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ABSTRACT

The objective of this research is to identify the most effective blend of Mangrove (Rhizophora apiculata) leaf hay and
fermented Mirasolia diversifolia (FMd) as sources of fiber and protein for goats in-vivo. In this study, an experimental
approach was utilized, employing a randomized group design with four distinct treatments, each with four separate
groups serving as replicates. The treatments included T1 (35% mangrove leaf hay (MLH) + 5% FMd + 60%
concentrate), T2 (30% MLH+ 10% FMd + 60% concentrate), T3 (25% MLH + 15% FMd+ 60% concentrate), T4 (20%
MLH + 20% FMd + 60% concentrate). The measured variables included the consumption and digestibility of food
substances: crude fiber, crude fat, and Nitrogen-free extract (NFE), as well as the digestibility of fiber fractions: NDF,
ADF, cellulose, and hemicellulose. Additionally, body weight gain, ration efficiency, and feed conversion ratio were
assessed. The analysis outcomes revealed that each treatment insignificantly impacted (P>0.05) the consumption and
digestibility of crude fiber, crude fat, NFE, ration efficiency, and feed conversion ratio in distinct ways. However, there
were significant differences (P<0.05) in the digestibility of NDF, ADF, cellulose, hemicellulose and body weight gain,
The findings from the study revealed that the T4 treatment produced the most favorable outcome in terms of
consumption and digestibility of crude fiber, crude fat, NFE, NDF, ADF, cellulose, hemicellulose, body weight gain,
ration efficiency, and feed conversion ratio.
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INTRODUCTION

Rhizophora apiculata is a species of mangrove plant
that is found in various mangrove ecosystems, and it
contains essential nutrients for livestock. According to
Ikhlas et al. (2023), Mangroves can serve as feed for
ruminants due to its widespread availability in nature
(Ikhlas et al. 2023). R. apiculata has been reported to
contain 92.58% dry matter, 8.86% ash, 91.14% organic
matter, 5.76% crude protein, 16.83% crude fiber, 3.07%
crude fat, 48.62% acid detergent fiber (ADF), 54.51%
neutral detergent fiber (NDF), 15.10% cellulose, 5.89%
hemicellulose, and 14.53% lignin. Moreover, mangrove

leaves contain 13.37% crude protein and 79% total
digestible nutrient (TDN) (Jamarun et al. 2020; Sari et al.
2022a). To ensure the long-term storage of mangrove
leaves and prevent the need for repeated harvesting, they
are sun-dried, a process referred to as mangrove leaf hay.
In addition to mangroves, M. diversifolia leaves have
also been widely used as forage feed and can be combined
with other forages. M. diversifolia leaves boast high
nutrients content, especially crude protein. The research
conducted by Jamarun et al. (2018) found that whole M.
diversifolia, including leaves and stems, contains 84.01%
organic matter, 25.57% dry matter, 22.98% crude protein,
and 18.17% crude fiber. Pazla et al. (2021a) also reported
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that M diversifolia is rich in crude protein, with levels
reaching 22.95%, which is highly conducive to rumen
microbial growth. In the leaves, crude protein is higher,
while crude fiber is lower at 21.4 and 14.5%, respectively
(Adrizal et al. 2021). However, there are obstacles to the
use of M. diversifolia as animal feed, primary due to its low
palatability resulting from the high presence of
phytochemical compounds or antinutrients, especially
phytic acid. Pazla et al. (2023a) found that M. diversifolia
contains harmful antinutrients such as phytic acid.

Phytic acid (79.1mg/100g) is one of the antinutrients
that can bind to the nutrients in feed ingredients and inhibit
digestibility (Fasuyi et al. 2010), Therefore, it is necessary
to process M. diversifolia, one method being the
fermentation of M. diversifolia using Aspergillus ficuum
fungi over a period of five to seven days. The use of A.
ficuum fungi is encouraged because this fungus has been
proven to produce phytase enzymes capable of hydrolyzing
phytic acid in M. diversifolia leaves (Pazla et al. 2023b).
Pazla et al. (2021b) pointed out that one of the microbes
producing phytase enzyme is A. ficuum, making it suitable
for use as an inoculum in M. diversifolia fermentation.
Furthermore, according to Zhang et al. (2010) and Wang et
al. (2014), A. ficuum has produced the latest phytase strain,
NTG-23, which operates optimally at specific pH levels
and exhibits resistance to pepsin and renin, thus making it
a potential animal feed additive. It is also documented that A.
ficuum is a type of fungus widely employed as fermentation
process (Jamarun et al. 2023). Moreover, fermentation serves
the purpose of extending the shelf life of M. diversifolia,
particularly when large quantities are collected.

Providing mangrove leaves, combined with fermented
M. diversifolia, in complete rations is expected to meet the
nutritional needs of ruminants and increase body weight,
especially in Kacang goats. Sari et al. (2022b; 2022c)
reported that a combination of 16% mangrove leaf hay with
24% field grass, 10% rice straw, and 50% concentrate for
Kacang goats gave the best digestibility results of crude
fiber, crude fat, and NFE, which were 67.98, 63.73, and
61.38%, respectively. However, the practice of using a
combination of mangrove leaf hay and fermented M.
diversifolia as goat feed has not been widely adopted. This
research aims to identify the most effective blend of
Mangrove (Rhizophora apiculata) leaf hay and fermented M.
diversifolia as sources of fiber and protein for goats in-vivo.

MATERIALS AND METHODS

Ethical Approval

This experiment has followed research ethics related
to livestock as outlined in Section 66 of the Republic of
Indonesia Government Law Number 18 of 2009. This
section specifically pertains to the management, breeding,
euthanasia and appropriate treatment and welfare of
animals. This experiment also followed the guidelines
provided in the ‘Guide for the Care and Use of Agricultural
Animals in Research and Teaching’ outlined by the
Federation of Animal Science Societies (American Dairy
Science Association 2020).

Materials and Research Tools
This study utilized individual iron cages measuring 1.5
x 1 x 1.5m, each equipped with food and water stations.
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The materials used in this research included mangrove
leaves from R. apiculata, M. diversifolia and concentrates
comprising palm kernel meal, rice bran, tofu dregs, and
ground corn.

Research Methods

In vivo research took place in the experimental barn of
the Task Implementation Unit of the Faculty of Animal
Husbandry, Universitas Andalas, located in Padang City,
West Sumatra, Indonesia. In this study, 16 Kacang goats
between 10 and 14 months with good health were
employed and categorized into 4 groups based on their
body weight. Firstly, goats were given brown sugar water,
dewormer, and vitamin B complex. The categorization of
these groups was as follows: Group | had an average body
weight of 13.41+£0.51kg (CV=3.80%), Group Il had an
average body weight of 11.95+0.47kg (CV=3.93%), Group
Il had an average body weight of 10.51+0.25kg
(CV=2.35%) and Group IV had an average body weight of
9.7140.27kg (CV=2.77%).
Four ration formulations were utilized in the treatment,
which were as follows:
T1: 35% Mangrove Leaf Hay + 5% Fermented M.
diversifolia + 60% Concentrate
T2: 30% Mangrove Leaf Hay + 10% Fermented M.
diversifolia + 60% Concentrate
T3: 25% Mangrove Leaf Hay + 15% Fermented M.
diversifolia + 60% Concentrate
T2: 20% Mangrove Leaf Hay + 20% Fermented M.
diversifolia + 60% Concentrate

In this study, a Randomized Group Design was
utilized, following the mathematical model proposed by
Steel and Torrie (1991), which is outlined as follows:

Yij=p+Ti+p+X i
Description: Yij = Observation Results on the treatment
labeled as 'i' and the replication labeled as 'j.

i = Treatment (1, 2, 3, 4)

j = Repeat (1, 2, 3, 4)

| = General mean value
Ti = Effect of the i-th treatment of feed ingredient content

Bj = jth group effect
> ij = the effect of errors that get the i-th treatment, j-th
replication

The research design employed a Randomized Group
Design with four treatments and four replicates. Rations
were administered at 4% of body weight in the form of dry
matter. This research consisted of three distinct periods: an
initial adaptation period lasting 21 days, followed by a
preliminary period of 14 days, and finally, a data collection
period that spanned 5 days. During the collection period,
10% of feces were collected to be used as samples for
analysis. The analysis of the nutritional composition of feed
ingredients and feces took place at the Ruminant Nutrition
Science Laboratory at the Faculty of Animal Husbandry,
Andalas University. Proximate analysis was performed
using the AOAC (2016) method, and fiber fraction (NDF,
ADF and cellulose) analysis was performed following the
methodology outlined by Van Soest et al. (1991). Details
of feed ingredients' chemical composition used in the
treatment ration is presented in Table 1. Table 2 provides
an overview of the treatment ration's composition, while
Table 3 presents the nutrient content within the treatment
ration.



