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ABSTRACT 22322 O

gg9=3 X
Feed was crucial for achieving optimal productivity in broiler chickens, which required ongoing monitoring of its &' Sz )
quantity and quality. The present study aimed to evaluate the effects of nanoliquid extracts from Andrographis & & & & =
paniculata and Moringa oleifera used as photobiotic on the performance and carcass quality of broiler chickens. The ¢, % 2 = jZ>
research involved 128 broiler chickens, which were divided into four treatment groups, each with four replications < < ‘; < =
of eight broiler chickens. The treatments included a control group (T0), a 0.25% nano liquid extract mixture of 5 SR >
Andrographis paniculata and Moringa oleifera (T1), a 0.50% nanoliquid extract mixture (T2), and a 0.75% g 39" N A
nanoliquid extract mixture (T3). The study utilized an in vivo method and analysed the data using a completely A= § o
randomized design. The optimal level of nano liquid extract was determined based on chicken performance (feed 1 = O
consumption, body weight, feed conversion ratio (FCR), income-over-feed cost (IOFC)) and carcass quality (carcass § § |-'|_-|

percentage, cooking loss, meat color, water-holding capacity, and texture). The findings indicated that the addition
of combined Andrographis paniculata and Moringa oleifera (1:1, w/w) nano-liquid extract in the chickens’ feed
significantly influenced body weight, FCR, and IOFC. However, there was no significant effect on feed
consumption. Furthermore, the use of Andrographis paniculata and Moringa oleifera combination had a significant
impact on all carcass quality parameters beyond *b carcass color. It was concluded that the addition of 0.25% of
combined Andrographis paniculata and Moringa oleifera nano liquid extract yielded the most favorable outcomes
for the performance and carcass quality of broiler chickens.
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INTRODUCTION

Feed consumption is the primary cost for broiler chickens in production, and improving feed efficiency is a key strategy
in broiler chicken management. However, few studies have focused on slow-growing broiler chickens (Wen et al., 2018).
The use of antibiotic growth promoters (AGPs) as feed additives for livestock has been banned by the Indonesian
government through Ministerial Regulation No. 14 of 2017 due to concerns about antibiotic resistance. This issue poses
a significant problem for the poultry industry, leading to increased morbidity and mortality rates in broilers during
outbreaks (Untari et al., 2021). Consequently, there are side effects, such as residue accumulation on broiler carcasses
and the emergence of antibiotic-resistant bacteria (Mehdi et al., 2018). The use of AGPs has been reported to increase
nutrient utilization, reduce intestinal pH, reduce pathogen bacterial populations, and increase nonpathogenic bacterial
populations (Natsir et al., 2017). Singh et al. (2020) emphasized the need to find alternatives to synthetic antimicrobial
growth promoters (AGPs) because of their related issues. They highlighted natural growth promoters (NGPs) as
promising options. These NGPs, which include Andrographis paniculata, Moringa oleifera, and their derivatives, are
recognized for their beneficial effects on the health of broiler chickens. These benefits include antimicrobial, antioxidant,
anti-inflammatory (Okhuarobo et al., 2014; Chhikara et al., 2021).

The chemical compounds found in Moringa oleifera include alkaloids, flavonoids, saponins, terpenoids, tannins, and
steroids (Bhattacharya et al., 2018). According to phytochemical tests conducted by Oladeji et al. (2020), these
compounds function as antibacterials, antioxidants, and anti-inflammatory agents. Moringa oleifera is known for its
natural antioxidant content and is a rich source of dietary fiber and essential macro- and micronutrients (Islam et al.,
2021). Andrographis paniculata contains orthosiphon glucose, essential oils, saponins, polyphenols, flavonoids,
sapogenins, potassium salts, and myoinositol (Hossain et al., 2014). Flavonoids in Andrographis paniculata are known
to reduce free radicals, flavonoids, such as chalcones, flavones, flavonols, flavanones, and catechins exhibit antioxidant
activity (Ahmad et al., 2020), and they have also been reported to be important for antiviral activity (Nithya et al., 2021).
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Both Andrographis paniculata and Moringa oleifera can be extracted via nanoparticles to improve their poor
bioavailability. Nanosized particles not only increase the surface area but also possess better physical and chemical
characteristics, including enhanced reactivity and solubility (Martinez-Ballesta et al., 2018), which is due to the
increased stability of the active compounds within the nanoparticles.

These issues highlight the need for alternatives to AGPs and improvements in carcass quality while exploring the
potential of Andrographis paniculata and Moringa oleifera as replacements. The objective of this study was to evaluate
the effects of administering Andrographis paniculata and Moringa oleifera at different concentrations on the
performance and carcass quality of broiler chickens. This research was crucial for enhancing carcass quality affected by
parasites through the use of active compounds from herbal plants and for identifying alternatives to antibiotic growth
promoters (AGPs) in broiler chicken production.

MATERIALS AND METHODS

Ethics approval
This experiment was carried out in accordance with Brawijaya University regulations, and the Indonesian Animal
Care and Utilization Committee gave ethical approval for this research with the number 099-KEP-UB-2023.

