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Abstract.

Objective: This study aimed to analyze the combination of herbal phytobiotics and Moringa leaves on the growth
performance, feed digestibility and leukogram profiles (H/L ratio) of male Alabio ducks. The research method used a 5 x
3 factorial design with three replications, each consisting of 4 ducks, totaling 180 ducks. The first factor was the herbal
phytobiotic dosage, consisting of JO (0%); J1 (1.0%); J2 (2.0%); J3 (3.0%), and J4 (4.0%). The second factor was the
level of moringa leaf powder, consisting of K1 (2%; K2 (4%), and K3 (6%). The variables observed included body weight,
weight gain, feed consumption, feed conversion ratio (FCR), feed digestibility, and leukogram profiles (H/L ratio). The
results showed that the combination of herbal phytobiotic doses and the level of moringa leaf administration significantly
affected growth performance, including body weight, feed consumption and conversion ratio (FCR), protein digestibility,
crude fiber digestibility (p<0.05) and heterophyle/limphosit (H/L) ratio. The best combination was a combination of 1%
phytobiotic dose with 6% moringa leaf powder (J1K3), with a body weight of 1140 g/head, the achievement of body
weight gain of 916,67 g/head, consumption of 2.750 g/head, feed conversion ratio (FCR) of 2,98, the protein digestibility
obtained is 73,87 %, the crude fiber digestibility is 48,93%. Meanwhile, achieving a leukogram profile with 186.80
thousand/pl leukocytes, 69.81% heterophils, 89.9% lymphocytes, and an H/L ratio (heterophils/lymphocytes) of 0.647.
The conclusion showed an improvement in the health status of ducks, indicated by reduced stress through a decrease in
the H/L ratio with the combination of phytobiotics and moringa leaf flour.
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Introduction

The use of antibiotic growth promoters (AGPs) has long
supported growth performance, feed efficiency, and
health in intensive poultry systems; however, their
prolonged use has raised concerns regarding antibiotic
residues and the accelerating emergence of
antimicrobial resistance (AMR). Consequently, many
countries have restricted or banned AGPs, including
Indonesia, which formally prohibited their use in
livestock feed in 2017 following earlier regulations in
the European Union [1]. Despite these measures being
necessary, AGP withdrawal has challenged poultry
production by increasing disease susceptibility and
reducing growth and feed efficiency under antibiotic-
free conditions.

These challenges are more pronounced in tropical
systems, where poultry are exposed to heat stress, high
humidity, and variable feed quality. Indigenous ducks
such as male Alabio ducks are particularly affected, as
suboptimal nutrition and environmental stress often
limit their productivity. Thus, sustainable nutritional
strategies that enhance growth, digestive efficiency, and
physiological resilience are urgently needed in duck
production systems.

* Author for Correspondence: danangbivatmoko@ulm.ac.id

Herbal phytobiotics have emerged as promising natural
alternatives to AGPs. Derived from plant sources,
phytobiotics contain bioactive compounds such as
essential oils, phenolics, flavonoids, alkaloids, and
terpenoids that exhibit antimicrobial, antioxidant, and
immunomodulatory activities. These compounds can
suppress pathogenic bacteria, improve gut microbiota
balance, stimulate digestive enzymes, and enhance
intestinal morphology, thereby supporting nutrient
absorption and growth performance in poultry [2].
Multi-herbal phytobiotic formulations containing
turmeric, ginger, garlic, kencur, galangal, cinnamon,
and betel leaf have shown particular potential. In male
Alabio ducks, supplementation with 2% herbal
phytobiotics increased final body weight to 1,118 g at
eight weeks, improved average daily gain to 209.37
g/bird/week, and reduced feed conversion ratio to 2.71
[3]. However, improvements in fiber digestibility
remained limited, indicating that phytobiotics alone
may not fully meet the nutritional requirements for
optimal growth.

Nutritional synergy using phytobiotics combined with
nutrient-dense plant ingredients has therefore gained
attention. Moringa oleifera leaf meal is a functional feed
resource in tropical regions, characterized by high crude
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protein content (30-55%) and essential amino acids,
including methionine (0.3%), lysine (1.63%), and
tryptophan (0.49%) [1]. Its vitamins, minerals, and
antioxidant compounds support metabolic regulation,
immune function, and tissue growth in poultry.
Previous studies indicate that inclusion of moringa leaf
meal up to 3% does not adversely affect duck
performance and may enhance growth and health
parameters, demonstrating its safety and feasibility as a
feed ingredient [4]. The antimicrobial and antioxidant
properties of moringa may complement the bioactivity
of phytobiotics, suggesting potential synergistic effects
when both additives are combined.

Managing physiological stress is also critical in AGP-
free poultry production, particularly under tropical
conditions. Heat stress disrupts thermoregulation,
reduces feed intake, impairs nutrient utilization, and
suppresses immunity. The heterophil-to-lymphocyte
(H/L) ratio is a widely used hematological indicator of
stress, with lower values reflecting improved immune
balance and stress tolerance [5]. Nutritional
interventions that reduce stress indicators are therefore
essential for sustaining duck productivity.

Herbal phytobiotics can alleviate stress through
antioxidant and anti-inflammatory mechanisms, while
moringa leaf flour provides additional antioxidants and
essential nutrients that strengthen immune function.
Together, these additives may enhance gut integrity,
nutrient absorption, and physiological resilience,
leading to improved leukogram profiles and reduced
H/L ratios [6].

Accordingly, this study evaluated the combined effects
of herbal phytobiotics and Moringa oleifera leaf flour
on growth performance, nutrient digestibility, and
physiological stress indicators in male Alabio ducks
under AGP-free conditions. It was hypothesized that this
synergistic combination would improve body weight
gain, feed conversion, nutrient utilization, and stress-

related hematological responses more effectively than
single supplementation or control diets [7]. This
approach aims to propose a sustainable nutritional
strategy to replace AGPs while maintaining
productivity, health, and welfare in indigenous duck
production systems [8].