Table 1: Chemical composition of the feed ingredients of
treatment rations (% DM)

Nutrient Feed Ingredients

Content (%) MLH FMd TD RB PMK Corn
Dry matter 84.27 91.22 90.47 8829 90.32 8755
Organic matter 90.26 85.49 94.18 88.99 96.13 95.87
Ash 974 1451 582 11.01 387 413
Crude protein  10.13 25.85 24.62 8.94 2229 13.87
Crude fiber 1487 1243 2194 2574 2996 9.61
Crude fat 245 261 812 752 615 3.09
NFE 62.81 4460 395 46.79 37.73 69.30
TDN* 7558 64.61 69.65 70.10 66.19 82.81
NDF 3401 54.17 4266 4811 7259 49.96
ADF 22.67 36.82 2292 2569 50.33 36.76
Cellulose 14.87 23.12 2044 19.63 26.85 29.52
Hemicellulose 11.34 1735 19.74 2242 2226 132
Lignin 754 457 184 378 925 75
Silika 026 4.07 064 228 1423 0,70
Tanin 11.00 - - - - -

TD: Tofu Dregs; PKM: Palm Kernel Meal; RB: Rice Bran; MLH:
Mangrove Leaves Hay; FMd: Fermented Mirasolia diversifolia;
Min: Mineral; TDN: Total Digestible Nutrient; NDF: Neutral
Detergent Fiber; ADF: Acid Detergent Fiber: TDN calculated
based on Moran's Formula (2005): TDN: 5.31+0.412 crude
protein+0.249 crude fiber+1.444 crude fat+0.937 NFE.

Table 2: The composition of the treatment rations
Feed Ingredient (%) Treatment (%)

Tl T2 T3 T4
MLH 35 30 25 20
FMd 5 10 15 20
Tofu dregs 5 2 1 1
Rice bran 25 28 29 29
Palm kernel meal 14 5 1 1
Corn 15 24 27 28
Mineral 0.5 0.5 1.0 0.5
Salt 0.5 0.5 1.0 0.5
Total 100 100 100 100
MLH: Mangrove Leaves Hay; FMd: Fermented Mirasolia
diversifolia.
Table 3: Nutritional contents of the treatment rations
Nutritional Content (%) Treatments
T1 T2 T3 T4
Dry matter 86.43 86.46 8580 87.02
Organic matter 90.66 90.24 8898 89.70
Ash 8.34 8.76 9.02 9.30
Crude protein 1351 13.06 1322 14.14
Crude fiber 18.99 1715 16.16 16.13
Crude fat 4.60 431 4.16 4.20
NFE 5356 55.71 5544 5523
TDN 7238 7334 7263 7291
NDF 46.57 4579 4548 47.00
ADF 30.05 29.70 2956 30.64
Cellulose 20.48 21.11 2142 22.03
Hemicellulose 16,52 16.09 1592 16.36
Lignin 6.58 6.58 6.56 6.74
Silica 2.00 1.66 1.73 2.02

Note: Calculated from Table 1 and 2.
Research Phase

Mangrove Leaf Drying (Hay) and M. diversifolia
Fermentation

Drying mangrove leaves into hay aims to reduce their
water content and extend their shelf life. The drying of
mangrove leaves is achieved under direct sunlight for two
days, after which they are stored in sacks. Meanwhile, the
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fermentation of M. diversifolia using A. ficuum mould was
carried out following these steps:

Aspergillus ficuum Mould Rejuvenation

The rejuvenation of A. ficuum mould was performed
on a slanted agar medium called Potato Dextrose Agar,
which was then incubated at room temperature for 7 days.
Subsequently, 100g of cracked corn were weighed, soaked
for 24h, and sterilized by autoclaving at 121°C for 30min.
After cooling, A. ficuum was introduced into the corn-based
medium from the slanted agar medium, and this mixture
was incubated for a period of 14 days and ready for use.

Feed Material Preparation

Mangrove topmost 10 leaves (one pickup truck) were
collected from the Tarusan area in South Pesisir Regency.
Meanwhile, M. diversifolia was obtained from the sugar
cane plantation area Puncak Lawang, Agam, amounting to
2 pickup trucks. M. diversifolia was dried, then chopped,
and inoculated with A. ficuum.

Mirasolia diversifolia Fermentation Process

M. diversifolia fermentation was carried out for 7 days.
Inoculum (10%) was added to the feed material. Facultative
anaerobic fermentation began with the preparation of feed
ingredients, sacks, and inoculum. First, 10kg of feed
material and 1kg of inoculum were weighed. The feed
ingredients, A. ficuum inoculum, and bran as an energy
source were placed on a tarpaulin to be stirred and mixed
thoroughly before being transferred into plastic sacks,
which were then tightly sealed to prevent the entry of air.

Harvesting of Mangrove Leaf Hay and Fermented M.
diversifolia

Mangrove leaves were removed after two days of
drying, while fermented M. diversifolia was harvested after
7 days of fermentation process and then dried in the hot sun
until the moisture content reached 10-15%.

Statistical Analysis

The data were analyzed using Analysis of Variance
(ANOVA) in IBM SPSS Statistics version 26.0 (IBM
Corp., NY, USA). Subsequent tests were carried out using
the Duncan Multiple Range Test (DMRT). The Calculation
Formula:
Ration intake (fresh) (g/day) = Total ration provided —
remaining ration
Dry matter intake (g/day) = Consumption of fresh ration x
Dry matter ration
Crude matter intake (g/day) = DM ration consumption *
Crude fiber ration
Crude fat intake (g/day) = DM ration consumption * Crude
fat ration

CFI — Feces
(Crude fiber digestibility (%) ) = — 100%

CFatl — Feces

(Crude fat digestibility (%) ) = * 100%
NFEI — Feces
(NFE Digestibility (%)) = T NFEI * 100%
NDFI — Feces
(NDF digestibility (%) ) = W * 100%
ADFI — Feces
(ADF digestibility (%)) = T *100%



Cellulosel — Feces

etihilies (0AY) — o
(Cellulose digestibility (%)) Collulosel * 100%

Hemicellulosel — Feces

i i ibili 0, = 0,
(Hemicellulose digestibility (%) ) Hemicellulosel *100%
Final weight — Initial weight

(Body weight gain (g/day)) = Research Time
Body Weight Gain

Feed Intake
Feed Intake

Body Weight Gain

(Ration Eficiency (%)) =

(Feed Convertion Ratio ) =

Where:

DM= Dry matter; DMI = Dry matter intake; CF =
Crude Fiber; CFI = Crude Fiber Intake; CFat = Crude Fat;
CFatl= Crude Fat Intake; NFE = Nitrogen-Free Extract;
NFEI = Extract Intake; NDF = Neutral Detergent Fiber;
NDFI = Neutral Detergent Fiber Intake; ADF = Acid
Detergent Fiber; ADFI = Acid Detergent Fiber Intake.

RESULTS

Consumption of Crude Fiber, Crude Fat, and Nitrogen-
Free Extract

The mean consumption of crude fiber ranged from
58.63 to 68.35g/d. The highest mean consumption was
obtained in treatment T1, and the lowest mean crude fiber
consumption was observed in treatment T3 (Table 4). The
average crude fat consumption ranged from 15.10 to
16.55g/d, with the highest average fat consumption
observed in treatment T1 and the lowest average fat
consumption recorded in treatment T3 (Table 4). The
average consumption of Nitrogen free Extract ranged from
192.75 to 215.82¢g/d, with the highest average consumption
of NFE observed in treatment T4 and the lowest average
consumption recorded in treatment T1 (Table 4). Based on
the results of statistical analysis, the addition of mangrove
leaf hay in a complete ration had no significant effect
(P>0.05) on the average consumption of crude fiber, crude
fat, and NFE in Kacang goats.

Digestibility of Crude Fat, Crude Fiber, Nitrogen-Free
Extract

The average digestibility of crude fiber ranged from
63.02 to 65.81%. The lowest result was found in treatment
T1, while the highest was found in treatment T4 (Table 5).
The average value of crude fat digestibility for each
treatment is quite favorable, ranging from 67.42 to 68.02%,
with the highest average digestibility found in treatment T4
and the lowest average digestibility observed in treatment
T1. The average digestibility of NFE can be observed. The
average NFE digestibility ranged from 68.07 to 69.07%,
with the greatest level of digestibility observed in treatment
T4 and the lowest digestibility obtained in treatment T1.
The statistical analysis results indicated that varying the
treatment combinations, which included 35, 30, 25, and
20% of mangrove leaf hay along with 5, 10, 15, and 20%
of fermented M. diversifolia in complete rations, did not
result in significant (P>0.05) differences on in vivo
digestibility of crude fiber, crude fat, and NFE in Kacang
goats (Table 5).

