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ABSTRACT

The present work focuses on evaluating the use of palm fatty acid distillate (PFAD) and mangrove fruit extract
(Sonneratia alba) as sources of tannin supplementation, examining their effects on feed intake, nutrient digestibility,
milk production and quality, and hormonal response in dairy goats. The experiment employed a randomized block
design with four treatment groups: control diet (T1), ration + 6% PFAD + 0.5% mangrove fruit extract (T2), ration +
6% PFAD + 1.0% mangrove fruit extract (T3), and ration + 6% PFAD + 2.0% mangrove fruit extract (T4). This study
measured the following parameters: dry matter and nutrient intake; dry matter and organic matter; crude protein
digestibility; milk production and composition; and hormone levels of cortisol, oxytocin, and prolactin. The results
indicated that the use of PFAD and mangrove fruits did not affect feed intake or milk production (P>0.05); however, it
significantly improved nutrient digestibility (P<0.05). The treatment also significantly increased milk fat content and
decreased cortisol levels, while oxytocin and prolactin levels increased (P<0.05). Therefore, combining PFAD and
mangrove fruits can improve nutrient utilization efficiency, milk quality, and hormone balance in dairy goats without
affecting feed intake or milk production.

Keywords: Dairy Goats, Palm Fatty Acid Distillate, Sonneratia alba, Nutrient Digestibility, Milk Quality.

INTRODUCTION 2021; Aguilar-Gonzalez et al. 2022; Dey et al. 2025). These
constraints highlight the need for nutritional strategies that

In developing countries, particularly in regions with can simultaneously enhance feed efficiency, milk

limited feed resources and increasing demand for livestock
production, goat milk represents an important source of
animal protein. The dairy goat's ability to adapt to low-
quality feed is a big plus, and it gets the best out of tropical
forages. Nonetheless, the limitations of low feed intake,
suboptimal rumen fermentation, and high methane
emissions still take their toll on goat milk production.
Furthermore, these unfavorable factors influence the
quantity and quality of milk, which, in turn, affect the
reproductive health of the animals and hormonal
equilibrium during the lactation period (Izquierdo et al.

production, and physiological stability in dairy goats raised
under tropical conditions.

Ruminal fermentation is the primary physiological
process determining the successful utilization of nutrients
in ruminants (Shen et al. 2023). Rumen microbial activity
involving bacteria, protozoa, and archaea produces volatile
fatty acids (VFA), namely acetate, propionate, and
butyrate, which serve as the primary energy source for
livestock. The volume of VFA generated is a critical
criterion for determining the ratio of milk fat and lactose.
Propionate is the primary contributor of glucose for
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lactogenesis, while acetate is directly involved in milk fat
production (Ramirez-Restrepo et al. 2016; Danielsson et al.
2017; Shen et al. 2023). Low rumen fermentation
efficiency increases methane production as a pathway for
disposing of hydrogen, resulting in feed energy loss and
reduced milk production efficiency. Therefore, improving
rumen fermentation efficiency is a central target for
enhancing productive performance while reducing energy
losses in dairy goat systems (Greening et al. 2019; Ku-Vera
et al. 2020).

The primary focus of research on rumen fermentation
efficiency has been on altering nutritional factors through
dietary additives. One quickly emerging method in this
direction is the use of plant-derived bioactive compounds,
particularly tannins, as natural rumen modifiers. Tannins,
both condensed and hydrolysable, can bind to proteins,
thereby decreasing protein degradation in the rumen and
increasing undegradable protein flow to the small intestine
(Gunun et al. 2015; Aboagye et al. 2018). In addition,
tannins have been reported to reduce protozoa and
methanogenic archaea populations, thereby directing
hydrogen produced by methanogenesis toward VFA
(volatile fatty acid) production, mainly propionate
(Carrasco et al. 2017; Fitri et al. 2022; Pazla et al. 2025a).
These functional properties make tannins a promising
dietary intervention for simultaneously improving nitrogen
utilization and mitigating methane emissions.

