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INTRODUCTION

Mangroves are one of the many plants that grow in 
coastal areas that have the potential as alternative 

forages (Yanti et al., 2021; Sari et al., 2022a, b, c; Ikhlas 
et al., 2023). Mangrove leaves contain nutrients, among 

others, 13.37% crude protein (CP), 92.83% organic matter, 
3.18 crude fat, 12.18% crude fiber, 79% total digestible 
nutrients (TDN), 0.38% Ca minerals, 0.51% P, Mg 0.20%, 
Zn 164 ppm, and S 0.01% ( Jamarun et al., 2020). Rahardian 
et al. (2019) reported that mangrove forests are the most 
extensive in the world, and Indonesia, they cover 3.3 
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million ha. This potential must be utilized to increase the 
productivity of goats in the mangrove area by introducing 
mangroves as an alternative feed to replace field grass. 
Mangrove plant leaves have been used as camel fodder in 
the Red Sea, India, and Australia (Baba et al., 2016). This 
potential shows that mangroves can be used as animal feed. 
Sari et al. (2021) said that mangrove (Rhizophora apiculata) 
leaves have a complete nutritional content, including a 
source of carbohydrates and calories.

Tithonia diversifolia plants are usually harvested to produce 
4.10-10.20 tonnes/ha/year in the form of dry matter, with 
a harvest of 6 times/per year (Hafis, 2019). The nutritional 
content of T. diversifolia contains 25.57% dry matter, 
22.98% crude protein, 4.57 lignin, 18.17% crude protein, 
dan 84.01% organic matter ( Jamarun et al., 2019). The 
crude protein content of T. diversifolia is high, so this forage 
can be used as a source of protein for livestock. One of the 
problems with T. diversifolia is that it has a limiting factor, 
namely the presence of anti-nutritional substances, such as 
phytic acid, which is the most anti-nutritional content in 
T. diversifolia of 79.1 mg/100g and other anti-nutritional 
substances (Onyeunago et al., 2013; Aye, 2016; Oluwasola 
and Dairo., 2016).

Phytic acid can reduce the palatability of livestock (Pazla 
et al., 2021a, 2022a, b). Phytic acid binds with minerals 
and proteins to form complex insoluble compounds, which 
reduce the availability of minerals and proteins, thereby 
reducing the nutrition of feed ingredients. This causes a 
decrease in the bioavailability (absorption) of minerals and 
protein in the body, thus reducing the nutritional quality 
of food (Samtiya et al., 2020). One way to reduce the 
limiting substances in T. diversifolia can be done through 
various processing methods, one of which is fermentation. 
Fermentation is an effective way to reduce the levels of 
phenolic compounds and phytic acid in the ingredients. The 
microbe used for T. diversifolia fermentation is Aspergillus 
ficuum, capable of producing phytase enzymes (Pazla et 
al., 2021b). In general, A. ficuum is most widely used in 
fermentation because it adapts to higher fermentation 
temperatures than other fermenting bacteria. Garcia et 
al. (2016) and Pazla et al. (2021c) said phytase enzymes 
that can hydrolyze phytic acid into inositol and organic 
phosphate. Fermented T. diversifolia combining with 
avocado waste can optimize bodyweight gain kacang goat 
(Pazla et al., 2023a). Using T. diversifolia in dairy goats 
can increase the fat content of goat’s milk and optimize 
milk production (Pazla et al., 2022c; Arief and Pazla, 
2023). Combining mangrove leaves and T. diversifolia are 
expected to optimize goats weight gain. This study aims 
to determine the best goat ration formulation from a 
combination of mangrove leaves and T. diversifolia.

MATERIALS AND METHODS

Materials and research tools
The individual cage was constructed using a 1X0.75X1 m 
iron frame and included provisions for eating and drinking. 
The materials employed in this study encompassed 
mangrove leaves, tithonia, Potato Dextrose Agar media, 
Aspergillus ficuum, concentrates, and aquades composed 
of palm kernel cake, corn, tofu dregs, salt, minerals, and 
rice bran. Additionally, various equipment such as mold 
rejuvenation tools, glass beakers, cotton, autoclaves, 
aluminum foil, analytical scales, test tubes, ropes, plastic, 
and bench containers were utilized in the research for 
chemical composition analysis.