Digestibility of Fiber Fraction

The digestibility of fiber fraction can be observed.
The results of statistical analysis showed that the
combination treatment of mangrove leaf hay with fermented
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Table 4: Consumption (g/d) of crude fiber, crude fat, and
nitrogen-free extract

Parameters Treatments
T1 T2 T3 T4
Crude fiber intake 62.75+ 63.45+ 64.52+ 64.95+0.
023 028 016 21
Crude fat intake 15.25+ 15.85+ 16.10+ 16.82+0.
032 031 029 27
Nitrogen free extract intake 198.75 201.06 203.16 205.82+
+0.18 +0.24 +0.32 0.29

There is no significant between treatments (P>0.05).

Table 5: Digestibility (%) of crude fiber, crude fat and nitrogen
free extract

Digestibility Treatments

T1 T2 T3 T4
Crude fiber 63.02+0.34 63.63+0.32 64.86+0.26 65.81+0.27
Crude fat 67.42+0.35 67.58+0.26 67.63+0.40 68.02+0.37
Nitrogen-free  68.07+0.33 68.62+0.34 68.72+0.22 69.07+0.27
extract

There is no significant between treatments (P>0.05).

Table 6: Body weight gain, ration efficiency, ration conversion

Parameters Treatments
T1 T2 T3 T4
Body weight gain (g/d) 54+0.31c 57.50+0. 60.06+0. 62.25+0.
26hc 28b 30a
Ration efficiency (%) 12.99+0.1 13.14+0. 13.17+0. 13.39+0.
8 27 28 19
Feed conversion ratio  7.69+0.25 7.61+£0.3 7.59+0.2 7.47+0.2
1 9 2

Values (Mean+SD) bearing different alphabets in a row differ
significantly (P<0.05).

M. diversifolia had a highly significant effect (P<0.01) on
the digestibility of NDF, ADF, cellulose and
hemicellulose in Kacang goats. The average NDF
digestibility ranged from 41.91 to 51.98%, with the
highest average obtained in treatment T4 and the lowest
average was obtained in treatment T1 (Fig. 1A). The
average ADF digestibility ranged from 40.57 to 51.97%,
with the highest average observed in treatment T4 and the
lowest average obtained in treatment T1 (Fig. 1B). The
average hemicellulose digestibility ranged from 54.42 to
64.29% where the highest average was obtained in
treatment T4 and the lowest average was obtained in
treatment T1 (Fig. 1C). The average digestibility of
cellulose ranged from 44.35 to 52.15%, with the highest
average obtained in treatment T4 and the lowest average
obtained in treatment T1 (Fig. 1D).

Body Weight Gain, Ration Efficiency, and Feed
Conversion Ratio

The combination of mangrove leaf hay with
fermented M. diversifolia in the ration had a very
significant (P <0.01) effect on daily body weight gain
(Table 6). The highest body weight gain was achieved in
treatment T4, which included 20% mangrove leaf hay and
20% fermented M. diversifolia, along with 60%
concentrate, while the lowest body weight gain was
observed in treatment T1, consisting of 35% mangrove
leaf hay, 5% fermented M. diversifolia, and 60%
concentrate. The average body weight gain ranged from
54.00 to 62.25g/h/d, with the highest average obtained in
treatment T4 (20% ML + 20% TF + 60% Concentrate)
and the lowest average obtained in treatment T1.
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Fig. 1: Digestibility (%) of A) neutral detergent fiber, B) acid detergent fiber, C) hemicellulose and D) cellulose of treatment ration.

The results of statistical analysis showed that the
provision of a combination of mangrove leaf hay and
fermented M. diversifolia in the ration had a no significant
effect (P>0.05) on ration efficiency and feed conversion
ratio. The average ration efficiency ranged from 12.99% to
13.39%, with the highest average obtained in treatment T4
and the lowest average obtained in treatment T1. The
average feed conversion ranged from 7.69 to 7.47 (Table 6).

DISCUSSION

Effect of Treatment on Crude Fiber, crude fat and NFE
Consumption

Statistical analysis revealed that the provision of
mangrove leaf hay combined with fermented M.
diversifolia did not significantly increase crude fiber
consumption (Table 4). However, the average crude fiber
consumption in this study tended to increase from T1 to T4.
The lack of significant difference in average crude fiber
consumption can be attributed to the similar palatability of
the feed to livestock, where the nutrient content, especially
crude fiber in the ration, had a significant impact on fiber
consumption. Arief et al. (2023a) have previously stated
that a high crude fiber content in the ration affects both the
digestibility and consumption of the ration, as well as ration
efficiency. Similarly, Solon-Biet et al. (2014) mentioned
that the amount of ration consumption is strongly
influenced by the levels of energy and protein in the ration.
Rations with similar energy content result in ration
consumption values that do not significantly differ (Shen et
al. 2021). Mangrove leaf hay still contains a fairly high
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crude fiber content of 14.87% (Table 1), so even though the
percentage of its use is reduced in the ration to T4, it still
has no significant effect on crude fiber consumption. This
is due to the bulky nature of the fiber, which greatly affects
the condition and volume of the rumen, where the crude
fiber fills and expands. Crude fiber expansion in the rumen
is triggered by the feed flow rate, which is also relatively
slow, causing precipitation and resulting in fiber
consumption not increasing. Arief et al. (2023b) noted that,
apart from the nutritional composition of a feed ingredient,
the rate at which feed is delivered also plays a substantial
role in ration intake, and this feed delivery rate is impacted
by effective digestibility. The feed flow rate depends on the
nutrient content of the feed, especially protein and fiber.
The T1 treatment contains high fiber and low protein, while
the T4 treatment contains low fiber and high protein (Table
3). Consequently, the feed flow rate in T4 is faster, causing
livestock to quickly feel hungry again and having an impact
on increasing ration consumption in T4, including crude
fiber, although there is no statistical significance.

Ration consumption is closely related to digestibility,
with a positive correlation between them. When
digestibility is high, ration consumption also increases.
Wojtunik et al. (2020) stated that when digestibility is high,
the value of ration consumption will increase. The T4
treatment is the treatment with the highest fiber
consumption value of 64.95g/h/d. The highest consumption
was obtained in the T4 treatment because T4 contained
higher fermented M. diversifolia at 20% and lower
mangrove leaf hay at 20% of the total ration. The
percentage of 20% fermented M. diversifolia proved to be



able to optimize microbial performance in the rumen
because fermented M. diversifolia contains very high crude
protein. Therefore, the highest crude fiber consumption
value in this study was also obtained in treatment T4.
Mangrove leaf hay contains tannins, which can bind
nutrients contained in feed ingredients, especially proteins
and carbohydrates (Elihasridas et al. 2023a). In T4, the
percentage of mangrove leaf hay was lower than the other
treatments, so there was a decrease in tannin levels, which
had an impact on the optimal process of fiber degradation
by rumen microbes. The ability of tannins to bind protein
results in reduced protein availability, so microbial protein
supply also decreases, which has an impact on reducing
digestibility. If digestibility is low, consumption will also
decrease.

The T4 treatment is considered to have the optimal
balance of protein and energy, resulting in the high
consumption value. This is because the content of nutrients,
particularly protein and energy, can increase palatability,
leading to increased consumption. According to Pazla et al
(2021c), ration nutrition, especially protein and energy,
significantly influences palatability in addition to physical
quality. In this study, using fermented M. diversifolia that
can increase the consumption of rations, including crude
fiber, as evidenced by an increase in the percentage of
fermented M. diversifolia, can increase the amount of fiber
consumption, although not statistically significantly
different. Therefore, a decrease in the percentage of
mangrove leaf hay and an increase in the percentage of M.
diversifolia from T1 to T4, respectively, by (35% MLH +
5% FMd), (30% MLH + 10% FMd), (25% MLH + 15%
FMd), and (20% MLH + 20% FMd), were able to increase
the consumption value of crude fiber in Kacang goats,
although they did not yield statistically significant effect.

Crude fiber consumption is also related to dry matter
consumption. Arief et al. (2023c) stated that a decrease in
dry matter was followed by a decrease in the consumption
of nutrients such as crude fiber, crude fat, and NFE,
whereas an increase in dry matter led to an increase in
nutrient consumption.

Table 4 shows that the highest mean value of crude fat
consumption was obtained in the T4 treatment, which was
16.82g/h/d, followed by goat treated with T3 16.10g/h/d,
T2 15.85¢/h/d, and the lowest consumption was observed
in the T1 treatment, which was 15.25g/h/d. The results of
fat consumption in this study were higher than the fat
consumption obtained in the study by Anggoro et al.
(2015), which reported 14.17g/h/d for cattle fed a ration
consisting of 800g of elephant grass, 300g of Gamal, 200g
of Waru, and 200g of concentrate.