Experimental design and treatments

In the current study, day-old chick (DOC) of the Lohmann Japfa Platinum MB 202 strain, aged 1 day with an
average body weight of 38 grams, was reared for 35 days without sex differentiation. The DOC Platinum strain was used
to vaccinate against Newcastle disease (ND) and infectious bursal disease (IBD). A total of 128 DOC were allocated into
four treatment groups, with each group being replicated four times and each replicate consisting of eight chicks.
Throughout the study, lighting was maintained at a maximum intensity of 20-40 lux, and heating was provided during
the 10-day incubation period, with six gasolec heaters positioned on the sides of the cage with a temperature range of 25-
30°C and a humidity level of 50-70%. Tube feeders and drinkers were provided to ensure unlimited access to food and
water. The feed additive used was a mixture of Andrographis paniculata and Moringa oleifera, which were extracted
and nanoextracted in liquid form. These feed additives were mixed into the feed at concentrations of 0.25%, 0.50%, and
0.75% of the total feed given. The composition of the feed ingredients is detailed in Table 1, and the percentage of the
phytogenic mixture is presented in Table 2.

Table 1. Nutritional contents of the basal feeds of starter and finisher in broiler chickens, after the addition of
nanolnano-iquid extracts of Andrographis paniculata and Moringa oleifera
Nutrients of starter

Crude Protein 21.00-22.00%
Fat 4.00-8.00%
Crude Fibre 3.00-5.00%
Ash 5.00-7.00%
Calcium 0.90-1.20%
Phospor 0.70-0.90%
ME 2950-3050 Kcal/kg
Nutrients of finisher

Moisture 12%

Crude Protein 19%

Crude Fat 5%

Crude Fibre 5%

Calx 7%
Calsium 0.8-1.1%
PhosporUs 0.45%
Enzyme Phytase 400 FTU/kg
Aflatoxin 50 ppb

Table 2. Percentage of phytogenic blend produced by the addition of nanolnano-iquid extracts of Andrographis
paniculata and Moringa oleifera to broiler chickens’ diet

Treatment

TO: Andrographis Paniculata + Moringa Oleifera Basal feed

T1: Andrographis Paniculata + Moringa Oleifera Use 0.25% nanoliquid extract mixture
T2: Andrographis Paniculata + Moringa Oleifera Use 0.50% nanoliquid extract mixture
T3: Andrographis Paniculata + Moringa Oleifera Use 0.75% nanoliquid extract mixture

T: treatment
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Moringa oleifera and Andrographis paniculata nano liquid preparation

The feed additive used was a combination of Andrographis paniculata and Moringa extracted in a nanoliquid form.
This feed additive was mixed with the feed at concentrations of 0.25%, 0.50%, and 0.75% of the total feed provided to
the broilers from day 1 to day 35. Andrographis paniculata and Moringa oleifera extracts were prepared in the Nutrition
Laboratory of the Faculty of Animal Husbandry, Brawijaya University, via a maceration process. The process involved
soaking Andrographis paniculata and Moringa oleifera in a 1:1 ratio in a container and then adding 70% ethanol at a
ratio of 1:5 (100 grams of sambiloto powder and 500 ml of ethanol; Prasetyaningrum et al., 2022). This mixture was
stirred at room temperature for 24 hours. Extraction was then performed via microwave-assisted extraction (MAE) at a
temperature of 50-60°C for 15 minutes. Once extraction was complete, the mixture was allowed to settle briefly and then
filtered through filter paper to obtain the filtrate. The filtrate was subsequently distilled via a microwave at a controlled
temperature for 30 minutes until all the ethanol had evaporated. Finally, nanoparticle-based extraction was conducted via
ultrasonic assisted extraction (UAE) for 10 minutes, which was repeated three times, for a total of 30 minutes. The
detailed process of extracting nano-liquid of the feed additive was illustrated in Figure 1.

Figure 1. The process of extracting a nano liquid of the feed additive used was a combination of Andrographis paniculata and
Moringa, and microwave-assisted extraction (MAE) was performed at a temperature of 50-60°C for 15 minutes. Nanoparticle-based
extraction was conducted via ultrasonic-assisted extraction (UAE) for 10 minutes, which was repeated three times, for a total of 30
minutes.

Preparation of the cage and equipment

The first stage of cage preparation involved cleaning the remaining dirt from the previous broiler chicken farm and
trimming the bushes around the cage. The cage floor was then mopped until it was clean and dry for 1 week. The cage
used was an open-house type with bamboo slats, partitions made of bamboo, and sacks measuring 100 cm x 100 cm x 70
cm, creating a total of 28 plots, each containing 8 broiler chickens. A sack was placed as a base, and the rice husks were
evenly spread to a height of 5-10 cm in the treatment cages. Tarpaulins were placed around the plots to regulate the
temperature and air conditions in the cage during the starter phase (Zhai et al., 2020). The number of feed and water
containers provided was in accordance with the number of plots, totaling 28, with sizes adjusted according to the age of
the livestock. Baby chick feeders were used for DOC (1-14 days), and feed containers with a capacity of 7 kg were used
for older chickens. Drinking containers with a 2-liter capacity were also provided. The cage of the in vivo experiment can
be seen in Figure 2. The heater system used 6 gas molecules, which were placed on the sides of the cage. The light was
provided for 12 hours per day, from 18:00 to 06:00. Once all the equipment was set up, the gas was turned on for 3 hours
before introducing the DOC to ensure that the cage temperature was adequately warm. A solution of brown sugar was
prepared to prevent dehydration and minimize stress. During the starter phase, the broiler chickens were arranged in 5
separate plots, each designated for a different treatment, without any replication. After the brood hens were released,
they were distributed according to the research cage repetitions for 35 days.
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Data collection

The initial data collection was conducted when the DOC arrived at the poultry house. All DOCs were weighed
together to obtain the average body weight. Subsequent average body weight measurements were taken weekly. Feed
consumption was also recorded weekly by subtracting the amount of feed remaining from the amount of feed given
during weighing. At 35 days of age, two broiler chickens from each experimental unit, whose weight was close to the
average weight of the unit, were then marked on their legs according to the treatment they received so that a total of 28
broiler chickens were used as samples. Broiler chickens were first weighed to determine their live weight and then
slaughtered by hanging them upside down and severing three neck vessels, including the esophagus, carotid artery, and
jugular vein. After slaughter, the blood was drained as much as possible, and the broiler chickens were immersed in hot
water for 10 seconds to facilitate manual feather plucking. The head and feet were detached, the internal organs were
removed, and the weights of the broiler chicken carcasses were recorded. A breast meat sample, measuring 5 cm in
length, 3 cm in width, and 0.5 cm in thickness, was collected for texture and color analysis. The procedures for assessing
color, texture, and cooking loss were conducted in the Laboratory of Animal Product Technology at the Faculty of
Animal Science, Brawijaya University.