Research methods
The in vivo study was conducted at experimental cage of 
the Animal Husbandry Faculty of Andalas, University, 
located in Padang City, West Sumatra. The geographical 
position of this area is 0o 54’ 52.2648” S, 100o 27’ 34. 2936” 
E at an elevation of 200-255 meters above sea level. The 
region experiences an average rainfall of 44 mm3, humidity 
ranging from 73-75%, and wind speeds of 5-6 km/h. The 
temperature in the area ranges between 27-28 oC. A total 
of 16 goats, aged one year, were utilized in the study. The 
goats were grouped according to the weight of their body: 
Group I. 13.41±0.51 (CV= 3.80%), II. 11.95±0.47 (CV= 
3.93%), III. 10.51±0.25(CV= 2.35%), IV. 9.71±0.27(CV= 
2.77%). The treatment consisted of four ration formulations, 
namely:
T1. 35% mangrove leaves + 5% T. diversifolia + 60% 
Concentrate
T2. 30% mangrove leaves + 10% T. diversifolia + 60% 
concentrate
T3. 25% mangrove leaves + 15% T. diversifolia + 60% 
concentrate
T4. 20% mangrove leaves + 20% T. diversifolia + 60% 
concentrate

The mathematical model employed in the design is as 
follows: (Steel and Torrie, 2002).

Yij = µ+ τi +β j + ∑ij

Information
Yij = the results of the observation of the i-th treatment 
and the j-th replication; µ = general mean; τi = the 
effect of treatment i; ∑ij= random error;  i = treatments 
(T1,T2,T3,T4); βj = the effect of treatment j; j = repetition 
(1, 2, 3, and 4).

The concentrate used in the study consisted of corn, rice 
bran, tofu dregs, minerals, and palm kernel cake. The 
design of the research employed a randomized block 
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design, with four treatment formulations being compared 
and four body weight groups serving as replicates. The 
ration was provided at 3.5% rate of body weight in terms 
of the conversion of dry matter (Kearl, 1982). This study 
consisted of 3 periods: the first was a 21-day adaptation 
period, the second was a 14-day prelimination period, 
and the last was a five-day collection period. During the 
fecal collection, 10% was taken as an analytical sample. 
In the laboratory, the nutritional composition of the feed 
ingredients comprising the ration and feces is analyzed. 
Proximate analysis following the procedure of AOAC 
(2016). Fiber fraction analysis according to Van Soest et 
al. (1991). Chemical composition of the feed ingredients 
making up the treatment ration is shown in Table 1. 
Treatment Ration Composition is shown in Table 2 and 
the nutritional content of treatment ration is shown in 
Table 3.

Table 1: Chemical composition of the feed ingredients 
making up the treatment ration (% DM).
Chemical 
composition (%)

Feed ingredients
ML FTD TD RB PKC Corn

Dry matter 84.27 91.22 90.47 88.29 90.32 87.55
Organic matter 90.26 85.49 94.18 88.99 96.13 95.87
Ash 9.74 14.51 5.82 11.01 3.87 4.13
Crude protein 10.13 25.85 24.62 8.94 22.29 13.87
Crude fiber 14.87 12.43 21.94 25.74 29.96 9.61
Crude fat 2.45 2.61 8.12 7.52 6.15 3.09
NFE 62.81 44.60 39.5 46.79 37.73 69.30
TDN 75.58 64.61 69.65 70.10 66.19 82.81
NDF 34.01 54.17 42.66 48.11 72.59 49.96
ADF 22.67 36.82 22.92 25.69 50.33 36.76
Cellulose 14.87 23.12 20.44 19.63 26.85 29.52
Hemicellulose 11.34 17.35 19.74 22.42 22.26 13.20
Lignin 7.54 4.57 1.84 3.78 9.25 7.50
Silica 0.26 4.07 0.64 2.28 14.23 0.70

ML= mangrove leaves; FTD= fermented Tithonia diversifolia; 
TD= tofu dregs; RB= rice bran; PKC= palm kernel cake; NFE= 
nitrogen free extract, TDN= total digestible nutrient; NDF= 
neutral detergent fiber; ADF = acid detergent fiber.

