.18
L-Isoleucine (mg kg~") 9109.51 9929.11 7353.67 8107.43 7629.92 7052.55
L-valine (mg kg~") 10209.96 11168.01 8963.53 9580.34 9018.85 8465.21
L-alanine (mg kg™") 9645.96 10412.46 9382.94 10416.01 9052.76 8563.30
L-arginine (mg kg~") 13949.49 18862.13 14432.00 13485.37 13421.17 13305.51
glycine (mg kg™) 9660.12 11519.98 9904.24 9079.32 9410.37 8719.60
L-lysine (mg kg™") 10895.28 10212.13 8316.12 11166.86 9049.81 7568.65
L-aspartic acid (mg kg™") 17706.22 19912.26 15133.32 20496.05 14089.07 13615.68
L-leucine (mg kg~") 17950.71 19191.89 16001.96 16664.04 16242.31 15364.24
L-tyrosine (mg kg™") 6136.55 9799.44 7548.03 6135.94 6167.99 6701.27
L-proline (mg kg™) 12546.82 13168.20 11305.50 1210837 11020.93 10336.72

(white blood cell count and differentiation), blood chemistry
(triglyceride, total cholesterol, high density lipoprotein (HDL),
low density lipoprotein (LDL), total protein and albumin and
antibody titer tests. The analysis of red and white blood cell
features and blood biochemistry of broiler chickens were
performed on day 0 (before treatment) and day 35 (after
treatment). An antibody titer test was performed by sampling
blood serum twice, 7 days after ND | vaccination and 7 days
after ND Il vaccination (booster).

Observation of the safety of NOBF: The safety of NOBF
administration was observed through liver function [serum
glutamate pyruvate transaminase (SGPT) and serum
glutamate oxaloacetate transaminase (SGOT)], kidney function
(urea and creatinine) and observation of gross pathology (GP)
and histopathology (HP) of the liver and kidney. GP and HP
examinations of the liver and kidney were performed on day
35 after treatment.

Data analysis: Data were analyzed using Student’s t-test with
the statistical software program Minitab 18.
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Table 2: The effect of NOBF administration on broiler chicken productivity

Groups

Control NOBF
Feed consumption (g chicken—' day~") 68.801+6.00° 70.55+3.332
Water consumption (mL chicken~"day~")  190.01+16.72°  224.27+10.80°
Weight gain (g) 1457.00£8.15>  1555.50+3.24°
Final weight (g) 1496.20£7.94> 1594.70%+3.16
Mortality (%) 10.00 5.63
FCR 1.65+0.142 1.59+0.072

Annotation: Different superscripts in the same row indicate significantly different
results (p<0.05)

RESULTS AND DISCUSSION

Broiler chicken productivity: Weight, food and water
efficiency, mortality: The effect of NOBF administration on
chickens was observed from several indicators: weight gain,
final weight, mortality and FCR. The effectiveness of NOBF
administration on the productivity of broiler chickens are
presented in Table 2. Feed consumption was not statistically
different between chickens fed diet supplemented with NOBF
and the control group. Feed consumption of chickens in
treatment group was 70.55 g chicken™, while control group
chickens had a feed consumption value of 68.80 g chicken".
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The feed consumption in the treatment group was higher
than that of the control group. The final weight of the
treatment group was higher than that of the control group.

Table 2 indicates that broiler chickens fed diet
supplemented with NOBF had higher water consumption than
that of the control chickens. Water consumption in the NOBF-
treated group was 224.27 mL chicken™' and in the control
group was 190.01 mL chicken™. Results showed that NOBF-
treated chickens had higherfeed and water consumption than
that of the controls.

The final weight of NOBF-treated chickens was
significantly higher (p<0.05) than that of the control chicken
(Table 2). The average final weight of NOBF-treated chickens
was 1594.70 g chicken~', while that in the control group was
1496.20 g chicken~'. The addition of NOBF to feed improved
weight gain by 6.76% compared to that of control chickens.
This measurement showed that the addition of NOBF to feed
can increase the weight gain and final weight of broiler
chickens.