The same alternation is important when considering
the variation in tannin effects on animal performance,
depending on the amount fed. At moderate dosages, tannins
may enhance nutrient utilization, reduce rumen ammonia
levels, and increase milk production without altering feed
intake (Broderick et al. 2017; Arik et al. 2024). High-dose
tannin treatment, on the other hand, could negatively affect
nutrient intake and digestibility by forming non-digestible
tannin-protein complexes. Consequently, selecting tannin
sources and identifying optimal doses are crucial factors for
adopting tannins in dairy goat production systems. This
dose-dependent response underscores the importance of
identifying locally available tannin sources with
manageable antinutritional risks (Hassanat et al. 2017,
Besharati et al. 2022).

Fruits from the mangrove, particularly those from
Sonneratia alba, are a plentiful source of natural tannins
that serve as local source and are used in animal husbandry
as functional feed ingredients. Multiple studies have
documented that mangrove fruits are rich in tannins and
phenolic compounds with biological activities that can
improve feed quality and control rumen fermentation
(Soenardjo and Supriyantini 2017; Elihasridas et al.
2025a). In addition, simple technological treatments of
mangrove fruits increase nutrient utilization and reduce the
antinutritional effects of tannins. Nonetheless, the literature
on the application of mangrove fruit in dairy goats remains
scarce, focusing primarily on fermentation parameters and
partial digestibility. This gap indicates the need for more
comprehensive evaluations that include productive
performance and physiological responses in dairy goats
(Jamarun et al. 2025).

In contrast, palm fatty acid distillate (PFAD), a
byproduct of the palm oil industry, is very rich in fatty acids
and could be a high-density energy source for ruminants.
The provision of fat increases energy supply for lactation,
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increases milk yield, and alters ruminal conditions
regarding fatty acid biohydrogenation (Vargas-Bello-Pérez
et al. 2022; Fitrianggi et al. 2025). The presence of fats acts
as another testosterone sink, helping minimize methane
production. However, excessive fat intake reduces forage
digestibility and disrupts the rumen microbiota; therefore,
appropriate formulation strategies are required. Thus,
PFAD supplementation requires careful balancing to
maximize energy benefits without impairing rumen
function (Ungerfeld 2015; Hu et al. 2023).

Feeding mangrove fruits and PFAD together creates a
synergistic nutritional approach. Tannins protect proteins
and, at the same time, inhibit methanogenic microbes in the
rumen, while PFAD is the energy source necessary for
lactation support. The bonding between the two can
improve rumen fermentation productivity, providing a
balanced supply of energy and protein and thereby
optimizing the quantity and quality of milk produced. The
improved nutrient efficiency influences lactation hormone
regulation, particularly insulin and IGF-1, which are the
primary regulators of milk synthesis and secretion in dairy
goats (Hassanabadi et al. 2021; Izquierdo et al. 2021). Such
an integrated feeding strategy may therefore link nutritional
efficiency with endocrine regulation of lactation.

There have been several studies examining the
separate impacts of tannins or fats. However, few have
considered the combined impact of PFAD and mangrove
fruit as a tannin source on feed intake, nutrient digestibility,
milk production and quality, and the hormonal profile of
dairy goats. Hence, this research is of great significance
because it not only enhances our understanding of the topic
but also, scientifically, supports the development of
strategies for feed production that are both efficient and
sustainable and reliant on local resources. Addressing this
knowledge gap is particularly relevant for tropical
production systems that depend heavily on locally
available feed resources.

This study hypothesized that dietary supplementation
with PFAD combined with mangrove fruit tannins would
improve nutrient digestibility and milk quality, and
modulate lactation- and stress-related hormonal responses,
without negatively affecting feed intake or milk yield. The
objective of this study was to evaluate the effects of PFAD
and different inclusion levels of mangrove fruit extract on
feed intake, nutrient digestibility, milk production and
quality, and hormonal profiles (cortisol, oxytocin, and
prolactin) in dairy goats.

MATERIALS AND METHODS

Research location and time

The study took place at Toni Farm, a dairy goat farm
located in Payakumbuh City, West Sumatra Province,
Indonesia (latitude: —0.2330638; longitude: 100.6268024;
altitude: £514m above sea level). The region has a tropical
climate with two distinct seasons, and during the study,
average temperatures ranged from 20°C to 29°C. The study
period was from September to November 2025.