Statistical analysis

The software used was Microsoft Excel, and the data obtained were then analyzed via analysis of variance
(ANOVA) with respect to the percentage of date pit flour usage. When different results were observed between
treatments, Duncan's multiple range test was performed. Significantly different results were considered at the level of p <
0.05, and highly significantly different results were considered at the level of p < 0.01.

RESULTS

Effects of liquid nanoextracts of Andrographis paniculata and Moringa oleifera on broiler chicken
performance

The average effects of the treatments on the feed conversion ratio (FCR), income-over-feed cost (IOFC), body
weight, and feed consumption of broiler chickens are shown in Table 3. Statistical analysis revealed that the liquid
nanoextracts of Andrographis paniculata and Moringa oleifera had a significant effect (p < 0.05) on the feed conversion
ratio (FCR), income over feed cost (IOFC), and body weight of broilers. The highest FCR was observed in the TO
(control) treatment at 1.57%, whereas the lowest FCR was found in the T1 treatment (0.25% nanoliquid extract mixture
of Andrographis paniculata and Moringa oleifera) at 1.49%. The highest IOFC was recorded in the T1 treatment
(9,530/kg), whereas the lowest IOFC was recorded in the TO treatment (6,036/kg). The highest body weight was
achieved in the T1 treatment (3,833.33 g/head), whereas the lowest body weight was achieved in the TO treatment
(3,553.9 g/head). The effects of nano Andrographis paniculata and Moringa oleifera did not significantly affect (p >
0.05) the feed consumption of broilers chicken. The highest feed consumption occurred in the T1 treatment (3.57
kg/broiler), whereas the lowest feed consumption occurred in the T2 treatment (3.45 kg/broiler).

Effects of liquid nanoextracts of Andrographis paniculata and Moringa oleifera on broiler chicken carcass
quality

The average impact of the treatments on broiler chicken carcass quality was presented in Table 4. According to the
statistical analysis, the liquid nanoextracts of Andrographis paniculata and Moringa oleifera did not have a significant
effect (p > 0.05) on carcass percentage, meat color (L*a*b*), water holding capacity, or meat texture. The highest
carcass percentage was observed in the T1 treatment (75.52%), whereas the lowest carcass percentage was observed in
the TO treatment (67.83%). The highest value for meat color was recorded in the T3 treatment (5.75), whereas the lowest
a value was recorded in the TO treatment (3.18). The highest b value for meat color was found in the T3 treatment
(13.61), whereas the lowest b value was found in the TO treatment (11.56). The highest WHC was observed in the T2
treatment (44.85%), whereas the lowest WHC was observed in the TO treatment (41.44%). The highest meat texture was
found in the TO treatment (4.59 N), whereas the lowest meat texture was found in the T3 treatment (3.65 N). The effects
of the liquid nanoextracts of Andrographis paniculata and Moringa oleifera on broiler chicken carcass quality
significantly affected (p < 0.05) cooking loss and meat color L. The highest cooking loss was in the T3 treatment
(36.25%), whereas the lowest cooking loss was in the TO treatment (33.37%). The highest L value for meat color was
recorded in the T3 treatment (54.79%), whereas the lowest L value was recorded in the TO treatment (50.36%).
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Table 3. Effects of liquid nanoextracts of Andrographis paniculata and Moringa oleifera on the feed conversion ratio,
income over feed cost, body weight and feed consumption in broiler chickens

Treatments TO T1 T2 T3 p-value
Feed Consumption (g/broiler) 3494 +59.32 3579 * 26.33 3455 + 83.97 3510 + 40.04 0.096
Body Weight (g/broiler) 2221.19+4533  2351.41+71.12  2283.61 +58.65 2215.19 + 59.59 0.044
IOFC (IDR/kg) 6036 + 1046.087 9530 + 1154.85"  6053.13 + 1430.22°  6584.37 +1360.59°  0.009
FCR 1.57 +0.04° 1.49 +0.04° 1.55+0.01° 1.55 +0.03" 0.019

Superscripts with different letters in the same columns indicate significant differences (p < 0.05). FCR: Feed conversion ratio, IOFC: Income-over-feed
cost. TO: basal feed, 0% of Andrographis paniculata and Moringa oleifera nanoliquid extract, T1: 0.25% of of Andrographis paniculata and Moringa
oleifera nanoliquid extract, T2: 0.50% of Andrographis paniculata and Moringa oleifera nanoliquid extract, and T3: 0.75% of Andrographis
paniculata and Moringa oleifera nanoliquid extract.