Weight gain, final weight and efficiency in this study can
be observed from the feed conversion ratio (FCR). The
NOBF-treated chickens showed lower FCR value (3.63%)
than that of the control (Table 3). The FCR value of the
NOBF-treated chickens was 1.59, while that of the control
group was 1.65. Mortality percentage (death) is used to
evaluate the advisability of tested material on chickens. High
morbidity in chickens causes massive losses to farmers.
Administration of NOBF to broiler chickens resulted in a
mortality percentage of 5.63%, while mortality in the control
group was 10.00%. Chicken mortality also decreased in the
NOBF-treated group by 43.70% compared to controls
(Table 2). Table 3 shows the weekly growth rate of broiler
chickens after 4 weeks.

The results showed that at weeks 3 and 4, weight gain
was higher in NOBF-treated chickens than that of the control.
The average weekly weight gain in the treatment group was
124.19, 286.71, 404.01, 369.99 and 370.65 g chicken='. The
average weekly weight gain for the control group was only
132.53,272.23,363.53, 353.97 and 334.74 g chicken~'. Water
and feed consumption, when related to the observed chicken
finalweight, showed that NOBF-treated chickens had a higher
final weight than that of the control group.

Proximate analysis was performed to determine the
effectiveness of NOBF on the productivity of broiler chickens.
Proximate analysis measuring water content, crude protein,
crude fat and carbohydrates in meat (thigh, breast and wing)
in both the control and treatment groups showed relatively
similar values (Table 4). The proximate analysis of the thigh,
breast and wing of NOBF-treated chickens at the end of

Table 3: The effect of NOBF administration on broiler chicken weight gain within

4 weeks
Groups

Weeks No. Control NOBF
1 132.53+8.44° 124.19+7.88°
2 272.23+13.632 286.71%5.94°
3 363.531+14.92° 404.01%£8.02°
4 353.97+10.13° 369.991+16.49%
5 334.74+22.922 370.65+15.152

Annotation: Different superscripts in the same row indicate significantly different
results (p<0.05)

Table 4: Proximate meat on the breast, thigh and wing meat area of broiler
chickens given NOBF treatment at the end of research

Treatments

Control NOBF
Breast
Water content (%) 75.32%+1.112 74.70+0.522
Crude protein (%) 18.40%1.152 19.95+0.432
Crude fat (%) 0.43+0.18° 0.60+0.24°
Carbohydrate (%) 4.29+0.80° 3.38+0.622
Ash (%) 1.57£0.112 1.37%0.132
Thigh
Water content (%) 75.64+1.58 76.87+1.11°
Crude protein (%) 16.15£0.07° 1532£0.79°
Crude fat (%) 2.20£0.29° 2.57%1.35?
Carbohydrate (%) 479+£1332 4.14£2.23°
Ash (%) 1.23£0.022 1.10%0.03°
Wing
Water content (%) 72.83+0.55° 73.92+0.21°
Crude protein (%) 18.96+0.92° 17.71£0.83°
Crude Fat (%) 14710372 2.561+0.992
Carbohydrate (%) 5.51%0.90* 448+1.542
Ash (%) 1.23+0.132 1.33+0.172

Annotation: Different superscripts in the same row indicate significantly different
results (p<0.05)

research is shown in Table 4. The ash content in the thigh
meat of NOBF-treated chickens was lower (1.10%) than that of
the control (1.23%). In contrast, the ash content in the breast
and wing in all treatment groups had the same value.

Broiler chicken health examination
Hematology examination: The results showed that the red
blood cell of the NOBF-treated chickens was not significantly
different (p>0.05) from that of the control group and was still
within the normal range (Table 5). The results showed that the
red blood cell counts in both the control (3.43 X 106/mm?3) and
NOBF-treated group (3.50 X 10¢/mm?3) were within the normal
range in China. According to Al-Nedawi?' the normal range
of chicken red blood cells is within 2.40-3.90X 10%/mm?.
The observed red blood cell and white blood cell features in
NOBF-treated chickens before and after treatment are
presented in Table 5.