Crude fat consumption is closely related to crude fiber
consumption, so if fiber consumption increases, fat
consumption also tends to increase. This is because fat is a
nutrient located in the cytoplasm or cell contents, and cell
contents are wrapped by cell walls, where most of the cell
walls are composed of crude fiber. If fiber consumption is
high, it means that fiber digestibility is also high, thus
impacting crude fat digestibility, which, in turn, accelerates
fat consumption in livestock. As stated by Van Soest et al.
(1991), crude fat is part of the cell contents, which causes
fat consumption to depend on crude fiber consumption.
Therefore, crude fat consumption in this study also tends to
increase in line with the reduction in the percentage of

440

Int J Vet Sci, 2024, 13(4): 435-446.

mangrove leaf hay and the increase in fermented M.
diversifolia in the ration from treatment T1 to treatment T4.
Treatment T4 produced the highest consumption of
NFE, which used 20% mangrove leaf hay, 20% fermented
M. diversifolia, and 60% concentrate, while the lowest NFE
consumption was observed in treatment T1 with a
composition consisting of 35% mangrove leaf hay, 5%
fermented M. diversifolia, and 60% concentrate. Although
statistically, the proportion of forage in each treatment in
this study did not show significant differences, NFE
consumption tended to increase from T1 to T4.

The non-negligible NFE consumption of each
treatment was due to the NFE content, which was also not
significantly different in each treatment. In addition, the
crude protein and TDN compiled in each treatment are also
almost not much different, so the ability of livestock to
degrade NFE is also not significantly different. Although
not significantly different, the levels of NFE, crude protein,
and energy from treatment T1 to treatment T4 tend to
increase, accelerating the feed flow rate, increasing
digestibility, and ultimately boosting increase NFE
consumption.

Treatment T4 is has the highest proportion of
fermented M. diversifolia and the lowest amount of
mangrove leaf hay among all treatments. Mangrove leaf
hay contains a limiting substance in the form of tannin,
which is still relatively high at around 11%. Reducing the
proportion of mangrove leaf hay also reduces tannin levels
in the ration, and increasing fermented M. diversifolia can
boost the amount of crude protein in the ration. This
optimization allows rumen microbes to perform optimally,
resulting in the best NFE consumption observed in
treatment T4.

Effect of Treatment on Crude Fiber Digestibility

The statistical analysis results indicated that offering
mangrove leaf hay at varying levels of 35, 30, 25, and 20%
in the ration did not result in a statistically significant
impact (P>0.05) on the digestibility of crude fiber in
Kacang goats. The digestibility results obtained in this
study were lower than the digestibility value obtained from
the results of Petri research (2022), which reached 69.66%
in vitro when combining mangrove leaf hay, field grass,
and ammoniated straw, but higher than the results of crude
fiber digestibility obtained by Zikri (2022), which only
reached 55.46% when combining field grass and
ammoniated citronella waste in complete rations.

The difference in crude fiber digestibility is strongly
influenced by the levels of limiting factors, namely lignin
and silica, which do not vary significantly in each treatment
ration. According to Table 3, the lignin content in the
treatment rations varies from T1 to T4, with values of 6.58,
6.58, 6.56, and 6.74%, respectively. Although there is an
effect, it is not significantly different on crude fiber
digestibility. The relatively consistent lignin content is due
to the addition of mangrove leaf hay and fermented M.
diversifolia, which both contain nearly the same amount of
lignin, namely 7.54% in mangrove leaf hay and 4.57% in
fermented M. diversifolia. Therefore, the highest lignin
content is observed in treatment T4 (20% mangrove leaf hay
+ 20% fermented M. diversifolia + 60% concentrate), at
6.74%. However, this result still does not show a statistically
significant difference in crude fiber digestibility.



Lignin levels in each of these treatment rations are still
within normal limits. The tolerance limit of lignin for
ruminants is up to 7% in the ration; beyond that, rumen
microbes will begin to have difficulty in degrading fiber or
other nutrients (Pazla et al. 2020). Lignin is a limiting
factor in the digestibility of feedstuffs for ruminants
because it can inhibit the ability and digestibility of rumen
microbes in degrading crude fiber. The different
digestibility of crude fiber in this study was also influenced
by the silica content of the rations, which was not
significantly different in each treatment ration. Jamarun et
al. (2017a; 2017b; 2017c) emphasized that the digestibility
of crude fiber is influenced by several factors, including the
fiber content in the feed, the composition of crude fiber
constituents like lignin and silica, and the activity of
microorganisms. Pazla et al. (2021d) stated that lignin
forms strong chemical bonds with plant polysaccharides
and cell wall proteins, causing cell walls to become hard,
and these components cannot be digested by rumen
microbes.

In addition to lignin and silica, different fiber
digestibility is also influenced by the crude fiber content
itself, which is not significantly different even though it
tends to decrease due to a reduction in the percentage of
mangrove leaf hay addition in the treatment ration. Pazla et
al (2023c) states that feed ingredients low in crude fiber
have higher fiber digestibility.

The ration composition of this study is based on
achieving a balance between CP and TDN to ensure good
digestibility, allowing rumen microbes to digest food
substances, including crude fiber. According to Table 3,
which provides the nutritional content of the research
rations, the crude protein content in rations T1 to T4 is as
follows: T1 13.51%, T2 13.06%, T3 13.22%, and T4
14.14%. According to Putri et al. (2021), an elevation in
dietary protein levels can enhance the population and
activity of rumen microbes in digesting crude fiber. The
protein levels are not significantly different, resulting in
similar numbers and abilities of rumen microbes to degrade
fiber, leading to no significant difference in crude fiber
digestibility.

Effect of Treatment on Crude Fat Digestibility

The lack of difference (P>0.05) in crude fat
digestibility in each treatment is attributed to the similar
crude fat content in the research ration, as indicated in
Table 3. The crude fat content in rations T1 to T4 remains
relatively consistent at 4.60, 4.31, 4.16, and 4.20% (Table
3). This value falls within the normal limits of fat usage in
the ration, thereby not affecting its digestion in the body of
livestock. This aligns with Shirley (1986) statement that the
fat content exceeding 5% of the total ration can interfere
with livestock’s ability to utilize consumed feed nutrients.

The digestibility of crude fat, which exhibits no
significant difference (P>0.05), is likewise impacted by the
amount of crude fiber present. As noted by Elihasridas et
al. (2023b), elevated levels of crude fiber can disrupt the
digestibility of various other substances. Additionally,
Sklan et al. (2004) added that the crude fiber digestibility
impacts the crude fat digestibility since crude fat is a
component of plant cells contents encased in cell walls.
This difference in crude fat digestibility corresponds with
digestibility of fiber observed in this study.
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Arief and Pazla (2023) also pointed out that the
digestibility of a specific feed component is not solely
determined by the chemical composition of one ingredient;
the composition of other feed ingredients consumed
together in the ration will also affect the digestibility of
those ingredients. Furthermore, crude fat digestibility is
influenced by feed quality. Suyitman et al. (2020) stated
that livestock’s ability to digest feed ingredients is
influenced by the nutritional quality of those ingredients,
thereby affecting the quality of rumen microbes produced.
Hence, the consistent digestibility of fat (P>0.05) is also
attributed to the chemical composition of feed ingredients.
Basically, fat is a nutrient composed of simple triglycerides
that are easily digested. Sari et al. (2022) emphasized that
the ration’s composition affects feed digestibility.

The reduction in the percentage of mangrove leaf hay,
coupled with an increase in the percentage of fermented M.
diversifolia in the ration, led to an increase in crude fat
digestibility, although it was not statistically significant.
Based on Table 5 of crude fat digestibility, the addition of
50% mangrove leaf hay from the total forage or at T4 (20%
mangrove leaf hay + 20% fermented M. diversifolia + 60%
concentrate) can enhance its rumen digestibility. However,
according to the statistical analysis, the addition of 35%
mangrove leaf hay (ration T1), 30% mangrove leaf hay
(ration T2), 25% mangrove leaf hay (ration T3), and 20%
mangrove leaf hay (ration T4) did not significantly affect
crude fat digestibility. Therefore, providing 20% mangrove
leaf hay in a complete ration can already yield the best
crude fat digestibility value in Kacang goats.

Effect of Treatment on Digestibility of Nitrogen-Free
Extract (NFE)

In Table 5, based on the results of statistical analysis,
the addition of mangrove leaf hay in a complete ration did
not have significant effect (P>0.05) on NFE digestibility in
Kacang goats. The difference in NFE digestibility among
the four treatments was due to the NFE content, which was
also relatively consistent in each treatment ration, namely
53.56, 55.71, 55.44, and 55.23% (Table 5). This variation
in NFE levels occurred because of the influence of different
levels of other food substances, including crude fiber, crude
protein, crude fat, and ash. This is because the NFE is
calculated as the difference between 100% and the sum of
crude fiber, crude fat, ash, and crude protein. Spranghers et
al. (2017) also reported that moisture content, ash, crude
protein, crude fat, and crude fiber significantly affect the
NFE content of a feed ingredient. Additionally, the
relatively consistent NFE content in each treatment ration
affects growth and microbial population, with the microbial
population experiencing a relatively similar in each
treatment. According to Zain et al. (2023), when protein
and energy are easily digested, amylolytic bacteria are
produced in greater numbers, and these bacteria play a role
in digesting starch and protein, which are found in NFE.
This explains why NFE digestibility did not significantly
differ in the four treatments.