Materials and Methods

Experimental Design and Animals

The experiment was conducted using a Completely
Randomized Design (CRD) with a 5 x 3 factorial
arrangement to evaluate the combined effects of herbal
phytobiotic dosage and Moringa oleifera leaf flour level
on male Alabio ducks. The first factor consisted of five
levels of herbal phytobiotics, while the second factor
comprised three levels of moringa leaf flour inclusion.
A total of 180 healthy male Alabio ducks of uniform age
and body weight were used in the study. The birds were
randomly allocated to 15 dietary treatment
combinations, with three replications per treatment and
four ducks per replication, ensuring adequate statistical
power for detecting treatment effects.

Dietary Treatments and Ration Formulation

The herbal phytobiotic factor consisted of five inclusion
levels: JO (0%), J1 (1.0%), J2 (2.0%), J3 (3.0%), and J4
(4.0%) of the ration. The second factor was the inclusion
level of moringa leaf flour, namely K1 (2%), K2 (4%),
and K3 (6%). All experimental diets were formulated to
be iso-protein and iso-energetic, containing 16% crude
protein and approximately 3,000 kcal/kg metabolizable
energy, in accordance with the nutrient requirements for
meat-type ducks as recommended by the National
Research Council in 1994. This formulation ensured
that any observed differences in performance and
physiological responses were attributable to dietary
treatments rather than nutrient imbalances.

Table 1. Nutritional Composition of the Basal Ration for Male Alabio Ducks

Feed Ingredients Crude Protein (%) gfgfgb;l(llszl/ig) Crude Fiber (%) (Co/oo;nposmon
Concentrate 40,00 3.000 4,10 10,00

BRI 20,00 2.900 3,25 36,00
Yellow Corn 9,00 3.400 3,37 20,00

Rice Bran 10,5 1.890 11,60 29,00
Vegetable Oil 0,00 8.800 0,00 5,00

Total 100,00

Note: Results from the Nutrition and Animal Feed Lab, Faculty of Agriculture, ULM, 2025

Feeding Management and Experimental Period

The experimental period covered the finisher phase
from 3 to 8 weeks of age. Prior to treatment application,
all ducks were reared under identical management
conditions during the starter phase (0-2 weeks) and
were fed a commercial BR-1 diet. From the beginning
of the finisher phase, the experimental diets were
introduced according to their respective treatment
groups. Feed and drinking water were provided ad
libitum throughout the study. The basal ration consisted

of concentrate (10%), BR-1 (36%), yellow corn (20%),
rice bran (29%), and vegetable oil (5%), which served
as the carrier for incorporating the phytobiotic and
moringa leaf flour treatments.

Preparation of Herbal Phytobiotics

The herbal phytobiotic used in this study was prepared
from a mixture of eight medicinal plants, namely
turmeric (Curcuma longa), ginger (Zingiber officinale),
garlic (Allium sativum), kencur (Kaempferia galanga),
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galangal (Alpinia galanga), ginger rhizome, cinnamon
(Cinnamomum sp.), and betel leaf (Piper betle). Each
plant material weighed 250 g, resulting in a total mixture
of 2,000 g combined in a 1:1 proportion. The herbal
mixture was dissolved in 150 L of clean water and
subjected to anaerobic fermentation by adding 5% sugar
and 150 mL of effective microorganism solution (EM-
4). Fermentation was carried out for seven days, with
manual stirring for approximately 30 seconds once daily
from day two to day seven to ensure homogeneity and
optimal microbial activity.

Preparation of Moringa Leaf Flour and Observed
Variables

Fresh moringa leaves were separated from stems,
thoroughly washed, and oven-dried at 60°C for 2 x 24 h
to preserve nutrient quality and bioactive compounds.
The dried leaves were then ground into a fine powder to
produce moringa leaf flour. Proximate analysis
indicated that the moringa leaf flour contained crude
protein ranging from 32.26% to 32.30%, metabolizable
energy of approximately 4,196 kcal/kg, and crude fiber
of 5.54%. The observed variables in this study included
growth performance parameters (final body weight,
body weight gain, feed consumption, and feed
conversion ratio), nutrient digestibility (protein and
crude fiber digestibility), and physiological stress
indicators based on the leukogram profile, particularly
the heterophil-to-lymphocyte (H/L) ratio.

Data Collection Procedures

Growth performance data were recorded throughout the
finisher phase (3—8 weeks). Feed intake was measured
weekly by subtracting feed refusal from feed offered,
while body weight was measured at the beginning and
end of the experimental period to calculate body weight

gain and feed conversion ratio. Protein and crude fiber
digestibility were determined using the total collection
approach, where nutrient intake and nutrient excretion
were quantified over a defined collection period.
Apparent digestibility coefficients were calculated as
the difference between nutrient intake and excretion
divided by nutrient intake, expressed as a percentage.
Blood samples were collected at the end of the
experimental period to evaluate physiological stress
indicators. Samples were obtained via venipuncture and
used to prepare blood smears, which were subsequently
stained using Wright’s stain. Leukocyte differentiation
was conducted under a light microscope to determine
heterophil and lymphocyte counts, and the H/L ratio was
calculated as the number of heterophils divided by the
number of lymphocytes.

Statistical Analysis

All data were subjected to analysis of variance
(ANOVA) appropriate for a factorial CRD using an F-
test to evaluate the main effects of herbal phytobiotic
dosage, moringa leaf flour level, and their interaction.
When significant differences were detected at p < 0.05,
means were separated using Duncan’s Multiple Range
Test (DMRT). Statistical analyses were performed to
ensure rigorous interpretation of treatment effects on
growth performance, nutrient digestibility, and stress-
related physiological responses.

Results and Discussion

Final Body Weight and Body Weight Gain

The growth performance of ducks receiving
combinations of phytobiotic doses and moringa leaf
powder including final body weight, feed intake,
average daily gain (ADG), and feed conversion ratio
(FCR) is presented in Table 1.