Table 2: The composition of the treatment ration.
Feed ingredients Treatment ration (% DM)

T1 T2 T3 T4
Mangrove leaves 35 30 25 20
Fermented Tithonia diversifolia 5 10 15 20
Tofu dregs 5 2 1 1
Rice bran 25 28 29 29
Palm kernel cake 14 5 2 1
Corn 15 24 27 28
Mineral 0.5 0.5 0.5 0.5
Salt 0.5 0.5 0.5 0.5
Total 100 100 100 100

Table 3: Nutritional content of the treatment ration.
Nutritional content 
(% DM)

Treatments
T1 T2 T3 T4

Dry matter 86.43 86.46 85.80 87.02
Organic matter 90.66 90.24 88.98 89.70
Ash 8.34 8.76 9.02 9.30
Crude protein 13.51 13.06 13.22 14.14
Crude fiber 18.99 17.15 16.16 16.13
Crute fat 4.60 4.31 4.16 4.20
NFE 53.56 55.71 55.44 55.23
TDN 72.38 73.34 72.63 72.91
NDF 46.57 45.79 45.48 47.00
ADF 30.05 29.70 29.56 30.64
Cellulose 20.48 21.11 21.42 22.03
Hemicellulose 16.52 16.09 15.92 16.36
Lignin 6.58 6.58 6.56 6.74
Silica 2.00 1.66 1.73 2.02

Research stage
T. diversifolia fermentation: T. diversifolia fermentation 
is carried out to reduce phytic acid levels. The steps in 
fermenting the feed are as follows:

Rejuvenation of A. ficuum
Rejuvenation of A. ficuum on Potato Dextrose Agar (PDA) 
oblique media and incubated at room temperature for 
seven days. Cracked corn was weighed 100 grams, soaked 
for 24 hours, then sterilized by autoclaving at 121°C for 
30 minutes. Then cooled, the A. ficuum was inoculated into 
corn from slanted media and incubated for 14 days. A. 
ficuum inoculum is ready to use.

Feed ingredients preparation
The feed ingredients used in this study were T. diversifolia 
plants and mangrove leaves. Mangrove leaves were collected 
from the coastal areas and T. diversifolia from the Puncak 
Lawang, Agam regency, and West Sumatera. Mangrove 
leaves are given in the form of hay. Mangrove leaf hay is 
made by drying fresh mangrove leaves in the sun until they 
reach a moisture content of 12-20%. While, T. diversifolia 
was air dried and then in a chopper, then given A. ficuum 
inoculum.

T. diversifolia fermentation process
According to Pazla et al. (2023a), the T. diversifolia 
fermentation process involved several steps for the T. 
diversifolia substrate. Firstly, it underwent cutting, drying, 
and crushing. Subsequently, the tithonia was evenly 
distributed on a tarp and treated with a 10% concentration 
of Aspergillus ficuum. Afterwards, it was placed in a plastic 
container, compacted under facultative aerobic conditions, 
and securely fastened. Following a seven-day incubation 
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period, the tithonia was harvested. It is important to note 
that the harvested tithonia needs to be air-dried prior to 
being utilized as livestock feed. 

Statistical analysis
Data analysis was conducted using Analysis of Variance 
(ANOVA) in IBM SPSS Statistics version 26.0 (IBM 
Corp., NY, USA). For further test, Duncan Multiple 
Range Test (DMRT) was employed. 

Parameter measured
The study measured several parameters including feed 
intake (organic matter, dry matter, crude protein), nutrient 
digestibility (organic matter, dry matter, crude protein), 
body weight gain, the correlation between dry matter 
intake and body weight gain, and the correlation between 
crude protein intake and body weight gain.