The hematocrit and hemoglobin values presented in
Table 5 did not show significant differences between the
control group and treatment group (p>0.05). Hematocrit
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Table 5: The features of red blood cell, white blood cell and white blood cell
differentiation before and after treatment

Groups
Control NOBF

Before treatment (day 0)

Red blood cell count (10¢/mm?) 2.10%+0.22° 1.88+0.06°
Hematocrit (%) 21.78+4.73° 20.18%+1.08°
Hemoglobin (g%) 9.33+1.38° 9.55+1.39°
White blood cell count (103/mm?) 16.28+1.532 12.36+1.93°
Lymphocyte (%) 55.80+5.632 61.40+10.212
Monocyte (%) 2.400%0.55° 2.20%0.44°
Heterophil (%) 41.80%5.212 36.40%9.812
Eosinophil (%) 0.00%0.00? 0.00+0.00?
Basophil (%) 0.00£0.00? 0.00£0.00?
H/L 0.76+0.18° 0.63+0.31°
After treatment (day 30)

Red blood cell count (10¢/mm?) 3.43+0.21° 3.50%+0.22°
Hematocrit (%) 25.74+1.952 26.16£3.012
Hemoglobin (g%) 11.22+0.27° 10.80+0.59°
White blood cell count (103/mm?) 13.12%3.75° 15.72%£5.17%
Lymphocyte (%) 55.17+£1.59° 58.00+3.23®
Monocyte (%) 3.20%£1.032 2.70+0.67°
Heterophil (%) 4440£5.66% 4400£7.792
Eosinophil (%) 0.2010.426° 0.60+0.84°
Basophil (%) 0.00+0.00° 0.00+0.00°
H/L 0.81+0.112 0.76%+0.15?

Annotation: Different superscripts in the same row indicate significantly different
results (p<0.05)

Table 6: Blood biochemistry features of broiler chickens given NOBF by the end

of research
Groups

Parameter Control NOBF
Triglyceride (mg dL™") 134.50£19.10° 121.00£49.50°
Total cholesterol (mg dL™") 149.00%18.40° 150.50+4.95°
HDL (mg dL™") 93.50+4.24° 93.50£0.712
LDL (mg dL™") 31.50+4.95° 26.50%0.70°
Total protein (g dL™") 2.84%0.592 3.13£0.732
Albumin (g dL™") 1.00%+0.132 1.13£0.24°

Annotation: Different superscripts in the same row indicate significantly different
results (p<0.05)

shows the percentage of red blood cells against total blood
volume. The normal hematocrit value ranged from 22-45% for
chicken, while the normal hemoglobin value ranged from
5.58-15.14 g%?*'. The NOBF- treated group had a hematocrit
value of 26.16% and hemoglobin value of 10.80 g%, while
the control group had a hematocrit value of 25.74% and
hemoglobin value of 11.22 g%. The administration of NOBF
did not lead to significantly different hematocrit and
hemoglobin values compared to the control group.

White blood cell (leucocyte) feature examination
consisted of white blood cell count and its differentiation
percentage (lymphocytes, monocytes, heterophils, eosinophils
and basophils), as well as heterophil and lymphocyte
ratio percentage (H/L). Based on the results presented in
Table 5, the average white blood cell counts and
differentiation in all groups before and after treatment
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showed no significant difference and were still within the
normal range. According to Arfah?, normal leucocyte count
was within 12.00-30.00 X 103/mm?3. The leucocyte counts after
treatment in the control group and NOBF-treated group were
13.12X10%/mm?3 and 15.72 X 103/mm?, respectively.

The lymphocyte percentages after treatment in the
control group and NOBF-treated group were 55.17 and
58.00%, respectively. The monocyte percentages after
treatment in the control and NOBF-treated groups were 3.20
and 2.70%, respectively. The heterophil percentages after
treatment in the control and NOBF-treated groups were 44.40
and 44.00%, respectively. The normal range of heterophil
count in chickens is within 30.4-52%2. The eosinophil
percentages after treatment in the control and NOBF-treated
groups were 0.20 and 0.60%, respectively. The basophil
percentage was 0% or not found in all chicken groups
(Table 5). Broiler chicken stress index measurements showed
that chickens experienced a decrease in the stress index in the
NOBF-treated group compared to the control (p>0.05) both
before and after treatment.

Blood biochemistry and antibody titer: Blood biochemistry
of chickens showed the triglyceride levels, total cholesterol,
HDL, LDL, total protein and albumin in blood serum. The
triglyceride level, total cholesterol, HDL, LDL, total proteinand
albumin values in research chickens before treatment were
103.00-184.60, 185.60-217.80, 111.40-124.50, 13.20-27.25,
1.50-2.23 and 0.54-0.68 g dL™, respectively. The results
showed no significant difference between the control group
and NOBF-treated group after treatment. Blood biochemistry
feature analysis of NOBF-treated broiler chickens at the end of
the research is presented in Table 6.