Table 1. Final body weight and body weight gain of Male Alabio Ducks

Final Weight (g.bird")

Body Weight Gain Feed

Consumption

Treatment at 8 weeks (g.bird .6 weeks ™) (g.bird .6 weeks ™) FCR

JOK1 1.060,00+7,3¢ 805,67 £7,3¢ 2.529,54 £29,1* 3,14 £0,04%
JOK2 1.053,33+7,3 < 758,83 £6,2¢ 2.591,00 £26,2% 3,41 £0,03¢
JOK3 986,66+7,3% 724,83 £5,9% 2.654,84 £31,3%® 3,66 +0,03¢¢
J1K1 977,70+7,3% 713,03 £5,2¢ 2.446,50 £27,7* 3,43 £0,05%¢
JIK2 1.085,00+7,3¢ 813,00 +6,6% 2.563,55 £29,2* 3,15+0,04®
JIK3 1.140,00+7,3" 916,67 +4,1°¢ 2.730,00 £23,1 2,98 +0,02?
J2K1 945,00+7,3% 675,00 £ 5,6™ 2.597,40 £26,4* 3,85 +0,03<
J2K2 990,00+7,3% 745,00 £ 5,5 2.694,00 £24,5% 3,62 +0,03¢¢
J2K3 1.016,67+7,3% 636,67 £ 6,7 2.723,40 £28,3% 4,28 +0,05%
J3K1 810,00+7,3* 510,00 + 4,72 2.730,00 +28,6% 5,35 +0,06°
J3K2 902,50+7,3% 647,50 £ 5,8% 2.730,00 +£28,3% 4,22 +0,03
J3K3 1.007,50+7,3% 727,50 £ 6,6 2.519,65 £29,6° 3,46 +0,03%°
J4K1 1.095,00+7,3¢ 797,00 £ 6,9 2.661,40 £27,4% 3,34 +0,04%
J4K2 1.085,00+7,3% 805,00 + 7,1¢ 2.695,91 +£28,7% 3,35 +0,03
J4K3 1.090,00+7,3¢ 764,33 £ 6,4 2.730,00 £29,2% 3,57 +£0,03%°

Note: Numbers followed by different superscripts in the same column are significantly different (p < 0.05).

Final body weight differed significantly among
treatments (p < 0.05). Ducks fed the optimal
combination (J1K3) achieved a final body weight of

1,140 g per bird, whereas ducks in the control groups

without phytobiotic supplementation (JO) exhibited

lower final body weights ranging from 986.66 to
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1,060.00 g per bird. The corresponding body weight
gain during the finisher period (3-8 weeks) was also
highest in J1K3, reaching 916.67 g per bird over the 6-
week period, and this value was significantly higher
than most other treatment groups.

The interaction between herbal phytobiotic dose and
Moringa oleifera leaf flour level significantly affected
growth performance variables, including final body
weight, body weight gain, feed consumption, and feed
conversion ratio (FCR) (p < 0.05). Across all treatment
combinations, the best growth performance was
observed in J1K3 (1% phytobiotic + 6% moringa leaf
flour), which produced the highest final body weight of
1,140 g per bird at 8 weeks of age.

This study demonstrates that combining herbal
phytobiotics with Moringa oleifera leaf flour produces
measurable improvements in growth performance,
nutrient digestibility, and physiological stress indicators
in male Alabio ducks under AGP-free feeding. The
significant interaction effects (p < 0.05) on final body
weight, body weight gain, feed intake, feed conversion
ratio (FCR), protein digestibility, crude fiber
digestibility, and leukogram variables indicate that the
response to phytobiotics depends on moringa inclusion
level and vice versa, supporting the concept of
nutritional synergy between bioactive phytogenic
compounds and a nutrient-dense leaf meal.

A consistent pattern across outcomes was that the most
favorable responses occurred at moderate phytobiotic
dosage combined with the highest moringa level.
Specifically, J1IK3 (1% phytobiotic + 6% moringa)
produced the highest final body weight (1,140 g/bird at
8 weeks) and body weight gain (916.67 g/bird over the
6-week finisher phase), while also yielding the lowest
FCR (2.98). By contrast, control diets without
phytobiotics (JO) resulted in lower final body weights
(986.66—-1,060.00 g/bird), illustrating the production
advantage of phytobiotic-moringa integration. These
results align with evidence that Moringa oleifera
inclusion can stimulate growth performance in ducks;
Ibrahim et al. (2017) [9] reported that 1% moringa
inclusion increased final body weight by 9.5%, daily
weight gain by 9.4%, and daily feed intake by 6.14%
relative to controls. The present findings extend that
evidence by showing that moringa-associated gains can
be further strengthened when paired with phytobiotics,
likely through additive or synergistic effects on gut
function, microbiome stability, and immune
competence [10; 11].

Feed Consumption and Feed Conversion Ratio
Feed consumption over the 6-week finisher period was
significantly influenced by dietary treatments (p < 0.05)

and ranged from 2,446.50 to 2,730.00 g per bird. Feed
conversion ratio (FCR) was likewise significantly
affected (p < 0.05), indicating differences in feed
utilization efficiency across dietary combinations. The
lowest (best) FCR was recorded in JIK3 at 2.98,
whereas the highest FCR was observed in J3K1 at 5.35,
suggesting that higher phytobiotic inclusion combined
with low moringa level resulted in inefficient
conversion of feed into body mass.

The observed range of feed consumption (2,446.50—
2,730.00 g/bird over 6 weeks) suggests that treatments
influenced appetite and feeding behavior, which is
plausible given the sensory and functional roles of
phytobiotics. Plant-derived essential oils, phenolics, and
pungent compounds are known to affect palatability and
stimulate digestive secretions, potentially increasing
feed intake when inclusion is optimal. Importantly, the
improvement in FCR wunder J1K3 indicates that
enhanced intake was not merely compensatory but
translated into more efficient conversion of feed into
body mass. This pattern supports the mechanistic
framework that phytobiotics can improve nutrient
absorption by promoting favorable gut microbial
balance and stimulating enzymatic activity, while
moringa provides a superior amino acid supply that
supports protein accretion and tissue growth.