Formula calculation
Rations intake (fresh) (g/day) = total rations provided – 
remaining rations
Dry matter intake (g/day) = consumption of fresh rations 
* Dry matter ration
Organic matter intake (g/day) = DM ration consumption 
* Organic matter ration
Crude protein intake (g/day) = DM ration consumption * 
Crude protein ration
Dry matter digestibility (%) = (DMI- Feces)/ DMC * 
100%)
Organic matter digestibility (%) = (OMI- Feces)/ OMC 
* 100%)
Crude Protein Digestibility (%) = (CPI- Feces)/ CPC * 
100%)
Body weight gain (g/day) = (Final weight -Initial weight)/
Research Time

Where:
DM = Dry matter; DMI = Dry matter intake; OMI = 
Organic matter intake; CPI = Crude protein intake

RESULT AND DISCUSSION

Nutrients intake
It can be seen in Table 4 that the intake of crude protein, 
dry matter, and organic matter are significantly different 
between treatments (P<0.05). The DMRT follow-up test 

showed that in the T4 treatment, the dry matter intake 
significantly differed from the T1, T2, and T3 treatments. 
The dry matter intake values ​​ranged from 409.90 – 478.95 
g/d (Figure 1). The intake of organic matter in the T4 
treatment was significantly different (P<0.05) from the 
T1, T2, and T3 treatments. Crude protein intake in the 
T4 treatment was significantly different (P<0.05) with T1, 
T2, and T3. The lowest value was in treatment T1 recorded 
a value of 382.27 g/d, whereas the highest value of 451.74 
g/d was observed in treatment T4 (Figure 2).

Figure 1: Dry matter intake of the treatments.

Figure 2: Crude protein intake of the treatments.

Digestibility of dry matter (DM), organic 
matter (OM), and crude protein (CP),
Figures 3, 4 and 5 clearly demonstrates that each treatment 
had a distinct and significant impact (P < 0.05) on the 
digestibility of crude protein, organic matter, and dry 
matter. Regarding dry matter digestibility, T1 significantly 
differed from T2, T3, and T4. In terms of the treatment 
comparison, there was no significant difference between 
T2 and T3, but there was a significant difference 
between T2 and T4. Treatment of T3 was significantly 
different from T4. Organic Matter digestibility in the 
T1 treatment differed significantly from T2, T3, and T4. 

Table 4: Nutrient intake of the treatment ration.
Nutrient intake (g/day) Treatments

T1 T2 T3 T4
Dry matter intake 409.90±2.34c 429.35±1.89bc 456.85±2.54b 478.95±2.05a

Organic matter intake 382.27±1.89d 401.74±2.87c 425.09±2.45b 451.74±2.03a

Crude protein intake 52.18±1.02d 55.51±1.17c 61.58±0.96b 69.63±1.04a
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T2 treatment did not exhibit a significant difference 
compared to T3, but it showed a significant difference 
compared to T4. Crude protein digestibility gives 
significantly different results for each treatment. 

Figure 3: Dry matter digestibility of the treatments.

Figure 4: Organic matter digestibility of the treatments.

Figure 5: Crude protein digestibility of the treatments.

The T4 treatment showed the best value for the 
digestibility of dry matter with a value of 65.50% (Figure 
3), the digestibility of organic matter of 71.36% (Figure 
4), the digestibility of crude protein of 75.30% (Figure 
5), The mangrove leaves combination, T. diversifolia and 
concentrates, affected the digestibility of crude protein, dry 
matter, and organic matter.

Body weight gain
In Figure 6, the results of statistical analysis using analysis of 
variance (ANOVA) show a significant difference (P <0.05) 
between treatments. The average daily weight gain of goats 
in treatments T1, T2, T3, and T4, which was 54.00; 57.50; 
60.06; and 62.25 g/head/day. The DMRT follow-up test 
on daily weight gain showed that T1 Treatment was not 
significantly different from T2 but significantly different 
(P<0.05) with T3 and T4 treatment. The T2 treatment 
showed no significant difference (P>0.05) compared to 
the T3 treatment, but it exhibited a significant difference 
from the T4 treatment. Similarly, the T3 treatment was 
significantly different (P<0.05) from the T4 treatment.

Figure 6: Daily body weight gain of the treatments.