The triglyceride values in the control and NOBF-treated
groups after treatment were 134.50 and 121.00 mg dL™",
respectively. The total cholesterol level of broiler chicken in
the control and treatment groups was not significantly
different. According to Mide?* the normal range of cholesterol
in chickensis within 125-200 mg dL~". The total cholesterol in
the control and NOBF-treated groups was 149.00 and 150.50
mg dL™', respectively and was still within the normal range.
This result showed that the administration of NOBF did not
disturb body cholesterol metabolism.

According to Medah et a/?> the HDL levels of chicken did
not show a significant difference between the control and
treatment groups. The normal HDL level in chicken is >22 mg
dL™". The HDL levels in the control and NOBF-treated groups
were 93.50 and 93.50 mg dL, ' respectively. The chicken LDL
levels did not show a significant difference between the
controland treatment groups. Medah eta/? reported that the
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normal LDL level in chicken is <130 mg dL=". The chicken LDL
levelsin the control and NOBF-treated groups after treatment
were 31.50 and 26.50 mg dL™", respectively. These values are
still within the normal range. The control and NOBF-treated
chickens had total protein values of 2.84 and 3.13 g dL7,
respectively. Thrall et a/% stated that the normal range of total
protein for broiler chicken is from 2.5-4.5 g dL™". The results
showed that the total protein and albumin levels in the
chicken blood serum of the control and treatment groups
were not significantly different. The broiler chicken albumin
levels in the control and NOBF-treated groups were 1.00 and
1.13 g dL7', respectively. The next health examination
involved an antibody titer test against one of the most
frequent diseases to attack broiler chickens and cause high
mortality: Newcastle disease (ND). The ND antibody titers in
broiler chickens in the control and NOBF-treated groups are
presented in Table 7.

One of the most frequent serological tests used to
determine antibody titers is the hemagglutination inhibition
(HI) test. A protective titer of ND antibody is >4 log 2 Hl unit?.
The results showed that antibody titers against ND based on
the HI method in the control and treatment groups were not
significantly different and were within the protective titer
level.

Formulation safety

Liverand kidney function: Chicken blood serum examination
at the levels of SGPT, SGOT, urea and creatinine has the
objective of observing the status of liver and kidney function
in research chickens. SGPT, SGOT, urea and creatinine levelsin
chickens before treatment were 151.90-227.20, 1.80-3.58,
1.10-2.22 and 0.26-0.29 mg dL~', respectively. Liverand kidney
function tests in NOBF-treated broiler chickens at the end of
the study are presented in Table 8.

SGPT value of 1-2 U/L %is said to be normal and a normal
SGOT content is 70-279 U/L® for broiler chicken. The
concentrations of SGPT in both the control and NOBF-treated
groups were 1.41 and 1.14 U L7, respectively. The SGOT
concentration in the treatment group and the control group
showed no significant difference and was still within the
normal range. The SGOT concentrations in the control and
NOBF-treated groups were 242.00 and 23750 U L7,
respectively. Overall, SGOT concentrations in the NOBF-treated
groups were within the normal range.

The urea level was not significantly different between the
control and treatment group and was still within the
normal range (Table 8). The urea levels of the control and
NOBF-treated groups were 1.14 and 1.05 mg dL7},
respectively. Harrison and Lightfoot® found that the normal
creatinine level in broiler chickens is 0.1-0.4 mg dL~". Results
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Table 7: Newcastle disease antibody titer by the HI method (Log?)

Groups
Parameters Control NOBF
D+7ND| 5.00+0.71° 5.33+0.41°
D+7NDII 533%1.08° 56710412

Annotation: Different superscripts in the same row indicate significantly different
results (p<0.05)

Table 8: Liver and kidney function examination of broiler chickens given
treatment by the end of research

Groups
Parameters Control NOBF
SGOT (U L) 242.00%+129.90° 237.50£70.00°
SGPT (UL™) 1.41%+0.79* 1.14+0.722
Urea (mg dL™") 1.14+0.36° 1.05+0.70°
Creatinine (mg dL™") 0.33+0.05° 0.30%0.02°

Annotation: Different superscripts in the same row indicate significantly different
results (p<0.05)

showed that, the creatinine levels were not significantly
different between the control and treatment group (Table 8).
The creatinine levels in the control and NOBF-treated groups
were 0.33 and 0.30 mg dL™', respectively. These results
showed that the creatinine levels in all groups were within the
normal range.