Table 4. Effects of liquid nanoextracts of Andrographis paniculata and Moringa oleifera on the carcass quality of
broiler chickens

Treatments TO T1 T2 T3 p-value
Carcass percentage (%) 67.83 + 0.46° 7552 +1.27° 72.57 +1.52° 7216 £1.37°  2.81E-06
Cooking loss (%) 33.37 +0.24° 34.09+0.83"  3560+191™  36.25+1.30° 0.016
L* 50.36 + 0.34° 52.67 +1.34%® 5324 +2.44° 54.79 + 2.09° 0.020
Meat color a* 3.18 +0.28° 5.18 +1.07° 5.66 + 0.90° 5.75+0.29° 0.0005
b* 1156 + 0.66 11.95 +0.57 12.89 +2.55 13.61+0.36 0.181
Water holding capacity (%) 41.44 +0.44° 42.77+1.01®>  44.85+0.38 43.4+034>  9.39E-06
Meat texture. (N) 459 +0.44° 4.6 +0.29° 4.46+0.24° 3.65+0.29° 0.002

Superscripts with different letters in the same columns indicate significant differences (p < 0.05). TO: basal feed, 0% of Andrographis paniculata and
Moringa oleifera nanoliquid extract, T1: 0.25% of of Andrographis paniculata and Moringa oleifera nanoliquid extract, T2: 0.50% of Andrographis
paniculata and Moringa oleifera nanoliquid extract, and T3: 0.75% of Andrographis paniculata and Moringa oleifera nanoliquid extract.

DISCUSSION

Performance

The success of broiler production was evaluated based on performance indicators such as feed consumption, final
body weight, and the feed conversion ratio (FCR; Shafey et al., 2014). Research findings have shown that a nano mixture
of Andrographis paniculata and Moringa oleifera contains active compounds with natural antimicrobial and antioxidant
properties. An evaluation of performance factors against specific livestock parameters, such as FCR, revealed the ratio
between the feed consumed and the weight gained by broiler chickens (Pierozan et al., 2016). A lower FCR value
signified greater efficiency, which was evident from the FCR values in the T2 treatment, where T2 had a lower value
than the control and was similar to T1. Nevertheless, all the treatments achieved a targeted low average feed conversion
ratio (FCR) because the liquid nano extracts of Andrographis paniculata and Moringa oleifera have pharmacological
activities as natural antibiotics, antivirals (Udikala et al., 2017), antimicrobials, anti-inflammatory agents, anti-
cholesterol agents, anticancer agents, appetite stimulants, and digestive enhancers for broilers (Bagheri et al., 2020). The
addition of liquid nano extracts of Andrographis paniculata and Moringa oleifera resulted in relatively high feed
conversion ratios due to the physical and chemical properties of Moringa oleifera. As mentioned, the concentration of
antinutritional factors such as tannins and saponins led to reduced feed consumption (Steven et al., 2015), making the
feed more efficient, as observed in T2.

The results revealed that the nano mixture of Andrographis paniculata and Moringa oleifera presented the highest
IOFC in the T1 treatment. The results from the T1 treatment demonstrated that higher levels of herbal mixture usage
were associated with increased feed costs. According to Utami et al. (2023), factors influencing IOFC include broiler
chicken body weight, feed intake, feed costs during the rearing period, and the selling price of the broiler chicken at
harvest. Improved management practices lead to a higher IOFC, which implies more efficient broiler chicken rearing.
The T2 treatment demonstrated that the average IOFC value was similar to that of TO and T3, with nearly identical body
weights, indicating that more efficient conversion of nutrients into meat results in better IOFC values. This result was
related to the advantages of the liquid nanoextracts of Andrographis paniculata and Moringa oleifera, which include
greater particle absorption in the form of nanoparticles. Greater surface area for improved interactions, extending their
time in the intestines, minimizing intestinal cleansing processes, enhancing tissue penetration, and improving penetration
of the epithelial layer, resulting in more effective cellular absorption (Cao et al., 2019).

The results of the present study indicated that the T1 treatment, which involved the liquid nano extracts of
Andrographis paniculata and Moringa oleifera leaves, resulted in the highest body weight. However, this result led to
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high IOFC. Therefore, the most stable treatment was T2, owing to its efficient feed conversion ratio, which reduced feed
costs and contributed to body weight formation. Owoade et al. (2021) reported that low feed consumption was
influenced by the antioxidant compounds present in Andrographis paniculata and Moringa oleifera, which affected
organ performance and growth promoters in broilers, thus improving nutrient absorption and resulting in better body
weight (Alwaleed et al., 2020). Compared with the other treatments, the addition of 0.50% nano Andrographis
paniculata and Moringa oleifera resulted in slightly lower feed consumption but higher body weight again because
Andrographis paniculata and Moringa oleifera were recognized as excellent sources of nutrients with high protein
content and many benefits for monogastric livestock (Astuti and Irawati, 2022).

The results of the present study indicated that the consumption of 0.50% liquid nanoextracts from Andrographis
paniculata and Moringa oleifera was the most effective, as it resulted in increased body weight gain in broiler chickens
and decreased feed consumption. This was balanced by a lower feed conversion ratio, lower IOFC, and increased body
weight. The addition of Andrographis paniculata and Moringa oleifera to the diet could reduce feed consumption.
Oraibi and Ali (2021) noted that bioactive compounds in nano Andrographis paniculata and Moringa oleifera could
reduce feed consumption compared with normal levels. Secondary compounds such as tannins and saponins, which have
a bitter taste, were found to reduce palatability (Kholif et al., 2018). However, from a biological perspective, feed
consumption, the protein efficiency ratio, and the feed conversion ratio were optimal in the T2 treatment. The bioactive
compounds present in Andrographis paniculata and Moringa oleifera were present at optimal dosages within the herbal
mixture. Additionally, the synergistic effects of the combined ingredients positively influenced various performance
parameters.