Research materials

The primary research materials were mangrove fruit
(Sonneratia alba) sourced from the coastal area of Pasaman
Regency, West Sumatra, which served as a natural tannin



source. The mangrove fruit was dried and ground for use as
a feed additive, depending on the treatment. Palm Fatty
Acid Distillate (PFAD) was sourced from a palm oil
processing plant in North Sumatra and used as a dietary fat
energy source in the ration. The basal feed consisted of
forage (grass and field shrubs) and concentrates containing
tofu pulp, cassava, jackfruit peel, and a mineral mix. Table
1, 2, and 3 present the chemical composition and nutrient
content of the rations.

Table 1: Chemical composition of concentrate and forage used in
the experimental diets (% dry matter basis)

Chemical composition (%) Concentrate Forage
Dry matter 30.95 41.38
Organic matter 96.46 88.46
Crude protein 11.85 16.35
Crude fat 4.57 3.26
Crude fiber 17.53 20.83
Ash 3.54 11.54
Nitrogen-free extract 62.51 48.02
Total digestible nutrient 79.73 66.94
NDF 65.13 45.25
ADF 30.47 29.78
Cellulose 25.72 20.30
Hemicellulose 34.66 15.47
Lignin 2.98 2.81
Silica 1.77 6.67

Table 2: Chemical composition of the experimental rations (%
dry matter basis)

Chemical composition (%)
Dry matter 37.20
Organic matter 91.73
Crude protein 13.64
Crude fat 4.00
Crude fiber 18.85
Ash 8.63
Nitrogen-free extract 72.05
Total digestible nutrient 30.24
NDF 57.24
ADF 22.50
Cellulose 27.00
Hemicellulose 2.87
Lignin 4.71

Table 3: Treatment composition of palm fatty acid distillate
(PFAD and mangrove fruit (Sonneratia alba) extract in the
diets (%)

Treatments (%) Mangrove fruit PFAD
Tl 0 6
T2 0.5 6
T3 1 6
T4 2 6

Note: T1 = Control diet; T2 = Diet + 6% PFAD + 0.5% mangrove
fruit extract; T3 = Diet + 6% PFAD + 1.0% mangrove fruit
extract; T4 = Diet + 6% PFAD + 2.0% mangrove fruit extract.

Experimental animals and experimental design

The study used 16 Peranakan Etawa (PE) dairy goats
with an initial body weight averaging 40.5+2.37kg and
aged 2.5-3years. This study considered the sample size
adequate for detecting treatment effects under a
randomized block design, with individual animals serving
as experimental units and blocking minimizing
variability. Similar nutritional and hormonal studies in
dairy goats have commonly used 4 animals per treatment
with comparable experimental designs and statistical
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power (Pazla et al. 2022; Prayitno et al. 2025; Arief et al.
2025). Therefore, the use of 16 animals (4 treatments x 4
replicates) was deemed sufficient to evaluate the effects
of PFAD and mangrove fruit supplementation on intake,
digestibility, milk traits, and hormonal responses. Prior to
treatment, all animals underwent a 14-day acclimatization
period to the basal diet. This acclimatization period
ensured stable physiological conditions and rumen
microbe populations. The study followed a Randomized
Block Design featuring four treatments and four
replicates, in which each replicate included one goat
positioned as an experimental unit. The study
administered the following treatments:
T1 = Control ration
T2 = Ration + 6% PFAD + 0.5% mangrove fruit extract
T3 =Ration + 6% PFAD + 1.0% mangrove fruit extract
T4 = Ration + 6% PFAD + 2.0% mangrove fruit extract
The treatment and data collection period lasted 46
days, following the adaptation period.