Although the results of statistical analysis showed no
significant differences, when examining Table 5 of NFE
digestibility, the average digestibility tends to increase
along with a decrease in the provision of mangrove leaf hay
in the research ration. This increase is thought to be due to
the influence of crude fiber, where the fiber content of



mangrove leaf hay is higher than fermented M. diversifolia.
Therefore, when the percentage of mangrove leaf hay is
reduced in the ration, NFE digestibility can increase.
Referring to the perspective of Pazla et al. (2023c),
reducing and decreasing the percentage of crude fiber in a
ration formulation can increase NFE digestibility, and vice
versa.

The average NFE digestibility of each treatment
showed a relatively high value. This can occur because
NFE is a class of nonstructural carbohydrates that are easily
digested. Niu et al. (2015) said that when compared to other
components such as crude fiber, NFE digestibility is
higher. The high digestibility of NFE is because it is
composed of easily digestible structures and is one of the
nonstructural carbohydrate groups. Meanwhile, crude fiber
is a food ingredient composed of structural carbohydrates
that are difficult to digest, such as cellulose, hemicellulose,
and lignin. As stated by Wijaya et al. (2018), NFE has a
fraction that is easily digested, so its digestibility is always
high. Bannink et al. (2021) further confirmed that NFE is
composed of simple carbohydrate fractions and is easily
digested because there are mono-, di-, tri-, and
tetrasaccharide bonds as well as starch and some
hemicellulose.

Effect of Treatment on NDF Digestibility

NDF digestibility is one component used to estimate
the digestibility of a feed ingredient because NDF is part of
the plant cell wall that can be used to measure fiber
availability. The results of statistical analysis showed that
the combination treatment of mangrove leaf hay with
fermented M. diversifolia had significant effect (P<0.05)
on the digestibility of NDF in Kacang goats.

The highest NDF digestibility was obtained in
treatment T4 (20% mangrove leaf hay + 20% fermented M.
diversifolia + 60% concentrate), which measured 51.98%,
while the lowest digestibility was obtained in treatment T1
(35% mangrove leaf hay + 5% fermented M. diversifolia +
60% concentrate), at 41.91%. The high value of NDF
digestibility in the T4 treatment is thought to be due to the
high proportion of fermented M. diversifolia used and the
low proportion of mangrove leaf hay used compare to other
treatments in the ration. M. diversifolia has a high crude
protein content, significantly enhancing the efficacy of
rumen microbes in breaking down high-fiber feed.
Additionally, a decrease in the proportion of mangrove leaf
hay also further increases NDF digestibility because
mangrove leaf hay contains relatively high levels of
tannins, reaching 11%.

NDF digestibility is also influenced by the levels of
lignin, hemicellulose, and NDF itself in the ration. Table 2
shows that the T4 treatment is the treatment with higher
NDF levels, including hemicellulose levels. Hemicellulose
is part of the NDF cell wall that is more easily digested.
Despal et al. (2021) stated that the high digestibility of NDF
is also caused by high levels of hemicellulose in the diet
because hemicellulose is a fraction of NDF that is easily
digested. We see in Table 2 that the lignin content of each
treatment is almost the same, with a slightly higher
percentage of lignin in the T4 treatment. However, NDF
digestibility is still obtained from T4, which is due to the
optimization of the use of fermented M. diversifolia in the
ration, which is at a percentage of 20%. M. diversifolia
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fermentation is able to improve and optimize the
performance of rumen bacteria due to the supply of
microbial protein, which is also sufficient from M.
diversifolia fermentation, so that NDF digestibility
increases the more M. diversifolia fermentation is added in
the ration.

Effect of Treatment on ADF Digestibility

The results of statistical analysis showed that each
treatment of mangrove leaf hay in combination with M.
diversifolia fermentation had a significant effect on ADF
digestibility in Kacang goats. ADF is a fraction of fiber that
makes up the cell wall and is more difficult to digest than
the NDF fraction. This is because ADF contains lignin and
silica that can bind cellulose and hemicellulose to form
lignocellulose bonds, making both components difficult to
digest by rumen microbes. The T4 treatment contained the
highest ADF and lignin, but due to the optimal balance of
energy and protein in T4, namely 14.14% crude protein and
72.91% energy, it was able to enhance rumen microbial
performance, resulting in the best ADF digestibility in the
T4 treatment. Putri et al. (2019) stated that to achieve high
activity and performance of rumen microbes, a sufficient
supply of nutrients, especially energy and protein, is really
needed.

Lignin levels in each treatment are almost the same, as
can be seen in Table 3. However, because the T1 treatment
(35% mangrove leaf hay + 5% fermented M. diversifolia +
60% concentrate) contains less fermented M. diversifolia,
it does not optimize rumen microbes in degrading ADF to
the maximum, resulting in the lowest ADF digestibility in
goats given the T1 treatment.

Effect of Treatment on Hemicellulose and cellulose
Digestibility

The highest cellulose and hemicellulose digestibility
was obtained in treatment T4, while the lowest digestibility
was obtained in treatment T1. This demonstrates that
providing M. diversifolia at a 20% percentage in
combination with 20% mangrove leaf hay results in better
cellulose degradation compared to treatments T1, T2, or
T3, which have lower M. diversifolia content and higher
mangrove leaf hay percentages. Cellulose and
hemicellulose digestibility is closely related to NDF and
ADF digestibility because hemicellulose is part of the fiber
fraction. Liu et al. (2022) indicated that the digestibility of
NDF and ADF is positively correlated with hemicellulose
digestibility; as the digestibility of NDF and ADF
increases, so does the digestibility of hemicellulose.
Despite the fact that the T4 treatment contains higher lignin
levels, this difference is not statistically significant when
compared to the T1, T2, or T3 treatments. However, the
difference in the percentage of fermented M. diversifolia
and mangrove leaf hay in the ration is quite substantial.
Therefore, livestock receiving the treatment with the most
M. diversifolia and the least mangrove leaf hay (T4) are
better able to optimize cellulose and hemicellulose
degradation.

Effect of Treatment on Body Weight gain

Body weight gain is one of the indicators of how
effectively nutrient substances from feed can be absorbed
and converted into meat. The results of statistical analysis



in this study showed that the combination of mangrove leaf
hay with fermented M. diversifolia in the ration had a
significant effect (P<0.05) on daily body weight gain. The
highest body weight gain was achieved in treatment T4,
which included 20% mangrove leaf hay and 20%
fermented M. diversifolia, along with 60% concentrate,
while the lowest body weight gain was observed in
treatment T1, consisting of 35% mangrove leaf hay, 5%
fermented M. diversifolia, and 60% concentrate. The
significant differences between each treatment can be
attributed to the distinct nutritional composition of the feed
in each treatment, as shown in Table 3.

The T4 treatment was shown to contain higher protein
(14.14%), although the energy was slightly lower (72.91%)
than the T2 treatment (73.34%) (Table 3). The balance of
protein and energy, and the optimization of rumen
performance, were still obtained in the T4 treatment, as
evidenced by the achievement of the highest daily body
weight gain in T4. In addition, the T4 treatment is also the
treatment with the highest NFE consumption (Table 4),
which is 205.82%, where NFE is a carbohydrate that is
easily digested and becomes a source of energy for
livestock. As explained by Pamungkas et al. (2009), the
first nutrient component digested by rumen microbes is
NFE and serves as the main carbohydrate source for
growth.

Meanwhile, the lowest body weight gain was obtained
in the T1 treatment, allegedly because the T1 ration
contained more mangrove leaf hay, where mangrove leaf
hay still contained high tannins, which caused the turn of
ration palatability and was evidenced by the low ration
consumption in the T1 treatment. Low ration consumption
in T1 has an impact on low body weight gain because
consumption with body weight gain is interrelated. As
Salem and Smith (2008) and Pazla et al. (2018) state that
increasing and fulfilling the consumption and dry matter
needs of the ration results in other nutrients that can be
utilized for both productivity and the augmentation of an
individual's body mass. Therefore, the highest increase in
body weight was observed in the livestock that received the
T4 ration treatment (20% mangrove leaf hay + 20%
fermented M. diversifolia + 60% concentrate).

Effect of Treatment on Feed Conversion ratio and Feed
Efficiency

The results of the statistical analysis indicate that
incorporating a combination of mangrove leaf hay and
fermented M. diversifolia into complete rations had a no
significant impact (P>0.05) on feed conversion ratio.
Ration conversion is an illustration in determining ration
efficiency. In accordance with Pazla et al. (2021c), there
exists an inverse relationship between feed conversion and
ration efficiency. As feed conversion increases, ration
efficiency decreases. Conversely, when the ration
conversion value is smaller, it results in a higher efficiency
value. Perry et al. (2005) added that the amount of feed
consumed to get an increase of one unit of live weight is
defined as ration conversion. It is also said that feed
conversion is related to the amount of fiber contained in the
ration. High crude fiber in the ration causes low
digestibility, so feed conversion will also decrease.