Carcass quality

The average carcass percentage values with the addition of the nanoliquid additive extracts of Andrographis
paniculata and Moringa oleifera were, in descending order, 75.52% for the 0.25% addition (T1), 72.57% for the 0.50%
addition (T2), 72.16% for the 0.75% addition (T3), and 67.83% for the control (T0). In the present study, the ideal
carcass percentage value was achieved with the addition of 0.25% nanoliquid to Andrographis paniculata and Moringa
oleifera. This result was due to the advantages of nanoparticles, which have an increased surface area (Alkhtib et al.,
2020). According to Abd EI-Hack et al. (2018), greater particle absorption in the form of nanoparticles was due to their
larger surface area, which allows for better interactions, prolongs the residence time in the intestines, reduces intestinal
cleansing mechanisms, increases tissue penetration, and enhances epithelial layer penetration, leading to more efficient
cellular absorption.

The cooking loss values in this study ranged from an average of 33.37% to 36.25%, which was considered normal.
This aligns with the findings of Sari et al. (2021), who reported that broiler meat with a cooking loss of approximately
35% was of very good quality because of its relatively low cooking loss. Meat with a cooking loss of less than 35% was
deemed to have acceptable quality, as it reflects minimal nutrient loss during cooking. The cooking loss values in this
study were very similar, indicating that the addition of liquid nanoextracts of Andrographis paniculata and Moringa
oleifera did not result in significant differences.

Meat color was assessed via a Minolta Chromatometer Color Reader to obtain International Commission on
Illumination (CIE) laboratory values (L*: Lightness, a*: Redness, b*: Yellowness). The average L* values in this study
ranged from 50.36-54.79, which was considered to be within the normal range. This finding was consistent with that of
Hayat et al. (2024), who reported that lightness levels showed significant sensitivity to color measurement fluctuations
via three-dimensional color values, which were correlated with higher L* values. The use of high dimensions could
induce the release of stress-related hormones, including adrenaline, noradrenaline, and corticosterone. Downing et al.
(2017) categorized broiler breast meat with an L* value greater than 53 as pale. This occurred because the additives
used, Andrographis paniculata and Moringa oleifera, did not significantly differ. However, the addition of liquid
nanoextracts of Andrographis paniculata and Moringa oleifera, which have much smaller particle sizes, resulted in a
more stable L* value of 52.67 in the T1 treatment.

Compared with those of the control treatment, the a* color values of the addition of liquid nanofeed additives to
Andrographis paniculata and Moringa oleifera were also greater. However, the addition of 0.25%, 0.50%, and 0.75%
liquid nanoextracts of Andrographis paniculata and Moringa oleifera did not result in significant differences.
Additionally, the a* color values were related to the L* color values; in this study, both the a* and L* color values
increased with increasing concentrations of liquid nanoextracts of Andrographis paniculata and Moringa oleifera,
because Andrographis paniculata can maintain erythrocyte levels in the body, and Moringa oleifera significantly
increased the number of micronucleated polychromatic erythrocytes originating from the bone marrow of rodents (Bagri
and Kumar, 2024). Myoglobin oxidation caused a decrease in a* values across all treatments, as iron atoms can oxidize
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or denature myoglobin molecules during oxidation, resulting in a negative color change in the product and conversion of
myoglobin to methemoglobin (Celebi, 2024).

In this study, the addition of liquid nanoextracts of Andrographis paniculata and Moringa oleifera did not have a
significant effect on the b* values, because Andrographis paniculata and Moringa oleifera lack xanthophyll, which
means that they do not affect the b* color of the carcass. Orkusz et al. (2024) reported that some bacteria can produce
pigments through their metabolic processes, leading to alterations in meat color, such as an increase in yellowness to
58.59. Additionally, changes in meat color, including heightened yellowness, have been linked to bacterial spoilage,
myoglobin autoxidation, and protein oxidation. With the addition of liquid nanoextracts of Andrographis paniculata and
Moringa oleifera, the water-holding capacity values, listed from highest to lowest, were 44.85% for the 0.50% addition
(T2), 43.4% for the 0.75% addition (T3), 42.77% for the 0.25% addition (T1), and 41.44% for the 0% addition (T0Q). The
WHC increased with the addition of nanoliquid extracts of Andrographis paniculata and Moringa oleifera, which was
attributed to the presence of tannins in both Andrographis paniculata and Moringa oleifera, which can inhibit fat
absorption. Shahlehi et al. (2024) reported that tannins react with mucosal and epithelial proteins in the intestines,
thereby inhibiting the absorption of fats from ingested food.

The addition of liquid nanoextracts of Andrographis paniculata and Moringa oleifera to the feed resulted in texture
values listed from highest to lowest as follows, including 4.6 for the 0.25% addition (T1), 4.4 for the 0.50% addition
(T2), 4.5 for the 0% addition (TO), and 3.6 for the 0.75% addition (T3). The texture values of the Andrographis
paniculata and Moringa oleifera extracts were greater than those of the control treatment, which was attributed to the
alkaloid and tannin contents of Andrographis paniculata and Moringa oleifera, which inhibited fat absorption, leading to
an increase in the meat protein content and consequently higher texture values (lvanova et al., 2024).

CONCLUSION

The administration of 0.25% liquid nano extracts of Andrographis paniculata and Moringa oleifera effectively improved
performance parameters, such as FCR, IOFC, body weight, and feed consumption and also effectively enhanced the
carcass quality of broiler chickens. Moreover, additional studies were needed to explore the use of liquid and nanoliquid
extracts of Andrographis paniculata and Moringa oleifera in feed to assess their potential for improving outcomes.