Nutrient consumption and digestibility

The study calculated Nutrient consumption from daily
feed intake and the nutrient composition of the
experimental diets. Apparent nutrient digestibility was
determined using the total fecal collection method. Fecal
samples were collected during the last five consecutive
days of the experimental period using individual fecal
collection bags. The study collected total feces excreted per
animal every 24h, weighed and homogenized the samples,
and took representative subsamples for chemical analysis.
The study analyzed dry matter (DM), crude protein (CP),
crude fat, crude fiber, and ash content according to AOAC
(2016) guidelines.

Milk production and quality

The study recorded daily milk production throughout
the experimental period. The milk sample collection
process was done on days 25, 28, 32, 54, 57, and 60 to
form a composite representing the mid- and late-phase
lactation during the study. The volume of the morning and
afternoon milk samples was combined daily. The study
used the Lactosan SA Milk Analyzer (Milkronik Ltd.,
Bulgaria) to analyze milk quality, including fat, protein,
lactose, and total solids.

Hormone analysis

At the end of the study, the researchers collected blood
samples from the jugular vein. Serum was separated from
the blood by centrifugation without an anticoagulant at
3000rpm for 10min. The study measured cortisol,
prolactin, and oxytocin concentrations using a commercial
ELISA kit (BT-Laboratory, China) according to the
manufacturer's instructions. The study read absorbance at
450nm using a microplate reader.

Statistical Analysis

Prior to analysis, data were tested for normality using
the Shapiro—Wilk test and for homogeneity of variances
using Levene’s test. All data met the assumptions required
for parametric analysis. The data were analyzed using one-
way ANOVA in SPSS version 21.0. When significant
differences among treatments were observed (P<0.05), the
study used Duncan's Multiple Range Test. The study



treated each animal as an independent experimental unit
and presented data as mean+SD.

RESULTS

Feed intake

Based on Table 4, supplementation of PFAD and
mangrove fruit extract in the ration had no significant effect
(P>0.05) on the dry matter, organic matter, and crude
protein intake of dairy goats. Dry matter intake ranged from
2.954 to 2.993kg/head/day, organic matter intake ranged
from 2.703 to 2.782kg/head/day, and crude protein intake
ranged from 0.408 to 0.411kg/head/day in all treatments.

Nutrient digestibility

Ration treatment significantly influenced (P<0.05) the
digestibility of dry matter, organic matter, and crude
protein in dairy goats (Table 5). Dry matter digestibility in
treatment T1 (62.96+£0.62%) was lower than in T3
(65.25+0.80%) and T4 (65.62+0.81%), but not
significantly different from T2 (64.23+1.45%). Organic
matter digestibility showed a significant difference
(P<0.05), with treatment T4 (66.65+0.54%) higher than T1
(63.97+0.56%) and the other treatments. Furthermore,
crude protein digestibility differed significantly among
treatments (P<0.05). Treatment T4 produced the highest
crude protein digestibility (66.24+0.47%) and was
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significantly different from T1 (62.81+0.92%), T2
(63.53+0.49%), and T3 (64.20+1.12%).

Milk production and quality

Based on Table 6, milk production in dairy goats was
not significantly influenced (P>0.05) by feed treatment.
Milk production ranged from 0.987 to 1.003liters/head/day
in all treatments. Milk fat content differed significantly
among treatments (P<0.05). Treatment T2 produced the
highest fat content (7.95+1.18%) and was significantly
different from T1 (5.84+0.41%) and T3 (5.92+1.89%),
while T4 (6.55+2.44%) was in between. Milk protein and
lactose levels showed no significant differences (P>0.05)
among treatments, with protein levels ranging from
3.090% to 3.363% and lactose levels ranging from 2.925%
to 3.180%.

The parameters of total milk solids, namely non-fat
solids and total solids, also did not differ significantly
(P>0.05) among treatments. The levels of non-fat solids
varied between 6.51 and 7.08%, whereas the total solids
levels varied between 13.21 and 14.66%. Furthermore, the
physical properties of milk (i.e., density and salt content)
and the treatment feed, as shown by the high P-value
(P>0.05), had no significant effect on its quality. The milk
density changed very little during the experiment, ranging
from 1.021 to 1.022, whereas the salt content was more
variable, ranging from 0.430 to 0.463%.