The results of statistical analysis showed that the
provision of a combination of mangrove leaf hay and
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fermented M. diversifolia in the ration had a no significant
(P>0.05) effect on ration efficiency. In this study, the
highest ration efficiency value was obtained in the T4
treatment at 13.39%, and the lowest ration efficiency value
was obtained in the T1 treatment at 12.99%. The high
ration efficiency observed in the T4 treatment can be
attributed to the substantial presence of fermented M.
diversifolia and the reduced proportion of mangrove leaf
hay. M. diversifolia contains high protein, allowing it to
optimize the performance of rumen microbes in degrading
feed, thereby increasing feed efficiency.

Feed efficiency is strongly influenced by ration
consumption and body weight gain. The greater the body
weight gain, the smaller the consumption, the higher the
efficiency. As stated by Saputra et al. (2013), the level of
feed consumption and body weight gain greatly affects
ration efficiency. Besides that, ration efficiency is also
closely related to ration conversion. The lower the ration
conversion value, the better the ration efficiency value for
the livestock.

The value of ration efficiency in this study aligns with
the value of body weight gain and ration conversion
obtained. Livestock that have the highest body weight gain
and lowest ration conversion are found in the T4 treatment,
so the highest ration efficiency is also obtained in the T4
treatment.

Conclusion

The blend comprising 20% mangrove leaf hay, 20%
fermented M. diversifolia, and 60% concentrate produced
the most favorable outcomes in ration intake (including
crude fiber, crude fat, and NFE), crude fat digestibility,
Non-Nitrogen Extracted Material, various fiber fractions
(NDF, ADF, cellulose, and hemicellulose), as well as in
terms of body weight gain, ration efficiency, and feed
conversion ratio.

Authors' Contribution

This research project was a collective endeavor, with
several team members playing pivotal roles in different
aspects of the study. Novirman Jamarun and Roni Pazla led
the project's conceptualization. Data curation was handled
by Roni Pazla and Gusri Yanti, while formal analyses were
conducted by Roni Pazla, Gusri Yanti, Zaitul Ikhlas,
Juniarti, and Elihasridas. The In vivo treatments were
performed by Zaitul Ikhlas, Gusri Yanti, Juniarti, and Roni
Pazla. Novirman Jamarun was responsible for obtaining the
project's funding, while Roni Pazla and Novirman Jamarun
jointly supervised the development of the methodology.
Project administration was under the guidance of Gusri
Yanti, and Arief, in conjunction with Novirman Jamarun,
provided overall supervision. Research validation was
carried out by Roni Pazla and Elihasridas. Roni Pazla
authored the initial draft of the manuscript, and both Roni
Pazla and Novirman Jamarun participated in the
manuscript's review and editing phases.

Acknowledgement

We extend our gratitude to the Institute of Research
and Community Service at Andalas University for their
financial support of this research. This assistance was
provided under the "Professor Publication Research"”



research scheme, identified by contract number
T/11/UN.16.19/Pangan-PDU-KRT1GB-Unand/2023.

Conflict of Interest
The authors confirm that they do not have any conflicts
of interest to disclose.

REFERENCES

Adrizal, Pazla R, Sriagtula R, Adrinal and Gusmini, 2021.
Evaluation of potential and local forages nutrition as
ruminant feed-in Payo Agro-Tourism Area, Solok City,
West Sumatera, Indonesia. IOP Conference Series: Earth
and Environmental Science 888(1): 012055. https://doi.org/
10.1088/1755-1315/888/1/012055

American Dairy Science Association, 2020. American Society of
Animal Science and Poultry Science Association, 2020.
Guide for the Care and Use of Agricultural Animals in
Research and Teaching Fourth edition. www.adsa.org

Anggoro ACK, Bidura IGNG and Partama IBG, 2015. The effect
of supplementation of complex vitamins on nutrient
consumption and weight gain of gembrong goats in local
forage-based rations. Jurnal Peternakan Tropika 3(3): 634-
644. https://ojs.unud.ac.id/index.php/tropika/article/view/
18626

AOAC, 2016. Official methods of analysis of the Association of
Analytical Chemists. Virginia USA: Association of Official
Analytical Chemists, Inc.

Arief, Pazla R, Rizgan and Jamarun N, 2023a. Influence of
Tithonia diversifolia, cassava and palm concentrate
combinations on milk production and traits in Etawa
crossbred. Advances in Animal and Veterinary Sciences
11(4): 568-577. https://doi.org/10.17582/journal.aavs/2023/
11.4.568.577

Arief, Pazla R, Jamarun N and Rizgan, 2023b. Production
performance, feed intake and nutrient digestibility of Etawa
crossbreed dairy goats fed tithonia (Tithonia diversifolia),
cassava leaves and palm kernel cake concentrate.
International Journal of Veterinary Science 12(3): 428-435.
https://doi.org/10.47278/journal.ijvs/2022.211

Arief, Welan R, Pazla R, Jamarun N, Yanti G and Sari RWW,
2023c. The effect of different farm altitudes on the
production, quality, and mineral contents of the Etawa
crossbred dairy goat’s milk. International Journal of
Veterinary Science 12(6): 802-809. https://doi.org/
10.47278/journal.ijvs/2023.037

Arief and Pazla R, 2023. Milk production and quality of Etawa
crossbred goats with non-conventional forages and palm
concentrates. American Journal of Animal and Veterinary
Sciences 18(1): 9-18. https://doi.org/10.3844/ajavsp.2023.
9.18

Bannink A, France J, Jennifer E and Jan D, 2010. VFA production
and absorption: Modeling the impacts on energy availability.
Journal of Dairy Science 93(1): 468. https://edepot.wur.nl/
161809

Despal, Sari LA, Permana IG, Zahera R and Anzhany D, 2021.
Fibre feeds impact on milk fatty Acids profiles produced by
smallholder dairy farmers. Journal of Dairy Science 16(3):
98-107. https://doi.org/10.3923/ijds.2021.98.107

Elihasridas, Pazla R, Jamarun N, Yanti G, Sari RWW and Ikhlas
Z, 2023a. Pre-treatments of Sonneratia alba fruit as the
potential feed for ruminants using Aspergillus niger at
different fermentation times: Tannin concentration, enzyme

activity and total colonies. International Journal of
Veterinary Science 12(5): 755-761. https://doi.org/

10.47278/journal.ijvs/2023.02
Elihasridas, Erpomen and Pazla R, 2023b. Substitution of field
grass with yam straw to nutrient digestibility in vitro.

444

Int J Vet Sci, 2024, 13(4): 435-446.

Indonesian Journal of Animal Science 25(2): 246-254.
http://dx/doi.org/10.25077/jpi.25.2.246-254.2023

Fasuyi AO, Dairo FAS and Ibitayo FJ, 2010. Ensiling wild
suflower (Tithonia diversifolia) leaves with sugar cane
molases. Livestock Research Rural Development 22(3): 42.
http://www.Irrd.org/Irrd22/3/fasu22042.htm

Ikhlas Z, Jamarun N, Zain M, Pazla R and Yanti G, 2023. Impact
of mangrove leaves (Rhizophora apiculata) in limewater on
nutrients digestibility, rumen ecosystem and in vitro methane
production. American Journal of Nutrition 18(1): 40-46.
https://doi.org/10.3844/ajavsp.2023.40.46

Jamarun N, Zain M, Arief and Pazla R, 2017a. Effects of calcium
(Ca), phosphorus (P) and manganese (Mn) supplementation
during oil palm frond fermentation by Phanerochaete
chrysosporium on rumen fluid characteristics and microbial
protein synthesis. Pakistan Journal of Nutrition 16(6): 393-
399. https://doi.org/10.3923/pjn.2017.393.399.