DECLARATIONS

Funding
This work is financially supported by Brawijaya University through the Professor Grant Scheme 2023.

Acknowledgments
The authors would like to acknowledge financial support from Research grant funding for Profesors from Brawijaya
University.

Authors’ contributions

Ilham Fithrah Hasanain contributed to the data analysis and wrote the manuscript. Muhammad Halim Natsir and
Osfar Sjofjan developed the research methodology and reviewed the manuscript. Yuli Frita Nuningtyas analysed the
data. Filoza Marwi developed the technical research and edited the manuscript. Feri Eko Hermanto analyzed liquid
nanoextracts of Andrographis paniculata and Moringa oleifera. All the authors performed the validation and
investigation and approved the final manuscript.

Availability of data and materials
The authors of this article confirm that all the data supporting the findings of this research are available upon
reasonable request from the authors.

Competing interests
The authors declare that they have no conflicts of interest.

Ethical considerations

Ethical issues (including plagiarism, consent to publish, misconduct, data fabrication and/or falsification, double
publication and/or submission, and redundancy) have been checked by all the authors.

406



World Vet. J., 14(3): 400-408, 2024

REFERENCES

Abd El-Hack ME, Alagawany M, Elrys AS, Desoky ESM, Tolba HMN, Elnahal ASM, Elnesr SS, and Swelum AA (2018). Effect of
forage Moringa oleifera L. (moringa) on animal health and nutrition and its beneficial applications in soil, plants and water
purification. Agriculture, 8(9): 145. DOI: https://www.doi.org/10.3390/agriculture8090145

Ahmad M, Mohammad N, Aziz MA, Alam MA, Hossain MS, Islam MR, and Uddin MG (2020). Comparison of antioxidant role of
methanol, acetone and water extracts of Andrographis paniculata Nees. Journal of Medicinal Plants Research, 14(8): 428-437.
DOI: https://www.doi.org/10.5897/JMPR2020.6999

Alkhtib A, Scholey D, Carter N, Cave GW, Hanafy BI, Kempster SRJ, Mekapothula S, Roxborough ET, and Burton EJ (2020).
Bioavailability of methionine-coated zinc nanoparticles as a dietary supplement leads to improved performance and bone strength
in broiler chicken production. Animals, 10(9): 1482. DOI: https://www.doi.org/10.3390/ani10091482

Alwaleed S, Mickdam E, Ibrahim A, and Sayed A (2020). The effect of dried Moringa oleifera leaves on growth performance, carcass
characteristics and blood parameters of broiler chicken. SVU-International. Journal of Veterinary Sciences, 3(1): 87-99. DOI:
https://www.doi.org/10.21608/svu.2020.20685.1038

Astuti P and Irawati DA (2022). Broiler chicken performance given Moringa (Moringa oliefera Lam) and Sambiloto (Andrographis
paniculata) leaf extract in drinking water. Jurnal llmiah Peternakan Terpadu, 10(1): 92-100. DOI:
https://www.doi.org/10.23960/jipt. v10i1.p92-100

Bagheri G, Martorell M, Ramirez-Alarcon K, Salehi B, and Sharifi-Rad J (2020). Phytochemical screening of Moringa oleifera leaf
extracts and  their  antimicrobial activities. Cellular ~ and Molecular Biology, 66(1): 20-26. DOL:
http://www.doi.org/10.14715/cmb/2019.66.1.3

Bagri P and Kumar V (2024). Determination of genoprotection against cyclophosphamide induced toxicity in bone marrow of Swiss
albino mice by Moringa oleifera leaves and Tinospora cordifolia stem. Journal of Toxicology and Environmental Health, Part A,
87(16): 647-661. DOI: https://www.doi.org/10.1080/15287394.2024.2356861

Bhattacharya A, Tiwari P, Sahu PK, and Kumar S (2018). A review of the phytochemical and pharmacological characteristics of
Moringa oleifera. Journal of Pharmacy and Bioallied Sciences, 10(4): 181-191. DOI:
https://www.doi.org/10.4103/JPBS.JPBS 126 18

Cao SJ, Xu S, Wang HM, Ling Y, Dong J, Xia RD, and Sun HH (2019). Nanoparticles: Oral delivery for protein and peptide drugs.
Pharmaceutical Science and Technology, 20: 190. DOI: https://www.doi.org/10.1208/s12249-019-1325-z

Celebi Y (2024). Improvement of quality characteristics and shelf life extension of raw chicken meat by using black mulberry leaf
(Morus nigra L.) Extracts. Journal of Food Quality, 2024(1): 5822690. DOI: https://www.doi.org/10.1155/2024/5822690

Chhikara N, Kaur A, Mann S, Garg MK, Sofi SA, and Panghal A (2021). Bioactive compounds, associated health benefits and safety
considerations of Moringa oleifera L..: An updated review. Nutrition & Food Science, 51(2): 255-277. DOI:
http://www.doi.org/10.1108/NFS-03-2020-0087

Downing JA, Kerr MJ, and DL Hopkins (2017). The effects of pretransport supplementation with electrolytes and betaine on
performance, carcass yield and meat quality of broilers in summer and winter. Livestock Science, 205: 16-23. DOI:
https://www.doi.org/10.1071/AN23186

Hayat MN, Ismail-Fitry MR, KakaU, Rukayadi Y, Ab Kadir MZA, Radzi MAM, Kumar P, Nurulmahbub NA, and Sazili AQ (2024).
Assessing meat quality and textural properties of broiler chickens: The impact of voltage and frequency in reversible electrical
water-bath stunning. Poultry Science, 103(7): 103764. DOI: https://www.doi.org/10.1016/j.psj.2024.103764