Table 4: Feed Intake of dairy goats fed diets supplemented with palm fatty acid distillate (PFAD) and mangrove fruit (Sonneratia

alba) extract

Parameter (kg/head/day)

Treatment

T1 T2

T3 T4

2.972+0.023N8
2.703+0.041N8
0.41040.003N

Dry matter intake
Organic matter intake
Crude protein intake

2.983+0.043N8
2.734+0.033N8
0.408+0.002NS

2.954+0.041N8 2.993+0.039N8
2.766+0.041N8 2.782+0.046NS
0.411+0.006NS 0.40940.004N8

Note: T1 = Control diet; T2 = Diet + 6% PFAD + 0.5% mangrove fruit extract; T3 = Diet + 6% PFAD + 1.0% mangrove fruit extract;
T4 = Diet + 6% PFAD + 2.0% mangrove fruit extract. NS = not significant (P > 0.05).

Table 5: Nutrient digestibility of dairy goats fed diets supplemented with palm fatty acid distillate (PFAD) and mangrove fruit

(Sonneratia alba) extract

Parameter (%) Treatment

T1 T2 T3 T4
Dry matter digestibility 62.96+0.620 64.23+1.45% 65.25+0.80? 65.62+0.81?
Organic matter digestibility 63.97+0.56° 65.15+0.97° 65.50+0.81° 66.65+0.542
Crud protein digestibility 62.81+0.92P 63.53+0.49° 64.20+1.12° 66.24+0.47°

Note: T1 = Control diet; T2 = Diet + 6% PFAD + 0.5% mangrove fruit extract; T3 = Diet + 6% PFAD + 1.0% mangrove fruit extract;
T4 = Diet + 6% PFAD + 2.0% mangrove fruit extract. Different superscripts on the same row indicate significant differences (P<0.05).

Table 6: Milk production and quality of dairy goats fed diets supplemented with palm fatty acid distillate (PFAD) and mangrove fruit

(Sonneratia alba) extract

Parameter Tl T2

T3 T4

Milk production and main components

Milk production (L day™") 0.987+0.03NS 0.993+0.02NS 1.002+0.04NS 1.003+0.01N8
Fat (%) 5.84+0.41¢ 7.95+1.18 5.92+1.89¢ 6.55+2.44b
Protein (%) 3.260+0.45NS 3.363+0.22N8 3.175+0.20N8 3.090+0.49N8
Lactose (%) 3.088+0.43NS 3.180+0.20N8 3.008+0.18N8 2.925+0.46N8
Total milk solids

Solid non-fat (%) 6.87+0.95NS 7.08+0.46NS 6.69+0.42NS 6.51+£1.03N8
Total solid (%) 13.21+0.56N8 14.66+1.51N8 13.69+2.26N8 14.15+1.79N8
Physical properties and milk purity

Density 1.022+0.003NS 1.021+0.001N8 1.021+0.001N8 1.021£0.001NS
Salts (%) 0.463+0.07N8 0.463+0.03N8 0.453+0.02N8 0.430+0.09N8

Freezing Points (°C) —0.381£0.05NS

—0.400+0.03NS

—0.37040.03N8 —0.360+0.05N8

Note: T1 = Control diet; T2 = Diet + 6% PFAD + 0.5% mangrove fruit extract; T3 = Diet + 6% PFAD + 1.0% mangrove fruit extract;
T4 = Diet + 6% PFAD + 2.0% mangrove fruit extract. Different superscripts on the same row indicate significant differences (P<0.05).

NS = not significant (P>0.05).
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Table 7: Stress hormone and lactation profiles (cortisol, oxytocin, and prolactin) of dairy goats fed diets supplemented with palm fatty

acid distillate (PFAD) and mangrove fruit (Sonneratia alba) extract

Parameter (ng/L) Treatment

Tl T2 T3 T4
Cortisol 530.67+9.344 510.60+4.854 465.16=£13.30° 407.61£16.88°
Oxytocin 3.05+0.64¢ 3.20+0.64° 4.42+0.56° 6.15+0.68*
Prolactin 6.32+0.61°¢ 7.02+£1.120¢ 7.85+0.92P 11.20+0.69*

Note: T1 = Control diet; T2 = Diet + 6% PFAD + 0.5% mangrove fruit extract; T3 = Diet + 6% PFAD + 1.0% mangrove fruit extract;
T4 = Diet + 6% PFAD + 2.0% mangrove fruit extract. Different superscripts on the same row indicate significant differences (P<0.05).