A key outcome is the dose-dependent response to
phytobiotic inclusion. While 1% phytobiotic (J1)
combined with 6% moringa (K3) was optimal, higher
phytobiotic levels were not consistently beneficial. The
poorest feed efficiency occurred at J3K1, with an FCR
of 5.35, indicating that phytobiotic inclusion at >3% can
impair feed utilization under certain nutritional
contexts. Dose-dependent responses to phytobiotics
have been widely reported, where low-to-moderate
inclusion (often 1-2%) improves performance, whereas
higher inclusion may reduce palatability, alter gut
motility unfavorably, or introduce excessive bioactive
load that disrupts metabolic homeostasis [12, 13, 14]. In
the present study, the negative responses at higher
phytobiotic doses were also accompanied by weaker
fiber digestibility trends, suggesting that excessive
phytobiotic concentrations may not uniformly support
microbial fermentation or digestive physiology,
particularly when moringa inclusion is low.

Protein Digestibility (Nitrogen Retention)

The results of the variance analysis on nutrient
digestibility, including crude protein digestibility (Ret-
N) and crude fiber digestibility, are presented in Table 2
below.

Table 2. Crude Protein Digestibility (Ret-N) in the Treatment Ration

m

. N . .
Consumption . Excreta N n Nitrogen
Treatment (g/day) ?,j;lon NI (g/day) Excreta (%) NE Retention (%)
0
JOK1 61,75 16,05 9,919 8,600 3,268 67,026+4,34%
JOK2 61,69 16,05 9,901 9,930 3,147 68,20745,35%
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JOK3 63,21 16,05 10,145
JIK1 58,25 16,05 9,349
JIK2 61,04 16,05 9,796
JIK3 65,00 16,05 10,432
J2K1 61,84 16,05 9,925
J2K2 64,14 16,05 10,294
12K3 64,84 16,05 10,406
J3K1 65,00 16,05 10,432
B3K2 65,00 16,05 10,432
13K3 59,99 16,05 9,628
J4K1 63,37 16,05 10,170
JaK2 64,19 16,05 10,302
J4K3 65,00 16,05 10,432

39,5 7,530 2,974 70,682+4,21%
53,6 6,240 3,344 64,225+6,03%
59,4 5,120 3,041 68,956+5,11%®
44,1 6,180 2,725 73,876+4,45%
86,0 4,040 3,474 64,994+6,22%
52,0 7,080 3,681 64,237+5,06%
80,0 7,420 5,936 42,960+7,04%
90,0 7,560 6,804 34,780+4,01%
40,7 8,080 3,288 68,477+5,33%
69,0 8,980 6,196 35,646+6,15%
54,0 6,900 3,726 63,366+6,44%
74,60 6,480 4,834 53,078+5,42%
52,00 8,880 4,617 55,738+4,19%

Note: Numbers followed by different superscripts in the same column are significantly different (p < 0.05)

Nitrogen intake across treatments ranged from 9.349 to
10.432 g per day, whereas nitrogen excretion ranged
from 2.725 to 6.804 g per day. The superior protein
digestibility observed in JIK3 corresponded with
relatively lower nitrogen excretion, supporting the
interpretation that the optimal treatment improved
nitrogen retention and reduced nutrient losses through
excreta.

Protein digestibility, expressed as nitrogen retention,
was significantly affected by the interaction between
phytobiotic and moringa supplementation (p < 0.05).
Protein digestibility values varied widely across
treatments, ranging from 34.78% to 73.88%. The
highest nitrogen retention was observed in J1K3 at
73.876%, indicating the most efficient utilization of
dietary protein among all treatment combinations.
Improvements in protein digestibility provide
mechanistic support for the superior growth observed in
J1K3. Protein digestibility (nitrogen retention) varied
widely (34.78% to 73.88%), with the highest value
recorded for J1K3 at 73.876%. This improvement
coincided with relatively lower nitrogen excretion in the
same treatment, consistent with more efficient protein

utilization and reduced nutrient wastage. Nitrogen
intake ranged narrowly (9.349-10.432 g/day),
suggesting that differences in retention were primarily
driven by digestive and metabolic efficiency rather than
intake alone. The literature indicates that moringa’s
favorable amino acid profile and digestibility can
enhance crude protein utilization when included at
appropriate levels and when anti-nutritional factors are
effectively managed by moderate inclusion [15, 16].
Further, phytobiotics can support protein digestion
through stimulation of digestive enzymes and
suppression of proteolytic pathogenic bacteria, thereby
preserving intestinal integrity and absorptive capacity
[17]. Reports that moringa-based diets can increase
protein utilization by up to 10% over standard diets [18]
(Safwat et al., 2024) are consistent with the present
observation that the best treatment combination
markedly increased nitrogen retention relative to low-
performing groups.

Crude Fiber Digestibility
The results of the variance analysis on crude fiber
digestibility is presented in Table 2 below.

Table 2. Crude Fiber Digestibility

Dry Crude Dry Matter Crude
Treatment Ma‘Fter of Fib(f:r in (axb) of Excreta Fiber in (cx d) C.rude. B Fiber

Ration Ration (g/day) ( Excreta Digestibility (%)

(g/day) (a) (%) (b) <) (%) (d)
JOK1 61,75 5,62 3,470 38,0 5,230 1,987 42,732+4,42%
JOK2 61,69 5,62 3,467 31,7 6,035 1,913 44,819+5,11%
JOK3 63,21 5,62 3,552 39,5 6,090 2,405 32,283+6,44%
JIK1 58,25 5,62 3,273 53,6 3,523 1,888 42,317+5,25%
JIK2 61,04 5,62 3,430 59,4 3,235 1,921 43,984+5,62%
JIK3 65,00 5,62 3,653 441 4,230 1,865 48,934+4,42%
J2K1 61,84 5,62 3,475 86,0 3,230 2,777 20,072+3,22%
J2K2 64,14 5,62 3,604 52,0 5,035 2,618 27,366+3,55%
J2K3 64,84 5,62 3,644 80,0 4,090 3,272 10,208+2,54%
J3K1 65,00 5,62 3,653 90,0 3,230 2,907 20,421+3,42%
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J3K2 65,00 5,62 3,653 40,7
J3K3 59,99 5,62 3,371 69,0
J4K1 63,37 5,62 3,561 54,0
J4K2 64,19 5,62 3,607 74,6
J4K3 65,00 5,62 3,653 52,0

5,035 2,049 43,902+5,12%
4,230 2,918 13,428+2,52%
4,230 2,284 35,862+5,62%
4,230 3,155 12,526+0,33%
6,090 3,166 13,309+0,98%

Note: Numbers followed by different superscripts in the same column are significantly different (p < 0.05)

Crude fiber digestibility was significantly influenced by
dietary treatments (p < 0.05) and ranged from 10.21%
to 48.93%. The highest crude fiber digestibility was
recorded in J1K3 at 48.934%, demonstrating that the
combined supplementation at this level improved the
utilization of fibrous fractions in the ration.