Hossain MS, Urbi Z, Sule A, and Rahman KH (2014). Andrographis paniculata (Burm. f.) Wall. ex Nees: A review of ethnobotany,
phytochemistry, and pharmacology. The Scientific World Journal, 2014(1): 274905. DOLl:
https://www.doi.org/10.1155/2014/274905

Islam Z, Islam SR, Hossen F, Mahtab-ul-Islam K, Hasan MR, and Karim R (2021). Moringa oleifera is a prominent source of
nutrients  with  potential health benefits. International Journal of Food Science, 2021(1): 6627265. DOI:
https://www.doi.org/10.1155/2021/6627265

Ivanova S, Sukhikh S, Popov A, Shishko O, Nikonov I, Kapitonova E, Krol O, Larina V, Noskova S, and Babich O (2024). Medicinal
plants: A source of phytobiotics for the feed additives. Journal of Agriculture and Food Research, 16: 101172. DOI:
https://www.doi.org/10.1016/].jafr.2024.101172

Kholif AE, Gouda GA, Anele UY, and Galyean ML (2018). Extract of Moringa oleifera leaves improves feed utilization of lactating
Nubian goats. Small Ruminant Research, 158: 69-75. DOI: https://www.doi.org/10.1016/j.smallrumres.2017.10.014

Martinez-Ballesta M, Gil-Izquierdo A, Garcia-Viguera C, and Dominguez-Perles R (2018). Nanoparticles and controlled delivery for
bioactive compounds:  Outlining challenges for new smart-foods for health. Foods, 7(5): 72. DOI:
https://www.doi.org/10.3390/foods7050072

Mehdi Y, Létourneau-Montminy MP, Gaucher ML, Chorfi Y, Suresh G, Rouissi T, Brar SK, Cote C, Ramirez AA, and Godbout S
(2018). Use of antibiotics in broiler production: Global impacts and alternatives. Animal Nutrition, 4(2): 170-178. DOI:
https://www.doi.org/10.1016/j.aninu.2018.03.002

Natsir MH, Sjofjan O, and Muharlien M (2017). The effect of used form and level green cincau leaves (Cycleabarbata L. Miers) as
feed additive on broiler performance production. Research Journal of Life Science, 4(2): 87-96. DOI:
https://www.doi.org/10.21776/ub.rjls.2017.004.02.1

Nithya P, Mekala P, and Gopalakrishnamurthy TR (2021). Qualitative phytochemical analysis of leaf extracts of Andrographis
paniculata and its antibacterial activity on poultry pathogens. Journal of Pharmacognosy and Phytochemistry, 10(1): 1942-1944.
DOI: https://www.doi.org/10.22271/phyt0.2021.v10.i1aa.13634

407


https://www.doi.org/10.3390/agriculture8090145
https://www.doi.org/10.5897/JMPR2020.6999
https://www.doi.org/10.3390/ani10091482
https://www.doi.org/10.21608/svu.2020.20685.1038
https://www.doi.org/10.23960/jipt.%20v10i1.p92-100
http://www.doi.org/10.14715/cmb/2019.66.1.3
https://www.doi.org/10.1080/15287394.2024.2356861
https://www.doi.org/10.4103/JPBS.JPBS_126_18
https://www.doi.org/10.1208/s12249-019-1325-z
https://www.doi.org/10.1155/2024/5822690
http://www.doi.org/10.1108/NFS-03-2020-0087
https://www.doi.org/10.1071/AN23186
https://www.doi.org/10.1016/j.psj.2024.103764
https://www.doi.org/10.1155/2014/274905
https://www.doi.org/10.1155/2021/6627265
https://www.doi.org/10.1016/j.jafr.2024.101172
https://www.doi.org/10.1016/j.smallrumres.2017.10.014
https://www.doi.org/10.3390/foods7050072
https://www.doi.org/10.1016/j.aninu.2018.03.002
https://www.doi.org/10.21776/ub.rjls.2017.004.02.1
https://www.doi.org/10.22271/phyto.2021.v10.i1aa.13634

Hasanain et al., 2024

Okhuarobo A, Falodun JE, Erharuyi O, Imieje V, Falodun A, and Langer P (2014). Harnessing the medicinal properties of
Andrographis paniculata for diseases and beyond: A review of its phytochemistry and pharmacology. Asian Pacific Journal of
Tropical Disease, 4(3): 213-222. DOI: https://www.doi.org/10.1016/S2222-1808(14)60509-0

Oladeji OS, Odelade KA, and Oloke JK (2020). Phytochemical screening and antimicrobial investigation of Moringa oleifera leaf
extracts. African  Journal ~ of  Science, Technology, Innovation and Development, 12(1): 79-84. DOI:
https://www.doi.org/10.1080/20421338.2019.1589082

Oraibi DH and Ali NAL (2021). Effect of adding alcoholic and nano alcoholic extract of Moringa oleifera leaves to drinking water on
some blood parameters for laying hens Lohmann Brown. Biochemical & Cellular Archives, 21(1): 2765-2769. Available at:
https://connectjournals.com/03896.2021.21.2765

Orkusz A, Rampanti G, Michalczuk M, Orkusz M, and Foligni R (2024). Impact of refrigerated storage on microbial growth, color
stability, and pH of turkey thigh muscles. Microorganisms, 12(6): 1114. DOl:
https://www.doi.org/10.3390/microorganisms12061114