Jamarun N, Zain M, Arief and Pazla R, 2017b. Populations of
rumen microbes and the in vitro digestibility of fermented oil
palm fronds in combination with Tithonia (Tithonia
diversifolia) and elephant grass (Pennisetum purpureum).
Pakistan Journal of Nutrition 17(1): 39-45. https://doi.org/
10.3923/pjn.2018.39.45

Jamarun N, Zain M, Arief and Pazla R. 2017c. Effects of Calcium,
Phosphorus and Manganese supplementation during oil
Palm Frond fermentation by Phanerochaete chrysosporium
on laccase activity and in vitro digestibility. Pakistan Journal
of Nutrition 16(3): 119-124. https://doi.org/10.3923/pjn.
2017.119.124

Jamarun N, Pazla R, Arief, Jayanegara A and Yanti G, 2020.
Chemical composition and rumen fermetation profile of
mangrove leave (Avicennia marina) from west sumatera,
Indonesia. Biodiversitas 21(11): 5230-5236. https://doi.org/
10.13057/biodiv/d211126

Jamarun N, Pazla R, Arief, Yanti, G, Sari RWW and lkhlas Z,
2023. The impact of mangrove (Rhizophora apiculata)
leaves hay and fermented Tithonia diversifolia on intake,
nutrient digestibility and body weight gain of goat. Advances
in Animal and Veterinary Science 11(9): 1441-1450.
https://dx.doi.org/10.17582/journal.aavs/2023/11.9.1441.14
50

Jamarun N, Zain M, Arief and Pazla R, 2018. Populations of
rumen microbes and the in vitro digestibility of fermented oil
palm frounds in combination with Tithonia (Tithonia
diversifolia) and elephant grass (Pennisetum purpureum).
Pakistan Journal of Nutrition 17(1): 39-45. http://dx.doi.org/
10.3923/pjn.2018.39.45

Liu J, Zuo ZY, Peng K, He R, Yang L and Liu R. 2022. Biogas
and volatile fatty acid production during anaerobic digestion
of straw, cellulose, and hemicellulose with analysis of
microbial communities and functions. Applied Biochemistry
and Biotechnology 194(2): 962-782. https://doi.org/10.1007/
512010-021-03675-w

Niu Q, Li P, Hao S, Zhang Y, Kim SW, Li H, Ma X, Gao S, Dia
L, Wu WJ, Huang X, Hua J, Zhou B and Huang R, 2015.
Dynamic distribution of the gut microbiota and the
relationship with apparent crude fiber digestibility and
growth stages in pigs. Scientific Reports 5(9938): 9938.
http://dx.doi.org/10.1038/srep09938

Pamungkas D, Utomo R, Ngadiyono N and Winugroho M, 2009.
Supplementing Energy and Protein Source at Different Rate
of Degradability to Mixture of Corn Waste and Coffee Pod
as Basal Diet on Rumen Fermentation Kinetic of Beef Cattle.
Jurnal llmu Ternak dan Veteriner 15(1): 22-30.
http://repository.pertanian.go.id/handle/123456789/2780

Pazla R, Zain M, Ryanto HI and Dona A, 2018. Supplementation
of minerals (phosphorus and sulfur) and Saccharomyces
cerevisiae in a sheep diet based on a cocoa by-product.
Pakistan Journal of Nutrition 17(7): 329-335. https://doi.org/
10.3923/pjn.2018.329.335



https://doi.org/%2010.1088/1755-1315/888/1/012055
https://doi.org/%2010.1088/1755-1315/888/1/012055
http://www.adsa.org/
https://ojs.unud.ac.id/index.php/tropika/article/view/%2018626
https://ojs.unud.ac.id/index.php/tropika/article/view/%2018626
https://doi.org/10.17582/journal.aavs/2023/%2011.4.568.577
https://doi.org/10.17582/journal.aavs/2023/%2011.4.568.577
https://doi.org/10.47278/journal.ijvs/2022.211
https://doi.org/%2010.47278/journal.ijvs/2023.037
https://doi.org/%2010.47278/journal.ijvs/2023.037
https://doi.org/10.3844/ajavsp.2023.%209.18
https://doi.org/10.3844/ajavsp.2023.%209.18
https://edepot.wur.nl/%20161809
https://edepot.wur.nl/%20161809
https://doi.org/10.3923/ijds.2021.98.107
https://doi.org/%2010.47278/journal.ijvs/2023.02
https://doi.org/%2010.47278/journal.ijvs/2023.02
http://dx/doi.org/10.25077/jpi.25.2.246-254.2023
http://www.lrrd.org/lrrd22/3/fasu22042.htm
https://doi.org/10.3844/ajavsp.2023.40.46
https://doi.org/10.3923/pjn.2017.393.399
https://doi.org/10.3923/pjn.2017.393.399
https://doi.org/10.3923/pjn.2018.39.45
https://doi.org/10.3923/pjn.2018.39.45
https://doi.org/%2010.3923/pjn.2018.39.45
https://doi.org/10.3923/pjn.%202017.119.124
https://doi.org/10.3923/pjn.%202017.119.124
https://doi.org/%2010.13057/biodiv/d211126
https://doi.org/%2010.13057/biodiv/d211126
http://dx.doi.org/%2010.3923/pjn.2018.39.45
http://dx.doi.org/%2010.3923/pjn.2018.39.45
https://doi.org/10.21203/rs.3.rs-42039/v1
https://doi.org/10.1007/%20s12010-021-03675-w
https://doi.org/10.1007/%20s12010-021-03675-w
http://dx.doi.org/10.1038/srep09938
http://repository.pertanian.go.id/handle/123456789/2780
https://doi.org/%2010.3923/pjn.2018.329.335
https://doi.org/%2010.3923/pjn.2018.329.335

Pazla R, Jamarun N, Agustin F, Zain M, Arief and Cahyani NO,
2020. Effects of supplementation with phosphorus, calcium,
and manganese during oil palm frond fermentation by
Phanerochaete chrysosporium on ligninase enzyme activity.
Biodiversitas 21(5): 1833-1838. https://doi.org/10.13057/
biodiv/d210509

Pazla R, Jamarun N, Agustin F, Zain M, Arief and Cahyani N,
2021a. In vitro nutrient digestibility, volatile fatty acids and
gas production of fermented palm fronds combined with
Tithonia (Tithonia diversifolia) and elephant grass
(Pennisetum purpureum). IOP Conference Series: Earth and
Environmental Science 888: 012067._ https://doi.org/
10.1088/1755-1315/888/1/012067

Pazla R, Jamarun N, Zain M, Yanti G and Chandra RH , 2021b.
Quality evaluation of Tithonia (Tithonia diversifolia) with
fermentation using Lactobacillus plantarum and Aspergillus
ficuum at different incubation times. Biodiversitas 22(9):
3936-3942, https://doi.org/10.13057/biodiv/d220940

Pazla R, Adrizal and Sriagtula R, 2021c. Intake, nutrient
digestibility, and production performance of pesisir cattle fed
Tithonia diversifolia and Calliandra calothyrsus-based
rations with different protein and energy ratios. Advances in
Animal and Veterinary Sciences 9(10): 1608-1615.
http://dx.doi.org/10.17582/journal.aavs/2021/9.10.1608.161
5

Pazla R, Jamarun N, Warly L, Yanti G and Nasution NA, 2021d.
Lignin Content, Ligninase Enzyme Activity and in vitro
Digestability of Sugarcane Shoots using Pleurotus ostreatus
and Aspergillus oryzae at Different Fermentation Times.
American Journal of Animal and Veterinary Sciences 16(3):
192-201. https://doi.org/10.3844/ajavsp.2021.192.201

Pazla R, Putri EM, Jamarun N, Negara W, Khan FA, Zain M,
Arief, Yanti G, Antonius, Priyatno TP, Surachman M,
Darmawan IWA, Herdis, Marlina L, Asmairicen S and Marta
Y, 2023a. Pre-treatments of Mirasolia diversifolia using
Lactobacillus bulgaricus at different dosages and
fermentation times: Phytic acid concentration, enzyme
activity, and fermentation characteristics. South African
Journal of Animal Science 53(3): 429-437. http://dx.doi.org/
10.4314/sajas.v53i3.11

Pazla R, Jamarun N, Elihasridas, Yanti G and lkhlas Z, 2023b.
The impact of replacement of concentrates with fermented
Tithonia (Tithonia diversifolia) and avocado waste (Persea
americana miller) in fermented sugarcane shoots
(Saccharum Officinarum) based rations on consumption,
digestibility, and production performance of Kacang
goat. Advances in Animal and Veterinary Science 11(3):
394-403. https://dx.doi.org/10.17582/journal.aavs/2023/
11.3.394.403

Pazla R, Jamarun N, Yanti G and Putri EM, 2023c. In vitro
evaluation of feed quality of fermented Tithonia diversifolia
with Lactobacillus bulgaricus and Persea americana miller
leaves as forages for goat. Tropical Animal Science Journal
46(1): 43-54. https://doi.org/10.5398/tas].2023.46.1.43

Perry TW, AE Cullison and RS Lowry, 2005. Feed and feeding.
6th Ed. Prentice Hall of Upper Saddle River. New Jersey.

Petri RA, 2022. In-Vitro of mangrove leaf hay, field grass,
ammoniated straw, and concentrate based on digestibility of
crude fiber, crude fat, and NFE. Thesis. Animal Science
Faculty Universitas Andalas. Indonesian.

Putri EM, Zain M, Warly L and Hermon H, 2019. In vitro
evaluation of ruminant feed from West Sumatera based on
chemical composition and content of rumen degradable and
rumen undegradable proteins. Veterinary World 12: 1478-
1483. https://doi.org/10.14202/vetworld.2019.1478-1483

Putri EM, Zain M, Warly L and Hermon H, 2021. Effects of
rumen-degradable-to-undegradable protein ratio in ruminant
diet on in vitro digestibility, rumen fermentation, and
microbial protein synthesis. Veterinary World 14(3): 640—
648. https://doi.org/10.14202/VETWORLD.2021.640-648

445

Int J Vet Sci, 2024, 13(4): 435-446.