Crude fiber intake ranged from 3.27 to 3.65 g per day
across treatments, while crude fiber excretion ranged
from 1.86 to 3.27 g per day. Treatments receiving higher
phytobiotic doses (=3%) tended to show reduced crude
fiber digestibility, consistent with the lower efficiency
observed at these inclusion levels.

Crude fiber digestibility also responded strongly to the
combined supplementation, ranging from 10.21% to
48.93%. The highest value occurred again in J1K3
(48.934%), indicating that an optimal phytobiotic—
moringa balance can enhance the utilization of
structural carbohydrates. Fiber intake varied modestly
(3.27-3.65 g/day), whereas fiber excretion varied more
widely (1.86-3.27 g/day), implying that treatment
effects primarily influenced breakdown and absorption.
Phytobiotics may improve fiber digestibility indirectly
by enhancing gut morphology (e.g., villus height and
absorptive surface), supporting microbial ecology in the
lower gut, and modulating digesta viscosity and transit
time [17]. Moringa inclusion can contribute to a
healthier gut environment through anti-inflammatory
effects and provision of fermentable substrates and

fermentation that supports fiber degradation [18].
However, the tendency for reduced fiber digestibility at
higher phytobiotic doses (=3%) suggests that excessive
phytogenic compounds may inhibit certain microbial
populations involved in fermentation or alter gut
conditions in ways that are unfavorable to fiber
breakdown. This again underscores the importance of
identifying an optimal dosage window rather than
assuming linear benefits with increasing inclusion.

The link between improved digestibility and enhanced
growth performance is biologically coherent. Higher
protein and fiber digestibility increases nutrient
availability, especially amino acids required for muscle
accretion and growth, while improved utilization of
fiber-associated energy can support maintenance and
production needs. In addition, better gut health reduces
energy diversion to immune activation and intestinal
repair, improving metabolic efficiency and resulting in
lower FCR [19]. The present dataset supports this chain
of causality, as the treatment producing the highest
nitrogen retention and fiber digestibility (J1K3) also
produced the best growth and FCR.

Leukogram Profile and H/L Ratio

The results of the variance analysis on the effect of the
combination of phytobiotic and moringa leaf flour on
the H/L ratio in The Leukogram Profile of Duck Blood
in Table 3 below.

micronutrients, potentially promoting microbial
Table 3. H/L ratio in The Leukogram Profile of Duck Blood
Heterophils Leukocytes Lymphocytes .

Treatment (%) (thousand/pl) (%) H/L Ratio
JOK1 95,08+6,18f 207,16+12,22f 92,30+0,98" 1,300+0,98%
JOK2 77,26+7,58% 195,80+9,82°¢ 67,00+0,982 1,350+0,98%
JOK3 89,21+6,49¢ 159,57+11,22% 88,73+0,98° 1,280+0,98°
J1K1 70,90+4,28° 176,66+8,55% 89,90+0,98¢ 1,180+0,98°
JIK2 81,01+5,26% 153,71+8,56° 95,20+0,98¢ 1,220+0,98*
JIK3 69,81+4,75¢ 186,80+11,114 89,90+0,98° 0,650+0,08?
J2K1 82,50+6,88% 216,33+1'5,23% 92,30+0,98" 1,310+0,98%
J2K2 79,42+5,66% 133,18+6,982 91,60+0,98" 1,340+0,98%
J2K3 56,60+6,212 173,91£10,34% 64,90+0,98* 1,340+0,98%
J3K1 56,06+3,64% 209,02+11,34f 66,10+0,982 1,330+0,98%
J3K2 64,69+6,12° 183,88+11,24% 74,200,982 1,300+0,98%
J3K3 72,06+5,88° 187,92+8,964 79,500,982 1,300+0,98°
J4K1 75,91+7,11b° 142,46+8,82° 90,00+0,98" 1,290+0,98°
J4K2 71,71+5,68° 169,10+8,87% 87,10+0,98° 1,330+0,98%
J4K3 58,99+6,622 194,49£11,21¢ 67,30+0,982 1,290+0,98°

Note: Numbers followed by different superscripts in the same column are significantly different (p < 0.05)
Leukogram variables, including total leukocyte count, heterophil percentage, lymphocyte percentage, and heterophil-to-
lymphocyte (H/L) ratio, were significantly affected by the interaction of phytobiotic dose and moringa leaf flour level (p

IJDDT, Volumel6 Issue 7s 2026

Page: 939



The Combination of Herbal Phytobiotics and Moringa Leaves on Growth Performance, Feed Digestibility and H/L
Ratio of Stress Indicators in Male Alabio Ducks

< 0.05). The lowest H/L ratio was observed in J1K3 at 0.65, indicating reduced physiological stress relative to other

treatments.

Leukocyte, Heterophil, Lymphocyte Responses and
H/L ratio

Total leukocyte counts ranged from 133.18 to 216.33
thousand/uL. across treatment groups, showing
significant variation in hematological responses to
dietary supplementation. In the JIK3 treatment,
heterophils reached 69.81% and lymphocytes reached
89.90%, reflecting a more favorable immune cell profile
consistent with improved physiological status in ducks
receiving the optimal dietary combination.

Beyond productivity and digestion, the present findings
highlight the relevance of hematological stress
indicators in evaluating functional feed additives. The
H/L ratio is widely used as an integrative biomarker
reflecting chronic stress and immune balance, where
elevated ratios indicate increased heterophil recruitment
and reduced lymphocyte proportion, commonly
associated with stressors such as heat, disease, or
nutritional challenges. In this study, dietary treatments
significantly affected leukocyte profiles and H/L ratio (p
< 0.05), and the lowest H/L ratio was observed in J1K3
(0.65). This suggests that the optimal combined
supplementation not only improved growth but also
enhanced physiological resilience.