Nutrients intake
The amount of food substances contained in the food 
that can be devoured minus the sum of food substances 
contained within the excreted feces (feces) is called the 
digestibility of food ingredients ( Jamarun et al., 2021a). 
The apparent digestibility coefficient of a food ingredient 
is also called the digestibility value of a food substance. 
From Table 4, it can be observed that the T4 treatment 
resulted in an increased digestibility coefficient for all 
nutrients across the proportion. This happened because in 
the T4 treatment, the use of fermented T. diversifolia was 
higher compared to the other treatments, specifically at 
20%. Fermented T. diversifolia is one of the feeds that has 
excellent quality when given to livestock due to its high 
protein content. Livestock tends to prefer fermented T. 
diversifolia, which leads to increased consumption in the 
T4 treatment where T. diversifolia is used more than in the 
other treatments. Fermented T. diversifolia has a fragrant 
aroma that increases palatability. while mangrove leaves 
have a bitter taste because there is a high tannin content 
( Jamarun et al., 2021b). Wojtunik et al., (2020) state that 
the relationship between digestibility and consumption is 
that increasing digestibility causes increased consumption. 
Besides being influenced by nutrient content, consumption 
is also influenced by feed flow rates. The feed flow rate is 
affected by good feed digestibility. if the feed is digested 
properly, the rumen will empty faster so that the livestock 
will automatically consume more to keep the rumen filled 
with food. The inclusion of titonia at the highest level of 
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20% is believed to optimize the performance of rumen 
microbes in efficiently degrading feed. Pazla et al. (2023b) 
reported that titonia contains a high phosphorus mineral 
which plays a very important role in the growth and 
activity of rumen microbes. In addition, the proportion 
of mangrove leaves that was low at T4 (20%) compared 
to other treatments facilitated the rumen microbes’ 
performance in degrading feed because decreasing the 
proportion of mangroves would reduce the tannin content 
contained in the ration. Jamarun et al. (2021b) reported 
that mangrove leaves contain a fairly high tannin content 
of 11.10%. High levels of tannins can adversely affect the 
performance of rumen microbes (Rira et al., 2022).

Organic matter consumption increases with increasing 
dry matter consumption. Pazla (2018) expressed that 
organic matter is closely related to dry matter since organic 
matter is contained in dry matter. Statistically, there were 
significant differences (P < 0.05) in the consumption of 
crude protein among the different treatments. Crude 
protein consumption ranged from 47.69%-54.52% (Figure 
2). This is due to the use of different mangrove and T. 
diversifolia leaves. So, the possibility of nutrient content 
is different. As a result, the forage consumption in each 
treatment is significantly different. Increasing the use of 
T. diversifolia and decreasing the use of mangrove leaves 
in rations can lead to increased ration consumption. This 
is because mangrove leaves contain high levels of tannins 
(8-11%), making them difficult for rumen microbes to 
digest and low palatability (Ikhlas et al., 2023). On the 
other hand, increasing the use of fermenred T. diversifolia 
is beneficial due to its good palatability and nutritional 
content, particularly its high protein content, which 
helps increase consumption. Feed protein was positively 
correlated with organic matter and dry matter (Mastoraki 
et al., 2022). Arief et al. (2023) reported that goats given 
titonia were able to increase the consumption of organic 
matter and consumption of crude protein. Utari (2018) 
and Jusman et al. (2020) state that feed consumption is 
mainly influenced by feed quality and related livestock 
energy demand factors. With better quality of feed, it will 
increase feed consumption. However, the consumption of 
good quality animal feed is determined by the physiological 
status of an animal. Consumption of feed dry matter by 
ruminants can range from 1.5–3.5%, but generally 2–3% 
of body weight (Wanapat, 2009). The consumption of 
crude protein was found to be lower compared to the 
findings reported by Laksana et al. (2016). In their study, 
the reported consumption ranged from 48 to 111g/head/
day, using rations with a protein content of 18.33% and 
TDN (Total Digestible Nutrients) of 65.23%. The higher 
consumption of high protein rations can be attributed to 
the elevated protein content in the ration (Marwah et al., 
2010; Krisna, 2015).

Digestibility of dry matter (DM), organic 
matter (OM), and crude protein (CP)
The highest level of dry matter digestibility and the 
digestibility of organic matter were 65.50% and 71.36% 
for the P4 treatment (mangrove leaf 20% + tithonia 20% 
+ concentrate 60%). This may occur because using more T. 
diversifolia than other treatments causes the digestibility 
of the dry matter to increase. T. diversifolia is one of the 
bushes with excellent nutritional content for livestock. 
Rianita et al. (2019) stated that T. diversifolia plants are 
excellent feed given to livestock with excellent nutritional 
content to increase the productivity of goat livestock.