Gross pathology and histopathology: Macroscopic changes
in the liver and kidney may indicate the presence of disorder.
Histopathological examination of the liver and kidney of
NOBF-treated broiler chickens at the end of the research is
presented in Table 9. The results showed that there were no
changes in the macroscopic features of the liver in either the
control or treatment group. Based on histopathological
examination, no lesion was found in liver or kidney cells. This
result indicated that NOBFs are safe to use because they do
not cause damage to liver and kidney cells.

Broiler chicken productivity: Feed consumption is the main
requirement for obtaining energy to increase activity and
weight gain of broiler chicken. The feed consumption in
broilers can be influenced by the palatability level or fondness
level in terms of taste®'. Feed and water consumption values
that were not significantly different in the NOBF-treated
group produced higher final weight gain than those of the
control group. This finding showed that NOBF administration
through feed can increase the efficiency of feed intake,
thus causing a higher final weight. Budiansyah3? reported
thatthefinal weight of broiler chickens harvested at 4-5 weeks
of ageis 1.2-1.9 kg chicken="and the broiler chicken weight
gain may reach 48.65 g chicken™' day~'. An optimal feed
intake is probably caused by the active compounds in NOBF,
which can function as antibacterial agents. NOBF contains
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Table 9: Histopathology examination results of liver and kidney from broiler chickens given NOBF by the end of research (Hematoxylin Eosin Staining,

100 X magnification)
Groups
Organ Control NOBF
Liver
Kidney

No degeneration or necrosis in the
(a) glomerulus and (b) tubules

No degeneration or necrosis in the
(a) glomerulus and (b) tubules

three main components: pine oil, lavender oil and eucalyptus
oil. The active compounds contained in the NOBF are linalool,
isobornyl acetate and sineol.

Lavender contains 26.5-34.7% linalool, which functions as
an antibacterial agent that can suppress the growth of
Staphylococcus aureus, Escherichia coli and Pseudomonas
aeruginosa'®. Essential oil contains terpenoids that contain
bicyclic molecules, including isobornyl acetate with
antimicrobial and anti-inflammatory activities®>. According
to a study by Yang et a/*, isobornyl acetate has anti-
inflammatory and antioxidant activities. One active compound
contained in eucalyptus thatinhibits bacterial growth s sineol.
Eucalyptus essential oil is effective against bacteria that are
resistant to B-lactam antibiotics and thus can be used as
alternative therapeutic preparations.

The FCR is the comparison between feed consumption
and weight gain within a certain period. A high feed
conversion ratio shows that the amount of feed needed
to increase weight per weight unit is high. According to
Alfian et a/®, the lower the FCR value is, the higher the feed
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use efficiency. The FCR value can be used to measure livestock
productivity, economy evaluation indicators and the success
of broiler chicken farming?.

Waterisanimportantaspectin determining performance
and productivity of chickens. Moreover, chicken habits and
consumption patterns influence meat quality. The lack or
excess of water consumption can cause issues, such as
disturbing health and body performance, causing dehydration
and lowering feed consumption, which ultimately lower
performance and productivity and eventually cause death?’.
Proximate analysis was performed to determine the water
content and crude protein, crude fat, carbohydrate and ash
levels in the breast, thigh and wing regions in broiler chicken
meat. The water and fat content in meat shows the opposite
pattern. This means that meat with a high-water content
contains a low-fat content. Rutkowska et a/*’ stated that the
water content in the body of a zebra finch bird is inversely
proportional to the fat content, as the breakdown of fat
produces CO, and H,O (water). NOBF administration also
decreased the ash content in the thigh region of broiler
chicken meat. The lower ash content in meat showed
the higher concentration of organic compounds. Organic
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compounds include important food compounds, such as
proteins and fats®. The results also proved that NOBF
administered to broiler chickens through feed can lower the
mortality percentage.