The leukocyte count range (133.18-216.33
thousand/pul) indicates meaningful variation in
systemic immune activity across treatments. In J1K3,
heterophils were reported at 69.81% and lymphocytes at
89.90%, reflecting a shift toward a more favorable
immune balance. Although leukocyte differentials can
vary with sampling time and environmental conditions,
the consistent reduction of H/L ratio under the best-
performing diet supports the interpretation that
phytobiotics and moringa acted as immunomodulatory
and antioxidant agents, reducing stress-related immune
dysregulation. This is consistent with reports that
moringa and phytobiotic supplementation can decrease
H/L ratio by improving antioxidant capacity, increasing
lymphocyte counts, and mitigating excessive
heterophil-driven  inflammation  [20, 21, 22].
Phytobiotics may additionally prevent stress-associated
dysbiosis by modulating gut microbiota and reducing
pathogen load, which can lower systemic inflammatory
signaling and stabilize leukocyte dynamics [15, 23].
The H/L ratio of 0.65 recorded in J1K3 falls within
commonly cited “low stress” or “balanced” ranges
(often <1.0), whereas higher ratios are interpreted as
moderate-to-high stress depending on threshold
definitions [24, 25]. From a production perspective, this
reduction in physiological stress is important because
chronic stress is known to decrease feed intake, impair
nutrient  utilization, and  suppress  immune
responsiveness, ultimately compromising growth
performance. Therefore, the concurrent improvements
in FCR, digestibility, and H/L ratio under the same
treatment provide strong evidence that the combined
supplementation improves both productivity and
welfare-related physiological status.

Mechanistically, several complementary pathways
likely explain the synergy observed in J1K3. First,
moringa  supplies  high-quality  protein  and
micronutrients that directly support growth and immune
function, while phytobiotics enhance digestive
secretions and nutrient absorption capacity. Second,
both components have antioxidant and anti-
inflammatory properties that can mitigate oxidative
stress, particularly relevant under tropical conditions
where heat stress elevates reactive oxygen species and
disrupts endocrine and immune regulation. Third, both
components influence gut health and microbiome
composition:  phytobiotics provide antimicrobial
selectivity and may promote beneficial bacteria, while
moringa provides substrates and bioactive molecules
that support gut barrier integrity and reduce
inflammatory damage [26, 27, 28, 29]. Together, these
mechanisms can shift energy allocation away from
stress responses and toward growth.

Comparatively, phytobiotic effectiveness has been
reported across poultry species, though the magnitude
of response can differ between ducks and broilers due to
physiological and digestive differences. Broilers often
show strong improvements in FCR and growth in
response to phytobiotics (sometimes reported at 10—
15% improvements), whereas ducks may show
moderate improvements (often 5-10%), potentially due
to differences in baseline digestive capacity and
adaptation to fibrous ingredients. Nevertheless, ducks
under tropical stressors may display pronounced
benefits from immunomodulatory feed additives,
making combined phytobiotic-moringa strategies
particularly relevant for indigenous duck production
systems [30, 31, 32, 33].

From an applied standpoint, these findings support the
development of antibiotic-free feeding programs that
improve both production efficiency and physiological
resilience. The optimal treatment identified here (1%
phytobiotic with 6% moringa leaf flour) provides a
practical inclusion window that can be adopted by
producers, particularly in regions where moringa is
locally available and herbal ingredients are accessible.
Importantly, the decline in performance at higher
phytobiotic inclusion emphasizes that “more is not
always better,” and that formulation must balance
bioactive intensity with palatability, nutrient density,
and gut microbial stability.

Overall, the present study provides evidence that a
moderate phytobiotic dose combined with a higher
inclusion of moringa leaf flour enhances growth
performance, increases protein and crude fiber
digestibility, and reduces the H/L ratio in male Alabio
ducks. These outcomes collectively indicate improved
nutrient utilization, gut functionality, and stress
tolerance—three critical targets for sustainable duck
production under AGP-free and tropical conditions.
Future work may strengthen mechanistic inference by
evaluating intestinal morphology, digestive enzyme
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activity, and microbiome composition, and by validating
the observed benefits across different seasons or
environmental stress intensities.

Conclusion

The best combination treatment of herbal phytobiotics
with moringa leaf flour is the combination of a 1%
phytobiotic dose with 6% moringa leaf flour (J1K3),
achieving the best growth performance including a final
body weight of 1140 g/bird, average daily gain (ADG)
of 916.67 g/bird, feed intake of 2,750 g/bird, feed
conversion ratio (FCR) of 2.98, the best nutrient
digestibility achievements namely protein digestibility
(Ret-N) of 73.87% and crude fiber digestibility of
48.93%, as well as the best leukogram achievement,
particularly the heterophil-to-lymphocyte ratio (H/L) of
0.65 (<0.8), which indicates the lowest stress level in
livestock and the best overall health status.

Acknowledment

We would like to express our sincere gratitude to the
Ministry of Education, Culture, Research, and
Technology (Kemendikbudristek) for approving and
funding this research.

References

[1] Ognik K, Cholewinska E, Sembratowicz I, Grela
E and Czech A. The potential of using plant
antioxidants to stimulate antioxidant mechanisms
in poultry. (2016). World’s Poult Sci J, 72, 291-
298. https://doi.org/10.1017/S0043933915002779

[2] Suganya T, Senthilkumar S, Deepa K,
Muralidharan J, Gomathi G and Gobiraju S. Herbs
feed additives in poultry. (2016)Daryat.
International Journal of Science, Environment and
Technology, 5,1137 - 1145.
https://www.ijset.net/journal/978.pdf

[3] Biyatmoko D, Juhairiyah, Prasetio B, Santoso U
and Rostini T. The Phytobiotic Effect Of Herbs As
A Growth Promoter on The Performance and
Digestibility of Alabio Meat Ducks. (2021).
Livestock Research for Rural Development, 33(5).
http://www.lrrd.org