Owoade AO, Alausa AO, Adetutu A, Olorunnisola OS, and Owoade AW (2021). Phytochemical characterization and antioxidant
bioactivity of Andrographis paniculata (Nees). Pan African Journal of Life Sciences, 5(2): 246-256. DOI:
https://www.doi.org/10.36108/pajols/1202.50.0220

Pierozan CR, Agostini PDS, Gasa J, Novais AK, Dias CP, Santos RSK, PereiraJr M, Nagi JG, Alves JB, and Silva CA (2016). Factors
affecting the daily feed intake and feed conversion ratio of pigs in grow-finishing units: The case of a company. Porcine Health
Management, 2: 7. DOI: https://www.doi.org/10.1186/s40813-016-0023-4

Prasetyaningrum A, Jos B, Ratnawati R, Rokhati N, Riyanto T, and Prinanda GR (2022). Sequential microwave-ultrasound assisted
extraction of Flavonoid from Moringa oleifera: Product characteristic, antioxidant and antibacterial activity. Indonesian Journal
of Chemistry, 22(2): 303-316. DOI: https://www.doi.org/10.22146/ijc.65252

Sari TV, Zalukhu P, and Mirwandhono RE (2021). Water content, pH and cooking loss of broiler meat with garlic-based herbs
solution on drinking water. E3S Web of Conferences, 332: 01011. DOI: https://www.doi.org/10.1051/e3sconf/202133201011

Shafey TM, Mahmoud AH, Alsobayel AA, and Abouheif MA (2014). Effects of in ovo administration of amino acids on hatchability
and performance of meat chickens. South African Journal of Animal Science, 44(2): 123-130. DOI:
https://www.doi.org/10.4314/sajas.v44i2.4

Shahlehi S, Kasah R, Petalcorin MI, and Najim MMM (2024). Phytochemical analysis and anthelmintic activity of Andrographis
paniculata, Azadirachta indica, and Litsea elliptica leaves extracts against Caenorhabditis elegans. Journal of Wildlife and
Biodiversity, 8(3): 365-388. DOI: https://www.doi.org/10.5281/zenodo.12580790

Stevens CG, Ugese FD, Otitoju GT, and Baiyeri KP (2015). Proximate and anti-nutritional composition of leaves and seeds of
Moringa oleifera in Nigeria: A comparative study. Agro-Science, 14(2): 9-17. DOI: http://www.doi.org/10.4314/as.v14i2.2

Udikala M, Verma Y, Sushma SL, and Lal S (2017). Phytonutrient and pharmacological significance of Moringa
oleifera. International Journal of Life-Sciences Scientific Research, 3(5): 1387-1391. DOI:
https://www.doi.org/10.21276/ijlssr.2017.3.5.21

Untari T, Herawati O, Anggita M, Asmara W, Wahyuni AETH, and Wibowo MH (2021). The effect of antibiotic growth promoters
(AGP) on antibiotic resistance and the digestive system of broiler chicken in Sleman, Yogyakarta. In BIO Web of Conferences,
33: 04005. DOI: https://www.doi.org/10.1051/bioconf/20213304005

Utami CMP, Sjofjan O, and Natsir MH (2023). Effects of bioherbal compounds on performance and intestinal characteristics of laying
chickens. Journal of World's Poultry Research, 13(2): 199-205. DOI: https://www.doi.org/10.36380/jwpr.2023.22

Wen C, Yan W, Zheng J, Ji C, Zhang D, Sun C, and Yang N (2018). Feed efficiency measures and their relationships with production
and meat quality traits in  slower growing broilers.  Poultry  Science, 97(7): 2356-2364. DOI:
https://www.doi.org/10.3382/ps/pey062

Zhai R, Fu B, Shi X, Sun C, Liu Z, Wang S, Shen Z, Walsh TR, Cai C, Wang Y, et al. (2020). Contaminated in-house environment
contributes to the persistence and transmission of NDM-producing bacteria in a Chinese poultry farm. Environment
International, 139: 105715. DOI: https://www.doi.org/10.1016/j.envint.2020.105715

Publisher’s note: Scienceline Publication Ltd. remains neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

Open Access: This article is licensed under a Creative Commons Attribution 4.0 International License, which permits

- use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The
images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in
a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder.
To view a copy of this licence, visit https://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2024

408


https://www.doi.org/10.1016/S2222-1808(14)60509-0
https://www.doi.org/10.1080/20421338.2019.1589082
https://connectjournals.com/03896.2021.21.2765
https://www.doi.org/10.3390/microorganisms12061114
https://www.doi.org/10.36108/pajols/1202.50.0220
https://www.doi.org/10.1186/s40813-016-0023-4
https://www.doi.org/10.22146/ijc.65252
https://www.doi.org/10.1051/e3sconf/202133201011
https://www.doi.org/10.4314/sajas.v44i2.4
https://www.doi.org/10.4314/sajas.v44i2.4
https://www.doi.org/10.5281/zenodo.12580790
http://www.doi.org/10.4314/as.v14i2.2
https://www.doi.org/10.21276/ijlssr.2017.3.5.21
https://www.doi.org/10.1051/bioconf/20213304005
https://www.doi.org/10.36380/jwpr.2023.22
https://www.doi.org/10.3382/ps/pey062
https://www.doi.org/10.1016/j.envint.2020.105715
https://www.science-line.com/
https://creativecommons.org/licenses/by/4.0/

	ABSTRACT 
	INTRODUCTION 
	MATERIALS AND METHODS 
	RESULTS 
	DISCUSSION 
	CONCLUSION 
	DECLARATIONS 
	REFERENCES 