Stress hormone and lactation profile

According to Table 7, the ration treatment had a
significant impact on the cortisol, oxytocin, and prolactin
levels in the dairy goats at the P<0.05 level. Cortisol levels
were highest in treatment T1 (530.67+9.34ng/L) and
decreased significantly in treatments T2 (510.60ng/L+
4.85), T3 (465.16ng/L+13.30), and T4 (407.61ng/L+
16.88), with the lowest value in T4. Oxytocin levels also
showed significant differences between treatments
(P<0.05). Treatment T4 produced the highest oxytocin
levels (6.15ng/L+0.68), followed by T3 (4.42ng/L+0.56),
while T1 (3.05ng/L+0.64) and T2 (3.20ng/L+0.64) showed
lower values. Furthermore, prolactin levels differed
significantly (P<0.05) between treatments. Treatment T4
produced the highest prolactin levels (11.20ng/L+0.69),
while T1 showed the lowest values (6.32ng/L+0.61).
Treatments T2 (7.02ng/L+1.12) and T3 (7.85ng/L+0.92)
were in between.

Zafar: Correct all values in the above para as
shown in green.

DISCUSSION

Feed intake

The results of this study showed that feeding PFAD
and mangrove fruit extract up to 2.0% did not significantly
affect (P>0.05) the goats' daily intake of dry matter, organic
matter, and crude protein. These findings indicate that the
animals still accept the treatment ration and do not reduce
consumption, as such reductions are commonly linked to
low palatability or physiological disorders (Kholif et al.
2016; Cortese et al. 2019; Bedford et al. 2020).

The stable feed intake pattern across all treatments
indicates that the levels of PFAD and mangrove tannin
supplementation remain within the physiological tolerance
limits of dairy goats. This condition is beneficial, as just-
enough feed intake is one of the key factors in maintaining
energy balance and, further, in regulating metabolic
processes during lactation (Harjanti et al. 2017; Mariana et
al. 2019). In addition, the comparable crude protein intake
across treatments suggests that the inclusion of mangrove
fruit extract did not block protein absorption from the diet
and, consequently, the potential for nutrient utilization
remained active (Kolawole et al. 2019; Braun et al. 2019;
Poolthajit et al. 2021).

The effects of tannins on feed intake are known to be
dependent on the amount given. Livestock tolerate tannins
at low to moderate dietary levels without reductions in feed
intake (Patra and Saxena 2010; Wang et al. 2022);
however, intake usually decreases at higher doses (Gunun
et al. 2018). The absence of differences in consumption in
this study indicates that the level of mangrove fruit extract

936

inclusion used is still safe for dairy goats.

Nutrient digestibility

The increase in dry matter, organic matter, and crude
protein digestibility in treatments with higher levels of
mangrove fruit extract clearly indicates that tannins
significantly affect nutrient digestion in dairy goats.
Tannins, as polyphenolic compounds, are known to affect
the digestibility and utilization of nutrients, depending on
dosage (feed, etc.); therefore, low and moderate levels can
increase nutrient extraction efficiency. However, very high
concentrations reduce feed digestibility, particularly of
mineral- and fiber-rich components, by forming insoluble
complexes (Adejoro et al. 2019; Avila et al. 2020;
Besharati et al. 2022).

The high crude protein digestibility observed in the
mangrove fruit supplementation treatment suggests a role
for tannins in preventing complete ruminal degradation of
feed protein. Tannins can initiate reversible interactions
with proteins, which, in turn, result in lowering the rate of
protein destruction by the microbes of the rumen; thus,
more protein is allowed to pass through the rumen and be
digested and absorbed in the small intestine (Gunun et al.
2016; Iswarin et al. 2016). This mechanism contributes to
enhanced nitrogen use efficiency and crude protein
digestibility, as reduced rumen protein degradation is
associated with less ammonia production and more protein
reaching the intestine (Adejoro et al. 2019; Sharifi and
Chaji 2019).