Broiler chicken health: Blood feature examination was
performed to determine the effect of NOBF administration
through feed on chicken health status. Hematology values
have a role in livestock health status diagnosis®. Results
showed that differentiation of red blood cell and white blood
cell did not show any significant difference between the
NOBF-treated group and the control group either before or
after treatment. This result showed that NOBF did not cause
disorders in red blood cell or white blood cell count or
their differentiation. Normal erythrocyte count is one of the
indicators of protein and amino acid balance in chickens, as it
allows red blood cells to be produced in normal amounts*,

White blood cells defend body against viral, bacterial,
parasiticinfections and tumor cell proliferation*'. White blood
cell differentiation consists of lymphocytes, monocytes,
heterophils, eosinophils and basophils. Lymphocytes are
a part of white blood cells that function in the humoral-
and cellular-mediated immunity*. Normal lymphocyte
percentages in chickens ranged from 55-66% out of total
white blood cells*. Monocytes are precursors of myelocyte
cells that are phagocytic and change into macrophages once
they move into the tissue. Monocytes play a role in chronic
infection*!. The normal monocyte percentage in chickens
ranged from 2-9% of total white blood cells*. Heterophils are
phagocytic cells that counter invading bacteria and viruses*.
Eosinophils work when parasitic infection occurs in chickens.
The number of eosinophils increase during parasitic infection,
such as during worm infestation*!. Basophils are white blood
cellsthat play a role during allergic reaction*. The percentage
ratio of heterophils and lymphocytes (H/L) showed the broiler
chicken stressindex. The higher the percentage ratio between
heterophils and lymphocytes is, the higher the stress level of
the chicken.

Based on blood biochemistry examination, the
administration of NOBF did not affect the levels of
triglycerides, cholesterols, HDL, LDL, total protein, or albumin
in chicken blood serum before or after treatment and all were
still within the normal range.

The safety of NOBF administration: Safety measurement of
the administration of NOBF can be observed from liver and
kidney function. Liver function was assessed by measuring the
levels of SGPT and SGOT enzymes. SGPT and SGOT enzymes
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are used as indicators of liver damage. SGOT is normally found
in several organs, such as the heart, kidney, brain, muscle
and liver (the most abundant), while SGPT is normally
concentrated in the liver. When liver damage occurs, these
enzymes will be released by the liver into the blood vessels,
causing an increase in the enzyme level in the blood.
NOBF-treated chickens showed non-significant difference in
SGPT and SGOT enzyme levels compared with the control
group. The SGPT and SGOT levels did not exceed normal
levels, showing that the preparations were safe for the liver.

Urea and creatinine concentrations showed the kidney
function of chickens . Joshi et a/** observed that the normal
range of urea levels in chickens are within 0-5 mg dL".
Creatinine is a byproduct of muscle metabolism excreted by
the kidney. Creatinine serum originates from muscle mass, is
unaffected by diet or activities and is entirely secreted by the
glomerulus®. An increase in the level of serum creatinine
signifies a lowering glomerulus filtration rate and caused
creatinine, which is supposed to be excreted, to return into
the blood vessels*.

The macroscopic and microscopic features of the liver
and kidney were observed to determine the safety of the
preparations at the end of the research . In gross anatomy, no
lesions were found in the liver or kidney of any of the groups.
Histopathological examination of the liver showed similar
features between the control and treatment groups, with no
lesions observed in either group. The structure and the
conformation of liver lobules did not show any damage and
lesions. The results showed that no necrosis or degeneration
was found on the liver cells. Histopathological examination of
the kidney showed similar microscopic features and no
damage was found in any group. The results also did not show
necrosis or degeneration due to glomerular structures or
kidney tubules. Based on histopathological examination, the
NOBF preparation was safe because it did not cause damage
to liver or kidney cells.

CONCLUSION

The administration of NOBF at a dose of 2 kg t~! feed to
broiler chickens was proven to be effective in improving the
productivity and health of broiler chickens, signified by the
increase in final weight gain and lower mortality than that of
the control group. The administration of NOBF at a dose of
2 kg t~' feed was proven safe (nontoxic to chickens) based on
liver function (SGPT and SGOT) and kidney function (urea and
creatinine), as well as the gross pathology and histopathology
of the liver and kidney.
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RECOMMENDATIONS

The administration of NOBF liquid at a dose of 2 kg t!
feed can be used to improve the productivity and health of
broiler chickens, with a lower mortality rate. These results
showed that NOBF can be applied in commercial broiler
chickens.
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