[4] Daryatmo, Hakim MR. Performa itik lokal (4nas
Sp) yang diberi tepung daun kelor (Moringa
oleifera) pada pakan dengan system pemeliharaan
intensif.  (2017). Jitro, 4(2) 33-39.
http://dx.doi.org/10.33772/jitro.v4i2.3229

[5] Majidi,K.A., M.I. Alshelmani, and M.M. Imdakin.
Effect of Diet Supplemented With Different Levels
of Moringa Powder on Growth Performance,
Carcass Characteristics, Meat Quality,
Hematological Parameters, Serum Lipids, and
Economic Efficiency of Broiler Chickens. (2023).
Ari, 1647-1656.
https://doi.org/10.32592/ari.2023.78.5.1647

[6] El-Ghany, W. A. A., & Eraky, R. D. (2020).
Influence of Dietary Moringa Oleifera on Broilers
Performance, Intestinal Microbial Population and
Humoral Immune Competence. Journal of the

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Hellenic Veterinary Medical Society, 70(4), 1805.
https://doi.org/10.12681/jhvims.22224

Abdelli, N., Sola-Oriol, D., & Pérez, J. F. (2021).
Phytogenic Feed Additives in  Poultry:
Achievements, Prospective and Challenges.
Animals, 11(12), 3471.
https://doi.org/10.3390/anil11123471

Akosile, O. A., Kehinde, F. O., Oni, A. 1., & Oke,
O. E. (2023). Potential Implication of in Ovo
Feeding of Phytogenics in Poultry Production.
Translational Animal Science, 7(1).
https://doi.org/10.1093/tas/txad094

Ibrahim, Sh., Ghamry, A. E., Allawy, H. E., Komy,
E. E., & Ali, F. (2017). The Effect of Moringa
Oleifera Leaves as a Feed Additive on Growth
Performance, Carcass Characteristics, Blood
Parameters and Economical Efficiency in Mulard
Ducks. (2017). Egyptian Journal of Nutrition and
Feeds, 20(2), 259-266.
https://doi.org/10.21608/einf.2017.75182
Alwaleed, S., Mickdam, E., Ibrahim, A. T. A., &
Sayed, A. N. (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.
https://doi.org/10.21608/svu.2020.20685.1038
Chung, E. L. T. (2025). A Brief Review on
Phytobiotics for Enhancing Broiler Health and
Sustainability in Tropical Production Systems. Bio
Web of Conferences, 191, 00001.
https://doi.org/10.1051/bioconf/202519100001
Meel, M., Sharma, T., Joshi, M., Gurjar, M.,
Sharma, S., & Kumari, M. (2021). Effect of
Feeding Moringa Oleifera Leaf Meal With
Multienzyme  on  Performance, Carcass
Characteristics and Economics of Production of
Broiler Chicks. Asian Journal of Dairy and Food
Research, Of. https://doi.org/10.18805/ajdfr.dr-
1612

Gorleku, D. O., BADU, G. P. A., Afele, J. T., Kaba,
J. S., & Abunyewa, A. A. (2022). Assessing the
Efficiency of Moringa Oleifera Leaf Meal on the
Growth Performance of Broiler Chicken. Journal
of Applied Life Sciences and Environment, 54(4),
370-376. https://doi.org/10.46909/journalalse-
2021-032

Verma, A. K., Pramanik, P. S., Verma, M., Maurya,
P. K., Singh, K. D., Kumar, S., & Gautam, S.
(2025). Effect of Moringa Oleifera Leaf Extract on
Performance, Hemato-Biochemical Parameters
and Economics of Broiler Production. Indian
Journal of  Animal Research, of.
https://doi.org/10.18805/ijar.b-5525

Osunkeye, O. J., Akinduro, V. O., Adedire, A. O.,
Adewumi, A. A., Aluko, O. P,, Omole, A. ]., &
Oyedokun, A. J. (2022). Effect of Moringa
Oleifera Leave Meal on Digestibility and
Haematological Parameters, and Health Status of
Doe Rabbits. Journal of Applied Sciences and

IJDDT, Volumel6 Issue 7s 2026

Page: 941



The Combination of Herbal Phytobiotics and Moringa Leaves on Growth Performance, Feed Digestibility and H/L
Ratio of Stress Indicators in Male Alabio Ducks

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

Environmental Management, 26(6), 1075-1080.
https://doi.org/10.4314/jasem.v26i6.12
Aguilar-Vasquez, J. V., Roberta Gomes Margal
Vieira Vaz, Machado, S. B., Rodrigues, K. F.,
Aratjo, C. C., & Celis-Pinedo, W. (2024). Moringa
Leaf Meal in Diets of Slow-Growing Chickens on
Metabolizability, Performance, Carcass, Organ
Biometry and Meat Colorimetry. Revista
Brasileira De Saude E Producdo Animal, 25.
https://doi.org/10.1590/s1519-994020230035
Basit, M. A., Kadir, A. A., Loh, T. C., Aziz, S. A.,
Salleh, A., Zakaria, Z. A., & Idris, S. B. (2020).
Comparative Efficacy of Selected Phytobiotics
With Halquinol and Tetracycline on Gut
Morphology, Ileal Digestibility, Cecal Microbiota
Composition and Growth Performance in Broiler
Chickens. Animals, 10(11), 2150.
https://doi.org/10.3390/ani10112150

Safwat, A. M., Sarmiento-Franco, L., El-Khalek,
E. A., Abou-Shehema, B., Hassan, O. A., &
Elnaggar, A. S. (2024). Effects of Dietary
Inclusion of Moringa Oleifera Leaf Meal on
Growth Performance of Muscovy Ducklings
(Cairina Moschata). Animal Bioscience, 37(4),
668—677. https://doi.org/10.5713/ab.23.0208
Ouyang, J., Qi, R., Chen, Y. F.,, Shahzad, K., Li, P.,
& Wang, M. Z. (2020). Effects of Rice Straw
Silage With Combining Additives of Lactobacillus
Plantarum, Trichoderma Viride and Wheat Bran on
the Growth Performance, Digestibility and Rumen
Fermentation in Growing Lambs. Indian Journal
of Animal Research, of.
https://doi.org/10.18805/ijar.b-1090