Furthermore, the increase in the digestibility of dry
matter and organic matter suggests that tannins are not only
regulators of proper microbial activity but also stabilizers
of rumen fermentation. It has been published that tannin
controls protozoa numbers, does not allow mutualism to
develop efficiently between nutrient and cellulose bacteria,
and forms VFAs (volatile fatty acids) more efficiently,
which, in the end, has a positive impact on the organic part
of the ration's utilization (Perna Junior et al. 2022). The
conditions thus created allow for an increase in digestibility
without a decrease in feed intake that is not so great as to
go unnoticed, as has been the case in the research outcomes
of this study.

Relying on PFAD as a source of fat in the feed
increases the nutrient digestibility of tannins. Nevertheless,
fat is known to have such an effect as to interfere with the
activities of the rumen microbes. However, several studies
have shown that specific fatty acids can serve as energy
sources for microbes, thereby indirectly supporting
fermentation stability (Bhagwat et al. 2012; Pecka-Kielb et
al. 2021). Mixing tannins from mangroves with PFAD is
thought to balance rumen fermentation, thereby reducing
the negative impact of fat on digestibility and maintaining
nutrient utilization efficiency (Guo et al. 2023; Elihasridas



et al. 2025b; Pazla et al. 2025b; Zhang et al. 2025).

Milk production and quality

According to the data presented in Table 6, the
addition of PFAD and mangrove fruit extract did not cause
a significant change in milk production by dairy goats
(P>0.05). Various physiological factors beyond nutrition,
such as the lactation phase (Rahmadiati et al. 2023),
hormonal status (Prihantoro et al. 2021), and genetic
capacity of livestock (Widianingrum 2021), influence milk
production in dairy cattle. As a result, milk production
often shows a limited response to feed interventions.

Although milk production did not differ significantly,
ration treatment significantly influenced milk fat content
(P<0.05). The increase in milk fat content in the PFAD
treatment suggests that feed fat plays a significant role in
modifying milk composition. Feed fat, including PFAD
and palm oil, is a high-density energy source that plays a
greater role in altering milk composition, particularly the
fat fraction, than in increasing milk production volume
(Handojo et al. 2018).

An increase in milk fat proportion relates to the
function of rumen fermentation products, especially acetate
and B-hydroxybutyrate, which are considered the main
precursors of milk fat production. Acetate is the primary
carbon source for the formation of new fatty acids in
mammary glands (Lin et al. 2019), and B-hydroxybutyrate
is an energy source that helps to maintain metabolic
efficiency during lactation (Lv et al. 2021). This conclusion
indicates that PFAD supplementation increases energy
utilization for milk fat production, but does not necessarily
increase overall milk yield.

The use of mangrove fruit extract as a source of tannin
did not lead to any significant increase or decrease in the
levels of protein, lactose, non-fat solids (NFS) and total
milk solids (P>0.05). This result means that the level of
tannins used does not affect the synthesis of the main milk
components. Tannins enhance nutrient utilization
efficiency by protecting feed protein (Anantasook et al.
2016) and stabilizing rumen fermentation, thereby
maintaining nutrient availability for milk synthesis without
affecting milk quality (Yanza et al. 2021).

The current findings on milk composition stability
align with reports of moderate tannin supplementation,
which typically maintains milk quality without consistently
increasing milk volume (Dey and De 2014). Therefore,
tannins derived from mangrove fruits function as possible
functional feed additives that contribute to the quality of
milk without having any adverse effects on the synthesis of
the major milk components.