Crude protein is a food substance that is needed by 
ruminants. Figure 5 shows the highest crude protein 
digestibility in T4 (20% mangrove leaves + 20% T. 
diversifolia + 60% concentrate). In the T4 treatment, 
utilization of T. diversifolia was higher than in the other 
treatments and increased the crude protein digestibility in 
the T4 treatment. Jamarun et al. (2017c) and Rostini et 
al. (2022) the crude protein digestibility is affected by a 
few factors, including the dietary protein content, protein 
composition, and microbial activity. The high organic 
matter of T4 is in line with the digestibility of crude 
protein, including organic matter components. 

T. diversifolia used in this study is T. diversifolia, which has 
been fermented to break the fiber bonds and phytic acids 
contained in T. diversifolia, making T. diversifolia easier 
to digest and more palatable for goat. Also, at T4, the use 
of mangrove leaves is less so that fiber is easier to digest, 
and the less fiber there is in plants, the easier it is for the 
rumen microbes to digest the rations in the T4 treatment 
(Cone et al., 2012). The high digestibility of dry matter, 
organic matter, and crude protein is due to the increased 
rumen microbial activity, so rumen metabolic processes 
run smoothly. Pazla et al. (2018a) and Katoch (2022) 
explained that high microbial activity requires sufficient 
nutrients, especially energy and protein. In this study, the 
crude protein digestibility was found to be similar to that 
reported by Laksana et al. (2016). The research findings 
revealed that forage-based rations containing elephant 
grass, with a crude protein content of 18.33% and TDN of 
65.23%, exhibited a crude protein digestibility of 72.45%, 
according to both studies.

Body weight gain
Figure 6 shows that combining mangrove leaves and 
fermented T. diversifolia can increase Kacang goats daily 
body weight gain. The high daily body weight gain in the 
T4 treatment was due to the feed ingredients used for the 
study (20% mangrove leaves + 20% T. diversifolia), which 
had a higher digestibility than the other treatments, so 
more nutrients were absorbed by livestock for production.
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Figure 7: Correlation daily weight gain with dry matter 
intake.

Figure 8: Correlation daily weight gain with crude protein 
intake.

The high daily weight gain in the T4 treatment was due to 
the high intake of nutritional content of the ration owned 
by T4. The high intake of nutrients observed in the T4 
treatment was due to the T4 treatment using a significant 
amount of fermented T. diversifolia compared to other 
treatments, which caused high nutrient intake. Fermented 
T. diversifolia would be consumed more by livestock than 
mangrove leaves. The effort that affects the increase in 
weight gain is feed consumption. According to Van Soest 
(2018), consumption is calculated as the amount of feed 
eaten by livestock. The nutrients it contains meet basic 
life needs and livestock production needs. This is under 
the income of Mdletshe et al. (2017). Consumption can 
increase with increasing body weight because, in general, 
the capacity of the digestive tract increases with increasing 
body weight so that it can accommodate more feed. Figures 
7 and 8 show a strong relationship between consumption 
of dry matter and crude protein on daily body weight gain 
of treated kacang goats.

These results indicate that combining mangrove leaves and 
T. diversifolia provides good ration consumption. Barragan 
et al. (2017) explained that the better the nutritional 
content of a feed ingredient, the higher the consumption 
of the ration that will be given to livestock. The excellent 

content of T. diversifolia, which is used as animal feed, 
makes ration consumption the best T4 treatment. The body 
weight increase of Kacang goats observed in this research 
was almost similar to that reported by Fardana et al. (2019), 
which was 62 grams per head per day with a composition 
of corn and concentrate rations supplemented with multi-
nutrient blocks and lower from Pazla et al. (2023a), which 
was 67.25 g/day with feed formulation 35% fermented 
sugarcane shoots + 14% fermented tithonia + 1% avocado 
waste + 50% concentrate.

CONCLUSIONS AND 
RECOMMENDATIONS

The combination of 20% mangrove leaves + 20% T. 
diversifolia + 60% concentrate gave the best results on 
the consumption of nutrients, nutrient digestibility, and 
increased body weight gain of 62.25 gr/head/day. This 
study examines the utilization of mangrove leaves and T. 
diversifolia as green fodder sources for goat livestock. The 
future direction of this research involves the application of 
this feed formulation to coastal farmers.
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