Abdulla, N., Loh, T. C., Akit, H., Sazili, A. Q., &
Foo, H. L. (2016). Effects of Dietary Oil Sources
and Calcium: Phosphorus Levels on Growth
Performance, Gut Morphology and Apparent
Digestibility of Broiler Chickens. South African
Journal of Animal Science, 46(1), 42.
https://doi.org/10.4314/sajas.v46il1.6

Nuningtyas, Y. F., Natsir, M., & Tistiana, H.
(2024). Effect of the Combination Phytobiotic and
Probiotic on the External Quality of Mojosari Egg-
Laying Ducks. Bio Web of Conferences, 88, 00015.
https://doi.org/10.1051/biocont/20248800015
Suariani, L., I Gusti Agus Maha Putra Sanjaya,
Kaca, I. N., Supastiawan, G. A., & Yasa, [. W. R.
(2023). Digestibility of Native Chicken Rations
Containing Fermented Banana Peels. International
Journal of Scientific Multidisciplinary Research,
1(8), 1013-1026.
https://doi.org/10.55927/ijsmr.v1i8.5791

Welker, T. L., Sealey, W. M., & Tan, R. (2023).
Digestibility of Corn Distiller’s Dried Grains With
Solubles (DDGS) in Practical Feeds With Phytase
and Xylanase Treatment Fed to Nile Tilapia. North
American Journal of Aquaculture, 86(1), 154—162.
https://doi.org/10.1002/naaq.10325

Daumas, C., Paragon, B., Thorin, C., Martin, L.,
Dumon, H., Ninet, S., & Nguyen, P. (2014).
Evaluation of Eight Commercial Dog Diets.

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

Journal of  Nutritional
https://doi.org/10.1017/ins.2014.65
Gao, J., Wei, W., Ji, C., Pan, X., Chang, J., Zhang,
Q., Zhao, X., Jiang, X., Zhang, R., Che, L., Lin, Y.,
Fang, Z., Zhuo, Y., Feng, B., Li, J., Hua, L., Wu,
D., & Xu, S. (2024). Effects of Yucca Extract on
Nutrient Digestibility, Antioxidant Status, Estrus
and Faecal Microorganism in Gilts. Animals,
14(23), 3356.
https://doi.org/10.3390/ani14233356

Voemesse, K., Teteh, A., Nideou, D., N’nanle, O.,
Tété-Benissan, A., Oke, O. E., Gbeassor, M.,
Decuypere, E., & Tona, K. (2019). Effects of
Moringa Oleifera Leave Meal in the Diet on Layer
Performance, Haematological and Serum
Biochemical Values. European Poultry Science,
83, 1-12. https://doi.org/10.1399/eps.2019.263
Hassan, R., Mahmoud, U. T., Amin, O. M., Abdel-
Raheem, G., & Al-Rammamneh, D. (2019). Effect
of Prebiotic on the Behavioural Patterns,
Performance, Carcass Characteristics, Antibody
Titer and Some Blood Parameters of Mule Ducks.
Svu-International Journal of Veterinary Sciences,
0(0), 27-37.
https://doi.org/10.21608/svu.2019.16763.1028
Yang, S., Yang, R., Zhou, X., Yang, S. H., Luo, L.,
Zhu, Y., & Boonanuntan, S. (2020). Effects of
Feeding Diets With Processed Moringa Oleifera
Stem Meal on Growth and Laying Performance,
and Immunological and Antioxidant Activities in
Laying Ducks. Poultry Science, 99(7), 3445-3451.
https://doi.org/10.1016/1.psj.2020.04.002

Jan, R. U., Ayaz, M., Ahmad, S. Z., Tahir, M. A.,
Khan, M. 1., Iftikhar, M., Han, H., Husien, H. M.,
Zang, Y., & Wang, M. (2025). Efficacy of Aqueous
Moringa Oleifera Leaf Extract as a Natural
Alternative to Antibiotics in Broiler Chickens:
Impacts on Growth, Digestibility, and Blood Lipid
Profile.  Veterinary  Sciences, 12(9), 860.
https://doi.org/10.3390/vetscil1 2090860

Zhang, L. Y., Peng, Q., Liu, Y., Ma, Q., Zhang, J.
Y., Guo, Y. P, Xue, Z.-J., & Zhao, L. (2021).
Effects of Oregano Essential Oil as an Antibiotic
Growth Promoter Alternative on Growth
Performance, Antioxidant Status, and Intestinal
Health of Broilers. Poultry Science, 100(7),
101163. https://doi.org/10.1016/].psj.2021.101163
Moses, O., Onimisi, P. A., Jegede, J. O., &
Afolayan, M. (2020). Evaluation of Optimum
Inclusion Levels of Biostrong® 510 15% as a
Replacement for Antibiotic Growth Promoters in
Broiler Chicken Production Under Field
Conditions in Nigeria. Nigerian Journal of Animal
Production, 46(3), 82-100.
https://doi.org/10.51791/njap.v4613.860
Lokapirnasari, W. P., Agustono, B., Arif, M. A. A.,
Maslachah, L., Chandra, E. H., & Yulianto, A. B.
(2022). Effect of Probiotic and Moringa Oleifera
Extract on Performance, Carcass Yield, and
Mortality of Peking Duck. Veterinary World, 694—

Science, 3.

IJDDT, Volumel6 Issue 7s 2026

Page: 942



The Combination of Herbal Phytobiotics and Moringa Leaves on Growth Performance, Feed Digestibility and H/L
Ratio of Stress Indicators in Male Alabio Ducks

700. https://doi.org/10.14202/vetworld.2022.694-
700

[33] Siti, N. W., I Gusti Nyoman Gde Bidura, Puspani,
E., & Sukasana, I. W. (2023). Effect of Moringa
Leaves Fermented by Probiotics (Saccharomyces
Spp.) on Abdominal Fat and Pathogenic Bacteria
in the Intestines of Ducks. World Journal of
Biology Pharmacy and Health Sciences, 14(1),
288-293.
https://doi.org/10.30574/wjbphs.2023.14.1.0199

IJDDT, Volumel6 Issue 7s 2026
Page: 943