Stress hormone and lactation profiles

PFAD supplementation and mangrove fruit extract
significantly (P<0.05) modified the hormonal and lactation
profiles in dairy goats as reflected by the levels of cortisol,
oxytocin, and prolactin. The control treatment (T1) showed
the highest cortisol values, and successive treatments with
increasing levels of mangrove fruit extract resulted in a
significant reduction in cortisol levels, with T4 showing the
lowest values. Cortisol is a stress hormone related to
nutritional status and metabolic balance; hence, its decrease
indicates a more favorable physiological condition and less
stress in animals as a result of better feed (DiGiacomo et al.
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2018; Fazio et al. 2024).

Mangrove tannin administration significantly reduced
cortisol levels, indicating that these secondary plant
metabolites alleviate physiological stress associated with
impaired rumen fermentation and nutrient intake. Tannins
reduce protozoa numbers, thereby enabling fermentation to
proceed and, consequently, reducing physiological stress
reactions in livestock (Roca-Fernandez et al. 2020;
Antonius et al. 2023).

In line with the decrease in cortisol, oxytocin
concentrations were significantly elevated (P<0.05) in
response to treatment with a higher dose of mangrove fruit
extract. Oxytocin is the primary hormone that plays a role
in the milk let-down reflex through the contraction of
myoepithelial cells around the alveoli of the mammary
gland (Masedunskas et al. 2017). The increase in oxytocin
in this study indicates that the animals were in a more
comfortable physiological state, which supports the
efficiency of the lactation process. Additionally, oxytocin
improves animal welfare by promoting its release, which
links to reduced stress and more favorable physiological
interactions (Ziegler et al. 2015; Chen and Sato 2016).

The treatment with T3 and T4 was significantly
different (P<0.05) from the control in terms of prolactin
levels, which increased substantially. Prolactin is the
primary hormone in the lactation process and serves as the
main regulator of milk production in the mammary glands.
Higher prolactin levels are suggested to indicate sufficient
nutrient availability (Vailati-Riboni et al. 2016) and good
metabolic status in animals (Humer et al. 2018).

The relationship between nutritional condition and
hormonal response is also clear in the case of PFAD's role
as an energy source and tannins as metabolic alchemists.
PFAD is an energy source that maintains metabolic
balance (Handojo et al. 2019). In contrast, tannins
facilitate the capture of feed proteins and improve nutrient
flow to the rumen (Pazla et al. 2025c¢), ultimately altering
hormone levels during lactation (Shi et al. 2017). The
upsurge in prolactin and oxytocin hormones, thus, is a
better indicator of the efficiency and quality improvement
of the lactation process than the simple quantitative
increase in milk production.

The combination of PFAD and mangrove fruit extract
in dairy goats had a positive effect on their physiological
status, as summarized in Table 7, by lowering stress-related
hormones and simultaneously promoting the release of
lactation hormones. The presence of such a hormonal
profile is an important sign that the effects of improved
nutritional rations are first evident in endocrine responses
and animal welfare before they are reflected in milk
production parameters (Sun et al. 2015; Wang et al. 2016;
Anwar et al. 2023).

The relatively small sample size and short
experimental duration limit this study. Future studies with
larger animal populations and more extended feeding
periods are required to confirm the long-term effects of
PFAD and mangrove fruit extract supplementation.

Conclusion

Dietary supplementation of 6% PFAD along with
2.0% Sonneratia alba (mangrove) fruit extract in the dairy
goat diet did not cause any changes in feed intake and milk
production. However, it did enhance nutrient digestibility



and alter milk quality, especially fat content. The increase
across the board in dry matter, organic matter, and crude
protein digestibility has been a clear indication of improved
nutrient utilization efficiency and of the animals' metabolic
balance being unaffected. Additionally, this treatment
combination reduced stress hormone (cortisol) levels and
increased lactation hormones (oxytocin and prolactin),
reflecting more stable physiological conditions in the
animals and supporting the efficiency of the lactation
process. Overall, the use of PFAD and mangrove fruit
extract as functional feed ingredients has the potential to
improve milk quality and the welfare of dairy goats through
enhanced nutrient efficiency and hormonal responses.
However, it does not directly increase milk production
volume. Practically, PFAD and mangrove fruit extract may
be used as functional feed ingredients to improve nutrient
efficiency and milk quality while maintaining animal
welfare and production performance.
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