Salem H and Smith T, 2008. Feeding strategies to increase small
ruminant production in dry environments. Small Ruminant
Research 77(2-3): 174-194. https://doi.org/10.1016/j.small
rumres.2008.03.008

Saputra FF, Achmadi J and Pangestu E, 2013. Efisiensi pakan
komplit berbasis ampas tebu dengan level yang berbeda pada
kambing lokal. Animal Agriculture Jorunal 2(4): 137-147.
https://ejournal3.undip.ac.id/index.php/aaj

Sari RWW, Jamarun N, Arief, Pazla R, Yanti G and Ikhlas Z,

2022a. Nutritional analysis of mangrove leaves (Rhizophora

apiculata) soaking with lime waterfor ruminants feed.

International Conference on Sustainable Animal Resource

and Environment 1020. 10.1088/1755-1315/1020/1/012010

RWW, Jamarun N, Suyitman, Khasrad, Elihasridas,

Hellyward J and Yanti G, 2022b. In vitro Evaluation of

Mangrove Leaves (Rhizophora apiculata) and Native Grass

Based on Phytochemical, Nutritional and Fiber

Degradability, Rumen Liquid Characteristics and Gas

Production. Advances in Animal and Veterinary Sciences

10(11): 2412-2420 http://dx.doi.org/10.17582/journal.aavs/

2022/10.11.2412.2420

Sari RWW, Jamarun N, Suyitman, Khasrad and Yanti G, 2022c.

In Vitro Digestibility of Hay Mangrove with Native Grass.
American Journal of Animal and Veterinary Sciences,
17:288-293. https://doi.org/10.3844/ajavsp.2022.288.293

Shen C, Xu J, Zheng S and Chen X, 2021. Resource rationing for
wireless federated learning: Concept, benefits, and
challenges. IEEE Communications Magazine 59(5): 82-87.
https://doi.org/10.48550/arXiv.2104.06990

Shirley RL, 1986. Nitrogen and Energy Nutrition of Ruminants.
Academic Press, Inc. Florida: 135-139.

Sklan D, Prag T and Lupatsch I, 2004. Apparent digestibility
coefficients of feed ingredients and their prediction in diets
for tilapia Oreochromis niloticusxOreochromis aureus
(Teleostei cichlidae). Aquaculture Research 35(4): 358-364.
http://dx.doi.org/10.1111/j.1365-2109.2004.01021.x

Solon-Biet SM, McMahon AC, Ballard JWO, Ruohonen K, Wu
LE, Cogger VC, Warren A, Huang X, Pichaud N, Melvin
RG, Gokarn R, Khalil M, Turner N, Cooney GJ, Sinclair DA,
Raubenheimer D, Couteur DGL and Simpson SJ, 2014. The
ratio of macronutrients, not caloric intake, dictates
cardiometabolic health, aging, and longevity in ad libitum-
fed mice. Cell Metabolism 19(3): 418-430. http://dx.doi.org/
10.1016/j.cmet.2014.02.009

Spranghers T, Ottoboni M, Klootwijk C, Ovyn A, Deboosere S,
De Meulenaer B and De Smet S, 2017. Nutritional
composition of black soldier fly (Hermetia illucens)
prepupae reared on different organic waste substrates.
Journal of the Science of Food and Agriculture 97(8): 2594-
2600. https://doi.org/10.1002/jsfa.8081

Steel RD and JH Torrie, 1991. Prinsip dan Prosedur Statistika,
Edisi ke-2, B Sumantri, Penerjemah. Jakarta: gramedia
Pustaka Utama. Terjemahan dari: The Principle and
Procedur of Statistics.

Suyitman, Warly L, Rahmat A and Pazla R, 2020. Digestibility
and performance of beef cattle fed ammoniated palm leaves,
and fronds supplemented with minerals, cassava leaf meal,
and their combinations. Advances in Animal and Veterinary
Sciences 8(9): 991-996. http://dx.doi.org/10.17582/journal.
aavs/2020/8.9.991.996

Van Soest PJ, Robertson JB and Lewis BA, 1991. Methods for
dietary fiber, neutral detergent fiber, and nonstarch
polysaccharides in relation to animal nutrition. Journal of
Dairy Science 74(10): 3583-3597. https://doi.org/
10.3168/jds.S0022-0302(91)78551-2

Wang ZH, Dong XF, Tong JM and Xu SZ, 2014. Effect of
fermentation product containing phytase on productive
peformance, egg quality, and phosphorous apparent
metabolism of laying hans fed different levels of
phosphorous. Journal of Integrative Agriculture 13(10):

Sari



https://doi.org/10.13057/%20biodiv/d210509
https://doi.org/10.13057/%20biodiv/d210509
https://doi.org/10.1088/1755-1315/888/1/012067
https://doi.org/10.1088/1755-1315/888/1/012067
https://doi.org/%2010.1088/1755-1315/888/1/012067
https://doi.org/10.13057/biodiv/d220940
http://dx.doi.org/10.17582/journal.aavs/2021/9.10.1608.1615
http://dx.doi.org/10.17582/journal.aavs/2021/9.10.1608.1615
https://doi.org/10.3844/ajavsp.2021.192.201
http://dx.doi.org/%2010.4314/sajas.v53i3.11
http://dx.doi.org/%2010.4314/sajas.v53i3.11
https://dx.doi.org/10.17582/journal.aavs/2023/%2011.3.394.403
https://dx.doi.org/10.17582/journal.aavs/2023/%2011.3.394.403
https://doi.org/10.5398/tasj.2023.46.1.43
https://doi.org/10.14202/vetworld.2019.1478-1483
https://doi.org/10.14202/VETWORLD.2021.640-648
https://doi.org/10.1016/j.small%20rumres.2008.03.008
https://doi.org/10.1016/j.small%20rumres.2008.03.008
https://ejournal3.undip.ac.id/index.php/aaj
http://dx.doi.org/10.17582/journal.aavs/%202022/10.11.2412.2420
http://dx.doi.org/10.17582/journal.aavs/%202022/10.11.2412.2420
https://doi.org/10.3844/ajavsp.2022.288.293
https://doi.org/10.48550/arXiv.2104.06990
http://dx.doi.org/10.1111/j.1365-2109.2004.01021.x
http://dx.doi.org/%2010.1016/j.cmet.2014.02.009
http://dx.doi.org/%2010.1016/j.cmet.2014.02.009
https://doi.org/10.1002/jsfa.8081
http://dx.doi.org/10.17582/journal.%20aavs/2020/8.9.991.996
http://dx.doi.org/10.17582/journal.%20aavs/2020/8.9.991.996
https://doi.org/%2010.3168/jds.S0022-0302(91)78551-2
https://doi.org/%2010.3168/jds.S0022-0302(91)78551-2

2253-3359. https://doi.org/10.1016/S2095-3119(13)60663-
22

Wijaya AS, Dhalika T dan Nurachma S, 2018. Pengaruh
pemberian silase campuran Indigofera sp. dan rumput gajah
pada berbagai rasio terhadap kecernaan serat kasar, dan NFE
pada domba garut jantan. Jurnal Iimu Ternak 18(1): 47-52.
https://doi.org/10.24198/jit.v18i1.16499

Wojtunik KK, Oniszczuk A, Oniszczuk T, Combrzynski T,
Combrzynski M, Nowakowska D and Matwijczuk A, 2020.

influence of In Vitro Digestion on Composition,
Bioaccessibility and Antioxidant Activity of Food
Polyphenols—A  Non-Systematic  Review. Journals

Nutrients 12(5): 1401. https://doi.org/10.3390/nu12051401
Zain M, Despal, Tanuwiria UH, Pazla R, Putri EM and Amanah
U, 2023. Evaluation of legumes, roughages, and

Int J Vet Sci, 2024, 13(4): 435-446.

concentrates based on chemical composition, rumen
degradable and undegradable proteins by in vitro method.
International Journal of Veterinary Science 12(4): 528-538.
https://doi.org/10.47278/journal.ijvs/2022.218

Zhang GQ, Dong XF, Wang ZH, Tong JM, Zhang Q and Wang
HX, 2010. Purification, character, and cloning of a phytase
with low pH and strong proteolysis resistance from
Aspergillus ficuum NTG-23. Bioresource Technology
101(11): 4125-4131. http://dx.doi.org/10.1016/j.biortech.
2010.01.001

Zikri W, 2022. The effect of using ammoniated citronella waste
as a substitute for field grass in rations on the digestibility of
crude fiber, crude fat, and NFE in Etawa crossbred goats.
Thesis. Animal Science Faculty, Universitas Andalas,
Indonesian.

446


https://doi.org/10.1016/S2095-3119(13)60663-2
https://doi.org/10.1016/S2095-3119(13)60663-2
https://doi.org/10.24198/jit.v18i1.16499
https://doi.org/10.3390/nu12051401
https://doi.org/10.47278/journal.ijvs/2022.218
http://dx.doi.org/10.1016/j.biortech.%202010.01.001
http://dx.doi.org/10.1016/j.biortech.%202010.01.001

